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Channel Menu: Selects:
Time Base Parameters (s/Div, Delay);
Vert. Sensitivity/Position (V/Div & Offset);
Input Channel; Probe Factor; Coupling;
Markers; Autoscale; Preset Valves; Print

Trigger Menu: Selects:
Mode, Immediate-Pattern-Edge;

Source; Level; Slope; Count;

Auto-Trigger; Autoscale; Markers;

Tirme Base Parameters (s/Div, Delay); Print

Display Menu: Selects:
Mode, Normal-Average-Accumulate;
Connect Dots, On/Off; Grid, On/Off;
Time Base Parameters (s/Div, Delay);
Autoscale; Markers; Print

Selects:
Fleld with parametric measurements of:
Period, Risetime, Falltime, Frequency,
+Width ,—Width, Vp_p, Preshoot, and
Overshoat;
Time Base Parameters {s/Div, Delay);
Input Channel; Autoscale; Markers; Print

Waveform Selection: Available all menus
except Calibration.
Selects: Module (current if not IMB meas.);
Channel Mode: Single, Overlay,
Chan+Chan, and Chan—Chan;
Action, Insert-Replace; Delete; Labels; Print




In This Book

This book provides a detailed description of the features of the

HP 16532A 1 GSa/s Oscilloscope Module. It identifies the different
menus available on the oscilloscope, and shows what options are
available in the menus. It then explains what each of these options
mean and what they do. The book is divided into the following
chapters:

Chapter 1 describes the Run/Stop options and explains single and
repetetive modes of operation.

Chapter 2 describes the Autoscale function—what it does, what
signal it selects to trigger on, and what fields and menus are affected
by the algorithm.

Chapter 3 describes the Channel menu options~—input identification,
vertical sensitivity and position, probe attenuation factor, coupling
field selection, and preset values.

Chapter 4 describes time base functions—sweep speed, horizontal
position, pan and zoom, and sample period display.

Chapter 5 describes marker options—both manual and automatic. It
describes the capabilities of both manual and automatic marker
options and the fields available in each, then describes the function of
each of these fields.

Chapter 6 describes trigger options available—immediate, pattern,
and edge. It describes their use, configurations available, and the
fields controiling each option.

Chapter 7 describes the display options—normal, average, and
accumulate. It then explains when each is used, and what the results
are when each is used,




Chapter 8 describes the Auto-Measure feature and explains the
algorithm for each of the nine automatic measurements taken. The
measurements taken using this feature are: frequency, period,
peak-to-peak voltage, positive pulse width, negative pulse width,
rise time, fall time, preshoot, and overshoot.

Chapter 9 describes the Waveform Selection menu. This menu lets
you select the following modes of operation: single channel, overlay,
Chan + Chan, or Chan—Chan. It also allows you to insert, replace, or
delete channels from the display.

Chapter 10 describes intermodule measurements. For a more
detailed description of this type of measurement refer to the
HPFP 16500A/16501A Logic Analysis System Reference Manual.

For a "fast track" introduction to the oscilloscope module, refer to
the HP 16532A 1 GSa/s Oscilloscope Module Quick Start Guide.
That manual will help you get comfortable with the oscilloscope
features and some of its more basic measurements.

For specific user task-oriented information on the more commonly
used oscilloscope measurements, refer to the HP 165324 1 GSa/s
Oscilloscope Module User’s Guide.
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Run/Stop Options

When you first furn on the Logic Analysis Systern, all of the
modules installed in the mainframe are inactive (that is, not run-
ning). Making the module inactive at system start-up prevents
any unwanted interaction between the modules.

This chapter describes how to manually start the oscilloscope run-
ning. You can cause the oscilloscope to run automatically in an
intermodule measurerment setup. For information on intermodule
measurements, refer to chapter 10 in the HP 16500A/16501A
Logic Analysis Reference manual.

There are two ways you can manually cause the oscilloscope to
run. One way is to touch the Autoscale field on the screen, then
select Continue from the pop-up menu. The more obvious way to
cause the oscilloscope to run (or stop) is to use the Run/Stop field
options. All of the run and stop options are explained in this chap-
ter.

Remember, when the Run/Stop field displays Run, the oscilloscope
is stopped. You touch the Run field to start the oscilloscope run-
ning. Likewise, when the Run/Stop field displays Stop, the
oscilloscope is running. You touch the Stop field to stop the oscillo-
scope. In short, the Run/Stop field displays your next option —

not the action taking place.
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RuryStop Options
Autoscale Rua

Autoscale Run

You can use the gutoscale feature to cause the oscilloscope to run.
You may want to use this method when you have changed one or
more of the signal input parameters and want to get backto a
basic screen presentation of your waveform. Just touch the
Autoscale field on the screen, then select Continue from the
pop-up menu. When autoscaling is complete, the oscilloscope auto-
matically starts running. It will run in the mode (single or
repetitive) that was last selected using the Run field menu options.
If no run mode is selected prior to selecting autoscale, the run
mode defaults to single mode.

19




RuryStop Options
Manuoal Run/Stop

Manual Run/Stop

Manually running or stopping the oscilloscope is controlied by the
Run/Stop field. The Run/Stop field is in the upper-right corner of
all oscilloscope menus. In addition to the run and stop options
available with the Run/Stop field, the Run field allows you to
choose the acquisition mode of the run you want to make. The ac-
quisition modes available are single mode and repetitive mode.

Run Field

When the green Run field is displayed, the oscilloscope is stopped.
Touching the Run field, then removing your finger from the screen,
starts the oscilloscope running. The oscilloscope runs using the
parameters that are currently set. Additionally, it runs in the mode
(single or repetitive) that was last selected. If no run mode is

selected prior to selecting a run, the run mode defaults to single mode.

When you touch and hold your finger on the Run field, a pop-up
menu appears. The pop-up contains the selections Single, Repetitive,
and Cancel. To select one of the options, slide your finger down the
screen until it is over the option you want to select, then remove
your finger from the screen. These options are described in the fol-
lowing paragraphs.

Single Mode Option

When the system is turned on, the oscilloscope defaults to the Single
mode. Single mode acquisition fills acquisition memory once with
8000 samples of the input waveform, automatically stops running,
then displays the contents of acquisition memory. Each 8000-sample
waveform record is acquired in a single acquisition.

20




Runy/Stop Options
Manual Run/Stop

To start the oscilloscope running in the single-shot mode after it has
been running in repetitive mode, touch the green Run field. Slide
your finger down to the Single field in the pop-up until the Single
field turns white, then remove your finger from the screen. This
starts the oscilloscope running in the Single mode. When single-shot
acquisition is in process, the Run/Stop field will display Stop. When
the acquisition is complete, the field display changes to Run. In
Single mode, the oscilloscope makes a single acquisition and displays
the results. The oscilloscope then waits until the Run field is touched
again before making another acquisition.

Repetitive Mode Option

Repetitive mode acquisition fills acquisition memory with 8000
samples of the input waveform on continuing acquisitions. The
display is updated each time a new acquisition is made. Repetitive
mode continues acquiring data in this manner until you touch the
Stop field. As in single mode, each 8000-sample waveform record is
acquired in a single acquisition.

To start the oscilloscope running in the repetitive mode affer it has
been running in single mode, touch the green Run field. Slide your
finger down to the Repetitive field in the pop-up until the Repetitive
field turns white, then remove your finger from the screen. This
starts the oscilloscope running in the Repetitive mode. While the
real-time repetitive acquisitions are being made, the Run/Stop field
will display Stop. When you want to stop making repetitive acquisi-
tions, touch the Stop field. To resume making repetitive acquisitions,
touch the Run field again.
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Run/Stop Options
Manual Run/Stop

Cancel Option

If you select the Cancel field in the pop-up, the oscilloscope returns
to the state it was in before the Run field was touched. That is, it is
stopped in either single or repetitive mode, whichever mode was
selected last.

Stop Field

When the red Stop field is displayed, the oscilloscope is running,
Touch the Stop field to cause the oscilloscope to stop running.
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Autoscale

Autoscale is an algorithm built into the oscilloscope that automat-
ically optimizes the display of one or more waveforms. When you
touch the Autoscale field and select Continue, the autoscale algo-
rithm starts, and the screen displays the advisory message
"Autoscale is in progress.”

When you are set up in a multimodule configuration, only the two
master card input channels are recognized by the autoscale
algorithm. The oscilloscope does not autoscale the inputs on the
other boards in a raultimodule configuration.

This chapter discusses how the autoscale algorithm works in a
single module configuration or in relation to the master card in a
multimodule configuration.
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Autoscale
Autoscale Field Options

Autoscale Field Options

The Autoscale field is displayed in the top row of menu fields on
every oscilloscope menu.

When you touch the Autoscale field, a pop-up appears that allows
you to cancel or continue the autoscale.

Cancel

If you accidentally touch the Autoscale field, you can touch the Can-
cel field to cancel the autoscale process. The cancel feature keeps
you from inadvertently changing your oscilloscope setup.

Continue

When you touch the Continue field, the autoscale algorithm starts,
and the screen displays the advisory message "Autoscale is in
progress.”
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Autoscale Algorithm

Autoscale Algorithm

This section describes what the autoscale algorithm does when a
signal, or signals, is present at the oscilloscope inputs. It also
describes what occurs when signals are not present at the
oscilloscope inputs.

When you are set up in a multimodule configuration, only the two
master card input channels are recognized by the autoscale
algorithm. The oscilloscope will not autoscale the inputs on the
other boards in a multimodule configuration.

This section discusses how the autoscale algorithm works in a
single module configuration or in relation to the master card in a
multimodule configuration.

What the Autoscale Algorithm Does When a
Signal is Found

The autoscale algorithm first checks both input channels to determine
whether or not there are any signals present. If there are signals
present, the autoscale algorithm first looks for the signal to use as the
trigger source and sets the trigger parameters. It then performs
automatic scaling of the signals found on both channels,

Finding the Trigger Source

If there is a signal present on only one of the two input channels, the
autoscale algorithm recognizes that signal as the trigger source,

If there are signals present on both of the input channels, the autos-
cale algorithm recognizes only the signal on the lowest lettered and
numbered input channel as the trigger source.
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Autoscale Algorithm

For example, if signals are present on both CHAN 1 and CHAN 2
inputs, the autoscale algorithm selects the signal on CHAN 1 input as
the trigger source input. Similarly, if a signal is present only on the
CHAN 2 input, then the CHAN 2 input is recognized as the trigger
source input,

Setting the Display Parameters

When the oscilloscope finds a trigger source (input waveform), the
autoscale algorithm measures its amplitude and period. Based on
these parameters, the autoscale algorithm automatically sets the
vertical sensitivity (V/Div), offset, horizontal sweep speed (s/Div),
trigger level, trigger mode, and trigger slope for the trigger source
input. Except for the s/Div parameter, these parameters are set for
the other input if it is present. However, the primary information
used to trigger the oscilloscope will come from parameters that are
set for the trigger source input.

Displaying the Waveform

When the autoscale algorithm is complete, the oscilloscope automat-
ically starts running, and displays waveforms for the inputs that are
enabled. It runs in the mode (single or repetitive) that was last
selected using the Run field menu options. If a run mode has not
been selected prior to selecting autoscale, the run mode defaults to
single mode,

The oscilloscope normally displays between 1 and 3 complete cycles
of the trigger source waveform. Any other waveforms present are
displayed as a result of the s/Div value set for the trigger source input.

The trigger point on the waveform is determined by the trigger level
set by the autoscale algorithm. The trigger point is displayed as a
dotted vertical red line at the center of the screen (Delay = 0 s).
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Autoscale Algorithm

What the Autoscale Algorithm Does When a
Signal is Not Found

When a signal is not found on either of the vertical inputs, the
oscilloscope displays the advisory messages "No signal found® and
"Original setup restored.” The autoscale algorithm toggles the Auto-
Trig field to On, which places the oscilloscope in the automatic trigger
mode. The oscilloscope then displays the message "Auto triggered.”
The automatic trigger mode allows the oscilloscope to sweep
automatically and to display a baseline anytime a trigger signal is not
present.
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Menus and Fields Changed by the Autoscale Algorithm

Menus and Fields Changed by the
Autoscale Algorithm

The following table shows the menus and their fields that are
changed by the autoscale algorithm.

When you are set up in a multimodule configuration, only the two
master card input channels are recognized by the autoscale
algorithm. The oscilloscope will not autoscale the inputs on the
other boards in a multimodule configuration, The table below is
based on how the autoscale algorithm works in a single module
configuration or in relation to the master card in a multimodule

configuration
Menu Field Autoscale Action
Channel V/Div Scaled - depending on amplitude of input signal.
Offset Scaled - depending on offset of input signal,
Trigger Mode Defautts to Edge.
Source Set o lowest numbered and lowest lettered input with signal present.
Level Scaled - depending on amplitude of trigger source input signal.
Siope Defaults to Positive.
Count Defaulis o 1.
Auto-Trig Defaults to On.
All Applicable 5/Div Scaled - depending on frequency of trigger source input signal.
Delay Defaultsto O s.
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Channel Menu Options

The Channel menu lets you select the channel input for the
module currently displayed in the module field. It lets you select
values that control the vertical sensitivity, offset, probe attenua-
tion factor, input impedance, and coupling of the input channel
currently shown in the Input field. The Channel menu also gives
you preset vertical sensitivity, offset, and trigger level values for
ECL and TTL logic levels.
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Channel Menu Options
Channel Menu Map

A ————
Channel Menu Map
Channel Field The menu map for the Channel field is shown below.
Menu Map
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Channel Menu Options
lnput Field

Input Field

You use the Input field to select the input source for the channel
parameters displayed on the Channel menu. Each channel may be
set independent of all other channels.

Input Identification

When you touch the Input field, a pop-up appears that shows the
input channels for the module that is currently displayed in the
module field. The input channels are shown as a letter/number com-
bination: Al, for example. The letter A identifies the slot number in
the mainframe which contains the module. The number 1 identifies
the input connector on the rear of the module. For the } GSa/s
Oscilloscope Module, Al identifies the module location as slot A and
the input location as CHAN 1, Likewise, A2 identifies the moduie
location as slot A and the input location as CHAN 2,

For 1 GSa/s Oscilloscope Modules installed in an HP 16500A Logic
Analyzer System mainframe, two inputs are available for each of the
slots A, B, C, D, and E. If the HP 16501A Logic Analyzer System
expander mainframe is used, additional slots F, G, H, 1, and J are also
available.

At system turn on, the Input field defaults to the lowest lettered and
numbered input for the module selected. For example, if 2 module is
installed in mainframe slot A, the Input field will display Al.
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Channel Menu Options
Vertical Sensitivity

Vertical Sensitivity

You use the V/Div field to set the vertical sensitivity for the
waveform on the screen. It is set for the channe] currently
displayed in the Input field. Vertical sensitivity determines the
vertical size of a waveform displayed on the screen and it is
measured in volts per division. Each waveform display area is
divided into four vertical divisions. The divisions are marked by
small tan-colored tick marks at the left and right sides of the
waveform dispiay area.

