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16
The Timing Analyzer

Introduction This chapter introduces the timing analyzer and contains the timing
analyzer menu maps.

Chapters 17 through 19 explain cach of the Timing Analyzer menus as

follows:
» Chapter 17 explains the Timing Format Menu.
s Chapter 18 explains the Timing Trace Menu.
¢ Chapter 19 explains the Timing Waveforms Menu.
e Chapter 20 gives you a basic Timing Analyzer Measurement
example,
e Chapter 21 gives you a basic Timing/State Analyzer Measurement
example.
|
The Timing The timing analyzer acquires data asynchronously using an internal
Analyzer sample clock. This asynchronous data acquisition technique is similar

to a digitizing oscilloscope. The acguired data is displayed in the form
of one or more waveforms. The timing waveforms differ from a
digitizing oscilloscope in that the timing analyzer only stores and
displays two levels (one above and one below threshoid).

(An Overview)

Timi ng The Timing Analyzer menu maps show you the fields and the available
Analyzer Menu options of each field within the three menws. The menu maps will help

you get an overview of each menu as well as provide you with a quick
Maps reference of what each menu contains.

HP 1652B/1653B The Timing Analyzer
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Timing Format

Menu Map
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Figure 16-1. Timing Format Menu Map
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Figure 16-2. Timing Trace Menu Map
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The Timing Analyzer
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Continued from previous page
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17

Timing Format Specification Menu
0

Introduction This chapter describes the Timing Format Specification menu and all
the pop-up menus that you will use on your timing analyzer. The
purpose and function of each pop-up menu is explained in detail, and
we have included many iHustrations and examples to make the
explanations clearer.

I

Accessing the
Timing Format
Specification
Menu

Timing Format
Specification
Menu

HP 1652B/1653B

Front-Panel Reference

The Timing Format Specification menu can be accessed by pressing
the FORMAT key on the front panel. If the State Format Specification
Menu is displayed when you press the FORMAT key, vou will have to
switch analyzers. This is not a problem, it merely indicates that the last
action you performed in the System Configuration Menu was on the
state analyzer,

The Timing Format Specification menu lets you configure the timing
analyzer to group channels from your microprocessor into labels yon
assign for your measurements. You can set the threshold levels of the
pods assigned to the analyzer, assign labels and channels, and specify
symbols,

At power up, the logic analyzer is configured with a default setting.
You can use this default setting to make a test measurement on the
system under test. It can give you an idea of where to start your
measurement. For an example of setting up configurations for the
Timing analyzer, refer to the Getting Started Guide or "Timing Analyzer
Measurement Example” in chapter 20 of this manual,

Timing Format Specification Menu
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At power up the Timing Format Specification menu looks like that
shown below:

[ACHINE 1 (= Timing Forwet Specification tsuncng s@uis )

ASPIVILY 3 iiaiianianna.
Label Pol 15.... 87 ... @
FOD © | (1] [ewmwnenenwnrenes]

Figure 17-1. Timing Format Specification Menu

The Timing Format Specification menu for the HP 1653B is similar to
that for the HP 1652B except that Pod 2 appears in the menu instead of
Pod 3.

This menu shows only one pod assigned to each analyzer, which is the
case at power up. Any number of pods can be assigned to one analyzer,
from none to all five for the HP 16528, and from noxe to two for the
HP 1653B, In the Timing Format Specification menu, only three pods
appear at a time in the display. To view any pods that are off screen,
press the left/right ROLL key and rotate the KNOB. The pods are
always positioned so that the lowest numbered pod is on the right and
the highest numbered pod is on the left.

Timing Format Specification Menu HP 1652B/16538
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Timing Format
Specification
Menu Fields

Label

HP 1652B/1653B
Front-Panel! Reference

Five types of fields present in the menu are as follows:

Label.

Polarity (Pol),
Bit assignments,
Pod threshold.

Specify Symbols.

A portion of the menu that is not a field is the Activity Indicators
display. The indicators appear under the active bits of each pod, next to
"Activity." When the logic analyzer is connected to your target system
and the system is running, you will see § in the Activity Indicators
display for each channel that has activity. These tell you that the signals
on the channels are transitioning,

* & 5 & »

The fields in the Format menus are described in this following sections.

The label column contains 20 Label fields that you can define. Of the
20 labels, the logic analyzer displays only 14 in the Timing Format
Specification menu at one time. To view the labels that are off screen,
press the up/down ROLL key and rotate the KNOB. The labels scroll
up and down. To deactivate the scrolling, press the ROLL key again.

To access one of the Label fields, place the cursor on the field and
press SELECT. You will see a pop-up menu like that shown below.

Turn Jabel on
Modify label
Turn label off

Figure 17-2. Label Pop-Up Menu

Turn Label On

Selecting this option turns the label on and gives it a default letter
name. If you turned all the Iabels on they would be named A through T
from top to bottom. When a label is turned on, the bit assignment fields
for that label, appear to the right of the label.

Timing Format Specification Menu
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Polarity (Pol)

Bit Assignment

Modify Label

If you want to change the name of a label, or want to turn a label on
and give it a specific name, you would select the Modify label option.
When you do, an Alpha Entry pop-up menu appears. You can use the
pop-up menu and the keypad on the front panel to name the label. A
label name can be a maximum of six characters.

Turn Label Oft

Selecting this option turns the label off. When a label is turned off, the
bit assignments are saved by the logic analyzer. This gives you the
option of turning the label back on and still having the bit assignments
if you need them. The waveforms are also saved.

You can give the same name to a label in the state analyzer as in the
timing analyzer without causing an error. The logic analyzer
distinguishes between them. An example of this appears in "Using the
Timing/State Analyzer” in chapter 7 of the Getting Started Guide.

Each label has a polarity assigned to it. The default for all the labels is
positive ( + ) polarity. You can change the polarity of a label by
placing the cursor on the polarity ficld and pressing SELECT. This
toggles the polarity between positive ( + ) and negative ( — ).

In the timing analyzer, negative polarity inverts the data.

The bit assignment fields allow you to assign bits (channels) 1o labels.
Above each column of bit assignment fields is a line that tells you the
bit numbers from 0 to 15, with the left bit numbered 15 and the right bit
numbered 0. This line helps vou know exactly which bits you are

assigning.
The convention for bit assignment is:

* (asterisk) indicates assigned bit
. (period) indicates unassigned bit

Timing Format Specification Menu HP 1652B/16538
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At power up the 16 bits of Pod 1 are assigned to the timing analyzer
and the 16 bits of Pod 5 are assigned to the state analyzer. To change a
bit assignment configuration, place the cursor on a bit assignment field
and press SELECT. You will see the following pop-up menu.

5 87 0

***»«w***[

........

Figure 17-3. Bit Assignment Pop-Up Menu

Use the KNOB to move the cursor to an asterisk or a period and press
SELECT. The bit assignment toggles to the opposite state of what it
was before. When the bits {(channels) are assigned as desired place the
cursor on Done and press SELECT. This closes the pop-up and
displays the new bit assignment.

Assigning one channel per label may be handy in some applications.
This is illustrated in "Using the Timing/State Analyzer” in chapter 7 of
the Getting Started Guide and chapter 21 of this manual. In addition,
you can assign a channel to more than one label.

Labels may have from 1 to 32 channels assigned to them. If you try to
assign more than 32 channels to a label, the logic analyzer will beep,
indicating an error, and a message will appear at the top of the screen
telling you that 32 channels per label is the maximum,

Channels assigned to a label are numbered from right to left by the
logic analyzer. The least significant assigned bit (LSB) on the far right
is numbered 0, the next assigned bit is numbered 1, and so on. Since 32
channels can be assigned to one label at most, the highest number that
can be given to a channel is 31. Although labels can contain split fields,
assigned channels are always numbered consecutively within a label as
shown in figure 17-4.

Timing Format Specification Menu
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—0ff- Bit 31 Bit 18 Bitg Bito

Pod Threshold
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Figure 17-4. Ni.lmberiﬂg of Assigned Bits

Each pod has a threshold level assigned to it. For the HP 1653B Logic
Analyzer, threshold levels may be defined for Pods 1 and 2 individually.
For the HP 1652B Logic Analyzer, threshold levels may be defined for
Pods 1, 2 and 3 individually, and one threshold for Pods 4 and 5. It does
not matter if Pods 4 and 5 are assigned to different analyzers. Changing
the threshold of one will change the threshold of the other.

If you place the cursor on one of the pod threshold fields and press
SELECT, vou will see the following pop-up mesnu.

TiL
ECL
User—def ined

Figure 17-5. Pod Threshold Pop-Up Menu

TTL sets the threshold at + 1.6 volts, and ECL sets the threshold at
—1.3 volts.

The User-defined option lets you set the threshold to a specific voltage
between —9.9 V and + 9.9 V. If you select this option you will see a
Numeric Entry pop-up menu as shown.

Pod Threshold
+ 0.¢V

Figure 17-6. User-Defined Numeric Entry Pop-Up Menu

HP 16528/1653B
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You can change the value in the pop-up either with the keypad on the
front panel or with the KNOB, which you rotate untii you get the
desired voltage. When the correct voltage is displayed, press SELECT.,
The pop-up will close and your new threshold will be placed in the pod
threshold field.

Specify Sym bols The Specify Symbots field differs from the other fields in the Timing
Menu Format Specification menu in that it displays a complete menu instead
of a pop-up.

The logic analyzer supplies Timing and State Symbol Tables in which
you can define a mnemonic for a specific bit pattern of a label. When
measurements are made by the timing analyzer, the moemonic is

displayed where the bit pattern occurs if the Symbol base is selected.

1t is possible for you to specify up to 200 symbols in the logic analyzer.
If you have only one of the internal analyzers on, all 200 symbols can be
defined in it If both analyzers are on, the 200 symbols are split between
the two. For example, analyzer 1 may have 150, leaving 50 available for
analyzer 2,

To access the Symbol Table in the Timing Format Specification menu,
place the cursor on the Specify Symbols field and press SELECT. You
will see a new menu as shown in figure 17-7. This is the default setting
for the Symbol Table in both the timing and state analyzers.

MACHINE } - Symbol Toble
Sysbo!
Lonal Boue vimi aize
Nog GymEal

Figure 17-7. Symbol Table Menu
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L
SpECify Symbols There are four fields in the Symbol Table menu. They are:
Menu Fields Label

Base
Symbol view size
Symbol name

b & & @

Label The Label field identifies the label for which you are specifying
symbols, If you select this field, you will get a pop-up that lists all the
labels turned on for that analyzer.

CLOCK

a5

LDS
JuULs
DTACK
R/H
ADDR
DRATH

Figure 17-8. Label Pop-Up Menu

Each label has a separate symbol table. This allows you to give the
same name to symbols defined under different labels. In the Label
pop-up select the label for which you wish to specify symbols.

Base The Base field tells you the numeric base in which the pattern will be
specified. The base you choose here will affect the Find Pattern field of
the Timing Trace Specification menu. This is covered later in this
chapter.

Timing Format Specification Menu HP 1652B/1653B
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To change the base, place the cursor on the Base field and press
SELECT. You will see the foliowing pop-up menu.

Hexadecimal

Figure 17-9. Base Pop-Up Menu

If more than 20 channels are assigned (o a label, the Binary option is
not offered in the pop-up. The reason for this is that when a symbol is
specified as a range, there is only enough room for 20 bits to be
displayed on the screen.,

Decide which base you want to work in and choose that option from
the numeric Base pop-up menu.

If you choose the ASCII option, you can see what ASCII characters the
patterns and ranges defined by your symbols represent. ASCII
characters represented by the decimal numbers 0 to 127 (hex 00 to 7F)
are offered on your logic analyzer. Specifying patterns and ranges for
symbols is discussed in the next section,

, g}{l You cannot specify a pattern or range when the base is ASCIL. First
Note %@

define the pattern or range in one of the other bases, then switch to
ASCII to see the ASCII characters.

HP 1652B/1653B Timing Format Specification Menu
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Symbol View Size The Symbol view size field lets you specify how many characters of the
symbol name will be displayed when the symbol is referenced in the
Timing Trace Specification menu and the Timing Waveforms menu.
Selecting this field gives you the following pop-up.

S o]

11
12
13
14
15
16

Figure 17-10. Symbol View Size Pop-Up Menu

You can have the logic analyzer display from 3 to all 16 of the
characters in the symbol name. For more information see "Timing
Trace Specification Menu" in Chapter 18 and the "Timing Waveforms
Menu” in Chapter 19.

Symbol Name  When you first access the Symbol Table, there are no symbols
specified. The symbol name field reads "New Symbol." If you select this
field, you will see an Alpha Entry pop-up menu on the display. Use the
pop-up menu and the keypad on the front panel to enter the name of
your syimbol. A maximum of 16 characters can be used in a symbol
name. When you select the Done field in the Alpha Entry pop-up menu
the name that appears in the symbol name fieid is assigned and two '
more fields appear in the display.

Timing Format Specification Menu HP 1652B/1653B
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MACKINE | =~ Symbal Teble

symsol
Lagal Base view size

READ i [Petierr] :000%

Figure 17-11. Symbol Defined as a Pattern

The first of these fields defines the symbol as either a Pattern or a
Range. If you place the cursor on this field and press SELECT, it will
toggle between Pattern and Range.

When the symbol is defined as a pattern, one field appears to specify
what the pattern is. Selecting this field gives you a pop-up with which
you can specify the pattern. Use the keypad and the DON'T CARE key
on the front panel to enter the pattern. Be sure to enter the pattern in
the numeric base that you specified in the Base field.

[Specifg Pattern: ]

Bht4

Figure 17-12. Specify Pattern Pop-Up

If the symbol is defined as a range, two fields appear in which you
specify the upper and lower boundaries of the range.

MICEINE 1 - Symbol Table
Symiol
Label Base view s1ze
FEAL 1 [Petlern] [BECA
HRITE i LRenge | (co0d] 10600

Figure 17-13. Symbol Defined as a Range

Selecting either of these fields gives you a pop-up with which you can
specify the boundary of the range.

{Specif Yy Number: ]

1FFF

Figure 17-14. Specify Range Pop-Up
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You can specify ranges that overlap or are nested within each other.
Don’t cares are not allowed.

To add more symbols to your symbol table, place the cursor on the last
symbol defined and press SELECT. A pop-up menu appears as shown.

Modify sgmbal
Insert new symbel
pelete symhol

Figure 17-15. Symbol Pop-Up Menu

The first option in the pop-up is Modify symbol. If you select this
option, you will see an Alpha Entry pop-up menu with which you can
change the name of the symbol.

The second option in the pop-up is Insert new symbol. It allows you to
specify another symbol. When you select it, you will see an Alpha Entry
pop-up menu. Use the menu and the keypad on the front panel to enter
the name of your new symbol. When you select Done, your new symbol
will appear in the Symbol Table. The third option in the pop-up is
Delete symbol. If you select this option, the symbol will be deleted from
the Symbol Table.

Leaving the When you have specified all your symbols, you can leave the Symbol
Symbol Table Table menu in one of two ways. One method is to place the cursor on
Meny the Done field and press SELECT. This puts you back in the Format
Specification menu that you were in before entering the Symbol Table.
The other method is to press the FORMAT, TRACE, or DISPLAY
keys on the front panel to get you into the respective menu.
Timing Format Specification Menu HP 1652B/1653B
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Timing Trace Specification Menu
[

Introduction This chapter describes Timing Trace Specification menu and all the
pop-up menus that you will use on your timing analyzer, The purpose
and function of each pop-up menu is explained in detail, and we
have included many illustrations and exampies to make the
explanations clearer.

R

Accessing the
Timing Trace

HP 1652B/1653B
Front-Panel Reference

The Timing Trace Specification menu can be accessed by pressing the
TRACE key on the front panel. If the State Trace Specification menu
is displayed when you press the TRACE key, you will have to switch

Spec:itcatlon analyzers. This is not a problem, it merely indicates that the last action
Menu vou performed in the System Configuration Menu was on the state
analyzer,
L |
Tlmmg Trace The Trace Specification menus aliow you to configure the logic
Specification analyzer to capture only the data of interest in your measurement. In
* Menu the timiing analyzer you can configure the analyzer to trigger on specific

patterns, edges, or glitches, The Timing Trace Specification menu lets
you specify the trigger point for the logic analyzer to start capturing
data and the manner in which the analyzer will capture data. You
configure the timing analyzer to find a pattern first and then a
transition in the signal or signals.

At power up, the logic analyzer is configured with a default setting.
You can use this default setting to make a test measurement on the
system under test. It can give you an idea of where to start your
measurement. For an example on setting up configurations for the
Timing analyzer, refer to the Gertting Started Guide or "Timing Analyzer
Measurement Example” in Chapter 20 of this manual.

Timing Trace Specification Menu
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At power up the Timing Trace menu looks like that shown below.

[HRCHINE 1}~ timing Trace Speciflcatios
Trace maca[Esaeiitive]

Armad g aequist tion nave [TFRRITIERST]
Lagel >, BED]
Base »
Find
Petiern X5 3

present tor

Than find

pege [ )

Figure 18-1. Timing Trace Specification Menu

The menu is divided into two sections by a horizontal line. The top
section contains the fields that you use to specify the data acquisition.
The bottom section contains the fields for setting the trigger point.

]
Timing Trace The fields in the Timing Trace Specification menu are as follows:
Specification
Menu Fields

Trace mode.

Armed by.

Acquisition mode.

Label.

Base.

Find Pattern.

Pattern Duration (presentfor ___ ).
Then find Edge.

These fields are described in this chapter.

Timing Trace Specification Menu HP 1652B/1653B
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Trace Mode

Armed By

Acquisition Mode

HP 1652B/1653B
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With the Trace mode field you specify the mode in which the timing
analyzer will trace. You have two choices for Trace mode: Single and
Repetitive. If you place the cursor on the field and press SELECT, the
field toggles from one mode to the other.

Single Trace mode acquires data once per trace. Repetitive Trace
mode repeats single acquisitions until the STOP key on the front panel
is pressed, or if Stop measurement has been selected and the stop
measurement condition has been met.

If both analyzers are on, only one Trace mode can be specified.
Specifying one trace mode for one analyzer sets the same trace mode
for the other analyzer.

The Armed by field lets you specify how your timing analyzer is to be
armed. The analyzer can be armed by the RUN key, the other analyzer,
the scope or an external instrument through the BNC Input port.

When you select the Armed by field, a pop-up menu appears like that
shown below. Use this menu to select the arming option for your
analyzer.

Armed by

Run
BNC Input
Machine 1

Scope

Figure18-2. Armed By Pop-Up Menu

The Acquisition mode ficld aliows you to specify the mode in which
you want the timing analyzer to acquire data. You are given two
choices for the mode of acquisition: Transitional and Glitch . If you
place the cursor on this field and press SELECT, the field toggles from
one mode to the other.

Timing Trace Specification Menu
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Transitional Acquisition Mode

When the logic analyzer is operating in the Transitional Acquisition
mode, it samples the data at regular intervals, but it stores data in
memory only on transitions in the signals. A time tag that is stored with
each sample allows reconstruction of the samples in the Timing
Waveforms display.

Transitional timing always samples at a rate of 100 MHz

(10 ns/sample). This provides maximum timing resolution even in
records that span Jong time windows, Time covered by a full memory
acquisition varies with the number of pattern changes in the data. If
there are many transitions, the data may end prior to the time window
desired because the memory is full. However, a prestore qualification
in your logic analyzer insures that data will be captured and displayed
between the left side of the screen and the trigger point.

Figure 18-3 illustrates Transitional acquisition, comparing it to
Traditional acquisition.
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Figure 18-3. Transitional vs. Traditional Acquisition
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Traditional timing samples and stores data at regular intervals.
Transitional timing samples data at regular intervals but stores a
sample only when there has been a transition on one or more of the
channels. This makes it possible for Transitional timing to store more
information in the same amount of memory.

Glitch Acquisition Mode

A glitch is defined as any transition that crosses logic threshold more
than once between samples. It can be caused by capacitive coupling
between traces, by power supply ripples, or a number of other events.
Since a glitch can cause major problems in your system, you can use the
Glitch mode to find it.

Your logic analyzer has the capability of triggering on a glitch and
capturing all the data that occurred before it. The glitch must have a
width of at least 5 ns at threshold in order for the analyzer to detect it.

If you want your timing analyzer to trigger on a glitch in the data, set
the Acquisition mode to Glitch. This causes several changes in the
analyzer. One change is that a field for glitch detection in each label is
added to the Timing Trace Specification menu, as shown:

Then {ind

Edge E]

0

-
Glitew [ .. .. ]

Figure 18-4. Glitch Specification Field

With these glitch detection ficlds you specify on which channel or
channels you want the analyzer to look for a glitch. These fields are
discussed in more detail in "Then Find Edge” later in this chapter.

Glitch Acquisition mode causes the storage memory to be cut in half
from 1k to 512. Half the memory (512) is allocated for storing the data
sample, and the other half for storing the second transition of a glitch
in a sample. Every sample is stored.

Timing Trace Specification Menu
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The sample rate varies from 20 Hz to 50 MHz (50 Ms/sample to
20 ns/sample) and is automatically selected by the timing analyzer to
insure complete data in the window of interest.

When your timing analyzer triggers on a glitch and displays the data,
the glitch appears in the waveform display as shown below.

ANALYZER \
INPUT -
SAMPLE & i 'y i
POINTS 3 { E g
GLITCH DISPLAYED
| ON NEXT SAMPLE
ANALYZER |

DISPLAY

CIE5OWOT

Figure 18-5. Glitch in Timing Waveform

Label The Label fields contain the labels that you defing in the Timing
Format Specification menu. If there are more labels than can fit on
screen, use the left/right ROLL key and the KNOB to view those that
are not displayed.

Base The Base fields allow you to specify the numeric base in which you
want to define a pattern for a label. The Base fields also let you use a o
symbol that was specified in the Timing Symbol Table for the pattern. )
Each label has its own base defined separately from the other labels. If
you select one of the Base fields, you will see the following pop-up
menu. Decide which base you want to define your pattern in and select

that option,
|81nar§
Gctatl

Decimal
Hexedecimal
ASCIT

1Symbeol

Figure 18-6. Base Pop-up Menu
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One of the options in the Basc pop-up is ASCI . It allows you to see
characters that are represented by the pattern you specified in the
Find Pattern field.

Lebei >
Base > ASCIT

Find
Patiern $ %

Figure 18-7. ASCH Defined as Numeric Base

Notice in the fignre above that the Find Pattern field is no longer a
selectable field when the base is ASCII . You cannot specify ASCII
characters directly. You must specify a pattern in one of the other
bases; then you can switch the base to ASCII and see what characters
the pattern represents.

The Symbol option in the Base pop-up allows you to use a symbol that
has been specified in the Timing Symbol Tables as a pattern or specify
absolute and enter another pattern. You specify the symbol you want to
use in the Find Pattern field.

With the Find Pattern fields, you configure your timing analyzer to
look for a certain pattern in the data. Each label has its own pattern
field that you use to specify a pattern for that label.

During a run, the logic analyzer looks for a pattern in your data which
is the logical AND of all the labels” patterns. That is, it looks for a
simultaneous occurrence of the specified patterns, When it finds the
pattern, it triggers at the point that you specified in the Then find Edge
fields. See "Then Find Edge" later in this chapter for more information
about edge triggering.

You select a Find Pattern field with one of two methods. The first
method is to place the cursor on the Find Pattern field and press
SELECT. The second method is to place the cursor on the Find
Pattern field and press one of the alphanumeric keys on the front-panel
keypad. Both methods give you a pop-up similar to that shown in figure
18-8.

Timing Trace Specification Menu
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Specify Pattiern:
2425

Figure 18-8. Specify Pattern Pop-Up for Find Pattern

The pop-up varies depending on the base you choose and the number
of channels you assign to that label. If you press a key on the keypad to
open the pop-up, the character on the key is placed in the first location
of the pattern.

Enter your pattern in the pop-up and press SELECT. The pattern
appears under the label in the Find Pattern field.

As mentioned previously in "Base”, if you specify ASCH as the base for
the label, you won't be able to enter a pattern. You must specify one of
the other numeric bases to enter the pattern. Then you can switch the
base to ASCH and see what ASCII characters the pattern represents. If
you choose Symbols in the Base field, you can use one of the symbols
specified in the Timing Symbol Tables as the pattern. The Find Pattern
field looks similar to that below:

Label > [ POD 1 J
Base > I Suymbol |
Fing

Pattern labsolute 2425]

Figure 18-9. Symboi Defined in Base Field
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H you select this field you get a pop-up similar to that shown:

4 ™y

Symbol selection

% abhsolute 4
READ
HRITE

., o

Figure 18-10. Symbol! Selection Pop-Up for Find Pattern

The pop-up lists all the symbols defined for that label. It also contains
an option "absolute xo.” Choosing this option gives you another
pop-up with which you specify a pattern not given by one of your
symbols,

To select an option from the pop-up, use the KNOB to scroll the
symbaols up and down until the desired symbol is between the two
arrows. Press SELECT, The symbol name appears in the Find Pattern
field under the label.

When you specify symbols in the Timing Symbol Tables, you also
specify the number of characters in the symbol name that are to be
displayed. If you specify only three characters of a symbol name in the
Symbol menu, only REA of READ and WRI of WRITE would be
displayed in the Find Pattern Field. In addition, only the first three
letters of "absolute” would be displayed.

There are two fields with which you specify the Pattern Duration. They
are located next to present for in the Timing Trace
Specification menu. You use these fields to tell the timing analyzer to
trigger before or after the specified pattern has occurred for a given
length of time.

Timing Trace Specification Menu
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The first field can be set to " > " (greater than) or " < " (less than). If
you place the cursor on this field and press SELECT, it toggles
between > and <. The second field specifies the duration of the
pattern. If you select > in the first field, you can set the duration to a
value between 30 ns and 10 ms. If you select < in the first ficld, you can
set the duration to a value between 40 ns and 10 ms. If you attempt to
set the duration to a value outside the given range, the analyzer will
automatically set it to the nearest limit,

To change the value of the pattern duration, place the cursor on the
second field and either press SELECT to get a pop-up men, or just
press one of the numeric keys on the front-panel keypad. Both methods
give you a Numeric Entry pop-up similar to that shown.

2 N

Humeric Entry

e

-

LW

Figure 18-11. Pattern Duration (present for) Pop-Up

With the front-panel keypad, enter the desired pattern duration. Use
the KNOB to place the cursor on the correct timing units, then press
SELECT. Your value for Pattern Duration will appear in the field.

Note '& If you press a key on the keypad to open the pop-up, the number that
vou pressed will appear in the entry field replacing the previous value.
To restore the original value press the CLEAR ENTRY key.
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As an example, suppose you configure the present for field as
shown:

pressnt for
Figure 18-12. Example of Pattern Duration (Greater Than)

This configuration tells the timing analyzer to look for the pattern you
specified that occurs for a period of time greater than 50 ns. Once the
timing analyzer has found the pattern, it can look for the trigger,

Choosing < (less than) forces glitch and edge triggering off, and the
timing analyzer triggers immediately at the end of the pattern that
meets the duration requirements, The fields with which you specify
edges and glitches do not appear in the menu. For instance, configure
the present for _____field as shown below,

present for

Figure 18-13. Example of Pattern Duration (Less Than)

The analyzer triggers when it sees the pattern you specified, and that
occurs for a period less than 100 ns. The patiern must also be valid for
at least 20 ns.

With the Then find Edge fields you can specify the edges (transitions)
of the data on which your timing analyzer triggers. You can specify a
positive edge, a negative edge, or either edge. Each label has its own
edge trigger specification field so that you can specify an edge on any
channel.

When vou specify an edge on more than one channel, the timing
analyzer logically ORs them together to look for the trigger point. That
1, it triggers when it sees any one of the edges you specified. It also
ANDs the edges with the pattern you specificd in the Find Pattern
fields. The logic analyzer triggers on an edge following the valid
duration of the pattern while the pattern is still present. To specify an
edge, place the cursor on one of the Then find Edge fields and press
SELECT. You will see a pop-up similar to that shown in the following

figure.
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Figure 18-14. Specify Edge Pop-Up for Then Find Edge

Your pop-up may look different than this depending on the number of
channels you assigned to the label. Each period in the pop-up indicates
that no edge is specified for that channel.

To specify a negative edge, place the cursor on one of the periods in
the pop-up and press SELECT once. The period changes to |, as
shown:

[Specifg Edge: ]

Figure 18-15. Negative Edge Specified

To specify a positive edge, place the cursor on one of the periods and
press SELECT twice. The period changesto? , as shown:

[specify Edge: ]

doTe vves sans s

Figure 18-16. Positive Edge Specified

If you want the analyzer to trigger on either a positive or a negative
edge, place the cursor on a period and press SELECT three times. The
period changes to 1, as shown:

[s:wcuu Edge: ]

Lol Fens woun wnan

Figure 18-17. Either Edge Specified
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If you want to delete an edge specification, place the cursor on the
arrow for that channel and press SELECT until you see a period. To
clear an entire label, press the CLEAR ENTRY key on the front panel.

When you have finished specifying edges, place the cursor on the
Pone field and press SELECT to close the pop-up.

If you are not in Binary base, you will see dollar signs ($8..) in the Then
find Edge field when you close the pop-up. These indicate that edges
have been specified; however, the logic analyzer can’t display them
correctly unless you have selected Binary for the base.

