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The HP 54645A/D at a Glance

Display shows current input signals
• Eighteen (18) channels in main mode;

2 scope and 8 timing channels in
delayed mode (HP 54645D)

• Indicators for peak, avg, or normal
acquisition, time base, channel
activity, trigger and acquisition status

• Softkey labels
• Measurement results

Channel Controls select, position, and
label inputs
• Turn channels on or off individually

or in groups of 8 (HP 54645D)
• Rearrange order of channels to

group related signals (HP 54645D)
• Create and display labels to identify

channels (HP 54645D)

General Controls measure, save and
restore results, and configure the
oscilloscope
• Make automatic time and frequency

measurements
• Use cursors to make manual

measurements
• Save or recall measurement

configurations or previous results
• Autoscale performs simple

one-button setup of the oscilloscope

Horizontal Controls select sweep speed
and delay parameters
• Sweep speeds from 5 ns to 50 s/div

(2 ns to 50s/div for HP 54645A)
• Delay control moves waveform

display to point of interest
• Delayed mode and delay allow

zooming in to show a portion of
waveform in detail (split screen)

Storage Keys begin and end data
acquisition

• Run/Stop starts and stops continuous
acquisitions

• Single performs one acquisition
• Autostore accumulates and displays

the results of multiple acquisitions
• Erase clears the current acquisition

and all accumulated data

Trigger Keys define what data the
oscilloscope will trigger on
• Source key (HP 54645A) allows

conventional oscilloscope triggering
• Edge mode allows triggering on a

positive or negative edge of any
single channel (HP 54645A/D)

• Pattern mode allows triggering on a
pattern of channels either high, low,
or don’t care, with an optional single
edge qualifier (HP 54645D)

• Advanced mode allows sequential
triggers, combined patterns, patterns
and edges, pattern durations, glitch
(HP 54645A/D), and TV (HP 54645D)

Softkeys extend the functionality of
command keys
Select measurement types, operating
modes, trigger specifications, label data,
and more

Channel Inputs through a flexible
probing system
• Sixteen channels through a dual

8-channel cable with micro-grabbers
(HP 54645D)

• Set logic levels as TTL, CMOS, ECL,
or to a user-definable voltage
(HP 54645D)
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Getting Started

When you use the HP 54645A/D Oscilloscopes to help test and
troubleshoot your systems, you will do the following:

• Prepare the oscilloscope by connecting it to power and setting up
the handle and screen brightness as desired.

• Define the measurement problem by understanding the parameters
of the system you wish to test and the expected system behavior.

• Set up channel inputs by connecting the probes to the appropriate
signal and ground nodes in the circuit under test.

• Define the trigger to reference the waveform data to a specific
event of interest.

• Use the oscilloscope to acquire data, either in continuous or
single-shot fashion.

• Examine the data and make measurements on it using various
features.

• Save the measurement or configuration for later re-use or
comparison with other measurements.

Repeat the process as necessary until you verify correct operation or
find the source of the problem.

MegaZoom Technology Operates with Untriggered Data

With the MegaZoom technology built into the HP 54645A/D, you can
operate the oscilloscope with untriggered data. All you do is press Run
or Single while in Auto trigger mode, then examine the data to set up
a trigger.

1-2
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The HP 54645A/D high-speed display can be used to isolate
infrequently changing signals. You can then use the characteristics of
these signals to help refine the trigger specification. See figure 1-2
below. For more information on triggering, data acquisition, data
examination and measurement, and configuration, see chapters 
3 and 4. 

Using the HP 54645A/D Oscilloscopes, and Refining the Trigger Specification

Figure 1-1 Figure 1-2

Getting Started
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Optional Accessories for the HP 54645A/D Oscilloscopes

Figure 1-4

Getting Started
Check package contents
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6 Connect the ground lead on each set of channels,
using a probe grabber. The ground lead improves
signal fidelity to the instrument, ensuring
accurate measurements.

7 Repeat steps 3 through 6 until you have
connected all points of interest.

8 If you need to remove a probe lead from the
cable, insert a paper clip or other small pointed
object into the side of the cable assembly, and
push to release the latch while pulling out the
probe lead. 

Replacement parts are available. See the
“Replacement Parts” chapter for details.

Getting Started
Using the digital probes to probe a circuit 
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Viewing Signal Detail with Display Mode

Remember how you had to constantly adjust the brightness on old analog
scopes to see a desired level of detail in a signal, or to see the signal at all?
With the HP 54645A/D, this is not necessary. The HP 54645A/D brightness
knob operates much like the brightness knob on your computer screen, so
you should set it to a level that makes for comfortable viewing, given the
room lighting, and leave it there. Then you can control the “detail” by
selecting a Display Mode: Normal, Peak Detect, or Average, as described in
the following paragraphs. 

Normal Mode

Normal mode is the display mode that you will probably use for acquired
samples most of the time. It compresses up to 1 million acquisition points per
channel into a 4,000-point display record with vectors off, or a 2,000-point
record with vectors on.

The scope’s 200 MSa/s sampling speed specification means that samples are
taken every 5 ns. At the faster sweep speeds, the running display is built from
many individual triggers. If you press the Stop key, and pan and zoom
through the waveform, only the last trigger’s acquisition will be displayed.

Whether the scope is stopped or running, you see more detail as you zoom in,
and less as you zoom out. To keep from losing detail as you zoom out, switch
to the Peak Detect display mode. “Zoom” means you expand the waveform
using either the main or delayed sweep window. “Panning” the waveform
means you use the Delay knob to move it horizontally.

Peak Detect Mode

In Peak Detect display mode, any noise, peak, or signal wider than 5 ns will
be displayed, regardless of sweep speed. In Normal display mode, at faster
than 2 us/div, you would see a 5-ns peak, so peak detect has no effect at
sweep speeds faster than 2 us/div. Note that in this case the Pk status
indicator on the top line of the display is not highlighted.

Using Peak Detect and Autostore together is a powerful way to find spurious
signals and glitches. 

Average Mode

Averaging is a way to pull the signal out of noise. Averaging works better than
either a bandwidth limit or a brightness control because the bandwidth is not
reduced. 

Front-Panel Overview
Important Oscilloscope Considerations
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The simplest averaging is “smoothing.” For example, the sample rate at a
Time/Div setting of ≥ 2 µs/div allows the extra 5-ns samples to be smoothed
together, smoothing the data into one sample, which is then displayed. As
with Peak Detect, smoothing has no effect at less than 2 µs/div. Smoothing
works on a single acquisition (even untriggered and single-shot). Averaging
(4, 8, 16, 32, 64, 128, and 256) needs a stable trigger, because in this mode
multiple acquisitions are averaged together. See the chapter “MegaZoom
Concepts and Oscilloscope Operation” for more information about smoothing.

Auto Single

As in Normal run mode, auto-trigger will generate a trigger for you if one is
not found in the predetermined time from when the trigger system is armed.
To take a single-shot acquisition, if you are not particularly interested in
triggering the acquisition (for example, if you are probing a known signal),
use Auto Single mode. If a trigger exists, it will be used; if a trigger does not
exist, an untriggered or auto-triggered acquisition will be taken for later
analysis.

Using Vectors 

One of the most fundamental choices you must make about your display is
whether to draw vectors (connect the dots) between the samples, or simply
let the samples fill in the waveform. To some degree, this is a matter of
personal preference, but it also depends on the waveform.

• You will probably operate the oscilloscope most often with vectors on.
Having vectors on slows the display of the oscilloscope, thus works better
for slower sweep speeds, peak detect, or average displays, and signals with
stable triggers. 

• Having vectors off works better for fast sweep speeds, normal displays, or
unstable triggers. Complex analog signals like video and eye diagrams
show more intensity information with vectors off.  Turn vectors off when
the maximum display rate is required, or when highly complex or
multi-valued waveforms are displayed.

Front-Panel Overview
Important Oscilloscope Considerations
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Delayed Sweep

Delayed sweep on the HP 54645A/D is a simultaneous display of the
waveform at two different sweep speeds. Because of the deep memory in the
MegaZoom technology, it is possible to capture the main display at 1 ms/div,
and redisplay the same trigger in the delayed display at any desired faster
time base. 

There is no limit imposed on the zoom ratio between the main and delayed
displays. There is, however, a useful limit—when the samples are spaced so
far apart that they are of little value. See the chapter “MegaZoom Concepts
and Oscilloscope Operation” for more information about delayed sweep and
time reference.

Post Acquisition Processing

In addition to changing display parameters after the acquisition, you can do
all of the measurements and math functions after the acquisition.
Measurements and math functions will be recalculated as you pan and zoom
and turn on and off channels. As you zoom in and out on a signal, you affect
the resolution of the display. Because measurements and math functions are
performed on displayed data, you affect the resolution of functions and
measurements.

The two scope channels are always acquired, so you can turn them on and
look at them even if they were off during the acquisition. See “To turn digital
channels off (HP 54645D)” later in this chapter for more information about
the combination of events and displayed channels.

The XY horizontal display mode changes the oscilloscope display to
volts-versus-volts. The Roll horizontal display mode causes the waveform to
move across the screen from right to left.

Front-Panel Overview
Important Oscilloscope Considerations
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HP 54645D Mixed-Signal Oscilloscope Front Panel

Trigger
Keys

Display Storage
Keys

Softkeys

Brightness
Control Power Analog Channel

Inputs/Controls

Measurement
Keys

Horizontal
Controls

Digital Channel
Inputs/Controls

Calibration
Output

Figure 2-2

Front-Panel Overview
HP 54645A/D Front Panels
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Table 2-2

HP 54645D Front-Panel Areas

Front-Panel Areas Functions Control Knobs

Display Shows waveforms, measurement results and instrument
configuration settings.

Softkeys Set up various options for each major function, varying
dynamically depending on the required function.

General Controls Include various measurement functions, configuration,
screen, and measurement results, save/recall, printing,
and Autoscale functions.

Entry

ANALOG
Channel Controls
and Signal Inputs

Move or rearrange analog channels A1 and A2, turn
them on or off, set coupling and inversion, and connect
the acquisition system to the probes.

Volts/Div, Position (Channel A1)
Volts/Div, Position (Channel A2)

STORAGE 
Keys

Control start and stop of acquisition, single trace,
persistent acquisition, and screen erasure.

HORIZONTAL
Controls

Adjust the time base, horizontal mode, and main and
delayed sweep functions.

Delay, Time/Div

TRIGGER 
Controls

Set up trigger mode and trigger conditions. Analog Level, Holdoff

DIGITAL
Channel
Inputs/Controls

Move or rearrange digital channels D0-15, turn them on
or off, set threshold, define labels, and connect the
acquisition system to the probes.

Position, Select

Brightness Control
(Display Intensity
Knob)

Adjusts display brightness. Display Intensity

Front-Panel Overview
Description of Front-Panel Areas

2-9

ManualsPlus.com

https://www.manualsplus.com/


Table 2-3

HP 54645A/D Front-Panel Specifics

General 
Front-Panel Areas

Description Applies to Unit:

Waveform Display The waveform display area shows all acquisition results. You
can change the graticule or turn it off entirely using the
Display menu.

HP 54645A/D

Softkeys Softkeys are shown along the bottom of the display. Some
softkeys have an immediate action, such as taking you to
another menu or initiating a measurement.

Other softkeys allow you to scroll through a list of choices,
such as channels or trigger operators. You can scroll through
the choices by pressing the softkey repeatedly or by using
the Entry knob. For some softkeys, you can use the Entry
knob to scroll through the choices. For channel lists, you can
always use the Select knob or Entry knob to scroll through
the choices.

Occasionally a softkey label is displayed with two or more
choices below it, one of which is highlighted. The highlighted
choice is the one that is currently active. Pressing the softkey
toggles the highlight to the other choice.

When several softkeys are displayed with a labeled bar over
them, it means that either the softkeys are related and/or that
the choices are mutually exclusive.

HP 54645A/D

Front-Panel Overview
Description of Front-Panel Areas
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General 
Front-Panel Areas

Description Applies to Unit:

Keypad and Softkeys Some keys, such as On/Off and Label also have special functions
while in the menus that they activate. Keys on the HP 54645A/D front
panels include the following: 

White keys have an immediate action, such as starting or
stopping the instrument. No menus are associated with white
keys.

HP 54645A/D

Gray keys display softkey menus, allowing you to modify the
instrument’s measurement configuration.

HP 54645A/D

Softkeys below the display dynamically change to indicate
currently valid menu selections. A blank softkey has no function
in the selected menu.

HP 54645A/D

Control Knobs Control knobs on the HP 54645A/D front panels include the following:

The Time/Div knob changes the current time base setting
(sweep speed) of the oscilloscope in Main or Delayed sweep.
The setting of the time base affects sample rate and other
instrument functions as well. This control knob allows you to
zoom the waveform when the acquisition is stopped.

HP 54645A/D

The Delay knob sets the delay time with respect to the time
reference in either Main or Delayed sweep. This control knob
allows you to pan through the waveform when the acquisition is
stopped.

HP 54645A/D

The Select knob chooses the digital channel on which the next
action will operate.

HP 54645D only

Front-Panel Overview
Description of Front-Panel Areas
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General 
Front-Panel Areas

Description Applies to Unit:

The Position knob moves the selected channel to a new vertical
position on the display. The HP 54645D has an additional Position
knob for the DIGITAL channels.

HP 54645A/D

The Entry knob selects from multiple choices in menus. It also
occasionally duplicates the function of the Select knob.

HP 54645A/D

The Trigger Level knob (HP 54645A) and Trigger Analog Level
knob (HP 54645D) sets the trigger level for stabilizing a waveform
on the screen.

HP 54645A/D

The Trigger Holdoff knob keeps the oscilloscope from triggering
for a specified amount of time.

HP 54645D

The display intensity knob adjusts display brightness. HP 54645A/D

Display Regions The display is divided into the following regions:

Activity/status indicators are along the top of the display. These
include channel status when selecting the Pattern and
Advanced trigger menus, and show whether digital channels are
turned on or off.

HP 54645D

Channel numbers and labels are on the left edge of the display. HP 54645A/D

Waveforms are in the center of the display. HP 54645A/D

Measurement results and messages are just below the
waveform display area.

HP 54645A/D

Softkey labels are along the bottom of the display. HP 54645A/D

Front-Panel Overview
Description of Front-Panel Areas
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Front-Panel Areas Description Applies to Unit:

Status Indicators Status indicators include the following:

Channels that are turned off are visible only if you select a
channel that is off by using the Select knob.

HP 54645D

Average mode is indicated by “Av”. Peak detect mode is
indicated by “Pk”. These indicators are active when displayed in
inverse video on the line above the display. When Time/Div is set
to 5 ns, and Peak Detect display mode is selected, Pk is
displayed at the top of the display, but has no effect, and is not
highlighted.

HP 54645A/D

Delay includes the time reference indicator, the offset markers,
and the delay measurement. The solid triangle marker (▼) points
to the trigger event in both the main and delayed sweep; it
moves with the Delay knob.  The ∇ symbol indicates the time
reference point. The time reference indicator is a left arrow (←)
if the trigger event is at the beginning of acquisition memory, a
right arrow (→) if the event is at the end of acquisition memory,
and a down arrow (↓) if it is at the center. The offset markers
and delay measurement work together when you adjust the
Delay knob and Horizontal Mode is set to Main, to indicate how
far you have delayed the trigger event from the initial time
reference position.

HP 54645A/D

Time/Div shows the time base setting. Time per division is
variable from 2 ns/div to 50 s/div for HP 54645A, and from 5 ns/div
to 50 s/div for HP 54645D.

HP 54645A/D

When Coupling is set to AC, a small sine wave is included in the
top left area of the status line.

HP 54645A/D

Front-Panel Overview
Description of Front-Panel Areas
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Front-Panel Areas Description Applies to Unit:

 Trigger condition shows the current trigger mode.  The Auto
Level and Auto trigger modes display the "Auto" indicator. 
For Edge trigger mode, it also shows the trigger condition and
channel number. 

HP 54645A/D

In normal trigger mode, when the TV trigger mode is selected,
"TV" is displayed; when in Auto level or Auto modes, "TV" is
replaced by the "Auto" indicator. Glitch trigger mode displays a
positive or negative glitch signal next to the channel number.

HP 54645A/D

Pattern trigger mode displays "Pat" and Advanced Pattern
trigger mode displays "Adv". 

HP 54645D

If the last acquisition was initiated by pressing the Single key,
the letters “Sngl” appear in this position (unless the last single
acquisition was auto triggered).

HP 54645A/D

The acquisition indicator shows the current acquisition
condition, that is, whether the acquisition system is running,
stopped, or in Autostore mode. 

HP 54645A/D

When the instrument is in Normal trigger mode, the Trigger
condition indicators flash while the instrument is searching for
the trigger condition, which occurs after the pre-trigger buffer is
full. When the instrument is in Auto trigger mode, the word
“Auto” flashes to the left of the Trigger condition indicator if the
instrument did not find the trigger and was therefore triggered
automatically after a time-out. 

HP 54645A/D

When the delayed horizontal mode is selected, a square symbol
appears at the top center of the activity indicator line. The
Time/Div next to this symbol is the delayed sweep s/div value.
When you press the Main/Delayed key, the delay value is
displayed briefly at the bottom of the display.

HP 54645A/D

Front-Panel Overview
Description of Front-Panel Areas
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Front-Panel Areas Description Applies to Unit:

Channel Numbers The channel numbers are always shown along the left edge of the
display.

HP 54645A/D

Channel Labels You can assign channel labels to help you remember the function of
each channel in your circuit, or disable the labels to increase the
waveform display area. 

