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Product
Warranty

Limitation of Warranty

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

For warranty service or repair, this product must be returned to a service
facility designated by Hewlett-Packard. However, warranty service for
products installed by Hewlett-Packard and certain other products
designated by Hewlett-Packard will be performed at the Buyer’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 Buyer’s facility only upon Hewlett-Packard’s prior agreement and
the Buyer shall pay Hewlett-Packard’s round trip travel expenses.

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

Hewlett-Packard warrants that its sofrware and firmware desigoated by
Hewlett-Packard for use with an instrument will execute its programming
instructions when properly installed on that instrument. Hewleti-Packard
does not warrant that the operation of the instrument software, or
firmware will be uninterrupted or ervor free.

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.
HEWLETT-PACKARD SPECIFICALLY DISCLAIMS THE
MPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE.
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Exclusive Remedies

Assistance

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

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

Hewlett-Packard Company certifies that this product met its published
specifications at the time of shipment from the factory. Hewlett-Packard
further certifies that its calibration measurements are traceable to the
United States National Institute of Standards and Technology, to the
extent allowed by the Institute’s calibration facility, and to 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.
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Introducing the HP 54503A 1

Introduction The HP 54503A Digitizing Oscilloscope is a general purpose, 500 MHz
bandwidth oscilloscope. The HP 54503A has four channels with full
sensitivity. Full HP-IB programmability has been incorporated into the
HP 54503A for use in a broad range of HP-IB applications, from
high-speed ATE to device characterization in research and developement
applications.

The HP 54503A features an easy-to-use human interface, yet has many
sophisticated capabilities and multiple triggering functions. Waveforms
are easily strored for future reference, waveform measurements are
automatic, and instant hardcopy can be made when the HP 54503A is
teamed with an HP-IB compatible printer or HP-GL piotter,

Some of the key features of the HP 54503A 500 MHz Digitizing
Oscilloscope are listed below. A complete list of specifications and
operating characteristics are listed in appendix B of this manual.

Repetitive bandwidth - dc to 500 MHz

Single shot bandwidth - 2 MHz (2 channels, simultaneous)
Sample rate - 20 Megasamples/second

Four channe! input and display

Maximum vertical sensitivity - 1 mV/dtvision

Minimum vertical sessitivity - 5 V/division

Vertical resolution {A/D) - 8 bits

Autoscale for automatic sstup

Automatic measurements, with user definition and statistics
Hardcopy output

Measurement lumit test

Waveform math { +, -, X, vs, invert, only)

Waveform Record Length - 1024 points (HP-IB) 501 points (display)
Four nonvolatile set-up memories

® 9 & ® 9 & & & & & P s

HP 54503A introduction
Fromt-Panel Reference 1.1
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Four nonvolatile waveform memories

Two volatile pixel memories

Dual timebase windowin

Advanced logic triggering (including 1.5 ps glitch trigger)
TV triggering

Pre- and post-trigger viewing capability

ECL/TTL presets

...’...

introduction HP 545034
1-2 Front-Panei Reference
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Instrument Setup 2

P

introduction This chapter contains information for unpacking, applying power, and
' connecting optional accessories to the HP 54503A. Inspection, power
requirements, and instruction for running the HP 54503A selftest for
performance verification are also included in this chapter.
]
Initial Inspect the shipping container for damage. If the shipping container or
Inspection cushioning material is damaged, keep it until the contents of the shipment

Contents of Shipment

HP 54503A
Front-Panel Beference

have been checked. Check the shipmesnt for completeness and the
instrument electrically and mechanically,

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

The following items are shipped with the HP 54503A Digitizing
Oscilioscope:

Two HP 10430A Probes

Probe to BNC Adapter, 1250-1454

One Power Cord

HP 545034 Getting Started Guide

HP 545034 Front-Fanel Reference

HP 545034 Programming Reference

HEP 545034 Service Manual

Feeling Comfonable with Digitizing Oscilloscopes (A Guide to
Technology)

* 2 2 B e " 0

Instrument Setup
2-1
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Available Accessories

T —

Operating
Environment

Storage ang Shipping

Instrument Setup
2.2

The following optional accesories are available for use with the HP
54503A.

o Carrying Case, HP Part N umber 1540-1066

* Rack Mount Kit, HP Part Number 5061-6175

¢ HPI10100C 500 Feedthrough Terminator

» HP 1133A TV/Video Syne Pod

¢ HP 10024A Integrated Circuyit 16-pin Test Clip

* HP 10211A Integrated Circuit 24-pin Test Clip .
» PCBoard Horizontal Min; Probe Socket, HP Part Number 1250-1737
¢ PC Board Vertical Minj Probe Socket, HP Part Number 1250-1918

¢ HP 10437A 1:1 Probe

¢ HP 10438A 1:1 Probe (1 meter)

® HP 10439A 1:1 Probe {2 meter)

¢ HP 100024 50:1 1 MO {1000V peak) Probe

e HP 11374 High Voltage 1000:1 Divider Probe

* HP 10200A Resistive Divider Probe Kit

* BNC to Miniature Probe Adapter, HP Part Number 1250.1454.

¢ HP 10240B BNC Blocking Capacitor

e HP 110948 750 Feedthrough Termination

* HP 5061-6183 Front Pane] Cover

The HP 54503A oscilloscope is operated in a normal lab or bench
environment without any additional considerations, Note the
non-condensing humidity limitation in the list of characteristics supplied
in this manual, Condensation in the instrument cabinet can cause poor
operation or malfunction, Protection should be provided against

temperature extremes which cause condensation.

The HP 54503A may be stored or shipped in environments with the
following limitations;

* Temperature: 4(° Cyo +75 C
Humidity: Up to 909 g 65°C
Altitude: Up to 15,300 meters (50,000 feet)

HP 54503A
Front-Panel Referenca
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If the HP 54503A is to be shipped to a Hewlett-Packard Service Center
for service or repair, attach a Iag to the instrument identifying owner,
address of owner, complete instrument model number and serial number
and a description of required service.

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 carefyl handling. In any correspondence,
refer to the instrument by the model and serial number. .

Power Input . Voltage Selector and
On/\E) ff Switch Fuse Module

T
I00000] = 1)
2. .

© o / o
. / =
DC Calibrator Output HP.IR Coﬁhector
Probe Compensation
: AC Calibrator Output

Calibration Protect Switch

Figure 2-1. HP 545034 Rear Fanel

HP 54503A Instrument Setup

Front-Panel Reference .. 23
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Rear Panej

Power Requirements

Selecting Line Voltage

Instrument Setup
2.4

The HP 54503A requires a power source of either 115 or 230 Vae, -229;
to +10%; single phase, 48 to 66 Hz; 200 Watts maximum power,

The fuse module has been set at the factory to the line voltage used in the
country of destination. Check the setting of the fuse module to verify it is
in the correct position for the voltage to be used, If the setting needs to be
changed, use the following procedure.

CAUTION

BEFORE APPLYING POWER T0 THE INS TRUMENT,BE
SURE THE FUSE Mo,

Figure 2.2 3, electing Line Voitage

- HP 548034
Front-Panel Reference
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Change the fuse module position by pulling the fuse module out and
reinserting it with the appropriate arrows aligned.

3.6 A FUSE 3.8 A Fusg

Figure 2.3, Checking for the Correct Fuse

» Carefully pry at the top center of the module as shown, until it can be
grasped and pulled out,

Figure 2-4. Line Switch

HP 54503A Instrument Setup
Front-Panel Reference
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Figure 2-5. Available Power Cords

Instrument Setup HP 54503A
2-6 Front-Panel Reference
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Verifying the Fuse If it is necessary to check or change fuses, remove the fuse module and
look at each fuse for jts amperage and voltage ratings.

2, ity €D
Eﬂjnﬂﬂmm -

Figure 2.6, Intensity Control

Power Cord The Hp 54503A is a Safety Class 1 instrument with an exposed chassis
that is directly connected to earth via the power supply cord to meet IEC
Standard 348, Thig instrument is provided with a three-wire power cable,
When connected to an appropriate AC power outlet, this cable grounds
the instrument cabinet, Tke type of power cable plug shipped depends on
the country of destination, See figure 2-5 for avaiiable power cords,

Line Switch- - The Jine switch is locatéd on the rear panel. Turn on the oscilloscope by

Intensity Control Once the oscilloscope has been turned on, the display intensity can be
adiusted, if necessary. The intensity is adjusted with the Display Intensity
control on the rear panel,

Air Flow The Hp 54503A must have an unrestricted airflow for the fag and
Requirements ventilation Openings in the rear panel. The HP 545034 may be stacked
under, over, or between other instruments provided the the other
instruments are adequately cooled,

HP 545034 Instrument Setin

From-Pane| Feference ) — - 2-7
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T

Connecting
External
Equipment

Instrument Setup
2-8

The HP 54503A is equipped with an HP-IB counector on the rear panel,
This is a direct connection to an HP-IB compatible printer, plotter, or
external controller,

Connect an HP-IB cable to the oscilloscope and any HP-IB compatible
device. Tighten the HP-IB cable with the captive screws of the cabie to
eliminate the potential of an inadvertant disconnection,

ILQ @ » N

MuEXRT

Figure 2-7. Connecting External Equipment

The HP 54503A must be properly addressed to communicate with the
connected device. The HP 545034 HP-IB address is set in the HP-IB
submenu, See Chapter 12 for detailed information about the HP-IB
submenn,

HP 545034
Front-Panel Reference
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Front Panel Overview 3
m

Introduction 0 This chapter describes the functional sections of the HP 54503A front

the Front Panel  panel The explanation of each area also contains their interaction with
each other and provide a basis for applications and usages.

The HP 54503A front panel is separated into six functional areas.

Function Keys

g
3

System Control \
\\

—— Y
Py
[ m e Fow Fam Fo |

N
Lk,

0|

v JOO0DHI 00
0000 (100
@aﬂ

j}

r
\
\

/ e 1L/EXRT
Menus
Entry Devices Input
Figure 3-1. HP 345034 Front Panel
HP 54503A Front Panel Dverview

Front-Panel Reference 31
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System Control

RUN/STOP Key

Front Panel interface
3-2

The SYSTEM CONTROL keys are located along the top of the

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

¢ Dynamic display features
s Selecting local control
s Activating hardcopy

SYSTEM CONTROLQZ:T
() &) |

Figure 3-2. System Control Section

Selection of any key in the SYSTEM CONTROL section causes the
oscilloscope to exccute that command immediately.

The RUN/STOP key toggles the acquisition status of the HP 54503A. If
the oscilloscope is currently running (current status is displayed in the top
left corner of the CRT in the message field) the instrument is piaced in the
stopped mode. In this mode, normal acquisition is stopped and the last
acquired data is displayed. If the oscilloscope is stopped. it is immediately
changed to another mode (running awaiting trigger, auto-trigger, ate),

HP 54503A
front-Panel Referencs
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CLEAR DISPLAY Key

LOCAL Key

HARDCOPY Key

Hp 545034
Front-Pane| Reference

The RUN/STOP, SINGLE, and CLEAR DISPLAY keys have a

relationship that make jt possible to manipulate data acquisitions and view

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

- This is the only active front panel key while .the oscilloscope is in remote

Operation, if it has not been locked out,

The HARDCOPY key executes an immediate hardcopy of the currently
displayed data on a compatible graphices printer or plotter and stops all
other oscilloscope functions while the bardcopy is in progress.

The oscilloscope must be in talk only, and the printer must be in listen
always, Setup of the hardcopy options are accessed in the HP-IR
submenu {see Chapter 12, "Utility Menru."),

Seiection of apy kev will abort the hardeopy action.

Front Pane] Overview
=3
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Setup The SETUP section of the front panel controls subsystems for proper
display of input data. This section controls display information:

¢ AUTOSCALE for automatic scaling of the waveform display area

e SAVE and RECALL setups

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

BO06000
80000 ]
Inﬂnm lﬂ

0000

©

!Dgiﬁﬂ
a0 |0
00§l O
sl o)

ojlevno;

<
[+

IR

o]

54501 /EXSS

Figure 3-3. Setup Section

Front Panel Interface HP 54503A
3-4 From-Panel Reference
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AUTOSCALE Key

RECALL Key

HP 545034
Front-Pane! Reference

This key causes the oscilloscope to evaluate all input signals and set the
correct conditions to display the signals. When AUTOSCALE is pressed

the following conditions are set:
o Vertical sensitivity on all channels
¢ Vertical offset on all channels

Sets trigger to edge mode with minimum persistence, holdoff, positive
slope, and proper trigger level for the trigger source
Sets time base for approximately 1 full pericd of the input signal

In addition, AUTOSCALE includes a soft reset:

‘.'.C.I....

Sets oscilloscope to auto trigger mode of acquisition
Displays the correct number of screens
Turns AYAV markers off

Turns all measurements off

Turns measurement limit test off

Turns waveform math functions off
Turns timebase window off

Turns waveform/pixel memory dispiay off
Turns measurement Limit test off

Turns connect-the-dots off

Displays SHOW meny

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

The RECALL key has three primary functions:

By pressing the RECALL key and then selecting 1, 2, 3, or 4, the
HP 54503A executes a recall of a previously saved setup configuration.

The oscilloscope automatically saves the current configuration before
executing an autoscale, recall, or setting up ECL/TTL presets.
RECALL (s an undo of these actions. You cannot save 1o
RECALLQ.

Front Panel Overview

- - - F5
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¢ RECALL CLEAR executes an instrument reset and returns the HP
54503A to default/power-up settings, The oscilloscope does not
perform power-up self-tests (see Instrument Reset, in this chapter),

SAVE Key The SAVE key immediately stores the oscilloscope setup configuration in
volatile memory. Press SAVE, and then select a save register: 1,2, 3, 0r 4.
An advisory is displayed above the waveform display area indicating the
setup configuration has been saved,

SHOW Key The SHOW key displays the following infbrmation:

e gémsg/gév v
e e Channel scaling
. e Channel offset

$rrad0 208 ¢ Channel coupling
s Probe attenuation

t2 141 o Math function operation

affse::.e?()av./cfi-r:v s Math functionscah'ng
e Math function offset
¢ Memories

4 £ 5000 my o Trigger source

S4501 A8 ¢ Tngger lcve"l
The SHOW key toggles between the currently selected menu and the
SHOW screen (as iHlustrated).
This screen presents the most complete and detailed instrument setup
information. Select this screen before making a hardcopy and all SHOW
screen information is included on the hardcopy.
Front Panel interface HP 54503A

3-8 Front-Pane! Reference
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I E———————

Menus The MENUS section consists of nine keys:
o TIMEBASE
s CHANNEL
¢ TRIG
s DISPLAY
*  At/AV
¢ WFORM MATH
* WFORMSAVE
¢ DEFINE MEAS
 UTIL
Each of these menus is discussed in the foliowing chapters
=  Soeemr |
: PR
] =g |
’ | 2 ;‘“%%S%;,{
ﬁ{! 2200 N
/H! pEEEE
L i
1= © 6 o6 ol
= =7 =
a |
F IMENUS
|
i s m
j { 85 | &ran i
. o
f ! AT | L SAvT
Figure 3-4. MENUS Section
HP 545034 Front Panel Overview

Front-Pansi Reference
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Entry The ENTRY devices are a multi-function numeric keypad, a selection
knob, and a FINE key.

3
]
f
0ol 0

0000 oD
J

!
o0

0ooohion (o

Figure 3-5. ENTRY Section

Numeric Keypad  The keys on the numeric keypad are 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
example, to set the vertical sensisivity to 500 mV:

» Ensure V/div in the Channel menu is the active field (dispiayed in

fuilbright) -
s Press$, 0,0, mv on the numeric keypad,

Front Panel interface HP 54503A
3-3 Front-Panel Reference
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L a

input

HP 54503A

Knob

FINE Key

Front-Panel Reference

The blue key on the numeric keypad selects the alternate function when
pressed before the key, The CLEAR key clears any seiections made for
the active field.

The knob changes values within each function. It increments, decrements,
or toggles the selection in the active field or function. The current
selection displayed in full-bright in the displayed menu area 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 measurements or settings.

When the HP 54503A is operating in the fine mode, the word fine is
displayed in the lower right corner of the CRT.

The input section consists of connectors for signal input. Al inputs have a
nominal 1 M(} input impedance shusted by approximately 7 pF at the
input BNC and a maximum tolerance of 250 V.

Channels 1 through 4 are full-range channels. Use channels 1 and 2 or 3
and 4 if continuous dual channel acquisition.

Front Panel Overview
3-9
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Display The display section contains the screen and menu softkeys.

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 key in
the function key column. These keys select any function or field that is

displayed in half-bright.
FUNCTION KEYS )
-l Y =r=t=r=) 1=}
e A ©
- el =l=l=1=1=R =
= STO0|lo
[ R R -] (-
(] )
— 218828 @
- \S |82°°
J —— 7o © © ©ol]
- 7

54501E10

Figure 3-6. Function Keys

» Numeric key fields displayed in full-bright 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 displayed in
full-bright they are active. '

« Nop-numeric fields displayed in half-bright toggle with the
corresponding function key. These fields are displayed in half-bright,
but are active for the function keys.

Front Panel Interface HP 54503A
310 Fromt-Panel Reference
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instrume nt The HP 54503A has two methods of instrument reset.
Reset

» 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 Table
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 that the the previous meny
selections are retained.

Table 3-1. Reset Default Conditions

Timebase Menu
reference cntr
Time/Div 100 us
delay 0.00s
timebase window off

Channel Menu
Channel 1 on
Channel 2-4 off
Volts/Div 500 mV
offset 0.00
coupling de
probe attenuation 1.000:1

HP 54503A Front Panel Qverview

Front-Pane] ﬂe?gence ...... : 3-11
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Front Panel Interface
3-i2

Table 3-1. Reset Default Conditions (continued)

Trigger Menu

Mode
source
level
slope
holdoff

Display Menu

Maode

persistence

# of screens
off/frame/axes/grid
connect dots

AUVAV Menu

At markers
AV markers

Waveform Math Menu

f1

f2

chan/mem
operator
chan/mem
function sensitivity
function offset

Waveform Save Menu

waveform/pixel
nonvolatile
display

source

Define Meas Menu o
meas/defHmit

continuous

edge
Channel 1
00V
positive
40 ns

norm
1

axes

off

off
off

off

off

chan 1

+

chan 1
1.00 V/div
00V

waveform
ml

off

chan 1

meas
on

HP 54503A
Eront-Panel Referenice
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Timebase Menu 4

w

Introduction to This chapter contains a descriptioh of the TIMEBASE menu and how the
the Timebase entire horizontal display and parameters are controlled with this menu.

TIMEBASE TIMEBASE

| 500 us/div]

]
Nr——
deioy TINE
referance —“] [t
}eftriqht —-—-{ deiay 3
TGO ——

i
on i reference

84501 /0¥ 08 lefi center! right

window

of f F on

e timebose

T posilion
PR |

SABCT/ALOY

Figure 4-1. Timebase Menu

Time/Div Key The time/division function controls the sweep speed on the horizental
axis from 200 ps/div to 5 sec/div. The main timebase is incremented and
decremented in a 1-2-5 sequence, The FINE key does not affect the
timebase settings,

HP 545034 Timebase
Front-Panel Reference , 4t
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delay Key

Timebase
4.2

During slow sweep speeds (200 ms/div to 5 sec/div) the acquisition and
write cycle changes. At these sweep speeds the oscilloscope needs up to
2.5 seconds to generate a trigger and acquisition, therefore, the displayed
data is updated for each data sample. The HP 54503A must
accommodate two trigger conditions for acquisition and display:

® auto triggered scroil is used in auto trigger. The oscilloscope acquires
and displays data in the auto triggered scroll mode and displays each
data sample as it is acquired. As it samples and displays, a message
is displayed at the top left corner of the CRT indicating this
acquisition mode. A dot moves across the top of the screen at the
point of the waveform where data is being acquired.

o trggered scroll is used in the trig'd mode, requiring scrolled
acquisition. Triggered scroll acquisitions are not displayed until all
data is available (similar to normal acquisitons) to display. As data is-
being sampled the advisory n s to initialize 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 complete acquisition where n is the remaining time (in seconds, s)
and countdown continues until the time has elapsed. The advisory
running is displayed as the write cycle to the screen is executed and
displayed data is updated.

If the referchce point is set to left, the only advisory displayed is n s to
complete because all data is post-trigger. When right reference is set, all
data is pre-trigger and the advisory is n s to initialize.

Both entry devices change the time/division sweep speed.

Selection of the delay function assigns delay as the active function. When
delay is set to 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 -50 ns indicates the
trigger event occurs 50 ns after the delay reference point.

HP 54503A
From-Panei Reference
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reference Key

window Key

TIMEBASE

s~ delay

;

@

~reference ——
Ief{right

window

N

e limebase

R

54501 /W09

HP 545034

Front-Panel Reference

reference = trigger event + delay

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

o left
e cntr (center)

e right

If delay is set 1o 0, the reference point consists of pre-trigger data to the
left and post-trigger data to the right.

The window function turns on an expanded timebase and the oscilloscope
is placed in a mulnple screen mode. The normal waveform, in the original
timebase setting, is displayed in the top screen with markers, vertical
dotted Lines, that enclose a portion of the displayed waveform, Only the
enclosed portion, between the markers, is displayed in the bottom screen.

Note

The displayed timebase information under the waveform display
area is windowed timebase information. When the window s on
all measurement results and information are windowed
information.

Note

The time base window feature of the HP 545034 is fully
operational when acquisitions are running. Once the STOF or
SINGLE key is pressed, the latest window display is maintained.
The window cannot be changed until the RUN key is pressed
again. Waveforms stored in the WAVEFORM SAVE MENU
cannot be expanded into the window and all screen information
and measurement resuits are based on the main fime base,

Timebase
4-3
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The window feature is much the same as the delayed sweep on an analog
oscilloscope, however with the dual screen, the windowed portion of the
wavveform can be viewed simultancously.

The timebase of the windowed waveform can be varied from equal to the
normal timebase to 1/20 of the normal timebase. This equates to 1/2 of a
major division.

When the reference position is set to left, only the right window marker
moves when the window timebase is changed. When reference is set to
right, only the left marker moves, and when center is selected, both
markers move. This maintains a specified time reference without
changing any timebase settings and the ability to move the reference
points for better viewing.

When the window function is enabled, two selections are available for
placing and sizing the window:

» Window timebase
s Window position

timebase Key This key is activated only when the window function is turned on and sets
the timebase in the window.

As the window timebase is increased the time in the window displayed in
the bottom screen is increased. The markers in the top screen move
farther apart. When the window reaches full screen the main timebase
and the window timebase become equal. As the window timebase is
decreased the markers move closer together.

position Key This key is activated only when the window function is turped on.

The window can be placed anywhere on the normai waveform. By
adjusting the window position you can see any par: of the waveform.

Timebase HP 54503A
4.4 Front-Panei Reference
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L =

Window
Exercise

Setting the Input
Signal

HP 545034

Front-Panel Reference

Note

When window timebase = time/division, there is only one
possibie setting for window position. Turning the knob will have
no effect.

