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General-Purpose Oscilloscopes

The HP 54600-Series Oscilloscopes offer excepticnal wavelorm
viewing and measurements mn a small, lightweight package. The
two-channel HP 546004 is suited for production, field service, and
education applications. The four-channel HP 546014 is best suited
for research and design labs, and applications invelving digital circuit
test and troubleshooting. For higher frequency applications, the

HP 54602A provides 150 MHz bandwidth and triggering up to

250 MHz. Each of these oscilloscapes gives you:

o 100-MHz bandwidth, 2 ns/div main and delayed time hases

* Automatic setup of the front panel

¢ Automatic and cursor measurements of frequency, time, and
voltage

» Waveform storage

® Save and recall of 16 front-panel setups

¢ Peak detect

These oscilloscopes are easy to use with familiar controls and high

display update rate, but with none of the viewing problems that are

assoclated with analog oscilloscopes. A bright, crisp display is

obtamned at all sweep speeds and delayed sweep magnifications.

Storage is as simple as pressing a button. Negative time allows the
viewing of events that occur before the trigger event. Cursors and

automatic measurements greatly simplify the analysis of these events.

You can upgrade both of the oscillescopes to print to a printer or to
plot to a plotter, or remote control by either HP-IB or RS-232. The
HP 54653A Scopelink software simplifies the transfer of waveforius,
data, and setups to a personal computer for analysis and
documentation.




Accessories supplied

e Two 1.5 meter, 10:1 Probes (HP 107T1A)

Power cord for country of destmation

» This User and Service Guide

Accessories available

HP 54650A HP-1B Interface Module

HP 54651 A RS-232 Interface Module

HP 54652A Parallel Interface Module

HP 54653A ScopeLink Software

HP 54654A Operator's Training Kit

HP 54665A and HP 54656A Test Autemation Modules
HP 54657A and HP 54673A Measurement/Storage Modules
HP 5041-9409 Carrying Case

HP 50627345 Rackmount Kit

HP 10073A Camera

HP 10070A 1.5 meter, 1:1 Probe

HP 10100C 50 Q Termination

Options available

Option 001 RS-03 Magnetic Interference Shielding Added to CRT
Option 002 RE-02 Display Shield Added to CRT

Option 101 Aceessory Pouch and Front-Panel Cover

Option 102 Two Additional 10:1 Probes (HP 10071A)

Option 103 Operator's Training Kit, (HP 51654A)

Option 104 Carrying Case (HP 5041-9409)

{Option 105 ScopeLink Software (HP 54653A)

Option 090 Deletes Probe

Option 908 Rackmount Kit (HP 5062-7345)

Power Cords (see "Replaceable Parts," table 15 on page 115)




In This Book

This book is the operating and service manual for the
HP 54600-Series Oscilloscopes, and contains four chapters.

Beginners Chapter 1 is a quick start guide that gives you a brief
overview of the oscilloscope.

Advanced users Chapter 2 is 4 series of exercises that guide you
through the operation of the oscilloscope.

Service technicians Chapter 3 contains the service information for
the oscilloscope. There are procedures for verifying performance,
adjusting, troubleshooting, and replacing assemblies in the oscilloscope

Reference information Chapter 4 lists the charactenstics of the
oscilloscope.
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The Oscilloscope at a Glance

One of the first things you will want to do with your new oscilloscope
is to become acquainted with its front panel. Therefore, we have
written the exercises in this chapter to familiarize you with some of
its controls.

The front panel has knobs, grey keys, and white keys. The knobs are
used most often and are similar to the knobs on other oscilloscopes.
The grey keys bring up softkey menus on the display that allow you
access to many of the oscilloscope features, The white keys are
instant action keys and menus are not associated with them.

Throughout this book, the front-panel keys are denoted by a box
around the name of the key, and softkeys are denoted by a change in
the text type. For example, [ source ] is the grey front-panel key
labeled source under the trigger portion of the front panel, and

Line is a softkey. The word Line is at the bottom of the display
directly above an unlabeled softkey (which is also grey).

The rear cover of this book is a fold out reference guide. On this
cover you will find a diagram of the front panel, and inside the cover 1s
another diagranm showing which grey keys to press to bring up the
softkey menus.

The status line, located at the top of of the display, lets you quickly
determine the setup of the oscilloscope. In this chapter you will learn
to interpret the setup of the oscilloscope from the status line. An
example of the status line 1s on the rear cover of this book.




The Oscilloscope at a Glance
To connect a signal to the oscilloscope

To connect a signal to the oscilloscope

The HP 54600A 15 a two-channel oscilloscope with an external tngger input,
while the HP 54601A and HP 54602A are four-channel oscilloscopes. The
four-channel oscilloscope replaces the external trigger input with channels 3
and 4 In this exercise you connect a signal to the channel 1 input.

To avoid damage to your new oscilloscope, make sure that the voltage level
of the signal you are using is less than or equal to 400 V (de plus the peak
ac) For a complete List of the charactenstics see chapter 4, "Performance
Characteristics," on page 117.

Use a cable or a probe to connect a signal to channel 1.

If you arc using a probe, the oscilloscope allows you to enter the attenuation
factar for the probe. The attenuation factor changes the vertical scaling of
the oscilloscope so that the measurement results reflect the actual voltage
levels at the probe tip.

To set the probe attennation factor press . Next toggle the
Probe softkey to change the attenuation factor to match the
probe you are using.




Figure 1

The Oscilioscope at a Glance
To connect a signal to the pscilloscope

You should compensate 10:1 probes to match their characteristics to the
oscilloscope. A poorly compensated probe can introduce measurement
errors. To compensate a probe, follow these steps

1 Connect the 10:1 probe from channet [ to the front-panel probe
adjust signal on the oscilloscope.

2 Press [ Autoscale |.

3 Use a nonmetallic tool to adjust the trimmer capacitor on the probe
for the flattest pulse possible as displayed on the oscilloscope.

Overcompensation
causes pulse peaking

Figure 2

Carrect compensation
with a flat pulse top.

Figure 3

Undercompensation
causes pulse rolloff

10



The Oscilloscope at a Glance
To display a signal automatically

-

To display a signal automatically

The oscilloscope has an Autoscale feature that automatically sets up the
oscilloscope to best display the input signal, Using Autoscale requires
signals with a frequency greater than or equal to 50 Hz and a duty cycle
greater than 1%

When you press the Autoscale key, the oscilloscope turns on and scales all
channels that have signals applied, and it selects a time base range based on
the trigger source. The trigger source selected is the highest numbered
input that has a signal apphied. (If a signal 15 connected to the external
tngger input on the HP 546004, then it is selected as the tngger source.)

Connect a signal to the oscilloscaope.

2 Press| utoscale |.

When you press the Autoscale key, the aseillosenpe changes the front-panel
setup to display the signal However, if you pressed the Autoscale key
uruntentionally, you can use the Undo Autoscale feature. To use this
feature, perform the following step

® Press Next, press the undo Autoscale softkey

The oscilloscope returns to the configuration in effect before you
pressed the Autoescale key

11



The Oscilloscope ata Glance
To set up the vertical window

To set up the vertical window

The following exercise guides you through the vertical keys, knobs, and
status fine

Center the signal on the display with the Position knob.

The Position knob moves the signal vertically, and 1t is calibrated. Notice
that as you turn the Position knob, a voltage value 1s displayed for a short
time indicating how far the ground reference 1s located from the center of
the screen. Also notice that the ground symbol on the nght side of the
display moves in conjunetion with the Position knob

-
Measurement hints

If the channelis d¢ coupted, you can quickly measure the de component of the
signal by simply noting its distance from the ground symbol.

It the channelis ac coupled, the d¢ component of the signal is removed
allowing you to use greater sensitivity tu display the ac component of the
signal.




The Oscilloscope at a Giance
To set up the vertical window

2 Change the vertical setup and notice that each change affects the

status line differently.
You can quickly determine the vertical setup from the status line in the
display

o Change the vertical sensitivity with the Volts/Div knob and notice thai it
causes the status line to change For channels 3 and 4 on the HP 54601A
and HP 546024, press or[ 4 ]. Then use the softkeys lo change
the vertical sensitivity.

® Press [ 1]

A softkey menu appears on the display, and the channel turns on (or
remans on if it was already turned on).

® Toggle each of the softkeys and notice which keys cause the status line to
change.

Channels 1 and 2 have a vernier softkey that allows the Volt/Div knob
tu change the vertical step size in smaller increments These smaller
increments are calibrated, which results in accurate measurements
even with the vernier turned on

® To turn the channel off, either press a second tume or press the
left-most softkey.

Invert aperating hint

When you are triggered on the signal you are inverting, the inversion also
applies to the trigger signal (what was a nsing edge now s a falling edge). If
the signat has a 50% duty cycle (square wave or sing wave), the displayed
waveform appears not to invert. However, for signals with a duty cycle other
than 50%, the displayed waveform does invert as you would expect.

13



The Oscilloscope at a Glance
To set up the time base

To set up the time base

The following exercise guides you through the hime base keys, knobs, and
status line

Turn the Time/Div knob and notice the change it makes to the status
line.

The Time/Dhv knob changes the sweep speed from 2 ns to 5 s ina 1-2-5 step
sequence, and the value is displayed in the status line.

Change the horizontal setup and notice that each change affects the
status line differently.

® Press| Main/Delayed

A softkey menu appears on the display with six softkey choices

* Toggle each of the softkeys and notice which keys cause the status line to
change.

14



The Oscilloscope at a Glance
Ta set up the time base

There is alse a horizontal verninr softkey that allows the Time/Div
kneb to change the sweep speed in smaller increments. These
smaller increments are calibrated, which results 1n accurate
measurements even with the veriuer turned on.

Turn the Delay knob and notice that its value 1s displayed in the status
line.

The Delay knob moves the main sweep horizontally, and it pauses at
0.00 s, mirmucking a mechanical detent. At the top of the graticule isa
solid trangle ( W ) symbaol and an open triangle

{ V) symbol. The ¥ symbol indicates the trigger point and 1t moves
in conjunction with the Delay knob The V symbel indicates the time
reference peint. If the Lime reference softkey is set to left, the V is
located one graticule in from the left side of the display If the time
reference softkey is set to center, the V is located at the center of the
display The delay number tells yon how far the reference point Vs
located Irom the tngger point W

All events displayed left of the trigger point W happened before the
trigger occurred, and these events are vcalled pretrigger information
You will find thus feature very useful because you can now see the
events that led up to the trigger poimt - Everything to the right of the
trigger point W 15 called posttngger information. The amount of
delay range (pretrigger and posttrigger information) available is
dependent on the sweep speed selected See "Horizontal System," an
page 120

16



The Oscilloscope at a Glance
To trigger the oscilloscope

To trigger the oscilloscope

The following exercise guides you through the trigger keys, knobs, and
status line

Turn the trigger Level knob and notice the changes it makes to the
display.

On the HP 54601A and HP £i4602A and on an internally triggered

HP 516004, as you turn the Level knob or press a tnigger menu key, for a
short time two things happen on the display. First, the trigger level is
displayed in inverse video. If the trigger is de coupled, it is displayed as a
voltage. If the trigger is ac coupled or if LF reject was selected, it is
displayed as a percentage of the trigger range. Second, if the tngger source
1s turned on, a hine is displayed showing the location of the trngger level (as
tong as ac coupling or low frequency reject are not selected).

Change the trigger setup and notice that each change affects the
status line differently.

* Press [ Source |

A soltkey menu appears on the display showing the trigger source
choices

& Toggle each of the softkeys and notice that each key causes the status
line to change

16



The Dscilioscope at a Glance
To trigger the oscilloscope

® Press | mode |.

A softkey menu appears on the display wath five tngger mode choices.

* Toggle the Single and TV softkeys and notice that they affect the status
line differently. (You can only select TV if the trigger source is either
channel 1 or2)

When the oscilloscope is triggering properly, the trigger mode portion
of the status line is blank

What happens if the oscilloscope loses trigger?

If Auta Level s the trigger mode, Auto flashes in the status line 1t dc coupled,
the oscilloscope resets the tngger level to the center of the signal. If ac
coupled, the oscilloscope resets the trigger level to the middle of the screen.
{Every time you press the Auto Level softkey, the oscilloscope resets the
tngger level )

If Auto is the tngger mode, Auto flashes in the status hne and the oscilloscope
free runs.

. If esther Normal or TV is the trigger mode, the trigger setup flashes in the
status line

17



The Oscilloscope at a Glance
To trigger the oscilloscope

® Press[ slope/Coupling |

A softkey menu appears on the display If you selected Auto level,
Auto, Normal, or Single as a tnigger mode, six softkey chowces are
displayed If you selected TV as a trnigger source, five ather softkey
choices are available.

¢ Toggle each of the softkeys and notice which keys affect the status line.

On the HP B46800A, external trigger is always dc coupled. If you
select ac coupling or low frequency reject, these functions do not
occur until you change the trigger source to channel &, channel 2, or
ling,

3 Adjust the Holdoff knob and notice the change it makes to the display.

Holdoff keeps the trigger from rearming for an amount of time that you set
with the Holdoff knob. Holdoff is olten used to stabilize the complex
waveforms. The Holdoff range is from 200.0 ns to about 13568 Itis
displayed, for a short lime, 1n inverse video near the bottom of the display

18



The Oscilloscope at a Glance
To use roll mode

To use roll mode

Roll mode continuously moves data across the display from right to left. Tt
allows you to see dynamic changes (like adjusting a potentiometer) on low
frequency signals  Two frequently used applications are transducer
monitoring and power supply testing.

Press . Then press the Auto Lv1, Auto, or Normal softkey.

Press| Main/belayed |.

Press the rRoll softkey.

The oscilloscope is now untriggered and runs continuously Also notice that
the time reference softkey selection changes to center and nght

Press . Then press the single softkey.

The oscilloscope fills elther% or 1—90 of the display (depending on the time
4

reference selection), then it searches for a trigger. After a trigger is found,
the remainder of the display is filled Then, the oscilloscope stops acguiring
data.

19



The Oscilloscope at a Glance
To use roll mode

You can also make automatic measurements in the roll mode Notice that
the oscilloscope briefly interrupts the moving data while 1t makes the
measurement. The acqusition system does not muss any data during the
measurement. The slight shift in the display after the measurement is .
complete is that of the display catching up to the acquisition system.
-~
Rell maode operating hints

Roll mode operates on channels 1 and 2 only.

Math functions, averaging, and peak detect are not available.

Holdoff and harizontal delay do not affect the signal.

Both a free running (nontriggered) display and a triggered display (available in
the single mode only} are available.

[tis available at sweep speeds up to 200 ms.

20
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Operating Your Oscilloscope

By now you are familiar with the VERTICAL, HORIZONTAL, and
TRIGGER groups of the front-panel keys. You should also know how
to determine the setup of the oscilloscope by looking at the status
line. If you are unfamiliar with this information, we recommend vou
read chapter 1, "The Oscilloscope at a Glance," starting on page 7.

This chapter takes you through two new groups of front-panel keys:
STORAGE, and the group of keys that contains the Measure,
Save/Recall, and Display keys. You will also add to your knowledge of
the HORIZONTAL keys by using delayed sweep.

