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Herstellerbescheinigung
Hiermit wird bescheinigt, daf das Gerat/System
HP 345104

in Ubereinstimmung mit den Bestimmungen vor Postverfiigung 1046/84
funkentstort ist.

Der Deutschern Bundespost wurde das Inverkehrbringen dieses
Gerates/Systems angezeigt und die Berechtigung zur Uberpritfung der
Serie auf Einhaltung der Bestimmungen eingerdum.

Zusatzinformation Rir Mef- und Testgerite

Werden Mef- und Testgerate mit ungeschirmten Kabeln und/oder in
offenen Mef aufbauten verwendet, so ist vom Betreiber sicherzustellen,
daf die Funk-Eatstérbestimmungen unter Betriebsbedingungen an seiner
Grundstiicksgrenze eingehalien werden.

Manufacturer’s declaration

This is to certifv thart this product meets the radio frequency interference
equirements of directive 1046/84. The German Bundespost has been

notified that this equipment was put into circulation and was granted the

right to check the product type for compliance with these requirements.

Additional Information for Test- and Measurement Equipment

Note: If test and measurement equipment is operared with unshieldad
cables and/or used for measurements on open set-ups, the user must
insure that under these operating conditions. the radio frequency
wterference limits are met at the border of his premises,



Product
Warranty

Limitation of Warranty

This Hewleti-Packard product has a warranty against defects in material
and workmanship for a period of three vears from date of shipment.
During warranty period, Hewistt-Packard Company will, at its option,
gither repair or replace products that prove to be defective.

For warranty service or repalr, this product must be returned to a service
facility designated by Hewlert-Packard. However, warranty service for
products installed by Hewler-Packard and certain other products
designated by Hewlett-Packard will be performmed at the Buver's facility at
no charge within the Hewlett-Packard service travel area. Outside
Hewlett-Packard service travel areas, warranty service will be performed
at the Buver’s facility only upor Hewlett-Packard’s prior agreement and
the Buver shall pav Hewient-Packard’s round trip trave] expenses.

For products returned (o Hewlett-Packard for warranty service, the Buyer
shall prepay shipping charges to Hewlett-Packard and Hewleti-Packard
skall pay shipping charges to return the product o the Buyer. However,
the Buyer shall pay all shipping charges, duties, and taxes for products
returned to Hewleti-Packard from another country.

Hewlett-Packard warrants that its software and firmware designated by
Hewiett-Packard for use with an instrument will execute its programming
instructions when properiy installed on that instrument. Hewlett-Packard
does not warrant tha: the operation of the instrument seftware, or
firmware will be uninterrupted or error free.

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED,
HEWLETT-PACKARD SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OR MERCHANTARILITY AND FITNESS
FOR A PARTICULAR PURPOSE,



Exclusive Remedies

Asgsistance

Certification

Safety

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

Product maintenance agresments and other customer assistance
greements are available for Hewlen-Packard products.

For apy assistance, contact vour nearest Hewlett-Packard Sales and
Service Office,

Hewlett-Packard Company certifies that this product met its published
specifications at the tme of shipment from the factory. Hewlert-Packard
further certifies that its calibration measurerments are traceable to the
United States National Bursau of Standards, to the exient allowed by the
Bureanw’s calibration facility, and o the calibration facilities of other
International Standards Organization members.

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.



Printing History

New cditions are complete revisions of the manual. Update packages,
which are issued between editions, contain additional and replacement
pages to be merged into the manual by the customer. The dates on the
title page change only when a new edition is published.

A softwars code may be printed before the date; this indicates the version
of the software product at the time the manual or update was Issued.
Many product updates and fixes do not requirz manual changes and,
conversely, manual corrections may be done without accompanving
product changes. Therefore, dc not expect a one to one correspondence
between product updates and manual vpdates.

Edition 2

July 1991
5450400901

List of Effective Pages

The List of Effective Pages gives the date of the current edition and of any
pages changed in updates to that edition. Within the manunal, any page
changed since the last edition is indicated by printing the date the changes
were made on the bottom of the page. If an update is incorporated when
a new edition of the manual is printed, the change dates are removed from
the bottom of the pages and the new edition date is listed in the Printing
History and on the title page.
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Introducing the HP 54510A -

The HP 34510A Digitzing Oscilloscope is a general-purpose repetitive
and real-time oscilloscope, fully programmable and rransportabie. The
HP 545104 has two input channels and an external trigger input. Full
HP-IB programmability is incorporated for use in a broad range of HP-IB
applications, from high-speed ATE 1o device characterization in research
and development enviroaments. The HP 34210A also fearures powerful
triggering, casv waveform storage, automatic measurements, and instant
bardeopy output.,

The HP 34510A features an easy-to-use human intarface, yet hag many
sophisticated capabilities and multiple triggering functions. Waveforms
are easily stored for future reference, waveform measurements are
automatic, and instant hardcopy is available when the HP 543510A is used
with an HP-IB compatibie prinier or plotter.

Some of the key features of the HP 345104 are listed herz. See
Appendix B for a complete lsting of specifications and characteristics.

RBandwidth — deto 250 MHz (real time and repetitive)
Maximum Sample Rate - 1 GSa’s

e Memory Depth per Channel — 8k
e 8 hits Yertical Resclution
e« Two-channel Input and Dusplay

External Trigger Input

s Advanced Logic Triggering
TV Trigger {inchuding user-defined)
Pre and Post-Trigger Viewing

Autoscale for Automatic Setup
Automatic Measurements {User-defined and Statistical)
a  Hardeopy Output

imtroduction
i-1
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Measurement Limit Test
Waveform Matk (+, —, vs, invert, only)
Waveform Calculus {integrate and differentiate)

Postacquisition Pan and Zoom
Four Nonvolatile Setup Memories
Four Nonvolatile Waveform Memories

Two Volatie Pixel Memories

Full HP-IB Programmability

Segmentable Memory over HP-IB

HP-IB Multiple Single-shot Capabiiity

(300 k RAM, up to 300 Waveforms per Second)

HP 54510A

Front-Panel Reference
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Instrument Setup

This chapter contains information for unpacking, applying power, and
connecting optional accessories to the HP 34510A. Inspecton, power
requirements, and instructions for running the HP 34510A self-test for
performance verification are also included in this chapter.

For safe and trouble-free operation, follow the mstructions and advisories
irt this chapter. Read the Safety Summary included in this manual,

Inspect the shipping container for damage. If the shipping container or
cushicning material is damaged, keep it until the contents of the shipment
have been checked. Check the shipment for completeness and check the
instrument electrically and mechanically.

If the conteats are incomplete, there is mechanical damage or defect, or if
the insirument does not pass the selftest performanes verification, noufy
the nearest Hewlett-Packard Office. Keep the shipping materials for
carrier’s inspection. The Hewlen-Packard Office will arrange for repair
or replacement at HP's option without waiting for claim settlement,

The following items are shipped with the HP 54510A Digitizing
Oscillescope:

Two HP 104414 Probes

Probe to BNC Adapter, 1250-1454

HP 34500 Digiizing Qscilloscopes Getting Started Guide
HP 345104 Front-Panel Reference

HP 345104 Programiming Reference

HP 345104 Serace Manual

Feeling Comfonable with Digiizing Oscliloscopes

* & @ & & & o

Ingtrument Setup
2-1



Available Accessories  The following optional accesories are available for use with the
HP 545104

Carrving Case, HFP Part Number 1340-1066

Rack Mount Kit, HP Part Number 5061-6175

HP 1180A Testmobile

HP 1133A TV Video Svnc Pod

HP 1141A Differential Probe

HP 1137A High-Voltage Prcbe

HP 10024A Integrated Circuit 16-pin Test Clip

HP 102114 Integrated Circult 24.pin Test Clip

PC Board Horizontal Mini-Probe Socket, HP Part Number 1250-1737
PC Board Verteal Mini-Probe Socket, HP Part Number 1250-1918

® B @ & ® & ® & € B

O‘perating The HP 54510A oscilloscope is operated in a normal lab or bench

Environment environment :wiihout any a‘d@éajﬂai Fonside.ratians. MNote thc ‘
non-condensing humidiry limitation in the list of characterstics supphed
in this manual. Condensation in the mstrument cabinet can cause poor
operation or malfunction. Protection should be provided against
temperature extremes which cavse condensation.

Storage and Shipping The HP 34310A mav be stored or shipped in enviroaments with the
following hmitations:

s Temperatre: 40°Cro =73 C(-40°Fio + 138°F)
« Humidity: Upto %0% a1 65°C (1497 F)
e Altitude: Up to 15,300 meters (50,000 fest)

if the HP 54510A 18 to be shipped to a Hewlatt-Packard Service Center
for service or repair, attach a tag to the instrument identifving owner,
address of owner, compiete lasirument mode! number and serial number
and a description of required service.

instrumert Sstup HP 545104
2.2 Front-Panel Referance



If the original packaging material is no longer available, identical packing
material is available through local Hewlett-Packard offices. Mark the
container FRAGILE to ensure careful handling. In any correspondence,
refer to the instrument by the modei and serial number.

Bear Panet The rear panel of the HP 54510A contains the power input, voltage
selector module, power switch, external connectors, and calibrator
protection switches as shown in figure 2-1,

Power Regquirements  The HP 345104 re qui:es a power source of either 115 or 230 Volts ac,
- 25% 1o + 13%%; single phase, 48 1o 66 Hz; 200 Watts maximum power.

Power Input v~ er ot Voltage Selector and
On”gﬁ WIS Fuse Module
¢ \

Ul
|l
ﬂ

f nmiiousme I msmavanpon I | 3
3

DC Calibrator Quiput EP.IB Connector

Probe Compensation
AC Calibrator Qutput

Cabibration Protect Switch

HP 54510A instrument Setup
Front-Pane! Reference 2-3



Setecting Line Voltage  The fuse module is szt at Hewlett-Packard to the line voltage used in the
country of destination. Check the sefting of the fuse module to verify it is
in the correct position for the voltage to be used. If the setting needs 1o be
changed, use the following procedure.

CAUTION
BEFORE APPLYING POWER TO THE INSTRUMENT, BE
SURE THE FUSE MODULE IS SET TO THE CORRECT

LINE VOILTAGE POSITION. Severe damage will occur if the
line voltage is not properily set.

Change the fuse module position by pulling the fuse module out and
reinserting it with the appropriate arrows aligeed.

¢ Carefully pry at the top center of the module as shown in figure 2-2,
untll it can be grasped and pulied out.

/S

Figure 2-2. Selecting Line Voliage

instrumertt Sstup HP 545104
2-4 Fromi-Panel Heference



Yerifying the Fuse Ifit is necessary to check or change fuses, remove the fuse module and

Power Cord

Line Swilch

HP 545104
Front-Fanel Refarence

look at each fuse for its amperage and voltage ratings.

1BSQ/EX 3G

3.8 A FUBD

Figure 2-3. Checking jor the Correct Fuse

The HP 34510A is a Safery Class 1 instrument with an exposed chassis
that is directly connected to earth via the power supply cord to meet IEC
Standard 348. This instrument is provided with a three-wire power cable.
When connected to an appropriate ac power outlet, this cable grounds the
instrument cabinet. The type of power cable plug shipped depends an the
country of destination. See the next page for available power cords.

The line switch is iocated on the rear panel. Turs on the oscilloscope by
pressing 1 on the rocker switch. The rocker switeh is labeled 1 and G,
corresponding to on and off, respectively.

LIMNE
&V Z2EY
ZOOW AT ABnEE P

45""*"‘“"'\\
R

R
oFF [ juIiId

Figure 2-4. Line Swiich

Instrument Setup
2-3
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Figure 2-5. Available Power Cords
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Intensity Control  Once the oscilloscope has been turned on, the display intensity cah be
adjusted, if necessary. The intensity is adjusted with the Display Intensity
control on the rear panel

Figure 2-6. Inwensizy Control

Air Flow The HP 545104 must have unrestricted air flow for the fan and ventilation
Requirements  openings in the rear panel. The HP 534510A may be stacked undet, over,
or berween other instruments provided the the other instruments are
adequately cooled.

HP 545104 instrument Setup
Front-Pane! Relerence 2.7



CQ!’WI&C?ERQ The HP 345104 is equipped with an HP-IB connecter on ths rear panel,
External This aliows a direct cornection to an HP-IB compatible prinser, plotter,

. or external controller,
Equipment

Connect 2n HP-IB cable to the oscilloscope and any HP-IB compatible
device. Tighten the HP-IB cable with the captive screws of the cable to
avoid disconnecting the cable.
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Figure 2.7. Connecting External Equipment

The HP 54510A. must be properly addressed to communaicate with the
connected device. The HP 34510A HP-IB address is set in the HP-IB
submenu. See "HP-IB Menu" in Chapter 12 for detailed information

T T ™ i -
about the HMP-ID submeny
apoul {ne rir-io submend,

instrument Setup , HF 545104
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Introduction to
the Front Panel

Front-Panel Overview

This chapter describes the functional sections of the HP 54510A front
panel. The explanation of each area also contains their interaction with

each other and provide a basis for applications and usages.

The front panel is separated into six functional areas.

Function Keavs

— 3

P e =
7 & Qi
Z + e
i i 7
- o v
/ S4EGZED
Menus
Input

Entry Devices

ren s

Figure 3-1. HF 343104 Front Panel

HP 54510A
Front-Panel Beference
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System Control

Front-Pane! Overview

32

The SYSTEM CONTROL keys are located zlong the top of the

oscilloscope to the right of the display. This section controls the following
functions:

¢ Dynamic display features
e Selecting foeal control
e Activating hardcopy

Selection of any key in the SYSTEM CONTROL section causes the
oscilioscope to execute that command immediately.
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Figure 3-2. Systern Control Section

RUN/STOP Key The RUN/STOP key toggles the acquisition status of the HP 34510A. If

the oscilloscope is currently running (the current status is displaved in the
the top left corner of the display in the message field), the instrument is
placed in the stopped mode. In this mode, normal acquisition is stopped
and the last acquired data is displayed. If the oscilioscope is stopped, it is
tmmediately changed to another mode (for example, running awaiting or
trigger, awto-trigger).

HP 545104
From-Pana! Reference



SINGLE Key

CLEAR DISPLAY Key

LOCAL Key

HARDCOPY Key

HF 54510A
Froni-Panel Reference

The SINGLE key activates the acquistion system for one trigger event.
One acquisiton is made and displayad; then the data acquisition and
display cycle is stopped. In repetitive mode, this single acquistion is
superimposed on the current displayed data. If the display has been
cleared before the SINGLE key is presszd, only one acquisition is
displayed.

The CLEAR DISPLAY key clears the display and resers all associated
measurements. If the oscilloscope 1s in the stopped mode, all data thar is
currently displayed is erased. I the oscilloscope is running, all data is
erased; however, new data is displaved on the next acquisition. The
RUN/STOP and SINGLE kevs are not affected.

The RUN/STCOP, SINGLE, and CLEAR DISPLAY kevs have a
relationship that make it possible to manipulate dara acquisitions and view
one, two, ar several acquisitions. It is possibie to stop acquiring data, to
clear the display, and to capture one acquisition for svaluation. The
display can be cleared while acquiring to capture new data. The
acquisitions can be manipulated with these three kevs and other keys and
settings are not affected.

The LOCAL key sends a return to local control message to the HP-IB
interface and returns control to the front panel This kev can be lockad
out if a local lockout command is execuzed over the HP.IB,

This is the only active front-panel key while the oscilloscope is in remote
operazion, if it has not been locksd out.

The HARDCOPY key executes an immediate hardcopy of the currently
displaved data on a compatible plotter or graphics printer and siops all
other oscitloscope functions while printing.

The oscilloscope must be in the taik onlv mode, and the hardeopy device
must be in the listen always mode. Setup of the hardcopy optioas is

Selection of any key aborts the hardeopy action.

Fromt-Fanel Qverview
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Setu B The SETUP section of the front panel controls subsystems for displaying
input data. The setup section controls the following display information:

AUTOSCALE for automatic scaling of the waveform display area
SAVE and RECALL setups

Quick access to channel, function, and trigger information on the
SHOW screen

54502003

Figure 3-3. Setup Secsion

Front-Panel Overview HP 545104
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AUTOSCALE Kevy

RECALL Key

HP 545104
Front-Panel Reference

This kev causes the oscilloscope to evaluare all input sigmals and set the
correct conditions to dispiay the signals. When AUTOSCALE is pressed
the following conditiens are set:

@ & & 2 9 & & O

Vertical sensitivity on all channels (if applicable)

Vertical offset on all channels (if applicable)

Trigger edge mode, positive slope, and proper trigger level for the
trigger souree

Sets to minimum perisitence when in normal display and repetitive
acquisition modes {single persistence in real time acquisition mode)
Time per division

- Autoscale also includes a soft reset which performs the following:

Turns off A YAV markers

Turns off all measurements

Turns off measurement limit test

Turns off waveform math functions

Turns off waveform/pixel memory display
Turns off statistics

Turns off connect-the-dots

Sets holdoff 1o 40 ns {minimum value)

The previous oscilloscope settings are stored in volatile memory
RECALL 0. To recall settings, press RECALL (.

The RECALL key has three primary functions:

Pressing the RECALL key and then selecting 1, 2, 3, or 4, causes a
recali of a previously saved setup configuration.

The current configuration is automatically saved before execution of
an autoscale, recall, or setting up ECL/TTL presets. RECALL 0is
an undo of these actions. Waveforms cannat be saved to RECALL (),

Pressing RECALL CLEAR resets the instrument and returns the HP
54510A 10 default/power-up settings. The oscilloscope does not
perform power-up self-tests (see Instrument Reset).

Front-Pane! Overview
35



SAVE Key The SAVE key immediately stores the oscilloscope setup configuration in
nonvolatile memory. Press SAVE, and then select a save register: 1, 2 5,
or 4. An advisory is displayed above the waveform display arez indicating
the setup configuration has been saved.

SHOW Key The SHOW key accesses the following information:

Channel scaling
Channel offset
Channel coupling
00

Probe attenuzton
Trigger source
Trigger level

Math functicn aperation
Math function scaling
Math function offset
Memories

5 & ® @& ® &5 % 5 & O B

Pressing the SHOW key toggles between the currently selected menu and
the SHOW screen.

This screen presents the most complete and detailed instrument setup
information. Select this screer before making a bardeopy to include all
SHOW screen information on the hardeopy.

Front-Panel Ovarview HP 545104
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Menus

The MENUS section consists of aine keys:

£t @ 8 & & 2 ® & &

TIMEBASE
CHANNEL
TRIG

DISPLAY

AAV

WFORM MATH
WFORM SAVE
DEFINE MEAS
UTIL

Each of these menus is discussed in the following chapters.
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HP 545104
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Figure 3-4.

Menus Section

Front-Panel Overview
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Entry The ENTRY device section conrains a multifunction numeric keypad, a
selection knob, and a FINE key.

S ————— |

Figure 3-5. Entry Section

Numeric Keypad  The keypad is for direct numeric input. To input known values directly,
press the associated softkey to activate the desired field on screen, and
then select the units with the numeric keys. For exampie, do the following
steps to set the vertical sensitivity to 3060 mV:

¢« Select V/div in the Channel menu to ensure # 1s the active field
(displayed in fullbright)

e Press 50,0, mV insequence.