For demonstration on how the window is useful in making measurements

and viewing the windowed waveform, perform the following exercise.

For this exercise use a simulated ECL input signal, a 1 volt, 2 kHz
squarewave with adequate offset to display the signal at midscreen,

Set up an HP 8116A Pulse/Function Generator or another signal
generator capable of the same signal,

» Mode = NORM

s SetAMP = 100V

o SetFRQ = 2kHz

e SetDTY = 50%

o SetOFS =.120V

e Set signal to squarewave

heorunning

G DO00D s
200 us/div
).—-A‘HOH:'.' Y

Sa501 fw Ag

Figure 4-2. Input Signal for Window Viewing

Timebase
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Setting the Input this signal to channel 1 on the HP 54503A and disconnect any inputs
Oscilioscope  to any other channel.

TIMEBASE

et e it it
—delay

000000 5§

hp running

-4

~reference ——

ieftright

window
[ e
Limebase -

(<00 os/div

PR S D W

FITTTYTPsETT Ty |;|j|||;11|‘1||

s g d iy leanbi b

rposition—_\

(===

54501 /W 50

Figure 4-3. Input Signal with Window Tumed On

Press AUTOSCALE (see Figure 4-2).

Press the TIMEBASE menu key.

Press the function key to turn on the window.

Set the window timebase to 40 ps/div (see Figure 4-3).

Note

The timebase factors under the waveform display area have
changed to reflect the window.

*« 0 & ®

Viewing the Window The timebase width in the window is 40 s (1/20 of 1 ms) with the trigger
point at center reference and 0 time delay. The knob bas the following
actions whexn these fields are active:

e time/division field (fop) - the knob changes both timebases and
displayed waveforms will change until window timebase equals the
normal timebase,

Timebase HP 54503A
4-8 Front-Panei Reference
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s delay - the knob moves the window and waveform sideways while
maintaining the same size. This allows viewing of the same section of
the waveform at a different point in time. The two timebases will not

change.

¢ window timebase - the knob changes only the window timebase. The
range is from 1/20 of the normal timebase to equal the normal
timnebase.

s window position, as the knob is turned, the window changes position
on the normal waveform for viewing different sections of the
waveform,

HP 54503A Timebase
Fromt-Fanel Reference 4-7
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Channel Menu | 5

introduction to

Channels

GHANNEL

Lﬂé’?@@

o 4]

B =]

effsel——————~1
000000 Vv

& & ac
aw :im LF rej

rm—y

i 520 0C

presetl
probe

e

S4503w1Q

HP 54503A

Front-Panel Reference

The channel menu controls the vertical operation of the HP 54503A. This
chapter describes the use of the four channels, including vertical
sensitivity, offset, coupling, attenuation and preset levels.

CHANNEL
Meny
CHANNEL 1—4
offson "“““"""i
Y Probe
div 1088:1
—————+ ‘offset J ‘ ECL E

de ae 7L E

BW |im LF rej

-wwww4 MORE ?———————-——-—-—-
L

SABIIOL

Figure 5-1. HP 545034 Channel Menu

Channel Menu
51
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CHANNEL Key

IR

Vertical
Sensitivity Key

offset Key

Channel Menu
5-2

The channel menu is a two level menu. The top key in the channel menu is
channel selection. The key toggles channels one through four. When a
channel is selected (highlighted in inverse video) it can then be turned on.
When a channel is turned on the small circle immediately below the
channel number is highiighted.

Note

It is possible to have a channel tumed on and view it while being
in the vertical control menu of another channel. When making
changes, ensure the proper channel and function are selected and
the intended channels is being changed.

The vertical sensitivity key is the third key from the top in the channel
meny. The field itself is not labeled, however, the current volts/division is
displayed with the units of the current selection. When this function is
selected, either of the entry devices can be used for data entry.

The range of the vertical sensitivity for the HP 54503A is from 1
mV/division to 5 V/division. Vertical sensitivity changes in a 1-2-§
sequence in the normal mode or can be changed in the fine mode.

When offset is selected, 0 volts is on the vertical midpoint of the display.
Offset is the voltage level from mid-screen.

Offsct moves the displayed signal up or down, similar to the vertical
position adjustment on an analog oscilloscope. However, offset on the HP
54503A has a range of = 16 divisions from center screen and is calibrated.

HP 54503A
Front-Panei Heference
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I
cou pling Key The coupling key has several selection variables:

ac
ac bandwidth Limit
de

dc bandwidth limit
LF reject

Bandwidth limit reduces the effective bandwidth to = 30 MHz. It
reduces the noise in the display path as well as the trigger path.

more Key The more key toggles the two levels of the channel menu,

CHANNEL (MORE )
1L PR

® o o o
(—prcbemﬁ

ECL |

J TTL

| more

BELDY W1

HP 545034 Channel 8enu
Front-Pane| Reference

>3


https://www.manualsplus.com/

probe Key

ECL Key

TTL Key

Channe! Menu
5-4

The probe key selects probe attenuation with a range of 0.9000:1 to
1000:1. Attenuation is adjusted by either knob or entry keypad. When the
knob is in coarse mode, adjustments are incremented or decremented in

the familiar 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 input.

Attenuation factors are saved with the front panel setup.

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

V/Div: 200 mV/div
offset: -13V

coupling: dc

Trigger level: -13 V
Trigger slope: no change

e » & 8

RECALL 0 returns the menu to the previous settings.

The TTL key sets the oscillosocpe to levels are optimized for TTL circuits:

V/Div: 1 Vidiv

offset: 2.5V

coupling: dc

Trigger level: 1.4V
Trigger slope: no change

= & 9 & B

To return to the previous settings press RECALL 0.

HP 54503A
Front-Panel Reference
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Trigger Menu B )

\

Introduction to The trigger modes of the HP 54503A provide many distinctive techniques
the Tri to trigger and capture data. The triggering capabilities range from sitmple
© Iriggers edge triggering to logic triggering on multiple signals.

This chapter contains descriptions of the triggering modes, explanations
on how to use them, and exercises detailing some real life applications.
The HP 54503A has five triggering modes:

s cdge

e Dpattern

s state

e delay

e v
T
Tr igger Mode The trigger level (threshold) for each channel is set in the edge trigger
Interaction mode and is independent for each channel. It is carried over to all other

modes, except the tv trigger mode. These levels are important settings
because the high and low levels in the pattern, state, and delay modes are
greater than or less than the trigger level.

The tv trigger level is a special case and is set in the tv trigger meny,

HP 54503A Trigger Menu
Front-ffgne! Reference

£
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Edge Trigger The edge trigger mode has the following selections:
Mode

s trig’d/auto

e trigger source

o trigger level

o slope

e holdoff

{7 TRIG MENJ

i
EDGE TRIGGER

B
|
{

trig’a/cute

source 1-4

wmw——i level
.

i/

b hofdaff

54501/BLO7

Figure 6-1. Edge Trigger Menu

Trigger Menu HP 54503A
8-2 From-Panei Reference
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trig’d/auto Key

EDGE TRIGGER

i Stote deloy tv

{— E0UY C8 wa

Haa

agius t) center

leve: lﬁlﬂﬁﬁﬁﬂﬂﬂ'

<+ K4

cise reject

n

E

(-no$doff
time
54503wt 1
source Key

;

adjust/center Key

slope Key

noise refect Key

holdotf Key

HP 545034
Front-Panei Reference

The trig'd/auto 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 triggered mode, the oscilloscope does not acquire data until all of
the trigger requirements are satisfied. In the auto mode the oscilloscope
generates a trigger if one is not present. 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 screen.

If the oscilloscope is auto-triggered and the sweep speed is 200 ms/div,
500 ms/div, 1 s/div, 2 s/div, or 5 s/div, it operates in the triggered scroll
mode and displays data points as they are acquired (see Chapter 4,
"Timebase Menu™).

This key selects the trigger source. The options are channels 1-4, The
current selection is highlighted in inverse video.

This key sets the trigger level. The range on this function is =6 divisions
from center. It provides flexibility for setting exact triggering points and
specifies levels used in the more sophisticated triggering modes.

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

Turn the noise reject on for triggering on noisy signals to avoid the
problem of false triggering.

Pressing the holdoff key assigns the entry devices to control holdoff,
Hoidoff disables the trigger circuit for a selectable time period or number
of events after the trigger event. Holdoff is selected in time units, from 40
s to 320 ms, or in number of edges, 2 to 16000000, '

Trigger Menu
_ &3
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Holdoff This exercise sets up the oscilloscope and a signal generator to view some

Exercise of the features of the edge trigger. Holdoff is used to gain a stable trigger.
This technique is not necessary for most applications and waveforms,
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 5
us. Use an HP 8116A Pulse/Function Generator with the burst option or
a signal generator capable of the same signal.

Make the following settings:

MODE: LBUR

RPT: 5.00 us

BUR: 2

FRQ: 1 MHz

DTY: 50%

AMP: 1V

OFS: 2200 mV

Set the signal for a square wave.

* & & 0 ¢ & 9 »

Oscilloscope Setup  Connect the the signal generator to the channel 1 input and disconnect all
other inputs.

* Press AUTOSCALE (see Figure 6-2).

Trigger Menu HP 545034
&6-4 Front-Pane! Reference
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hp running

t 1 200 mvsaiv
offset =225 O mv
-+ 1000 1 =14
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1.00 us/div
14 -225.0 v
54501 /WF 58

Figure 6-2. Two-Burst Waveform after Autoscaie

e Select the TIMEBASE menu,

e Set the sweep speed to 500 ns/div,

hp running

TIMEBASE

:

I — del gy ———

P, — : B0000 &

reference we——

) r—w'\ndowﬁ

1
J
54505 /W58
- 7:: 1 I3 ,,". o~ - Ao e et
250000 us CLO0000 s 2.20000 us

HP 54503A

-—- —Fromt-Panel Reference e

500 ns/div

Figure 6-3. Two-Burst Pulse

Trigger Menu
55
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The HP 54503A sets up the display parameters. It is now attempting to
trigger on the first rising edge of the two cycle burst.

o Enter TRIGGER MENU ard press the siope key.

The oscilloscope is now triggering on the first falling edge of the two cycle
burst. Press the slope key again to trigger on the positive edge.

Note

The signal generator is set for two 500 ns puises. The display on
the oscilloscope appears to have three puises. This is an
unstable trigger condition The following steps explain this
condition and how to overcome it.

e Press the holdoff key.
o Set holdoff to 1.02000 ys, using zither of the entry devices.

Holdoff on the HP 54503A has a minimum time setting of 40 ns. The
input signal to the oscilloscope has two 500 ns puises. On the first rising
edge a trigger occurs and activates the 40 ns holdoff. When the holdoff
time has elapsed the oscilloscope triggers on the next rising edge. The
oscilloscope times a 40 ns holdoff and looks for another trigger. The
ascilloscope trigeers on the first rising edge of the second burst. Each
trigger event ocours on a different puise, and consequently the trigger
condition is unstable,

Trigger Menu HP B4563A
68 Front-Panel Reference
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EBGE TRIGGER
trig'e. [fEuto]

hp running
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- state delay iv
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Figure 6-4. Two-Burst Fuise w/Stable Trigger

By adjusting the holdoff to wait until the rising edge of the second pulse
passes, the oscilloscope triggers only on the first rising edge and the signal
is stable. In this case the trigger becomes stable with approximately 1.02
us holdoff.

HP B4503A Trigger Menu

Front-Panel Reference o _ ] &7
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Pattern Tr i998f The pattern mode defines a four-bit pattern for the oscilloscope to

Mode recognize and then generate a trigger event. When the inputs satisfy the
trigger pattern and conditions, the HP 54503A triggers and displays the
PATTERN TRIGGER desired portion of the waveform. The logic highs (H) and lows (L) use
the threshold set in the edge trigger as the reference level.
The pattern mode is very useful for glitch detection because the HP
2tate deigy v

54503A can trigger on a glitch as narrow as 1.5 s,

X

8 -
i
when
|
TRIG MENJ
== )
PATTERN TRIGGER

i

hofgoft trig d/cute
tims
S4501/9F 13 | HA XX
When

I
[ entered | axited I prasant> i present< | range [
\
| 2803~ 166ms | 28ns-16ams | +20ms—150ms

haigoff
time/esvents

<28n3~158ms

Figure 6-5. Pattern Trigger Menu

The top two function keys remain the same as the Edge Trigger mode.

Trigger Menu HP 54503A
68 fFront-Panel Reference
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pattern Key

when Key

HP 54503A

Front-Panel Referenice

This is an unlabelled fisld. The display depicts the 4-bit pattern, The
active field is displayed in fullbright and can be changed with the knob.
The function key changes the bit selection of three levels:

e H-high
o L-low
e X-don'tcare

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

The 4-bit pattern is representative of the four-channel input.

For example, if the pattern is LXXH, the voltage on channel 1 must be
lower than the trigger level set for channel 1, channels 2 and 3 are don't
cares so the input levels are disregarded, and the channel 4 input must be
higher than the trigger level set for channel four. If these conditions are
satisfied by the inputs, then the oscilloscope generates a trigger event.

Note

When any channel is not being used in the qualifier pattern, it
should be set as don’t care. The trigger level is still compared to
the no input channel and a high or low is determined. The only
true don’t care is X.

"If the pattern XXXX is selected, a trigger event does not occur because a -

trigger event is not defined.

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

e when entered: a trigger is generated on the first transition that makes
a pattern true. The pattern must be faise and go true to generate the

trigger.

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

trigger.

Trigger Menu
&8
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e when present > : a trigger is generated when a trigger pattern is true
longer than a specified minimum time period. This time period is
specified in the next selection key that is activated when present > is
selected. The present > time ranges from 20 ns to 160 ms.

e when present < : atrigger is generated when a trigger pattern is true
less than a specified maximum time period. This time period is
specified in the next selection key that is activated when present < is
sclected. The present < time ranges from 20 ns to 160 ms and pulses
as parrow as 1.5 ns generate a stable trigger.

e range: this trigger condition is a combination of present < and
present >. A trigger is generated when a trigger pattern is true for
longer than a specified minimum and shorter than a specified
maximum time period. These time periods are specified in the next
two selection keys that are activated when range is selected. The first
range time setting must be less than the second range time setting,

hoidotf Key The holdoff key assigns the entry devices to control holdoff. Holdoff
disables the trigger circuit for a selectable time period or number of
events after the trigger event. Holdoff is selected in time units, from 40 ns
to 320 ms and incremented in 20 ns intervals, or in number of patterns
from 2 to 16000000. :

Pattern Tr igger  Thisexercise demonstrates how to define the 4-bit pattern and how it
Exercise affects the trigger and the resulting display.

Note

Set the trigger level for each trigger source while in the edge mode.
These trigger levels must be set before going into the pattern

mode, or proper triggering may not occur,

instrument Setup To perform the following exercise use the HP 8116A Pulse/Function
Generator, or another function generator capabie of producing the same
1 MHz, 1 volt, squarewave signal.

Trigger Menu HP 54503A
6-10 Front-Panel Reference



https://www.manualsplus.com/

Set up the HP 8116A Pulse/Function Generator:

s Mode = NORM

s FRQ = 1.00MH:z
s DTY = 50%

o AMP = 100V

e OFS =200V

e Pulse = sguarewave

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 tee
to channel 4,

Oscilloscope Setup  The extra cable length between channels 1 and 4 provides a time delay
between the signals displayed on the oscilloscope. The propagation of a
1-metre coaxial cable is approximately 6 to 7 ns. This time delayis used to
demonstrate the HP 54503A triggering capability.

e Press AUTOSCALE,
Set up the HP 54503A as follows:

¢ Timebase = 10.00 ns/div
delay = 0.00 5
reference = cntr
window = off
» Channel1
Vertical sensitivity = 500 mV/div
offset = -200.00 mVv
dc coupling
¢ Channel 4
Vertical sensitivity = 500 mV/div
offset = -200.00 mV
dc coupling

HP 545034 Trigger Menu

Front-Panal Reference 5". 1
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o Display
zero persistence
2 screens
axes

o Trigger
Channel 1 level = -200mV
Channel 4 level = -200 mV
Set the trigger mode to pattern.

Set the pattern to HXXL as follows:

Press the function key until the first character is highlighted.
Turn the knob until the highlighted area is H.

Select the next character in the pattern and repeat the procedure.
Continue until all characters are selected in the HXXL. pattern.
Press the when key until entered is selected.

The display should be similar to the following figure.

BATTERN TRIGGER

state qsioy tv

/

] X x

ho running

~50.000 ns G.o0000 s 50.00C ns
16.0 ns/div

T N —
vimeJ40 000 s

54501 /960

Figure 6-6. HXXL when entered Pattern

Trigger Menu HP 54503A
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Channel 1 is displayed in the top screen. To satisfy the conditions of the
bit pattern, channel 1 must be high (higher than the channel 1 trigger level
or greater than -200 mV). When the signal on channel 1 goes bigher than
-200 mV and channel 4 is still low (less than -200 mV) the pattern
conditions have been satisfied as the signal is entering the trigger
conditions and the HP 54503A triggers,

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

The oscilloscope triggers on the first transition that makes the bit pattern
false, in this case when channel 4 goes high,

PATTERN TRIGGER

trig'd SUtO

hp running

|

!
.
|

L

e p——

| S—
~50.000 ns 0.00000 s 50.000 ns
10.0 nsrdiv

54501063

Figure 6-7. HXXL when exdted FPartern

* Change the bit pattern to EXXH and select the entered condition.

HP 54503A Trigger Menu
Front-Pane! Reference 6-13
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To satisfy this bit condition both channels must be high. The oscilloscope
does not trigger until channel 4 goes high while channel 1 is bigh.

P FATTERN TRIGGER
kp tusning

- s -
/ (oo B
t + State a=igy tv
e when
EY ? snierssc
=53, 000 ns 20,000 ns

0.00000 s

1C.Q nesdiv
. hoidoff

imeg 40000

)
£

£
g!
g

Figure 6-9. HXXH whert entered Fattern

s Change the trigger condition to when exited.

‘While channel 4 is still high, when channel 1 goes low the bit pattern is no
longer true and the HP 34503A triggers.

PATTERN TRIGGER

N
5 \\A + + & + 3Lete Jelg Ly

hp tunning

H X X

|

when

'

-5C.000 ns Q.00080 s 2G.000 ns
13.0 nss/div

—holaaf{ ———
{ g |
B eosier)
| S ——————

ST

Figure 6-8. HXXH when exited Pattern

Trigger Menu HP 54503A
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State Trigger
Mode

STATE TRIGGER
I'

[ edge potiern

—clock

A28 4

m is not

~—present

{—hoicoff
;tame 40 000 ns
i

L4501/ 14

clock Key

when Key

HP 54503A

From-Panel Reference

The state trigger mode is similar to the pattern trigger mode except that
one channel is selected as a clock edge and the other three channels
define a pattern. When the pattern becomes true the HP 54503A triggers
on the next clock edge if the pattern meets setup and hold criteria.

TRIG MENU
STATE TRIGGER |

trigie/auto

o ey
"“"’i; clock 1=d |
Wnen

TL xxx

preseni -
is/is hot

hotiacff
time / events

BaIOM0E

Figure 6-10. State Trigger Menu

The trig'd/auto and trigger mode function keys remain displayed in all
trigger modes. -

Select any channel to be used as the state clock. Seiect 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, polnting either
up for a positive slope or down for a negative slope.

The when key depicts the desired pattern. The dispiayed pattern shows
the arrow at the selected clock channel. The other three channels 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,

Trigger Menu
615
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To change the pattern:
e Press the function key until the bit to be changed is highlighted.
¢ Rotate the knob until the desired setting is highlighted,

e Select the arrow to change the trigger slope, if necessary, and turn the
knob until the desired settings appear.

present Key A trigger event is generated on the selected edge when the pattern is true
and is present is selected, or a trigger occurs when the pattern is false and
not present is sefected.
holdoff Key The holdoff key assigns the entry devices to control holdoff, Holdoff
disables the trigger circuit for a selectable time period or number of
events after the trigger event. Holdoff is selected in time units, from 40 ns
to 320 ms, or number of patterns, 2 to 16000000,
L
State Tr igger This exercise demonstrates how an input pattern is used to qualify a clock
Exercise edge as a trigger.

instrument Setup

Trigger Menu
616

State triggering extends the logic triggering capability of the HP 54503A
by selecting one of the inputs as a clock and using the other inputs as
qualifiers.

This is useful when it is necessary to synchronize the display with a system
clock to detect a system state. For example, consider a synchronous
memory bus. The state trigger mode enables oniy 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 capabie of the same 1 MHz, 1 volt
squarewave,

HP 54503A
Fromt-Panel Reference
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Set up the HP 8116A as follows;

s Mode = NORM
* FRQ = 1.00 MHz
o DTY = 509

e AMP=100V

¢ OFS = 200 mV

Connect the signal to a BNC tee op channel 1 using a I-meter coaxial
cable. Connect another I-meter cable from the other side of the BNC tee
to channel 4,

Oscilloscope Setup The extra cable length between channels 1 and 4 provides a time delay
between the signals displayed on the oscilloscope. The propagation of a
1-meter coaxial cable is approximately 6 to 7 ns. This time delay
demonstrates the HP S54503A triggering capability,

* Press AUTOSCALE.
Set up the HP 545034 as follows:

o Timebase = 10.00 ns/div
delay = 0.00s
reference = cntr
window = off
¢ Channel 1 turned on T
Vertical sensitivity = 400 mV/div
offset = 125V
dc coupling
e Channe] 4 turned on
Vertical Sensitivity = 400 mV/div
offser = 75 my
dc coupling
. Dispiay
ZET0 persistence
2 screens

HP 545034 Trigger Menu

Front-Panei Reference S b el
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Trigger Menu
6-18

Trigger
Channel 1 level = 125 mV
Channel 4 level = -100 mV
Set the trigger mode to state

Set the pattern to +XXL as follows:

1. Press the function key until the first bit is highlighted.
2. Turn the knob until the highlighted area is 4.

3. Select the next bit in the pattern and select H

4. Continue until all bits are selected in the +XXL pattern

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

STATE TRIGSER

edge patiern

ciock

28 4|
O

iz noet

hp running

E

a|le
i

present

~50.000 ns 50.080 ns

0.00000 s
10.0 ne/laiv

holdeff
Elnm 40.500 ns

8
3
z

Figure 6-11. Channel 1 Clock XXL State

HP 54503A
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HMP 545034
From-Pane| Reference

Channel 1 is displayed in the top screen. To satisfy the conditions of the
bit pattern, channel 4 must be high (higher than the channe] 4 trigger level
Or greater than 125 mV), When the signal on channel 1 goes higher than
125mV and channel 4 is still low (less than <100 mV) the pattern
conditions have been satisfied, the HP 545034 triggers on the next
positive pulse on channe] 1.

s Pressthe isfis not present key and change the condition to not
present. ’

The pattern becomes false when channel 4 turns high,

o Change the bit pattern to +XXH and seiect the is not present
condition. :

STATE TRIGGER

trig'd

hp running

{ egdae  pattern

o

| dei t
i

|

S e

7

',_C;Qck———m..._.\
i
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~F

Raman ¢ USRI SIS TN e

T

~5G. G600 ns 0.00000 s 50.005 ns
0.0 nsrdiv

rheldaff
N x|

54501/ %770

Figure 6-12. Channel 1 Clock XXH State

To satisfy this bit condition the clock chanael must go low while channel 4
is high, The oscilloscope does not trigger until channel 1 goes low while
channel 4 is high,

Trigger Menu

518
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Delay Trigger
Mode

DELAY TRIGGER
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qualify on Key

qualify on edge

Trigger Menu
6-20

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

This trigger mode is versatile and accommodates most complex triggering
situations. It has the flexibility to select different trigger sources, delay
times, delay counts and then display various points of the waveform. A
trigger holdoff of 40 ns occurs after the delayed trigger happeos.