HP 54645D only

Analog channel
voltage levels

Voltages for channels 1 and 2 (analog channels 1 and 2 on
HP 54645D) are set to 100 mV by default, and range from 1.0 mV to
5.0 V.

HP 54645A/D

Front-Panel Overview
Description of Front-Panel Areas
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• Toggle each softkey and notice which keys cause the status line to change.

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

• To turn the channel off, either press  1  (for HP 54645A) or  A1 

(for HP 54645D) a second time or press the left-most softkey.

Invert Operating Hint

Inversion affects how a channel is displayed, but it does not affect triggering.
The trigger does not see the inversion, and thus is not affected. If the trigger is
set to a rising edge, it remains rising after inversion.

Bandwidth Limit

The displayed bandwidth limit of the selected channel is 20 MHz, and is
available for channels 1 and 2.

Front-Panel Overview
To adjust oscilloscope vertical scaling
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To Expand the Vertical Signal

When changing the Volts/Div for analog channels, you can have the signal
expand (or compress) about the signal offset or the ground point. This works
well with two signals displayed, because you can position and see them both
on the screen while you change the amplitude.

• To expand the signal about the offset, press  Print/Utility .
Then select System Config and Expand Vertical Center.
When you increase the Volts/Div to expand the signal about center, the top of
the waveform stays at the same level, while the bottom of the waveform
adjusts to fill the Volts/Div setting. 

• To expand the signal about ground, press  Print/Utility .
Then select System Config and Expand Vertical Ground.
When you increase the Volts/Div to expand the signal about ground, the
bottom of the waveform stays at the same level, while the top of the
waveform adjusts to fill the Volts/Div setting. 

Oscilloscope Probes

The HP 54645A/D Oscilloscopes have automatic probe sensing. If you are
using the probes supplied with the oscilloscope, or other probes with probe
sensing, the probe attenuation factor will be automatically set up by the
oscilloscope when automatic probe sensing is turned on. The default setting
is to have automatic probe sensing turned on. This is indicated by the
selection Auto n under the Probe softkey, where n is 1, 10, or 100.

If you are not using automatic probe sensing, toggle the Probe softkey to
change the attenuation factor to match the probe you are using.

Front-Panel Overview
To adjust oscilloscope vertical scaling

2-23

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


On HP 54645D, the Readout softkey gives a reading of the time or
voltage cursor measurement.

• For the time cursor readout, you can select Time, Hex, Binary, or
Degrees. Binary displays all digital channels by channel number. Hex
shows only the displayed channels, with the top channel displayed as
the most significant bit. When Active Cursor is t1/t2, the Readout Time
softkey sets the display to show the cursor positions in seconds, and the
Readout Degrees softkey shows the cursor positions in relative number
of degrees.

• For the voltage cursor readout, you can select Volts or %. When Active
Cursor is V1/V2, the Readout Volts % softkey sets the display to show the
cursor positions in volts when Volts is highlighted, and as a percentage
when % is highlighted.

You can expand the display with delayed sweep, then characterize the event
of interest with the cursors.

Pressing the Active Cursor softkey until both time cursors or both voltage
cursors are highlighted allows you to move them together when rotating the
Entry knob. You can move the cursors together to check for pulse width
variations in a pulse train.

Front-Panel Overview
To make cursor measurements
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Triggering HP 54645A/D Oscilloscopes

The HP 54645A/D Oscilloscopes provide a full set of features to help
automate your measurement tasks, including MegaZoom technology
to help you capture and examine the stored waveforms of interest,
even untriggered waveforms. With these oscilloscopes you can:

• Modify the way the oscilloscope acquires data.

• Set up simple or complex trigger conditions, as needed, to capture
only the sequence of events you want to examine.

The HP 54645A and HP 54645D have common triggering functionality:

• Trigger modes (Auto Lvl, Auto, Normal)

• Line triggering

• Glitch triggering

• TV triggering

• Mode/Coupling (including frequency and noise rejection—see
chapter 5)

• Holdoff and Trigger Level

• Slope/Edge Triggering

This chapter explains how to do all these things and more. If you are
not familiar with basic operations, see chapter 1, “Getting Started.”
See also “Triggering the HP 54645D Mixed-Signal Oscilloscope” in this
chapter for additional triggering functionality.

Glitch Trigger

In digital system design, a glitch is an unintentional or unexpected
signal transition, which may or may not pass through the logic
threshold. 

The advanced glitch trigger menu lets you select the analog (A1 or A2
on HP 54645D) or digital (D0-D15 on HP 54645D) channel on which
to capture a glitch event. You specify the polarity and duration
qualifier—either less than (<), greater than (>), or a range—for the
glitch. The HP 54645D can capture glitches >8 nanoseconds and
<100 seconds.
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When you select Single, the oscilloscope will fill acquisition memory, and
continue flowing data through the pre-trigger buffer until the auto trigger
overrides the searching and commands a trigger. At the end of the trace, the
scope will stop and display the results.

Normal mode

Use Normal trigger mode for low repetitive-rate signals. In this mode, the
oscilloscope has the same behavior whether the acquisition was initiated by
pressing Run/Stop or Single. 

When the trigger event is found, the oscilloscope will fill the post-trigger
buffer and display the acquisition memory. If the acquisition was initiated
by  Run/Stop , the process repeats. The waveform data will be
scrolled onto the display as it is being acquired.

The oscilloscope begins filling the pre-trigger buffer with data. As soon as
that buffer is full, the oscilloscope will begin searching for the trigger event,
and will flash the trigger condition indicator on the status line to indicate it is
doing so. While searching for the trigger, the oscilloscope overflows the
pre-trigger buffer; the first data put into the buffer is the first pushed out
(FIFO).

In either Auto or Normal mode, the trigger may be missed completely under
certain conditions. This is because the oscilloscope will not recognize a
trigger event until the pre-trigger buffer is full. Suppose you set the Time/Div
knob to a slow sweep speed, such as 500 ms/div. If the trigger condition
occurs before the oscilloscope has filled the pre-trigger buffer, the trigger will
not be found. If you use Normal mode and wait for the trigger condition
indicator to flash before causing the action in the circuit, the oscilloscope will
always find the trigger condition correctly.

Some measurements you want to make will require you to take some action
in the circuit under test to cause the trigger event. Usually, these are
single-shot acquisitions, where you will use the Single key.

Triggering HP 54645A/D Oscilloscopes
To select a trigger mode: Auto Lvl, Auto, Normal
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Glitch Trigger

The advanced glitch trigger menu lets you select the analog (A1 or A2) or
digital (D0-D15) channel on which to capture a glitch event. You specify the
polarity and duration qualifier—either less than (<), greater than (>), or a
range—for the glitch. The HP 54645D can capture glitches >8 nanoseconds
and <100 seconds.

Pattern Trigger

In pattern trigger, you define a pattern of highs, lows, and don’t care levels
that must be recognized across the input channels. The pattern may be
combined with one edge on any one input channel to form the complete
trigger specification.

A Pattern trigger is best when there is a unique pattern that occurs across a
group of signals, and the pattern defines the events you want to capture. For
example, suppose you have a state machine that outputs a series of hex
digits, and only outputs the digit “A” once in every sequence. You can use a
pattern trigger to capture this event, perhaps qualified with the state
machine clock.

Pattern trigger is less useful when the same pattern occurs many times, and
most of those occurrences have little to do with the events you want to
capture. For example, suppose that this same state machine generates
hundreds of states, and the state “C” occurs several times in the sequence,
with a different sequence of states after each occurrence. A pattern trigger
will not provide a stable waveform display.

The pattern trigger occurs when the pattern is entered; that is, the trigger
condition is satisfied as soon as the input waveforms have transitioned from a
condition not matching the pattern to a condition matching the pattern. You
can use an edge to further qualify the trigger condition. For example, you
may want the oscilloscope to trigger when a certain pattern is present and a
clock edge occurs.

The trigger pattern can include high and low values on the oscilloscope A1
and A2 channels. You control the trigger level with the Analog Level knob.

Logical Combination within Terms

In the pattern trigger, all settings within the pattern are logically ANDed; that
is, all conditions on the pattern, and the edge if specified, must be satisfied
before the oscilloscope will trigger.

Triggering HP 54645A/D Oscilloscopes
Trigger types
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Specifying a Logic Threshold

You can specify a threshold for the logic channels. See “To change the logic
threshold for input signals” in chapter 4 for information about setting a
threshold on the HP 54645D.

Advanced Pattern Trigger

In advanced pattern trigger, you define a maximum of two pattern and
edge sources that are combined with a variety of operators to form the
complete trigger specification.

Advanced pattern trigger is best when the events you want to capture are
defined by a series of waveform events in the system, and neither pattern
mode nor edge mode are capable of clearly resolving the necessary sequence.
For example, suppose the events you want to capture are defined by a
pattern with a certain minimum duration, or by a pattern followed by another
pattern. Advanced pattern trigger gives you this and more.

HP 54645D Advanced Pattern Triggering Overview Menu

Figure 3-4

Triggering HP 54645A/D Oscilloscopes
Trigger types
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Sharing of Sources

The source definitions for the simple pattern trigger are shared with the
Pattern 1 and Edge 1 sources of the advanced pattern trigger specification.
Thus, changes to the simple pattern trigger will affect that specification, and
changes to Pattern 1 and Edge 1 in the advanced pattern trigger specification
will affect the simple pattern trigger. 

Logical Combinations

In advanced trigger, settings within pattern terms are logically ANDed. Settings
within the second edge term are logically ORed with the first edge term. Thus,
only one of those edge specifications must be satisfied to satisfy the edge term.

TV Trigger

The TV trigger only operates on the analog channels. The TV trigger can be
set to trigger on the vertical interval, Field 1, Field 2, or Line. In Line mode,
the oscilloscope will trigger on the start of the first line that occurs after the
scope starts.

The advanced TV trigger requires two vertical divisions of display amplitude.
On HP 54645D, you must specify either analog channel (A1 or A2) as the
trigger source. You specify the polarity—either positive or negative sync
pulses—and the TV mode. The Field 1 TV mode triggers on the field 1
portion of the video signal, Field 2 triggers on the field 2 portion of the video
signal, and Line triggers on all the TV line sync pulses. 

On HP 54645D, pressing Field 1 and Field 2 simultaneously gives vertical
triggering.

You can select the high-frequency reject in the Mode/Coupling menu to
control a 500-kHz, low-pass filter in the trigger path.

Triggering HP 54645A/D Oscilloscopes
Trigger types
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5 Select the source(s) for the trigger operator by pressing the leftmost
Source softkey until the desired source is highlighted.
Refer to the table of trigger operators and sources to see the sources and
operators with which they can be used. 

The oscilloscope will allow you to choose combinations of sources that are
redundant, such as “Pattern 1 AND Pattern 1”, or combinations that will
create a null trigger condition, such as “Pattern 1 AND Not Pattern 1”.

6 Define the source pattern(s) by pressing the Source Define softkey.
If you combined patterns and edges in the same source term, you must
separately select each as the source, set up the source, then select the
combined pattern and edge again.

7 Set the parameters for the trigger operator, if necessary.
For the Duration operators (> time, < time, range), press/hold the duration
value softkey or rotate the Entry knob to set the duration.

Duration > time

When this operator is selected, you have two choices for trigger:

Trigger At: Timout (default) – trigger when > time criteria is met after you enter
the pattern.  This is useful for conditions where the pattern occurs and you want
to see the waveform, but no edge follows immediately.

Trigger At: Pat Exit – trigger when you exit the pattern.  

8 To set up an edge trigger source, do the following:
a Select a channel for the source.

• To choose whether the trigger will occur on the rising or falling edge,
press one of the Edge Select softkeys.

• To set a channel to a don’t care trigger state, press the X softkey.

• To clear all edge settings, press the Clear Edge(s) softkey.

In Edge1, you can select only one edge. You may select multiple edges
in Edge2; those edges are logically ORed.

b Repeat step a for all channel sources you want to define.
c Press Previous Menu to return to the Advanced Pattern Trigger menu.

Triggering HP 54645A/D Oscilloscopes
To define an advanced pattern trigger
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9 To set up a pattern trigger source, do the following: 
a Select a channel for the source.

• To set the condition for that channel, press the L, H, or X softkey.

• To clear the conditions for all channels, press Clear Pattern.
b Repeat step a for all channel sources you want to define.
c Press Previous Menu to return to the Advanced Pattern Trigger menu.

Entered and Exited

In the table of trigger operators and sources:

• Entered means that the trigger qualifier is satisfied as soon as the input
waveforms have transitioned from a state not matching the pattern to a
state matching that pattern. In an edge term, or a pattern and edge term,
the edge transition is where "entered" is defined.

• Exited means that the trigger qualifier is satisfied when the input
waveforms transition out of a state matching the pattern to a state not
matching the pattern.

Advanced pattern trigger can help you solve difficult data acquisition
problems. When setting up an advanced trigger, remember: 

• Follow the setup rules.

• Have a clear picture of the event sequence you are trying to capture, and
understand how the advanced trigger capabilities relate to those events.
The MegaZoom technology’s deep memory and pan and zoom capabilities
greatly simplify this.

Triggering HP 54645A/D Oscilloscopes
To define an advanced pattern trigger
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Setup rules

Remembering the following rules will make it easier to work with the
advanced triggering capabilities:

• Duration operators are valid when only pattern terms are involved.
Duration is not selectable when any edge term is selected as a source.

• When you have selected a combination source, like Pattern 1 AND Edge 1,
you cannot directly define the pattern or edge. You must instead select
Pattern 1 as the source, define the pattern, then select Edge 1 as the
source and define the edge. The softkeys change to reflect this.

Understand and relate waveform events to oscilloscope capabilities

The key to setting up a useful waveform display is choosing a known
sequence of waveform events to which you can apply the advanced trigger
capabilities. The HP MegaZoom technology greatly simplifies this task. You
simply press Stop, then pan and zoom through the waveform to find a good
trigger event.

To find these events, you can also ask questions about the waveform, keeping
in mind the capabilities of the oscilloscope.

• Does the input data always repeat with respect to a particular waveform’s
high or low period of constant duration?

• Is there a sequence of waveform events that define the data of interest?
For example, is there a state machine, where the hypothetical sequence
“ac” leads to the events of interest, where “ab” does not?

Triggering HP 54645A/D Oscilloscopes
To define an advanced pattern trigger
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Example Suppose you have a pulse train where one of the pulses is of constant
duration (4 µs) and all other signals of interest are repeated with that pulse
train, as shown in the following figure.

Pulse Train with Constant Duration Pulse

To trigger the oscilloscope on that pulse, you can use one of the trigger setup
in the following table:

Source Operator and
Parameters

Pattern/Edge 

Pattern 1 Duration > 3.9 µs H on channel 0, others don’t care

Glitch on channel 1 Duration > 3.9 µs,
< 4.1 µs

Example Suppose you have a state machine whose three outputs, Q0 through Q2,
output the decimal sequence 0-1-6-0-6-1. Q2 is the most significant bit, as
shown in the following figure.

Sequential Output from State Machine

If you try to trigger on any of the single output patterns 0, 1, or 6, the display
will not be stable. However, you can use the “Then” operator to trigger on the
sequence of pattern “0” followed by pattern “1.” If Q2, Q1, and Q0 are
connected to channels D2, D1, and D0 respectively, you can use the setup in
the following table to trigger the oscilloscope.

µFigure 3-5

Figure 3-6

Triggering HP 54645A/D Oscilloscopes
To define an advanced pattern trigger
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Source Operator and
Parameters

Pattern/Edge 

Pattern 1 Then L on channels D2, D1, and D0, others don’t
care

Pattern 2 L on channels 2 and 1, H on channel 0,
others don’t care

All Qualifiers must be Satisfied to Trigger the Oscilloscope

When setting up an advanced trigger, remember that all required events must
be satisfied to trigger the oscilloscope. 

Pattern 1 and Edge 1 are Shared Sources

Source definitions for Pattern 1 and Edge 1 are shared with the pattern trigger
specification. Thus, source changes will affect that specification, and changes
to the simple pattern trigger specification will affect the definitions of Pattern 1
and Edge 1. 

High-Frequency Pattern Reject

When you set a pattern that contains more than one digital channel, and no
edges or analog channels, it is possible that false patterns may occur when two
digital channels change at the same time, due to minor skew differences.

In the previous example, when Q2-Q0 change from 1 to 6, Q2 and Q1 rise at the
same time This provides potential for seeing a false “10” or “01” on those two
channels. In the HP 54645D, we require the pattern to be present long enough to
be sampled at least twice at 400 MHz to eliminate this possibility. This method
prevents false triggers on simultaneous edges.

Triggering HP 54645A/D Oscilloscopes
To define an advanced pattern trigger
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MegaZoom Concepts and Oscilloscope
Operation

This chapter gives an overview of some oscilloscope concepts that will
help you make better measurements. It discusses the relationship
between the time base setting and other time-dependent oscilloscope
functions, explains how to achieve the most accurate signal fidelity
through good probing practices, and describes how glitch detection
works.

Oscilloscopes with HP’s MegaZoom Technology

The information in this chapter applies to both the HP 54645A and
HP 54645D Oscilloscope models because both are based on HP’s
MegaZoom technology.
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Normal Mode

Normal mode is the display mode that you will use most of the time. For the
majority of use models and signals, normal mode yields the best scope
picture of the waveform.

In the case of the HP 54645A/D, the analog channels can have up to 1 million
samples behind the 4,000-point scope display. Some compression of samples
to display points is obviously necessary.