V/Div Field

When you select the V/Div field, you can change the vertical
sensitivity by turning the knob. Turning the knob clockwise causes
the waveform to expand vertically in both directions from the center
of the display. Turning the knob counterclockwise causes the
waveform to compress vertically in both directions toward the center
of the display. As you turn the knob, the vertical sensitivity changes
in a 1-2-4 sequence from 4 mV/Div to 10 V/Div (1.1 probe).

Vertical sensitivity can also be entered from the pop-up keypad. The
kevpad appears when you touch the V/Div field when the field is
light blue. Any valid value from 4 mV/Div to 10 V/Div (1:1 probe)
can be entered from the keypad. The vertical sensitivity value is set
to the two most significant digits of the value entered. For example,
if you enter a value of 154 mV, the value is rounded and then
truncated to 150 mV.
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Channel Menu Options
Vertical Seasitivity

If acquisitions have been stopped (either by touching the Stop field or
by a completed measurement), vertical sensitivity changes will not be
reflected on the waveform until Run is touched and the next
acquisition is displayed. Changes to V/Div during a repetitive run will
be seen on the next displayed acquisition because the hardware is
reprogrammed between acquisitions.

The default value for the V/Div field is 1.5 V {TTL preset value).
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Channel Menu Options
Vertical Position

Vertical Position

You use the Offset field to set the vertical position of the waveform
on the screen. It is set for the channel currently dispiayed in the
Input field. Vertical position determines the vertical placement of
the waveformn., Offset is measured in volts. Each waveform
display area is divided into four vertical divisions. The divisions
are marked by small tan-colored tick marks at the left and right

sides of the waveform display area.

Offset Field

Offset is the voltage represented at the center vertical tick mark in
the waveform display. It is a de voltage that is added to or sub-
tracted from the input signal so that the waveform can be centered
on the waveform display. Offset range and resolution are dependent
on vertical sensitivity (V/Div) as shown in the following table. The

table values are based on a 1:1 probe setting.

Offset
V/Div

Range Resolution
4 mV - 100 mV/Div +2V 1my
>100 mV - 500mV/Div += 10V 1my
>500mV - 2.5 V/Div + B0V 1mVv
>2.5V-10VDiv * 250V 20 mv
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Channel Menu Options
Vertical Position

When you select the Offset field, the offset value of the channel cur-
rently displayed in the Input field can be changed by turning the
kneb. As you turn the knob, the value in the Offset field changes,
and the position of the waveform moves up or down on the
waveform display. Offset works similar to the vertical position con-
trol of an analog oscilloscope, but offset is calibrated.

Any valid offset value can also be entered from the keypad. The
keypad will appear when you touch the Oiffset {ield when the field is
light blue. The default value for the Offset field is 2.5 V (TTL preset
value).

If acquisitions have been stopped (either by touching the Stop field or
by a completed measurement), offset changes will not be reflected on
the waveform until Run is touched and the next acquisition is
displayed. Changes to Offset during a repetitive run will be seen on
the next displayed acquisition because the hardware is reprogrammed
between acquisitions.
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Channel Menu Options
Probe Field

Probe Field

You use the Probe field to set the probe attenuation factor for the
input channel currently displayed in the Input field.

Probe Attenuation Factor

The probe attenuation factor can be set from 1:1 to 1000:1 in incre-
ments of one. When you select the Probe field, the probe attenuation
factor can be changed by turning the knob or by entering a value
from the pop-up keypad.

When you select a probe atfenuation factor, the actual sensitivity at
the input does not change. The voltage values shown on the display
(V/div, offset, trigger level) are automatically adjusted to reflect the
attenuation factor. The marker and automatic measurement voltage
values change when Run is touched and the next acquisition is dis-
played

The default value for the Probe field is 10:1 for 10:1 divider probes.
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Channel Menu Options
Goupling Field

Coupling Field

You use the Coupling field to set the input impedance for the channel
currently displayed in the Input field.

Caution

Coupling Field Selections

When you touch the Coupling field, a pop-up appears that shows the
input irapedance values available for selection. The selectable values
are as follows:

e IMQ/DC

o IMQ/AC

¢ 509 /DC.

The default value for the Coupling field is IMQ / DC.

The maximum input voltage for the 50Q / DC Coupling field selection
is 5 Vrms,
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Channel Menu Options
Preset Fleld

Preset Field

When you touch the Preset field, a pop-up appears. TTL, ECL, and
User are the options available,

Preset Field Values

The Preset field automatically sets offset, V/div, and trigger level
values to properly display TTL and ECL logic levels. Trigger level is
in the Trigger menu and can be changed only when edge trigger is the
selected trigger mode.

When you select TTL or ECL, the parameters are preset to the values
shown in the following table:

Parameter Preset Value

ECL TTL
V/Div 500 mv 1.5V
Offset -1,.300V 2.5V
Trig Level -1.300V 1.620V

When any of the ECL or TTL preset values are changed from the
preset values listed above, the Preset field will change to User and
the new values become the new User values. The User values remain
the same until you manually change the User values or you change
the ECL or TTL preset values while in ECL or TTL Preset,

The default value for the Preset field is TTL.
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Time Base Functions

The s/Div and Delay time base fields control the horizontal display
on the oscilloscope. There are three rows of fields displayed on
the oscilloscope. The s/Div and Delay fields are located in the
bottom row of fields. These two fields are displayed on all of the
oscilloscope menus, except for the Calibration menu.




Time Base Functions
$/Div Field

s/Div Field

The s/Div field allows you to set the sweep speed (time scale} on the
horizontal axis of the display. Sweep speed is measured in seconds
per division.

Selecting Sweep Speed

The waveform display is divided into 10 horizontal divisions. The
divisions are marked by small tan-colored tick marks at the top and
bottom of the waveform display area.

If you have a multimodule oscilloscope configuration, the s/Div field
is set on the master card. All other modules in the multimodule
configuration will use the same s/Div setting as the master card.

When you select the s/Div field, you can change the sweep speed for
the next acqguisition by turning the knob. Turning the knob clockwise
a small amount expands the displayed waveform horizontally in both
directions from the center of the display. Tumning the knob counter-
clockwise a small amount compresses the displayed waveform
horizontally in both directions toward the center of the display. As
you turn the knob, the sweep speed changes in a 1-2-5 sequence (10.0
ns, 20.0 ns, 50.0 ns, ete.) from 1 ns/div to 5 s/div,

Sweep speed can also be entered from the pop-up keypad. The
keypad appears when you touch the light-blue s/Div field. Any value
from 1 ns/div to b s/div can be entered from the keypad. Sweep
speed values are rounded and then truncated to the three most
significant digits. For example, if you enter a value of 15.45 ns, the
value is rounded and then truncated to 15.5 ns.
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Time Base Functions
$/Div Field

At sweep speeds of 100 ms/div and slower, the time to acquire the
8000 sample points for acquisition memory is greater than 1 second.
At these sweep speeds the screen displays the message "Waiting for
Prestore"” when acquiring the sample points prior to the trigger. It
dispiays the message "Waiting for Poststore” when acquiring the
sample points after the trigger. These messages advise you that the os-
cilloscope is still actively acquiring data. Acquisition time and sample
rate, as they compare to sweep time, are shown in the table at the
end of this chapter.

The default value for the s/Div field is 500 ns.

Zooming (Acquisition Stopped)

When acquisitions are stopped, the oscilloscope displays the sample
points stored in acquisition memory on the screen. When you change
the sweep speed, the new screen display is a different presentiation of
the data retained in acquisition memory when acquisitions were
stopped. Presenting the same data in a different form (zooming) is
normally used on a waveform acquired in Single mode.

Zooming while in repetitive mode willi change the sample rate and the
display because the hardware is reprogrammed between acquisitions
in response to the new timebase settings. Zooming is done by adjust-
ing the value in the s/Div field. It causes the waveform to either
expand horizontally (decrease sweep time value} or compress horizon-
tally {increase sweep time value).

When used in conjunction with panning (see "Delay Field” para-
graph), zooming is very useful in displaying waveforms.
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Delay Field

The Delay field allows you to set the horizontal position of the dis-
played waveform in relation to the trigger. Delay time is
measured in seconds.

Setting Horizontal Position

Delay time zero is always at the trigger point of the waveform, A
delay time value is the time difference measured from before or after
the trigger point on the waveform (delay time zero), to the center
point of the screen. In other words, delay time is always measured
from the trigger point on the waveform to the center of the screen.
The wvertical dotted red line on the screen is the trigger point. When
delay time is zero, the trigger point will be at the center of the
screen,

If you have a muitimodule oscilloscope configuration, the Delay field
is set on the master card. All other modules in the multimoduie
configuration will use the same Delay setting as the master card.

When you select the Delay field, delay time can be changed by turn-
ing the knob. Remember that the trigger point is always delay time
zero and is marked by the vertical dotted red line. When you set the
delay such that the trigger point is on the right side of the screen,
delay time is negative. What you will see at the center of the screen
will be the result of samples taken before the trigger point. They
have occurred in what is referred to as negative time,
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When you set the delay such that the trigger point is on the left side
of the screen, delay time is positive. What you will see at the center
of the screen will be the result of samples taken after the trigger
point. They have occurred in what is referred to as positive time.

Delay time resolution is equal to 2% of the sweep speed setting when
using the knob. When using the pop-up keypad, resolution is 10 ps at
sweep speeds of 99.99 ns/div and faster, and can be set to 5-digit
resolution at sweep speeds of 100 ns/div and slower.

‘When run mode is set to Repetitive, the valid Delay range is:

Pre-trigger delay range = 4000 X sample period
Post-trigger delay range is equal to the following:

Time/MDiv Setting Axzilable Delav
100 ms to 5 s/Div 2.5 ks

1 us to B0 ms/Div 33,500 X {(s/Div)
1 ns to 500 ns/Div 16.7 ms

Pre- and post-trigger delay time ranges, as they compare with sweep
speeds, are shown in the table at the end of this chapter.

The default value for the Delay field is 0 s.
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Panning (Acquisition Stopped)

When acquisitions are stopped, the Delay field can be used to control
what portion of acquisition memory will be displayed on screen. Ac-
quisition memory is comprised of the following sections:

Pre-trigger delay range = delay time setting - (4000 X sample
peried)
Post-trigger delay range =~ delay time setting + (4000 X sample
period)

This shows that one-half of the data stored in acquisition memory was
stored before the delay time setting and one-haif of the data in
memory was stored after the delay time setting. Panning allows you
to view the entire waveform record by adjusting the Delay field. Nor-
mally, using the delay function to view all of the acquired waveform
(panning) is done on a waveform acquired in Single (single-shot)
mode,
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Sample Period Display

Any time the Markers field is Off, the sample period of the acquired
waveform is displayed in the bottom row of the menu fields. Sample
period is the time period between acquired sample points and is the
inverse of sample rate (digitizing rate), Sample period is a function of
sweep speed and can only be changed by changing the s/Div field.
Sample period and sample rates, as they compare with sweep speed,
are shown in the following table.

There are two fields to the right of the Sample Period field which
pertain to the sample rate. These fields are the Data acquired at:
field and the Next acquisition: field. When acquisitions are stopped,
the Data acquired at: field shows the sample rate at which the last
acquisition was taken. When the s/Div field is light-blue, you can
turn the knob to change the timebase setting. When you do this, the
value in the Next acquisition; field changes to reflect the sample rate
at which the next acquisition will be taken if the Run field is touched.

During a repetitive run, the Data acquired at; field and the Next
acquisition: field will display the same value on the first acquisition
following a s/Div setting change. This happens because the hardware
is reprogrammed between acquisitions in response to the new
timebase setfting.
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Sample Perlod Bisplay
Sample Sample Trace Percent on

s/Div Rate Period Length Screen
5s 100 Safs 10 ms 80.000s 62%
2s 250 Sa/s 4 ms 32.000s 62%
is 500 Safs 2ms 16.000s 62%
500 ms 1KSafs 1ms 8.000s 62%
200 ms 2.5KSa/s 400 us 3.200s 62%
100 ms 5KSafs 200 us 1.600s 62%
50 ms 10 KSa/s 100 us 800.0 ms 62%
20 ms 25 KSals 40us 3200 ms 62%
10ms 50 KSafs 20us 160.0 ms 62%
5ms 100 KSa/s 10us §0.000 ms 62%
2 ms 250 KSafs dus 32.000 ms 62%
ims 500 KSa/s 2us 16,000 ms 62%
500 us 1 MSafs 1us 8000 u8 62%
200 us 2.5 MSa/s 400 ns 3200 us 62%
100 us 5 MSa/s 200 ns 1600 us 62%
50us 10 MSa/s 100 ns 800.0 us 62%
20us 25 MSa/s 40ns 32005 62%
10us 50 MSa/s 20ns 160.0 45 62%
Sus 100 MSa/s 10 ns 80.000 us 62%
2us 250 MSa/s 4ns 32000 us 62%
1us 500 MSa/s 2ns 16.000 xs 62%
500 ns 1 GSafs ins 8000 ns 62%
200 ns 1 GSa/s 1ns 8000 ns 25%
100 ns 1 GSa/s ins 8000 ns 12%
50 ns 1 GSa/s ins 8000ns 6%
20 ns 1 GSafs ins 8000 ns 2%
10ns 1 GSa/s 1ns 8000 ns 1%
8ns 1 GSa/s 1ns 8000 ns 0.6%
2ns 1 GSa/s ins 8000 ns 0.2%
1ns 1 GSa/s 1ns 8000 ns 0.1%

Notes:
Safs = Samples per second.
Trace length = 8000 x sample period. )
Percent on screen assumes zero delay and is calculated by %g—c—:—%niiﬁgkv. it is the percentage of the total acquired
samples that are seen on screen when the acquired data is displayed.
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Sample *Max. Negative |**Max. Positive iMax. Negative Max, Positive
s/Div Period Delay Delay Delay Deiay
@ Acquisition @ Acquisition

5s 10 ms -~ 40 5 25Ks -550s 2.5Ks
2s 4ms ~168 25Ks -70.0s 2.5Ks
1s 2ms -8s 25Ks -750s 25Ks
500 ms 1ms -4 25Ks -775s8 25Ks
200 ms 400 us -16s 25Ks ~-79.0s 2.5Ks
100 ms 200 5 - 800 ms 25Ks 7958 25Ks
50 ms 100 us -400 ms 1675Ks ~787s 25Ks
20 ms 40 us ~160 ms 670s -799s 2.5Ks
10 ms 20us ~B80 ms 335s ~799s 25Ks
5ms 10us ~40 ms 167.5s ~798s 2.5Ks
2ms 4us ~16 ms 67.0s ~799s 25Ks
1ms 2us -8 ms 3353 -789s 2.5Ks
500 us 1us -4 ms 16.75s -799s 2.5Ks
200 us 400 ns —-1.6ms 6.70s -799s 25Ks
100 us 200 ns ~800 ps 33558 ~789s 25Ks
50us 100 ns ~400 us 1.67s ~799s 25Ks
20us 40ns ~160 ps 671 ms ~-799s 25Ks
10us 20ns -80 us 335 ms -799s 2.5Ks
Sus H0ns —40 us 167 ms —-799s 25Ks
2us 4 ns ~16 us 67.0 ms ~-799% 2.5Ks
1us 2ns -8 us WBims -788s 25Ks
500 ns 1ns -4 us 16.7 ms ~-799s 25Ks
200 ns 1ns -4 us 16.7 ms ~-799s 25Ks
100 ns ins —4 us 18.7 ms -799s 25Ks
50 ns 1ns —4 us 16.7 ms -798s 25Ks
20 ns 1ns —4 us 16.7 ms ~79.98s 2.5Ks
0ns 1ns wd s 16.7 ms ~788s 25Ks
5ns 1ns -4 us 16.7 ms ~798s 2.5Ks -
2ns ins —4 pus 16.7 ms ~799s 25Ks
ins 1ns —4 us 16.7 ms -798s 25Ks
Notes:

@ Acquisition = maximum = delay when you press Run.
Maximum negative delay = 80.0 s minusq} SD where1/2 screen diameter (1/2 D) = 5 x s/Div.
*Maximum negative delay @ acquisition = — (4000 x sample period)
**Maximum positive delay without a2 sample rate change = o2 . sam ple period,
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Marker Options

The oscilloscope has two markers that allow you to make time and
voltage measurements. These measurements can be made either
manually or autornatically. The markers are accessed when you
touch the Markers field on any of the oscilloscope menus except
the Calibration menu.