The qualify on key selects which mode to qualify the trigger before a delay
is defined.

The options are:

o cdge
e pattern
e state

Select the edge qualifier and the next two function keys define the
parameters. The first key following the qualify on edge key is an
uniabelled field that selects the channel to be the source. The second key
below the edge selection is the slope selection.

HP 54503A
Front-Pane! Reference
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qualify on pattern  When the patiern trigger option is selected, the next function key defines
the qualifier pattern. Defining a pattern is the same as in the pattern

trigger mode,
s 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 field. This field to sets conditions as in the pattern trigger mode:

when entered
when exited
when present >
when present <
range

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

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

As in the state trigger mode, select the channe! 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 key
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 labe! and pressing the function key again. When the
label is highlighted, toggle the setting between is/not present with the
knob.

HP 545034 Trigger Menu
From-Panel Reference . : e
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delay Key This field selects between two delay options. To change between the time

DELAY TRIGGER

zdge poliern

[22ce] pattern

slaLe

Hasa

E
cetoyftimed

5G.00 ns
trigger on
féaunt

{H

DELAY TRIGGER

{ .
§ trian g auto

edge patiern

ouciify on

{ostate

|

54501/WF 84

Trigger Menu
622

and count options rotate the knob until the desired option is displayed in
the inverse video field.

delay 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 time qualified pattern settings
of when present >, when present <, or range

s Press the function key until the highlight is on the first numeric field,
This field selects the amount of delay after qualification, ranging from
30 ps t0 160 ms.

defay count (delay by edges) disables the trigger circuit for a selected
count from 1 to0 16,000,000 or a dely by events (time), after the trigger has
been qualified. After the selected count has been attained the HP 54503A
will look for the user specified trigger edge.

e Press the function key until the highlight is on the first numeric field.
This field to selects the number of edges to delay after the trigger has
been qualified (from 1 to 16,000,000).

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

o Press the function key once more to highlight the third option field
and select the channe! to delay on.

e Press the function key a fourth time to return to the first numeric field.

HP 54503A
Front-Panet Reference
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trigger on Key This key selects a specific edge to trigger on after the qualification and

O —

Delay Trigger
Exercise

Instrument Setup

HP 54503A
Front-Panel Reference

delay conditions have been satisfied. All other keys in this meny have
deait 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 which
occurence to trigger, using the knob to set the number {1 to
16,000,000).

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

e  Press the function key again and highlight the channel selection. The
knob is used to change the channel selection.

This exercise demonstrates how to use the delay trigger and trigger on the
exact point of a waveform. The exercis leads through setting up a complex
signal, setting up the HP 54503A, and changing settings and counts for
viewing various points on the waveform,

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

Set up the HP 8116A Pulse/Function Generator:

s Mode = LBUR
* RPT =505

s« BUR =10

s FRO = 50MHz
o DTY = 50%

o AMP =100V
o OFS = 200mV

Connect the signal to channel 1 of the HP 54503A.

Trigner Menu

Y
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Oscilloscope Setup

Trigger Menu
624

The HP 54503A autoscales and displays this signal, however, for this
example make the listed triggering changes after autoscaling.

« Press AUTOSCALE.

hp running

1 200 mvsdiv
cffset:=225.0 mv
4 1.000: 1 de
o s e T
~10.000C us G.00000 s 10.0000 us
2.00 us/div
54501 7% 77 1 £ -85.00 mv

—

Figure 6-13. Ten Burst Pulse after AUTOSCALE

Set up the HP 54503A as follows:

Press TRIG and select trig'd display.

Select delay trigger mode.

Qualify on edge and the rising edge of channel 1 as the source.
Select a delay time of 2.5 s to gain a stable trigger.

Set trigger on to trigger on rising edge 1 of channel L.

a & ¥ # &

This trigger setup qualifiess on the first rising edge of the burst, delays
through the remaining portion of the burst, then triggesr on the specified
edge of the next burst,

HP 54503A
Front-Panel Seferencsa
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HP 545634
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Figure 6-14. Ten Bursy Pulse w/Stable Trigger

Press TIMEBASE and set time/division to 500 ps,

Return to the trigger menu and set trigger on count (0 5, Thjs tells
the oscilloscope to trigger on the 5th rising edge of the burst (see
Figure 6-15).

ko running DELAY TRIGGER

i
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i 1 ;
H 1 edge  pottern )
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Figure 615 Ten Bury Fulse Triggered on Puise 5
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e Change the trigger on count key to 9 (see Figure 6-16).

DELAY TRIGGER

'tr%a'd.dum

Mg ruaning

edge pattern !
URTR WN NN o [

ﬁcuc{ify of
T ; gattern
P R X ; t stote
' @)
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e e g g e gt e e e e
—
1 - IS
rdeiay tima
Z2.50000 us C.00000 s z.so000 ws | IS
500 ns/div

trigger on

54501 /W78 count
0 of 4 an 1

Figure 6-16. Ten Burst Pulse Triggered on Pulse 9

TN

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

In this exercise, the trigger was delayed to get a stable display. When the
time delay had elapsed the HP 54503A began counting rising edges until i
found the edge set.

Trigger Menu HP 54503A
6-26 Front-Panel Reference
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Standard Select Key

The TV TRIGGER meny enables the HP 54503A to trigger on clamped tv
signals. The two most common tv standards; 60 Hz/525 kines or NTSC is
the standard used in the United States, 50 Hz/625 lines is the standard
used in most European countries, This trigger menu also allows for user
defined tv signals that may be vsed in other parts of the world.

To move the highiighted inverse video window within a field ybu must
press the selection key and to change the value displayed in the window
You must rotate the knob.

Note

Pay close attention to the movement of the highlighted window;
it moves to various options within the field.

The source key chooses between the NTSC standard tv signal used in the
United 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
option is for user defined ranges of the tv signal.

To make the desired selection;

®  Press the selection key and select the standard by rotating the knob.
The active field is highlighted in inverse video,

Source Select Key Toseleet the trigger channel to be used as a source,

HP 545034

From-Pane] Reference

®  Press the function key and move the highlighted field, rotate the koob
until the desired channe ig displaved.

Trigger Menuy
. - %
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level/polarity Key

field Key

fine Key

holdoft Key

Trigger Menu
6-28

The level option sets the trigger level that is applicable only to the tv
trigger source,

o Press the function key again and the highlighted window moves to the
polarity option and selects the rising edge or falling sync pulses to
trigger on.

The field key selects field, Lor 2.

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

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

o If field 11s selected, select from line 1 to 263 in field 1.
o Iffield 2 is selected, choose from line 1 to 262 in field 2.

This tv trigger mode is compatible with broadcast standard M,

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

o Iffield 1 is selected the range of lines is from 1 to 313,

‘e If field 2 is selected the range of lines is from 314 to 625.

This tv trigger mode is compatible with broadcast standards: B, C, D, G,
HLKKLL andN.

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

HP 54503A
Front-Panel Reference



https://www.manualsplus.com/

N —

TV Trigger
Exercise

Instrument Setup

Oscilloscope Setup

HP 545034
___Front-Panel Refersnce

. ._\N*

Video signals are unique, and as such have unique requirements for
proper triggering, This exercise demonstrates how to display and work
with video signals on the HP 54503A.

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

Connect the NTSC video signal to channel 1 of the HP S4503A.

¢ Press AUTOSCALE.

¢ Select the tv trigger mode.

*  Set 60 Hz/525 lines and channe] 1 as the source,

Determine the polarity of the sync pulse,

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

® Setthe trigger level at approximately the midpoint of the sync pulse,

This sets the trigger level just below the middle of the syne pulse and tells
the oscilloscope 1o trigger on the leading edge.

s Settrig’d/auto to trig’d

This eliminates the possibility of a premature trigger event occurring.
o Sclect field I and line 1.

®  Press TIMEBASFE and set time/division to 106 ss/div,

Trigger Menu —

B-28
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s Press DISPLAY and set persistence to = 600.0 ms to accommodate
video signals.

Tv TRIGGER

Hp orunming

edge pattern
state dclay

polariLy 1r
freid

b e s,
-300.000 us Q00000 s S00.000 us
100 wus/div
hoildoff
54501/W 80 time

-
Z |8
* 3 "

Figure 6-17, Trigger at Field 1, Line 1

The HP 54503A 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 half of the screen) is field 2, lines 256-262,

« Set time/division to 10 ws/div and set the trigger to field 1, line 10,

Trigger Menu HP 54503A
6-30 Front-Panel Reference
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HP B45C3A
Eront-Panel Reference
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Figure 6-18. Trigger on Field 1, Line 10

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

¢ Change the trigger point to field 1, line 21.
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The trigger point is now on the last sync pulse of the vertical interval. The
next line contains color information, in this case color bars are present,

s Change the trigger to field 2, line 1.

v TRIGGER
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Figure 6-20. Trigger on Fieid 2, Line 1

The trigger point is on the second sync pulse of the vertical interval. This
is the correct trigger point because fields 1 and 2 are interlaced.

Trigger Menu HP 54503A
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introduction to
the Display

HMP 54503A
Front-Panel Reference

Display Menu
m

7

The DISPLAY menu controls most of the features that dictate how the
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.

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

| DISPLAY

l Menu

4 norm

eny

minimumeinfiniie

persistense

t of screens

i
i
T ————ey
i

ioconnect dots
of ffon

1.2.4

off/frome/
cxes/grid

Figure 7-1. Display Menu
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Di Spf ay Mode The display mode key selects one of the three display modes;
Key '

® normal

¢ averaged

* envelope
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34501 71

A

Display Menu
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form  The norm mode sets the time parameters for displaying data, or
persistence. The range in the variable persistence mode is from minimum,
which rewrites the waveform on each acquisition, 1o infinite which

* Minimum persistence rewrites each waveform on the display as it is
acquired. The current display is always the most recent acquisition,

* Variable persistence settings are useful when the input signal is
changing and immediate feedback is needed.

» Longer persistence is usefu] when observing long-term changes in the
signal or low signal repetition rates,

* Infinite persistence can be used for worst-case characterizations of
signal noise, jitter, drift, etc. In this mode the HP 54503A is used as a
storage oscilloscope and is without the fade or bloom of an analog
oscilloscope,

When the keypad is used to change persistence settings, any entry longer
than 10 seconds displays the message value out of range, set to limit and
persistence is set 10 infinite, Any entry less than 200 ms displays the same
message and persistence is set to minimum,

Connect-the-dots is available only when in norm mode and minimum
peristence,

HP 545034
Front-Pane} Refersnce
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avg

DISPLAY

either of the entry devices. Connect the dots is only available when in
norm mode and minimum persistence.

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

norm *nv | When averaged mode is selected the next function key s activated and the

i,—-# ol avg

.~ number of averages is set with either entry device.
| —]
# of screens m

E’- ¢ ¢ | Astbe number of averages is increased from 1 to 2048, the display

off
axes geid H

Displayed signal noise is significantly reduced using the averaging mode.

becomes less responsive to changes to the input signal(s), however, using
more averages reduces the effects of displayed signal noise and improves

—/ resolution.

cennect dots
oo

54501/w 72

env  The envelope mode needs no other parameters set. The display reflects

DISPLAY

~# of screens

HP 548034
Front-Panel Referenge

the minimum and maximum voltages in each horizontal position. This is
useful in viewing voltage or time jitter.

Display Menu
7-3
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# of screens The next function key chooses the number of screens to view:
Key

® 1: the entire display area is one screen and any displayed waveforms
are superimposed on top of each other.

»  2: the display area is divided into two screens. Channels 1 and 2 will
be displayed in the top screen and channels 3 and 4 will be displayed
in the bottom screen (See Figure 7-2).

» 4 the display is divided into four equal screens with one waveform
displayed in each screen (See Figure 7-3).

hp

c  Channel/Memory 1, 2 Viewing Area ]

Channel/Memory 3, 4 Viewing Area

TUREEUES S W L B SN WU RT AT AT I NN N W 1

5450 1/WF52

Figure 7-2. Dual Screen Display

When waveform math functions or the dual timebase window are turned
on they are displayed in the lower half of the screen and the channels are
displaved in the top haif.

Dispiay Menu HP 54502A
7.4 From-Panel Reference
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I

off/frame/
axes/grid Key

HP 545034
Front-Panal Reference

hp
E Channel /Memory 1 g
] ]
E Channe] /Memory 2 3
E Channel /Memory 3 g
ﬁ Chanrel/Memory 4 j
t}_LJJ'\\IJ Il4||141||\|||,)lxlf\4||ilrl bk il ?

Fligure 7-3. Quad Screen Display

This unlabelled field selects one of four display backgrounds:

off: The off option turns the background graticule off. The displayed
waveform and waveform information is not turned off,

frame: The frame option displays the outside border with 4
measurement scale. The measurement scale is
incremented/decremented with major divisions and minor divisions
based on the vertical and horizontal measurement settings,

axes: The axes setting displays a background with the measurement
scale crossing at mid-screen.

grid: The grid background is 2 complete graticule with ten horizontal
major divisions and eight vertical major divisions. Only the axis
portion of the graticule has a minor division scale.

Display Meny
e 1 .
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connect dots Connect-the-dots is a technique used to display waveform with all data
Key points connected. This makes viewing the waveforms casier because the
signal is complete and has no breaks.
Note

Connect-the-dots does not interpolate data and generate data
points. The HP 545034 connects data points linearly.

DISPLAY
B e e

(~persisteﬁcu"w-

/\7’(
| J
!

[\/T

L
U U \M“Z U u i\, gqrrcin;eJ
r"ccnnect dots

fip running

_
-

54501% 58

Figure 7-4. Connect-the-Dots

Dispiay Menu HP 54503A
7-6 Front-Panel Heterence
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Delta t/Delta V Menu 8
m

introduction to This chapter describes how to use the markers and make manuai
the Markers measuremenis on displayed waveforms.

In this meny, two sets of markers are controlled. These markers are the
AV markers (horizontal voltage markers) and the At markers (vertical
time markers). When the desired set of markers have been turned on and
the two marker figlds are turned on. The markers are controlled

;—:3‘ markers WM—} indmduaﬂy
&t Av i
evmarker 2 MENU i

M~ vmarker AY maresrs . ot
i OOOOO \

~o&4 markers j_ on
vmarxer 2
~25BY - 250
]
%
[P

s~stort morker
Nenarker 1

? 00 500 s

510D mGrker

(]
54501 w05
— AL morkers ! off
!
|
|
L_ $lert morker
§ -158s - 15Qs
[
Lm_ stop marker
~15¢s - 1589
Figure 8-1. Delta t/Delta V Menu
HP 54503A Deita t/Deita ¥V Menu

Front-Pane! Reference -1
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AV markers

AY markers

effl

:

vmarker 2.
03100V

:

Vmarker 1
14-1.00000 v §

At markers
of ! i an

i

54501/ G7

Vmarker 2

Vmarker 1

Deita t/Delta V Menu
8-2

This function key toggles the markers on and off. With the AV function
turned on the next two fields are activated and the two markers are
controlled individually.

When the AV markers are turned on, Vinarker2, Vmarker!, and delta V'
appears in the factors display area. The delta V entry is calculated as the

foliowing:

Vmarker 2 - Vmarker 1 = deltaV

If deita V is negative, Vmarker 1 is located at a more positive voltage level
than Vmarker 2.

This function key is a two function control field. The first function selects
the desired channel, memory, or function to place Vmarker 2 for
measurement. By pressing the function 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,
both in the highlighted field, and in the factors area of the waveform
display.

Vmarker 2 is the voltage marker with shorter dashes.

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

HP 54503A
Fromt-Panel Reference
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start marker

stop marker

HB 545034

Fromt-Pane| Reference

This function key toggles the time markers on and off. With the At
function turned on the next two fields are - :ivated and the two markers
are controlled individually

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 = delta ¢

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

Vdelta t is the inverse of delta t. Since the inverse of time is frequency,
this ratio produces an answer in frequency, however, be alerted that if the
markers are placed across parts of a waveform of differing time frames the
answer may not be valid. This feature is usefu] when looking for the
frequency 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) and
determine the frequency of the burst.

To set the start marker press the function function key to highlight the
field. This makes the start marker field active. Set the marker using the
knaob,

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.

Delta t/Delta V Menuy
83
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Waveform Math Menu - 9

Introduction to
the Functions

HP 54503A

Front-Panel Reference

The WAVEFORM MATH menu defines one and/or two functions, The
functions are used on data that is displayed or screen from any of the four
channels or from any of the four waveform memories.

A function is generated by mathematically manipulating one or two
operands with known operations. The HP 54503A uses these
mathematical operations:

plus (+)
minus (- )
times (x)}
versus {( vs )
only

invert

* & ¢ & o @

WAVEF ORM
MATH

/12

dispioy

off/on "

OPERAND i :
Cron twd [—t +/—/R/ve Bl only/invert |
piem -4 ! :

i

CEERAND
Crnor 1—4

mem 1o

- —
I
] sensitivity i

LR ——

|
-———-1: clifsel

SAZ01/RONG

Figure 9-1. Waveformn Math Menu

Waveform Math Menu
9-1
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The vertical display and offset can be adjusted to place the function for
best viewing,

When the function is calculated, it can be used in the following manner:

e displayed

e cvaluated with the measurement features

¢ stored in memory

s output over the HP-IB
S B O
Defin ing a The WAVEFORM MATH menu selects and presets any of various
Function operations, sources, and displayed results.

WAYEFORM MATH
j

marEp gy ——~,
off R

=
aniy iavert
chan 1 2 3
mem 1 2 3 4

sengitivily
f
| S

O f Fg@t e,
" -

54501 /%F 65

Function Key This key selects either function 1 or function 2.

display Key The display key turns the selected function on or off. The vertical
sensitivity and offset are dispiayed in the function menu ficlds.

Waveform Math Menu HP 54503A
g2 Front-Panel Reference
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G WL

If the function display is turned on the screen will split with the original
waveforms displayed in the top half screen while the functions are
dispiayed in the bottom half screen. Both functions can be on at the same
time and are displayed superimposed or in two screens in the bottom haif
of the CRT if multiple screens have been selected,

The timebase window is automaticaliy turned off when a function is
turaed on.

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

1f the operator is only or invert, it is the only operand that can be selected.

Operator Key This key selects any of the six functions, Continue pressing the function
key until the operation desired is highlighted:

* plus (+): The two selected operands are added together in this
function. Addition is calculated on a point-by-point basis.

e minus (+): The minus operation subtracst the second operand from
the first.

¢ times (x):The times operation multiplies the value of the first operand
~ with the value of the second operand. Each data point is multiplied
with a corresponding data point and the product is placed on the
function display, The displayed waveform will usually be scaled 1o

correspond to a different sized waveform,

* vs (versus): The versus function draws a volts versus volts display of
the two selected operands. Versusg cannot be stored in a waveform
memory because measurements cannot be made on the resultant
waveform, however, it can be stored in pixel memory.

HP 545034 Waveform Math Meny
Front-Panel Refersnce _ %3 e
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chan/mem Key

¢ only: The only function displays the first operand and scales it,
s invert: The invert function inverts the data of the first operand.

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

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

sensitivity Key  The vertical sensitivity of the function is set with this key, This setting is
for ease of viewing and making measurements with the newly developed
waveform,
offset Key The offset of the function is set with this key.
R

Vertical Scaling
Units

Displaying
Functions

The fundamental measuring units of an oscilloscope are volts/division in
the vertical axis and time/division on the horizontal axds. This philosophy
is used regardless 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 to channei
2. The HP 54503A displays the product as -6V, when in reality it is SV

The HP 54503 A has several screen variations available to accommodate a
4 channel display, as well as two functions.

Waveform Math Menu
9.4

In the single screen mode with a function on, the mathematical results are
displayed in the bottom haif of the screen while the operands are
superimposed in the top half of the screen.

HP 54503A
Front-Panel Reference
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)

- Chanpel 1,2, 3, 4 Viewing Area E

:  function 1,2 Viewing Area 3

: [P RS ENEE I :n||l<lJ7-\||l'11ll'l_l3
5450147 52

Figure 9-2. Single Screen w/Function On

* Inthe dual screen mode the functions are again displayed in the
bottom half of the screen, however, the dual screens are displayed in

the top half.

hp

- Channel 1, 2 Viewing Area ]
Channel 3, 4 Viewing Area
function 1 Viewing Area -
[ function 2 Viewing Area ]

figure 9-3. Dual Screen wiFunction On
HP 545034 Waveform Math Menu

Front—PangE/Reference - - -
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Waveform Math Menu
2.5

[ ]

In the quad screen mode, all four screens are displayed in the top half
of the display while the functions are displayed in the bottom half,

he

- Channel1

- Chénnelz . : ‘ :

" Chanael 3

" Channel 4

LEER I e A

function 1

L0

gt 1 c Raoaala

function 2 3

54501/ 54

Figure 9-4. Quad Screen w/Function On

HP 54503A
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Waveform Math
Exercise

Instrument Setup

Oscilloscope Setup

HP 54503A
Front-Panel Rgference

In this exercise you will use the Waveform Math menu to subtract one
waveform from another.

Set up an HP 8116A, or a signal generator capable of a1 MHz, 1 volt
squarewave, as follows:

+ MODE = NORM
¢ FRQO = 1MHz

¢ DTY = 50%

* AMP =100V

» OFS =000V

e Pulse = squarewave

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 tee
and terminate in 50 {2 to channel 4.

The extra cable length between channels 1 and 4 provides a time delay
between the signals on the oscilloscope. The propagation of a 1 meter
coaxial cable is approximately 6 to 7 ns. This delay is used to demonstrate
the math function.

The following procedure will assist you in setting up the HP 54503A for -
optimal viewing,

¢  Press AUTQOSCALE.

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

o Press WFORM MATH to define the function. Select f1 and turn the
dispiay on. Select chan 1, - (minus), chan 4 and set the function
sensitivicy to 2.00 Vidiv,

Waveform Math Menu
0.7
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Waveform Math Menu
8-3

Now you can see the function of subtracting channel 4 from channel 1.
The propagation between channels has allowed a 6 to 7 ns spike. To
better view the resuits:

Press TIMEBASE and set the horizontal display to 50.0 ns/div (see

Figure 9-5).

hp

WAVEF ORM MATH
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Figure 9-5. Channel I minus Channel 4
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Introduction to
the Memories

e T e

waveform/pixel
Key

HP 545034

Front-Panel Beference

Waveform Save Menu 10

This chapter describes how to select the waveform and pixel memories on
the HP 54503A. The menu consists of two submenus:

s waveform memories m1 - m4 are non-volitile memories used to store
one waveform at a time,

* pixel memories pl and p2 are volitile memories used for screen store,
In this manner the memories are used as a storage oscilloscope.