When you set the Acquisition mode on Glitch, a glitch detection field,
for each label, is added to the screen. These fields allow you to specify
glitch triggering on your timing analyzer. Sclecting one of these fields
displays the following pop-up menu.

“ms mEaesr amEE wad

[Specifg 61itch:

Figure 18-18. Specify Glitch Pop-Up for Then Find Glitch

Your pop-up may look different depending on the number of channels
you have assigned to the label. Each period indicates that the channel
has not been specified for glitch triggering.

To specify a channel for glitch triggering, place the cursor on one of the
periods and press SELECT. The period is replaced with an asterisk,
indicating that the logic analyzer will trigger on a glitch on this channel.

[Specitu G1itch: ]

Figure 18-19. Glitches Specified

Timing Trace Specification Menu
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"

If you want to delete a glitch specification, place the cursor on the
asterisk and press SELECT. The asterisk is replaced with a period.

If you are not in Binary base, you will see dollar signs ($3..) in the
Giitch field when you close the pop-up. This indicates that glitches
have been specified; however, the logic analyzer can’t display them
correctly unless you have selected Binary for the base.

When more than one glitch has been specified, the logic analyzer
logically ORs them together. In addition, the logic analyzer ORs the
glitch specifications with the edge specifications, then ANDs the result
with the pattern you specified in the Find Pattern fields in order to find
the trigger point. A boolean expression illustrating this is:

(glitch + glitch + edge + edge) * pattern

If you select < (less than) in the present for___field, edge and glitch
triggering are turned off. The Then find Edge or Glitch field no longer
appears on the screen. The logic analyzer then triggers only on the
pattern specified in the Find Pattern fields.

Timing Trace Specification Menu HP 1652B/1653B
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Timing Waveforms Menu
L ]

Introduction The Timing Waveforms menu is the display menu of the timing
analyzer, This chapter describes the Timing Waveforms menu and how
to interpret it. It also tells you how to use the fields to manipulate the
displayed data so you can find your measurement answers,

There are two different areas of the timing waveforms display: the
menu area and the waveforms area. The menu area is in the top
one-fourth of the screen and the waveforms area is the bottom
three-fourths of the screen.

ORAT TEGT ]~ Timing Weveforws

Ferkers

Accumsiate

Time By peiey | 0 s Sempie period »  1C ng

RAE 9

LAS o

Figure 19-1. Timing Waveforms Menu
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The waveforms area displays the data that the timing analyzer acquires.
The data is displayed in a format similar to an oscilloscope with the
horizontal axis representing time and the vertical axis representing
amplitude. The basic differences between an oscilloscope display and
the timing waveforms display are: in the timing waveforms display the
vertical axis only displays highs (above threshold) and lows (below
threshold). Also, the waveform lows are represented by a thicker line
for casy differentiation.

EGCOCTINNG { - Timing Waveforms

narkers X 10 Trig o s} [Timex to ] G s
focunul&te 0 ta Trig 5 &) At
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Figure 19-2. Timing Waveforms Menu with 24 Waveforms

Accessing the The Timing Waveforms Menu is accessed by the pressing the
Timing DISPLAY key on the front pane! when the timing analyzer is on. It will

Waveforms
Menu

Timing Waveforms Menu
19-2

automatically be displayed when you press RUN,
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Waveforms
Menu Fields

Markers

Note g
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The menu area contains fields that allow you to change the display
parameters, place markers, and display waveform measurement
parameters.

SBQ0OTINNG | = Timing Haveforms

Harkers ¥ o1g Trig st [Time % to O
Accumulate 0 te Trig ] A X nerier
Time/Div Delay |

O

[ed

0 s
£LOCK

Figure 19-3. Timing Waveforms Menu Fietds

The Markers ficld allows you to specify how the X and O markers will
be positioned on the timing data. The options are:

s Off

s Time

e Patterns
s Statistics

e Markers Off/Sample Period

When the markers are off they are not visible and the sample period is
displayed. In transitional timing mode, the sample period will always be
16 ns. In Glitch mode, the sample period is controlled by the Time/Div
setting and can be monitored by turning the markers off.

The sample period displayed is the sample period of the last
acquisition. If you change the Time/Div setting, you must press RUN to
initiate another acquisition before the sample period is updated.

Although the markers are off, the logic analyzer still performs statistics,
so if you have specified a stop measurement condition the
measurement will stop if the pattern specified for the markers is found.

GS000TINNG | — Timing Mavelorms
Herkers
Accumuiste

Time/Div i 500 ns Daley

Sample periocd = 0 ns

Figure 19-4. Markers Off
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Markers Time When the markers are set to Time, you can place the markers on the

wavcforms at events of interest and the logic analyzer will tell you:

o Time X to Trig(ger).
o Time O to Trig(ger).
e Time X1to O.

To position the markers, move the cursor to the field of the marker you
wish to position and press SELECT. A pop-up will appear showing the
current time for that marker. Either rotate the KNOB or enter a
numeric value from the keypad to change the position of that marker,
Pressing SELECT when you are finished positions the marker and
closes the pop-up.

Whesn the cursor is on either the X to Trig or O to Trig fields, you can
also enter a value directly from the keypad without pressing SELECT.

ER00OTIMNG | » Timkng Hoves

N
¥ to trigger CRone )
Markers % 4 o {ime X _tu € ~70 1%

Accumilete 01 70 ns t TCLetk ]
Time/Div 500 ns f 1

Figure 19-5. Markers Time

The Time X to O field will change according to the position of the X
and O markers. If you place the cursor on the Time X to O field and
press SELECT, another pop-up will appear showing you all three
times: X to Trigger, O to Trigger, and Time X to O.

= Timing Meove!orms Merker Hovement{Dong 3
Nerkers ¥ to Trig X te Trigger «49¢ ns
fccumulate G to Trig 0 te Trigger 220 ns
Time/Div Delay T3] (JmeX¥to0 71068

Figure 19-6. Time X to O Pop-up

1f you rotate the KNOB while this pop-vp is open, both X and O
markers will move, but the relative placement between them will not
change.

HP 1652B/1653B
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Markers Patterns
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When the markers are set to patterns, you can specify the patterns on
which the logic analyzer will place the markers. You can also specify
how many occurrences of each marker pattern the logic analyzer looks
for. This use of the markers allows you to find time between specific
patterns in the acquired data.

- Timing Wevaforms (Epecify Patternc }

Harkers Fing x-pattern [ G from Trigger
Accumulsta Fing o-pattern [ C ] from | Trigger |
TimesOiv Delay Time X to O 6 s

Figure 19-7. Markers Patterns

Patterns for each marker (X and O} can be specified. Patterns can be
specified for both markers in each label. The logic analyzer searches
for the iogical "and" of patterns for all labels even though only one label
can be displayed at a time. You can also specify whether the marker is
placed on the pattern at the beginning of its oceurrence (entering) or at
the end of its occurrence (leaving) as shown in figure 19-8.

-
farker Petierns
Lebe] Bese [Hexacecimel

X Marger > pattern [UMMHMARX
0 narker > pattern [XMMMXXMX

Stiop measurement: | X=0 i | Less ther || 19 nsh

Store exception te disk: |[On File name |EXCEPTION

Fite description | }

Figure 19-8. Marker Patterns Pop-up menu

Stop Measurement

Another feature of markers set to patterns is the Stop measurement
when Time X-O . The options are: Less than, Greater than, In
range, Not in range

With this feature you can use the logic analyzer to look for a specified
time or range of time between the marked patterns and have it stop
acquiring data when it sees this time between markers. (The X marker
must precede the O marker.) '

Timing Waveforms Menu
19-5




Also available is Store exception to disk which allows you to specify a
file on the disk that exceptions can be stored in. The default filename is
EXCEPTION.

Note @ The upper and lower range boundaries must not be the same value. For
example, if you want to stop a measurement when the X and O markers
are in range of 200 ns, you should set the range values to 190 ns and 210
ns. This eliminates erroncous measurement termination.

Markers Statistics When statistics are specified for markers, the logic analyzer will display
the following:

» Number of total runs.

« Number of valid runs (runs where markers were able to be placed
on specified patterns).

¢ Minimum time between the X and O markers.

¢ Maximum time between the X and O markers.

« Average time between the X and O markers.

Statistics are based on the time between markers which are placed on
specific patterns, If a marker pattern is not specified, the marker will
be placed on the trigger point by the logic analyzer. In this case the
statistical measurement will be the time from the trigger to the
specified marker. How the statistics will be updated depends on the
timing trace mode (repetitive or single).

In repetitive, statistics will be updated each time a valid run occurs
until you press STOP. When you press RUN after STOP, the statistics
will be cleared and will restart from zero.

In single, each time you press RUN an additional valid run will be
added to the data and the statistics will be updated. This will continue
unless you change the placement of the X and O markers between runs.

Accumulate Mode Accumulate mode is selected by toggling the Accumulate ON/OFF
field in the Timing Waveforms menu. When accumulate is on, the
timing analyzer displays the data from a current acquisition on top of
the previously acquired data.

Timing Waveforms Menu HP 1652B/1653B
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When the old data is cleared depends on whether the trace mode isin
single or repetitive, In single, new data will be displayed on top of the
old each time RUN is selected as long as you stay in the Timing
Waveforms menu between runs. Leaving the Timing Waveforms menu
always clears the accumulated data. In repetitive mode, data is cleared
from the screen only when you start a run afier stopping acquisition
with the STOP key.

The At X (or Q) Marker fields allow vou to select either the X
or O markers. You can place these markers on the waveforms of any
label and have the logic analyzer tell you what the pattern is. For
example, in the timing waveforms display {figure 19-9) the number 35
to the right of the Delay field is the pattern in hexadecimal that
is marked by the O marker. The base of the displayed field is
determined by the base of the specified label you selected in the
Timing Trace menu.

HR000TIMNG | » Timing Heveforms

tiarkers Time ¥ to Trig [ 0.5 [Timex 120 1420 us
Accumuiate 2 to Trig{ 1.d20 ws] at {0 Rerker] [AOBR ]

Time/Div 500 ng belay [ 3 s 15

R e T T,
TS gt (|

Figure 19-9. At O Marker ADDR fields

This display tells you that 35H is the pattern on the address label lines
where the O marker is located.
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19-7




The next field to the right of the At Marker field will pop up
when selected and show you all the labels assigned to the timing
analyzer as shown below.

EECOOYINNG | ~ Timing Meveforms
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Figure 19-10. Label Option Pop-up

L

Time/Div (time The time per division field allows you to change the width of the time
per divisio n) window of the Timing Waveforms menu.

Field ‘When the pop-up is open you can change the time per division by

rotating the KINOB or entering a numeric value from the keypad. When
you rotate the KNOB, the time per division increments or decrements
in 1-2-5 sequence from 10 ns/div to 50 ms/div.

i
Note % Sample period is fixed at 10 ns in the Transitional acquisition mode.

When you enter a value from the keypad, the time per division does not
have to be a 1-2-5 sequence,

Note tlJil In Glitch mode, changing the Time/Div setting changes the sample
period for the next run. To view the sample period after the next run,
turn the markers off if they are on and press RUN.

Timing Waveforms Menu HP 1652B/1653B
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The Delay field allows you to enter a delay. The delay can be either
positive or negative. Delay allows you to place the time window
(selected by Time/Div) of the acquired data at center screen,

The inverted triangle in the horizontal center of the waveforms area of
the display represents trigger + delay. The vertical dotted line
represents the trigger point (see figure 19-11).

EB0GCTIHAG | » Timing Haveforms
Markers X to Treg [ 800 ns | [Time X 1o 0§ :.5%0 us
Accumelate 0 to Trigy 630 as At | X necker) | CLOLK

Time /Bl delay LD s} 0

&
£

il (el tisinininh rm,rui
m ERE il

Figure 19-11. Trigger and Trace Poinis

If you want to trace after the trigger point, enter a positive delay. If you
want to trace before the trigger point (similar fo negative time) enter a
negative delay. The logic analyzer is capable of maximum delays of

— 2500 seconds to + 2500 seconds. In Transitional mode the maximum
delay is determined by the number of transitions of the incoming data.
Data may not be displayed at all settings of Time/Div and Delay.

Timing Waveforms Menu
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In Glitch mode the maximum delay is 25 seconds, which is controlled
by memory and sample period (512 x 50ms}. The sample rate is also
dependent on the delay setting. It is represented by the following
formula:

ifdelay < 20ms
Hwdelay = 20 ns (this is an instrument constant)

if delay > 10 ms
Hwdelay = 10 ms

else Hwdelay = delay (delay setting in timing waveforms menu)
Sample period = larger of:

Time/Div + 25 or

absolute value {(delay — Hwdelay) + 256]
If sample period > 50 ms

Then sample period = 50 ms

HP 1652B/1653B
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Timing Analyzer Measurement Example
L

introduction

HP 1652B/1653B

Front-Panel Reference

In this chapter you will learn how to use the timing analyzer by setting
up the logic analyzer to simulate a simple timing measurement. Since
you may not have the same test circuit available, we will give you the
measurement results as actually measured by the logic analyzer,

The exercise in this chapter is organized in a task format. The tasks are
ordered in the same way you will most likely use them once you become
an experienced user. The steps in this format are both pumbered and
lettered. The numbered steps state the step objective. The lettered
steps explain how to accomplish each step objective, There is also an
example of each menu after it has been properly set up.

How you use the steps depends on how much you remember from
chapters 1 through 4 of the Getting Started Guide . If you can set up
each menn by just looking at the menu picture, go ahead and do so. If
you need a reminder of what steps you need to perform, follow the
numbered steps. If you still need more information about "how," use the
lettered steps.

To gain confidence using your logic analyzer, we recommend that you
configure the menus as you follow the simulated measurement example
up to section "Acquiring the Data." From that section unto the end,
you will see the measurement results on the Timing Waveforms screen
as if you had the real test circuit connected, and as if you had selected
RUN.

Timing Analyzer Measurement Example
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Problem In this exercise, assume you are designing a dynamic RAM memory
Solvina with (DRAM) controller and you must verify the timing of the row address

. Q strobe (RAS) and the column address strobe (CAS). You are using a
the Tlm[ng 4116 dynamic RAM and the data book specifies that the minimum time
Analyzer from when LRAS is asserted {goes low) to when LCAS is no longer

asserted (goes high) is 250 ns. You could use an oscilloscope but since
the timing analyzer will do just fine when you don’t need voltage
parametrics you decide to go ahead and use the logic analyzer.

VS

What Am | After configuring the logic analyzer and hooking it up to your circuit

Going to under test, you will be measuring the time (x) from when the RAS goes
low to whesn the CAS goes high, as shown below.

Measure?

CAS

01650808

(X3
!
RAS——-———-L-__:J————

Figure 20-1. RAS and CAS Signals

Timing Analyzer Measurement Example HP 1652B/1653B
20-2 Front-Panel Reference




How Do |
Configure the
Logic Analyzer?
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In order to make this timing measurement, you must configure the logic
analyzer as a timing analyzer. By following these steps you will
configure Analyzer 1 as the timing analyzer.

If you are in the System Configuration menu you are in the right place
to get started and you can start with step 2; otherwise, start with step 1.

1. Using the field in the upper left corner of the display, get the System
Configuration menu on screen.

a. Place the cursor on the field in the upper left corner of the display
and press SELECT,

b. Place the cursor on System and press SELECT.

2. In the System Configuration menu, change Analyzer 1 type to
Timing, If analyzer 1 is already a timing analyzer, go on to step 3.

a. Place the cursor on the Type: field and press SELECT.

b. Place the cursor on Timing and press SELECT.

System Conffguration

Anolgzer ! Anelyzer 2 OsciEiaucope
Name: [DRAN_TEST |
Typa: i Timmﬁ ; Type:

Uhaﬂilaggg Rnalyzer

Figure 20-2. System Configuration Menu
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3. Name Analyzer 1 "DRAM TEST" (optional)

a. Place the cursor on the Name: field of Analyzer 1 and press
SELECT.

b. With the Alpha Entry pop-up, change the name to "DRAM TEST"
(see "How to Enter Alpha Data" in chapter 3 if you need a
reminder).

4. Assign pod 1 to the timing analyzer,
a. Place the cursor on the Pod 1 field and press SELECT.

b. In the Pod 1 pop-up, place the cursor on Analyzer I and press
SELECT.

Timing Analyzer Measurement Example HP 1652B8/1653B
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Connecting the
Probes

Activity Indicators
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At this point, if you had a target system with a 4116 DRAM memory
1C, you would connect the logic analyzer to your system.

Since you will be assigning Pod 1 bit 0 to the RAS label, you hook Pod
1bit 0 to the memory IC pin connected to the RAS signal. You hook -
Pod 1 bit 1 to the IC pin connected to the CAS signal.

When the logic analyzer is connected and your target system is running,
you will see activity indicators, as shown below, at the right-most end
(least significant bits) of the Pod 1 field in the System Configuration
menu. This indicates the RAS and CAS signals are transitioning.

System Configuration

Anglgzer Analyzer 2 Gycllloscope
Neme: [DRAR_TEST
Type: Tupe:

inaseigned fAnalyzer
ads

Activity indicators

llllllllIlllIlllllIIIIlllIllIIlllIIIIIIllllIlI'U..lﬂﬂﬂl‘“.ﬂl'l.l'.ﬂ'ﬂL

Figure 20-3. Activity Indicators
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Configuring the Now that you have configured the system, you are ready to configure
Ti ming Ana|yzer the timing analyzer. You will be:

o Creating two names (labels) for the input signals
¢ Assigning the channels connected to the input signals
e Specifying 2 trigger condition

1. Display the Timing Format Specification menu,
a. Press the FORMAT key on the front panel.
2. Name two labels, one RAS and one CAS.

a. Place the cursor on the top field in the Jabel column and press
SELECT.

b. Place the cursor on Modify label and press SELECT .

DRAN TEST - Timing Format Specifieatian $pecity Sumbols

ACLivilY ? o

Lebet Pol 15.,,, 87 ..., 0
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i
01—
—f =
~0ff-

Figure 20-4. Timing Format Specification Menu

¢. With the Alpha Entry pop-up, change the name of the label to
RAS.
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d. Name the second label CAS by repeating steps a through c.

3. Assign the channels connected to the input signals (Pod 1 bits 0 and
1) to the labels RAS and CAS respectively.

a. Place the cursor on the bit assignment field below Pod 1 and to
the right of RAS and press SELECT,

b. Any combination of bits may be assigned to this pod; however,
you will want only bit 0 assigned to the RAS label. The easiest way
to assign bits is to press the CLEAR ENTRY key to un-assign any
assigned bits before you start.

¢. Place the cursor on the period under the 0 in the bit assignment
pop-up and press SELECT . This will place an asterisk in the
pop-up for bit § indicating Pod 1 bit 0 is now assigned to the RAS
label. Place cursor on Done and press SELECT to close the

pop-up-.

d. Assign Pod 1bit 1 to the CAS label by moving the cursor to bit 1
and pressing SELECT.

HP 1652B/1653B Timing Analyzer Measurement Example
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]
Specifying a
Trigger
Condition

To capture the data and then place the data of interest in the center of
the display of the Timing Waveforms menu, you need to tell the logie
analyzer when to trigger. Since the first event of interest is when the
LRAS is asserted (negative-going edge of RAS), you need to tell the

logic analyzer to trigger on a negative-going edge of the RAS signal.

1. Select the Timing Trace menu by pressing the TRACE key.

2. Set the trigger so that the logic analyzer triggers on the
negative-going edge of the RAS,

a. Place the cursor on the Then find Edge field under the label RAS,
then press SELECT.

b. Place the cursor on the . {period) in the pop-up and press
SELECT once. Pressing SELECT once in this pop-up changes a
period to | which indicates a negative-going edge.

¢. Place the cursor on Done and press SELECT. The pop-up closes
and a $ will be located in this field. The § indicates an edge has
been specified even though it can’t be shown in the HEX base.

CRAR TEST {» Timlng Trace Specifiestion
Trace mode| Sinaiz ]

Fing
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Figure 20-5. Trigger Edge Specitied
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Acquiring the Now that you have configured and connected the logic analyzer, you

Data acquire the data for your measurement by pressing the RUN key. The
logic analyzer will look for a negative edge on the RAS signal and
trigger if it sees one. When it triggers, the display switches to the
Timing Waveforms menu.

;[{l From this point in the exercise unto the end, we will give you the
Note J measurement results, This way, yvou will not have to obtain and use an
¥, ¥
identical circuit.

ORAM TEST ;= Timing Waveforms

nerkers ¥ ote Trig | G 5 [Tims ¥ Lo p o s
Accunylats 6 to Trig | G s: At [x herker] [ RAS
Time/DLv Deley o5 o

Figure 20-6. Timing Waveforms Menu.

The RAS label shows you the RAS signal and the CAS label shows you
the CAS signal. Notice the RAS signal goes low at or near the center of
the waveform display area (horizontal center).

HP 1652B/1653B Timing Analyzer Measurement Example
Front-Panel Reference 20-9




The Timing The Timing Waveforms menu differs from the other menus you have

Waveforms used so far in this exercise. Besides displaying the acquired data, it has
menu fields that you use to change the way the acquired data is

Menu displayed and fields that give you timing answers. Before you can use

this menu to find answers, you need to know some of the special
symbols and their functions. The symbols are:

e TheXandO
¢ The ¥
e The vertical dotted line

The X and O The X and O are markers you use to find your answer. You place them
on the points of interest on your waveforms, and the logic analyzer
displays the time between the markers. The X and O markers will be in
the center of the display when X to trig (ger) and O to trig (ger) are
both 0.000 s (see example below}). RN :

DRAM TEST |- Timing Kaveforms

herkers ¥ 10 Trig 5 o [Time % 108 0 s
Accumulele U oto Trig 0 s £t X Harker] [ FAS
TimesDiv selay | S G
| RAs_ od /
ces od P

X and O Markers

Figure 20-7. X & O Markers
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The ¥ The (inverted triangle) indicates the trace point. Remember, trace
point = trigger + delay. Since delay in this example is 0.000 s, you will
see the negative-going edge of the RAS signal at center screen under
the .

The Vertical The vertical dotted line indicates the trigger point you specified in the

Dotted Line Timing Trace Specification menu. The vertical dotted line 1s at center
screen under the inverted triangle and is superimposed on the
negative-going edge of the RAS signal.

DRAM TEST - ¥timing Wavefarms
Harkers X to Trig 53 ns | {Time X to 0 80 ns

Aecumil ety o te Trig 95 ne ! AL | X Harker RAS
T
Timespiv 100 ns } Selay [ !

i

T RRS o)
At o

Figure 20-8. Inverted Triangle & Vertical Dotted Line
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Configuring the
Display

Display Resolution

Now that you have acquired the RAS and CAS waveforms, you need to
configure the Timing Waveforms menu for best resolution and to
obtain your answer,

You get the best resolution by changing the Time/Div to a value that
displays one negative-going edge of both the RAS and CAS waveforms.
Set the Time/Div by following these steps.

S S
PETTTTTL T e
1650806

Figure 20-9. RAS and CAS Signals

1, Place the cursor on Time/Div and press SELECT . The Time/Div
pop-up appears, showing you the current setting.

2. While the pop-up is present, rotate the KINOB until your waveform
shows you only one negative-going edge of the RAS waveform and
one positive-going edge of the CAS waveform (see above). In this
example 200 ns is best.

= Timing Wavefores
harers ¥ to Trig U3 Tume ¥ to O 9 8

Accumilate 3 o Trig 65| &t [X narrer] [_RAS
timesBiv Deley G5l 0

"Ras__od
[cag__od

Figure 20-10. Changing Time/Div.
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Making the
Measurement
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What you want to know is how much time elapses between the time
RAS goes low and the time CAS goes high again. You will use the X
and O markers to guickly find the answer. Remember, you specified
the negative-going edge of the RAS to be vour trigger point; therefore,
the X marker should be on this edge if X to Trig = 0. If not, follow
steps 1 and 2. '

1. Place the cursor on the X to Trig field and press SELECT ., A
pop-up will appear showing you the current time from the X marker
to the trigger; however, you don’t need to worry about this number
Dnow.

2. Rotate the KNOB to place the X marker on the negative-going edge
of the RAS waveform and press SELECT . The pop-up closes and
displays X to Trig = 0.000s.

3. Place the cursor on O to Trig and press SELECT . Repeat step 2
except place the O marker on the positive-going edge of the CAS
waveform and press SELECT. The pop-up closes and displays O to
Trig = 710 ns.

DRAN TEST |- Timing Wavelorms

Harkers ¥t Trig T 5] [Timex too] 70 ns
Accumulete 0 te Trig 719 ns sy [ narker}: [ RS
0

Time /b1y betey

I! RAS gg]i
 cac od| | !

Figure 20-11. Marker Placement
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Finding the Your answer could be calculated by adding the X to Trig and O to
Answer Trig times, bl:lt you don’t nee_d to bo_th_er. The 'Eogic analyzer has already
calculated this answer and displays it in the Time X to O field.

This example indicates the time is 710 ns. Since the data book specifies
a minimum of 250 ns, it appears your DRAM controller circuit is
designed properly.

CRAM TEST |- Timing Mavefarms

narkers % e Trig T <] [Timex tod 710 ns
focumulate  [Of1 10 to Trig Tte ns | At LK narker] L RRS. ]

Time /Ly baley G % o
‘ [ T * T i
| 2as o i
| cas od

Figure 20-12. Time Xto O
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Summary You have just learned how to make a simple timing measurement with
the HP 1652B/53B logic analyzer. You have learned to do the following;

Specified a timing analyzer.

Assigned pod 1.

Assigned bits.

Assigned labels.

Specifed a trigger condition.

Learned which probes to connect.

Acquired the data,

Configured the display.

Set the Time/Div for best resclution.

Positioned the markers for the measurement answer,

* & & & & 5 & & 0 9

You have seen how easy it is to use the timing analyzer to make timing
measurements that you could have made with a scope. You can use the
timing analyzer for any timing measurement that doesn’t require
voltage parametrics or doesn’t go beyond the accuracy of the timing
analyzer,

HP 16528/1653B Timing Analyzer Measurement Example
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Timing/State Measurement Example
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Introduction
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In this chapter you will learn how to use the timing and state analyzers
interactively by setting up the logic analyzer to simulate a simple
timing/state measurement. Since you may not have the same test
circuit available, we will give you the measurement results as actually
measured by the logic analyzer.

The exercise in this chapter is organized differently than the exercises
in the previous chapters. Since you have already set up both the timing
and state analyzers, you should be ready to set them up for this
simulated measurement by just looking at the menu pictures.

Any new set-ups in this exercise will be explained in task format steps
like the previous chapters.

To gain confidence using your logic analyzer, we recommend that you
configure the menus as you follow the simulated measurement example
up to section "Acquiring the Data.” From that section unto the end,
vou will see the measurement resulis on the display screens as if you
had the real test circuit connected, and as if you had selected RUN.

Timing/State Measurement Example
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Problem Solvi NG In this example assume you have designed a microprocessor-controlled

with the
Timing/State
Analyzer

What Am |
Going to
Measure?

circuit. You have completed the hardware, and the software designer
has completed the software and programmed the ROM (read-only
memoty). When you turn your circuit on for the first time, your circuit
doesn’t work properly. You have checked the power supply voltages
and the system clock, and they are working properly.

Since the circuit has never worked before, you and the software
engineer aren’t sure if it is a hardware or software problem. You need
to do some testing to find a solution.

You also notice the circuit fails intermittently. More specifically, it only
fails when the microprocessor attempts 1o address a routine that starts
at address 8930.

To see what might be causing the failure, you decide to start where the
microprocessor goes to the routine that starts at address 8930. The first
thing you check is whether the microprocessor actually addresses
address 8930. The next thing you check is whether the code is correct in
all the steps in this routine.

Your measurement, then, requires verification of the following:

« Whether the microprocessor addresses location 8930,
¢ Whether all the addresses within the routine are correct.
s Whether all the data at the addresses in the routine are correct.

