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HP 54520 and HP 54540 Series
Oscilloscopes

The HP 54520 and HP 54540 series are high-performance, portable
oscilloscopes. Each channel provides 8 bits, 32K maximum
acquisition memory, and 500-MHz bandwidth. Firmware modularity is
provided by a 3-1/2 inch disk drive and flash ROMs, which allows for
upgrades of the system firmware features in the oscilloscopes. Each
of the oscilloscopes has an auxiliary trigger input on the rear panel.
The sample rate and channel count depends on the model number.

e HP 54542 has 4 channels with 2-GSa/s maximum sample rate on
each channel.

e HP 54522 has 2 channels with 2-GSa/s maximurm sample rate on
each chanmnel, and there is an external trigger input on the front
panel.

e [IP 54540 has four channels with 1-GSa/s maximum sample rate
when two channels turned on, and 500 M5a/s when four channels
are turned on.

e [P 54520 has two channels with 500-MSa/s maximum sample rate
on each channel, and there is an external trigger input on the front
panel.

This oscilloscope has many powerful features, and each of them is

described in this book. Your key to unlocking power of the

oscilloscope depends how you combine its features for your
application, and your knowledge of how each feature effects the
operation of the oscilloscope.

All calibration and repair information is contained in the Service
Guide, and all programming information is confained in the
Programmer’s Reference.




See Also

Accessories Supplied
The following accessories are supplied with the oscilloscope.

e 2HP 10441A 10:1, IMQ, passive probes on the 2-channel models,
and 4 passive probes on the 4-channel models.

e This User’s Reference

o One Quick Start Guide

e One Programmer’s Reference

e One Service Guide

o One 2.3 meter (7.5 feet) power cord

The Service Guide for available power cords.
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Accessories Available
The following accessories are available for use with the oscilloscope.

e HP 10430A 10:1, IMQ, 1 meter, passive probe
e HP 10437A 1:1, 50 Q, 2 meter, passive probe

e TP 104384 1:1, 1 meter, passive probe

o HP 10439A 1:1, 2 meter, passive probe

o HP 10441A 16:1, 1MQ, 2 meter, passive probe
o HP 10442A 101, 500Q, 2 meter, passive probe
s HP 10443A 20:1, 1000Q, 2 meter, passive probe
¢ HP 10450A SMT probe accessory kit

o HP 10072A SMT probe accessory kit

o HP 10002A 50:1, 9MQ, 1000 V peak, passive probe
s HP 10020A resistive divider probe kit

o HP 1133A TV/Video sync pod

o HP 1137A 1000:1, high voltage divider probe

e HP 1141A 200-MHz, differential probe

s HP 1142A probe power for HP 1141 probe

o HP 1143A probe power for HP b4701A probe

e HP 1144 A 800 MHz, 2 pF, 1MQ, active probe

s HP 54701A 2.5 GHz, 0.6 pF active probe

o HP 10211A 24-pin IC clip

o HP 10024A 16-pin IC clip

e HP 1250-1454 BNC to miniature probe adapter
o HP 1250-2427 horizontal, PC board, mini-probe socket




HP 1250-2428 vertical, PC board, mini-probe socket
HP 01144-61604 1:2 probe power fanout

HP 102408 BNC blocking capacitar

HP 110948 75 Q fecdthrough termination

HP 5062-7379 rackmount kit

HP 1494-0015 rackmount slide kit

HP 1540-1066 Soft carrying case

HP 1180A tilt-tray testmobile

HP 921998 power strip for test mobile

HP 92203J HP-IB to Centronics converter
MicroPrint 456CXA HP-IB to Centronics converter
HP 2227B QuietJet printer

HP 7440A option 002, Color Pro plotter

HP 7475A option 002, plotter

HP 75508 option 005, plotter

Options

090 Delete probes
908 Rackmount kit
910 Additional manuals




In this book

This book consists of 14 chapters, a glossary, and an index. Most of the
chapters describe the various menus in the oscillogscope. These chapters
contain the word "Menu" as part of their title. For example, "Display Menu"
discusses the various softkey menus that come up on the display when you
press the Display key on the front panel. Other chapters, like Vertical,
discuss the softkey menu and knobs associated with the control of the
vertical portion of the front panel. The remaining chapters coniain additional
information about the oscilloscope. For example, "Mesurements" discusses
how the oscilloscope calculates the measurement results when you select an
autornalic measurement.

You will find it easier to use this reference book if you are at least a little
familiar with how to use the front panel. The best way to learn how to use
the front panel is by reading the User’s Quick Start Guide that is supplied
with the oscilloscope.
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Setting Up the Oscilloscope

This chapter contains information for unpacking, applying power, and
connecting optional accessories to the oscilloscope For safe and
troublefree operation, follow the instructions and advisories in this
chapter. You may alse want to read the safety summary at the end of

the book.




Setting Up the Oscilloscope
Initial Inspection

Initial Inspection

Inspect the shipping container for damage. [f the shipping container or
cushioning material is damaged, keep it until the contents of the shipment
are checked. Check the shipment for completeness and check the
instrument electrically and mechanically.

If the contents are incomplete, if there is mechanical damage, or if the
oscilloscope does not power up correctly, notify the Hewlett-Packard Sales
Office. Keep the shipping materials for the carrier’s inspection. The
Hewlett-Packard Sales Office will arrange for repair or replacement at HP’s
option without waiting for a claim settlement.

Operating Environment

The environmental conditions that you need to be aware of when operating,
storing, or shipping the oscilloscope are listed in chapter 16 under "General
Characteristics." Because condensation in the instrument cabinet can cause
poor operation or malfunction, make sure you avoid temperature extremes
which can cause condensation.

If you are shipping the oscilloscope to a Hewlett-Packard Service Center for
service or repair, attach a tag to the oscilioscope that identifies the owner,
address of the owner, model number, serial number, and a description of the
service work that is required.

If the original packaging material is no longer available, identical packing
material is available through your local Hewlets-Packard Sales office. Mark
the container FRAGILE to ensure careful handling. In any correspondence,
refer Lo the oscilloscope by the model and serial number.
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Setting Up the Oscilloscope

Rear Pane!

Rear Panel

The rear panel of the oscilloscope contains the power input, voltage selector

module, external connectors

switches

ustment, and calibrator protection
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See also

WARNING

Setting Up the Oscilloscope
Rear Panel

Power Requirements

The oscilloscope requires a power source of either 115 or 230 volts ac, —-25%
to +16%; single phase, 48 to 66 Hz, 320 VA maximum .

Power Cord

This oscilloscope is a Safety Class 1 instrument with an exposed chassis that
is directly connected to earth through the power cord that meets IEC
Standard 348. The oscilloscope is provided with a three-wire power cord.
When connected to an appropriate ac power outlet, the cord grounds the
instrument cabinet. The type of power-cord plug shipped depends on the
country of destination.

The Service Guide for a listing of the power cords that are available for the
oscilloscope.

SHOCK HAZARD! Before connecting the oscilloscope to the power line or
connecting to circuits that are connected to the power line, make sure the
protective earth terminal of the oscilloscope is connected to the protective
conductor of the power cord. Failure to do so could result in electrical
shock.

Also, make sure you insert the power plug into an outlet that contains a
protective earth contact. Do not use an extension cord without a protective
earth conductor (grounding). The grounding of one conductor on a
two-conductor outlet is not sufficient for grounding purposes to prevent the
possibility of electrical shock.
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Setting Up the Oscilloscope
Rear Panel

Line Voltage Selection

The fuse module is set at Hewlett-Packard to the line voltage used in the
country of destination. Check the setting of the fuse module to verify it is in
the correct position for the voltage you are using.

f INSTRUMENT DAMAGE! Before applying power to the oscilloscope, make
sure that the fuse module is set to the correct line voltage position. Damage
to the oscilloscope can occur if the line voltage is not set correctly.

CAUTION

- |
To change the line voltage selection.

1 Unplug the oscilloscope.
2 Carefully pry at the top center of the fuse module until you can pull it out.

3 Insertthe fuse moduie with the arrow for the line voltage you want aligned
with the arrow below the fuse module.

4 Plug-inthe oscilloscope.

Figure 1-2 A

T s

Removing and instaHing the fuse module.
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Setting Up the Oscilloscope
Rear Panel

Verifying the Fuse

If it is necessary to check or change fuses, remove the fuse module and check
each fuse for its amperage and voltage ratings.

Figure 1-3 A e

Fuse location on fuse module

Intensity Control

After turning on the oscilloscope, you can adjust the display intensity with
the display intensity control on the rear panel.

Air Flow Reguirements

Make sure the oscilloscope has unrestricted air flow for the fan and
ventilation openings in the rear panel. You can stack the oscilloscope under,
over, or between other instruments provided the other instruments are
adequately cooled.
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Setting Up the Oscilloscope
Connecting External Equipment

See also

Connecting External Equipment

The oscilloscope is equipped with an HP-IB connector on the rear panel.
This allows direct connection: to an HP-IB compatible printer, plotter, or
external controiler, Make sure you tighten the captive screws of the HP-1B
cable to ensure a good electrical connection, If you do not have an HP-IB
printer, you can use an HP-IB to Centronics converter, like the HP 92203J or
any of the commercially available converters (like the MicroPrint-456CXA}.

You have to set the HP-IB address of the oscilloscope in order to
cornrmunicate with the connected device. The oscilloscope's HP-IB address is
set in the Utility menu.

"HP-IB/RS-232 Menu" in Chapter 11 for information on the HP-IB menu
selections.
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Front-Panel Overview

This chapter describes the various areas of the front panel and an
explanation of each areas function.

The front panel is separated into nine functional areas:display,
control, disk drive, menu, entry/measure, vertical, horizontal, trigger,
and probe compensation terminals. All of these areas, except for the
last three, are discussed in this chapter. The vertical, horizontal, and
trigger sections are discussed in other chapters in this book.
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Front-Panel Overview

There are two types of keys: front-panel keys and softkeys. A
front-panel key has text or numbers printed on it, or it is blue in color.
Softkeys are to the right side of the display, and the labels for the
softkeys are displayed on the screen next to each softkey. These
labels are referred to as menus, and which menu is displayed depends
on the front-panel key you press. Not all front-panel keys cause
softkey menus to display on the screen.

In this book, key is used when referring to front-panel keys, and
softkey is used when referring to softkeys.
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Front-Panel Overview
Control

Control

The area of the front-panel marked Control is located at the top of the
oscilloscope and to the right of the display.

Autoscale Key

Pressing the Autoscale key causes the oscilloscope to quickly analyze the
signal. Then, it sets up the vertical, horizontal, and {rigger to best display
that signal. The autoscale function can find repetitive signals with a
frequency greater than or equal to 50 Hz, a duty cycle greater than one
percent, and an amplitude of 50 mV p-p or greater.

The Autoscale function looks for signals on all channels, even if they are
turned off. On two-channel models, the scope looks for a trigger signal on
the external trigger input; then, it consecutively looks at the channel inputs
starting with channel 1. The scope consecutively looks for a trigger signal at
the channel inputs starting with channel 1.

When the Autoscale key is pressed, the following conditions are set:

& Vertical sensitivity — To best display signals on active channels

# Vertical offset - T'o best display signals on active channels

¢ Trigger — Edge mode, positive slope, and trigger level on the found source

# Display — To minimum persistence when in normal display and repetitive
acquisition modes {single persistence in real-time acquisition mode)

® Time base delay — 0.0 seconds
e Time base reference — Center

# Time per division -— To best display the signal




Front-Panel Overview
Contral

Autoscale also includes a partial reset which performs the following:

[ ]

Turns off markers

Turns off all measurements

Sets measurements to screen instead of markers
Turns off measurement limit test

Turns off waveform compare test

Turns off sequential single shot

Turns off waveform math functions

Turns off waveform/pixel/multiple memory display
Turns off connect-the-dots

Turns off peak detect

Sets holdoff to 40 ns (minimum value)

The previous oscilloscope settings are stored in setup memory 0. You can
either press Recall 0 or undo autoscale to restore the previous settings.

Undo Autoscale Key

You can access the undo autoscale key by pressing the biue shift key on the
keypad, followed by pressing the Autoscale key again.

You may find situations where you have pressed the Autoscale key
unintentionally. When this happens, you can use the Undo Autoscale key Lo
return the oscilloscope to the settings prior o pressing the Autoscale key.
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Frant-Pane! Overview
Contrel

Run Key

The Run key causes the oscilloscope to resume acquiring data. If the
oscilloscope is stopped, it starts acquiring data on the next trigger event. If
the oscilloscope is already in the run mode, it continues to acquire data on
successive trigger events.

If pressing the Run key does not cause waveform data to display on the
screen, try the following hints:

e Press the Autoscale key (unless the signal is single-shot).

e Make sure that a signal is connected to one of the channels and that the
display for that channel is turned on.

¢ Make sure that the offset does not have the trace clipped off the display.

e Check the trigger setup conditions to make sure that the trigger conditions
are valid for the signal.

e Set the trigger sweep mode to auto. Auto sweep forces the oscilloscope to
trigger, which may allow you to see enough of the signal, so that you can
set up the front panel controls.

Local Key

You can access the Local key by pressing the blue shifi key on the keypad,
followed by pressing the Run key. The Local key sets the oscilloscope to
return control to the front panel. This is the only active key when the
oscilloscope is under remote control. The exception cecurs when the
controller sends a local lockout command. The local lockout command
prevents the local key from returning control of the oscilloscope to the front
panel.




Front-Panel Overview
Contrel

Clear Display Key

The Clear Display kev erases all waveform data from the graticule area, clears
waveform math functions, and it resets all associated measurements and
measurement statistics. Pressing the Clear Display key does not affect the
waveform memories.

When the oscilloscope is stopped If the oscilloscope is stopped, the
display remains cleared of waveform data until the trigger circuit is
rearmed and the oscilloscope is triggered. Then, the new data is
displayed and measurements are recalculated,

When the oscilloscope is running [f the oscilloscope is running, new
waveform data is displayed on the next acquisition and al! measurements
are recalculated.

Stop/Single Key

Pressing the Stop/Single key causes the oscilloscope to stop acquiring data.
The status area of the screen displays the message "Stopped.” In the
auto-trigger mode, the next press of the Stop/Single key arms the trigger
circuit. If no trigger occurs, the scope triggers itself. In the triggered mode,
the next press of the Stop/Single key arms the trigger circuit. If a trigger
event is not immediately present, the Armed light on the front-panel lights
and the message "running-awaiting trigger" is displayed. If the trigger event
is immediately present, you may not see the arrm light turn on or the message
"running-awaiting trigger." The next trigger event causes the oscilloscope to
make a single acquisition, the trig'd (triggered) light briefly lights, the
message "stopped” is displayed, and any measurements are recalculated.
Bach subsequent press of the Stop/Single key rearms the trigger circuit. [fall
of the channels are turned off or if a trigger event can not be found, the
oscilloscope will not acquire any data.

2-7



Front-Panel Overview
Cantrol

Capturing single-shot events

Single-shot events are waveforms that occur only once or infrequently, Some
examples of single-shot events are a switch closure, a power supply turning
on, the iripact of an object on the floor, or an errant pulse that causes your
system to fail.

In order to capture a single-shot event, you need to have some knowledge of
the waveform you are trying te capture. Before you can set up the trigger,
vertical, and horizontal controls to capture and display the event, you must
know the approximate amplitude, duration, and de offset of the signal. For
example, if you are using a logic family, the two common trigger levels you
can use to capture an intermitient glitch are VIH minimum and VIL maximum.




Front-Panel Overview
Control

To capture a single-shat event
1 Connectthe signal to the oscilloscope.

2 Setthe Display softkey to on for that channel. Then, selectthe
appropriate vertical scale and position settings to display the signal.

3 Select the appropriate horizontal scale and delay settings to
display the signal.

4 Pressthetrigger setup key. Then, setup the trigger menuto best capture
the signal. Setthe triggering mode to trig’ed {triggered).

5 Press the horizontal setup key. Then, set the Sampling mode to real time
and selectthe desired record length.

6 Pressthe Stop/Single key.
This stops the oscilloscope from acquiring any additional data.
1 Press the Clear display key.

This erases any previously acquired data from the display and resets any
measurement results.

8 Press the Stop/Single key again.

This rearms the trigger circuit. The next event that meets the trigger
criteria specified in step 4 is captured by the oscilloscope. If the channet
and horizontal controls are set correctly, the signal will be displayed on
the screen and any measurement results will be recalculated.

To capture another set of data, press the Stop/Single key again. Depending
on your application, you can press the Clear disptay key between
acquisitions, or you can allow the display to build a waveform.

To allow the waveform to build on the display, set the display persistence to
infinite and do not press the Clear display key between acquisitions.

2-9
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Front-Panel Overview
Control

Print

Pressing the Print key causes the oscilloscope Lo immedizately print the
currently displayed data on a compatible plotter or graphics printer, and it
stops all other oscilloscope functions while printing. Also, the message
"hardcopy active” is displayed.

The oscilloscope must be in the talk only mode, and the printer or plotter
must be in the listen always mode. Setup of the printer or plotter options is
accessed in the HP-IB/RS-232/CENT menu. If a printer or plotter is not
connected to the oscilloscope or if the oscilloscope cannot communicate with
them, the oscilloscope stops the printing process after an amount of time set
by the time out softkey in the Utility menu.

"HP-IB/RS-232/CENT Softkey" in chapter 11 for information on setting up the
oscilloscope to print to a printer or plotter.

Cancel

You can access the cancel print function by pressing the blue shift key on the
keypad, followed by pressing the Print key again, Pressing Cancel prini stops
the printing process to the printer or plotier.




Front-Panel Overview
Control

Show Key .
The Show key gives you quick access to channel, function, and trigger '
mformation with the show screen. Pressing the Show key toggles between

the currently selected menu and the show screen. The show screen displays

the following information about channels, memories, or functions that are on:

¢ (Channel scaling

e (Channel offset

e Channel coupling

e (Channel impedance
e Probe attenuation

e Trigger mode

e Trigger source

o Trigger level

» Math function operation
e Math function scaling
e Math function offset
& Memories

o Waveform memory scaling

2-11



Front-Panel Overview
Control

Save Key

The Save key allows you to save the current front-panel setup to one of the
nine volatile setup memories. When you press the Save key, the message
"select digit 1-9 for setup save" is displayed. Simply use the keypad to select
one of the nine waveform memories. After you select a setup memory, the
message "setup #n saved" is displayed. The oscilloscope uses mermory 0 1o
store the current configuration before executing an autoscale, recall, or
ECL/TTL preset.

Recall Key
The Recall key has three functions.

First, you can use the Recall key to retrieve a front-panel setup from one of
the nine setup memories (providing that you previously saved a setup to that
memory). If a setup was previously saved to that memory, the scope is
immediately configured 1o match that setup, and the message "setup #n
recalled" is displayed. If a setup is not stored in that memory, the
configuration of scope is left alone, and the message "bad data no recall done"
is displayed.

Second, you can use the Recall key to retrieve the previcus configuration by
pressing Recall 0.

Third, you ¢ -~ use the Recall key to set the oscilloscope to a default
operating condition by pressing Recall ¢clr (clear key on the keypad). The
default settings are shown in table 2-1,
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Front-Panel Overview
Control

Default Settings

Horizontal Menu
Time/Div

Delay

Reference
Repetitive/real time
Sequential
Record length
Sample clock
Vertical Menu
Channel 1
Channei 2
Channel3*
Channel4 *
Volts/Div

Offset

Coupling
Impedance
Probe attenuation
Trigger Menu
Trigger

Mode

Source

Slope

Noise reject
Holdoff

Level

Define Meas Menu
Meas/def/Emit/compare
Continugus

Measure window
Statistics

Extended analysis
Marker menu

Markers

*0n 4-channel models only

100 ps/div
0.00000 s
Cntr {center)
Real time
Off

512

Auto

On

Off

Off

Off

500 mV
0.00000 V
de

1 MQ
1.000:1

Auto
Edge
Channei 1
Paositive
Off

40 ns
0.0ov

Maasure
On
Screen
Off

Off

Off

Display Menu
Made

Persistence

# of screens
Oftfframe/axes/grid
Connect dots

Math/FFT Menu

1

f2

3

4

Chan/mem
Operator
Chan/mem
Function sensitivity
Function offset
Waveform Save Menu

Waveform/pixel
Nonvolatile
Display

Sgurce

Protect

Normal
Single
1

Axes
Off

Off

Off

Off

off

Chan 1

+

Chan1
1.00 V/div
00V

Waveform
m1

Off

Chan1

Qff

Utility Menu, System Submenu

AC BNC
Interpolation
Probe comp freq

Probe comp
On
496.484 Hz

Uility Menu System Util Subment

Clicker

Gnd markers
Chan labels
Chan factorrs

On
On
On
On




Front-Panel Overview
Menus

Menus

The menu section of the front panel has six keys, two of which have shifted
functions: disk and applications. Each of these menu keys, except
applications, has its own chapter in this book. When you purchase an
application from Hewlett-Packard, the documentation you need comes with
that application.

34247205
e Display Menu —— Chapter 6
» Marker Menu — Chapter 7

e Define meas Menu — Chapter 8
e Wform save Menu — Chapter 9
* Math/FFT Menu — Chapter 10

e Utility Menu — Chapter 11

e Disk Menu (a shifted function) — Chapter 12

The channel, time base, and trigger menus are found in the following
chapters:

e Vertical menu — Chapter 3
e Horizontal menu — Chapter 4

e Trigger Menu — Chapter 5




Front-Panel Overview
Entry/Measure

Entry/Measure

The entry/measure portion of the front-panel has a multifunctional numeric
keypad, a selection knob, and fine key.

52302807

Numeric Keypad

The keypad is for direct numeric input. To input known values directly,
press the associated softkey 1o activate the desired field on screen, and then
select the units with the numeric keys. For example, to set the vertical
sensitivity to 500 mV, select V/div in the vertical menu to ensure it is the
active field (displayed in full-bright). Then, press 5, 0, 0, milli in sequence.
When pressed, the blue key on the numeric keypad allows you to select the
alternate (shifted) functions. The shifted function above the keys (blue text)
are automatic measurement functions. The clear key erases any selections
made for the aciive field. The shift clr meas key erases all measurements and
markers.
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Front-Pane! Overview
Entry/Measure

Entry Knob
The entry knob changes values within each function. It increments,

decrements, or toggles the selection in the active field or function. The
current selection is displayed in full-bright in the softkey menu area.

Fine Key

The Fine key changes the increment and decrement sequence. Instead of
sequencing in the normal sequence, the values increment or decrement in
more precise values, You can use this feature when the normal sequence is
too coarse for precision measurements or settings. When the oscilloscope is
operating in the fine mode, the word "fine" is displayed in the lower right
corner of the display, and the LED next to the fine key is illuminated.

Biue Shift Key

The blue shift. key allows you to access the functions that are written in blue
above the other keys on the front panel. When vou press the blue shift key,
the message "select shift function” is displayed, and the LED next to the blue
shift key is illuminated.

2-16



Front-Panel Overview
Prohe Terminal

See also

Probe Terminal

The probe terminal provides a square wave used for probe compensation.
You can vary the frequency of the probe compensation signal frorm about
260 mHz to 32 kHz. The default setting is about 500 Hz. The signal is
present when the AC BNC softkey is set to probe compensation in the
System Submenu of the Utility Menu.

“‘Systern Menu" in Chapter 11 for more information on the probe
compensation soflkey and the probe compensation signal.

Line Switch

The line switch is located on the front panel. You turn on the oscilloscope by
pressing the switch in. The green LED illuminates when the oscilloscope is
turned on. The switch position is labeled 1 and 0, corresponding to on and
off, respectively.

Display

The display section contains the screen and the labels for the softkeys. The
vertical column on the right side of the display show the labels for the
softkeys. Each label corresponds to a softkey.

Numeric fields, when displayed in full-bright video, are changed by either
numeric keys on the keypad or by one of the knobs. The numeric fields are
displayed i half-bright video when inactive and in full-bright when active.

Nonnumeric fields are displayed in half-bright video and are changed b7
toggling the corresponding softkey. Even though these fields are displayed in
half-bright, they are active for the corresponding softkeys.

When the acquisition mode in the horizontal menu is set to the real-time
mode, a memory har is displayed above the graticule area. The graticule
area, also referred to as the waveform viewing area, is where all the waveform
data and markers are displayed. Below the graticule area are the
measurement results, marker settings, and statistical results.

2-17



Front-Panel Overview
Display

There is a ground marker on the lefi side of the display for each channel that
is turned on. The ground markers give you a visual indication of where the
ground reference point is for each channel that is turned on. When a channel
is turned on, the gournd marker is displayed and the channel number is
displayed above the ground marker. If the ground reference for a channel is
positioned vertically off the screen, the ground marker turns into an arrow
that points in the direction of the ground reference. Ground markers are
printed with hardcopy prints. You can turn the ground markers on or off with
the gnd markers softkey in the Utility/system menu/system util menu.

There is a channel marker on the right side of the display for each channel
that is turned on. The channel markers help you keep track of the source
channel for each displayved waveform. The channel labels are printed with
hardcopy prints. You can turn the channel lables on and off with the chan
labels softkey in the Utility/system menu/system util menu.

The volts/div and offset {channel factors) settings for each channel that is
turned on are displayed on the screen. If measurements are turned off, the
channel! factors are displayed below the graticule area. If measurements are
turned on, the channel factors are displayed near the bottom of the graticule
area. You can turn on or off the display of the channel factors with the chan
factore softkey in the Utility/system menw/system util menu. You can alse
press the Show front-panel key to see the complete setup of any channels
that are turned on. The channel factors are printed with hardcopy prints.
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Figure 2-1

Ground Marker

Channel Factors

Figure 2-2

Channel Factors

Automatic Measurement
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Front-Panel Overview
Instrument Reset

Instrument Reset,

The oscilloscope has two methods of instrument reset: key-down power up or
Recall cir.

Key-Down Powerup A key-down power up is a hard resel of the
oscilloscope. It is done by pressing and holding any front-panel key while
cycling power.

The oscilloscope powers up displaying a baseline, the show screen, and the

front-panel configuration is set to the default settings. Except for the
following additions, the default settings are the same as those in table 2-1.

Utility Menu (HP-IB menu)

Address/talk Address
Address 7

Recall Clr (Clear) Recsll clr (clear) is a soft reset that sets the scope
to the default conditions in table 2-1. Performing a recall clear is similar
to a key-down power-up except the previous menu selections are
retained.

See also

Disk Drive

The oscilloscope has a high-density, 3-1/2 inch, MS-DOS® compatible disk
drive. In the disk menu you can save and recall waveforms, save and recall
front-panel setups, delete files from a disk, format a disk, or obtain a
directory listing of a disk. You can algo use the digk drive to load new system
firmware into the flash ROMs or you can load applications.

Chapter 12, "Disk Menu" for information about the disk menu and its features.

MS-DOS® is a US registered trademark of Microsoft Corporation.
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Channel Softkey 3-4

Vertical Sensitivity Softkey 3-4
Position Softkey 3-5

Coupling Softkey 3-6

Input Impedance Softkey 3-7
More Preset Probe Softkey 3-7
Probe Softkey 3-8

ECL Softkey 3-9

TTL Softkey 3-9

More Softkey 3-9

Vertical



Vertical

This chapter describes the portion of the oscilloscope that controls
the vertical display of waveforms and the acquisition parameters. On
the portion of the front panel marked VERTICAL are the volts/division
knob, position knob, and the numbered front-panel keys for the
channel menu for each channel.

The volts/div knob changes the vertical scaling for the selected
channel, The channel indicator tells you which channel's parameters
you are changing with the vertical menu or the knobs. The position
knob moves displayed waveforms vertically on the display. The
numbered channel keys bring up the vertical menu on the display and
turns the channel on or off. The On indicator is lit when a channel is
turned on, and the B0 Q indicator is lit when the channel input

impedance is set to 50 Q.

The 2-channel models have two input channels and an external trigger
input. The 4-channel models have four input channels and no
external trigger input. Each channel is shunted by about 7 pI at the
input BNC with a maximum input voltage of 250 V.
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Vertical

When vou press a numbered channel key on the front panel, the
vertical menu that corresponds to the key vou pressed is displaved on
the right hand portion of the screen. The vertical menu and menu
map are shown below.
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Vertical
Channel Softkey

Channel Softkey

The top key in the vertical menu is for channel selection. This key toggles
between channels. You can use the channel softkey to select a channel or
you can use the numbered channel keys on the front panel to select a
channel, When a channel is selected (highlighted in inverse video), you can
turn that channel on or off. When a channel is turned on, the small circle
immediately below the channel number is highlighted, and the LED is turned
on. When you turn a channel off, the channel menu autornatically switches to
the lowest numbered active channel.

Because you may have a channel turned on while being in the vertical control
meni of a different active channel, make sure you that you are changing the
functions for the channel you intend to change. You can tell which channel
vou are affecting by checking which number is lit directly below the volts/div
knob, or by noting which channel is in inverse video in the vertical menu.

Vertical Sensitivity Softkey

The vertical sensitivity softkey is the third softkey from the top in
the charmel menu. The current volts/division is displayed with the units of
the currently selected channel. You can use the volts/div knob to change the
vertical scaling at any time, even if you are in a different menu or even when
the volta/div softkey is not the active function. However, when the
volts/div softkey is the active function, you can use the volts/div knab,
the entry knob, or the keypad to change the vertical scaling of the selected
channel.

When the probe attenuation is set to 1:1, the vertical sensilivity range is from
1 mV/division to b V/division, and it changes in a 1-2-5 sequence. You can use
the keypad to enter values not in the normal 1-2-5 sequence. When the Fine
key is selected, you can make fully calibrated vernier adjustments using the
entry knob. When the Show key is pressed, the current vertical sensitivity is
shown at the right of the waveform display for channels that are turned on.
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Vertical
Position Softkey

Position Softkey

The position softkey is the fourth softkey. Selecting position assigns
position as the active function. You can use the position knob to change the
position setting at any time, even if you are in a different menu or when
position s not the active function. When position is the active function, you
can use either the position knob or the entry knob to change the position
setting of the selected channel.

position moves the trace vertically up or down similar to the vertical position
adjustment on an analog oscilloscope. However, because digital oscilloscopes
have a true dec offset at the front end, they provide a much wider offset range.
When the Show key is pressed, the position voltage is shown at the right of
the waveform display. The position value is the voltage level at the vertical
center of the screen.




Vertical
Coupling Softkey

CAUTION

See Also

Coupling Softkey

The coupling sofikey has several selections: de, de BW lim {dc bandwidth
limited), ac, ac BW lim (ac bandwidth limited), and ac LF reject {(ac
low-frequency reject).

Because the 50 Q selection sinks more current than the 1M{ setting, make
sure you do not exceed the maximum rated input of the channe] when
switching from 1MQ to 50 2.

When dc is selected, 1 MQ and 50 Q dec input impedances are available as
choices for input impedance. When ac is selected, only 1 MQ is available for
input impedance, Bandwidth limit is switchable for both ac and de coupling.
Bandwidth iimit, LF reject, and ac coupling filter both the vertical and trigger
paths.

e dc — The dc bandwidth of the scope, which is 500 MHz.
® dc bandwidth limit — Adds a 30 MHz low-pass filter.
® ac — Addsa 10 Hz high-pass filter.

® ac bandwidth limit — Band-pass filter that consists of a 10 Hz high-pass
filter and a 30 MHz low-pass filter.

s LF reject — Adds a 400 Hz, high-pass filter.

"Edge Trigger Mode" in chapter 5 for information about ac coupling or
adding LF reject to the trigger path separately from the vertical path.
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Vertical
Input Impedance Softkey

Input Impedance Softkey

The input impedance softkey allows you to select the input coupling
impedance. The choices are 1 MQ for ac coupling and selectable 1 MQ or
50 Q de when de coupling is selected in the coupling funetion. When 50 Q is
selected, the 50 £ indicator LED on the front panel is lit for that channel.

More Preset Probe Softkey

VERTICAL MORE The more preset probe softkey gives you access to a second-level
1 2 3 4 | channel menu.
~ probe
Lo I

[
marsa
I,
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Vertical
Prabe Softkey

See Also

Probe Softkey

The probe softkey allows you to select a probe attenuation from 0.9000:1 to
1000:1. Attenuation is adjusted by either the entry knob or keypad. When
the entry knob is in coarse mode, adjustments are incremented or
decremented in the 1-2-5 sequence. When in the fine mode, adjustments are
in 0.1 increments.

Probe attenuation affects scaling factors for the display, not the sensitivity at
the input connector. Also, the attenuation factors are saved with the front
panel setups. You can let the oscilloscope calibrate (calculate) the probe or
cable attenuation for you in the utility menu.

"Probe Cal Menu" in Chapter 11 for information on probe calibration.




Vaertical
ECL Softkey

ECL Softkey

The ECL softkey sets the oscilloscope to levels oplimized for ECL circuils:

V/Div 200 mV/div (400 mV/div if the number of screens is 2, and 800
mV/div if the number of screensis 4)

Offset 1.3V

Coupling dc

Trigger level —1.3V
Trigger slope No change

Recall 0 returns the menu to the previous setiings.

TTL Softkey

The TTL softkey sets the oscilloscope to levels optimized for TTL circuits:

V/Div 1 Vidiv (2 V/div if number of screens is 2, and 4 V/div if number
screens is 4)

Offset 2BV

Soupling  dc

Trigger level 14V
Trigger slope No change

Recall 00 returns the menu to the previous settings.