WAVEF ORM
SAVE

| —
Woveform i Pixet [
}

[ |

ge'n':r'nn:smtiie valgtile
ml/m2/ m3 me pl/pe

l déspfcyl I disploy ;
Loffson f of fAon

ciear

JSOUFCE

il

Er—m—-]<:hc:n!—m>-4 | memory

f fune 12 | |

| f | adgd to |
store % | memory :

54501/BL 11

Figure 10-1. Waveform Save Meny

This is the selection key used to chose the desired type of memory, The
active menu is highlighted, Each memory type, waveform or pixel, has a
separate menu. When this key is pressed, the rest of the menn changes.

Waveiorm Save Menuy

- S b=



https://www.manualsplus.com/

waveform Menu  The waveform menu has four available memories, m1, m2, m3, and m4.
These memories are nonvolatile and are not cleared during
AUTOSCALE, RECALL CLEAR, or recycling power. This permits
disconnpection of power and transportion of the oscilloscope without

WAVEFORM SAVE . N
losing the contents of waveform memories.

—norvelatile — A waveform memory consists of a single waveform record, including the
ma m3 4 | horizontal and vertical scaling parameters. This allows measurements on
—_—

T atenlay stored waveform and function data. Voltage and time markers can be set

o | on waveforms when they are displayed.

SOUTCE wmw—m—, :
chan [ 2 3 4] When the HP 54503A is in the envelope display mode and a waveform
furc 1.2 / store is executed, the min value and max value are stored separately. The

ctore | min value will be stored in m1 if m1 or m3 are the selected store locations,
or m2 if m2 or m4 are the storage locations. The max values are stored in
54501.W20 m3 or m4 respectively, A store message is displayed above the waveform

display area informing you of the storage locations of both values.

nonvolatile Key This key selects which memory to use. The selections are nonvolatile
memories mi, m2, m3 and m4. When a memory is turned on the small
circie below the label is highlighted.

The waveform memories are record memories that store 2001 peints of
waveform information in each memory.

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

source Key The source key selects the source waveform to be stored. The source
alternatives are any channel or either function.

store Key This is the active key in the menu. This key stores the specified waveform
in the specified memory. When the key is pressed, an immediate erase of
the selected memory and a write to the memory is executed.

Wavetorm Save Menu HPF 54503A
10-2 Front-Pane! Reference
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R

pixel Menu The pixel submenu selects the pixel memories. These memories are very
useful when additive memory capabilities are needed. Waveforms can be
stored and added to indefinitely. '

WAVEFORM SAvE

[wovefcrm
ovoletile
(m =

r—ﬁ%spaay
X - |

Pocdsar mamory
|

|

I
i ang tg memary
1

54501 /W Ty

volatile Key This is the memory select key. The alternatives are pixel memory 1 or 2,
The pixel memories are compiete pixel saves of the waveform area
(excluding the graticule and markers) in volatile memory. The waveform
display area is 256 X 451 pixels,

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

Pixel memories are additive, When all pixels are full add to memory will
merely overwrite existing data,

display Key This key toggles the selected pixel memories on or off,
clear memory Key  This key purges all data from the selected pixe! memory,

add to memory Key By pressing this key, the currently displayed waveforms are added to the
specified pixel memory.

HP 545034 Waveform Save Menu
Front-Panel Reference _ N T 0 |
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Waveform Save  This exercise demonstrates how to store a waveform, changes the offset

Exercise setting, and recalls the stored waveform to be compared with the current
display.

Instrument Setup  Set up an HP 8116A or a signal generator capable of a 6 kHz, 1 volt

squarewave:

o Mode = NORM

e FRQ = 6.00 kHz

¢ DTY = 50%

¢ AMP =100V

s OFS=000V

o Pulse = squarewave

Oscilloscope Setup  This procedure assists in setting up the HP 54503A for optimal viewing.
e Connect this signal to the Channel 1 input.
s Press AUTOSCALE.
¢ Press WFORM SAVE and select the waveform submenu.
e Press the nonvolatile key undl m3 is selected,

s Press the source key until chan 1 is selected.

Waveform Save Menu HP 54503A
10-4 Front-Panel Referenca
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o  Press the store key.

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

¢  Press the display key to turn on the m3 display.
» Press the CHAN menu key, change the offset of channel 1.

This moves the current display so the stored waveform can be viewed.
The display should look like the following figure,

WAVEFORM SAVE

| e 1YEISY
!

hp runring

T Ty H e e T
nonveiotile
] mi m2m4
{—cisploy
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cranf]2 3 4
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£ 3
E 3 siore J
fE-“MH‘\.A.s”.‘. 3 ||I.-!\.i=|\-€-;\" S4501/WF 43
-25C. 000 us 000000 s 250.00C ue
50.0 ussdiv
Figure I(-2. Displayed Memory
HP 545034 Waveform Save Meny
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Define Measure Menu 11

introductionto  Ths chapter contains a description of how to use the measurement meny.
Measurements This is a very powerful and encompassing feature. Press the front panel
u key DEFINE MEAS to access the entire measurement function.
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Figure 11-1. Define Measure Menu
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Measurement
Selection

Define Measure Menu
11-2

The first menu sets the dynamic controls for the measurement. The
second sets user-defined parameters for the measurements. And the third
sets up the measurement comparison test.

Each key in the numeric keypad section has a secondary function. Above
each key is a measurement selection printed in blue. To make an
immediate measurement of the displayed waveform perform the following
keystrokes:

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

» Press the key that corresponds to the measurement.

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

s Press the appropriate number to select the source, channels 1-4,
memories 1-4, or functions 1-2.

To make a selected measurement on a waveform source, it must be turned
on. Upon selection of the measurement the time and voltage markers are
placed on the waveform to show where the measurement was made if
continuous measurements are off.

To clear measurements, press Shift and then CLR MEAS.

For compiete details of the measurement definitions and algorithms, see
Appendix A, "Algorithms.”

HP 54503A
Front-Panel Reference



https://www.manualsplus.com/
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meas/meas This key is the primary sub-menu function key. Press to select one of the

def/meas limit available sub-menus. This field is always the top selection so other
submenus can be selected at any time.

Key

l

meas Submenu The measure submenu is the default condition. The continuous and
statistics options can also be accessed.

DEFINE MEAS

-] meos mees

de f Pimit
continucus**-]
r off ;

stcthLch—T

SA501/WF 23

0

continuous Key Ifthis option is turned on when a measurement selection is made, the
displayed measurement is updated periodically. All subsequent
measurements are continuously updated as they are selected.

When continuous is off, the measurement is made once and the At/AV
markers are placed on that measurement showing where the measurement
was made,

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

HP 54503A Define Measure Menu
Front-Panel Reference ] 11-3 e
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Measure Define  The measure define submenu selects measurement standards assigned by
Submenu 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 54503A
Key  will make measurements based on the IEEE standards for the particular
measurement.

DEFINE MEAS

maags meas
mecs Waef Biimit

standard

user defineg
S4501,%F 2 1

If, however, user defined is selected, two sets of test conditions are
available to define the measurements.

thresholds/ This key sets the 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 submeny sets the vertical test conditions at:
DEFINE MEAS

— e percentage ratio from -25% to 125%
meas 1 e s voltage levels from -250 kV to +250kV
Note

_ The upper and lower thresholds must be set to levels that will fail
J’ 3 | on the displayed waveform. If cither threshold is not on the

: waveform the measurement results will be the message 'not
Eliil velts thJﬂCi’
(R —

(uuuef threshaids

|
S S

lowar hreshoid
s 3

|

user gefineq

sa501 w2 Threshold settings apply to all user defined front panel measurements.

Define Measure Menu HP 54503A
11-4 Front-Panei Reference
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HP 54503A
Front-Pane! Reterence

This feature is useful when measuring for excessive overshoot or ringing,
By defining the measurements, Lesting for specific pass/fail criteria from
the front panel, or set the HP 54503A in the limit 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 345034 will not be able to
determine the mid-point. The message ‘not found’ will be
displayed in the measurement facrors area.

Measurements defines more parameters, the horizontal test conditions,
for three specific front panel keypad measurements:

s delay
e -+ width
s -width

When any of the three measurements are sclected the measurement is
made on the selected edge count, slope, and transition point. The HP
54503A starts counting edges from the left edge of the screen, not at the
reference point. The selected edge must be displayed. If the edge is not
displayed, the message not found is displayed in the measurement results
area below the screen.

Defirie Measure Menu
11-5
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Define Measure Menu
11-6

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

¢ When setting edge count fields, it is handy to press the fine key. In
the course mode the HP 54503A increments/decrements by tens (1,
11, 21,...100). In the fine mode the incremeat/decrement sequence is
inl's,

When the delay measurement is selected from the front panel, the sources
{c#, I#, m#) and the source number must be selected next.

+ width chooses only the point on the waveform transition (upper, iower,
mid) 1o measure when making the positive width of a displayed waveform.

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

HP 54503A
Front-Paneil Reterencs
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The HP 54503A can run imit tests on up to three measurements. The
menu presets certain conditions and stores any failure data for evaluation
at a later time. Set the limit test while in this memy and select the
measurement from the froat panel,

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

current measurement
minimin valoe
maximurm value
average value

* & 2 @

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

Note

At least one measurement and up to three measurements must
be selected from the keypad. The limit test will be run on front
panel measurements.

test Key  This switch toggles the test routine on and off. When the test is turned on

HP 545034

From-Panel Reference

the oscilloscope runs in the test mode on the InOSt current measurements
that are selected.

Befine Measure Menu
11-7
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set Key

fail if > Key

orif < Key

save to Key

after fail Key

Define Measure Menu
11-8

This key selects the measurement. There are sixteen measurements
available; the same ones as are available on the numeric keypaq.

¢ Press the function key to highlight the field and rotate the knob to
sefect the desired measurement,

This field sets the upper failure threshold. The range on this field is
dependent upon the units of the desired measurement.

This key sets the lower threshold of the failure pararmeters.

The data associated with the failure can be saved to memories or to a
hardcopy device. The channel that is saved is selected in the
WAVEFORM SAVE menu.

o Inthe case of saving to nonvolatile memory, one memory may be
selected. If multiple failures occur, only the last failure data will be
saved because the most current data will overwrite the memory
contents.

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

* Asave to a printer immediately sends the data to the peripheral
device,

» The save to key can be turned off and no save will be effected.

The test can be stopped after a failure occurs, or continue the test.

HP 54503A
Front-Panel Refersnce
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Introduction to
the Utilities

UTTLITY

HP-IB meny

H

seiftest menu
i prope cal menu
[ self cai meny
service meny
s licker
e
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|

{ Lriggar oyt
$4503807

HP 545034
Front-Panel Reference

Utility Menu 12

The UTILITY menu accesses the calibration and service functions, as
well as sets up the HP-IB interface. The submenus inciude self-test,
calibration, service and a listing for the current firmware revision date.

This menu controls all of the service functions that maintain the
reliable performance of the oscilloscope:

HP-IB menu
Selftest menu
Probe cal menn
Self cal menu
Service menu
Clicker control
AC BNC

® & 5 o s 8 @

UTIeITY

B S — 1

|

bGP TR menu

———-{ saifiest meny

probe cal meny

-““*'W—J self col memy H
e

PRU—
et sprvice theny ﬁ
L————mmm,_____i
i Stioner !
1 of fron |
SRS — |
I cc BNC

~—--wJI probe  comp |
i lrigger aout |

Saoteth e

Figure 12-1. Udlity Menu

Utility Menu
1241
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HP-1B menu
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Utility Menu
12-2

The HP-IB submenn makes settings so the HP 54503A can talk to
peripheral devices. This interface includes two primary settings:

s talk only mode
e addressed mode

. OUTILITY
NP8 meny

{latk
eniy

addressed

T 30

Poeor |
i aff/an

| form fead

T affian

| paper fength
P13 oan /12 o,

O
| dtvice moce 3

i oarint/piet

L........" it meﬂu]
34300808

Figure 12-2. HP-IB Menu

Set the oscilloscope to taik only to perform a hardcopy without
intervention from an external controller. The attached printer must be
set in the listen only or listen always mode.

This mode allows a controlling device to selectively address the
HP 34503A for talking or listening. The address of the HP 54503A can
be selected while the instrument is in the addressed mode.

The range of available addresses.is 0-30

HP 54503A
Front-Panel Reference
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EQI Key

form feed Key

paper length Key

device mode Key

exit menu Key

HP 54503A
Front-Panel Reference

The EOI (End or Identify) key toggles this function on or off. EOQI is a
line on the HP-IB asserted with the last data byte of a message, If this
function is on, EO! is asserted by the HP 54503A on the last byte of
each message sent. If it is off, EOI is not asserted.

This function only affects messages sent from the HP 54503A. The
HP-IB accepts any of the legal IEEE 488.2 message terminators
regardless of the setting of this function.

Note

IEEE 488.2 requires that EOI is asserted. Therefore, with EOI
off, the HP 545034 will send messages that do not follow IEEE
#88.2 rules conceming EOI EQI should only be tumed off if the
controller does not deal with EQI appropniately.

If the form feed option is on, the printer performs a form feed at the
end of the hardcopy. If form feed is off, the page is scrolled up four
lines when the hardcopy is complete.

Select between 11-inch or 12-inch pagelengths for auto form feed. This
is used to set the 11-inch page, the U.S. standard, or the 12-inch page,
U.K. and Evropean standard,

This key selects whether the hardeopy goes to a printer or plotter. The
HP 5503A bas been designed to send hardcopoy to HP printers and
plotters with HP-IB options. ' '

The following printers have been successfully tested with the HP
54503A: HP 2225A HP-IB ThinkJet, HP 2227B Quietlet, and HP
3630A Option 002 PaintJet,

The following plotters have been successfully tested with the HP
54503A: HP 7440A Colar Pro, HP 7470A Cption 002, HP 7475A
Option 002, HP 7550A and HP 9872C.

Pressing this key returns the UTILITY meau to the screen.,
Utility Menu

12-3
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Utility Menu
12-4

The HP 54503A 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
occur.

uTILLYY

SELFTEST wExy

1ram romFucq misc lecn]
I L—fﬂ?—tﬂ/keybuurﬂ/crt
iegic trig
AT
limepase
D/
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noavei
£
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‘M*—-li rext ol
et ax it meny l
sy, 10

Figure 12-3. Self-Test Menu

HP 545034
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If the HP 54503 A fails any selftest perform the following:
+ Recaiibrate the oscilloscope.
o If that does not fix the problem, refer to the HP 54502 Service manual.

The HP 54503A self-diagnostics and self-tests are demgned to run
operational tests on the following

¢+ RAM
¢« ROM
e Acquisition
¢ Miscellaneous
SELFYEST MENU
BT o o)
| mrsc loap
= -
3 sysiaem nonvol
o PABEED Sysiem RAM |
PASSED Nom—voletile RAM Coom o r stert test
PAESED Display RAM )
BASSED Prolected Mon-Yolotite RAM : i
PASSED  System ROM ; test aqil j
PASSED Acquisition Ram —_—
PASSED Logic Trigger
PACSED Timebose
FASSED  O/a Converler
PASSED HPIR
PATSED A/ Jonveriar
Jeo ron se.ftest, gisiotasil oo Y |
@yt omenu
oo J
SASCIWTS
Figure 12-4. Results of Selfiest
HP 54503A Utility Menu

Front-Panel Reference 12-5
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ram Test The RAM test is a multiple selection field with the following options:

+ display

& acquisition

s system

s unprotected nonvolatile memory

rom Test Two ROM tests are available:

& system
» protected nonvolatile memory

acquisition Test  Four acquisiton tests are available:

logic trigger
AD
timebase
DiA

L B I I

Miscellanecus Test Three miscellaneous tests are available:

s HPIB
e keyboard
e CRT

loop Test The loop test is 2 function designed for use by qualified service
personnel. It is unnecessary to use this function for normal
oscilloscope operation. When a self-test loop has been initiated it runs
until stopped by pressing and holding any key.

start test Key  Pressing this key begins the selected test.

exit menu Key  Pressing this key returns the Utility meny to the screen.

Utility Menu HP 54503A
12-6 Front-Panei Referenca
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probe cal menu
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exit menu l

J
545038089

rm———

HP 54503A
Front-Panel Reference

Two probe calibration procedures are available in the

PROBE CAL MENU:
e« Altenuation
e Time null
PROBE CAL
MENLU

Figure 12-5. Frobe Cal Menu

attenuation time nult

cnanne |
1,2.3.4

channet
T to 273/
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time
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exii tmenu

I ubort

___; exit
" 4
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Utility Menu

12-7
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attenuation submenu  The attenuation submenu calibrates channel gain at the probe tip.
Channel gain can be corrected through probe attenvation down to 0.9
attenuation. .

* Below 0.9 the error message Attenuation less than 1, see manual for
action is displayed. The corrective action is to recalibrate the
HP354503A.

If the probe is not connected to the DC CALIBRATOR OUTPUT on
the rear panel or the probe attenuation exceeds approximately 250, the
eITor message Attenuation too high or bad connection is displayed.
The corrective action is to check the connections and recalibrate. If
recalibration is unsuccessful, refer to the HP 5450314 Service manual.

e Ifthe probe attenuation calibration is successful the displayed
message is Probe Attenuation = n.annnn This value has been
entered inte your channel probe sefting,

channel Key Pressing this key selects a channel to calibrate. By continually pressing
the key, the fields are incremented by channel.

start cal Key When the channel to be calibrated has been selected, press start cal.
The advisory appears at the bottom of the waveform display area
Connect the DC Cal rear panel bnc to the probe of channel n, then
press continue. Pressing this key prompts for setup requirements,

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

abort Key This is the only active front panel key during the calibration process. If
you press this key, the calibration process is termirated with the
previous calibration factors intact,

exit menu Key Pressing this key returns the UTILITY menu to the screen.

Utility Menu HP 54503A
12-8 Front-Panel Reference
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time nult submenu  Time null sets the timing of all channels to correspond to each other.
This eliminates any time discrepancies between channels and
guarantees that channel to channel skew variations are non-exisient.

FROBE CAL MENU This is useful to manually adjust any differences in cable length.

cttenugtion

exil meny

54503B11

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 the UTILITY menu to the screen.

TR
Self Cal menu The self cal menu calibrates two internal functions:

e vertical cal
e delaycal

cal select Key  This fleld selects which of the calibration processes to perform. Press
the cal select key and the highlighted window increments through 0-1
and the active ficld in the display changes to correspond with the
selection.

HP 545034 Utility Menu
Front-Panel Reference 12-9
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channei Key

start cal Key
continue Key

SELF CAL MENY

{cal sefect
Fehanne | e

4 2 3 aif

start cal

continue

print cal

abort

L

exit menu

54503812

abort Key

exit menu Key

Utility Menu
12-10

The channel key selects the channel to calibrate,

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

When all of the setup requirements are satisfied, press the continue key

and the actual calibration process begins.

»ae PROTECTID SYSTEM CAL ww»

1. deiagy cal

Figure 126, S'e[f Cal Options

SELF CAL MENU

cal saject m
P channe | see———

E3: 2 3 o0

stert ¢al

£ ——
cantiaue

T ————

IIIHHHIIIIIIIIIII
exit meru

S4501W04

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

calibration factors intact.
This key returns to the UTILITY menu.

Note

Cal O must pass before Cal 1 can be performed successfully.

HP 54503A

Front-Panel Reference
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A

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. Only qualified service
personnel, with access o the service manual, are to perform
calibrations in the service manual.

See the HP 545034 Service Manual for complete information on the
service menu and calibration cycles.

r——— B

clicker Key The clicker key turns on the clicker function. When the clicker is
turned on, an audible click is heard each time a key is pressed. The
selections are either on or off.

HP 54503A Utility Menu

Front-Panel Reference 4 oo 12:11
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S

Calibration
Procedure

Utility Menu
12-12

There are two levels of calibration for the HP 54503A. The first level
is in the self cal menu 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 full calibration,

e or, the user would like to optimize measurement accuracy.

Self cals do not require equipment other than cables. It is necessary to

UNPROTECT the calibration. Follow the Self Cal Menu calibration
procedures to perform this first level of self cal.

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

Note

Before the HP 545034 can be caiibrated the CALIBRATION
toggle switch on the rear panel must be set to UNPROTE CTED,

The procedure for calibration is:
» et the rear panel CALIBRATION switch to UNPROTECTED.
¢ Enter the self cal menu.

o Select 0 in the cal select field and calibrate the vertical factors. This
routine calibrates the A/D, vertical gain, offset, and trigger with the
rear panel calibrator signal,.

» Select Lin the cal select field and calibrate the delay.

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

HP 54503A
Fromt-Panei Reference
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Algorithms A
T

One of the primary features of the HP 54503A is the ability to make
automatic measurements on displayed waveforms. This chapter provides
details on how automatic measurements are calculated and some tips on
bow to improve results, '

Measurement Measurements typically should be made at the fastest possible sweep

Setu p speed for the most accurate measurement results. The entire portion of
the waveform that is to be measured must be displayed on the
oscilloscope. That is:

¢ at least one complete cycle must be displayed for period or frequency
measurements

» the entire pulse must be displayed for width measurements

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

o the trailing edge of the waveform must be displayed for falltime
measurements

Ma king If more than one waveform, edge, or pulse is displaved, the measurements

Measurements are made on the first (leftmost} portion of the displayed 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 as accurate as possible, It is recommended that you
re-scale the displayed waveform and make your measurement again.

HP 54503A Algorithms
Front-Panel Reference A-1
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Standard
Measurements

User defined
Measurements

R ———

Automatic
Top-Base

Algorithmg
A-2

When any of the standard measurements are requested, the HP 34503A
first determines the top-base voltage levels at 100%-0%. From this
information, it can determine thresholds (10%, 90%, and 50%) needed to
make the measurements, The 10% and 909 thresholds ars used in the
risetime and falltime measurements. The 509 mid-point 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 thresholds are not placed on the waveform {(above or
below) the HP 545034 cannot make a measurement.

When any of the user defined measurements are requested, the Hp
54503A still must determine the top-base voltage thresholds, From this
information it can determine user defined upper and lower threshojds,
The mid-point is then determined to be the 509 point between the upper
and lower threshold.

Top-Base is the heart of most automatic measurements. It is used to
determine Viop and Viase, the 02 and 100% voltage levels at the top and
the bottom of the waveform. From this information the oscilloscope can
determine the 10%, 509, and 902 points, which are also used in most .

HP 54503A
Front-Panei Reference



https://www.manualsplus.com/

Edge Definition  Both rising and falling edges are defined as transitional edges that must
eross three thresholds.

A rising edge must cross the lower threshold in a positive direction
(defiming 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 lower threshold.