Front-Panel Overview HF 545104
3-8 _ Front-Fenel Reference



Knob

FINE Key

input

HP 534510A
Front-Pane! Referance

The blue key on the numeric kevpad selects the alternate function when
pressed before 2 numeric key on the front-panel keypad. The alternate
function of the kevs on the right column are measurement units, The
CLEAR key clears any sefections made for the active field.

The kaob changes values within each function. It increments, decrements,
or toggles the selection in the active field or function. The current
selection is displayed in fullbright in the displaved meny area and can be
changed with the knob.

The FINE key changes the increment and decrement sequence. Instead
of sequencing in the normal sequence, the values increment/decrement in
more precise values. Use this feature when the normal sequence is too
coarse for precision measurerments or settings.

When the HF 54510A is operating in the fine mode, the word fine is
displayed in the lower night corner of the CRT.

The input section consists of connectors for signal input. Channel inpurs 1
and 2 select 1 MQ or 50 €2 input impedances and each is shunted by
approximately 7 pF at the input BNC with 2 maximum imput voltage of
250 'V (= 50 mV/div range). See Appendix B, "General Information® for
specifications on the input channels.

Front-Panel Overview
3-8



Dispiay The display section contains the screen and function keys.

The vertical column on the right side of the screen is the function display.
The functions that are displayed at any one time correspond to a softkey.
The softkeys select any function or field that is displayed in half-bright.

FUNCTION KEYS

— e o
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Figure 3-8, Function Keys

e Numeric key ficlds displayed in full-bright video are changed by
either numeric keys on the keypad or the knob, When these functions
are not active, they are displayed in half-bright; when displaved in
full-bright they are active.

¢ Non-numeric fields displayed ir half-bright video toggle with the
corresponding function key. These fields are displayed in hali-bright,
but are active for the function keys.

Froni-Panel Dverview HP 545104
310 Froni-Fanei Reference



Instrument
Reset

The HP 545104 has two methods of instrument reset.

A key-down power up is a hard reset of the oscilloscope. It is done by
pressing and holding any front panel key while cycling power. If input
signals are not present, the oscilloscope will power-up displaying a

baseline in the SHOW screen and set to all default settings (see Tabie

3-1),

RECALL CLEAR performs a soft reset of the oscilloscope. All

default conditions are set (see Table 3-1). RECALL CLEAR is the
same as a key-down power-up except the previous menu szlections

are retained.

Table 3-1. Reset Default Conditions

Timebase Menu
reference
Time/ Div
delay
epetitive/realtime
Channe} Menu
Chaznel 1
Channel 2
Volts/Div
offset
couphing
impedancs
probe attenuation

cnir

100 us
0.00 s
realtime

on
off

5300 mV
0.00

de

1M ohm
1.000:1

HP 545104
Froni-Panel Reference
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Front-Pane! Overview
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Table 3-1. Reser Default Conditions (continued)

Trigger Menu
Mode
source
level
slope
hoidoff
Display Menu
Mode
# of avg
persistence
# of screens
ofi/frame/axes/grid
connect dots
smoothing filter
deAYAY Menu
At markers
AV markers
Wavelorm Math Menu
f1
©°
chan/mem
operanr
chan/mem
function sensitivity
function offset
Wavelorm Save Menu
waveform/pixel
nonvolatile
display
source
Define Meas Menu
meas/def/limit
continuous
statistics

sdge
Channel 1
8oV
positive

4 ns

DO

minimum
i

axes

off

off

off
off

off

off

chan i

-+

chan 1
1.00 V/div
aov

waveform
mi

off
chan 1

meas

off

HP 545104

Fromt-Panel Reference



Timebase Menu 4

introduction to This chapter contains a description of the TIMEBASE menu and how the

the Timebase entire horizontal display and parameters are controlled with this menu.
TIMESBASE .
TIMEBASE
TIME
CIv
reference [
riarte;g.m. S— detay

refarence

laft) canter| rignt

regetitive

reallime

54510814

Figure 1. Timebase Menu

Time/Div Key The time/division function controls the time scale on the horizontal axis
from 1 ns/divto 5 sec/div. The main timebase is incremented and
decremented in a 1-2-3 sequence. The FINE key does not affect the
timebase settings while the acguisition is running,

This key affects the sample rate at which the scope aquires data. The
s.a.mpu: rate for the selected tme/div semng is u&pmy:d below the
time/div field. In the realtime mode and with the acqms*twn stapped, this
key also controls the zoom festure {see repetitive/realtime key in this

chapter).

HE 545104 , Timehase
Front-Penel Reference 41



Timebase
4.2

Acquisitions are not displayed until all data is availabie (similar to normal
acquisitons} to display. As data is being sampled, the advisory n s to
initialized is displayed while pre-trigger data is collected and n s to
complete is displayed while post-trigger data is collected. This message
indicates the time needed to eomplete acquisition whers n is the
remaining time {in seconds, s) and continges to countdown until the time
has elapsed. The advisory running is displayed as the write cycle to the
screen is executed and displayed data is updated.

The total time acquired and the sample rate are dependent on the '
timebase setting. Listed below are the total acquisition times and the

sample rate for each timebase setting in real time mode.

TIMEBASE TOTALTIME SAMPLE RATE
ACQUIRED (real tims)
ins - 50 ns/div 8 usec 1G8ak
100 ns/div 16 usec 500 MSafs
200 ns/div 32 usee 250 MSa/s
500 ns/div 80 usec 100 MSa/s
1 us/div 160 usee 50 MSass
2 us/div 320 uses 25 MSaks
5 us/div 800 usec 10 MSals
10 us/div - 1.6 msee 5 MSajs
20 usidiv 32 msec 1.5 MSass
50 us/div 8 msze 1 MBass
100 us/div 16 msee 500 kSaks
200 us/div 32 msec 250 kSais
500 us/div B0 mser 100 kSaks
1 ms/div 160 msec 50 kSajs
2 ms/div 320 msec 25 kSafs
8 ms/div 800 msec 10 kSals
10 ms/div 1.6 sec S kSass
20 ms/div 32 gee 2.5 kSaks
50 ms/div & szc 1k Sax
100 ms/div 16 sec 500 Sakg
200 ms/div 32 ser 250 Sais
300 ms/div RO sac 100 Safs
1 s/dev 160 sec 30 Safy
2 s/div 320 pee 25 Sai
5 s/div B sec 10 Sake
HP 545104

Front-Pansl Reference



delay Key

reference Key

TIMEBASE

(—rgferen:e—-——\
y |
i,

F e ool

Eal-Rlect)

MP 54510A
Froni-Panel Reference

Selecting delay assigns delay as the active function. When delayisserto 0
the trigger event occurs at the delay reference point, Positive delay
indicates time after trigger and negative delay indicates time before
trigger. Therefore, a delay setting of -5G ns indicates that the trigger event
occurs 50 ns after the delay reference point. In the real-time mode and
with the acquisiiton stopped, delay coatrols the pan feature (see the pan
and zoom exercise in this chapter.)

reference = (rigger event + delay

The reference key changes the delay reference point 1o one of three
reference points:

s left
¢ cotir {(center}
e right

If delay is set ta 0, the reference point consists of pre-trigger data to the
left and pest-trigger data to the right.

NOTE

The time from trigger changes with the delay setting and is
displayed ar the bottom of the waveform area at the left, center,
and right of the display.

Timebas:
&~



repetitive/
realtime Key

repetitive mode

reaftime mode

Timebasse
H-8

The bottom function key selects one of the two acguisition modes used by
the HP 54510A:

¢ repetitive acquisition
¢ realtime acguisition

See Chapter 7, "Display Menu™ for more on acquisition modes.

The repetitive mode sets the HP 54510A to acquire data in the repetitive

acquisition mode {see Feeling Comforable With Diginzing Oscilloscopes).
In this mode, the oscilloscope sampies data continuously and builds up a

repetitive waveform after many data points have been attained; this mode
is useful when viewing a continuous waveform.

In the repetitive mode:

s The HP 54510A displays data collected from multiple acquisitions
from either or both chanael inputs.

¢ Data from multiple acquisitions can be averaged to generate a display
{the avg key is activated when in the reperitive avg mode}.

e Data from each acquisition can be displaved for a definabie period of
time (persistence).

e Waveform records are established at 501 data peints on all
time/division setings.

‘When ir realtime mode the HP 345104 displays data collected during
successive single-shot acquisitions from either or both input channels.
The HP 54510A can make a single-shot capture simultaneously on both
channels.

Two simultaneous, non-recurring, or very low repetition rate events can be
captured at the same time.

HP 545104
Fromt-Panal Heference



Some or all of the 8k waveform buffer memories (each channel has its own
8k buffer) can be displayed. The displayed signal is completely updated
as each acguisition s made.

The following graphics are shown at the top of the display area and in
fgure 4-2:

s memory bar - represents the displaved portion of the waveform record
s memory bar display line - represenis the entire 8k waveform record

e "T"-indicates the trigger polat’s location within the 8k waveform
record. :

MEMORY BAR DISFLAY LIND EHIWE
WhYEFORM SLIORD

Y BAR SHOWS
ON_OF WavEFD
D THAT IB
LAYED

[ gy €

SO

5401 IERET

Memory Bar

Exarcise and the ability to display signals that occur before and after the trigger
event of the displayed signal. The memory bar shows the portion of the
waveform record that is being displayed.

This exercise demonstrates the real time acquisiion mode memory bar

e Connect the HP 34510A rear-panel AC CALIBRATOR signai to
channel 1 with a coaxial cable.

HP 54510A

Timebase
Front-Panel Reference
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Timebase
4-8

+ Disconnect any other signals that may be connected to other inputs.

o Press AUTOSCALE and then stop the acquisition with the
RUN/STOP key.

e Sclect delay in the TIMEBASE menu.

e Use the entrv devices to vary the delav. The memory bar at the top of
the display moves with the delay refcrf:ncc changes. The memory bar
is shown in figures 4-3, 44, and 4-

A slopped TIIEBRSE
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B Yoief: BEIE rignt
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-3.00000 =y 0. 00000 s . 00000 as
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4.3 Memory Bar at Center of Acguisition

Three different portions of the waveform can be viewed while the
acquisition is running as shown in figures 4-2, 43, and 4-4. Either left,
center, o7 right can be selected with the de‘av reference key in the
TEMEBASE menu.

When the acquisition is stopped, the the display can be placed at any
portion of the waveform record by changing the delay value in the
TIMEBASE menu.

The delay value moves the 8k acquisition display relative to the trigger
point. '

HP 54810A
Front-Panel Reference
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+3. Memory Bar ar Right of Acquisition

As the delav value is changed, the "T" moves to the right or to the left
along the memory bar depending on a positive or negative delay value.
Negative delay values show pre-trigger events and positive delay values
show posi-irigger events in the acquisition display.
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4-4. Memory Bar at Left of Acguisidon
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Single-shot
Exercise

Single-shot in
Repstitive Mode

Timebase
4.8

This exercise shows the single-shot capabilities of the HP 54510A.
Single-shot, in repetitive display mode, is used to build a waveform while
displaying the 1 gigasample/second rate. Single-shot, in real-time mode, is
used to compare mierpolated witk non-interpolated data.

The 1 mgasample/second digitizing rate of the HP 54510A aliows capture
of very fast non-recurring events, such as a microprocessor start-up
sequence. Ertor causing glitches that disrupt system performance can be
captured for analysis,

Single-shot is used to build a waveform while displaying the 1
gigasample/second sample and digitize rate.

e Connect the HFP 343104 rear-panel AC CALIBRATOR signal to
channe! 1 with a coaxal cable,

e Disconnect any other signals that may be connected to other inputs.
¢ Press AUTOSCALE,

s Inthe TIMBASE menu, change timebase 10 10 ns.

+ Set the acquisition mode to repetitive,

s Press the STOP/RUN key to stop acquisition.

e Press CLEAR ro clear the display.

# Pressthe SINGLE and CLEAR keys alternately to display and erase
single-shot dara.

e Press the SINGLE key repeatedly, The waveform fills in with each
singie-shot addition to the waveform, s In figure 4-6.

HP 5458104
Front-Fane] Beference
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4-4. Single-shot Waveform Bulit-up in Repetitive Mode

When averaging is off:

s data points on the display are not changed by new data when the
SINGLE key is pressed.

e data stays oo screen until the mstrument setup is modified or CLEAR
is pressed,

When averaging is on:

s data on screen is averaged with new data each tme SINGLE is
pressed.

» it is assumed enough data points have been acquired o satisfy the
number of averages set in the DISPLAY menu.

To view the 1 gigasample/second digitizing rate:
¢ Press CLEAR,
s Press SINGLE.

e

The display shows a series of points I ns apart as in figure 4-7. This 1 ns
separation is defined by the 1 gigasample/second digitizing rate.

HP 54510CA Timebase
Fromt-Pane! Reference 4-5
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47. 1 Gigasgmple/second Diginzing Rate

To observe the Emitations of single-shot in the repetitive acquisition mode:
s Select the TIMEBASE menu and set timebase 1o 1 ns.
¢ Press CLEAR and then SINGLE. Ten data points from the input

signal are displayed as in figure 4-8.
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Single-shot in Real
Time Mode

MP B4510A
Fromi-Pane! Reference

In the real time acquisition mode, the data is interpolated at faster
timebase settings for a more useful display. To observe the difference
berween non-interpolated and interpolated data:

Select realtime in the DISPLAY menu,
Press the CLEAR key.

Press the SINGLE key. The waveform is displaved as in figure 4.9,
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49 Ten-point Waveform in Rea! Time Mode

In the real time acquisition mode, the HP 34510A uses a digital
oversampling filter to provide a more coatinucus waveform display. It
automatically operates when there are less than 501 points on the display.

Timehase
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Pan and Zoom Pan and zoom features are available io the real time acquisition mode and
operable only when the acquisition is stopped. Applications that require
precise evaluation of low repetition rate signals, such as radar and
transponder pulse trains, are simplified by zooming and panning on
single-shot data.

Zooming either expands or compresses the acguired waveform on the
horizontal axis of the dispiav. It is controlled by the timebase time/div
control for expansion, magnification. or compression of a single-shot
waveform 1n the real time acquisition mode. Decreasing Hime/div
expands the waveform and is referred 1o as "zooming in". Increasing
time/div compresses the waveform and is referred 1o as "zooming out”,

Panning is moving the acguired waveform horizontallv on the display. It
is controlled by the timebase delav control. Increasing the delay moves
the waveform to the left and increasing the delay moves the wavelform to
the nighr.

Pan and Zoom This exercise shows how the timebase 15 used to zoom n on and zoom out

Exarcise of a single-shot waveform. The delav imebase is then used 1o pan the
waveform horizontally on the display.

¢ Using a coaxial cable, connect the rear-panel AC CALIBRATOR
signal of the HP 345104 to channel 1.

e Press AUTOSCALE. The rear-panel signal 15 displaved on screen as
1o figure 4-10.

Timebase 7 HP 584510A
4-12 From-Pane! Reference



Zooming

HP 548104
From-Panel Reference
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+10. Rear-Pangl Signal Auroscaled

In TIMEBASE menu, select realtime acquisition mode.

Press RUN/STOP kev to stop the acquisition,
e Press CLEAR key to clear the screen.
e Press the SINGLE key to acquire one data acquisition.

e Select ime/division in the TIMEBASE menu.

e Rotate the front-panel knob. Increasing time/div displays more of the
acquired wavelorm on the screen. Decreasing time/div zooms in on

the acquired waveform.

s  Ser aimebase to 20 ms/div. The entire acquired waveform is displayed
as in figure 4-11. The memory bar also shows that the eatire memory

is on the screen,

Timehase
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411 Zooming Out of the Acguisition

¢ Sect timebase to 20 us/div to zoom in on the acquisition as in figure
412,
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412, Zooming In on the Acquisition

The HP 545104 uses a digital oversampling filter to fill in the waveform
for 2 more vsable display ar this sampling rate. The memory bar indicates
the portion of the acquisition that is displayed.

Timebase HP 545104
414 Front-Panel Reference



Panning  Panning moves the acquisition left and right for analyzation of waveforms.
« Select delay in the TIMEBASE menu.
o Use the front-pane! knob 1o merease and decrease delay.

As delay is increased, the acquisiiton pans to the left because the window
is past the trigger point, as in figure 413,
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413, Panning to the Left
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When the delay is decrzased the waveform pans to the right as in fgure
4-14, The data before the trigger point is being displaved.

A hEracopy in progress
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414 Panning to the Right

The memory bar moves to the left or right as the acquisition is panned.
Panming and zooming can be used concurrently to examine the
acquisition.

e« Zoom out of the acquisition by increasing the timebase,

s Select delay and use the knob 1o center the acquisition arez of
wmterest.

e Zoom back in on the waveform of interest.

Timebhase HP 545104
4-18 Froni-Panel Reference



Channel Menu

introduction to The channel menu is a two-leve

evel menu and controls the vertical operation
Channels of the HP 54510A. This chapter decribes the use of the two input
channels, including vertical sensitivity, offset, coupling, attenuation and
preset levels,
P TRANNI L
71 110
: CHAMME. 1.Z.ZXT _
Proge ‘
: 1020: !
e oflser ; 1 e !
& ac E T i
Ed m Fore : |
—_— G Sl M ;
Figure 5-1. HP 345104 Channel Menu
HP 545104 Channe! Menu
Front-Panei Reference
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CHANNEL Key

Vertical
Sensitivity Key

offset Key

Channe! Menu
5-2

The top key in the channe! menu is for channe] selection.  This key
toggles between channels 1, 2, and external. When a channe! is selected
{highlichted o inverse video} it can then be turned on. When a channel is
turned on the small circle immediazely below the channe! number is
highlighted.

Hote
It is possible to have o channel umed on and view while being in
the vercal control menu of another channel. When making
changes, ensure you have the proper channel and function
selected and you are changing the channel you intend 1o change.

The vertical sensitiviry key s the third kev from the top in the channel

menu. The field itself is not labeled. however, the current volts/division is

displayed with the uaits of the current selection, When this function is
elecied, either of the entrv devices can be used for data entry.

The range of the vertical sensitivity for the HP 345104 1s from

1 mV/division to 5 V/division. Vertical sensitivity changes in a 1-2-3
sequence with the knob., 'When the ront-pane]l FINE key is selected, fully
calibrated vernier adiustments can also b2 made using direct kevpad entry
or the knob,

When offset is selectad, the trace can be moved up or down with the knob
or the keypad, Offser moves the voliage level at mid-sereen.

Cffset moves the displaved signal up or dowr, similar 1o the vertical
position adjustment on an analog oscilloscope, However, because this

oscilloscope has a true de offset at the front end, & provides 2 much wider
offset range. The offset voltage (referenced 1o the vertical midpoint of the

MP 545104
‘Froni-Panei Reference



Coupling Key

Input
impedance

HMP B4510A
Front-Panel Reference

waveform display) is shown at the right of the waveform displaywhen the
SHOW kev is pressed.

The coupling kev bas several selection variables:

de

de BW lim
ac

ac BW lim
ac LF reject

@ B & =

When de is selected, I MO and 30Q de input impedances are available as
choices for input impedance.

Bandwidth limit is switchable with the different combinations-of the
coupling function. Bandwidth fmit reduces the effective dc bandwidih to
about 30 MHz. Ac coupling provides a high-pass filter that rejects
frequencies below about 96 Hz. The LF reject provides a high-pass filter
rejecting frequencies below about 450 Hz. Bandwidth lmits and LF reject
filters reduce the noisz in the vertical path and the wigger path.