Timing/State Measurement Example HP 1652B/1653B
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How Do |
Configure the
Logic Analyzer?
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H the routine is correct, the state listing displays the following:

+ 0000 008930 BO3C
+ 0001 008932 61FA
+ 6002 008934 67F8
+ (003 008936 BO3C
+ 0004 00892E 61FA

In order to make this measurement, you must configure the logic.
analyzer as a state analyzer because you want to trigger on a specific
state (8930). You also want to verify that the addresses and data are

correct in the states of this routine,

Configure the logic analyzer so that Analyzer 1is a state analyzer as

shown below:

Sgstem Configuratios

Analyzer i Aamigzer 2 Oscillascepe
Heme: [6BCODSTATE i off
Tepe: Type: (11

unasslgg:g anntyzar

Figure 21-1. System Configuration Menu
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Configuring the  Now that you have configured the system, you are ready to configure
State Analyzer the state analyzer. Configure the State Format Specification menu as

shown:
S 0 S A S S S W A S T e
[EBGG0ETATE |~ State Format Specificatten
Cloek
Ju
Clock Period Pod 3 Pod 2 Pog 1
TE s} T 1 TTL [ T ;
i Clock I Clotk 11 cinck }
ALLIVELE 7 cciwswnmammmmm e mmmmmmmmmeemeema mmmm oo wa s
Lape! Pl 15 ... 8y . G i5....48 .. .0 5 ..., BT ... &
ADDR [ wesusens] [anvmpnnananrmonas } [ ]
EATA IR I J [onessansmassnses |
~Grf—
R
P
5t 1=
1=
Bii-
i T
=0ff-
==
| el

Figure 21-2. State Format Specification Menu

Configure the State Trace Specification menu as shown:

EB000STATE |« Stafe Trace Specificalion
Trace mods [ _Einaie ]
Sefuence lsvels fArmad by

HWhile stering “ ang stale” Ryn
Trigger on 8" ! times

Eranthes

Gtore “ any state” aki
Lounl

Frestars

Lebet > {ADOR JDATA ]
Base > [Hex Ilhey 1
BGR iK]

Figure 21-3. State Trace Specification Menu
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Connecting the At this point, if you had a target system with a 68000 microprocessor,

Probes you would connect the logic analyzer to your system. Since you wili be
assigning labels ADDR and DATA, you will hook the probes to your
system accordingly:

= Pod 1 probes 0 through 15 to the data bus lines DO through D13,

» Pod 2 probes 0 through 15 to the address bus lines A0 through
AlS,

e Pod 3 probes 0 through 7 to the address bus lines A16 through
A23.

s Pod 1, CLX (J clock) to the address strobe (L.AS).

O
Acqu iring the Since you want to capture the data when the microprocessor sends
Data address 8930 on the bus, you press the RUN key to arm the state

analyzer, If the microprocessor sends address 8930, it will trigger the
state analyzer and switch the display to the State Listing menu,

ll:' From this point in the exercise unto the end, we will give you the
Note W

measurement results, This way, you will not have to obtain and use an
identical circuit.

HP 1652B/1653B Timing/State Measurement Example
Front-Panel Reference 21-5




Finding the You look at this fisting to see what the data is in states + 0000 through
Problem + 0004. You know your routine is five states long.
The 68000 does address location 8930, so you know that the routine is
addressed. Now you need to compare the state listing with the
following correct addresses and data:
+ 00600 008930 BO3C
+ 0001 008932 61FA
+ 0002 008934 67F8
+ 0003 008936 BO3C
+ 0004 00892E 61FA
As you compare the state listing (shown below) with the above data you
notice the data at address 8932 is incorrect. Now you need to find out
why.
[EBooosTRTs | ~ [Stale Listing ]
narkers
e P e
~Q007 GOIBLA GOFF
=006 o088LC 5730
~3005 D0BECE ABET
-0004 QOBEFE dETS
0003 008350 3000
067 000474 000C
o080 AGIC
+6051 ocosg32  oorf < [nicorrect Data
#0002 00BEIL B7F8
+0003 0gRG36 BOIC
+H004 00B62E &IFA
005 308930 BO3C
4006 00047 4 H000
+3007 pooaFE 8850
+0008 ooagzar AEFA
Figure 21-4. Incorrect Data
Timing/State Measurement Example HP 1852B/16538
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Your first assumption is that incorrect data is stored to this memory
location. Assume this routine is in ROM since it is part of the operating
system for your circuit. Since the ROM is programmed by the software
designer, you have the software designer verify whether or not the data
at address 8932 is correct. The software designer tells you that the data
is correct. Now what do vou do?

Now it’s time to look at the hardware to see if it is causing incorrect
data when the microprocessor reads this memory address. You decide
you want to see what is happening on the address and data buses
during this routine in the time domain.

In order to see the time domain, you need the timing analyzer.

AP0
What Since the problem exists during the routine that starts at address 8930,
Additional you decide you want to see the timing waveforms on the address and

data bus when the routine is running. You also want to see the control
Measurements signals that control the read cycle. You will then compare the
Must | Make? waveforms with the timing diagrams in the 68000 data book.

Your measurement, then, requires verification of the following:

e Correct timing of the control signals.
s Stable addresses and data during the memory read.

The control signals you must check are listed below:

System clock.

Address strobe (AS).

Lower and upper data strobes {L.DS and UDS).
Data transfer acknowledge (DTACK),
Read/write (R/W),

o & & > &
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How Do | In order to make this measurement, you must re-configure the logic
Re—Configure analyzer so Analyzer 2 is a timing analyzer. You leave Analyzer 1 asa

. state analyzer since you will use the state analyzer to trigger on address
the LOglC 8030, v ¥ &

Analyzer?
Configure the logic analyzer so Analyzer 2 is a timing analyzer as
shown:
system Configuration
ARciyzer | Rraiyzer 2 usclﬂos:upe
Nema Nemet [BBGE0TEMNG | {677
Type: [ Si3ts ] Typer [TIRG ] l
Au tescaie l
nnasskgnen Analgzer
{ Fod | b { Pod 4 )
i I
{ Pad ] { Sod 5 ]
lmmcmmeesinaee | I WA J
Pog ¥
Figure 21-5. System Configuration Menu
L
Connecting the At this point you would connect the probes of pods 4 and 5 as follows:
T|mmg Analyzer s Pod 4 bit 0 to address strobe (AS).
Probes e Pod4bit 1 to the system clock.
e Pod 4 bit 2 to low data strobe (LDS).
e Pod 4 bit 3 to upper data strobe (UDS).
e Pod 4bit 4 to the read/write (R/W).
e Pod 4bit 5 to data transfer acknowledge (DTACK).
e Pod 5bits 0 through 7 to address lines AQ through A7.
s Pod 5 bits 8 through 15 to data lines DO through D7 .
Timing/State Measurement Example HP 1652B/1653B
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Config u ring the  Now that you have configured the system, you are ready to configure

Timing An alyzer the timing analyzer. Configure the Timing Format Specification menu
as shown:

. |
€BOOOTIMNG:~ Timing Format Specificetion £ Speclity Sumbais }
Pog & Pep 4
TTe ) Tik ]
Activity > L e
Lebel Pol §5,.... 87 ... ® 5.... 87 .... 0
............... .
PRI AR AT L
L
PRI
L%

Figure 21-6. Timing Format Specification Menu

Configure the Timing Trace Specification as shown:

EEGOOTINNG | Thkming ¥race Specificatien
Trace e[ Singie J

frmed by Acquisition mode [Frensitions}

Label >  [CLOCE HAE JEBE U0 HOTACK JR/K. - WAGODR | JORTA ]

Base > fdex Fpes M odex  pex U Hex [ Hex W vex ] Hex 1
Fing

pattern Lot ik N T H R L KXY
prasant for

Then {ind
Eage 1o Lo L

Figure 21-7, Timing Trace Specification Menu
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Your timing measurement requires the timing analyzer to display the
timing waveforms present on the buses when the routine is running,
Since you triggered the state analyzer on address 893(), you want to
trigger the timing analyzer so the timing waveforms can be time
correlated with the state listing,

To set up the logic analyzer so that the state analyzer triggers the
timing analyzer, perform these steps:

1. Display the Timing Trace Specification menu.

2. Place the cursor on the Armed by field and press SELECT.

3. Place the cursor on the 68000STATE option in the pop-up and

press SELECT.

Your timing trace specification should match the menu shown:

ER00CTINNG |- Timing Irace Spacificalisn

Setting the

Timing

Analyzer

Trigger
State Analyzer
Arms Timing
Analyzer

Timing/State Measurement Example
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Trace mogel _Singie |
armed vy [GBOUOSTAIE fcquisition mode [ Trarsitional |

Labat » [LLOCK RS o _bbS  JDiAck e/n [ADGF_ JlpaTa
Bese » [ Hew [ Hex W mew [ Hex J bex I tex [ Mex if rex ]
Fing
Pettern L5 fo 4w w Wow L w b WY
Tnen fing

gage . Q¥ - A T |

M

Figure 21-8. Armed by 68000 STATE
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Time Correlati NG Inorder to time correlate the data, the logic analyzer must store the

the Data timing relationships between states. Since the (iming analyzer samples
asynchronously and the state analyzer samples synchronously, the logic
analyzer must use the stored timing relationship of the data to
reconstruct a time correlated display.

To set up the logic analyzer to keep track of these timing relationships,
turn on a counter in the State Trace Specification menu. The following
steps show you how:

1. Display the State Trace Specification menu.

2. Place the cursor in the field just below Count on the right side of
the display and press SELECT.

3. Place the cursor on the Time option and press SELECT. The
counter will now be able to keep track of time for the time
correlation.

[EBCODETATE |- State Trace Specificstion
Trece mote

Sequence Leveis Armec by
#hite storing * any stais” Run
' Trigger on “a” { times
Brenghes
Store ~ eny state”
Caunt
Prestore

Lapet > [RDER _iDaTe |
Base > [Hex [ Hew
o | [CBEREOI kx|
b} [ooasx] k]
¢ 1 Boooox]l x|
¢ | BOONGHIUH0GRR.)

Figure 21-9. Count Set to Time
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Re—acqu iring After you connect the probes of pods 4 and 5 to your circuit, all you

the Data have to do is press RUN. When the logic analyzer acquires the data it
switches the display to the State Listing menu unless you switched one
of the other menus to the timing analyzer after reconfiguring the State
Trace menu. Regardless of which menu is displayed, change the display

to the Mixed Mode.
L
Mixed Mode The Mixed mode display shows you both the State Listing and Timing
Displ ay Waveforms menus simultaneously. To change the display to the Mixed
Mode:

1. Place the cursor on the field in the upper left corner of the display
and press SELECT,

2, Place the cursor on Mixed Mode and press SELECT. You will
now see the mixed display as shown:

[iine: figcs]- pispiay  HBOOUSTATE= State Listing
Lepet > [MAEGE FDATR 0 Time |
Base [ Hex I Hex Eﬂ Ret
~0603 D0BSOO  300¢ 126 us
-0002 0004FA  GODG .24 us
0001 0CdaFE  BO30 t.24 us
§ bacod] 00853C  BO3C 1.24 us
P 008632 OOFF 1.24 us
6002 008534 6YFE 1.28 us
003 00B93E  BU3C 1.%4 us
£800CTINNG « Yiming Wavelerms ¥ ig Trigger g <
Time/Div i 500 ne | Dalay | G & ] 9O ta Trigger 6 ¢

WUWJLW...
| S I

Figure 21-10. Mixed Mode Display
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Iinte rpreting the  Inthe Mixed Mode display the state listing is in the top half of the

Di sp! ay screen and the fiming waveforms are in the lower half. The important
thing to remember is that you time correlated this display so you could
see what is happening in the time domain during the faulty routine.

Notice that the trigger point in both parts of the display is the same as it
was when the displays were separate. The trigger in the state listing is
in the box containing + 0000 and the trigger of the timing waveform is
the vertical dotted line.

As you look at the mixed display, you notice nothing wrong except the
data at address 8932 is incorrect. However, you are seeing only one bit
each of the address and the data. To see all the data and addresses in
the fiming waveform part of the display, you must overlap them.

Hixac¢ Mods |- Dlepley  6EGOOSTATE ~ Stete Listing
tobel > [RODE_ |f DATR__ If Time |
Bese > | Hewx || Hex & RE}
~0063 0QBIOC | 3000 1.28 us
-0 P 1.24 usg
€001 S004F 6 853¢ 1.24 ug
0000 ooB930 BOsC 1.24 us
+00G 1 Goa932 Q0FF 1.24 us
+0Q002 603934 S7F8 £.28 us
+0003 008836 030 t.24 us
GROBOTINNG ~ Timing Wevaforms ¥ to Trigger |9 S|
TimesDiv [___ 50G ne | Deimy | S $1 0 to frigger

QT W W g T By B B
F

Figure 21-11. interpreting the Display
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N
Overlapping

Waveforms

Since you see nothing wrong with the timing waveforms so far, you

Timing think unstable data may be on the data lines during the read cycle. In
order to see unstable data, you must be able to see all the data lines

during the read and look for transitions. Overlapping the waveforms

allows you to do this. To overlap waveforms, follow these steps:

1. Place the cursor on the 00 of the ADDR 00 label and press

SELECT. The following pop-up opens in which you specify the bit

or bits of the address bus you want to overlap,

fase

~0003
0002
600 1
ghogoo
40001
+0062
40003

Hex
008450
D004F
VOHAFE
008% 30
Jalel-t=h 3]
606334
08938

g e i
Firec rozal- oiesiay
Levet > )

6800051 E - ty iisting
5 Bil select
Hel
30 (131
oC

Fod us
F.24 us
F.Z4 asg
P.28 us

T.E9 us

6BO0GTINNG - Eiming MWoveIorms

Time/Div Deliny

¥ ta Trigger R

0 to Trigger

P gy T T gy T O 8 o I
1

Figure 21-12, Overlapping Timing Waveforms

2. Rotate the KNOB until all is displayed and press SELECT. All

the address bits will be overlapped on one line.

3. Repeat step 2 except overlap the data bits.

Timing/State Measurement Example
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Finding the
Answer

HP 1652B/1653B

As you look at the overlapping waveforms, you notice there are
transitions on the data lines during the read cycle, indicating the datais
unstable. You have found the probable cause of the problem in this
routine. Additional troubleshooting of the hardware will identify the

actual cause.

[Fixes ricoei= Displsy  GEBOCGOSTATE= Stats Listing
Lebel > FACDE  J(DATA [ Time ¢
Base * [ Few Hex i kel t
-0003 20BGH0 3000 V.29 us
0002 0C047T 4 0600 1.24 us
—000 1 DOOLFE 530 1.24 us
#Fcoo0) coBgs0  He3C 1,24 us
00 | 008932 QOFF 1.24 us
+0002 008634 57F8 1.28 us
+0003 el t I 1.2 s
GB00OTIANG = Iiming Wavelorms ¥ 1o Triggsr [
Time/Div | 500 ns | Detay | 1] ;J 0 to Trigger | o s

MU L
™

Front-Panet Reference

Unstable Data

Figure 21-13. Unstable Data
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Summary You have just learned how to use the timing and state analyzers
interactively to find a problem that first appeared to be a software
problem, but actually was a hardware problem.

You have learned to do the foliowing:

¢ Trigger one analyzer with the other.
e Time correlate measurement data.
e Interpret the Mixed mode display.
e Overlap timing waveforms.

If you have an HP 16538, you do not have enough channels to
simuitaneously capture all the data for a 68000. But, since you probably
aren’t working with 16-bit microprocessors, this exercise is stili valuable
because it shows you how to make the same kind of measurement on an
gight-bit microprocessor.

Timing/State Measurement Example HP 1652B/1653B
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22
The Oscilloscope

introduction This chapter introduces the oscilloscope and gives an overview of the
main menus that you will use on your oscilloscope. Also included are
scope menu maps. The purpose and functions of each menu are
explained in detail in the following chapters.

Chapter 23 explains the Channel Menu.

Chapter 24 explains the Trigger Menu,

Chapter 25 explains the Waveforms Menu.

Chapter 26 explains Mixed Mode Displays.

Chapter 27 gives you a basic mixed mode measurement example.

An actual signal from the compensation signal output is used through
out most of these chapters to better illustrate how to use the different
oscilloscope menus. If you need an introduction to oscilloscopes, refer
to Feeling Comfortable with Digitizing Oscilloscopes.

The Scope The oscilloscope in the HP 1652B/1653B Logic Analyzer is a
An Overview 2 channel, 400 megasample/second, 100 MHz single-shot and repetitive
( ) (repetitive single-shot) bandwidth scope. It is turned on/off from the
System Configuration menu with the Channel, Trigger and Waveforms
menus accessed from {ront panel keys. The scope can be armed by the

analyzer or an external BNC.
I
Sco pe Menu The scope menu maps show you the fields and the available options of
M aps each field within the three menus. The menu maps will help you get an

overview of each menu as well as provide a quick reference of what
each menu contains. Waveform selection is available in all main menus
and is shown in the Waveform Selection Menu Map.

HP 1652B/16538 The Oscilloscope
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. ]
The Channel

Menu Map Coacill

[

cscoepe
. -—————l——————«
Chennel | Trigger Wave forms |

e
% Autescatle r-[— Cancel

Continue

Lt CH 1
Llow s

wrT
VoD

i Of fset

-~§ Probe J T
ek H

| S—

- Impedonce ;—[ 1M Ohm
56 Ohm

H**j, Presel TTL

Delay

—— Waveform Selection Menu Map grenaEez
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I
The Trigger

Menu Map Deciiloscope

i
E
Trigger [ woveforms
i Autoscale T Cancel
Continue
E Cotibration ‘—T ODffset

Attenustion

&l
Mode }——E Edge P
Immediagte

Trigger level

Source t CH 3 [ belcy
4 .
cH 2 Sel to Defouit

——% Run mode T Single
Repeiitive

m*é Level

—-; Slope Fr Positive

Negative

—é Auto__Trig }—E Cn
Of f

—{ Armed by }»TM Run

BNC Input

-
E-‘ MACHINE 1
L MACHTNE 2
— Waveform Setection Menu Mop
B1E52603
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P T T R,
The Waveforms

Menu Map [osc t1escope

Waveforms g Channel Ljr%qgefj
~# Autoscale Fm[j Cancel {

Continue

—{ Auto-medsure %Wuw CHO

(S

Mﬁ Markers %mmw OFF =T X ote Q
-+ Time k~ Trig to X

irig te O

- Search - Specify Markers Menu Map

- X=—pattern__from start

{ O-patiern..from start

-~ Slatistics }——— Mean X0

1 Mox X-0

Y Min X0

“% Display Pmym Narmai

%“ Average *4*% AVGH | 8 mem 2

— Accumuiate 4

. &

—% Connect dots } On &

Off

«
32

—{ Delay 64
128
mésrid!—[m ooe
Off —

= Waveform Selection Menu Map PRV
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[~ SRR
Waveform
Selection

Menu Map

; Channet | ICh 5k insert woveform
Woveform on
th 2 Mocify waveform
Waveform off
Delete waveform
81652804

L
000 O A I

Ch

Ch 2
oy ce
ez
Ci-C2
Ce~C1

]
Specify

Markers Menu
Map
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rSpecify Morkers |
S ————ws

I Morker type k“?mﬁ

Percent

-

Ansclute

mm% at the..ievet

X-Marker sel on vam CH 1
- N

Ck 2

Fositive

"“gwitﬁ stope LW::

Negative

““{ O-Morker sel on

-—% at the __ievel

%”[: CH 3
CH 2

Fositive

1
——+ with sicpe %m[:

Negoltive

—-{ Stop mecsurement when ¥-0 ?W{M off
=

i.ess than

Greater thon

In range

““{ Store exception

21652885

Noi in range

to dJSkk_ééE%}_T:: File name
Fiie description
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Menu Overview
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The oscilloscope menus are:

e Channel
Timebase Function
Autoscale Function

e Trigger
Calibration Function

e Waveforms
Auto-measure Function
Marker Measurement Function

An illustration for each main menu is given at the beginning of each
chapter. As new menu fields and pop-up fields appear, a new
illustration will be shown. Use these illustrations to help in identifying
the field being discussed.

The Channel menu (CHAN key) controls the vertical sensitivity, offset,
probe attenuation, and input impedance of both input channels, In
addition, the timebase funclions of seconds/division (s/Div) and delay
are controlled in this menu. The s/Div and delay can be controlled in
the other main menus as well, but will be defined in the Channel Menu
chapter.

Like the timebase functions, the autoscale function is available in alfl
main menus, but is defined in the Channel Menu chapter.

HP 1652B/1653B
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The Trigger menu (TRIG key) controls the selection of trigger modes,
input source, level, slope, and auto-trigger. Selection of the arming
source and run mode is also controlled in this menu.

Access to the oscilloscope calibration menu is done through this menu.
When the calibration field is selected, new menus will appear that
guide you through the calibration process. The calibration procedure is
found in Appendix D.

The Waveforms menu (DISPLAY key) controls the display mode,
connect the dots, and grid on/off. Also included in this menu is the
Auto-measure function and Marker measurement criterion set-up.

At power up, the System Configuration menu defaults the oscilloscope
to on. All main oscilloscope menus can be selected from the front
panel keys.

The Oscilloscope
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23
Channel Menu

Introduction The Channel menu controls the vertical sensitivity, offset, probe
attenuation factor, and input impedance of all input channels, as well
as the probe attenuation factor. The Channel mens also allows you to
preset vertical sensitivity, offset, and trigger level for ECL and TTL
logic Ievels. The default Channel menu is shown below.

([ Stape - thanng:

Input VIBLY orfset 7500V
Prabe | 10 11 Impedence [ 1 HOnm Praset
s/ 10,80 us Daloy 9 s
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Figure 23-1. Channel Menu

[
Channel Menu
Fields

Input Field The Input field is located on the left side of the top row of fields. It

selects the input source for the channel parameters displayed on the
Channel Specification menu.

The default Input field selection is channel 1. When you select the
Input fieid, it will toggle from CH 1to CH 2.
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V/Div Field The V/Div field is located in the middle of the top row of fields. It sets
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the vertical sensitivity of the channel selected in the lnput field.
Vertical sensitivity determines the size of a waveform displayed on
screen and is measured in volts/division, Each waveform display is
divided into four vertical divisions. The divisions are marked by small
tick marks at the left and right sides of the waveform display.

When the V/Div field is selected, a pop-up will appear which allows the
vertical sensitivity to be changed by turning the knob. See upper
pop-up in figure 23-2.

As the vertical sensitivity is changed, the signal expands and
compresses in both directions vertically from the center of the display.
When probe field is set to 10:1, the vertical sensitivity will change in a
1-2-5 sequence from 150 mV/div to 100 V/div.

Vertical sensitivity can also be entered from the keypad. A Numeric
Entry pop-up will appear when the first numeric key is touched. See
lower pop-up in figure 23-2,
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Figure 23-2. V/Div Entry Pop-ups

Any value from 150 mV/div to 100 V/div can be entered from the
keypad. The vertical sensitivity value can be set to the two most
significant digits. For example, if you entered a value of 154 mV, the
value would be rounded to 150 mV.
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The default value for the V/Div field is 1.5 V (TTL preset value).

g If acquisitions have been stopped, vertical sensitivity changes will not
Note be reflected on the waveform until RUN is touched and the next
acquisition is displayed.

Offset Field The Offset field is located on the right side of the top row of fields.
Offset is the voltage represented at the center vertical tick mark in the
waveform display, Offset is a dc voltage that is added or subtracted
from the input signal so that the waveform can be shown centered on
the waveform display.

When the Offset field is selected, a pop-up will appear and the offset
value of the chapnel selected n the Input field can be changed by
turning the knob. See the upper pop-up in figure 23-3.

As offset is changed, and after a run, the position of the waveform
moves up or down on the waveform display. Offset works similar to the
vertical position control of an analog vscilloscope, but offset is
calibrated.

Valid offset values can also be entered from the keypad. A Numeric
Entry pop-up will appear when the first numeric key is touched. See
the lower pop-up in figure 23-3.
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Figure 23-3. Offset Voltage Entry Pop-ups
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The default value for the Offset field is 2.5 V (TTL presct value).
Offset range and resolution is dependent on vertical sensitivity and
mput impedance., See table 23-1.

If acquisitions have been stopped, offset changes will not be reflected
on the waveform until RUN is touched and the next acquisition is
displayed.

The Probe field is located on the left side of the middle row of fields. It
sets the probe attenvation factor for the channel selected. The probe
attenuation factor can be s¢t from 1:1 to 1000:1 in increments of 1.
When the Probe field is selected, a pop-up will appear and the probe
attenuation factor can be changed by turning the knob. See the upper
pop-up in figure 23-4.

Probe attenuation can also be entered by using the keypad. An Integer
Entry pop-up will appear when the first key is touched. See the lower
pop-up in figure 23-4,
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Figure 23-4. Probe Attenuation Entry Pop-ups

When you select a probe attenuation factor, the actual sensitivity at the
input does not change; The voltage values used on the display (V/div,
offset, marker values, trigger level, automatic measurements) are
adjusted to reflect the attenuation factor.

The default value for the Probe field is 10:1 for 10:1 divider probes.
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Impedance Field

Preset Field
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The Impedance field is located in the middle of the middle row of
fields. It sets the input impedance for the channel selected. When the
Impedance field is selected, the input impedance will toggle between 1
MO (de) and 50 © (dc). No pop-up keypad is available for this field.
The default value for the Impedance field is 1 MOhm.

The Preset field is located on the right side of the middle row of fields.
It automatically sets offset, V/div, and trigger level values to properly
display TTL and ECL logic levels.

When you select the Preset field, a pop-up will appear as shown in
figure 23-5, Rotate the knob until the proper field is highlighted, then
touch the select key.
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Figure 23-5. Preset Field Pop-up

When you select TTL or ECL, the following values are set:

PRESET VALUE
PARAMETER ECL TTL
VDIV B@aMy 1.5
OFFSET -1.8V 2.5V
TRIG LEVEL -1. 388V 1.628Y

@1652M01

Tabie 23-1. Preset Value

When any of the values listed in table 23-1 are changed from the preset
value, the Preset field will change to User defined. If User is selected
from the pop-up, no values will be changed.

The defanlt value for the Preset field is TTL.
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Waveform This section will show you how to insert, modify, and delete input

Selection channels on the waveform display and how to perform waveform math
and overlay functions. Any of these operations can be performed from
any of the oscilloscope main menus.

The channel Iabel fields to the left of the waveform display shows the
input channels that are being displayed. Figure 23-6 shows the default
setting which displays CH 1 and CH 2 selected.
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Figure 23-6, Channe! Labe! Fields
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Waveform Set up the oscilloscope as described below. This instrument setup will
Selection Setu p be used throughout the remainder of this example.

Connecting the Equipment

Connect a BNC tee adapter and BNC cables to the oscilloscope as
shown below.
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Figure 23-7. Compensation Signal Hookup

Setting Up the Oscilloscope
1. Turn the power on to the instrument,

2. From the System Configuration menu, turn the oscilloscope on
and all analyzers off,

3. Touch CHAN key. From the default oscilloscope Channei menu,
make the following changes:

CH 1 Probe field to 1:1
CH 1 Impedance field to 50 Ohms
CH 2 Probe field to 1:1
CH 2 Impedance field to 50 Ohms
4. Select Autoscale and set to Continue.

5. Touch the TRIG key to display the Trigger menu.
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6. Select the Run mode ficld and toggle to Repetitive..

7. Select the Waveforms menu and toggle Connect dots field to On.
The displayed waveforms should now look like figure 23-8.
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Figure 23-8. Compenﬁation Signal Waveforms

Turning the The waveform selection defaults to Waveform on for channel 1 and
Waveforms On/Off channel 2.

1. Select the CH 1 input label. A waveform selection pop-up
appears as shown in figure 23-9,

Scope |- Mevefores
Herkers off l Dispiay Conrect mls
Sample perisd = |,000 ug
8/Div 200.0 us Detey sric art

Inaert wovsiorm
Havelnra an

MatiTy wavalsrm E
Mavelorm of {
Dafete wavaform f

2BV}

| :

Figure 23-9. Waveform Selection Pop-up menu
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2. With Waveform on, the channel 1 signal will be displaved in the
waveform display. Select Waveform off. Channel 1 signal is now
gone, and the channe] label has changed to -off-. See figure 23-10.
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Figure 23-10. Channel 1 Turned Off

3. To turn channel 1 waveform back on, select the channel label
field, then select Waveform on.

Insert/Delete  When a signal is inserted into the waveform display, its label field and

Waveforms waveform will always be displayed directly below the highlighted label
and corresponding waveform.

1. Select CH 1 label field, then select Insert waveform. A channel
mode pop-up will appear. See figure 23-11.
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Figure 23-11. Channel Mode Pop-up
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2. Select CH 2. Notice that the second CH 2 was inserted directly
below CH 1.

3. To delete CH 2 from the channel label list, select CH 2.

4, Select Delete waveform. CH 2 is now removed and you are back
to the start. '

Modify Waveforms When you modify a waveform, you select the channel label to be
modified and replace it with a selection from the chanpel mode pop-up.
1. Select CH 1 label field, then select Modify waveform.

2. Select CH 2 from the channel mode pop-up, then touch the RUN
key. Notice that CH 1 has been replaced with CH 2, Channel 2 is
now being displayed twice,

3. Select CH 2 label field (the same one just modified), then select
Modify waveform, :

4. Select CH 1 from the channel mode pop-up, then touch the RUN
key. Now you are back to the start,
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Overlay (C1,C2) What we have been displaying so far in this section are examples using
just single channels. These examples display a single input channel in
each waveform display.

Suppose you wanted to take the signal from CH 1 and compare it to the
signal from CH 2. The easiest way to do this would be to put both
waveforms on the same waveform display, or overlay the waveforms.

1. Select CH 1,then select Modify waveform, Select C1,C2, then
touch the RUN key. CH 2 is now overlayed on CH 1 in the top
waveform display.

2. Select the s/Div field and change the sweep speed to 5 ns/div.
This will allow us to see the overlayed waveforms easier. The
display should now look like the figure below.

ﬁ To get a better display of the two waveforms overlayed, use an extra
Note long cable on one of the inputs. This will delay one waveform.,
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Figure 23-12. Overlay Wavetform Display
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Waveform Math  Suppose vou wanted to take the signal from CH 2 and add it to or
(C1+ C2), (C1-C2) subtract it from the signal from CH 1. Let’s try subtracting CH 2 from
CH 1.