A falling edge must cross the upper threshold in a negative direction,
cross the mid threshold (any number of times), and then cross :he lower
threshold without crossing the upper threshold.

Note

Most time measurements are made based on the position of the
first crossing of the middle threshold.

I
Algorithm Following are the definitions that all measurements are based on:
Definitions

- delay There are three types of delay measurement:
» jitter

e standard
e user-defined

Jitter occurs only under the following circumstances:

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

if

HP 54503A Algorithms
Fiont-PaneI Reference A3
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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 a jitter measurement.

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

Note
Negative delay is possible

User defined delay = 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 second falling edge -

mid-threshold crossing of first rising edge

User-defined is the same as Standard definition except user-defined
threshoid.

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

HP 54503A

Algorithms
Front-Panel Aeference

A&
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Period

Frequency
Duty Cycle

Risetime
Falltime
Vmax
Vimin
Vo-p

Vicp
Voase

Vamp

HP 54503A
Front-Panel Heference

if
first edge is rising

then
- width = second rising edge - first falling edge

else

-width = first rising edge - first falling edge
if

first edge is rising

then
period = second rising edge - first rising edge

frequency = 1/period

duty cycle = (+ width/period) * 100

Note
+ width is always caleulated using mid-threshold,

*

risetime = time at upper threshold - time at lower threshold
falltime = time at lower threshold - time at upper threshold
Vmax = voltage of the maximum point on screen

Vimnin = voltage of the minimum point en screen

Vo-p = Vmax - Vinin

Viop = most prevalent point above waveform midpoint
Vbase = most prevalent point below waveform midpoint

Yamp = Ytop -~ Vhase

Algorithms

A5
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Algorithms
A-8

Vavg Average voltage of the first cycle of the displayed signal is measured. Ifa
complete cycle is not present the oscilloscope will average all data points,

Vims The rms voltage of the first cycle of the displayed signal is measured. Ifa
complete cycle is not present, the measurement will compute rms on all
data points.

Vrms (ac) = { Un 3% 1 ij - Y/ %1 Vj}m

HP 54503A
Front-Panel Reference
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B

Specifications ang Characteristics

Specifi cations The following are performance specifications for the HP 545034
Digitizing Oscilloscope,

Vertical Bandwidth(-3dB, dc coupled)
Repetitive:’ dc to 500 MEfz
Single-shot: dc to 2 MHz (based on 10 points per period of imput

signal)
Risetime:2 700 ps
Input R {selectable); 1M =% or 500 =19

Maximum Inpyt Voitage3
1MQ: =250V [dc + peak ac(< 10 kHz))
50005 Vi

Offset Accuracy:* £(0.5% of ch. offset + 29 of full scale)

Voltage Measurement Accuracy (dc) 4°
Dual Cursor: =(1.25% of full scale + 0,032 x Vidiv)
Single Cursor: =(1.25% of full scale + offset accuracy + 0,016
x V/div)

Horizontal  Time Base Reference Accuracy: 0.0059

Delta-t Accuracy
Real-time: (2% x y/div + 0.005% x delta-t + 100 ps)

HP 545034  Specifications and Characteristics

From-Panel Referenca B
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Trigger  Trigger Sensitivity

=3 mV/div
dc to 160 MHz: 0.063 x full scale
100 MHz to 500 MHz: 0.156 x full scale

< SmV/div
de to 160 MHz: 25 mV
106 MHz to 500 MHz: 6 mV

NOTES: Specifications valid for temperature range *=10°C from software
calibration remperature with ¢itht or more averages selected.

1. Upper bandwidth reduces by 2.5 MHz for cach °C above 35°C.
2. Rise time figure is caiculated from: tr = 0.35/Bandwidth.

3. On ranges $50 mV/div the maximum overdrive of the input must not exceed
1000 times the V/div setting.

4, Expansion is used below 7 mV/div range so vertical resolution and accuracies are
correspondingly reduced.

5. Accuracy decreases 0.08% per °C from software calibration remperature.

Characteristics  The following are performance characteristics of the HP 54503A
Digitizing Oscilloscope.

Vertical  Switchable Bandwidth Limits
ac-coupled (lower -3 dB frequency): 90 Hz
LF reject (lower -3 dB frequency): 450 Hz
bandwidth limit (upper -3dB frequency): dc to 30 MHz

Number of channeis:} 4
Vertical Sensitivity Range (all channels): 1 mV/divto 5 V/div
Vertical Gain Accuracy (c[c):z'3 +1.25%

Vertical Resolution:> =0.4% (8-bit A/D)
*1{.1% (10 bits via HP-IB with averaging)

Maximum Sample Rate: 20 MSa/s

Specifications and Characteristics HP 54503A
B-2 Front-Panel Reference
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Waveform Record Length4
561 points (display)
1024 poinis (via HP-IB)

Input C: 7 pF nominal
Input coupling: ac, dc

Offset Range:  Vertical Sensitivitv Available Offset
1mV - 50 mV/idiv 2V
>50mV - 250 mV/div =0V
>250mV - 1.25 V/div +30V
>125V-5Vdiv =250V

Dynamic range (dc + peak ac): =1.5 x full scale from center of
screen

Channel-to-channe] Isolation
(with channels at equal 40 dB: dc 1o 100 MHz
sensitivity) 30 dB: 100 to 500 MHz

NOTES: Specifications valid for temperature range *10°C from software

calibration temperature with eight or more averages seiecied and channei(s) in
sensitivity range 1, 2, or 5.

1. Simuitaneous acquisition on two channels. channels 1 and 4 are acquired

simultaneously. If four channels are used, data is acquired alternately by
chaanels 1 and 4, then 2 and 3.

2. Accuracy decreases 0.08% per *C from software calibration temperature.

3. Expansion is used below 7 mV/div range so vettical resolution and accuracies are
correspondingly reduced.

4. For single-shot viz HP-IB, waveform record length is 500 points. In repetitive
mode:
200 ps/div time base range, waveform record length is 100 points
500 ps/div time base range, waveform record fength is 250 points
1 ns/div time base range, waveform record tength is 500 points
2 2 ns/div time base range, waveform record length is 1000 points

P 545034

Specifications and Characteristics
Front-Pane| Reference
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Horizontal

Trigger

Operating
Characteristics

Vertical

Timebase Range: 200 ps/divto 5 s/div

Timebase Resolution: 20 ps

Delay Range 50ms-5s 40 x (s/div)
(post-trigger) 100 s - 20 ms 1s
200 ps - 50 us 10,000 x (s/div)

Delay Range 5Sps-5s ~39.96 x (s/div)

(prewrigger) 10ps-2us ~99.9 us
200 ps-5ns —10,000 x (s/div)

Trigger Pulse Width (minimum): 1.5 ns

Trigger Level Range: 1.5 x full scale from ceater of screen

Deflection Factors: All channels: With single screen selected,
attenuation factors are adjustable from 1 mV/divto 5 V/divin a 1-2-5
sequence with the knob. Finer 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 for external probes or attenuators attached to the
channel inputs. When probe tip calibration is done, this value is
caiculated automatically,

Input Impedance: 1 MQ or 50 () selectable for each input.

Bandwidth limit (HF Reject): Can be selected for each input
individuaily. Provides low pass filter with a ~3 dB point at
approximately 30 MHz for both triggering and signal display.

Specifications and Characteristics HP 54503A

B-4
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Horizontal

Trigger Modes

HP 54503A
Front-Pane} Reference

LF Reject: Can be selected for each input individually. Provides high
pass filter with a —3 dB point at approximately 450 Hz for both
triggering and signal display.

AC Coupling: Can be selected for each input individually. Provides
high pass filter with a ~3 dB point at approximately 90 Hz and a
two-pole rolloff for both triggering and signal display.

ECL/TTL Presets: Vertical defiection factor, offset, and trigger lovel
can be preset independently on each channel for ECL and TTL levels,

Dual Timebase Windowing: Allows user 1o zoom in on portions of the
waveform using cursors that are displayed on the top half of the screen.
An expanded timebase is displayed on the lower half of the screen,
The window timebase can be set to provide as much as a 20:1
expansion ratio.Waveform measurements are performed on the the
dual timebase window information when windowing is turned on.

Delay Between Channels: Difference in delay between channels can be
nulied out to compensate for differences in input cables or probe
length. Use the "time null cal” found in the Utility menu.

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

Edge Trigger: Positive or negative edge can be selected for trigger on
any of the four channel inputs,

Pattern Trigger: A pattern can be specified using all four of the inputs.
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. Trigger can be
selected to occur on the last edge to enter the specified pattern or the
first edge to exit the specified pattern.

Time Qualified Pattern Trigger: A trigger will occur on the first edge
to exit a pattern only if it meers the specified time criteria. The
available time qualified modes are:

® pattern present < [time]

¢ paltern present > [time]
¢ ramge — pattern present > [timel] and < [time2]

Specifications and Characteristics
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Delayed Trigger

TV Trigger

The time settings are adjustable from 20 ns to 160 ms (3% =2 ns).
The time filter recovery time is <12 ns. In the "pattern present <
[time]" mode, the pattern must be present > 1.5 ns for the trigger to
respond.

Glitch Trigger: Use "pattern present < [time]” with {time] selected
such that it is just less than the pulse width of the signal you are
analyzing. The minimum glitch width is 1.5 bs.

State Trigger: A pattern is specified on any three of the four inputs,
with the fourth input used as a clock. A trigger will occur on the rising
or falling edge of the input specfied as the clock when the pattern is
present or not present. Setup time for the pattern with respect to the
clock is less than or equal to 10 as; bold 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 falling edge on any one of the four inputs.
After the delay, an occurrence of a rising or falling edge on any one of
the four inputs will generate the trigger. The occurrence value of the
edge to trigger on is selectable from 1 to 16,000,000, The maximum
¢dge 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 as to 160 ms. After the delay,
an occurrence of a rising or falling edge on any one of the four npuis
will generate the trigger. The occurrence value of the edge to trigger
on is seiectable from 1 to 16,000,000. The maximum edge counting
edge is 70 MHz.

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

30 Hz/ 625 Lines: Source is selected to be any one of the four inputs.
Trigger level is adjustable for the selected source. Polarity is selected
for positive or negative synchronizing puises. A trigger occurs on the
selected line and field of a 2/1 interlaced composite video signal. Line
numbering is 1 to 313 for fieid 1 and 314 to 625 for field 2, This TV

Specifications and Characteristics HP 54503A
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~ Display

Display Modes

HP 545034
Front-Panej Reference

trigger mode is compatible with broadcast standards
B.C,D,GHLKK1L and N,

User-defined Mode: Source is selected to be any one of the four
inputs, Trigger level is adjustable for the selected source. The trigger
is qualified with a high or low pulse that meets a selectable time range,
The trigger is an occurrence of arising or falling edge of the source
after the qualifying puise. The time settings for the qualifier are
selectable from 20 ns to 160 ms (+3% =2 ns). The trigger occurrence
value is selectable from 1 to 16,000,000, :

NOTE: 4 TV trigger modes require a clamped video signal for stable
triggering. Use the HP 11334 TV pod to provide clamped video output
that can be used in conjunction with the HP 545034 s TV triggering
capabilities,

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

o Time: 40 ns - 320 mg
s Events: 2. 16,000,000

An Event is defined as the specified trigger condition. A separate
holdoff setting (time or events} is available for each trigger mode
except delayed trigger, which is set to 40 ns,

Noise Reject Trigger: Improves triggering on noisy signals by
increasing hysteresis.

Data Display Resolution: 451 points horizontally by 256 points
vertically,

Number of Screens: 1,2 or 4 screens can be selected, This enables
overlapping channels or memories for comparison, or displaying them
in up to 4 data display areas.

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

Variable Persistence: The time that each data point is retained on the
display can be varied from 200 ms to 10 seconds, or it can be displayed
infinitely long.

Specifications and Characteristics

B-7



https://www.manualsplus.com/

Delta t /Deita V

waveform Math

Waveform Save

Averaging: The number of averages (z) can be specified in powers of 2,
up to 2048, On each acquisition, I/n times the new data is added to

(o ~1)/n of the previous value at each time coordinate. Averaging
operates continuously, except for the HP-IB digitize command, for
which averaging terminates at the specified number of averages.

Envelope: Provides a display of the running maximum and minimum
voltage levels at each horizontal position for a repetitive waveform.

Graticules: 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. Conneci-the dots is operative for
modes in which a single valued waveform can be connected, including
average, envelope and minimum persistence modes.

Scroll Mode: In the Auto Mode at settings from 200 ms/div to 5 s/div
the 54503A automaticaily selects the scroll mode display. It will also
select scroil display in the triggered mode with delay reference ( = left
and delay =0). Scroll mode updates each data point on the displayed
waveform as the data is acquired.

Markers: Dual voltage markers and dual time markers are available.
Voltage markers can be independently assigned to channels, memories,
or functions.

Two independent functions are provided for waveform math. The
operators are +, —, X, Vs, invert, and only. The vertical channels and
the waveform memories can be used as operands for the waveform
math. Sensitivity and offset for these functions can be adjusted
independently.

Four non-volatile waveform memories and two volatile pixel memories
are provided. Waveform memories store single-valued waveforms, such
as an averaged waveform. If an envelope waveform is storedto a
waveform memory, it will automatically be stored with the upper
waveform in one waveform memory and the lower waveform in
another. Pixel memories store an entire screen of waveform data.
They are very useful for storing multiple overlapping waveforms and
infinite persistence waveforms.

Specifications and Characteristics HP 54503A
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Parameter the front panel (shown below) and additionat measurements via HP-IR
Meazs Urements inciuding All, Overshoot and Preshoot. The standard measurements
are performed with 10%, 50% and 909 voltage thresholds, as defined
by IEEE standard 194-1977, "IEEE Standard Pulse Terms and

Automatic measurements availabie on the HP 345034,

Risetime Pulse Width + Volits amp Volts avg ~ Preshoot
Falltime Pulse widih Volts base Vohts max {HP-I1B only)
Fregquency Duty Cycle Volts top Voits min Overshoot
Periog Delay Volts p.p Volts RMS {HP-IB only)

User-Definable The HP 54503A allows You to set your own thresholds for automatic
Measurement measurements. Both the upper and lower thresholds can be set, either
Thresholds in%or Volts, as Iong as the upper threshold value is always > the

Continueys Measurements; Allows automatic measurements to be
continuously updated, and most recent measurement results displayed.
With continuoys measurements off, the voltage and time markers are
placed on the waveform to indicate the last measurement is taken,

Measurement Statisties: The maximum, minimum and average of
continuously updated measurements are calculated and displayed,
Any three measurements can be selected for simlﬂxaneo_us display.

acquisition is Stopped and the waveform can be stored to a memary or
the screen can be sent 1o a printer. In addition, the HP-IB Service
Request line can be set, to flag the controller Measurement limj; test
can be set to Stop after test limits have exceeded, or 10 continye testing,

Setup Aids Auto-Scale: Pressing the Auto-Scale button dutomatically adjusts the

HP 545034 Specifications and Characteristics
Front-Panel Reterence - - Bog
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Show

Hardcopy

Full HP-IB
Programmability

0.5% and a frequency greater than 50 Hz. Auto-Scale is operative only
for relatively stable input signals.

Save/Recall: Four front panel setups (1-4) may be saved in non-volatile
memory.

Recall Clear: Resets the HP 54503A to its factory default settings.

Recall 0: If Auto-Scale, ECL or TTL preset, or recall setup are
inadvertently selected, recall O restores the instrument to its last state
prior to selection. '

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

The CRT display contents, including menus and measurement answers,
can be transferred directly to an HP-IB raster graphics printer,
including the HP 2225A Thinkjet.

Instrument settings and operating modes, including automatic
measurements, may be remotely programmed via HP-1B (IEEE-488).
HP-IB programming complies with IEEE 483.2-1988 "Standard Codes,
Formats, Protocols, and Common Commands.” '

Data Acquisition and Waveform Transfer Rate: A 500 point waveform
data record can be acquired and transferred to a computer at a rate of
approximately 10 times per second, as tested with an HP 9000, Series
200 Controller. The acquired data was type normal, completion criteria
100%, with the oscilloscope at a time/division setting of 5 psec/div.

Data Transfer Rates: Approx. 120 kbytes/sec.

Probe Compensation, AC Calibrator Qutput: An approximately 1.5
kHz signal 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 calibration, this output is used to
provide other calibration signals, as described in the Service Manual,
This same BNC connector is used for trigger output. The utility menu
aliows the user to switch the BNC from probe compensation and
calibration signals to a trigger output pulse. The leading {rising) edge,
with amplitude from approximately —400 mV to OV (when a terminted
in 50 Q), is synchronous with system trigger. The trailing (falling) edge

Specifications and Characteristics HP 54503A
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Product Support

I ——-

General
Characteristics

Environmentai
Conditions

HP 545034

of this pulse occurs approximately at the end of holdoff, The leading
(rising) edge should be used as the edge synchronous with trigger,

DC Calibrator Output: this output is used for vertical calibration of
the 54503A, as described in the Service Manual,

Built-in Self Test and Calibration Routines: Internal self-test
capabilities provide a 909, confidence that the instrument is operating
properly. External test procedures in the service manyal provide 1009
confidence. Seif-calibration routines, also selected through the front
pasel "utility” menu, ensure that the instrument is operating with its
greatest accuracy and requires no external test equipment,

Low Cost of Ownership: The HP 545034 carries a three-year
warranty, HP's board exchange program assures economical and timely
repair of units, reducing cost-of-ownership.

Solutions: HP’s System Engineering Organization can help vou
configure an HP-IB system and provide software support for your
application.Contact your Hewlett-Packard sales and service office for
more information,

Temperature
Operating: (°Cto + 55:C
Nan«operating: —40°Cto + 7rC

Humidity
Operating: up to 959 relative humidity (non-condensing) at + 40°C
Non-operating: up to 90% relative bumidity at + 65°C.

Altitude
Operating: up 10 4 600 meters (15 000 fr)
Non-operating: up to 15 306 meters (50 000 fr).

Vibration
Operating: Random vibration 5-300 Hz, 10 minutes per axis, 0.3 Gps
Non-operating: Random vibration 5-300 Hz, 10 minute per axs, 2.41

Specifications and Characteristics
B-11
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Power
Requirements

Weight

Dimensions

Gyms; Resonant search 5 to 500 Hz swept sine, 1 Octave/minute sweep
rate, (0.75G), 5 minute resonant dwell @ 4 resonances per axis.

Voltage: 115/230 V a¢, — 25% to + 15%, 48-66 Hz,
Power: 350 VA maximum.

Net: approximately 10 kg (22 [b).
Shipping: approximately 20 kg (44 Ib).

Refer to outline drawings below.

‘,J NOTES
=3

{. Dimenzions are for genergl information oniy.
If dimensions are required for building special
snclosurex, contget your WP fisid engineer.

2. Dimengion gre in mitiimetrds and (inches).
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Index

L

DivDv markers, 3.5

b s to complete, 4-2
+ width, 1-4
- width, 1-4

A

abort Key, 12-6, 12-8, 12-1p
acquisition test, 12.5

add to memory Key, 10-3
addressed, 12.2

addressed meny, 12.2

after save Key, 11-8

Air Flow Requirements, 2.7
Algorithms, 1-1

Altitude, 2-2

altenuation menu, 12.7
auto triggered scroll, 4-2
Automatic measurements, 1-1
Automatic Top-Base, 1-2
AUTOSCALE Key, 3-5
axes, 7-5

C

cal select Key, 12-9
Calibrarion Procedure, 1212

P 545024
Front-Panel Reference

calibrator protection, 2-3
chan/mem Key, 9-3
Channe], 3.7

CHANNEL Key, 5.1, 12-8, 12-19
Channe! Meny, 5.1

CLEAR DISPLAY Key, 3-3
CLEAR key, 3.9

clear memory Key, 10-3
clicker Key, 12-11

clock Key, 6-15

CLR MEAS key, 11-2
comnect dots Key, 7-6
connect the dots, 3.5
Contents of Shipment, 2-1
continue Key, i2-8, 12-10
continuous Key, 11-3
coupling Key, 5.2

D

Didelta]t markers, 8-3

data acquisition, 3-3

defaulr conditions, 3-11
Define Measure Menuy, 11-1
delay Key, 4-2, 6.22

Delay Trigger Exercise, 6-23
Delay Trigger Mode, 6-29
delayed sweep, 4.3

Display, 3-7

display Key, 9-2,10-2/ 10.3
Display Menu, 7.1

Display Mode Key, 7-2

duty cycle, 1-5

A
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ECL Key, 54
ECL/TTL presets, 3-5
Edge Definition, 1-3
Edge Trigger Exercise, 6-4
edge Trigger Mode, 6-2
Entry, 3-8
EOQI Key, 12-3
Exercise
Waveform Save, 10-4
Delay Trigger, 6-23
Edge Trigger, 6-4
Partern Trigger, 6-10
State Trigger, 6-16
tv Trigger, 6-29
Exercise, Waveforn Math, 9-7
exit menu Key, 12-3, 12-6, 12-8, 12-10

External Equipment
Connecting, 2-7
F
failif, 11-8
falltime, 1-5
falltime measurements, 1-1
field Key, 6-28
' FINE Key, 41

firmware revision, 12-1
form feed Key, 12-3
frame, 7-5

frequency, 1-5

Front Panel Overview, 3-1
function display, 3-10
Function Key, 9-2

fuse module, 2-4

Index-2

Gain cal, 129
grid, 7-5

H
HARDCOPY Key, 3-3
holdoff, 3-5

hoidoff Key, 6-3, 6-10, 6-16, 6-28
HP-IB interface, 3-3

HP-IB menu, 12-2

Humidity, 2-2

Input, 3-9
Instrument Reset, 3-11
Intensity Control, 2-7

K

key
CLR MEAS, 11-2
continuous, 11-3
EOI, 12-3
form feed, 12-3
orif, 11-8
Run/Stop, 3-2
save after, 11-8
save to, 11-8
standard/user defined, 11-4
abort, 12-8, 12-10 '
add to memory, 10-3

HP 54503A
Front-Panel Heference
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AUTOSCALE, 3.5
cal select, 12.9
chan/mem, 9-3
Channel, 5-2, 12-10
Clear Display, 3-3
clear memory, 10-3
clock, 6-15

connect dots, 7-6
continue, 12-8, 12-10
coupling, 5-2

Delay, 42 6.22
display, 10-2/ 103
Display Mode, 7-2
ECL, 5.4

exit meny, 12.3, 12-6, 12-8, 12-10
fail if, 11-8

field, 6-28

FINE, 3-9

Funetion, 9-2
Hardeopy, 3-3
holdoff, 6-3, 6-10, 6-16, 6-28
level, 6-3
level/polarity, 6-28
ling, 6-28

Local, 3.3
meas/meas def/meas limir, 113
tore, 5-3
nonvolatile, 10-2

#, T4
off/frame/axes/grid, 7-5
offset, 5.2, 9.4
operand, 9-3
operator, 9-3

paper length, 12-3
patiern, 6-9
position, 4-4
present, 6-16

probe, 5-3

qualify on, 6-20
RECALL, 3-5
reference, 4.3
SAVE, 3.5

HP 548034
Front-Panel| Heference .