Normal mode follows the model of the dithered system described earlier. In
this case, random sample decimation is used to determine which points will
be displayed. At many sweep speeds, the HP 54645A/D captures many more
points than can be displayed—in these cases, some points will not be
displayed. This can present a problem if you are interested in capturing a
narrow event relative to the time window of interest. Keep in mind that this
narrow pulse may not be displayed, through it has been captured, because of
the sample compression. Consider the following example. 

In this example, we are attempting to capture a pulse with a width of ~50 ns,
and the scope is sampling at 200 MSa/s (5 ns/sample). We should get about
10 samples on the pulse of interest. We have captured 1,000,000 sample
points and are displaying a 4,000-point display record. This means that the
dithering scheme is required to pick 1 out of 250 points to display
(1,000,000 / 4,000). In the following figure, note that the narrow pulse is not
displayed.

MegaZoom Concepts
Display Modes
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Attempting to Capture Narrow Pulse

As you change the Time/Div setting (zoom in), and look at a smaller time
window around the trigger, the percentage of the acquired samples to the
displayed samples increases. For example, at 2 µs/div (20 µs/div across the
screen), we now display every sample acquired in that time window
(20 µs / 5 ns = 4,000 samples). By zooming in to this range, we can see the
pulse of interest. 

Zooming the Waveform to View Narrow Pulse

Figure 4-1

Figure 4-2

MegaZoom Concepts
Display Modes
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Between the 500-µs/div picture (figure 4-1), and the 2-µs/div picture
(figure 4-2), whether or not the pulse or some part of the pulse is displayed is
simply a statistical problem. For every new sweep speed, a new ratio of
displayed-versus-sample points is necessary to provide the “best”
representative picture. Thus, you may see part of the pulse at one sweep
speed, and it may disappear at the next sweep speed.

Whether the scope is stopped or running, you see more detail as you zoom in.
As you zoom out, you see less detail. To keep from losing detail as you zoom
out, switch to peak detect.

Peak Detect

In peak detect display mode, it’s as though the brightness knob is set to
infinity. Any noise, peak, or signal wider than 5 ns will be displayed,
regardless of the Time/Div setting. In Normal display mode, at faster than
2 µs/div, you would see a 5-ns peak, so Peak Detect has no effect at faster
than 2 µs/div. Note that the Pk status indicator is not highlighted in this case.

Consider our previous example, with the scope now in peak detect display
mode. The narrow pulse would always be displayed because the narrow pulse
samples would be considered the maximum value for the given set of
samples. Also note that as we zoom out or in, the narrow pulse would always
be displayed.

Traditionally, in peak detect mode, the only data displayed on the screen has
been the peaks. This can be a disadvantage because all noise or peaks wider
than the minimum peak detect time are always displayed on the scope
screen. This tends to make the signal look noisier than it really is because
emphasis is given to the peaks. 

MegaZoom Concepts
Display Modes
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Peak  Detection Prevents Aliasing

Aliasing produces misleading information. The peak detection circuitry in the
HP 54645A/D helps to prevent aliasing by identifying additional transitions that
occur between logic samples. Because of the high sample rate of the
HP 54645A/D MegaZoom technology, you should not see aliasing.

Consider the following example.

The following picture shows a simple square wave with the scope in peak
detect mode at 1 µs/div.

Simple Square Wave in Peak Detect Mode on HP 54600

Figure 4-3

MegaZoom Concepts
Display Modes
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Now consider the same waveform at 200 µs/div. All that remains is the
signal’s maximum and minimum values. This could lead you to believe the
signal transitioned very infrequently because of the lack of any intermediate
signal values.

Same Square Wave in Peak Detect Mode at 200 µs/div on HP 54600

The HP 54645A/D goes one step further in peak detect mode. In addition to
the maximum and minimum values, the HP 54645A/D includes some “normal”
or dithered samples. Note the same picture at 200 µs/div on the HP 54645A/D
as shown above.

Figure 4-4

MegaZoom Concepts
Display Modes
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Same Square Wave on HP 54645D

The maximum and minimum values are displayed in additional to some
normal samples. The additional normal samples here give you a better
understanding of the actual waveform by showing you the signal transitions
in addition to the maximum and minimum values.

Changing Display Modes While Stopped
One of the benefits of the HP 54645A/D is that you can change display modes
after you acquire data. You can switch from peak detect to normal display mode.
If you acquire data in normal mode, then switch to peak detect, you will see all
the peaks in memory. However, you are not guaranteed to see every 5-ns peak.
This allows you to view the data differently, without having to re-acquire the
information.

Using Peak Detect and Autostore
Peak Detect includes both normal and peak detect samples. Using Peak Detect
and Autostore together is a powerful way to find spurious signals and glitches.

Figure 4-5

MegaZoom Concepts
Display Modes
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Peak Detect versus Normal on HP 54645D Digital Channels

In a digital system design, a glitch is an unintentional or unexpected signal
transition which may or may not pass through the logic threshold. The
HP 54645D supports capturing glitches on digital channels during data
acquisition. However, because the scope cannot determine whether the
transition was valid, it defines the concept of a glitch differently. The scope
considers a glitch to be any set of two or more edges that pass through the
logic threshold and fall between logic samples.

Digital channels are not affected by the peak detect display mode. Digital
channels will always display glitches—multiple logic transitions between logic
samples—as shown in the following figure.

HP 54645D Shows Glitches

Note that the glitches are indicated by the filled-in boxes of the waveform.
You can often get more timing resolution on these channels by re-acquiring
the data at a faster sweep speed.

Figure 4-6

MegaZoom Concepts
Display Modes
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Average Mode

Averaging is a way to pull the signal out of the noise. Averaging works better
than either a bandwidth limit or a brightness control. The averages you can
select include "Smoothing", 4, 8, 16, 32, 64, 128, and 256. 

Smoothing is an oversampling technique, and operates as described in
the “Display Modes” section in this chapter. Smoothing is the opposite of
peak detect: as the sweep speed slows, the samples are averaged
together to form a single sample, effectively suppressing noise.
Smoothing also allows averaging on a single trigger.

When smoothing is used, the slower the sweep speed, the greater the number
of samples that are averaged together for each display point. The slower the
sweep speed, the smoother the trace is on the scope display.

Recall that in normal display mode, at sweep speeds faster than 2 µs/div, you
see all the 5-ns samples, and thus peak detect has no effect. The same is true
of smoothing. It will have no effect at sweep speeds of 2 µs/div and faster.
Note that the Av status indicator is not highlighted.

Averaging: 4, 8, 16, 32, 64, 128, 256 lets you average multiple
triggers together to reduce even more noise than can be achieved on the
scope display. The number indicates the number of triggers to be
averaged together. The higher the number, the more noise reduction that
will be accomplished. This will average a number of “smoothed” triggers
together. 

The average displayed on the scope screen is a “display average.” This means
that all the data used to obtain the average display is not retained by the
scope. Thus, if you want to pan and zoom the averaged waveform, only the
last smoothed data is displayed. See “Recovering the Waveform on the
Screen” in this chapter for more information.

MegaZoom Concepts
Display Modes
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Vectors On/Off

One of the most fundamental choices you must make about your display is
whether to draw vectors between the samples, or simply let the samples fill in
the waveform. To some degree, this is a matter of personal preference, but it
also depends on the waveform.

• Having vectors on slows the display of the oscilloscope. This works
better for slower sweep speeds, peak detect or average displays, and
signals with stable triggers.

• Having vectors off works better for fast sweep speeds, normal displays,
or unstable triggers. Complex analog signals like video and eye
diagrams show more intensity information with vectors off. 

One of the benefits of the HP 54645A/D is that you can change display modes
after you acquire data. You can turn vectors on and off, or switch from peak
detect to normal display modes. If you acquire data in normal mode, then
switch to peak detect, you will see all the peaks in memory. You are not
guaranteed, however, of seeing every 5-ns peak.

Digital channels on the HP 54645D are not affected by the display menu.
They are always displayed with peak detect and vectors on. They also only
contain one trigger worth of information.

Vectors On considerations

When using single shot or when using pan and zoom, and data has been
acquired at 200 Ms/s, Vectors On uses a modified sinx/x digital filter to connect
samples.  This filter gives the oscilloscope a single-shot bandwidth of 50 MHz
(1/4th of the sample rate.)  The memory depth of the HP 54645A/D gives you this
sample rate at single-shot sweep speeds of 200 us/divison and faster.

For data sampled slower than 200 Ms/s with Vectors On, simple linear
connection of the samples is used.

MegaZoom Concepts
Display Modes
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Displaying Analog Channels After the Acquisition

The two scope channels are always acquired, so you can turn them on 
and look at them even if they were off during the acquisition. You can do
math functions on channels that are turned off, but you cannot make
measurements on them. If you are using cursors to make measurements
manually, be sure you have the correct channel selected; it is easy to
mistakenly measure the peak voltage of channel 1 with the Volts/Div and
Position of channel 2.

The combination of events and displayed digital channels is described in the
topic “To turn digital channels on and off (HP 54645D)” in chapter 2.

MegaZoom Concepts
Display Modes
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In peak detect display mode, the useful limit is more apparent from the
display. As we zoom in on peak detected data, we eventually see the
resolution of the peak detected information. The appearance of the
resolution limit differs based on whether vectors are on or off. With vectors
on, the resolution limit in peak detect appears as shown in the following
figure.

Resolution Limit in Peak Detect with Vectors On

In the display, the “boxes” indicate the peak detect uncertainty. 

• Horizontally, the box indicates the time over which peak detect searched
for minimum and maximum values. 

• Vertically, the box indicates the maximum and minimum value.

These boxes apply to both digital channels on the HP 54645D and analog
channels on the HP 54645A/D. These boxes also indicate that the scope could
get better timing resolution if you re-acquired the data at a faster sweep
speed.

Figure 4-7

MegaZoom Concepts
Pan and Zoom

4-19

ManualsPlus.com

https://www.manualsplus.com/


With vectors off, the resolution limit appears as shown in the following figure.

Resolution Limit in Peak Detect with Vectors Off

Recall that in peak detect, the HP 54645A/D shows both peak detect
information and some “normal” points. In this figure, horizontal lines indicate
both the time over which the max and min values were searched (line length)
and the max and min values (line position—the upper line corresponds to the
lower line in the same set of pixels). The normal points in the display show
individual samples also acquired at the same time.

Horizontal
lines indicate
the search time
(line length)
and max and
min values
(line position).

max value
min value

max value
min value

Normal point

Figure 4-8

MegaZoom Concepts
Pan and Zoom
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The time reference position sets the initial position of the trigger event within
acquisition memory and on the display, with delay set to 0. The delay setting
sets the specific location of the trigger event with respect to the time
reference position. The time reference setting affects the delayed sweep as
described in the following ways.

When the horizontal mode is set to Main, the delay positions the main sweep
relative to the trigger. This delay is a fixed number. Changing this delay

value does not affect the sampling interval or sweep speed. When the
horizontal mode is set to Delayed, the delay controls the position of the
delayed sweep window inside the main sweep display. This delayed delay
value is independent of sampling interval and sweep speed.

The time reference indicates where the delay value is on the screen, and is
the point about which the screen is expanded when you change the time per
division. The delay setting sets the specific location of the trigger event with
respect to the time reference position. Thus, because the delay can be

adjusted in the positive direction to greater than the depth of

acquisition memory, the trigger event may or may not be stored in

acquisition memory. The range of available negative delay is less, and the
trigger will always be in acquisition memory.

MegaZoom Concepts
Changing the time reference position
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At 5 µs/div, we are sampling at 200 MSa/s (scope), and 400 MSa/s (digital).

When no delay value is set, and the time reference is set to Center, the
trigger point is displayed at the center of the screen.

Consider a measurement where we want to view a signal from 30 µs before
the trigger point, and 30 µs after the trigger point. In this measurement, we
have the time reference set to Center, the sweep speed set to 5 µs/div, and
the positive delay set to 30 µs. Setting a positive delay lets us look at the part
of the signal that is to the right of the trigger point. When a single acquisition
is performed, the result resembles:

Single Acquisition, Time Reference Center, Positive Delay

The trigger event
is off the screen to
the left. Center
screen shows the
part of the signal
to the right of the
trigger.

Figure 4-9

MegaZoom Concepts
Changing the time reference position
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When we pan the display (move it horizontally) back and set the delay to
15 µs, the trigger point is displayed on the screen. The part of the signal we
see displayed at the center of the screen is to the right of the trigger point.
The result resembles:

Panning the Display to View the Start of Acquisition

Notice the signal on A2 changing as we pan through the waveform.

Panning through the waveform is a useful way to see the relationship
between the trigger point and relative locations in acquisition memory. If you
start a new acquisition after stopping and panning, the delay value to which
you panned will be used in determining the trigger location for the new
acquisition. For example, if you acquire data with a delay value of 100 µs,
then stop and pan the display to 50 µs, the new acquisition will position the
trigger 50 µs before the time reference point. 

The trigger event
is displayed on the
screen.  Center
screen still shows
part of the signal
to the right of the
trigger.

Figure 4-10

MegaZoom Concepts
Changing the time reference position
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Setting a negative delay lets us look at the part of the signal to the left of the
trigger point. Suppose we set the time reference to Right, with a sweep speed
of 5 µs, and a delay value of -30 µs. When we perform a single acquisition, the
display resembles:

Single Acquisition, Time Reference Right, Negative Delay

The trigger event
is off the screen to
the right.  Center
screen shows part
of the signal to the
left of the trigger.

Figure 4-11

MegaZoom Concepts
Changing the time reference position
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If we set the time reference to center, then pan the display back to set the
delay to 0 µs, the trigger point is displayed at center screen, and the result
resembles:

Panning the Display to View the Trigger Point

Here, the trigger point is in memory. For more information on the specific
limits available under delayed sweep, see the chapter “Performance
Characteristics.”

Varying the Time/Div Setting

When you vary the Time/Div setting during Run mode, remember that the
sample period may also be adjusted. If, for example, you rapidly change the
Time/Div setting to a higher value (slower sweep speed), the sample period is
also lengthened, and it will take longer to fill acquisition memory. The
previous acquisition is first redrawn on the screen at the new Time/Div
setting before starting a new acquisition. Thus, there may be a short delay
before a complete screen of data is displayed.

To determine the sample rate, press  Main/Delayed .

Figure 4-12

MegaZoom Concepts
Changing the time reference position
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Post Acquisition Processing

In addition to changing display parameters after the acquisition, all of the
measurements and math functions can be done after the acquisition. The
measurement and math functions will be re-calculated as you pan/zoom and
turn on/off channels.

As you zoom in and out on the signal, you affect the resolution of the display,
and the resolution of functions and measurements. For example, if you do an
FFT on a channel, it is done on the points on the screen. As you pan through
the waveform (change the delay), you can look at the spectrum as a function
of time. As you zoom in on the signal, the effective sample rate increases and
the frequency span increases (the resolution decreases). As you zoom out,
the effective sample rate decreases, and the frequency span decreases (the
resolution increases).

One of the benefits of the HP 54645A/D is that you can change display modes
after you acquire data. You can turn vectors on/off, or switch from peak
detect to normal display modes. If you acquire data in normal mode, then
switch to peak detect, you will see all the peaks in memory. You are not
guaranteed to see every 5-ns peak.

MegaZoom Concepts
Changing the time reference position
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Given that this is the case, we now have two options:

• We could acquire a full 500,000 points for every acquisition, resulting in
some samples being “off screen.”

• We could decrease the acquired record size, only filling a fraction of the
available 500,000 points.

When continuously running, the scope will automatically decrease the record
sizes at the faster time base settings to further increase screen update rate.
Acquiring off-screen data takes time and decreases the number of waveforms
per second to the screen.

Unfortunately, this approach would result in smaller records for subsequent
pan-and-zoom explorations. To address this shortcoming, when the Stop key
is pressed, the scope reconfigures itself to take one last acquisition using all
of the available memory (500,000 points) if another trigger is found. If,
indeed, one more trigger is found within a short period of time (~ 100 ms),
the scope can use the longer record for pan/zoom. If a trigger is not found,
the shorter record must be used. 

In summary:

• Single acquisitions always acquire 1M of points.

• Running acquisitions that are aborted by pressing Stop will usually
result in 500,000 points. To have a smaller record, the instrument would
have to be set to a sweep speed of 200 µs/div or faster, and have a
trigger rate of less than 10 Hz.

Run/Stop/Single/Autostore/Erase Operation
Memory Depth/Record Length
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4 Press  Single .
Pressing  Single arms the trigger circuit. When the trigger conditions
are met, data appears on the display, representing the data points that
the oscilloscope obtained with one acquisition. Pressing 
the  Single again re-arms the trigger circuit and erases the display.

Operating Hints

 When Trigger Mode is set to Auto or Auto Lvl (auto-single mode), each
time is pressed the oscilloscope will wait for a valid trigger.  If no
trigger is found after about 40 ms, the oscilloscope will force a trigger, acquiring
whatever signal is present.  This is a handy mode to look for totally unknown
situations.

When Trigger mode set to Normal, pressing will arm the trigger
circuit and do a single acquisition when a valid trigger is seen.

You can use trace/pixel memories to compare several single-shot events.  See
the "Saving and Recalling Configuration" section later in this chapter.

Single

Single

Run/Stop/Single/Autostore/Erase Operation
To capture a single event
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To Autostore Multiple Single Events

To Autostore single events, you first need to configure the instrument to do
single Autostores.

1 Press  Autostore  to put the instrument in Autostore mode.

This causes the instrument to run.