The default selection for the Markers field is Off.
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Marker Options

Markers Meni: Map

Markers Menu Map

The menu map for the Markers field is shown below.
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Manual Markers Options

When you touch the Markers field on the display a pop-up menu
appears. When you touch the On field in the pop-up to turn
Markers On, you can manually move the X and O markers to make
time and voltage measurements.

When you touch the On field in the Markers menu, three new
fields appear to the right of the Markers field: X to O, Trig to X,
and Trig to O fields. These fields allow you to position the X
marker and the O marker by entering time values for these
markers. When markers are turned on, the channel label field dis-
plays voltage values for the X and O markers except for
waveforms where Overlay mode has been selected in the
Waveform Selection menu.
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X to O Field

The X to O field displays the time difference (delta time) between the
X marker and the O marker. When you select the X to O field, turm-
ing the knob maoves both the X and O markers across the display
without changing the value in the X to O field. However, the values
in the Trig to X and Trig to O fields will change to reflect the move-
ment of the X and O markers.

You can change the value in the X to O field by changing the Trig to
X or Trig to O values, or by changing the X to O value from the
pop-up keypad. The keypad appears when you touch the X to O field
when the field is light blue.

When you change the time value of X to O by using the keypad, the
difference between the new value and old value is divided in half.
Each half is then either added to or subtracted fromthe X marker
while the other half is either added to or subtracted from the O
marker, depending on one of four possibilities.

s If the X marker is to the left of the O marker and you are increasing
the time between markers, subtract one half from the X marker value
and add the other half to the O marker value.

+ If the X marker is to the left of the O marker and you are decreasing
the time between markers, add one half to the X marker value and
subtract the other haif from the O marker value.

o If the O marker is to the left of the X marker and you are increasing
the time between markers, subtract one half from the O marker value
and add the other half to the X marker value.

« If the O marker is to the left of the X marker and you are decreasing

the time between markers, add one half o the O marker value and
subtract the other half from the O marker value.
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100 A
ff, for example:

The X marker is 1o the left of the O marker

The X to O marker is originally set to 352 us

The Trig to X field is originally 8 us

The Trig to O field is originally 360 us

Then, using the keypad, decrease the value of X to O t0 200 us. The difference
between the original value (352} and the new value (200} is 152. Half that value is

76. Adding 76 to the the old Trig to X value (76 + 8} = 84. Subtracting 76 from the
old Trig to 0 value (360 - 76) = 284,

Trig to X Field

The X marker is shown on the waveform display as a vertical dashed
green line. The green border around the Trig to X field is also green
so that you can correlate the value in that field to the green X
marker. The time displayed in the Trig to X field is measured from
the trigger point to the X marker. The trigger point is shown as a
vertical dotted red line at the center of the waveform display when
Delay equals zero. The trigger point is always time 0.

When you select the Trig to X field, you can change the time value by
turning the knob or by entering a time value from the pop-up

keypad. The keypad appears when you touch the Trig to X fieid
when the field is light blue.

Resolution for Trig to X time values is 2% of the sweep speed setting.
The default value for the Trig to X field is O s.
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Trig to O Field

The O marker is shown on the waveform display as a vertical dashed
yellow line. The yellow border around the Trig to O field is also yel-
low so that you can correlate the value in that field to the yellow O
marker. The time displayed in the Trig to O field is measured from
the trigger point to the O marker,

When you select the Trig to O field, you can change the time value by
turning the knob or by entering a time value from the pop-up

keypad. The keypad appears when you touch the Trig to O field
when the field is light blue.

Resolution for Trig to O time values is 2% of the sweep speed setting.
The default value for the Trig to O field is 0 s,

Channel Label Field

The channel label field is the dark blue field to the left of the
waveform display. When you turn markers on, the voltage values
where the X and O markers intersect each waveform are displayed
under each channel label.

When you touch the Trig to X field and turn the knob, the X marker
(green) will move across the display. As you move the marker, the
time value in the Trig to X field changes. A negative time value indi-
cates the marker is placed before the {rigger point, and a positive
time value indicates the marker is placed after the trigger point.

As you turn the knob when either the Trig to X or Trig to O field is
selected, the time value in the X to O field also changes, showing the
time difference between the X and O markers. If the time displayed
in the X to O field is negative, the O marker is to the left of the X
marker,
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As you move the X marker from a low portion on the waveform to a
high portion, the X voltage value under the input label in the channel
label field also changes.

When you touch the Trig to O field and turn the knob, the O marker
{vellow) will move, and the time and voltage values will change just
as they did for the X marker.

When you touch the X to O field and turn the knob, the X and O
markers will move in unison and maintain the preset X to O time
value.

You can also change the X to O, Trig to X, and Trig to O fields with
the pop-up keypad. Refer to the earlier paragraph entitled "X to O
Field" for a description and results of keypad entries in the X to O
field.
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Automatic Marker Options

When you touch the Markers field a pop-up menu appears. When
you touch the Auto field in the pop-up another pop-up menu for auto-
matic-marker measurements is displayed.

The automatic-marker measurements are made by setting the markers
to levels that are a percentage of the top-to-base voltage value of a
waveform. The top-to-base voltage value of a square wave is typical-
Iy not the same as the peak-to-peak voltage value. The oscilloscope
determines the top and base voltages by finding the flattest portions
of the top and bottom of the waveform. The top and base values do
not typically include preshoot or overshoot of the waveform. The
peak-to-peak voltage is the difference between the minimum and
maximum voltages found on the waveform.
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If the signal is clipped, the markers will not be automatically placed.

The default Auto markers pop-up menu options are discussed in the
following paragraphs.
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Done Field

You touch the Done field when vou are done entering data in the
auto-markers pop-up and want to return {o the waveform display.

Set on Field

The Set on field assigns an input waveform to the X or O marker, or
allows the marker to be set manually (with the MANUAL selection in
the pop-up). When you touch the Set on field, a pop-up appears
showing all waveform sources available.

What is displayed on the pop-up depends on how many oscilloscope
boards are installed in the mainframe and in which slots they are in-
stalled.

The default selection for the Set on field is the lowest letter and num-
ber combination. For example, if oscilloscope boards are installed in
mainframe slots C and D, the Set on field will default to CI for both
the X and O markers.

at Level Field

The at Level field sets the X or O marker to a percentage level (from
10% to 90%) of the top-base voltage on the waveform selected by the
Set on field. When you select the at Level field, you can change the
percentage by turning the knob or by entering a value from the pop-
up keypad, The keypad appears when you touch the at Level field
when the field is light blue. You can enter any percentage from 10%
to 90% in increments of 1%. '

The default value for the at Level field is 50%.

62




Marker Options
Automatic Marker Opticns

Slope Field

The Slope field sets the X or O marker on either the positive or nega-
tive edge of the selected occurrence of a waveform. When you touch
the Slope field, the slope toggles between Positive and Negative,

The default selection for the Slope field is Positive.

Occur Field

The Occur field sets the X or O marker on a specific occurrence of a
displayed edge on the waveform. You can define the edge to be dis-
played all the way from the 1st edge up to the 100th edge. The count
of edge occurrences is made starting with the first edge displayed on
the screen.

Auto-marker measurements are made with data that is displayed on
the screen. Make sure the data of interest is fuily displayed on the
screen.

When the Occur field is selected, you can change the occurrence by
turning the kncb or by entering a new value from the pop-up keypad.
The keypad appears when you touch the Occur field when the field is
light blue., Any number from 1 to 160 in increments of 1 can be
entered.

The default value for the Occur field is 1.
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Statistics Field

‘The Statistics field allows you to make minimum, maximum, and
mean time interval measurements from marker X to marker 0. When
you touch the Statistics field, it toggles between On and Off. The
default selection for the Statistics field is On.

On

When Statistics is set to On, Min X-0, Max X-O, and Mean X-O appear
together in a tan-colored field to the right of the Markers field on the
main menu,

When Statistics is set to On, the minimum, maximum, and mean
(average) X to O marker time interval data is accumulated and
displayed until one of the following happens:

* Auto is deselected as the marker option.

¢ Auto-marker parameters are changed.

e Statistics is set to Off.

¢ Run Repetitive mode is stopped.

Off

When Statistics is set to Off, the X to O, Trig to X, and Trig to O fields
appear next to the Markers field on the main display.
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Run Until Time X-0O Field

This field allows you to set up a stop condition for the time interval
between the X marker and O marker. When the stop condition is
met, the oscilloscope stops making acquisitions and displays the mes-
sage "Stop condition satisfied." You define the stop conditions with
selections you make after you touch the Run Until Time X-O field.
The default selection for this field is Off.

The Run Until Time X-O feature is only valid if the Run field is set to
Repetitive.

Less Than Field

When you select this field from the pop-up, a time value field appears
next to the Run Until Time X-O Less Than field. The time value field
default value is 0 s.

When you select the time value field, you can enter the time by turn-
ing the knob or by entering a value from the pop-up keypad. The
keypad appears when you touch the time value field when the field is
light blue, For keypad entries, resolution is 10 ps at times up to
+99.99 ns and can be set to 5-digit resolution for other times up to
+100 megaseconds. Positive times are used when the X marker is dis-
played before the O marker, and negative times are used when the O
marker is displayed before the X marker.
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When you select Less Than, the oscilloscope runs urntil the X-O time
interval is less than the value entered for the Less Than time field.
When the condition is met, the oscilloscope stops making acquisitions
and displays the message "Stop condition satisfied."

Greater Than Field

When you select this field from the pop-up, a time value field appears
next{ to the Run Until Time X-0 Greater Than field. The time value
field default value is 0 s. When you select the time value field, you
can enter the time in the same manner as for the Less Than field.

When you select Greater Than, the oscilloscope runs until the X-0O
time interval is greater than the value entered for the Greater Than
time field. When the condition is met, the oscilloscope stops making
acquisitions and displays the message "Stop condition satisfied."

In Range Field

When you select this field from the pop-up, two time value fields ap-
pear next to the Run Until Time X-O In Range field. You need to
enter the time range values for the stop condition in these two time
fields. Select each time value field, in turn, and enter the time value
in the same manner as for the Less Than field.
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When you select In Range, the oscilloscope runs until the X-O time in-
terval is in the range of the time values entered for the In Range time
fields. When the condition is met, the oscilloscope stops making ac-
guisitions and displays the message "Stop condition satisfied.”

Not In Range Field

When you select this field from the pop-up, two time value fields ap-
pear next to the Run Until Time X-O Not In Range field. You need to
enter the time range values for the stop condition in these two time
fields. Select each time value field, in turn, and enter the time values
in the same manner as for the Less Than field.

When Not In Range is selected, the oscilloscope runs until the X-0O
time interval is not in the range of the time values entered for the
Not In Range time fields. When the condition is met, the oscilloscope
stops acquisitions and displays the message "Stop condition satisfied.”
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Manual/Automatic Markers Option

The manual/automatic combination allows you to have cne marker set
to automatic mode and one marker set to be controlled manually with
the knob.

Setting the Manual/Automatic Markers Option

To set the manual/automatic option you touch the Markers field and
select the Auto field from the pop-up. You then touch the Set on
field for either the X or O marker, and then select MANUAL from the
pop-up menu.

When you touch Done in the auto-markers pop-up menu, you return
to the waveform display. Now when you touch the Markers field
again and select On from the pop-up menu, the marker you selected
with the MANUAL field is set to the manual mode and the other
marker is set to fall on the parameters you set while in the automatic
mode.

S R ——
For example:

While in Auto markers mode set the conditions to.

X=: X1, positive slope, occur 1
O>: MANUAL

Now set the Marker Mode to On and Run Repetitively. You can now control the O
marker with the knob, but the X marker is controlled by the setup you made in Auto
Markers (that is, it will fall on the ieading edgs of the first displayed positive pulse).
If you move the X marker, it will default to MANLUAL mode and will no fonger be set
automatically.
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Trigger Options

When you are set up in a multimodule configuration, only the
master card input channels are recognized as the trigger source.
The oscilloscope will not trigger on inputs from the other boards
in a multimodule setup.

This chapter discusses how triggering works in a single module
configuration or in the master card in a multimodule configuration.

You access the trigger options through the Mode field which is
located at the leftmost position of the middle row of fields in the
Trigger menu. The Mode field allows you to select the method
you want to use to trigger the oscilloscope for a particular applica-
tion. When you touch the Mode field, a pop-up menu appears,
showing the three modes that are available:

e Edge
e Pattern
+» Immediate

This chapter explains what the trigger marker is, how to access
the different trigger modes, and what each trigger mode does.

The default selection for the Trigger field is Edge.
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R
Trigger Menu Map
Trigger Field The menu map for the Trigger field is shown below.
Menu Map
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Trigger Marker

The trigger marker is the dotted vertical red line at the center of
the waveform display. The point where the waveform from the
trigger source crosses the trigger marker is called the trigger point.
The trigger point always represents a delay time of zero seconds.

If you set delay time to greater than +5 times the sweep speed,
the trigger marker will move off the screen.
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Edge Trigger Mode

When you are set up in a multimodule configuration, only the
master card input channels are recognized as the trigger source.
The oscilloscope will not edge trigger on inputs from the other
boards in a multimodule setup.