sensitiviry, 9-4
set, 11.8
SHOW, 3-6
single, 3-3
slope, 6-3
source, 6-3, 6-27, 10-2
start cal, 12-8, 12-10
start test, 12.6
statistics, 11-3
store, 10-2
test, 11-7
tbrcsholds/mcasu:cments, 114
Time/Div, 4-1
timebase, 4-4
trigger on, 6-23
TTL, 5-4
Vertical Sensitivity, 5.2
volatile, 10-3
waveform/pixel, 10-1
when, 6-9, 6-15
window, 4-3

Key-down power up, 3-11

knob, 3-8/3-9

L

level Key, 6-3
level/polarity Key, 6-28
fine Key, 6-28

Line Switch, 2.7

line voltage setector, 2.4
List of Accessories, 2-2
LOCAL Key, 3-3

loop Test, 12-6

Ml_ﬂd‘ex-s
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M

Making Measurements, 1-1
Maximum Vertical Sensitivity, 1-1
meas Sub-menu, 11-3
meas/meas def/meas limit Key, 11-3
Measure Define, 11-4
Measure Limit, 11-7
measurement limit test, 3-5
Measurement Selection, 11-2
Measurement Setup, 1-1
Memory 0, 3-5
menu

channel, 5-1
Menus, 3-7
Minimum Vertical Sensitivity, 1-1
more Key, 5-3

N

n s to initialize, 4-2
noise reject Key, 6-3
nonvolatile Key, 10-2
nonvolatile memory, 10-2
#

of screens Key, 7-4
numeric keypad, 3-8

0

offset Key, 5-2, 9-4
Offset, hysteresis, trigger cal, 12-9
1
/delta t, 83
Qperating Environment, 2-2

Index-4

Operator Key, 9-3
orif Key, 11-8

P

paper leagth Key, 12-3
pattern Key, 6-9

Pattern Trigger Exercise, 6-10
pattern Trigger Mode, 6-8
period, 1-5

persistence, 3-5

pixel Menu, 10-3

position Key, 44

power input, 2-3

Power Requirements, 2-3
power switch, 2-3

present Key, 6-16

probe attenuation, 5-3

probe attenuation failure, 12-8
probe cal menu, 12-7

probe Key, 5-3

Q
qualify on Key, 6-20

R

ram Test, 12-5

range, 6-10

Rear Panel Layout, 2-3
RECALL 0, 3-3

RECALL CLEAR, 3-5,3-11
RECALL Key, 3-5

reference Key, 4-3

reference point, 42
Repetitive Bandwidth, 1-1

HP 54503A
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risetime, 1-5
risetime measurements, 1-1
RUN/STOP Key, 3-2/3-3

S

Sample Rate, 1-1
SAVE Key, 3-6
save to Key, 11-8
Self Cal menu, 12-9
selftest menu, 12-4
sensitivity Key, 9-4
service menuy, 12-11
set Key, 11-8
Setup, 3-4
Shipping, 2.2
SHOW Key, 3-6
SHOW screen, 3-13
SINGLE Key, 3-3
slope, 3-5
slope Key, 6-3
source Key, 6-3, 6-27, 10-2
standard + widtk, 1-4
standard - width, 1-4
standard/user defined Key, 11-4
start cal Key, 12.8, 12-10
start marker, 8-3° T 7
start test Key, 12-6
State Trigger Exercise, 6-16
state Trigger Mode, 6-15
statistics Key, 11-3
stop marker, 8-3
Stopped mode, 3.3
Storage, 2.2
stare Key, 10.2
submenu

attenuation, 12-8

time null, 12.9
Sweep speed, 3-5, 4.1
System Control, 3.2

HP 54503A
Front-Panel Reference

talk only, 12-2
talk only menu, 12-2
Test
loop, 12-6
test Key, 11-7
threshold, 6-1
thresholds/measurements Key, 11-4
time Key, 12-9
time null submenu, 12-9
Time/Div Key, 4-1
Timebase, 3-7
timebase Key, 4-4
Timebase Menu, 4-1
timebase window, 3-5, 9-3
Trig'd/auto Key, 6-3
Trigger, 3-7
delay, 6-1, 6-20
edge, 6-1/6-2
pattern, 6-1, 6-8
state, 6-1, 6-15
tv, 6-1, 6-27
Trigger level, 3-5, 6-1
Trigger Menuy, 6-1
trigger on Key, 6-23
triggered scroll, 4-2
TTL Key, 5-4
tv Trigger Exercise, 6-29
tv Trigger Mode, 6-27

U

Unpacking, 2-1
user-defined + width, 1.4
Utilities, 3-7

Utidity Menu, 12-1
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Vamp, 1-5

Vavg, 1-6

Vbase, 1-5

Vertical offset, 3-5

vertical position, 5-2
Vertical Resoiution, 1-1
Vertical sensitivity, 3-5
Vertical Sensitivity Key, 5-2
Vmarker 1, 8-2

Vmarker 2, 8-2

Vmax, 1-5

Vmin, 1-5

volatile Key, 10-3

voltage selector module, 2-3
VP'Pa 15

Vrms, 1-6

Vtop, 1-5

W

waveform math, 3-5, 3-7
Waveform Math Exercise, 9-7
Waveform Math Menuy, 9-1
waveform Meny, 10-2
Waveform Save, 3-7
Waveform Save Exercise, 10-4
Waveform Save Menu, 10-1
waveform/pixel Key, 10-1
when entered, 6-9

when exited, 6-9

when Key, 6-9, 6-15

when present, 6-10

window Key, 4-3

Window position, 4-4
Window timebase, 4-4

index-6

HP 54503A
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About this
book ...

This getting started guide is an hands-on introduction to the
HP 54501A, HP 54502A and HP 54503A Digitizing Oscilloscopes.

Whether a novice oscilloscope user or just new to this particular model,
this book gives a working knowledge of the operation of these
oscilloscopes. The items covered are:

front-panel layout,

applying power to the instrument,
setting up the oscilloscope,

making some measurements,

using and interpreting the display, and
using some other basic features.

* 8 ® & » @

The names of kevs (AUTOSCALE, TIME/DIV) are in bold type. The
actions (rotate the knob, press the AUTOSCALE key) are set off by
bullets. The text indented under the bullets explain the action.

The HP 54501A was used for most of the examples and figures in this
guide. Although all three oscilloscopes operate very similarly, there are
some differences in the features of each. The HP 54501A and HP 34303A
have ac calibrator signal of approximately 1.5 kHz and the HP 54502A
calibrator signal is approximately 500 Hz. Therefore, some of the values
on the display and in the menus of the figures may be different than those
displayed on the HP 543502A.

Every feature and function of the oscilloscopes is not covered in this
guide. All menus and functions are described in the Front-Panel
Reference for each oscilloscope.

For an understanding of digitizing oscilloscopes ... or a refresher, Feeling
Comfortable with Digitizing Oscilloscopes., HP Part Number 9320-3776, is
supplied with each oscilioscope.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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Introduction 1
m

The HP 54501A, HP 545024, and HP 54503A are affordable general
purpose digitizing oscilloscopes. These oscilloscopes are portable and
completely HP-IB programmable.

All three digitizing oscilloscopes have the following features:

Ability to view signal events prior to trigger
Instant Hardcopy Qutput

Autoscale for Automatic Setup

Full HP-IB Programmability

Automatic Measurements with User Defined and Statistics
Measurement Limit Test

Waveform Math ( +, -, X, vs, invert, only)
4 Nonvolitile Set-up Memories

4 Nonvolatile Waveform Memories

2 Volatile Pixel Memories

Dual Timebase Windowing

Advance Logic Triggering

TV Triggering

® & 6 2 & P P e B e e e 8

HP 54501A, HP 54502A and HP 54503A introduction
Getting Started Guide 1-1
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Introduction
1-2

Fach model has separate features that make it different from the other
two models.

The HP 54501A features:

Repetitive Bandwidth - de to 100 MHz
Single Shot Bandwidth - de to 1 MHz
Maximum Vertical Sensitivity - 5 mV/div
Sample Rate - 10 MSa/s

Number of Channels - 2+2

Memory Depth - 1K/channel

e & & & & @

The BP 54502 A features:

Repetitive Bandwidth - de to 400 MHz

Single Shot {Realtime) Bandwidth - dc to 100 MHz
Maximum Vertical Sensitivity - 2mV/div

Maximum Sample Rate - 400 MSa/s

Number of Channels - 2

Memory Depth - 2K/channel

External Trigger - | channel

*« 5 & & & &

The HP 54503A features:

Repetitive Bandwidth - 500 MHz
Single Shot Bandwidth - deto 2 MHz
Maximum Vertical Sensitivity 1 mV/div
Maximum Sample Rate - 20 MSa/s
Number of Channeis - 4

Memory Depth 1K/channel

s & & & B &

Complete specfications and characteristics are listed in appendix A of the
Front-Panel Reference for each oscilloscope model,

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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Front Panel The oscilloscope front panel is organized into six functional areas.
Layout Typical front panel operation consists of these three main steps.

e select amenu (MENU Select),
o select a function (Function keys),
e enter numeric value (Entry Devices).

Menu Select

Function Keys System Control Setup
AN /
~~ ~ ~ 7
( Ooooo||o
, : T QO
O Yoooop! &
o (U R [ |
. N ) Tk 5
] oo O
O Qg
oo @
O oo
o | 6a,
N A o
© 0 o of]
1 fj // "
S45H1/EX8
Signal lnputs/ Entry Devices
HP 54501A, HP 54502A and HP 54503A Layout and Setup
Getting Started Guide 2-1
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Rear Panel The rear panel of the instrument contains the power input, voltage
Layout selector module, and power switch.

Voltage Selector and
Fuse Module

Powerin{ On - Off Switch /
@

o
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| vm—
| ——— |
| —
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HP-1B Connector
DC Calibrator Qutput

Probe Compensation
AC Calibrator
- -Output

Layout and Setup HP §4501A, HP 54502A and HP 54503A
2-2 Getting Started Guide
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Start Up

Connecting Power

Applying Power

Refer to the Front-Panel Reference for complete installation instructions.

To ensure safe operation, the following items should be checked before
power is applied to the instrument:

s Before connecting the instrument (o an ac power source, ensure that
the line voltage selector module is installed for the correct voitage.
On the voltage selector module, the correct voltage selection must be
at the bottom.

s Make sure that the correct power cord is supplied with the
oscilloscope to provide chassis ground for the instrument when it is
plugged into the power receptacle.

After the power cord has been connected to the instrument and
appropriate power source, set the rear-panel power switch ON to start

.instrument operation (0 indicates OFF and 1 indicates ON).

HP 54501A, HP 54502A and HP 54503A Layout and Setup

Getting Started Guide
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Resetti ng the This instrument stores all settings in nonvolitile memory when power is '

Instrument removed or turned off. These settings are remembered on power-up. In ‘
order to get all settings and keys to a known starting position, for the
following procedures, reset the instrument.

e Press the front panel RECALL key and then the CLEAR key.

0000000

-
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Layout and Setup
2-4

CLEAR Key

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide



https://www.manualsplus.com/

B S

4

i

n

M
af

mom
"

"
L

B I R O

i b e

mnanm

o o W o W W

W &

S i e

In this chapter a basic oscilioscope setup is performed. The oscilloscope
is set up automatically and manually. Generally, the automatic setup is
used on an unknown signal or signals, then adjusted (fine tuned) manually.

HP 54501A, HP 54502A and HP 54503A Instant Setup
Getting Started Guide 31
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Instant Setup 3
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Autoscale Autoscale automatically finds, scales, and displays the input waveform.

e Connect the ac calibrator output, on the rear panel of the oscilloscope
to channel 1 input with the supplied probe and probe-to-BNC
adapter.

s Press AUTOSCALE key.

hp running

PR B T Tt LI D T B B S LI L llw\l\i\‘.i‘ Eoomv/dgv

L 4 ) 1 ofiset:~400.0 mV

= + 4 100000 de

L L E

- 4 B

:a @®
F--w\.-r;: PSSV S N O ST T SOOI S OO Y0 U 000 O S

1.C0000 ms 0.00000 s 1. 0CC00 ms

200 us/div
54501 /W29 1 4 —400.0mV

The channel settings and trigger information are displayed along the
right edge of the display.

Instant Sefup HP 54501A, HP 54502A and HP 54503A
3-2 Getting Started Guide
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p Vertical Setup

CHANNEL

The vertical setup displays the signal at most amplitude levels.

rfg ,_-J—U e Press CHAN Menu key.
i
b R—
| ooFf g 3
I ———
: - Channel menu is displayed along the right edge of
the display and volts/divison is active function :
offsat (displayed in full-bright inverse video.)
[Soooe ] |
e Press more key.
’ ae
BW 4 im J . . . .
s Change probe attenuation to 10:1 (attenuation of probe supplied with
. oscilloscope) with keypad or knob. :
oo ; Notice the voltage information '
‘.% i changes but the displayed waveform
does not.
CHANNEL [MORE ) , "
3 4 ) e Press more key again to return to the first channel menu and rotate ;
T o) the knob slowly. ‘
cr obe — z
] The volts/division changes and the waveform
amplitude on the dispiay changes. t
EGL : e
) Notice the volts/division changes in ;
% T much smaller increments because of |
the change in probe attenuation. :
f
@m — ¢ Eater 250 mvolts,
[ more g
e i Press 2, 5, 0, mV keys in order. The unit key
completes the entry.
HP 54501A, HP 54502A and HP 54503A instant Setup

Getting Started Guide

3-3
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Instant Setup
3-4

s Press channel ON/OFF function key.

Turn chanrel 1 display off.

The dot below the channel selection
changes from inverse video to an
outlined dot. This indicates that the
channel is turned off.

Press channel On/OAY function key again.

Turn the channel 1 display back on and the dot
becomes an inverse video diplay.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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@ Timebase Setup Setting the timebase displays the signal at different time/division settings
& (Remember the frequency of the HP 545024 is different than the
HP 54501A and HP 54503A and will have different values displayed.)

o Press TIMEBASE menu key.

The displayed menu changes to the timebase menu,

i eference s The selected function is

L, - time/division (top key in menu,
refifontry aht i ) .

“i ' e displayed in full bright).

w0 dow e
i -

s Rotate the knob.

The time/division changes in a 1, 2, 5 sequence as the
knob is rotated.

Ro g
: - [= I
L . i} i .
3 b Ll s 263,2:2(/)@3 PoOOI00 ms

1

4 HP 54501A, HP 54502A and HP 54503A Instant Setup
3 Getting Started Guide 3-5
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Instant Setup
3-8

.-/"

Enter 500 wseconds,
Press 5, 0, 0, ws keys in order.
When using the keypad, press a @
units key (s, ms, s, or 6s) to
complete the entry,
hp running T EMESASE
r |
—reference
T Ief!,riqht;
- ; 1 o ; : | i I;mo—w-—*—wo
o |
i I4501/%F 31
;
T
—2 50000 ms 0. O08E0 s ZTEG000 ms
200 Ls/div

0

HP 545014, HP 54502A and HP 54503A
Getting Started Guide
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@“ Trigger Setup

The oscilloscope can be set to trigger at any threshold level with the
trigger level function.

¢ Press TRIG menu entry key.

L TR~ TR~ T - 7}

al &l oo Ql

=

S - T A - I - V-

o ldoff —

I coxeews |

P oiriae The trigger menu is displayed on the right edge of the
display.
J - patiern
| Srote deigy twv The level function is selected
— source (fuii-bright).
B-ER
i ! S
| Exemm
i 1 : IIGE TRIGGER
2 ~Rx Cve
S R | ees R

[EE R R

TR RN

34504W12

|

ERURTES SR RO S Y S

e @veld s

i
'
if ] i
b

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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100000 my
ws/div
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SE501/WF 32

instant Setup
3-7
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Instant Setup

3-8

« Rotate the knob.

As the knob is turned the trigger level value is
changed.

The trigger level is a horizontal
dotted line that moves up and down
as the knob is turaed.

o Set trigger level to -630 mvolls.

Enter this value with the keypad.

s Press SHOW key.

Key is located at the right of the oscilloscope in the
SETUP section.

Channel and trigger setup
information is displayed.

s Press SHOW key.

Return to trigger menu.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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Making Automatic Measurements 4

There are 16 parametric measurements these oscilloscopes can make
automatically. These measurements are made with preset (standard)
measurement definitions or by user defined measurement thresholds.
This chapter performs measurements using the standard measurement
definitions. For more information on user defined measurements, refer to
the Define Measure Menu chapter of the Front-Panei Reference.

HP 54501A, HP 54502A and HP 54503A Making Automatic Measurements
Getting Started Guide 4-1
i!.
.
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Making the This exercise measures frequency and peak-to-peak voltage of the
Measurements displayed waveform.

RISETI3E FALL T IWE FREQ PERTOL

saleairilen

~HICTH ~WIDTH BTy Y OELAY

ESERREDRED

v oMIN WA v RMS

2}@i“sj

CLEMR

e Connect the ac calibrator signal from the rear panel to channel 1.
o Press AUTOSCALE.

Display and trigger the signal from channel 1.
e Press SHIFT (biue) entry key.

Select the alternate (blue letter) functions of the
keypad.

Making Automatic Measurements

HP 54501A, HP 54502A and HP 54503A

4-2 Getting Started Guide
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HP 54501A, HP 54502A and HP 54503A
Getting Started Guide

e Press FREQ [9] entry key.

Select frequency as the measurement to be made.

At least one complete cycle of the
signal must be displayed.

e Pressthe 1 entry key to select channel 1 as measurement source.

s The result of the frequency measurement is displayed as in figure

below. (Frequency of HP 54502A rear panel calibrator signal is
approximately 500 Hz rather than the approximate 1.5135 kHz of
HP 545014 and HP 54503A.) '

g renning

N b 200 ~vsdiv
- gfiser =420 .0 mv
- 1.000 dc
: }
— 1 20000 ms 000000 s 100000 ms
200 us/ddiv
frecuency (1° 1,513 10kHz S
EELIAEIer

¢ Press SHIFT key.

Making Automatic Measurements
4-3
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Select the measurement functions.

s Press Vp-p [1] entry key.

Select peak-to-peak voltage as the measurement.

e Pressthe 1 entry key.

hp ruaning

To select channel 1 as the measurement source.

Time and voltage markers would be
displayed showing where the
measurement was made if

200 mV/div
cffset =400.0 my

-+ 1.00: 1 de

: 1 .

o

~1.00000 ms D QGO0 s 1.0000C ms
200 ussdiv
I TLEIB15kH Ve 3. r—
freguency (13  T.51015kHz Voo 8§75 .000mv i_f 500 O v
34501933

CONtINUOoUs measurementis were
turned off.

e Read the measurement results.

Making Automatic Measurements
4-4

Measurement results are displayed befow the
waveforms. Up {o eight measurements can be
displaved at a time.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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If another measurement is made,

after the screen is full, it is piaced on the

bottom display line and the top set of measurements are erased from the

display.
Clearing the This portion of the exercise shows how to eliminate the measurements

Measurem ents from the display.

e Press SHIFT entry key then the CLEAR entry key.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide

R
WA g

All measurement results are erased
from the display.

Making Automatic Measurements
4-5
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L
Measu I'iﬂg Measurements can also be made on a waveform that is stored in a i
Other Sources Waveform Memory or on the results of a mathematical calculation, a .

Waveform Functiosn.
e Press SHIFT entry key then the V P-P [1] entry key.

At this time the measurement source prompt is c#
(for channel number).

e Rotate the knob slowly.

The measurement source prompt cycles through m#,
f#, and c#.

When m# is selected a waveform
memory number can be selected as
the measurement source, and when
f# is selected a waveform function
number can be selected as the
measurement source.

e Press SHIFT entry kéy.

The measurement is cancelled.

Making Automatic Measurements HP 54501A, HP 54502A and HP 54503A
1-8 Getting Started Guide
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Making Manual Measurements 5

Two sets of markers {cursors) are available on the oscilloscopes to make
manual time and voltage measurements. These procedures make voltage
and time measurements with the voitage markers and time markers.

fp running

q
q O.0000C s P OQOC0 ms
200 ug/div
4
§
.
i
|
1 HMP 54501A, HP 54502A and HP 54503A Making Manual Measurements
| Getting Started Guide 5-1
e
p
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Making Voltage  voltage measurements are made with a pair of voltage markers to -
Measurements determine 1 or 2 specific voltage points on a waveform. @

The oscilloscope automatically calculates the voltage difference between
the two markers and displays that difference as the delta voltage value.

The following procedure makes a peak-to-peak voltage measurement,
then a positive peak measurement with the voltage markers.

¢ Connect the ac calibrator output to the channel 1 input.
e Press the AUTOSCALE key (or set up the channel display manually),
Display and trigger the waveform.

e Press At/AV menu key. .

Ap running

=TT T :_ T LI B B B T T i 2OC -y

- i dooffset: =300 0 mv

. + 4 10,00 de

; ! ;

1. 00000 ms D.O00TT s | 0000 ms .
20D usodiv

5450 1W28 147 =300 v

Making Manual Measurements HP 54501A, HP 54502A and HP 54503A

5-2 Getting Started Guide
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B/ Vmarker 2 e

AV markers —e—

off

1 1 .OE]OO Y
M Vmaorker

1o coco0 v
AL markers

—start marker =

—200.000 us

g

J

Fstep marker

202 .000 us|

7

HP 54501A, HP 54502A and HP 54503A

Getting Started Guide

Selects the At and AV function.

The At/AV markers are off by
default, Turn the At markers off if
they are on.

Press AV markers function key to select on to enable the two markers.
Press Vmarker 2 function key several times.

The selected function (intensified display) toggles
between the Vmarker 2 source and the Vmarker 2
voltage.

Select the source function for control and slowly rotate the knob
clockwise.

The selected source changes.

As the knob is rotated all sources
are displayed one at a time
(channels, waveform memories, and
waveform functions).

Set the source selection to 1 (channel 1) using the knob.

Press the Vmarker 2 function key to select the Vmarker 2 voltage
function.

Rotate the knob.
Vmarker 2 is at the top of the waveform.

Read the voltage at Vmarker 2,

Making Manual Measurements
5-3
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The actual voltage at Vmarker 2 with respect to the
voltage reference is displayed as "Vmarker2(1)
XXXX V!

The number in parentheses is the 0

source for the measurement.

Ensure the Vmarker 1 source is set to 1 {channel 1).

hp running (‘/_\V markers
off E

L Vmarker 2
1&g 0oomv

B o Vmarksr 1 ———
T % 1 100 oot ¥
I ;

(—at markersg —em—
|

on
o s s
3450 VWIS

I
|

Lo S I TR S ST TS SERTSTES B

=-1.0G000 ms 0.00000 s 1., 00000 ms

200 usidiv
VmarkerZ2i 1l 82, 00CmY
Yrarker 1{ %} =50, 000V
dalta Wit} ARG O00mY

This key also toggles between a
measurement source and a voltage
level.