2 Press  Single  to take a single autostored acquisition.

After the single acquisition, the scope will stop.

3 You may want to press  Erase  to display a clean screen.

4 Now pressing the  Single  key will result in an autostored
single trigger.
Each single trigger will be added to the accumulated Autostore results on the
screen.

Run/Stop/Single/Autostore/Erase Operation
To Autostore Multiple Single Events
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High-Frequency Probe Equivalent Circuit

The impedance plots for the two models are shown in these figures. By
comparing the two plots, you can see that both the series tip resistor and the
cable’s characteristic impedance extend the input impedance significantly.
The stray tip capacitance, which is generally small (1 pF), sets the final break
point on the impedance chart.

Impedance versus Frequency for Both Probe Circuit Models

The HP 54645D logic probes are represented by the high-frequency circuit
model shown above. They are designed to provide as much series tip
resistance as possible. Stray tip capacitance to ground is minimized by the
proper mechanical design of the probe tip assembly. This provides the
maximum input impedance at high frequencies.

Ω

Ω

Ω

Figure 4-14

Ω

Ω

Ω

Ω

Ω

Ω

Figure 4-15

Run/Stop/Single/Autostore/Erase Operation
Using Digital Channels to Probe Circuits
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Probe Grounding

A probe ground is the low-impedance path for current to return to the source
from the probe. Increased length in this path will, at high frequencies, create
large common mode voltages at the probe input. The voltage generated
behaves according to the equation:

V = L
di

dt
 

Increasing the ground inductance (L), increasing the current (di) or
decreasing the transition time (dt), will all result in increasing the voltage
(V). When this voltage exceeds the threshold voltage defined in the
oscilloscope, a false data measurement will occur.

Sharing one probe ground with many probes forces all the current that flows
into each probe to return through the same common ground inductance of
the probe whose ground return is used. The result is increased current (di)
in the above equation, and, depending on the transition time (dt), the
common mode voltage may increase to a level that causes false data
generation.

Common Mode Input Voltage Model

Figure 4-16

Run/Stop/Single/Autostore/Erase Operation
Using Digital Channels to Probe Circuits

4-41

ManualsPlus.com

https://www.manualsplus.com/


In addition to the common mode voltage—ground bounce—longer ground
returns also degrade the pulse fidelity of the probe system. Risetime is
increased, and ringing, due to the undamped LC circuit at the input of the
probe, is also increased. Because the HP 54645D digital channels display
reconstructed waveforms, they do not show ringing and perturbations. You
will not find ground problems through examination of the waveform display.
In fact, it is likely you will discover the problem through random glitches or
inconsistent data measurements. Use the analog channels to view ringing and
perturbations.

Best Probing Practices

Because of the variables L, di, and dt, you may be unsure how much margin
is available in your measurement setup. The following are guidelines for good
probing practices:

• The ground lead from each digital channel group (0-7 and 8-15) should be
attached to the ground of the circuit under test if any channel within the
group is being used for data capture.

• When capturing data in a noisy environment, every third digital channel
probe’s ground should be used in addition to the channel group’s ground.

• High-speed timing measurements (TR < 3 ns) should make use of each
digital channel probe’s own ground.

When designing a high-speed digital system, you should consider designing
dedicated test ports that interface directly to the instrument’s probe system.
This will ease measurement setup and ensure a repeatable method for
obtaining test data.

Run/Stop/Single/Autostore/Erase Operation
Using Digital Channels to Probe Circuits
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Trace Memory Softkeys on HP 54645D with HP 54659B Measurement/Storage Module Installed

Setup memory

The HP 54645A/D has 10 separate setup memories that allow you to save the
current configuration of the instrument, including time base, threshold,
channel settings, measurement definitions, and, for the HP 54645D, labels
(not as independent label lists). These memories are non-volatile. They are
best used for saving instrument configurations that you need later to verify
the results of a change, or need regularly for test and troubleshooting.

Selects
trace
memory 

Selects
whether the
memory is on
(displayed) or
off

Saves
current
waveform to
the selected
memory

Erases the
selected
memory

Sets the
HP 54645A/D to
the configuration
saved with the
waveform

Figure 4-17

Saving and Recalling the Configuration
Using memories to save and recall configurations
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For example, suppose that you use the HP 54645A/D in field testing of a
system where ten separate tests are used. You can predefine the test
configurations and save them in setup memories 1-10. You might also record
the expected results as part of field test documentation. Then, a field service
engineer can take the instrument, connect it to a customer system, recall
each setup in turn, and compare the results to the expected results. This will
save test time and will increase accuracy, because preconfiguration
minimizes the chance for error.

The current acquisition results are not saved in the setup memory. To save
acquisition results for later review and comparison, use the trace memory.

The following figure shows the setup memory softkey menu on the
HP 54645D Mixed-Signal Oscilloscope. 

Setup Memory Softkeys on HP 54645D

Choose
memory 1-10
with the
Entry knob or
softkey

Save or restore
the configuration
from the selected
memory

Reverse the
effects of the
last Autoscale

Restore the
instrument to
factory-default
configuration 

Figure 4-18

Saving and Recalling the Configuration
Using memories to save and recall configurations
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3 Select a trace memory by pressing the Trace softkey.
4 Press the Save to Mem<N> softkey.

The current oscilloscope screen and setup are copied to the selected
trace memory.

5 Press the Trace Mem On softkey to display memory.

The trace is displayed in half-bright video.

Automatic measurements do not operate on stored traces because stored
waveforms are pictorial information, rather than stored data.

6 If you have not yet changed the oscilloscope setup, and want to make
measurements, use the cursors.

7 If you changed the oscilloscope setup since you saved the display and
setup to trace memory, press the Recall Setup softkey. Then, use the
cursors to make the measurements.

8 To clear a trace memory, press the Clear Mem<N> softkey.

Trace Memory Operating Hint

The standard oscilloscope has volatile trace memories—saved data will be lost
when you turn the oscilloscope off. Adding an interface module, such as the
HP 54650A HP-IB Interface, or HP 54652A/B or HP 54651A RS-232 Interface,
makes the trace memory non-volatile—data is saved, even with the
oscilloscope turned off.

 

Saving and Recalling the Configuration
To save, recall, and clear traces
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Table 4-1

HP 54645A Factory-Preset Default Configuration Settings

Configuration Item Setting
Cursors Cursors off; time readout is selected; all cursors are set to time/voltage zero.
Trace memories Both trace memory 1 and 2 are off; trace 1 memory is selected.
Graticule Grid set to Full
Autostore Off
Time base Time reference center; main, not delayed sweep; vernier off; main and delay value 0;

100 µs/div main time base; 500 ns/div delayed time base; sample rate is 200 MSa/s.
Display Vectors On, Display Mode Normal.
Channels Channel 1 on, Position 0 V, Volts/Div 100 mV.
Trigger Mode Auto Level, Coupling DC, Reject Off, Noise Reject Off.
Trigger Condition Rising edge of channel 1 

Saving and Recalling the Configuration
To reset the HP 54645A/D instrument setup
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Table 4-2

HP 54645D Factory-Preset Default Configuration Settings

Configuration Item Setting
Cursors Cursors off; time readout is selected; all cursors are set to time/voltage zero
Trace memories Both trace memory 1 and 2 are off; trace 1 memory is selected
Graticule Grid set to Full
Autostore Off
Time base Time reference center; main, not delayed sweep; vernier off; main and delay value 0;

100 µs/div main time base; 500 ns/div delayed time base
Display Vectors On, Display Mode Normal
Channels Channel A1 on, Position 0 V, Volts/Div 100 mV
Labels Labels off
Threshold TTL (1.4 V) for all channels and external trigger input; channel 0-7 threshold is selected

when menu is entered
Trigger Mode and Condition Normal Trigger Mode with edge trigger, Coupling DC, Reject Off, Noise Reject Off
Edge Trigger Rising edge on channel A1
Pattern Trigger All channels don’t care
Advanced Trigger Default selection is Glitch, positive polarity, < 16 ns; overview menu off

Saving and Recalling the Configuration
To reset the HP 54645A/D instrument setup
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If you defined a new label, it is added to the non-volatile label list and will be
saved with the oscilloscope configuration.

HP 54645D Label Definition Display

The entry field shows you
what will be assigned to
the channel.

Press to move
the cursor
through the
entry field.

Press to copy
the label or
character to
the entry field.

Press to
insert a
space in the
entry field at
the cursor.

Press to delete
the character at
the cursor in the
entry field.

Shows what
will be put in
the entry field
when you
press Copy.

Press to assign
the label to the
channel.

Select
the
channel
with the
Select
knob.

Scroll through the
label and character
lists using the Entry
knob.

Figure 4-20

Using Labels on the Mixed-Signal Oscilloscope
To assign a predefined label to a channel
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4 To enter characters into the new label:
a Press the Position softkey until the cursor position in the entry field

corresponds to the point where you want to replace a character.
b Enter or delete a character.

• To enter a character, use the Entry Knob to choose a character from
the character list. Then press the Copy softkey.

• To insert a space, press the Insert Space softkey.

• To delete the current character, press the Delete Character softkey.

Delete Character deletes the character under the cursor and moves
successive characters forward by one position.

5 Press the Assign Label softkey.

The label is assigned to the selected channel.

Label display is automatically enabled when you enter the Define Labels
menu. Thus, if the labels were off, they are turned on while you define labels.
If you exit the Define Labels menu, and the labels were off before you
entered the menu, they are turned off when you exit.

Using Labels on the Mixed-Signal Oscilloscope
To define a new label
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Making Measurements with HP 54645A/D
Oscilloscopes

By now you are familiar with the VERTICAL/ANALOG, 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.

We recommend you perform all of the following exercises so you
become familiar with the powerful measurement capabilities of the
oscilloscope.

Concepts about the HP 54645A/D Oscilloscopes

Conceptual information about the HP 54645A/D Oscilloscopes is in the
chapter “MegaZoom Concepts and Oscilloscope Operation.”
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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 what portion of
the main sweep is expanded in the lower half.  The size and position of the
delayed sweep window 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.

Because 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 value of the delayed time base temporarily at the
bottom of the screen, press  Main/Delayed . 

• To change the delay for the delayed sweep window, turn the Delay knob.

• To change the Time/Div for the delayed sweep window, turn the Time/Div
knob.

• To change the Time/Div for the main sweep window, select the main
sweep mode. Then turn the Time/Div knob.

The point about which the delayed sweep window is expanded changes as
Time/Div is varied:

• For a time reference setting of Left, the sweep expands from the
left-hand side of the display.

• For a time reference setting of Center, the sweep expands about the
center of the display.

• For a time reference setting of Right, the sweep expands from the
right-hand side of the display.

Making Measurements with HP 54645A/D Oscilloscopes
To use delayed sweep
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2 Press  Autostore .

Notice that STORE is 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. Pan and zoom the waveform to view signal details.
To characterize the asynchronous noise signal, use the cursors.

The following figure shows a triggered view of asynchronous noise shown in
the previous figure.

Triggered View of Asynchronous Noise

Figure 5-3

Making Measurements with HP 54645A/D Oscilloscopes
To view asynchronous noise on a signal
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Low-frequency reject (LF reject) adds a high-pass filter with the 3-dB point
at 50 kHz.  Use LF reject to remove low-frequency signals, such as power line
noise, from the trigger path.

LF Reject

Noise reject increases the trigger hysteresis band.  By increasing the trigger
hysteresis band, you reduce the possibility of triggering on noise.  However,
this also decreases the trigger sensitivity so that a slightly larger signal is
required to trigger the oscilloscope.

Random Noise on the Displayed Waveform

3 dB down point Pass
Band

dc

0 dB

50 kHz

Figure 5-5

Figure 5-6

Making Measurements with HP 54645A/D Oscilloscopes
To reduce the random noise on a signal
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3 Use averaging to reduce noise on the displayed waveform.

• Press  Display , then press Average.

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.

Av in the status line indicates how much of the averaging process is
finished, by turning to inverse video as the oscilloscope performs
averaging.  When the number of averages is higher, more noise is
removed from the display. However, the higher the number of
averages, the slower the displayed waveform responds to waveform
changes. You must choose between how quickly the waveform
responds to changes and how much you want to reduce the displayed
noise on the signal.

Smoothing

The term “smoothing” is an oversampling technique used when the digitizer
sampling rate (200 MSa/s) is faster than the rate at which we’re storing
samples into acquisition memory. For example, if the scope is sampling at
200 MSa/s, yet storing the samples at 1 MSa/s, it needs to store only 1 out of
every 200 samples. When smoothing is used, the slower the sweep speed, the
greater the number of samples that are averaged together for each display
point. This tends to reduce random noise on the input signal, which produces
a “smoother” trace on the screen.

256 Averages Used to Reduce Noise

Figure 5-7

Making Measurements with HP 54645A/D Oscilloscopes
To reduce the random noise on a signal
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Signal Centered on the Display

4 Press  Cursors .

5 Set the Y2 cursor to the top of the signal, and set Y1 to the bottom of
the signal.
Note the ∆Y value at the bottom of the display.  In this example, we are using
the Y cursors, but you could have used the X cursors instead.  If you use the
X cursors, make sure you center the signal in the Y axis.

Cursors Set on Displayed Signal

Figure 5-9

Figure 5-10

Making Measurements with HP 54645A/D Oscilloscopes
To use the XY display mode
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Cursors Set to Center of Signal

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

Again, note the ∆Y value.

7 Calculate the phase difference using the formula below.

 sin θ = 
second ∆Y

first ∆Y
 = 

111.9
244.4

 = 27.25 degrees of phase shift.

XY Display Mode Operating Hint

When you select the XY display mode, the time base is turned off.  Channel 1 is
the X-axis input, channel 2 is the Y-axis input, and the external trigger in the
HP 54645A is the Z-axis input.  If you only want to see portions of the Y 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 beam on and off).
When Z is low (<1.4 V), Y versus X is displayed; when Z is high (>1.4 V), the trace
is turned off.

Figure 5-11

Making Measurements with HP 54645A/D Oscilloscopes
To use the XY display mode
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Signals are 90° Out of Phase

Signals are In Phase

Figure 5-12

Figure 5-13

Making Measurements with HP 54645A/D Oscilloscopes
To use the XY display mode
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5 Set the time base to 200 µs/div, then center the signal on the display
with the Delay knob (delay about 800 µs).

6 Press  Main/Delayed , then press the Delayed softkey. Pan and
zoom the waveform to view signal details.

7 Set the delayed sweep to 20 µs/div, then set the expanded portion
over the VITS (delay about 900 µs).

Field 1 Vertical Interval Windowed on the VITS

Figure 5-14

Making Measurements with HP 54645A/D Oscilloscopes
To analyze video waveforms
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8 Press  Main/Delayed , then press the Main softkey.

9 Use the horizontal vernier to change the time base to 1 µs/div, then
center the signal on the display with the Delay knob (delay about
901 µs). 

Modulated 12.5T Pulse on the FCC Composite Test Signal

Figure 5-15

Making Measurements with HP 54645A/D Oscilloscopes
To analyze video waveforms
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Triggering on both TV Fields at the Same Time

The HP 54645A/D Oscilloscopes 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, or press Vertical (HP 54645A).

TV Trigger Operating Hints

The color burst never really changes phase, it just looks doubled triggered
because its frequency is 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 cursor measurements, use Autostore since you are usually
looking for pulse flatness and extremes.

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

Making Measurements with HP 54645A/D Oscilloscopes
To analyze video waveforms
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Use the Entry knob to move the cursors. You can toggle the active cursor

by pressing the cursor key while in the cursors menu.

Cursor measurements are not bound to the edge of the screen. If you set a
cursor, then pan and zoom the waveform until that cursor is off the screen,
when you set the other cursor, the measurement will still be accurate.

Cursors Measure Pulse Widths other than 50% Points

Cursors Measure Frequency of Pulse Ringing

Figure 5-16

Figure 5-17

Making Measurements with HP 54645A/D Oscilloscopes
To make cursor measurements
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Cursors Track Delayed Sweep

Expand the display with delayed sweep, then characterize the event of
interest with the cursors.

Figure 5-18

Making Measurements with HP 54645A/D Oscilloscopes
To make cursor measurements
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Moving Cursors Together

Pressing the time cursor softkey until both time cursors are highlighted
allows you to move them together when rotating the Entry knob.

Checking Pulse Width Variations

Move the cursors together to check for pulse width variations in a pulse train.

Figure 5-19

Figure 5-20

Making Measurements with HP 54645A/D Oscilloscopes
To make cursor measurements
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• To find the Show Meas softkey, press the Next Menu softkey key.

When the Show Meas softkey is turned on, cursors are displayed on
the waveform, and show measurement points for the measurement
result displayed on the right-most part of the status line. If you select
more than one measurement, you can show a previous measurement
by reselecting the measurement.

Automatic Measurements

The oscilloscope makes automatic measurements on the first displayed event. 

The following figure 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.

Isolating Event for Frequency Measurement

Figure 5-21

Making Measurements with HP 54645A/D Oscilloscopes
To make frequency measurements automatically
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2 Press  Time .

The first softkey menu appears with frequency, period, and duty cycle
measurement choices.

Source  selects channel 1 or 2 for the time measurement.

Time Measurements  include frequency, period, and duty cycle.  These
measurements are made at the 50% levels. 

Clear Meas  (clear measurement) erases the measurement results and
removes the cursors from the display.

Next Menu  displays the next softkey menu with additional time
measurement choices.

3 Press the Next Menu softkey.

Another menu appears with positive and negative pulse width, and rise time
and fall time measurement choices.