We recommend you perform all of the following exercises so you
become familiar with the powerful measurement capabilities of the
oscilloscope.
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Dperating Your Oscilloscope
To use delayed sweep

To use delayed sweep

Delayed sweep 1s a magnufied portion of the main sweep. You can use
delayed sweep to locate and horizontally expand part of the main sweep for
a more detailed (high resolution} analysis of signals The following steps
show you how to use delayed sweep. Notice that the steps are very simlar
to operating the delayed sweep in analog escilloscopes.

Connect a signal to the oscilloscope and obtain a stable display.
Press -

Press the pelayed softkey.

The screen divides in half. The top half displays the main sweep, and the
bottom half displays an expanded portion of the main sweep. This expanded
portion of the main sweep is called the delayed sweep. The top half also has
two solid vertical lines called markers. These markers show whal portion of
the main sweep is expanded in the lower half. The size and position of the
delayed sweep are controlled by the Time/Div and Delay knobs. The

Time/Div next to the |% symbol is the delayed sweep sec/div. The delay
value is displayed for a short time at the bottom of the display.

® To display the delay value of the delayed time base, either
press or turn the Delay knob.

s To change the main sweep Time/Div, you must turn off the delayed sweep

23



Operating Your Oscilloscope
To use delayed sweep

Since both the main and delayed sweeps are displayed, there are half as
many vertical divisions so the vertical scaling is doubled Notice the changes
in the status line.

¢ To display the delay time of the delayed sweep, either press .
or turn the delay knob The delay value is

displayed near the bottom of the display.
4 Setthe time reference t0 either left or center.

Figure 4 shows the time reference set to left. The operation is like the
delayed sweep of an analog oscilloscope, where the delay time defines the
start of the delayed sweep.

Figure 4 1 2000 B100p.  500g~ 385 T0RE |
Delayed sweep r ]
markers

- »

-+
- -

Time reference setto left




Figure 5

Delayed sweep
markers

Operating Your Oscilloscope
To use delayed sweep

Figure 5 shows the time reference set to center. Notice that the markers
expand around the area of interest, You can place the markers over the area
of interest with the delay knob, then expand the delayed sweep with the
time base knob to increase the resofution.
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25



Operating Your Oscilloscope
To use storage oscilloscope operation

To use storage oscilloscope operation

There are four front-panel storage keys. They are white instant action keys
that change the operating mode of the oscilloseope  The following steps
demonstrate how to use these storage keys.

Connect a signal to the oscilloscope and obtain a stable display.
Press :

Notice that STORE replaces RUN in the status line.

For easy viewing, the stored waveform is displayed in half bright and the
most recent trace is displayed in full bright. Autostore is useful in a number
of applications

® Displaying the worst-case extremes of varying wavefornis
® Capturing and storing a waveform
® Measuring noise and jitter

® Capturing events that occur infrequently




Operating Your Oscilloscope
To use storage oscilloscope operation

3 Using the position knob, move the trace up and down about one
division,
Notice that the last acquired waveform is in full bright and the previously
acruired waveforms are displayed n half bright.

& To charactenze the waveforms, use the cursors See "T'o make cursor
measurements’ on page 43.

® To clear the display, press ‘
® To exil the Autostore mode, press either

Summary of storage keys
Run —The oscilloscope acquires data and displays the most recent trace.
Stap — The display 1s frozen,

Autostore—The pscilloscope acquires data, displaying the mostrecent trace
in full bright and previously acquired waveforms in half bright.

Erase - Clears the display.

27



Operating Your Qscilioscope
To capture 2 single event

To capture a single event

To capture a single event, you need some previous knowledge of the signal
in order to set up the tngger level and slope. For example, if the event is
derived from TTL logic, a tngger level of 2 volts should work on a rising
edge The following steps show you how to use the oscilloscope to capture a
single event.

Connect a signal to the oscilloscope.

2 Set up the trigger.

* Press . Select a trigger source with the softkeys

* Press| slope/Coupling |. Select a trigger slope with the softkeys.

® Turn the Level knob to a point where you think the trigger should work.
Press , then press the single softkey.

Press to clear previous measurements from the display.
Press ;

Pressing the Run key arms the tngger circut  When the trigger conditions
are met, data appears on the display representing the data points that the
oscilloscope obtained with one acquisition Pressing the Run key again
rearms the trigger circuit and erases the display.




Operating Your Oscilloscope
To capture a single event

6 If you need to compare several single-shot events,

press -

Like the Run key, the Autostore key also arms the trigger circuit. When the
trigger conditions are met, the oscilloscope triggers. Pressing the Autostore
key again rearms the trigger circuit, but this time the display is not erased,
All the data points are retained on the display in half bright with each trigger
allowing you to easily compare a series of single-shot evenis

After you have acqured a single-shot event, pressing a front-panel key,
softkey, or changing a knob can erase the event from the display. If you
press the Stop key, the oscilloscope will recover the event and restore the
oscilloscope settings,

® To clear the display, press .
* To exit the Autostore mode, press either | run
or Notice that RUN replaces STORE in the status

bine, indicating that the oscilloscope has exited the Autostore mode.

Operating hint

The single-shot bandwidth 1s 2 MHz for single-channel operation, and 1 MHz
for two-channel operation. There are twice as many sampla points per
waveform on the one-channel acquisttion than on the two-channel acquisition.
On the HP 54600A, channels 1 and 2 are captured simultaneously. Onthe

HP 54601A and HP 54602A channels 1 and 2 are captured simultaneously, then
on the next trigger channels 3 and 4 are captured simultaneously.

29



Operating Your Oscilloscope
To capture glitches or narrow pulses

To capture glitches or narrow pulses

A glitch is a rapid change in the wavelorm that is usually narrow as

corpared to the waveform. This escilloscope has two modes of operation

that you can use for ghtch capture peak detect and Autostore
1 Connect a signal to the oscilloscope and obtain a stable display.
2 Find the glitch.

Use peak detect for narrow pulses or glitches that require sweep speeds
slower than 50 ps/div.

To select peak detect, press Next, press the Peak Det
softkey.

Peak detect operates at sweep speeds from 5 s/div to 50 us/div

When operating, the nitials Pk are displayed in the status line in
inverse video At sweep speeds faster than 50 gs/div, the Pk initials
are not displayed in inverse videa, which indicates that peak detect is
not operating.
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Operating Your Oscilloscope
To capture glitches or narrow pelses

Use Autostore for the following cases: waveforms that are changing,
waveforms that you want to view and compare with stored
waveforms, and narrow pulses or glitches that occur infrequently but
require the use of sweep speeds outside the range of peak detact.

Press --

You ean use peak detect and Autostore together. Peak detect
captures the glitch, while Autostore retains the glitch on the display
in half bright video.

3 Characterize the glitch with delayed sweep.

Peak detect functions in the main sweep only, nat in the delayed sweep To
characterize the glitch with delayed sweep follow these steps.

Press [ Main/Delayed | Next press the Delayead softkey.

To obtain a better resolution of the glitch, expand the time base,

To set the expanded portion of the main sweep over the glitch, use the
Delay knab.

To characterize the glich, use 1the cursors or the automatic measurement
capabilities of the osalloscope.
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Cperating Your Oscilloscope
To trigger on a complex waveform

To trigger on a complex waveform

The difficulty in viewing a complex waveform is triggering on the signal.
Figure 6 shows a complex waveform that is not synchronized with the
trigger.

The simplest trigger method is to trigger the oscilloscope on a sync pulse
that is associated with the waveform. See "To trigger the oscilloscope’ on
page 16 If there is no sync pulse, use the following procedure to trigger on
a penodic complex waveform.

Connect a signal to the oscilloscope.

2 Set the trigger level to the middle of the waveform.

Adjust the Holdoff knob to synchronize the trigger of the oscilloscope
with the complex waveform.

By setting the Holdoff to synchronize the trigger, the oscilloscope ignores
the trigger that results in figure 6, and waits for the trigger that results in
figure 7. Also notice in figure 6 that the tngger is stable, but the waveform
is not synchronized with the trigger

|
Holdoff operating hints

1 The advantage of digital holdoff is thatitis a fixed number. As a rasult,
changing the time base settings does not affect the haldoff number; so, the
oscilloscope remains triggered. In contrast, the holdoff in analog
oscilloscopes is a function of the time base setting making it necessary to
readjust the holdoff each time you change the time base satting.

2 The rate of change of the holdoff adjustment knob depends on the time
base setung you have selected. }f you need a lengthy holdoff setting, increase
the tima/div setbing on tha time base, then make your coarse holdoff
adjustment. Now switch back to the onginal time/div setting and make the fine
adjustment to reach the exact amgunt you want.
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Figure 6

. Figure 7

Operating Your Oscilloscope
To trigger on a complex waveform
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Operating Your Oscilluscope
To make frequency measurements automatically

To make frequency measurements automatically

The automatic measurement capability of the oscilloscope makes frequency
measurements easy, as the following steps demonstrate

Connect a signal to the oscilloscope and obtain a stable display.
2 Press .

A softkey menu appears with six softkey choijces.

Toggle the source softkey to select a channel for the frequency
measurement.

Press the Freq softkey.

The oscilloscope automatically measures the frequency and displays the
result on the lower line of the display. The number in parentheses after the
word Freq is the number of the channel that the oscilloscope used for the
measurement. The oscilloscope retains in memory and displays the three
most current measurement results. If you make a fourth measurement, the
left-most result is dropped




Cperating Your Oscilloscope
To make frequency measurements automatically

If the Show Meas softkey is turned on, cursors are displayed on the

waveform that show the measurement points for the right-most

measurement result If you select more than one measurement, you
. can show a previous measurement by reselecting the measurement.

s To find the Show Meas softkey, press the Next Menu softkey key.

The oscillloscope makes automatic measurements on the first
displayed event. Figure 8 shows how to use delayed sweep to isolate
an event for a frequency measurement. If the measurement is not
possible in the delayed time base mode, then the main time base is
used. If the waveform is clipped, it may not be possible to make the
measurement

Figure 8 oy ————— 31 B8

Rl RNl RN NIRRT G e I SN
Freq(12=8.726kH=

Delayed time hase isolates an event for a frequency measurement
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To make time measurements automatically

Figure 9

To make time measurements automatically

You can measure the following time parameters with the oscilloscope:
frequency, period, duty cycle, width, Ase time, and fall time The following
exercise guides you through the Time keys by making a rise time
measurement. Figure 9 shows a pulse with some of the time measurement
points

Connect a signal to the oscilloscope and obtain a stable display.

When the signal has a well-defined top and bottom, the rise tume and fall
time measurements are made at the 10% and 90% levels  [f the oscilloscope
cannot find a well-defined top or bottom, the maximum and munimum levels
are used to calculate the 10% and 90% points from. These levels are shown
on page 39 in figures 11 and 12.

RISETIME FALLTIME

|
|
|
|

. +WIDIH ——J‘q— “WIDTH —Jl
|

e

| I | oD
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Dperating Your Oscilloscope
To make time measurements automatically

2 Press| Time |.

A softkey menu appears with six softkey choices. Three of the softkeys are
time measurement functions

Source Selects a channel for the time measurement.

Time Measurements Three time measurement choices are available: Freq
(frequency), Penod, and Duty Cy (duty cycle). These measurements are
made at the 50% levels. Refer to figure 9.

Clear Meas (clear measurement) Erases the measurement resulls and
removes the cursors from the display.

Next Menu Replaces the softkey menu with six additional soltkey choices
Press the Next Menu softkey.

Another time measurement softkey menu appears with six additional
choices. Four of the softkeys are time measurement functions.

Show Meas (show measurement) Displays the horizontal and vertical
cursors where the measurement was taken.
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Figure 10

Operating Your Oscilloscope
To make time measurements automatically

Time Measurements Four additional time measurement choices are
available; +Width, {Width]—Width, Rise time, and Fall time. Width
measurements are made at the 50% levels, whereas rise time and fall time
measurements are made at the 10% to 90% levels.

Previous Menu Returns to the previous softkey menu.

Press the Rise Time softkey.

The osculoscope automatically measures the nse time of the signal and
displays the result on the display.

The oscilloscope makes automatic measurements on the first displayed
event. Figure 10 shows how to use delayed sweep to isolate an edge for a
nse time measuremsnt

2,00V
T

E55.00%/ _ 100p/ F > W 510RE|

FRisall)=4.625ns

Delayed sweep isolatas a leading edge for a rise time measurement
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To make voltage measurements automatically

To make voltage measurements automatically

You can measure the following voltage parameters automatically with the
oscilloscope peak-to-peak, average, rms, maximum, minimum, top, and
base. The following exercise guides you through the Voltage keys by making
an rms voltage measurement. Figures 11 and 12 show pulses with some of
the voltage measurement points

H WA
Figure 11 N~

wTOH
Vpop

VBASE

L

WMIH

S4200W 1

Pulse wheta the top and bottom are well-defined

Fiﬂﬂfe12 VTOP=wMA -

VBAIE=vMIN —

FARTHM L

Pulse whera the top and bottom are not wall-dafined
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Operating Your Qscilloscope
To make voltage measurements automatically

Connect a signal to the oscilloscope and obtain a stable display.
Press -

A softkey menu appears with six softkey choices. Three of the softkeys are
voltage measurement functions.

Source Selects a channel for the voltage measurement.

voltage Measurements Three voltage measurement choices are
available: Vpp, Vavg, and Vmms. The measurements are determined by voltage
histograms of the signal

Clear Meas (clear measurement)} Erases any measurement results from
the display, and removes the harizontal and vertical cursors from the display.

Next Menu Replaces the soitkey menu with six additional softkey choices.
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Dperating Your Dscilloscape
To make voltage measurements automatically

3 Press the vems softkey.
The oscilloscope automatically measures the rms voltage and displays the
result on the display
. The oscilloscope makes automatic measurements on the first pulse or penod
in the display. Figure 13 shows how to use delayed sweep to isolate a pulse
for an rms measurement

Figure 13 2005 _ E=2008”  2.008 £1 BE
' T
TR I PN ) PRy P PF I NE e - -?F
I

........... R L

O T T O P e T I T p Yy BTy

=k H

vrme(13=219. ImV

Delayed sweep isolates an area of interest for an rms voltage measurement
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Operating Your Oscilloscope
To make voltage measurements automatically

Press the Next Menu softkey.

Another voltage measurement softkey menu appears with six additional
choices. Four of the softkeys are voltage measurement functions.

Show Meas (show measurement) Displays the horizontal and vertical
cursors that show where the measurement was taken on the signal.

Voltage Measurements Four additional voltage measurement choices
are avalable: Vinax, Vrun, Viep, Viase.

Previous Manu Returns to the previous softkey menu




Operating Your Oscilloscope
To make cursor measurements

To make cursor measurements

The following steps guide you through the front-panel Cursors key. You can
use the cursors to make custom voltage or time measurements on the signal.
BExamples of custom measurements include rise time measurements from
reference levels other than 10-90%, frequency and wadth measurements
from levels other than 50%, channel-to-channel delay measurements, and
voltage measurements. See figures 14 throughl9 for examples of custom
measurements.

1 Connect a signal to the oscilloscope and obtain a stable display.

Press :

A softkey menu appears with six softkey choices. Four of the suftkeys are
cursor functions.

Source Selects a channel for the voltage cursor measurements.