This section discusses how edge triggering works in a single
module configuration or in the master card in a multimodule
configuration.

Edge triggering is the type of triggering found in all oscilloscopes.
In the edge trigger mode, the oscilloscope triggers at a specified
voltage level on a rising or falling edge of one of the input chan-
nels or the external trigger input. In this mode you can specify
which input is the trigger source, set a trigger level voltage (ex-
cept for Ext, which is set to —1.3 V), and specify which edge to
trigger on.

When yvou touch the Mode field, Edge can be selected from the pop-
up menu. Menu selections for the edge trigger mode are discussed
in the following paragraphs.
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Intermodule Measurements

If you set the oscilloscope module to Independent in the Intermodule
module menu, the oscilloscope will be in the free-run mode and the
waveform display will be synchronized to a trigger point.

If you set the oscilloscope module to Group Run in the Intermodule
module menu, the oscilloscope triggers itself when its own trigger
specification is met after being armed by the input port or by another
module from the Intermodule menu.

More information about intermodule applications can be found in the
HP 165004/16501A Logic Analysis System Reference manual.

Source Field

When you touch the Source field, a pop-up menu appears showing
the inputs available as the trigger source, You can set the trigger
source to be any one of the input signals for the oscilloscope module,
The source can be input X1, X2, or Ext, where X equals the
mainframe slot letter and Ext equals an ECL level external trigger.

When you have two or more HP 16532A modules connected together,
you can only specify the channels on the master HP 16532A module
as the trigger source.

At power-up, the default channel input selection for the Source field
is the lowest numbered input channel on the selected module. For
example, if the oscilloscope module you selected is installed in
mainframe slot A and inputs are connected to both channels 1 and 2,
the Source field defaults to Al. However, if an input signal is only
connected to channel 2, the Source field defaults to A2 when you
automatically scale with Autoscale, even though channel 1 is the
default at power-up.
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Level Field

The Level field shows the trigger level voltage value. When the volt-
age value on the trigger source input waveform equals the trigger
level voltage value, the oscilloscope triggers. The peint at which the
oscilloscope triggers is called the trigger point (see the fllustration
below). The trigger point is shown on the screen as a vertical dotted
red line, called the trigger marker. At zero delay time, the trigger
marker is located at the horizontal center of the screen. At delay time
Ta, the trigger point is offset left (positive delay) or right (negative
delay) from the horizontal center of the screen by time Tq.

When you change the trigger level voltage value, the waveform
moves horizontally on the display to maintain the trigger point. (That
is, the point where the waveform voltage value equals the trigger
point voltage value.) This is illustrated below.
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If the trigger point voltage level is set above or below the waveform
amplitude, the trigger point cannot be found. I Auto-Trig is set to
On, this causes the waveform display to become unsynchronized and
to "float” on the display. If Auto-Trig is set to Off, the message
"Waiting for trigger" is displayed.

The trigger point voltage can be set, either by the autoscale function,
or by a voltage value set into the Levei field. When you touch the
Level field and turn it light blue, you can change the value of the trig-
ger level voltage by turning the knob.

The trigger level can be set to any voltage value contained within the
waveform display window, in increments of (0.05% of full scale verti-
cal voltage range {V/Div X 4 divisions = full scale}. For example, if
full scale voltage range were 400 mV, trigger level would be set in in-
crerments of 2 mV (V/Div = 100 mV x4 x 0.005 = 2 mV).

Trigger level values can also be entered with the pop-up keypad. The
keypad appears when you touch the Level field when the field is light
blue. You can enter any value, in 0.05% increments of fuil scale verti-
cal voltage range. Values entered that are not in this range wiil be
rounded to the nearest 0.056% increment.

Since the trigger level range is limited by the voltage values displayed
in the waveform window, the voltage window limits can be easily
determined. Turn the knob in both directions until the Level field
reads minimum and maximum voltage. These voltage values are the
Himits of the waveform window. However, if the level is set at the
edge of a window and offset for that channel is changed, the trigger
level will track that change, thereby changing the window limits.

The default value for the Level field is 1.620 V (TTL preset value).
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Slope Field

You can set the trigger slope to trigger on either the positive or nega-
tive edge of the trigger source waveform. When you touch the Slope
field, the field toggles between Positive and Negative,

The default selection for the Slope field is Positive.

Auto-Trig Field

The Auto-Trig field allows you to specify whether or not the acquisi-
tions should wait for the specified trigger condition to occur. When
you touch the Auto-Trig field, the field toggles between On and Off.
The On and Off fields are discussed below.

The default selection for the Auto-Trig field is On.
On

When you set auto-trigger to On, the oscilloscope waits 50 ms (20-Hz
rate) for a trigger to occur, If a trigger does not occur within that
time, the current contents of acquisition memory are displayed. The
message *Auto triggered" is displayed if one of the following condi-
tions occurs:

e If no signal is on the input. In this case, the oscilloscope will display
a baseline.

¢ [f there is a signal but the specified trigger condition has not been
met within 50 ms. In this case, the waveform display will not be
synchronized to a trigger point.
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Off

When you set auto-trigger to Off, the oscilloscope waits until a trigger
is received before the waveform displiay is updated. If a trigger does
not occur, the screen is not updated and the message "Waiting for
Trigger" is displayed. Use this mode when:

o The {rigger source signal has less than a 20-Hz repetition rate.

¢ The trigger events counter (refer to Count field, below) is set so that
the number of trigger evenis would not occur before 50 ms.

¢ When you want to trigger on a specific event only.

Count Field

In edge trigger mode, you can define a positive or negative edge and
the trigger level as a trigger qualifier. When the oscilloscope detects
the trigger qualifier, it will trigger at a user-specified number of edges
(Count field) on the waveform.

The Count field defines the number of trigger events that must occur
after the first trigger qualifier before the oscilloscope will trigger and
acquire a waveform.

Count can be set to any integer from 1 to 32,000. When the Count
field is selected, the trigger events count can be changed by turning
the knob or by entering a value from the pop-up keypad.

This type of triggering is commonly referred to as "events triggering”
or delay-by-events triggering". 1t is very useful when trying to trig-
ger on a specific pulse in a burst of pulses, with a long time delay,
before the next burst cccurs.

The default value for the Count fieid is 1.
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Pattern Trigger Mode

When you are set up in a multimodule configuration, only the
master card input channels are recognized as the trigger source.
The oscilloscope will not pattern trigger on inputs from the other
boards in a multimodule setup.

This chapter discusses how pattern triggering works in a single
module configuration or in the master card in a multimodule
configuration.

Pattern trigger mode allows you to trigger the oscilloscope upon
entering or exiting a specified pattern of the trigger channels and
the external frigger input.

When you have two or more HP 165632A modules connected
together, you can only specify the channels on the master HP
16532A module as the trigger source.

When you touch the Mode field, Pattern can be selected from the
POp-Up Mmenu.
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Intermodule Measurements

If you set the oscilloscope module to Independent in the Intermodule
module menu, the oscilloscope will be in the free-run mode and the
waveform display will be synchronized to a trigger point,

If you set the oscilloscope module to Group Run in the Intermodule
module menu, the oscilloscope triggers itself when its own trigger
specification is met after being armed by the input port or by another
module from the Intermodule menu.

More information about intermodule applications can be found in the
HP 16500A/16501A Logic Analysis System Reference manual.

Channel/Pattern Field

The Channel/Pattern field is located next to the Mode field. It allows
you to enter a pattern for the combination of the input channeis and
the ECL external trigger.

Channel

The Channel row lists the inputs available on the oscilloscope module
being used. Channels are numbered 1, 2, and Ex. Ex is for the ECL
external trigger.
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Pattern

Each entry in the pattern shown in the Pattern row shows the trigger
condition of the input above it in the Channel row.

You must set the trigger level for each input you want to use in the
pattern, You set the trigger levels using the knob or keypad to set
the value in the Level field in the Edge trigger mode. Setting these
levels sets the threshold of each input for high and low levels in the
pattern.

The pattern for each input may be specified as high (H), low (L}, or
"don't care” (X). H, L, and X conditions are as follows:

¢ H-the voliage value of this input channel must be greater than the
edge trigger level of this input.

¢ L—the voltage level of this input channel must he less than the edge
trigger level of this input.

e X—isa "don’t care" condition. The "don't care" means the
associated input channel will not be used in the pattern for the
trigger qualifier. It does not equate to "trigger on anything.”

The default condition for all patterns is X "don’t care."” To change
the pattern, touch the Channel/Pattern field. A pop-up keypad will
appear which allows you to assign the pattern conditions.

To enter a pattern, touch either X, L, or H on the pop-up keypad.
The entries you make appear at the top of the pop-up keypad as they
are entered. If you make a mistake, turn the knob to move the high-
light to the eniry to be corrected and select the correct eritry, or
touch CLEAR to change all entries back to X and enter the correct
values. If the pattern is correct, touch DONE,

A pattern of XXX says to use NO channels to find the trigger. 1t does
not equate to Immediate Mode when Auto-Trig is set to Off. This
event will never oceur in the hardware. Do not confuse XXX with
"don’t care, trigger on anything."
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When Field

When you touch this field, the entry toggles between When Entered
and When Exited.

When Entered

When this field is active, the oscilloscope triggers on the first transi-
tion that makes the pattern specification true for every input used in
the pattern trigger specification. If the count set in the Count field is
more than 1, the pattern must be true for the number of times set in
the count field,

When Exited

When this field is active, the oscilloscope triggers on the first transi-
tion that causes the pattern specification to be false for every input
used in the pattern trigger specification. If the count set in the Count
field is more than 1, the pattern must be true for the number of times
set in the count field before turning false.

The default selection for the When field is When Entered.
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Auto-Trig Field

The Auto-Trig field allows you to specify whether or not the acquisi-
tions should wait for the specified pattern condition to occur. When
you touch the Auto-Trig field, the field toggles between On and Off.

On

When you set aute-trigger to On, the oscilloscope waits for 50 ms (20
Hz rate) for a trigger to occur. If a trigger does not occur within that
time, the current contents of acquisition memory are displayed. The
message "Auto triggered” is displayed if one of the following condi-
tions occurs:

» If no signal is on the input. In this case, the oscilloscope will display
a baseline.

e If there is a signal but the specified patterrn condition is not met
within 50 ms. In this case, the waveform display is not synchronized
to a trigger point.

Off

When you set auto-trigger to Off, the oscilloscope waits until a trigger
is received before the waveform display is updated. If a trigger does
not occur, the screen is not updated and the message "Waiting for
Trigger® is displayed. Use this mode when:

e The trigger source signal has less than a 20-Hz repetition rate.

¢ The trigger events counter (refer to Count field, below) is set so that
the number of trigger pattern events would not occur before 50 ms.

o When you want to trigger on & specific event only.

The default selection for the Auto-Trig field is On.
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Count Field

In pattern trigger mode, you can define a pattern as a trigger
qualifier. When the oscilloscope detects the trigger qualifier, it will
trigger when a user-specified number of patterns have occurred
{Count field) on all inputs.

The Count field defines the number of events that must occur after
the first trigger qualifier before the oscilloscope will trigger and ac-
quire 2 waveform.

Count can be set to any integer from 1 to 32,000. When the Count
- field is selected, the events count can be changed by turning the knob
or by entering 2 value from the pop-up keypad.

The default value for the Count field is 1.
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Immediate Trigger Mode

When you are set up in a multimodule configuration, only the
master card input channels are recognized as the trigger source.
The oscilloscope will not trigger on inputs from the other boards
in a multimodule setup.

This section discusses how immediate triggering works in a single
module configuration or in the master card in a multimodule
configuration.

Immediate trigger mode causes the oscilloscope to trigger by itself.
When you touch the Mode field, Immediate can be selected from
the pop-up menu.

Immediate trigger mode can be used for dual timebase (inter-
module) applications where, for instance, one oscilloscope module
arms another oscilloscope module, or another module (such as a
logic analyzer) arms the oscilloscope.

This mode is very similar to Auto-Trig On, but immediate mode
does not wait for a specified event to occur.
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Intermodule Measurements

If you set the oscilloscope module to Independent in the Intermodule
module menu, the oscilloscope will be in the free-run mode and the
waveform display will not be synchronized to a trigger point.

If you set the oscilloscope module to Group Run in the Intermodule
module menu, the oscilloscope friggers itself as soon as it is armed by
the input port or by another module from the Intermodule menu,

More information about intermodule applications can be found in the
HP 165004/16501A Logic Analysis System Reference manual and the
HP 165324 User’s Guide.
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Display Options

The Display options control how the oscilloscope acquires and dis-
plays waveforms. You can cause the oscilloscope to acquire and
display the waveforms in one of the following modes:

¢ Normal

e Average

» Accumulate

The Display options also control the connect-the-dots display and
grid display features.
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Display Menu Map
I
Display Menu Map
Display Field The menu map for the Display field is shown below.
Menu Map
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Mode Field Options

The Mode field determines how waveform information is acquired
and displayed. When you touch the Mode field, a pop-up menu ap-
pears. You can select Normal, Average, or Accumulate from the
pop-up. The default selection for the Mode field is Normal,
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Normal Mode

In Normal mode, the oscilloscope acquires waveform data and
displays the waveform acquired from that data. When the
oscilloscope makes a new acquisition, it erases the previously
acquired waveform from the display, and displays the newly
acquired waveform. This is an on-going process for as long as the
oscilloscope is running repetitively, or whenever you make a
single mode run. That is; acquire data, erase display, display new
data, acquire data, erase display, display new data, etc.

Average Mode

In Average mode, the oscilloscope averages the most recently
acquired data points on a waveform with previously acquired data.
Averaging helps eliminate random noise from your displayed
waveforms, :

When you select Average mode, a new field appears next to the Mode
field which allows you to select the number of waveform acquisitions
to average. When you touch the Average # field, the field will turn a
light-blue color. When the fieid is light blue, you can change the num-
ber in the field by turning the knob. The number of averages can be
set to 2, 4, 8, 16, 32, 64, 128, or 256. The default value for the
Average # field is 8.

You can also change the value in the Average # field with the

pop-up keypad. The keypad appears when you touch the Average #
field when that field is light blue. The numbers you can enter are the
same as with the knob (any power of two from 2 to 256). Any value
entered from the keypad that is not a power of two will be rounded
to the nearest power of two (from the choices available).
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As an example of average mode usage, assume the Average # field is
set to 16 and the Run mode is set to Repetitive, When you touch the
Run field, the oscilloscope starts acquiring waveform data and averag-
ing it. After the initial 16 waveforms are acquired, the oscilloscope
momentarily displays the advisory message "Number of averages has
been met.” Once the initial 16 waveforms are acquired, all new data
is weighed at 1/N and is averaged with the previous data. All data is
retained.