Press the Vmarker 1 function key to select the Vmarker 1 voltage.
Rotate the knob until Vmarker is at bottom of waveform.
Read the voltage at Vmarker 1

Vmarkerl (1) XXXX V.,

Read the peak-to-peak voltage.

MMMMMMMMMMNM

3

N

meomom oM n

-

e

Making Manuai Measurements HP 54501A, HP 54502A and HP 54503A
5-4 Getting Started Guide
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HP 54501A, HP 54502A and HP 54503A

Getting Started Guide

hp ruaning J"AV mare s
i S
L e Vmgrres 2
‘ E=
E,—-At mc:r-'efs“""'—ﬂ\x
| [ou
""""" [ S 450 WS
700000 me 000000 % T.00006 ms.
_ 260 s div
Vmarkar2( 1} 60 . GOLmy
Vmarker 1010 ~815 C0CmV
daite Wi} 875 . 000my

The peak-to-peak value is the deita ¥’ reading at the
bottom of the display,

For more information about setting and using voltage markers, refer to the
At/AV MENU section in the Front-Panel Reference of the oscilloscope.,

Making Manuai Measurements
5-5
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What are Time Time interval measurements are made with one or both of the time

Interval markers to determine the relationship of a specific poiat on a waveform to
the trigger point. The oscilloscope automatically calculates the time

Measurements? difference between the two markers. The "delta t* calculation is always
made by subtracting the time at the "start marker" from the time at the
“stop marker.” Therefore it is possible to obtain negative time readings on
"delta t" if the "stop marker" is placed on the display before the "start
marker,”

After an Autoscale, the trigger point is displayed at the center of the
display. 'When a time marker is placed on the left half of the display the
time for that marker is negative, indicating it is before the trigger. Any
marker to the right of the trigger point is after the trigger and its time
reading is positive. The reference for the display (trigger point} can be
changed to left, cntr (center), or right of the display in the TIMEBASE

menu.
R

Measu fiﬂg a The following procedure measures the period of a complete cycle of the
Waveform calibrator signal.

Period

¢ Connect the ac calibrator output to the channel 1 input.

Press AUTOSCALE (or set up the oscilloscope display manually).

Press At/AV menu key.

e Press At markers function key to turn on the markers.

Making Manual Measurements HP 54501A, HP 54502A and HP 54503A
5-6 Getting Started Guide
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5 |
| o Press start marker function key.
_ The start marker is now controlled
by the ENTRY devices. Full-bright
G | @ inverse video indicates a function is
) selected.

s Rotate the knob.

Set the start marker on the first displayed
negative-going waveform edge.

- e

»  Press stop marker key.

=Y

Select the stop marker as the active function.

-

¢ Rotate the knob,

&

Place the stop marker on the second displayed
0 negative-going waveform edge.

1

A

hp runnt g {—mf morkers

|

a

S g

al

&l Tarkars m—

4 . | o |
N I . !
. ! glart markar —-
q I g e —
'. ! [ Z332.000 sy
H I i j
3 ; | E {”S‘Lc: “:Gr‘ker w-ag
b : ‘ (W coco o
OG0T s O.L0006 s 100000 ms | m i
g P 20 us/div [— - ;
\ stop marker: O.C0C00 s S50 14 5
start marker: —332.200us
B delta L: 332 200us
irdelta Lo 3.01I05uk;

HP 54501A, HP 54502A and HP 54503A Making Manual Measurements
Getting Started Guide 5-7

Fal

W g



https://www.manualsplus.com/

Read the start marker time, stop marker time, and delta t time.

Ap running

The delta t value is the time at the stop marker minus

the time at the start marker. At this time the deltat
value is the period of the waveform.

The 1/delta t reading displays the
frequency of the selected period.

;
:
:
L :
I
|
- 1
: I
" . 1
: I
. .
H P :
% E
[ — i i
, :
| I ;
1 B
TTTE0000 ms 8.0600C s V00000 ms |
. 200 us i
stop marxer:  328.000us
start marker: —332.000us
dalta t: B60.000us
Trdeits o 1. 531515kMz

Making Manuai Measurements
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HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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Storing Setups and Waveforms ©

a ¥ W od

N The oscilloscope stores and recalls up to four front-panel setups and four

1 | waveforms in nonvolatile memories. These procedures save and recali !
N front-panel setups and waveforms, '
i

1
2
13

4

=

=
y

-

<

L~

-

HP 54501A, HP 54502A and HP 54503A Storing Setups and Waveforms
Getting Started Guide 6-1
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T
Storing Front- Connect a signal to the channel 1input. e
Panel Set Ups

Use the ac calibrator or any other
handy signal.

o  Set the oscilloscope to display the waveform.
Use AUTOSCALE for ease.
s Press SAVE key then the 4 kev.

This saves the current front-panel

setup in SAVE/RECALL register
number 4. There are four
SAVE/RECALL memories .
numbered 1 through 4. Any one can

be selected.

e Change some front-panel settings.

For example, change the time/division in the
TIMEBASE menu and the volts/division in the
CHAN menu.

e Press the RECALL key, then the 4 key.
The instrument returns to the set up that was saved.

The SAVE/RECALL registers save all front-panel sefections and settings.
It will not cause any actions to take place, for example when a front-panel .
setting is recalled, it cannot initiate a measurement.

Storing Setups and Waveforms HP 54501A, HP 54502A and HP 545C3A
6-2 Getting Started Guide
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Storing a
L./ Waveform

WAVEFORM SAVE

pixel

—nonvolatile ‘T
m2 m3 m4

-

— dispiay

- EXEA an

A 3ource

chqﬂ.-?_ 3 4
func 1 2
store

543Q01W20

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide

T
b

This procedure stores a waveform, changes the offset setting, then recalls
the stored waveform and compares it to the currently displayed waveform.

¢ Connect a signal to the channel 1 input.
e Set the oscilloscope to display a waveform.
Use AUTOSCALE.
e Press WFORM SAVE menu key.
Select the waveform save ment.
o Select waveform with waveform/pixel function key.

o Press nonvolatile function key and select memory 3 (m3).

Storing Setups and Waveforms
6-3
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CHANNEL

e Press source of store function key.
Select 1 (channel 1).

This selects channel 1 waveform to
be stored. If waveform is displayed
on channel 2, 3, or 4, select that
source at this point.

e Press store function key.

The channel 1 (or selected)
waveform is now stored in
nonvolatile memory.

O preset )
‘ more L one )E e Press CHAN menu key.
S4501WI0 '
e Press offset function key.
WAVEFCRM SAVE e Rotate knob to move the displayed waveform up or down. &

( . |
cveiermgrixel .
| MEEENS Loy This step changes the currently

—nonvoiatiie displayed waveform to make it
' easier to tell the difference.

!II!IImZ m3  m4
~disnlay — s Reselect WFORM SAVE menu.

| o
(
i

. I U T " S O

o If nonvolatile m3 is not selected, select it at this time.

— BOUrce
chonm 2 3 4
ifune 1 2

‘ store

w

45

n
fo]

W20 0
e

Storing Setups and Waveforms HP 54501A, HP 54502A and HP 54503A
6-4 Getting Started Guide
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« Press display function key in the waveform save menu.

®

hp running

® o s

Display the memory 3 (m3) waveform.

At this time two waveforms are
displayed, the one that has the
offset changed is the current
waveform {displayed in fullbright)
and the other the stored waveform
(displayed in halfbright).

To see the stored waveform better,
select the CHAN menu and turn the

active display off.

T T Y .;1|n;lntin4‘|..14:.

e

L B Y M

P qusd

YT T T oy

badfad o

WAVEFORM SAVE
pixel
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HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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Storing Setups and Waveforms
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@ Making a Hardcopy Output 7

W
i
i

The procedures in this chapter demonstrate how to get a hardcopy output
i of the oscilloscope display. An HP-IB compatible printer or plotter can
be used with the HP 54502A and HP 54503A. This procedure uses an
1 BHP THINKJET printer as the output device. The first portion of the
, arocedure sets up the HP-IB interface for proper operation between the
1 printer and oscilloscope.
1 If the oscilloscope and plotter or printer are already operating together,
i skip to the second portion of this procedure.
1 @
i
1
1
1
g
dq
g {e %
&
a4
4
3 HP 54501A, HP 54502A and HP 54503A Making a Hardcopy Cutput
1 Getting Started Guide 7-1
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Setting Up the

HP-IB

UTILITY

!;;wiﬁ menu

[y

NS

selftest menu

probe cal menu

self col menu

!
t service menu
1

clicker
gwoff

g BNC ————n
probe  Comp

: trigger cutl

rev date
54502W38

HAP-IB

‘\ |
Jqdrassec

EC‘I“_-_’_}
it |

torm feed
[_ of f

DaDer ieng!nm}
TR
At e

Fedguice mode

v

) v L
[N ———
E—
g exit T !
545030 L

menus in this procedure are from the HP 54502A. Plotter compatablity

Connect the printer to the oscilloscope with a standard HP-IB cable. The 6

is not available with HP 34501A.

»

Making a Hardcopy Output

7-2

Set the printer to LISTEN ALWAYS.

Switch 2 on the printer must be set to the up position.

Apply power to the printer.

If any printer switches have been
changed, the printer power must

be

cycled so the new settings are read.

Press UTIL key on the oscilloscope.

Selects the Utility menu functions. .

Press the top function key to select the HP-IB functions.

Shows a second level function to
the talk only/addressed mode.

If talk only is not selected, press the talk only/addressed key.

set

This sets the oscilloscope to the talk

only mode. In this mode, the
oscilloscope becomes an HP-1B
tatker,

If print is not selected in HP 54502A and HP 54303A device mode .

function, select it now.

The oscilloscope and printer are
now set to operate together.

HP 54501A, HP 54502A and HP 545

03A

Getting Started Guide
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Hardcopy Connect a signai to the oscilloscope input.
Output
e  Use AUTOSCALE or set up the oscilloscope to display the input
signal manually,
e Make some automatic measurements.
This is only to demonstrate the
output.
e Press SHOW key.
{Q Displays the setup information.
= Again this is not required to make
the hardcopy.
e Press HARDCOPY key ( front panel SYSTEM CONTROL section),
The printer receives a copy of the
osciiloscope display, including the
measurements and setup
information.
®
HP 54501A, HP 54502A and HP 54503A Making a Hardcopy Output
Getting Started Guide 7-3
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» a
: Dual Timebase Windowing 8
E 3 This chapter uses the TIMEBASE WINDOW function to make waveform
| “3¢ | parametric measurements. Also, a risetime measurement is made with the
T oscilloscope.
F 4
4
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- 4
©F1@
E a
E a
E a
| I |
| I |
E Q
E g
i J
o:'e
Ea
E Q
E 4 Hi:’ 54501A, HP 54502A and HP 54503A Timebase Window
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Using the
Window

TIMEBASE
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Timebase Window

g-2

This procedure uses the TIMEBASE WINDOW function to measure the
risetime of the signal generator output.

The Timebase window function is similar to dual timebase in analog
oscilloscopes. This function picks a pertion of the main sweep and display
it below the main sweep waveform. The display can contain up to four
main sweep waveforms and four timebase window waveforms, using two
sweep speeds.

Connect the input signal to channel 1 input.

Press AUTOSCALE (or set up the oscilléscope display manually).

Select TIMEBASE menu.

Press window function key. \ .
Until on is selected.

Press window timebase function key.

Assigns ENTRY devices to control
the width of the window.

Rotate knob to display an entire positive pulse.
Press window position key.

Assigns ENTRY devices to control

the window position.

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide
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1 g ¢

s Rotate knob.

he running

Position the window markers around the
positive-going waveform edge of the main sweep.

While window position value
changes, the expanded,
positive-going waveform edge
moves horizontally on the lower
{windowed) display.

The window position and window timebase functions
should be positioned to display the entire positive
pulse.

All waveform information dislayed is based on the
windowed waveform,

[

|

~rafg-ance ———

Iefirightj

m[
|

r—WiﬂC:.v-—————-'"""*"““‘"““\

S o

R R RSt ST L

cgeted o bot- 4 fdpok \

mtime:-:se-—’*"—]
1
|

|

-394 . 5000 us

HP 54501A, HP 54502A and HP 54503A
Getting Started Guide

PEENP X

156. 200 us 406 .000 us
20,0 us/div

Timebase Window
8-3

P Rt



https://www.manualsplus.com/

Making ¢ Press SHIFT (blue) entry key.
Measurements
in the Window

Selects the measurement functions.

¢ Pressthe + WIDTH [4] entry key.

Tells the instrument which
measurement {0 make,

o Pressthe 1 entrykey.
Selects the measurement source.

If delta t and delta v markers are still on from the previous example in this
guide, then they will appear in the window display. The measurement is
made on the windowed waveform any time the window function is turned
on.

Timebase Window HP 548014, HP 545024 and HP 54503A
8-4 Getting Started Guide
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1 Digitizing or Analog?

You've finally captured an intermittent glitch on your analog
storage scope and you're trying to get a picture of it with your
scope camera. Unfortunately, before you can get a good picture,
the trace fades away. Or, you're trying to determine the rise
time of an edge with your scope, so you expand the trace to five
vertical divisions, center the trace with the vertical position
control, adjust the vertical expansion, readjust the position, and
then count divisions. Unfortunately, the edge doesn’t have
enough horizontal expansion and only covers two time divi-
sions, so you change the time/division knob and reposition the
waveform.

While the analog scope has been a mainsiay in the electronics
industry, it has some shortcomings that we have all accepted
because there wasn't anything better. Until recently, that is.
The analog scope is being challenged by one of its offspring, the
digitizing scope. Because of its newness and different means of
displaying and capturing data, there is often some confusion
about how digitizing scopes work and what they are good for.
Learning about a new type of scope also involves a time invest-
ment, which may net be easy to justify without a view of the
advantages.

The goal of this book is to point out and put into perspective
the advantages of digitizing storage scopes. We're not going to
tell you that a digitizing scope is better for every application;
both analog and digitizing scopes have their shortcomings. We
would, however, like to help sort out some of the misconceptions
and confusion about where digitizing and analog scopes fit,
while giving some basic information about how each works. We
will also discuss some digitizing scope specifications to look for,
as well as what they mean. All in all we hope this will help
you to see that the advantages of digitizing scopes make the
transition from analog well worthwhile.

Digitizing or Analog?
1-1
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Analog Scopes: How Do They Work?

What's Inside?

CHANNEL
b

T

CHARNEL
2

INFUT

EXTERNAL
TRIGGER

&
i

Before we talk about the advantages of analog scopes, let’s
review how they work for a few moments.

As vou can see in the diagram below, an analog scope has two
major signal paths. The first is the vertical signal path, which
ultimately is responsible for deflecting the CRT beam vertically
in response to the input signal. The second path is the horizon-

VERTICAL

tal, It triggers the scope
gcross the screen, In a ty
horizontally and voltage

and moves the beam from left to right
pical display, time ig represented
is represented by the vertical axis.

™ ereaw [V s
| A
W LINE
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g———-————d % - oﬂ.:g L] ouTRUT
: oo onver Lo .
" vertioar BT
% pREAMP  § .
H 5 :
L i srHe
! DICKOFF VEGTOR CRY
i
i
i
¥ i
HORLZ worTzoNTAL §
YRIGGER § o o bt outrur
cowrarator F o A

Analog Scopes: How Do They Work?
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The Vertical
Channels

When a signal comes into an analog scope, the first thing it
seeg are the attenuators. Attenuators match the high im-
pedance of the scope probes (typically 1 MQ or 10 MQ ) to the
low impedance of the vertical preamplifiers. The attenuators
also scale the input signals to a level the vertical preamps can
handle. The amount of attenuation and preamp gain is set by
the front panel vertical sensitivity knob.

Anaiog Scopes: How Do They Work?

2-2
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Triggering The triggering portion plays a very important part in the
operation of a scope-it determines where (in time) the trace
starts. In essence, the triggering circuits teil the horizontal sec-
tion when to start moving the beam from the left side of the
; CRT to the right. If the trace starts too early, the part of in-
O terest on the signal won't be seen. The same is true if it starts
too late. The figure below gives you an idea of what happens.

TOO EARLY PROPER TRACE TOO LATE

:

.
)

e i ST
it

E o I 3 = =) 0 'u' 414+

fgbott

J

A

L
L
L

How does the trigger circuit know when to trigger? It gets a
replica of the signal, called the sync pickoff, from the selected
trigger source. This sync pickoff is compared to a pre-set trigger
voltage that is set with the front panel trigger level knob. Most
analeg scopes let you specify a slope as well as a trigger
voltage. This allows you to trigger at a specific point on a ris-

ing or falling transition.

When the trigger circuit finds a voltage and transition from
the source that matches those set with the trigger controls, it
tells the horizontal sweep circuits to start moving the beam
from left to right. The speed of the beam is determined by the
seconds/division knob on the front panel. As the beam is meved
horizentally across the screen, the vertical amplifiers move the
peam up and down, relative to the input voltage.

Analog Scopes: How Do They Work?
2-3
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CHANNEL
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Both the horizontal sweep and vertical deflection information
have to arrive at the CRT at the same time. If they don't, the
scope won't be able to display the voitage information properly.
Look at the block diagram at the top of the page. Since the
delays in the horizontal path are longer, vertical information
wiil reach the CRT before the horizontal information. The solu-
tion to the problem is to put a calibrated delay into the vertical
path so both horizontal and vertical signals will get to the CRT
at the same time.
cH VERTICAL R : . R
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Anatog Scopes: How Do They Work?
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The Horizontal
Section

For external triggering, the horizontal path of an analog scope
has an attenuator like the vertical channels. This attenuator
serves the same purpose as those in the vertical channels, ie,
impedance matching and scaling the external trigger signal.
However, the horizontal attenuator is followed by trigger com.
parison circuits, instead of a preamp, as in the vertical
channels.

The horizontal portion of the scope, which is responsible for
moving the trace along the time or horizontal axis, directly af-
fects the time accuracy of an analog scope. The horizontal beam
movement is controlied by a voltage ramp (called the sweep
ramp}); the time interval accuracy of the scope depends heavily
on this ramp.

Once the trigger comparator has found a valid trigger, it tells
the horizontal sweep ramp generator to start. As the ramp
rises, it causes the beam to move from left to right across the
CRT Since the left to right movement represents time on the
CRT, the ramp must be very linear. If the ramp has non-
linearities, the beam moves at different rates across the screen,
Typieally, ramp linearity controls time interval accuracy of an
analog scope within +3%. ‘

BEAM MOVES MORE QUICKLY
IF RAMP IS NON-LINEAR

\ ;
) — - ld— RETRACE PERIOD

IF RAMP IS NON-LINEAR B(ABCEKAMTSMLVVEFST
OF SCREEMN)

9EAM MOVES MORE SLOWLY

Analog Scopes: How Do They Work?
2-5
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The CRT The last major portion of an analog scope is the display or CRT
Analog CRTSs are vector displays that can move the beam to

any point directly. A signal from the vertical amplifier moves |

the beam in the vertical direction. This may seem obvicus, but

it brings up a very important point. The CRT and its drivers
must be able to deflect the beam vertically as fast as the signal €
rises. What this means is that the CRT bandwidth must be the
same as the input bandwidth of the scope! High bandwidth

CRTs pose several problems. As CRT bandwidth goes up, the
following happens:

Cost of the CRT goes up;

Accuracy of the CRT goes down; @
Reliability of the CRT goes down.

To keep the cost of the CRT down while keeping the accuracy
and reliability up, the scope must use as low a bandwidth CRT
as possible. However, since the CRT must have the same band.
width as the scope, high bandwidth analog scopes demand high
bandwidth CRTs. The only real solution is to move to a new

architecture, e

Analog Scopes: How Do They Work?
2-8
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Summary

In this first section we have talked about how an analog scope
works. We also pointed out some of the shortcomings of current
analog scope architecture, Here are some of the key points fo
remember aboui analog scopes:

» There are two major signal paths-horizontal and vertical;

s Everything (including the CRT} must work at the same speed
as the input signal;

¢ All input channels are usually multiplexed through a single
vertical path to the CRT;

* The horizontal path is responsible for triggering;

« The scope triggers on a voltage level and rising or falling
slope;

+ As input bandwidth goes up, cost of the CRT also goes up,
while reliablility and accuracy of the CRT go down.

In the next section we will look at digital architectures that
eliminate the need for all parts of the scope to work at the
same speed as the input signal. These digital architectures
give some measurement capabilities not available with
analog scopes.

Analog Scopes: How Do They Work?
27
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Why a Digitizing Scope?

The digitizing storage oscilloscope is a natural evelution of the
analog storage scope. Advances in technology have allowed
analog scopes to offer some impressive features over the years.
However, because of the analog scope’s architecture, it will be
difficult or impossible to implement many new features that
users have asked for. One such feature is the ability to capture
data and send it to a computer in an autemated test system.
Another is the capability to store a captured waveform on
screen indefinitely.

On the other hand, these features are easily implemented on a
digitizing scope. In the next two sections we'll investigate how a
digitizing scope works. We'll also see how this differs from
analog scopes. As we talk about these subjects, we'll see how a
digitizing architecture allows a whole new set of additional
measurements that previously were either time-consuming or
gimply couldn’t be done.

Why a Digitizing Scope?
341

SR s



https://www.manualsplus.com/

Why the Long
Wait?

Digitizing Scopes:
How Do They Work?

In the first section of this book we talked about analog scopes.
A key principle is that everything in the scope must operate at
the same speed as the signal you're capturing. On the other
hand, digitizing scopes have some parts that resemble analog

scope parts, but they work on a completely different principle.

Notice the digitizing scope block diagram below. Rather than
amplify the input signal and use it to drive the CRT, a
digitizing scope takes discrete samples of the signal, then
reconstructs it on screen. This isn't a new concept in scopes—
very high frequency digitizers and sampling scopes have used
the concept for years. However, these were special usage
instruments with analog deflection circuits and CRTs.

Why has it taken so long for digitizing scopes to become widely
available? Until recently the technology didn’t exist to build
hybrid A/D convertors that were fast enough and accurate
enough to make digitizing scopes practical as general purpose
instruments. Also, digitizing scopes must have memories that
can store input data as fast as it is sampled. Again, such
memories have not been available until recently.
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Digitizing Scopes: How Do They Work?
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Some Digitizing Before we talk about exactly how a digitizing scope works, let’s

Concepts look at some of the concepts behind one. There are three issues
at hand when capturing an unknown signal: frequency, phase,
and fidelity (for our purposes, fidelity includes shape and
amplitude of the signal). In the realm of frequency we get some
help from Nyquist. In his original article dated 1924, Nyquist
formulated a theorem that says if we sample a signal at a rate
of 2F the best information we can get is of frequency F. Said
another way, in order to discern a frequency F from a signal,
we must sample at a rate of at least 2F.

Does this mean that a digitizing scope must sample at twice
the bandwidth frequency? Well, no. That’s really a
misinterpretation of Nyquist’s Theorem. One of the boundaries
of Nyquist’s Theorem assumes that you sample a signal
infinitely in both directions if you are to completely reconstruct
that signal from two points per period (with single shot
sampling). Since digitizing scopes can't take an infinite number
of samples in a single shot system and still display the
waveform, manufacturers must limit the size of the sample
window to something more reasonable. However, this also limits
the accuracy of the reconstruction. The other alternative is to
sample more than two times per period.