More Softkey

The more softkey returns you to the vertical menu.
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Time/Div Softkey 4-4

Delay Softkey 4-5

Pan and Zoom 4-6

Reference Softkey 4-11
Repetitive/Real-Time Softkey 4-12
Memory Bar 4-21

Sequential Softkey 4-23

Sample Clock Softkey 4-29
Record Length Softkey 4-30

Horizontal



Time/div knob

Setup key

Delay knob

Harizantal

This chapter contains a description of the portien of the oscilloscope that
controls the horizontal display of waveforms and the acquisition parameters.
You may notice that the front panel is divided intc several areas. On the area
of the front pane! marked HORIZONTAL are the time/division knob, delay
knob, and the setup key for the horizontal menu.

The time/div knob changes the horizontal scaling for displayed waveforms.
The setup key brings up the horizontal menu on the display. The delay knob
moves displayed waveforms horizontally across the display.
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Horizontal

When you press the horizontal Setup key on the front panel, the horizontal
menu is displayed on the right hand portion of the screen. The horizontal
softkey menu and menu map are shown below. When the real-time mode is
selected, three additional softkeys are added to the softkey menu.

When real time is selected,
these three keys are available.

4-3



Horizontal
Time/Div Softkey

See Alsc

Time/Div Softkey

The top softkey in the horizontal menu is the time /div softkey, which
displays the horizontal scaling factor. When the scope is running, this softkey
also displays the current sample rate. You can use the horizontal knob to
change the time base scaling at any time, even if you are in a different menu
or when the time/div softkey is not the active function. However, when the
time/div softkey is the active function, you can use either the horizontal knob,
keypad, or the entry knob to change the horizontal scaling.

Horizontal scaling changes in a 1-2-5 sequence from 500 ps/div to 5 s/div.
When the HP 54540 is samping at 1 GSa/s in the real-time mode, the 500 ps
setting is not available. When the HP 545640 and HP 54520 are sampling at
500 MSa/s in the real-time mode, the 500 ps and 1 ns setting are not available.
The fine key does not affect the time base sequence while the acquisition is
running, unless the auto adjust softkey is set to adjust.

The horizontal scale setting affects the sample rate at which the oscilloscope
acquires data, except when the sample clock softkey is set to adjust in the
reai-time mode. When the scope is running, the current sample rate is
displayed below the time/div setting in the time base menu,

In the real-time mode and with the acquisition stopped, the time/div knob
also controls the zoom feature. By observing the memaory bar, you can tell
what portion of the memory is being displayed.

An acquisition is not displayed on the screen until all data is available. The
data is available when the waveform record is full. The advisory "running"” is
displayed after the scope triggers.

When the sample clock and record length are set such that it takes two
seconds or longer to collect the data, the advisory "n sec (prestore)" is
displayed while pretrigger data is collected, and " sec (poststore)” is
displayed while posttrigger data is collected. These messages indicate the
time needed to complete an acquigition, where % is the remaining time in
seconds, and continues to count down until the time has elapsed.

The total time acquired and the sample rate are dependent on the sample
clock setting and the selected record length of the acquisition (as per table
4-1).

"Repetitive/Real-Time Softkey" in this chapter for information on sampling
modes.
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Horizontal
Delay Softkey

Delay Softkey

Selecting delay assigns delay as the active function. You can use the delay
knob to change the delay setting at any time, even if you are in a different
menu or when delay is not the active function. However, when delay is the
active function, you can use either the delay knob, keypad, or the entry knob
to change the delay setling.

The trigger event always occurs at time zero. When delay is set. to 0, the
trigger point occurs at the delay reference point. Positive delay indicates
time after trigger (postirigger) and negative delay indicates time before
trigger (pretrigger). For example, a delay setting of —50 ns indicates that the
trigger event occurs 50 ns after the delay reference point. Viewing pretrigger
informaticn is a useful feature because you can see the events that led up to
the trigger event.

In the real-time mode and with the acquisition stopped, delay also controls
the pan feature. If you watch the memory bar just above the waveform area,
you can see what portion of the memory you are panning across.




Horizontal
Pan and Zoom

Pan and Zoom

The normal running mode displays 500 points on the screen. But when the
scope is stopped, you can chserve any portion or all of the waveform record
by using pan and zoom. The pan and zoom feature performs the same
function as the time base windowing feature used in many digitizing
oscilloscopes. The pan and zoom feature is available in the real-time
acquisition mode and is operable only when the acquisition is stopped.
Applications that require precise evaluation of low-repetition-rate signals,
such as radar and transponder pulse trains, are sirplified by zooming and
panning on single-shot data.

Zooming either expands or compresses the acquired waveform on the
horizontal axis of the display. It is controlled by the time/div controls, and it
is used for expansion or compression of a single-shot waveform in the
real-time mode. Increasing time/div compresses the waveform and is
referred to as "zooming out.” Because you can acquire record lengths up to
32,768 and the display is limited to 500 points when the scope is running, you
may find situations when zooming out that up to 65 sample points can be
mapped to one pixel colurmnn. Decreasing time/div expands the waveform and
is referred to as "zooming in."

Panning is moving the acquired waveform horizontally on the display. Itis
controlled by the tirme base delay controls. Increasing delay moves the
waveform to the left and decreasing delay moves the waveform to the right.
By ohserving the memory bar, you can tell what portion of the memory is
being displayed.
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Pan and Zoom
Exercise

Figure 4-1

[\

Horizontal
Pan and Zoom

This exercise shows how te use the time base to zoom in and to zoom out on
a single-shot waveform. Then, you use delay to pan the waveform

horizontally on the display.
Press the Recall key. Then, press the Clr key.
Connect a coaxial cable between the rear-panel AC connector and

channel 1.

Press the Autoscale key.
Use the time/div knob to change the time base to 500 ps/div.
Press the Horizontal Setup key. Then, select the real-time mode.

Press the record length softkey. Then, use the entry knob to set
the record length to 8192 points,

S5 running

mo——
—2.20600 ms 0.00000 5 250000 mx
SO0 ysidiv riegltime

HORTZOMTAL

| 500 us/div
— 104 kSass
~ delay

I 0

jeiele) E‘

- reference

lo7t GENER righ |

‘ repetitive w

real time

-~ geguential

\ on

~tecard length—

[ 6152
B auto SELRIER]

| 160 kSass
‘—gampie olock

4-7



Harizontal
Pan and Zoom

Press the Stop/Single key. Then, press the Clear display key.
Press the Stop/Single key to perform a single-shot acquisition.

While watching the display, rotate the time/div knob. Then, rotate
the delay knob.

Selecting slower time/div settings zooms out (displays more of the acquired
waveform on the screen), while selecting faster time/div settings zooms in on
the acquired waveform. You may notice that when zooming in or out on a
waveform, the memory bar indicates what portion of the waveform record is
currently displayved on the screen.

Changing the delay setting pans across the data in the waveform mermory.
You may notice that the memory bar moves to the left or right as the
acquisition is panned. You can use both panning and zooming to examine an
acquisition.

4-8



Figure 4-2

Horizontal
Pan and 2oom

10 Use the time/div knob to change the time base to 10 ms/div. Then,

use the delay knob to set the delay to 0.00 s.

All of the data in the waveform record is dispiayed on the screen. Because
the sample rate is 100 kSa/s and the record length is 8192, you can use the
following formula to calculate the amount of captured data.

mplléﬁdie {(Record Lengih) = Time Duration of the Record
1
m (8192) =81.92 ms

There are 81.92 ms of data in the waveform record, and indeed, figure 4-2

shows 81.92 ms of data. That is why the waveform does not fill the screen.
The memory bar also indicates that the entire waveform memory is on the
screen,
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Figure 4-3

Horizontal
Pan and Zoom

Set the time base back to 500 ps/div, and set the waveform record to
512 points.

Press the Clear display key. Then, press the Stop/Single key.

Use the time/div knob to change the time base to 1 ms/div.

Because of the shorter record length, there is now only 5.12 ms of data in the
waveform record.

1
100 kSa/S
Because there is less data in the waveform record, you only need to zoom out
to 1 ms/div to have the entire waveform record or: the display.
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Horizontal
Reference Softkey

Reference Softkey

The reference softkey changes the delay reference point to one of three
reference points: left, entr (center), or right. The time from the trigger
changes with the delay setting, and is displayed below the waveform area at
the left, center, and right of the display. If delay is set to 0 and reference is
set to center, pretrigger data is to the left of the reference point and
posttrigger data is to the right of the reference point.

Center

The data is acquired evenly on hoth sides of the reference point. The data in
the waveform record is centered around the reference point, and changing
the scale expands or contracts the signal about the reference point.

Left

The data is acquired starting at the reference point, and the data in the
waveform record is all postirigger data.

Right
The data is acquired before the reference point, and the data in the waveform
record is all pretrigger data.




Horizontal
Repetitive/Real Time Softkey

See also

Repetitive/Real Time Softkey

The repetitive/real time sofikey selects one of the two acquisition
modes used by the oscilloscope: repetitive and real time.

Repetitive

The repetitive mode (also known as equivalent time) sets the oscilloscope to
acquire data in the repetitive acquisition mode. In this mode, the data from
many acquisitions may he interleaved, which can result in a grealer effective
sample rate. At 50 ns/div and slower, enough data is acguired on each
acquisition that interleaving acquisitions is not required. In the repetitive
mode, the sample rate is dependent on the time/div setting. The sample rate
from 500 ps/div to 20 ns/div is 1 GSa/s. At settings slower than 20 ns/div, the
sample rate is reduced, depending on the selected time/div setting. For
example, at 50 ns/div the sample rate is 1 GSa/s, and at 50 us/div the sample
rate is 1 MSa/s. You can calculate the number of points captured on one
trigger and plotted to the screen in both the real-time and repetitive modes
with the following formula.

Number of points = sample rate x time/div setting x 10

The repetitive mode is typically used on repetitive signals. You can still use
the repetitive mode for single-shot applications. However, because the
interpolation filter is turned off in the repetitive mode, the maximum
single-shot frequency you can reasenably view and also avoid aliasing 1s about
one-tenth the current sample rate. Also, the record length is the size of the
SCIreer.

Because the oscilloscope is in the repetitive mode, the sample rate is
dependent on the time base setting. To ensure a full screen display of 500
points on the slower time base ranges, as the time base is slowed down the
sample rate is also slowed down.

You can view the data using the normal, averaged, and envelope display
modes. You can average data from multiple acquisitions by selecting
averaging in the display menu, or you can choose to display data for a
definable period of time (persistence) by using normal in the display menu.

Chapter 7, "Display Menu," for information on acquisition modes.




Table 4-1

Horizontal

Repetitive/Real Time Softkey

Sample rate versus time/div setting in the repetitive mode or when the real-time mode is set to auto

Time base
500 ps*

1 ns/div*
2 ns/div

5 ns/div
10 ns/div
20 ns/div
50 ns/div
100 ns/div
200 ns/div
500 ns/div
1 us/div

2 psfdiv

5 us/div
10 psfdiv
20 psfdiv
50 pus/div
100 ps/div
200 ps/div
500 is/div
1 ms/div
2 ms/div

5 ms/div
10 ms/div
20 ms/div
50 ms/div
100 ms/div
200 ms/div
500 ms/div
1 s/div

2 s/div

5 s/div

545427 545227

Samgple rate

2 GSafs**
2 GSa/fs**
2 GSa/fs**
2 GSa/s**
2 GSafs*™*
2 GSa/fs**
1 GSa/s/s
500 MSa/s
250 MSa/s
100 MSals
50 MSa/s
25 MSa/s
10 MSa/s
5 MSa/s
25MSa/s
1 MSa/s
500 kSa/fs
250 kSa/s
100 kSa/s
50 kSa/s
25 kSa/s
10 kSa/s
5 kSa/fs
2.5kSafs
1 kSafs
500 Sa/s
250 Sa/s
100 Sa/s
50 Sa/s
25 Safs
10 Sa/s

545407

Sample rate

1 GSa/s or 500 MSa/s***
1 GSa/s or 500 MSa/s***
1 GSa/s or 500 MSa/s***
1 GSa/s or 500 MSa/s***
1 GSa/s or 500 MSa/s***
1 GSa/fs or 500 MSa/s™*
1 6Sa/s or 500 MSa/s***
500 MSa/s

250 MSa/s

100 MSa/s

50 MSa/s

25 MSa/s

10 MSa/s

5 MSa/s

2.5 MSafs

1 MSa/s

500 kSa/fs

250 kSa/s

100 kSa/s

50 kSa/s

25 kSa/fs

10 kSa/s

5 kSa/s

2.5 kSals

1kSafs

500 Safs

250 Safs

100 Sa/s

50 Sa/s

25 Safs

10 Sa/s

54520A

Sample rate

500 MSafs
500 MSa/s
500 MSa/s
500 MSa/s
500 MSa/s
500 MSa/s
1GSafs/s
500 MSa/s
250 M3a/s
100 MSafs
50 MSa/s
25 MSa/s
10 MSa/s
5 MSafs
2.5 MSa/s
1 MSa/s
500 kSa/s
250 kSa/s
100 kSa/s
50 kSa/fs
25 kSa/s
10 kSa/s
5kSa/s
2.5kSa/s
1kSafs
500 Safs
250 Sa/s
100 Sa/s
50 Safs

25 Safs

10 Safs

*In the real-time sampling mode, 500 ps/div is not available on the HP 54540 and HP 54520, 1 ns/div is only available on
the HP 54540 at 1 GSa/s, and 1 ns/div is not available on the HP 54520.
**1 GSa/s in the repetitive mode.

***1 (3Sa/s with one or two channels turned on and 500 MSa/s with three or four channels turned on.




Repetitive
Single-Shot
Exercise

Figure 44

Horizortal
Repetitive/Real Time Softkey

This exercise shows the single-shot capabilities of the oscilloscope in the
repetitive mode. The exercise uses single-shot acquisitions in the repetilive
mode to build a waveform while displaying the 2-(:Sa/s sample rate.

Press the Recall key. Then, press the Clr key.

2 Connect a coaxial cable between the rear-panel AC connector and

channel 1.
Press the Autoscale key.

Use the time/div knob to change the time base to 2 ns/div. Then, use
Delay knob to horizontally move the signal so it is slightly to the right
of center screen.

Press the Horizontal Setup key. Then select the repetitive mode.
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Figure 4-5

6

7

Haorizontal
Repetitive/Real Time Softkey

Press the Stop/Single key to stop the acquisition. Then, press the
Clear display key.

Alternately press the Stop/Single and Clear display keys to alternately
display and erase the single-shot data.

At 2 ns/div, 40 points are captured (Table 4-1 compares the time/div setting
to the number of points captured.). Because interpolation is turned off in the
repetitive mode, only 40 points are displayed on the screen with each new
acquisition. Because the sample rate is 2 GS5a/s, the data points are 500 ps
apart, The 40 data points are referred to as raw data because they are the
actual data points that are captured.

At 20 ns/div and faster, it may take several acquisitions to fill the screen (all
500 pixel colurmns). At 50 ns/div and slower, each acquisition contains
encugh data to fill the screen and the screen is completely refreshed with
each acquisition in the minimum persistence mode.

45 siopped HOR TZONTAL
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Horizontal
Repetitive/Real Time Softkey

Press the Stop/Single key repeatedly without pressing the Clear
display key.

By not pressing the clear dispiay key, the waveform fills in with each
single-shot addition to the waveform. Interpolation is still turned off and 40
points are captured with each acquisition. The waveform fills in because the
data from previous acquisitions is retained on the screen and each new
acquisition is interleaved with the previous data.

When averaging is off and persistence is set to minimum If newly
acquired data points fall into time buckets that are empty, the data
points are stored in the time buckets and the display is updated. Ifa
time bucket already contains a data point, the old data is replaced by the
new data point. Data stays on screen until you modify the instrument
setup or you press the Clear display key.

When averaging is on If newly acquired data points fall inte time
buckels that are empty, the data points are added to the time buckets
and added to the display. If a time bucket already contains a data point,
the new data is averaged with the old data point. Depending on how
many data points are acquired with each acquisition, it can take multiple
acquisitions to meet the number of averages selected. At 50 ns/div and
slower, enough data is acquired so that each acquisition corresponds to
one average.




See also

Horizontal
Repetitive/Real Time Softkey

Real-Time

The real-time mode sets the oscilloscope to acquire data in the real-time
acquisition mode. In this mode, all the data points that make up a waveform
come from one trigger event.

The real-time mode is typically used to capture signals that happen either
once or infrequently. The oscilloscope can simultaneously capture &
single-shot acquisition on all channels at sampling rates up to 2 GSa/s. This
aliows the capturing of simultaneous, nonrecurring, or low-repetition-rate
events at the same time.

In the real-time mode, you can set the sample rate to auto or adjust, and you
can vary the record length. When real time is selected, three additional
softkeys are displayed: sequential key, record length, sample clock. Each of
these keys are discussed later in this chapter. You can calculate the amount
of time captured In memory in the realtime mode using the following formula.

Time = record length + sample rate

Feeling Comfortable with Digitizing Oscilloscopes, that is supplied with
the oscilloscope, for additional information on repetitive and real-time

sampling.




Real-Time
Single-Shot
Exercise

Figure 46

Horizontal
Repetitive/Real Time Softkey

In the real-time mode, data is interpolated (reconstructed) at the faster time
base settings for an improved display of the waveform. The 2-GSa/s sampling
rate of the oscilloscope allows the capture of very fast nonrecurring events,
like a microprocessor start-up sequence, or error-causing glitches thag
disrupt system performance. This exercise shows you the difference
between noninterpolated and interpolated data:

Press the Recall key. Then, press the Clr key.

Connect a coaxial cable between the rear-panel AC connector and
channel 1.

Press the Autoscale key.

Use the time/div knob to change the time base to 2 ns/div. Then, use
the delay knob to horizontally move the signal so it is slightly to the
right of center screen.

Press the Horizontal Setup key. Then select the real -time mode.
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Harizontal
Repetitive/Reatl Time Softkey

6 Press the Stop/Single key to stop the acquisition. Then, press the
Clear display key.

7 Press the Stop/Single key to acquire a single-shot acquisition.
In the Repetitive Single-Shot Exercise, only the 40 raw data points that were
captured are displayed at the 2 ns/div sweep speed. Even though 40 points
are still captured in the real-time mode, the interpolator fills in the remaining
461 points so that 501 points are displayed on the screen.
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Figure 4-8

Horizontal
Repetitive/Real Time Softkey

To see the raw data points, use the repetitive mode or turn off the
interpolator in the real-time mode.

T
Ta turn the interpolator off in the real-time mode:

1 Pressthe Utility key.
2 Pressthe System menu softkey.

3 Setthe Interpolatien softkey to Off.
When you exit the utility menu, the interpolator is automatically turned on,

&5 mtopped reconstruction resiored SYSTEM MEMNY
_an meny exit {mwwv;wggygggggggﬁ

14 APE 1963

. time
Q9 A0 3

- clicker

oft NI

"1 _ BC BMNC
’

trigger out
. probe comp freq

—interpolation —

=10.000  ns O,00000 s T 003 ns
2,00 nesdlv regltime

registration )
farm (print:

Single-shot acquisition using the real-time sampling mode and with the interpolator tuned off.
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Horizontal
Memory Bar

Figure 4-9

Memory Bar

When the real-time mode is selected, the memory bar is displayed above the
graticule area. Figure 4-2 shows the components of the memeory bar,

The memory bar display line represents the entire waveform record. The
memuory bar represents the displayed portion of the waveform record. The
memory bar at the top of the display moves as the delay changes. The "T"
indicates the location of the trigger point within the waveform record.

You can view the waveform from three different positions with respect to the
trigger point by selecting left, center, or right with the reference softkey.
When the acquisition is stopped, you can place the display at any portion of
the waveform record by changing the delay setting. The delay knob moves
the acquisition display relative to the trigger point.

MIMORY SAS D05 LOND SEDWS

WAV F =M =00

94111/0%57
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Memory Bar
Exercise

Horizontal
Memory Bar

This exercise demonstrates how to use the memory bar to display those
captured portions of the waveform that occur before and after the trigger
event., The memory bar shows the portion of the waveform record that is
being displayed.

Press the Recall key. Then, press the Clr key.

2 Connect a coaxial cable between the rear-panel AC connector and

channel 1.

Press the Autoscale key. Then, press the Stop/Single key to stop the
acquisition.

While watching the memory bar, use the delay knob to move the
waveform horizontally on the screen.

As the delay value is changed, the memory bar moves to the right or to the
left, depending on whether the delay value is positive or negative. Negative
delay values show pretrigger events and positive delay values show
postirigger events.
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Horizontal
Sequential softkey

HORIZOWNTAL
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Sequential softkey

Sequential single-shot is a real-time feature that is used to maximize the
oscilloscope’s data capture rate while improving memory efficiency. You
define the number of points the oscilloscope captures on each acquisition and
the number of segments (events) that are captured. You can make
measurements, calculate waveform math functions, or use pan and zoom on
captured segments. Also, a time tag is placed on each captured event. The
time tag allows you to determine when a captured segment cccurred with
respect to the first captured segment.

Normal oscilloscope operation is a 5-step process:

® Acquire new data into high-speed memory.

Transfer the data to slower, conventional mermory.

Process the data.

o Make measurements on the data.

Display the data.

The last three steps — processing, measuring, and displaying the data —
takes up most of the oscilloscope’s time. This time span is also referred to as
oscilloscope dead time because the oscilloscope is not acquiring new data at
that time. The sequential single-shot mode delays performing the last three
steps until after all of the selected events are acquired.

Use the sequential single-shot mode when yvou need to rapidly capture events
by minirmizing oscilloscope dead time, or when there is a significant dead time
between events and you are interested in the events rather than the time
between events. For example, if you have a series of 100-ns pulses that are

} ms apart, the time between pulses is 10,000 times greater than the width of
each pulse. If you are only interested in specific events, you can adjust the
triggering and you can set the number of points so only the events you are
interested in are captured (pulses, rising edges, or falling edges}. Then, you
can set the number of segments to capture the number of events you want to
analyze. The time tag feature allows you to piece together the captured
eventis in time with respect to the first event.
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Horizontal
Sequential softkey

The total sequential memory is 400k words, and it is allocated depending on
how many points and segrents are selected. A single-channel acquisition
can use up to 400k words, while a dual-channel acquisition can use up to
200k words per channel. Acquired data is not lost when the sequential
single-shot mode is exited. Sequential data is retained unless cne of the
following events happen:

e Angther sequential single-shot capture is performed.
e Failure data is saved to multiple memories using the limit or compare tests.

e Power is cycled.

To allow the scope to power up in the running moede, sequential signal-shot is
turned off when the power is cycled.

Sequential single-shot is only available when the oscilloscope is in the
real-time mode. You may notice that this key is initially displayed in the off
position (sequential single-shot disabled), allowing for normal real-time mode
operation. When the sequential mode is set to on, the # of points (number of
points) and # of segments (number of segmenis) softkeys are displayed
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See also

Harizontal
Sequential softkey

When the sequential softkey is set to on, the screen is cleared and the
oscilloscope is placed in the stopped state to allow selection of the
acquisition parameters (number of points and segments). The sample rate is
set by the time/div knob as per table 4-2.

Pressing the run key starts data acquisition. While the oscilloscope is
acquiring data, the message "ACQUIRING" is displayed. 1f the oscilioscope is
waiting for a trigger, "ACQUIRING # »" is displayed (where % is the segment
number the oscilloscope is waiting to acquire). After all of the segments are
captured, the message "sequential data captured, processing..." 1s displayed.
After the data is processed, the message "sequential data processed, select
DISPLAY menu" is displayed. You can press the Stop/Single key at any time
to stop the acquisition process.

Chapter 7, "Display Menu," for information on displaying acquired sequential
single-shot data.

# of points softkey

The number of points softkey defines how large a segment is, and you can
think of a segment as an event. An event can be a piece of a pulse or 1t can
be several pulses. You can specify any number of points from 4 to 32,768
Because 500 points are displayed for a normal screen display, you can use the
pan and zoom feature to view segments that are larger than 500 points.

# of segments softkey

The number of segments softkey defines how many segments the
oscilloscope is o acquire. The maximum number of available segments is
displayed at the bottom of the softkey. This number is dependent on the
numbper of points, record length, and the number of active channels. If all of
the channels are off, the softkey is disabled.




Harizontal

Sequential softiey
Sequential This exercise uses a b00-Hz square wave to demonstrate the sequential
Single-Shot single-shot feature. You set up the oscilloscope to capture one pulse on each
Exercise acquisition, and to captire a total of 10 pulses,

1 Press the Recall key. Then, press the Clr key.

2 Connect the oscilloscope’s rear-panel AC CALIBRATOR signal to
channel 1 with a coaxial cable.

3 Press the Autoscale key.
4 Use the time/div knob to change the time base to 1 ms/div.

You may notice that there are five pulses on the screen. Because there are
500 points across the screen, each pulse takes up about 100 points.

5 Press the Horizontal Setup key. Then, select the real -time mode.
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Figure 4-12

Time tag

Horizontal
Sequential softkey

6 Set the sequential softkey to on.
7 Pressthe # of points softkey, Then, use the keypad or entry knob

to set the # of points to 100.

Set the number of points to capture the event of interest. For this exercise,
100 points are used because each pulse takes up about 100 points on the
screen, and because this exercise is using a pulse as an event. You could also
have used 200 points to capture two pulses, or 25 points to capture part of a
pulse. You can also increase the sample rate to use more points to capture
the pulse.

Press the # of segments softkey. Then, use the keypad or entry
knob to set the # of segments to 10.

Set the number of segments to capsure the number of events you are
interested in. Below the selected number of segments is the maximum
number of segments allowed. You may notice that as you increase the
selected nurnber of points, the maximum number of segments the scope can
capture decreases. For this exercise, 10 segments were chosen, so that 10
pulses are captured.
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10

11

Figure 4-13

Horizontal
Sequential softkey

Press the Run key to capture and process data.

You may notice that the oscilloscope captures all of the data before the data
is processed.

Press the Display key. Then, set the Diaplay softkey to norm
{normal).

The captured segments are viewed in the display menu.

Press the segment # softkey. Then, use the entry knob to display
each of the ten segments.

You may notice that below the graticule area a time tag is displayed for each
segment. The scope captures only the number of points you specify for each
segment. The time tag allows you to determine when the trigger for each
subsequent segment occurred in relation to the trigger event for the first
segment. You may notice that each of the time tags is about 6 ms apart

The eniry knob aliows you to scroll through the 10 captured pulses (events).
Turning the knob past ten allows you to view all of the segments
simultaneously. Because viewing all the segments at once overlays the
segrnents, you can notice if one of the events is radically different than the
others. You can also set the display te average (average all the segments) or
envelope, and you can use the more key to exclude or include segments.
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Horizontal
Sample Clock Seoftkey

Sample Clock Softkey

The sample clock softkey is available in the real-time mode only. Sample
clock (sampling rate) and waveform record length (waveform memory) are
closely tied together. Sampling rate determines how often the oscilloscope
samples the signal you are measuring. Record length is the amount of
memory the oscilloscope fills up before it updates the display and
measurement results.

Usually, you use a high sample rate, so there are plenty of data points to
better reconstruct the original waveform. For fastest throughput, use a short
waveform record because the oscilloscope must fill up the waveform record
before it updates the display and measurement results. The higher the
sample rate, the faster the waveform record fills up. Therefore, a long
waveform record slows down the throughput of the oscilloscope. As a result,
you must often make a trade-off between sample rate and record length to
achieve a desired throughput, both of which affect the measurement speed
and accurate reconstruction of the waveform.

You may prefer to sacrifice measurement throughput by selecting a high
sample rate and a long record length, or you may want to have a high sample
rate and a short record lengih to maximize the measurement throughput.

Auto

Auto lets the oscilloscope select the sampling rate for you. The advantage is
that the oscilloscope selects a sample rate that optimizes the way the
waveform is displayed and the display update rate.

Adjust

Adjust lets you specify a sample rate. The maximum sample rate is aiways
available to you regardless of the time/div setting. However, do not overlook
the interaction among sample rate, record length, and measurement
throughput. Also, when in the adjust mode, you can use the fine mode to
adjust the time base range to values not in the normal 1-2-5 sequence.
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Horizontal
Record Length Softiey

Record Length Softkey

The record length softkey is available in the real-time mode only. The record
length softkey allows you to sets the mermory depth for the waveform record.

The time between the sample points equals 1 divided by the sample rate, and
the amount of data in memory equals the time between the points times the
number of points. For exaraple, if the sample rate is 2 GSa/s and the record
length is 512 points, the time between the sample points is 500 ps; and, 500
ps times 512 points is 256 ns of waveform data stored in the waveform
record. Because there are ten horizontal divisions, set the time base to

20 ns/div {o display the most of the waveform record. To display the entire
waveform record, set the time bage to 25 ns/div. To set the fime base to

25 ns/div while the scope is running, set the sample rate to the adjust mode
and press the Fine key.

1 , .
Sample Rate (Record Length) = Time Duration of the Record

Each channel has its own 32K waveform memory. The default setting is 512.
If you specify a 2K record, then each channel uses 2K of its available 32K
record. You cannot specify a different record iength for each channel. For
singie-shot applications, you may want to capture as much data as possible
by using a 32K record. You can pan and zoom through the data at a later
time. If you are not using pan and zoom, use a 512-point record, or use
enough memory so all of the data that is acquired on each acquisition is
displayed on the screen.

You can specify a record length from 512 points to 32,768 points with the
entry knob. Remember that sample rate and record length work together. If
you combine a short record length with a high sample rate, yvou will have a
very fast throughput, but very little data in the record.

Because the shortest record tength is 512 points and the screen displays 500
of these points, there are 12 data points in the waveform record that are not
displayed at 50 ns/div and faster and in the auto mode (as per table 4-1). You
can use pan and zoom to view any data points that are not displayed.
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Trigger

The trigger modes of the oscilloscope provide many distinctive
techniques for triggering and capturing data. The triggering
capabilities range from simple edge triggering to logic triggering on
muldtiple gignals.

This chapter contains descriptions of the triggering modes, and
explanations on how to use them. The oscilloscope has six triggering
modes: edge, pattern, state, delay, TV, and glitch.

The three lights indicate the present status of the trigger circuitry in
the oscilloscope.

e Armed — The oscilloscope is waiting for a trigger event to occur.

e Triggered — The oscilloscope triggered on a valid trigger event.

o Auto Triggered — Valid trigger events are not occurring, and the
oscilloscope is automatically triggering because it is in the auto
sweep trigger mode.

TIRLLIR T
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Trigger
Trigger Basics

Figure 5-1

Trigger Basics

A trigger event is defined as an edge of a selected slope (either positive or
negative) that transitions through a selected voltage (trigger level). This is
referred to as the edge trigger mode. Events leading up to the trigger event
are referred to as occurring in negative time, and events that occur after the
trigger event are referred to as occurring in positive time. No matter what
mode the trigger circuit is in, a valid trigger is always caused by an edge.

Additional trigger features are added, like logic triggering and holdolT, that
ailow you to further qualify the trigger event. The logic trigger modes are
pattern, state, delay by time, and delay by events. Basically you can think of
the logic trigger features as adding a 3- or 4-bit logic analyzer to your
oscilloscope. The edge trigger mode looks at only one channel, while logic
triggering allows you to qualify the trigger across all of the available trigger
sources. Rather than clutfer up the waveform record with usecless data that
yvou have to sift through, you can use logic triggering to pick out the area of
the signal you are most interested in viewing. Then, you can use time base
delay to view what happened before and after the trigger event,

The trigger circuit and sampler circuit operate in parallel. The sarnpler
samples the input signal at a specific rate. The trigger circuit operates
independently of the sarmpler circuit, and a trigger event does not have to
occur at the same time as a sample point. Because the oscilloscope knows
when the trigger event happened in relation to the sampled data, the
oscillogcope knows where to place the sampled data on the display.
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Trigger
Common Trigger Softkeys

Common Trigger Softkeys

The top two softkeys are common to all of the trigger modes. The remaining
trigger keys are discussed in the topic for each of the frigger modes.

You set the trigger level far the TV and Glitch trigger modes in the TV and
glitch trigger menus.

Trig’d/Auto Softkey

The trig’d (triggered)/auto softkey toggies between the two trigger
modes. The current selection is displayed in inverse video.

Triggered The oscilloscope displays data only after all of the trigger
conditions are met. The triggered mode keeps the oscilloscope from
displaying data on the screen before a specific trigger event, occurs.

After each trigger event, the trigger circuit is rearmed for the next trigger
event.

Auto After the trigger circuit is armed, the oscilloscope waits for a
trigger to oceur. If a trigger does not occur, the oscilloscope triggers
itself, and the data that is acquired with the trigger is displayed on the
screen. The rate at which auto trigger occurs is dependent upon the
sweep speed setting.

Use the Auto mode when you are unsure how to setup the trigger menu to
trigger the oscilloscope. This mode forces the oscilloscope to trigger if a
trigger event is not found, giving you glirmpses of the signal, which then
allows you to set up the oscilloscope to display the signal.

Mode Softkey

The second softkey selects the various trigger modes. The oscilloscope has
six triggering modes: edge, pattern, state, delay, TV, and glitch. Each of
these modes are discussed later in this chapter.