Input impedance s 1 M for ac coupling and selectable 1 MG or 30 Q de
when dc coupling is selected in the coupling function.

Channel Menu
5.3



The more key toggles between the rwo levels of the channel menu.

L4502W2E

probe kay The probe key szlacts probe attenuation with a range of 1000:1 to 9009:1.
Attenuation is adjusted by either knob or entry keypad. When the knob is
in coarse mode, adjustments are incremented or decremented in the 1-2-5
sequence. When in fine mode adjustments are in 0.1 increments,

Probe attenuation affects scaling factors for the display, not sensitivity at
the inpur

Probe attenuvation is calibrated in the Utility menu. See Chapter 12,
"Utidity Menu", for informatioz on probe calibraation.

Attenuation factors are saved with the front panel setup.

Channe! Menu HP 545104
5-4 Front-Panel Reference



ECL Key

The ECL key sets the oscilloscope to fevels optimized for ECL circuits:

Trigger level: =13V
Trigger slope: no change

e V/Div: 200 mV/div {400 mV/div if # of screens is 2)
e offsetr -13V

e coupling: de

®

-

RECALL 0 returns the menu to the previous settings.

TTL Key

The TTL key sets the oscilloscope to levels optimized for TTL. circuits:

V/Div: 1 V/idiv (2 Vidivif # of screens is 2)
offse: 23V

coupling: de

Trigger level: 1.4V

Trigger slope: no change

To retwrn to the previous settings press RECALL 0.

HP S4510A

Channel Menu
Front-Panel! Reference
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Trigger Menu 6

Introducticn to The trigger modes of the HP 54510A provide many distinctive techniques

the Tréggers to trigger and capture data. The triggering capabilities range from simple
edge triggering to logic triggering on muitiple signals.

This chapter contains descriptions of the triggering modes, and
explanations on how to use them, and exercises detailing some real life
applications. The HP 545104 has five triggering modes:

¢ Edge

e Pattern

& Siate

® Dsiay

» TV
’Trigger Mode The trigger level (threshold) for each channel is set in the edge trigger
Interaction menu and is independent for sack channel. I is carried over to all other

modes, except the TV trigger mode. These levels are important sertings
because the high and low levels in the pattern, state, and delay modes are
defined as being greater than or less than the trigger level,

The level for TV trigger mode is a special case and is set in the TV trigger
meni.

HP 545104 Trigger Menu
From-Panel Reterence [



Edge Tl‘ig ger The edge trigger mode has the following selections:
Mode

e Trig'd/auto
e Trigger source
o Trigger level adjust
e Slope
e Noise reject
« Holdoff
TRIG MENL ;
| fose TRiGEER |
! S —
,‘—-——*i trigiasauis ;
i A |
S— source 1,5 E¥Y i
[
N ——
¢ tevel adjust
LA
;.__._.3 noise reect
!
i
H i H
et mpigeif
. SAI0TET
Figure 6-1. Edge Trigoer Menu
Trigger Menu HP 845104
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trig'd/auto Key The trig'd/anto selection toggles between the two trigger modes. The
current selection is displayed in inverse video. This field is available in all

trigger menus,

In the trig’d mode, the oscilloscope does not display data unril all of the
trigger requirements are satisfied. While waiting for the trigger
requirements, the message awaiting trigger is displaved, In the aute mode,
if a trigger is not found, a trigger is generated and acquired data is
displayed. A status message is displayed in the upper left corner of the
StTesD.

source Key The source key selects the trigger source. The options are channels 1 or 2,
or external trigger. The current selection is highlighted in inverse video.

level Key The level key sets the wrigger level. The range on this function is = 12
divisions from center. It provides flexibility for setting exact triggering
points and specifies levels used in the more sophisticated triggering
modes. The center can also be selected with centered.

slope Key This field is not labeled, bowever, the available selections are graphic
representations of the rising edge and falling edge The current selection
is highlighted in inverse video.

noise reject Key  Turn noise reject on for triggering on roisy signals without the problem of
false triggering.

holdoff Key  Pressing the holdoff key assigns the entry devices to control holdeff.
Holdoff disables the trigger cirout for a seleciable ime period or aumber
of events after the trigger event. Holdoff is selected in 20 ns time
increments, from 40 ns 10 320 ms or in naumber of avents from 2 1o
16 000 000. Time and event are toggied with the knob. Events are
number of patterns (patrn), state {state), or edge and tv (edge).

HP 545104 Trigger Menu
Front-Panel Relerance §-3



Ed ge Tﬁg ger This exercise sets up the oscilloscope and a signal generator to view some

(Wifh HQ;dOﬁ} of the features of the edge trigger. Holdoff is used to gain a stable trigger.
. This technique is not necassary for most applications and waveforms,

Exercise however, for many non-recurring and irregular waveforms it is useful.

instrument Setup  Follow the instructions for setting up the signal generator. The signal for
this exercise is a burst pattern with two positive cycles that repeats every
Sus. Use an HP 8116A Pulse/Function Generator with the burst option
or & signal generator capable of the same signal.

Make the following settings:

MODE: LBUR

RFPT: 500 s

BUR: 2

FRQ: 1MHz

DTY: 50%

AMP: 1V

OFs: -200 mV

Set the signal for a square wave,

 ® ® & & ® & -

Trigger Menuy HP 545104
) Froni-Panel Retference



Oscilioscope Setup  Connect the the signal generator to the channe! 1 input and discomzcct al}
- other ipputs.

s Press AUTOSCALE (see Figure 6-2).

ho running

i1 s00 mvoaie
i ofiget =375 O my
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500000 us C.00005 us BLOCLOC us
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1,00 ussdry a0 e
5450403 i =+ -35 0 mv

Figure 6-2. Two-Burst Waveform after Autoscale

+ Select the TIMEBASE MENUL
s Set the sweep speed to 500 ns/div.
s Set acquisition mode to repetitive,

The HP 34510A sets up the display parameters. It is now attempting to
trigger on the first rising edge of the two cycle burst.

+ Enter the TRIGGER MENU and press the slope key.

The oscilloscope is now attempting to trigger on the frst falling edge of
the two-cyele burst. Press the slope key again to trigger on the positive
edge.

HP 545104 Trigger Menu
Fromi-Pane! Reference 65



Note

The signal generator is set for two 504 ns pulses. The display on
the oscilioscope appears to have three puises. This is an
unstable trigger condition, The following steps explain this
condition and how to overcome it.

hp stoppec

—Z . 50000 ox

k1IN E

&3, Two-burst Pulse

¢ Determining holdoff ime. Change the tinie/div setting 10 2 us/div,
Press RUN/STOP {(STOP), CLEAR DISPLAY, and SINGLE. This
shows the period of the waveform. Since the oscilloscope is
recognizing two valid trigger events (edges, in this case) of the burst,
the holdoff time needs to be set such that it ignores the second pulse
in the burst. Using A t markers, the second edge can be found tc be
about 1 us from the first edge. {See Chapter 8, "Delta t/Delta V
Menu"

e Press the holdoff key,

e Set holdoff to 104600 us, with keypad or knob.

Trigger Menu _ HP 845104
&8 Front-Panel Reference
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Figure 6~ Two-Burst Pulse wiStable Trigger

The input signal to the oscilloscope has two 300 ns pulses. On the frst
rising edge a trigger occurs and activazes the holdoff timer. When the
boldoff time {1.04000 us) has elapsed. the oscilloscope looks for anorther
trigger. The oscilloscope triggers on the first rising edge of the second
burst. Each trigger ¢vent occurs on a different pulse, and is consequently

an unstabie condition.

By adjusting holdoff to wait until the rising edge of the second pulse
passes, the oscilioscope triggers orly on the first rising edge and the signal
is stable. In this case the trigger is stable with approximately

104 15 holdoff.

Trigger Menu
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Pattern Trig ger The pattern mode defines a 3-bit pattern for the oscilioscope to recognize

Made and generate a trigger event. When the inputs sausfy the trigger pattern
and conditions, the HP 54510A triggers and displays the desired portion
of the waveform.

The pattere mode is very vseful for gitch detection because the
HP 34510A triggers on a glitch and displays the resulting waveform.

[T
TRIG MENU
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| eatreRN TRIGGER |
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i i : ‘

L EBRs-Thbms | 2Bas-188ms i |
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evenis Z-15. 000, 282

BABOPRLE

Figure 6-5. Pattern Trigger Menu

pattern Key  This is an unlabelled feld. The displav depicts the 3-bit pattern. The
active field 1s displaved in full-bright and is changed with the knob. The
function key changes the bit selection of three levels:

Trigger Menu HP 548104
&g Front-Panel Reference



patiern Key = This is an unlabelled field. The display depicts the 3-bit pattern. The
active field is displaved in full-bright and is changed with the knob. The
function xey changes the bit selection of three levels:

e H-high
¢ L -low
s A -dorw’tcars

The criteria for high is higher than the current trigger level, and low is
lower than the current trigger level.

The 3-bit pattern represents the two channel inputs and the extzrnal
trigger. The lefi-most bit corresponds to channel T and the right-most bit
corresponds 1o the external trigger channel

For example, if the pattern is LXH, the voltage on channel ! must be
lower than the trigger level set for channel 1, channel 2 is den’t care so
the input leve!l is disregarded, and the external rigger input must be
higher than the trigger level set for external trigger. If these conditions
are satisfied by the inputs, then the oscilloscope generates a trigger event.

Nate

When any channel is nor being used in the qualifier pattern, it
should be set as don't care. The trigger level s sull compared 10
the ne input channel and a high or low is determined. The only
rue don't care is X,

If the pattern XK 15 selected, a irigger even: does not occur because a
trigger event is not defined.

when Kay  This key controls five sets of conditions that must be sausfied to generate
a trigger event. These conditions are as follows:

s when entered: a trigger is generated on the first transition that makes
a pattern true, The patiern must be false and go true to generate the

rigger.

HP 545104 Trigger Menu
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¢ wher exited: a trigger is generatad on the first transition that makes
the pattern false. The patiern must be trus and go false Lo generale a
trigger.

s when present > a trigger is generated when a trigger pattern is true
longer than a specified minimum time peried. This time period is
specified in the next selection key that is activeted when present > is
selected. The present > time ranges from 20 ns to 160 ms,

» wher present < : atrigger is gensrated when a trigger pattern is true
gss than a specified maximum time period. This time period is
specified in the next selection key that is activatzd when present < is
selected. The present < time ranges from 20 ns to 160 ms.

¢ range: this trigeger condition is 3 combination of present < and
present >, A rrigger is generatad when a trigger pattern is true for
longer than a specified minimum and shorter thap a specified
maximum time period. These time periods are specified in the next
two selection keys that are activated whern range is selected. The first
range tme seiting must be less than the second range ime setting.

holdoff Key  The holdoff key assigns the entry devices to control boldoff. Holdoff
disables the trigger circuit for a selectable time period or number of
evenis after the trigger event. Holdoff is selected in time units, from 40 os
to 320 ms and Is incremented in 20 ns intervals or by number of patrn
(patterns) from 2 1o 16 000 000.

Pattern Trigger This exercise demonstrates how to define the 3-bit pattern and how it
Exercise affects the trigger and the resulting display,

Note

Set the trigger level for each migger source while in the edge mode.
These rigger levels must be set before vou go to the pattern mod,
OF proper ITEgering may nol ooourn,

Trigger Menu HP 545104
810 Froni-Pane! Reference



instrument Setup

Oscillcscope Setup

HP 342104
Front-Panel Reference

To perform the following exercise use the HP 8116A Puise/Function
Generator, or another function generator capable of producing the same
1 MHz, 1 volt, square wave signal.

Set up the HP 8116A Pulse/Function Generator:

OFS = 200 mV
Set the generator for a square wave signal

¢ Mode = NORM
o TFRO = 100 MHz
s DTY = 50%

e AMP = 100V

®

k]

Connect the signal to a BNC tee on channel 1 using a 1-meter coaxial
cable. Connect another 1-meter cable from the other side of the BNC tes
and terminate in 50 £2 tc channel 2.

The extra cable length berween channels 1 and 2 provides a time delay
between the signals displaved on the oscilioscope. The propagation of

a 1-meter coaxial cabie is approximately 6 to 7 ns. This time dalay is used
to demonstrate the HP 54510A iriggering capability.

¢ Press AUTOSCALE.
Set up the HP 5435104 as follows:

e Timebase = 10.00 as/div
delay = 0.00 s
reference = cnir
acquisition mode = repetitive
e« Channel}
Vertical sensitivity = 400 mV/div
offset = -200.60 mV
dc coupling
input impedence = 1 M Q

Trigger Menu
811



s Charnel 2
Vertcal sensitivity = 400 mVidiv
offset = — 200.00 mV
dc coupling
input impedance = 50 £
=+ Display
minimum persistence
2 screens
axes
s Trigger
Channel 1 level = -200mV
Channel 2 level = ~200mV
Set the trigger mode to pattern.

Set the pattern to HLX as follows:

e Press the functior key until the first character is highlighted.
s+ Turn the knob unti] the highlighted area is H.
» Select the aext character in the patiern.
¢ Continue until ail characters are selected in the FLX pattern.
s Press the when kev untl! eptered is selected.
hp funning
b
1
| /3
i
o
+ /
E -
i :
~30. 000 ng 5.0000C s 25000 ns
6.0 nsegiv recetilive
Figure 6-6. HLX when entered Pamtern
Trigger Menu HP 545104
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Lhannel 11is displayed in the top screen. To satisfy the conditions of the
bit pattern, channe! 1 must be high (higher than the channe! 1 trigger
level) or greater than -200 mV. When the signal on channel 1 goes higher
than -200 mV and chanpel 2 is still low (less than -200 mV) the pattern
conditions have been satisfied as the signal is entering the trigger
conditions and the HP 54510A triggers.

& Press the when key and change the condition to when exited.

Tke oscilloscope triggers on the first transition that makes the bit pattern
false, in this case when channel 2 goes high.
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Figure 6-7. HLX when exited Pattern

s Change the bit pattern to HHX and select the entered condition.

HP 545104 Trigger Menu
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To satisfy this bit condition both channels must be high The oscilloscope
does not trigger unti] chaane] 2 goes high while channel 1 is high,

maTTERN TR

hp running

Figure 6-9. HHX when entered Partem

e Change the trigeer condition to when exited.

While channel 2 is sull high, when channel 1 goes low the bit pattern is no
longer true and the HP 34510A triggers.

e runnineg
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i \--»«
~50.000 ns 000G s 5'\:‘,&?3_’155
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Figure 6-8 HHX when exdted Pattern
Trigger Menu HP 545104
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State Tr igger The state trigger mode is similar to the pattern trigger mode except that
Mode ooe channel is selected as a clock edge and the other two trigger sources
define a pattern. When the pattern becomes true the HP 545104 triggers
oz the next clock edge if the pattern meets setup and hold criteria.

o —

TRIG MENg |
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resrE not
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R —— nelagef
|
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Figure 6-10. State Trigger Menu

The trig’d/auto and trigger mode function keys remain displaved in all
tngger modes.

clock Key  Select any channel to be used as the state clock. Select the channel by
pressing the function key until the desired channel is highlighted. The
clock selection is reflected in the next field with an arrow, pointing either
up for a positive slope or down for a negative slope.

when Key  The when key depicts the desired pattern. The displaved pattern shows
the arrow at the selected clock channel, The other two trigger sources
define the logic pattern that must be satisfied to generate a trigger event
using the H, L, X convention described in the pattern trigger mode
section of this chapter.

HP B45104 : Trigger Menu
Front-Panel Reference 515



present Key

holdoff Key

iate Trigger
Exercise

Instrument Setup

Trigger Menu
&-18

To change the patters:
« Presc the function key uatil the bir to be changed is highlighted.
+ Rotate the knob until the desired serting is highlighted.

¢ Szlect the arrow to change the trigger slope, if necessary, and turs the
knob unatl the desired settings appear.

A trigger event Is generated on the selected edge when the patiern is true
and is present is selecied, or a trigger occurs when the patiern is false and
not present is selected.

The holdoff key assigns the entry devices to control holdoff. Holdoff
disables the trigger circuit for a selectable time period after the trigger
event. Holdoff is selected in 20 ns time increments, from 40 ns to 328 ms,
or for events {count of states) 2 to 16 000 600, Time and event are toggled
with the knob,

This exercise demonsiraies how an input patiern is used to qualify a clock
edge as a trigger.

State triggering extends the logic triggering capability of the HP 345104
by selecting one of the inputs as a clock and using the other inputs as

qualifiers.

This is useful whesn it s necessary to synchronize the display with a system
clock to detect a system state, For exampie, consider a synchronous
memory bus, The state trigger mode enables only those events that occur

when reading from a block of memory to be captured and displayed.

To perform the following exercise use an HP 8116A Pulse/Signal
generator or another signal generator capable of the same 1 MHz, 1 volt

gquars wave,

tn

HP 545104
Froni-Panel Relerence



Set up the HP 81164 as follows:

¢ Mode = NORM

o FRO = 1.00MHz

e DTY = 30%

e AMP =100V

¢ OFS =-200mV

s Set the generator for a square wave signal

Connect the signal 1o a BNC tee on channel I using a I-meter coaxial
cable. Connect another 1-meter cable from the other side of the BNC tee
to channel 2.

Oscllioscope Setup  The extra cable length between channels 1 and 2 provides 2 time delay
between the signals displayed on the oscilloscope. The propagation of a
1-meter coaxial cable is approximately & to 7 ns. This tme delav
demonstrates the HP 543104 triggering capabiliry.

@ Press AUTOSCALE.
Set up the HP 345104 as foilows:

+ Timebase = 10.00 ns/div
delay = G.00s
reference = cntr
acquisition mode = repetitive
« Chanpel 1 turned on
Vertical sensitivity = 400 mV/div
offset = 200V
dc coupling
input impedence = 1 MQ
o Channel 2 turned on
Vertical sensitivity = 400 mV/div
offset = 200 mV
dc coupling
input impedence = 5082

HP 54510A Trigger Menu
Front-Pane! Reference : 617



e Display
minimum persistence
2 screens

e Trigger
Channel 1 level = -200 mV
Channel 2 level = -200 mV
Set the trigger mode to state

s Setthe patternto §1 X as follows:

. Press the function key until the first bit is highlighted.
. Turn the knob until the lighlighted area is %

. Select the next bit in the pattern and select L.

. Continue until all bits are selected in the H.X pattern.

Fa UF B2 e

e Press the when key until is present is selected (see Figure 6-11).

. STATE TRIGOER
hp runming
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Figure 611, Channel 1 Clock LX State

Trigger Menu HP 545104
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Channel 1 is displayed in the top screen. To satisfy the conditions of the
bit pattern, channe! 2 must be low (Jower than the channel 2 trigger level)
or less than -200 mV. When the signal on channel 1 goes higher than
2200 mV and channe! 2 is still low (less than -200 mV) the pattern
conditions have been satisfied, the HF 54510A triggers.

s Change the bit pattern to } LX and select the is not present
condition.

To satisfy this bit condition the clock channel must go low while channei2
is high. The oscilloscope triggers on the falling edge of channel 1 when
the L on channel 2 is not preseat, i.e. channel 2 is high.