Active Cursor There are four cursor choices: V1, and V2 are voltage
cursors, while t1, and t2 are time cursors. Use the knob below the Cursors
key to move the cursors. When you press the V1 and V2 softkeys
simultaneously or the tl and t2 softkeys simultaneously, the cursors move
together

Clear Cursors Erases the cursor readings and rermoves the cursors from
the display
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Figure 14

Figure 15

Operating Your Oscilloscope
To make cursor measurements
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Cursors used to measure pulse width at levels other then the 50% points
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Cursars used to measure the frequency of the ringing an a pulse




Operating Your Oscilloscope
Ta make cursor measurements

Figure 16 1 1.oo¥ 2 50OT =0.00s  20.0g/ F -4 STORE]

I N N N O N L N '

tl = 22.00ns te2 = 99.680n= a4t = 37.B0n= 176t = 26.60MHE

Cursors used to make channel-to-channe! delay measurements
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The cursors track delayed sweep, Expand the display with delayed sweap, then characterize
the event of interast with the cursors,
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Figure 13

Figure 19

Operating Your Oscilloscope
To make cursor measurements
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Pressing t1 and 8 softkeys simultaneously causes ths cursors to move together when the cursor
knob is adjusted.
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By moving the cursors tegether, you can check for pulse width variations in a pulse train, as
figures 18 and 19 show.
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Operating Your Oscilloscope
To view asynchronous noise on a signal

Figure 20 1900'6‘ _

e 150% £0.0
R

To view asynchronous noise on a signal

The following exercise shows how to use the oscilloscope to view
asynchronous noise on a signal that is not synchronous to the period of the
waveform

1 Connect a noisy signal to the oscilloscope and obtain a stable display.
Figure 20 shows a waveform with asynchronous noise at the top of the pulse,

£1 BlH

([

Trigger

level (1)

F =

D R N A A B

Asynchronous noise at the tap of the pulse
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Operating Your Oscilloscope
To view asynchranous noise on a signal

2 Press [utostore |

Notice that STORE 1s displayed in the status line,

3 Set the trigger mode to normal, then adjust the trigger level into the
noise region of the signal.

4 Decrease the sweep speed for better resolution of the asynchronous
noise.

® To characterize the asynchronous noise signal, use the cursors.

Figure 21 80.0%

~0.00s 20,08
Y D

1 BT

4

. LR BT B
Trigaer levsl (1)

This is a triggered view of the asynchronous noise shown in figure 20
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Operating Your Oscilloscope
Ta reduce the random noise on a signal

Figure 22

1
2

0dB

To reduce the random noise on a signal

If the signal you are applying to the oscilloscope is noisy (figure 24), you
can set up the oscilloscope to reduce the noise on the waveform (figure 25).
First, you stabilize the displayed waveform by removing the noise from the
trigger path. Second, you reduce the noise on the displayed waveflorm.
Connect a signal to the oscilloscope and obtain a stable display.
Remove the noise from the trigger path by turning on either high
frequency reject or noise reject.

High frequency reject {(HF reject) adds a low pass filter with the 3 dB point
at 50 kHz (see figure 22). You use HF reject to remove hugh frequency noise
such as AM or FM broadcast stations from the trigger path.

. 3dB down pDiﬂt

dc

Bafirimed

HF reject
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Operating Your Oscilloscope
To reduce the random noise on a signal

Low frequency reject (LF reject) adds a high pass filter with the 3-dB point
at 50 kHz (see figure 23) Use LF reject to remove low frequency signals
such as power line noise from the tngger path.

Figure 23
0dB
3 dB down pomt
de
50 kHz e
LF reject
Noise reject increases the trigeger hysteresis band. By increasing the trigger
hysteresis band you reduce the possibility of triggening on noise. However,
this also decreases the trigger sensitivity so that a slightly larger signal is
required to trigger the oscilloscope.
Figure 24 1 20.00 1&_—0 Q0= 2008~ 1 RUN
¥ P
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Random noise on the displayed wavetorm




Figure 25

Operating Your Oscilloscope
To reduce the random noise on a signal

3 Use averaging to reduce noise on the displayed waveform.
To use averaging foliow these steps.

Press , the press the Average softkey

Notice that Av appears in the status line.

Toggle the # Average softkey to select the number of averages that best
eliminates the noise from the displayed waveform.

The Av initials in the status line indicates how much of the averaging
process is finished, by tuming to inverse video as the oscilloscope
performs averaging. The higher the number of averages, the more
noise that is removed from the display. However, the higher the
rnumber of averages, the slower the displayed waveform responds to
waveform changes. You need to choose between how quickly the
waveform responds to changes and how much noise there is on the
signal.

1 20.00 1;,—t:a.oo:. 200¢s [N £1 RUN
' %
s ‘ +
! / ]
1 1 ] ) . l ] 1 1 1

On this waveform, 256 averages were used to reduce the noise
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Operating Your Oscilloscope
To analyze video waveforms

To analyze video waveforms

The TV sync separatot in the oscilloscope has an internal clamp circuit. This .
removes the need for external elamping when you are viewing unclamped
video signals TV triggering requires two vertical divisions of display, either
channel 1 or channel 2 as the trigger source, and the selection of internal
trigger. Turning the trigger level knob in TV trigger does not change the
trigger level hecause the trigger level is automatically set to the syne pulse
tips

For this exercise we connected the oscilloscope to the video output
termunals on a television. Then we set up the oscilloscope to view these
parts of a TV signal: the second vertical interval with delayed sweep
windowed on the vertical interval test signals (VITS) and the IRE displayed
full screen.

1 Connect a TV signal to channel 1, then press :
2 Press » then press the Peak Det softkey.
3 Press » then press the TV softkey. .

4 Press [ slope/coupling |, then press the Field 2 softkey.
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Figure 26

Operating Your Oscilloscope
To analyze video waveforms

Polarity Selects either positive or negative sync pulses.
Field 1 Triggers on the field 1 portion of the video signal.
Field 2 Triggers on the field 2 portion of the video signal.
Line Trnggers onall the TV line sync pulses.
BF Rej Controls a 500 kHz low pass filter in the trigger path.

Set the time base to 200 us/div, then center the signal on the display
with the delay knob (delay about 800 us).

Press , then press the Delayed sofikey.
Set the delayed sweep to 20 us/div, then set the expanded portion

over the VITS (delay about 988.8 us).

[ Ei20.08/ 2008/ il TvFz2 1 RUN
T R TR SR e DN O L
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--Lu 1 » [} 1 1 ' 1

Second vertical interval windowed on the VITS




Figure 27

Operating Your Oscilloscope
To analyze video waveforms

8 Press , then press the Main softkey.

9 Use the horizontal vernier to change the time base to 7 us/div, then

center the signal on the display with the delay knob (delay about

989 us).

—

1 5007

I
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S89y

7,005 Pk TVF2 § RUN

Full screen display of the IRE




Operating Your Oscilloscope
To analyze video waveforms

Delay in TV line units hint

HP 54600-series oscilloscopes with system ROM versions 2.1 and greater have
the ability to display delay i TV-ling units. Using the TV field trigger mode
activates this ine-counting feature. When Field 1 or Field 2 is selected as the
trigger source, defay can be setin terms of time or hne number.

Both-fields triggering in the HP 54602A hint

The HP 54602A can trigger on the vertical sync pulse in both TV hields atthe
same time This allows you to view noninterlaced video stgnals which are
common in today’s computer monitors. To trigger on both sync pulses, press
Field 1 and Field 2 at the same tme.

TV trigger operating hints

The color burst never really changes phase, it just looks doubled tnggered
because its frequency s an odd multiple of one half the line frequency.

When looking at live video {usually a field), use peak detect to improve the
appearance of the display.

When making curser measurements, use Autostare since you are usually
looking for pulse flatness and extremas.

When using line tnigger, use minimum holdoff to display all the lines. Due to
the relationship between the henizantal and vertical sync frequencies the
display looks like it)s untriggered, but it is very useful for TV waveform
analysis and adjustment because all of the lines are displayed




Gperating Your Oscilloscope
To save or recall traces

To save or recall traces

The oscilloscope has two pixel memories for storing waveforms. The
following exercise guides you through how to store and recall waveforms
from pixel memaries.

Connect a signal to the oscilloscope and obtain a stable display.
2 Press -

A softkey menu appears wth five softkey selections Four of the softkeys
are trace memory functions.

Trace Selects memory 1 or memory 2.
Trace Mem Turns cn or off the selected memory.

Save to Saves the waveform to the selected memory The front-panel
setup is saved to a separate memory location.

Clear Erasesthe selected memory.

Recall Setup Recalls the front-panel setup that was saved with the
waveform.




Operating Your Oscilloscope
To save or recall traces

3 Toggle the Trace softkey to select memory | or memory 2.
4 Press the save to softkey.

The current display is copied to the selected memory.
6§ Turmn on the Trace Mem softkey to view the stored waveform.

The trace is copied from the selected trace memory and is displayed in hall
bright video

The automalic measurement functions do not operate on stored traces.
Remember, the stored waveforms are pictorial information rather than
stored data.

& [f you have not changed the oscilloscope setup, use the cursors to make
the measurements

* [fyou have changed the oscilloscope setup, press the Recall Setup
softkey. Then,use the cursors to make the measurements.

Trace memory operating hint

The standard oscilloscope has volatile trace memories. When you add an
interface module to the oscilloscope, the trace memeries become nonvolatile.
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Operating Your Oscilloscope
To use the XY display mode

Figure 28

To use the XY display mode

The XY display mode converts the oscilloscope frem a volts versus time
display to a volts versus volts display. You can use vanous transducers so
the display could show strain versus displacement, flow versus pressure,
volts versus current, or voltage versus frequency. This exercise shows a
common use of the XY display mode by measuring the phase shift between
two signals of the same frequency with the Lissajous method.
Connect a signal to channel 1, and a signal of the same frequency but
out of phase to channel 2.
Press [ Autoscale ], press[ Maln/Delayed |, then press the x¥
softkey.
Center the signal on the display with the Position knobs, and use the
Volts/Div knobs and the vertical verniar softkeys to expand the
signal for convenient viewing.
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Operating Your Oscilloscope
To use the XY display mode

Figure 29 1 41.00 2 40.87 Xy RUN

If!ll-l-l-l-l-l!!llllllb

4 Press -
5 Setthe Y2 cursor to the top of the signal, and set Y1 to the bottom of

the signal.

. Note the AY value at the bottom of the display. In this example we are using
the Y cursors, but you could have used the X cursors mnstead. Il you use the
X cursors, make sure you center the signal in the Y axis.

Figure 30 41,00 2 40,89 ag RUN

PN N S ———

¥1(2) = -1Z6.2mY ¥Y2i{z) = 18 ImV aY€2d) = za4.dmv
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Figure 31

Operating Your Oscilloscope
To use the XY display mode

6 Move the Y1 and Y2 cursors to the center of the signal.

Again, note the AY value.
141.09 2 <40.9% Y RUN
: § : L4
!
f
¥ -
e e e — e - _j_T_.___ —m — = - == - =
t
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: . i : H : .
4
4 .
i
.
3
14
: R i R g H :
¥Yi{2y = -58.75mvY ¥2(22 = 53.12mv AY(2) = 111,8mv

7 Calculate the phase difference using formula below.

second AY_ 1119 _
first AY 2444

siné = 27.25 degrees of phase shift.




Cperating Your Oscilloscope
Touse the XY display mode

RUN

Figure 32 | 41.05 2 40.89
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Figure 33
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To save or recall front-panel setups

"""
XY display mode operating hint

When you select the XY display mode, the time base is turned off. Channel 1is
the X-axis input, channel 2 is the Y-axis input, and channel 4 (external trigger in
the HP 54600A) is the Z-axis input. If you only want to see portions af the ¥
versus X display, use the Z-axis input. Z-axis turns on and off the trace {analog
oscilloscopes called this Z-blanking because it turned the baam on and off).
When Z is low (<1.3 V), ¥ versus X is displayed; when Z 1s high {>1.3 V), the
trace is turned off.

To save or recall front-panel setups

There are 16 memories for storing front-panel setups. Saving front-panel
setups can save you tline in situations where several setups are repeated
many times

1 Press|Setup .

2 To change the selected memory location, press either the left-most
softkey or turn the knob closest to the Cursors key.

3 Press the save softkey to save a front-panel setup, then press the
Recall softkey to recall a4 front-panel setup.
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Service

If the oscilloscope is under warranty, you must return it to
Hewlett-Packard for all service work covered by the warranty, See
"T'o return the oscilloscope to Hewlett-Packard," on page 66. If the
warranty period has expired, you can still return the oscilloscope to
Hewlett-Packard for all service work., Contact your nearest
Hewlett-Packard Sales Office for additional details on service work.

If the warranty period has expired and you decide to service the
oscilloscope yourself, the instructions in this chapter can help you
keep the oscilloscope operating at optimurm performance.

This chapter is divided into the following four sections:

¢ Verifying Oscilloscope Performance on page 67
» Adjusting the Oscilloscope on page 85

» Troubleshooting the Oscilloscope on page 96

* Replacing Parts in the Oscilioscope on page 105

Service should be performed by trained service personnel only. Some
knowledge of the operating controls is helpful, and you may find it
helpful to read chapter 1, "The Oscilloscope at a Glance,” starting on
page 7.




Tahle 2

Service

Recammended list of test equipment te service the oscilloscope

Equipment

Constant amplitude
signal generator

Digital multmeter

Oscilioscope
Power supply
Probe

Pulse generator
Pulse generator

Time marker
generator

Feedthrough
Pawer splitter
Shorting cap
Adapter
Adapter
Adapter
Adapter
Adapter
Cable

Cable

Critical specifications

100 MHz, Constant amplitude £1%
{250 MHz for HP 546024A)

0.1 mY resalution, better than 0.01%
acruracy

100 MHz

14 mV to 35 Vdc, 0.1 mV resolutian
10:1 dwision ratio

Rise time < 875 ps

10 kHz, 500 mV p-p, nise time <5 ns
Stahility 5 ppm after 1/2 hour

50 Q, BNC {m) and {f)
Qutputs differ <0.15 dB
BNC

SMA [f) ta BNC [m)

BNC (f-f)

BNC tee {m) {f} {f}

N{m}to BNC {f}, Qty 3
BNC {f) to dual banana {m)
BNC, Qty 3

BNC, 3inches, Qty 2

Recommended Model/Part

Tek SG503
Tek TMS01

HP 34401A

HP 54501A

HPB114A

HP 104324

PSPL 11678 TD and PSPL 11108 Driver
HP 81127

TG 501A and TM 5034

HP 10100C
HP 116678
HP 1250-0774
HP 1250-1787
HP 1250-0080
HP 1250-0781
HP 1250-0780
HP 1251.2277
HP 10503A
HP 105024

PAT

~ v T P P I VW OO o B - e |
h

X

Additional equipmant needed if you perform the altemate handwidth test when verifying oscilloscope performance.

Signal generator

Power meterand
Power Sensar

Cable
Adapter

1to 100 MHz at 200 mV
{250 MHz for HP 54602A)

1to 160 MHz +3% accuracy
{250 MHz for HP 54602A)

Type N im) 24 inch
Type N im) to BNC (m)

HP 86568 apt 001
HP 438A and HP 8482A

HP 115008
HP 1251-0082

P

P




Service
Ta return the oscilloscope to Hewlett-Packard

To return the oscilloscope to Hewlett-Packard

Before shipping the oscilloscope to Hewlett-Packard, contact your nearest
Hewlett-Packard Sales Office for additional details

Write the following information on a tag and attach it to the
oscilloscope.