Trigger
Edge Trigger Mode

Figure 5-2

Edge Trigger Mode

Edge is the basic trigger mode, all the other trigger modes are a variation of
the edge mode.

The edge trigger mode identifies & trigger point by looking for a specified
slope and voltage level on a waveform on one source only. This process is
accomplished by arming the trigger an a voltage either slightly higher or
slightly lower than the trigger level. The difference between the arming
voltage and the trigger level is hysteresis. The arming voltage is set slightly
lower than the trigger level for a positive slope and slightly higher than the
trigger level for a negative slope. Then, a signal with the correct slope and
voltage level triggers the oscilloscope. You can use the edge trigger mode to
easily detect logic level transitions.

The trigger level (threshold) for each channel is set in the edge trigger menu
and is independent for each channel. 1t is carried over to all other modes,
except for the TV and glitch trigger modes. These levels are important
settings because the high and low levels in the pattern, state, and delay
modes are defined as being greater than or less than the trigger level.
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Trigger
Edge Trigger Mode

Source Softkey

The source softkey selects the trigger source. The options are any channel
input, auxiliary input (on the rear panel), external trigger input (on the
Z-channel models only), or line trigger. The current selection is highlighted
in inverse video. Wher line is selected as the source, the oscilloscope uses
the power line as the trigger source, and the remaining menu choices are
rermnoved. Also, holdoff is not available with line trigger or auxiliary trigger.

Level Softkey
The level softkey has two modes, adjust and center.

Adjust Adjust allows the flexibility of setting exact triggering points and
specifies levels used in the other triggering modes. The trigger level
range depernds on the source,

e Channel inputs -~ £12 divisions from the center of the screen.
o Auxiliary input — 5V,
e FExternal trigger — There are three ranges:x1 V, £5 V. and £ 25 V.

Center For the channel inputs, center sets the trigger level to the same
value as the channel offset for the selected source, which places the
trigger level at the center of the screen. For the auxiliary and external
inputs, center sets the trigger level to 0 V.




Figure 5-3

Trigger
Edge Trigger Mode

Slope Softkey

The slope sofikey is not labeled. However, the available selections are
graphic representations of the rising edge and falling edge. The current
gelection is highlighted in inverse video. You can set the slope for each
trigger source except line trigger. Slope applies only to the edge mode.

Reject-Coupling Softkey
The reject ~coupling softkey aliows you to turn noise reject on or off,
and allows you to select the trigger coupling.

Reject When on, reject increases the trigger hysteresis band, so that it
takes a larger trigger signal to trigger the ascilloscope. When noise reject
is on, it makes the trigger circuitry less sensitive to noise. You can use
noise reject when triggering on noisy signals without the problem of false
triggering. You can set noise reject independently for each trigger
source, the selection aiso applies to the logic trigger modes.

Coupling Coupling allows you to further condition the trigger signal
independent of the channel conditioning circuitry. Figure 5-3 shows that
the input signal goes through the input signal conditioning hefore the
trigger coupling path. For exarnple, you can set the channel path to de
coupling and the trigger path to ac coupling. Coupling applies only to the
edge mode.

e dc allows dc and ac signals into the trigger path.

¢ ac blocks out any de portion of the trigger signal and allows ac signals
greater than 7 Hz into the trigger path.

e Ifrej (low frequency reject) adds a 50-kHz, low-pass filter to the trigger
path.

benegnyy




Figure 5-4

Trigger
Edge Trigger Mode

Holdoff Softkey

The holdoff softkey disables the trigger circuit for a selectable lime period
or for a number of events after the trigger event. Holdoff is selected in 20-ns
time increments from 40 ns to 320 ms, or by number of events from 2 to
16,000,000, Time and event are toggled with the knob. An eventsisa
pattern, state, or edge. The maximurm event counting rate is 70 MHz.

You use holdoff to synchronize a waveform {o a trigger signal. Holdoff is used
1o stabilize the display of complex waveforms, or to trigger or a burst of
pulses that are separated by time. Figure 5-4 shows a pulse burst with the
holdoff time represented as T1. You may notice that holdoff keeps the trigger
circuit from rearming until after the pulse burst is over. That way, the first
pulse in the next burst is the trigger event.

The advantage of digital holdoff is that it is a fixed number. As a result,
changing the time base settings does not affect holdoff and the oscilloscope
rernains triggered. In contrast, the holdoff in analog oscilloscopes is a
function of the time base setting, making it necessary to readjust the holdoff
each time you change the time base setting. Also, there is no holdoff when
edge triggering using auxiliary or line trigger as the source.

5-8



Trigger
Pattern Trigger Mode

See also

Figure 5-5

Pattern Trigger Mode

Pattern allows you 1o have the oscilloscope search for a pattern that you
define. You can define a pattern using any channel and external trigger (on
the 2-channel models), up to a 4-bit pattern on 4-channel models and up to a
3-bit pattern on 2-channel models. The oscilloscope triggers on the last edge
to make the condition true, or the first edge that makes the condition false as
set by the when softkey. You define a pattern by assigning each trigger
source either as an L, X, or H (L. = low, X = don’t care, and H = high). A high
is a voltage above the trigger leve], and a low is a voltage below the trigger
level. The thresholds for the channel trigger levels (or H/L levels) are setin
the edge trigger menu.

You can use the pattern mode to detect glitches greater than 20 ns wide,
however, use the glitch trigger mode to detect glitches less than 20 ns wide.

"Glitch Trigger Mode" later in this chapter for informasion on capturing and
differentiating glitch widths less than 20-ns.
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Figure 5-6

Trigger
Pattern Trigger Mode

Pattern Softkey

The pattern soitkey is not labeled, but it is the third softkey from the top.
The pattern softkey defines a 4-bit pastern for which the oscilloscope
searches. The positions correspond to the channel or trigger inputs, as
shown in figure 5-6. For example, on 4-channel models, the left-most bit
corresponds to channel 1 and the right-most bit corresponds to channel 4.
On 2-channel models, the left-most bit corresponds to channel 1 and the
right-most bit corresponds to the external trigger input.

If the pattern is set to all X’s (don't care}, a trigger event will not occur
because a trigger event is not defined. Any trigger source that you are not
using as part of the qualifier pattern should be set to a don't care to make
sure that the source does not cause false triggering.

You can set the trigger level and noise reject independently on each source in
the edge menu. For example, you can set the trigger level on channel 1 toa
TTL high and the trigger level on channel 2 to an ECL low. However, all of
the channels are set to dc coupling for ali of the trigger modes except for the
edge mode.

3atazalh




Trigger
Pattern Trigger Made

When Softkey

The when softkey selects when the trigger is to occur. The choices are listed
below:

Entering a pattern — The trigger occurs on the edge of the source that is
the last edge to make the pattern true.

Exiting a pattern — The trigger occurs on the edge of the source that is
the first edge to make the pattern false.

A pattern is present greater than a defined time — A timer starts when the
pattern is entered. If the pattern is present greater than the specified
tirne, a trigger occurs on the first edge to exit the patiern.

A pattern is present less than a defined time — A timer starts when the
pattern is entered. If the pattern is present less than the specified time,
the trigger occurs when the pattern is exited.

A time range — When a pattern is present greater than a defined time and
less than another defined time. A timer starts when the pattern is

entered. If the pattern is present greater than one specified time and less
than another specified time, the trigger occurs when the pattern is exited.

Holdoff Softkey

The holdoff softkey allows you to select the amount of haldoff. Holdoff
disables the trigger circuit for a selectable time period or number of patterns
after the pattern is found. Holdoff is selected in time units, from 40 ns to
320 ms and is incremented in 20-ns intervals or by the number of patterns
from 2 to 16,000,000, The maximum pattern counting rate is 70 MHz.




Figure 5-7

Trigger
Pattern Trigger Mode

Figure 5-7 shows pattern triggering on two channels. The trigger location is
indicated on a few examples with an arrow. Also shown is the Boolean

equivalent of each pattern.
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Trigger
State Trigger Mode

Figure 5-8

State Trigger Mode

State triggering is similar to pattern triggering, except that you select cne
channel as a ciock edge, and you set the remaining channels to define a
pattern. Basically state is a selective pattern trigger. The pattern can occur
often, but it is checked for validity only on the selected clock edge. The
thresholds for the channel trigger levels (or H/L levels) are set in the edge
trigger menu.

Clock Softkey

The elock softkey allows you to select any trigger source as the clock. The
trigger source you select as the clock is indicated with an arrow under the
when softkey.

When Softkey

The when softkey sets the cther channels to form a trigger pattern. An
arrow indicates which trigger source is the clock, and the direction of the
arrow indicates the selected slope. You can select the polarity of the clock
edge as either rising or falling, and you can select the pattern on the

remaining sources.
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Figure 5-9

Trigger
State Trigger Mode

Present Sofitkey

The present softkey sets the oscilioscope to trigger when the pattern is
either present or not present. The pattern is checked for only on the
designated clock edge.

Holdoff Softkey

The holdof £ softkey allows you to select the amount of holdeff. Holdoff
disables the trigger circuit for a selectable time peried after the state event
has occurred. Holdoff is selected in 20 ns time increments, from 40 ns to 320
ms, or for events (count of states) 2 to 16,000,000. The maximurn state
counting rate is 70 MHz.

Figure 5-9 shows a three-charnel timing diagram, For this example, the
clock is a rising edge on channel 3. The oscilloscope was also set to look for
when a pattern is present, and the oscilloscope is looking for a high on
channels 1 and 2, You may notice that channels 1 and 2 are both high during
clock pulses A, B, and C. In the state mode, the pattern is checked for
validity only on the selected clock edge. On the rising edge of clock pulses A
and B, channel 2 is a low level. Therefore, the pattern is valid only on the
rising edge of clock pulse C.
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Trigger
Delay Trigger Mode

Figure 5-10

Delay Trigger Mode

The delay trigger mode qualifies on an edge, pattern, or state from one
trigger source, waits for a selected period of time or events, then triggers on
the nth edge from any of the other trigger sources. Basically you can think of
delay as two edge triggers that are separated by a selectable time or event
counter.

The traditional method to view events that happen after the trigger event is
Lo use time base pusition to pan through the data. The problem with this is
that the further the point of interest is from the trigger event, the greater the
possihility that signal jitter makes it difficult te analyze the point of interest.

Delay by time or events eliminates this problem because it moves the trigger
event closer to the point of interest, which reduces any jitter on long delay
measurements.

For example, a disk drive motor does not spin at a constant speed all the
time. If you use time base delay to look at a pulse separated from the trigger
event by a long time period, the jitter on the pulse caused by variations in the
motor’s speed can make it almoest impossible to see the desired pulse. Delay
by time allows you to delay out to the pulse of interest, then trigger on that
pulse. Because you are triggering on the pulse of interest, signal jitter is not
a factor in viewing the pulse.
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Trigger
Delay Trigger Mode

Qualify On Softkey

The qualify on sofikey selects which mode to qualify the trigger hefore a
delay is defined. The qualify options are edge, pattern, and state.

Qualify On Edge When you select edge qualify, the next two softkeys
allow you to select which trigger source and slope to use for the edge
qualification.

Qualify On Pattern When you select pattern qualify, the next soltkey
allows you to select a pattern to use for qualification, and allows you to
select when the qualification occurs: entered, exited, when present
greater than a time, when present less than a time, or when present for a
range of tmes. You set the range of times with the next softkey.

Qualify On State When you select state qualify, the next two softkeys
allow you to select a clock edge and a pattern to use for qualification. It
also allows you to select when the qualification occurs: when entered or
when exited.




Trigger
Delay Trigger Mode

Delay Softkey

The delay softkey selects between delay by time and delay by count. Delay
time disables the trigger circuit for a selected period of time, from 30 ns to
160 ms after the trigger is qualified.

Time delay is not available in the time gualified pattern settings of when
present greater than, when present less than, and when present for a range
of times. Delay count, (delay by edges) disables the trigger circuit for a
selected count from 1 to 16,000,000 after the trigger is qualified. After the
selected count is met, the oscilloscope looks for the selected trigger edge.

Trigger On Softkey

The trigger on softkey selects a specific edge to trigger on after the
qualification and delay conditions are met. All the cther softkeys in this
menu deall with defining qualifying conditions. The trigger on softkey
sets the trigger point. You can select the number of counts, slope, and source
for the trigger event.
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Figure 5-11

Figure 5-12

Trigger
Delay Trigger Mode

Figure b-11 shows a delay-hy-time timing diagram. You may notice that the
qualifying event is channe!l 1, and the trigger event is channel 2. By changing
the amount of delay, you can look at various events in a pulse train without
the effects of jitter. After the delay timer times out, the scope triggers on the
edge numnber you select.

Channel 2

Figure 5-12 shows a delay-by-events timing diagram. You may notice that the
qualifying event is channel 1, and the trigger event is channel 2. By changing
the number of events, you can consecutively look at pulses in a pulse burst
without the effects of jitter. After the number of events are counted, the
scope triggers on the edge number you select.
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Trigger
TV Trigger Mode

Figure 5-13

TV Trigger Mode

The TV trigger mode enables the oscilloscope to trigger on clamped TV
signals, The two most cormmon TV standards are NTSC and PAL. NTSC
(60 Hz/b25 lines) is the standard used in the United States, and PAL

(50 Hz/625 lines) is the standard used in most European countries. This
trigger menu also allows for user defined triggering on TV signals that are
uged in other parts of the world.

Press the softkey to move the highlighted inverse video window, and use the
entry knob to change the value displayed in the window.

Standard/Source Softkey

The standard/source softkey is not labeled, but it is the third softkey
from the top. The upper portion of the softkey allows you to choose between
the NTSC standard TV signal used in the United States (60 Hz/525 lines, or
the PAL standard used in most European countries (50 Hz/625 lines). The
third option is for user-defined ranges of the TV signal. User-defined ranges
are used to trigger on any of the proposed HDTV standards. The lower
portion of the softkey allows you to select the trigger source.

S TV TRIGGER

v [risoucce | o o

edge patt state
delay giiteh

60 H/D25 lines
[ 1

~ holdaff
| 1 ime [JERNE]

5-14



Trigger
TV Trigger Mode

Level/Polarity Softkey

The level softkey sets the trigger level (in volts) that is applicable only to
the TV trigger source.

Field Softkey
The field softkey selects field 1 or 2 of the TV video signal.

Line Softkey

The 1ine softkey selects which line the {rigger is generated on, This
selection depends upon which field was selected.

If the previous selection is the 60 Hz, 525 line standard (which is compatible
with broadcast standard M), the options available depend upon which field is
selected. If field 1 is selected, the range of lines is from 1 to 263. If field 2 is
selected, the range of lines is from 1 to 262.

If the 50 Hz, 625 line standard is selected (which is compatible with
broadcast standards B, C, D, G, H, |, K, K1, L, and N), the options are also
dependent upon the field selection. If field 1 is selected, the range of lines is
from 1 to 313. If field 2 is selected, the range of lines 1s from 314 to 625.

Holdoff Softkey

The holdoff softkey enables the oscilloscope to hold off the trigger event
from 40 ns to 320 ms, and is incremented in 20-ns time frames.
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Trigger
Glitch Trigger Mode

Figure 5-14

Glitch Trigger Mode

The glitch mode is like the pattern duration triggering, except a single
channel defines the pattern, with the additional time selections of 2.5 ns,
5ns, and 10 ns.

Source--State Softkey

The source--state softkey selects the source and glitch polarity used for
triggering. The sources available are any channel input and (on the two
channel models) external trigger input. You can specify the state for the
source selected as either a high or a low, where high is higher than the
current trigger level, and low 1s lower than the current trigger level. You can
select only one source or state al a time. The current selection is highlighted
in inverse video.

Level Softkey

The level softkey sets the trigger level used by the source--state
softkey. The choices are adjust or center.

Adjust Adjust allows the flexibility for setting exact triggering points
and specifies levels used in the other wriggering modes. The trigger level
range is £12 divisions from the center of the screen.

Center Center has the oscilloscope automatically set the trigger level to

the same value as the channel offset for the selected source.
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Trigger
Glitch Trigger Mode

When Present Softkey

The when present softkey sets the condition that must be satisfied to
generate a trigger event. I[f when present > isselected, a trigger is
generated when the glitch is true longer than a specified width. If when
present < is selected, a trigger is generated when the glitch is true less
than a specified width. The current selection is highlighted in inverse video.

Width Softkey

The width softkey sets the width of the pulse to generate the trigger on.
The oscilloscope can trigger glitches as narrow as 1 ns, even though the
width selections are from 2.5 ns to 160 ms.

Holdoff Softkey

The holdoff softkey sets the holdoff value. Holdoff disables the trigger
circuit for a selectable time period after the trigger event. Holdoff is selected
in 20-ns time increments, from 40 ns to 320 ms,
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Figure 5-15

Figure 5-16

Trigger
Glitch Trigger Mode

Glitch timing requirements

For the oscilloscope to trigger on a glitch, the opposite polarity of the glitch
must be present for at Jeast 5 ns. The polarity of the glitch is determined by
the trigger level. Voltages above the trigger level are of positive polarity, and
voltages below the trigger level are of negative polarity. For example, Figure
5-15 shows a positive polarity glitch. The signal must be below the trigger
level for at least b ns for the oscilloscope to detect the glitch. [f a negative
polarity gliteh is selected, then the signal must be above the trigger level for
at least b ns for the oscilloscope 1o detect the glitch.

S

¥
},,L,ﬂ w——4—74—;_F?— - | gges Love,
)

i

z 0=

24720533

If the selected glitch width is from 2.5 ns to 20 ns, the time between similar
edges must be greater than the selected glitch width. Figure 5-16 illustrates
the timing between like edges. For example, if the selected width is 10 ns,
then the time from point A to point B must be greater than 10 ns.
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Display Menu

The display menu controls most of the features that dictate how the
acquired data is displayed on the screen. These features include
manipulating data for clarity, eliminating noise, and viewing selected
memory segments.

This chapter describes the display menu, how to controel all the
features, and how to display the most meaningful waveform for
measurements.

There are three display menus, depending on which acquisition mode
the oscilloscope is set to in the time base menu.

e Hepetitive acquisition

e Real-time acquisition with sequential memory turned off

e Real-time acquigition with sequential memory turned on

The menu map for each of the three display menus is included with
the topic that covers that menu.
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Display Menu
Repetitive Acquisition Display Menu

Repetitive Acquisition Display Menu

The display menu selections available when the time base is set to the
repetitive mode is shown below.

DISPLAY

Figure 6-1
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Display Softkey

The display softkey selects one of three display modes: normal, averaged,
and envelope.




Display Menu
Repetitive Acquisition Display Menu

Norm {Normal) The normal mode seis the time parameters for
displaying data or selecting persistence. The range in the variable
persistence mode is from minimum, very fast overwriting and updating of
the display, to infinite with variable settings from 500 ms to 1(} seconds.
Persistence allows you to display data records to any of the persistence
settings. For settings of less than infinite, the data is displayed for the
specified period of time. When norm is selected, the function key below
the normal field is activated. This fieid displays the current persistence
setting. The following are some hints in using the normal display mode:

o (Connect-the-dots is available in the minimum persistence, average, and
envelope display modes.

e Use fast persistence settings when the input signal is changing and when
immediate display feedback is needed.

o Use more persistence when observing long-term changes in the signal or in
low-repetition-rate signals.

# Use infinite persistence for worst-case characterizations of signal noise,
jitter, and drift. The persistence mode is similar to a storage oscilloscope.

At minimum persistence, a point is erased when a new point is acquired in
the same time bucket on the display. Therefore, the waveform fills in quickly
and each point remains for a minirmum amount of time. Measurements are
performed using the newest data in each pixel colurmn.

When the keypad is used to change persistence settings, any entry lenger
than 10 seconds displays the message "value out of range... set to limit", and
persistence is automatically set to infinite. Any entry less than 500 ms causes
the same message to be displayed, and persistence is set to minimum.




Display Menu
Repetitive Acquisition Display Menu

Avg (Average) The averaged mode selects the number of waveform
acquisitions that are averaged 1o generate the displayed waveform. The
range for the averaging is from 1 to 2048 in powers of 2.

When the averaged mode is selected, the # of avg (number of averages)
softkey is displayed.

Averaging significantly reduces displayed signal noise. As the number of
averages increases from 1 to 2048, the display becomes less responsive to
changes in the input signal. Using more averages reduces the effects of
displayed signal noise and improves resolution.

Env (Envelope) The envelope mode needs no other parameters set.
The display reflects the minirmum and maximum voltages in each
horizontal position. Use the envelope mode when viewing voltage or time
Jitter.

# of Screens Softkey

The number of screensa softkey allows you to choose how many graphs
the waveform viewing area is divided into.

1 screen The entire wavelorm viewing area is one screen and any
displayed waveforms are superimposed on top of each other.

2 screens The waveform viewing area is divided into two screens, On
the 4-channel models, channels 1 and 2, memories 1 and 2, and functions
1 and 2 are displayed in the top screen, and channels 3 and 4, memories
3 and 4, and functions 3 and 4 are displayed in the bottom screen. On
the 2-channel models, channe! 1, memory 1 and 2, and function 1 and 2
are in the top screen, and channe! 2, memory 3 and 4, and function 3 and
4 are in the bottom screen.

4 screens The waveform viewing area is divided into four screens.
Each channel, memory, and function is displayed in the corresponding
portion of the screen, starting with channel 1, memoery 1, and function 1
at the top screen.




Display Menu
Repetitive Acquisition Display Menu

Oft/Frame/Axes/Grid Softkey
This softkey selects one of the four display backgrounds.

Off Off turns the background graticule off. Displayed waveforms are
not turned off.

Frame Frame displays the cutside border with a measurernent scale.
The measurement scale is marked with major and minor divisions based
on the vertical and horizontal measurement settings.

Axes Axes displays a background with the measurement scale crossing
at midscreen.

Grid Grid displays a background that is a complete graticule with ten
horizental major divisions and eight vertical major divisions. Only the
axes portion of the graticule has a minor division scale.

Connect Dots Softkey

Connect-the-dots is a technique used to display waveforms with all the data
points connected. This makes viewing waveforms easier because the signal is
complete and has no breaks. Connect-the-dots connects data points linearly
rather than generating new data points. Connect-the-dots is available n the
minimum persistence, average, and envelope display modes.
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Display Menu

Real-Time Acquisition Display Menu (seq off)

Figure 6-2

Real-Time Acquisition Display Menu (seq off)

The display meru selections available when the time base acquisition mode is

set to real time and sequential is set to off is shown below.

Only the softkeys that are added to the display menu in the reai-time mode
are discussed.
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See Also

Display Menu
Real-Time Acquisition Display Menu {seq off)

Normal Mode

This key is used to select persistence during the real-time mode. Persistence
has two choices: single and infinite.

Single Single persistence is a very fast overwrite. As each new
acquisition is displayed, it overwrites the previous data. The current
display is always the most recent acquisition.

Infinite Infinite persistence is used for worst-case characterizations of
signal noise, jitter, and drifi. In this mode the oscilloscope isused as a
storage oscilloscope because waveforms are not erased. Measurements
are performed using the newest data in each pixel colurmn.

Peak Detect Mode

Peak detect is only available in the real-time mode when the sampling rate is
less than or equal to 1 GSa/s and with sequential single-shot turned off.
When the sample rate is greater than 1 GSa/s, the peak detect mode is not
displayed on the softkey. Peak detect is an acquisition mode rather than a
display mode. An acquisition mode affects how the oscilloscope acquires
data. A display mede does not affect how the data is acquired; rather, it is a
postprocessing feature that affects how the data is displayed on the screen,
like conmect the dots and persistence.

Peak detect stores the minimum and maximum values {pairs) for each time
bucket. Peak detect can detect excursions as narrow as I ns. When peak
detect is on, the sample rate that appears in the time base menu is the
sample rate at which the minimum and maximum pairs are stored. You may
riotice that peak detects functions at sample rates up to 250 MSa/s. Because
peak detect stores two data points per sample clock, the memory size divides
in half. For example, if the record length is set to 32,768 and you turn on
peak detect, the record length changes to 16,384.

"# of Screens Softkey" and "Off/Frame/Axes/Grid Softkey" earlier in this
chapter for inforrmation on these keys.




Display Menu

Real-Time Acquisition Display Menu (sequential on)

Figure 6-3

Real-Time Acquisition Display Menu (sequential on)

The real-time mode menu map, with sequential single-shot turned on, is

shown below.

All measurements, waveforrn math fanctions, and pan and zoom features are
available when displaying the previously captured segments. In the
sequential single-shot mode, data interpolation does not occur and peak
detect is not available,
Only the softkeys that are added to the display menu when the real-time
mode is selected are discussed.
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Display Menu
Real-Time Acquisition Display Menu {sequential on}

Display Softkey

The Display softkey selects one of three display modes: normal, averaged,
and envelope.

Norm (Normal) The normal mode allows you to view each captured
segrment individually. The viewable segments are determined by the
include exclude softkey.

When norm is selected, the function key below the display softkey is
activated. This field displays the current segment number being viewed, and
is set using either the knob or keypad. Seleciing a segment number larger
than the maximum captured causes all segments to be displayed (overlayed),
where all the included segments from the selected source are displayed at
one time. Selecting an excluded segment causes "segment X is excluded" to
pe displayed.

Measurements are performed using the newest data in each pixel column.

Avg (Average) The average mode averages each captured segment
mto a composite waveform. Only segments selected as included using
the exclude include softkey are averaged. When average is selected, the
segment number currently being averaged is displayed in the lower left
corner of the screen, and the number of segments softkey is activated.
The number of segments key displays the total nurmber of segments that
were averaged.

Env (Envelope) The envelope mode displays the minirmum and
maximum vollages in each captured segment. Only segments selected as
include using the exclude include softkey are used. When envelope is
selected, the segment number currently being evaluated is displayed in
the lower left corner of the screen, and the number of segmernts soltkey
displays the total number of segments that were used.




See Also

Display Menu
Real-Time Acquisition Display Menu (sequential on)

Segment # Softkey

You can use the segment number softkey to select which captured segment
to display. The range is 1 to 7, where » is the number of segments selected
in the time base menu. After n, the next selection is all segments. All
segments overlays all of the captured segments allowing you to compare the
segments for abnormalities.

Because sequential single-shot captures a series of segments, a time tag is
displayed below the graticule area as each segment is displayed. The time
tag tells you when each segrment was captured relative to the trigger for first
captured segment. When all segments is selected, the time tag is not
displayed.

You may see the segment number softkey display one of the following
messages:

& no segments: displayed when there are no captured segments for the
selected source.

& channei off: displayed when the selected source is turned off.

Source Softkey

This key specifies the source used during all display operations. Press it to
highlight the field, then use the knob to enter the desired value. You can
select any active channel as the source. If no previously captured segments
exist for the selected channel, the status message "no segmentable data on
channel n" is displayed and the number of segments key displays "no
segments.”

"# of Screens Softkey," "Off/Frame/Axes/Grid Softkey,” and "Connect Dots
Softkey" earlier in this chapter for information on these keys. "Sequential
Softkey,"” in Chapter 4 for information on the sequential softkey selections.
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Display Menu
Real-Time Acquisition Display Menu (sequential on)

More Exclude Include Softkey

Pressing this softkey brings up the segment exclude include softkey
meni,

Exclude Include softkey

This softkey is used to select which of the previously captured segments is
used for display operations, Press the softkey to highlight the desired choice.

Exclude Segments specified using the from seg # and to =eg #
softkeys cannot be viewed in the normal mode, and are not used during
the average and envelope modes.

Include Previously excluded segments specified using the from seg
#and to seg # softkeys are now viewed, and are now used during the
average and envelope modes.

All segments are initially acquired as included. A list of currently included
segments are shown on the bottom left of the screen, along with a counter
showing the current segment used in the average, envelope, or normal (when
all segrments is selected) mode.

From seg # softkey

This softkey is used to specify the beginning segment number when entering
the range of segments to be excluded or included from display operations.
Press the softkey to highlight the field, then use the keypad or knob to enter
desired value. Any positive value within the number of segments currently
acquired can be entered; however, the from seg # softkey entry cannot
exceed the to gseg # softkey entry. The bottom of the softkey displays the
currenily selected source,
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Display Menu
Real-Time Acquisition Display Menu {sequential on)

To seg # softkey

This key is used to specify the ending segment number when entering the
range of segments to be excluded or included from dispiay operations. Press
the softkey to highlight the field, then use the keypad or knob to enter
desired value. Any positive value within the number of segments currently
acquired can be entered; however, the to seg # scoftkey entry cannot
precede the from seg # softkey entry. The bottom of the softkey displays
the maximum number of segments acquired.

Enter changes softkey

Pressing this softkey enters the currently selected exclude include, from
seg # and to seg # values. These enfries are not implemented until the
execute all changes softkey is pressed. Once the enter changes softkey is
pressed, a status message is displayed at the top of the screen. To cancel the
process without executing the changes, press the more softkey.

Execute all changes softkey

Pressing this softkey immediately processes all changes that were entered,
and displays the new included segments list at the lower left portion of the
screen.. If the average or envelope modes are selected, the new composite

waveform is generated using the updated segment list.

More softkey

Press this softkey to toggle to the other display menu choices. The best
method of making changes is to enter all the desired changes. Then, press
the execute all changes softkey.




Sequential
Single-Shot Display
Exercise

=1 & T W

Display Menu
Real-Time Acquisition Display Menu (sequential on)

This exercise is a continuation of the "Sequential Single-Shot Exercise" in
Chapter 4, "Horizontal." During that exercise, an acquisition of 10 segments
of 100 points each was performed, and each segment was displayed. During
the following exercise, a waveform that is the average of segments 5 through
10 is constructed and is dispiayed.

Use the pDIsPLAY softkey to select avg (average).

Press the more exclude include softkey.

Use the exclude include softkey to select exclude.

Press the from seg # softkey. Then, use the entry knob to select 1.
Pressthe to seg # softkey. Then, use the entry knob to select 4.
Press the enter changes softkey.

Press the execute all changes softkey.

The averaged waveform is recalculated and displayed using the average of
segments b through 10.

6-14



Off On Softkey 7-3

Source x1, y1 Softkey 7-3

x1 Position Softkey 7-4

vl Position Softkey 7-4

Source x2, y2 Softkey 7-5

x2 Position Softkey 7-b

v2 Position Softkey 7-5
Markers and Measurements 7-5

Marker Menu



Figure 7-1

Marker Menu

This chapter describes how to use the markers and make manual
measurements on displayed waveforms.

In this menu, two sets of x and y axis markers are provided, each with
a separately selectable source. The x markers (horizontal) measure
voltage (or power in FF'T mode), and the y markers (vertical)
measure time {or frequency in FFT mode) for the currently selected
source. Each marker is individually controlled and labeled.

When you press the Marker key on the front panel, the marker menu
is displayed on the right hand portion of the screen. The marker
menu and menu map are shown below.
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Marker Menu
0# On Softkey

Off On Softkey

This softikey toggles both sets of markers on and off. When on, all markers
are displayed on the waveform, and the current x/y marker position and
source, delta x/y information, and 1/delta x information are displayed below
the waveform viewing area.

The delta entries are calculated as follows:

marker 2 — marker | = delta

1l the delta is negative, marker 1 is located at a more positive level or later
time than marker 2.

if all delta information is full of dashes (- -- - - 3}, then one of the sources
currently selected is not turned on.

Source x1, y1 Softkey

This softkey selects the source for the x1 and y1 markers. Available sources
for marker measurements include all channels, functions, and nonvolatile
waveform memories, Press the softkey. Then use the entry knob to select
the desired source. [f the currently selected source is not on, "Source Off" is
displayed below the graticule area, and all delta x/y information is filled with
dashes.
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Marker Menu
x1 Position Softkey

x1 Position Softkey

This softkey selects the x1 marker for positioning on a waveform. When
selected, the field is highlighted, and you use the entry knob to move the x1
marker across the display. The x1 marker is the vertical marker with longer
dashes, and is marked on the top of the waveform viewing area as "x1."

The x1 marker is placed on the display respective to the trigger point.
Positive time values are to the right of the trigger point and negative time
values are to the left. Measurement information is displayed in the
highlighted field and below the graticule area. The display units are seconds
in all modes except FF'T, where the display units are in Hz.

y1 Position Softkey

This softkey selects the y1 marker for pesitioning on a waveform. When
selected, the field is highlighted, and you use the entry knob to move the y1
marker vertically. The y1 marker is the horizontal marker with longer
dashes, and is rmarked on the left side of the display as "y1."

You can place the v1 marker at the desired level on the waveform.
Measurement information is displayed in the highlighted field and below the
graticule area. The display units are volts in all mode except FF'T, where the
display units are in dBm.

You can position the x/y markers on a selected source even though that
source is not, displayed. You may want to check which source the markers
are assigned to before you move the markers or make measurements with the
markers.
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Marker Menu
Source x2, y2 Softkey

Source x2, y2 Softkey

The operation is identical to source x1, yl softkey, except that the source is
specified for the x2 and y2 markers.

x2 position Softkey

Operation is identical to x1 position softkey, except that the x2 marker is the
vertical marker with shorter dashes, and is marked on the bottom of the
display as "x2."

y2 position Softkey

Operation is identical to y1 position softkey, except y2 marker is the
horizontal marker with shorter dashes, and is marked on the right side of the
display as "y2."

Markers and Measurements

Automatic measurements are usually made on waveforms displayed on the
screen. One way you can make custom measurements with the markers is by
placing them on the portion of the displayed waveform you are interested in.
Then, reading the values directly from the x and y marker positions, or
reading the differential values using the delta x and delay v values.