ETATE TRIGGER

treere ey

Bp running

LR T ol

’\' 4 3 +
N
i

~B0. 200 ns 0.00C00 s 30.90C ns
16.0 ns/div

Figure 6-12. Channel I Clock LX State
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Delay Trigger
Mode

qualify on Key

qualify on edge

Trigger Menu
620

The delay trigger mode qualifies on a signal edge, pattern, or state, delay
for a period of ime (or occurrence of edges), and then triggers on a
selected edge from any scurce.

This trigger mode is versatile and accommodates most complex triggering
sitnations, It has the flexibility to select different trigger sources, delay
times, delay counts and then display various points of the waveform.

The qualify on key selects which mode 1o qualify the trigger before a delay
1s defined.

The qualify options are:

s edge
s pallern
# Sstate

Select the edge qualifier and the next two function kevs defines the
parameters. The next kev is an unlabelled field that selects the chanpel to
be the source. The second key below the edge selection is the slope
selection.

HEF 54510A
Front-Panel Beference



qualify on pattern  When the pattern trigger optien is selected, the next function kev defines
the qualifier pattern. Defining a pattern is the same as in the pattern
trigger mode.
o Highlight the bit to be changed by pressing the function key.
e Change the bit by rotating the knob.

After selecting through all four bits, the active field is changed to the
condition feld. This field to sets conditions as in the Pattern Trigger

mode:

e when entered

s when exired

s when present > [time]

e when present < [time]

s rangs > [time2]and < [timel]

These settings activate the next field, as appropriate, so the specific time
paramelers can be set.

qualiify on state  If the state trigger option is selected the next two function keys define the
state conditions,

Asin the state trigger mode, select the channel to define the state clock.
This selection is reflected in the pattern with an arrow and the slope is
depicted with the arrowhead pointing up or down. Use the function kev
to move the highlighted bit to change the pattern. When the pattern is set,
the is/not present setting can be changed by moving the highlight to the
is/not present field tabel and pressing the function kev again., When the
label is highlighted, toggle the setting between is/not present with the
knob. '

HP 545104 Trigger Menu
Front-Panel Reference 821



delay Key This field selects berween two delay options. To change berween the time
and count options rotate the knob unul the desired option & displayed in
the inverse video field.

deiay time disables the trigger circuit for a selected period of time, from
30 ns to 160 ms after the trigger has been qualified

Note

Time delay is not available in the fime qualified pasern semings
af when present >, when present <, or range.

e Press the function key until the highlight is on the first numeric feld.
This field selects the amount of delay after qualification, ranging from
30 ns to 160 ms.

delay count (delay by edges) disables the trigger circuit for a selected
count from 1 to 16 000 000 after the migger has been qualified. After the
selected count has been attained the HP 545104 looks for the user
specified trigger edge.

e Pressthe function key untl] the highlight is on the first numeric feld,
This field to selects the number of edges to delay after the trigger has
been gqualified (from 1 1o 16 000 000).

¢ Press the funtion key once more to activate the rising edge/falling
edge option and select the desired edge with the knob.

e Press the function key once more to highlight the third optien field
and select the channel to delay on.
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trigger on Key

Delay Trigger
Exercise

instrument Setup

HE =24510A
Front-Panel Reference

This key selects a specific edge to trigger on after the qualification and
delay conditions have been satisfied. All other keys in this menu have
dealt with defining qualifying conditions, however, this field sets the
trigger point. This is another three position option switch,

¢ Press the function key to highlight the numeric field and select whick
occurrenct to trigger, using the knob to set the number {1 to
16 GO0 000;.

e Press the function key again and move the highlighted field to select
the slope. The knob toggles the selection between rising and faliing
edge.

e Pressthe function kev again and highlight the channe! selection. The
knob is used to change the channel selection.

This exercise demonstrates how to use the delay trigger 1o trigger on the
exact point of a waveform. The exercise leads through setting up a
complex signal, setting up the HP 545104, and changing settings and
eounts for viewing various points on the waveform,

Set up an HP 8116A (or comparable signal/gensrator) for a burst pulse
with ten bursts that repeats every 50 useconds,

Set up the HP 8116A Pulse/Function Generator:

o Mode = LBUR
o RPT = 50us

s BUR =10

¢ FRO =546MHz
e DTY = 50%

e AMP = 100V
¢ OFS =-200mV

Set generator for a pulse signal

. - En

onnect the signal 0 cnannel

]

Trigger Menu
823



Dscilloscope Setup

Trigger Menu
624

The HP 54510A autoscaies and displays this signal, however, for this
exaraple make the Hsted triggaring changes after autoscaling.

¢ Press AUTOSCALE.

ho TunmiRg
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450ZWA 1 & 07 .30 mv

Figure 6-13. Ten Burst Puise after AUTOSCALE

Set up the HP 545104 as {ollows:

Press TIMEBASE and select repetitive.
Press TRIG and sclect trig'd display.
elect delay trigger mode.
Qualify on edge and the rising edge of channel I as the source.
Select a delay time of 2.5 4s to gain a stable trigger,
Ser trigger on Lo trigger on rising edge 1 of channel 1.

* & 2 & & &

This trigger setup gualifies on the frst rising edge of the burst, delays
through the rersaining portion of the burst, then triggers on the first edge

of the next burst.

HP 545904
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Press TIMEBASE and set time/division to 500 ns.

hp runming

. e ma et T e v e
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-2 30000 us 033000 s 2.30000 us
200 ns/die rapet tive

Figure 6-14. Ten Burst Pulse w/Stable Triger

Return to the trigger menv and set trigger on count to 5. This tells
the oscilloscope to trigger on the 3th rising edge of the next burst (ses
Figure 6-13}.

hi ranning

=2, FI00T us C_20000 s
300 nsldiv
54 506808
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« Change the trigger on count key to 9 (sec Figure &-16}.

hp runthing
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Figure 6-16. Ten Burst Puise Triggered on Pulse 9

By setting the oscilloscope to the delay trigger mode, z specific time or
count to delay between qualification and trigger can be added.

In this exercise, the trigger was delaved to get 2 stable display. When the
time delay had elapsed the HP 545104 began counting rising edges until it
found the ninth edge.

Trigger Menu HF 54510A
526 From-Panel Reference



TV Trigger The TV TRIGGER menu enabies the HP 54510A to trigger on clamped
Mode tv signals. The two most common v standards; 60 Hz/523 lines or NTSC
is the standard used in the United States, 50 Hz/625 lines is the standard
used in most Eurcpean countries. This trigger menu also allows for user

. defined tv signals that may be used in other parts of the world.

E trig'd #cu:

To move the aghlighted inverse video window within a field vou must
B o : press the selection key and 1o change the value displayed in the window
stote el you must rotate the knob.

Note

Fay close attention to the movernent of the nighiighted window;
it moves to various opiions within the fleld

SAE0 e T

Standard Select Key The source key chooses between the NTSC standard 1v signal used in the
Urited States with a 60 Hz and 525 lines per frame, the standard of 50 Hz
and 625 lines per frame used in most countries in Europe. The third
opticn is for user defined ranges of the tv signal. User-defined ranges can
be used to trigger on any of the propoged HDTV standards.

To make the desired selection:

e Press the selection ey ard select the standard by rotating the knob.
The active field is highlighted in inverse video.

Source Select Key  To select the trigger channel to be used as z source,

e Press the selection key and move the highlighred fleld, rotate the knob

until the desired channelis displaved,

HF 54510A rigger Menu
Front-Panel Reference 627



tevel/polarity Key

field Key

fine Kay

holdoff Key

Trigger Menu
&-28

The level option sets the trigger level that is applicable only to the v
trigger source.

+ Press the function key again and the highlighted window maoves to the
polarity opticn and selects the rising edge or falling sync puises to
trigger on.

The field key sclects field, 1 or 2.

The line key selects which linz the trigger will be generated on. This
election 15 dependent upon which field has been selected previously.

If the previous selection is the 60 Hz, 525 lines standard, the options
available depend upon whick field, 1 or 2 s salected:

o Iffield 1 is selected, select from Hne 110 263 in field 1.
e Iffield 215 selected, choose from line 1 to 262 in ficld 2.

This tv trigger mode is compatible with broadeast standard M.

If the 50 Hz, 625 lines standard is selected, the options are also dependent
upon field settings:

e If fieid 11s selected the range of lines is from 1 to 313,
s If field 2 iz selected the range of lines is from 314 to 6285.

This tv trigger mode is compatible with broadeast standards: B, C, D, G,
HILEK XKLL andN.

The holdoff key enables the oscilloscope to hold off the trigger event from
40 ns to 320 ms and is incremeniad in 20 ns time frames.

HP 54510A
Front-Panei Reference



TV Trigger
Exercise

instrument Setup

Cscllloscope Ssetup

HP 54510A
Front-Pane! Reference

- Video signals are unique, and as such have unique requirements for

proper tnggering. This exercise demonstrates how to display and work
with video signals on the HP 543104,

Use a standard NTSC signal generator with clamped video output for this
exercise. Turn color bars on.

Conaect the NTSC video signal to chanael 1 of the HP 54510A.

e Press AUTOSCALE.

s Select the tv trigger mode.

e Set 60 Hz/525 lines and channe! 1 as the source.

Determine the polarity of the sync pulse.

e Select the trigger level and rotate the knob until a stable display is
attained. When a sync pulse is visibie, determine the polariry, select
polarity (press the function key) and set the sync pulse in accordance
with the actual pulse,

o Set the trigger level 2t approximately the midpoint of the svnc pulse.

This sets the trigger level just below the middle of the sync pulse and tells
the oscilloscope to trigger on the leading edge.

s Settrig’d/autoe to trig'd.

This eliminates the possibility of a premature trigger event occurring.
e Sclect field § and Line 1.

& Press TIMEBASE and set time/division 1o 104 ws/div.

Trigger Menu
6-29



e Press DISPLAY and set perststence to = 6000 ms (o accommodate
video signals.

hp running

PRE 1

T B e R 1

=-300. 000 us 20000 s
100 us/div

545 10W37

Figure 6-17. Trigger ai Field 1, Line [

The HP 54510A is triggering on the first equalizing pulse of field 1, the
first pulse in the vertical interval. The pretrigger data that is being viewed
(left kalf of the screen) is field 2, lines 256-262.

e Sct time/division to 10 #s/div and set the trigger to field 1, line 18

Trigger Menu MP 545104
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Figure 6-18. Trigger on Field I, Line 10

The trigger is now on the first horizoatal sync pulse in the vertical interval
with color burst information.

o Change the trigger point to field 1, line 21.

hp runiing
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Figure 6-19. Trigger om Field I, Line 21

HP 545104 Triggar Menu
From-Panel Reference 831,



The trigger peint is now on the last syac pulse of the vertical interval. The
nex: line contains color information, o this case color bars are present,

o Change the trigger 1o field 2, line 1,

Rp running
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Figure 6-20. Trigger on Field 2, Line 1

The trigger peint is on the second sync pulse of the vertical interval. This
is the correct trigger point because fields T and 2 are interlaced.

Trigger Menu HF 54510A
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Display Menu . 7

Infroduction to The DISPLAY menu controls most of the features that dictate how the

the Dispiay acquired data is displayed. These features include ways to manipulate
data for clarity, to eliminate noise, viewing best case/worst case situations,
or the displayed background. There are two display menus, depending on
which acquisition mode the oscilloscope is set to in the TIMEBASE menu.

This chapter describes the DISPLAY menu, the submenus, how to control
all the features, and how to display the most meaningful waveform for

measurements.
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Display Menu
7-2
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7-2. Realtime Acquisition Mode Display Menu
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HF 54810A
Front-Pane! Reference

The DISPLAY mode key selects ope of three display modes:

s normal
= averaged
&« envelope

The norm mode sets the time parameiers for displaying data or
persistence. The range in the variable persistence mode is from mintmum,
very fast overwriting and updating the display, to infinite with variable
settings in betweesn, from 300 ms to 10 seconds. This means that data
display records can be preset to any of the persistence settings. Sertings

less than infinite display data for the specified pericd of time and then
overwrite old data.

~ In realtime acquisition mode:

« Single or infinite persistence are the two choices during realtime
acquisition. Single persistence is very fast overwrite. As each new
acguisition is displaved it overwrites the previous data, The current
display is always the most recent acquisition.

In repetitive acquisition mode:

& Fast persistence settings are useful when the input signal is changing
and immediate feedback is needed.

e More persistence is useful when observing long-term changes in the
signal or low signal repetition rates,

Display Menu
7-3



Display Menu
74

avg

in both acquisition modes:

Infinite persistence can be used for worst-case characterizations of signal
noise, jitter, drift, tc. In this mode the HP 54510A is used as a storage
oscillescope.

In repetitive acquisition mode:

At minimum persistence, & point is erased when a new point is acguired in
the same time og the display. Therefore, the waveform flls guickly and
each point remains for 2 minimum amoeunt of time,

Note
When the keypad is used to change persitence sexings, anv entry
longer than 10 seconds causes the message value out of range, set
to limi? to be displaved. Persistence then Is qutomatically set to
infinite. 4ny entry less than 500 ms causes the same message {0
be displaved and persistence is sef to minimum,

When norm is selected, the funcuon key beneath the norm field is
activated, This field dispiays the current persisience setting that can be
set using either of the entry devices. Conpect-the-dots is available for
waveform memories, but not for channels with persisience.

The averaged mode selects the number of waveform acquistions that are
averaged to generate the displaved waveform. The range for the
averaging function 15 1 to 2048 in powers of 2.

When averaged mode is selected, the next function key is activated and
the number of averages is set using either entry keys or knob.

Displayed signal noise is significantly reduced by using the averaging
mode. As the number of averages is increased from 1 to 2048, the display
ecomes less responsive to changss in the inpus signal(s), bowever, using
more averages reduces the effects of displaved signal noise and mmproves

Tesoiution.

HF 545104
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env  The envelope mode needs no other parameters set. The display reflects
the minimum and maximum voltages in each horizontal positon. This is
useful In viewing voltage or time fitter.

# of screens The next function key selects the number of screens to be displaved:
Key

BISPLAY . . .
(orm avs o 1:the entire display area is one screen and any displayed waveforms

—

arg superimposed on top of each other,

e syt

e 2:the display area is divided into two screens. Channel 1 is displayed

r of serzens - in the top screen and channel 2 is displayed in the bottom screen (See
[ o I i figure 7-2).
Pooff s N
E axes gr:d j
- connect aois
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% Channel 1 Viewing Area z
4
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Figure 7-3. Dual Screen Dispiay
HP 54510A Display Menu
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off/frame/
axes/grid Key

Display Menu

75

This unlabeled field selects one of four display backgrounds:

off: turns the background graticule off. The displaved waveform and
wavelorm information is not turned off.

frame: displays the outside border with a measurement scale. The
measurement scale is incremented/decremented with major divisions
and minor divisions based o the vertical and horizontal measurement
settings.

axes: displays & background with the measurement scale crossing at
mid-sereen.

grid: background is a complete graticule with ten horizonial major
divisions and eight vertical major divisions. Omly the axes portion of
the graticule has 2 minor divisiorn scale.

HP 54510A
Front-Fanel Reference



connect dots
Key

MP 545104
Fromi~-Fane! Reference

Connect-the-dots is a technique used to display waveforms with all data
points connected. This makes viewing the waveforms easier because the
signal is complete and has no breaks. The waveform in figure 7-4 is the

same as in figure 6-15 after the connect-the-dots key is an.

Note

Connect-the-dots does not generate dara points. The HP
545104 comnects data points lineariy.

nporunning
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Figure 7. Connect the Dois
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Delta t/Delta V Menu 8

introduction to This chapter describes how to use the markers and make marual

the Markers measurements on displayed waveforms.
AV marker s e In this menu, two sets of markers, the AV markers (horizontal voltage
( pr—— | markers) and the At markers (vertical time markers) are controlled.

When the desired set of markers have been turned on the rwo marker
fields are turned on. Each marker is individually controlled.
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Figure 81, Deltn 1/Delta ¥V Menu
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Vmarker 2 Key

Vmarker 1 Key

Delta t/Della V Menu
B.2

This function kev toggles the markers on and off. With the AV function
turned on the next two fields are activated allowing individual control of
the two markers.

When the AV markers are turnad on, VmarkerZ, Vimarker], and delia V
appear in the factors display area. The delta V entry is cafculated as the
following:

Vmarker 2 — Vmarker 1 = delta V

If delta V is negative, Vmarker 1 is located at 2 more positive voltage level
thar Vmarker 2.

This function key is a two function control field. The first selection is the
desired channel, memory, or function to place Vmarker 2 for
measurement. By pressing the key again the highlighted field moves to
the numeric display to select the voltage level. Typically, place Vmarker
2 at the desired level on the waveform display and read the level in the
highlighted field, and in the factors area of the waveform display.

Vmarker 2 s the voltage marker with shorter dashes.

Vmarker 1 operation is identical to Vmarker 2, except it is represented by
longer dashes.

Note

The markers can be moved on a selected source even though that
source is not dispiaved. Make sure thar the markers are assigned
to the proper source to be measured, or the numeric field may be
incorrect. :

HP 54510A
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st markers Key
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start marker Key

stop marker Key

HP 545104

Front-Pane! Reference

This function key toggles the lime markers on and off. With the At
function turned on the next two fields are activated allowing individual
control of the two markets,

The markers are placed on the display respective of the trigger point.
Positive time values are to the right of the trigger point and negative time
values are to the left. Delta t values are determined by the following:

stop marker — start marker = deltat

There is no such thing as negative delta t, this only means that the srart
marker is placed later in time than the stop marker.

The inverse of delea tis 1/delta t. Since the inverse of time is frequency,
this ratio produces an answer in frequency. However, if the markers are
placed across parts of a waveform of differing time frames, the answer
may not be valid. This feature is useful when looking for the frequeacy in
a burst that is different from the rest of the waveform. Place the time
markers across the burst (at similar points on the waveform) to determine
the frequency of the burst.

To set the start marker, press the function key to highlight the field. This
makes the start marker feld active. Set the marker with the knob.

The start marker is represented with long dashes.

The stop marker is identical to the start marker, except that it is
represented by short dashes.

Della ¢/Delta V Menu
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Waveform Math Menu S

introduction to The WAVEFORM MATH menu defines one of two math functions. The

the Functions functions are used on data that is displaved on screen from either channel
or from any of the four waveform memories. If data from a channel is
used for a function, the channel must be turned on. However, if data from

a waveform memory is used for a function, that memory does not have to
be displayed.

A function is generated by mathematically manipulating one or two
operands with known the following operations:

plus (+)
minus (— )
times {x)
Versus

only

mvert
ntegrate
differentiate

2 & 5 5 5 &8 2 &

WAVEF Sy
MATE

192
aisoioy |
of f7on i
QPERAND s .
! tylinvar
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Figure 9-1. Waveform Math Menu
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Defining a
Function
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Function Key

display Key

Waveiorm Math Menu

&2

The vertical display and offset can be adjusted to place the function for
best viewing,

When the function has been calculated, it can be used in the following

manners:

displaved

evaluated with the measurement features
stored in memary

transferred over the HP-IB

e & & 8

The Waveform Math menu selects and presets any of various operations,
sources, and displayed results,

This key selects either function 1 or fanction 2.
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operand (chan/mem)
Key

Operator Key

HP 545104
Eront-Panel Reference

The display of the functions depends or the display mode in the
DISPLAY MENU. In single dispiay the functions are displayed in one
screen. In dual mode display, function 1 is displayed in the top screen and
function 2 is displaved in the bottom screen.