If you set the Run mode to Single, acquisitions are not made until you
touch the Run field. If Average # is set to 16, as in the previous ex-
ample, the "Number of averages has been met"” message will not be
displayed until you have touched the Run field 16 times.

Accumulate Mode

In Accumulate mode, the oscilloscope accumulates all waveform ac-
quisitions and displays them on the screen without erasing the
previously acquired waveforms, This is similar to infinite persistence
on an analog storage oscilloscope. These acquisitions will stay on the
display until Mode is changed, or until the waveform is adjusted by a
control that causes the display to change, such as s/Div, Delay, or
Connect Dots from On to Off.
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Display Enhancement

The oscilloscope display can optionally be enhanced to show a bet-
ter picture of a waveform. This is done by using the Connect Dots
On or Connect Dots Off feature of the display. The default setting
for the Connect Dots field is Off.

Connect Dots Field Options

If an edge is fast enough (relative to the sample rate), the signal may
begin to look like dofs scattered around the display. This is because
each sample is displayed as a single dot.

To give you a better idea of what the waveform looks like, the oscillo-
scope has a feature that connects the sample dots together. Touching
the Connect Dots field will toggle the field between On and Off,

On

With Connect Dots On, each displayed sample is connected to the
adjacent sample. The waveform displayed with Connect Dots set to
On is better defined and easier to see.

Off

With Connect Dots Off, each sample is displayed separately; that is, it
is not connected to the adjacent sample. The waveform displayed
with Connect Dots set to Off is the default mode of operation.
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Horizontal and Vertical Grids

The oscilloscope display can optionally be divided into horizontal
and vertical grids by using the Grid On or Grid Off feature of the
display.

Grid Field Options

The Grid field allows you to turn the horizontal and vertical grid pat-
tern on or off. Touching the Grid field will toggie the field between
On and Off. The default setting for the Grid field is Off.

On

Touching the Grid field when it reads Off will toggle the field to On,
and will cause the screen to display a horizontal and vertical grid
pattern.

Off

Touching the Grid field when it reads On will toggle the fieid to Off, .
and will remove the grid pattern from the screen, except in
Accumulate mode (see below).

While running either singly or repetitively in Accumulate mode, the
Grid field will toggle from Off to On, and Grids will be displayed.
However, when the Grid field is toggled from On to Off, the display
will not delete the grids (Grid Off) until the Stop field is touched and
a Repetitive Run is initiated or the settings (s/Div, Delay, etc.) are
changed.
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Auto-Measure Options

One of the primary features of the oscilloscope is its ability to
make parametric measurements on displayed waveforms. This
chapter provides details on how automatic measurements are
performed and gives some tips on how to improve automatic
measurement results.

There are nine automatic measurements available in the automatic
measurement menu:

Period
Risetime
Falltime
Frequency
+ Width
—Width
Vo p
Preshoot
Overshoot

g6



Auto-Measure Opticns
Auto-Measure Menu Map

Auto-Measure Menu Map

The menu map for the Auto-Measure menu is shown below,
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Auto-Measure Menu

You access the Auto-Measure menu by touching the menu field
(top row, second from the left), then by selecting Auto-Measure
from the pop-up menu that appears.

Input Field

The Input field allows you to select the source of the waveform to be
measured. When you touch this field, a pop-up menu appears which

shows the input sources. Make sure the proper source is selected for
the input you are using.

The options displayed in the Input pop-up is dependent upon how
many 1 GSa/s oscilloscope modules are installed in the mainframe and
in which slots they are installed.

The default selection for the Input field is the lowest lettered and
numbered input channel of the module you select to use to make a
measurement. For example, if oscilloscope modules are installed in
mainframe slots A, C, and E, the Input field defaults to Al when you
select the module in slot A as the module you will use. Similarly, if
you select the module in slot E, the Input field defaults to El.
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Automatic Measurements Field

The tan-colored field in the middle row of the menu is called the

automatic measurements field. This field displays the nine automatic

measurements that you can make. The measurements that this field
displays are:

Period,
Risetime,
Falltime,
Freq,

+ Width,
~Width,
Vp_p,
Preshoot, and
Overshoot
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Automatic Measurement Prerequisites

This section gives you some helpful pointers to help you make
automatic measurements easier.

Measurement Setup Requirements

Measurements typically should be made at the fastest possible sweep
speed in order to obtain the most accurate measurement possible.

You can only make automatic measurements with data that is current-
ly being displayed in the waveform display area. Keep the following
in mind when making measurements:

o At least one full cycle of the waveform, with at least two like edges,
must be displayed for Period and Freq measurements.

e A complete positive pulse must be displayed to make a +Width
measurement.

¢ A complete negative pulse must be displayed to make a —Width
measurement.

e The leading (rising) edge of the waveform must be displayed for
Risetime, and rising edge Preshoot and Overshoot measurements.

¢ The trailing (falling) edge of the waveform must be displayed for
Falitime, and fzlling edge Preshoot and Overshoot measurements,

¢ Risetime, Falltime, Preshoot, and Overshoot measurements will be
more accurate if vou expand the edge of the waveform by selecting a
faster sweep speed,

+ If the signal is clipped, the automatic measurements cannot be made.
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Criteria Used for Making Automatic Measurements

If more than one waveform, edge, or pulse is displayed, the measure-
ments are made on the first (leftmost) portion of the displayed
waveform that can be used. When any of the defined measurements
are requested, the oscilloscope first determines the top (100%) and
base (0%) voltages of the waveform. From this information, it can
determine the other important voltage values {10% voltage, 80% volt-
age, and 50% voltage) required to make the measurements. The 10%
and 90% voltage values are used in the rise time and fall time
measurements. The 50% voltage value is used for measuring
frequency, period, and pulse width.
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Automatic Measurement Algorithms

This section explains top and base voltages, then defines the
measurement algorithms.

Top and Base Voltages

All measurements except Vp_p are calculated using the Viop (100%
voltage) and Voase (0% voltage) levels of the displayed waveform.
The Viop and Vease levels are determined from an occurrence density
histogram of the data points displayed on the screen,

The digitizing oscilloscope displays 8-bit vertical voltage resolution.
That is, the vertical axis of the display is divided into 28 voltage
levels. Each of these 256 levels is calied a quantization level. Each
waveform has 500 data points displayed on the horizontal axis of the
screen. Each of these 500 data points has one quantization level as-
signed to it. The histogram is calculated by adding the number of
occurrences of each quantization level of the 500 displayed points on
the displayed waveform.

The quantization level with the greatest number of occurrences in the
top half of the waveform corresponds to the Viop level. The quantiza-
tion level with the greatest number of occurrences in the bottom half

of the waveform corresponds to the Vpase level,
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If Viop and Viase do not contain at least 5% of the 500 data points
displayed on screen, Viop defaults to the maximum voltage
(Vmaximum)} and Vyase defaults to the minimum voltage (Vminimum)
found on the display. An example of this case would be measure-
ments made on sine or triangle waves.

From this information, the instrument can determine the 10%, 50%,
and $0% points, which are used in most automatic measurements.
The Viop or Vibase 0f the waveform is not necessarily the maximum or
minimum voltage present on the waveform, If a pulse has a slight
amount of overshoot, it would be wrong to select the highest peak of
the waveform as the top because the waveform proper rests below
the perturbation.
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Measurement Algorithms

Frequency (Freq)

The frequency of the first complete cycle displayed is measured using
the 50% levels.

If the first edge on the dispiay is rising, then

1

Freq = .
4 { rising edge 2 = 1 ristng edge

If the first edge on the display is falling, then

1
t falling edge 2 =  falling edge 1’

Freq =
Period
The period is measured at the 50% voltage level of the waveform.
If the first edge on the display is rising, then

Period = ¢ rising edge 2 ~ { rising edge 1.

If the first edge on the display is falling, then

Period = ¢ falling edge 2 — ¥ failing edge 1.

Peak-to-Peak Voltage (Vp_p)

The maximum and minimum voltages for the selected source are
measured:

Vo D = V mazimum — V minimumn,

where Vmaximum and Vminimum are the maximum and minimum
voltages present on the selected source.
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Positive Pulse Width (+ Width)
Pulse width is measured at the 50% voltage level.

If the first edge on the display is rising, then
+Width = Yalling edge 1™ brising edge 1.

If the first edge on the display is falling, then
+Width = lfalling edge 2=lrising edoe 1.

Negative Pulse Width (—Width)

Negative pulse width is the width of the first negative pulse on
screen using the 50% levels.

If the first edge on the display is rising, then
=Width = frising edge 2—tfulling edge 1.

If the first edge on the display is falling, then
~Width = brising edge 1~failing edge 1.

Rise time

The rise time of the first displayed rising edge is measured. To obtain
the best possible measurement accuracy, set the sweep speed as fast
as possible while leaving the full leading edge of the waveform on the
display. The rise time is determined by measuring time at the 10%
and 90% voltage points on the rising edge:

Rise time = tgo% —t10%.
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Fall time

Fall time is measured between the 10% and 90% points of the falling
edge. To obtain the best possible measurement accuracy, set the
sweep speed as fast as possible while leaving the falling edge of the
waveform on the display:

Fall time = t10%—to0%.

Preshoot and Overshoot

Preshoot and Overshoot measure the perturbation on a waveform
above or below the top and base voltages (see the "Top and Base
Voltages" section earlier in this chapter). These measurements use all
data displayed on the screen; therefore, it is very important that only
the data of interest be displayed. If you want to measure preshoot
and overshoot on one edge of a waveform, then only display that
edge. If you want to measure the maximum preshoot and overshoot
on a waveform, then display several cycles of the waveform.

Preshoot is a perturbation before a rising or a falling edge and is
measured as 3 percentage of the top-base voltage.

Overshoot is a perturbation after a rising or a falling edge and it is
measured as a percentage of the top-base voltage.
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If the measured edge is rising, then

Voase = Vainimum ]X 100

Preshoot = { Viow — Vbase

and,

Vimazimum — Viep 1% 100

Overshoot = | Vi ~ Vi
7 e

If the measured edge is falling, then

et -V
Preshoot = [ 4 me“mvbmwp 1x100
o —

and,

Viase = Vminimum

Viop — Vbase

Overshoot = | 1x100.
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Waveform Selection Options

This chapter shows you how to insert, replace, and delete input
channels on the waveform display, and how to perform waveform
math and overlay functions. Any of these operations can be per-
formed from any of the oscilloscope menus except calibration.

The dark-blue channel label field to the left of the waveform
display area shows the input channels that are being displayed.
To access the Waveform Selection pop-up menu, you touch the
channel label field twice (once to turn it light-blue then once more
to access the menu). The menu lets you insert, delete, or replace
an input channel, and choose ¢channel modes. It also lets you
select to view a waveform from another module when you are
making intermodule measurements.

The oscilloscope module has the capability to display 96
waveforms— eight at any one time. When you have made more
than eight waveforms accessible for display, some of them will not
be in the waveform display area. To display them you touch the
dark-blue channel label field once to turn it light-blue then use the
knob to scroll through all of the waveforms and select the ones
you want displayed.
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Waveform Selection Menu Map

Waveform Selection The menu map for the Waveform Selection pop-up is shown

Menu Map below.

L———— Woveform Selection Pop-up

—4Chunnel Mcde Singte

Overiay

Chan + Chan
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—{Deletc AiE%——~[: Cancel
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:
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Module Field Options

The Module field in the waveform selection menu lets you select to
view waveforms from more than one module when you are
making intermodule measurements. The use of this field is also
described in chapter 10, which deals with intermodule measure-
ments.

Selecting a Module in the Module Field

If you are running your modules in the mainframe independently, and
you touch the Module field, the name of the module you are currently
running will be displayed as the only option in the pop-up menu.
When you touch that field, the message "Data correlatabie only for
modules under group run" is displayed. This will remind you fhat
this field is only used in intermodule measurements.

If you are running intermodule measuremernts between modules in
the mainframe, and you touch the Module field, the name of the
modules you are running as part of the intermodule measurement will
be dispiayed as options in the pop-up menu. The input labels for the
module that you select from the pop-up menu will appear in the
Labels field. Using the Action options (Replace and Insert) and the
Delete option, you can select the input, or inputs, you wish to view,
and where you wish to place them on the screen.

You can select up to 86 waveforms or combinations of waveforms for
viewing on the display. You can view up to eight waveforms in the
display area at any one time. To view selected waveforms that are
off the screen, you touch the field to the left of the waveform display
area to turn it light-blue. Then use the knob to scroll through the
waveforms to find the one you want displayed. Refer to the section
in chapter 10 entitled "Displaying Multiple Module Data on One
Screen® for more details.

112



Waveform Selection Options
Chagnel Mode Fiald Options

Channel Mode Field Options

Touching the Channel Mode field in the Waveform Selection field
causes a pop-up menu {o appear. This pop-up shows the channel
mode selections available. The Channel Mode field lets you select
how the waveform will be displayed. The options are Single mode,
Overlay mode, Chan+Chan mode, and Chan— Chan mode.

Single Mode

This mode displays a single input channel in each waveform display
area for which it is selected. It is the default mode for the
oscilloscope module,
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Overlay Mode

This is a waveform mode that lets you take the signal from one
channel input and compare it to the signal from another (or several
other) channel input, It lets you put multiple waveforms on the same
waveform display area-or overlay the waveforms.

Waveforms from separate modules cannot be overlaid when making
an intermodule measurement.

ettt At e ]
For example, 10 overlay the waveform on Input 1 with the waveform on Input 2:

Touch the Channel Mode field on the dispiay, then when the pop-up appears, touch
the Overlay fisld. ‘

Turn the knob so that the bottom input in the channel 1abe! field is highfighted in
white.

Then touch the Action field until Insert is displayed.
Next, touch the Input 1 label in the Labels field, then touch Input 2 in the Labels field.

Input 1 and Input 2 waveforms, shown as X1,X2 (where X is the slot letter of the
module) are then displayed in the top channe! {abel field.

After you have touched the Done key in the pop-up, you may need to touch the
s/Div field and change the sweep speed in order to more easily see differences in
the overlaid waveforms.

Input 1 will now be overlaid on Input 2 in the waveform display area,

If markers are turned on, no voltage values for the ¢verlaid
waveforms will appear in the channel label field to the left of the
waveform display area.

Overlaid waveforms are scaled and offset (respectively), or in relation-
ship to each other, but the value in the V/Div field does not
necessarily correlate to the overlay waveform display tick marks.
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Waveform Math (Chan+Chan Mode)

This is a waveform mode that lets you take the signal from one
channel input and add it to the signal from another channel input.

Waveforms from separate modules cannot be added together when
making an intermodule measurement.

For example, to add the waveform on Input 1 o the wavetorm on input 2:

Touch the Channel Mode field on the display, then when the pop-up appears, touch
the Chan-+Chan field.