® Name and address of owner
* Model number
¢ Senal number

® Description of service required or failure indications
Remove all accessories from the oscilloscope.

The accessories include the power cord, probes, cables, and any modules
attached to the rear of the oscilloscope. Do not ship accessonies back to
Hewlett-Packard unless they are associated with the failure symptoms.
Protect the control panel with cardboard.

4 Pack the oscilloscope in styrofoam or other shock-absorbing material
and place it in a strong shipping container.

You can use either the original shipping containers, or order materials from
an HP Sales Office  Otherwise, pack the oseilloscope in 3 to 4 inches of

shock-absorbing material to prevent movernent inside the shipping container.

Seal the shipping container securely.
Mark the shipping container as FRAGILE.
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Verifying Oscilloscope Performance

This section shows you how to verify the electrical performance of the
oscilloscope, using the performance characteristics in chapter 4 as the
standard. The characteristics checked are dc calibrator, voltage
measurement accuracy, bandwidth, horizontal accuracy, and trigger
sensitivity.

You should verify the performance of the oscilloscope when you first
receive it, and every 12 months or after 2,000 hours of operation.
Also, make sure you allow the oscilloscope to operate for at least 30
minutes before you hegin the following procedures.

Perform self-calibration first

For the oscilloscope to meet all of the verifications tests in the ambient
temperature whera it will be used, the self-calibration tests described on
page 88 should first be performed Allow the unit to operate for at least
30 minutes before performing the self-calibration.

Each procedure lists the recommended equipment for the test. You
can use any equipment that meets the critical specifications.
However, the procedures are based on the recommended model or
part number,

On page 84 15 a test record for recording the test results of each
procedure. Use the test results to gauge the performance of the
oscilloscope over time,
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Verifying Oscilloscope Performance

Table 1

To check the output of the DC CALIBRATOR

In this test you measure the output of the DG CALIBRATOR with a
multimeter. The DC CALIBRATOR is used for self-calibration of the
oscilloscope The accuracy 15 not specified, but it mnust be within the test
limits to provide for accurate self-calibration.

Test Liruts: 5.000 V £10 mV and 0.000 V + 500 uV.

Equipment Required

Equipment Critical specifications Recammended
Model/Part
Digital Muttimeter 0.1% mVY revolution, better than 0.01% HP 33401A
accuracy
Cable BNC HP 10503A

Connect a multimeter to the rear panel DC CALIBRATOR connector.
2 Press [ Print/Utility |.

Press the self Test softkey, then press the pac softkey.

The multimeter should measure 0.00 V de % 500 V. If the result is not
within the test limits, see "Troublashooting the oscilloscope,” on page 96.

Press any key to continue the test.

The multimeter should read 5 000 V £10 mV. [f the result is not within the

test limits, see "Troubleshooting the oscilloscope,” on page 96.
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To verify voltage measurement accuracy

In this test you verify the voltage measurement accuracy by measunng the
output of a power supply using dual cursers on the oscilloscope, and
comparing the results with a multimeter.

Test limits: £1.5% of reading £0.4% of full scale

Table 2 Equipment Required

Equipment Critical specifications Recommended
Mcodel/Part

Power supply 14 mV 10 35 Vdc, 0.1 mV resalution HP §114A

Digital multimeter Betterthan 0 1% accuracy HP 33401A

Cable BNC, Qty 2 HP 10503A

Shorting cap BKC HP 1250-0774

Adapter BNC ifi to banana [m) HP 1251-2217

. Adapter BNC tee [m] {f) [f) HP 1250-0781
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1 Set up the oscilloscope.

a Press , then press the Default Setup softkey.

b Press , then press the V avg softkey.
¢ Set the Volts/Div to the first line of table 3.

d Adjust the channei 1 Position knob to piace the baseline near
(but not at) the bottom of the display.

2 Press » then press the v1 softkey.

3 Using the cursors knob, set the V1 cursor on the baseline.

If you are in an electrically noisy environment, it can help to place a shorting
cap on the input BNG connector when positioning V1.

4 Connect the power supply to the oscilloscope and to the multimeter,
using the BNC tee and cables.

5 Set the power supply output to the first line in table 3.
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6 Press the v2 softkey, then position the V2 cursor to the baseline,
The AV value at the bottom of the display should be within the test limits of
table 3. If a result is not within the test limits, see "Troubleshooting the
Oscilloscope,” on page 96.
7 Continue checking the voltage measarement accuracy with the
remaining lines in table 3.

Equipment Required

Volts/Div setting
V0w
2V/Div
1V/Div
05V/Dw
0.2V/Dw
0.1ViDiv
50 mV/Owv
20 mV/Div
10 mV/Div
5 mV/Div*
2 mV/Dw*

Power supply setting
By
14V
IAY
35v
14V
700 mV
350 mY
140 mV
0 mv
3B mV
14mV

Test limits
kLK R
13726V
6863V
34315V
13726V
6863 mV
343 15 mV
137.26 mY
68 63 mV
34 156 mV
134T mV

35685V
14274V
7137V
35685V
14214V
Ni?mv
356.85 mV
14274 my
NnNamv
35845 mV
1453 mV

& Disconnect the power supply from the oscilloscope, then repeat steps
1 to 7 for channel 2 {channels 2 to 4 on the HP 54601A and
HP 54602A). On the HP 51601A and HP 54602A, channels 3 and 4,
check the (1.6 V/div and 0.1 V/liv range only.

*Full scale is defined as 80 mV on the 5 mV/div and 2 mV/div ranges.
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Table 4

To verify bandwidth

In this test you venfy the bandwidth of the oscilloscope by using a constant
amplitude signal generator The frequency of the signal generator is set to
250 kHz to establish a reference level Then, the frequency is changed to
the upper bandwidth limit and the level 1s checked to see il it is 3 dB from
the reference leve)

The following procedure is a simple method to check bandwidth. However,
there is a possibility of measurement uncertainty with a constant amplitude
signal generator. If you need a more exact procedure for checking
bandwidth see, "To verify the bandwidth (alternate method)” on page 74.

Test limits:

HP 54600A and HP 54601 A, all channels {—3 dB)
dc to 100 MHz
ac coupled 10 Hz to 100 MHz.

HP 546024
Channels 1 & 2 (-3 dB)
de to 150 MHz
ae coupled 10 Hz to 150 MHz.
Channels 3 & 4 (-3 dB)
dc to 250 MHz.

Equipment Required

Equipment Critical specifications Recommended
Model/Part

Constant amplitude 100 MHz, Constant amplitude +1% Tek S6503/Tek TM501

signal genarator (250 MHz for HP 54602A)

Cable 8NC HP 10603A

Feedthrough 506, BNC () and {f} HP 10100C
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I Using the 50-Q feedthrough and the BNC cable, connect the signal
generator to channel 1 of the oscilloscope.
2 Set the frequency of the signal generator to 250 kHz and the
amplitude to about 800 mV.

3 Press [Autoscale |.

4 Adjust the output of the signal generator for exactly 8 divisions of
vertical deflection.
5 Change the frequency of the signal generator to the value shown
below for yowr instrument.

Selected Channel

Signal Generator Fraquency Sefting

HP 54500A HP 546017 HP 54602A
Channel 1 100 MHz 100 MHz 150 MHz
Channel 2 100 MHz 100 MHz 150 MHz
Channel 3 — 100 MHz 250 MHz
Channel 4 — 100 MHz 250 MHz

6 Change the sweep speed of the oscilloscope to 5 ns/div and observe

the display.

The vertical amplitude of the signal on the display should be equal to or
greater than 5 66 divisions {(—3 dB point). If the result is not <—3 dB, see
"Troubleshoocting the Oscilloscope," on page 96.

7 Repeat steps 1 through 6 for channel 2 (channels 2 to 4 on the
HP 54601A and HP 54602A).
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Table 5

To verify bandwidth (alternate method)

In this test you verify the bandwidth of the oscilloscope by using a power
meter and power sensor to set the output of a signal generator at 1 MHz and
the upper bandwidth limit. You use the peak-to-peak voltage at 1 MHz and
the upper bandwidth limit to calculate the bandwidth response of the

oscilloscope,

Test limits

HP 54600A and HP 546014, al} channels (-3 dB)

dc to 100 MHz
ac coupled 10 Hz to 100 MHz

HP 54602A
Channels 1 & 2 (-3 dB)
dc to 150 MHz
ac coupled 10 Hz to 150 MHz
Channels 3 & 4 (-3 dB)
de to 250 MHz

Equipment Required

Equipment Critical specifications Recommended Madel/Part
Signal generator 110 100 MHz at 200 mV HP 86568 opt 001
{250 MHz for HP 546024}
Power meter and 1to 100 MHz +3% accuraey HP 436A and HP 84824
Power Sepsor {250 MHz for HP 546024)
Power splitter Outputs differ by <0.15 dB HP 116678
Cable Type N {m), 24 inch HP 115008
Adapter Type N (m) to BNC {m) HP 1251-0082
Feedthrough 50 2, BNC {m) and (f) HP 10100C
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L Connect the equipment.

a Connect the signal generator to the input of the power splitter.

b Connect the power sensor to one output of the power splitter, and
connect channel 1 of the oscilloscope to the other power splitter
output {put the 50 £ feedthrough at the input of the oscilloscope).

Set up the oscilloscope.

a Press , then press the Default Setup softkey.
b Set the time base to 500 ns/div,

¢ Set channel 1 to 100 mVAdiv.

d Press , then press the Average softkey.

e Toggle the # Average softkey to select 8 averages.

Set the signal generator for 1 MHz at about 5.6 dBm.

Notice that the signal on the display is about 5 cycles and six divisions of
amplitude.
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Press , then press the vp-p softkey.

Wait a few seconds for the measurement to settle (averaging is complete),
then note the Vp-p reading from the bottom of the display

Vpp= mVv.

Set the calibration factor percent of the power meter to the 1 MHz
value from the calibration chart on the probe, then press dB (REF) on
the power meter to set a 0 dB reference.

Change the frequency of the signal generator to the value shown
below for your instrument.

Selected Channel Signal Generatar Frequency Setting

HP 546004 HP 54601A HP 546024
Channel 1 100 MHz 100 MHz 150 MHz
Channel 2 100 MHz 100 MHz 150 MHz
Channell — 100 MHz 250 MHz
Channel & - 100 MHz 250 MHz

Set the calibration factor of the power meter to 100 MHz percent

value from the chart on the probe.

Adjust the amplitude of the signal generator for a power reading as close as
possible to 0.0 dB (REL). Power meter reading = dB.
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Change the time base to § ns/div.

Wait a few seconds for the measurement to settle (averaging is complete),
then note the Vp-p reading from the bottom of the display.
Vp-p=____mV.

Calculate the response using the following formula.

o step 8 result
20logie (step 4 resull

Correct the result from step 9 with any difference in the power meter
reading from step 7. Make sure you observe all number signs.

For example.

Result from step 9 = =2.3 dB

Power meter reading from step 7 = —0.2 dB (REL}

True response = (—2.3) — (-0.2) = =2.1dB

The true response should be =—3 dB

If the result is not = -3 dB, see "Troubleshooting the Oscilloscope,” on
page 96.

Repeat steps 1 to 10 for channel 2 (channels 2 to 4 on the HP 54601A
and HP 54602A).

When you measure the bandwidth on channels 3 and 4, use the 0.1 V/Div
range.
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Table 6

To verify horizontal At and /At accuracy

In this test you verfy the horizontal At and /At accuracy by measuring the
cutput of a time mark generator with the oscilloscope.

Test hmits: +0 01% +0.2% of full scale £200 ps.

Equipment Required

Equipment Critical specifications Recommanded Model/Part
Time marker generator ~ Stability 5 ppm after 1/2 hour TG $01A and TM 503A
Cable BNC HP 105034

Termination 50 §2, BNC connectors (m) {f) HP 10100C

1 Connect the time mark generator to channel 1 using the feedthrough

at the oscilloscope input. Then, set the time mark generator for 0.1
ms markers.

2 Setup the oscilloscope.

a Press , then press the befault Setup softkey.
b Press .

¢ Set the time base to 20 us/div.
d Adjust the trigger level to obtain a stable display.
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3 Press , then press the Freq and Period softkeys.

You should measure the following

Frequency 10 kHz, test linuts are 9 899 kHz to 10 10 kHz.

Perind 100 us, test limits are 98.98 us to 101.01 us.
If the measurements are not within the test limits, see "Troubleshooting the
Oscilloscope,” on page 96.
Change the time mark generator to 1 s, and change the time base to
200 ns/div. Adjust the trigger level to obtain a stable display.
Press , then press the Freq and Period softkeys.

You should measure the following
Frequency 1 MHz, test limits are 989.8 kHz to 1.0104 MHz.
Period 1 us, test Limits are 989.7 ns to 1.010 us

If the measurements are not within the test imits, see "Troubleshooting the
Oscilloscope,” on page 46.
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6 Change the time mark generator to 10 ns, and change the time base to
5 ns/div. Adjust the trigger level to obtain a stable display.

7 Press , then press the Freq and Period softkeys.

You should measure the following:
Frequency 100 MHz, test limits are 97.078 MHz to 103.1 MHz.
Period 10 ns, test limits are 9699 ns to 10.30 ns.

If the measurements are not within the test limits, see "Troubleshooting the
Oscilloscope," on page 96.
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To verify trigger sensitivity

. In this test you verify the trigger sensitivity by applying 25 MHz to the
oscilloscope. The amplitude of the signal is decreased to the specified
levels, then you check to see if the oscilloscope is still triggered You then
repeat the process at the upper bandwidtih limt.

Test limits:
Internal trigger
HP 54600A and HP 546014, all channels

de to 25 MHz, 0.35 divor 3.5 mV p-p
dec to 100 MHz, 1 div or 10 mV p-p

HP 54602A
Channels 1 & 2
de to 25 MHz, 0.35 divor 35 mV p-p
de to 160 MHz, 1 div or 10 mV p-p

Channels 3 & 4
dec to 25 MHz, .35 divor 3 5 mV p-p
de to 260 MHz, 1 div or 10 mV p-p

External trigger (HP 54600A only)
de to 25 MHz, 50 mV p-p
de to 100 MHz, 100 mV p-p

Table 7 Equipment Required

Equipment Critical specifications Recommended
ModelPart

Signal generator 25 MHz and 100 MHz sine waves Tek SG 503/Tek TM 501

(25 MHz and 250 MHz for HP 546D2A)

Power sphtter Outputs differ <0.15 dB HP 116678

(HP 54600A anly}

Cable BNC, Oty 3 HP 105034

. Adapter N (m) 1o BNC {f), Qty 3 HP 1250-0780
Feedthrough 50 2, BNC [m) and {f) HP 10100C
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Press , then press the pefault setup softkey.
Connect the signal generator to channel 1.

Verify the trigger sensitivity at 256 MHz and 0.35 divisions.
a Sel the signal generator to 256 MHz and about 50 mV.

b Press -

¢ Decrease the output of the signal generator until there is 0.35 vertical
divisions of the signal displayed.
The trigger should be stable. If the triggering is not stable, try
adjusting the trigger level, If adjusting the trigger level makes the
triggering stable, the test still passes. If adjusting the trigger does not
help, see "Troubleshooting the Oscilloscape,” an page 96.