Press this key to select the first operand of the mathematical operation,
or the waveform to be manipulated. The choice can be any displayed
channe! or any waveform memory that has a waveform stored. Ensure
that the channel or memory source is turned on.

If the operator is only or invert, this is the only operand that may be
selected.

This key selects any of the six functions. Continue pressing the selection
key until the operation desired is highlighted.

e plos (+): the two selected operands are added together. Addition is
calculated on a point-by-point basis.

« minus (~): the minus operation subtracts the second operand from
the firse.

« times (x): the times operation multiplies the value of the first operand
by the value of the second operand. Each data point is multiplisd
with a corresponding data point and the product is placed on the
function display. The displayed waveform is scaled to correspond te a
different sized waveform.

e vs [versus): the versus function draws a volts versus volts display of
the two selected operands. Versus cannot be stored in a waveform
memory because measurements cannot be made on the resulrant
waveform, however, it can be stored in pixel memory. In source x
versus source v, the vertical range of source v determines the
horizontal range of the vs function.

e only: The only function displays the first operand and scales it.

& imvs {inverse): The inverse function inverts the data of the first
operand,

Waveform Math Menu
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chan/mem Key

sensitivity Key

offset Kay

Vertical Scaling
Units

Wavetorm Math Menu
9.4

e int (integrate): The integrate functon calculates the integral (with
respect to time) of the vertical valee of the designated operand.
Integration proceeds on a point-by-point basis. If a data point is not
encountersd in the operand, integration usss the next valid data peint,
Any non-existing data points encountered are not surmmed, only the
available data is integrated. Defanh scaling is determined by the
original operand.

s diff (differentiate): The differentiate function calculates the derivative
of the designated operand witk respect to time, Differentiation
proceeds on a point-by-point basis. If a data point is not encountered
in the operand, then differsntiation uses the next valid data point.
Defauit scaling is determined by the original operand. The
differentiation function, by nature, amplifies neise effects. Therefore,
differentiation shouid be applied to signals with high signal-to-noise
ratios,

This key selects the second operand, or the waveform that is manipulated
against the first operand. The choices are any of the displayed channels
or any of the memories.

This key is not available if the operator ks only or invert.

The vertical sensitiviry of the fenction is set with this key, This setting is
for ease of viewing and making measurements with the newly developad
waveform,

The offset of the function is set with this key.

The fundamental measuring units of ar oscilloscope are volts/division in
the vertical axis and time/division on the horizontal axis. This philosophy
is used regardiess of the mathematical function chosen. No provisions
have been made to manage units for all combinations of operands and
operations,

-

For example, apply a + 2V signal to channel 1 and a -3V signal 1o chang)ei
2. The HP 343104 displays the product as -6V, when in reality it 15 -6V~

HP B4ASTOA
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Displaying The HP 34510A has two screen variations availabie to accommodate a
Functions 2-changel display, as well as two functions.

s Inthe single screen mode with a function on, the mathematical results
and the operands are displayed using the full display area.
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Figure 9-2. Single Screen wiFunction On
HP 545104 Waveform Math Menu
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Channet I Viewing Area

- Function I Viewing Area

T

Channel 2 Viewing Area

Function 2 Viewing Area
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¢ Inthe dual screen mode function 1 is displayed in the top half of the
screen, and function 2 1s displayed in the bottom half,

Wavetorm Math Menuy HF 545104
3-8 Front-Panei Reference



Waveform Math
Exercise

ingtrurmnent Setup

Oscilloscope Setup

HP 845104
From-Panel Reference

In this exercise the WAVEFORM MATH menu is used to subtract one
waveform from another.

Set up an HP 8116A, or asignal generator capable of a 1 MHz, 1volr
squarewave, as follows:

s MOCDE = NORM

s FROQ = 1 MHz

« DTY = 30%

¢« AMFP = 100V

o OFS =000V

e Set the generator for a square wave signal

Connect the signal to 2 BNC tee on channel 1 using 2 1-meter coaxial
cable. Connect another 1-meter cabie from the other side of the BNC tee
and termunate 1o 50 € to channel 2.

The extra cable length between channels 1 and 2 provides a time delay
between the sigrals on the oscilloscope. The propagation of a I-meter
coaxial cable is approximately 6 to 7 ns. This delav is used to demonstrate
the math Function.

The following procedurs assists in setting up the HP 54510A for optimal
viewing.

e Press AUTOSCALE.

» Press DISPLAY to set the best viewing conditions. Set display mode
toavg, # of avg 1o 8, # of screens 1o 2,

e Press WFORM MATH to define the function. Select 1 and turn the
display on, Select chen 1, - (minus), chan 2 and set the function
sensitivity to 2.00 V/div.

Waveform Math Menu
9.7



The function subtracts channel 2 from channel 1. The propagation
between channels has allowed 2 6 to 7 ns spike. To better view the results:

" & Press TIMEBASE and set the horizontal display to 50.0 ns/div {see

Figure §-5} . This display is best viewed when the oscilloscope is in
repetitive acquisition mode.
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Waveform Save Menu 10

introduction to This chapter describes how to select the waveform and pixel memories on
the Memories the HP 34510A. The menu consists of rwo submenus:

¢ waveform memories m1 - m4 used to store one waveform at a time,

e pixel memories pl and p? used as a screen store. In this maneer the
memories are used as a storage oscilloscope.
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Figure 10-1. Waveform Save Menu
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waveform Menu
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Waveform Save WMenu
10-2

The waveform menu bas four available memories. mi, 2, m3, and m4,
These memories are nonvolatile and will aot be cleared during
AUTOSCALE, RECALL CLEAR, or recvcling power. This permits
disconnection of power and transportion of the oscilloscope without
losing the contents of waveform memoriss,

A waveform memory consists of a single waveform record, including the
horizontal and vertical scaling parameters. This allows measurements on
previously stored wavelorm and functios data. Voltage and time markers
can be sot on waveforms when they are displaved however, the time
markers follow the TIMEBASE menu ume/division and oot that of the
memory waveiorm.

When the HP 545104 is in the envelope display mode and a2 waveform
store is execuied, the minbmum value and maximum value are stored
separately. The minimurm value will be stored in m1  ml or m3 are the
selected store locations, or m2 if m2 or md are the storage locations, The
maxdmum values are stored in m3 or md regpectively. A store message ts
displayed above the waveform display area to show the storage locations
of both values.

This key selects which memory to use, The selections are noovolatile
memories ml, m2, m3 and m4. When 2 memaory is twrned on the small
circle below the labelis highlighted. The waveform memeories are record
memories that store 8000 points of waveform information in sach memory.

This key toggles the selected waveform memory display on or off.

The source key selects the souree waveiorm to be stored. The source
alternalives are any channel or gither function.

This is the active key in the menu. By pressing this key the specified
waveform is stored in the specified memory, When the kev is pressed an
immediate erase of the selected momory and a writs to the memory is
executed.

HP 54510A
Front-Psnel! Reference



pixeﬁ Menu The pixel submenu selects the pixel memories, These memories are

useful when additive memory capabilities are needed, Wavefortns can be

e stored to and added ro indefinitely.
WAVEF R SAVE -

‘[ clear memory :

L ;
re— s,

i
sad Lo memery |

24501818

voiatile Key  This is the memory select key. The alternatives are pixel memory 1 or 2.
The pixe! memories are complete pixel saves of the waveform area
{excluding the graticule and markers) in volatile memory. The waveform
display area 1s 256 by 451 pixels.

In pixel memory the entire screen is saved.  Therefore, data is mapped
directly onto the display and displaved in halfbright. There are no
measurement capabilities on pixel memories.

Pixel memories are additive. When all pixels are full, adding to memory
will overwrites existing data.

display Key This key toggies the sclected pixel memories on or off.
clear memory Key  This key purges all data from the selected pixel memory.

add to memory Key  Pressing this key adds the currently displayed waveforms to the specified
pixel memory.

HP B4510A Waveform Save Menu
Front-Panel Refarence 10-3



Waveform Save
Exercise

Instrument Setup

Oscilioscope Setup

Waveform Save Menu
10-4

This exercise demonstrates how a waveform Is stored, the offset setting
changed, and the stored waveform recalled to be compared with the
current display.

Set up an HP 8116A or a signal generator capable of 2 6-kHz, 1-volt
squarewave:

s Mode = NORM

¢ FRQ = 600kHz

e DTY = 350%

e AMP =100V

s OFS =000V

e Setthe generator for a square wave signal

This procedure assists in setting up the HP 34310A for optimal viewing.
¢ Connect this signal to the Channel 1 input.

¢ Press AUTOSCALE.

¢ Press WFORM SAVE and select the waveform submenu.

# Pressthe nonvolatile kev until m2 is selected.

s Press the source kev untif chan 1 is selected.

HMP 545104
Front-Panel Reference



e Press the store key,

The currently displayed waveform is saved in nonvolatile memory m3,
The remainder of this exercise demonstrates how to recall the stored
waveform.

e Press the display key to turn on the m3 display.
¢ Press the CHAN menu key, change the offset of channe! 1.

This moves the current display so the stored waveform can be viewed.
The display should ook like figure 10-2.
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Figure 10-2. Displayed Memory
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Define Measure Menu 11

introducticn to ‘This chapter contains & description of the measurement menu. The

Measurements  cbtire measurement function, with all possibile options, is accessed with
the DEFINE MEAS menu.
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Figure 11-1. Define Measure Menu
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The first menu sets the dynamic conirols for measurements. The second
menu sets user-defined parameters for the measurements, The thirg
meny sets up the measurement comparison test.

Measurement Each key in the numeric keypad section ha a seeondary function. Above

Selection each key is 2 measurement selection printed in blue. To make an
immediate measurement of the displayed waveform, perform the
following keystrokes:

e Press the blue (Shift) key on the numeric keypad to access the
secondary keys.

s Press the key that corresponds to the measurement about to be made.

¢ Rotate the knob to select the measurement source {channel number,
c#; memory number, m#; or function number, f#). The choice made
is displayed below the waveform display area.

¢ Press the appropriate number to select the source, channels 1 or 2,
memories 1, 2, 3, or 4, or funictions 1 or 2.

¢ Make sure the measurement source is on.

Upon selection of the measerement, the time and voltage markers are
placed on the waveform. The markers show where the measurement was
made ¥ continuous measurements are off,

To clear measurements, press Shift CLR MEAS,

For complete details of the measurement definitions and algorithms, see
Appeadix A, "Algorithms.”

Define Mesasure Menu HP 545104
1i-2 ‘ Front-Panel Reference
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meas Submenu
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This key is the primary submenu selection key. Press to select one of the
available submenus. This feld is always the top selection s0 other
submenus may be selecied at any time,

The measure submenu is the default condition. Continuous and statistics
opticas are accessed from this submenu.

If this option is turned on when a measurement selection is made, the
displayed measurement is updated periodically. All subsequent
measurements are continnously updated when selected.

‘When continuous is off, the measurement is made once, and the AUAV
markers are placed on that measurement showing where the measurement
was made.

The continuous function must be on before the statistics key Is available.
When continuous is on, statistics display the min value, max value, average
value, and current value on up to three measurements,

Select either ac or de rms voltage with the rms key. The ac rms voltage of
the first cycle of the displayed signal is measured when ac is selected. The
true rms voltage of the first cycle of the displayed signal is measured when
deis selected. See "Appendix A, Algorthms® for the formulas used 10
calculate these values,

Define Measure Meni
11



Measure Define  The Measure Define submenu selects measurement standards assigned by

Sub-menu the user. This gives the option of making measurements based on signal
width or delay settings or threshold parameters.

standard/user defined If standard is selected, no other choices are available and the HP 545104
Key makes measurements based on IEEE standards,

¥, however, user defined 1s selected, two sets of test conditions are
available to define the measurements.

thresholds/ This key sets vertical test conditions, voltage or percentage ratios,
measurements Key independent of the horizontal test conditions, edge, slope, and count.
Both sets of test conditions must be set to define the measurement.

The thresholds submenu sets the following vertical test conditions:

DEFINE WEAS s percentage ratio from -25% to 125%
messe \é ¢ voltage levels from —230 kV to +250kV
imit compore
siondarc _ Nﬁte
|
hots, The upper and lower thresholds must be set to levels that will fall
on the displayed wavegform. The message ‘not found’ is
displayed If either threshold is not found on the waveforn.

megguremernts

ipmer threshotd-

10,00 7]

Threshoid settings apply to all user-definzd front pane!l measurements.

Define Measure Menu HP 545104
114 Fromi-Pane! Reference
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This feature is useful when measuring for excessive overshoot or ringing.
By defining the measurements, pass/fail criteria of any choice can be
tested. Test from the front panel, or set the HP 54510A in the Hmit test,
and allow the oscilloscope to report without supervision.

Note

If the user-defined upper and lower thresholds are placed too
close together, it is possible the HP 545104 will not be able to
determine the midpoint. The message not found’ will be
displayed in the measurement factors area.

Measurements define more parameters, the horizontal test conditions, for
three specific front pane! keypad measurements:

s+ Delay
s + width
& ~— width

When any of the three measurements are selected, the measurement is
made on the selected edge count, slope, and transition point. The

HP 54510A starts counting edges from the left edge of the screen, not at
the reference point. The selected edge must be displaved. If the edge is
not displayed, the message not found is displaved in the measurement
results arez helow the screen.

Define Measure Mem
114



Define Measure benu
1i-8

Measurement delay, not to be confused with timebase delay, is useful
when measuring source-to-source delays or measuring time separation on
the same source or a different source (see chapter 4, "Timebase Menu™).
The front pane! delay measurement can be redefined by edge slope, edge
count (from 1 to 100), and the part of the transition edge (upper, lower,
mid) used as a reference point.

e When setting edge count fields, it is handy to press the fine key. In
the course mode the HP 54510A increments/decrements by teas (1,
11, 21,...,100). In the fine mode the increment/decrement sequence is
in I's,

e When the delay measurement is selected from the front panel, the
source {c#, [#, m#) and the source number mus¢ also be selected,

e -+ width allows choice of only the point on the waveform transition
(upper, lower, mid) to measure when making the positive width of a
displayed waveform,

& - width allows the choice of only the point on the waveform
transition (upper, lower, mid) to measure when making the negative
width of & displayed waveform.



Measure Limit
Submenu
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The HP 54510A can run limit tests on up to three measurements. The
menu presets certain conditions and stores any fatlure data for evaluation
at a later time. Set the limit test whils in this menu and select the
measurzment from the front panel.

When a test is running, statistical data is displayed describing the test:

current measuremeant
minimum value
maddmury value
average value

& 2 2 &

Failure data, as well as information regarding memery and save data is
displayed.

Note

At least one measurernent (and up to three measurements) must
be selected from the keypad. The limit test runs on front -panel”
MMEaTUrements,

fest Key This key toggles the test routine on or off. When the test is turned on, the

HP 545104

Front-Pane! Raference

oscilloscope starts running in the test mode or the most current
measurements that have been selected.

Define Measure Menu
113-7



set Key This key selects the measurement. There are sixteen measurcments
avallable; thess are same ones as are available on the numeric keypad.

¢ Press the function key to highlight the feld and rotate the knob to
select the desired measurement.

Note

This key does not select the measurements on which the limit test
operates, that selection is made from the keypad with the blue
(Shift) key.

fail ff > Key This Seld sets the upper failure threshold. The range on this field is
dependent upon the units of the desired measurement.
or if <Key This key sets the lower threshold of the fzilure parameters.

save to Key This key saves the data associated with the failure to memories or to a

hardcopy device. The source of the save is selzcted in the WAVEFORM
SAVE menu,

e Ir the case of saving to nonvolatile memory, ons memory may be
selected. If muliiple failures occcur, only the last failure data is saved
because the most current data will overwrite the memory contents.

» If the data is saved to pixel memory, an accumulated save occurs. No
measurements may be made on the pixel data,

e A saveto a printer immediately sends the data to the peripheral
device,

o The save to key can be turned off and no save is affected.

after fail Key The test can be stopped when a failure occurs, or it can be continued.

Define Measure Menu HP B4510A
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The graphical compare mode allows a point-by-point comparison of an
input channe! to a memory pair (m! and m2, or m3 and m4). The result is
a displayed PASS or FAIL message. The menu allows the choice of input
channel and memory pair to be compared. A failure allowance value 2an
be sntered to give the effect of trace separation, where needed. On
failure, the menu allows for storage of the data with a siop/continue
option.

When the compare test is on, each point of the of the input channel is
compared against the memory pair. The channel and the memories must
have valid data stored in them (500/501 points) and must be on. Holes are
ignored during the test. If the input channel waveform point fafls within
the mask memory pair, the test will PASS. If the channel waveform falls
outside the memaory pair, the point is tested against the allowance value
with a resulting PASS or FAIL. If the test fails, a failbar will be displayed
above the graticule showing the point or points that failed the test. If the
waveform in memory or channel data has holes, but the existing points
passed the compare test, the message PAS? is displayved. See Error
Messages on next page.

The compare test will run only on 500- or 501-point records. This means
the test will not run in the expanded display record mode (2000 points) or
on digitized data, if the count is not 500. If the test is turned on and the
record sizes are not 300/501, an error message (Er 2) is displayed.

In the compare mode, the 16-bit words in the memory and channel buffers
are directly compared to the pulse mask memories. Since the compare is
performed on the 16-bit unscaled data, this test is faster than the Hmit test.

1t is important that the test be set up so the upper mask is in memory m1
for memory pair m1 & m2 or memory 3 for memory pair m3 & m4. The
lower mask must be in memory m2 for memory pair m1 & m2 orm3 for
memory pair m3 & md. If the masks are stored to the reverse of the
memory pairs, the test will fail

Define Measure Menu
11-8



test Key

Define Measure Menu
1110

The test key toggles the compare test routine on or off. When the testis
turned on, the HP S4510A compares the input channel waveform against
the selected memory pair. PASS or FAIL is displayed when the testis
complete. If the test fails, the failed points are displayed above the
graticule at the point of failure.

Error Megsages

PASS: channel waveform is contained in the memory pair.

PAS?: waveforms stored in memory, or channel waveforms, have holes
(no data) in them. Comparisons between the channe] and the memory
pair were successful on all good (existing) data points.

FAIL: channel waveform is not ¢contained in the memory pair and the
allowance value. Test has failed or the memory pair contents could be
reversed { upper waveform in memory 2 or 4 and Jower waveforms in
memory 1 or 3).

Er 0 invalid data in channel: CLEAR DISPLAY has been pressed or 2
etting (such as s/div, V/div, etc.) bas been changed to invalidate data.
The test is not performed.

Er 1; either the channel or the compare wavefomm memory is off; test is
not performed.

Er2: Versus mode is not a valid compare mode.

Hotes

Only one measurement lest routine may be on at one time. If the
megsurement Bmii 1est is on, the message limit test on: cannot
siern oR is displaved. If the compare test is on, the measurment
Hrnit test kev causes the message comp test oR. cannol Lirn on
to be disploved

HP 545104
Front-Pane! Beference



compars chan Key

to Key

allowance Key

save to Key

HP B4510A
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If an attempy is made to tum on a second rest over the HP-IB, a
message is displayed staring the command is ok but settings

conflict.