1. Select C1,C2 label field, then select Modify waveform.

2. Select C1-C2 field. With the s/Div still set at 5 ns, the waveform
display should look like the figure below.
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Figure 23-13. C1-C2 Waveform Display
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Timebase
Functions

Instrument Setup

HP 1652B/1653B
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The s/Div and Delay timebase functions control the horizontal display
on the oscilloscope. The Delay and s/Div fields are located in the
bottom row of fields and are displayed on all oscilloscope main menus.

The instrument should already be set up from the previous exercise. If
you need to reset the menu fields, refer to that exercise or select the
Autoscale field and set to Continue. Your screen should look like the
figure below.
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Figure 23-14. Compensation Signal Waveform
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s/Div Field The s/Div field sets the sweep speed or time scale on the horizontal axis
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of the display and is measured in seconds/division. The display is
divided into 10 horizontal divisions. The divisions are marked by small
tick marks at the top and bottom of the waveform display.

When the s/Div field is selected, a pop-up will appear and the sweep
speed of the channel selected in the Input field can be changed by
turning the knob. See the upper pop-up in figure 23-15,
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Figure 23-15. s/Div Entry Pop-ups

As the sweep speed is changed, the signal expands and compresses in
both directions from the center of the display. As you turn the knob,
the sweep speed changes in a 1-2-5 sequence from 5 ns/Divio 5 s/Div,

Sweep speed can also be entered from the Numeric Entry pop-up. The
pop-up will appear when the first numeric key is touched. See the
lower pop-up in figure 23-15,

Any value from 5 ns/Div to 5 s/Div can be enter from the keypad.
Sweep speed can be set to three-digit resolution. For example, if you
entered a value of 15.45 ns, the value would be rounded up to 15.5 ns.

HP 1652B/1653B
Front-Panel Reference




Zoom
(Acquisition
Stopped)

HP 1652B/1653B
Front-Panel Reference

At sweep speeds of 100 ms/div and slower, the time to acquire the 2048
sample points for acquisition memory is greater than 1 second.

At these sweep speeds the screen will display "Scope waiting for
prestore” when acquiring the 2048 sample points prior to the trigger
point or "Scope waiting for poststore” when acquiring the 2048 sample
points after the trigger point. These advisories let you know the
oscilloscope is still actively acquiring data.

The default value for the s/Div field 1s 10 us.

If acquisitions have been stopped, the oscilloscope uses the 2048
sample points stored in acquisition memory to display the new data on
screen when the sweep speed is changed. This function would normally
be used to zoom in or zoom out on a waveform acquired in Single
(single-shot) mode. Zooming either expands or compresses the
waveform horizontally and is changed by adjusting the s/Div field.

Zoom Example

Select the s/Div field and turn the knob to set the sweep speed to 200
us/Div, then touch the Stop Key to stop acquisitions. Now turn the
knob to change the sweep speed and notice how the acquired
waveform expands and compresses.
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Normally 300 points of the 2k waveform record is displayed on screen,
Change the sweep speed to 500 us/div. Now all 2k of the waveform
record is compressed and displayed on screen. See figure 23-16.
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Figure 23-16. Compressed Waveform

Now change the sweep speed to 2 us/Div. At 200 us/Div, 500 points
were displayed; at 2 us/Div, only 20 points are displayed. When the
waveform is expanded, the oscilloscope uses a reconstruction filter to
fill in the waveform points to provide a more useable display. When
used in conjunction with scrolling (see "Delay Field" paragraph),
zooming is very useful in displaying single-shot waveforms.
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Delay Field Delay time is the time offset before or after the trigger point on the

Scrolling
(Acquisition
Stopped)
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waveform and is always measured from the trigger point o the center
of the screen. The dotted line at the center of the display is the trigger
point. When delay time is zero, the trigger point is at the center of the
screen.

When the Delay field is selected, a pop-up will appear and the delay
time can be changed by turning the knob. Remember that the trigger
point is always delay time zero and is marked by the dotted line. When
the trigger point moves to the right side of the screen, the delay time is
negative. This means that what you are viewing at center screen is
before the trigger point and is referred to as negative time,

When the trigger point is moved to the left side of the screen, the delay
time is positive and what you are viewing at center screen is after the
trigger peint.

Delay time resolution is equal to 2% of the sweep speed setting when
using the knob, When using the pop-up keypad, resolution is 100 ps at
sweep speeds of 99.9 ns/Div and faster, and can be set to 4-digit
resolution at sweep speeds of 100 ns/div and slower,

If acquisitions have been stopped, the Delay field controls the portion
of the acquisition memory displayed on screen.

When acquisition has been stopped:

Pre-trigger delay range = delay time setting - (1024 X sample rate)
Post-trigger delay range = delay time setting + (1024 X sample
rate)

This means that one-half of data stored in acquisition memory is before
the delay time setting and one-balfl of the data in memory is after the
delay time setting.
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This function would normally be used to scroll through a waveform
acquired in Single (single-shot) mode. Scrolling allows you to view the
entire waveform record by adjusting the Delay field.

Scroll Example

Select the s/Div field and turn the knob to set the sweep speed to 200
us/div, then touch the Stop key to stop acquisitions. Select the Delay
field and turn the knob to change delay time (o approximately -1 ms,
As shown in figure 23-17, you are now looking at the beginning of the
waveform record. You can now scroll through the entire 2k waveform
record, both before and after the trigger point. When used in
copjunction with zooming (see "s/Div Field" paragraph), scrolling is
very useful in displaying single-shot waveforms.
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Figure 23-17. Scroll Begining of Waveform
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Autoscale Field
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The Autoscale field is located in the middle of the top row of fields in
all scope main menus except when the Markers field is set to Statistics,
When the Autoscale field is selected, a pop-up appears allowing you to
cancel or continue the antoscale. See figure 23-18.
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Figure 23-18. Autosc_ale Pop-up

1f you have inadvertently selected autoscale or wish to abort the
autoscale, select Cancel. If the Continue field is touched, the autoscale
function is started and the advisory Autoscale is in progress is
displayed. The oscilloscope automatically sets V/Div (vertical
sensitivity), channe] Offset, s/Div (sweep speed), and trigger Level so
that the input signals are displayed on screen. The oscilloscope checks
all vertical inputs and looks for the trigger on channel 1. The following
fields are changed when autoscale is complete:

Channel menu

scaled
scaled

T V/Div
Offset
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Trigger Menu

Mode Edge
Source set to lowest number input with signal present
Level scaled
Slope positive
Any menu
s/Div
Delay

When a Signal is Found

if a signal is found on any of the vertical inputs, the oscilloscope
determines the frequency of the signals and automatically scales the
vertical sensitivity, offset, sweep speed, and trigger level to display the
waveform on screen. The oscilloscope will normally display between 1
and 3 complete cycles of the waveform,

if a signal is present at more than one input, the trigger source is always
assigned to the signal input on channel 1. This input is also used to
scale the sweep speed. If only one vertical input has a signal present,
that signal is the trigger source.

If No Signal is Found

If no signal is found on any of the vertical inputs, the oscilloscope
displays the advisory No signal found, then displays Auto Triggered,
and the oscilloscope is placed in an auto-trigger mode. The
auto-trigger mode allows the oscilloscope to auto-sweep and display a
baseline anytime a trigger signal is not present.

Channel Menu HP 1652B/1653B
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Trigger Menu

24

Introduction The Trigger menu controls the selection of trigger modes for the
oscilloscope. The Trigger menu has two modes:
o Edge
o Immediate
The default Trigger menu is shown in figure 24-1.
TS ] Trigger ' Tt
node Source [ ZH 1} Run mode [ Sigie )
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Figure 24-1. Trigger SpeciHication Menu
T
Calibration

HP 1652B/16538
Front-Panel Reference

When the Calibration field is selected, a pop-up will appear showing
the calibration menu. Information on when and how {0 calibrale the
oscilloscope is found in Appendix D.
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Trigger Point The trigger point marker, is the dotted vertical line at the center of the

Marker waveform display. This dotted vertical fine, points to the place on the
waveform where the trigger source waveform or trigger condition
intersects. This point of intersection is where timebase delay is
referenced. This point represents a delay time of zero seconds. See
figure 24-2.

If delay time is set to greater than 5 times the sweep speed, the trigger
marker will be moved off screen.
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Figure 24-2. Trigger Point

Mode Field The Mode field is located on the left side of the top row of ficlds and
selects the trigger mode for the oscilloscope. When you select the
Mode field, it will toggle between Edge and Immediate.

The default selection for the Mode field is Edge.

Immediate Immediate trigger mode causes the oscilloscope to trigger by itself after
Trigger Mode the arming requirements are met. This can be used when a logic
analyzer arms the scope or another instrument arms the scope via the
BNC connector. The default Immediate trigger menu is shown in
figure 24-3,
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Figure 24-3. Immediate Trigger Mode Befault Menu

Armed by Field

The Armed by field is located on the right side of the bottom row of
ficlds. When selected, a pop-up will appear that is used to set any
arming requirements. See figure 24-4,
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Figure 24-4. Arming Selection Pop-up
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Run. If Run is selected in the Armed by field, the oscilloscope will be
in the free-run mode and the waveform display will not be
synchronized to a trigger point.

BNC Input. If BNC Input is selected, and the oscilloscope is in the
trigger Immediate mode, it triggers and synchronizes itself as soon as it
is armed by a signal from the External Trigger Input on the rear panel,

Machine 1 and 2. If Machine 1 or Machine 2 is selected, and the
oscilloscope is in the trigger Immediate mode, it triggers and
synchronizes itself as soon as it is armed by an internal signal from the
appropriate analyzer,

The default selection for the Armed by field is Run.
Edge Trigger Edge trigger is the type of triggering found in all oscilloscopes. In edge

Mode trigger mode the oscilloscope triggers at a specified voltage level on a
rising or falling edge of one of the input channels.

In this mode you can specify which input is the trigger source, set a
trigger level voltage, and specify which edge to trigger on.

Source Field

The trigger Source field is located in the middle of the top row of fields
and when selected, will toggle between channels 1 and 2.

The default selection for the Source field is channel 1,

Trigger Menu HP 1652B/1653B
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Level Field

The trigger voltage Level field is located on the left side of the middle
row of ficlds and is used to set the voltage level at which the trigger
source waveform crosses the trigger marker, When the Level field is
selected, a pop-up will appear which allows the trigger level to be
changed by turning the knob. See the upper pop-up in figure 24-5.

When the trigger level is changed, the waveform moves on the display
to maintain the {rigger point (where waveform edge crosses the trigger
level line). If the trigger level is set above or below the waveform,
trigger is lost and the waveform display will be unsynchronized.

The trigger level, when set with the knob, can be any voltage value

contained within the waveform display window in increments of 1% of
full scale vertical voltage range (V/Div X 4). For example, if full scale
voltage range were 500 mV, trigger level could be set in increments of
20 mV.

Trigger level can also be entered from the keypad. A Numeric Entry
pop-up will appear when the first key is touched. See the lower pop-up
in figure 24-5.
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Figure 24-5. Trigger Level Entry Pop-ups
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Since the trigger level range is limited by the voltage values set for the
waveform window, the voltage level range can be easily determined.
Turn the knob in both directions until the Level field reads minimum
and maximum voltage. These voltage values are the trigger level limits
of the waveform window.

The default value for the Level field is 1.62 V (TTL preset value).

Slope Fieid

The Slope field is located in the middle of the middle row of fields. It
selects which edge of the trigger source waveform the osciloscope will
trigger on. When Slope is selected, it will toggle between positive and
negative. :

The default selection for the Slope field is Positive,

Auto-Trig Field

The Auto-Trig field is located on the right side in the middle row of
fields. It lets you specify whether or not the acquisitions should wait for
the specified trigger condition to occur. When the Auto-Trig field is
touched, the field will toggle between On and Off.

On. When auto-trigger is set to on, the oscilloscope waits for
approximately 1 sec. for a trigger to occur. If a trigger does not occur
within that time, whatever is in the acquisition memory is displayed and
"Auto triggered" is displayed:

« if no signal is on the input, the oscilloscope will display a baseline.

o if there is a signal but the specified trigger condition has not been
met within 1 sec, the waveform display will not be synchronized to
a trigger point.

Off. When auto-trigger is set 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 "Waiting for Trigger” is
displayed.

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

The Run mode field is located on the right side of the top row of fields
and is displayed only when in the Trigger menu. This field controls
whether the oscilloscope performs a single acquisition or multiple
acquisitions. Single mode acquires a waveform on a single acquisition
and then stops running. Repetitive mode acquires a waveform a
multiple number of times and rebuilds the display after each
acquisition. Repetitive mode keeps running until the STOP key is
pressed. When powered on, the oscilloscope defaults to the Single
mode. There is no pop-up for this field. When selected, it simply
toggles between Single and Repetitive.

Single Mode Run. After the Run mode field is set to Single, you start
the oscilloscope running in the single-acquisition mode by pressing the
RUN key on the front panel. In this mode, the oscilloscope makes a
single acquisition, displays the results, then waits until the RUN key is
touched again before making another acquisition.

Repetitive Mede Run, After the Run mode field is set to Repetitive,
you start the oscilloscope running in the Repetitive (repetitive
single-shot) mode by pressing the RUN key on the front panel. In this
mode, the display is rebuilt each time a new acquisition is made. When
you want to stop making repetitive acquisitions, touch the STOP key on
the front panel. To resume making repetitive acquisitions, touch the
RUN key again.

!lC' Before a repetitive run can be executed, all analyzers must either be
Note J turned off, or they must have acquired data.

HP 1652B/1653B Trigger Menu
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25
Waveforms Menu

[

introduction The Waveforms menu controls how the oscilloscope displays the
waveforms. The waveforms may be displayed in normal, averaged, or
. accumulated mode. This menu also coutrols the connect-the-dots
display feature. The default Display menu is shown in figure 25-1.

Scope |~ Heveforss {_Autoscnie ) ( Buto-Heascre )
Harkars orf Bisplay Cenrect duls

Sample perisg = ——

200y 16 00 s Delay o st 5rid ort

'

Figure 25-1. Waveforms Display Menu

Scope Field The Scope field located in the upper left corner of the menu is used for
accessing the System Configuration menu, any assigned analyzers, and
the mixed mode display operation. More information on mixed mode
displays and the system configuration menu is found in the appropriate

chapters.
I
Auto-Measure Automatic parametric measurements are functions built into the
Field digitizing oscilloscope that make parametric measurements on a
displayed waveform.
HP 1652B/1653B Waveforms Menu
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The Auto-measure field is located in the upper right corner of the
Waveforms menu. When the Auto-measure field is selected, a pop-up

will appear that lists the parameters measured for the channel selected.
See Figure 25-2,

{sutoseate )

Havaf orms

} [ Sceps - Cauto-tieastirs )
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Input Automatic feasurements

Freg 0 Hz Pariad o s Yo.p Gy
Risetime 0 s Hideh 4 5 Prashool =3 4
Fai11ime 0 s ~Hidth g s Gversheot [

Auto-Measure Pop-up

Figure 25-2. Automatic Measurement Pop-up

The channel field , which is located in the upper right corner of the
pop-up, will toggle between channel 1 and channe! 2 when selected.
The default selection for this field is channel 1.

There are nine automatic measurements made from the data that is
displayed in the waveform display:

Period
Risetime
Falltime
Frequency
+ Width
-Width
Vp_p
Preshoot
Overshoot

Keep the following in mind when making measurements,

e At least one full cycle of the waveform with at least two like edges

must be displayed for Period and Freq measurements.

HP 16528/16538
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¢ A complele positive pulse must be displayed to make a + Width
measurement, and a complete negative pulse must be displayed
to make a -Width measurement,

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

Top and Base All measurements except Vp-p are calculated using the Vtop (100%

Voltages

HP 1652B/1653B
Front-Panel Reference

voltage) and Vbase (0% voltage) levels of the displayed waveform. The
Vtop and Vbase levels are determined from an occurrence density
histogram of the data points displayed on screen.

The digitizing oscilloscope displays 6-bit vertical voltage resolution.
This means the vertical display is divided up into 2 voltage levels.

Each of these 64 levels is calied a quantization level. Each waveform
has a minimum of 500 data points displayed horizontaily on screen.
Each of these data point sets have one quantization level assigned to it.
The histogram is calculated by adding the number of occurrences of
each guantization level of the displayed data point sets on the displayed
waveform.

The quantization level with the greatest number of occurrences in the
top half of the waveform corresponds to the Vtop level. The
quantization level with the greatest number of occurrences in the
bottom half of the waveform corresponds to the Vbase level.

If Viop and Vhase do not contain at least 5% of the minimum (500)
data points displayed on screen, Viop defaults to the maximum voltage
(Vmaximum) and Vbase defanlts to the minimum voltage (Vminimum)
found on the display. An example of this case would be measurements
made on sine or {friangle waves.

From this information the instrument can determined the 10, 50, and
90% points, which are used in most automatic measurements. The
Vtop or Vbase of the waveform is not necessarily the maximum or
minimum voltage present on the waveform. If a puise has a slight
amount of gvershoot, it would be wrong to select the highest peak of
the waveform as the top since the waveform normally rests below the
perturbation.

Waveforms Menu
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Automatic To demonstrate how to make automatic measurements, set up the
Measurement oscilloscope as described befow. This setup will be used throughout
Example the remainder of this section.
Connecting the Equipment

Connect a BNC tee adapter and BNC cables to the oscilloscope as

shown in figure 25-3.
BACK FRONT
VIEw VIEW

—

COMPENSAT ION
SIGNAL QUTPUT

® O

o
|
fwﬂ“}___d

BNC TEE

G1552001

Figure 25-3. Equipment Setup
Setting Up the Oscilloscope
1. Turn the instrument on.

2. From the System Configuration menu, turn the oscilloscope on
and all analyzers off.

3. Touch CHAN key and from the default Channel Specification
meny, make the following changes:

Input CH 1 Probe field to 1:1
Input CH 1 Impedance field to 50 Chms
Input CH 2 Probe field to 1:1
Input CH 2 Impedance field to 50 Ohms

4. Select Autoscale, then select Continue.

Waveforms Menu HP 1652B/1653B
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Rise Time
Measurement
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5. Touch the TRIG key and set the Run mode to Repetitive.

6. Select the Waveforms menu and toggle Connect dots field to on.
The displayed waveform should now look like figure 25-4.

Tt Lepyar {_hrtoscaie )
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Figure 25-4. Autoscaied Waveform

Risetime is measured on the positive-going edge of the waveform and is
the time it takes the waveform to transition between the 10% voltage
point and the 90% voltage point.

1. Select the s/Dhv field and change the sweep speed to 5 ns/div. The
expanded waveform should look like the figure below.
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Figure 25-5. Expanded Waveform
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Expanding the edge on the waveform will give more accurate results
because more data points on the rising edge will be displayed.

2. From the Waveforms menu select the Auto-Measure field. The
Risefime value is displayed in the Automatic Measurements
Histing pop-up.

Notice that Period, Falltime, Freq, + Width, and -Width listings are
blank. Because only the rising edge of the waveform is displayed, there
- is'insufficient data at this time to make these measurements.

3. Select Done, You are now back to the Waveform menu,

Fall Time Fall time is measured on the negative-going edge of the waveform and
Measurement is the time it takes the waveform to transition between the 90% voltage
point and 10% voltage point. You are currently displaying the
positive-going edge of the waveform, so you need to change it to the
negative-going edge.

4. Touch the TRIG key and toggle the Slope field in the Trigger
Specification menu to Negative. Notice the negative-going edge
of the waveform is now displayed as shown in figure 25-6.

5. Touch the Display key and select the Auto-Measure field in the
Waveforms menu. The Falltime value is now displayed in the
Automatic Measurement listing pop-up.

Eeose - Trigger
Mode Source Run meode ‘Raéetlliva
Level |~280.0 mY | Slape Negative | Auto-Trig{ Or
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—2500¥ |
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Figure 25-6. Negitive Edge Of Waveform

Waveforms Menu HP 1652B/16538B
25-6 Front-Panel Reference




6. Now measure the falltime on CH 2. Select the Input field in the
Automatic Measurement listing pop-up and toggle to CH 2,

7. All readings in the Automatic Measurement listing pop-up are

now for CH2. Falitime is now being measured on CH2.

VpP-p The peak-to-peak voltage measurement uses the maximum voltage and
Measurement the minimum voltage values found in the data displayed on screen.

Vp-p = Vmaximum - Vminimum

8. Notice the Vp_p measurement displayed in the Automatic
Measurements listing pop-up. This reading is for the channel
currently selected.

9. Select Done to exit the Automatic Measurements listing pop-up.
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Period and
Frequency
Measurements
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Period and Freq (frequency) measurements are made using the first
two like edges of an input displayed on screen. At least one full cycle
of the waveform must be displayed to make the measurements. If a full
cycle is not present, the Period and Freq measurements in the
auto-measure field will be blank. Period and Freq are measured using
the time (t) at the 509 level of the edges.

If the first edge on the display is rising then:

Period = trising edge 2 - rising edge 1
Freq = 1/(trising edge 2 - trising edge 1)

if the first edge on the display is falling then:

Period = tialling edge 2 - talling edge 1
Freq = 1/(tfalling edge 2 - tfalling edge 1)

Re-scale the waveform to display at least one full cycle of the
waveform, then make a Period and Freq measurement on CH 1.

1. From the Waveform menuy, select s/Div and change s/Div field to

100 us to display only one full cycle of the waveform. See figure
25-7.

2. Select Auto-Measure and notice the Period and Freq
measurements displayed in the Automatic Measurement listing

pop-up.
[ Sctope |- Mevaforms {Autoscate ) (Eilo=Hansurs 3
Harkars[__Off )} bispiey L _WNermal .  Connect dots[4n
Semple pericd * 1.000 us
YT Selay 1% 4 ns Grig
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Figure 25-7. One Full Cycle Waveform

HP 1652B/16538B
Front-Panel Reference




+Width and
-Width
Measurements
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+ Width (positive pulse width) and -Width (negative pulse width)
measurements are made using the time (t) at the 50% level of the
waveform edges. At least one positive-going edge followed by a
negative-going edge of the waveform must be present to make a

+ Width measurement and at least one negative-going edge followed
by a positive-going edge must be present to make a -Width
measurement. If these conditions are not present, the + Width and/or
-Width measurements in the auto-measure field will be blank.

If the first edge on the display is rising then:

+Width = tiafting edge 1 - trising edge 1
-Width = trising edge 2 - tfalling edge 1

If the first edge on the display is falling then:

+Width = tfatling edge 2 - trising edge 1
~Width = trising edge 1 - Ualling edge 1

3. Be sure the displayed waveform is at least one full cycle. If not,
touch TRIG key, then select s/Div. Change s/Div field to 100 us
to display only one full cycle of the waveform. See figure 25-7.

4 Touch Display key, then select Auto-Measure. The Period and
Freq measurements displayed in the Auto-measure listing pop-up
is for the channel selected.
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Preshoot and  Preshoot and Overshoot measure the perturbation on a waveform
Overshioot above or below the top and base voltages (see "Top and Base Voltages'
Measurements section earlier in this chapter). These measurements use all data

displayed on 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,

o

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

If the measured edge is rising then:
Preshoot = | ] X160
Vtop-base

Overshoot = I-Ymgfimﬂ:l—'—‘ﬁﬂﬂ] X 100
op-base

If the measured edge is falling then:

Preshoot = [Auasimum-VIOp 1y 190
Vtop-base

m&m@mlxlm

Overshoot = |
Vtop-base

Waveforms Menu HP 1652B/16538B
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Re-scale the waveform to display a rising edge, then make a Preshoot
and Overshoot measurement on CH 1.

1. Select s/Div and change s/Div ficld to 5 ns to display a rising edge
on the waveform. See figure 25-8.

2. Select Auto-Measure. Notice the Preshoot and Overshoot
measurements displayed in the Automatic Measurement listing
pop-up.

-» Hatvel orms { Rutoscaie ) (Auto-teasure ) 3
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Figure 25-8. Rising Edge on Waveform
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Marker In addition to automatic parametric measurements, the oscilloscope
Measurements also has two markers for making time and voltage measurements either
manually {Time} or automatically (Search).

To demonstrate how to make marker measurements, connect the
oscilloscope as shown in figure 25-3 and reset the oscilloscope as
described below.,

1. Turn the instrument on.

2. From the System Configuration menu, turn the oscilloscope on
and all analyzers off.

3. Touch CHAN key, then from the default Channel Specification
menu, make the following changes:

Input CH 1 Probe field to 1:1
Input CH 1 Impedance field to 50 Ohms
Input CH 2 Probe field to 1:1
Input CH 2 Impedance field to 50 Ohms

4. Select Autoscale, then select Continue.

Waveforms Menu HP 1652B/1653B
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5. Touch the TRIG key and set the Run mode to Repetitive.

6. Select the Waveforms menu and toggle Connect dots field to on.
The displayed waveform should now look like figure 25-9.
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Figure 25-9. Marker Measurement Setup Display

Markers Field

In the Waveforms menu, the Markers ficld is located on the left side of

the top row of fields, and can only be accessed from the Oscilloscope’s
Waveforms menu. When the Markers field is selected, a pop-up
appears as shown in figure 25-10.

Marker field pop-up

HP 1652B/1653B
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Figure 25-10. Markers Field Pop-up
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Sample Period
Display
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Time

The defanlt selection for the Markers field is Off.

Any time the Markers field is Off, the sample period of the acquired
waveform is displayed directly below the markers field. A 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.

When the Time field is selected from the Markers pop-up, the
Sample period = __ disappears and a new middle row of fields appear
in the Waveforms menu, See figure 25-11,

Scoge (- Havefsrms (aulgseale ) (hulo-ftessure )
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Figure 25-11, Time Markers Field Pop-up
Xto O Field

The X to O field is located on the left side of the middle row of fields
and displays the time (delta time) between the X marker and the O
marker. When the X to O field is selected, turning the knob will move
both the X and the O marker 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 movement of the X and O markers,

HP 16528/1653B
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The value in the X to O field can be changed by changing the Trig to X
or Trig to O values, or by changing the X to O value from the pop-up.
The knob entry pop-up will appear when you select the X to O field.

When the time value of X to O is changed using the knob, half the
difference of the new value and old value is subtracted from the X
marker and half is added to the O marker.

Trig to X Field

The Trig to X field is located in the middie of the middle row of fields.
The X marker is shown on the waveform display as a dotted line with
an X above it. The time displayed in the Trig to X field is measured
from the trigger point to the X marker. The trigger point is marked
with a dotted line on the waveform display and is always time 0,

When the Trig to X field is selected, the time value can be changed by
turning the knob or by entering a time value from the Numeric Entry
pop-up. The Numeric Entry pop-up will appear when any key is
touched on the keypad.

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

Trig to O Field

The Trig to O field is located on the right side of the middle row of
ficlds. The O marker is shown on the waveform display as a dotted line
with an O above it. The time displayed in the Trig to O field is
measured from the trigger point to the O marker.

When the Trig to O field is selected, the time value can be changed by
turning the knob or by entering a time value from the Numeric Entry
pop-up. The pop-up will appear when any key is touched on the keypad.

Resolution for Trig to O time values is 2% of the sweep speed setting,
The default value for the Trigto O field is O s.
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Search When Search is selected from the Markers field, a new middle row of
fields and the Specify Search Markers field will appear. See figure
25-12,
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Figure 28-12. Search fields

Specify Search The Specify Search Markers field is located in the upper right corner
Markers of the Waveforms menu. When selected, a Search Markers pop-up will
appear, After Search Markers criteria is set, the X and O markers will
be positioned on the waveform, as specifed, with voltage values
displayed below the waveform label. See figure 25-13.
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Figure 25-13. Search Markers Pop-up

Waveforms Menu HP 1652B/1653B
25-16 Froni-Pane! Reference




HP 1652B/1653B
Front-Panel Reference

Type markers

When the Type markers field is selected, it will toggle between Percent
and Absolute.

The Percent type setting is for 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 typically not the same as the peak-to-peak value.
The oscilloscope determines the top and base voltages by finding the
flattest portions of the top and bottom of the waveform. See figure
25-14. 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 voltage found on the waveform.

The Absolute type allows you to set an exact voltage level to the X or

O marker.
—f__- NN ¥ W —— §-V {2y T0R

. 4V (TOP-BASE)
i —e = oY ) e
54111 /m 81

Figure 25-14. Top And Base Levels

X-Marker set on
O-Marker set on

The X-O Marker set on__field assigns an input waveform (CH1 or
CHZ) to the X or O marker. When you select this field, the field will
toggle between the waveform sources.

The defanlt selection for the Marker set on___ficld is CH1.
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at the ____ level

When the type marker is set to Percent, the at the___level field sets the
X or O marker to a percentage level (from 10% to 90%) of the
top-base voltage. When the type marker is set to Absolute, you can set
the marker to an exact voltage level, :

The Percentage or Absolute voltage can be changed by turning the
knob or by entering a value from the keypad. Percent values from 10%

© to 90% in increments of 1% can be entered. Absolute voltage values

can be entered in increments of 6 mV. The Percent default value for
the at the __ level field is 50%. The Absolute default value for the at
the __ tevel ficldisO V.

with ___ slope.