Verify the trigger sensitivity at 1 division for the frequencies shown

below.

a Change the output of the signal generator to the frequency shown
below for your instrurment and set amplitude to about 100 mV.

Selected Channel Signal Generator Fraquency Setting

HP 52600A HP 54601A HP 546024
Channel 1 100 MHz 100 MHz 150 MHz
Channel 2 100 MHz 100 MHz 150 MHz
Channel 3 — 100 MHz 250 MHz
Channef § — 100 MHz 250 MHz

v Press [Autoscale |.

¢ Decrease the output of the signal generator until there is 1 vertical
division of the signal displayed.
The trigger should be stable. If the triggering is not stable, try
adjusting the trigger level. If adjusting the trigger level makes the
triggering stable, the test still passes. If adjusting the trigger does not
help, see "Troubleshooting the Oscilloscope,” on page 96.

Repeat steps 1 through 4 for channel 2 on the HP 54600A {channels 2

to 4 on the HP 54601A and HP 54602A).
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External Trig 6 Verify the external trigger sensitivity at 100 MHz and 100 mV p-p
Sensitvity (HP 54600A only).
a Press , then press the Ext softkey.
. b Use the power splitter to connect the signal generator to the channel

1 input and to the external trigger input.
¢ Change the output of the signal generator to 100 MHz and 200 m¥ p-p.

The power splitter divides the 200 mV so that 100 mV is applied to
each of the oscilloscope inputs.

The oscilloscope triggering shouid be stable. If the triggering is not
stable, try adjusting the trigger level. If adjusting the trigger level
makes the triggering stable, the test still passes. If adjusting the
trigger does not help, see "Troubleshooting the Oscilloscope," on
page Y6,
7 Verify the external trigger sensitivity at 26 MHz and 60 mV p-p
{HP 54600A only).

a Change the output of the signal generator to 26 MHz at about 100 mV.

b Press [ Autoscals .

. The oscilloscope triggering should be stable, If the triggering is not
stable, try adjusting the trigger level. If adjusting the trigger level
makes the triggering stable, the test still passes. If adjusting the
trigger does not help, see "Troubleshooting the Oscilloscope,” on
page 06.




HP 54600A and HP S4601A

(ﬁ HEWLETT Performance Test Record
/8 pACKARD
Date
Serial No. Testby
Test Interval Work Order No
Recommended Next Testing Temperature
Output of de calibrator Limits Result
4990V to 5010V
Voltage measurement sccuracy
Range Reading Test Limits Channel 1 Channet 2 Channel 3 Channel 4
5 V/Div ki3 34315Vio _35685Y
2V/Div 14V 13726Vto _ 14274V
1V/Div tA") 6863V __ 7137V
500 mV/Div a5V 34315V 1o _35686V
200 mV/Dwv 14V 13726 Vio _ 14274V
100 mV/Div 700 mV 6363 mVio 7137 mV
50 mV/Div 350 mV 343.15 mV to 356 BE mV
20 mV/Div 140 mV 13726 mVto 14274 mV
10 mV/Dw 70 my 68B3mViI0 71,37 mV
5 mV/Div 35 my 34155 mV to 35845 mV
2 mV/Div 14mV 1347 mVie 1453 mV
Bandwidth Test Limits Channel 1 ChannelZ  Channel3  Channeld
=-3dB
Horizantal At and 1/Af accuracy
Reading Test Limits Results
Frequency 10 kHz 9.899 kHz to 10.10 kHz
Penod 100 us 9898 us 10 101.01 us
Frequency | MHz 989.8 kHz to 1.0104 MHz
Penad tus 489.7 nsto 1.010us
Frequency 100 MH2 97.078 MHz to 103.1 MH2
Penod W0ns 9.699 ns to 10.30 ns
Trigger sensitivity Test Limits Channel 1 Channel2  Channel3  Channeld
Internal tngger 25 MHz at € 35 divisions
Internal trigger
HP 5460DA/HP 54601A 100 MHz at 1 division
HP 54602A, Chan 1 &2 150 MHz at 1 divisian
HP 54602A, Chan 3 & 4 250 MHz at 1 divisian
Extarnal

External trigger {HP 54600A)

100 MHz at 100 mV p-p
25 MHz at50 mV p-p




Adjusting the Oscilloscope

This section explamns how to adjust the oscilloscope so that it is at
optimurn operating performance. You should perform the hardware
adjustments perindically as indicated below.

® Hardware at 12 months or 2,000 hours of operation

® Firnmware at 6 months or 1000 hours of operation, or
if ambient temperature is greater than 10 °C from the calibration
temperature, or if the user desires to maximize the measurement
accuracy

The amount of use, environmental conditions, and your past

experience with other instruments can help you to determune of you
need a shorter adjustment interval,

Make sure you allow the oscilloscope to warm up for at least 30
minutes before you start the adjustments,
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Table &

To adjust the power supply

On the power supply there is only one adjustment and that is for the +5.1 V.
The other veltages are based on the +5.1 V adjustment. In this procedure
¥ou use a multimeter 1o measure the +5.1 V, and if necessary, you adjust
the supply to within tolerance.

Equipment Required

Equipment Critical specifications Recommended
Model/Part

Digital multimeter 0.1 mV resolution, accuracy +005%  HP 34401A

Set up the oscilloscope for the voltage adjustment,
a Turn off the oscilloscope,

b Remove the cover from the oscilloscope.

¢ Place the oscilloscope on its side.

d Connect the negative lead of the digital multimeter to a ground point
on the oscilloscope.

¢ Turn on the oscilloscope,

86



Figure 34

Service
Adjusting the Oscilloscope

2 Measure the power supply voltages at L3, L4, and L5 on the system

board.
Make sure that the voltage measurements are within the following
tolerances.

+51V +150 mV (+4.95V 1o +525 V)
+1676V +187 mV {+14 96 V o +16.54 V)
- 1675V +787mV [—1496V to —16.54 V)

If the +5.1 V measurement is out of tolerance, adjust the +5.1 V adjustment
on the power supply. The =15.75 V supplies are not adjustable and are
dependent upon the +5.1 Vsupply. If adjusting the power supply does not
bring all the voltages within tolerance, see "Troubleshooting the
Oscilloscope," on page 596,

-15 7hy I
45 P15 TSV
: +5 1V

BFE EHE E

ol

S4R00Z30
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Tahle 9

e

To perform the self-calibration

In this procedure you load the default calibration factors to give a known .
starting pomt for the firmware calibration. However, once the default

calibration factors are loaded, you must perform the remainder of the

Sirmuare calibration to maintain the necurvacy of the oseilloseope.

Equipment Required

Equipment Critical specifications Recommended
Madel/Part
Pulse generator 100 kHz, 1V p-p, rise time <5 ns HP8112A
Cable BNC, 3 feet HP 105034
Cable BNC, 9 inches, Qty 2 HP 105024
Adapter BNC tee (m} (F} {f) HP 1250-0781
Adapter BNC {f-f) HP 1250-0080
Feedthrough 50 €2, BNC [m} and {f} HP 10100C .

Check the rear panel DC CALIBRATOR output level.

If you are not sure how to check the DC CALIBRATOR, see "To check the
output of the O CALIBRATOR," on puge 68.

Load the default calibration factors.
a Sef the rear-panel CALIBRATION switch to UNPROTECTED
{up position).
b Press| print/utilaty |, thenpressthe Self Cal Menu softkey.
¢ Press the Load Defaults softkey.
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After the message "pefault calibration factors loaded"is
displayed on the lower left side of the display, press the vertical
softkey.

Follow the instructions on the display, then press the continue
softkey.

The display prompts instruct you to connect the rear panel DC CALIBRATOR
output first to channel 3, then to channel 1, then to channel 4, and finally to
channe} 2 (Channels 1 and 2 only on the HP 54600A )

After the message "Press Continue to return tocalibration
menu” appears on the display, press the cont inue softkey.

Cornect a pulse generator set to 100 kHz and 1 V p-p and with a rise
time less than 5 ns to channels 1 and 2. Place the feedthrough at the
BNC tee Make sure you use the HP 10502A cables to ensure equal
cable lengths.

Press the pelay saftkey, then follow the instructions on the display.
The display will instruct you to connect the signal simultaneously to
channels 1and 2, 1and 3, t and 4, 2 and 4, 2 and 3, and finally to 3 and 4.

Set the rear-panel cALIBRATTON switch to PROTECTED.
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Tabhla 10

To adjust the low-frequency compensation

In this procedure you adjust the low-frequency compensation adjustment for
each channel.

Equipment Required

Equipment Critical specifications Recommended
Model/Part

Square wave 30 kHz at about 3 Vp-p HP 81124

generator

Feedthrough 50 Q, BNC {m) and {f) HP{10100C

Cable BNC HP 10503A

1 Using the BNC cable and 50-2 feedthrough, connect the square wave
generator to channe] 1.

2 Adjust the generator for about 30 kHz at about 3 Vp-p.
3 Press :

4 Set channel 1 to 500 mV/div.
You must perform this adjustment on the 500 mV range,

5 Adjust the output of the generator until you obtain about 5 to 6
divisions of vertical deflection.
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6 Adjust the channel 1 low-frequency compensation adjustment for as

flat a pulse top as possible.

7 Repeat steps 1 through 6 for channel 2 (channels 2 to 4 on the

HP 54601A and HP 54602A).

Figure 35 JF

Ch 1
Cho2

Low-frequency pulse
response adjustments

?r

HAE00ETD
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Table 1

O o G0 B e

To adjust the high-frequency pulse response

In this procedure you adjust the high-frequency pulse response for each
channel

Equipment Required

Equipment Critical specifications Recommended
Maodel/Part

Pulse generator Rise time < 878 ps PSPL 11078 TD and
PSPL 1110B Driver

Adapter SMA {f} to BNC {m} HP 1250-1787

Feedthrough 50 Q, BNC {m) and (f) HP 10100C

Connect the pulse generator to channel 1.
Press -

Change the time base to 10 ns/div,
Press , then toggle the vernier softkey to On.

Adjust the Volt/Div until there are about 6 divisions of vertical
deflection.
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6 Adjust the channel 1 high-frequency response for 1.5 minor division of

overshoot (6%).

7 Repeat steps 1 through 6 for channel 2 (channels 2 to 4 on the

HP 54601A and HP 54602A).

High-frequency pulse
response adjustments

Ch 4 Th 2
- ChBl
] 5]

Ch.1

J7
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Table 12

To adjust the display

The display adjustments are optional and normally do not require
adjustment!. You should use this procedure only for the few cases when
the display is obviously out of adjustment.

Equipment Required

Equipment Critical specifications Recommendad
Model/Part

Digital multimeter  Accuracy *0.05%, 1 mV resolution HP 33401A

Comnect the digital multimeter to the end of R901 closest to the fuse.
See figure 37.

2 Adjust +B for +14.00 V.

Press . Press the self Test Softkey, then press
the pisplay softkey.

Adjust V.HO (vertical hold)} for vertical synchronization.
Set the intensity control (on the front panel) to mid-range.

Adjust Sub Bri (sub bright) to the lowest setting so that the half bright
blocks on the display are visible.

Increase the intensity control to a comfortable viewing level.
Thus is usually about 3/4 of its maximum range.
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8 Adjust HB Cont (half bright contrast) for the best contrast between
the half bright and full bright blocks.
You can readjust Sub Bri, intensity control, and HB Cont to swit your
indrvidual preference.
9 Press any key to continue to the next test pattern. Then, adjust
H.Hold (horizontal hold) to center the display horizontally.
10 Adjust Focus for the best focus.
11 Press any key to continue to the normal display pattern. Then adjust
V.Lin (vertical linearity) for equal sizing of all four corner squares.
12 Adjust V.Size (vertical size) to center the display vertically at the
maximum allowable size without losing the text.

Adjustments V.Lin and V Size interact so you may need to readjust sizing
and vertical centering of the display.

Figure 37
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WARNING

CAUTION

Table 13

Troubleshooting the Oscilloscope

The service policy for this instrument is replacement of defective
assemblies. The following procedures can help isolate problems to
the defective assembly.

The maintenance described in this section is performed with power
supplied to the oscilloscope and with the protective covers removed. Only
trained service persontiel who are aware of the hazards involved should
perform the maintenance. Whenever possible, perform the procedures with
the power cord removed [rom the oscilloscope. Read the safety summary at
the front of this book before proceeding.

Do not disconnect any cables or remove any assemblies with the power
applied to the oscilloscope, or damage to the oscilloscope can occur.

The following equipment is needed for troubleshooting the oscilloscope

Equipment Required

Equipment Critical specifications Recommended

model/part
Digital moltimeter  Accuracy £085%, 1 mV resolution HP J4401A
Oscilloscope 100 MHz HP 54501A
Prabe 10:1 dwision ratio HP 104324
Dummy load Compatible with power supply HP 54600-66504
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To construct your own dummy load

Obtain a connector compatible with the connector on the LVPS.

2 Connect the following load resistors to the connector.

+6.1 Vrequiresa 3 A load, 1 7 © and 15 W on pin 15, 17, or 19

+15.75 Vrequiresa 1 3 Aload, 122 Qand 20.5 Wonpin 11 or 13.

With the fan operating, —15.75 V requires a 0.6 A load, 26.25 Q and
95Wonpinbor7

Without the fan operating, —15 75 V requires a 0 8 A load, 26.25 Q and
13Wonpinbor?7.

Connect the other end of the resistors to ground pins 2, 4, 6, and 8.
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To check out the oscilloscope

Is there an interface module connected to the oscilloscope?
If yes, do the following steps. [f not, go to step 2.

a Turn off the oscilloscope.

b Remove the module.

¢ Tum on the oscilloscope, then check for the failing symptom.

If the failing symptom disappears, replace the module, If not, go to
step 2,

Disconnect any external cables from the front panel.
Disconmnect the power cord, then remove the cover.
Connect the power cord, then turn on the oscilloscope.

If the display comes on after a few seconds, (HP logo and copymght text,
followed by a graticule with text at top of the display) go to "To check the
LVPS," on page 101 If after checking the LVPS the voliages are within the
test hmits, go to step 8. If not, go to step 6. [f the display did not come on,
do the steps below.,

a Check the intensity knob to see setting to see if its set too low.
b If there is still no display, disconnect the power cord.
¢ Check all cable connections.
d Goto "To check the LVPS," on page 101.
If the voltages are within the limits go to step 5. If not, go to step 6.
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Table 14

Figure 38

Service
Troubleshooting the Oscilloscope

5 Disconnect the display cable, then check the following signals at 56

on the system board. Refer to figure 38.

While probing, make sure that you do not short the pins of U56 together. To
make the probing easier, use the Emulation Technology 84-pin quad clip
{Emulation Technology part number 5402)

Signals at U6

Pin Signal Frequency Pulse width Voltage
74 DE 19.72 kHz 380us 26Vp-p
73 Hsyne 18.72 kHz 30us 50Vp-p
12 Vsyne 60.00 Hz 2535us 5.2Vp-p

If the signals are good, replace the display assembly. If not, replace the
system board.
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Disconnect the LVPS ribbon cable from the display board.
Measure the power supply voltages again (steps 1-3).