The compare channel key selects either channel 1 or 2 for comparisen to
the memaory pair.

This key selects the memory pair, mi & m2 or m3 & md, for comparison
to the chosen input channel. It is required thar mi be be greater than m2
for all values across the screen when memory pair m1 & m2 is selected,

‘When memory pair m3 & md is selected, m3 must be greater than md for
all values across the screen,

Note

If m] is less than m2 or m3 is less than m4, the compare test
fails. The display is misleading in this case because the
waveform appears to be in the bounds of the memory pair. The
upper and lower boundaries are stored in the inverse memories.

When a point on the waveform fails the compare test, the point is tested
again against the allowance set in this fieid. Allowance refers to the
distance a point may be above the upper mask or below the lower mask
and still pass the compare test. The distance is measured in divisions.
The aliowance range can be set from 0 to 8 divisions in 1740 division
increments. Figure 11-2 is a flow chart of the waveform comparison test.

This key can be set to save the data associated with the failure to
memories or a hardcopy device. The source of the save is either chanpel 1
or 2 and is selected in the WAVEFORM SAVE menu.

When saving to a nonvolatile memory, one memeory can be selected. If
multiple failures occur, the memory will be overwritten and only the last
failure is saved.

Define Measure Menu
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If the save to kevis twrned off, any previous failure that has been saved
will not be affected.

Hote

If the compare test is on, with save to kardeopy, and after fail
set to continue and a FAIL condition occurs, the hardcopy
continuesas long as the FAIL condition persists. If the
hardcopy Is aborted {by pressing any key) the waveform compare
test is qutomatically turmed aff. This prevents a potential infinite
loop since the hardcopy Is immediaie when the compare lest
fails. .

after fail Key Set the compare test to stop or continue with this key,

COMPARE CHANNEL
AGAINST WEMORY

Is
CHANNEL
LESS THAN
MEMORY 1 OR 3
AFTER SPECIFIED
ALLOWANCE

- Is
CHANNEL L TS58
THAN MEIMIRY
TOR 3

Is
SHANNEL
GREATER THAN
MEMORY 2 OR 4
AFTER SPECIFIED
ALLOWANCE

is

CHANNEL
GREATER THAN

FAIL )
MEMORY 2 OR 4

( pLES ) 54502831
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Utility Menu 12

Introduction to The UTTLITY menu accesses the calibration and service functions, as

the Utilities well as sets up the HP-IB interface. The submenus include self-tast,

calibration, service, and a listing for the current firmware revision date.
bTioITY
| HP-16 meny | This menu controls all of the service fumetions that maintain the
L . .
— relizble performance of the oscilloscope.
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Figure 12-1. Utilicy Menu
HP 54310A Utility Menu
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HP-IB menu
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The HP-IB submenu makes sattings so the HP 545104 can talk to
peripheral devices. This interfacs Includes two primary settings:

&« Talk-only mode
e Addressed mode
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Figure 12-2. HP-IB Menu

Set the oscilloscope to talk only to perform a hardcopy without
intervention from ar external controller. The attached printer, or
plotter, mus? be set in the listen only or listen always mode.

This mode selectively addresses the HP 545104 for talking o listening.
The address of the HP 5345104 can be selzcied while the instrument is

n the addressed mode.

The ravge of available addresses is 0 through 30.

HF 545104
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form feed Key  If the form feed option is on, the printer performs a form feed at the

paper length Key

davice mode Key

device moge ——
print 5 ' {
i
et
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exit menu Key
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end of the hardeopy. If form feed is off, the page is sczolled up four
lines when the hardcopy is compiete.

This kev selects between 11-inch or 12-inch pagelengths for auto form
feed. The 11-inch page is 2 U.S. standard and the 12-inch page a UK.
and European standard,

Tais key selects whether the hardcopy goes to a printer or plotter. The
HP 54310A sends hardcopy to HP printers and plotters with HP-IB
oplions.

The fellowing printers have been tested with the HP SM4310A:
HP 22254 HP-IB ThinkJet, HP 22278 Quetler, and
HP 3630A Option 002 PaintJet.

Tae following piotters have been tested with the HP 54510A:
HP 7440A Option 002 Color Pro, HF 7470A Option 002, HP 7475A
Option 002, HP 7530A and HP 9872C.

When plot is selected in device mode, three options appear on the
menu. Imitialize before plot can be turned on or off and Graticnle,
Display, Factors, or All, can be chosen for the plot.

In the pen fieid, nineteen of the display parameters can be selected.
Any pen, 1 through 8, can be assigned to the parameter for assorted
plotter pex colors or weights. The following parameters can be
selected:

channell Wmemory3 pmemory]l startMark timebase
channel2 winemory4 pmemory2 stopdMark measures
wmemoryl  functionl graticule titles

wmemery2  functionl trigger

Pressing exgt retnrns the UTILITY menu to the seresn,

Utility Menu
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The HP 54510A is designed to perform internal diagnostics. This
selftest submenu tests the oscilloscope to give a high confidence level of
instrument functionality. Before starting any self-test, always perform
a key-down power-up {(RECALL CLEAR). This resets critical
parameters to known values to assure erroneous test failures do not
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Figure 12-3. Self-Test Menu
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If the HP 54510A fails any self-iest, perform the following:

« Recalibrate the oscilloscope.

o If that does not fix the problem, refer to the HP 545704 Service

Manual,

The HP 54510A self-diagnostics and self-tests, are designed vo run

operational tests on the following:

RAM

ROM

Agcguisition
Miscellaneous

Loop for service testing

* @ & & @

Sysiem RAM

Nen-voiatile RAM

Digpioy RAM

Protecied Nen~-Vaictiia RAM
System ROM
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i

5450WTS

Figure 12-4. Resulis of Selftest
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ram Test

rom Test

geguisition Test

Miscellaneous Test

ioop Test

start test Key
test ali Key

exit menu Key

Litility Menu
12-6

The RAM test is a multiple selection feld. The options are:

display

acquisition

system

unprotected nonvolatile memery

* & € 8

Two ROM tests are available:

s system
s protected sonvolatile memory

Five acquisiton tests are availzble:

atrig
lirig
AD
timebase
DA

& @ @2 o 2

Thres miscellaneous tests are avatlable:

« HP-IB
&« kevboard
CRT

The loop test is a function designed for use by qualified service
personnel. It is unnecessary to use this function for normal
oscilloscope operation. When a self-zest loop has been Initiazed it runs

until stopped by pressing and holding any key.

Pressing this key begins the selected rest.

This key runs all tests in seguence.

Pressing this key returns the Utility menu 1o the screen,

HP BA5104
Fromi-FPanet Reference



PROBE CAL Two probe calibration procedures are available in the probe cal menu:
MENU

s attenuation
¢ bime noll

PROBE CAL
MENU

artenuaticn time nuid

chonnrel
1/2

start -
e ﬁﬂl\ s =THns s TEns
cal

. . !
—— contlinue i gx (L menu

—— abort |

L exil
e

i menuy

S4502801

Figure 12-5. Probe Cal Menu

HP 54510A _ Litility Menu
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attenuation submenu  The attenuation submenu calibrates channe! gair at the probe tip,
Chaznel gain can be corrected through probe attenuation down to 4.9
attenuation,

e Below 0.9 the error message 4nenuation less than 1, see manual for
gction is displaved. The corrective action is to recalibrate the
HP 54510A.

If the probe is not connected to the DC CALIBRATOR OUTPUT on
the rear panel or the probe attenuation exceeds approximateiy 250, the
- . error message Attenuation oo high or bad connection is displayed. The
corrective action is to check the connections and recalibrate. If
recalibration is unsuccessful, refer to the HP 545764 Service Manual,

| oport ; ¢ 1f the probe attenuation calibration is successful the displaved
‘ : message is Probe Antenuation = n.annnn This value has been entered

[ exit meny into your channel probe setting.
1

SaLT2W02

channe! Kay  Pressing this key selects a channel to calibrate.

start cai Key When the channel 1o be calibrated has been selected, press start cal.
The advisory appears at the bottom of the waveform display area
Connect the rear-panel DC CALIBRATOR OUTPUT 1o the probe of
channel 1, then press continue. Pressing this kev prompts for setup
requirements,

continue Key  Press this key when all setup requirements have been satisfied. The
actual calibration process begins,

abort Key Thisis the only active front panel kev during the calibration process.
The calibration process is terminated with the previous calibration
factors intact when this key is pressed.

exit menu Key  Pressing this key returns the Utility menu to the sereen.

Litility Menu HF 545104
12-8 Front-Panel Reference



time null submenu  Time null sets the timing of all channels to correspond to each other at
the probe tip. This eliminates time discrepancies between channels
. and channel-to-channel skew variations. This is useful to manually
[ ;: toeafu ::}o:ﬁ AL adjust any differences in cable length.

Pt ime npo
H

axit menu

245C2W03

time Key This is an unlabelled field. The time null between the two channels can
be set using either of the entry devices, The range is = 70 ns.

exit menu Key Pressing this key returns to the Utiliry menu.

HP 545104

Utitity Menu
Froni-Panel Reference
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Self Cal menu

cal select Key

Utility Menu

12-10

The self cal menu calibrates two Internal functions:

s vertical cal
= delay and repetitive cal

This field selects which of the calibration processes to perform. The cal
select key and the highlighted window increments through 0-1 and the
active field in the display changes to correspond with the selection. See
Calibration procedure in this chapter,

v LOMER

e

= BROTICTED BYSTOK JAL =sew : ‘ﬂ !
. N — i ool seiecs g

i =

O —

1. ariagy e T
= EREAT

{oexit menu

|
e

Sa010W32
Figure 12-6. Self Cal Options
Note
Ce!l 0 must pass before Cal 1 can be performed successfully.
HF 54510A
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channel Key The channel key selects the channel to calibrare.

start cal Key When the channel to calibrate is selected, and the specific cal routine is
selected, press the start cal key and follow the instructions displayed.,

print cals Key  The prinr cals key sends a complete listing of the most recent self
calibration factors to a printer, if connecred 10 the oscilloscope. Refer
to the service manual for more information on self calibration and
calibration factors.

continue Key  When all of the setup requirements are satisfied, press the continue kev
and the actual calibration process begins.

abort Key This is the only active front panel key during the calibration process.
Pressing this key terminates the calibration process leaving the previous

calibration factors mntact.

exit menu Key  This key returns to the Utility menu.

service menu The service menu is used for firmware calibrations, hardware
adjustments, and calibrations that need not be performed often. These
are explained In the service manual and are to be used only by qualified
service personnel.

Note

When cenain calibrations have been performed, other
calibrations must be continued. COnly qualified service
personnel, with access to the service manual, are to perform
calibrations in the service menu.

Sec the HP 345104 Service Manua! for complete wiormation on the
service menu and calibration cycles.

HP 54510A Litility Menu
Front-Panel Reference i2-11



clicker Key

ac BNC Key

Calibration
Procedure

Utility Menu
12-12

The clicker key turas on the clicker fuscdon. When the clicker is
turned on, an audible chick s heard each time a key is pressed. The
selections are either on or off,

The ac BNC key selects the output for the rear panel BNC. The probe
compensation signal is a square wave of approximately 500 Hz. When
trigger out is selected, the BMNC is a trigger cutput.

There are two levels of calibration for the HP 534510A. The first level is
in the seif cal meny and suggested by HP to be performed under the
following conditions:

¢ at six month intervals or every 1000 hours of use

¢ if the ambient temperature changes more than 10° C from the
temperature at ful! calibration

¢ the user would Like to optimize measurement accuracy

Seif cals do not require any equipment other than cables. Iris
necessary to UNFROTECT the calibration which may not be allowed
in some circumstances. Foliow the Self Cal Menu calibration
procedures to perform this first level of self cal.

The second level of self calibrations are o be performed only by
qualified service personnel with access to the service manual.

MNote

EBefore the HP 345104 can be calibrated the CALIERATION
toggle switch on the rear panel must be set 10 UNPROTECTED.

The procedure for calibration is:

HMP 545104
Front-Panel Reference



e Set the rear panel CALIBRATION switch to UNPROTECTED. .

s Sclect 0in the cal select field and calibrate the vertical factors, This
routine calibrates the A/D, vertical gain, offset, and trigger with the
rear panel de calibator signal.

¢ Select 1in the cal select field and calibrate the delay and the
repetitive factors. This procedure uses the rear panel ac calibrator
signal,

When the software calibrations are complete reset the
CALIBRATION toggle switch on the rear panel to PROTECTED.

HP 545104 Litility Menu
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Measurement
Setup

Making
Measurements

HP 545104
Froni-Panel! Reference

Algorithms

Ome of the primary features of the HP 34510A s the ability to make
automatic measurements on displayed waveforms. This chapter provides
details on how automatic measurements are calculated and some tips on
how 1o improve results.

Measurzmeats typically should be made at the fastest possible sweep
speed for the most accurate measurement resuits. The entire portion of
the waveform that is to be measured must be displayed on the

oscilloscope. For the most accurate measurements, consider the following
conditions:

#  alleast one complete cycle must be displayed for period or frequency
measurements

¢ the entire pulse must be displayed for width measurements

e the leading edge of the waveform must be displayed for risetime
measurements

« the trailing edge of the waveform must be displayed for failtime
mEasUrEmenis

If more than ore waveform, edge, or puise is displaved, the measurements
are made on the first {leftmost) portion of the displaved waveform that
can be used. If there are not enough data points the oscilloscope will
display = with the measurement results. This is to remind you that the
resuits may not be &s accuraie as possibie. 1t 1 recommended that you
re-scale the displaved waveform and make your measurement again.

Algorithms
A-1



Standard
Measurements

User defined
Measurements

Automatic
Top-Base

Algorithms
-2

When anv of the standard measurements are requested, the HP 543104
first determines the top-base voltage levels at 1009-0%. From this
information, i can determine thresholds (109, 90%, and 50%) needed to
make the measurements. The 10% and 90% threshelds are used in the
risetime and falltime measurements. The 30% midpoint is used for
measuring frequency, period, pulse width, and duty cycle.

The voltage thresholds are precise settings and sets specific locations on
the waveform. If the threshoids are not placed on the waveform {above or
below) the HP 34510A carnot make g measurement.

Yhen any of the user defined measurements are requesied, the

HP 345104 still must determine the top-base voltage thresholds. From
this nformation it can determing user defined upper and lower
thresholds. The mid-point s then determined to be the 50% poiat
berween the upper and lower threshold.

Top-Base is the beart of most awtomatic measurements, 1t is used to
determine Vigp and Vbase. the 0% and 100% voltage levels at the top and
the bottom of the waveform. From this information the oscilloscope can
derermine the 10%, 50%. and 90% points, which are also used in most
measurements, The top or base of the waveform 15 not necessarily the
maximum or minimum voltage present on the waveform. Consider a pulse
that has slight overshoot. It would be wrong to select the highest point of
the waveform as the top since the waveform normally resis below the
perturbation.

Top-Base performs a histogram on the waveform and finds the most
prevalent point above znd below the waveform midpoint. The most
prevalent point 1s one that represeats greater than approximately 5% of
the total display points {301) and 1s considered to be either the top or
base. If no point accounts for more than 5% of the total, then the top is
chosen as the absolute maximum and the base is chosen as the absolute
MEAITIU.

MP 545104
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Edge Definition Both rising and falling edges are defined as transitional edges that must
cross three thresholds,

A rising edge must cross the lower threshold in a positive direction
{defining it as a rising edge), cross the mid threshold (any number of
crossings, both positive and negative are permissible) and then cross the
upper threshold without any crossing of the lowsr threshold.

A falling edge must cross the upper threshold in a aegative direction,
cross the mid threshold (any number of times), and then cross the lower
threshold witheout crossing the upper threshold.

Note

Most time measurements are made based on the position of the
Jirst crossing of the midd{e threshold.

AigG rithm Following are the definitions thar all measurements are based on:
Definitions

delay There are three types of delay measurement:

» jitter
e standard
¢ user-defined

Jirter occurs only under the following circumstances:

standard/user-defined key is set to standard
two delay parameters are the same
display mode iz envelope

e @

HPF 545104 Algorithms
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H
first edge on minimum waveform is rising

then
delay = mid-threshold of first rising edge of max waveform minus
mid-threshold of first rising edge on min waveform

else
delay = mid-threshold of first falling edge on min waveform
minus mid-threshold of first falling edge on max waveform

The standard delay measurement occurs when in the standard mode {not
user-defined) and is not ajitter measurement.

standard delay = mid-threshold of the first edge of second
paramefer minus mid-threshold of the first edge of the first
parameter

Note
Negative delay is possibie.

User defined defay = second channel edge minus first channel

edge

+ width  The + width algorithm has standard and user-defined considerations.

if
first edge is rising

then
+ width = mid-threshold crossing of first falling edge -
mid-threshold crossing of first rising edge

else
+ width = mid-threshold crossing of secong falling edge -
mid-threshold crossing of first rising edge

Algorithms HP 545404
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User-defined is the same as Standard definition except user-defined
threshold.

- width  The - width algorithm has standard and user-defined considerations:

it
first edge is rising

then
-width = second rising edge - first falling edge

eise
-width = frst rising edge - first falling edge

Period i
first edge is rising
then
period = second rising edge - first rising edge
Frequency frequency = lperiod
Duty Cycle duty cyele = {4+ width/period) * 100

Note

+ width s always calculated using mid-threshold.

Risetime risetime = {ime at upper threshold - time at lower threshold

Falltime falltime = time at lower threshold - time at upper threshold
Venax Vmax = voltage of the maximum point on screen
Vmin Vmin = voltage of the minimum point on screen
Voo ¥o-p = Vinax ~ Vmin
HF 545104 Algorithms
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Viep
Vioase
Vamp

Vavg

Vrms

Integrate

Algorithms
[

Vigp = most prevalent point above wavelorm midpoint
Vbase = mest prevaient point below waveform midpoint
Yamp = Ywop — Voase

Average voltage of the first cycle of the displayed signal is measured. Ifa
complete cycle is not present the oscilloscope averages all data polats.

The rmms voltagc of the first cycle of the displayed signal is measured. 1fa
c»amplete cycle is not preseat, the measurement computes rms on all data
points. Either ac or dc rms value can be selected in the measure submenu
of the Define Measure menu. The ac rms calculation removes the de
component.

ln-—l 1(}~—1
Vemstacy= { = 5 Vo= 7 T Va ) %)

i=0 =0

FRyP

?2

Vemside) = [ - E (Vn ~]2

-1
=0 .

The equation is the integral of the channel, where I represents the
integral and C represents the channel. The integral is calculaied by
adding voltage points multiplied by the time bucket width, AL

MP 54510A
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Ditferentiate d1= 0

dg = {n "';;ﬂ“- 1!

The equation is the differential waveform of the channel, where d
represents the differential and ¢ represents the channel. The differential
is the voltage differences between consecutive points in time divided by
the time bucket width, At,

HP 545104 Algorithms
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Instrument
Description

Accessories
Supplied

HE 845104
Front-Panel Reference

General Information B

The HP 345104 Digitizing Oscilloscope & a general-purpose oscilloscope
with 250-MHz bandwidth. It stmultaneously digitizes two input channels,
each with 3000 samples of memory. The channels have 1 mV 1o 5 V/div
sensifivity in a 1-2-3 sequence. Channei input impedance is 1 MQ or 50 2,
switchabie.