The with___ slope field sets the X or O marker on either the positive or
negative edge of the selected occurrence of a waveform. When the
slope field is selected, the slope will toggle between Positive and
Negative. The default selection for the Slope field is Paositive,

Stop measurement when X-0

This field lets you set up a stop condition for the time interval between
the X marker and O marker. When this field is selected, a pop-up will
appear as shown in figure 25-15.

The default selection for the Stop measurement when X-O field is Off.
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Figure 25-15. Stop Measurement Pop-up
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Stop time field

Keypad entry pop-up
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Less than

When the Less than field is selected from the pop-up, a time value held

appears to

L]

the right of the Less than field. See figure 25-16.
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Figure 25-16. Stop Measurement Time Field

When the time value field is selected, the time value can be entered by

the keypad

. See figure 25-17.
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Figure 25-17. Stop Measurement Time Numeric Entry
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The keypad will appear when you touch any key. The knob is used to
set the scale. When using the keypad, resolution is 10 ns at times up to
99.99 ns and can be set to 5-digit resolution for other times up to 100
Megaseconds. Positive times would be used when the X marker is
displayed before the O marker, and negative times would be used when
the O marker is displayed before the X marker.

When Less Than is selected, the oscilloscope will run until the X-O
time interval is less than the value entered for the Less Than time field.
When the condition is met, the oscilloscope will stop acquisitions and
display the message "Stop condition satisfied.”

Greater than

When the Greater than field is selected from the pop-up, a time value
field appears to the right of the Greater Than ficld. When the time
value field is selected, the time and scale can be entered the same as for
the Less Than field,

When Greater Than is selected, the oscilloscope will run until the X-O
time interval is greater than the value entered for the Greater Than
time field. When the condition is met, the oscilloscope will stop
acquisitions and display Stop condition satisfied.
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Time range fields
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Inrange __to___

When the In range__to___field is selected from the pop-up, two time
value fields appear next to the In range field. See figure 25-18. The time
range for the stop condition is entered using the keypad. When either
time value field is selected, the time value can be entered the same as
for the Less Than field. Default values for In range__to__ is 10 ns.

When In range___to__is selected, the oscilloscope will run until the
X-0 time interval is in the range of the time values entered for the In
range__to__ time fields. When the condition is met, the oscilloscope
will stop acquisitions and display Stop condition satisfied.
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Figure 25-18. Range Fields

Notinrange ___to

When the Not in range___to___ field is selected from the pop-up, two
time value fields appear next to the Not In Range field. The time range
for the stop condition is entered in these time fields. When either time
value field is selected, the time can be entered the same as for the Less
Than field.

When Not In range__to___is selected, the oscilloscope will run until
the X-O time interval is not in the range of the time values entered for
the Not in range___to___time fields. When the condition is met, the
oscilloscope will stop acquisitions and display Stop condition satisfied.

Default valnes for these fields are 10 ns.
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start
O-pattern _ from
start
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Store exception to disk

When the Store exception to disk: ficld is on, any time the Stop
measurement when X-O criterion is met, the measurement is stored to
a file on disk. You can designate a File name and add a File
description by selecting those fields and using the Alpha Entry pop-up.
After the measurement is stored, the acquisition cycle continues. If the
disk is write protected, a notice is displayed and the acquisition cycle is
stopped. If the Stop measurement when X-O field is off, the Store
exception to disk: function is disabled.

The X and O pattern__ from start field sets the X or Q) markers on a
specific occurrence of a edge on the waveform. The edge may be the
ist displayed up to the 1024th displayed. The count of edge
occurrences is made starting with the first edge displayed on screen,
either partial or foil.

Auto-marker measurements are made with data that is displayed on
screen, Make sure the data of interest is fully displayed on screen, For
example, if only part of a positive edge is displayed, the 0% point and
100%-point of the edge is calculated from what is actually displaved on
screen, This could cause measurement errors.

When the X or O pattern__ from start field is selected, the occurrence
can be changed by turning the knob or by entering a new value from the
pop-up keypad. The keypad will appear when you make the first entry
on the keypad. Any number from 1 to 1024 in increments of 1 can be
entered.

The default value for the pattern__ from start Qccur field is 1.
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Statistics The last field in the Markers pop-up shown in figure 25-10 is Statistics.
When Statistics is selected from the Markers field, a new middle row of
fields appear. See figure 25-19.

i Geope - Waveforms vetid runs: Z a7 7
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Figure 25-19. Statistics Fields

The Statistics ficld allows you to make minimum, maximam, and mean
time interval measurements from marker X to marker O,

Minimum, maximum, and mean (average) X-O marker time interval
data 1s accumnulated and displayed until one of the following happens:

1. Autoscale is executed.

2. Anto-marker parameters are changed.
3. Statistics is set to Off.

4, Repetitive Run mode is stopped.

The default for the Min, Max, and Mean fields is 0 s,
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]
Search Marker The following example will show how to make an antomatic marker

Measurement measurement using the Search markers. We will set the markers to
E make an X-O marker measurement on the CH 1 and CH 2 input
xample waveforms, We want to measure the time between the falling edge of

the 2nd displayed pulse on CH 1 to the rising edge of the 5th displayed
pulse on CH 2. We'll perform the measurement from the 10% point on
CH1 to the 90% point on CH 2.

Connecting the Equipment

Connect the equipment as shown in figure 25-20,

;]:‘ An extra long BNC cable is used on channel 2 so the signal is delayed.
Note wd

HACK FRONY
VIEW VIEW
1
—
COMPENSATION

STGNAL QUTPUT

g

i
GreszE s ’—l

BRNC TEE
EXTRA LONG CABLE

Figure 25-26. Equipment Setup For Search Marker Example

Making the Measurement

1. In the Waveforms menu, select Markers field. When the pop-up
appears, select the Search field. With Markers set to Search, two
new fields will appear: X-pattern___from start, and O-pattern
from start. Set the X-pattern to 2, and the O-pattern to 5, Set the
s/Div to 500 us. See figure 25-21.

Waveforms Menu HP 1652B/1653B
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Figure 25-21. Search Markers Menu

as shown in figure 25-22.
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Scape ie Wavelorus {Autoscaie ) { Specify Markers )
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O-Harker sel on at the [ goa | tavel with
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Figure 25-22. Specify Search Markers Pop-up

2. Select Specify Search Markers. Set the Search Markers pop-up

Waveforms Menu
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3. Select the Done field to return to the waveform display.

The X marker is on the falling edge of the 2nd displayed pulse and the
QO marker is on the rising edge of the 5th displayed pulse. See figure
25-23.

Scope - Waveforms {nuiosente ) CEpeciTy Taraars ) |
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Figure 25-23. Search Marker Measurement Waveform

4. Select the Markers field and switch from Search to Statistics.
Notice the statistical minimum, maximum, and mean time interval
measurements between the X and the O markers are also
displayed. The voltage measurements of where the markers
intersect the waveforms are displayed under the CH 1 and CH 2
channel labels.

5. Select the Delay field, and turn the knob. Notice that as the
waveform is moved across the display, the X and O markers also
move to the edges specified in the Search Markers pop-up menu.

6. Set the Delay time back to 0 5.

Waveforms Menu HP 1652B/1653B
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Now let’s use the Stop measorement when X-0 feature for an X-O
measurement,

1. Select the s/Div field and turn the knob to change the sweep
speed to 5 ns.

2. Select the Markers field and select Search from the pop-up.

3. Set X-pattern and O-pattern to 1 from start.

4, Select Specify Search Markers and set Pop-up as shown in figure
25-24,

- Mavif sries {Autoscate ) (Specify Marxers )
[T jeptranned

Merkersi  Sasrch Dispisy Normat CLonoect dutst G0
i .

Sesrch Markers

Har kar Type Parcent |

X-fiarxer set on 21 the 50% tevel with

sTope.
O~Herker sel on al the B fevel Wwith

L Positive stuge.
Step maasuremanl when X—G

Stlore exception 1o disk: (0f* -

Figure 25-24. Specify Search Markers Pop-up

5. Select Stop measurement when X-O and select Less Than from

the pop-up.
6. Select the time ficld next to the Less Than field. Set the time
field to 10 ns.
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7. The Specify Search Markers pop-up now looks like figure 25-25,

R
- Haveforms (fuiesenle 3 { Specily Mearkers )
Markers | Sasrch Dyspiny m‘@ Cannect dutsi_—gi]
| Sesrch Harxers

tarker Type “Fercent |

X-derxer set on et ihz tevel with

N [Fesriive] siove.

D-Herker set en [Ca 2] &t the tevel with
siage.

Siop measurement when ¥-0 [ Legs than [ 0.0 nsi

Stere exception to disk: [Gf7}

Figure 25-25. Stop Measurement Less than Setup

8. Select the Done field to return to the waveform display. The

display now looks like figure 25-26.
o

Scape |« #aveloras (Auiagscale ) { Specifg Merkers )
HMarkers| _Sebrth Dispiay f Normei Copnect dots| Gn |
s—pattern [T} from atart g-pattern [ 1] from start
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x o

“200mY
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Figure 25-26. Waveform Display

The time interval from X-O in this example is 6.5 ns. Your results may
be different because of the different length of BNC cable used to delay
channel 2. The oscilloscope was instructed to run until the time
interval was less than 5 ns. When the stop condition was satisfied, the
oscilloscope stops acquisition and displays the advisory "Stop rus
criteria met - run stopped.”

HP 1652B/1653B
Front-Panel Reference




Display Field

~ Display mode pop-up

Normal Mode

HP 1652B/1653B
Front-Pane! Reference

The Display field is located in the middle of the top row of ficlds.
When this field is selected, a pop-up appears as shown in figure 25-27,
The selections in this pop-up determine how waveform information is
displayed.

(_Autosceie ) (ED1B=Hensurs J ]
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Figure 25-27. Display Field Pop-up

The default selection for the Mode field is Normal.,

In Normal mode, the oscilloscope acquires waveform data and then
displays the waveform. When the oscilloscope makes a new
acquisition, the previously acquired waveform is erased from the
display and replaced by the newly acquired waveform.

Waveforms Menu
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Average Mode

AVG# field

Integer selection list pop-up

Wavelorms Menu
25-30

In Average mode, the oscilloscope averages the data points on the
waveforms with previously acquired data. Averaging helps eliminate
random noise from your displayed waveforms. When the Average field
is selected from the Display mode pop-up, an integer field appears to
the right of the AVG# field. When this Average integer field is
selected, an integer selection list pop-up appears, listing all possible
average selections.

- Mavef ores {futoscais ) ( fulo-Heasure )
narkers{__8f1 | -pispiag [ aveu] 2 i connect dots{0n ]
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Figure 25-28. Average Integer Entry Pop-up

The number of averages can be changed by turning the knob to
position the cursor over the integer you want and pressing the
SELECT key.

As an example, assume the Average integer field is set to 16. Ifthe
Run mode is set to Repetitive, the oscilloscope will immediately start
acquiring waveform data and average them together. When the initial
16 waveforms have been acquired, the oscilloscope will momentarily
display the advisory "Number of averages have been met”. Once the
initial 16 waveforms have been acquired, the oscilloscope will only
average the last 16 waveforms acquired; all other data will be discarded.

1f the Run mode is set to Single, an acquisition is not made until the
Run field has been selected. If Average # is set to 16, as in the
previous example, the message "Number of averages have been met"
would not be displayed unti! Run has been selected 16 times.
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To exit the Average mode, select the AVG# field next to the Average
Integer field. The default value for the Average # field is 8.

Accumulate Mode

In Accumulate mode, the oscilloscope accumulates all waveform
acquisitions on 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 unti! the waveform is adjusted by a control that causes the
display to change, such as s/Div or V/Div,

L

Connect Dots The Connect dots field is located on the right side of the top row of

Field fields, When Connect dots field is selected, it will toggle between on
and off. '

When Connect dots is On, each displaved dot will be connected to the
adjacent dot by a straight line, A waveform with Connect Dots set to
On, will be well defined and easier to see.

‘The default setting for the Connect dots field is Off.

Grid When the Grid field is selected, it will toggle between on and off.
When the grid is turned on, the major divisions for both time and
voltage will be marked with dotted lines.

HP 18652B/1653B Waveforms Menu
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Mixed Mode Displays

introduction

Mixed Mode field

HP 1652B/53B
Front-Panei Reference

This chapter explains mixed mode displays for:

timing/state
state/state
timing/scope
state/timing/scope

The Mixed Mode waveform display will display all of the above
mentioned combinations. The main menu and field definitions for each
individual type of display is explained in their respective chapters.
Only the unique functions and features of the mixed mode displays are
given here.

The Mixed Mode field is located in the same pop-up that is used to
access the System Configuration menu, analyzers and the scope. See
figure 26-1. The Mixed Mode field will only be available from the
Waveform and Listing menus,

Before mixed mode displays can be displayed, the appropriate

. analyzers and/or scope must be turned on and the appropriate

channels or pod bits assigned.

ﬁngﬂirtl:ml - Wavetarms {Rutoscaie ) { Auin«Heasurs ¥
FRACHINE 3 L0017 1 pisprey [ Normal | Connert cots[ G7E}
Hixec Hodeliod = 106.0 ns

scepe FG6 U5l Deiay Grig ore

h Y

T

Mixed Mode field pop-up

Figure 26-1. Mixed Mode Fieid
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Tiﬂ'liﬂg / State When both timing and state analyzers are on you can display both the
Mixed Mode State Listing and the Timing Waveforms simultaneously as shown in
figure 26-2.

Display

The data ir both parts of the display can be time-correlated as long as
Count (State Trace menu) is set to Time.

T T
Iivat Foge]= Display INIT - State Listing
Lepel v EBBETTTYTTUERTR )i ETEY ¥ ime
Exse Hex | Symbo! K Sumho} |~ Rel
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State dlsplay _— 0557 OUT TO P MEMORY WRITE 1.48 us
+0007 0556 AQVE HEHGRY READ 2.00 usg
+0008 0859 DECR HENGRY READ 1,52 us
+000% 0543 DECR HEMDRY READ 1.48 us
PORTS ~ timing Maveforas ¥ to Trigger 0%
Time/biv | 10.00 us | Delay | 2 sl 010 Trigger

1]

Timing display — 8 ———

—
m“ i
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Figure 26-2. Timing/State Mixed Mode Display

The markers for the State Listing and the Timing Waveform in time-
correlated Mixed Mode are different from the markers in the
individual displays. You will need to place the markers on your points
of interest in the time-correlated Mixed Mode even though you have
placed them in the individual displays.
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State/State
Mixed Mode
Display

HP 1652B/538
Froni-Panel Reference

When two state analyzers are on, the logic analyzer will display both
state listings as shown below. Data from state machine 1 is the data
with the normal memory location columns filled and with normal black
on white video. State machine 2 data is interlaced and displayed in
inverse video (white on black). Its memory locations are offset to the
right in a column.
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Figure 26-3. State/State Mixed Mode Display

To time-correlate data from two state machines, you must set the

Count (State Trace menu) for both machines to Time.

The markers for a State/State time-correlated Mixed Mode will be the
same as the markers placed in each of the individual State Listings.
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Ti ming/ Sco pe When the timing analyzer and the oscilioscope are both on, you can
Mixed Mode display both the timing waveform and oscilloscope waveform
Disp lay simultaneously as shown below.

EORTE ~ Timing Waveforms
Markers Time ¥ to Trig | 0.8 [Iime x to D 4.600 us

Accumuinte [Ofr 19 to 7rig [ 4.600 us ; st [X Herker] [LINPT
timespre [ 16,00 g5 ] Deiay o5 Y

T
Scope display —————es | 20V

Timing display ———ss

Figure 26-4. Timing/Scope Mixed Mode Display

Arming the Oscilloscope

Both the state and timing analyzers can arm the oscilloscope. However,
to display scope and timing waveforms together in the same display,
one (either scope or timing) must arm the other. In addition, after
proper arming, the scope and timing waveforms can be time-correlated
by setting the scope to trigger Immediately.

From the Trigger Specification menu, select the Armed by field. A
pop-up will appear with all the arming choices. Select the analyzer
machine which you have assign as the timing analyzer in the System
Configuration menu. For more information see the chapter "Trigger
Menu".
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Displaying Timing Waveforms

After the oscilloscope has been armed by the timing analyzer, the pods
can be assigned and accompanying waveforms displayed in the
oscioscope waveform display. To setup mixed mode display in the
oscilloscope waveforms display, follow the steps below:

1. From the waveforms display menu, select a channel label.
Remember that the inseried waveform will be placed directly
below the label vou choose,

2. From the waveform selection pop-up shown in figure 26-5, select
Insert waveform field.
[ Scope ]« Mavatorms Chutoseate ) (hute-Heasurs )

rarkersl  OF1 ! obtsprey [ Hormel | Connect daots

Semple pertod = 100.¢ as
g/D1v | 1,00 us Deiay [ Grid [iIE}

o T

x
50V {

by e ora

Waveform selection —— o
pop-up

Dejete wavefprm

Figure 26-5. Waveiform Label Pop-up

3. Since the timing analyzer machine is arming the oscilloscope,
another pop-up will appear as shown in figure 26-6 that gives you
a choice of Scope or Timing. Select Timing.
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Label type pop-up

Pod label

Mixed Mode Dispiays
26-6
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Figure 26-6. Label Type Pop-up

4, A field labeled POD 1 will appear as shown in figure 26-7.

{ Autoscela ) (Calibratian )

swerce  [EE ] Run moge

Figure 26-7. Pod Label Field

5. Touch the Select key again and POD 1 will be inserted.

6. Each pod that is inserted, will have the bit number incremented by
one, starting from "00". To modify the bit number, select the Bit
select field which is just to the nght of the Pod number. See the
Bit selection field in figure 26-8.
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7. When the Bit select pop-up appears, enter the bit number you
want by rotating the knob or by using the keypad. The keypad will
appear when the first key is touched. See figure 26-8.

» Triggsr (Calmralinn ]
Bit salect
T fuh mode W
Level . 2 auw—Trlg
$/01v 10.00 us Armed by @CHINE 1 f
ARG Y Int-utr Entru Dcne

Knob bit entry pop-up

Keypad bit entry pop-up

Bit select field

Figure 26-8. Knob And Keypad Entry Pop-ups

The markers for the oscilloscope in time-correlated Mixed Mode are
different from the markers in the individual waveforms display. You
will need to place the markers on your points of interest in the
time-correlated Mixed Mode even though you have placed them in the
individual displays.
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L
State/Timing
And Scope
Mixed Mode
Display

When the state analyzer, timing analyzer and the oscilloscope are all
on, you can display both analyzer waveforms and the oscilloscope
waveforms simultaneously as shown below,
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Figure 26-9. State/Timing/Scope Mixed Mode Display

The arming requirements for the oscilloscope are the same as in
timing/scope mixed maode displays.

The procedure for inserting waveforms in the timing waveforms display
is the same as in timing/scope mixed mode displays.

The markers for the state analyzer, timing analyzer and oscilloscope in
time-correlated Mixed Mode are different from the markers in the
individual waveforms and listing displays. You will need to place the
markers on your points of interest in the time-correlated Mixed Mode
even though you have placed them in the individual displays

Mixed Mode Displays
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Time-Correlated
Displays

HP 1652B/53B
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The HP1652B/1653B Logic Analyzers can time-correlate data between
the timing analyzer and the state analyzer {see Timing/State Mixed
Mode Display) between two state analyzers (see State/State Mixed
Mode Display) and between the state analyzer, the timing analyzer and
the scope {see State/Timing And Scope Mixed Mode Display).

The logic analyzer uses a counter to keep track of the time between the
triggering of one analyzer and the triggering of the second. It uses this
count in the mixed mode displays to reconstruct time-correlated data.

To summarize time-correlation between the different displays,
remember the following,

To time-correlate the state analyzer dispiay to the timing analyzer
display, arm the timing analyzer with the state analyzer, then set the
state analyzer count mode to Time.

Then, to add the scope display, arm the scope with the timing analyzer
and set the scope to trigger Immediate.

Mixed Mode Displays
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Timing/State/Oscilloscope
Measurement Example

introduction

Problem Solving

In this chapter you will learn how to use the timing analyzer, state
analyzer, and oscilloscope interactively by setting up the logic analyzer
menus to simulate the process of making a measurement. We will give
you the measurement results, as actually measared by the logic
analyzer, since you will not have the exact same circuit available.

This measurement example uses an HP 1652B (five pods). The steps
for setting up the analyzer menus are ordered in a manner you would
natually take if you were actually troubleshooting this problem.

Since you've already had some practice at setting up both the timing
and state analyzers in previous examples, you should be able to setup
the analyzer menus by looking at the pictures. If you can set up each
menu by just looking at the menu pictures, go ahead and do so. If you
need a reminder of what steps to perform, follow the numbered steps.

In this example assume you have a microprocessor-controlled circuit

with the Timi ng / that sequentially accesses ﬁ\‘fe ports and reports bz%ck any that do not
respond correctly. After power-up, the system indicates that two of the
State/ Scope ports are not responding, The block diagram shown below helps to
Analyzer illustrate the system under test and it’s problem.
ACCESS ORDER PORTS gLt RESPONSE BACK TG CPU
228l oureuT port | SO
SYSTEM ' ‘ :> T Rkt
CRU RO 39 oigeLay porT | ERISE THESE TWO SIGNALS
H [ AREL MISSING.
[rmm——_—TTTTTTTT L
gl KEVBOARD SCAN PORT i LSCAN W

Jasaommm————
oo 2L e KE YBOARD LKEYED -
L f a1552866

HP 16528/1653B

Front-Panel Reference

Figure 27-1. System Under Test With Problem

Timing/State/Scope Measurement Exampie
27-1




What Am | The circuit under test is actually hardware being controlled by
Going to firmware. The code stored in the system ROM (Read Only Memory)

P could be faulty, or there could be a hardware problem, such as a bad
Measure? 1C or shorts/opens on the PC board.

Your measurement should verify the following:

» Whether the code in system ROM is correct.
+« Whether the ICs are functioning properly.
+ Whether any board shorts/opens exist.

Before vou begin your troubleshooting process, vou should recognize
the strengths of your tools.

1. Your state analyzer can look at the actual code in ROM that
controls the circuit operation. In addition, you can use the state
analyzer to control (through arming and triggering) the starting
point of all other measurements.

2. Your timing analyzer can verify the hardware has correctly
translated the code in ROM into the five sequential enable signals
with the required timing relationships,

3. Your oscilloscope can then look at any signal lines for closer
examination of such thing as noise, spikes, slow pulse transitions,
signal amplitude, and any open or shorted conditions,

The measarement sequence should follow the same order. First verify
the system code (state analyzer), then look at the relationships
between multiple signals (timing analyzer), then take a closer look at
any unusual looking signal lines for the final analysis (escilloscope).

Timing/State/Scope Measurement Examgple HP 1652B/16538
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How Do |
Configure the
Logic Analyzer?

HP 1652B/16538
Front-Panel Reference

The first part of your measurement is to verify that all 5 ports are
initialized by the software in the power-up mitialization routine. To do
this, you will configure the logic analyzer as a state analyzer.

Configure the System Configuration menu as shown below, so Analyzer
1 is a state analyzer. For this example, the label INIT was chosen for
vou to discribe the INITialization routine.

System Configuration 1
Rnalyzer 1 fnalyzer 2 dsciilescope
Name :
reper CEEE | | Teee:
Unassxgneu Rnalgzer
odE
{ Fog | i { Poc & : ( FoL I ]
I H 1
- | I W ) I O

1 Fog 2 Fod &

Figure 27-2. Set System Configuration Menu

1. Select Type field in Analyzer 1.
2. Select the State field.

3. Select Pod 2 field and assign it to Analyzer 1.

Timing/Staie/Scope Measurement Example
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L
Configuring the
State Analyzer

Now that you have configured the system, you are ready to configure
the state analyzer, Set the State Format Specification menu as shown in
figure 27-3. For this example, the labels ADDR, DATA, and STAT are

chosen for you to describe address lines, data lines and CPU status.

[IRET - stale Formei $pecificatien (Specity Symbois )
Clock
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[STAT + e i S
~0f 1~
T
—(7§=
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ETiE Bit Assignment Fields
TS
~0ii- :

N “

Figure 27-3. Configure the State Format Menu

. Press FORMAT key on front panel.

. Select Pod 2 {(ADDR) bit assignment field and turn bits 0 through
15 on. These are the address lines.

. Select Pod 1 (DATA) bit assignment field and turn bits 0 through

7 on. These are the data lines.

4. Select Pod 1 {(STAT) bit assignment field and {urn bit 8 on, This is

the CPU Read/Write line.

Timing/State/Scope Measurement Example
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You want the state analyzer to trigger and start storing states when it
encounters the begining of the initialization routine. This happens at
the specific state (0550). To accomplish this, configure the State Trace
Specification menu as shown below.

[fNIT__ ]~ Stale Trace Specificstior
Trece made| _Eingle
Sequence Levels Armed by
Hnile storing ” ony stele” un
Trigger on “a” t times
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¢ | [exxX Jispsoiute wxmxxxxxlfansciute x]
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Figure 27-4. Configure the State Trace Menu

1. Press TRACE key on front panel.

2. Select the pattern ficld and insert the address you want the
analyzer to trigger on (0550).
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Connecting the

At this point, if you had a target system, you would connect the logic

Probes analyzer to your system. Since we have assigned labels ADDR, DATA
and STAT, you would connect the probes to your system accordingly.
Pod 1 probes 0 through 7 to the data bus lines DO through D7
Pod 1 probe 9 to the CPU Read/Write control line
s Pod 2 probes O through 15 to the address bus lines A0 through
AlS
T
ACQUi ring the You have configured the State Trace Specification menu to start
Data acquiring data when the microprocessor sends address 0550 on the bus,

]
2
Noie "‘é

When you press the RUN key, the state analyzer waits until it sees
address 0550, then triggers itself, and completes the state data
acquisition. The display will then switch automatically to the State
Listing menu,

We have assigned symbols for DATA and STAT in the State Listing
display for you to better illustrate where the routine executes a memory
write to the output ports.

example: 0550 OUTTOP MEMORY WRITE

Timing/State/Scope Measurement Example HP 1652B/1653B
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Finding the
Problem

HP 1652B/16538
Front-Panel Reference

You look at the state listing mean to see what the data is in states

+ 0000 through + 0013, These are the first stored states after trigger.

You know vour routine has five "OUT TO PORT" memory writes.

The microprocessor, does address the correct memory locations. Now
you compare the data from the software engineer as listed below, with

what is listed in the State Listing meny in figure 27-5.

0550
0551
0552
0553
0554
0555
0557
0558
0559
0541
0182
0542
0543
0544

OUTTO PORT MEMORY WRITE
MOVE MEMORY READ
DECR MEMORY READ
OUTTO PCORT MEMORY WRITE
MOVE MEMORY READ
DECR MEMORY READ
OUT TO PORT MEMORY WRITE
MOVE MEMORY READ
DECR MEMORY READ
DECR MEMORY READ
OUT TO PORT MEMORY WRITE
MOVE MEMORY READ
DECR MEMORY READ
OUTTO PORT MEMORY WRITE
[ IHiT ] - [Stete fisling |
narkers afrt
R i w03
+O000 0550 OUT YO P HEMORY WRITE 1.48 us
+G00 | 2351 RHOVE HERORY READ 3 00 us
+0002 0552  DECR HEMORY READ 2.00 us
+0003 0553 GUT TO P MEMORY WRITE 1.52 us
40004 0554 HOVE HEHBRY READ Z.00 us
+0005 0555  DECR HEMORY READ 2.00 us
40006 0SE7  OQUT TO P MEMORY WRITE 1.48 us
freooT] 0558 POVE HETORY READ 2.00 us
0008 0559  DECR HEHORY READ 152 us
+0009 05a1 DECR HEMORY READ .48 us
+8010 0182 OUT 10 P HEAIORY WRITE 2,00 us
+D0O1 0547 HOVE HEHORY READ 1.52 us
+00F2 04543 DECR HEMGRY READ Z.00 us
+0013 0544 OUT TO P MEMORY WRITE V.48 ¢s
0054 05458 HOVE HEHORY READ Z.00 us
+0015 CBSC  HOVE NEMORY READ 1.00 us

Figure 27-5. State Listing Menu

Timing/State/Scope Measurement Example
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Since the data stored in memory is correct, it's time to look at the
hardware to see if it’s causing problems during the initialization
routine. You decide to look at the activity on the enable lines during
this routine.

In order to see time domaim measurements on hardware signals, you
need the timing analyzer.

AN

What Since the problem exists during the routine that starts at address 0550,

Additional you decide to look at the timing waveforms on the enable lines when
the routine is running. '

Measurements

Must | Make?

Your measurement, then, requires verification of:

& actual response of enable lines from the five ports,
e correct timing of the responding enable lines.

Timing/State/Scope Measurement Example HP 1652B/1653B
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How Do | In order to make this measurement, you must re-configure the fogic

Re-co nfigure analyzer so Analyzer 2 is a timing analyzer. You leave Analyzer 1asa
. state analyzer since you will use the state analyzer to trigger the timing

the LOQIC analyzer.

Analyzer?

Configure the logic analyzer so Analyzer 2 is a timing analyzer as
shown below, For this example, the label PORTS was selected for you
to describe the output ports.