If the voltages are within the test limits, replace the display assembly. If not,
do the steps below.

a Disconnect the power cord.
b Disconnect the ribbon cable from the power supply.
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Service
Troubleshooting the Oscilloscope

¢ Connect the dummy load to the power supply connector.

d Connect the power cord, then measure the paower supply voltages
again (see new tolerances below),

+6.1V(4.95Vto +525V)
+15.76V (+15Vto +165 V)
1576V (—-16Vio —165V)

If the voltages are now within the test limits, replace the system
board. If not, replace the power supply.

[s the fan running?

If yes, go to "To run the internal self-tests," on page 102 If not, do the steps
below.

The LVPS has a thermal cut-out circuit  If the fan 1s defective, the LVPS
shuts down when it gets too hot for safe operation.

a Disconnect the fan cable from the power supply.
b Measure the fan voltage at the connector on the power supply.

If the fan voltage is —8.3 Vdc, replace the fan. If not, replace the
power supply.
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Service
Troubleshooting the Dscilloscope

1
2

3

To check the LVPS

Disconnect the power cord, then set the oscilloscope on its side.

Connect the negative lead of the multireter to a ground point on the
oscilloscope. Connect the power cord and turn on the oscilloscope.
Measure the power supply voltages at L3, 14, and L5 on the system
board. See figure 34 on page 87.

+51V 150 mV (+4.95Vto + 5.25 V}

+15.75 V 787 mV (+14 96 Vio +16.51 V)

=175V ETBTmV (-1496Vio -1651V)

If the 4+5.1 V measurement is out of the test limits, adjust the +5.1V
adjustment nn the power supply The £15 V supplies are not adjustable and
are dependent upon the +5.1 V supply

Blown fuse

if the fuse 1s blown in the power supply, the power supply is defective.
Replace the power supply.
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Service
Troubleshooting the Oscilloscope

To run the internal self-tests

1 Perform the keyboard test.

a
b

Press | Print/utility |.

Press the self Tst softkey, then press the Keyboard softkey.
A pictorial diagram of the front panel will appear on the display.

Press each key, and notice that when you press a key a
corresponding hlock on the display fills in.

Rotate the knobs {except the intensity) and notice that an arrow
appears on the display that points in the direction you rotate the
knob.

Do all the keys and knobs work?

If yes, Press the Stop softkey two or three times (the display
indicates how many times), then go to step 2. [f not, replace the
keyboard and keyboard assembly.
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Service
Troubleshoating the Oscilloscope

2 Check the output level of the DAC.
a Press the DAC softkey
b Connect a multimeter to the rear panel DC CALIBRATOR connector.
The multimeter should read 0 V £500 ¢V
¢ Press any key to continue
The multimeter should read 5 V £10 mV
d Are the DAC voltages correct?
If yes, press any key to continue If not, replace the systern board
3 Perform the ROM test
a Press the ROM softkey
b Does the display message say Test Passed”

If yes, press any key to continue If hot, (the display message says
Test Failed) replace the system hoard.
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Service
Trouhleshooting the Oscilloscope

Perform the RAM test.

a
b

Press the RAM sofltkey
Does the display message say Test Passed”

If yes, press any key to continue  If not, (the display message says
Test Failed) replace the system board.

Perform the display test.

a
b

<

Press [ Print/vtility |.

Press the Self Tst softkey, then press the bisplay softkey.
Da the half brght and full bright sguares appear?

If yes, continue with the steps below. [f not, replace the display.
Press any key to continue.

Do squares appear in the four corners?

If yes, the display is good. If not, replace the display.

Press any key to enld the test

If you still have the failing symptom, replace the system board
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WARNING

CAUTION

Replacing Parts in the Oscilloscope

This section contains instructions for removing and ordering
replaceable assemblies. Also in this section is a parts list for the
assemblies and hardware of the oscilloscope that you can order from
Hewlett-Packard.

[f you need a companent for ane of the printed circuit boards, refer to
the parts list included with the component information packet for this
oscilloscope. For more information on these packets, contact your
nearest Hewlet{-Packard Sales Office.

Before working on the oscilloscope, read the safety summary at the
front of this book.

Hazardous voltages are on the CRT, power supply, and display sweep board,
To avoid electrical shock, disconnect the power cord from the oscilloscope.
Wait at least three minutes for the capacitors In the oscilloscope to
discharge before you begin disassembling the oscilloscope,

Do not replace assemblies with the oscilloscope turned on or damage to the
components can occur.
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Service
Replacing Parts in the Oscilloscope

Fan

Front panel

To replace an assembly

Refer to the exploded view of the oscilloscope, figure 41, for details on how
the oscilloscope fits together. To install an assembly, follow the instructions
In reverse order

You will need the following tools to disassemble the oscilloscope:

® T15 TORX driver to remove the oscilloscope from the cabinet and to
remove the fan

® T10 TORX driver to remove the assemblies from the deck.
* Flat-blade screwdriver to remove the optional modules and the pouch.

& 9/16-inch nut driver or wrench to remove BNC nut,
Remove the oscilloscope from the cabinet.

a Tum off the oscilloscope and disconnect the power cable.
b [f a module is installed, remove it from the oscilloscope.

¢ Using the T16 TORX driver, remove the two screws from the rear of
the cabinet.

d Using your thumbs, gently push on the two rear-panel connectors to
slide the oscilloscope out of the cabinet.

Remave the faulty assembly.

You can remove any of the following six assemblies: fan, front panel, display,
system board, power supply, and keyboard.

a Disconnect the fan cable from the power supply board.

b Using the T16 TORX driver, remove the three screws that hold the
fan to the deck.

a Remove the inlensity knob by pulling straight out.
b Disconnect the keyboard ribbon cable from the system board.




Figure 39

Service
Replacing Parts in the Oscilloscope

¢ Use a screwdriver to release retainer tab A, and your finger to release
retaner tab B. See figure 39.

Releasing frant panel from deck of intrument

When tah B s released, be careful that the sheet metal tab of front-panel
ground input clears the softkey circuit board. The circurt board may be
deprassed slightly with a screwdriver to avoid damage to the circuit board

d Rotate the front panel out until the bottom clears the rear of the
assembly, then lift the front panel to free the hooks on top.

Hint: When nstalling the {ront panel, make sure that the power
switch shaft is aligned with its mating hole in the front panel.

Hint: The front panel swings in to engage the two retainer tabs
Before attempting to engage the retainer tabs, make sure that the six
hooks on top of the front panel are fully engaged with their mating
holes in the sheet metal

5460031
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Service
Replacing Parts in the Oscilloscope

Display a Remove the front panel.
b Disconnect the ribhon cable and the calibration cable from the
display.
¢ Using the T10 TORX driver, remove the two screws that hold the .
display to the deck.

Make sure that when you reinstall these screws that you use the
correct parts, If longer screws are used, they can short the system
board to ground.

d As you lift the display, rotate it off the two tabs on the side of the
deck.

System board a Using the T10 TORX driver, remove the eight screws that hold the
system board to the deck (two of the screws are in the attenuator
covers).

b Remove the two screws from the rear-panel interface connector and
the nut from the rear-panel BNC.

¢ Disconnect the three ribbon cables and the calibration cable.

d As you remave the system board, rotate the system board so that the
BNCs clear the front panel.

108



Power supply

Figure 40

Service
Replacing Parts in the Oscilloscope

a Remove the fan.

b Disconnect the ground wire {green wire with the yellow stripe) from
the deck,

¢ Disconnect the ribbon cable from the power supply board.

d Use a screw driver to gently unhook the latch that holds the white
shaft ta the power switch, then disconnect the shaft from the power
switch. After you disconnect the shaft, make sure you position it in
the recess along the side of the display bracket,

SACMHIESS

e Using the T10 TORX driver, remove the screw holding the power
supply board to the deck.

t Slide the power supply board towards the front panel about a half an
inch. Slip the keyhole slots on the power supply board off of the pins
on the deck.

109



Service
Replacing Parts in the Oscilloscope

a Remove the front pancl.
b Remove all the knobs by pulling straight out.

¢ Flex the bezel of the front panel to unsnap the small keyboard under
the display opening.

d Using the T10 TORX driver, remove the three screws from the large

Make sure that when you reinstall these screws that you use the
correct parts. If longer screws are used, they can damage the
front-panel label.

e Press down on the top of the keyboard, and rotate the bottom of the

When installing the keyboard, make sure that the probe calibration
cable is kept away from the keyboard cable or noise can oceur in the

probe adjust signal. See figure 41 for positioning the keyboard eable.

- "~  Probe calibration cable

Keyhoard
keyboard.
keyboard out.
Figure 41
Keyboard cable :

24500634
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Service
Replacing Parts in the Oscilloscope

To remove the handle

s Rotate the handle down until it is just past the last detent position

(about 1/2 inch before the handle touches the bottom of the
oscilloscope), then pull the sides of the handie out of the cabinet.

To order a replacement part

The system board is part of an exchange program with Hewlett-Packard.
The exchange program allows you to exchange a faulty assembly with one
that has been repaired and performance verified by Hewlett-Packard,

After you receive the exchange assembly, return the defective assembly Lo
Hewlett-Packard. A United States customer has 30 days to return the
defective assembly. If you do not return the faulty assembly within the 30
days, Hewlett-Packard will charge you an adcitional amount. This ameunt is
the difference in price between a new assembly and that of the exchange
assembly. For orders nol originating in the United States, contact your
nearest Hewlett-Packard Sales Office for information
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Service
Replacing Parts in the Qscilloscope

To order a part in the material list, quote the Hewlett-Packard part
number, indicate the quantity desired, and address the order to your
nearest Hewlett-Packard Sales Office.

To order a part not listed in the material list, include the model
number and serial number of the oscilloscope, a description of the
part (including its function), and the number of parts required.
Address the order to your nearest Hewlett-Packard Sales Office.

To order using the direct mail order system, contact your nearest
Hewlett-Packard Sales office.

Within the USA, Hewlett-Packard can supply parts through a direct mail
arder system. The advantages to the system are, direct ordering and
shipment from the HP Parts Center in Mountain View, California. There is
no maximum or mirumum on any mail order. (There is a munimum amount
for parts ordered through a local Hewlett Packard Sales Office when the
orders require hilling and invoicing.) Transportation costs are prepaid
(there is a small handling charge for each order) and no invoices.

In order for Hewlett-Packard to provide these advantages, a check or money
order must accompany each order. Mail order forins and specific ordering
information are available through your local Hewlett-Packard Sales Office.
Addresses and telephone numbers are located in a separate document
shipped with the instrument.
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Replacing Parts in the Oscilloscope
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Table 15

Service
Replacing Parts in the Oscilloscope

HP 54600A and HP 54601A Replaceable Parts

Reference HP Part Oty  Description

Designator Numher

Al 0850-2125 1 Power supply assembly

A2 2090-0244 1 Display assembly

A3 54600-66501 1 System board {HP 546(0A only)

A3 64600-89501 Exchange system board (HP 54600A only)
A3 54601-66301 1 System board (HP 54601A only)

A3 S4601-69501 Exchange system board (HP 54601A enly)
A3 54602-66501 1 System board {HP 24602A only)

A3 54602-69501 Exchange system board (HP 54602A only)
A4 54800-66502 1 Keyboard [HP 546004 only)

Ad 54601-66502 1 Keyboard { HP 54601A and HP 54602A only)
g1 3160-0619 1 Fan

K1 0515-0372 1 Machine screw M3 X8

H2 0515-0380 5 Machine screw M4X 10

H3 0515-0430 5 Machine screw M2 X6

H4 1250-2075 1 RF connector nut, 0.5 inch

H5 2150-0068 1 Lock washer

MR 1251-2485 1 Connector dust cover

MP2 1400-1581 1 Cable clamp

MP3 54660-41901 1 Large keypad {HP 54600A only)

MP3 54601-41301 1 Large keypad {HP 54601A only)

MP4 54600-94301 1 Front-panel label {HP 54600A only)

MP4 54601-94301 1 Front-panel label {HP 54601A only}

MP3 54602-94301 1 Front-panel label - China (HP 546024 only)
MPa 54602-94302 1 Front-panel label {HP 54602A only)

MPS 54600-94303 1 Handle Label {HP 54600A only)

MP5 54601-94303 1 Handle Label {HP 54601A anly)

MP5 54602-94303 1 Handle Label {HP 546024 only)

MP& 54601-00101 1 Deck

MP? 54601-07101 1 EMI gasket
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Replacing Parts in the Oscilloscoge

Reference HP Part Oty Description
Designator Number
MF8 54601-41902 1 Small rubber keypad
MP3 54601-42201 1 Front panel
MP10 54601-43701 1 Pawer-switch shaft
M 54601-64401 1 Cabinet {comes with handle and feet installed}
MP12 54601-44901 1 Handle
MP13 54601-4740 B Small knob (HP 545600A has 6)
MP14 54601-47402 3 Large knch
MP15 54601-47403 1 Intensity knob
Wi #120-1621 1 Standard power cord
W1 81201703 Power cord option 900, United Kingdom
W1 8120-0696 Pawer cord option 901, Austrakia
w1 2120-1692 Power cord option 302, Europe
w1 8120-0698 Pawer cord option 304, 250 V, USA/Canada
W1 8120-2296 Power cord option 306, Switzerland
w1 8120-2957 Pawer card option 912, Denmark
W1 §120-4600 Power cord option 317, Africa
Wi 8120-4754 Power cord option 918, Japan
Option 101 Accessary pouch and front-panal covar,
5041-3411 Pauch
54601-44101 Front-panel cover

Accassory replacement boards

54650-66502 HP-IB interface module
64651-66502 RS-232-C interface module
54692-66501 Parallel output interface module
54654-66501 Training signal board

Attenuator covers replacement parts {thesa are a part of tha A3 system board)

54604-62001 Externai trigger attenuator cover {used en HP 54600A only)
S4601-62001 Channel attenuator cover {one used on HP 54600A, twa
used on HP 54601A and HP 548024}
0624-0729 Screw that helds attenuater cover to system board
54601-09101 BNC contact spring, one per BNG
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Performance Characteristics

The performance characteristics describe the typical performance of .
the oscilloscope. You will notice that some of the characteristics are

ruarked as tested, these are values that you can verify with the

performance tests under "Verifying Oscilloscope Performance,” on

page G7.