Turn the knob so that the bottom input in the channel label field is highlighted in
white,

Then touch the Action field until insert is displayed.
Touch the Input 1 label in the Labels field, then touch Input 2 in the Labels field.

input 1 and Input 2 waveforms, shown as X14+X2 (where X is the slot letter of the
module} are then displayed in the channel label field.

Now touch the Done key in the pop-up to display the waveform. The display now
shows input 2 added to input 1. The resuitant waveform is displayed in white in the
waveform display.

If markers are turned on, voltage values for this waveform will ap-
pear in the channel label field to the left of the waveform display
area.
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Waveform Math (Chan- Chan Mode)

This is 2 waveform math mode that lets you take the signal on one
channel and subtract it from the signal on the other channel.

Waveforms from separate modules cannot be subtracted from each
other when making an intermodule measurement.

5
For example, to subtract the wavelorm on Input 2 from the waveform on Input 1:

Touch the Channel Mode field on the dispiay, then when the pop-up appears, touch
the Chan—Chan field.

Turn the knob so that the bottomn input in the channel fabel field is highiighted in
white.

Then touch the Action field until insert is displayed.
Next touch the Input 1 label in the Labels field, then touch Input 2 in the Labels field,

Input 1 and Input 2 waveforms, shown as X1—X2 (where X is the slot letter of the
module) are then displayed in the channel label field.

Touch the Done key in the pop-up to display the waveform. The dispiay now shows
input 2 subtracted from input 1. The resultant waveform is displayed in white in the
waveiorm display.

If markers are turned on, voltage values for this waveform will
appear in the channel label field to the left of the waveform display
area,
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Action Field Options

The Action field is a toggle field that toggles between Replace and
Insert. These options let you choose to replace or to insert an
input channel in the waveform display area.

Replacing a Channel

Touching the Action field in the Waveform Selection pop-up causes
the Action field to toggle between Insert and Replace, To replace a
channel, you touch the Action field to toggle it to Replace.

Turning the knob slightly in each direction controls which input chan-
nel in the channel label field is highlighted in white. The channel
highlighted in white is the channel that will be replaced. You replace
the channel highlighted in white with the channel you touch in the
Labels field.

In single module configurations the waveform display shows input 1
as yellow and input 2 as green. If two cards are connected as one
unit, the second card input I is shown as blue and input 2 is shown as
red.
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Inserting a Channel

Inserting an input channel works similar to replacing a channel.
Touching the Action field in the Waveform Selection pop-up causes
the Action field to toggle between Insert and Replace, To insert a
channel, you touch the Action field to toggle it to Insert.

Turning the knob slightly in each direction controls which input chan-
nel in the channel label field is highlighted in white. The channel you
insert will be inserted below the channel highlighted in white, To in-
sert a channel, you touch the channel in the Labels field that you
want to insert below the channel highlighted in white.

In single module configurations the waveform display shows input 1
as yellow and input 2 as green. If two cards are connected as one
unit, the second card input 1 is shown as blue and input 2 is shown as
red.
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Delete All Option

The Delete All field in the Waveform Selection pop-up menu lets
you delete all of the currently displayed channel inputs from the
waveform display area. The pop-up selections for this field are
Continue and Cancel

Cancel

Selecting Cancel from the Delete All pop-up menu allows you to
change your mind about deleting all currently displayed inputs.
Touching this field causes the pop-up to disappear. No changes are
made to the display choices made prior to touching the Delete All
field.

Continue

Selecting Continue from the Delete All pop-up menu causes all of the
currently displayed inputs to be deleted. Touching this field also
causes the pop-up to disappear.

119




Waveform Selection Options
Delete Field Option

Delete Field Option

The Delete field in the Waveform Selection pop-up menu lets you
delete channel inputs from the waveform display area.

Deleting a Channel

You use the knob to highlight the Input channel in the channel label
field that you want to delete. You then touch the Delete field in the
Waveform Selection pop-up to delete the highlighted channel input
from the channel label field, and hence, from the waveform display
area. The input channel highlighted in white will be deleted when
you remove your finger from the Delete field.
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Labels Field Options

The Labels field in the Waveform Selection pop-up menu lets you
pick the channels you wish to display on the screen. You use this
field in conjunction with the Action and Channel Mode fields to
make your display choices when running vour mainframe modules
independently. For intermodule runs, you also use the Module
field to choose the module that contains the input channels you
wish to display.
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Done Field Option

When you are finished making all of your selections in the
Waveform Selection pop-up menu, you touch the Done field to
enter the selections and return to the waveform display. The
choices you made while in the Waveformm Selection pop-up will be
implemented on the screen.
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Intermodule Measurement Options

Intermodule measurements can be used when you need the acquisi-
tion capabilities of one module to look at a signal, but you need

the triggering capabilities of another module to properly trigger

the measurement. '

The HP 16500A/16501A can be configured with several different
modules inside the instrument at one time. The Intermodule
menu allows you to make interactive measurements between these
modules. This also includes making measurements that use one or
more modules in conjunction with an external instrument.

The basic functions of the Intermodule menu give you the ability
to configure modules to run simultaneously, to set up arming se-
quences between modules, to adjust skew between modules, and
to synchronize with external equipment. The Intermodule menu
also lets you set up to display the resulting waveforms and state

listings for several modules together on one screen.

Operation

There are three different types of operations that can be per-
formed from the Intermodule menu.

1. You can set up modules to run independently or within an in-
termodule measurement. Initially, the intermodule configuration
tree is empty, with all the modules running independently. Inter-
module measurements are configured by adding modules to the
intermodule configuration tree (see the following figure). Modules
that appear directly below the large Group Run field are armed im-
mediately after the Group Run/Stop field in the upper-right corner
is touched. Modules that appear below other modules are armed
when the preceding module finds its trigger.
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The HP 16500A, with the HP 16501A attached, functions as a
single mainframe. Modules in either the HP 16500A, the

HP 16501A, or both, can be added to the same intermodule con-
figuration tree (refer to "System Arming and Triggering” in
chapter 6 of the HP 16500A/16501A Logic Analysis System Refer-

ence Manual).
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2. You can synchronize with external equipment.

¢ Once a module is added {o the intermodule configuration tree, the
PORT OUT signal can be added beneath that module or any other
module appearing on the tree. When the module preceding PORT
QUT triggers, a signal is sent to the PORT OQUT BNC of the instrument
to arm an external device. The actual BNC connection for the PORT
OUT feature is on the rear panel of the HP 16500A, When activated,
PORT QUT outputs a positive-going TTL pulse whose width varies
depending on the module that is driving it. This port may he ter-
minated by a 50 ohm load to reduce ringing on the signal. I
terminated, the signal will be less than or equal to (.4 V when low
and at least 2.0 V when high.
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» The PORT IN signal can be selected to arm the intermodule configura-
tions in conjunction with the Group Run/Stop field. You select to arm
the measurement with an external (PORT IN) signal by touching the
Group Run field and selecting Group Run Armed from PORT IN from
the pop-up menu. The actual BNC connection for the PORT IN fea-
ture is on the rear panel of the HP 16500A. When PORT IN is
activated and the measurement configuration has been set up, touch-
ing the Group Run/Stop field puts the instrument in a standby
condition. The intermodule measurement begins when the proper sig-
nal is sent to the PORT IN BNC on the rear panel of the HP 16500A.
This input requires a minimum input of 2.4 V for a high and a maxi-
mum of 0.4 V for a low. It is active high.

Although the rear panels of the HP 16500A and HP 16501A are
nearly identical, only the BP 16500A has the PORT IN BNC and
PORT OUT BNC connectors, as shown in the figure below. How-
ever, the PORT IN and PORT OUT signals are available to modules
in both the HP 16500A and HP 16501 A mainframes.

(] 3
S ® @ T—po * =3
7— '
15800E 14

PORT IN BNC =x -/ \— = PORT QUT BNC

3. You can modify the intermodule skew offsets with the Skew
pop-up of the Intermodule menu {o adjust skew or timing devia-
tion between the modules within the intermodule measurement,
This allows you to compensate for any known delay of the system
under test or compare two signals by removing any displayed
skew between the signals.
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Helpful Hints

When setting up measurements, start with simple setups and
work up to more complex ones. For example, set up the
module that will trigger first and take a measurement with
only this module. Once you have verified that this first trigger
works properly, start adding additional modules to be armed by
this trigger.

Before starting the measurement, set all modules to store data
while they search for the trigger condition. This way, you can
see information on both sides of the trigger condition as you
fine-tune the measurement,

When the oscilloscope module is part of the measurement, to
get time correlation between modules, initially set the modules
that are armed from the intermodule bus to automatically
trigger (Auto-Trig set to On) or to "trigger immediately."” Then
increase the triggering requirements in stages. That is, start
with the first modules that are armed and work from the top
to the bottom of the intermodule configuration tree.
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Intermodule Menu Map

The menu map for the Intermodule menu is shown below

BYSTEM
(moduial

! i ‘

SYSTEM {software optiopns} INTERMGDULE {modules}

PRINT CANCEL
PRINT GCREEN

|——— GROUP RUN ——-——-—E GROUP RUN
GROUP RUN ARMEDR FROM PURT IN

SREW tmedulesl

{Modules? INDEPENDENT
{see note 1) E GROUP RUN
tmoguie nomes for moduies within the

intermoduie configurction tres’

—ww FORT QUT mmw[«: GFF
{moduie nomes for modules within the
intermoduile configuration tres=)

Sessnsrner SROUFE RUN -———E CROUP RUN
STOP

NDTE 1: THE WORD MODULE IN PARANTHESES REFRESENTS THE NAME OF THE MODULES CONFIGURED IN YQUR SYSTEM.
THIS PART OF THE MENU MAP REPEATS ITSELF FOR EACH MODULE.

FAS0RID
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Intermodule Menu

You access the Interrnodule menu by touching the Module field

(leftmost field in the top row), then selecting Intermodule from the
pop-up menu that appears as shown below.
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Group Run Field

The large Group Run field (see the figure below) is used in the con-
figuration of the Intermodule meru. This field is the base of the
intermodule configuration tree. The configuration tree displays how
the modules interact and it shows the sequence in which the modules
are armed when the intermodule measurement is initiated. Modules
that appear directly below the large Group Run field are armed imme-
diately after the Group Run/Stop field in the upper-right corner is
touched to start a run. A module that appears below another module
is armed when the module that is above it, and that it is attached to,
finds its trigger.

| Intsriedele ( skew ] EPrint ] foroup Run)

Rraun Run PORT QUT
Group Run

S

Feliern Gen T
Stiopoed

P RSas/s Bcope D
Stopped

State/Timing £
Stopped

Grogp Run Armed from PORT IN

[‘Hme Correlation BOFS)

Touch the large dark-blue Group Run field. The pop-up that appears
will display:

¢ Group Run and

¢ Group Run Armed from PORT IN which allows you to use an external
input to arm the Group Run measurement, This input requires a
minimum input of 2.4 V for 2 high and a maximum of 0.4 V for a low.
It is active high and the actual PORT IN BNC input is located on the
rear panel of the HP 16500A.
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Touch Group Run and the pop-up disappears.

To use PORT IN, an external device must be connected to the PORT
IN BNC on the rear panel of the HP 16500A. If an external device
isn’t connected, or is accidently disconnected from the PORT IN BNC,
the instrument will display the message *Waiting for IMB arm."”

Following is a brief overview of the operation of an intermodule meas-
urement when the HP 16500A Logic Analysis System is configured as
shown below.
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When you touch the Group Run/Stop field in the upper-right corner;

1 The status for each module involved changes to Running (as
shown in the individual module fields).

2 Module C is armed immediately and begins looking for its
pre-trigger conditions,

3 Once the pre-trigger conditions for module C are satisfied, the
module triggers, and modules D and E are armed. Modules D
and E begin looking for their pre-trigger conditions.
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Once the pre-trigger conditions for modules D and E are
satisfied, the modules trigger and complete their measurements.

When module C triggers, it sends a signal to an external device
through PO (PORT QUT).

The status indicator of each module changes to Stopped when
the module finishes its measurement. After all the modules
are finished with their measurements, the data is displayed in
the individual waveforms or display menus of the modules.

After an actual measurement, the time correlation bars at the bottom
of the menu display the trigger points (T) and the start and stop
acquisition windows of each module relative to the other modules.

The Group Run/Stop Field

When a module is added to the intermodule configuration tree, the
module’s Run/Stop field changes to the Group Run/Stop field (see the
following figure). The Group Run/Stop field is the Run/Stop field for
the modules in the Intermodule menu. This field appears in the Inter-
module menu so that the measurement can be started from this menu
and the results monitored with the Running/Stopped status indicators
and time correlation bars.
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If you touch and hold the Group Run/Stop field, a pop-up menu
appears with your choices for acquiring data.

¢ Single, which is the defaulf, allows vou to run the measurement once.

» Repetitive, which allows you to run the measurement as many times
as you want to collect data for statistical measurements, etc. Press
Stop when you want to stop collecting data.

e Cancel, which allows you to cancel the measurement.

When you touch and hold your finger on the Group Run field, the
current selection is displayed with a light-blue background. When
you touch the Group Run field and slide your finger {o one of the
selections in the pop-up, that selection is then displayed with a white
background. Releasing the Group Run/Stop field before making a
selection or without changing the selection, results in the instrument
running the measurement according to the last input to this field.
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The Modules

On the right side of the screen are fields listing the different modules
that can be configured in the Intermodule menu, When you touch
one of the module fields, a pop-up appears displaying the possible
locations of the module in the intermodule configuration tree (see the
figure below).
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o Independent allows the module to run independently of the other
moedules and removes it from the intermodule configuration tree.

¢ Group Run places the module directly below the large Group Run
field. This module is armed immediately after the Group Run/Stop
field is touched.

+ The other fields in the pop-up list the name of the modules that are al-
ready part of the intermodule configuration tree and can be used to
arm this module. Touching one of these fields places the current
module below the moduie indicated by the field you selected. The
current module is then armed when the preceding module finds its
trigger.
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After you make your selection, a box appears in the intermodule
configuration tree with the module’s slot location (A through E for
the HP 16500A alone, or A through J for the HP 16500A with the
HP 16501 A attached) representing the location of the module in the
tree.

PORT OUT

PORT OUT is used to signal an external device from a module in the
intermodule configuration tree. This field only appears when a
module is present in the intermodule configuration tree (see the
figure below).
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To use the PORT OUT feature:

1 Touch the field of the module that you want to control the
group run and select Group Run from the pop-up menu.

2 Touch the PORT OUT field above the Modules field on the
right side of the display and a pop-up appears listing all of the
modules that appear in the intermodule configuration tree.
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Touch the field displaying the name of the module that you
want to arm the external device and the pop-up disappears. PO
(for PORT OUT) now appears in the intermodule configuration
tree below the module you selected.