Another way to make custom measurements is by setting the meas window
softkey to markers in the define measure menu. Then, you can use the
markers to window on the displayed waveform, and you can use the
autoratic measurements to make the measurement.

If the continuous softkey in the define measure is turned off, the markers are
automatically turned on and they are placed on the displayed waveform
showing you where the measurement was made.
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Define Measure Menu

This chapter contains a description of the measurement menu. The
measurement functions are accessed with the define measure menu.

The Define measure gives you access to four other softkey menus.
Which menu is displayed depends on the selection of the top softkey
in the define measure menu.

* Measure Menu Sets the dynamic controls for the measurement.

o Define Measurement Menu Allows the choice of standard or user
defined thresholds.

e Limit Test Menu Configures and initiates the measurement limit
test.

o Waveform Compare Menu Configures and initiates the waveform
compare test.

The menu map for each of the four menus is included with the topic
that covers that menu.




Define Measure Menu
Measurement Selection

Measurement Selection

Each key on the keypad has & secondary function. Above each keyisa
measurement selection printed in blue,

Make sure the measurement source is on. For example, if the measurement

source is channel 3, make sure that channel 3 is turned on by checking the
vertical menu or by looking at the LED by the channe! 3 front-panel key.

To make a measurement:

1 Press the blue shift key.

2 Press the key that corresponds to the measurement you are making,

3 Use the Entry knob to select the measurement source.

The current measurement source is shown, in inverse video, next to the
selected measurement on the display: channel number, c# memory number,

m#; or function number, f#,

4 Use the keypad to select the correct channel, function, or waveform
memory.

To clear measurements from the display:

Press the blue shift key. Then, press the Clr meas key.

See also Chapter 13, "Measurements," for complete details on measurement
definitions and algorithms.




Define Measure Menu
Measure Mena

Measure Menu

When you set the top softkey to measure, the softkey menu at the left is
displayed. The measure menu is the defaull selection for the define measure

mentu.
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Define Measure Menu
Measure Menu

Continnous Softkey

When the continuous softkey is set to off, the time and voltage markers
are placed on the waveform showing where the measurement was made. The
measurement is performed once, and you must repeat the measurement to
get another measurement result.

When the continuous softkey is set to on, the meagsurement is performed
continuously and the results are updated each time the measurement is
made. The time and voltage markers are not placed on the waveform. Also,
the statistics softkey is displayed. If statistics is turned off, you can have up
to eight measurements on the display at one time.

Statistics Softkey

The continuous softkey must be on before the statistics softkeyis
available. When the statistics softkey is set to on, either the minimum,
maximur, and average values are displayed or the average and standard
deviation values are displayed. Which statistics are displayed depends on the
selection of the statistics output softkey. Statistics operates on up to three
measurements.

Measure Window Softkey

The continuous sceftkey must be on before the measure window softkey 1s
available. The measurement window softkey allows you to customize
where measurements are made. The choices are screen and markers.

Screen When screen is selected, the measurement is made on the
waveform data that is displayed on the screen.
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See Also

Define Measure Menu
Measure Menu

Markers When markers is selected, you can use the x1 and x2 markers
to window the data on the display. Then, measurements are made on the
data displayed within the window set by the markers. You turn on and
position the markers from the marker menu.

By using the markers to set the measurement window, you can make a
measurement on a particular portion of the data rather than on all of the data
displayed on the screen.

Chapter 7, "Marker Menu," for information on positioning the markers.

Extended Analysis

The continucus softkey must be on before the extended analysis
softkey Is available. When extended analysis is turned off, certain
measurements (like period, frequency, +width, and —width) are made on the
first pulse or period that is displayed on the screen, When extended analysis
is turned on, measurements are made on all pulses or periods that are
displayed on the screen, and the resulis are averaged together.,

Statistic Ontput Softkey

The continuous softkey must be on before the statistics cutput softkey is
available. The statistice output softkey determines which set of
statistics are displayed on the screen. The choice is either the minimurm,
maxirmurn, and average values or the average and standard deviation values,




Define Measure Menu
Define Measurement Menu

Figure 8-2
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Define Measurement Menu

The define measurement menu sets the measurement points (thresholds)
where the measurements are made. The menu influences the measurement
algorithm by allowing vou to use the standard IEEE measurement points, or
by allowing you to customize the measurements with the user-defined
settings.
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Define Measure Menu
Detine Measurement Menu

Standard/User Defined Softkey

Standard uses the IEEE measurement points for all measurements. Figure
13-1 shows some of the standard measurement thresholds. User defined
allows you to customize the measurements for your specific applications.

Thresholds/Measurements Softkey

Threshold settings apply to all user-defined front panel measurements.
Thresholds sets the measurement points for all timing measurements.

Thresholds You can use the percent /volts softkey Lo set the
thresholds as a percentage of the calculated top and base, or as a specific
voltage.

#® The percentage range is from —256% to +125%

e Voltage levels from —-250 kV to +250 kV

The data source softkey allows you to select a source that the upper and
lower thresholds track. You can select any channel, function, or memory was
a source, and you can set the thresholds individually for any source. For
example, you can setf the thresholds for channel 1 as 10%/90%, and you can
set the thresholds for channel 2 as 20%/80%.




Define Measure Menu
Define Measurement Menu

The upper threshold softkey and lower threshold softkey allows you to set
the upper and lower measurement thresholds. The upper and lower
thresholds must be set to levels that fall on the displayed waveform. The
message "not found"” is displayed if either threshold is not en the waveform.

This feature is used when measuring excessive overshoot or ringing. By
defining the measurements, you can test for pass/fail criteria of any choice.
You can test from the front panel, or you can set the oscilloscope in the limit
test over HP-IB allowing the oscilloscope to collect measurement data
without supervision.

If time measurements are performed and the signal does not exceed 8 A/D
levels or 8 vertical pixel levels, the message "not found" is displayed in the
measuremens area. Expand the signal vertically so the oscilloscope can make
the measurement.

..DEFINE HERS Measurements The measurements selection allows you to further
MESEUT & . . . R .
‘ Timii  compare customize the +width, —width, and Atime {delay} measurements. Width
measurements allow you to select the threshold (upper, middle, or
standard

lower). Where these thresholds occur is defined by the thresholds
softkey.

user [user defined]

The Atime choice allows you to select positive or negative slope, edge
number, and threshold (upper, middle, or lower). The oscilloscope starts
counting edges from the left edge of the screen, not at the reference peint.
The selected edge must be displayed. If the edge is not displayed, the
message "not found" is displayed in the measurement results area below the

[frcasurements

‘ threshofds ]
- Hlﬂthl

\} + Hidth

{' Trom edge # |

1 at mid
— screen.
bt Fdas v You can use Atime when measuring source-to-source delays or measuring

time separation on the same source or a different source. The Atime
measurement is defined by edge slope, edge count (from I to 4000), and the
part of the transition edge (upper, lower, mid} used as a reference point.

When setting edge counl fields, use the fine key. In the coarse mode the
oscilloscope increments/decrements by ten (1, 11, 21,...,.4000). In the fine
mode the increment/decrement sequence is by 1.

Because Atime measurements are made between two sources, the display
prompts you to select the source {c#, f#, m#) and the source number for each
source.
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Define Measure Menu
Limit Test Menu

Limit Test Menu

The oscilloscope can run lmit tests on up to three measurements
simultaneously. Using this menu, you can preset the test parameters and
store any failure data for evaluation at a later time. You start the limit test in
this meru, and you select the measuremens {rom the front panel.

When a test is running, statistical data describing the test is displayed. You
must have at least one measurement selected before limit test can run.

mesgure define J

1imit COMpat &

Figure 8-3 St

~ tezl

| -

I S
. —— 0N T a L EOVE

1. 000 s

Dan4ZnaR

- on Tail.save .

chan 118

atter fail —

‘ continue

S

§-10



Define Measure Menu
Limit Test Menu

Test Softkey

The test softkey toggles the Hmit test on or off. When lirmit test is turned
on, the oscilloscope starts running in the test mede on the most current
measurements that are running.

Set Softkey

The set softkey allows you to select a measurement so that you can set up
the fail criteria for that test. The set softkey allows you to scroll through all
of the measurements; these are the same measurements as are available on
the keypad. The set softkey does not select the measurements on which the
limit test operates, that selection is made from the keypad.

Fail if Softkey

The fail if softkey sets the upper failure threshold. The upper range is
dependent upon the units of the selected measurement.

or if Softkey

The or if softkey sets the lower failure threshold. The lower range is
dependent upon the units of the selecled measurement.




Befine Measure Menu
Limit Test Menu

on Fail, Save Softkey

The on fail, save sofikey allows you to determine what happens to the
data from each source on a failure. You select the source and destination of
the save function by pressing the softkey until the desired parameter is
highlighted, then by turning the entry knob to scroll through the available
choices. The source choices are any channel, function, or the screen. The
destination choices are off (not saved), waveform memaories, multiple
memories, pixel memories, and hardcopy. The available destination choices
depend on the source selected.

e Channel — off, nonvolatile memories, or multiple
e Function — off, nonvolatile memories, or multiple

e Screen — off, pixel memories, or hardcopy.

The type or amount of failure data saved depends on the destination
selected. If the channel or function being sent to a destination is turned off,
the message "data invalid nothing stored" is displayed.

When saving to a waveform memory, you can select one memeory. Only the
waveform viewing area is saved to the memory. If multiple failures occur,
only the last failure data is saved because the most current data overwrites
the memory contents. More than one source can use the same waveform
memary. However, as each source is saved to that memory, the previous
contents are overwritten. If a waveforrn memory is set to protected, the
message "proiect on: cannot store to memory" is displayed.

When saving to multiple memeories, you can save up to 665 records (data
ncludes a time/date stamp). Only the waveform viewing area is saved to the
memory. 1f multiple failures occur and stop after fail mode is selected, then
the test terminates after all available memory space is illed. Tf the continue
after fail mode is selected, after the 665 memories are filled, the data records
wrap around and new data overwrites previous data. If more than one source
is specified with a multiple destination, then the data records are partitioned
between the specified sources. Because the multiple memories are are
volatile, cycling power resuits in a loss of data stored to them,
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Define Measure Menu
Limit Test Menu

When saving to a pixel memory, the entire screen area is save to the pixel
memory. New data is added to the pixel memory without overwriting the
previously stored data. Because pixel memories do not contain any
parametric data, you cannot make reasurements on pixel data.

When saving to a hardcopy device, the entire screen area is sent to the
peripheral device. Hardcopy stops if a device is not connected to the
oscilloscope.

If the destination is set to off, data from that source is not saved.

You can set a different destination for each source. For example, you could
save channel | data to waveform memory 3 and the entire screen to pixel
memory 1.

After Fail Softkey

The after fail softkey determines what action the oscillescope takes
after a failure: stop or continue,

Stop Ifthe on fail, save softkeyissettoa waveform memory, the
test stops after a failure occurs. If the on fail, save softkey issetto
multiple, the test continues to run until all of the 665 records are filled.

Continue [ftheon fail, save softkey is set to a waveform
memory, the new fail data is written to the memory after each failure.
The previous data is overwritter, unless the protect softkey is set to on in
the waveform save menu. If the waveform protect softkey is set to on,
the message "memory protected is displayed," and the data is not saved.
[fthe on fail, sawve softkey is set to multiple, the test continues to
run until all of the 665 memories are filled. Then, the test continues to
run and starts overwriting the data that was previously stored in the
mermories. The test continues to run until you twrn off the test with the
test softkey or after fail softkey.

Chapter 9 "Waveform Save Menu," for information on displaying data that was
saved to multiple memories or saved to waveform memories.




Define Measure Menu
Waveform Compare Menu

Waveform Compare Menu

The wavefarm compare test allows a point-by-point comparison of an input
channel to a waveform memory pair (ml and m2, or m3 and m4). The result
is a displayed PASS or FAIL message, The menu allows you to compare your
choice of input channel or function with a2 memory pair. You can enter a
failure allowance value to give the effect of trace separation, where needed.
On failure, the menu allows for storage of the data with a stop/continue
option.

If limnit test is on, you cannot turn onh the compare test.
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Define Measure Menu
Waveform Compare Menu

When the compare test is on, each point of the input channel or function is
compared against the memory pair. The channel or function and the memory
pair must have valid data stored in them and must e set to on. Holes are
ignored during the test. If the input channel waveform point falls within the
mask memory pair, the test passes. If the waveform falls outside the memory
pair, the point is tested against the allowance value with a resulting PASS or
FAIL message. If the test fails, a failbar is displayed above the graticule
showing the point or points that failed the test. The compare test runs only
on B00-point records.

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

If you are generating a mask without having the oscilloscope generate the
mask for you, make sure the test is set up so that the upper mask is in
memory ml for memory pair ml & m2 or memory 3 for memory pair m3 &
m4. Likewise, the lower mask must be in memory méa for memory pair ml &
m2 or m4 for memory pair m3 & m4. I the masks are stored to the reverse of
the memory pairs, the test will fail,

Test Softkey

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

"Mask Editor Menu" in Chapter 10 for more information on creating waveform
masks.
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Define Measure Menu
Waveform Compare Menu

Messages
PASS A channel or function waveform is contained in the memory pair,

FAIL Channel or function waveform is not contained in the memory
pair and within the allowance value. The test has failed or the memory
pair contents are reversed (upper waveform in memory 2 or 4 and lower
waveforms in memory 1 or 3).

Er 0 Invalid data in the channel; Either the Clear display was pressed or
a setting (like s/div or V/div) was changed to invalidate the data. The
test is not performed.

Er 1 Either the channel or function or the compare waveformm memory
is off, The test is not performed.

Er 2 Versus mode is not a valid compare mode.

Only one measurement test routine may be turned on at one time. If the
measurement limit test is on, the message "limit test on: cannot turn on" is
displayed. If the compare test is on, the measurement limit test selection
causes the message "comp test on: cannot turn on" to be displayed.

If an attempt is made to turn on a second test over the HP-IB, a message is
displayed stating the command is ok but that the settings conflict.




Define Measure Menu
Waveform Compare Menu

Compare Softkey

The compare softkey selects the channel or function for comparison to the
memory pair.

To Softkey

The to softkey selects the memory pair, ml and m2 or m3 and m4, for
comparison to the chosen input channel or function. Make sure that ml is
greater than m2 for all values across the screen when memory pair ml & m2
is selected. When memory pair m3 & m4 is selected, make sure that m3 is
greater than m4 for all values across the screen. Ifml is less than m2 or if
m3 is less than m4, the compare test fails. The display is misleading in this
case because the waveform appears to be in the bounds of the memory pair.

Allowance Softkey

When a point on the waveform fails the compare test, the point is tested
again against the allowance set with the allowance softkey. Allowance
refers to the distance a point may be above the upper mask or below the
lower mask and still pass the compare test. The distance is measured in
divisions. The allowance range is from 0 to 8 divisions in 1/4() division
increments. Figure 8-2 is a flow chart of the waveform comparison test.




Define Measure Menu
Waveform Compare Menu

On Fail, Save Softkey

The on fail, save softkey saves the data associated with the failure
{from selected channel, function, or screen) to memories or to a hardcopy
device. You can select the source and destination of the save by pressing the
softkey until the desired parameter is highlighted, then by turning the entry
knob to change selections. The source cheices include any channel, function,
or the screen. The destination choices include off (not saved}, waveform
memories, multiple memories, pixe! mermories, and hardcopy. The
destination choices available depend on the source currently selected:

® (Channel — off, nonvolatile memories, or multiple
o Function - off, nonvolatile memories, or multiple

® Screen — off, pixel memories, or hardcopy.
The type or amount of failure data saved depends on the destination selected.

If a destination is selected and the channel or function is off, a message is
displayed indicating that the data is invalid and failure data is riot stored.

When saving to a waveform memory, you can select one memory. Selection
of the memaory pair containing the comparison waveform is not allowed. [f
multiple failures occur, only the last failure data is saved because the most
current data overwrites the mermory contents. However, as each source is
saved to that memory, the previous contents are overwritten. If a waveform
mermory is set to protected, the message "protect on: cannot store to
memory" is displayed and the data is not saved.

When saving to multiple memories, you can save up o 665 records (data
includes a time/date stamp). If multiple failures occur and the stop after fail
mode is selected, then the lest terminates after all available memory space is
filled. If the continue after fail mode is selected, after the 665 memories are
filled, the data records wrap around and new data overwrites previous data.
If mare than one source is specified with a multiple destination, then the data
records are partitioned between the specified sources.




See also

Define Measure Menu
Waveform Compare Menu

When saving 1o a pixel memory, the entire screen area is save to the pixel
memory. New data is added to the pixel memory without overwriting the
previously stored data. Because pixel memories do not contain any
parametric data, you cannot make measurements on pixel data.

A save to hardcopy immediately sends the data to the peripheral device. If
any source is designated as rmultiple, then the hard copy is performed after
all 6656 multiple memories are filled. Hardcopy is canceled if a device is not
connected.

If the destination is set to off, data from that source is not saved.

If the compare test is on, with save to hardcopy, and after fail set to continue
and a FAIL condition cccurs, the hardcopy continues as long as the FAIL
condition exists.

After Fail Softkey

The after fail softkey determines what action the oscilloscope takes after a
[ailure.

Stop [ftheon fail, save softkey is set to a waveform memory, the
test stops after a failure occurs. [fthe on fail, save softkey issetto
multiple, the test continues to run until ail of the 665 records are filled.

Continue Iftheon fail, save softkey is set to a waveform
memory, the new fail data is written to the memory after each failure.
The previous data is overwritten, unless protected in the waveform save
menu. [fthe on fail, save softkey is set to multiple, the test
continues to run until all of the 665 memories are filled. Then, the test
continues to run and starss overwriting the data that was previously
stored in the memories.

Chapter 9 for information on displaying data saved to multiple memories and
data saved to waveformm ruemeries.
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Waveform Save Menu

This chapter describes how to select the waveform, pixel, multiple,
and mask memories on the oscilloscope. The chapter is divided into
four menus:

o Waveformm Menu used to store and display the four nonvolatile
waveform memories.

* Pixel Menu used to store and display the two volatile pixel
memories.

o Multiple Menu used to store and view failure data from the limit
and waveform compare tests that were saved to the multiple
rmermories.

e Mask Menu used to generate masks in memory pairs ml and m2 or
m:3 and m4.

When you press the Waveform Save key on the front panel, one of
four softkey menus is displayed on the right hand portion of the
screen. The menu that is displayed depends on the selection of the
top softkey in the waveform save menu. The menu map for each of
the four menus is included with the topic that covers that men.
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Waveform Save Menu
Waveform Save Menu

Figure 3-1

Waveform Save Menu

The waveform save menu has four memories: ml, m2, m3, and m4. These
memories are nonvolatile and are not cleared by pressing the Autoscale key,
by pressing the Recall key, or by recycling the power. Because the memories
are nonvolatile, you can disconnect the power and transport the oscilloscope
without losing the contents of the waveform memories.
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Waveform Save Menu
Waveform Save Menu

A waveform memory consists of a single waveform record, including the
horizontal and vertical scaling parameters, The scaling parameters allow
measurements on previously stored waveform and function data. Also, you
can set the x and y markers on stored waveforms when they are displayed on
the screen.

When the oscilloscope is in the envelope display mode and a waveform store
is executed, the minimum value and maximuim value are stored separately.
The maximum value is stored in ml if ml or m2 are the selected store
locations, or in m3 if m3 or m4 are the storage locations. The minimum
values are stored in m2 or m4 respectively. A message is displayed above the
wavelorm display area indicating the storage locations of both values.

Nonvolatile Softkey

The nonvolatile softkey lets you select which memory to use. The
selections are nonvolatile memories ml, m2, m3 and m4. When a memory is
turned on, the small circle below the label is highlighted. When the memory
is protected, the small circle has an "x" through it. The waveform memories
are record memories that store up to 32K points in the real-time mode or 500
points in the repetitive mode,

Display Softkey

The display softkey toggles the selected waveform memory display on or

off. When on is selected, the time base delay softkey is displayed that

shows the time base and delay settings when the waveform was stored. You
can use the show menu to see the vertical and trigger settings.




Waveform Save Menu
Waveform Save Menu

Source Softkey

The source softkey selects the source waveform to store in the selected
memory. You can select any channel or function as a source.

Store Softkey

The store softkey is the active softkey in the menu. When pressed, the
memory is erased and new data is stored to the mermory. If the destination
memaory is protected, the message "protect on: cannot store waveform" is
displayed, indicating that the store was not successiul.

Protect Softkey

The protect softkey toggles the selected waveform memory write-protect
te on or off. When on is selected, any attempt to store data is not allowed,
and the message "protect on: cannot store waveform" is displayed, indicating
that the store was not successful.

Timebase/Delay Softkey

The time base delay softkey is displayed when the selected memory is
turned on. It initially displays the time base and delay settings when the
waveform was stored. Pressing the softkey cycles between the time base and
delay values. If the data was saved in the real-time mode, you can use the
¥nob 1o change the values to pan and zoom dispiayed waveforms.
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Waveform Save Menu
Waveform Save Menu

Waveform Save This exercise demonstrates how to store and recall a waveform.
Exercise

1 Press the Recall key. Then, press the Clr key.

Connect a coaxial cable between the rear-panel AC connector and
channel 1.

Disconnect any other signals connected to other inputs.
Press the Autoscale key.

[\

Press the Wiorm save key. Then, select waveform.

Use the nonvolatile softkey to select m3 as the waveform memory.,
Use the source softkey chan 1 as the source.,

Press the store softkey.

The currently displayed waveform is saved in nonvolatile waveform mermory,
ma.

9 Set the display softkey to on to display the contents of memory ms.
10 Use the vertical position knob to move the channel signal vertically
so that you can see the stored waveform.

The waveform from channel 1 overlaps the display of the waveforrm memory.
You can either turn off the display of channel 1 or move the display of
channel 1, so that you can see the stored waveform in m3,

P -1 DG e W
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Waveform Save Menu
Pixel Menu

Figure 9-2

Pixel Menu

The pixel menu selects the pixel memories. These memories are useful when
additive memory capabilities are needed or for storing infinite persistence
data.
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Waveform Save Menu
Pixel Menu

Volatile Softkey

The volatile softkey selects between pixel memories 1 or 2. The pixel
memories are compiete pixel saves of the waveform area (excluding the
graticule and markers) in volatile memory. Data stored to a volatile memory
is lost when the power is cycled.

The entire 2566 by 500 point display area is saved in pixel memory.
Therefore, data is mapped directly onto the display and displayed in
half-bright. Because the pixel memories do not contain any scaling
parameters, there are no measurement capabilities on pixel memories.

Pixel memories are additive. [f new data occurs in the same pixel as old data,
the new data overwrites the old data.

Display Softkey
The display softkey toggles the selected pixel memories on or off.

Clear Memory Softkey
The clear memory softkey purges all data from the selected pixel memory.

Add to Memory Softkey

The add to memory softkey adds the currently displayed screen to the
specified pixel memory.




Waveform Save Menu
Multiple Menu

Figure 9-3

Multiple Menu

You can use the multiple menu to display one of the 665 possible volatile
failure memories. These are the memories where failure data from both the
limit and waveform comparison tests are saved. Failure data stored in
volatile multiple memocries can be viewed, or transferred to nonvolatile
memories ml through m4. The multiple memories store 500 points of
waveform information (no raw data} in each memory. Measurements are not
performed unless the data is first transferred into one of the nonvolatile

memories.
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Waveform Save Menu
Multiple Menu

Nonvolatile Softkey

The nonvolatile softkey selects which of the four nonvolatile memories to
use when transferring multiple memory failure data. The selections are
nonvolatile memories ml, m2Z, m3 and m4. When a memory is turned on
(using the wavelorm menu), the small circle below the label is highlighted.
When the memory is protected, the small circle has an "x" through it.

Saved Source Softkey

The saved sgource sofltkey selects the multiple memory source to view or
to transfer. The source alternatives are any channel or function that has
failure data saved, as selected when configuring the limit or compare tests In
the define measurement menu. When the saved source softkey displays
"None”, no failure data is available {(max saved=0}. The maximum number of
data records saved is also displayed on the bottom portion of the softkey
display.

Failure # Softkey

The failure # (number) softkey selects a specific multiple memory to
view or to transfer. Also, it displays the time and date the selected record
was saved. The scurce is specified using the saved source softkey. The
maximum number records available are displayed at the bottor of the saved
source softkey. When "NO FAILURES is displayed, no failure data is
available,




Waveform Save Menu
Multiple Menu

View Failures Softkey

The view failures softkey toggles the multiple memory display on or off.
If failure data was not saved, the softkey remains off and a message stating
that the multiple memory is empty is displayed.

Store Failure Softkey

The store failure softkey saves the specified multiple memory to the
currently selected nenvolatile memory location. When pressed, the memory
is erased and new data is stored to the memory. If the destination memaory is
protected, the message "protect on: cannot store waveform" indicating that
the store was not successful is displayed. If failure data was not saved, the
status message "no valid data... nothing stored" is displayed.

Protect Softkey

The protect softkey toggles the selected waveform memory write protect
to on or off. When on is selected, any attempt to store data is not allowed,
and the message "protect on: cannot store to mermory” is displayed.

Any data stored to the multiple memories is lost when the power is cycled.




Waveform Save Menu
Mask Menu

Mask Menu

The mask menu allows you to create upper and lower limit masks (or
templates) for the waveform compare test. You can create these terplates
automatically using a sample signal and entering specific tolerance levels, or
generating the template manually on the screen using the cursor.

The mask menu is comprised of the {ollowing three menus: main mask menu,
autornask menu, and mask editor menu.

Figure 34 e




Waveform Save Menu
Main Mask Menu
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Main Mask Menu

This menu is displayed when mask is selecied from the waveform save menu.
The mask main menu allows you to view the reference waveforms, or to
select the automask or mask editor menus.

Reference Wfm Softkey

The reference wfm (waveform) softkey allows you to view the waveform
that was used to automaticaily generate the upper and lower limit masks
during generation of the automask. Refl displays the waveform used to
generate the masks in memory pair ml and mf, and ref2 displays the
waveform used to generate the masks in memory pair m3 and m4. Off clears
the display of the reference waveforms.

Automask Softkey
The automask softkey brings up the automask menu on the display.

Mask Editor Softkey
The magk editor sofikeyv brings up the mask editor menu on the display.
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Waveform Save Menu
Automask Menu
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Automask Menu

The Automask menu contains the seiections used to generate the upper and
lower limit masks at defined tolerances using the data from a selected source.
Masks are generated and stored in waveform memory pairs ml and m2 or m3
and m4.

Automask Softkey

The automask softkey generates the upper and lower limit mask for the
selected source waveform at the specified tolerance. Each mask is stered in
the selected nonvolatile memory pair.

Once an automask is generated, the previous contents of the selected
memory pair are overwritten. Any data previously stored is lost.

Prior to performing an autornask, verify that the data for the selected source
is valid, the source selected is set to on, the destination memories are not
protected, and the horizental and vertical tolerance are specified.

Make sure you set the source---memory, tolerance units, and
horiz-vert softkeys correcily. Otherwise, the mask may not generate, or
it may generate incorrectly.

Copy Scaling Softkey

The copy scaling softkey copies the scaling information from the
selected source to the specified nonvolatile memory pair. Both the source
and the memory pair are selected using the source- - -memory softkey.
You can use the copy scaling feature when you plan to make
measurements on the mask or make comparisons to the mask.




Waveform Save Menu
Automask Menu

Source---Memory Softkey

The source---memory softkey is used to select both the source of the
waveform used during an automask functicn, and the destination memory
pair for the resulting upper and lower limit masks. All channels, functions,
and reference waveforms are available as source selections. Memory pairs
are either ml and m2 or m2 and m4. The upper limit mask is stored in m1 or
m3, and the lower limit mask is stored in m2 or m4.

Tolerance Units Softkey

The tolerance units softkey allows you to select the vertical and
harizontal tolerance units used during an automask function to generate the
upper and lower limit masks. You can specify tolerance as divisions or in
volts and time (seconds). Once desired units are selected, use the
horiz-vert softkey to enter the tolerance.
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Waveform Save Menu
Automask Menu

Horiz-Vert Softkey

The horiz-vert softkey is used to select and enter the horizontal and
vertical tolerance parameters. The horizontal parameter defines the
maximum signal excursion right and left of the selected source. The vertical
parameter defines the maximurm signal excursion above and below the
seiected source.

The maxirmum signal excursion is equal in both directions from the selected
source, except when the source is channel and the display mode is envelope.
In that case, the upper and lower imit masks are generated as follows:

» [f the vertical and horizontal tolerances are set to zero, then the lower limit
mask is the minimurn envelope waveform and the upper limit mask is the
maximum envelope waveform.

s [fvertical and horizontal tolerances are set to any value other than zero,
then the lower limit mask is the minimum envelope waveform with the
specified tolerance applied, and the upper limit mask is the maximum
envelope waveform with the specified tolerance applied.

You can enter the tolerance either in divisions or in volts and seconds,
depending on the current selection of the tolerance units softkey.

When units are divisions, horizontal entries of from 0.000 to 1.000 are
allowed, and vertical entries of from 0.000 to 8.000 are allowed.

When units are volts-time, horizontal entries are limited Lo the current {ime
base setting. Entries from (.00000 to 200.0000 seconds are allowed.
However, if the entered value exceeds the current time base value
(time/division), it is automatically adjusted to the maximum value allowed.
Vertical entries are limited to the currently selected source’s vertical setling.
Entries from 0.00000 to 40.0000 voits are allowed. However, if entered value
exceeds eight times the vertical volts/division value for the source selected, it
1s automatically adjusted to the maxirmum value allowed.

Main Mask Menu Softkey
The main mask softkey returns you to the main mask menu.




Waveform Save Menu
Mask Editor Menu
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Mask Editor Menu

The Mask Editor menu contains the selections used to edit previcusly
generated or stored masks using the automask menu. By using the mask
editor menu, it is also possible to clear any existing masks and create a new
one using the mark and connect-point method.

If the active limit mask (defined by the limit mask softkey) is not displayed,
pressing any softkey in the mask editor menu (except clear mask or main
mask menu) causes the active limit mask to display.

Mark Point Softkey

The mark peint softkey records the current horizontal and vertical field
values. This point is used as the anchor point when connecting or clearing
points from the screen. These values are displayed in the horiz-vert softkey,
and represented on the screen at the junction of the x2/v2 markers. When
the softkey is pressed, the current values are saved, and the x1/yl markers
are rnoved to that point on the screen {(imposed over the x2/y2 markers).

Connect Points Softkey

The connect points softkey replaces the portion of the existing active
lirnit mask from the mark point (junction of x1/y1 markers) to the connect
point (junction of x2/y2 markers) with a straight line.

Clear Points Softkey

The ¢lear points softkey replaces the portion of the existing active limit
mask from the mark point (junction of x1/y1 markers) to the connecting
point (junction of x2/¥2 markers) with a hole.




Waveform Save Menu
Mask Editor Menu

Limit Mask Softkey

The 1imit mask softkey selects the active limit mask for the mask editor
menu functions. Limit masks are stored in pairs, where ml or m3 contains
the upper limit mask and m2 or m4 contains the lower limit mask.

Horiz-Vert Softkey

The horiz~vert softkey changes the horizontal and vertical field values,
and the position of the x2/y2 markers on the screen during mask edits. The
acceptable vertical settings are from 0 (y2 at the bottom of the screen) to 255
(v2 the at top of the screen). The acceptable horizontal settings are from 0
(x2 at the left of the screen) to 500 (x2 at the right of the screen).

When horizontal is selected, the vertical y2 marker is slaved to the horizontal
x2 marker. Asthe x2 marker is changed, the y2 marker follows the dispiayed
active limit mask and updates the data values at each location. If the mask
has a hole present, the ¥2 marker are not changed.

You can move the x1/y1 only when the mark point softkey is pressed.

Clear Mask Softkey

The clear mask softkey replaces the entire active limit mask with holes
(blanks the screen).

Main Mask Menu Softkey
The main mask softkey returns you to the main mask menu.




Mask Exercise
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Waveform Save Menu
Mask Editor Menu

This exercise dernonstrates how to generate upper and lower masks using a
reference waveflorm at a tolerance of + one-half a horizontal and vertical
division.

Press the Recall key. Then, press the Clr key.

Connect a coaxial cable between the rear-panel AC connector and
channel 1.

Disconnect any other signals connected to other inputs.
Press the Autoscale key.

Press the Display key. Then, set connect dots to on.
Press the Wform save key. Then, select mask.

Press the automagk menu softkey.

Use the source---memory softkey to set the source to chan 1 and
memory to mi/m2.

Use the tolerance units softkey to select div.

Use the horiz-vert softkey to select horiz. Then, use the entry
knob or keypad to set the horizontal tolerance to 0.500.

Use the horiz-vert softkey to select vert. Then, use the eniry
knob or keypad to set the vertical tolerance to 0.500.

Press the automask softkey.

You may notice that the message "upper stored in mem 1, lower stored in
mem 2" is displayed.
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Math/FFT Menu

The Math/FFT menu allows you to perform waveform math functions and
FIPT functions. You can define one of four math functions, and the operands
for the functions can be any channel or one of four waveform memories.