Vertical System

All channels

Bandwidth!:
de to 100 MHz -3 dB (HP 546004 & HP 54601A)
de to 150 MHz -3 dB (channels 1 & 2, HP 54602A)
de to 250 MHz —3 dB (channels 3 & 4, HP 54602A)
ac coupled, 10 Hz to 140 MHz —3 dB (1P 54600A & HP 54601A)
ac coupled, 10 Hz to 150 MHz —3 dB (channels 1 & 2, HP 54602A) .
Rise time
3.5 ns (calculated, HP 54600A & HP 54601A1
«<2.33 ns (calculated, channels | & 2, HP 54602A)
<1.4 ns (calculated, channels 3 & 4, HP 51602A)
Dynamic range: +32 V or %8 divisions, whichever is less
Math functions: Channel 1 + or — channel 2
Input resistance | MQ
Input capacitance: =173 pf
Maximum input voltage. 400 V (di + peak ac)
1 Tested, see "To verify bandwidth,” on page 72.
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Performance Characteristics
Vertical System

Channels 1 and 2

Range 2 mV/divto 5 Vidiv
A('curacy‘ +1.6%
Vernuers': Fully ralihrated‘ accuracy about £3%
Cursor accuracy ' =
Single cursor accuracy: vertical accuracy +1 2% of full scale £0.5% of
position value
Dual cursor accuracy: vertieal aceuracy =0.4% of full scale
Bandwidth limit: =20 MHz
Coupling; Ground, ac, and de
Inversion: Channel 1 and channel 2
CMRR { common mode rejection ratio): = 20 dB at 50 MHz

Channels 3 and 4 (HP 54601A & HP 54602A only)

Range: (1.1 V/div and 0.5 V/div ranges

Accuracylz *+1.b%

Coupling: Ground and de

1 When the temperature 1s within 10 ° from the calibration temperature
2 Use a fulll scale of 80 mV for 2 mV/div and 5 mVAliv ranges

3 Tested, sce "To verify voltage measurement accuracy,” on page 69.




Performance Characteristics
Horizontal System

Horizontal System

Sweep speeds' b s/div to 2 ns/div main and delayed

Accuracy; +0.01%

Verner, Accuracy +0.05%

Hanzontal resolution: 100 ps

Cursor aceuracy’®: (Atand 1/At) +0.01% +0 2% of full scale £200 ps

Delay jitter: 10 ppm

Pretrigger delay (negative time): 210 divisions

Posttrigger delay (from trigger poinl to start of sweep): at least 2560
divisions or 50 ms. Not to exceed 100 s

Delayed sweep operation

Main sweep Delayed sweep
5 s/dw to 10 mns/div up to 200 times main sweep
5 ms/div and faster up to 2 ns/dv

1 Use full siale of 50 ns on 2 ns/v range.
2 Tested, see "To verily honzontal At and 1/At accuracy,” on page 78.
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Performance Characteristics
Trigger System

Trigger System

Internal trigger

Sensitivity
de to 25 MHz 0.35 div or 3.5 mV (all channels on all models)
dir to 100 MHz 1 div or 10 mV (all channels on HP 546004 & HP 546014)
de to 150 MHz 1 div or 16 mVY (channels 1 & 2 on HP 54602A)
de to 260 MHz 1 div or 10 mV (channels 3 & 4 on HP 51602A)

Sources:
Channels 1 to 4 and line on HP 54601A & HP 546024
Channels 1, 2, line, and external on HP 54600A

Coupling: ac, de, LF reject, HF reject, and noise reject
LF reject and HF reject —3 dB at =50 kHz

Modes. Auto, Autolevel, Normal, Single, and TV

TV triggering Available on channels 1 and 2 only

TV line and field: 0 5 division of composite sync for stable display

Holdofl: Adjustable from 200 ns to =13 s

External trigger (available on HP 54600A only)
Range: =18V
Sensitiv]tylz
de to 25 MHz b0 mV
de to 100 MHz 100 mV
Coupling: de, HF reject, and noise reject
Input resistance 1 MQ
Input capacitance: =13 pf
Maximum input voltage: 400 V {d¢ + peak ac)

| Tested, see "To verify trigger sensitivity,” un page 81




Performance Charactenstics
XY Operation

XY Operation

Z Blanking TTL high blanks trace
Bandwidths X and Y same as vertical system
Phase difference; £3 degrees at 100 kHz

Display System

Display: 7-inch raster CRT

Resolution 255 vertical by 500 harizontal points

Controls: Front-panel] intensity cantrol

Graticule: 8 > 10 gnid or frame

Autostore. Autostore saves previous sweeps in half bright display and the
most recent sweep in full bnght display.

Acquisition System

Maximum sample rate- 20 MSa/s

Resolution 8 bits

Simultaneous channels: Channels 1 and 2 or channels 3 and 4

Record length: 4,000 points (2,000 single shot)

Maximum update rate: 1,600,000 points/s

Single-shot handwidth: 2 MHz single channel, 1 MHz dual channel

Peak detect: 50 ns gliteh capture (100 ns dual channel) from 5 s/div
to 50 us/div

Average Number of averages selectable at 8, 4, and 258
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Performance Characteristics
Advanced Functions

Advanced Functions

Automatic measurements (measurements are continuously updated)
Voltage: Vavg, Vrms, Vp-p, Vtop, Vbase, Vmin, Vmax
Time: Frequency, penod, + width, — width, duty cycle, rise time, and
fall time
Cursors: Manually or automatically placed
Setup functions:
Autoscale: Sets vertical and horizontal deflections and trigger level for
signals with a frequency =50 Hz, duty cycle >1% and voltage level
channels 1 and 2 >20 mVp-p
channels 3 and 4 >100 mVp-p
external trigger (HP 54600A only) >100 mVp-p
Save/Recall: 16 front-panel setups
Trace memery: Two volatle pixel memories

Power Requirements

Line voltage range: 100 Vac te 240 Vac
Line voltage selection: Automatic

Line frequency: 45 Hz to 440 Hz
Maximur power consumption: 220 VA
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Performance Charactenistics
General

General

Environmental characteristics

The instrument meets or exceeds the environmental requirements of
MIL-T-288000D for Type IlI, Class 3, Style D equipment as described below.

Ambient temperature: (Tested to MIL-T-28800D paragraphs 4 5.5.13 option
2and 4.55.14)

Operating: =10°C to +55 °C (+14 °F to +131 °F)

Nonoperating: —51 °C to +71 °C (—60 °F to + 160 °F)
Humidity: (tested to Hewlett-Packard environmental specification section
758 paragraphs 4 0, 4.1, and 4.2 for class B-1 produets)

Operating: 95% relative humidity at +40 °C (+ 104 °F) for 24 hours

Nonoperating: 90% relative humidity at +66 °C (+149 °F) for 24 hours
Altitude: (Tested to MIL-T-28800E paragraph 4 5.5.2)

Operating: to 4,500 m (15,000 ft)

Nonoperating: to 15,000 m (50,000 ft)




Performance Characteristics
General

EMI
EMI (commercial) FTZ 1046 Class B

EMI Meets the requirements in accordance with MIL-T-28800,
paragraph 3.8.3 table XII, and MIL-STD-461C

CEO01 Part 2 narrow band requirements up to 15 kHz

CE03 Part 4

CEOT full himits

CS01: Part 2

CS03: Part 2

CS06: Part 5 finuted to 300V

REQ1 Parts b and 6 measured at 12 inches, 15 dB relaxation to 20 kHz, and
exceptioned from 20 kHz to 50 kHz.

REQZ Part 2 (limited to 1 GHz) Full limits of class Alc and Alf,
with option 002 installed
without option 002 installed 10 dB relaxation, 14 kHz to 100 kHz

RS02 Part 2, Part | Exceptioned

RS0Z Part 2, Part II Exceptioned

RS03: Part 2, limited to L V/meter from 14 kHz to 1 GHz

(with aption 001 installed) Slight trace shift from 80 MHz to 200 MHz

Vibration

Operating: 15 minutes along each of the 3 major axes; 0.025 inch p-p
displacement, 10 Hz to 55 Hz in one-minute cycles Held for 10 minutes
at 55 Hz {4 g at 55 Hz).

Shock

Operating: 30 g, 1/2 sine, 11 ms duration, 3 shocks per axis along major axis.
Total of 18 shocks

Physical characteristics

Size (excluding handle)
Height 172 mm (6.8 in)
Width 322 mm (12.7 1n)
Depth 317 mm (12.51n)

Weight: 6 2 kg (14lbs)




Performance Characteristics

General
Product Regulations
Safety IEC 348
UL 1244
CSA-C22 2 No 231 [Series M-33}
EMC This Product meets the requirement of the European Communitias (EC)
EMC Directive 89/336/EEC.
Emissions  ENS5011/CISPR 11 {(1SM, Group 1, Class A equipment)
SABS RAA ActNo, 24 {1990}
Immunity ENS0082-1 Cade’ Notes?
|EC 801-2 (ESD) 8kV AD 1
|IEC 801-3 (Rad.} 3V/m 1
|EC 801-4 (EFT} 1kV |
! Performance Codes
1 PASS - Normal operation, no effect
2 PASS - Temporary degradation, self recaverable
3 PASS - Temporary degradation, operatar intervention required.
4 FAIL - Notrecoverable, component damage
2Notes:
{None)
Sound Less than 60 dBA
Pressure
Level
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Glossary

Anto A trigger mode that
produces a baseline display if the
trigger conditions are not met  {f
the trigger frequency is less than
25 Hz, even if the level and slepe
conditions are met, a free running
display will result.

Anto Level The oscilloscope sets
the trigger point to the 50%
amplitude point on the displayed
waveform If there is no signal
present, a baseline 1s displayed.

Autoscale Front-panel key that
automatically sets up the oscillo-
scope to display a signal.

Auntestore displays the stored
wavelorms in half bright, and the
most recent trace ig displayed in full
bnght

Baseline Free running trace on
the display when no signal is applied
and the trigger mode is set to auto
or auto jevel.

BW Lim (Bandwidth Limit) Limits
the displayed bandwidth of the
selected channel to 20 MHz, and is
available for channels 1 and 2 only.
This feature is useful for viewing
noisy signals

Couplng (Couphng) For the chan-
nels, it changes the input coupling.
Channels 1 and 2 allow dc, ac, or
ground, while channels 3 and 4 allow
dc or ground. In the trigger menu, it
toggles between dec and ac for trig-
ger coupling.

Cursors Horizontal and vertical
markers used for making custom
voltage and time measurements
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Glossary

Delay In main sweep, the delay
knob moves the sweep horizontally,
and indicates how far the time refer-
ence is from the trigger point. In
delayed sweep the delay knob
moves the starting point of the por-
tion of the main sweep to be
expanded by the delayed sweep.

Delayed Gives an expanded view
of the main sweep

Display Allows selection of either
normal, peak detect, or averaged dis-
play modes.

Erase Clears the display.

External Trigger [s available
only on the two channel oscillo-
scope. Nonviewable input that 15
usable as a trigger source only

Field 1 Triggers on the field 1 por-
tion of the video signal,

Field 2 Triggers on the field 2 por-
tion of the video signal.

HF Reject (high frequency
reject) Adds a low pass filter with a
3 dB point at 50 KHz to the trigger
path.

Heldoff Keeps the trigger from
rearming for an amount of time set
by the holdoff knob.

Internal Trigger The oscillo-
scope triggers from a channel input
that you choose

Invert Invert shifts the displayed
waveform 180 degree, and is avail-
able for channels 1 and 2 only.
When the oscilioscope is triggered
on the signal to be inverted, the trig-
ger is also inverted.




Level Front-panel kniob that chan-
ges the trigger level

LF Reject (low frequency reject)
Adds a high pass filter witha 3 dB
point at 50 KHz to the trigger path.

Line In TV trigger mode, the oscil-
loscope triggers on the TV hine syne
pulses As a trigger source, the oscil-
loscope triggers off of the power line
frequency.

Main Sets the oscilloscope to a
volts vs time display that displays
the main time base sweep.

Meode Allows you to select one of
five trigger modes, Auto level, Auto,
Normal, Single, TV.

Glossary

Noise Rej (noise reject)
Decreases the trigger sensitivity to
reduce the triggering on signal noise.

Normal If 2 trigger signal is
present and the trigger conditions
are met, a waveform is displayed. If
there is no trigger signal, the oscillo-
scope does not trigger and the
display is not updated.

Peak Det (peak detect) Allows
detection of signal extremes as the
sample rate 1s decreased inthe b s
to 50 ms/div time base settings.

Polarity Selects either positive or
negative TV sync pulses.

Position Kknob that moves the sig-
nal vertically on the display.




Glossary

Print/Utility Allows access to the
module menus and service menus.

Probe Allows selectionof 1, 10, or
100 to match a probe’s division ratio
so that the vertical scaling and valt-

age measurements reflect the actual
voltage levels at the tip of the probe.

Recall Recalls a selected front-
pane] setup that you saved to one of
16 memory location. Memory selec-
tion is with either a softkey or the
knob closest to the Cursors front-
panel key.

Recall Setup Recalls the front-
panel setup that was saved with a
waveform.

Run The oscilloscope acquires
data and displays the most recent
trace.

Save Saves the current front-
panel setup to one of the possible 16
memory locations. Memory selec-
tion is with either a softkey or the
knob closest to the Cursors front-
panel key.

Setup Allows access to front-
panel setup keys.

Single (single shot) The oscillo-
scope triggers once when the trigger
conditions are met. The oscillo-
scope must be rearmed before the
oscilloscope retriggers by pressing
either the Run or Autostore front-
panel keys
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Slope/Coupling Allows access to
the trigger slope and input coupling
menus

Slope Selects either the rising or
falling edge of the signal to trigger
the oscilloscope.

Source Allows you to select a trig-

ger source
Stop Freezes the display.

Time Allows access to the auto-
matic time measurement keys.

Time/Div Changes the time base
in a 1-2-5 step sequence from 2 ns
tobs.

Time Ref Lft Cntr {time refer-
ence left or center) Sets the time
reference to either one graticule in
from the left edge of the display or
to center of the display.

Glossary

Trace Allows access to the trace
storage keys.

Trace Mem (trace memory) One
of two pixel memory locations used
for storing traces.

TV Allows access to the TV slope
and trigger coupling keys.

Vernier Vernierallowsa
calbrated fine adjustment with the
channel 1 and 2 Volts/Div knob, and
the time base Time/Div knob.

Voltage Allows access to the auto-
matic voltage measurement keys.

Volts/Div  Changes the vertical
scaling in a 1-2-5 step sequence
from2mVie5V.