Show Meas  (show measurement) places the horizontal and vertical
cursors to show where the measurement was taken.

Time Measurements include positive width, negative width, rise time,
and fall time. Pulse width measurements are made at the 50% levels.
Rise time and fall time measurements are made at the 10% to 90%
levels, and apply only to the analog channels (not the digital

channels on HP 54645D).

Previous Menu  Returns to the previous softkey menu.

Making Measurements with HP 54645A/D Oscilloscopes
To make time measurements automatically
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4 Press the Rise Time softkey.
The oscilloscope automatically measures the rise time of the signal and
displays the result on the display.

Automatic Measurements

The oscilloscope makes automatic measurements on the first displayed event. 

The following figure shows how to use delayed sweep to isolate an edge for a
rise-time measurement.

Isolating Edge for Rise-Time Measurement

5 To measure the fall time, press the Fall Time softkey.

Rise Time and Fall Time Measurements

Rise-time and fall-time measurements do not work on digital channels on
HP 54645D.

Figure 5-23

Making Measurements with HP 54645A/D Oscilloscopes
To make time measurements automatically
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To measure the duty cycle

• Press Next Menu until you find the Duty Cy softkey, and press it.

To measure the pulse widths

1 To measure the positive pulse width, press Next Menu until you
find the +Width softkey, and press it.

Positive Width Measurement on HP 54645D Digital Channels

2 To measure the negative pulse width, press Next Menu until you
find the -Width softkey, and press it.

Figure 5-24

Making Measurements with HP 54645A/D Oscilloscopes
To make time measurements automatically
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Voltage  Measurements

Voltage measurements do not work on digital channels on HP 54645D.

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

A softkey menu appears with voltage measurement choices.

Source  selects a channel for the voltage measurement.

Voltage Measurements  include peak-to-peak (Vp-p), average (Vavg),
and root mean square (Vrms).  Measurements are determined by
voltage histograms of the signal.

Clear Meas  (clear measurement) erases any measurement results
from the display, and removes the horizontal and vertical cursors from
the display.

Next Menu  displays the next softkey menu with additional voltage
measurement choices.

3 Press the V top softkey.

The oscilloscope automatically measures the top voltage and displays the
result on the screen.

Automatic Measurements

The oscilloscope makes automatic measurements on the first displayed event. 

The following figure shows how to use delayed sweep to isolate a pulse for a
Vtop measurement.

Making Measurements with HP 54645A/D Oscilloscopes
To make voltage measurements automatically
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Isolating Area for Vtop Voltage Measurement

4 Press the Next Menu  softkey.
A softkey menu appears with additional voltage measurement choices.

Show Meas  (show measurement) displays the horizontal and vertical
cursors showing where the measurement was taken.

Voltage Measurements  include choices for measuring the maximum
(Vmax), minimum (Vmin), top (Vtop), and base (Vbase) voltages.

Next Menu  displays the next softkey menu.

With the Measurement/Storage module attached to the oscilloscope, you can
also measure amplitude (Vamp), overshoot (Vover), and preshoot (Vpre)
voltages.

Figure 5-27

Making Measurements with HP 54645A/D Oscilloscopes
To make voltage measurements automatically
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Using Option 005 Enhanced
TV/Video Trigger

You can use the Option 005 Enhanced TV/Video trigger with the
HP 54645A Oscilloscope. One of the first things you will want to do
with your oscilloscope’s new Option 005 Enhanced TV/Video trigger is
to become acquainted with its menu choices.  Therefore, we have
written the exercises in this chapter to familiarize you with its basic
controls.

To use the TV/Video trigger, you must be familiar with your
oscilloscope. In summary, the front panel of the oscilloscope 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. The status line of the
oscilloscope, located at the top of of the display, lets you quickly
determine the setup of the oscilloscope. 

When Option 005 is installed in the HP 54645A Oscilloscope, the
Display menu has the extra graticule (Grid) choice of TV.

Use NTSC Instead of PAL-M

To trigger on a PAL-M signal, use NTSC. The line and field rates are identical.

6-2
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Option 005 gives you an Enhanced TV/Video Trigger for the
HP 54645A Oscilloscope, allowing highly detailed analysis of
TV waveforms. This option offers:

• NTSC, PAL, PAL-M, SECAM and generic video formats

• Video autoscale

• IRE graticule and IRE cursor readout

• Full bandwidth rear panel output

• Trigger output

• Windowed FFT measurements (with Measurement/Storage module)

Now, in one easy-to-use instrument, you can measure your system’s
video performance as well as use your oscilloscope for troubleshooting
and precision measurements. The HP 54645A Oscilloscope’s
MegaZoom technology gives you bright, easily viewed displays of any
part of the video waveform. No longer do you need to use a viewing
hood or to be constantly adjusting intensity and focus controls.

Analysis of video waveforms is simplified by the oscilloscope’s ability
to trigger on any selected line of the video signal. You can make
additional measurements using the All lines, Field 1, Field 2, All fields
(Vertical in GENERIC), or Line triggering modes. In addition, you can use the
rear-panel, full-bandwidth signal and trigger outputs with a spectrum
instrument or frequency counter for additional measurement power.

Using Option 005 Enhanced TV/Video Trigger (HP 54645A)
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Triggering on Line 71

Note the TV Grid displayed (selected from the Display menu).

Table 6-1 Line Numbers per Field for Each TV Standard

TV Standard Field 1 Field 2 Alt Fld
NTSC 1 to 263 1 to 262 1 to 262
PAL 1 to 313 314 to 625 1 to 313
SECAM 1 to 313 314 to 625 1 to 313
GENERIC 1 to 1024 1 to 1024 1 to 1024  (Vertical)

Line Number Represents Count

In GENERIC mode, the line number represents the number of a count instead of
a real line number.  This is reflected in the label above the softkey changing from
Line to Cnt.  In the Trigger On selections, Field 1, Field 2 and Vertical are used to
indicate where the counting starts.  For an interlaced TV system, the counting
starts from the rising edge of the first vertical serration pulse of Field 1 and/or
Field 2.  For a non-interlaced TV system, the counting starts after the rising edge
of the vertical sync pulse.

Figure 6-1

Using Option 005 Enhanced TV/Video Trigger (HP 54645A)
To trigger on a specific line of video
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If a more detailed analysis is required, then only one color field should be
selected to be the trigger.  You can do this by using the oscilloscope’s holdoff
control.   Using the holdoff settings shown in the following table, the
oscilloscope will now trigger on color field 1 OR color field 3 when Field 1 is
selected.  This is known as odd field selection.  Even fields will be selected
with Field 2.

Table 6-2 Holdoff Settings

Video Standard Fields/Picture Holdoff  Range
NTSC 4 33.5 ms to 50.0 ms
PAL 8 80.7 ms to 120 ms
SECAM 4 40.4 ms to 60 ms
PAL-M 8 80.4 ms to 120 ms

The holdoff can be more easily set if the sweep speed is set to 5 ms/div.  Once
you have established your desired holdoff time, return to the desired time
base setting.  The holdoff setting will remain unchanged. 

Triggering on Color Field 1 using Holdoff

Figure 6-6

Using Option 005 Enhanced TV/Video Trigger (HP 54645A)
To trigger on odd or even fields
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5 Set the time base to 200 µs/div, then center the signal on the display
with the delay knob (delay about 800 µs).

6 Press  Main/Delayed , then press the Delayed softkey.

7 Set the delayed sweep to 20 µs/div, then set the expanded portion

over the VITS (delay about 988.8 µs).

Second VITS Displayed

This figure shows the second vertical interval test signals displayed with
delayed sweep.

Figure 6-7

Using Option 005 Enhanced TV/Video Trigger (HP 54645A)
To analyze video waveforms with Option 005

6-13

ManualsPlus.com

https://www.manualsplus.com/


6-14

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


1 Build the first test connector using a BNC connector and an 8-by-2
section of Berg strip.
a Solder a jumper wire to all pins on one side of the Berg strip.
b Solder a jumper wire to all pins on the other side of the Berg strip.
cc Solder the center of the BNC connector to the center pin of one row

on the Berg strip.
d Solder the ground tab of the BNC connector to the center pin of the

other row on the Berg strip.

8-by-2 Connector Setup 

2 Build the second test connector using a BNC connector and a 1-by-2
section of Berg strip.
a Solder two resistors to the Berg strip, in parallel across the two pins.
b Solder the center of the BNC connector to the center pin of one row

on the Berg strip.
c Solder the ground tab of the BNC connector to the center pin of the

other row on the Berg strip.

1-by-2 Connector Setup 

Figure 7-1

Figure 7-2

Testing, Adjusting, and Troubleshooting
To construct test connectors for digital channels 
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1 Set up the oscilloscope.
a Press  Setup , then press the Default Setup softkey.
b Adjust the channel 1 Position knob to place the baseline at

approximately 0.5 division from the bottom of the display. 

Channel 1 is labeled "1" on HP 54645A and "A1" on HP 54645D.
c Set the Volts/Div to the first line of the following table.
d Press  Display . Then press the Average softkey and set # Average

to 64.  Wait a few seconds for the measurement to settle; the Av letters
in the status line indicate how much of the averaging process is
finished by turning to inverse video as the oscilloscope performs
averaging.

2 Press  Cursors , then press the V1 softkey.

3 Using the Entry knob, set the V1 cursor on the baseline of the signal.
4 Connect the power supply to the oscilloscope and to the multimeter,

using the BNC tee and cables.
5 Adjust the power supply output so that the multimeter reading

displays the first Power supply setting value in the following table.
Wait a few seconds for the measurement to settle.

6 Press the V2 softkey, then position the V2 cursor to the center of the
trace.
The ∆V value on the lower line of the display should be within the test limits
of the following table.  If a result is not within the test limits, see
"Troubleshooting the Oscilloscope."

Testing, Adjusting, and Troubleshooting
To verify voltage measurement accuracy
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7 Continue checking the voltage measurement accuracy with the
remaining power supply setting lines in the following table.

Table 7-6 Voltage Measurement Accuracy

Volts/Div setting Power supply setting Test limits

5 V/Div 35 V 34.24 V to 35.76 V

2 V/Div 14 V 13.696 V to 14.304 V

1 V/Div 7 V 6.848 V to 7.152 V

0.5 V/Div 3.5 V 3.424 V to 3.576 V

0.2 V/Div 1.4 V 1.3696 V to 1.4304 V

0.1 V/Div 700 mV 684.8 mV to 715.2 mV

50 mV/Div 350 mV 342.4 mV to 357.6 mV

20 mV/Div 140 mV 136.96 mV to 143.04 mV

10 mV/Div 70 mV 68.48 mV to 71.52 mV

5 mV/Div 35 mV 34.24 mV to 35.76 mV

2 mV/Div 14 mV 13.696 mV to 14.304 mV

1 mV/Div* 7 mV 6.696 mV to 7.304 mV

*Full scale is defined as 16 mV on the 1 mV/div range.  Full scale on all
  other ranges is defined as 8 divisions.

8 Disconnect the power supply from the oscilloscope, then repeat
steps 1 to 7 for channel 2.
Channel 2 is labeled "2" on HP 54645A and "A2" on HP 54645D.

Testing, Adjusting, and Troubleshooting
To verify voltage measurement accuracy
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1 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 a  50-Ω feedthrough at the input of the oscilloscope.

Channel 1 is labeled "1" on HP 54645A and "A1" on HP 54645D.

2 Set up the oscilloscope.
a Press  Setup , then press the Default Setup softkey.
b Set the time base to 500 ns/div.
c Set the Volts/Div for channel 1 to 200 mV/div.
d Press  Display , then press the Average softkey.
e Toggle the # Average softkey to select 8 averages.

3 Set the signal generator for 1 MHz at about +11.6 dBm.
Notice that the signal on the display is about 5 cycles and six divisions of
amplitude.

4 Press  Voltage , 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.
Vp-p = _______ V.

5 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.

6 Change the frequency of the signal generator to 100 MHz.
7 Set the calibration factor of the power meter to the 100 MHz percent

value from the chart on the probe (interpolate the value between two
frequencies, if necessary).
Adjust the amplitude of the signal generator for a power reading as close as
possible to 0.0 dB (REL).  Power meter reading = ______ dB.

Testing, Adjusting, and Troubleshooting
To verify bandwidth
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8 Change the time base to 5 ns/div.
Wait a few seconds for the measurement to settle (the Av letters in the status
line indicate how much of the averaging process is finished by turning to
inverse video as the oscilloscope performs averaging), then note the Vp-p
reading from the bottom of the display.
Vp-p = ______ mV.

9 Calculate the response using the following formula.

20 log10  




step 8 result

step 4 result




 

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

Example Result from step 9 = –2.3 dB
Power meter reading from step 7 = –0.2 dB (REL)
True response = (–2.3) – (–0.2) = –2.1 dB
The true response should be ≤ ±3 dB.

If the result is not ≤ ±3 dB, see "Troubleshooting the Oscilloscope."

11 Repeat steps 1 to 10 for channel 2.
Channel 2 is labeled "2" on HP 54645A and "A2" on HP 54645D.

12 Repeat steps 1 to 11 for 5 mV/div. 
a Substitute -20.5 dBm in step 3.
b Substitute 75 MHz in steps 6 and 7. 

Testing, Adjusting, and Troubleshooting
To verify bandwidth
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5 Press  Time , then press the Freq and Period softkeys.

You should measure the following:
Frequency 1 MHz, test limits are 995.9 kHz to 1.0042 MHz.
Period 1 µs, test limits are 995.9 ns to 1.0041 µs.

If the measurements are not within the test limits, see "Troubleshooting the
Oscilloscope."

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  Time , then press the Freq and Period softkeys.

You should measure the following:
Frequency 100 MHz, test limits are 98.61 MHz to 101.43 MHz.
Period 10 ns, test limits are 9.86 ns to 10.14 ns.

If the measurements are not within the test limits, see "Troubleshooting the
Oscilloscope."

Testing, Adjusting, and Troubleshooting
To verify horizontal ∆t and 1/∆t accuracy
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Internal Trig
Sensitivity

1 Press  Setup , then press Default Setup.
2 Connect the signal generator to channel 1 using a 50-Ω feedthrough

at the oscilloscope input.
Channel 1 is labeled "1" on HP 54645A and "A1" on HP 54645D.

3 Verify the trigger sensitivity at 25 MHz and 0.35 divisions.
a Set the signal generator to 25 MHz and about 100 mV.
b Press  Autoscale .
c Set the time base to 50 ns/div.
d Set channel 1 to 100 mV/div.
e 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 Oscilloscope."

f Record the result on the Performance Test Record as Pass or Fail.

4 Verify the trigger sensitivity at 100 MHz and 1 division.
a Change the output of the signal generator to 100 MHz and set

amplitude to about 100 mV.
b Set the time base to 10 ns/div.
c 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."

d Record the result on the Performance Test Record as Pass or Fail.

5 Repeat steps 1 through 4, substituting channel 2 for channel 1 in the
procedure.
Channel 2 is labeled "2" on HP 54645A and "A2" on HP 54645D.

Testing, Adjusting, and Troubleshooting
To verify trigger sensitivity
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External Trig
Sensitivity

6 Verify the external trigger sensitivity at 100 MHz, 100 mVp-p and at
25 MHz, 50 mVp-p.

Instructions for HP 54645A Only

This procedure applies only to the HP 54645A Oscilloscope.

a Using the power splitter, connect the signal generator to the
channel 1 input and to the external trigger input. Use the 50-Ω
feedthroughs at the oscilloscope inputs.

b Change the output of the signal generator to 100 MHz and 70.7 mVrms
(200 mVp-p).

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

c Press  Autoscale .
d Press  Source . Set the trigger source to Ext.
e Check for stable triggering, and adjust the trigger level if necessary.
f Record results in the Performance Test Record as Pass or Fail.

If test fails, refer to "Troubleshooting the Oscilloscope."
g Change the output of the signal generator to 25 MHz and 35.4 mVrms

(100 mVp-p).
h Check for stable triggering, and adjust the trigger level if necessary.
i Record results in the Performance Test Record as Pass or Fail.

If test fails, refer to "Troubleshooting the Oscilloscope."