A function is generated by mathematically manipulating one or two operands
inte a new waveform called a function. You can generate a new waveform
with one of the following nine operations:

+ (add)

— (subtract)

X (multiply)

vs (versus)
magnify

inv (invert)

int (integrate)
diff (differentiate)
FFT

The vertical display and offset are adjusted to place the function for best
viewing.
When the function is calculated, it can be used in the following ways:

Displayed on the screen

Evaluated with the measurement features
Stored in memory

Transferred over HP-IB

Functions are transferred over the HP-IB by storing the function to a
memory. Then, the contents of the memory are transferred over HP-[B.
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See also

Figure 10-1

Math/FFT Menu

When vou press the Math/FF'T key on the front panel, the waveform math
menu is displayed on the right-hand portion of the screen. The Math and
FFT softkey menu and menu map are shown below. When you select FFT as
the math operator, additional keys are available which allow you to define the
FI'T function. The FFT menu and menu map are described later in this

chapter.

"FFT Softkeys” later in this chapter for information on the FFT functions.
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Math/FFT Menu
Defining a Function

Defining a Function

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

Function Softkey
The function softkey selects one of the four functions.

Display Softkey

The display softkey turns the selected function on or off. The display of
the functions depends on the display mode in the display menu. When the
number of screens is set to 1, the functions are displayed in one screen.
When the number of screens is set to 2, functions 1 and 2 are displayed in the
top screen and functions 3 and 4 are displayed in the lower screen. When the
number of screens is set to 4, each functions is displayed in its own area,
starting with function 1 on the top.

Chan/Mem Softkey

A math operand is defined by the chan/mem softkey. The math operators +,
—, %, and vs use two operands, while the math operators magnify, inv, int, diff,
and FFT, use one operand. The chan/mem softkey defines the [first operand
of the mathematical operation, or the waveform to be manipulated. If two
aperands are required, a second chan/mem softkey is displayed that allows
you to define the second operand. You can define the operand to be any
channei or waveform memory (if there is a waveform stered in that memory).

Operator Softkey

The operator softkey selecis any of the nine functiens. Continue pressing
the selection softkey until the operation desired is highlighted.

Because math operators are post-processing techniques, functions are
calculated after the data is acquired.
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Math/FFT Menu
Defining a Function

+ (add) The voltages of the two selected operands are added together
in a point-by-point manner.

— (subtract) The voltage of the second operand is subtracted from the
first aperand in a poini-by-point manner.

x (multiply) The voltages of the two selected operands are multiplied
together in a point-by-point manner.

Vs {versus) The voltage of the first operand is used to determine the
displayed point’s vertical position, and the voltage of the second cperand
is used to determine the displayed point’s horizontal position.

Because the versus functions does not create a single valued waveform, you
cannot store a versus function in a waveform memory or make measurements
on the resultant waveform. However, you can store it in a pixel memory, and
you can place markers on the versus function. The voltage range of the first
operand is used to determine the horizontal range.

Magnify The voltage of the operand is scaled and positioned in a
point-by-point manner.

Inv (inverse) The voltage of the operand is inverted in a point-by-point
manner.

Int (integrate)} The voltage of the operand is intergrated in a
paint-by-point manner. If a data point is not encountered in the operand,
integration uses the next valid data point. Only the available data is
integrated. Default scaling is determined by the original operand.
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Math/FFT Menu
Defining a Function

Diff (differentiate) The voltage of the operand is differentiated in a
point-by-point manner. If a data point is not encountered in the operand,
differentiation uses the next valid data point. Only the available data is
differentiated

Default scaling is determined by the original operand. The differentiation
function, by nature, amplifies noise effects. Therefore, use differentiation on
signals with high signal-to-noise ratios.

FFT (fast Fourier transform) When FFT is selected, a fast Fourier
transform of the specified channel or memory is displayed. Selecting this
mode adds FFT specific controls to the math menu. When the FFT
function is selected, the readout for the horizontal axis changes from
tirne to Hertz and the vertical readout changes from volts to dBm.

Chan/Mem Softkey

The chan /mem softkey selects the second operand for use by the selected
operator. You can choose any displayed channel or waveform memory. This
softkey is not available for the magnify, inv, int, diff, or FFT operators.

Sensitivity Softkey

The sensitivity softkey scales the function on the screen. Sensitivity
does not affect the hardware settings in the scope. Sensitivity is adjusted
with the knob or keypad.

Offset Softkey

The of £set softkey moves the function vertically on the screen. Offset is
adjusted with the knob or keypad. Also, offset is the value at the center of
the graticule area.
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Subtracting
Waveforms Exercise

Figure 10-2

Math/FFT Menu
Defining a Function

In this exercise you subtract two waveforms in the Math menu.

1 Press the Recall key. Then, press the Clr key.
2 Connect a power splitter or BNC Tee to channel 1. Connect a coaxial

cable between the rear-panel AC cal connector and one side of the
BNC Tee. Then, connect a one-meter coaxial cable between the
other side of the BNC Tee and channel 2.

A power splitter provides better signal fidelity than a BNC Tee. The
extra cable length between channels provides a time delay between
the signals on the oscilloscope. The propagation of a 1-meter coaxial
cable is about 6 to 7 ns. This delay is used to demonstrate the math
function.

3 Press the Vertical 1 key. Then, set the channel 1 and channel 2 input

coupling to 60 Q2 dc.

4 Press the Autoscale key.
5 Use the time/div knob to change the time base to 6 ns/div. Then, use

the delay knob to position the waveforms on the screen.

6 Press the Horizontal Setup key. Then, select the repetitive mode.
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Figure 10-3

Math/FFT Menu
Defining a Function

# of avgtoB.

7 Press the Display key. Select the avg (average) mode. Then, set the

8 Pressthe Vertical 1 key. Then, turn off channel 1 and channel 2.

9 Pressthe Math/FFT key. Then, select function f1, display on, channel
1 subtract channel 2.

The function subtracts channel 2 from channel 1. The propagation delay
between channels results in a 6- to 7-ns spike.
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Math/FFT Menu
FFT Softiceys

Figure 10-4
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FFT Softkeys

When you select FFT as the math operator, additional control keys are
available to define the FFT function. The FFT menu and menu: map are
shown below.
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Math/FFT Menu
FFT Softkeys

Peak Search Softkey

You can use the peak search softkey to measure the amplitude and
frequency of peaks on the display generated by the FFT function. To qualify
as a peak, the amplitude of the peak rust be at least one display division,
(haif a division in the splitscreen mode), and the peak must also be greater
than the search level specified.

The peak search softkey also turns on the markers, The markers are set to
the selected peaks in the peak search field. Markers x1 and y1 are set on the
first peak specified, and markers x2 and y2 are set on the second peak
specified. You can select peak numbers from 1 to 99,

To remove the markers from the display.

Pressthe shift key. Then, pressthe Clr meas key.

A peak search for both peaks is performed every time the peak search
softkey is pressed. If a peak is not found, a message is displayed, the vertical
marker is set to the right side of the waveform area, and the horizontal
marker is set to the bottom of the waveform area.

For maximum frequency accuracy when using peak search, turn on the FFT
horizontal magnify function, and use both the center fregand # of
points softkeys to isolate the peak of interest.

Search Level Softkey

The search level softkey sets the minimum search level for the peak
search.
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Math/FFT Menu
FFT Softkeys

More Softkey

The more softkey selects the second level of the math menu when the FF'T
function is selected.

Horiz Magnify Softkey

The horizontal magnify softkey aliows expansion of the frequency
record. Use the magnify off mode for viewing the entire FFT spectrum.
Use the magnify on mode for looking at two frequencies that are close
together and for making maximum accuracy measurements. When on is
selected, the center £req softkey is available for centering on the desired
frequency. The center freq softkey uses software expansion to center
the frequency record to the desired frequency.

The number of points displayed on the screen for FFT functions is always
500. When magnify is off, a compression algorithm is used to compress all of
the FI'T points into 500 points. The algorithm accurately displays peaks and
most noise. However, low points in the noise are occasionally missed. When
magnify is on, the actual FFT points are displayed, 500 points at a time.

Freq Span Softkey

The frequency span softkey controls the span, the maximum frequency,
of the FFT record when the horizontal magnify softkey is set to off
Changing the span of the FF'T record with a channel source causes the time
base setting to change. The span is the sample frequency divided by two.
Because the sample frequency for memories is fixed, once a record is stored,
the span is also fixed and cannot be changed.

The keypad does not have keys for entering MHz or kHz. But, the keypad does

have a key for enter exponents, Eex. For example, to set the span frequency to
125 kHz, press the following keys: 1, 2, 5, Eex, 3, Enter.
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Math/FFT Menu
FFT Softkeys

Center Freq Softkey

The center frequency softkey allows centering of the frequency record
to the desired frequency when horizontal magnify is set to on.

# of Points Softkey

The # of points softkey assigns the number of data points 1o be used for
the FFT computation. The number of points affects the computation speed,
frequency resolution, and the noise floor. The frequency resolution of an
FFT is Fs/N, where Fs is the sampling frequency and N is the number of
points. The maximum signal-to-noise ratio of an FFT is related to both the
A/D converter bits of resolution and the number of points.

An FFT performed on a small number of points is computed faster. But, an
FFT performed on a large nurnber of points has better frequency resolution
and a lower noise floor. The resclution affects how accurately frequencies
are measured and how well two frequencies that are close together are
resolved.

If the oscilloscope is in the repetitive mode, or the operand is a memory that
was stored from the repetitive mode, the number of points defaults to 512
and cannot be changed.

When the operand is a repetitive source, onscreen data is used for the FFT.
When the operand is a real-time source, the FFT is performed on data in the
selected record length, but not necessarily on the data that is displayed on
the screen. The points used from the record are selected based on the time
base reference setting of left, center, or right. When the reference is set to
left, data at the beginning of the record is used. When center is selected,
data in the middle of the record is used, When right is selected, data at the
end of the record is used.
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Math/FFT Menu
FFT Softkeys

The memory bar above the graticule indicates what portion of the acquisition
record is used for the FFT time record. The memory bar shows the FFT
record whenever a FFT menu is selected.

An FFT with an input record of N points is transformed into a frequency
record of N points. Because half of the points are above the Nyquist
frequency and provide redundant information, they are not used, so the
frequency points are half that of the input. The FFTs are computed on
records that are in powers of two,

If the number of FFT points is 512, 256 additional frequency points are
created by interpolating between the actual points to give 512 frequency
points. The number of FFT points and the resultant frequency points is
listed below.

Input points Frequency points
512 [repetitive) 512

512 {reat time) 512

1024 512

2048 1024

4096 2048

8192 4036

16384 8192

32768 16384
Sensitivity Softkey

The sensitivity softkey scales the function vertically by using software
expansion. It does not affect the hardware settings. The scaling units are in
dB per division. For example, if the scale is set to 10 dB/div, and a peak is
two divisions high, you know that the amplitude of the frequency peak is

20 dB. This setting is for ease of viewing and making measurements on the
function.
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Math/FFT Menu
FFT Softkeys

Offset Softkey

The of £set saftkey positions the function vertically on the screen. Offset is
the value at the center of the graticule area. If you adjust the offset so that a
peak is at the vertical center of the graticule area, then you know that the
peak magnitude is the offset value. For example, if the peak of the gpike iz at
the vertical centger of the graticule area, and the offset reading is ~16.2 dBm,
then you know that the peak magnitude is —16.2 dBim.

Window Softkey

The window softkey allows you to select from three windows: rectangular,
Hanning, and flattop. The FFT operation assumes that the time record
repeats indefinitely. Unless there is an integral number of cycles of the
sampled waveform in the record, a discontinuity is created at the end of the
record. Thisis referred to as leakage. In order to minimize spectral leakage,
windows that approach zero smoothly at the beginning and end of the signal
are employed as filters to the acquired data record.

Windows work by weighting points in the middle of the waveform record
higher than those at the ends of the record. For example, a Hanning window
locks like the first half of a sine wave. The Hanning window multiplies the
points in the center of the record by 1 and multiplies the points at the start
and the end of the record by zero.

The rectangular window multiplies all the points in the record by 1. The
rectangular window is used for {ransients signals and signals where there are
an integral number of cycles in the time record. The Hanning window is used
for frequency resolution and general purpose use. It is good for resolving two
frequencies that are close together or for making frequency measurements.
The flattop window is the best window for making accurate amplitude
measurements of frequency peaks.

More Softkey
The more softkey returns to the previous Math/FFT softkey menu.
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Math/FFT Menu
Vertical Scaling Units

Vertical Scaling Units

The fundamental measuring units of an oscilloscope are volts/division on the
vertical axis and time/division on the horizontal axis. This philosophy 1s used
for all the function operations except for FFTs. No provisions were made to
manage units for all combinations of operands and operations.

For example, if you applied a +2 V level to channel 1 and a -3 V level to

channel 2. The oscilloscope displays the product as -6 V, when in reality it is
6V,

Making FFT Measurements

The following information will help vou to make optimum measurements in
the frequency spectrum.

Connect the Dots

It is easier to view FETs with connect the dots turned on. You can turn
connect the dots on in the Display menu.

Amplitunde Measurements
For best vertical accuracy on peak measurements:

® Make sure the source impedance and probe attenuation is set correctly. If
the operand is a channel, the impedance and probe attenuation are set in
the channel menu.

e Set the source sensitivity so that the Input signal is near full screen, but
not clipped.

¢ Use the flattop window.

e Set the FFT sensitivity to a sensitive range, like 2 dB/division, in the
single-screen mode or 4 dB/division in the dual-screen mode.
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Math/FFT Menu
Making FFT Measurements

Frequency Measurements
For best frequency accuracy on peaks:

¢ Turn on magnify.
¢ [ise the Hanning window.

e Set the frequency span so that the signal of interest is in the upper part of
the screen (not down at dc).

® Set both the record length and the number of points to 32,768, or as high
as possible if computation time is a consideration. (The greater the record
length, the longer the computation time.)

The frequency accuracy is the sum of two terms. The first term is supplied

because there are a limited number of frequency bins. The measurement is

accurate to plus or minus half a bin. The second term is related o the

accuracy of the internal oscillator which generates the sample clock.

Sfrequency vesolution
2

. sample frequency
7| Z2x number of potnts

accuracy ==L + (sigmal frequerncyx().006%)

J + (signal frequencyx(.006%)

.. 4 [ Srequency span
| mumber of poinis

] + (signal frequernciyx(.005%)
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Math/FFT Menu
Making FFT Measurements

Computation of dBm
The vertical units of the FFT functions are dBm. () dBm is defined as a 1
rilliwatt signal. The formula for converting a signal of power I” into dBm is:
PinmW

ImW

A handier formula, and the one that is used in the instrument is for
calculating dBm from the peak voltage.

dBm = 10log

Vp in volis

0.316228V

The bottom term, 0.316228 Volts, is the peak voltage of a 1 milliwatt signal
into a 50 Q resistor.

Vims VPR
Vp

T 0.707107 ~ 0.707107

NTmWx500
= 0707107

=(1.316228 Volts
If you are measuring the power of a signai, then terminate the source into
50 £ in order to get the correct dBm reading. However, if you are measuring

a voltage, the 50-Q source impedance is not a requirement. The ahove
equation for dBm as a function of peak voltage still applies.

dBm = 20og
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Math/FFT Menu
Making FFT Measurements

Computation of dBV

Another common unit of amplitude is dBV. A 0 dBV signal is defined as a 1
Volt rms signal. A dBm reading is converted to a dBV reading by subtracting
13.01 dB.

dBV = 2010g(0.707107 x Vy in volts)

_ Vo -
= 2010g(0.316228 + 20log(0.707107 x 0.316228)

=dBm value — 13.01 dB

de Value

The FFT computation produces & dc value that is incorrect. It does not take
the offset at center screen into account and is 1.41421 times greater than its
actual value, The dc value is not corrected in order to accurately

represent frequency components near de,

Aliasing

When using FF'Ts, make sure you avoid signal aliasing. Aliasing oceurs when
there are insufficient samples on each cycle of the inpul signal to recognize
the signal. It occurs whenever the frequency of the input signal is greater
than the Nyquist frequency (sample frequency divided by 2).

When a signal is aliased, it shows up in the FFT spectrum as a signal of a
lower frequency. Because the frequency span goes from 0 to the Nyquist
frequency, the best way Lo prevent aliasing is to make sure that the
frequency span is greater than the frequencies present in the input signal.
Keep in mind that most periodic signals that are not sine waves have
frequency components that are much higher than the frequency of the signal.
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Math/FFT Menu
Displaying Functions

Presetting FFT Parameters

The FFT vertical parameters, magnify and center frequency are preset
whenever the operand or operator is changed.

Displaying Functions

In the single screen mode and with a function tuned on, the mathematical
results and the operands are displayed using the full display area.

In the 2-screen mode, functions 1 and 2 are displayed in the top half of the
screen, and functions 3 and 4 are displayed in the bottom half. In the
4-screen mode, each function is in its own area starting with function 1 at the
top of the waveform viewing area.
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FFT Exercise

Figure 10-5

Math/FFT Menu
Displaying Functions

In this exercise you have the oscilloscope calculate the FFT function on a
square wave connected to channel 1. Then, you demonstrate the effect of
the three different FF'T windows, and you measure the magnitude of several

FFT peaks.

1 Press the Recall key. Then, press the Clr key.

2 Connect a coaxial cable between the rear-panel AC cal connector and

channel 1.
3 Press the Autoscale key.

4 Use the time/div knob to change the time base to 1 ms/div.
5 Press the Horizontal Setup key. Select the real-time mode. Then,

set the record length to 1024

forunring

1~ reference
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Figure 10-6

Math/FFT Menu

Displaying Functions

6 Press the Display key. Then, select the frame display mode and turn
on connect the dots.

7 Press the Fine key. Then, adjust the volts/div knob and the position
knob so that the signal almost fills the screen vertically without
clipping the signal.
The oscilloscope cannot compute a correct FFT from a clipped signal, and
errors from noise can oceur if the signal is too small.
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Figure 10-7

10
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Math/FFT Menu

Displaying Functions

Press the Vertical 1 key. Then, turn off channel 1.

Press the Math/FFT key. Then, select function f1, set the display to
on, select channel 1, and set the operator to FFT.
Press the more FFT controls softkey. Setthe # of pointsto
1024. Then, set the window t0 rectangular.
Press the more softkey.

You can use the oscilloscope to make automatic peak measurements in the
Math/FFT menu.

Using the peak search softkey and the entry devices, set marker 1
and marker 2 to the first peak.
When FFT is the selected operator, the time base settings beneath the
waveform viewing area change from time values to frequency values, like Hz
or kHz. Also, when the peak search softkey is pressed, the marker source
is slaved to the FFT function. This feature saves you time because you do
not have to access the marker menu to set the markers to the FFT function.
Because both markers are on the same peak, they have the same marker

reading.
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Figure 10-8

12

13

Math/FFT Menu
Displaying Functions

Set the search level to —15 dBm,

The search level sets a threshold for peak detection. All peaks below the
search level are ignored during peak search. The first peak from the left side
of the display that is above the search level is considered by the oscilloscope
as peak number one.

Select the peak search softkey. Then, use the entry knob to slowly
move marker 2 to peak number 6.

You may notice that as you select each peak, marker 2 snaps to the next peak
above the search level, Depending on the setup of your oscillescope and the
signal you are using, somewhere around peak number 4 the search level will
be above the peak. When the oscilloscope cannot find any additional peaks,
the message "marker 2 peak not found" is displayed, and marker 2 snaps to
the right edge of the display.
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Math/FFT Menu
Displaying Functions

To display both charnel 1 and the function.

Select 2 screens in the display menu. Then, set the FFT to function 3 or function
4,

See also “Displaying Functions” in this chapter for information on where the
oscilloscope places channels, functions, and memories on the display.
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Utility Menu

The utility menu accesses the calibration and service functions, as
well as sets up the HP-II3 interface. The menus include self-test,
calibration, service, system, a listing of the current firmware revision
date, and access to the product-update registration form.

Also, this menu controls all of the service functions that mainfain the
reliable performance of the oscilloscope.

The utility menu actually consists of several other menus that you
access through the utility menu.

¢ HP-IB menu

e Self-test menu

¢ Probe cal menu

e Self-cal menu

& Service menu

e System menu

e Software Revisions

The menu map for each of these menus is included with the topic that
covers that menu.
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Figure 11-2

Utility Menu
HP-IB/RS-232 Menu

Handshake You can use handshake (o select either a hardware or
software handshake, Data Terminal Ready (IDTR) is a hardware
handshake. A three-wire interface using DTR does not allow the sending
or receiving device to control data flow. No control over the data flow
increases the possibility of missing data or transferring incomplete data.
With an extended hardwire interface, selecting DTR allows a hardware
handshake to occur that uses hardware signals to control data [low,

XON is a software handshake that uses Transmit On (XON) and Transmit Off
{XOFF). A software handshake allows the receiving device to control the
data flow by requesting that the transmitting device temporarily stop sending
data until the receiving device is ready to receive additional data. XOFF
stops data transfer while XON resumes data transfer.

RS232 Connectar Pin Dut

Pin Number  Signal

1 Data Terminal Ready
2 Transmit

3 Receive

4 Request to Send

5 Clear to Send

6 Data Set Ready

7 Ground

8 Data Carrier Detected
9 Ring

Shell Protective Ground

ALIEDS

Pin out of R$-232 port looking into the connector




Figure 11-3

Figure 11-4

Figure 11-5

Utility Menu

HP-1B/RS-232 Menu
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Utility Menu
HP-1B/RS-232 Menu

Centronics

The CENT talk selection is for printing to Centronics compatible printers
that the use the Hewlett-Packard Printer Control Language (HP PCL). [f
your HP 54540 or HP 54520 series oscilloscope does not have a Centronics
connector installed on the rear panel, the message io error, no
parallel interface isdisplayed on the screen when vou select CENT
talk. Contact your nearest Hewlett-Packard sales office for inforration on
obtaining an upgrade to your oscilloscope that allows printing to Centronics
compatible printers.

Time Out Softkey

The time out softkey is available when talk only mode is selected. The
time out softkey sets the amount of time that the oscilloscope attempts to
talk Lo an external device. If the oscilloscope does not hear back from the
external device within the time frame set by the time out softkey, the
scope assumes there is a problem with the external device and stops trving to
communicate with the external device, The time out range is from @ to 3600
seconds.

If you set the time out to 0, the oscilloscope will time out before it even starts
the plot. A normal setting for time out is b to 10 seconds. However, on some
plotters, it may be necessary to increase the time out value in order for the
plotter to have enough time to communicate back to the scope.

Address Softkey

The address softkey is available when the HP-IB address mode is selected.
The address softkey sets the address of the osecilloscope, so that the
oscilloscope can selectively talk or listen to external devices. The address of
the oscilloscope is set while the oscilloscope is in the addressed mode. The
address range is from 0 to 30.




See alse

Utility Menu
HP-1B/RS-232 Menu

Form Feed Softkey

The form feed soltkey allows you to select on or off. If form feedis set
to on, the printer performs a form feed at the end of the hardcopy. If

form feed is off, the page is scrolied up four lines when the hardcopy is
complete.

Paper Length Softkey

The paper length softkey selecis between 11-inch or 12-inch page
lengths for auto form feed. The 11-inch page is a 11.5. standard and the
12-inch page is a U.K. and Eurcopean standard.

Device Mode Softkey

The device mode softkey selects whether the hardcopy goes to a printer or
plotter. Plotters must speak the Hewlett-Packard Graphies Language

(TIP GL), and printers must speak Hewlett-Packard Printer Control Language
(HP PCL). When plot is selected, three additional softkeys are availabie:
initialize, plot, and pen.

Initialize When off, the plotter is not initialized. Off allows you to
setup the plotter so that the hardcopy from the oscifloscope is plotted to
a specific area of the paper installed in the plotter. When on, the plotter
is initialized. On is like sending the TN command over the bus to the
pliotter.

The marmal for your plotter for information on setting up the plotter, and for
information on what the IN command initializes on the plotter.
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Utility Menu
HP-IB/RS-232 Menu

Plot The plot softkey allows you to choose what information the
oscilloscope sends to the plotter. There are five plot options: graticule,

display, factors, labeled, and all.

e Graticule plots only the graticules without waveforms or setup informatior.

e Display plots only the waveform data without the graticule or setup

information.

e Factors plots only the setup of the oscilloscope without graticules or

waveform data.

e Labeled plots the graticules, waveform data, and setup factors. Also, the
platted image is reduced and a label is placed on the right side of the
paper for each channel that is turned on. Then, a line is drawn from each
label to its corresponding waveform.

o All plots the graticules, waveform data, and factors without labels.

Pen The pen softkey allows you to assign a pen color to nineteen of the
display parameters. You can assign any pen number from 1 to 8 to each
parameter for assorted plotter pen colors. You can select the following

parameters:

channeis 1to 4% x1 marker
waveform memories 1to 4 x2 marker
pixel memaries 1and 2 y1 marker
functions 1to 4 y2 marker

graticule
trigger

time base
measurements
titles

* Channels 3 and 4 are available on 4-channe! models only.

Exit Menu Softkey

The exit menu softkey returns you to the utility menu.




Utility Menu
Self-Test Menu

Self-Test Menu

The self-test menu is for performing service work on the oscilloscope, Refer
to the Service Guide supplied with the oscilloscope for details on the features
in this menu,

Probe Cal Menu

The probe cal menu allows you to calibrate the attenuation factor for
high-impedance probes, and to compensate for variations in probe lengths.
You can select from two probe calibration procedures: attenuation and time

null.
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Utility Menu
Attenuation Menu
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Attenuation Menu

The attenuation menu calibrates the channel gain to the tip of the probe on
high impedance probes. The oscilloscope calibrates to correct for channel
gain through probe attenuation down to a 0.9 attenuation factor.

Below (1.9 the message "attenuation less than 1, see manual for action” is
displayed. The corrective action is to perform a self-calibration on the
oscilloscope.

If the probe is not connected to the DC cal output connector on the rear
panel, the probe compensation connector on the front panel, or the probe
attenuation exceeds 250, the error message "attenuation too high or bad
connection” is displayed. The corrective action is to check the connections
and redo the probe calibration. If recalibration is unsuccessful, refer to the
Service Guide,

If the probe attenuation calibration is successful, the displayed message
“probe attenuation = n.nnnnn this value has been entered inte your channel
probe setting" is displayed.

Probe Attenuation Calibration Error
Impedance Approxirmate error

100 k€ 0.5%

1 M 0.05%

10 MQ 0.006%

Channel Softkey
The channel softkey selects which channel to calibrate.

Start Cal Softkey
The start cal softkey displays the instructons for the probe calibration.

Continue Softkey
The continue softkey actually begins the calibration process.
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Utility Menu
Attenuation Menu

Channel Impedance Softkey

The channel impedance sofikey key allows you to select the impedance
of the probe connected to the channel input. Use the 50-2 selection for
active probes that have a high input inpedance, and use the 1MQ selection
for BNC cables.

Abort Softkey

The abort softkey is the only active key during the calibration process. The
calibration process is terminated and the previous calibraticn factors are left
intact when the abort softkey is pressed.

Max Test Voltage Softkey

The max test voltage softkey allows you to set a maximum voltage for
the calibration signal. The maximurmn voltage is the dec voltage output of the
rear panel DU cal output connector, or front-panel probe compensation
connector. To prevent damage to the probe connecied to the channel input,
select a maximum voltage for the probe you are using. Normally, a maximum
voltage of 6 volts is acceptable for most probes. However, some probes, like
the HP 1141A, require a lower maximum voltage.
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Utifity Menu
Time Null Menu
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Time Null Menu

The time null menu sets the timing of all channels to correspond to channel 1
at the probe tip. This eliminates time discrepancies between channels
caused by variations in cable lengths. Also, you can use time null to manuaily
adjust for any differences in cable length by horizontally overlaying displayed
waveformns that are time-skewed.

Channel Softkey

The channel soitkey selects which channel to skew as referenced to
channel 1.

Time Softkey

This is an unlabelled softkey. The time softkey shows the time null setting
between the selecled channels. You can use the entry knob or keypad to
change the time nuli setting. The range of time null is £ 70 ns.

Exit Menu Softkey
The exit menu softkey returns vou to the utility menu.
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Self-Cal Menu

Self-Cal Menu

The self-cal menu is typically used for performing service work on the
oscilloscope. Refer to the Service Guide supplied with the oscilloscope for
details on the features in this menu.

Service Menu

The service menu is for performing service work on the oscilloscope. Refer
to the Service Guide supplied with the oscilloscope for details on the features
in this menu.
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System Menu

Figure 11-6

System Menu
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System Menu

Date Softkey

The date menu softkey allows you to change the date. The date is used to
time- and date-stamp hardcopy files and files stored to the disk. Also, the
date-time stamp is used on files stored to multiple memory on failures in the
measure limit and waveform compare tests. When you press the date

menu softkey, additional softkeys are displayed that aliow you to set the year,
month, and day.

Time Softkey

The time menu softkey allows yvou to change the time. The time is used to
time- and date-stamp hardcopy files and files stored to the disk. Also, the
date-time stamp is used on files stored to multiple memory on failures in the
measure limit and waveform compare tests. When you press the time
menu softkey, additional softkeys are brought up on the display that allow
you to set the hour, minute, and second.
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System Menu

System Util Softkey

The system util softkey brings up another menu that has four additional
softkeys.

Clicker Softkey The ¢licker softkey turns on and off the clicker.
When the clicker is turned on, an audible click is heard each time a key is
pressed.

Ground Markers Softkey The gnd markers softkey turns on and off
the ground markers that are displayed on the screen. When turned or,
there is a ground marker on the left side of the display for each channel
that is turned on, and the channel number is displayed above the ground
marker. The ground markers give you a visual indication of where the
ground reference point is for each channel that is turned on. If the
ground reference for a channel is positioned vertically off the screen, the
ground marker turns into an arrow that points in the direction of the
ground reference. Ground markers are printed with hardcopy prints.

Channel Labels Softkey The chan labels softkey turns on and off
the channel markers that are displayed on the screen. When turned on,
there is a channel marker on the right side of the display for each
channel that is turned on. The channel markers help you keep track of
source channel for each displayed waveform. Because channel labels are
printed with hardcopy prints, they make it easier to identify waveforms
after printing.

Channel Factors Softkey The chan factors softkey turns on and
off the display of the channel factors. When on, the volts/div and offset
for each channel that is turned on is displayed on the screen. II
measurements are turned off, the channel factors are displayed below
the graticule area. If measurements are turned on, the channel factors
are displayed near the bottom of the graticule area. With the chan
factors softkey turned on or off, you can also press the Show
front-panel key to see the complete setup of any channels that are turned
on. Channel factors are printed with hardcopy prints.
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AC BNC Softkey

The AC BNC softkey selects between a probe compensation signal and the
system Lrigger. When probe comp is selected, the probe corp signal is an
ogutput at the rear-panel BNC connector and at the front-panel prebe
compensation terminals. When trigger out is selected, the frigger signal is an
oulput at the rear-panel BNC connector and at the front-panel probe
compensation terminals. The default signal is the probe compensation signal
which is a square wave of about 500 Hz.

Both the probe comp signal and the trigger out signal are about 0V to

—800 mV into a high impedance, and about 0 V to —400 mV into 50 Q. You
can vary the frequency of the probe comp signal from 250 mHz to about

32 kHz. The signal at the rear-panel AC BNC connector has a rise of time of
about 400 ps, while the signal at the front-panel probe compensation
connector has a rise time of about 1 ys.
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Registration form (Print) Softkey

The registration form (print) softkeyallows you to print out a
registration form to an externally connected printer.

You can complete the form and fax or mail it to Hewlett-Packard to ensure
that Hewlett-Packard can contact you when either software updates or new
product information becomes available. Anyone responsible for the
maintenance of the oscilloscope and anyone who is using the oscilloscope can
register. You can fill out the form even if you are not the original purchaser.
You can also use this form to notify Hewlett-Packard of an address change.

You can print out a copy of the registration by simply connecting a printer to
the oscilloscope, then pressing the registration form softkey. If a printer is
not available, make a copy of the form that is at the end of this chapter.

Interpolation Softkey

When in the real-time sampling mode with the sample clock set to aute and
on time ranges faster than 20 ns/div, data is normally routed through an
interpolation filter that calculates and adds additional data points. These
additional data points fill in the time buckets between the acquired data
points. You can set the interpolation softkey to off to hypass the
interpoiation filter and to view the actual nonfiltered {raw) data points for ail
active channels (running or stopped). Active memories with real-time data
displayed at faster than 20 ns are also displayed as dots. Turning
interpolation to off also turns off any active measurements, and any attempt
to perform measurements is not allowed. Either select on or exit the system
menu to turn on the filter again.

You can also use the sequential capture mode in the time base menu te view
the raw data points. You can measure, store, and transfer over the bus the
raw data points acquired in the sequential capture mode.

Exit Menu Softkey
The exit menu softkey returns you to the utility menu.
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Software Revisions

The software revisions softkey lists the installed date code and
revision number of the Boot ROM firmware, Boot ROM scftware, System
software, and Keyboard firmware.
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HP 54540-Series Oscilloscope
Registration Form

Complete this form and FAX or MAIL it to Hewlett-Packard to ensure that HP can contact you when
either firmware upgrades or new product information becomes available. Anyone responsible for the
maintenance of this product and anyone who is using the product can return this form. Feel free to

return the form even if you are not the original purchaser. You can also use this form to inform

Hewlett-Packard of an address change.