The actual BNC connection for the PORT OUT feature is on the rear
panel of the HP 16500A. When activated, PORT OUT outputs a
positive-going TTL pulse whose width varies depending on the
module that is driving it. This port may be terminated by a 50 ohm
ioad to reduce ringing on the signal, If terminated, the signal will be
less than or equal to 0.4 V when low and at least 2.0 V when high,
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Status Indicators and Time Correlation Bars

Running or Stopped appears below the names of the individual
modules that are listed on the right side of the Intermodule menu {(as
shown below). This indicates the current status for each module and
can be used to monitor the intermodule measurement. If thereis a
problem with the measurement, a quick check of these status
indicators can show you which modules have completed their
operations (Stopped) and which ones are still Running.
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Generally:

¢ If a module was running and is stopped now, you can assume it
received its arming signal and triggered properly.

o A module below a stopped module on the intermodule configuration
tree has received its arming signal. If it’s still running, then it may
have trouble triggering or completing its task.

e A module below a running module on the intermodule configuration
tree has not received its arming signal yet.

The time correlation bars at the bottom of the menu display the
trigger point (T) and the start and stop time of each module relative
to the other modules.

The Skew Menu

Touch the Skew field to bring up the Skew pop-up menu as shown
below).
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The Skew pop-up of the Intermodule menu is used to de-skew
waveforms or state listings between modules on the display. This
allows for display adjustment to within one nanosecond between
modutes. The major purpose of this adjustment is to compensate for
variances in internal probing delays across modules.

To adjust the skew of the module, use the Skew pop-up to add or
subtract a known skew value. This value may be calculated with the
markers by measuring the skew between some common signal
sampled by both modules.

To enter a value of skew, touch the field for the module you want
and, after it turns light blue, input the skew with the knob. If you
touch the field a second time, a pop-up keypad appears to input the
skew.
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Displaying Multiple Module Data on One
Screen

When you are making intermodule measurernents, you can display
the resulting waveforms or state listings for several modules
together on one screen.

The example in this section is based on the setup shown in the
figure below. This setup has a 1 GHz Timing Analyzer in slot B,
which is set up for Group Run. Slot D contains a 1 GSa/s Oscillo-
scope, which is set to be armed by the 1 GHz Timing Analyzer.
Slot E contains a State/Timing Analyzer which is also set to be
armed by the 1 GHz Timing Analyzer. It is assumed that you have
already set up the instrument to run a measurement. The
examnple shows the procedure for getting the waveforms on the
display. Since there are no signals connected to the instrument in
this example, there are no waveforms displayed.
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To display multiple module data on one screen

1 Touch the module field in the upper-left corner of the screen.
When the pop-up appears, select 1 GSa/s Scope D.

2 When the 1 GSa/s Scope D menu appears, touch the menu field
and select the menu in which you want to view the data. For
this example, Channel is selected.

3 Touch the channel label field to the left of the waveform
display once to turn it light blue. Then touch it again to access
the display parameters,

4 Note that the two 1 GSa/s Scope D labels (D1 and D2) appear
under the Labels field.

5 Touch the Module field displaying 1 GSa/s Scope ID.

6 When the pop-up menu appears, touch 1 GHz Timing B. After
the pop-up disappears, the appropriate labels for the channels
of the HP 16515A 1 GHz Timing Analyzer will be listed in the
Labels field under the 1 GHz Timing B field (see the figure
below).
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intermodule Measurement Options
Displaying Multiple Module Data on One Screen

Turn the knob so that D2 is highlighted, then touch the labels
for the channels that you want displayed. For this example,

touch OUT _1, then OUT_2 as shown below.
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§ ~ Hntute {hannel Hoda Action Delele
— . Delate

g - _! LBHZ Tilking o Sequential Insert Alt
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é:: ! ouT.t

e QuT.2

§3§ CHAR..1

=
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Touch the Module field displaying 1 GHz Timing B.

When the pop-up menu appears, touch State/Timing E. After
the pop-up disappears, the appropriate labels for the channels
of the HP 16510B State/Timing Analyzer will be listed in the
Labels field under the State/Timing E field as shown below.
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|
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Intermodule Measurement Options
Displaying Multiple Module Data on One Screen

10 Touch the labels for the channels that you want displayed.
For this example, touch COUNT1, then COUNT2 as shown
below. '

11 Touch Done and the Waveform Selection pop-up will
disappear, returning you to the waveform display. As shown
in the figure below, the HP 16510B State/Timing Analyzer
channels COUNT1 and COUNTZ are now displayed.
S

Using the Waveform Selection menu, you can select up to 96 waveforms or

combinations of waveforms for viewing on the display. You can view up to eight

waveforms on a single display at any one time. To view selected waveforms that
are off the screen, you touch the field to the left of the waveform display area to tumn
it light-blue. Then you use the knob to scroll through the waveforms to find the one
you want displayed.
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The waveform display area shows the message "Not Correlated” for
all channel inputs because there are no signals connected to the
inputs of the instrument. With the proper setup, the actual
waveforms would be displayed for each line that contains the
message.
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Intermodule Measursment Options
Soma Typical Intermodule Measurement Setups

Some Typical Intermodule Measurement
Setups

Intermodule measurements are set up in the Intermodule menu of
the HP 16500A/16501A by arranging the modules in the desired
sequence. Each module may be used only once and any unused
modules can be left to run independent of the intermodule
measurement.

Intermodule measurements may be as simple as configuring the
Intermodule menu to start several modules at once, or they may
be very complex, with multiple arming sequences between
modules and external equipment. Example 1 is a basic exercise
just to help you become famniliar with the intermodule measure-
ment menu and its use. Examples 2 through 4 explain some
typical intermodule measurements and show you how to set up
the instrument to make the measurements.
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intermodule Measurement Options
Some Typical intermodule Measurement Setups

To select the Intermodule menu:

1 Touch the module field in the upper-left corner of the display.
2 When the pop-up appears, touch Intermodule to bring up the

Intermodule menu (see the figure below).

System w
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Intermodule Measurement Options
Some Typical Intermodule Measurement Setups

Example 1: A Basic Exercise

The following is a brief exercise 0 help you become more familiar
with the Intermodule menu of the HP 16500A/16501A. The steps are
both numbered and bulleted, The numbered steps state the objective
and the bulleted steps explain how to accomplish each step objective.
You may be able to go through the exercise by just following the num-
bered steps. When you need more information on how to accomplish
the step objective, refer to the bulleted steps.

For this example, assume that you are using an external device to
arm the intermodule measurement. When the arm signal is received,
use the module in slot B (the 1 GHz Timing Anaiyzer) to capture the
data. Then use the acquisition capabilities of the modules in slot D
and E (the 1 GSa/s Scope and State/Timing Analyzer) o analyze the
data.

Remove any previous assignments from the intermodule
configuration tree,

¢ Touch the field for the upper-rnost module in the intermodule con-
figuration tree (E as shown in the figure below).
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Intermoduie Measurement Options
Some Typical Intermodule Measurement Setups

¢ When the pop-up appears, touch Independent.

« Repeat the above bulleted steps for each of the upper-most modules
in the intermodule configuration tree, if there are more in your pre-
vious setup.

Select Group Run Armed from PORT IN,

e Touch the large Group Run field (see the figure below).
e When the pop-up appears, touch Group Run Armed from PORT IN.
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intermodule Measurement Options
Some Typical Intermodule Measurement Setups

Configure the module in slot B (1 GHz Timing B) to be armed
by the Group Run field.

e Touch the field for the module in slot E, in this case 1 GHz Timing B,
(see the figure below).
o When the pop-up appears, touch Group Run.

Notice that the PORT QUT field appears when the module in slot B
appears in the intermodule configuration tree.
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Intermodute Measurement Options
Some Typical Intermodule Measurement Setups

4 Configure the module in slot D (1 GSa/s Scope D) to be armed
by the module in slot B (1 GHz Timing B).

& Touch the field for the module in slot D, in this case 1 GSa/s Scope D,
(see the figure below).

o When the pop-up appears, touch the field displaying the name of the
module in siot B (1 GHz Timing B).
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Intermodule Measurement Options
Some Typical Intermodule Measurement Setups

5 Configure the module in slot E (State/Timing E) to be armed by
the module in slot B (1 Ghz Timing B). :

s Touch the field for the module in slot E, in this case State/Timing E ,
(see the figure below).

¢ When the pop-up appears, touch the field displaying the name of the
module in slot B (1 GHz Timing B)
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The figure below shows the Intermodule menu configured for this
example.
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Intermodule Measurement Options
Some Typical Intermodule Measurement Setups

Example 2: Analyzing a Glitch

A glitch is defined as two or more transitions between the samples of
a timing analyzer that cross the logic threshold. A timing analyzer
can trigger on a glitch and capture it, but doesn’t have the voltage or
timing resolution ta look at the glitch in detail.

On the other hand, an oscilloscope can acquire waveforms with a
great deal of resolution, but it doesn’t trigger on glitches, combina-
tions of glitches, or patterns nearly as well as a timing analyzer.

To analyze a glitch, you would use a timing analyzer and an oscillo-
scope interactively (see the figure below). Set up the timing analyzer
to trigger on a glitch and when the timing analyzer triggers, capture
the glitch with the oscilloscope. Then use the oscilloscope to look at
the waveform parameters of the glitch, including its width, shape,
and amplitude.

For this intermodule measurement, you are using the triggering
capabilities of the timing analyzer and the acquisition capabilities of
the oscilloscope.
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intermodule Measurement Options
Some Typical Intermodule Measurement Setups

Example 3: Analyzing Interrupt Handling in a
CPU System

Most microprocessor programs can be interrupted by an asynchronous
hardware signal., Software designers are interested in the processor’s
real-time response to interrupts. In particular, they need to answer
these kinds of questions:

Does the processor branch to the proper interrupt handiing routine?
Are registers and status information saved properly?

How long does it take to service the interrupt?

Is the interrupt acknowledged properly?

After the interrupt is serviced, does the processor restore registers
and status information and continue with the previous rouiine as ex-
pected?

*« & & & @

Usually, software designers want to look at the program flow of their
microprocessor system around an asynchronous event.

A state analyzer, coupled with a preprocessor and an inverse as-
sembler, is useful for tracing the flow of a microprocessor program,
A timing analyzer or an oscilloscope is designed to trigger on
asynchronous events like edges.
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In this example, use an oscilloscope with a sample rate faster than the
microprocessor clock to trigger on the asynchronous event and to arm
the state analyzer (see the figure below). Then use the state analyzer
to check the address of the interrupt routine. You may also use the
state analyzer to see if the microprocessor is properly servicing inter-
rupts and returning to the correct address after each interrupt
routine.
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Set up the oscilloscope to trigger on the asynchronous interrupt line,
This is usually an edge-sensitive line on which the oscilloscope can
trigger.

The state analyzer should be armed by the oscilloscope. Set the state
analyzer to trigger on all "don’t cares™ and it will capture the inter-
rupt service routine when the arm signal is received. For this
intermodule measurement, arming the state analyzer with the oscillo-
scope allows a software designer to track the flow of a
microprocessor program around a hardware interrupt.

152




intermodule Measurement Options
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Example 4: A Simple Stimulus/Response System

During system development, designers are often faced with verifying
a part of a design when the input signals for that part are unavail-
able, Here are some common exampies of this problem:

o Verifying hardware operation when a part of the hardware is unavail-
able to drive the circuit,

e Testing a PC board without a board test system.

The traditional solution is to use word generators to emulate the miss-
ing part of the design, and to use logic analyzers and oscilloscopes to
capture the system response. Unfortunately, the user is often faced
with an awkward solution of stacking several boxes on top of each
other, with a maze of cables tying them together, and a different in-
terface for each instrument,

The HP 16520A/16521A Pattern Generator in the HP 18500A/16501A
can act as the stack of word generators in this problem. State,
timing, and analog modules can all be used to capture the response of
the system.

The HP 16520A/16521 A Pattern Generator is loaded with the proper
patterns and when it starts sending patterns, it sends an arm signal
over the intermodule bus.
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The acquisition modules are armed from the pattern generator
module and set to trigger on the appropriate event in the system (see
the figure below).
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Glossary

acquisition Denotes one com-
plete cycle of data gathering. One
complete cycle gathers 8000
samples of information and stores
them in acquisition memory.

attenuation factor Sce probe
field

autoscale algorithm An
algorithm that, based on the
amplitude and period of the
signals found, sets the vertical
sensitivity in volts per division,
offset, horizontal sweep speed in
secongs per division, trigger level,
and trigger slope for the frigger
source input. Its purpose is to pro-
vide two to five cycles of a
waveform that is displayed on the
screen, The waveform is from the
lowest numbered and lettered
channel with a signal.

cancel autoscale The field that
allows you to cancel doing an auto-
matic scaling of the input

signals. This is particslarly impor-
tant if you inadvertently touch the
Autoscale field when you have
your measurement configuration
set. Automatically scaling your
signals at this point could change
your present configuration.

cancel run The field that
allows you to cancel making an
oscilloscope run for any reason
once you have touched the Run
field.

coupling field The field that
sets the input impedance for the
signal applied to channel 1 or
channel 2 of the oscilioscope.
Selectable values for each channel
are IMQ /DC, 1M / AC, and
50Q /DC.

delay field The field that sets
the horizontal position of the
waveiform on the screen. Delay
time is measured from the trigger
point. It is measured in seconds
and is viewed in the Delay field.
It can be set by using the knob or
the keypad .

don't care Signifies that the
state of the signal (high or low) is
not pertinent to the measurement
being performed.

edge mode The trigger mode
that causes a trigger based on a
single channel edge (either rising
or failing).
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Glossary

high The positive-going portion
of 3 logic signal. Used in pattern
trigger measurements, it is repre-
sented by an H in the pattern
selector.

horizontal position See delay
field.

horizontal sweep speed The
time vaiue that determines the
horizontal scaling of the waveform
to be displayed on the screen. It
is measured in seconds per
division and and is viewed in the
s/Div field. If is set by using the
knob or the keypad.

immediate mode The trigger
mode that does not require a
specifie trigger condition (that is;
an edge or a pattern).

input field The field that allows
you to select a channel for vertical
scaling,

input impedance See coupling
field.

intermodule menu The menu
that lets you set up the
instrument to make interactive
measurements, either with other
modules in the mainframe or with
external modules.

low The negative-going portion
of a logic signal. Used in pattern
trigger measurements, it is repre-
sented by an L in the pattern
selector.

manual markers mode The
marker mode that lets you manual-
ly move the markers using the
knob or the keypad. It is accessed
by touching the Markers field,
then selecting On.

menu field The field to the
immediate right of the module
field (see below). It allows you to
choose the menus related to the
module shown in the module field.

module field The field in the
upper-left corner of the screen. It
allows you to choose any of the
modules in the mainframe as your
working module. It aisc aliows you
t0 choose system options and inter-
module options.

offset field The field that sets
the vertical position of the
waveform on the screen. Offset is
the voltage represented at the
center vertical tick mark in the
waveform display. It is measured
in volts and is viewed in the Of-
fset field. It is set by the using
knob or the keypad.
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Glossary

panning The action of moving
the waveform along the {imebase
by varying the delay value in the
Delay field. This action allows
vou to control the porticn of ac-
quisition memory that will be
displayed on the screen. If you
choose, you can view the entire
waveform record in acquisition
memory. This is normally done in
single-shot mode.

pattern mode The trigger mode
that allows you to set the oscillo-
scope to trigger on a specified
combination of input signal levels.

probe field The feld that sets
the probe attenuation factor for
the input signal applied to the
oscilloscope. Selectable values
from I:1 to 1000:1 in increments
of 1.

repetitive mode The field that
causes the oscilloscope to start the
next acquisition as soon as the pre-
vious acquisition has been
completed and the data has been
displayed (that is, to take single ac-
quisitions repetitively).

run, repetitive mode See repeti-
tive mode.

run, single mode See single
mode

s/Div
speed.