The time base provides sweep speeds from 1 ns to 3 s/divipa 1-2-3
sequence. Pap and zoom can be used to expand a displayed waveform for
a detailed view.

An external trigger input with 1 M or 50 © switchable impedance can be
combined with the chanrel triggers for complex riggering functions.

The HF 54510A bas an Autoscale feature, 17 automalic pulse parameter
measurements, and easy waveform storage. It has full programmability
over the HP-IB, and when st up with a printer or plotter, the HP 34510A
provides instant hardcopy output.

The following accessories are supplied with the HP 34510A Digiizing
Oscilioscope.

» Two HP 10441A miniature passive probes (2 meters)
One miniature probe to BNC male adapter (HP 1250-1454)
One 23 meter (7.5 feet) power cord (See chapter 2 for available
power cords)

¢ One Front-Panel Reference and Programming Reference Set
One Service Manual

General information
B-1



Accessories
Available

Options
Available

General information
B-2

The following accessories are available for use with the HP 54510A.

" 8 © 8 5 & S & B & & & & & & 8

HP 10437A 1:1 50 & probe (2m)

HP 104384 1:1 probe {1m)

HP 1043%9A 1:1 probe (2m)

HP 10441A 183:3 1 MQ probe (2m)

HP 10002A 5011 1 MQ (1000 V peak) probe
HP 106204 Resistive Divider Probe Kit

HP 1137A 1000:1 High woltage divider probe
HP 1133A TV/Video Sync Pod

HP 1141A Differential Probe

HF 5061-6175 Rack Mount Xit

HP 1494-0015 Rack Mount Shidz Kit

HP 1540-1066 Soft Carrying Case

HP 9211.2645 Transit Case

HP 3061-6183 From Panel Cover

HP 13180A Tilt-tray Testmobie

HP 921998 Power Strip

The following options are available for the HP 54510A.

Option 908 - Rack Mount Kit (HF 3061-6175)

Option 910 - Additional Service Manual and Operating and
Programmung Manual set

Option 090 - Deletion of probes

HP 584510A
Front-Pane! Beference



Performance
Specifications

Vertical

Horizontal

Trigger

HF 54510A
Fromt-Panel Reference

The following are performance specifications for the HP 545104
Digitizing Oscilioscope.

Bandwidth (-3dRB, dc coupled):’ de to 250 MHz
Rise Time:* 1.4 ns
Toput R (selectable): IMOQ 1% or30 Q2 = 1%

Maximum Input Veimgt33
1 ME *£250V [de + peak ac{ <10 kHz)]
50 Cx 5 Vims

Offset Accuracy:? = (1% of channel offset + 2% of full scale)

Voltage Measurement Accuracy (dc) 43
Dual Cersor: =+ (1.25% of full seale + 0.032 x Vidiv) !
Single Cursor: = {1.25% of full scale + offset accuracy + 0.016 % V/div)

Delta-t .—M:f:m'acy6

Repetitive {2 § averages): = (0.005% x delta-t + 2E-6 % delay setting
+ 100 ps)

Real Time (single acquisition): = (0.003% x delta-t + 2E-6 x delay
setting + 150 ps)

Trigger Sensitivity’

Internal (dc 1o 50 MHz}: 0.5 division

Internal {50 MHz to 250 MHz): 1.0 division
External (dc to 250 MHz): 100 mVp.p into 30

General Information
8.3



NOTES:

1. Upper bandwitth reduces by 2.5 MHz for each °C above 35°C. Bandwidth in
Repetitive mode is typically greater than 300 MHz.

2. Rise time figures are calculated from: & = 0.35/Bandwidth,

2. On ranges < 30 mV/div, the maximum overdrive of the input must not
exceed 00V,

4. Magnification is used below 7 mVidiv range so vertical resolution and accuracies are
correspondingly reduced. Below 7 mV/div, fuli scale is defined as 58 mV.

5. Voltage measurement accursacy decreases 0.08% per °0 from firmware calibration
temperature. This specification is valid for a temperature range = 10° from software
calibrafion temperature. Specification applies 1o hoth modes; repetitive and realtitme
(single acquisition).

6. Specification applies at the maximum sampling rate. At lower sampling rates the
specification is & {0.008% X delta-t + (2 X 107) X delay sefting +0.15 X sample
interval] for bandwidth fimited signals {ir= 1.4 ¥ sample interval). Sample imerval is
defined as 1/{sample rate). Specification also applies to those automatic
measurements compuiing time intervais on identica: siope edges (L.e. pos-pos,
neg-negh

Performance The following are performance characteristics of the HP 345104
Characteristics Digitizing Oscilioscope.

Vertical Switchable Bandwidth Limits
ac-coupied (lower -3 dB frequency): %0 Hz
LF reject {lower -3 dB frequency); 450 Hz
Bandwidth Limit (upper -3 dB frequency): 30 MHz

Number of Channels: 2 (simultaneous acguisition)
Vertical Sensitivity Range: 1 mV/div o 5 V/div

= 1.725% of fufl scale

General information HP 545104
B4 Front-Pane! Reference
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Vertical Resolution:” 8 bits over 8 divisions {*0.4%), 10 bits via HP-IB
with averaging (£ 0.1%%)

Maximum Sample Rate: 1 GSa/s

Waveform Record Length:® 8001 points real time, 501 points repetitive
input C: 7 pF nominal

Ioput Coupling: ac, dc

Offset Range:Vertical Sensitiviry Available Offset

I1mV - 350 mV/div 2V
>0 mV-20mVidiv =10V
=250 mV - 125 Vidiv #3530V
>125V-5Vidw =250V

Dynamic Range: = 135 x full scale from center of screen

Channel-to-channe! Isolation (with channels at equal sensitivity):
de te 50 MHz: 40 dB
50 to 250 MHz: 30 dB

NOTES:

1. Gain accuracy decreases 0.08% cf full scale per °C from firmware calibration
temperature. This characteristic is valid for a temperature range & 10°C from software
calipration temperature. Characteristic applies 10 both modes; repatitive {eightor
more averages) and real time {single acquisition),

2. Expansion is used below 7 mVidiv range so vertical resolution anc accurasies are
cotrespondingly reduced. Beiow 7 mV/div fulf scale is defined as 56 mV.

3. Avallable over MP-1B, waveform record length is:

Feal Tirme- 8,000 poinis
Fepetitive- 500 points

General information
B-5



Horizontal

Trigger

Operating
Characteristics

Vertical

Gengral Information
B-6

Time Base Range: 1 ns/divto 5 s/div
Time Base Resolution: 20 ps

Delay Range (post-trigger)y: 10,000 x (s/div}

Delay Range: Time/div Seting Availabie Delay
{pretrigger) 100 ms - 5 s/div — 160 % (5/div)
1 ns - 50 ns/div -8us

Trigeer Pulse Width {minimum)
Internal: 1.75ns
External: 2.8 ns

Trigger Level Range
Internal + 1.5 x full scale from center of screen
External =2V

The following are operating characteristics of the HP 54510A Dhgitizing
Oscitloscope.

Deflection Factors: Channels 1 and 2: With single screen selscted,
deflection factors are adjustable from T mV/divie 5 V/divin a 1.2-3
sequence with the knob. Fully calibrated vernier adjustments can be
made using direct keypad entry or the knob with the FINE key selected.

Probe Attenuation Factors: Values from 0.9 to 1000 may be entered to
scale the oscilloscope far external probes or attenuators attached to the
channel inputs. When probe tip calibration is done, this valoe is
calcutated automatically.

Input Impedance: 1 MQ or 50 , selectable for CH1, CHZ and EXT
TRIG.

HP 545104
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Bandwidth Limit (HF Reject): Provides low pass flter witha ~ 3 dB
poiat at approximately 30 MHz for both triggering aand signal display. Can
be selected for cach vertical inpur individuallv,

LF Reject: Provides high pass filter with & — 3 dE point ar approximately
450 Hz for triggering and vertical signal. Can be selected for zach vertical
input individually.

ac Coupling: Provides high-pass filier with a -3 dB point at
approximately 90 Hz for both triggering and signal display. Can be
selected for each vertical input individually,

ECLTTL Presets: Vertical deflection factor, coupling. offset. and trigger
level can be preset independently on both channels for ECL and TTL
levels,

Effective Resolution: The maximum sample rate and the number of bits in
an oscilloscope’s digitizer are too often used for comparing oscilloscopes.
These specifications, however, do not describe performance under
dynamic signal conditions. Effective Resolution is a figure of merit that
describes the digitizing oscilloscope’s performarnice under dvnamic
conditions, and is measured using the sinewave curve fit test. This method
considers:

Quantization error
Non-linearizes(including preamp and A/D}
Svstem noise

Frequency of input signal

" © & ®

All of these affect the effective resolution of the instrument. Some
manufacturers specify effective bits using half-scale sinewaves. While the
effective bits performance using half-scale tesiing s overstated when
compared io full-scals testing, Hewlett-Packard publishes both sets of
numbers for the 545104 so that, when comparing effective bits
performance between digitizing oscilloscopes, a fair comparison can be
made.

General information
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Harizontal

Trigger Modes

General Information
g.2

The HF 34310As rvpical performance for a single acquisition 1s shown
below:

Frequency .

5C khix i1 MHz 20 MHz 50 Mbz 100 MHz 250 MHz
i
| i

Fullseale 194 67 53 56 5.0 43
| !

Malf scale 1. - . ny z
!;’.4 [ 70 64 6.0 52
; i
B i

For more nformation abour effective resolution, please contact vour
Hewlet-Packard sales office, and ask for Product Note 5180A-2, Dynamic
Performance Testing of 4 10 D Converters. (pub # 02-3952-7629),

Pan and Zoom: Changing the Time/div andfor Delay values once
acquisition has been stopped allows access to all 8k pownts of data that are
captured op zach acquisition (Real-time mode only.)

Delay Between Channels: Difference in delay between channels can be
nulled out to compensate {or differences in input cables or probe length.
Use "time null cal,” found m the Probe Cal menu (see UTIL keyv)

Reference Location: The reference point can be located at the left edge,
center, or right edge of the display. The reference point is defined as the
trigger point plus the delay time.

Baw~

Edge Trigger: Positive or negative edge can be selected for trigger on
channels 1 and 2, or on the external trigger input.

Pattern Trigger: A pattern can be specified using channels 1, 2 and the
exiernal trigger input. Each of the inputs can be specified as a high, low, or
don’t care with respect to the level setting in the edge trigger menu, The
irigger can be selecied 10 occur on the last edge to enter the specified
pattern or the first 2dge to o0t the speafied pattern,

HMP 854510A
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Delayed Trigger

MP 545104
Front-Panel Reference

Time Qualified Pattern Trigger: A trigger will occur on the first edge to
exit a pattern only if it meets the specified time criteria. The availabie
time qualified modes are {user-specified time is in brackers):

e pattern present < [time]
¢ patiern present > [time]
s range: patiern present > [tmel] and < [time2]

- The tme settings are adjustabie from 20 ns to 160 ms (£ 3% * 2 ns). The

time flter recovery time is 5 12 ns. In the "pattern present < {time]”
mode, the pattern must be present for maore than 1.75 ns, (2.8 ns for the
exiernal trigger) before the trigger will respond.

Glitch Trigger: Use "pattern present < [time]” with [time] selected such
that it is just less than the nominal pulse width of the signal voun are
analyzing. The minimum glitch width is 1.75 ns, (2.8 us for the external
trigger),

State Trigger: A pattern is specified on any two of the three inpurs with
the third input used as clock. The user may specify that a trigger will
occur on the rising or falling edge of the input specified as the clock, when
the pattern is present or not present. Setup time for the pattern with
respect to the clock is 10 s or less and hold time is zero,

Event-Delayed Mode: The trigger can be qualified by an edge, pattern,
time qualified pattern, or state. The delay can be specified as a number of
occurrences of a rising or failing edge of any of the three inputs. Afier the
delay, an occurrence of a rising or falling edge of any of the three inputs
will generate the trigger. The trigger occurrence value is selectable from 1
10 16,000,000, The maximum edge counting rate is 70 MHz

Time-Delayed Mode: The trigger can be qualified by an edge, pattern, or
state. The delay is selectable from 30 us to 160 ms. After the delay, an
occurrence of a rising or falling edge of any of the three inputs will
generate the trigger. The trigger occurrence value is selectable from 1 to
16,000,000, The maximum edge counting rate is 70 MHz,

Genersl information
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TV Trigger

60 Hz /525 Lines: Trigger source is selected to be any one of the three
wputs. Trigger level s adjustable for the selected trigger sowrce. Polarity
is selected for positive or negative synchronizing pulses. A trigger occurs
on the selected line and field of 2 2/1 interlaced composite video signal.
Line numbering is 1 to 263 for field 1 and 1 10 262 for field 2. This TV
trigger mode is compatible with broadcast standard M.

30 Hz /625 Lines: Same as 60 Hz / 525 lines except that line numbering is
1 to 313 for field 1 and 314 to 625 for field 2. This TV trigger mode is
compatible with broadeast standards B, C D G, H, LK KL, L and N.

User-Defined Mode: Source is selected to be any one of the three inputs.
Trigger level ts adjustable for the selected source. The trigger is qualified
with a high or low pulse that maets a seiectable time range. The trigger is

an cccurrence of a rising or falling edge of the source after the qualifying

puise. The time settings for the qualifier are selectable from 20 ns to 160

ms. The trigger occurrence value Is selectable from 1 to 16,000,000

NOTE: 46l TV migger modes require ¢ clamped video signal for siable
triggering. Use the HP 11334 TV/Video Sync Fod 1o provide clamped video
output that can be used in conjunction with the HP 545104°s TV miggering
capabilities.

Trigger Holdoff: Trigger can be held off either by time or events over the
ranges:

e fime: 40 ns- 320 ms
e ovents: 2 - 16,000,000

An event is defined as the specibed trigger condition. A separate hoidoff
setting (fime or evenis) is available for each trigger mode except delaved
trigger, which is set to 40 ns.

Noise Reject Trigger: Provides improved triggering on noisy signals by
increasing trigger hysteresis (internal trigger ondv).

P S4A510A
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Display  Data Display Resolution: 451 points horizontally by 256 points vertically.

Number of Screens: 1 or2screzns can be selected. This can provide
overlapping channels or memories for comparison. or separate displays on
a spht viewing area.

Display Modes  Graticuies: The user may choose full grid, axes. frame, or no graticule.

Connect-the-Dots: Provides a continuous display, connecting the sample
points with straight lines. Connect-the-dots is operative for modes in
which a single- valued waveform can be connected, including average,
envelope, single, and minimum-ersistence modes.  Connecr-the-dots 15 not
available in the variable or infinte persistence mode.

Time Base In Repetitive Mode

Averaging: The number of averages can be specified in powers of 2, up to
2,048, On each acquisition, 1/n tunes the new data is added to (r-1)/n of
the previous vahue at each time coordinate. Averaging operates
continuously, except for the HP-IB digitize command. {or which averaging
terminates ai the specified number of averages,

Envelope: Provides a display of the runping maximum and minimum
voltage levels at each horizental time position.

Minimum Persistence: One waveform data value is displaved in each
horizontal time position of the display. The waveform is updated as new
data is acquired for a particular horizontal ttme position,

Variable Persistence: The time that cach data point is retained on the
display can be varied from 500 ms to 10 seconds, or the points can be
displayed indefinitley.

HE 54510A Gansgral Information
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Dela-t / Delta-V

Waveform Math

Waveiorm Save

General information
B-12

Time Base in Realtime Mode

Single Persistence: One waveform data value is displaved in each
horizontal time position. The entire waveform is replaced with each new
acquisition.

Infinite Persistence: Waveform data is aliowed to coniinuously
accumulate on the screern, and remains until display is cleared.

Oversampling Filter: On time/division settings when less than 300 points
are acquired across the screen (= 20 ns/div) a bullt-in digiral flter
automatically reconstructs the data. This lter is a combination between a
{Sin X)/X and a Gaussian filter.

Markers: Dual voltage markers and dual time markers are available.
Voltage markers can be independenthy assigned 10 ¢hannels, memories, or
functions.

Two independent functions are provided for waveform math. The
operaters are +, —, X Vs, invertse only, integrate, and differentigre. The
vertical channels or any of the waveform memoriss can be used as
operands for waveform math. Sensitivity and offset for these functions
can be adjusted independently.

The HP 54310A contains four non-volatile waveform memories and two
volatite pixel memories. Waveform memories store single-valued
waveforms, such as an averaged waveform. If an envelope waveform is
stored to a waveform metnory, it will automatically be stored with the
upper waveform in one waveform memory and the lower waveform in
another,

Pixe!l memories store an entire screen of waveform data. Thev are useful
for storing multiple overlappiag waveforms and infinite persisience
waveforms. Automatic measurements mayv be performed on the four
pon-volatile waveform memories but not on the volatile pixel memories.

HF 545104
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User-definablie
Measurement
Thresholds

HP 54510A

Front-Panel Referance

Automatic Puise Parameter Measurements: The HP 345104 offers 17
automatic pulse parameter measurements from the front panel (shown
below) and additional measurements via HP-IB including 4%, Overshoor,
and Preshoot. The standard measurements are performed witk 10%,
0%, and K% voltage thresholds, as defined by TEEE standard 194-1977,
"IEEE Standard Pulse Terms znd Definitions.”

Automatic measurements available on the HP 54510A;

Rise Sme Pulse Width + Voits amp ; Veits avg Preshoot

Fail time i Puise width — Voits base E Vaits max (HP-18 oniy}

Frequency Buty Cycle Voifs fop ‘i Volts min Cvershoat

Period Delay Voiis p-p Volts BMS de {HP-18 onby)
| ‘ Volts RMS ac

The HP 34510A allows you to set your own thresholds for automaric
measurements. Both the upper and lower thresholds can be set from
—25% to 125%, as long as the upper threshold value is always greater
than or equal to the lower threshold. The middle threshold is always

equal to the mid-value between the upper and lower threshold.

Centinuous Measurements: Can be turned orn or off. With continuous
measurements off, the voltage and time markers are placed on the
waveform to indicate where the last measurement was taken.

Measurement Statistics: The maximum, minimum, average, and most
recent of continuously updated measurements are calculated and
displaved. Any three measurements can be selected for simmultansous
display.

Mezasurement Limit Test: Maximum and minimum Hmits can be set for
any three of the front-panel automatic measurements. These continuously
updated measuremenis are compared Lo the maximum and minimum
hmits. If the measurements are found to be outside the defined Ymits, the
waveform can be stored in 2 memeory or the screen can be sent to a

General Information
B-13



Setup Aids

Hardcopy

Full HP-18
Pregrammabiiity

General information
B-14

bardcopy device. In addition, the HP-IB Service Request line can be set
to flag the controller. Mzasurement limit test can be sei te stop after test
limits have been exceeded, or to continue testing,

Autoscale: Pressing the Autoscale button automatically adjusts the
vertical and horizontal deflection factors. and the trigeer level for a
display appropriate to the signals applied to the inputs, The Autoscale
feature requires a signal with a duty cycle greater than 0.5% and 2
frequency greater than 50 Hz. Autoscale is operative only for relatively
stable input signals.