Provide as much information as possible so Hewlett-Packard can contact you.

Your Narme Job Title

Company Name Division
Telephone Area/Country Code Phone Number
Street Address Fax Number

Mail Stop Department

City Prov/State
Postal/Zip Code Country
Date

How would you prefer to be contacted? Mail FAX Phone
By Mail:

Hewlett-Packard Company

Colorado Springs Division

Product Update Registration Manager

Mail Stop C112H

P.O. Box 2197, Colorado Springs, Colorado, 80901-2197 USA

By Fax: (719) 590-3505
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Optional Information

What are you making measurements on’?

Computers . Disk Drives
_ . TapeDrives e ICs

Lasers _ Fiver Optics
_ Instrumentation _ Video

Datacomm _ Telecomm

Microprocessors (# ) RF/Microwave Communications
______ High-Energy Research TV

Other (Please describe)

What is the primary application for this product?

General Troubleshooting __ Computer Aided Test (CAT)

Digital Design and Debug __ Data Aquisition

Analog Design Verification — GofNo Go Measurement Limit Testing
Device Characterization/Test _ . Go/No Go Waveform Compare Testing
Transient Waveform Capture o Other (Please describe)

Any additional comments about this product?
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Disk Menu

The oscilloscope has a high-density, 3-1/2 inch, 1.44 MByte, MS-DOS®
compatible disk drive. You can perform several operations with the
disk menu.

Save and waveforms and front-panel setups to a disk
Recall waveforms and front-panel setups from a disk

Save screen images to a disk in TIFF, PCX or EPS formats
Delete files from a disk

Format a disk

Load new system firmware

Load applications

The instructions for loading applications are supplied with the
decumentation for that application.

Te load new system firmware
1 Place the disk containing the system firmware into the disk drive.

2 Press and hold any front-panel key while cycling the power.
This is referred to as performing a one-key-down powerup.

3 Press the blue shift key on the keypad to install new system firmware.
Otherwise, press any other front-panel key to continue with a normal
power up.

If a disk is not in the disk drive or if the wrang disk is in the disk drive, the screen
prompts you that it cannot find the system files. Simply install the system
firmware disk, then press the shift key again to continue. If you do notwant to
continue loading new system firmware, simply cycle the scope’s power again.

12-2



Disk Menu

|
To access the disk menu.

s Press the blue shift key on the keypad, then press the Wform save key.

The disk menu is a shifted function above the Wform {waveform} save key.

When you access the disk menu, you can choose from five disk
operations: load scope, store scope, store image, delete, and format. If
there is a disk in the drive, you will also see a directory listing
displayed on the screen of all the files on the disk. The directory
listing includes the file name, date, time, and size of each file on the
disk. If there is no disk in the drive, only the disk menu is displayed.

If the type of file is not recognized by the oscilloscope, the type fleld is
left blank. Also, the oscilloscope lists only those files that are in the
root directory of the disk. All other directories on the disk are listed
like files, except that a file exXtension is not appended to the filename
and the file size is listed as 0 bytes. Any files that are not in the root
directory are not included in the directory listing. There is no way to
change to a subdirectory or access files in a subdirectory.
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Disk Menu
Load Scope

Load Scope

The load scope menu allows you to bring waveform, setup, or pixel files from
a disk into the oscilloscope. You can only load files from the root directory
only. You can use the entry knob to scroll through the directory listing of the
disk, or you can press the from f£ile softkey to enter a file name. Pressing
the from file softkey displays another menu that allows you to enter a file
name. The to softkey allows you to pick where the data from the file is
placed in the oscilloscope.

LOAD SCOPE

Figure 12-1 [ v U R SV S . L0aD SCOPE
B =7 PIx ‘

R L]

: ! — from file —
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Load Scope

Type Softkey

The top softkey determines the type of file to lead from the disk. The
oscilloscope uses the file extension to determine the file type.

o WAV for internal waveforms
o TXT for text wavelorms

o PIX for pixel memories

o SET for front-panel setups

Waveform The waveform file type is for loading waveforms from a disk
into one of the four nonvolatile memories. The three waveform formats
are internal, text verbose, and text Y values. The file extensions are
WAV for internal waveforms and ./ TXT for text waveforms.

When waveform is selected, the file format softkey is available that allows you
to select among the internal, verbose, or Y value formats. Waveform and text
files are loaded into a waveform memory by overwriting any data previously
stored in that memory, as long as the memory is not protected.

Setup A setup file is a copy of the front-panel setups, and it has a .SET
file extension. Saving setups to a disk allows you to save more
front-panel setups than the nine available in the oscilloscope. You can
load the setup file as the current front-panel setup or as ane of the nine
front-pane! setup memories. If you load the setup into a setup memary,
the previous data is overwritten. Then, you must recall that setup to
have it be the active configuration.

Pixel A pixel memory file has a PIX file extension, and it is a copy of
the pixel memory. It is a bitmapped file, so it does not contain any
vertical or horizontal scaling information. You can use pixel files to store
infinite persistence data on the screen, or to make timing diagrams for
signal analysis. When you load a pixel file into the oscilloscope, it is
loaded into one of the two selectable pixel memories by overwriting any
data that was previously stored in that pixel memory.
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Load Scope

File Format Softkey

The second softkey from the top isthe file format softkey. The file
format softkey is displayed only when waveform is selected as the file type.
The three file formats are internal, text verbose, and text Y values.

Internal The internal format is a binary file format, which if you try to
read it in 2 word processing program, you will see meaningless
information. However, this is the preferred waveform-storage method
because the files take up one-third as much disk space as text files. You
can always convert them to text files at a later date. Internal format files
have a WAV file extension. The internal format is also compatible with
the HP-IB preamble and data query commands.

Waveform files stored using the internal format contain the vertical and
horizontal scaling parameters of the original waveform. Therefore, you can
go into the waveform save menu and turn on the display for the waveform
memory that the file was loaded into. Then, you can perform measurerments
on the waveform, compare it to other waveforms, rescale it horizontaily, or
use if as an operand in a math function.

Text Verbose The texi verbose format is an ASClI file format that uses
alphanumeric characters to represent the waveform. You can load text
files into a word processing program.

Text verbose waveforms have the file extension .TXT. You may notice that
text files use about three times more disk space than files stored to a disk
using the internal format. Figure 12-1 shows an example of the text verbose
format.
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Disk Menu
Load Scope

When a text waveform is read back into the oscilloscope, the header
information can be in any order. Because the oscilloscope converts all
characters to uppercase, the header information can be a mix of uppercase
and lowercase characters. Also, there must be at least one space between a
header and its corresponding data. For example, there must be at least one
space between "Type" and "raw."

If you have modified the header information and a header field is omitted, the
oscilloscope sets that field to the default value. The default values with a
description of the header fields are listed after figure 12-2. If the header
information is incorrect, you will get one of the following error messages.

"Waveform data is not valid" An error was detected in the waveform
data. This error cccurs if one of the data points is not a valid floating
point number.

"Header information is not valid" An error was detected in the
header information. This error occurs if one of the header fields or the
header data is incorrect.

if the results are not what you expected after reading an ASCI waveform
back into the oscilloscope, then the oscilloscope is interpreting your data
differently than you expected. Try restoring the ASCII waveform from the
waveform memory back to the disk. By comparing the restored data to what
yvou had entered into the oscilloscope, you may find the error.
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Figure 12-2

Disk Menu

Load Scope
Type: raw
Points: 16
Count: 1
Xine: 1.24939524625E-007
X0rg: -9.99996197003E-007
XRef: 0

YData range:
YBData center:
Coupling:
XRange:
XOffsat:
YRange:
YOffset:
Date:

Time:
Frama:

Acqg mode:;
Completion:
X Units:

Y Units:

Max bandwidth:
Min bandwidth:
Data:
5.040E-001%
6.270E-001
6.613E-001
1.705E-001
-3.08E-002
-2.997E-001
-1.587E-001
-1.351E-00
4,749E-001
6.034E-001
6.613E-001
2.194E-001
1.08E-002
-2.761E-001
-1.925E-001
-1.685E-001

1.70000E+000
1.71800E-001%

dc 50 Ohms
2.00000E-006
-9.99999997475E-007
1.60000E+000
1.71800E-00%

11 JAN 1993
12:34:04
54542A:3207A00101
equivalent time
100

second

Volt

1100000000

0

Text verbose format for a text waveform
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Type Type describes how the waveform was acquired: normal, raw,
interpolate, average, or versus. When this [ield is read back into the
oscilloscopes, all the modes, except versus, are converted toraw. The
defauilt value is normal.

Points Points indicates the number of data points contained in the
waveform record. The number of points is set by the Record length
softkey in the Acquisition menu. The default value is 500.

Count Count represents the minimum number hits at each tirme bucket
in the waveform record when the waveform was created using an
ensemble acquisitior mode, like averaging. For example, when
averaging, a count of four would mean every waveform data point in the
waveform record has heen averaged at least four times. Count is ignored
when it is read back into the oscilloscope. The default value is 0.

XIne X increment is the time duration between data points on the
X-axis. X increment is equal to the YData range value for versus
waveforms. The default value is 2 E°,

XOrg X origin is the x-value of the first data point in the data record. X
origin is equal to the YData center value for versus waveforms. The
default value is ~1.3107 E ¢

XRef X reference is always set Lo zero when it is read back into the
oscilloscope. The default value is 3.1256 E 2

YData range Y data range is the full voltage range covered by the A/D
converter. If this field is omitted, it is calculated when read back into the
oscilloscope. The default vahe is 0.

YData center YData center is voltage level at the center of the YData
range. If this field is omitted, it is calculated when read back into the
oscilloscope. The default value is 0.

Coupling Coupling is ignored when it is read back into the
oscilloscope. The default value is de 50 2.
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XRange XRange is the time duration across 10 horizontal divisions of
the display. The default valueis 100 E 5,

XOftset XOffset is the time at the left edge of the display. The default
value is 0.

YRange YRange is the voltage across eight vertical divisions of the
display. The default value is 4.0 E o

YOffset YOffset is the voltage at the center of the digsplay. The default
value is 0.

Date Date is the date when the waveform was acquired. The default
value is 10 AUG 1992,

Time Time is the time when the waveform was acquired. The default
value is 01:00:00,

Frame Frame is the model and serial number of the oscilloscope that
acquired the waveform. The default value is 54542A:00000A00000.

Acg mode Acquisition mode is the sampling mode used to acquire the
waveform, either real time or equivalent time, The default value is real
time.

Completion Completion represents the percent of the time buckets in
the waveformn record that cortain data. The nurmber of time buckets is
equal to the number of points in the waveform record. Completion is
ignored when it is read back into the oscilloscope. The default value is
100.

X Units X units is the horizontal scaling units set in the channel menu:
unknown, volt, second, constant, or ampere. The default value is
unknowrn.

Y Units Y units is the vertical scaling units set in the channel menu:
unknown, Volt, second, constant, or Ampere. The default value is
unknown.

Max bandwidth Maximum bandwidth is an estimation of the maximum
bandwidth limit of the source signal. The defaull value is 500 MHz.

Min bandwidth Minimum bandwidth is an estimation of the minimum
bandwidth Limit of the source signal. The default value is (.
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Text Y values Text Y value files are identical to the text verbose files,
except the header information is deleted from the front of the file.
Figure 12-3 shows an example of the text Y value format. Text Y value
Gles also have a .TXT file extension.

Figure 12-3

5.657E-00%
b.433E-001
5.974E-00%
1.864E-003
8.05E-002
-3.147E-001
-3.057E-001
-4.77E-002
5.280E-001
6.296E-001
6.296E-00%
2.297E-00%
1.259E-001
-3.147E-00%
-3.147€-001
-3.40E-002

Text Yvalue format
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From File Softkey

The from f£ile softkey selects a file for a disk operation. You may notice
that the file name in the from £ile softkey matches the highlighted file
name in the directory listing. You can use the entry knob to seroll through
the list of files, or you can press the from file softkey to enter a file name.
Pressing the from file softkey displays another menu that allows you to
spell out the name of the file you want. The entry knob positions the cursor
over a letter or number in the character list. Press the top softkey to enter
that character into the file name field. The backspace softkey backspaces
over characters in the file name. The delete softkey deletes characters
from the file name.

You do not add a file extension because the oscilloscope automatically
assigns a file extension depending the type of file you selected.

e WAV for internal waveforms
o TXT for text waveforms
e PIX for pixel memories

o SET for front-panel setups

To Softkey

The to softkey selects where the data from the file on the disk is placed.
Waveforms are placed into one of the four waveform memeries. Setups are
loaded as the current setup or one of the nine setup memories. Pixel files are
loaded into one of the two pixel memories.
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Figure 124

CBI0TR BU00E WAy |

Store Scope

The store scope menu allows you to store waveforms, pixel memories, or
front-panel setups to a disk. Files are stored to the root directory only.
Storing data to a disk allows you to transport the data to ancther
oscilloscope, computer, or to keep a backup copy of your data. The
oscilloscope contains four waveform memories, nine setup memories, and
two pixel memories for your data. By using the disk drive, you can store
additional data to a disk. You are limited only by the amount of data each
disk can hold and the number of disks you are using.

Setup files are about 2 Kbytes in size and pixel files are about 33 Kbytes in
size. However, the size of waveform files depends on the type of format, the
setup of the oscilloscope, and the waveform source. A blank high-density
disk has about 1.44 Mbytes of availabie space, soc you could store about 130
setup files, or about 96 pixel fles to a blank disk.
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See also

Disk Menu
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Type Softkey

The top softkey determines the type of file to store 1o the disk. The
oscilloscope automatically appends the correct file extension to the file
depending on the type of file you select. The three files types are waveform,
setup, and pixel.

o WAV for internal waveforms
e TXT for text waveforms

e PIX for pixel memories

e SET for front-panel setups

Waveform Waveform is for storing waveforms to the disk. Waveform
saves a copy of a waveform from any of the channels or any of the four
waveform memories. When waveform is selected, the file format softkey
is available that allows you to select among the three formats: internal,
verbose, and Y values.

The verbose and Y value formats make it easy to transfer files to personal
computer applications. The internal format maximizes the use of disk space,
and allows for a higher waveform transfer rate to and from the disk.

"Fle Format Softkey” in this chapter for information on the three file types.

Setup Setup saves a copy of the current front-panel setup or a copy of
any of the nine setup memories. Setup files have a .SET file extension.

Pixel A pixel memory file has a .PIX file extension, and it is a copy of
the pixel memory. It is a bitmapped file, so it does not contain any
vertical or horizontal scaling information. You can use pixel files to store
infinite persistence data on the screen, or to make timing diagrams for
signal analysis.

From Softkey

The from softkey selects the data source for the file being stored to the disk.
Waveforms are stored from any channel or waveform memory. Setups are
stored from the current frent-panel setup or any of the nine setup memories.
Pixel data is stored from either of the two pixel memories.
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To File Softkey

The to file softkey selects a file name for a disk operation. You may
notice that the file name in the to £ile softkey matches the highlighted file
name in the directory listing. You can use the entry knob to scroll through
the list of file, or you can press the to £ile softkey to enter a file name.
Pressing the to file softkey displays another menu that allows you to spell
out the name of the file yvou want. The entry knob positions the cursor over a
letter or number in the character list. Press the top softkey to enter that
character into the filename field. The filename can contain up to eight
characters. The backspace softkey backspaces over characters in the file
niame, while the delete softkey deletes characters from the file name.

You do not need to add a file extension because the oscilloscope
automatically assigns a file extension depending the type of file vou selected.
o WAV for internal waveforms

o TXT for text waveforms.

¢ PIX for pixel memories

e SET for front-panel setups

Execute Softkey

When you press the execute softkey, the data from the selected source is
stored to the selected destination file. If the file already exists on the disk,
the file is overwritten without giving you any warning.

If the disk is full when the store function is executed, the message "The disk
is full" is displayed on the status line, which is near the upper-left corner of
the display.
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Figure 12-5

Store Image

The store image menu allows you to store oscilloscope screen images to a
disk in TIFF, PCX, or EPS formats. You can import files in these formats to a
variety of computer programs. The size of the file stored to the disk depends
on the settings of the format, compression, and rendering softkeys.

Disabled and Enabled Softkey

You store a screen image to the disk in a TIFF, PCX, or EPS format by setting
this softkey to enabled and pressing the Print front-panel key when the
screen of interest is displayed. The disabled setting allows you to set up the
store Image menu without altering the normal function: of the Print
front-panel key.

Format Softkey

The format softkey allows you to select TIFF, PCX, or EPS as the file
format. TIFF stands for Tagged Image File Format, PCX is the PC Paintbrush
format, and EPS stands for encapsulated PostScript format. TIFF files
comply with the TIFF 6.0 specification, PCX files comply with revision 4 of
the PCX technical reference manual, and EPS files comply with EPS version
3.0. All EPS images, except those with B/W rendering and compression off,
use level 2 PostScript features.
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Compression Softkey

This is lossless data compression using run length encoding as specified by
the selected file format. Because compressed files take up less disk space,
the default selection is on. You would turn compression off if you need to see
the raw data, or if the importing application cannot properly interpret the
compressed data.

Rendering Softkey

The B/W selection is black text on a white page, just like a hardcopy printout.
Most applications use the black text on a white background. Gray
{grayscale) is shades of gray on a black background. Green is shades of
green on a black background just like the scope screen.

To File Softkey

The to file softkey selects a file name for a disk operation. You may
notice that the file name in the to file softkey matches the highlighted file
name in the directory listing. You can use the entry knob to scroll through
the Yst of files, or you can press the to f£ile softkey to enter a file name.

Pressing the to f£ile softkey displays another menu that allows you to spell
out the name of the file you want. The entry knob positions the cursor over a
letter or number in the character list. Press the the top softkey to enter that
character into the filename field. The filename can contain up to eight
characters. The backspace softkey backspaces over characters in the file
name, while the delete softkey deletes characters from the file name.

You do not need to add a file extension because the oscilloscope
automatically assigns a file extension depending on the type of file selected.
LIF files do not have a file extension, but they have descriptions which
appear In the directory listing.

e TTF for TIFF files
e PCX for PC Paintbrush files
¢ EPS for encapsulated PostScript files
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Also, the size of the file is listed below the filename. When compression is on,
the file size is approximated because the actual file size depends on the
particular image being stored to the digk,

Approximate file sizes *

Rendering Format Compression on Compression off
B/W TIFF ~12K 34K

PCX ~10K N/A

EPS ~85K 139K
Gray or Green TIFF ~20K 135K

PCX ~18K N/A

EPS ~80K 208K

*These file sizes are for a DOS-formatted disk and are expressed in bytes. Fora
LIF-formatted disk, the file sizes are expressed in blocks. In this case, the number of blocks
for a given combination is equal to the number of bytes shown above divided by 254.

Autoincrement Softkey

Autoincrement allows you to store up to 100 files to a disk without having to
return to the store image menu and rename the file. If the filename takes up
six or less characters, nn is appended to the file name. If the filename takes
up seven or eight characters, the filenarme is truncated to six characters and
7 is appended to the filename.

For example, if the filename is TEST ., TTF, the filename changes to

TESTnn. TITF. If the filename is TESTING. TIF, the filename changes to
TESTINAn.TIF. As files are stored to the disk, nn increments from 00 to
99. Once 99 is reached, the value no longer increments and subsequent
stores overwrite the file that has 99 appended to the filename. Because
autoincrement always starts from 00, you cannot set it to start from any other
number,

When you return to the store image menu, the autoincrement automatically
defaults to off. When autoincrement is turnad on again, the numbering restarts
from Q0.
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Disk Menu
Delete

Delete

Delete allows you to delete a selected file from the disk. Simply use the entry
lmob to scroll through the directory listing of the disk, or press the File name

softkey to enter a file name. Pressing the File name softkey displays another

softkey menu that allows you to enter a file name.

Figure 12-6
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Bisk Menu
Format

Figure 12-7

Format

Format allows you to format 3-1/2 inch, high-density disks in the oscilloscope.
You can choose to format disk as MS-DOS or LIF. You can use the MS-DOS
disk in other drives that are also MS-X0S compatible, however, you may
notice that there is a faster disk access time when you use digks in the
oscilloscope that were formatted by the oscilloscope. This is because some
computers and disk drives format disks with a different disk interleave factor
than that used by the oscilloscope. The interleave factor used when the
oscilloscope formats a disk maximizes the data transfer rate to and from the
internal disk drive.

FORMAT

L1

H
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Figure 13-1

Measurements

This chapter describes the process the oscilloscope uses to make
waveform measurements. It also describes the parameters that are
measured and how to set up measurements for the best solution. Like
any tool, it is important to understand how to use the tool, its
limitations, and methods that may overcorme some of the

shortcomings.

The waveform in figure 13-1 shows the pulse parameters that the
oscilloscope measures. Hewlett-Packard has been using these
parameters in its measurements for the past 10 years. This chapter
defines these parameters and discusses how they are measured.
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Pulse parameters the oscilloscope measures
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Measurements
Automatic Parametric Measurements

Figure 13-2

Automatic Parametric Measurements

The illustration below shows the basic process used by the oscilloscope when
making automatic parametric measurements, like rise time, Vp-p, or
frequency. These measurements can be made on input signals, stored
waveforms, or functions.

In order to start the measurement process, the oscilloscope captures a data
record. From this data record, the oscilloscope builds a histogram, recording
how many times each g level {a g level is an internal voltage representation)
is present in the data record. From the histogram, and from the data record,
the absolute maximum and minirmum voltage levels, as well as relative
raximum (top) and minimum (base) voltage levels, are determined. Using
the top and base levels, threshold levels are calcuiated. The data record is
again analyzed using the thresholds to determine signal edges. Finally, with
all this information, the requested parametric measurements are calculated
as shown in figure 13-2.
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The oscilloscope uses this process for waveform measurement
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Measurements
Data Collection

Data Collection

In order to make measurements on a signal, the instrument must first collect
data. The data collected for input signals is used to make measurements on
channels. The data record used for making measurements on waveform
memories is the stored data. Finally, measurements being made on functions
require that the function be calculated before the measurement process is
started.
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Measurements
Building a Histogram

Figure 13-3

Building a Histogram

Once a data record is available, the measurement precess builds a histogram
of the distribution of the internal voltage levels as shown in figure 13-3. The
histogram is built on eight bits of data, and, if in the average mode, does not
represent the full resolution of the data as this would result in a very large
histogram array. The oscilloscope uses the histogram to determine the
statistical maximum (top) and minimmum (base) of the data record.
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Some measurements are made from the histogram
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Measurements
Calculating Minimum and Maximum from the Data Record

Calculating Minimum and Maximum from the Data
Record

The maximum and minimum voltage levels are determined from the
histogram. If the waveform is clipped, this information is alsc recorded. After
the minimum and maximum measurements are complete, the Vmin, Vmax,
Vp-p, Tmin, Tmax, and Tvolt measurements can be made. The remaining
primitives of the measurement process {calculate thresholds, find edge, and
period) are executed only if other measurements, such as fall time,
frequency, or delta time, are requested.

Figure 13-4

Calculating Top and Base

The next measurements made are the top and base of the waveform. These
measurements come directly {rom the histogram. The top 40 percent is
scanned for the top, and the bottorn 40 percent of the histogram is scanned
for the base. The center portion of the histogram is nol searched to prevent
a baseline value from: being chosen as the top or base as shown in figure 13-4.
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The middle 20 percent of the waveform is ignored
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Measurements
Calculating Top and Base

The greatest number of data occurrences in the top half of the histogram
corresponds to the top. If the occurrence count is less than five percent of
the total, the top defaults to the value of the absolute maximum. Likewise,
the base represents the level with the greatest number of occurrences in the
bottom portion of the histogram. If the occurrence count is less than five
percent of the total, the base defaults to the value of the absolute minimum.
This may be the case for very irregular waveforms or those in which the
voltage rises or falls slowly over time.

This selection technique prevents the top and base from jumping around on
waves with even histogram distributions such as triangle waves. It also allows
the detection of the top and base for Jow duty cycle signals.

Once the top and base measurements are complete, Vtop, Vbase, and Vamp
measurements can be made.
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Measurements
Calculating Thresholds

See also

Figure 13-5

Calculating Thresholds

Top and base are are used to calculate the threshold levels used for timing
measurements. These thresholds may be the IEEE values of 14, 50, and 90
percent, or values in percentages or volts that vou set. These thresholds are
called upper, middle, and lower threshelds in the measurement menu.

These thresholds are used by all timing measurerments as they are needed to
determine the presence of a rising or falling edge. In addition, the thresholds
are used by various measurements. For example, rise time is measured from
the lower threshold to the upper threshold of a rising edge. Period and
frequency measurements use the middie threshold as shown in figure 13-5.

Chapter 8, "Define Measure Menu," for information on manually setting the
thresholds.
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The pscilloscape calculates the 10, 50, and 90 percent thresholds

13-8



Measurements
Determining Rising and Failing Edges

Figure 13-6

Determining Rising and Falling Edges

The final analysis needed to make timing measurements is to define the
transision points of the waveform through the thresheld levels and to define
the rising and falling edges. A rising edge is defined as a transition that
passes through the lower, middle, and upper threshold levels. A falling edge
is defined as a transition that passes through the upper, middle, and lower
threshold levels. Tor an edge to be present and defined, it must complete the
transition through all three thresheld levels.

Once the transition points and edges are identified, the instrument next
calculates timing measurements (rise time, fall time, and frequency). Finally,
it calculates voltage measurements that need timing information (Vrms cycle
and Vavg cycle) as shown in figure 13-6.
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Thresholds are used to determine edges
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Figure 13-7

Measurements
Determining Rising and Falling Edges

If there are not encugh points on an edge, the rise time measurement, for
exampie, is either not made or is flagged as questionable,

The oscilloscope scans the waveform data and records the transitions
through the three thresholds. If a waveform data point does not exactly
correspond to the threshold level value, the system interpolates between the
two poirits about the threshold. Then the location of the transition point is
recorded in an edge array. The system ighores incomplete transitions and
glitches as shown in as shown in figure 13-7.

rising edge must go falling edge must go
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edge #1 transité&ﬁ/{,/’:zedge #2
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incomplete incomplete
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The system ignores incomplete transitions when defining edges
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Figure 13-8

Measurements
Determining Rising and Falling Edges

The oscilloscope defines the points on a rising edge as the last point before

crossing the lower threshold to the first point crossing the upper threshold.
The points on a falling edge include the last point before crossing the upper
thresheld to the first point crossing the lower threshold. This will measure

the fastest rise and fall times.

As shown in figure 13-8, it is clear that measuring the rise time from the first
point crossing the lower threshold to the last point through the upper
threshold gives a different answer than the shaded line that uses the edge
definition given in the previous paragraph.
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Waveform period is measured at the middle threshold
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Measurements
Voltage Measurements

Voltage Measurements

Once the top and base calculations are completed, most of the voltage
measurements can be made.,

® Vmin = voltage of the absolute minimum level
o Vmax = voltage of the absolute maxirmum level
® Vp-p = Vmax -~ Vmin

s Vhase = voltage of the statistical minimum level
e Vtop = valtage of the statistical maximurm level
e Vamp = Vtop ~ Vbase

Vhase may be equal to Vmin for many waveforms, such as triangle
waveforms. Likewise, Vtop may be equal to Vmax, Figure 13-9 shows where
these waveform definitions occur.

Figure 13-9 edgel2]
edgefi]
edge[0]
~— . Vmax
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10% (Lower) "xAﬁ L “'u‘ﬂuu - vbase
Vmin

Waveform definitions used to make voltage measurements
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Measurements
Voltage Measurements

Several of the voltage measurements require threshold and edge information
before they can be made.

e Vavg = average voltage of the first cycle of the signal
® Overshoot = a distortion which follows a major transition
If first edge is rising
then overshoot = local max - tap
else overshoot = base — local min
e Preshoot = a distortion which precedes a major transition
If first edge is falling
then preshoot = base — local min

else preshoot = local max — top
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Timing Definitions

Timing Definitions

Once the edges and transition points have been defined, timing
measurements are made. Timing measurements are made on the first rising
or falling edge on the display.

# Rise time = time at the upper threshold — time at the lower threshold on
the first rising edge

e [all time = time at the lower threshold - time at the upper threshold on
the first falling edge

e Period = If the first edge 1s rising

then period = mid-threshold erossing of second rising edge —
mid-threshold crossing of first rising edge

else period = mid-threshold crossing of second falling edge -
mid-threshold crossing of first falling edge

e [requency = l/period
o +Width = if first edge is rising

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

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

o —Width = if first edge s rising

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

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

® Duty Cycle = (+widih/period) {100}
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See also

Figure 13-10

Measurements
Timing Definitions

User Defined A Time

On the oscilloscope, yvou may select the threshold level (lower/middle/upper),
polarity of edge (either rise or fall), and the edge number. The measurement
is then calculated as the time from the first source’s edge to the second
source'’s edge.

This gives flexibility in defining A time measurements between channels or
on a single channel between edges. To avoid confusing the delay
measurement with time base delay and trigger delay, the delay measurement
has been called A time as shown in figure 13-10,

Chapter 7, "Define Measure Menu," for information on delay measurements.
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Measurements
Measurement Considerations

Measurement Considerations

In the repetitive and real-time modes, measurements are made two or three
times per second when continuous is on and statistics is off. When statistics
1§ on, measurements are made every time the oscilloscope triggers.

When continuous s turned off, the markers are placed on the display
showing where the measurement was made. This helps you verify that the
oscilloscope is measuring the correct phenomena and to aid you in
windowing the signal for measurement.

Statistics are available on the oscilloscope, so you may display the mean,
standard deviation, min, and max for each measurement result.

In the user defined mode, you may also define sore of the measurement you
want to make. Specify your own thresholds rather than us:iig the standard
10, 50, and 990 percent levels. Specify the IEEE standard definitions of
thresholds and measurerments. Or set thresholds in either veltage or percent.
You may rely on the oscilloscope to set top and base, or define those levels
yourself in voltage. The Atime, -+width, ~width measurement is also under
your control.
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Measurements
Making Automatic Measurements from the Front Panel

Making Automatic Measurements from the Front Panel

The oscilloscope makes its measuremenis using the data showing on the
display (except for At measurements in the real-time mode). Therefore, it is
important that you correctly window the display to get accurate
measurements. Windowing allows you to pick one pulse out of a series of
pulses to make measurements or.

If more than one waveform, edge, or pulse is displayed, automatic time
measurements are made on the first (leftmost} portion of the displayed
waveform that can bhe used. Voltage measurements, like Vp-p, use the whole
waveform

When making measurements on non symmetrical waveforms, expand the
sigral as necessary and move the baseline out of the window. This will avoid
having the baseline selected as the top of the signal.

If the signal is clipped, the oscilloscope cannot make some automatic
measurements. You will get a warning or error message if this cccurs,

If the measurement window is set to markers, the measurement is made on
the data between the X1 and X2 markers.

Period and Fregquency Measurements

At least one full cycle of the waveform, with at least two like edges, must be
displayed for period and frequency measurements.

Additionally, you can increase the accuracy of frequency measurements by
windowing on multiple pulses. Automatic waveform measurements use a
single pulse and may have significant errors introduced by interpolation. By
placing marker 1 on edge 1 and marker 2 on edge 20, for example, you can
get an average that negates errors that reay be introduced in automatic
measurements. This becomes even more important when using the deep
memory feature of the osciiloscope.

Set the markers to accomplish average frequency measurements from the
front panel by using the At measurement in the define measure menu.
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Making Automatic Measurements from the Front Panel

Pulse Width Measurements

A complete positive pulse must be displayed to make a +Width measurerment.
A complete negative pulse must be displayed to make a —Width measurement.
Remember that an edge must pass through all three thresholds to be

recognized as an edge. Therefore, it is important that the pulse be positioned
so that all three thresholds are displayed on the screen.

Rise Time, Fall Time, Preshoot, and Overshoot Measurement

The leading {rising} edge of the waveform must be displayed for rise time
and rising edge preshoot and overshoot measurements.

The trailing (falling) edge of the waveform must he displayed for fall time and
falling edge preshoot and overshoot measurements.

Remember that an edge must pass through ali three thresholds to be
recognized as an edge. Therefore, it is important that the pulse be positioned
so that all three thresholds are displayed on the screen.

Rise time, fall time, preshoot, and overshoot measurements will be more
accurate if you expand the edge of the waveform by selecting a faster sweep
speed. Expanding the waveform will provide more data points on the edge
and thus a more accurate measurement,
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Specifications and Characteristics

This chapter contains the specifications and characteristics for the
HP 54542A, HP 54540A, HP 54522A, and HP 54520A Oscilloscopes.
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Specifications and Characteristics
Specifications

Vertical

Specifications
Specifications are valid after a 30 minute warm-up period.