See horizontal sweep

single mode The field that
causes the oscilloscope to make a
single data acquisition and display
the results of that acquisition on
the screen. In this mode, the Run
field must be touched each time
you want a new acquisition and,
consequently, a new screen up-
date.

source field The field that
allows you to select a channel for
edge triggering and trigger level
setiing,

toggle field A dark-blue field
that has only two options. When
the field is touched, the current
option in that field will change
(toggie) to its other option.

touch-sensitive screen Any
dark-blue field on the screen is g
*touchable" field. When you
touch a dark-blue field, the field
toggles to another option, a pop-
up menu appears, or the field
turns light-blue to activate the
knob for that field.
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Glossary

trigger point The point at
which the voliage on the signal
source input waveform equals the
trigger level voitage value set in

the Level field of the trigger menu.

vertical position See offset field.

V/Div  See vertical sensitivity.

vertical sensitivity The volt-
age value that determines the
amplitude of the waveform on the
screen. It is measured in voits per
division and is viewed in the
V/Div field. It is set by using the
knob or the keypad .

when field This field is part of
the Pattern Mode menu. Itisa
toggie field that allows you to
choose whether t0 trigger on the
selected pattern when it is
entered or exited.

Zooming The action of expand-
ing and contracting the waveiorm
along the timebase by varying the
value in the s/Div field. This ac-
tion allows you to select specific
portions of a particular waveform
in acquisition memory that will be
displayed on the screen. You can
view any portion of the waveform
record in acquisition memory.
When used in conjunction with
panning, zooming is very usefyl in
displaying singie-shot waveforms.
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Index

!
8-bit vertical voltage resolution, 102
8000 sampies, 20, 21

A
Accumulate display mode, 92
acquisition memory, 48
agguisition memory sections, 49
acquisition time vs sweep time, 46
at Level field default value, 62
at Level field percentage, 62
auto markers pop-up

menu options, defauit, 61
Auto- Measure

+Width, 105

~Width, 105

Automatic measurements field, 99

Preshoot, 106
Auto-Measure

criteria used for

making measurements, 101

Falitime, 106

Freq, 104

Input field, 98

Overshoot, 106

Period, 104

Risetime, 105

top and base voltages, 102

Vo_p, 104
Auto-Measure menu, 98
Auto-Measure menu map, 87
Auto-Trig Off field, when to use, 78
automatic measurement

algorithms, 102

avajlable in the automatic

measurement menu, 96

prerequisites, 100

setup requirements, 100

things to remember, 100

autoscale, 24
algorithm, 26 - 28
cancel, 26
continue, 24 - 26
cycles displayed, 27
lowest lettered/numbered i
nput selection, 26

muitimodule configuration, 24, 26, 28

parameters changed by, 29
parameters set by, 27
trigger point location, 27
trigger source selection, 26
autoscale field options, 25
autoscale run, 19
Average dispiay mode, 81

B
base and top voltages, 102

C
Cancel, 20
cancel option, 22
cancel option of autoscale, 25
Channel

Input field, 34

input identification, 34
channel label field, 59
Channel menu map, 33
Channel menu options, 32
Configuration tree, 130
Connect Dots field, 83
continue option of sutoscale, 25
continue option of autoscale field, 24
Coupling field, 40
Coupling field default value, 40
Coupling field selections, 40

b

dark-blue fields on screen, 3
data points displayed on the
horizontal axis, 102

data entry, numeric, 3
Delay field, 47 - 48

delay field default value, 48
delay range, 48
delay time resolution, 48
delay time, definition, 47
delay time, from trigger point, 47
delay time, reference point, 47
delay-by-events triggering, 78
Display

Connect Dots field, 93

Enhancement, 83

Grids field, 94
display divisions

vertical, 35, 87
display divisions, horizontal, 45
display menu map, 89
Display Mode

Accumulate, 52

Average, 81

Normal, 91

options, 80 - 82

selections, 90
display options, 88
dotted red line, trigger point, 47
dotted vertical red line, 72

E, F
ECL preset vaiues, 32, 41
edge trigger, 41

See trigger, Edge, 73 - 78
Enhancing the display, 93
events triggering, 78

G
grid field, 94
grid pattern, 94
Grids field, 94
Group Run field, 131
Group Run, Intermodule menu, 74,
80, 86
Group Run/Stop
repetitive, 133
using, 132
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H
histogram, 102
horizontal position, setting, 47

I, d
Immediate trigger mode, 85 - 86
Independent mode, Intermodule
menu, 74, 80, 86
Input field, 34
intermodule
menu map, 128
Intermodule Measurement
Options, 124 - 127
Intermodule measurements
accessing, 144
analyzing 2 glitch, 150
analyzing interrupt handling, 151
exercise, 145
helpful hints, 127
immediate trigger, 85
setting up, 143
simple stimulus/response, 1563
Intermodule menu, 129 - 138
accessing, 129
described, 124
Group Run, configuring, 130
meniu map, 128
types of operations, 124

K
keyboard, 3
keypad
changing markers X to O values, 57
pop-up, 3
keypad values truncation, 35
keypad, rounding values, 45
knob, 3
changing Trig to O time value, 60

changing Trig to O voltage value, 60

changing X to O time value, 59

changing X to O voltage value, 60
meving O marker, 60

L
light-blue field on screen, 3

M
manual run, 20 - 22
manual stop, 20 - 22
manual/antomatic markers
option, setting, 68
markers
automatic options, 61 - 67
automatic pop- up, Set
on field default, 62
automatic pop-up, at Level field, 62
automatic pop-up, Done field, 62
automatic pop-up, Occur field, 63
automatic pop-up, Run
Until Time X- O {field default, 65
automatic pop-up, Run
Until Time X-0 field, 65
automatic pop-up, Set on {ield, 62
automatic pop-up, Set
on MANUAL field, 62
automatic pop-up, Slope field, 63
automatic pop-up, Slope
field default, 63

automatic pop-up, Statistics field, 64

automatic pop-up, Statistics
field Off, 64
automatic pep-up, Statistics
field On, 64
automatic pop-up, Statistics
field, default, 64
automatie, percentage of
top-to-base voltage value, 61
defanlt selection, 54
manual options, 56 - 60
menu map, 55
Occur field, default value, 63
On field, 56
options, 54
Trig to O field, 56, 59 - 60
Trig to X field, 56, 58 - 59
X to O field, 86 - 57
markers field pop-up menu, 56
maximum time interval
measurements, 64
mean time interval
measurements, 64
measurement algorithms, 104

menu
field, 3
pop-up, 3
selections, oscilloscope, 3
message
Auto triggered, 77, 83
Autoscale is in process, 24 - 256
No signal found, 28
Number of averages has
been met, 62
Original setups restored, 28
Stop condition satisfied, 65 - 67
Waiting for Poststore, 46
Waiting for Prestore, 48
Waiting for Trigger, 78, 83
minimum time interval
measurements, 64
module field, 3
Modules
adjusting skew, 138
displaying data on screen, 139
locations in configuration tree, 134
status of, 136
mouse, 3
cursor, 3
how to use, 3
multimodule configuration
autoscaling, 24, 26, 28
triggering, 70, 73, 79, 85

N
negative time, 47
Normal display Mode
See Display Mode, 91
numeric value data entry, 3

0
O marker

dashed yellow line, 59
Occur field range, 63
Occur value, cautions, 63
Offset field, 37
offset range and resoiution, 37
oscilloscope

menu selections, 3
oscilloscope

iHustration, 2
overshoot, 61
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P,Q
parameters changed by autescale, 29
Pattern trigger, 79 - 84
pattern triggerconditions, 81
pattern trigger, H, 1, and X
pattern, grid, 94
peak-to- peak veltage value, 61
pop-up keypad, 3
pop-up menu, 3
Port in
BNC connection, 126
Port out
BNC connection, 125, 136
use of, 135
positive time, 48
preset ECL values, 41
Preset field, 41
Preset field default setting, 41
Preset field values, 41
preset TTL values, 41
preset values for ECL logic levels, 32
preset values for TTL logic levels, 32
preshoot, 61
probe attenuation factor, 39
probe attenuation factor range, 39
Probe field, 38
Probe field default value, 39

R
red line at center of screen, 27
red line, dotted, trigger point, 47
red line, dotted, vertical, 72
Repetitive, 20
repetitive mode acquisition, 20
repetitive mode option, 21
run field, 20
run field pop-up menu, 20
run mode, 20
run parameters, 20
Run Until Time X- O, Less

Than field resolution, 65
Run Until Time X-O field, 65
Run Until Time X-0 field default, 65

Run Until Time X-0, Greater
Than field, 66

Run Until Time X-0, In Range
field, 66

Run Until Time X-0, Less
Than field, 85

Run Until Time X-0, Not In
Range field, 67

run, autoscale, 19

run, manual, 20 - 22

run/stop options, 18

s
s/Div field, 45 - 46
s/Div field default value, 46
sampie period, 50
sample period definition, 50
sampie period display, 50 - 53
sample period, changing, 50
sample rate, 50
scrolling, 49
Set on, MANUAL field, 68
Single, 20
single mode, 21, 49
single mode acqguisition, 20
single mode option, 20
single mode, zooming, 46
Skew

adjusting, 138
Skew menu

accessing, 137

use of, 138
Statistics field, Off, 64
Statistics field, On, 64
Status indicators, 136
stop field, 22
stop, manual, 20 - 22
stop/run options, 18
sweep speed, 45, 50

range, 45

selecting, 45

sequence, 45

T
time base functions, 44
Time correlation bars, 136
toggle field, 3
top and base voltages, 102
touch-sensitive screen, 3
touchable field, 3
Trig to O field, 52 - 60
yellow border, 59
Trig to O time value resolution, 58
Trig to X default value, 58 - 59
Trig to X field, 68 - 58
green border, 58
Trig to X time value resolution, 58
trigger
default, 70
Edge, 70, 73- 78
Edge, Auto-Trig field, 77
Edge, Auto-Trig field default, 77
Edge, Auto-Trig Off field, 78
Edge, Auto-Trig On field, 77
Edge, Count field, 78
Edge, Count field default, 78
Edge, Count field range, 78
Edge, Level field, 756
Edge, Level field, default, 76
Edge, Slope field, 77
Edge, Slope field default, 77
Edge, Scurce field, 74
events counter, 78
Immediate, 70, 85 - 86
Immediate, use, 85
marker, 72
marker, at zero delay, 75
menu map, 71
multimodule configuration, 70, 73,
79, 85
Pattern, 70, 79 - 84
Pattern, Auto-Trig field, 83
Pattern, Channel/Pattern field, 80
Pattern, Count field, 84
Pattern, Count field default, 84
Pattern, Count field range, 84
Pattern, When Entered field, 82
Pattern, When Exited fieid, 82
Pattern, When field default, 82
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T (continued)
trigger (continued)
point, 72, 75
setting trigger point, 76
source, 72
trigger level voltage value, 75
trigger point range, 76
trigger point setting, 75
{rigger Mode field, 70
{rigger options, 70
trigger point, 58 - 50
trigger point location, 27
trigger point, dotted red line, 47
trigger qualifier, 78
trigger source input, 27
trigger source selection, 27
triggering, delay-by-events, 78
triggering, events, 78
TTL preset values, 32, 41

y)

unsynchronized waveform, 76 - 77

v

V/Div field, 35

V/Div field default value, 36
Vbase, 102 - 103

vertical position, 37 - 38
vertical sensitivity, 35 - 36
vertical sensitivity range, 35
vertical sensitivity sequence, 35

vertical veltage resolution, 8-bit, 102

Vmaximum, 103
Vminimum, 103
Vp_p, 102

Viop, 102 - 103

w
waveform
unsynchronized, 76, 77

X, Y
X marker
dashed green line, 58

Z
zooming, 46

162







© Copyright Hewlett-
Packard Company 1891

All Rights Reserved.

Reproduction, adaption, oy
translation without prior
written permission is
prohibited, except as
allowed under the copyright
laws,

Warrsnty

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

Hewilett-Packard shall not
be liable for errors
contained herein or for
damages in connection with
the furnishing,
performance, or use of this
material,

This Hewlett-Packard
product has & warranty
against defects in material
and workmanship for a
period of one year from
date of shipment. During
the warranty period,
Hewlett-Packard Company
will, at its option, either
repair or repisce 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 produets returned to
Hewlett-Packard for
warranty service, the Buyer
shall prepay shipping
charges to Hewlett-Packard
and Hewleit-Packard shall
pay shipping charges to
return the product to the
Buyer. However, the Buyer
shall pay all shipping
charges, duties, and taxes
for products returned to
Hewlett-Packard from
another country.

Limitation of Warranty
The foregoing warranty
shall not apply to defects
resulting from improper or
inadeguate maintenance by
the Buyer, Buyer-supplied
software or interfacing,
unauthorized maodification
or misuse, operation outside
of the environmental
specifications for the
product, or improper site

preparation or maintenance.,

No other warranty is
expressed or implied.
Hewlett-Packard
specifically disclaims
the impiied warranties
of merchantability or
fitness for a particular

purpose.

Exclusive Remedies

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

Assistance

Product maintenance
agreements and other
customer assistance
agreements are available for
Hewlett-Packard products.
For any assistance, contact
your nearest
Hewlett-Packard Sales Office,

Safety

Do not install substitute
parts or perform any
unauthorized modification
to the instrument.

Warning

The Warning symbo! calls
attention to a procedure,
practice, or the like, which,
if not correctly performed
or adhered to, could result
in personal injury. Do not
proceed beyond & Warning
symbol until the indicated
conditions are fully
understood and met.

Cawtisn

The Caution symbol calis
attention to &n 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 beyond a Caution
symbol until the indicated
conditions are fully
understood or met.

Hewlett-Packard
P.O. Box 2187

1900 Garden of the Gods Road

Colorado Springs, CO 80901