Save/Recall: Four front panel setups {1-4) may be saved ir non-volatile
memory,

Recall Clear: Pressing the RECALL kev followed by the CLEAR key
resets the HP 534510A o its factory default settings,

Recall 8: If Autoscale, ECL or TTL preset, or recall setup ars
inadvertently selected, recall G restores the instrument 1o its last state
prior to erronecus selection.

Show: Displays instrument status, including volts/div, offset, and trigger
condition.

The CRT display, including menus and measurement answers, can be
tramsferred directly to an HP-IB raster graphics printer, ncluding the HP
2225A ThinkJet, HP 2227B Quietlet, or other compatible printers,
Hardcopy from HP graphics plotters including the HP 74404, HP 7470A,
HP 7475A, and HP 7550A 45 alse avaiable.

The HP 545104 is fully programmable. Instrument settings and operating
modes, including automatic measurements, may be remotely programmed
via HP-IB (IEEE-488). HP-1B programming complies with [EEE
488.2-1988 "Standard Codes, Formats, Protocols, and Common
Commands."

HP 545104
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Sequentiai Single-shot Data Acquisition and Transfer Rate: Using the
BEP-IB command "Raw Data” the HP 54510A can automatically capture,
store, and label a waveform: and re-arm the trigger; and then repeat this
process until the HP 54510A%s entire 150k RAM (volatle) is filled. Once
the specified number of waveforms have been captured and stored, the
HF 54510A can transfer the entire biock of waveforms 1o the external
computer. Users can specify the number of points to be stored and the
number of waveforms to be captured. Repetition rates vary depending on
record length and time base setting (slower sampling rates). See figures

below.
Sequential Single~shot Throughput Versus Sample Rate
i GSas Sarmpie Ratel {512 ~ Point Record Length)
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Data Transfer Rate: Approximately 120 kByies per second.

Probe Compensation, ac Calibrator Qutput: A 500 Hz (approx.) sguare
wave is provided for probe compensation. A probe-to-BNC adapter is
used to connect the probe to the rear panel Probe Compensation BNC
output. During instrument self-calibration, this output is used to provide
other calibration signals, as described in the Service Manual.

This sarme BNC connector is used for trigger output. The utility menu
allows the user to switch the BNC from probe compensation and
calibration signals 1o a trigger output pulse. The rising edge, with
amplitude from approximately — 400 mV to § V (when terminated intc 50
Q), is synchronous with system trigger. The falling edge of this pulse
occurs approximately at the end of hoidoff. The rising edge should be
used as the'edge svochronous with irigger.

de Calibrator Output: This outpur i used for vertical calibration of the
HP 545104, as described in the Service Manual,

Product Support  Built in Self-Test and Calibration Routines: Internal self-test capabilities
provide a 90% confidence the insirument is operating properly. External
test procedures in the service manual provide a 100% cosnfidence.
Self-calibration routines, also selected through the front panel "utility’
menu, ensure that the instrument is operating with its greatest accuracy
and require no external test equipment.

Low Cost of Ovwnership: The HP 34510A includes a standard three year,
return to HP warranty.

To minimize the meaan time to repair and calibration time, the HP 545104
was designed with cnly one main assembly adjustment per channel. In
addition, Hewlett-Packard's board exchange program assures economical
and timely repair of units, reducing the cost of ownership.

Reliability: Estimated mean time berween fallures (MTBF) for the HP
345104 15 30,000 hours. MTBF is computed using an instrument usage of
2,000 hours per vear.

General iInformation HF 54510A
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Selutions: Hewiett-Packard’s Svstem Engineering Organization can help
you configure an HP-IB system and provide software support for your
appiication, developing solutions to meet your measurement needs.
Contact your HP Sales and Service office for more information.

General
Characteristics

Environmental Temperature
Conditions Operating: 0°C to +35°C (32°F to + I131°F)
Non-operating: — 40°C 10 + 70°C {— 40°F to + 138°F)

Humidity
Operating: up (¢ 85% relative humidity (non-condensing) at’ «+ 40°C
( +104°F)
Non-operating: up to %% relative bumidity ar +63°C (+ 140°F)

Altitnde
Operating: up 10 4,600 meters (13,000 f1)

Non-operating: up to 13300 meters {30,000 &)

Vibration
Operating: Random vibration 5-300 Hz, 10 minutes per axis, 0.3 grms,
Non-operating: Random vibration 5-500 Hz, 10 minutes per axis, 2.41
grms. Resonant search 5 to 500 Hz swept sine, 1 Octave/minute sweep rate
(0.75g), 5 minute resonant dwell at 4 resonances per axis.

HP 545104 {Generz] Information
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Power Hequiremnents  Voltage: 115/230 V ac, - 255 to + 139%, 48-66 Hz.
Power: 350 VA maximum,

Weight Net: approximately 10 kg (22 1b),
Shipping: approximately 20 kg (44 1), =

Dimensions  Refer to the outline drawings below.
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+ width, A-4
- width, A-S

A

A/D acquisition test, 12-6
abort Key, 12-6, 12-8, 12-11
accessories, 2-1
Accessories Available, B-2
Accessories Supplied, B-1
acquisition

relationship to timebase and samplie rate, 4-2
acquisition status, 3-2
acquisition Test, 12-6
acquisition, realtime, 44
acguisition, repetitive, 4-4
acquisitions, 4-2
add to memory Kev, 10-4
addressed, 12-2
addressed meny, 12-2
after fail Xey, 118, 11-12
Air Flow Requirements, 2-7
Algorithms, A-1
allowance Key, 11-11
alternate function key, 3-8
Alntnde 2.2
atrig acqusition test, 12-6

O R PR PR &
atienuation submeny, 12-3

HEP 545104
Froni-Panel Reference

auto-trigger, 3-2, 6-3

Automatic measurements, 1-1, A-1
Automatic Top-Base, A-2
AUTOSCALE Key, 3-5

Available Accessories, 2-2, B-2
available options, B-2

awaiting trigger, 3-2, 6-3

axes, 7-6

B

blue kay, 3-¢

C

cable, HP-IB connection, 2-8

cal select Key, 12-10

Calibration Procedurs, 12-12
calibrator protection, 2-3
chan/mem Key, 9-3

Channel couphing, SHOW, 3-6
CHANNEL Key, 5-1, 12-8, 12-11
Channel Menu, 5-1

channe! offset, 5-2

Channe! offset, SHOW, 3-6
Channel scaling, SHOW, 3-6
channel select, 5-2

channel sensitivity, 5-2
characteristics, general, B-17
characteristics, operating, B-6
characteristics, performance, B4

index-1



CLEAR DISPLAY Kev, 3-3
CLEAR key, 3-9

clear memory Key, 10-4
clicker Key, 12-12

clock (state trigger) Key, 6-15
CLR MEAS key, 11-2
compare key, 11-9

connect dots Key, 7.7
comnect the dots after autoscale, 3-§
Contents of Shipment, 2-1
continue Key, 12-8, 12.11
continuous Key, 11-3
coupling Key, 5-3

CRT test, 12-6

D

A
At markers, §8-3
AV markers, 8-2
D/A acquisition test, 12-6
data acquisition, 3-3
default conditions, 3-11
Define Measure Menu, 131-1
delay (timebase) Key, 4-3
delay (trigger) Key, 6-22
Delay Trigger Exercise, 6-23
Delay Trigger Mode, 6-20
Delayed Trigger (operating characteristics), B-9
delta t markers key, 8-3
delta V markers, 8-2
Delta-t/Delta-V (operating characteristics), B-12
description of instrument, B-1
description of product, 1-1
diagnostics, self-tests, 125
display {function) Key, §-2
Display (operating characteristics), B-11
display {pixel memory) Key, 104
display (vu aveform memery) f\ey, 10-2

1 L
dicplay line for memory bar, 4-5

index-2

Display Menu, 7-1

Display Modz Key, 7-3

Display Modes (operating characteristics), B-11
display section, 3-10

duty cycle, A-S

E

ECL Key, 5-3
ECL/TTL presets, 3-5
Edge Dehnition, A-3
Edge Trigger Exercise, 64
edge Trigger Mode, 6-2
ENTRY device section, 3-8
Eavironmental Conditions, B-17
Exercise

Waveform Save, 10-4

Delay Trigger, 6-23

Edge ’{ﬂggm, -4

Pattern Trigger, 6-10

State Trigger, 6-16

tv Trigger, 629
Exercise, Waveform Math 9-7
exit menu Key, 12-3, 12-6, 12-8, 12-11
External Equpment

Counecting, 2-8

F

fail if , 11-8

falliime, A-5

falltime measurements, A-1
features, 1-1

field Key, 6-28

FINE key, 3-8

FINE Lkey, effiect on timebase, 4-1
firmware revision, 12-1

form feed Key, 12-3

HP 545104
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Fromt Pane! Overview, 3-1
front-panel knob, 3-9

function display, 3-10

Function Key, 9-2

functional sections of front panel, 3-1
fusz module, 24

G

Gain cal, 12-10

Gerneral Characteristics, B-17
Genera! Information, B-1
grid, 7-6

H

hard reset, 3+11

Hardcopy (operating characteristics), B-14
HARDCQOPY Kay, 3-3

holdoff after autoscale, 3-5

holdoff Key, 6-3, 6-10, 6-16, 6-28
borizontal characteristics, B-6
horizontal operating characteristics, B-8
horizontal specifications, B-3

HP-IB (operating characteristics), B-14
HP-IB interface, 3.3

HPAB menu, 12-2

HP-IB test, 12-6

HP-IB, connecting the interface, 2-8
Humidity, 2-2

Input, 3-9
ingpecting the instrument, 2-1
Instrument Description, B-1

HP B4510A
Front-Pans! Reference

Instrument Reset, 3-11
Intensity Control, 2.7

K

key
CLR MEAS, 11.2
continuous, 11-3
form feed, 12-3
orif 11-8
RUN/STOP, 3-2
save to, 11-8
standard/user defined, 11-4
# of screens, 7-3
abory, 12-8, 12-11
add to memory, 10-4
after fail, 11-8
AUTOSCALE, 3-3
cal select, 12-10
chan/mem, 9-3
channel, 12-13
channel select, 3-2
Clear Display, 3-3
clear memory, 10-4
clock, 6-15
connect dots, 7-7
continue, 12-8, 12-11
coupling, 5-3
Delay, 4-3,6-22
delay (timebase}, 4-3
delta t markers, 83
delta ¥V markers, 8-2
display (function}, 9-2
display (pixe! memory), 10-4
display (waveform memory), 10-2
Display Mode, 7-3
ECL, 5.5
exit menu, 12-3, 12.6, 12-8, 12-11
fail if , 11-8
field, 6-28

Index-



kev (continued) | key (continued)

FINE, 3-9 test, 11-7

Function, -2 threshoids/measurements, 114
Hardcopy, 3-3 Time/Div, 4-1

holdoff, 6-3, 6-10, 6-16, 6-28 trigger on, 6-23

level (adjust/centered), 6-3 TTL, 53
level/polarity, 6-28 Vertical Sensitivity, 5-2
e, 6-28 . volatile, 10-3

Local, 3-3 waveform/pixel, 10-1
meas/meas def/meas limit, 11-3 when, 6-9, 6-15

more, 5-4 vertical sensitivity, 5-2
nonvolatile, 10-2 kev features, 1-1
offframe/axes/grid, 7-6 Key-down power up, 3-11
offser, 9-4 kevboard test, 12-6
offset, channel, 5-2 knob, 3-8-3-9

operand, -3

operator, 9-3

orif, 11-8 L
paper length, 12-3

patters, &-8 level adjust Key, 6-3
present, 6-16 A -
orobe, 5-4 I:evevpoiamty ¥Xey, 6-28
T fine Keay, 6-28

qualify on, 6-20 . e
RECALL, 3.5 Linge Switch, 2-5 .

line voltage, selecting, 24

reference, 43 LOCAL Key, 3-3

repetitive/realtime, 4-4

rms (ac,dc), 11-3 i“"?p Test, 126 »

SAVE, 3-6 trig acquisition test, 12~

sensitvity, -4

sensidvity, channel, 5-2 M

set, 11-8

SHOW, 3-6

single, 3-3 Making Measurements, A-1

slope, 6-3 markers, 8-1

source, 6-3, §-27 markers after autoscale, 3-5

source (waveform save), 10-2 markers, time, 8-3

Standard Select (tv), 6-27 Math function offset, SHOW, 3-6

start cal, 12-8, 12-11 Math fanction operation, SHOW, 3-6

start test, 12-6 Math function scaling, SHOW, 3-6

statistics, 11-3 meas Sub-menu, 11-3

store {waveform), 10-2 meas/meas def/meas limit Key, 11-3
index-4 HP 54510A
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Measure Defins, 114
Measure Limit, 11-7
measurement Hmit test after autoscale, 3-3
Measurement Selection, 11-2
Measurement Setup, A-1
measurements after autoscale, 3-3
Memorias, SHCOW, 3-6
memory bar, 4-3
menu

charnel, 5-1
Menus, 3-7
Menuns section, 3-7
Miscellareous Tzst, 12-6
more key, 54

N

negative delay, 43

noise reject Key, 6-3
noavolatile Key, 10-2
noavolatile memory, 10-2
# of screens, 7-5
numeric keypad, 3-8

0O

offset Key, 5-2, 9-4

offset level for ECL, 3-5

offset level for TTL, 5-5

Offset, hysteresis, trigger cal, 12-10
i/deltay, 8-3

Operating Characteristics, B-6
Operating Eavironment, 2-2, B-17
Operator Key, 9-3

Options Available, B-2

or if Key, 11-8

HP 24510A
Front-Panel Relferencs

P

pan and zoom, 412

panning, 4-12

panning sxample, 4-13

paper length Key, 12-3

pattern Key, 6-8

Pattern Trigger Exercise, 6-10
Performance Characteristics, B4
Performance Specifications, B-3
period, A-3

persistence after autoscale, 3-3
pixel Menu, 10-3

positive delay, 4-3

power inpur, 2-3

Power Requirements, 2-3
power switch, 2-3

present Key, 6-16

probe attenuation, 5-4

probe attenuation failure, 12-8
Probe attenuation, SHOW, 3-5
probe cal menu, 12-7

probe key, 5-4

product description, 1-1

Q

qualify on
edge, 6-20
patiern, 6-21
state, 6-21
quaiify on Key, 6-20

[E T
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ram test, 12-6

range, 6-10

realtime acquisition, 4-4

F.ealtime Mode (operating characteristics), B-12
R ear Panel Layout, 2-3

RECALL G, 35

RECALL CLEAR, 3.5 3-11

RECALL Key, 3-3

reference Key, 43

repetitive acquisition, 44

Repetitive Bandwidth, 1-1

Repetitive Mode {operating characteristics), B-11
repetitive mode, single-shot exercise, 4-8
repetitive/realtime Key, 44

reset, 3-11

risetime, A-5

risgtime measurements, A-1

rms {ac, d¢) Key, 11-3

rom Test, 12-6

RUN/STOPF Key, 3-2-33

running, 3-2

sample rate
relationship to acquisition and timebase, 4-2
SANE Key, 3-0
save to Key, 11-8
selecting line voltage, 2-4
Self Cal meny, 12-10
selftest menu, 12-4
sensitivity {CHANNEL menu), 5-2
sensitvity Key, 9-4
service menu, 12-11
sel Key, 11-8

index-8

settings after autoscale, 3-5
Serup, 3~
Setup Aids {opeerating characteristics}), B-14
SETUP section, 3-4
shift key, 3-9
Shipping an instrument. 2-2
SHOW display, 3-11
SHOW Key, 36
SINGLE Key, 3-3
single shot

Real Time Mode, 4-11
single shot

Repetitve Mode, 4-8
single-shot

exercise, 48
single-shot in repetitive mode, 4-8
siope after autoscale, 3-5
slope Key, 6-3
soft reset, 3-5, 3-11
softkevs, 3-10
source (trigger) Key, 6-3, 6-27
source {waveform save) Key, 10-2
specifications, performance, B-3
standard + width, A-4
standard - width, A-3
Standard Select Key (v), 6-27
standard/user defined Key, 11-4
start cal Key, 12-8, 1211
start marker, 83
start test Key, 12-6
State Trigger Exercise, 6-16
state Trigger Mode, 6-15
statistics after autoscale, 3-5
statistics Key, 11-3
status message, 3-2
starus of acguisition, 3-2
stop marker, -3
stopped mode, 3-3
store {waveforms) Key, 16-2

toring an instrument, 2-2

supplied accessories, B-1

HP 545104

Eroni-Pane! Relerence



sweep speed, time/division function, 4-1
SYSTEM CONTROL keys, 3-2

T

T, trigger poiat
position above memory bar, 4-5
taik only, 12.2
talk only menu, 12-2
Test
acquisiiton, 12-6
loop, 12-6
ram, 12-6
rom, 12-6
test Kev, 11-7
threshold, 6-1
thresholds/measurements Key, 114
time Key, 12-9
time markers, 83
time null submeny, 12-9
Time/Div Key, 4-1
timebase acquisition test, 12-6
Timebase Menu, 4-1
timebase setting

relationship to sample rate and acquisition , 42

Trig'd/auto Kay, 6-3
trigger

deiay, 6-1, 6-20

edge, 6-1-6-2

pattern, 6-1, 6-8

state, 5-1, 6-15

v, 6-1, 6-27
trigger characteristics, B-6
trigger edge mode after avtoscale, 3-5
trigger level, 6-1
trigger level after autoscale, 3-3
trigger level for ECL, 5-5
trigger level for TTL, 3.3
Trigger level, SHOW, 3.6
Trigger Menuy, 6-1

HE 534510A
Front-Pane| Reference

Trigger Modes (operating charateristics), B-8
trigger on Key, 6-23

trigger point in memory bar, 43

Trigger source, SHOW, 3-6

trigger specifications, B-3

TTL Key, 5-5

TV Trigger (operating charactaristics}, B-10
tv Trigger Exercise, 6-29

tv Trigger Mode, 6-27

U

Unpacking the instrument, 2-1
User-definable Measurement Thresholds , B-13
user-defined + width, A-5
Utility Menu, 12-1

\Y

Vidiv for ECL, 5-5
V/div for TTL, 5-5

Varap, A-6

Vavg, A-5

Vbase, A-6

vertical characteristics, B-4

vertical operating characteristics, B-6
vertical position, 5-2

Vertical Resolution, 1-1

vertical sensitivity afier autoscale, 3-5
Vertical Sensitivity Key, 5-2

vertical specifications, B-3

vetical offset after autoscale, 3-35
Vmarker 1, 82

Vmarker 2, 8-2

Vmax, A-3

Vmin, A-5

volatile Key, 10-3

voltage sefector module, 2-3
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Vp-p, A-S
Vrms, A-6
Vs (ac), A-6
Vrms {dc}, A-6
Viop, A-O

W

Waveform Math (Operating Charactenistics), B-12
Waveform Math Exercise, 97

waveform math functions, autescaled, 3-5
Waveform Math Meny, 9-1

waveform Menu, 10-2

Waveform Save {operating characteristics}, B-12
Waveform Save Exercise, 10-4

Waveform Save Meny, 16-1

waveform/pixel Key, 10-1

waveform/pixel memory display afier autoscale, 3-5
Weight, B-18

when entered, 6-9

when exited, 6-9

when Key (pattern trigger mode}, 6-9

when Key (state trigger mode}, 6-15

when present, 6-10

Z

zooming, 4-12
zooming example, 4-13

index-8
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