XY Changes the display to a volts
versus volts display.
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Index

ac coupling, 12, 16, 114, 121
accuracy
cursors, 118-130
horizontal, 120
vertical, 119
acquisition characteristies, 122
Active Cursor, 43
adjustinents
display, 94-95
high frequency, 85-95
low frequency, 85-95
power supply, 86-87
advance functions, 123
altitude characteristics, 124
ambient temperature, 85, 124
assembly replacement, 1016
Auto, 17
auto level, 17
Auto Level softkey, 17
Auto softkey, 17
automatic measurements
time, 36-38
voltage, 39-42
autoscale
characteristics, 133
to autoscale, 11
Undo, L1
altostore, 26-27, 35-30
Av, 51
Average softkey, 51
averaging, 51, 122

B

bandwidth
characteristics, 118
luyvat, 119
single shot, 29, 122
to verify, 72, T4
XY, 122

C

calibration
adjustments, 85-95
delay, 89
self, 8889
vertical, 89

channel signal connection, 9
characteristics, 118-125
Clear Cursors softkey, 43
Clear Meas softkey, 37
clear measuretnent, 37
Clear softkey, 56
color buirst, 556
compensation probe, 10
complex wavefarms, 32
coupling

ae, 12, 16, 119, 121

de, 12, 16, 119, 121
cursor measurements, 4346
Cursors

active, 43

clear, 43
Cursors key, 13
custoln measurements, 43

hi
DAC softkey, 68
DC Caltbrator, 68, 88
de conpling, 12, 16, 119, 121
delay, 15
delay calibration, 9
Delay knobs, 23
Delayed softkey, 23
delayed sweep
characteristics, 23-35, 120
operation, 23-25, 31
delta tdelta V
See cursur measurements
disassembly, 106
display
charaeteristics, 122
to adjust, 9495
to erase, 28
Dhsplay softkey, 94
Duty Cy softkey, 37
duty cycle, 3637

E

EMI, 125

envirorunental charactenstics, 124
Erase softkey, 27-28

erasing the display, 28

exploded view, 113

external trigger, 9, 18, 121

F
fall tume, 36, 38
Field 1 softkey, 53
Field 2 softkey, 53
firmware calibration, 88
Freq softkey, 34
frequency
measurements, 3435, 37
reject, 49-50, 53, 131
front-panel keys
See keys listed by name

G
general charactensties, [24-126
glitch capture, 3031

H
half bright contrast, 95
HF Rej softkey, 53
high frequency pulse response, 92
high frequency reject, 49, 53, 121
heldoff, 18, 32
Holdoff knab, 18
horizontal
accuracy, 120
characteristics, 120
held, 95
vemer, 15
numidity characteristics, 124

I

input
rapacitance, 118, 121
coupling, 12, 16, 119, 121
maxuaum voltage, 8, 118, 121
resistance, §18, 121

internal self tests, 102

internal trigger, 1, 121

invert, 13, 119




Index

L
LF reject, 50
line
trgger, 16, 121
trigger (TV), 55, 21
Line softkey
Source, 18
TV, 53
Load Defanits softkey, 8
low frequency
compensation, )
reject, 50, 53, 121

M
man sweep, 33
Man/Delayed key, 23
marker
See cursor measurements
math functions, 118
maximum input voltage
trigger, 121
vertical, 118
measurement
automalic, 36-43
clear, 37
custom, 43
duty cycle, 36-37
fall tune, 36, 38
frequency, 3436, 37
penod, 36-37
phase, 58-60
nse time, J§, 38
show, 35, 37
time, 3638
width, 36
Mode key, 17

N
narrow pulses, 3031
Next Menu softkey, 35, 37, 10
noise
asynchronous signal, 47—38
reject, 49
noisy signals
to remove from display, 43-5§
toview, 47, 48-51
nonvolatile memory, 57
Normal softkey, 17

o
one-channe] acquisition, 29
oscilloscope maintenance, 67483

P
Peak Det softkey, 30
peak detect, 30
peak to peak voltage, 40
performance
test record, 84
tests, 67-83
verification, 87-83
performance characteristics
horiznntal, 120
postingger, 120
pretrigger delay, 120
vertical, 118-119
period measwrements, 36-37
phase measuremment, 58-60
physical characternistics, 125
Pint
See User's Guide for opticial
miterface module
Polarity softkey, 53
Position knob, 12
Power requirements, 123
power sipply
to adjust, 86-87
vaoltage measurements, 87
Previous Menu softkey, 38
Prnt
See User's Guide for nptional
nterface medile
probe
attenuation factor, 9
compensation, 10
connection, §
trimmer capacitor, 10
Probe softkey, 9
pulse
measitrements, 36-38
pulse parameters
See time measurements

R
rearmung trigger, 28
Recall Setup softkey, H6
recall waveforms, 56-57
replaceable parts list, 114
replacement

Lst, 114

parts, 111
nse time measurement, 36, 38
Rise Time softkey, 38
Roll

mode, 19-20

soltkey, 19
Run, 27-28

]
sample rate, 122
save
setups, 62
wavefaormus, 56-57
Save to softkey, 56
self-calibrations, B8-89
self-tests, 102
setup saving, 62
Show Meas softkey, 35, 37
signal
antomatic display, 11
dc component, 12
noise, 47, 51
single
event, 28-20
trigger, 28590
single shot
bandwidth, 29
event, 29
Single softkey, 28
Slope/Coupling key, 28
softhey
See keys listed by name
Source softkey, 17, 34, 37, 40
specifications
See charactenstics
status line, 8
Stop key, 27, 29
storage operation, 26-27
sub bright, 94
subtract wavelorms, 118

134



Index

sweep

delayed, 14-15, 120
main, 14-15, 120
roll, 19-20

speed, 14-15 120

T
temperature

characteristics, 124
warm up, 67, 85
test record, 84
time base
aceuracy, 120
range, 14, 120
setup, 14-15
Time key, 34
time measurements
duty cycle, 3636
fall time, 36-38
frequency, 36-38
penod, 36-38
rise ime, 36-38
width, 36-38
time reference, 24
Time/Div, 23
trace
memory, 56-67
recall, 56-57
softkey, 5b
to save, 5657
Trace Mem softkey, B6
trigger
characteristics, 121
complex waveforms, 12
external, 9, 18, 121
holdoff, 18, 32
mnternal, 121
level, 16, 28
loss of, 17
maximum input voltage, 1, 121
mode, 17-18
pwint, 15
puosttrigger information, 15
pretrigger information, 15
rearming, 28
rell, 18-20
single, 28-29
slope, 28

source, 16, 18, 28

tc venfy, 81

TV, 17, 52, 55

TV mode, 53
troubleshooting the oseilloseope, 71
v

tngger, 17, 52, 55

tngger mode, 53

tngger-both fields, 55

vertical sync, 55

TV scitkeys, 17
two-channel acquisition, 29

v
vernier
accuracy, 118-120
honzontadl, 15, 120
vertical, 13
Vernder softkey, 13, 15
vertical
calibration, 89
characteristics, 118119
linearicy, 95
scaling, 9, 13
sensitivity, 13
size, 95
step size, 13
syne, 66
window, 12-13
Vertical softkey, 89
video
tngger, 52, 55
waveforms, 53-55
VITS, 62
voltage
adjustment, 86
maxiraum input, }, 9, 118, 121
measurement accuracy, 63
measiurements, 3942
peak to peak, 40
Vavg, 40
Ybase, 42
vermer, 13
Vimax, 42
Vrun, 42
Vrms, 40-4]
Vtop, 42

volts versus time, 58
volts versus volts, 58
Volts/Dnv knob, 13

w

wavefarm
complex, 32
saving, H56-57
width, 36, 38

X
XY

charactensties, 122

cursors, 58-61

display mode, 58-61

measurements, 60
XY softkey, 58

z
Z-blanking, 62
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DECLARATION OF CONFORMITY

according to ISO/IEC Guide 22 and EN 45014

Manufacturer's Name: Hewlett-Packard Company

Manufacturer’'s Address: 1900 Garden of the Gods Road
Colorado Springs , CO 80901
U.S.A.

declares, that the product

Product Name: Oscilloscope
Model Number(s): HP 54600A/54601A/54602A
Product Options: Al

conforms to the following product specifications:

Safety: (EC 348/ HD 401
UL 1244
CSA - C22.2 No. 231 (Series M-89)

EMC: CISPR 11:1990 /EN 55011 (1991); Group 1 Class A
IEC 801-2:1991 /EN 50082-1 (1892): 8 kV AD
IEC 801-3:1984 /EN 50082-1 (1892): 3 V/m
|IEC 801-4;1988 /EN 50082-1 {1992): 1 kV

Supplementary Information:

Colorado Springs, June 10, 1992

</ John Strathman Quallty Manager

European Contact Your local Hewlett Packard Sales and Service Office or Hewlett-Packard GmbH, Departmant ZQ /
Standards Europe, Herrenberger Stralle 130, D-7030 Boblingen (FAX: +49-7031-144195)

,




© Copyright Hewlett-
Packard Company 1992

All Rights Reserved.

Reproduction, adaptation, or
translation without prior
written penuission is
prohibited, except as
allowed under the eopyright
laws.

Document Warranty

The information contained in
this document 15 subject to
change without notice.
Hewlett-Packard makes
no warranty of any kind
with regard to this
material, including, but
not limited to, the implied
warranties or
merchantabllity and
fitness for a particular
purpose,

Hewleti-Packard shall not be
liable for errors contained
herein or for incidental or
consequenbal damages in
connection with the
turnishing, performance, or
use of this material.
Complete product warranty
information is given at the
end of this manual

Bafety

This apparatus has been
designed and tested in
accordance with IEC
Publication 348, Safety
Requirements for Measuring
Apparatus, and has been
supplied in a safe condition.
This is a Safety Class [
instrument {provided with
tertninal for protective
earthing). Before applying
power, verily thal the cormect
safety precautions are taken
{see the following warnings)
In addition, note the external
markings on the instrument
that are described under
"Safety Symboals "

Warning

* Before tutning on the
instrurment, you must
connect the protective earth
termnal of the instrument to
the protective conductor of
the (mains) power cord. The
mains plug shall only be
inserted in a socket outlet
provided with a protective
earth contact You must not
negate the protective action
by using an extension cord
{power cable) without a
protective conductor
(grounding). Grounding cne
canductor of a
twe-conductor outlet is not
sufficient protection.

* Only fuses with the
required rated current,
voltage, and specified type
{normali blow, time delay,
ete.) should be used. Do not
use repaired fuses or
short-circuited fuseholders.
To do so could cause a
shock of fire huzard.

s Service instructions are
for trained service
personnel To avoid
dangerous electric shock, do
not perform any service
urdess qualified to do so. Do
not altempt internal service
or adjustment unless another
person, capable of rendering
first aid and resuscitation, is
present.

* If you energize this
instrument by an auto
transformer (for voltage
reduction), make sure the
common terminal is
connected to the earth

terminal of the power source,

* Whenever it is likely that
the ground protection is
impaired, you must make the
instrument inoperative and
secure it against any
unintended operation

* Do not operate the
instrument in the presence
of flammable gasses or
fumes. Operation of any
electrical instrument 1n such
an environment constitutes a
definite safety hazard

® Do not install substitute
parts or perforin any
unautherized modification to
the instrument.

& Capacitors inside the
{nstrument may retain a
charge even if the instrument
is disconnected from {ts
source of supply.

* lise caution when
exposing or handling the
CRT. Handling or replacing
the CRT shail be done only
by qualified maintenance
personnel

Safety Symbols

A

Instruction manual symbol
the product is marked with
this symbol when itis
necessary for you 1o refer to
the instruction manual in
order to protect against
damage to the product

}

Hazardous voltage symbol.

p—
—
-

Farth terminal symbol: Used
1o indicate a circuit common
cannected to grounded
chassis

WARNING

The Waming sign denotes a
hazard. It calls attention to a
procedure, practice, or the
like, which, if not correctly
performed or adhered o,
could result in personal
injury. Do not proceed
beyond a Warning sign until
the indicated conditions are
fully understood and met

CAUTION

The Caution sign denotes a
hazard 1t calls attention to
an operating procedure,
practice, or the like, which, if
not correctly performed or
adhered to, could result in
damage to or destruction of
part of all of the product. Do
not proceed beyond a
Caution symbol until the
indicated conditions are fully
understood or met.

Hewlett-Packard

P.O Box 2187

1900 Garden of the Gods Road
Colorado Springs, CO 80901



Prodoct Warranty

This Hewlett-Packard
product has a warranty
against defects in matenal
and workmanship for a
period of three years from
date of shipment. During the
warranty period,
Hewlett-Packard Company
will, at its option, either
repair or replace products
that prove to be defective
For warranty service or
repair, this product nust be
returnied to a service facility
designated by
Hewlett-Packard.

For products returmed to
Hewlett-Packard for
warranty service, the Buyer
shall prepay shipping
charges to Hewlett-Packard
and Hewlett-Packard shall
pay shipping charges to
retumn 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 sofiware and
firmware designated by
Hewlett-Packand for use with
an instrument will execute
its programming instructions
when properly installed on
that instrument.
Hewlett-Packard does not
warrant that the operation of
the instrument software, or
finmware will be
uninterrupted or error free.

Limitation of Warranty

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

No other warranty 1s
expressed or implied.

Hewlett-Packard specifically
disclaims the implied
warranties or
merchantability and Gitness
for a particular purpose

Exclusive Remedles

The remedies provided
herein are the buyer's sole
and exclusive remedies.
Hewlett-Packard shall not be
Hable for any direct, indirect,
special, incidental, or
consequential damages,
whether based on contract,
tort, or any other legal
theory.

Assistance

Product maintenance
agreements and other
customer assistance
agreements are available for
Hewlett-Packard products.
For any assistance, contarct
YOUur nearest

Hewlett-Packand Sales Office.

Certdficadon
Hewlett-Packard Company
centifies 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 Internaucnal
Standards Organization
members.

Abaut this edition

Thus is the first edition of the
HP 546M)-Series
Gscilloscope User and
Service (ruide

Publication number
54800-80815

Printed in USA.
Edition dates are as follows:
First edition, June 1952

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

A software or finmware code
may be printed before the
date This code indicates the
verston level of the software
or Armware of this product
al ihe time the manual or
update was issued. Many
product updates do not
reguire manual changes,
and, conversely, manual
corrections may be done
without accompanying
product changes. Therefore,
do not expect a one-to-one
correspondenice between
product updates and manual
updates,

The following list of pages
gived the date of the current
edition and of any changed
Pages to that edition,

All pages original edition



New HP 54602A Oscilloscope

This manual also applies to the new HP 54602A Oscilloscope. The
HP 54602A is identical to the 4-channet HP 54601 A oscilloscope with
the following exceptions:

Specification changes

Vertical System:

Bandwidth:

dc to 150 MHz ~3 dB (channels 1 & 2)

de to 250 MHz -3 dB {channels 3 & 4)

ac coupled, 10 Hz to 150 MHz —3 dB (channel 1 & 2)
Rise time

<2 33 ns (calculated, channels 1 & 2)

<1.4 ns (calculated, channels 3 & 4)

Trigger System

Internal trigger sensitivity:
dc to 25 MHz 0.35 div or 3.5 mV (all channels)
decto 150 MHz 1 div or 10 mV (channels 1 & 2)
dcto 250 MHz 1 dwvor 10 mV (channels 3 & 4)

New featura
{all models}

Operation changes

TV Trigger

The HP 54602A can trigger on the vertical sync pulse in both TV fields at the
same time. This allows you to view noninterlaced video signals which are
common in today’s computer monitors To trigger on both sync pulses,
press Field 1 and Field 2 at the same time.

Vector Display Mode {all HP 54600 -series Oscilloscopes)

The new vector display mode will draw vectors between the sample points
on the display when the oscilloscope 1s stopped or is in single shot mode.
On waveforms where only a few samples are displayed that represent the
waveform, you may find it easier to view the waveform when vectors 1s
turned on. Vactors On/0f£f is selected in the Display menu.
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About this new oscillogeope:

Here is an oscilloscope that gives you all the benefits of digital
features without giving up the advantages of analog. This new
oscilloscope is all-digital, not a hybrid, which means you will have all
the advantages of digital features, such as:

* Bright, flicker-free displays at all sweep speeds and repetition rates
* One-button storage

* Negative time

* Digital measurement accuracy

¢ Measurement automation

¢ Plug in modules with HP-IB, RS-232, or parallel /O

* Remote programming

* Hardcopy output to printers and piotters

* Unattended signal monitoring

* Benchtop pass/fail testing

Al the same time, this oscilloscope offers an analog-like, highty
interactive display.

This powerful combination of digital power with analog lock and feel
will greatly enhance your ability to solve tough problems. Waveforms
that you cannot see on analog oscilloscopes are conveniently
displayed and measured on the HP 54600-series oscilloscapes.
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