Since technology limits how fast we can sample, to get more
samples per period we must lower the bandwidth limit. In
other words, if we sample only twice per period for a limited
amount of time, we limit the accuracy of the reconstructed
signal. By sampling at a higher rate per period, we can make a
more accurate reconstruction. Hewlett-Packard bandwidth

limits their single-shot digitizing scopes so there are four points

per period at the bandwidth.

Digitizing Scopes: How Do They Work?
4-2
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What Shape
Is 11?7

A gy

I

1
GAMPLE POINTS SAMPLE POINTS

\

SAMPLE POINTS SAMPLE POINTS

Suppose you have a 100 MHz analog scope and you put a

100 MHz square wave into it. What would you expect to see on
screen? Well, unless your scope is broken you'd see a distorted
100 MHz sine wave! Why? Because a 100 MHz square wave is
made up of a 100 MHz sine wave and an ideally infinite
aumber of odd harmonics. At 100 MHz, the input signal i8
attenuated to —3dB and the higher the frequency, the greater
she attenuation. At 100 MHz the scope has bandwidth limited
most of the higher harmonics. What you have left are the
fundamental and lower harmonies.

With many points per period, it is easy to reconstruct an input
waveform from the digitized points, Such is the case at
frequencies well below the handwidth of the scope. As the
bandwidth of the scope is approached, however, the number of
points available for reconstruction drops (as we mentioned
earlier, HP single-shot digitizing scopes have four points per
period at bandwidth). Fouxr points per period is adequate to
characterize a sine wave. But what if the input signal is a
square wave? Can a digitizing scope adequately reconstruct a
square wave from four points?

Digitizing Scopes: How Do They Work?
4-3
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To explain the point, let’s use the previous example of a

100 MHz square wave, If we put a 100 MHz square wave into a
100 MHz digitizing scope, the scope will pass the square wave
through a 100 MHz bandwidth limit filter. The output of this
filter, which is a slightly distorted 100 MHz sine wave, will
then go the the A/D. That means that the A/D is not digitizing
a square wave but a sine wave with some small amount of
harmonic information (the same information that the

100 MHz analog scope displays on the CRT). Since we can
reconstruct a sine wave well from four points, this isn't toe
much of a problem. In other words, at or near the bandwidth
frequency, the A/D will be digitizing sine waves (or nearly so)
and reconstructing them as such. That doesn't mean that a
digitizing scope sees everything as a sine wave. At frequencies
less than the bandwidth we will have more sample points per
period and can make a better determination of the actual
shape—just as the analog oscilloscope will display a proper
waveshape if the input frequency is considerably less than the
specified —3dB bandwidth.

Digitizing Scopes: How Do They Work?
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How Do We
Sample?

|

There are two basic methods we can use to acquire these points
on a waveform. We can capture them as they cccur in real time
by sampling at a very high rate, or by making several passes
on the waveform and getting some points on each pass. We call
the first method real time or single-shot sampling, as
illustrated below.

Real- Time Sampling

In this case, we sequentially sample the waveform on its first
oceurrence. The higher the sample rate in comparison to the
frequency of the signal, the better our signal picture.
Sometimes, additional points are interpolated mathematically
between the actual data points. Real-time sampling allows you
to capture and display events that occurred before the trigger
{what we call negative time viewing).

Digitizing Scopes: How Do They Work?
4-5
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Repetitive Sampling

The second method, called repetitive sampling, captures data op
the waveform by acquiring points on more than one occurrence
of the signal. This, of course, requires that the waveform itself
is repetitive and not a single-shot event. On each occurrence of
the trigger event a few more points are acquired until these
points are put together into a very accurate composite
reconstruction. Since the data is not all captured in real time
on one pass, Nyquist criteria does not apply to repetitive
sampling. As such, there is not necessarily any relationship
between sample rate in a repetitive sampling scope and the
bandwidth. As a matter of fact, the sample rate will usually be
lower than the bandwidth, And, since many points are acquired
on the waveform, simply connecting the data points with lines
provides a very good picture of the waveform.

Random Repetitive Sampling

One type of repetitive sampling is random repetitive. The
sampling is done constantly, not waiting for a trigger event. On
each occurrence of the signal, more points are acquired. Then,
all the sampled points are put together into one composite
picture of the waveform. Each point is put into its proper place
by measuring the amount of time that elapsed between it and
the trigger point. Since ajl points are acquired asynchronous to
the trigger point, the sampling is random in relation to the
trigger point,

Because the sampled data is captured before and after the
trigger point, we can actually see what happened before the
trigger. We call this capability “negative time.”

Digitizing Scopes: How Do They Work?
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Sequential Sampling

A second method of repetitive sampling looks for the irigger
point on each pass, waits a predetermined amount of time, then
takes a sample. On the next pass, the predetermined time
interval is incremented and a new sample is taken. After a
number of passes, the waveform is reconstructed just as in the
random repetitive method. However, there is one major
difference—with sequential sampling all the samples are taken
after the trigger. This means that you can't have negative time

TRIGGER POINT

(ie., data before the trigger) viewing. Sequential sampling does
provide very accurate waveform reconstruction since it can use
a slower, higher resclution A/D.

Digitizing Scopes: How Do They Work?
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The Vertical
Channels

If you look at the figure below, you'll notice that this block

diagram of a digitizing scope has separate paths for each input

channel. This is in contrast to most analog scopes that have

only one vertical path to the CRT. By having separate paths for =

each channel, a digitizing scope can capture data on all
channels simultaneously.
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Like an analog scope, a digitizing scope has attenuators to
scale and maich impedances to the preamp. They also have

vertical preamps to amplify the input signals to the A/Ds. The

part of the block diagram following the vertical preamp is
where a digitizing scope takes on a different leok than its

analog predecessor. Instead of amplifying the inpuf signal and

using it to drive the vertical deflection plates of the CRT, a
digitizing scope changes the input signal into a digital word

through the A/D convertor.

Digitizing Scopes: How Do They Work?
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Converting to
Digital
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There are several ways to convert an analog input to a digital
word in a scope. Digitizing scopes typically use either
successive approximation convertors or flash A/D convertors.

Successive approximation convertors are relatively simple from
a hardware standpoint, since they require only one voltage
comparator, as you can see below. This is essentiaily a serial
step-by-step process.

" Veer
h

L/a
LONVERTER

H
AUV S |

; SUCCESSIVE
. APPROXIMATION

It takes N passes (where N is the number of bits of resolution)
and N clocks for a successive approximation convertor to
convert an analog voltage to a digital output. While this
scheme provides high resolution, it is not fast enough for use in
a single-shot digitizing scope. Since a repetitive digitizing scope
does't have to sample as quickly as a single-shot one, the
successive approximation A/D may be used in repetitive
architectures.

Digitizing Scopes: How Do They Work?
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...........

Single-shot digitizing scopes need a fast conversion A/D, since
they digitize input voltages “on-the-fly)’ In such cases the flash
A/D convertor, similar to the one shown below, is used. A flash
A/D convertor is essentially a parallel process. Although fast,
flash A/D convertors are more complex hardware-wise. Its
architecture requires 2°-1 voltage converters, again where N is
the number of bits of resolution. To put that in perspective, a
8-bit flash A/D requires 63 convertors, a 10-bit needs 1023,
while a 12-bit has to have 4095 convertors!
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Memory

The Processor

Once the data has been put in digital form, it is stored in
memory. The memory must be able to store at the same rate as
the A/D samples for most digital architectures. That means
that if the sample rate is 200 MHz, the memory maust have a
write cyele time of 5 ns. Most digitizing scopes use special
BIQO (Fast In, Siow Out) memories for storage.

To allow the use of siower digitizers and storage memories,
some manufacturers store the incoming waveform in CCDs
(Charge Coupled Devices). Since the waveform can be read out
of the CCD to the A/D at a slower rate, slow, high resoclutien
A/Ds can be used. Shortcomings of this technique include noise,
cell size and cell leakage, which lmit horizontal and vertical
resolution.

Once the digitized waveform is stored in semiconductor
memary, the image can be held indefinitely without
deteriorating. '

All digitizing scopes incorporate a microprocessor of some sort.
The power of a processor in a digitizing scope profoundly affects
its capabilities. Because the data is in digital form, it’s easy to
have the processor perform some specific tasks on the data. For
instance, we can automatically measure such parameters as
Hime intervals, rise and fall times, frequency and more. The
processor can also allow such functions as waveform math. And
surely not least of all, it’'s a simple matter to format it for
output to a printer or plotier. This eliminates the need for
scope cameras.

Digitizing Scopes: How Do They Work? -
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The CRT

The last fundamental difference between digitizing and analog
scopes is the CRT. In Section 1 we talked about CRTs in analog
scopes needing to be as fast as the input bandwidth. A
digitizing scope, however, divorces the CRT from the input
bandwidth by storing everything in memory. Data is stored in
memory at the same rate it is digitized, but is taken out at a
slower rate and displayed. This means that the CRT needn't
run any faster than the processor can write data to it. Since
the data is not written at the same speed as the input signal, a
slower, less expensive raster CRT can be used. This brings some
additional benefits besides cost savings, like higher reliability,
lower cost, and longer life than high frequency analog CRTs.
Other capabilities, like color, can be more easily implemented
than is possible with high-speed analog CRTs,

Digitizing Scopes: How Do They Work?
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Summary

6

0

SR e

In this section we talked about the concepts behind digitizing
scopes while exploring how they work. We saw how digitizing
scopes capture data by sampling it, storing it in memory, and
then reconstructing it on screen. The major conceptual
difference between this scheme and the way analog scopes work
is that everything past the A/D convertor doesn’t need to work
as fast as the signal. In a digitizing scope everything following
the memory works at the same speed as the microprocessor,
instead of having to work at the same rate as the incoming
signal. This makes it possible for the scope to process the
waveform data and automatically measure parameters such as
rise time, frequency, time intervals, and the like.

» There are two basic types of digitizing scopes-real time and
repetitive. Real time digitizing scopes capture a waveform on
a single pass, while repetitive digitizing scopes take a
number of passes. '

* Repetitive scopes can be further categorized into sequential
and random repetitive. Sequential digitizing does not provide
negative time viewing.

+ Sample rate and bandwidth are related only in real time
digitizing scopes.

In the next section we will look at how analeg and digitizing
scopes differ when being used to make the same measurements.

Digitizing Scopes: How Do They Work?
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Specifications and Measurements

Resolution

Instrument specifications have meaning only when they help
you solve a problem. We will talk about some important specs
here; more importantly, we'll show you how these specs relate
to actual measurements. We'll also contrast how analog and
digitizing scopes attack common measurement problems.

The number of bits in the A/D of a digitizing scope helps set
the vertical resolution. For example, a one-bit digitizer can
measure two levels of a signal—one and zero, or high and low.
A two-bit digitizer can discern four levels, a three bit gives
eight levels, and so on. In general, a digitizer can discern 2°
discrete levels of an input signal. If you divide the input signal
by the number of discrete levels of the A/D, you'll get an idea
of what bits of resolution means in terms of voltage. For
example, given a 1 V P-P input displayed full screen, a six-bit
digitizing scope can measure voltage increments of

1V (input V) = 15.9 mV.
251

This 15.9 mV is the resolution of the least significant bit (LSB)
of the digitizing scope’s A/D. In more general form we can say:

Input Voltage
Q(Number of A/D Ranges)m_l

= 1 L3B or Minimum Discernable Level

Manufacturers may even specify the resolution in terms of the
L.SB.

Specifications and Measurements
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What does vertical resolution mean in terms of measurements?
The issue that really concerns most users is what may be
happening between those digitized levels. The maximum ideal
error is +1/2 LSB. To use the example on the previous page, if
there is noise on the signal that's less than 15 mV, the
digitizing scope may not display it. The only way to avercome
this problem in a digitizing scope is to have more vertical
resolution. However, having more bits in the A/D doesn’t
necessarily mean more vertical resolution. There are factors
other than the number of A/D bits that affect the effactive
vertical resolution of a digitizing scope.

In Section 4, while talking about how to sample (page 4-11), we
mentioned that some digitizing scopes use CCDs (Charge
Coupled Devices) to capture the input waveform before it is
digitized. This way a slower, higher resolution A/D may be
used. While this allows more bits in the A/D, it also introduces
more noise into the system before the waveform is digitized. So,
while a higher resolution A/D can be used, there is more
uncertainty given to the A/D in the form of noise. If you think
of noise as high frequency components that are above the input
bandwidth, you’ll begin to understand why such noise is
particularly undesirable. The input signal is bandwidth limited
because the scope can't deal with frequencies higher than the
bandwidth. However, CCDs add high frequency components
(noise) that are not attenuated by the input filters because they
are introduced from within the scope. Consequently, some of the
additional resolution is negated by the effects of the internally
generated noise. So, to get higher vertical resolution you must
not only increase the number of bits in the A/D, you must also
keep the internal system noise to a minimum,

Specifications and Measurements
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Effective How do you measure the vertical resoiution of a digitizing
Bits of scope if it involves more that just the number of bits in the
Resolution AfD? ‘We believe the best specification is one called “effective

bits” of resolution. Effective bits is the resolution the user will
I see on the screen of the scope. To say it another way, effective
’@ bits of resolution quantizes internal system noise and its effect
on the vertical resolution of a scope. An easy way to define
effective bits is to think of it as an expression of a signal to
noise ratio. In the last paragraph we talked about noise and
how it lowers the effectiveness of the A/D. This lowered
effectiveness is expressed by the quantity of effective bits.
Effective bits takes a less than ideal A/D convertor system and
expresses it in terms of an ideal A/D convertor system, ie., one
without noise and distortion. Effective bits will always be lower
than the number of A/D bits and penerally decreases as
frequency goes up. How much lower depends on noise sources
and nonlinearities within the scope (ampiifiers, CCDs, etc.). The
diagram below gives an idea of how noise can affect the A/D.
Notice that as noise in the scope goes up, the effectiveness of
the A/D goes down quite rapidly. So, when looking at digitizing
scope specs, you need to know more than just the number of
bits in the A/D.

How does a manufacturer measure effective bits of resolution?
One of the more common methods is called the “sine curve fit.”
With this method, a very stable sine wave of known frequency
and amplitude is put into the scope. The digitized points are
then read out to a computer. The computer calculates where
the points should be for a sine function and then compares the
digitized scope points to them. The difference between the
calcuiated points and actual digitized points are used to
calculate the number of effective bits.

i Effective Bits va Imput Noise
: for Ideal A to D Converters

A 31T ADC &

EFFEQTIVE
BITS

8 BIT ADC

8 BIY A

SHR, 28
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Trace Noise

ANALOG STORAGE SCOPE DOZSN'T
SHOW THESE SPIKES SINCE THE BEAM
DOESN'T 3TAY LONG ENOUGH TO CAUSE
PHOSPHCR TO GLOW.

|
VWWWN\WW{’WWN{MNWW{WMWWM#

BASELINE TRACE GEEN ON AMALOG STORAGE SCOPE. - ‘ y

Because of the limited number of levels in the A/D of a
digitizing scope, analog scopes are generally better than
digitizing scopes for seeing some low levels of noise on a signal.
However, digitizing scopes are often quieter internally than
analog storage scopes. If you look at a bageline trace on an
analog scope line, like the one above, it looks narrower than
that of a digitizing scope. The digitizing scope trace, shown
below, would seem to be much noisier. However, if you could
furn up the intensity to maximum on an analog scope, without 6
)
a7
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it blooming, you'd notice that the trace is much fatter. Even
that, however, doesn’t give an accurate appraisal of how noisy
the scope is internally. The beam of the scope is actually being
deflected to higher levels, but since the beam doesn't stay at
those levels for very long the phosphor doesn’t receive enough
energy to phosphoresce. Consequently, the trace looks much
narrower than it actually is, indicating a lower level of noise.

What this all means is that an analog scope may display a
much lower noise level than is actually there. In addition, you
have very little idea how much is scope noise and how much is
signal noise. The governing principle is

Noise = NoiseS 4+ Noise
ysTam

Dispiaysé Measuring Instrument,

Orn the other hand, if you leave a digitizing scope in storage
mode with no input, it will display every level it sees. In the
picture below, a digitizing scope left for some time reaches a
steady state of three digitized levels {zero, one level above zero,
and one level below zero). You have a way of quantifying the
system noise in a digitizing scope that you don’t have with an
analog scope.

I you don’i know how much noise the measuring insirument
(scope} is adding, you can't accurately determine how much of

the displayed noise is from your system. With a digitizing scope

you have a method of quantifying how much noise the
instrument is adding to the measurement.

Specifications and Measurements
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Time Interval Some of the most common scope measurements are those
Measuremernts involving a time interval. These measurements include finding

a rise or fall time, determining a time interval, or measuring

the frequency of a waveform. Traditionally, making such
measurements with an analog scope meant displaying a part of
the waveform and counting time divisions on the scope screen. €
Although these were time consuming measurements, there

wasn't an easier way to make them with a scope, That is, until

the digitizing scope.

For example, a rise or fall time measurement on an analog

= scope involves displaying an edge, expanding it to five vertical
divisions, moving the edge up or down on screen, then counting >
the time divisions between the 10% and 90% lines. ¥

Specifications and Measurements
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Jitter

There is an easier way to make such measurements with a
digitizing scope. For instance, in order to measure the rise time
of an input waveform on an HP 54110D digitizing scope, you
press the RISE TIME key. The scope displays the rise time at
the bottom of the screen. As a matter of fact, any waveform
parameter is just as easy to measure. If you want all of the
parameters, you press the ALL key, and the scope measures the
parameters shown at the bottom of the screen illustrated below.

Another important time interval measurement is jitter. With
an analog scope you display an edge, and then try to determine
where the greatest excursions occur on screen before they fade.
A common practice is to mark those excursions on the face of
the CRT with a grease pencil.

The same measurement ¢an be made more easily with a
digitizing scope. You can put the scope in INFINITE
PERSISTENCE mode, which lets all the data accumulate
indefinitely. As you can see in the picture on the next page,
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it very easy to determine the total amount of jitter. Some
digitizing scopes provide an ENVELOPE mode, which shows
only the minimum and maximum excursions, making it even
easier to measure the total amount of edge movement.
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Multi-Channei Many applications require a scope to display more than one

Dispiay channel. Most of us take that for granted. But let’s look at
some differences in bandwidth and display capability between
analog and digitizing scopes when it comes to multi-channel

r(*- displays.
o

An analog scope has several methods of displaying multiple
channels. The best is a dual-beam CRT. A dual beam scope, as
the name implies, has two electron beams. Since the CRT has
two electron beams. one can be dedicated to each channel.
However, their expense keeps many users from buying dual
beam scopes for general purpose use.

Specitications and Measurements
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The second method iz calied CHOP mode. CHOP mode uses a
single CRT beam to draw both channels on a single sweep. The
beam switches between channels at a rate between 100 kHz
and 1 MHz. CHOP is used when you are trying to capture two
asynchronous events and preserve their time relationship to
one another. However, there is one drawback to CHOP that we
can illustrate with an example. Suppose we have two 2 MHz
signals we want to display. If we have the scope sweep speed
set to 1 ps/div and the CHOP switching rate is 1 MHz, the
beam spends 1 us on one channel before switching fo the other.
That means the display shows one division of one channel and
then spends the next time division (1 is) on the other trace.
When it switches back te the first trace, there is a 1 ps “hole”
left in the trace. This continues throughout the trace on both
channels as you can see below.

Specifications and Measurements
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The truth is that in CHOP mode these “‘holes” are always
there, but at slower sweep speeds, they are less noticeable and
may even seem to disappear if the switching rate is fast in
comparison to the sweep speed. At higher sweep speeds you
may be missing critical information that occurs during the
holes.

The third method of dispiaying multiple channels on an analog
scope is ALTERNATE mode. In AITERNATE the scope draws
one complete trace and then draws the other. This method
eliminates the “holes” in the traces produced by CHOP mode,
but it introduces another problem. Since the scope triggers,
draws one trace, then triggers again to draw the second trace,
both triggers are shown at the left of the screen. How much
time actually occurred between the triggers? We really have no
idea—the time correlation between channels has not been
preserved,

Hew dees a digitizing scope overcome these multi-channel
display problems? By having separate A/Ds. Information is
captured and digitized simuitaneously. By capturing data on ali
channels simuitaneously, the time relationship among them is
preserved. Secondly, since both channels are captured in their
entirety, there are none of the holes associated with an analog
scope’s CHOP mode.

Specifications and Measurements
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Storing A major frustration with analog storage scopes is the limited
|mages On amount of time images can be kep?., on screen. Within a few
Screen seconds the stored image fadeg positive (blooms), which means

that the trace gets cloudy until it is just a bright cloud on the
CRT. This is particularly true with single-shot events. This -
tendency to {ade positive is related to the fact that the trace is F
stored electricaily on a mesh inside the CRT (called the storage
mesh). Because of a number of interactions within the CRT, the
trace stored on the mesh tends to “spread” or become less
distinct electrically, causing the bright cloud on sereen. The
end result is that the trace is obsecured.

electrically-charged mesh. Once stored, the image can’t change.
Consequently, the trace can be kept on screen for an infinite
amount of time without change.

A digitizing scope stores traces in RAM rather than on an (

&
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Hardcopy While developing a lab notebook or test procedure, it is
Output desirable to have a picture of what we see on the sereen of an

oscilloscope. One frustration when keeping such records is
using a scope camera. Anyone who has used a scope camera
can probably remember taking several pictures before getting
the proper exposure.

Again, because of their processor-based architecture, digitizing
scopes simplify the task greatly. With scopes like the HP 54100
and HP 54200 series, you can use printers and/or plotters for
hardcopy output. Once you have what you want on screen, you
can transfer the waveforms along with setup and measurement
information to the printer or plotter with the push of one
button.

Specifications and Measurements
5-13



https://www.manualsplus.com/

Summary While adding a whole new set of measurement capability not
possible with analog scopes, digitizing scopes have simplified
most of the classic scope measurements. Because of their
microprocessor-based architecture, digitizing scopes can sasily
interface with desktop and minicomputers in automated test f
environments. Here are some of the key points to remember
about digitizing scopes.

e More A/D bits doesn’t necessarily mean more resolution.
+ Sample rate and bandwidth are not always related.

o Data is captured on all channels simultaneously, eliminating -
the need for CHOP and ALTERNATE medes found on analog ’f
scopes.

* The image can be kept on screen indefinitely without
degradation.

o Because of their microprocessor architecture, automatic
measurement of parameters like frequency, rise time, period,
etc., is possible. _
e You can easily copy what's on screen to a printer or piotter i,jc_”
without having to use a scope camera.

« Connection to a desktop computer or minicomputer is easy
for use in computer automated test systems.

o Waveforms can be stored in internal memory or on mass
storage for future use and comparison.

Specifications and Measurements
5-14



https://www.manualsplus.com/

ManualsPlus.com


https://www.manualsplus.com/