Bandwidth (-3dB, de coupled)
Repetitive (all models) d¢ o 2500 MHz (equivalent time)
Real Time
HP 54520A dc to 2126 MHz
HP 534522A dc to 2600 MHz
HP 54540A dc to 2125 MHz (3 or 4 channels on), dc to 2250 Mliz
{1 or 2 channels on)
HP 54542A dc to 2500 MHz

Rise Time '
Repetitive (all models) <700 ps
Real Time
HP 54520A <2 8ns
HP 54522A <700 ps

HP 54540A <2 8ns (3 or4 CHon), £1.4ns (1 or 2 CH on)
HP 54542A <700 ps

Input R (selectable} 1 MQ +1% or 50 Q +1%

Maximum Input Voltage

IM Q 250V [de + peak ac(<10 kHz)]
500 5 Vims

Offset Accuracy > *+(1.25% of channel offset + 2% of full scale)

A Voltage Measurement Accuracy (dc) 2,3

Dual Cursor +{1.26% of full scale + (0.032)(V/div)]
Single Cursor {1 25% of full scale + offset accuracy +
(0.016)(V/div)]
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Specifications

Time Base Delta-t Accuracy
Repetitive (=8 averages) +[(0.005%)(delta-t) + (0.1%)(full scale)+
100 ps]
Real Time * H{0.008%) (delta-t) + (0.2) (sample period)]
Peak Detect £[(0.005%)(delta-t) + 1 sample period]

Trigger Sensitivity 2
de to 100 MHz 100 MHz to 500 MHz
Internal 0.5 division 1.0 division
External 0.0225 x signal range 0.045 x signal range
{HP 54520A/54540A)

Auxiliary dc to 50 MHz, 250 mVp-p

Maximum Input Voltage
External Trigger (HP 54520A and 54522A)
1M Q #2560V [dc + peak ac(<10 kHz)}]
50 5 Vs
Auxiliary Trigger +15V
Notes:
1) Rise time figures are calculated from: tr = 0.35/Bandwidih.

2) Magnification is used below 7 mV/div range so the vertical resolution and
accuracies are correspondingly reduced. Below 7 mV/div, full scale is defined as 56
mV,

3) The voitage measurement accuracy decreases 0.08% of full scale per °C from the
firmware calibration temperature. This specification is valid for a temperature range
+10°C from the firmware calibration temperature. The specification applies to both
the repetitive and real time modes.

4% The specification applies for bandwidth limited signals (tr = 1.4 x sample interval).
The sample interval is defined as 1/(sample rate). The specification also applies to
those automatic measurements computing time intervals on puises with identical
siope edges {i.e. pos-pos, neg-neg).
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Performance Characteristics

Vertical

Performance Characteristics

Switchable Bandwidth Limits

ac-coupled (lower -3 dB frequency) 10 Hz
LF reject (lower -3 dB frequency) 400 Hz
Bandwidth Limit (upper -3 dB frequency) 30 Mz

Number of Channels (Simultaneous Acquisition)
HP 54520A/54522A 2
HP 54540A/54542A 4
Vertical Sensitivity Range 1 mV/div to 5 V/div
Vertical Gain Accuracy (dc)l’2 +1.25% of full scale

Vertical Resolution® 8 bits over 8 divisions {(£0.4%), 10 bits over
HP-IB with averaging (£0.1%)

Maximum Sample Rate

HP 54520A 500 MSa/s

HP 54522A 2 GSa/s

HP 54540A 500 MSa/s (3 or4 CHon), { GSa/s (1 or 2 CH on)
HP 54542A 2 GSa/s

Waveform Record Lelflgt:h3

Real Time 32,768 pts (Selectable in powers of 2: 512, 1024, 2048 .. )
When peak detect is on, 16,384 (Selectable in power of 2)
Repetitive 501 points

Input C 7 pF riominal
Input Coupling ac, dc
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Performance Characteristics

Offset Range
1 mV-50mV/idiv +2 v
=50 mV - 250 mV/div +10V
>250 mV - 1.25 Viddiv +50V
>1.26 V-5 V/div +350V

Dynamic Range +(1.5 x full scale) from the center of the screen

Channel-to-channel Isolation (with channels at equal sensitivity)

de to 50 MHz 50 dB
50 to 500 MHz 40 dB

Horizontal Time Base Range 500 ps/div to 5 s/div
(The 500 ps and 1 ns time base settings are not available with the 500 MSa/s
models.)

Time Base Resolution 10 ps
Time Tag Accuracy +(0.005% of reading + 100 ps)
Time Tag Resolution 100 ps

Delay Range

Posttrigger 107 x sample period
Pretrigger 32k x sample period

Trigger Trigger Pulse Width {minimum)

Internal and External 1 ns
Auxiliary 15ns

Trigger Level Range

Internal +(1.5 x full scale) from the center of the screen
External (HP 54520A and 54540A) Selectable: 1 V. 15V, £25V
Aunxiliary +5V

Auxiliary Input B 4k Q
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Specifications and Characteristics
Performance Characteristics

54520A 54522A 54540A 54542A
Freq Range ® dc 260 MHz 1GHz 250 MHz (3-4CH}  1GHz
to 500 MHz (1-2 CH)

Freq Resolution
Minimum (max 977 kHz 3.9 MHz 997 kHz (3-4 CH) 3.9 MI=
sample ratef{512 pts) 1.95 MHz (1-2 CH})
Maximum (minimum sample rate) (32768 points}: 0.305 mHz (alI models)

-3 dB Frequency Range dc to 500 MHz (analog bandwidth)

Frequency Accuracy
sample freg
12 xnumberof points

:i + (signal frequencyx0.0056% )

Spectrum Displays
Amplitude Power in dBm

Signal-to-noise Ratio 55 to 656 dB (lypical). Noise floor can be
reduced by increasing the number of points in the FFT.

Sensitivity Range 1 dBm/div to 100 dBnv/div

Dynamic Range 55 to 65 dB (typical)

Offset Range 200 dBm to +200 dBm

Notes:

1) The gain accuracy decreases 0.08% of full scale per °C from the firmware
calibration temperature. This characteristic is valid for a temperature range £10°C
from the firmware calibration temperature. The characteristic applies to both modes:
repetitive and real time (single acguisition),

2) Expansion is used below 7 mV/div range so vertical resolution and accuracies are
correspondingly reduced. Below 7 mV/div full scale is defined as 56 mV.

3) The available waveform record length over HP-IB is 32,768 points in the real-time
mode and 500 points in the repetitive mode.
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Specifications and Characteristics
Operating Characteristics

Vertical

Operating Characteristics

Deflection Factors All input channels: With a single screen selected,
you can adjust deflection factors from 1 mV/div 1o 5 V/idivina 1-2-5
sequence with the knob. You can make fully calibrated vernier
adjustments using direct keypad entry or the using the knocb with Fine
selected.

Probe Attenuation Factors You can enter values from (.9 to 1000 to
scale the oscilloscope for external probes or attenuators attached to the
channel inputs. When probe tip calibration is performed, this value is
calculated automatically. The front-panel, probe compensation output
source impedance is 500 Q, so with low probe impedances, automatic
calibration accuracy is dependent on the impedance of the probe.

Input Impedance 1 MQ or 50 Q| selectable for channels and the
external trigger.

Bandwidth Limit (HF Reject) A low-pass filter with a —3 dB point at
about 30 MHz for both triggering and signal display. You can select HF
reject for each front-panel input individually, whether vertical or external

trigger.

LF Reject A high-pass filter with a -3 dB point at about 400 Hz for the
triggering and vertical signal. You can selected LF reject for each
front-panel input individually, whether vertical or external trigger.

ac Coupling A high-pass filter with 2 -3 dB point at about 10 Hz for
both triggering and signal display. You can selected ac coupling for each
front-panel input individually, whether vertical or external {rigger.

ECL/TTL Presets For ECL and TTL levels, you can preset the vertical
deflection factor, coupling, offset, and trigger level independently on any
vertical input channel. It is not available for the external trigger input.
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Specifications and Charagcteristics
Operating Characteristics

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

e (Juantization error

¢ Norn-linearities {including preamp and ADC)

e System noise

® Frequency of input signal

All of these affect the effective resolution of the instrument. Some
manufacturers specify effective bits using half-scale sinewaves. While the
effective bits performance using half-scale testing is overstated when
compared to full-scale testing, Hewlett-Packard publishes hoth sets of
numbers for the oscilloscope so that, when comparing effective bits

performance between digitizing oscilloscopes, a fair comparison can be made.
The oscilloscope’s typical performance for a single acguisition is shown below:

Frequency 50kHz 1MHz 20 MHz 50 MH:z 1M0MHz 250MHz 500 MH:z
Full scale 15 7.4 6.6 5.8 5.8 5.2 5.2

Half scale 1.6 7.4 7.0 6.5 6.5 5.8 5.5
For more information about effective resolution, please contact your

Hewlett-Packard sales office, and ask for Product Note b180A-2, Dynamic
Performance Testing of A to D Corverters, (pub # 02-5952-7629).
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Horizontal

Trigger

Specifications and Characteristics
Operating Characteristics

Pan and Zoom Changing the Time/div and/or Delay values once
acquisition is stopped allows access to all captured data on each
acquisition in the real-time sampling mode only.

The record length control sets the number of points (512 to 32,768) acquired
with each acquisition. The auto adjust softkey allows setting the sample rate
independent of the time base. The entire record length may be displayed
when the oscilloscope is in the run mode.

Delay Between Channels You can nuil out differences in delay
hetween charmels to compensate for differences in input cables or probe
length using the probe null feature.

Reference Location You can set the reference point at the left edge,
center, or right edge of the display. The reference point is the trigger
point plus the delay tire.

Auto Trigger Aulo trigger provides an acquisition when no trigger is
present, When set to auto, if the instrument does not. see a trigger within
about 20 ms, it will automatically start an acquisition. When set to trg'd,
it will wait for the next qualified trigger.

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

e time: 40ns- 320 ms

s events: 2 - 16,000,000

An event is defined as the specified trigger condition. A separate holdoff
setting (time or events) is available for each trigger mode except delayed

trigger, which is set to 40 ns. Holdoff is not available for the auxiliary or line
trigger. The maximum event counting rate is 70 MHz.

Noise Reject Trigger Reject provides improved triggering on noisy
signals by increasing trigger hysteresis (internal trigger only), When set
on, noise reject is active for all trigger modes.
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Trigger Modes

Specifications and Characteristics
Operating Characteristics

Edge Trigger

You can select a positive or negative edge for trigger on any channel, the
external trigger input (HP 54520A/54540A), or the auxiliary input. For the
channel and external trigger sources, you can set coupling to de, ac (10 Hz) |
or lfrej (low frequency reject, 50 kHz). Trigger coupling is independent of
the vertical signal coupling and noise reject. This coupling only applies in the
edge mode. In all other trigger modes, the channel and external trigger
coupling is set to dc. You can also select line trigger in the edge trigger
menu. Trigger coupling is automatically set to dc far all sources in all trigger
modes, except in the edge trigger mode.

Pattern Trigger

You can specify a pattern using any front panel channel or external trigger
input. Each input can be specified as a high, low, or don't care with respect to
the level setting in the edge trigger menu. The trigger can be selected to
occur on the last edge to enter the specified pattern or the first edge to exit
the specified pattern, This pattern must be present for at least 1.75 ns before
the trigger will respond.

Time Qualified Pattern Trigger A trigger occurs on the first edge to
exit a pattern only if it meets the specified time criteria. The available
time qualified modes are {user-specified time is in brackets}:

® pattern present < [time]

® pattern present > [time)]

® range: pattern present > [timel] and < [time2]

The time settings are adjustable from 20 ns to 160 ms (£3% %2 ns). The time

filter recovery time is €12 ns. In the "pattern present < |time]" mode, the
pattern must be present for at least 1.75 ns before the trigger wiil respond.

Glitch Pattern Trigger Pattern triggering can be used to glitch trigger
in conjunction with a pattern, Using any front panel channel or external
trigger input. Use "pattern present < [time]" with [time] selected such
that it is just less than the nominal pulse width of the signal you are
analyzing. The minimum glitch width is 1 ns.

You can use the Glitch Trigger mode for glitch triggering on single sources
with glitch widths from | ns to 160 ms.
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Specifications and Characteristics
Operating Characteristics

State Trigger

After selecting any front panel channel or external trigger input as a clock, a
pattern is specified using any of the remaining front panel inputs. The user
may specify that a trigger will occur on the rising or falling edge of the input
specified as the clock, when the pattern is present or not present. Setup time
for the pattern with respect to the clock is 10 ns or less and hold time is zero.

Delayed Trigger

Event-Delayed Mode The trigger can be qualified by an edge, pattern,
time gualified pattern, or state. The delay can be specified as a nurmber
of occurrences of a rising or falling edge of any one of the selected
channels. After the delay, an occurrence of a rising or falling edge of any
channel or external trigger inputs generates the srigger. The trigger
occurrence value is selectable fror 1 to 16,000,000, The maxirmum edge
counting rate is 70 MHz.

Time-Delayed Mode The trigger can be qualified by an edge, pattern,
or state. The delay is selectable from 30 ns to 160 rms. After the delay, an
occurrence of a rising or falling edge of any one of the selected channels
or external trigger generates the trigger. The trigger occurrence value is
selectable from 1 to 16,000,000, The maximum edge counting rate is

70 MHz.

TV Trigger

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

Specifications and Characteristics
Operating Characteristics

50 Hz / 625 Lines Same as 60 Hz / 525 lines except that line numbering
is 1 to 313 for field 1 and 314 to 625 for field 2. This TV trigger mode is
compatible with broadcast standards B, C, D, G, H, [, K, K1, L, and N.

User-Defined Mode Scurce is selected to be any one of the three
inputs. Trigger level is adjustable for the selected source. The trigger is
qualified with a high or low pulse that meets a selectable time range. The
trigger is an occurrence of a rising or falling edge of the source after the
qualifying pulse. The time settings for the qualifier are selectable from
20 ns to 160 ms. The trigger occurrence value is selectable from 1 to
16,000,000.

NOTE: All TV trigger modes require a ¢lamped video signal for stable
triggering. Use the HP 1133A TV/Video Sync Pod to provide ¢lamped video
output that can be used in conjunction with the oscilloscope's TV triggering
capabilities.

Glitch Trigger

Used to trigger the oscilloscope on a positive or negative glitch that is less
than or greater than a selectable setting. Settings are 2.5 ns, 5 ns, 10 ns,

20 ns, 40 ns, 60 ns . . .. The oscilloscope will trigger on glitches from 1 ns Lo
160 ms. Glitch accuracy from 2.5 to 10 ns is £1.5 ns and from 20 ns to 160 ms
is £(3% + 2 ns).

Data Display Resolution 50] points horizontally by 256 points
vertically.

Number of Screens You can select 1, 2, or 4 screens. This can provide
overlapping channeis or memories for comparison, or separate displays
on & split viewing area.

Screen Update Rate (typical at 500 ns/div, no measurements, and trigger
frequency 650 kHz}

Real Time Record Length 512 8K 16K 32K

Updates/s 150 100 T2 47
Repetitive Mode normal 8 averages 128 averages
Updates/s 150 100 100
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Display Modes

Specifications and Characteristics
Operating Characteristics

Graticules You can choose full grid, axes, frame, or no graticule.
Number of Screens You can select 1, 2, or 4 screens.

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

Time Base in the Repetitive Mode

Averaging You can specify the number of averages in powers of 2, up
to 2,048, On each acquisition, 1/ times the new data is added to (n-1)/n
of the previous value at each time coordinate. Averaging operates
continuously, except for the HP-IB digitize command, for which
averaging terminates at the specified number of averages,

Envelope Provides a display of the running maximum and minimum
voltage levels at each horizontal time position.

Minimum Persistence One waveform data value is displayed in each
horizontal time position of the dispiay. The waveform is updated as new
data is acquired for a particular horizontal time position.

Variable Persistence You can vary from 500 ms to 10 seconds, the
time that each data point is retained on the display, or display the points
indefinitely by using the infinite persistence mode.

Time Base in the Real Time Mode

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

Peak Deteet Displays the amplitude of pulses that have a pulse width
of 1 ns or wider regardless of the time base setting. Peak detect works in
real-time mode only at sample rates <250 MSa/s.
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Markers

Waveform Math

Specifications and Characteristics
Operating Characteristics

Infinite Persistence Waveform data is allowed te continuously
accumulate on the screen, and remains until display is cleared.

Oversampling Filter On tirme/division settings when less than 500
points are acquired across the screen, a built-in digital filter
automatically reconstructs the data. This filter is a combination between
a (Sin X)/X and a Gaussian filter (also known as interpolation}.

Time Base in Sequential Single-Shot

Used to view previously captured segments as defined in the time base menu.
You can exclude, select, or view individual segrment numbers from any
channel. Viewing options inciude:

Normal Seiection and viewing of any or all previously captured
segments.

Average Averages and displays previously captured segments into a
composite waveform.

Envelope Displays the minimum and maximum veltages of all
previously captured segments.

Dual voltage and time markers are available. You can independently assign
voitage markers to channels, memories, or functions.

Four independent functions are provided for waveform math. The operators
are +, —, X, vs, magnify, inv (invert), int (integrate), and diff (differentiate),
and FFT. You can use the vertical channels or any of the waveform memaories
for waveform math, Sensitivity and offset for these functions are adjusted
independently.
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Fast Fourier
Transforms {FFT)

Specifications and Characteristics
Operating Characteristics

Peak Search Peak search automatically snaps cursors to any two
selected peaks located anywhere in the displayed frequency span. You
can select peaks from peak number 1 up to peak number 99. Frequency
and dBm are automatically displayed at the botiom of the screen
fogether with the difference in frequency between the two selected
peaks. Peak search saves time by eliminating the need to manually set
CUrsors.

Channels or Memories FFTs can be executed on any of the
oscilloscope input channels, or on waveforms stored in any of four
nonvolatile memories.

Variable Sensitivity and Offset Sensitivity and offset (vertical
position) can be controlled to display an optimum view of the spectrurm.
Sensitivity is calibrated in dB per division; offset is calibrated in dBm.

Selectable Number of Points You can set the number of points the
oscilloscope uses to calculate the FFT, from 512 to 32,768 (in powers

of 23, Increasing the number of points improves frequency resolution at
the expense of update speed. The point choices available are dependent
on the data being operated upon.

Horizontal Magnify Mode This mode allows you to specify the
frequency that is displayed at center screen, and magnify the
frequency-domain display about that point. Magnification increases as
the number of time-record samples increases. At the maximum of 32,768
points, magnification reduces the displayed frequency span to about 12%
of that in the unmagnified display. Horizontal magnification allows you
to zero in on and expand desired portions of the frequency-domain
display.

Center Frequency Control Enabling horizontal magnification allows
you to set the center of the display to a frequency of interest. The
display is magnified about that point so that you get a closer view.
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Specifications and Characteristics
Operating Characteristics

Selectable Windows Three windows are selectable: Hanning, for best
frequency resolution and general purpose use; flattop, for best
amplitude accuracy; and rectangular, for single-shot signals such as
transients and signals where there are an integral number of cycles in the
tirme record.

Maximum Displayed Frequency &5 Hz to 500 MHz

selectable (real-time acquisition). Display is from dc {o a selectable
upper frequency, in steps frorm b Hz to b00 MHz. Maximum frequency
displayed is 1/2 the sample rate.

Window Characteristics The window characteristics are shown below.

Highest Side 3dB 6dB Scatlop

Lobe Bandwitth Bandwidth Loss
Window (dB} {hins) {bins) {dB}
Rectangular -13 0.8g 1.21 3.97
Hanning -32 1.44 2.00 1.42
Flattop 170 3.38 417 0.005

Highest Side Lobe The minimurm attenuation in the stop band. It indicates the
level of leakage present in the filter; that is, how high the skirts are in relation to
the main peak.

3 dB bandwidth The width of the peak at alevel 3 dB down. A narrow 3 dB
bandwidth helps in separating frequency peaks that are close together,

6 dB Bandwidth The width of the peak at a level 6 dB down.
Bins The distance between frequency points. One bin equals the resolution.

Scallop Loss The attenuation of the peak half way between bins. The scallop
loss determines the amplitude accuracy of a window. [t measures the attenuation
of a signal that falls between frequency bins versus cone that is exactly on a
frequency bin.

14-17



Waveform Save

Specifications and Characteristics
Operating Characteristics

Split display operation A time-domain waveform and its FFT
spectrum can be displaved simultaneously on the top and bottom halves
of the screen. Four FFT spectra can be displayed simultanecusly in the
same way. Four sets of time-domain waveforms and their spectra may
also be displayed simultaneously.

Log Display Sensitivity and offset can be set by the user.

The nscilloscope contains four, nonvelatile waveform mermories, two volatile
pixel memories, and 665 multiple failure memories. The four nenvolatile
memaories can store four waveforms up to 32K each. The 665 multiple failure
memories store 500 point records. Waveform memories store single-valued
waveforms, such as an averaged waveform. If an envelope waveform is
stored to a waveform memory, it is automatically stored with the upper
waveform in one waveform memory and the lower waveform in another. You
can perform automatic measurements on the four nonvolatile waveform
memories but not the volatile pixel memories.

Waveform memory pairs ml/m2 and m3/m4 also store the upper and lower

limit masks used during compare testing. You can create and edit these
masks using sample signals, or you can create them manually.

Pixel memories store an entire screen of waveform data. Use them for
storing multiple overlapping waveforms and infinite persistence waveforms.

Multiple memories store failure data from limit and compare tests. You can
view or transfer this data to the waveform memory for nonvolatile storage or
measurement.

Waveform and pixel memories can be saved to the disk drive (Disk meru).
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Automatic Pulse
Parameter
Measurements

Specifications and Characteristies
Operating Characteristics

The oscilloscope offers 23 automatic pulse parameter measurements from
the front panel (shown below) and over HP-IB. The standard measurements
are performed with 10%, 50%, and 90% voltage thresholds, as defined by

IEEE standard 194-1977, "IEEE Standard Pulse Terms and Definitions."

Automatic measurements available on the oscilloscopes

Rise Fall Frequency Period preshoot time at max voltage
+width —width Duty cycle  ATime overshoot time at min voltage
Vp-p WV min V max Vavg voltage attime  time at voltage
Vamptd Vbase  Vitop V ac rms

Vdcrms

User-definable Measurement Thresholds The oscilloscope allows
you to set your own thresholds for automatic measurements. You can set
both the upper and lower thresholds from —25% to 125%, as long as the
upper threshold value is always greater than or equal to the lower
threshold. The middle threshold is always equal to the midvalue between
the upper and lower threshold.

Continnous Measurements You can turn continuous measurements
on or off. With continuous measurements off, the voitage (¥) and time
{x) markers are placed on the waveform to indicate where the last
measurement was taken.

Measurement Statisties The maximum, minimum, average, standard
deviation, and most recent of continuously updated measurements are
calculated and displayed. You can select any three measurements for
sirnultaneous display.

Measurement Limit Test You can set the maximum and minimum
limits for any three of the front-panel automatic measurerments. These
continuously updated measurements are compared to the maximum and
minimum limits. If the measurements are outside the defined limits, you
can store the waveform in a memory or print the screen on a hardcopy
device. In addition, the HP-IB Service Request line can be set to flag the
controller. You can set the measurement mit test to stop after test
limits are exceeded, or to continue testing.
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Setup Aids

Disk Drive

Hardcopy

Full HP-IB
Programmability

Specifications and Characteristics
Operating Characteristics

Autoscale Pressing the Autoscale butlon autormatically adjusts the
vertical, horizontal, and trigger to best display the input signals.
Autoscale requires a signal with a duty cycle greater than 0.5% and a
frequency greater than 50 Hz. Autoscale is effective only for relatively
stable input signals.

Undo antoscale Undo autoscale returns the instrument to the setup
previous to the autoscale, (See Recall 0.)

Save/Recall You can save nine front panel setups (1-9) in nonvolatile
memary.

Recall Clear Pressing the Recall key followed by the Clr key resets the
oscilloscope to its default settings.

Recall 0 If Autoscale, ECL or TTL preset, or recall setup are
nadvertently selected, recall O restores the instrument. to the previgus
setup.

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

There is a high density, 3.5-inch, MS-DOS® compatible disk drive on the front
panel,

You can transfer the CRT display, including menus and measurement
answers, directly to a wide variety of HP graphics printers and plotters.

The oscilloscope is fully programmable. Instrument settings and operating
modes, including automatic measurements, are remotely programmed over
HP-IB (IEEE-488). HP-IB programming complies with IEEE 488.2-1988
"Standard Codes, Formats, Protocols, and Common Commands."
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Specifications and Characteristics
Operating Characteristics

Sequential Single-shot Data Acquisition and Transfer Rate Using
the front-panel time base menu or HP-1B cormmand "Raw Data," the
oscilloscope can automatically capture, store, and label a waveform; and
rearm the trigger; and then repeat this process until the oscilloscope’s
entire 400K word RAM (volatile) is filled. Once the specified number of
waveforms are captured and stored, the oscilloscope can transfer the
entire block of waveforms to the external computer. HP-IB bus users can
specify the number of points to store and the number of waveforms to
caplure. Repetition rates vary depending on record length and time base
setting (slower sampling rates).

Data Fransfer Rate Approximately 120 Kbytes per second.

CAL Signals Probe Compensation, ac Calibrator Output A square wave signal is
provided on the front panel and rear panel for probe compensation and
other uses. The default frequency is approximately 500 Hz, but it is
adjustable from approximately 250 mHz to ahout 32 kHz, During
instrument self-calibration, this cutput is used to provide other
calibration signals, as described in the Service Guide.

The rear panel BNC connector is also used for trigger output. The utility
menu allows the user to switch the BNC from probe compensation and
calibration signals to a trigger output pulse. The rising edge, with amplitude
from about —400 mV to 0 V (when terminated into 50 £}, is synchronous with
system trigger. The falling edge of this pulse is approximately at the start of
the acquisition. The rising edge should be used as the edge synchronous
with trigger.

de Calibrator Output This output is used for vertical calibration of the
oscilloscope, as described in the Service Guide,
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Product Support

Specifications and Characteristics
Operating Characteristics

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

Low Cost of Ownership The oscilloscope includes a standard three
year, return to HP warranty.

To minimize the repair and calibration times, the oscilloscope was designed
with only one main assembly adjustment per channel. In addition,
Hewlett-Packard’s board exchange program assures economical and timely
repair of units, reducing the cost of ownership.

Reliability Estimated mean time between failures (MTBF) for this
oscilloscope is 30,000 hours. MTBF is computed using an instrument
usage of 2,000 hours per year.

Solutions Hewlett-Packard's System Engineering Organization: can help
vou configure an HP-IB system and provide software support for your
applcation, developing solutions to meet your measurement needs.
Contact your HP Sales and Service office for more information.
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Specifications and Characteristics
General Characteristics

Enviranmental
Conditions

General Characteristics
These general characteristics apply to the HP 54542A oscilloscope.

The instruments meet Hewlett-Packard's environmental specifications
{section 750) for class B-1 products with exceptions as described for
temperature and condensation. Contact your local HP field engineer for
complete details.

Temperature

Operating 0 °C to +55 °C {32 °F to +131 °F)
Non-operating —40 °C 1o +70 °C (—40 °F to +158 °F)

Humidity
Operating up to 95% relative humidity (non-condensing) at +40 °C
(+104 °F)
Non-operating up to 90% relative humidity at +65 °C (+149 °F)

Altitude

Operating up to 4,600 meters (15,000 ft)
Non-operating up to 15,300 meters (50,000 ft).

Vibration
Operating Random vibration 5-500 Hz, 10 minutes per axis, 0.3 grms
Non-operating Random vibration 5-500 Hz, 10 minute per axis, 2.41
grms; Resonant search, b to 500 Hz swept sine, 1 Octave/minute
sweep rate, (.7bg, b minute resonant dwell at 4 resonances per axis.
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Specifications and Characteristics
General Characteristics

Power

Requirements A Voltage 115/230 Vac, —-25% 1o +15%, 48-66 Hz.

Power 350 VA maximum

Weight Net Approximately 11.8 kg (26 1b.)
Shipping Approximately 21.3 kg (47 1b.)

Dimensicns Refer to the outline drawings
Notes

1. Dirnensions are for general information only. If dimensions are required
for building special enclosures, contact your HP field engineer.

2. Dimensions are in millimeters and (inches).
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Product Regulations

Safety

EMC

IEC 348
UL 1244

Specifications and Characteristics
General Characteristics

CSA Standard 22.2 No.231 (Series M-89}

This product meets the requirement of the European Communities {EC)
EMC Directive 89/336/EEC.

Emissions

Immunity

ENBB011/CISPR 11 (ISM, Group 1, Ctass A equipment}
SABS RAA Act No. 24 {1990)

EN50082-1 Code'  Notes®
IEC 801-2{ESD)4kV CD, 8kV AD 2
IEC 801-3{Rad.) 3 V/m 2
[EC 801-4 {EFT) 1kV 2

1 Perfarmance Codas:

1 PASS - Normal aperation, no effect.

2 PASS - Temporary degradation, self recoverable.

3 PASS - Temporary degradation, operator intervention required.
4 FAIL - Not recoverable, component damage.

2 Notes:
{None)
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Glossary

Acquisition The process of sam-
pling and digitizing instantaneous
values of a continuous analog wave-
form and storing the values in
memary.

Acquisition system A combina-
tion of hardware and firraware that
perlorms the acquisition process and
assembles individual waveform sam-
ples into coherent, waveform records.

Averaging Before updating the
display or measurements, the oscillo-
scope averages newly acquired data
with existing data. The higher the
nunber of averages, the less impact
each new waveform has on the com-
posite averaged waveform.
Averaging is typically used to elimi-
nate random noise from a repetitive
waveform,

Bit map A two-dimensional array
in which each element stores the
state of 2 corresponding pixel {dot)
on a video display. Typically, there
is one bit in the array for each pixel
on the display. The bit indicates
whether the pixel is iluminated (1)
or off ().

Connect dots A straight line is
drawn between two-adjacent data
points on the display. Connect dots
is a display feature; it has no affect
on the waveform record stored in
MEMOry or on measurements.

Delay Delay moves the waveform
horizontally on the display. Digitiz-
ing oscilloscopes allow you to view
events that happened before the trig-
ger event. A negative delay value is
time before the trigger event, and a
delay position value is time after the
trigger event. Some oscilloscopes re-
fer to delay as position.

Delay-by-events triggering The
trigger circuitry arms on an edge
from one of the channel or trigger in-
puts, waits for a number of events,
then triggers on an edge from any of
the channel or trigger inputs. Basi-
cally, it is two edge triggers
separated by a selectable nurber of
events.

Delay-by-time triggering The
trigger circuitry arms on an edge
from one of the channel or trigger in-
puts, waits for a time period, then
triggers on an edge from any of the
channel or trigger inputs. Basically,
it is two edge triggers separated by a
selectable time period.

Edge triggering The traditional
triggering mode. A trigger event is
defined as a transitioning edge of a
specified polarity crossing a speci-
fied voltage threshold.

Equivalent-time sampling
A term that is used on other oscillo-
scopes to refer to repetitive
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Glossary

sampling. The terms are inter-
changeable. See "Repetitive
gsampling” in this glossary.

Flash ROM A type of electroni-
cally erasable and programmable
read only memory (EEPROM) used
to store the instrument’s firmware.
The use of this variety of memory
makes it possible to upgrade the in-
strumert’s firmware using onily a
floppy disk without having to touch
ar change any of the internal compo-
nents.

Glitch triggering Glitch trigger-
ing allows the oscilloscope to trigger
on pulses less than or greater than a
selected width.

Internal waveform file format

A binary file format that the oscillo-
scope uses to siore waveforms to a
disk. The binary file format uses less
disk space than the text file formats.
Also, the binary file format is a con-
venient method for transporting
waveforms from oscilloscope to oscil-
loscope, or from a disk back into the
oscilloscope.

Interpolate A finite impulse re-
sponse digital filier that makes the
best possible reconstruction of the
waveform. The reconstruction is
done by using digital signal process-
ing to add data points between the
acquired data points. Then, linear in-
terpolation is performed with the
higher sample density.

Linear interpolation Another
termn for conmnected dots. A straight
line is drawn between two adjacent
data points.

Logic triggering Logic triggering
allows you to qualily the trigger
event further than the standard edge
trigger mode. Basically, logic trigger-
ing is like adding a 4-bit logic
analyzer trigger to your oscilloscope.

Memory depth Ancther term for
record length. See "Record length"
in this glossary.

Offset Another term for Position.
Refer to "Position" in this glossary.
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Panning Panning is used when the
acquisition is inn the stopped mode.
Panning is moving the acquired
waveform horizontally on the dis-
play. [T is controlled by the time
base delay controls in the real-time
mode. Increasing delay moves the
waveform to the left and decreasing
delay moves the waveform to the

right.

Pattern triggering Pattern trig-
gering qualifies the trigger event by
having the oscilloscope search for a
pattern across the oscilloscope in-
puts. You can define the pattern as a
combination of highs, lows, or don't
care levels. Voltages above the trig-
ger level are a high, and voltages
below the trigger level are a low.

Peak detect Peak detect stores
the minimum and maximum values
(pairs) for each time bucket. Peak
detect can detect excursions as nar-
row as 1 ns, and it functions on
sample rates up to 260 MSa/s,

Pixel memory A pixel memory is
a volatile, screen image, storage
area. It is essentially a snap shot of
the display and has no vertical or
horizontal scaling factors associated
with it.

Glossary

Position Position (offset) moves
the waveform vertically on the dis-
play. Itis similar to the vertical
position control on analog oscillo-
scopes except that it is precisely
calibrated. The position voltage is
the voltage at the center of the
graticule area.

Real-time sampling All the data
points that make up a waveflorm
come from a single trigger event.
The real-time sampling mode is typi-
cally used on events that occur
either once or infrequently.