Testing, Adjusting, and Troubleshooting
To verify trigger sensitivity
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HP 54645A/D Performance Test Record

Serial No. ______________________________________ Test by____________________________
Test Interval ____________________________________ Work Order No._____________________
Recommended Next Testing _______________________ Temperature _______________________

Threshold Accuracy  ± (100 mV + 3% of threshold setting) Ch D0-D7 Ch D8-D15
Test Specification Limits

+5 V – 250 mV +4.750 V _____________ _____________
+5 V + 250 mV +5.250 V _____________ _____________
–5 V – 250 mV –5.250 V _____________ _____________
–5 V + 250 mV –4.750 V _____________ _____________
0 V – 100 mV –100 mV _____________ _____________
0 V + 100 mV +100 mV _____________ _____________

Calibrator Output Nominal Test Limits Results
dc 0 µV –500 µV to +500 µV _____________

5 V 4.990 V to 5.010 V _____________

Voltage measurement accuracy
Range Power Supply Setting Test Limits Channel 1 Channel 2
5 V/Div 35 V 34.24 V to 35.76 V _____________ _____________
2 V/Div 14 V 13.696 V to 14.304 V _____________ _____________
1 V/Div 7 V 6.848 V to 7.152 V _____________ _____________
500 mV/Div 3.5 V 3.424 V to 3.576 V _____________ _____________
200 mV/Div 1.4 V 1.3696 V to 1.4304 V _____________ _____________
100 mV/Div 700 mV 684.8 mV to 715.2 mV _____________ _____________
50 mV/Div 350 mV 342.4 mV to 357.6 mV _____________ _____________
20 mV/Div 140 mV 136.96 mV to 143.04 mV _____________ _____________
10 mV/Div 70 mV 68.48 mV to 71.52 mV _____________ _____________
5 mV/Div 35 mV 34.24 mV to 35.76 mV _____________ _____________
2 mV/Div 14 mV 13.696 mV to 14.304 mV _____________ _____________
1 mV/Div 7 mV 6.696 mV to 7.304 mV _____________ _____________

Bandwidth Test Limits Channel 1 Channel 2
≤ ±3 dB at 100 MHz _____________ _____________
≤ ±3 dB at 75 MHz _____________ _____________

Horizontal ∆t and 1/∆t accuracy
Generator Setting Test Limits Results

Frequency 10 kHz 9.96 kHz to 10.04 kHz _____________
Period 100 µs 99.59 µs to 100.41 µs _____________
Frequency 1 MHz 995.9 kHz to 1.0042 MHz _____________
Period 1 µs 995.9 ns to 1.0041 µs _____________
Frequency 100 MHz 98.61 MHz to 101.43 MHz _____________
Period 10 ns 9.86 ns to 10.14 ns _____________

Trigger sensitivity Test Limits Channel 1 Channel 2
Internal trigger 25 MHz at 0.35 divisions _____________ _____________
 100 MHz at 1 division _____________ _____________

External
External trigger 100 MHz at 100 mVp-p _____________

25 MHz at 50 mVp-p _____________

Option 005 Voltage measurement accuracy Test Limits Channel 1 Channel 2
Amplitude peak-to-peak ≥63.6 mVp-p _____________ _____________
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2 Measure the power supply voltages at E1 through E6 on the system
board.
The test points are not marked on the system board; see the following figure
for the location of test points.

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

Table 7-12 Power Supply Voltage Tolerances

Supply Voltage Tolerance
+5.1 V ±153 mV (+4.947 V to +5.253 V)
–5.25 V ±158 mV (–5.092 V to –5.408 V)
+15.75 V +1.260 V, –787 mV (+14.963 V to +17.010 V)
− 15.75 V ±787 mV (−14.963 V to −16.537V)

Low Voltage Power Supply Voltage Test Points 
(bottom side of oscilloscope) 

Figure 7-4

Testing, Adjusting, and Troubleshooting
To adjust the power supply
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If the +5.1 V measurement is out of tolerance, adjust the +5.1 V adjustment
on the power supply; if the –5.25 V measurement is out of tolerance, adjust
the –5.25 V adjustment on the power supply (see the following figure).  The
±15.75 V supplies are not adjustable and are dependent upon the +5.1 V
supply.  If adjusting the power supply does not bring all the voltages within
tolerance, see "Troubleshooting the Oscilloscope" in this chapter.

Low Voltage Power Supply Adjustment Locations
(top side of oscilloscope) 

+5.25 V
adjust -5.25 V

adjust

fan connector

Figure 7-5

Testing, Adjusting, and Troubleshooting
To adjust the power supply
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1 Check the rear panel CALIBRATOR output level.
If you are not sure how to check the CALIBRATOR, see "To check the output
of the CALIBRATOR."

2 Load the default calibration factors.
a Set the rear-panel CALIBRATION switch to the UNPROTECTED 

position.
b Press  Print/Utility . Then press Service Menu and

Self Cal Menu.
c Press the Load Defaults softkey.

Vertical 
self cal

3 After the message "Default scope calibration factors have been
loaded" is displayed on the lower side of the display, press Vertical.

4 Follow the instructions on the display, then press Continue.

5 After the message "Press Continue to return to calibration menu"
appears on the display, press the Continue softkey

Delay self cal 
for HP 54645A 
Only

6 Connect a pulse generator set to 100 kHz and 1 Vp-p, with a rise time
of less than 10 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.

7 Press the Delay softkey, then follow the instructions on the display.

8 Set the rear-panel CALIBRATION switch to PROTECTED.

Delay self cal 
for HP 54645D
Only

9 Connect channels A1 and A2 to the front-panel probe adjust signal
(5 Vp-p, 1.2 kHz) using two 10:1 probes (HP 10074A). Connect the
ground leads on the 10:1 probes to the front-panel ground lug using
the banana ground plug (HP 1252-7310).

10 Connect digital channel D0 to the front-panel probe adjust signal
(5 Vp-p, 1.2 kHz) using the 16-channel cable (HP 54620-61801).
Connect the ground lead of this cable to the front-panel ground lug.

11 Press the Delay softkey, then follow the instructions on the display.
12 Set the rear-panel CALIBRATION switch to PROTECTED.

Testing, Adjusting, and Troubleshooting
To perform the self-calibration
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1 Connect the pulse generator to channel 1, using a 50-Ω feedthrough
at the oscilloscope input.
Channel 1 is labeled "1" on HP 54645A and "A1" on HP 54645D.

2 Press  Autoscale .

3 Change the time base to 10 ns/div.
4 Press  1  on the HP 54645A, or  A1 on the HP 54645D, then

toggle the Vernier softkey to On.
5 Adjust the Volts/Div until there are about 6 divisions of vertical

deflection.
6 Adjust the channel 1 high-frequency response for 1.0 minor division

of overshoot (4%).
7 Repeat steps 1 through 6 for channel 2.

Channel 2 is labeled "2" on HP 54645A and "A2" on HP 54645D.

High-Frequency Pulse Response Adjustment Locations 

High-frequency
pulse response
adjustments

Figure 7-7

Testing, Adjusting, and Troubleshooting
To adjust the high-frequency pulse response
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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 re-adjust Sub Bri, intensity control, and HB Cont to suit your
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 re-adjust sizing
and vertical centering of the display.

Display Board Adjustment Locations 

Figure 7-8

Testing, Adjusting, and Troubleshooting
To adjust the display
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6 Disconnect the ribbon cable from the display board, then check the
following signals on the system board. 

Table 7-19 Display Signals

Signal Name Frequency Pulse width Voltage

U5 Pin 36 DE 19.72 kHz 38.0 µs 2.6 Vp-p

U76 Pin 1 (HP 54645A)
U77 Pin 1 (HP 54645D)

Hsync 19.72 kHz 3.0 µs 5.0 Vp-p

U5 Pin 2 Vsync 60.00 Hz 253.5 µs 5.2 Vp-p

If the signals are good, replace the display assembly.  If not, replace the
system board.

7 Disconnect the ribbon cable from the display board.
8 Go to "To check the Low Voltage Power Supply."

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.
c Connect the dummy load to the power supply connector.
d Connect the power cord, then measure the power supply voltages

again (see new tolerances below).

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

Table 7-20 Low Voltage Power Supply Voltage Tolerances

Supply Voltage Tolerance
+5.1 V ±153 mV (+4.947 V to +5.253 V)
–5.25 V ±158 mV (–5.092 V to –5.408 V)
+15.75 V +1.260 V, –787 mV (+14.963 V to +17.010 V)
− 15.75 V ±787 mV (−14.963 V to −16.537V)

Testing, Adjusting, and Troubleshooting
To check out the oscilloscope 
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9 Is the fan running?
If yes, go to "To run the internal self-tests."  If not, do the steps below.

The Low Voltage Power Supply has a thermal cut-out circuit.  If the fan is
defective, the Low Voltage Power Supply 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.

See the following figure for location of the fan connector.  If the fan
voltage is approximately +8 Vdc, replace the fan.  If not, replace the
power supply.

Fan Connector 

+5.25 V
adjust -5.25 V

adjust

fan connector

Figure 7-10

Testing, Adjusting, and Troubleshooting
To check out the oscilloscope 
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3 If any Fail message appears on the display after cycling power:
a Press any menu key and cycle the power on the oscilloscope again.
b Hold the menu key down until the message "Key-down power-up

executed" is displayed.
c If the original fail message still appears, contact your HP Service

Center for diagnosis and repair.

4 Continue with "To check out the oscilloscope."

Testing, Adjusting, and Troubleshooting
To clear error messages
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If the +5.1 V measurement is out of tolerance, adjust the +5.1 V adjustment
on the power supply; if the –5.25 V measurement is out of tolerance, adjust
the –5.25 V adjustment on the power supply.  The ±15.75 V supplies are not
adjustable and are dependent upon the +5.1 V supply.

Blown fuse

If the power supply fuse is blown, the power supply is defective.  Replace the
power supply.

C A U T I O N Be careful when performing component-level repair. Voltages greater than
300 Vdc can cause injury.

Testing, Adjusting, and Troubleshooting
To check the Low Voltage Power Supply
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4 Perform the ROM test
a Press the ROM softkey.
b Does the display message say "Scope self-test passed "?

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

5 Perform the RAM test.
a Press the RAM softkey.
b Does the display message say "Scope self-test passed "?

If yes, press any key to continue.  If not (the display message says
"Scope self-test Failed "), replace the system board.

Testing, Adjusting, and Troubleshooting
To run the internal self-tests
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Replacement Parts

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

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

W A R N I N G 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. Read the Safety
Summary at the back of this manual before beginning disassembly.

C A U T I O N Do not replace assemblies with the oscilloscope turned on, or damage to the
components can occur.

C A U T I O N ELECTROSTATIC DISCHARGE (ESD) can damage electronic components.
When using any of the procedures in this chapter, you should use proper
ESD precautions. As a minimum, you should place the instrument on a
properly grounded ESD mat and wear a properly grounded ESD strap.
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Table 8-1 HP 54645A/D Oscilloscope Replaceable Parts

Reference
Designator

HP Part
Number

Qty Description

A1 0950-2735 1 Power supply assembly
A2 2090-0316 1 Display assembly
A3 (HP 54645A) 54645-66503 1 System board
A3 (HP 54645A) 54645-69503 1 Exchange system board
A3 (HP 54645D) 54645-66501 1 System board
A3 (HP 54645D) 54645-69501 1 Exchange System board
A4 (HP 54645A) 54600-66502 1 Keyboard
A4 (HP 54645D) 54645-66502 1 Keyboard

B1 3160-1006 1 Fan

H1 0515-0372 9 Machine screw M3X8
H2 0515-0380 5 Machine screw M4X10
H3 0515-0430 5 Machine screw M3X6
H4 0515-0667 2 Machine screw M3X25

MP1 1251-2485 1 Connector dust cover
MP2 1400-1581 1 Cable clamp
MP3 (HP 54645A) 54645-41902 1 Large keypad
MP3 (HP 54645D) 54645-41901 1 Large keypad
MP4 (HP 54645A) 54645-94302 1 Front-panel label
MP4 (HP 54645D) 54645-94301 1 Front-panel label
MP5 (HP 54645A) 54645-94303 1 Handle Label
MP5 (HP 54645D) 54645-94304 1 Handle Label
MP6 54601-00102 1 Deck
MP7 (HP 54645A) 54645-09102 1 EMI gasket
MP7 (HP 54645D) 54645-09104 1 EMI gasket

MP8 54601-41902 1 Small rubber keypad
MP9 (HP 54645A) 54645-42202 1 Front panel
MP9 (HP 54645D) 54645-42201 1 Front panel
MP10 54601-43701 1 Power switch shaft
MP11 54601-64401 1 Cabinet (comes with handle and feet installed)
MP12 54601-44901 1 Handle

MP13 (HP 54645A) 54601-47401 5 Small knob
MP13 (HP 54645D) 54601-47401 6 Small knob
MP14 (HP 54645A) 54601-47402 3 Large knob
MP14 (HP 54645D) 54601-47402 4 Large knob
MP15 54601-47403 1 Intensity knob
MP16 54601-47404 1 Small knob (dark)

Replacement Parts
To order a replacement part
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Reference
Designator

HP Part
Number

Qty Description

MP17 54630-94605 1 Rear-panel label
MP18 (HP 54645A) 54645-42501 1 External trigger nut
MP19 54630-61601 1 Ribbon cable—display
MP20 54630-61602 1 Ribbon cable—power supply
MP21 54645-27601 2 BNC
MP22 54645-09101 2 RFI spring
MP23 0380-0912 1 Spacer
MP24 2190-0068 1 Washer—calibrator output
MP25 1250-2075 1 Nut—calibrator output
MP26 54601-04101 1 Attenuator lid

W1 8120-1521 1 Standard power cord
W1 8120-1703 Power cord option 900, United Kingdom
W1 8120-0696 Power cord option 901, Australia
W1 8120-1692 Power cord option 902, Europe
W1 8120-0698 Power cord option 904, 250 V, USA/Canada

W1 8120-2296 Power cord option 906, Switzerland
W1 8120-2957 Power cord option 912, Denmark
W1 8120-4600 Power cord option 917, Africa
W1 8120-4754 Power cord option 918, Japan

Option 101 Accessory pouch and front-panel cover (also
orderable as HP P/N 54600-68701)

5041-9482 Pouch
54601-44101 Front-panel cover

Probes
10074A 2 X1 passive probe

Input Cable (HP 54645D only)
54620-61801 1 Cable, Woven (includes probe leads)

5959-9333 Package replacement probe leads (quantity 5)
5959-9334 Package replacement probe grounds (quantity 5)
5959-9335 Package replacement pod grounds (quantity 5)
5090-4356 Package replacement grabbers (quantity 20,

includes 1 5959-9334)
01650-94309 Package of probe labels

Replacement Parts
To order a replacement part
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Table 8-2 Option 005 Replaceable Parts

Reference 
Designator

HP Part
Number

Qty Description

A3 * 1 System Board (part of standard instrument)
A5 54602-66502 1 Video Trigger Board

H2 0515-0380 5 Machine screw M4 X 10 (part of standard instrument)
H3 0515-0430 7 Machine screw M3 X 6 (+2 screws for Option 005)

MP6 54601-00101 1 Deck (part of standard instrument)
MP11 54602-64402 1 Cabinet (comes with handle and feet installed –

 replaces standard cabinet)
MP30 54602-94305 1 Label, rear panel video trigger

W4 54602-61601 2 RF cable
W5 54602-61602 1 Ribbon cable

HP 11094B 1 75-Ω Termination

* See the HP 54645A/D Oscilloscope Replaceable Parts table for this part number.

Replacement Parts
To order a replacement part
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Performance Characteristics

This chapter lists the operating characteristics and performance
specifications for both the HP 54645A and HP 54645D Oscilloscopes.
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Messages

This chapter presents the various messages displayed by the
instrument, explains what they mean, and gives instructions for
corrective action if necessary.

All messages in this chapter in presented in alphabetical order.

Other messages may be self-explanatory

There may be other messages that appear on the HP 54645A/D display that are
self-explanatory, or clear enough that they are not described in this chapter. 

10-2
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Delay time = 

When the Horizontal Mode is Delayed, this message appears while you are
adjusting the Delay knob, to inform you of the current delay time setting.

Digital channels are not available in XY or Roll mode

When setting the Horizontal Mode to XY or Roll, you cannot select digital
channels D0-D15 on HP 54645D.

Digital channels cannot be moved in XY or Roll mode

When setting the Horizontal Mode to XY or Roll, you cannot change the
position of channels D0-D15 on HP 54645D.

Display and setup are saved to memory

This message appears when you save the current display and setup using the
Trace memory menu.

Duration time is at limit

This message appears when, in the Advanced Trigger menu, you try to adjust
the duration setting for a pattern to a value less than the minimum or greater
than the maximum. The minimum and maximum values are determined by
the Time/Div and sampling interval, so you may be able to work around the
problem by changing the Time/Div setting. See Chapter 4, “MegaZoom
Concepts and Oscilloscope Operation,” for more information on the interaction
between various oscilloscope time base functions.

Illegal Instruction

A processing fault occurred during operation. Cycle power to the
oscilloscope, or perform a hard reset by cycling power with the two rightmost
softkeys depressed. If this does not correct the problem, contact your HP
Sales Office for assistance.

Key not used in this menu

This message appears when you press a softkey that is not valid for the
current menu.

Measurement already active

This message appears when you press the Measure key for a measurement
that is already defined and is being updated in the message line.

Messages

10-4

ManualsPlus.com

https://www.manualsplus.com/


Measurement already selected

This message appears when you select a single-channel measurement that is
already running. Note that measurement results for the selected
measurement are displayed on the message line, but are temporarily
overwritten by this message. 

No active signal was found: Please check connections

This message appears when you select Autoscale, but the oscilloscope was
unable to find an input signal on any channel at any threshold setting.

• Check that the input cable is correctly connected to the oscilloscope.

• Check that the probes are connected to valid signal lines in the circuit
under test.

• Check power to the circuit under test. 

• Check the activity indicators.

No cursor is selected: Please select one in the Cursors menu

This message appears when you turn the Entry knob while using a menu that
has no field selectable via Entry. Normally, for those menus, the softkeys,
Select, or Move are the only valid choices.

No printer interface is installed: Refer to manual for help

You selected Print Screen from the Print/Utility menu. However, there is no
printer interface module installed. You must install an HP interface module
(Centronics, HP-IB, or RS-232, as appropriate) for the oscilloscope to
connect to the printer.

Printing is in process: Please cancel print first

This message appears when you try to reconfigure the interface parameters
for the I/O module while printing. You must either cancel printing with the
Cancel Print softkey or wait until printing has completed before reconfiguring
the interface.

Printer is not responding: Check configuration & connections.

You selected Print Screen in the Print/Utility menu, and there is an interface
installed, but the printer is not responding.

• Check that the printer is turned on and has paper.