System Configuration

Brtwlgyrer Y Awnlyzer 2 fscillascope
tisme: FINIT wame: [PORTS

Type Type:

uuussxgnﬁg Anelyrer
ok

{ Fog I ‘[

Figure 27-6. Re-configure System Configuration Menu

1. Select Type ficld in Analyzer 2.

2. Select the Timing field.

I
Connecting the At this point you would connect the probes of pod 5 as follows:
Timing Analyzer
Probes

Pod 3 bit 1 to enable line LINPT.
Pod 5 bit 2 to enable line LOUTPT.
Pod 5 bit 3 to enable line LDISP,
Pod 5 bit 4 to enable line LSCAN.
Pod 5 bit 5 to enable line LKEYBD,

* & & & €

HP 1652B/1653B Timing/State/Scope Measurement Example
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Co nfiguring the Now that you have configured the system, you are ready to configure

Timi ng Anaiyzer the timing analyzer. Configure the Timing Format Specification menu
as shown below.

PORTS ~ Timing Formal Specificalian Speclfy Suymbois

Pod 5

ACLIYILY Y e
Label Pa! 1S5.... 87 ... Q¢
LINPT ot B PPN )
LOUTPT | {+F LI
L1SE +i
L.SCAN ha I i i
LKEYBD | 1+

07§~
G-
Gff—
Of [~
[r-
0rr= Bit Selection Field
=Gy f=
e

Figure 27-7. Configure the Timing Format Menu

1. Select the bit selection field.

2. Place the cursor on the appropriate bit and turn it on (asterisk *).

Timing/State/Scope Measurement Exampie HP 1652B/1653B
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Setting the Your timing measurement requires the timing analyzer to display the
Timi ng timing waveforms present on the enable lines when the routine is

runming. Since the state analyzer will trigger on address 0550, you will
Anaiyzer want to arm the timing analyzer with the state analyzer, so the timing
Trigger waveforms will be captured at the same time,

Configure the Timing Trace Specification menu as shown below.

OORTS ~ Timing Trece Specification
Trace mode| Single |

| armec oy Rcguisition modei Trensitionat
Armed by field —— |
Y tavel » [T COHOTRI N BL8R JlLStAN JLKEYE0]
Btsa > [ Hex U Hex [ kex N Hew [ Hex |
Find
pottern [ » o w J w0 x o« ]
presant for E 10 ng i
Then find
goge L. Yo i | I

Figure 27-8. Set Armed By Field to INIT

1. Brisplay the Timing Trace Specification menu.
2. Select the Armed by field.

3. Select the INIT (state analyzer) option in the pop-up.

HP 16528/1653B Timing/State/Scope Measurement Example
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Time Co rrelating In order to time correlate the data, the logic analyzer must store the

the Data timing relationships between states. Since the timing analyzer samples
asynchronously and the state analyzer samples synchronously, the logic
analyzer must use the stored timing relationship of the data to
reconstruct a time correlated display.

Configure the State Trace Specification menu as shown below:

R
- Siate Tracg Specificefion
Trece made
Sequence Levels Armet by
Wilie storing “ eny stefe” R
@ Trigger onm "8~ 1 times
T Branchas
Count
/
Count Field Prasiors
|
weber > [REDR_ ] DATR YAt 1
Base > [Hex | SumEal il Sumo! ]
a ] ["855c nhsoiyte wnOooAdjanse b le WG
o | [0 fsbsglate xxxxuxuxiishsoiule X
c i (006 Fabsoilute Xxwxusellanss uie ¥
o ) [0 fakeoiute Xesxowabsatule . 7]

Figure 27-9. Set Count to Time

1. Display the State Trace Specification menu.
2. Select the Count field.

3. Select the Time field and press the SELECT key. The counter will
now be able to keep track of time between states, for the time
correlation.

Timing/State/Scope Measurement Example HP 1652B/1653B
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Re-Acquiring
the Data

Mixed Mode
Display

HP 1652B/16538
Front-Panel Reference

With the timing analyzer configured and the probes of pod 5 connected
to the cireuit, all you have to do is press RUN, When the logic analyzer
acquires the data it switches the display antomatically to the Timing
Waveforms meny, unless you switched to one of the other menus in the
state analyzer after reconfiguring the Timing Trace menu. In that case,
you will be in the State Listing menu. Regardless of which analyzer
display menu you are in, you should now look at both analyzers
together in the Mixed Mode Display.

The Mixed mode display shows you both the State Listing and Timing
Waveforms menus simultaneously. To change the display to the Mixed
Mode:

1. Select the field in the upper left corner of the display and press the
SELECT key.

2. Select the Mixed mode field. You will now see the Mixed Mode
display as shown below. '

[tizec nose ]~ oispiay  INET ~ Stote Listing

Lebet > [AGDR f [%£) Ir STAT Time ]
Bese [ Hex i SYmbo | 1t Sumeot [-TH] {
000 ] 0551  DECR HEMORY READ 3.00 us
¥ 062 0552 OUT TOP NEMORY WRITE 2.00 us
40003 0553 novE MEMORY READ 1.52 us
0004 05854  DECR MEMORY READ 2.00 us

+G005 35S DECR MEMORY WRITE 2.00 us
0 +0006 0887 ouT TO P FHENORY RERD .48 ug
+0607 o388 fALL MEMORY WRITE Z2.08 us

PaRys -~ Timing Have{orms ® te Trigger <., 006 uE

Time/biv [ 16,00 ve | oeley | D to Trigger [ t1.60 us

Figure 27-10. Mixed Mode Display
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interpreting the
Display

Re-configure
the Analyzer
with Scope

In the Mixed Mode display the state listing is in the top half of the
screen and the timing waveforms are in the lower half, The important
thing to remember is that you time correlated this display so you could
see what is happening in timing during the initialization routine.

Notice that the trigger point in both parts of the display is the same as it
was when the displays were separate. The trigger in the state listing is
at state + G000 and the trigger of the timing waveform is the vertical
dotted line,

As you look at the Mixed Mode Display, you notice that two of the five
sequential enable pulses are missing on the timing waveforms display.
This is the problem you are looking for, but you still don’t have enough
information about what might be causing these two enable lines to be
inactive. This is where a closer look with the scope may help.

The two missing enable signals from the Timing Waveforms display
show you where to look next. Before a pulse can be displaved, the
voltape level must meet the threshold voltage requirements. To look at
these enable lines closer, for a more detailed analysis of their voltage
levels or any possible shorts or opens, you will use the oscilloscope.

Your measurement then requires the verification of the following:

¢ Signal voltage levels.
s Any possible shorted or open conditions.

Timing/State/Scope Measurement Example HP 1652B/1653B
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Go back to the System Configuration menu and turn the Oscilloscope
On as shown below.

System Gonfigurstion

Anatyzer % nnaluur 2 l&sulluscope
Namo: [IRET Name: =2
Type: m Type: U“l!’n: (Rutescele )
unassianen Analyzer
Pod 5 / Pod 3 }

Scope On

Figure 27-11. Re-configure with Scope

IS
Connecting the  Connect the scope probes to the two enable lines that show missing
Scope Probes  signas.

Channel one 1s conpected to LOUTPT.
Channel two is connected to LDISP.

HP 1652B/1653B Timing/State/Scope Measurement Example
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Arming the Before the scope signals can be time-correlated and combined with the
pe sign
Sco pe Timing Waveforms display, the scope must be armed by the timing
analyzer and set to trigger immediately,

Set the Armed by ficld and Mede field in the Trigger menu as shown
below.

‘. Trigger { huloscals } {Lfnlibrniior )
tode [ dmmediste Run mode [ Sifgis

s/Dty | 1000 us Petay Armed by |PORTS

vr

Figure 27-12. Set Armed by Field to PORTS

1. From the System Configuration menu, press the TRIG key. If you
don’t go to the scope Trigger menu, just select the upper left-most
field and from there you can select the Scope field.

2. From the scope Trigger menu select the Armed by field,
3. From the pop-up select the PORTS field.

4. Select the Mode ficld and toggle to Immediate.

Timing/State/Scope Measurement Example HP 16528/1653B
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Maki ng the With the scope armed by PORTS (timing analyzer) and the probes
S cope connected to LOUTPT and LDISP enable lines, all you have to dois

select RUN. The scope will automatically switch to the Waveforms
Measurement display.

The state analyzer cross triggers the timing analyzer, which in turn,
triggers the oscilloscope.

Set the s/Div 1o 10 s and notice the double pulse and the voltage levels
in the figure below.

[ _Scope |- Raveforss (hutesenie ) { Auto—Heasure
Harxers | Time tispisy [ Kormal Connect dots{ On

¥ te 0 | 3.BCO ue | Trig o ){f 5,060 us Trig to 6§ 1¢ BO us
s/t T 00 us | Deley f 9 si e

X

Figure 27-13. Scope Waveforms Display

You can examine the two enable Hnes in three different displays:

e Scope Waveforms.
¢ Timing Waveforms (scope channels can be added in).
e Mixed Mode Display.

HP 16528/16538 Timing/State/Scope Measurement Example
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Mixed Mode With three different measurements stored in memory, you can now get
Di spl ay with the total picture of your problem from the Mixed Mode display. As
Sco pe mentioned before, the scope must be armed by the timing analyzer and

set to trigger Immediate before the time-correlated scope signals can
be inserted inio the Timing Waveforms display

Insert the scope waveforms into the Timing Waveforms display
(the lower display in Mixed Mode}) as shown below.

fixed Mode = BAsplioy Iy = State Listing
I webat v ["REBETTT DATA 7 ETAT T vime
Base > [ Rex || Syihe] i Sympol I Ral
+00G 1 0381 DECR MEHORY READ 300 us
* +0062 o582 BUT TO P HEHORY WRITE 2.00 us
0003 ¢553  MOVE MEMORY READ 1.52 us
Eogod oS8e  DECR HEMORY READ 2.00 us
+0005 €555  BECR HMEMORY WRITE 2.00 us
o HO0E €557 GUT TO P MEMORY READ P48 us
+HO0Y 0558  CALL HEMERY MRITE 2.00 us
PORTS = Timing Kavetforms ¥ g Trigger 2 .000 e
Timesbiv [ 10.00 we | Delay | TE] 0 ote teigger
L] o
o : T Y
e

insert scope signals here Y

Figure 27-14. Mixed Mode Display

1. Select the upper-left most field and press the SELECT key.
2. From the pop-up select the Mixed Mode field.

3, From the Mixed Mode display menu, select the LOUTPT field
and insert the scope’s CH 1 waveform. The waveform should
appear directly below LOUTPT,

4. Select the LDISP field and insert the scope’s CH 2 waveform, The
waveform should appear directly below LDISP,

Timing/State/Scope Measurement Example HP 1652B/1653B
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Finding the You notice two double pulses instead of two sequential pulses. Since

Answer they are identical, this could mean a short between them. Also, the
voltage levels never falls below threshold voltage of the timing analyzer,
This is why the pulses were not displayed by the timing analyzer. After
futher examination of the pe board, you find a solder bridge shorting
the two enable signals together.

Su mmary You have just learned how to use the timing and state analyzers
interactively with the oscilloscope to find a problem that was not easily
determined whether it was a software or hardware problem.

You have learned to do the following:

e Trigger one analyzer with the other.
s Time correlate measurement data.
» Interpret the Mixed mode display.

With three different measurements, time-correlated and displayed side
by side, a complete analysis of this problem is done with the HP 1652B.

HP 1652B/1653B Timing/State/Scope Measurement Example
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A

Microprocessor Specific Measurements

Introduction

Microprocessor
Measurements

HP 1652B/1653B
Front-Panel Reference

This appendix contains information about the optional accessories
available for microprocessor specific measurements. In depth
measurement descriptions are included in the operating notes that
come with each of these accessories. The accessories you will be
introduced to in this appendix are the preprocessor modules and the
HP 10269C General Purpose Probe Interface.

A preprocessor module enables you to quickly and easily connect the
logic analyzer to your microprocessor under test. Most of the
preprocessor modules require the HP 10269C General Purpose Probe
Interface. The preprocessor descriptions in the following sections
indicate which preprocessors require it.

Included with each preprocessor module is a 3.5-inch disk which
contains a configuration file and an inverse assembler file. When you
load the configuration file, it configures the logic analyzer for making
state measurements on the microprocessor for which the preprocessor
is designed. It also loads in the inverse assembler file.

The inverse assembler file is a software routine that will display
captured information in a specific microprocessor’s mnemonics. The
DATA field in the State Listing is replaced with an inverse assembly
field (see Figure A-1). The inverse assembler software is designed to
provide a display that closely resembles the original assembly language
listing of the microprocessor’s software. It also identifies the
microprocessor bus cycles captured, such as Memory Read, Interrupt
Acknowledge, or /O write.

Microprocessor Specific Measurements
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N A S S T e
{eBooosTATE] - [State Listing J( Invesm 3. o . Trigger
narxers Time & to Trigger

Time ¥ tc O o s

Letel > [ADDR !58000 Anamor it W Tiws_ L S1A1
Base > | Hex hex i Rel 1 Hex

1

“0002 Q0RdFa  ORILB #3000 20
0001 0004FE 8950 progrom reog 1,24 ug 8
i§ +0000 00Ag30 CHP.A HFF,OC 1.28 us %0
+3001 008637 QOFF pregram read 1.24 us 0
+0002 008%3a BEQ.B OCB9ZE 1.24 us g
00AE3E LHP.B  wWee,DO 1.24 us 36
+Q004 008G2E HER.B  OOBYZR 1.7 us hid]
#0005 203530 BOIC unused prefelrh 1.24 us 35
+0006 Jooar4 0Q0C program write 2.00 us 28
Q007 D004F5 BSIC progrom wriis 1.48 us %
#0008 g08628  Jnk 0OBACBERT ) 1.28 us 30
G009 00892C FFQA progrem raag 1.24 us 30
o1 008BL6 BIR.B OUBGAE 1.72 us 30
+001} 0HECE BO3C unused prefetch 1.28 us 30

Figure A-1. State Listing with Mnemonics

MiC!‘Opl’OCGSSO I'S This section lists the microprocessors that are supported by

Supported by
Preprocessors

Note

Microprocessor Specific Measurements
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Hewlett-Packard preprocessors and the logic analyzer model that each
preprocessor requires, Most of the preprocessors require the

HP 10269C General Purpose Probe Interface. The HP 10269C accepts
the specific preprocessor PC board and connects it to five connectors
on the general purpose interface to which the logic analvzer probe
cables connect.

This appendix fists the preprocessors available at the time of printing.
However, new preprocessors may become available as new
microprocessors are introduced. Check with the nearest
Hewlett-Packard sales office periodically for availability of new
Preprocessors.

HP 1652B/16538B
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Z80 CPU Package: 40-pin DIP

Accessories Required: HP 10300B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock input
Signal Line Loading: Maximum of one 7418 TTL load + 35 pF on

any line
Microprocessor Cycles Identified: Memory read/write
IO read/write
Opcode fetch

Interrupt acknowledge
RAM refresh cycles

Maximum Power Required: 0.3 A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B or HP 1653B

Number of Probes Used: Two 16-channel probes

HP 1852B/1653B Microprocessor Specific Measurements
Front-Panel Reference A-3




NSC BOO CPU Package: 40-pin DIP

Accessories Required: HP 10303B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 4 MHz clock input
Signal Line Loading: Maximum of one HCMOS load + 35pF on any
line

Microprocessor Cycles Identified: Memory read/write
I/O read/write
Opcode fetch
Interrupt acknowledge
RAM refresh cycles
DMA cycles

Maximum Power Required: 0.1A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 16528 or HP 1653B

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 1652B/1653B
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8085 CPU Package: 40-pin DIP

Accessories Required: HP 10304B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 6 MHz clock output (12 MHz clock input)
Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on any

ling
Microprocessor Cycle Identified: Memory read/write
1/0 read/write
Opcode fetch

Interrupt acknowledge

Maximum Power Required: 0.8 A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B or HP 1653B

Number of Probes Used: Two 16-channel probes

HP 1652B/1653B Microprocessor Specific Measurementis
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8086 or 8088 CPU Package: 40-pin DIP

Accessories Required: HP 103058 Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock input (at CLK)

Signal Line Loading: Maximum of two 74ALS TTL loads + 40 pF on
any line

Microprocessor Cycles Identified: Memory read/write
IO read/write
Code fetch
Interrupt acknowledge
Halt acknowledge
Transfer to 8087 or 8089
CO-Processors

Additional Capabilities: The 8086 or 8088 can be operating in
Minimum or Maximum modes. The logic
analyzer can capture all bus cycles (including
prefetches) or can capture only executed
instructions. To capture only executed
instructions, the 8086or 8088 must be
operating in the Maximum mode.

Maximum Power Required: 1.0 A at + 5 Vde, supplied by the logic
analyzer

Logic Analyzer Required: HP 1652B

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurementis HP 1652B/1653B8
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80186 or 80C186 CPU Package: 68-pin PGA

Accessories Reguired: HP 10306G Preprocessor
Maximum Clock Speed: 12.5 MHz clock output (25 MHz clock input)

Signal Line Loading: Maximum of 100 k2 + 18 pF on any line

Microprocessor Cycles Identified: Memory read/write (DMA and
non-DMA)
I/0 read/write (DMA and
pon-DMA)
Code fetch
Interrupt acknowledge
Halt acknowledge
Transfer to 8087, 8089,
or 82586 co-processors

Additional Capabilities: The 80186 can be operating in Normal or
Queue Status modes. The logic analyzer can
capture all bus cycles (including prefetches)
or can capture only executed instructions,

Maximum Power Required: 0.08 A at + 5 Vdc, supplied system under
test.

Logic Analyzer Required: HP 1652B

Number of Probes Used: Four 16-channel probes

HP 1652B/16538 Microprocessor Specific Measurements
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80286 CPU Package: 68-contact LCC or 68-pin PGA

Accessories Required; HP 10312D Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock output (20 MHz clock input)

Signal Line Loading: Maximum of two 74ALS T'TL loads + 40 pFon
any line

Microprocessor Cycles Identified: Memory read/write
1/O read/write
Code fetch
Interrupt acknowledge
Halt
Hold acknowiedge
Lock
Transfer to 86287 co-processor

Additional Capabilities: The logic analyzer captures all bus cycles
including prefetches

Maximum Power Required: 0.66 A at + 5 Vdc, supplied by logic
analyzer. 80286 operating current from
system under test.

Logic Analyzer Required: HP 16528

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 1652B/1653B
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80386 CPU Package: 132-pin PGA

HP 1652B/1653B
Front-Panel Reference

Accessories Required: HP 10314D Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 33 MHz clock output (66 MHz clock input)

Signal Line Loading: Maximum of two 74ALS TTL loads + 35 pFon
any line

Microprocessor Cycles Identified: Memory read/write
1/O read/write
Code fetch
Interrupt acknowledge, type 0-253
Halt
Shutdown
Transfer to 8087, 80287, or 80387
CO-Processors

Additional Capabilities: The logic analyzer captures all bus cycles
including prefetches

Maximum Power Required: 1.0 A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B

Number of Probes Used: Five 16-channel probes

Microprocessor Specific Measurements
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6800 or 6802 CPU Package: 40-pin DIP

Accessories Required: HP 10307B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 2 MHz clock input

Signal Line Loading: Maximum of 174LS TTL load + 35 pF on any
line

Microprocessor Cycle Identified: Memory read/write
DMA read/write
Opcode fetch/operand
Subroutine enter/exit
System stack push/pull
Halt
Interrupt acknowledge
Interrupt or reset vector

Maximum Power Required: (.8A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B or HP 1653B

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 1652B/1653B
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6809 or 6B09E CPU Package: 40-pin DIP

Accessories Required: HP 103088 Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 2 MHz clock input

Signal Line Loading: Maximum of one 74ALS TTL load + 35 pF on
any line

Microprocessor Cycles Identified: Memory read/write
DMA read/write
Opcode fetch/operand
Vector fetch
Halt
Interrupt

Additional Capabilities: The preprocessor can be adapted to 6809/09E
systems that use a Memory Management Unit
(MMU). This adaptation allows the capture of
all address lines on a physical address bus up
to 24 bits wide,

Maximum Power Required: 1.0 A at -+ 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B or HP 1653B

Number of Probes Used: Two 16-channel probes

HP 1652B/1653B Microprocessor Specific Measurements
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68008 CPU Package: 40-pin DIP

Accessorigs Required: HP 10310B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock input

Signal Line Loading: Maximum of one 74S TTL load + one 74F TTL
load + 35 pF on any line

Microprocessor Cycles Ideatified: User data read/write
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bus grant
6800 cycle

Additional Capabilities:The logic analyzer captures all bus cycles
including prefetches

Maximum Power Required: 0.4 A at + 5 Vdc, supplied by logic
analyzer

Logic Analyzer Required: HP 1652B

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16528/16538
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68000 and 68010 CPU Package: 64-pin DIP
(64-pin DIP)

Accessories Required: HP 10311B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 12.5 MHz clock mput

Signal Line Loading: Maximum of one 748 TTL load + one 74F
TTL load + 35 pF on any line

Microprocessor Cycles Identified: User data read/write
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bus Grant
6800 cycle

Additional Capabilities: The logic analyzer captures all bus cycles
including prefetches

Maximum Power Required: 04 A at + 5 Vde, supplied by the logic
analyzer

Logic Analyzer Required: HP 16528

Number of Probes Used: Three 16-channel probes

HP 16528/1653B Microprocessor Specific Measurements
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68000 and 68010 CPU Package: 68-pin PGA
(68-pin PGA)

Accessories Required: HP 10311G Preprocessor
Maximum Clock Speed: 12.5 MHz clock input
Signal Line Loading: 100 k€2 + 10 pF on any line

- -Microprocessor Cycles Identified: User data read/write
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bus Grant
6800 cycle

Additional Capabilities: The logic analyzer captures all bus cycles
including prefetches.

Maximum Power Required: None
Logic Analyzer Required: HP 1652B

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 1652B/1653B
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68020 CPU Package: 114-pin PGA
Accessories Required: HP 10313G
Maximum Clock Speed: 25 MHz clock input
Signai Line Loading: 100 k€2 + 10 pF on any line

Microprocessor Cycles Identified: User data read/write
User program read
Supervisor read/write
Supervisor program read
Bus Grant
CPU space accesses including;

Breakpoint acknowledge
Access level control
Coprocessor communication
Interrupt acknowledge

Additional Capabilities: The logic analyzer captures all bus cycles
inchiding prefetches. The 68020
microprocessor must be operating with the
internal cache memory disabled for the logic
analyzer to provide mmverse assembly.

Maximum Power Required: None
Logic Analyzer Required: HP 16528

Number of Probes Used: Five 16-channel probes

HP 1652B/1653B Microprocessor Specific Measurements
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68030 CPU Package: 128-pin PGA
Accessories Required: HP 10316G
Maximum Clock Speed: 25 MHz input

Signal Line Loading: 100KE2 plus 18 pF on all lines except DSACKO
and DSACKI.

- Microprocessor Cycles Identified: User data read/write
User program read
Supervisor program read
Bus grant
CPU space accesses including:

Breakpoint acknowledge
Access level control
Coprocessor communication
Interrupt acknowledge

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches. The 68030
microprocessor must be operating with the
internal cache memory and MMU disabled
for the logic analyzer to provide inverse
assembly.

Maximum Power Required: None
Logic Analyzer Required: HP 1652B

Number of Probes Used: Five 16-channel probes

Microprocessor Specific Measurements HP 1652B/1653B
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68HC11 CPU Package: 48-pin dual-in-line
Accessories Required: HP 10315G
Maximum Clock Speed: 8.4 MHz input
Signal Line Loading: 300KQ plus 12 pF on all lines.

Microprocessor Cycles Identified:  Data read/write
Opcode/operand fetches
Index offsets
Branch offsets
Irrelevant cycles

Additional Capabilities: The 68HC11 must be operating in the
expanded multiplexed mode (addressing
external memory and/or peripheral devices)
for the logic analyzer to provide inverse
assembly.

Maximum Power Required: None
Logic Analyzer Required: HP 1652B or HP1553B

Number of Probes Used: Two 16-channel probes for state analysis and
one to four for timing analysis.

HP 1652B/1653B Microprocessor Specific Measurements
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Loading Inverse Youload the inverse assembler file by loading the appropriate

Assembier Files

Selecting the
Correct File

Loading the
Desired File

configuration file. Loading the configuration file automatically loads
the inverse assembler file,

Most inverse assembler disks contain more than one file. Each disk
usually contains an inverse assembler file for use with the HP 10269C
and preprocessor as well as a file for general purpose probing, Each
inverse assembler filename has a suffix which indicates whether it is for
the HP 10269C and preprocessor or general purpose probing, For
example, filename C68000 I indicates a 68000 inverse assembler file for
use with the HP 10269C and the 68000 preprocessor, Filename
CG68000_P is for general purpose probing. Specific file descriptions and
recommended usage are contained in each preprocessor operating
note,

To load the inverse assembler file you want, insert the 3.5-inch disk you
received with your preprocessor in the disk drive. Select the /O menu.
In the O menu, select DISK OPERATIONS. The logic analyzer will
read the disk and display the disk directory.

Select the Load option and place the filename you want to load in the
"from file" box. Place the cursor on Execute and press SELECT.

Place the cursor on the analyzer you want the file loaded into and press
SELECT. An advisory "Loading file from disk” is displayed. When the
logic analyzer has finished loading the file, you will see "Load operation
complete.”

The file is now loaded and the logic analyzer is configured for
disassembly of acquired data.

Microprocessor Specific Measurements HP 1652B/16538B
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Connecting the The specific preprocessor and inverse assembler you are using
: determines how you connect the logic analyzer probes. Since the
LOQ Ic Analyzer inverse assembler files configure th%: System Configuration, State
Probes Format Specification, and State Trace Specification menus, you must
connect the logic analyzer probe cables accordingly so that the
acquired data is properly grouped for inverse assembly. Refer to the
specific inverse assembler operating note for the proper connections.

0 SO

How to Display The specific preprocessor and inverse assembler you are using

Inverse determines how the inverse assembled data is displayed. When you
press RUN, the logic analyzer acquires data and displays the State

Assembled Listing menu,

Data

The State Listing menu will display as much information about the
captured data as possible. For some microprocessors, the display will
show a completely disassembled state listing.

Some of the preprocessors and/or the microprocessors under test do
not provide enough status information to disassemble the data
correctly, In this case, you will need to specify additional information
(i.e., teil the logic analyzer what state contains the first word of an
opcode fetch). When this 15 necessary an additional field (INVASM)
will appear in the top center of the State Listing menu (see below).
This field allows you to point to the first state of an Op Code fetch.

{6BOOCSTATE | - [State tisting | ( Invasm ) Hinimum ¥—0: ¢ s
rarxers |Slatistics Valid runs: Maximum ¥-0: 0 s
16 of 16 Average -0 0 s

Figure A-2. Inverse Assemble Field

For complete details refer to the Operating Note for the specific
preprocessor.

HP 16528/16538 Microprocessor Specific Measurements
Front-Panel Reference A-18







B

Automatic Measurement Algorithms
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Setup
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Measurements
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One of the HP 1652B/1653B’s primary oscilloscope features is its
ability to make parametric measurements. This appendix provides
details on how automatic measurements are performed and some tips
on how to improve automatic measurement results.

Measurements typically should be made at the fastest possible sweep
speed to obtain the most measurement accuracy possible. For any
measurement to be made, the portion of the waveform required for
that measurement must be displayed on the oscilloscope:

s At least one complete cycle must be displayed for period or
frequency measurements.

o The entire puise must be displayed for pulse width measurements.

» The leading (rising) edge of the waveform must be displayed for
risetime measurements,

e The trailing (falling) edge of the waveform must be displayed for
failtime measurements.

If more than one waveform, edge, or pulse is displayed, the
measurements 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, 90%
voltage, and 50% voltage) required to make the measurements. The
10% and 90% voltage values are used in the risetime and falltime
measurements. The 50% voltage value is used for measuring
frequency, period, pulse width, and duty cycle.

Automatic Measurement Algorithms
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Top and Base
Voltages

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

The digitizing oscilloscope displays 6-bit vertical voltage resolution.
This means the vertical display is divided up into 64 voltage levels.
Each of these 64 levels is called a guantization level. Each waveform
has 4 minimum of 500 data points displayed horizontally on screen.
Each of these data point sets have one quantization level assigned to it.
The histogram is calculated by adding the number of occurrences of
each quantization level of the displayed data point sets on the displayed
waveform,

The quantization level with the greatest number of occurrences in the
top half of the waveform corresponds to the Vtop level. The
quantization level with the greatest number of occurrences in the
bottom half of the waveform corresponds to the Vbase level.

If Vtop and Vbase do not contain at least 5% of the minimum (500)
data points displayed on sereen, Vtop defaults to the maximum voltage
{Vmaximum) and Vbase defaulis to the minimum voltage (Vminimum)
found on the display. An example of this case would be measurements
made on sine or triangle waves.

From this information the mstrument can determine the 10, 56, and
90% points, which are used in most automatic measurements. The
Vtop or Vbase of 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 since the waveform normally rests below the
perturbation.