Reconstruction Also known as -
terpolation. Sampling theory
indicates that if a signal is bandwidth-
limited to less than half of the
sarmpling frequency (the Nyquist fre-
quency), the continuous signal can
be determined exactly from the se-
quence of samples. Two problerus
exist in the real world to prevent ex-
act determination of the continuous
input, First, many signals are not
bandwidth-limited, and second, the
ideal determination requires an infi-
nite number of samples.
Reconstruction uses the assumption
that the signal has minimal fre-
quency components above the
Nyquist frequeney in order to accu-
rately (but not exactly) rebuild the
continuous signal from the finite set
of discrete samples.
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Record length  The number of
waveform sarmples stored in the
waveform record. The greater the
memory depth, the greater the
amournt of sampled data that is avail-
able for analysis or measurements.

Repetitive sampling A waveform
is reconstructed from data points
that are acquired from several trig-
ger events. The repetitive sampling
mode is typically used on repetitive
signals.

Sample rate The rate at which
the acquisition syslem samples a
waveform. In the real-time mode, all
samples in a given waveform record
are taken from one trigger event and
are evenly spaced in time at a dis-
tance of 1/sample rate. Inthe
repetitive mode and when less than
500 points are captured on each ac-
quisition, a waveform record is built
up by interleaving samples taken
from multiple trigger events. This
process allows samples in the wave-
form record to be spaced more
closely together for repetitive wave-
forms. As a result, the waveforms
appear to have been sampled at a
much higher rate, sometimes re-
ferred to as an effective sample
rate. The effective sample rate is re-
cord length/time length of the
record. Thisis the same as 1/(time

between the sample points) or
1/{time base resolution).

Scale (channel) Channel scale
controls the vertical scaling of dis-
played waveforms.

Scale (time base) Time base
scale controls the horizontal scaling
of displayed waveforms. Time base
scale is often referred to as sweep
speed in other oscilloscopes.

Skew Skew changes the horizontal
position of a waveform on the dis-
play independent of any other
waveforms on the display. The time
base position control moves all of the
waveforms on the display at the
same time, whereas skew moves indi-
vidual waveforms. Skew is typically
used for overlaying waveforms, or
eliminating timing difference caused
by diverse cable and probe lengths.

State triggering State triggering
is an edge qualified, pattern trigger.
A trigger event occurs il a 3-bit pat-
tern is present when an edge occurs
on the designated clock waveform.
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Text verbose An ASCII text file
format that uses alphanumeric char-
acters to represent a waveform.,

This format includes header informa-
tion about the waveform and when it
was acquired. The text file formats
are a convenient method for transfer-
ring waveforms to desktop
publishing programs.

Text Y values Similar to the texi
verbose file format, except that the
header infermation is deleted from

the beginning of the file.

Throughput Throughput isthe
rate at which the oscilloscope can ac-
quire, display, and make
measurements on a waveform. The
faster the throughput of an oscillo-
scope, the more waveforms per
second that it can process.

Time base reference A reference
point along the time axis (X axis) of
the waveform. This point can be
either the left side of the display, the
center, or the right side. The time of
this point, relative to the trigger
event, is set using the time base posi-
tion control. When the time base
scale is changed, the time location at
the time base reference remains
fixed and the waveform display
either expands or contracts about
the reference point.

Glossary

Time bucket A storage location
within a waveform record which is
used to hold a waveform data sam-
ple. A waveform record is made up
of a series of waveform data samples
stored in ascending time order.

Fach waveform sample is stored in a
specific time bucket within the wave-
form record based upon its time
relationship to the other samples.
The waveform record length (nurm-
ber of points) determines the
number of time buckets in a record.
A time bucket is considered "full" if it
contains a waveform data sample.

Time tag Time tag is used in the
sequential mode. The time tag num-
her associated with the nth trigger
or acquisition is the time from the
first trigger to the nth trigger.

Trigger event A change of some
type in the trigger source waveform
which causes the acquisition system
to begin storing waveform samples
into the waveform records. The time
at which the trigger event occurs is
the time reference for the waveform
and is, by definition, O seconds.
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Waveform memory A waveform
memory is a convenient, nonvolatile,
waveform storage area. A waveform
memory contains a single waveform
record along with the vertical and
horizontal scaling factors for that
waveform.

Zooming Zooming is used when
the acquisition is in the stopped
mode. Zooming either expands or
compresses the acquired wavelorm
on the horizontal axis of the display.
i is controlled by the time base
time/div controls for expansion or
compression of a single-shot wave-
formm in the real-time mode.
Decreasing time/div expands the
waveform and is referred to as
"zooming in." Increasing time/div
compresses the waveform and is re-
ferred to as "zooming out.”
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# (number) of points softkey, 4-25, 10-12

# {number) of screens softkey, 6-b

# {number) of segments softkey, 4-25
(+) Plus function, 10-5

(-} Minus function, 10-5

(x} Times function, 10-5

+ width, 13-18

- width, 13-18

4-bit pattern, 5-10

A
Abort softkey, 11-12
AC BNC softkey, 11-18
Address softkey, 11-7
adjust mode, 5-46
Adjust softkey, 4-29, 5-21
After fail softkey, 8-13, 8-19
air tlow, 1-7
aliasing, 10-18
Allowance softkey, 8-17
altitude characteristics, 14-23
Attenuation meny, 11-11
attenuation too high or bad connection
error message, 11-11
auto mode, h-4
Auio softkey, 4-29
auto triggered, 5-2
Autoincrement softkey, 12-18
autoscale, 2-4
undo, Z-5
average mode, 6-5
averaging, 4-16

B

bandwidth limit characteristics, 14-8
bandwidth specifications, 14-3

baud rate, 11-4

binary file format, 12-6

bitmapped file, 12-14

blue shift key, 2-15 to 2-16

C

Cal (calibration)) signal characteristics,
14-21

Cancel key, 2-10

Center freq (frequency) softkey, 10-11 to

10-12
center mode, 5-6
Center softkey, b-21

Chan/Mem (channel/memory) softkey,

104, 10-6
channel
mdicator, 3-2
models, 3-2
selection, 3-4
timing adjustents, 11 -13
Channel factors softkey, 2-18, 11-17
Channcl immpedance softkey, 11-12
Channel labels softkey, 2-18, 11-17
Channel softkey, 3-4, 11-11, 11-13
characteristics
automatic pulse parameter
measurcments, 14-19
bandwidth hrit, 14-8
Cal (calibration) signal, 14-21
disk drive, 14-20
display, 14-13
display modes, 14-14
enviornmental conditions, 14-23
FFT (fast Fourier transform), 14-7,
14-16
general, 14-23 to 14-25
hardcopy, 14-20
horizontal, 14-6, 14-10
HP-IB Programmabitity, 14-20
marker, 14-15
operating, 14-8 to 14-22
performance, 14-5 to 14-7
setup aids, 14-20
trigger, 14-6, 14-10
vertical, 14-5, 14-8 to 14-9
waveform math, 14-15
waveform save, 14-18
window, 14~17
Clear display key, 2-7
Clear key, 2-15
Clicker softkey, 11-17
clipped signal, 13-17
Clock softkey, 5-13
Compare softkey, 8-17
Compression softkey, 12-17
Connect dols softkey, 6-6
connect the dots, 10-15, 14-14
Continue softkey, 8-19, 11~11
Continuous softkey, 8-5 to 8-6

control area, 2-4
coupling, 5-7
Coupling softkey, 3-6
cursor setting, 14-16

D
A time, 8-9, 13-15
data
calculating, 2-7
collection, 13-4
destination, 8-12
display, 2-7
failure, 8-12
in memory, 4-30
record calculating, 13-6
saving failure, §-18
storage, 8-10
transfer rate, 14-21
Data source softkey, 8-8
Date softkey, 11-16
dBm computation, 10-17
dBV computation, 10-18
de value, 10-18
default resetting, 2-12
Define measure softkey menu, 8-2
Define measurement menu, 8-7
delay
reference peint, 4-11
trigger mode, 5-15
Delay softkey, 4-5, 5-17
Delete key, 12-19
delta entry calculations, 7-3
delta-t accuracy specifications, 14-4
demensions characteristics, 14-24
device commumications, 11-4
Diff (differentiate) function, 10-6
dimensions instrument, 14-24
Disabled/Enabled softkey, 12-16
disk
formatting, 12-20
operafion, 12-12, 12-15, 12-17
storing, 12-13, 12-186
disk drive
characteristics, 14-20
overview, 2-20
Disk renu, 12-2 to 12-3
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display
characteristics, 14-13
mode chararacteristics, 14-14
section, 2-17
Display softkey, 6-3, 6-10, 10-4
drift, 6-8

E
ECL (Emmitter Ceuple Logic) softkey, 3-9
cdge
count field, 8-9
measurements, 13-18
trigger mode, 5-3, 5-5
Enter changes softkey, 6-13
entry knob, 2-16
entry/measurc arca, 2-15
envelope mode, 6-5
environmental conditions, 14-23
EPS files, 12-16
equipment connecting, 1-8
equivalent time, 4-12
er § (screen message), 8-16
er 1 (screen message), 816
cr 2 (screen message), 8-16
erasing sclection, 2-15
error message, 11-11, 12-7
event, 4-25
Exciude all changes softkey, 6-13
Exciude include softkey, 6-12
Exclude softkey, 6-12
Execute softkey, 12-15
Exit menu seftkey, 11-13,11-19
Extended analysis softkey, 8-6

F

fail (screen message), 8-16

Fail if softkey, 8-11

fall time mcasurement, 13-18

falling edge, 13-11
calculations, 13-9 to 13-11

FFT (fast Fourier transform)
characteristics, 14-7, 14-16
function, 10-6
measurements, 10-15 to 10-18
menu map, 10-9
presetting parameters, 10-19

Field softkey, 5-20

fields
nonnumeric, 2-17
numeric, 2-17
fite
data placement, 12-12
data storage, 12-15
deleting, 12-19
entering name, 12-15, 12-17
extensions, 12-5
format, 12-6, 12-9 10 12-11
loading, 12-4 to 12-5
overwriting, 12-15
selection, 12-12
storing, 12-13 to 12-14
File format softkey, 126
fite formats
EPS, 12-16
PCX, 12-16
TIFF, 12-16
Fine key, 2-16
firmware loading, 12-2
flattop window, 1(-14
Form feed softkey, 11-8
Format key, 12-20
Format softkey, 12-16
four (4) bit pattern, 5-10
four-channel models, 3-2
Freq (frequency) span softkey, 10-11
frequency
accuracy, 10-16
displaying, 14-16
setting, 14-17
From file softkey, 12-4, 12-12
Frorm seg {segment) # (number) softkey,
6-12
From softkey, 12-14
front pancl
control, 2-6
cntry/measure, 2-15
keys, 2-3
menus, 2-14
overview, 2-2
recalling, 2-12
saving, 2-12
setup, 2-12
vertical, 32

function displaying, 10-1%
Function seftkey, 10-4
fuse, 1-7

G
general characteristics, 14~23 to 14-25
glitch, 5-2
detection, 5-9
uming, 5-23
trigger mode, H-21
graticule
arca, 2-17
selection, 6-6
Ground markers softkey, 2-18, 11-17

H
Hanning window, 10-14
hardeopy
characteristics, 14-20
saving, 8-13, 8-19
Header information is not vakd
error message, 12-7
histogram
building, 13-5
calculations, 13-6 to 13-7
Holdoff softkey, 5-8, 5-11, 5-14, 5-20,
5-22
horizonial
characteristics, 14-6, 14-10
markers, 7-2
scaling, 44
Horizontal setur: key, 4-3
Horz {horizontal magnify softkey, 10-11
I1P-IB
device communication, 11-4
menu, 11-3
programmability characteristics, 14-20
HP-IB/RE-232 softkey, 114
hurnidity characteristics, 14-23
hysteresis, 5-5

1
IEEE values, 13-8
image

storing, 12-16
Include softkey, 6-12
infinite persistence, 6-8
Initiakize softkey, 11-8
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input impedance, 3-8
Input impedance softkey, 3-7
input R specifications, 14-3
instrument

dimensions, 14-24

reset, 2-20

weight, 14-24
[nt {integrate) function, 10-5
intensity contraol, 1-7
interleave factor, 12-20
internal file format, 12-6
Interpolation softkey, 11-19
[nv (inverse) function, 10-5

J
jitter, 5-15, 6-8

K

key
blue, 2-15
blue shift, 2-16
Cancel, 2-10
Clear, 2-15
Clear display, 2-7
Delete, 12-19
explaination, 2-3
Fine, 2-16
Format, 12-20
Horizontal setup, 4-3
Local, 2-6
Marker, 7-2

Math/F'FT (fast Fourier transform),

10-3

Print, 2-10

Reecall, 2-12

Run, 2-6,4-25

Save, 2-12

Show, 2-11

See also softkey

Stop/Single, 2-7
key-down power up, 2-20
keypad, 2-15

L

leakage, 10-14

Level softkey, 5-6, 520 to 5-21
Limit test menu, 5-10

Limit test softkey menu, 8-2

lne
switch, Z-17
voltage, 1-6
Line softkey, 5-20
Load menu, 124
Local key, 2-6
lockout commmand, 2-6
logic trigger modes, 5-3
Lower threshold softkoy, 8-9

M
Magnify function, 10-5
marker characteristics, 14-15
Marker key, 7-2
Marker menu, 7-2
Markers softkey, 8-8
mask, generating, 8-15
math
meny, 10-11
cperator, 10-3
operators, 10-4

Math/FFT (fast Fourier transform) key,

10-3

Math/FE'T (fast Fourier transform) menu,

10-2
Max (maxirum) test voltage sofikey,
11-12
maxirnum input voltage specifications,
14-3
Measure menu, 84
Measure softkey menu, 8-2
Measure window softkey, 8-5
measurcments
active, 11-19
amplitude, 10-15
automatic, 7-5, 13-17
automatic parametric, 13-3
automatic pulse parameter
characteristics, 14-19
averaging, 8-6
considerations, 13-16
continuous, 8-5
custom, 7-5, 8-5, 8-7,8-9
errors, 13-17
frequency, 13-17
making, 8-3
raultiple, 13-17
period, 13-17

measurements (continued)
pulse width, 13-18
timing, 8-8
voltage, 13-12 to 13-13
waveform, 13-2, 13-18
waveform peak, 10-10
windows, 8-6, 13-17
Measurements softkey, 8-9
measuring uniis, 10-15
memory bar, 4-21, 10-13
memory pair, 8-17
menus, Z2-14
Mode softkey, b-4
mode, user defined, 13-16
More cxclude include softkey, 6-12
More preset probe softkey, 3-7
More sottkey, 3-9, 6-13, 10-11, 10-14

N
n sec {screen displays), 4-4
negative

delay, 4-5

time, H5-3
noise

clicking, 11-17

reject, 5-7
noisy signal, 6-5, 6-8
nonnurcric ficlds, 2-17
normal mode, 6-4, 6-8, 610
not found (screen message), 8-9

Nurnber (#) of points softkey, 4-25, 10-12

Number (#) of screens softkey, 6-5
Number (#) of segments softkey, 4-25
numbered channel keys, 3-2
numbered key, 3-3

numeric flelds, 2-17

0
Off on softkey, 7-3
OfffFrame/Axes/Grid softkey, 6-6
offset accuracy specifications, 14-3
Offset softkey, 3-5, 10-6, 10-14
offset voltage, 3-5
On fail, save softkey, 8-12 to 8-13, 8-18
operand

calculations, 10-5 to 10-6

function, 10-4
operating characteristics, 14-8 to 14-22
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operating conditions

Sce general characteristics
Operator softkey, 10-4
Or if softkey, 8-11
vscilloscope operation, 4-23
avershoot

defined, 13-13

measurement, 13-18
overwriting, 6-8

P
panning, 4-6
Paper length softkey, 11-8
pass (screen message), 8-16
Pattern softkey, 5-10
pattern trigger mode, 5-9, 5-13
PCX files, 1216
peak
detect mode, 6-8
frequency accuracy, 10-16
measurement accuracy, 10-15
Peak search softkey, 10-10
Pen softkey, 11-9
Percent/Volts softkey, 8-8

performance characteristics, 14-5 to 14-7

persistence mode, 6-4
pixel

file, 1214

memory, 8-13, 8-19

memory file, 12-5
Plot softkey, 11-9
plotting, 11-9

Sce also printing
points setting, 14-16
position knab, 3-2
positive delay, 4-5
positive fime, H-3
power

cord, 1-5

requirements, 1-5, 14-24
Present softkey, 5-14
preshoot.

defined, 13-13

measurement, 13-18
Print key, 2-10
printing, 2-10, 11-19

to printer, 11-8

probe
attenuation, 3-8
calibration, 11-11 to 11-12
compensation, 2-17, 14-21
compensation signat, 11-18
impedance, 11-12
terminals, 2-17

Run key, 2-6, 4-85

runming (screen display), 4-4

s

Sample clock softkey, 4-29
sampler circuit, 5-3
sampling rate, 4-29

probe attenuation (screen message), 11-11 Save key, 2-12

Probe cal {calibration) menu, 13-10
Probe softkey, 3-8
product
requlations, 14-25
support, 14-22
Protect on: cannot store to memory
(screen message}, 8-18
pulse widih measurements, 13-18

Q
Qualify on softkey, 5-16

R
Real time acquisition display menu, 6-7,
6-9 to 6-14
real time mode, 4-17, 13-16
Real-time clock, 11-15
rcar panel, 14 to 1-7
Recall Clr (clear), 2-20
Recall key, 2-12
record length, 4-29 to 4-30
Record length softkey, 4-30
rectangular window, 10-14
Reference softkey, 4-11
Registration form (print) scftkey, 11-19
regulations for product, 14-25
Reject softkey, 5-7
Reject-Coupling softkey, 5-7
Rendering softkey, 12-17
Repetitive acquisition display menu, 6-3
repetitive mode, 4-12, 13-16
Repetitive/Real time softkey, 4-12
reset instrument, 2-20
rise Lime
measurcrment, 13-18
specifications, 14-3
rising edge
calculations, 13-9 to 13-11
defined, 13-11

saving
data failure, 8§-18
hardcopy, 8-13, 8-19
pixel memory, 8-19
screen display
n sec, 4-4
running, 4-4
Screen softkey, 8-5
Search level saftkey, 10-10
segment, 4-25

Segment # {number} softkey, 6-1}
Sclf-Cal (calibration) menu, 11-14

Self-test menu, 1110

Sensitivity softkey, 10-6, 10-13

sequencing, 2-16

seguential
memory, 4-24
single shot, 4-23

Sequential softkey, 4-23 to 4-28

Service memu, 11-14
Set softkey, 8-11
setup
aids, 14-20
file, 12-5, 12-14
shipping, 1-3
Show key, 2-11
signal
analyzing, 2—4
clipped, 13-17
locating, 2-4
noisc, 6-5
optomizing, 2-4
repetitive, 2-4
single persistence, 6-8
single shot
acquisition, 4-17, 14-21
events, 2-8
sequential, 4-23 to 4-28
Slope softkey, 5-7
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softkcy

# (number) of points, 4-25, 10-12
# {number) of screens, 6-5

# (number) of segments, 4~25
Abert, 11-12

AC BNC, 11-18

Address, 11-7

Adjust, 4-29, h-21

After fail, 8-13, 8~19

Allowance, 8-17

Auto, 4-29

Autoincrement, 12-18

Center, 5-21

Center freq {frequency),10-11 to 10-12

Chan/Mem (channelmemory},10-4, 10-6

Channel, 3-4, 11-11, 11-13
Channel factors, 2-18, 11-17
Channel impedance, 11-12
Channel labels, 2-18, 11-17
Clicker, 11-17

Clock, 5-13

Compare, 3-17
Compression, 12-17
Connect Dots, 6-6
Jontinue, 8-19, 11-11
Continuous, 8-5 to 8-6
Coupling, 3-6

Data source, 8-8

Date, 11-16

Delay, 4-5, 5-17

Display, 63, §-10, 10-4
ECL (Emmitter Couple Logic), 3-9
Enabled/Disabled, 12-16
inter changes, 6-13
Exciude, 6-12

Exclude all changes, 6-13
Exclude include, 6-12
Execute, 12-15

Exit menu, 11-13,11-19
Extended analysis, 8-6

Fail if, 8-11

Ficld, 5-20

File format, 12-6

Form feed, 11-8

Format, 12-16

Freq (frequency) span, 10-11
From, 12-14

From file, 12-12

softkey {continued)
Frem seg (segrent) # (number), 6-12
Function, 14-4
Ground markers, 2-18, 11-17
Holdoff, 5-8, 5-11, 5-14, 5-20, 5-22
Horiz (horizontal) magnify, 10-11
HP-IB/RS-232, 11-4
Include, 6-12
Initialize, 11-8
Input impedance, 3-7
Interpolation, 11-19
Level, 5-6, 5-20 to 5-21
Line, 5-20
Lower threshold, 8-9
Markers, 8-6
Max (maximum) test voltage, 11-12
Meagure window, 8-5
Measurements, 8-9
Mode, b-4
More, 3-9, 6-13, 10-11, 10~14
Meore exclude inchide, 6-12
More preset probe, 3-7
Number (#) of points, 4-25
Number (#) of screens, 68-5
Number (#) of segments, 4-25
Off on, 7-3
Off/Irame/Axes/Grid, §-6
Offsct, 3-5, 10-6, 10-14
On fail save, 8-12 to 8-13
On fail, save, 8-18
Operator, 10-4
Orif, 8-11
Paper length, 11-8
Fattern, h-10
Peak search, 10-10
Pen, 11-9
Percent/Volts, §-8
Plot, 11-9
Present, b-14
Probe, 3-8
Qualify on, 5-16
Record length, 4-30
Reference, 4-11
Registration form (print}, 11-19
Reject, 5-7
Reject-Coupling, 5-7
Rendering, 12-17
Repetitive/Real time, 4-12

softkey (continued)
resct, 2-20
Sample clock, 4-29
Screen, 8-5
Search level, 10-10
Sensitivity, 10-6, 10-13
Sequential, 4-23 to 4-28
Set, 8-11
Slope, 5-7
Source, 5-6, 6-11
Source x1, ¥1, 7-3
Source x2, y2, 7-5
Standard/Uscr defined, 8-8
Stardard/Source, H-19
Start cal (ealibration), 11-11
Statistic output, 8-6
Statistics, 8-5
Stop, 8-19
System util, 11-17
Test, 8-11,8-15
Thresholds/Measurements, 8-8
Time, 11-13, 11-16
Time base menu, 4-3
Time cut, 11-7
Time/Div (division}, 4-4
To, 8-17, 12-12
Tao file, 12-15, 1217
To seg (segment) # (number), 6-13
Trig'd (triggered) auto, 5-4
Trigger on, 5-17
Trigger, common ones, b—4
TTL (Transistor Transistor Logic), 3-9
Type, 12-5,12-14
unlabeled, 5-10, 5-19
Upper threshold, 8-9
Vertical sensitivity, 3~4
When, b-11, 5-13
When prescnt, 5-22
Width, 5-22
Window, 10-14
x1 Position, 7-4
x2 Position, 7-5
v1 Position, 74
y2 Position, 7-5
Source softkey, 5-6, 6-11
Source x1, y1 softkey, 7-3
Source x2, v2 softkey, 7-5
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specifications, 14-3 to 14-4

input R, 14-3

rise time, 14-3

fime base, 14-4

trigger, 14-4

vertical, 14-3

voltage measurement accuracy, 14-3
spectral leakage, 10-14
Standard/Source seftkey, 5-18
Standard/User defined softkey, -8
Start cal (calibration) softkey, 11-11
state trigger mode, 5-13
Statistic cutput softkey, 8-6
Statistics softkey, 8-5
Stop softkey, 8-19
Stop/Single key, 2-7
Store image menu, 12-16
Store menu, 12-13
storing

EPS files, 12-16

PCX files, 12-16

TIFF files, 12-16
System menu, 11-15
System util softkey, 11-17

T
temperature characteristics, 14-23
test parameters preset, 8-10
Test softkey, 8-11, 8-15
text verbose format, 12-6
threshold calculations, 13-8
thresholds, 8-8
Thresholds/Measurements softkey, 8-8
throughput, 4-28
TIFF fiies, 12-16
fime

negative, 5-3

positive, 5-3

sample points, 4-30

tag feature, 4-23
time base, 14-15

characteristics, 14~14

delay, 5-3

scaling, 4-4

specifications, 14-4

windewing, 4-6
Time base softkey menu, 4-3
time bucket, 4-16, 6-8, 11-18, 12-9

Tirne null menu, 11-13
Time out softkey, 11-7
time paramcters, 6-4
Time softkey, 11-13, 11-16
time tag, 6-11
Time/Div (division) softkeyv, 4-4
timing
definitions, 13-14 to 13-15
measurements, 13-9
To file softkey, 12-15, 12-17
To seg (segment) # (number) softkey,
6-13
To softkey, 8-17, 12-12
trace movement, 3-5
Trig'd {triggered Yaute softkey, 5-4
trigger
basics, 5-3
characteristics, 14-6, 14-10
circuit, 5-11
delay mode, 5-15
delayed, 14-12
disabling, 5-14
disabling circuit, 5-8
edge, 14-11
glitch, 14-11
level, 5-5, 5-20
mode, 5-5, 14-11 t0 14-13
on burst of pulses, 5-8
output, 14-21
pattern, 5-13, 14-11
pattern mode, 5-8, 5-13
point, 4-21
rearming, 2-7
sensitivity, b-7
source, 5-13
spectfications, 14-4
state, 14-12
status, H-2
system, 11-18
TV, 14-12
TY signals, 5-19 to 5-20
Trigger on softkey, 5-17
Trigger softkeys, common, 5-4
triggered mode, 5-4
triggering
auto, 5-2
delay, 5-15,5-17
cdge, 5-11, 5-16, 5-17

triggering (continued}
glitch, 5-23
glitch polarity, 5-21
level, 5-21
modes, 5-2
patterns, 5-10, 5-13 to 5-14
points, 5-6, 5-21
source, 5-21
tme, 4-5
TTL {Transistor Transistor Logic) softkey,
3-9
turning on, 2-17
TV trigger mode, 5-19
two-channel models, 3-2
Type softkey, 12-5, 12-14

T

unco autoscake, 2-5

Upper threshold softkey, 8-9
user defined mode, 13-16
Utility menu, 11-2

v
valid trigger, 5-3
value changing, 2-16
vertical, 3-2
adjustment, 3-5
characteristics, 14-5, 14-8 to 14-9
markers, 7-2
movement, 10-8
peak accuracy, 10-15
scaling, 31
scaling units, 10-15
sensitivity, 10-13
specifications, 14-3
Vertical sensitivity softkey, 3-4
vibration characteristics, 14-23
voltage measurement
accuracy specifications, 14-3
voltage measurements, 13-12 to 13-13
volts/div {division} knob, 3-2
Vs (versus) function, 10-5
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w Waveform compare menu, $-14 X

waveform Waveform compare softkey menu, 8-2 x markers, 7-2
calculating, 13~6 Waveform data is not valid x1 Position softkey, 74
compare mode, 8-15 crror message, 12-7 x2 Position softkey, 7-5
compare test, 8-14 to §-19 weight
connect the dots, 6-6 instrurment, 14-24 Y
data display, 2-7 When presont softkey, 5-22 v markers, 7-2
data recalculating, 2-7 When softkey, 5-11, 5-13 v1 Position softkey, 7-4
erasing data, 2-7 width measurcments, 13-18 v2 Position softkey, 7-6
failure, 8-17 Width softkey, 5-22
FFT (fast Fourer transform) window z

functions, 10-2 characteristics, 14-17 zooming, 4-6

file, 12-5 to 12-6, 12-14 selecting, 14-17
infrequent, 2-8 Window softkey, 10-14
marker positicning, 7-4 windowing, 13-17

math, 10-2 to 10-3, 10-5, 14-15

measurement errors, 13-17

measuremernts, 13-18

memory, 4-30, 8-12

non symmetrical, 13-17

See also peak

peak measurements, 10-10

problemns, 6-8

record, 4-21

save characteristics, 14-18

saving, 8-12 to 8-13

slope choice, 83

siatus messages, 5-16

storing, 12-13

synchronizing, 5-8

thresholds, 8-9, 13-8

viewing area sce also graticule,
2-17
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DECLARATION OF CONFORMITY

according to ISO/IEC Guide 22 and EN 45014

Manufacturer’s Name: Hewlett- Packard Company

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

Declares, That the product

Product Name: Digitizing Oscilloscope
Model Number(s): HP bdb42A, 545404, 54522A, 54620A
Product Options: All

Conforms to the following Product Specifications:

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

EMC: CISPR 11:1990 /EN 556011 (1991): Group 1 Class A
IEC 801-2:1991 /EN 50082-1 (1992): 4 kV CD, § kV AD
IEC 801-3:1984 /EN 50082-1 (1992): 3 V/m
IEC 801-4:1988 /EN 50082-1 (1892): 1 kV

Supplementary Information:
The product herewith complies with the requirements of the Low Voltage
Directive 73/23/EEC and the EMC Directive 89/336/EEC.

John Strathman, Quality Manager

Colorado Springs, July 5, 1993

Eurcpean Contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH,
Department ZQ / Standards Europe, Herrenberger Strasse 130, 71034 Béblingen Germany (FAX: +49-7031-143143)




© Caopyright Hewlett-
Packard Company 1993, 1994

All Rights Reserved.

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

Document Warranty

The informaticn contained in
this document is subjeet 1o
change without notice.
Hewlett-Packard makes
no warranty of any kind
with regard to this
material, including, but
not limited to, the implied
warranties of
merchantability or fitness
for a particular purpose.
Hewlett-Packard shall not be
liable for errors contained
hercin or for damages in
connection with the
furnishing, performance, or
use of this material.

Safety

This apparatus has been
designed and tested in
accordance with IEC
Publication 348, Safety
Requirements for Mcasuring
Apparatus, and has becn
supplied in & safe condidon.
This is a Safety Class 1
instrument (provided with
terminal for protective
earthing). Before applying
power, verify that the correct
safety precautions are taken
(sce the following warnings).
In addition, note the external
markings on the instrument
that are described under
"Safety Symbols."

Warning

* Before turning on the
instrument, you Iust connect.
the protective earth terminal
of the instrument to the
protective conducter of the
(rnains) power cord. The
mains plug shall only be
ingerted in a socket outlet
provided with a protective
earth contact, You must not
negate the protective action
by using an extension cord
(power cable) without a
protective conductor
(grounding}. Grounding one
conductor of a two-conductor
cutlet is not sufficient
proteciion.

o Oply fuses with the
required rated currcnt,
voltage, and specified type
(normal blow, time delay,
etc.} should be used. Do not
use repaired fuses or
short-circuited fuscholders.
To do so could cause a shock
of fire hazard.

* Service instructions are for
trained service personnel. To
aveid dangerous electric
shock, do not perform any
service urdess gualified to do
so. 2o not attempt internal
service or adjustment unless
another person, capable of
rendering first aid and
resuscitation, is present,

& [f you energize this
instrument by an auto
transformer (for voltage
reduction}, make sure the
commmon terminal is
connected to the earth
terminal of the power source.

s Whenever it 15 likely that
the ground protection is
mpaired, you must make the
instrument inoperative and
secure it against any
unintended operation.

* Do not operate the
instrument in the presence of
flarnmable gasses or fumes.
Operation of any electrical
instrument in such an
cnviropment constitutes a
definite safety hazard.

* o net install substitute
paris or perform any
unauthorized modification to
the instrument.

& Capacitors inside the
ingtrument may retain a
charge even if the instrument
is disconnected from its
source of supply.

® Usc caution when exposing
or handling the CRT.
Handling or replacing the
CRT shall be done only by
qualified maintenance
personnel.

Safety Symbols

A

Instruction manual syrabol:
the preduct is marked with
this symbol when it 15
necessary for you to refer to
the instruction manual in
order to protect against
damage to the preduct.

}

Hazardous voltage symbol.

Earth terminal syrmbol: Used
to indicate a circuit cernmon
connected to grounded
chassis,

WARNING

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

CAUTIGN

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

Hewlett-Packard
P.C. Box 2187

1900 Garden of the Gods Read
Colorado Springs, CO 80901



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
Hewletl-Packard and
Hewlett-I’ackard shall pay
shipping charges to return
the product. to the Buyer.
However, the Buyer shall pay
all shipping charges, dutics,
and taxes for products
returned o Hewlett-Packard
from another country.

Hewlett-Packard warrants
that ifs software and firmware
designated by
Hewlett-Packard for use with
an instrument will execute its
programming instructions
when propetrly 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
medification or misuse,
operation cutside 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
conseguential damages,
whether based on confract,
tort, or any other lcgal theory.

Assistance

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

For any assistance, contact
vour nearest Hewlett-Packard
Sales Office.

Certification
Hewleti-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 measurcments 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 first edition of the
HP 54520 and HP 54540
Series Oscilloscope User's
Reference.

Publication number
5454297016

Printed in USA.
Edition dates are as follows:
First edition, February 1994

New editions are complete
revisions of the manual.
Update packages, which are
issued between editions,
contain additional and
replacement pages 1o be
merged into the manual by
you. The dates on the title
page change only when a new
edition is published.

A software or firmware code
may be printed before the
date. This code indicates the
version level of the software
or firmware of this product at
the time the manual or
update was issued. 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-ig-one
correspondence between
product updates and manual
updates,

The following list of pages
gives the date of the current
cdition and of any changed
pages to that edition.

All pages original edition
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