• Check that the interface module is connected to the printer and that the
correct interface type is being used.

Messages
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Privilege Violation

A processing fault occurred during operation. Cycle power to the
oscilloscope, or perform a hard reset by cycling power with one of the
softkeys depressed. If this does not correct the problem, contact your
HP Sales Office.

Scope self-test passed

This message appears when one of the oscilloscope self-tests passes.

The selected channel is not displayed: Please select another

The channel you selected with the Select knob is off. These channels appear
highlighted in the upper-left corner of the measurement display. Either turn
on the channel before moving it, or select a different channel to move. To
turn on the channel (HP 54645D only):
1 Select the channel using the DIGITAL Position knob.
2 Press the On softkey under the labeled channel on the softkey line. 

If necessary, press the D0-D15 key first.

To select a different channel to move, use the Select knob.

Selected channel is positioned at the bottom

This message appears when you turn the HP 54645D DIGITAL Position knob
counterclockwise and the selected channel is already at the bottom of the
display.

Selected channel is positioned at the top

This message appears when you turn the HP 54645D DIGITAL Position knob
clockwise and the selected channel is already at the top of the display.

The front panel is locked via the computer interface

This message appears when an instrument controller, such as a PC or
workstation, has locked the oscilloscope’s front panel using the
SYSTem:LOCK command.

The Label List has been initialized to default labels

This message appears after the oscilloscope reinitializes the label list.
(HP 54645D only)

Messages
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The Label List has not been changed

This message appears when you press the No softkey during any step of label
list reinitialization. Initialization of the label list is canceled, and the top-level
label list menu reappears. (HP 54645D only)

The Printing is canceled

This message appears when you press the Cancel Print softkey to stop
printing.

The printing is complete

This message appears when the oscilloscope has finished copying the screen
to the printer.

The Setup is recalled

This message appears after the oscilloscope restores the configuration from
the specified memory location. 

The Setup is saved

This message appears when you press the Save key in the Setup menu,
indicating that the oscilloscope setup was saved to the selected memory
location (1 through 10).

The test failed with error code

This message appears if one of the oscilloscope self-tests fails. See Chapter
7, “Testing, Adjusting, and Troubleshooting,” for more information on how
to run self-test and what to do if self test fails.

The Trace memory is cleared

This message appears when you press the Clear Mem softkey for either
Memory 1 or Memory 2 while in the Trace memory menu. It confirms that the
selected memory was cleared.

This will overwrite ALL 75 current labels, YES to proceed

This message appears when you select the HP 54645D Initialize Label List
softkey in the Label menu.

• To proceed with initialization, press the Yes softkey.

• To cancel initialization, press the No softkey.

Messages
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Threshold is at limit

The threshold setting is used by the HP 54645D oscilloscope digital channel
input comparators to decide whether a signal is a logic high or logic low. The
threshold must be set to a value between –6.00 V and +6.00 V inclusive.

Time/Div is at limit 

The time per division must be set to a value between 50 s/div and 2 ns/div
inclusive.

Use ’Recover Screen’ in Setup menu to restore the display

If you inadvertently change the Volts/Div on a given analog channel, that
analog channel will disappear from the display. If you change the
Volts/Div back to the original setting, the last scope display of that
channel re-appears on the screen. You can also choose to recover the
screen by pressing  Setup  , then the Recover Screen softkey.

Messages
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Glitch trigger mode is indicated
by a positive or negative pulse on the
status line. In glitch capture mode,
the oscilloscope uses memory re-
sources to record an event where at
least two transitions occurred be-
tween sample periods. The
oscilloscope can capture pulses as
narrow as 3.5 ns and as long as the
sample period—1 ns at any sweep
speed.

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

Holdoff keeps the trigger from re-
arming for an amount of time set by
the holdoff knob.

Horizontal controls adjust the
time base, horizontal mode, and de-
layed sweep functions.

Invert shifts the displayed wave-
form 180 degrees, and is available for
channels 1 and 2.  When the oscillo-
scope is triggered on the signal to be
inverted, the trigger is also inverted.

Level changes the trigger level.

LF Reject (low-frequency reject)
adds a high pass filter with a 3 dB
point at 50 kHz to the trigger path.

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

Main/Delayed allows you to select
the horizontal mode (Main, Delayed,
XY, and Roll), and set the vernier
and time reference.

Measurement algorithms are
used to calculate input frequency, in-
put period, duty cycle, positive and
negative widths on logic channels,
and rise time and fall time.

Measurement field is used to dis-
play results for measurements,
trigger settings, error messages, and
status messages.

MegaZoom technology is HP’s
technology that combines the advan-
tages of conventional deep-memory
digital oscilloscopes with the respon-
siveness and update rate of
traditional analog oscilloscopes. See
the chapter “MegaZoom Concepts
and Oscilloscope Operation” for
more information.

Mode/Coupling allows you to se-
lect a trigger mode (Auto level,
Auto, Normal), Coupling, Reject, and
Noise Reject.

Glossary
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Trigger mode can be set to Auto
Level, Auto, or Normal. See “Normal
trigger mode” or “Auto trigger mode.”

TV allows access to the TV mode
and polarity keys.

Vernier is a softkey for both
HP 54645A/D in the Main/Delayed
and Analog channel menus that gives
finer increments of the sweep speed
and Volts/Div.

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

Volts/Div Changes the vertical
scaling in a 1-2-5 step sequence from
2 mV to 5 V.

Waveform parameters are meas-
ured using cursors.

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

Zoom means to expand the wave-
form on the screen. You can use
delayed sweep to zoom in on a por-
tion of the waveform to examine it in
greater detail.
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preset configuration, 4–48
selecting, 2–26
selecting for edge trigger, 3–16
selecting for pattern trigger, 3–17
test thresholds, 7–14
testing acquisition system, 7–11
testing threshold accuracy, 7–12
turning labels on or off, 4–53
turning on and off, 2–24

characteristics
Option 005, 9–11
See performance characteristics
probe input impedance, 4–39 to 4–42

checking
package contents, 1–5 to 1–9

checklist
for solving problems, 7–4 to 7–6

circuit ground
connecting oscilloscope, 1–11 to 1–12

circuit signals
associating with input channels, 4–53 to

4–58
circuit under test

action to cause trigger, 3–4
concepts of probing, 4–39 to 4–42

clamp circuit
internal, 6–12

clamping
external, 6–12

Clear Cursors softkey, 2–30, 5–22
Clear Meas softkey, 5–29
clear measurement, 5–29
Clear softkey, 4–46
clearing labels, 4–58
clock channel

threshold accuracy, 7–12
CMOS threshold, 4–51 to 4–52
color burst, 5–21
comparators

input, 4–51 to 4–52
comparing measurement results, 4–43
complex waveforms, 3–6
components

See replaceable parts
concepts

imput impedance, 4–39 to 4–42
making accurate measurements, 4–2
probe grounding, 4–40

probing circuit under test, 4–39 to 4–42
probing practices, 4–42

configuration
default, 2–18 to 2–19
preset default settings, 4–48
saving and recalling, 4–44
using Autoscale, 2–18 to 2–19

connecting
grabbers, 1–11 to 1–12
to circuit ground, 1–11 to 1–12
to function generator, 7–13

connecting to circuit ground, 1–11
contents of oscilloscope package, 1–6, 1–9
contents of scope package, 1–5 to 1–8
controls

front panel, 2–6
creating labels, 4–56 to 4–57
cursor measurements, 2–30 to 2–31, 5–22

to 5–25
cursors

active, 2–30, 5–22
clear, 2–30, 5–22
Cursors key, 2–30, 5–22
message, 10–6
preset configuration, 4–48

custom labels, 4–54 to 4–57

D

DAC softkey, 7–15
damaged shipment, 1–5 to 1–9
data acquisition

See acquisition
data channel

threshold accuracy, 7–12
DC level shifts, 6–12
deep memory, 5–3
default

configuration, 2–19
default configuration, 2–18
default setup, 4–48 to 4–50
defective assemblies, 8–11
defining

 labels, 4–56 to 4–57
defining edge trigger, 3–20
defining sources, 3–20
delay, 2–13 to 2–14, 2–27

Delay knob, 2–32, 5–5
introduced by time base, 4–27

message, 10–4
Delayed softkey, 2–32
delayed sweep, 2–32, 6–13

characteristics, 2–32, 5–4 to 5–5
operation, 2–32, 5–4 to 5–5, 5–11
window indicator, 5–4
window Time/Div setting, 5–4

delta t/delta V
See cursor measurements

design of probe tip, 4–40
design test ports, 4–42
digital channels

acquired, 2–25
disassembly, 8–3
display

adjusting brightness of, 1–4, 1–13
and labels, 4–53 to 4–58
and trigger, 3–3
Display key, 7–38
erasing, 4–38
flashing, 2–13
of acquired data, 2–28
recovering, 4–21
removing, 8–6
sample rate, 2–27
to adjust, 7–38 to 7–39
to erase, 4–35
turning labels on or off, 4–53 to 4–55

display flashing, 2–14
display modes

average, 2–13
peak detect, 2–13
roll, 5–13

distortion
worst case, 6–10

divisions on graticule, 2–33
duplicate labels, 4–56
duration

and advanced pattern trigger, 3–14
message, 10–4

duration operators
for advanced trigger, 3–22

duration trigger, 3–19 to 3–24
dust cover, 1–7
Duty Cy softkey, 5–29
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E

ECL threshold, 4–51 to 4–52
Edge, 3–16
edge and pattern triggers combined, 3–22
edge qualifier in pattern trigger, 3–17
edge trigger, 3–16

applications of, 3–12
qualifying a pattern, 3–13

edges
defining for trigger, 3–20

Edit Label softkey, 4–46
entered (pattern trigger), 3–13
Entry knob, 3–17

choosing edge trigger channel, 3–16
choosing labels from list, 4–54 to 4–55

equation
for voltage behavior, 4–41

equipment
for testing threshold accuracy, 7–12
set up to test threshold accuracy, 7–13

Erase, 4–38
labels, 4–58

erasing the display, 4–35
error messages, 10–2
errors in operation

See solving problems
even field, 6–10 to 6–11
events

and pattern trigger, 3–13
capturing single-shot, 4–33

exchange program, 8–11
exploded view, 8–13
external trigger, 9–11
external trigger input

testing threshold accuracy, 7–12

F

factory-default settings, 2–18 to 2–19
failing self-tests

acquisition system, 7–11
fall time, 5–28 to 5–29
fan

remove to remove power supply, 8–8
removing, 8–4

Field 1, 6–8
Field 2, 6–8
fields

all, 6–9

alternate, 6–5
even, 6–10 to 6–11
Field 1, 6–5, 6–10 to 6–11
Field 1 softkey, 5–18
Field 2, 6–5, 6–10 to 6–11
Field 2 softkey, 5–18
Field 3, 6–10 to 6–11
Field 4, 6–10
odd, 6–10 to 6–11

firmware calibration, 7–33 to 7–34
flashing

of indicators on display, 2–13 to 2–14
forced trigger, 3–3
Freq softkey, 5–26
frequency

measurements, 5–26 to 5–27, 5–29
reject, 5–8 to 5–9, 5–18

front panel
dust cover, 1–7
flex bezel to remove keyboard, 8–9
functions, 2–6
hooks, 8–5
message, 10–4
removing, 8–5
retainer tabs, 8–5

front-panel keys
See keys listed by name

function generator, 7–13
set DC offset voltage, 7–14

functional controls, 2–6

G

GENERIC, 6–4 to 6–6
GENERIC mode, 6–6
glitch

capture, 5–11
trigger, 3–2

glitch mode, 2–14
good uses

for advanced trigger, 3–14
for edge trigger, 3–12
for pattern trigger, 3–13

grabbers
connect ground lead, 1–11 to 1–12
connect probe lead, 1–11 to 1–12
connecting to circuit ground, 1–11
connecting to ground lead, 1–11
part number for, 1–5 to 1–9

graticule
modifying settings, 2–33
preset configuration, 4–48
settings for hash marks, 2–33

grid
softkeys, 2–33, 6–2

ground
bounce, 4–41
inductance, 4–41
probes to make measurements, 4–42

ground lead
connect probe cable, 1–11 to 1–12
part number for, 1–5 to 1–9

H

half-bright contrast, 7–39
handle

adjusting, 1–9
removing from cabinet, 8–9

hash marks
in waveform display, 2–33

high-frequency
HF Rej softkey, 5–18
probe circuit, 4–40
pulse response, 7–36 to 7–37
reject, 5–8, 5–18

high-speed timing measurements
use probe ground, 4–42

holdoff, 3–6, 6–11
hooks on front panel, 8–5
horizontal

hold, 7–39
mode, 2–13
vernier, 2–27

horizontal system
performance characteristics, 9–5

HP service
component info packets, 8–2
exchanging assemblies, 8–11
mail order system, 8–12 to 8–17
obtain to solve problems, 7–4

HP-IB Interface module, 4–43

I

impedance of probes, 4–39 to 4–42
incorrect trace display, 7–5
indicators, 2–13 to 2–14

flashing, 2–13 to 2–14
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status, 2–13 to 2–14
initializing label list, 4–58
input

setting signal thresholds, 4–51
signals setting threshold, 4–51 to 4–52

input channels
performance characteristics, 9–3

input comparators, 4–51 to 4–52
interface modules

documentation, 2–34
make trace memory non-volatile, 4–43

interface parameters, 2–34
interfaces

message, 10–6
interlaced TV system, 6–6
internal trigger, 9–11
interval

of auto trigger, 3–3
vertical, 6–8

K

keyboard
removing, 8–9

kit
training, 1–7

L

Label, 4–56 to 4–58
Label key, 4–53 to 4–58

use to reset scope, 7–4
label list

don’t initialize during reset, 7–4
labeling inputs, 4–53 to 4–58
labels

and waveform display, 4–53 to 4–58
assigning, 4–54 to 4–57
auto-increment feature, 4–54
defining, 4–56 to 4–57
duplicates, 4–56
initializing, 4–58
list management, 4–56
message, 10–3
preset configuration, 4–48
turning on or off, 4–53

Left
time reference position, 4–22 to 4–28

level shifts
DC, 6–12

LF reject, 5–9
limitations

only one edge in pattern trigger, 3–17
line

trigger, 9–11
trigger (TV), 5–21

Line softkey
TV, 5–18

list
of channels that are off, 2–13 to 2–14
of disabled channels, 2–24
of replaceable parts, 8–14
of supplied accessories, 1–5 to 1–9

Load Defaults softkey, 7–34
logic levels, 3–17, 4–51 to 4–52

key use to test thresholds, 7–14
logic threshold, 4–51 to 4–52
logical operators

and advanced trigger, 3–19 to 3–24
low-frequency

compensation, 7–35
probe circuit, 4–39 to 4–42
reject, 5–9, 5–18

M

mail order system
use to replace parts, 8–12 to 8–17

main sweep, 2–32
Time/Div for window, 5–4

Main/Delayed key, 2–32
making

test connectors, 7–9 to 7–10
manuals

supplied, 1–5 to 1–9
marker

See cursor measurements
markers, 2–32

for delayed sweep window, 5–4
material list, 1–5 to 1–9
materials

for making test connectors, 7–9 to 7–10
list, 1–6

measurement
automatic, 2–32, 5–28 to 5–34
clear, 5–29
duty cycle, 5–28 to 5–29
fall time, 5–28 to 5–29
frequency, 5–26 to 5–27, 5–29

period, 5–28 to 5–29
phase, 5–14 to 5–16
rise time, 5–28
show, 5–27, 5–29
time, 5–28 to 5–29
width, 5–28
windowed, 6–12

measurement process, 1–2
oscilloscope setup, 1–4

measurements
and channels off, 2–24
concepts for making accurate, 4–2
preset configuration, 4–48