Automatic Measurement Algorithms HP 1652B/1653B
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Measurement
Algorithms

Frequency (Freq)

Period

Peak-to-Peak
Voltage (Vp_p)

HP 1652B/1653B
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The following is a condensed explanation of the automatic
measuremenis discussed in chapter 25.

The frequency of the first complete cycle displayed is measured using

the 50% levels.

If the first edge on the display is rising then
Freq = 1/(trising edge 2 - lrising edge 1)

If the first edge on the display is falling then

Freq = 1/(tfaliing edge 2 - falling edge 1)

The period is measured at the 50% voltage level of the waveform.

If the first edge on the display is rising then
Period = trising edge 2 - trising edge 1

If the first edge on the display is falling then
Period = tfalling edge 2 - talling edge 1

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

Vp_p = Vmaximum - Vminimum

where Vimaximom and Viinimum are the maximum and minimum
voltages present on the selected source.

Automatic Measurement Algorithms
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Positive Pulse
width (+Width)

Negative Pulse

Pulse width is measured at the 50% voltage level. i the first edge on
the display is rising then

+Width = tfalling edge 1 - trising edge 1
If the first edge on the display is falling then
+Width = tfaning cdge 2 - trising edge 1

Negative pulse width is the width of the first negative pulse on screen

width (-Width) using the 50% levels.
If the first edge on the display is rising then
-Width = trising edge 2 - Halling edge 1
If the first edge on the display is falling then
-Width = trising edge 1 - Ufalling edge 1
Risetime The risetime 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 leading edge of the waveform on the display.
The risetime is determined by measuring time at the 10% and 9%
voltage points on the rising edge.
Risetime = tone - t10%

Falltime Falltime 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.

Falltime = t10% - too%
Automatic Measurement Algorithms HP 1652B/1653B
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Preshoot and  Preshoot and Overshoot measure the perturbation on a waveform
Overshoot above or below the top and base voltages (see "Top and Base Voltages”

section earlier in this appendix). These measurements use all data
displayed on 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 a percentage of the top-base voltage.

Overshoot is a perturbation after a rising or a falling edge and is
measured as a percentage of the top-base voltage

If the measured edge is rising then

= [¥base - ¥minimum
Preshoot = | 1 X100

Viop-base

= [ ¥Ymaximum - Viop
Overshoot = [Ymasimun-Viopy 190
Vtop-base

1f the measured edge is falling then:

Preshoot = [Ymaximum:=VIop | x 10
Viop-base
Overshoot = {va 1X 100
Viop-base
HP 1652B/1653B Automatic Measurement Algorithms
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Duty Cycle The positive pulse width and the period of the displayed signal are
measured.

duty cycle = (+ pulse width/period) x 100

rms Voltage The rms voltage is computed over one complete period.

Average Voltage The average voltage of the first cycle of the displayed signal is
measured. If a complete cycle is not present, the instrument will
average the data points on screen.

Automatic Measurement Algorithms HP 1652B/16538
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Error Messages
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This appendix lists the error messages that require corrective action to
restore proper operation of the logic analyzer. There are several
messages that you will see that are merely advisories and are not listed
here. For example, "Load operation complete” is one of these
advisories.

The messages are listed in alphabetical order and in bold type.

Acquisition aborted. This message is displayed whenever data
acquisition is stopped.

At least one edge is required. A state clock specification requires at
least one clock edge. This message only occurs if you turn off all edges
in the state clock specification.

Autoload file not of proper type. This message is displayed if any file
other than an HP 1652B/1653B configuration file is specified for an
autoload file and the logic analyzer is powered up.

Autoscale aborted. This message is displayed when the STOP key is
pressed or if a signal is not found 15 seconds after the initiation of
autoscale.

BNC is being used as an ARM IN and cannot be used as an ARM
OUT. This message is displayed when BNC arms machine 1 (or 2),
machine 1 (or 2) arms machine 2 (or 1), and the BNC is specified as
ARM OUT. It will not occur if BNC arms machine 1 {or 2}, and
machine 1 (or 2) arms BNC,

Error Messages
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Configuration not loaded. Indicates a bad configuration file. Try to
reload the file again. If the configuration file will still not load, a new
disk and/or configuration file is required.

Copy operation complete. Indicates the copy operation has either
successfully completed or has been stopped.

Correlation counter overflow. The correlation counter overflows when
the time from when one machine’s trigger to the second machine’s
trigger exceeds the maximum count. It may be possible to add a
"dummy" state to the second machine’s trigger specification that is
closer in time to the trigger of the first machine,

Data can not be correlated-Time count need to be turned on. "Count"
must be set to "Time" in both machines to properly correlate the data,

Destination write protected-file not copied. Make sure you are trying to
copy to the correct disk. If so, set the write protect tab to the
non-protect position and repeat the copy operation.

File not copied to disc-check disc. The HP 1652B/1653B does not
support track sparing, If a bad track is found, the disk is considered
bad. If the disk has been formatted elsewhere with track sparing, the
HP 1652B/1653B will only read up to the first spared track.

Hardware ERROR: frace point in count block. Indicates the data from
the last acquisition is not reliable and may have been caussed by a
hardware problem. Repeat the data acquisition to verify the condition.
If this message re-appears, the logic analyzer requires the attention of
service personnel.

Insufficient memory to load JAL - load aborted. This message
indicates that there is not a block of free memory large enough for the
inverse assembler you are attempting to load even though there may be
enough memory in several smaller blocks. Try to load the inverse
assembler again. I this load is unsuccessful, load the configuration and
inverse assembler separately.

Error Messages HP 1652B/1653B
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Invalid file name. Check the file name. A file name must start with an
alpha character and cannot contain spaces or slashes (/).

Inverse assembler not loaded-bad ohject code. Indicates a bad inverse
assembiler file on the disc. A new disc or file is required.

Maximum of 32 channels per label. Indicates an attempt to assign
more than 32 channels to a label. Reassign channels so that no more
than 32 are assigned to a label.

No reom on destination-file not copied. Indicates the destination disc
doesn’t have enough room for the file you are attempting to copy. Try
packing the disc and repeating the copy operation. If this is
unsuccessful, you will need to use a different disc.

{x)} Occurrences Remaining in Sequence. Indicates the logic analyzer is
waiting for (x) number of occurrences in a sequence level of the trigger
specification before it can go on to the next sequence level.

PRINT has been stopped. This message appears when the print
operation has been stopped.

(x) Secs Remaining in Trace, Indicates the amount of time remaining
until acquisition is complete in Glitch mode.

Search failed - O pattern not found. Indicates the © pattern does not
exist in the acquired data. Check for a correct O marker pattern
specification,

Search failed - X pattern not found. Indicates the X patteré does not
exist in the acquired data. Check for a correct X marker pattern
specification.

Slow Clock or Waiting for Arm. Indicates the state analyzer is waiting
for a clock or arm from the other machine. Recheck the state clock or
arming specification.

Error Messages
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Slow or missing Clock. Indicates the state analyzer has not recognized
a clock for 100 ms. Check for a missing clock if the intended clock is
faster than 100 ms. If clock is present but is slower than 100 ms, the
data will still be acquired when a clock is recognized and should be
valid.

Specified inverse assembler not found. Indicates the inverse assembler
specified cannot be found on the disk.

State clock violates overdrive specification. Indicates the data from the
last acquisition is not reliable due to the state clock signal not being
reliable, Check the clock threshold for proper setting and the probes
for proper grounding.

States Remaining to Post Store. Indicates the number of states
required until memory is filled and acquisition is complete.

Time count need to be turned on. This message appears when the logic
analyzer attempts to time correlate data and "Count” is not set to
*Time."

Transitions Remaining to Post Store. Indicates the number of

transitions required until memory is filled and acquisition is complete.

Unsupported destination format-file not copied. Indicates the disk you
have atternpted to copy to is either not formatted or formatted in a
format not used by the logic analyzer. Format the disk or use a properly
formatted disk and repeat the copy operation.

Value out of range. Set to limit. Indicates an attempt to enter a value
that is out of range for the specific variable. The logic analyzer will set
the value to the limit of the variable range automatically.

Waiting for Arm. Indicates the arming condition has not occurred.

Waiting for Prestore. Indicates the prestore condition has not occurred.

Error Messages HP 1652B/1653B
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Waiting for Trigger. Indicates the trigger condition has not occurred.

Warning: Chips not successfully running, Indicates the acquisition
chips in the logic analyzer are not running properly. Press STOP and
then RUN again. If the warning message reappears, refer the logic
analyzer to service personnel.

Warning: Chips net successfully stopped. Indicates the acquisition
chips in the logic analyzer are not stopping properly. Press RUN and
then STOP again. If the warning message reappears, refer the logic
analyzer to service personnel.

Warning: Duplicate label name. Indicates an attempt to assign an
existing name to a new label.

Warning: Duplicate symbel name. Indicates an attempt to assign an
existing name {0 a new symbol.

Warning: Invalid file type. Indicates an attempt to load an invalid file
type. For example, the SYSTEM file can only be loaded on power-up
and if you attempt 1o load it from the I/O menu, this message will
appear.

Warning: No clock edge in other clock, add clock edge. This message

only occurs in a state analyzer using mixed or demultiplexed clocks. it
indicates there is no edge specified in either the master or slave clock.
There must be at least one edge in each of the clocks.

Warning: Symbol memory full. Max 200 symbels. Indicates an attempt
1o store more than 200 symbols,

Warning: Run HALTED due to variable change. Indicates a variable
has been changed during data acquisition in the continuous trace
mode. The data acquisition will be halted and this message will be
displayed when any variable affecting the system configuration, clock
thresholds, clock multiplexing, or trace specification menus is changed
during data acquisition.

Error Messages
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This appendix contains information and instructions necessary for
preparing the HP 1652B/1653B Logic Analyzers for use. Included in
this section are inspection procedures, power requirements packaging
information, and operating environment. It also tells you how to load
the operating system and turn the logic analyzer on. Also included in
this appendix is information on calibration and maintenance that you
can do as an operator.

Inspect the shipping container for damage. If the shipping container or
cushioning material is damaged, it should be kept until the contents of
the shipment have been checked for completeness and the instrument
has been checked mechanically and electrically. Accessories supplied
with the instrument are listed under "Accessories Supplied” in chapter
1 of this manual. An overview of the self-test procedure is in Appendix
E of this manunal. The complete details of the procedure are in Chapter
6 of the Service manual. Electrical performance verification functions
are also in Chapter 3 of the Service Manual.

If the contents are incomplete, if there is mechanical damage or defect,
or if the instrument does not pass the Self Test Performance
Verification, notify the nearest Hewlett-Packard Office. If the shipping
container is damaged, or the cushioning materials show signs of stress,
notify the carrier as well as the Hewlett-Packard Office. Keep all
shipping materials for the carrier’s inspection. The Hewlett-Packard
office will arrange for repair or replacement at HP option without
waiting for claim settlement,

Installation, Maintenance and Calibration
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Ope rati ng You may operate your logic analyzer in a normal lab or office type

Environment environment without any additional considerations. If you intend to use
it in another type of environment, refer to Appendix F for complete
operating environment specifications. Note the humidity limitation.
Condensation within the instrument cabinet can cause poor operation
or malfunction. Protection should be provided against temperature
extremes which cause condensation.

Ventilation  You must provide an unrestricted airflow for the fan and veatilation
openings in the rear of the logic analyzer. However, you may stack the
logic analyzer under, over, or in-between other instruments as long the
surfaces of the other instruments are not needed for their ventilation.

A
Storag e and This instrument may be stored or shipped in environments within the
Shlppmg following limitations:

o Temperature:-40° Cto + 75°C
e Humidity: Upto 90% at 65°C
e Altitude: Up to 15,300 metres (50,000 feet)

Tagging for If the instrument is to be shipped to a Hewlett-Packard office for
Service service or repair, attach a tag to the instrument identifying owner
address of owner, complete instrument model and serial numbers and
a description of the service required.

Original If the original packaging material is unavailable or unserviceable
Packaging materials identical to those used in factory packaging arc available
through Hewlett-Packard offices. If the instrument is to be shipped to a
Hewlett-Packard office for service, tag the instrument (see "Tagging for
Service™). Mark the container FRAGILE to ensure careful handling. In
any correspondence, refer to the instrument by model number and full
serial number.

Instatiation, Maintenance and Calibration HP 1652B/1653B
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Other Packaging The following general instructions should be followed for repacking
with commercially available materials.

a. Wrap the instrument in heavy paper or plastic.

b. Use a strong shipping container. A double-wall carton made of
350 Ib. test material is adequate.

¢. Use a layer of shock-absorbing material 70 to 100 mm (3 to 4
inches) thick around all sides of the instrument to firmly cushion
and prevent movement inside the container. Protect the control
panel with cardboard.

d. Seal the shipping container securcly.
¢. Mark the shipping container FRAGILE to ensure careful handling,

f. In any correspondence, refer to the instrument by model number
and full serial number,

|
Power The HP 1652B/53B requires a power source of either 115 or 230 Vac
Requ irements —22% to + 10%; single phase, 48 to 66 Fz; 200 Watts maximum
power,
HP 1652B/1653B installation, Maintenance and Calibration
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Power Cable This instrument is provided with a three-wire power cable. When
connected to an appropriate AC power outlet, this cable grounds the
instrument cabinet. The type of power cable plug shipped with the
instrument depends on the country of destination. Refer to Table D-1
for power plugs and HP part numbers for the available plug
configurations.

. % BEFORE CONNECTING THIS INSTRUMENT, the protective

Warning earth terminal of the instrument must be connected to the
protective conductor of the (Mains) power cord. The Mains
plug must be inserted in a socket outlet provided with a
protective earth contact. The protective action must not be
negated by the use of an extension cord (power cable) without
a protective conductor {grounding). Grounding one conductor
of a two conductor outiet does not provide an instrument
ground.

Instaliation, Maintenance and Calibration HP 1652B/1853B
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CABLE LENGTH
PG TYPE PLUG DESCRIPTION COLOR COUNTRY
PART NO. m/icH
oPT 500 81201351 Stralght eB51363A 80226 Gray Urlted ingdom,
* 812517103 s6° 90/228 Mint Groy Typrus,
Nigeria,
Zimbobme ,
\ Singapsre
250v
QPT 90 B120-12369 | Straight »NISSI1E8/ASC | 787200 Gray Austiclia
81200636 307 arrzzt #int Groy Hew 28501and
o §5
GPT 802 B10-1688 Sirn.ght ~CEE?-Y11 794200 Wini Groy East tng West Evrope,
B:20—1642 §0* 79200 Mint Groy Soud: Arebiao,
Bi2G-2REY Stroight {Shiatdad) TH200 Coeo Brown Bo. Afracn,
] Indio tUnpolarized
Y % En mpny national
2580y
P 803 B120-TIYB | BLroignt eNEMAS-1EE s0s228 Jads Gray Unitea Stotes,
B120-1521 ge° gar22a Jade Gray Canada,
q\ 81201987 Stroignt (Medical? 98/244 Biack Hezico.
Q&‘. ULbdd Pritlipines,
Taiwan
285
QP $0drr BIIO-OESS | Stroight sNEMAG—t5F 80.228 Biock United States,
Canaga
QFT s0s 81201386 CEEZAwY? 30/76 Jade Gray For interconnscting
81201625 | (System Cobinel Usel 367244 system components and
250V petcpherats
United Slates and
Corada oniy
256Y
oPT 406 8120m2104 Straigat sSEVIGH 787200 Mint Groy Switzeriond
BIZO-2286 158924507 797200 Mint Groy
o Type 2
s6°
280V
oFT gtz 8 12O-BGBE Stroigat sDHCK1DT 797200 Kint Sray Benmark
12G-29ET 90° TR/E0 Mint Gray
220V
GRT 817 >, 83204711 Giraign! GADGIG4 787200 Jace Gray |Repupiic of Boutn Atrice
X 81204600 30° 797200 Indic
280y
GRY 918 £120-47532 Straight Miti 50/23C Back Gray Jape#
% B120-4754 s0° 90/230
0y
Rav THHOWEE ARFOOE TS

*Part number ahowe for plug b4 Incuatry tdantlfier Tor pryg only. Numbar ahaws for gobte (8 HP pori numser for
compiete aabie raciuding piug.

++Those cosds org ingivder in the (SA certificotion gpprovol of the sguipment.

E=forth Ground

L=l ire

Nalawutegt

Table D-1. Power Cord Configurations
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A
Removing
Yellow
Shipping Disk

Your logic analyzer is shipped with a protective yellow shipping disk in
the disk drive. Before you can insert the operating system disk you must
remove the yellow shipping disk. Press the disk eject button as shown in
figure D-1. The vellow shipping disk will pop out part way so you can

pull it out of the disk drive.

| j
| B==a
=R AN
Oooo( Ve
e
gy 5
o]

2ISH2E0E

D-1. Removing Yellow Shipping Disk
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SEIQCtiﬂg the The line voliage selector has been factory set to the line voltage used in
: Vv your country. It is a good idea to check the setting of the line voltage
Line o!tage selector so you become familiar with what it looks like. If the setting
needs to be changed, follow the procedure in the next paragraph,

. W You can damage the logic analyzer if the module is not set to the
Caution correct position.

1650082

D-2. Selecting The Line Voltage

You change the proper line voitage by pulling the fuse module out and
reinserting it with the proper arrows aligned. To remove the fuse
module, carefully pry at the top center of the module (as shown) until
you can grasp and pull it out by hand,

HP 1652B/1653B installation, Maintenance and Calibration
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Checking for If you find it necessary to check or change fuses, remove the fuse
the Correct module and ook at each fuse for its amperage and voltage. Refer to
figure D-3 to locate the 115 V and 230 V fuse locations. To remove the
Fuse fuse module, carefully pry at the top center of the module (see figure
D-2} until you can grasp and pull it out by hand,
3.8 A FUBE 3.6 A FUSE
D-3. Checking For The Correct Fuse
R

Applying Power

When power is applied to the HP 1652B/1653B, a power-up self test
will be performed awtomatically. For information on the power-up sell
test, refer to Appendix E and Section 3 of the Service Manual,

Y

Loadi ng the Before you can operate the instrument, you must load the operating

Operatin g system from the operating system disk. You received two identical
operating system disk. You should mark one of them Master and store

SVStem it in a safe place. Mark the other one Work and use only the work copy.

Caution w

This will provide you with a back-up in case your work copy becomes
corrupt.

To prevent damage to your operating system disk, DO NOT remove
the disk from the disk drive while it is running. Only remove it after the
indicator light has gone out.

Instaliation, Maintenance and Calibration HP 1652B/1653B
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Installi ng the To load the logic analyzer’s operating system, you must install the disk
Operating as shown below before you turn on the power. When the disk snaps

d into place, the disk eject button pops out and you are ready to turn on
SVStem Disk the logic analyzer,

D-4. Instaliing The Operating System Disk

The logic analyer will read the disk and Ioad the operating system. It
will also run self-tests before it is ready for you to operate,

HP 1652B/1653B Installation, Maintenance and Calibration
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Line Swiich The line switch is located on the rear panel. You turn the instrument on
by pressing the I on the rocker switch. Make sure the operating system
disk is in the disk drive before you turn on the logic analyzer. If you
forget the disk, don’t worry, you won’t harm anything. You will merely
have to repeat the turn-on procedure with the disk in the drive.

VN\,\\ ;}} @ g”jﬂ[

21858088

D-5. Line Switch

IR ——
!ntensity Once you have turned the instrument on, you may want to set the
Control display intensity to a level that's more comfortable for you. You do this

by turning the INTENSITY control on the rear panel.

e A high intensity level setting may shorten the fife of the CRT in your
Note WP instrument.

[
o
°l

B“ ””’ ML \

G1B5ZERY

D-6. intensity Control
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Ope rator’s The only maintenance you need to do is clean the instrument exterior
Maintenance and periodically check the rear panel for air restrictions.

Use only MILD SOAP and WATER to clean the cabinet and front
panecl. DO NOT use a harsh soap which will damage the water-base
paint finish of the instrument.

T

Calibration The oscilloscope software calibration is accessed through the
oscilloscope Trigger menu, The calibration procedures are performed
from the front panel and without need to access internal circuits.

Calibration Interval Software calibration should be performed if one of the following occurs:

¢ Oscilloscope board is installed, replaced or repaired.
s Ambient temperature changes more than 10°C,
e 6 months or 1000 hours of operation.

Calibration Calibration constants are stored in system memory and not on the
integrity Operating System Disk. Therefore, software calibration is not required
when a different Operating System Disk is used to boot the instrument
on power-up.

HP 1652B/1653B installation, Maintenance and Calibration
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Software The following calibration procedures should be performed in their

Calibration entirety and in the same sequence shown in this procedure. The
following test equipment is recommended:

Procedures P

BNC cable.

DC Power Supply HP 6114A (= 0.1 % accuracy).
Digital Voltmeter HP 3478A (= 0025 % accuracy).
BNC (female)-to-dual Banana Adapter.

BNC -to-mini probe adapter

e & & 5 @

ﬁ An instrument warm-up of 15 minutes is recommended before stasting
Note these procedures. To abort any calibration procedure, use the
front-panel knob to select the Cancel field, then press the SELECT key.

Offset Calibration 1. In the System Configuration menu turn both State/Timing
analyzers Off, and turn the oscilloscope On.

2. Press the TRACE/TRIG key and select the Calibration field using
the front-panel knob and SELECT key. ’

mi Offset calibration should be the default Calibration menu setting. If
Note W#

not, select the Calibration choice field and, when the pop-up appears,
select Offset.

3. Disconnect all signals from the channel 1 and 2 inputs. Select
Start with the front-panel knob and SELECT key. A message will
appear on screen (o indicate the calibration is in process.

4. When the calibration is complete, the calibration status screen will
appear.

Installation, Maintenance and Calibration HP 1652B/16538
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Attenuator The attenuator calibration is the only calibration that requires test

Calibration equipment. If you are not using the recommended equipment listed on
the previous page, make sure the substitute equipment meets the
critical specifications listed in the HP 1652B/1653B Service Manual.

5

6.

Select the Calibration choice field. When the pop-up appears,
select Attenuation.

Connect the test equipment as shown below. The voltmeter
monitors the voltage level to the oscilloscope.

VOLTMETER

INPUT
[
[ S gpowg; SUPFLY [LoGIC anaLvzER
Ew N §
+ - - i T
: i —
% oL ¢ ! e o

31852814

i
|
1
i
|
|
i
X

Figure D-7. Attenuator Calibration Equipment Setup

7.

10.

HP 1652B/16538
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Select the Start field with the front-panel knob and SELECT key,
The calibration screen will prompt you to connect the appropriate
channel and set the DC voltage as specified.

. Adjust the power supply to within £0.1% of the specified voltage.

If the measured voltage displayed on the voltmeter is greater than
*(.1 % from the specified voltage in step 7, you will have to
compensate the oscilloscope as shown in step @ below.

a. Select the Voltage field and enter the measured voltage value,
then select DONE

. To proceed with the Attenuator calibration, select the Continue

field. Repeat steps 8 and 9 for cach specified voltage value.

When the calibration is complete, the updated calibration status
screen will appear.

Instaliation, Maintenance and Calibration
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Gain Calibration 11

12

13.

Trigger Calibration 14,

15.

16.

Delay Calibration 17.

18.

Disconnect all test equipment and all inputs to channel 1 and 2 of
the oscilloscope.

Select the Calibration choice field. When the pop-up appears,
select Gain, then select Start .

When the calibration is complete, the updated calibration status
screen will appear.

Make sure all signals are disconnected from the channel 1 and 2
inputs of the oscilloscope.

Select the Calibration choice field. When the pop-up appears,
select Trigger level, then select Start,

When the calibration is complete, the updated calibration status
screen will appear.

Select the Calibration choice field. When the pop-up appears,
select Delay, then select Start.

Connect a BNC cable from the Probe Compensation output on
the rear panel, to the channel 1 input. The instrument will prompt
you when you need to switch to channel 2.

Note

“g‘ You have the option of using the 10:1 scope probe in place of the
J recommended 1:1 BNC cable. If you use the scope probe, you will

have to use the BNC-to-mini probe adapter supplied with the
mstrument and set attenuation field in step 19 to 10:1.

15.

Set the attenuation field in the calibration screen to the
appropriate setting,

Installation, Maintenance and Calibration HP 1652B/1653B
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20. To proceed with the Delay calibration, select Continue.

21, When the calibration is complete, the updated calibration status
screen will appear.

22. Calibration is now complete. Select Done with the front-panel
knob and SELECT key to exit the Calibration menu.

.;:' Do not execute Set to Defanlt after calibrating the instrument.
Note '

Otherwise, your calibration factors will be replaced by default
calibration factors.

HP 1652B/1653B
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Operator Self Tests

Introduction

Self Tests

Power-up Self

Test
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This appendix gives you an overview of the self tests the logic analyzer
runs when you turn it on. You can also access the self tests from the 1/O
menu. This appendixis not intended to provide service information,
but to acquaint you with the tests. I service is required, it should be
petrformed by qualified service personnel.

The power-up self test is a set of tests that are automatically performed
when you apply power to the logic analyzer. You may perform the self
tests individually to have a higher level of confidence that the
instrument is operating properly. A message that the instrument has
failed a test will appear if any problem is encountered during a test.
The individual self tests are listed in the self test menu which is
accessed via the 1/O menu. The HP 1652B/1653B self tests are on the
operating system disk and the disk is required to run the tests.

The power-up self test is automatically initiated at power-up by the

HP 1652B/1653B Logic Analyzers. The revision number of the
operating system firmware is given in the upper right of the screen
during the power-up self test. As each test is completed, either "passed”
or "failed” will be displayed before the test name as shown below.

PERFORMING POWER-UP SELF TESTS

passed ROM test
passed RAM test
passed Interrupt test
passed Display test
passed Keyboard test
passed Acquisition test
passed Threshold test
passed Disk test

LOADING SYSTEM FILE

Operator Self Test
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Selectable Self
Tests

Operator Self Test
E-2

When the power-up self testing is complete, the operating system will
be automatically loaded. If the operating system disk is not in the disk
drive, the message "SYSTEM DISK NOT FOUND" will be displayed
at the bottom of the screen and "NO DISK" will be displayed in front of
disk test in place of "passed.”

If the "NO DISK" message appears, turn off the instrument, insert the
operating system disk into the disk drive, and apply power again,

The following self tests may be accessed individually in the Self Test
roenu:

Analyzer Data Acquisition
Scope Data Acquisition
RS-232C

BNC

Kevboard

RAM

ROM

Disk Drive

Cycle through tests

* & & 0 & 0 ¢t &5

To select a test, place the cursor on the test name and press SELECT.
A pop-up menu appears with a description of the test. The self test
does not begin until the cursor is placed on Single or Repetitive Test
and the SELECT key is pressed.

When the test is complete, either "Passed”,"Failed", or "Tested" will be
displayed in the Self Test menu in front of the test. These tests are also
used as troubleshooting aids, If a test fails, refer to Section 6 of the
Service manual for information on the individual tests used for
troubleshooting, :

HP 1652B/1653B
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Specifications and Operating
Characteristics

Introduction This appendix lists the specifications, operating characteristics, and
supplemental characteristics of the HP 1652B and HP 1653B Logic
Analyzers.

S
Logic Analyzer
Specifications

Probes Minimum Swing: 600 mV peak-to-peak.

Threshold Accuracy: Yoltage Range Accuracy
20Vio +2.0V + 150 mV
99V io-21V * 3 mV
+21Vto +99V *+ 300 mV
Dynamic Range: = 10 volts about the threshold.
State Mode Clock Repetition Rate: Single phase is 35 MHz maximum (25 MHz on
the HP 1653B). With time or state counting, minimum time between
states is 60 ns (16.67 MHz). Both mixed and demultiplexed clocking

use master-slave clock timing; master clock must follow sfave clock by
at least 10 ns and precede the next slave clock by 250 ns.

Clock Pulse Width: =10 ns at threshold.
Setup Time: Data must be present prior to clock transition, 210 ns.

Hold Time: Data must be present after rising clock transition; 0 ns,

HP 1652B/1653B Specifications and Operating Characteristics
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Data must be present after falling clock transition, 0 ns (HP 1653B);
data must be present after falling L clock transition, 0 ns (HP 1652B);
data must be present after falling J, K, M, and N clock transition, 1 ns
(HP 1652B).

Timing Mode Minimum Detectable Glitch: 5 ns wide at the threshold.

Logic Analyzer
Operating
Characteristics

Probes

The following operating characteristics are not specifications, but are
typical operating characteristics for the HP 1652B/1653B logic analyzer
which are included as additional information for the user.

Input RC: 100 K =* 29 shunted by approximately 8 pF at the probe
tip.

TTL Threshold Preset: + 1.6 volts.
ECL Threshold Preset: -1.3 volts.
Threshold Range: -9.9 to + 9.9 volts in 0.1 volt increments.

Threshold Setting: Threshold levels may be defined for pods T and 2
individually (HP 1653B). Threshold levels may be defined for pods 1,
2, and 3 on an individual basis and one threshold may be defined for
pods 4 and 5 (HP 1652B).

Minimum Input Overdrive; 250 mV or 30% of the input amplitude,
whichever is greater.

Maximum Voltage: * 40 volts peak.

Maximum Power Available Through Cables: 60) mA @ 5V per cable;
2 amp @ 5V per HP 1652B/1653B.