MegaZoom technology, 4–2, 4–5, 5–3
memory

deep, 5–3
preset configuration, 4–48

messages, 10–2
Microsoft Windows

BenchLink software, 1–7
missing trigger, 3–4
modes

Auto Single, 4–35
glitch, 2–14
peak detect, 2–13, 5–11
trigger, 2–13 to 2–14

modify graticule, 2–33, 4–51
moving channels, 2–26
multimeter

use to monitor function generator, 7–13

N

names
assigning to channels, 4–54 to 4–55
defining, 4–56 to 4–57

naming
input signals, 4–53 to 4–58

narrow pulses, 5–11
new labels, 4–56 to 4–57
Next Menu softkey, 5–27, 5–29, 5–33
no trigger, 3–4
noise

asynchronous signal, 5–6 to 5–7
reject, 5–8

noisy signals
to remove from display, 5–8 to 5–10
to view, 5–6, 5–8 to 5–10

non-interlaced TV system, 6–6
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non-volatile settings
label list, 4–56

non-volatile setup memory, 4–44
NTSC, 6–4, 6–6, 6–10 to 6–11

O

odd field, 6–10 to 6–11
On/Off

"Off" channels, 2–24
measurements and channels, 2–24

operation of Autoscale, 2–20
operators

for trigger, 3–19 to 3–24
Option 005, 6–2

characteristics, 9–11
triggering, 6–5
troubleshooting, 7–52

optional accessories, 1–7
order of channels, 2–26
ordering new assemblies, 8–11 to 8–17
oscilloscope, 1–2

accessories supplied with, 1–5 to 1–9
configuration preset, 4–48 to 4–50
configure with Autoscale, 2–18
configuring with Autoscale, 2–19
deep memory, 5–3
performance characteristics, 9–2
preset configuration, 4–48
resetting, 7–4
starting acquisition, 2–28
stopping acquisition, 2–28
using, 1–2

oscilloscopes
accessories supplied with, 1–6
BenchLink for Microsoft Windows, 1–7
carrying case for, 1–7
circuit probing concepts, 4–39 to 4–42
connect to test threshold, 7–13
controls, 2–6
does not display ringing, 4–41
functional controls, 2–6
making measurements, 4–2
messages, 10–2
optional accessories, 1–7
preparing for use, 1–4
process of using, 1–3
removing power supply, 8–8
removing system board, 8–6

removing the cabinet, 8–4
removing the display, 8–6
removing the fan, 8–4
removing the front panel, 8–5
removing the handle, 8–9
removing the keyboard, 8–9
replaceable parts, 8–2
setup, 1–4
test channel thresholds, 7–14
testing and troubleshooting, 7–2
view of parts, 8–13, 8–16

oversampling technique, 5–10
overview

advanced trigger, 3–19 to 3–24

P

PAL, PAL-M, 6–4, 6–6, 6–11
pan the waveform, 2–3, 4–18, 4–28
parameters

for trigger operator, 3–19 to 3–24
parameters for interface, 2–34
part numbers

cable, 1–5 to 1–9
grabbers, 1–5 to 1–9
ground lead, 1–5 to 1–9

parts
for test connectors, 7–9 to 7–10
removing and ordering, 8–2

parts list for oscilloscopes, 8–14
passive probe impedance, 4–39 to 4–42
Pattern, 3–17
pattern trigger, 3–17

adding edge qualifier, 3–17
and edge trigger combined, 3–22
applications of, 3–13
entered, 3–13
qualifying with edge, 3–13

patterns
defining for trigger, 3–21
entered, 3–19
exited, 3–19
satisfying trigger qualifier, 3–19
triggering on sequence of, 3–23

Peak Det softkey, 5–11
peak detect

display mode, 2–13, 5–11
peak detect mode, 2–13
peak detection, 4–11

peak-to-peak voltage, 5–33
performance characteristics, 9–2

acquisition system, 9–6
horizontal system, 9–5
input channels, 9–3
power requirements, 9–9
setup functions, 9–9
trigger system, 9–7

Performance Test Record
verify voltage readings, 7–12

period measurements, 5–28 to 5–29
phase measurement, 5–14 to 5–16
pivoting handle, 1–9
pixel memory, 4–43
poor uses

for edge trigger, 3–12
for pattern trigger, 3–13

Position knob, 2–26
position of time reference

in acquisition memory, 4–22 to 4–28
positioning channels, 2–26
pouch, 1–7
power requirements

performance characteristics, 9–9
power supply

of circuit under test, 1–11 to 1–12
removing, 8–8
to adjust, 7–30 to 7–32
voltage measurements, 7–31

power switch shaft
removing, 8–8

predefine test configurations, 4–44
predefined labels, 4–54 to 4–57
preset configuration, 4–48
Previous Menu softkey, 5–29
print

cancel or stop, 2–34
message, 10–6
waveform display, 2–34

probe
attach every third ground, 4–42
circuit models, 4–40
grounding, 4–40
grounding concepts, 4–39 to 4–42
high-frequency circuit, 4–40
inductance, 4–41
loading concepts, 4–39 to 4–42
low-frequency circuit, 4–39 to 4–42
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sensing, 2–23
tip design, 4–40

probe cable, 1–11 to 1–12
probe calibrator

performance characteristics, 9–9
probe leads

removing from cable, 1–12
probes

connect grabbers, 1–11 to 1–12
short together, 1–11 to 1–12

probing
 circuit under test
 practices, 4–42

problems
obtain HP service, 7–4
solving, 7–3
trace display, 7–4 to 7–5
with channels, 7–5 to 7–6

procedures
to test threshold accuracy, 7–12
to verify correct operation, 7–2

pulse
measurements, 5–28 to 5–31
sync, 6–7

pulse parameters
See time measurements

R

rackmount kit, 1–7
re-ordering channels, 2–26
Readout cursor key, 5–22
rearming trigger, 4–34
recall

trace memory, 4–43
Recall Setup softkey, 4–46
recall waveforms, 4–46 to 4–47
recover screen, 4–21
removing

cabinet, 8–4
display, 8–6
fan, 8–4
front panel, 8–5
handle, 8–9
keyboard, 8–9
power supply, 8–8
system board, 8–6

removing probe leads, 1–12
repetitive waveforms

and edge trigger, 3–12
replaceable parts, 8–2

descriptions and part numbers, 8–14
exploded view, 8–13, 8–16
list, 8–14
list for oscilloscopes, 8–14
mail order, 8–12 to 8–17
ordering, 8–12 to 8–17

reset setup, 4–48 to 4–50
resetting the oscilloscope, 7–4
resistance of impedance, 4–39 to 4–42
resistors

for test connectors, 7–9 to 7–10
reversing Autoscale, 2–18 to 2–19
ribbon cable

disconnect to remove display, 8–6
disconnect to remove front panel, 8–5
disconnect to remove power supply, 8–8
disconnect to remove system board, 8–6

Right
time reference position, 4–22 to 4–28

ringing in voltage model, 4–41
rise time in voltage model, 4–41
rise time measurement, 5–28
RiseTime softkey, 5–30
Roll display mode, 5–13
RS-232 Interface module, 4–43
run

and Erase, 4–38
Run key, 2–28
self-tests, 7–11

S

sampling
period, 2–13

sampling period, 2–14
sample rate display, 2–27
save

configuration, 4–44
setups, 4–48
waveforms, 4–46 to 4–47

Save to softkey, 4–46
screen

erasing, 4–38
recovering, 4–21

SECAM, 6–4, 6–6, 6–11
select knob, 2–26, 3–17

choosing edge trigger channel, 3–16

using to select channels, 2–24
selecting

channels, 2–24, 2–26
channels for pattern trigger, 3–17
time reference position, 4–22 to 4–28

self-calibrations, 7–33 to 7–34
self-tests

acquisition system, 7–11
sequential output patterns

triggering on, 3–23
setting

 pattern trigger, 3–17
DC offset for threshold test, 7–14
function generator, 7–13
oscilloscopes, 1–4

settings
default configuration, 4–48
for graticule, 2–33

setup
factory default, 2–18 to 2–19
message, 10–7
reset, 4–48 to 4–50

setup functions
performance characteristics, 9–9

setup memory, 4–43 to 4–44
setup saving, 4–48
shipment, damaged

See damaged shipment
shorting probes, 1–11 to 1–12
Show Meas softkey, 5–27, 5–29
signal

noise, 5–6, 5–10
single, 4–33

and auto trigger, 3–4
event, 4–34 to 4–35
trigger, 4–34

single-shot
acquisition, 3–4, 4–33
bandwidth, 4–35

smoothing, 5–10
softkey

See keys listed by name
softkeys

Adv, 3–19 to 3–24
edge trigger, 3–16
Edit Label, 4–46
Label, 4–53 to 4–58
Logic levels, 4–51 to 4–52
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On/Off, 2–24
Pattern, 3–17

software
BenchLink for Microsoft Windows, 1–7

solutions to problems
channels, 7–5 to 7–6
trace display, 7–4 to 7–5

solving problems
See Service section

Source softkey, 5–26, 5–29, 5–33
sources

defining patterns and edges, 3–20
for trigger, 3–19 to 3–24

specifications
performance, 9–2
threshold accuracy, 7–12

starting an acquisition, 2–28
state machine

triggering on outputs, 3–23
status indicators, 2–13 to 2–14
status line, 2–32, 6–2
Stop, 2–28
Stop key, 4–38
stop printing, 2–34
stopping an acquisition, 2–28
storage, 4–33
sub bright, 7–38
supplied accessories

See accessories, supplied
sweep

delayed, 2–27, 2–32, 5–4, 6–13
main, 2–27, 2–32, 5–4
speed, 2–27

sweep speed, 2–13 to 2–14
and missed trigger, 3–4
See also time base

switch
power, 8–8

sync
amplitude, 6–5
burst color, 6–7
pulse vertical, 6–6
pulses, 6–7

system board
removing, 8–6
replacing/exchanging, 8–11

T

temperature
warm up, 7–29

test
acquisition system, 7–11
configurations (save, recall), 4–44
connectors, 7–9 to 7–10
design ports, 4–42
oscilloscope, 7–2
record, 7–28
setup for thresholds, 7–13
threshold accuracy, 7–12
thresholds, 7–14
vertical interval signal, 6–5

things to check
for channel problems, 7–5 to 7–6
for trace display problems, 7–4 to 7–5
Performance Test Record, 7–12

threshold
accuracy, 7–12
message, 10–8
preset configuration, 4–48
test settings, 7–14
test setup, 7–13
voltage setting, 4–51 to 4–52

threshold voltage
setting, 4–51

time base
preset configuration, 4–48
range, 2–27
setting, 2–13 to 2–14
setting during Autoscale, 2–20
setup, 2–27
varying during run, 4–27

time interval
of auto trigger, 3–3

Time key, 5–26
time measurements

duty cycle, 5–28 to 5–31
fall time, 5–28 to 5–31
frequency, 5–28 to 5–31
period, 5–28 to 5–31
rise time, 5–28 to 5–31
width, 5–28 to 5–31

time reference
indicator, 2–13 to 2–14
setting position of, 4–22 to 4–28

Time/Div, 2–13 to 2–14, 2–32, 5–5
and missed trigger, 3–4
graticule divisions, 2–33

timebase
and missed trigger, 3–4

trace
display problems, 7–4 to 7–5
memory, 4–46 to 4–47
recall, 4–46 to 4–47
softkey, 4–46
to save, 4–46 to 4–47

Trace Mem softkey, 4–46
trace memory, 4–43

message, 10–8
training board

See training kit
training kit, 1–7
transition time, 4–41
trigger

action to cause, 3–4
advanced, 3–14, 3–19 to 3–24
and acquisition, 2–28
AND, OR, then operators, 3–19
characteristics, 9–11
complex waveforms, 3–6
defining edges, 3–20
defining patterns, 3–21
duration operator, 3–19
edge, 3–16
entered and exited operators, 3–19
level, 4–34
missed, 3–4
on sequential patterns, 3–23
operators, 3–19 to 3–24
pattern, 3–13, 3–17
point, 2–27
post-trigger information, 2–28
preset configuration, 4–48
pretrigger information, 2–28
rearming, 4–35
setting during Autoscale, 2–20
single, 4–34 to 4–35
slope, 4–34
source, 4–34
sources, 3–19 to 3–24
to verify, 7–24 to 7–26
TV, 5–18, 5–21, 6–12
TV mode, 5–18
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trigger event
position in acquisition memory, 4–22 to

4–28
trigger mode

Auto, 2–13 to 2–14
Normal, 2–13 to 2–14

trigger not found
and auto trigger, 3–3

trigger system
Option 005 characteristics, 9–11
performance characteristics, 9–7

troubleshooting
oscilloscope, 7–2, 7–17

TTL threshold, 4–51 to 4–52
turning channels on and off, 2–24
TV

trigger, 5–18, 5–21, 6–12
trigger mode, 5–18
trigger-both fields, 5–21
vertical sync, 5–21

U

undo Autoscale, 2–18 to 2–19, 4–48, 6–4
unexpected trace display, 7–5
unhooking power switch shaft, 8–8
unique states in waveform and pattern
trigger, 3–13
user interface

overview of, 2–6
user-defined threshold, 4–51 to 4–52
using

Auto trigger mode, 3–22
Normal trigger mode, 3–22
oscilloscope, 1–2 to 1–3

V

variables in probing, 4–42
vectors 2–4, 4–16
vernier

horizontal, 2–27
vertical, 2–21 to 2–22

Vernier softkey, 2–22, 2–27
Vert Rej, 6–7
vertical

expand about center screen, 2–23
expand about ground, 2–23
interval, 6–7 to 6–8
interval reject, 6–7

interval test signal (VITS), 6–5, 6–12 to
6–13

linearity, 7–39
reference, 2–23
reject, 6–7
scaling, 2–21
sensitivity, 2–21
size, 7–39
step size, 2–22
sync, 5–21
sync interval, 6–8

Vertical Sync, 6–10
video

autoscale, 6–4, 6–12
signal, 6–4
signal components, 6–8
signal envelope, 6–10
signal unclamped, 6–12
trigger, 5–18, 5–21, 6–12
waveforms, 5–18 to 5–21, 6–12 to 6–13

VITS, 5–18
voltage

adjustment, 7–30
behavior in probe grounding, 4–41
logic threshold, 4–51 to 4–52
measurement accuracy, 7–16 to 7–18
measurements, 5–32 to 5–34
models, 4–41
peak-to-peak, 5–33
Vavg, 5–33
Vbase, 5–34
vernier, 2–22
Vmax, 5–34
Vmin, 5–34
Vrms, 5–33
Vtop, 5–33 to 5–34

volts versus time, 5–14
volts versus volts, 5–14
Volts/Div knob, 2–21

W

warm up
oscilloscope before testing, 7–13
test equipment, 7–13

waveform
complex, 3–6
does not show grounding problems, 4–41
saving, 4–46 to 4–47

width, 5–28 to 5–29
waveform display

and labels, 4–53 to 4–58
erasing, 4–38

waveform events
and pattern trigger, 3–13
apply advanced trigger, 3–22
picking known sequence, 3–22
questions to find sequence, 3–22
setting up display, 3–22

X

XY
cursors, 5–14 to 5–17
display mode, 5–14 to 5–17
measurements, 5–16
softkey, 5–14

Z

zoom the waveform, 4–18, 4–28, 5–3

Index

Index-8
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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: Colorado Springs Division
1900 Garden of the Gods Road
Colorado Springs, CO 80907 USA

declares, that the product

Product Name: Digitizing Oscilloscope

Model Number(s): HP 54645A/D

Product Option(s): All

conforms to the following Product Specifications:

Safety: IEC 1010-1:1990+A1 / EN 61010-1:1993
UL 3111
CSA-C22.2 No. 1010.1:1993

EMC: CISPR 11:1990 / EN 55011:1991 Group 1 Class A
IEC 555-2:1982 + A1:1985 / EN 60555-2:1987
IEC 555-3:1982 + A1:1990 / EN 60555-3:1987 + A1:1991
IEC 801-2:1991 / EN 50082-1:1992 4 kV CD, 8 kV AD
IEC 801-3:1984 / EN 50082-1:1992 3 V/m, {1kHz 80% AM, 27-1000 MHz}
IEC 801-4:1988 / EN 50082-1:1992 0.5 kV Sig. Lines, 1 kV Power Lines

Supplementary Information:

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC and the
EMC Directive 89/336/EEC and carries the CE marking accordingly.

This product was tested in a typical configuration with Hewlett-Packard test systems.

Colorado Springs, 05/16/96

European Contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department ZQ / Standards
Europe, Herrenberger Strasse 130, D-71034 Böblingen Germany (FAX: +49-7031-14-3143)

John Strathman, Quality Manager
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Product Regulations

Safety IEC 1010-1:1990+A1 / EN 61010-1:1993
UL 3111
CSA-C22.2 No.1010.1:1993

EMC This Product meets the requirement of the European Communities (EC)
EMC Directive 89/336/EEC.

Emissions EN55011/CISPR 11 (ISM, Group 1, Class A equipment)

Immunity EN50082-1 Code1 Notes2

 IEC 555-2
 IEC 555-3
 IEC 801-2 (ESD) 4kV CD, 8kV AD
 IEC 801-3 (Rad.) 3 V/m
 IEC 801-4 (EFT) 0.5 kV, 1kV

 1
 1
 2
 1
 2

 
 

1 Performance Codes:
 1 PASS - Normal operation, no effect.
 2 PASS - Temporary degradation, self recoverable.
 3 PASS - Temporary degradation, operator intervention required.
 4 FAIL - Not recoverable, component damage.
2 Notes: (none)

Sound Pressure
Level

Less than 60 dBA
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Product Warranty

This Hewlett-Packard
product has a warranty
against defects in material
and workmanship for a period
of three years from date of
shipment.  During 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 must be
returned to a service facility
designated by
Hewlett-Packard.
For products returned to
Hewlett-Packard for warranty
service, the Buyer shall
prepay shipping charges to
Hewlett-Packard and
Hewlett-Packard shall pay
shipping charges to return
the product to the Buyer.
However, the Buyer shall pay
all shipping charges, duties,
and taxes for products
returned to Hewlett-Packard
from another country.
Hewlett-Packard warrants
that its software and firmware
designated by
Hewlett-Packard 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
firmware 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-supplied software or
interfacing, unauthorized
modification or misuse,
operation outside of the
environmental specifications
for the product, or improper
site preparation or
maintenance.

No other warranty is

expressed or implied.

Hewlett-Packard

specifically disclaims the

implied warranties of

merchantability or fitness

for a particular purpose.

Exclusive Remedies

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

Assistance

Product maintenance
agreements and other
customer assistance
agreements are available for
Hewlett-Packard products.
For any assistance, contact
your nearest Hewlett-Packard
Sales Office.

Certification

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

About this edition

This is the HP 54645A/D

Oscilloscopes User and

Service Guide.

Publication number
54645-97012, December 1997
Printed in USA.

Print history is as follows:
54645-97012, December 1997
54645-97011, February 1997
54645-97001, June 1996

New editions are complete
revisions of the manual. Many
product updates do not
require manual changes; and,
conversely, manual
corrections may be done
without accompanying
product changes.  Therefore,
do not expect a one-to-one
correspondence between
product updates and manual
updates.
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