Specifications and Operating Characteristics HP 1652B/1853B
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Measurement
Configurations

State Analysis

HP 16528/1653B
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Analyzer Configurations: Analyzer 1

Timing
Off
State
Oft
Timing
State
State
Off

Analyzer 2

Off
Timing
Off
State
State
Timing
State
Off

Channel Assignment: Each group of 16 channels (a pod) can be
assigned to Analyzer 1, Analyzer 2, or remain unassigned. The HP
1652B contains 5 pods; the HP 1653B contains 2 pods,

Memory

Data Acquisition: 1024 samples/channel.

Trace Specification

Clocks: Five clocks (HP 1652B) or two clocks (HP 1653B) are
available and can be used by either one or two state analyzers at any
time. Clock edges can be ORed together and operate in single phase,

- two phase demultiplexing, or two phase mixed mode. Clock edge is

selectable as positive, negative, or both edges for each clock.

Clock Qualifier: The high or Iow level of four ORed clocks (HP
16528) or one clock (HP1653B) can be ANDed with the clock

specification. Setup time: 20 ns; hold time: 5 ns.

Specifications and Operating Characteristics
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Pattern Recognizers: Each recognizer is the AND combination of bit
(0, 1, or X) patterns in each label. Eight pattern recognizers are
available when one state analyzer is on. Four are available to each
analyzer when two state analyzers are on.

Range Recognizers: Recognizes data which is numerically between or
on two specified patterns (ANDed combination of zeros and/or ones}.
One range term is avaitable and is assigned to the first state analyzer
turned on. The maximum size is 32 bits and on a maximum of 2 pods.

Qualifier: A user-specified term that can be anystate, nostate, a single
pattern recognizer, range recognizer, or logical combination of pattern
and range recognizers.

Sequence Levels: There are eight levels available to determine the
sequence of events required for trigger. The trigger term can occur
anywhere in the first seven sequence levels.

Branching: Each sequence level has a branching qualifier. When
satisfied, the analyzer will restart the sequence or branch to another
sequence level,

Occurrence Counter: Sequence qualifier may be specified to occur up
to 65535 times before advancing to the next level.

Storage Qualification: Each sequence level has a storage qualifier that
specifies the states that are to be stored.

Enable/Disable: Defines a window of post-trigger storage. States
stored in this window can be qualified.

Prestore: Stores two qualified states that precede states that are stored.

Tagging I

State Tagging: Counts the number of qualified states between each
stored state. Measurement can be shown relative to the previous state
or relative to trigger. Maximum count is 4.4 X (10 to the 12th power).

Specifications and Operating Characteristics HP 1652B/1653B
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Time Tagging: Measures the time between stored states, relative to
either the previous state or to the trigger. Maximum time between
states is 48 bours.

With tagging on, the acquisition memory is halved; minimum time
between states is 60 ns.

Symbols

Pattern Symbols: User can define 2 maemonic for the specific bit
pattern of a label. When data display is SYMBOL, a mnemonic is
displayed where the bit pattern occurs. Bit patterns can include zeros,
ones, and don’t cares.

Range Symbols: User can define a mnemonic covering a range of
values. Bit pattern for lower and upper limits must be defined as a

"""" patiern of zeros and ones. When data display is SYMBOL, values
within the specified range are displayed as mnemonic + offset from
base of the range.

Number of Pattern and Range Symbols: 200 per HP 1652B/1653B.
Symbols can be down-loaded over R8-232C and HP-1B.
State Compare Mode

Performs post-processing bit-by-bit comparison of the acquired state
data and compare data image.

Compare lmage: Created by copying a state acquisition into the
compare image buffer. Allows editing of any bit in the compare image
to a zero, one, or don’t care.

Compare hnage Boundaries: Each channel (column) in the compare
image can be enabled or disabled via bit masks in the compare image.
Upper and lower ranges of states {rows) in the compare image can be
specified. Any data bits that do not fall within the enabled channels
and the specified range are not compared.

Stop Measurement: Repetitive acquisitions may be halted when the
comparison between the current state acquisition and the current
compare image is equal or not equal.

HP 1652B/1653B Specifications and Operating Characteristics
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Displays: Compare Listing display shows the compare image and bit
masks; Difference Listing display highlights differences between the
current state acquisition and the current compare image.

State X-Y Chart Display

Plots the value of the specified label (on the y-axis) versus states or
another label (on the x-axis). Both axes can be scaled by the user,

Markers: Correlated to state listing, state compare, and state
waveform displays. Available as pattern, time, or statistics (with time
counting on), and states (with state counting on),

Accumulate: Chart display is not erased between suceessive
acquisitions,

State Wavelorm Display

Displays a state acquisition in a waveform format,
States/div: 1 ito 104 states.

DPelay: 0to 1024 states.

Accumulate: Waveform display is not erased between successive
acquisitions.

Overlay Mede: Multiple channels can be displayed on one waveform
display line. Primary use is to view a summary of bus activity.

Maximum Number of Displayed Waveforms: 24.

Markers: Correlated to state listing, state compare, and X-Y chart
displays. Available as pattern, time, or statistics {with time counting
on), and states (with state counting on).

HP 16528/1653B
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Timing Analysis Transitional Timing Mode

HP 16528/1653B
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Sample is stored in acquisition memory only when the data changes. A
time tag stored with each sample allows reconstruction of a waveform
display. Time covered by a full memory acquisition varies with the
number of pattern changes in the data.

Sample Period: 10 ns.

Maximum Time Covered By Data: 5000 seconds.

Minimum Time Covered by Data: 1024 us.

Glitch Capture Mode

Data sample and glitch information is stored every sample period.

Sampie Period: 20 ns to 50 ms in a 1-2-5 sequence dependent on
sec/div and delay settings.

Memory Depth: 512 samples/channel.

Time Covered by Data: Sample period X 512
Waveform Display

Sec/div: 10 ns to 100 s; 0.01% resolution.

Screen Delay: -2500 s to 2500 s; presence of data is dependent on the
number of transitions in data between trigger and trigger plus delay
(transitional timing).

Accumulate: Waveform display is not erased botween successive
acquisitions,

Hardware Delay: 20 ns to 10 ms.

QOverlay Mode: Multiple channels can be displayed on one waveform
display line, Primary use is to view a summary of bus activity.

Maximum Number Of Displayed Waveforms: 24

Specifications and Operating Characteristics
F-7




Time Interval Accuracy
Channel to Channe} Skew: 4 ns typical.
Sample Period Accuracy: 0.01% of sample period.

Time Interval Accuracy: =+ (sample period + channel-to-channel
skew + 0.01% of time interval reading).

Trigger Specification

Asynchronous Pattern: Trigger on an asynchronous pattern less than
or greater than a specified duration. Pattern is the logical AND of a
specified low, high, or don’t care for each assigned channel. If patiern
is valid but duration is invalid, there is a 20 ns reset time before looking
for patterns again.

Greater Than Duration: Minimum duration is 30 ns to 10 ms with 10
ns or 0.01% resolution, whichever is greater. Accuracy is +0 ns to -20
ns. Trigger occurs at pattern + duration,

Less Than Puratien: Maximum duration is 40 ns to 10 ms with 10 ns
or 0.01% resolution, whichever is greater. Pattern must be valid for at
least 20 ns. Accuracyis + 20 ns to -0 ns. Trigger occurs at the end of
the pattern.

Glitch/Edge Triggering: Trigger on a glitch or edge following a valid
duration of an asynchronous pattern while the pattern is still present.
Edge can be specified as rising, falling, or either. Less than duration
forces glitch ard edge triggering off.

Measurement and Autoscale (Timing Analyzer Oniy)
Display Functions

Autoscale searches for and displays channels with activity on the pods
assigned to the timing analyzer,
Acquisition Specifications

Arming: Each analyzer can be armed by the run key, the other
analyzer, or the external trigger in port.

Specifications and Operating Characteristics HP 1652B/1653B
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Trace Mode: Single mode acquires data once per trace specification;
repetitive mode repeats single mode acquisitions until stop is pressed
or until the time interval between two specified patterns is less than or
greater than a specified value, or within or not within a specified range.
There is only one trace mode when two analyzers are on.

Labels

Channels may be grouped together and given a six character name. Up
to 20 labels in each analyzer may be assigned with up to 32 channels
per label. Primary use is for naming groups of channels such as
address, data, and control busses.

indicators

Activity Indicators: Provided in the Configuration, State Format, and
Timing Format menus for identifying high, low, or changing states on
the inputs.

Markers: Two markers {X and ) are shown as dashed lines on the
display.

Trigger: Displayed as a vertical dashed line in the timing waveform
display and as line 0 in the state listing display.

Marker Functions

Time Interval: The X and 0 markers measure the time interval
between one point on a timing waveform and trigger, two points on the
same timing waveform, two points on different waveforms, or two states

(time tagging on).

Delta States (State Analyzer Only): The X and 0 markers measure the
number of tagged states between one state and trigger, or between two
states.

Patterns: The X and O markers can be used to locate the nth
occurrence of a specified pattern before or after trigger, or after the
beginning of data. The 0 marker can also find the nth occurrence of a
pattern before or after the X marker.

Specifications and Operating Characteristics
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Statistics: X to 0 marker statistics are calculated for repetitive
acquisitions. Patterns must be specified for both markers and statistics
are kept only when both patterns can be found in an acquisition,
Statistics are minimum X to 0 time, maximum X to 0 time, average X to
0 time, and ratio of valid runs to total runs.

Run/Stop Functions
Run: Starts acquisition of data in a specified trace mode.

Stop: In single trace mode or the first run of a repetitive acquisition,
STOP halts the acquisition and displays the current acquisition data.
For subsequent runs in repetitive mode, STOP halts the acquisition of
data and does not change current display.

Data Display/Entry

Dispiay Modes: State listing; timing waveforms; interleaved,
time-correlated listing of two state analyzers (time tagging on);
time-correlated state listing and timing waveform display (state listing
in upper half, timing waveform in lower half, and time tagging on).

Timing Waveform: Pattern readout of timing waveforms at X or 0
marker.

Bases: Binary, Octal, Decimal, Hexadecimal, ASCII (display only),
and User-defined symbols.

Specifications and Operating Characteristics HP 1652B/16538
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Oscillosco pe The following specifications are the performance standards or limits
SpECiﬁ cations against which the oscilloscope in the HP 1652B/1653B is tested.

Vertical Bandwidth (-3 dB): dcto 100 MHz (single shot).

DC Gain Accuracy: % 3% of full scale.

DC Offset Accuracy: = (2mV + 2% of the channel offset + 2.5% of
full scale).

Voltage Measurement Accuracy (DC): {Gain accuracy + ADC
resolution + Offset accuracy).

Horizontal Time Interval Measurement Accuracy: =(2% X s/div + 0.01% X
delta-t + 500 ps).

Trigger Sensitivity: 10% of full screen.

R
Oscil [OSCOPG The following operating characteristics are not specifications, but are
Operating typical operating characteristics for the oscilloscope in the HP

. r 1652B/1653B. These are included as additional information for the
Characteristics ..

Vertical Transition Time (10% to 90%): < 3.5 ns.
(at BNC)

Number of Charnels: 2.

Vertical Sensitivity Range: 15 mV/div to 10 V/div (1:1 probe).
Vertical Sensitivity Resolution: Adjustable 2 digit resolution.
Maximum Sample Rate: 400 MSamples/second.

Analog-to-Digital Conversion: 6 bit real-time.

HP 1652B/1653B Specifications and Operating Characteristics
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Analog-to-Digital Resolution: +1.6% of full scale.
Waveform Record Length: 2048 points.

Input R: 1MQ x 1% 0or50Q = 1%,

Input C: Approximately 7 pF.

Input Ceupling: dc.

Maximum Safe Input Voltage:

1 MS input, #+ 250 V [dc + peak ac (<10 kHz)]
50 Q input, + 5V RMS

DC Ofiset Range (1:1 Probe):

Vertical Sensitivity Available Offset
=50 mV/div =20V

100 mV/div- 200 mV/div =10V

500 mV/div- 1 V/div =50V

=2 Vidiv =125V

+5 V max if input impedance is at 50 Q.

DC Offset Resolution (1:1 Probe)

Yertical Sensitivity Resolution

=50 mV/div 200 uV

100 mV/div- 200 mV/div  1mV

500 mV/div- 1 Vidiv 5mV

=2 V/div 25 mV or 4 digits of resolution, whichever
is greater.

Probe Factors: Any integer ratio from 1:1 to 1000:1.

Channel Isolation:

40 dB: dc to 50 MHz.

30 dB: 50 MHz to 100 MHz (with channels at equal sensitivity).

Specifications and Operating Characteristics
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Horizontal

Trigger

HP 1652B/1653B
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Timebase Range: 5 ns/div to 5 s/div.

Timebase Resolution:

Time/Division Setti Resoluti
t < 10 ns/div 100 ps
t=10 ns/div - adjustable with 3-digit resolution

Delay Pre-trigger Range: 5 X (s/div) @ 5 ns = s/div < 500 ns
25us X (s/divy @ 500 ns < s/divs 5s

Delay Post-trigger Range:
Time/Division Setti ilable Del

50 ms - 5 s/dwv 40 X (s/div)
100 ges - 20 ms/div 1s
5 ns - 50 us/div 10,000 X (s/div)

Triggering on either input channel, rising or falling edge.

Trigger Level Range: dc Offset =35 divisions.
Trigger Level Resolution (1:1 Probe):

Trigger Level Resolution
=50 mV/div 400 uv
W0 mV/div-200 mV/div  2mV

500 mV/div - 1 V/div 10mV

=2 Vidiv 50 mvV

Arming: Armed by the Run key, external BNC low input, or by
Analyzer 1or 2,

Trigger Modes
Immediate: Triggers immediately after the arming condition is met.

Edge: Triggers on the rising or falling edge from channel 1 or 2,

Specifications and Operating Characteristics
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Waveform Display

Specifications and Operating Characteristics
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Auto-Trigger: Self-triggers if no trigger condition is found within
approximately 1 second after arming.

Trigger Out: Arms Analyzer 1 or 2, or triggers the rear panel BNC.
Display Formats: 1 to 8 oscilloscope waveforms can be displayed.

Display Resolution: 500 points horizontally, 240 points vertical.
Dispiay Modes
Normal: New acquisitions replace old acquisitions on screen.

Accumulate: New acquisitions are added to the screen and displayed
with previous acquisitions until a parameter is changed and a new
acquisition is made.

Average: New acquisitions are averaged with older acquisitions and
displayed. Maximum number of averages is 256.

Overlay: Channel 1 and 2 can be overlayed in the same display area,

Connect-the-dots: Provides a display of the sample points connected
by straight lines.

Waveform Reconstruction: A reconstruction filter fills in missing data
points when timebase is < 100 ns/Div or when timebase is reduced to a
setting where fewer than 500 samples are on screen.

Waveform Math: Display capability of A-B and A + B functions is
provided.

Mixed Mode: Oscilloscope plus logic analyzer displays on the same
screen,

Front-Panel Referenc
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Measurement AidS Time Markers: Two vertical markers labeled X and O. Voltage levels

HP 1652B/1653B
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are displaved for each marker. Time interval measurements can be
made between any two events.

Automatic Search: Searches for a specified absolute or percentage
voltage level at a positive or negative edge, count adjustable from 1 to
1024.

- Aute Search Statistics: Mean, maximum, and minimum values for

elapsed time from X to O markers for multiple runs. Number of valid
runs and total number of runs displayed.

Trigger Level Marker: Horizontal trigger level marker displayed in
Trace/Trigger menu only.

Automatic Measurements: The following pulse parameter
measurements can be performed automatically:

Frequency
Period

Vpp

Rise time

Fall time
Preshoot
Overshoot

+ pulse width
- pulse width

Grid: May be turned on or off.
Setup Aids

Autoscale: Auto sets the vertical and horizontal ranges, offset, and
trigger levels to display the input signals. Requires an amplitude above
10 mV peak, and a frequency between 50 Hz and 100 MHz.

Preset: Scales the vertical range, offset, and trigger level to
predetermined values for displaying ECL or TTL waveforms.

Calibration: Attenuation, offset, gain, trigger, and delay set to
defaults.

Specifications and Operating Characteristics
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Probe Compensation Seurce: External BNC supplies square wave
approximately -400 mV to -900 mV at approximately 1.25 kHz.

R
Interactive
Measurements
Acquisition  Oscilloscope, timing, and state can occur simultancously or in series.

Mixed Displays

Time Correlation

Time Interval
Accuracy
Between Modules

Timing channels and oscilloscope channels can be displayed on the
same screen. Multiple state machine listings can be displayed with
time tags on the same screen. Timing channels can be displayed with a
state listing with Time Tags turned on. Statc listings with time tags,
timing channels, and oscilloscope channels can be displayed on the
same screen.

All modules are time correlated with the exception of when the
oscilloscope is being armed by the logic analyzer, and when the
oscilloscope is not in trigger immediate mode.

Equals the sum of channel to channel time interval accuracies of each
machine used for a measurement.

Specifications and Operating Characteristics HP 1652B/16538
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General The following general characteristics for the HP 1652B/1653B include

Characteristics the environment operating conditions, shipping weights, and
instrument dimensions.

Operating Temperature
Environment
Instrument:

Operating: 0°C to +55°C (32°F to + 131°F)
Non-operating: -40°C to + 70°C (-40°F to + 158°F)

Probes and Cables: 0°C to 65°C (+32°F to + 149°F)

Disk Media: 10°C to 50°C (+ 50°F to + 149°F).

Humidity:

Instrument:

Operating: Up to 95% relative humidity (non-condensing) at +40°C
(+ 104°F)

Non-eperating: Up to 90% relative humidity at +65°C (+ 149°F)
Disk Media: 8% to 80% relative humidity at +40°C ( -+ 104°F)
Altitude

Operating: Up to 4600 meters (15,000 ft)
Non-operating: Up to 15,300 meters {50,000 ft)

Vibration

Operating: Random vibration 5-500 Hz, 10 minutes per axis, 03 g
{rms)

Non-operating: Random vibration 5-500 Hz, 10 minutes per axis, 2.41
g (rms);

Resonant search 5-500 Hz swept sine, 1 Octave/minute sweep rate, 0.75
g {0-peak), 5 minute resonant dwell at 4 resonances per axis.

HP 1652B/1653B Specifications and Operating Characteristics
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Power
Requirements 115/230 Vac, -25% to +15%, 48-66 Hz, 200 W max.

Weight  10.0 kg (22 ibs) net; 18.2 kg (40 Ibs) shipping.

Dimensions Refer to the outline drawing below.

NOTES

1. Dimensions are for genergl information snly.
[f dimensicns are reguired for buiiding special
encivsuras, contact your HP figid enginesr .

2. Dimension are in miitimetres and (inches),
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Figure F-1. HP 1652B/1653B Dimensions
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Index

absolute
Accessing System Configuration
Menu
Accessories
available
manuals
supplied
Accessories for HP 1652B/53B
accumulate
acquisition
fields (state trace)
acquisition modes
glitch
state
timing
transitional
activity indicators
alternate printers
armed by
BNC
Machine I or 2
Run
state
timing
Armed by Field
ASCH
Assignment/Specification Menus
Assigning Pod Bits to Labels
description

Specifying Edges -

HP 1652B/1653B
Front-Panel Reference

18-9
4-2

1-7
1-7
1-5
1-5
19-6

10-13

18-5
10-13
183
18-4
20-5
72

24-4
24-4
24-4
10-13
18-3
24-3
179

3-17
3.17
3-19

Specifying Patterns
Auto-Measure

+ Width and -Width
Fall Time
Measurement Example
Period and Frequency
Preshoot and Overshoot
Rise Time
Top and Base Voltages
Vp-p

Auto-Measure Ficld
Auto-Trg Field
Autoload

disable

enable
autoloading a file
Automatic Measurement
Algorithms
Autoscale
Autoscale Field
Axes (State Chart)

Scaling the
Sclecting the

base
ASCH
State Trace
baud rate
bit assignment
branches
per level

318

259
25-6
25-4
25-8
25-10
25-3
25-3
25-7
25-1
24-6
5-6,6-1
3-6
5-6
6-13

B-1
23-19
4.5

13-2
13-1

17-8, 18-6
17-9
10-22
5-16
9-4,17-4
10-14
10-15
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restart
branching

muitiple levels

secondary
branching qualifier

C

cables for printer
Calibration
Cancel field
Changing Alpha Entries
Channel Menn
Channel Menu Fields
Impedance
Input
Offset
Preset
Probe
V/Div
CHS Key
Clear Entry Key
clock
demultiplex
master
mixed
normal
period (state)
slave
state
Closing Pop-up Menus
Compare Image
Bit Editing of the
Creating a
Masking Channels in the
Saving
Compare Listing Display
Compare Range
Specifying a
Compensation Signal

Index-2

10-14

10-17
10-13
10-8

7-3
24-1,D-1
5-4

3-15

23-1

23-5
23-1

23-5
23-4
23-2
3-4
33

910
9-10
6-11
9.9

9-12
9-14
9-7

3-9

12-3
12-4
12-3
12-5
12-8
12-2
12-6
12-6
227

Configuration Capabilities
HP 1652B capabilities
HP 1653B capabilities

Connect dots Field

Connecting
analyzer to target system
Grabbers to probes
Grabbers to test points
Labels to pods, probes, cables
Other HP Printers
Pods to probe cables
probe cables to analyzer

Continue field

Copy

Copying a File

count
States
Time

Cursor

data
bits
time-correlating
Delay
from Trigger (State)
Delay (timing)
Deleting Waveforms (State)
Demultiplex (clock)
Difference Listing
Locating Mismatches in
Difference Listing Display
disk
drive operations
format (1.IF)
Installing a Blank Disk
operations
Disk Drive
Disk Eject Button

1-2
1.3
25-31

2-8
2-12
2-12
213
7-9
2-10
2-9
5-4
5-7,6-1
6-15
10-18
10-20
10-18
3.7

5-15
21-11,27-12
23-17

14-5

19-9

14-4

5-10

12-8
12-2

6-1
6-7
6-6
5-3
3-5
3-5
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disk operation parameters
disk operations
Autoload

Copy

Copying a File
Duplicate Disk
Format Disk
Formatting a Disk
load

Pack Disk

Pack Disk Operation

Purge

Purging a File

Rename

Renaming a File

Selecting a

store

Storing to a Disk
Disk Operations menu

Accessing the
display

mixed mode

resolution {Timing Waveforms)

Display Field
Accumulate Mode
Average Mode
Normal

display icons
The Inverted Triangle
Vertical Dotted Line

Don’t Care Key

Duplicate Disk

Duplicating Operating System Disk

E

ECL
Edge Trigger Mode

HP 1652B/1653B
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5-6, 6-1,
6-13
5-7,6-1
6-15
5-8,6-1
5-11,6-1
6-7

5-5, 6-1,
6-11
5-9,6-1
6-17
5-10,6-1
6-14
5-9,6-1
6-12

6-4
5-5,6-1
6-9

6-3

21-12,27-13

20-12

25-31
25-30
25-29

20-11
20-11
3-3
5-8, 6-1
6-18

9-6

Auto-Trig Field
Level Field
Source Field
edges
Then Find
Entering Alpha Data
Entering Numeric Data
Error Messages
Execute field
External Trigger (arming)
for Scope
external trigger BNCs
configuration

F

Features of HP 1652B/1653B
file description
filename
Find Pattern
Format Disk
Format/Channel Menu Key
Formatting a Disk
Front-Panel Controls

CHS Key

Clear Entry Key

Display Menu Key

Don’t Care Key

Format/Channel Menu Key

Hex(adecimal) Keypad

1/0 Menu Key

Knob

Menu Keys

Roll Keys

Run Key

Select Key

Stop Key

Trace/Trigger Menu Key
Full Qualifier Specification
Fuse

24-6
24.5
244, 24-6

18-11
3-14
3-11
C-1
54

2-7

5-17

1-4
55,69
5-5,6-9
18-7
5-11, 6-1
3.2

6-7

3-4
33
33
3.3
3.z
3-4
33
34
3.2
3-4

34
3.3
32
10-4
D-§
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G

General Purpose Probe Interface
glitch triggering

Glitch Acquisition mode
Grabbers

H

Hooking Up Your Printer
HP-1B
printer cables

I/O menu
Accessing the
1/O Menu Key
1/0 Port Configuration menu
Immedediate Trigger Mode
Armed by
Impedance Ficld
Indicator Light
indicators
activity
Input Field
Input Voltage for Probes
Inputs 1 and 2
Instaliation
Installing a Blank Disk
Intensity Control
interface
Configuring
HP-IB
RS-232C
Setting HP-IB for HP Printers

index-4

Setting RS-232C for HP Printers  7-5

for Non-HP Printers T-5
inverse assembled data
How to Display A-19
9 inverse 'asscmbler files
1813 loading A-18
18-5
2-6 K
Knob 3-4
7-2 L
73
Label Value vs, Label Value
(State Chart) 13-4
Label Value vs. States
(State Chart) 13-3
labels 17-3
5-1 State Format menu 9-3
-1 State Trace 10-22
33 svmbols 17-8
12 Timing Format menu 17-3
243 . Timi.ng Trace menn 18-6
evel Field 24-3
233 Line Switch D-10
35 Line Voltage Selection D-7
Load 5-5,6-1
20-5 loading a file 6-11
231 Logic Analyzer
-8 description 1-1
:E;i key feats_.lres 1-4
6-6 turning i on 1-7
D-10
M
513
5-13,7-1
5-14, 7-1 Maintenance D-1
7-4 Making Hardcopy Prints 7-1
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Marker Measurements
markers
Pattern (state)
Pattern (timing)
Statistics (state)
Statistics (timing)
Time (state)
Time {timing)
Timing Waveforms menu
Xand O
Markers Field for Scope
Sample Period Display
Search
Specify Search Markers
Statistics
Time
X-O Pattern from start
master clock
measurement example
state analyzer
timing analyzer
timing/state analyzer
measurements
microprocessor
memory
acquisition
menau fields
Specify Symbols (state)
Specify Symbols (timing)
st/Div (states-per-division)
State Format Specification
State Listing menu
State Trace menu
Timing Format Specification
Timing Frace Specification
Timing Waveforms menu
Menu Keys
MEeRu maps
Channel Menu
Specify Markers
state analyzer

HP 1652B/1653B
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11-4
18-5
11-6
19-6
11-6
194
19-3
20-10

25-14
25-16
25-16
25-23
25-14
25-22
9-10

15-1
20-1
21-1

A-1

18-4 - 18-5

9-13
17-8
14-4
9-3

11-3
16-2
17-3
18-2
19-3
3.2

222
22-5
8-1

State Chart
State Compare
State Format
State Listing
State Trace
State Waveform
timing analyzer
Timing Format
Timing Trace
Timing Waveform
TFrigger Menu
Waveform Selection
Waveforms Menu
menus
Disk Operations
YO
1/0 Port Configuration
Specify Symbols (state)
Specify Symbols (timing)
State Chart
State Compare
State Format Specification
State Listing
State Trace
State Waveform
State Waveforms
Timing Format Specification
Timing Trace Specification
Timing Waveforms
Microprocessor Specific
Measurements
Microprocessors Supported
mixed clocks
Mixed Mode Displays
Arming the Scope
Displaying Timing Waveforms
State/State
State/Timing/Scope Mixed
Mode Display
Time-Correlated Displays
Timing/Scope

8-9-8-10
B-6

8-2

8-5

8-3
8-7-8-8
16-1
16-2
16-3
16-4
2.3
22-5
22-4

5-3,6-1
5.1
5-12
9-7,9-12
17-7
13-1
121
9-1
11-1
10-1
14-1
14-1
17-1
18-1
19-1

A-1

A-3

8-11
26-1
26-4
26-5
26-3

26-8

26-9
26-4
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Timing/State 26-2 find 187

Mixed Mode Field 26-1 Pod Clock 9-9
Mode Ficld - 24-2 Pod Fields 4-6
Edge 24-4 Pod Grounding 2-5
Immediate 24-3 pod threshold
ECL 17-6
N TTL 17-6
user-defined 17-6
Pod Thresholds 2-8
name pOdi k 9-9
cloc -
i;mbcéol 4174 threshold 96, 17-6
Name Field 43 Polarity (Pol) 9-4,17-4
: Pop-up Menus 3-9
Power Cord Configurations D-4
O PreEprocessors A2
Preset Field 235
prestore 10-21
O to Trig(ger) 19-4 print
occurrence counter 10-9 All 2,77
Offset Field 23-3 Screen 52,77
Operating Characteristics F-1 Starting the Printout 77
Operating System Disk 6-18 Print All 52,77
Duplicating the 6-18 Print Screen 52,77
Operating System-loading D-9 printer 5-16
Overlapping Timing Waveforms ~ 21-14 printers
alternate 72
Hooking Up 72
P Other HP Printers 7-9
supported 7-1
. Probe Cables 2-6
Pack.Dlsk ‘ 5-9,6-1 Probe Connecting
Packing a Disk 6-17 Analyzer to Target System 2-8
paper width 5-17 Disconnecting Probes from Pods 2-11
Setting the 76 Grabbers to Probes 2-12
parity 515 Grabbers to Test Points 2.12
pattern Labels to Pods, Probes, Cables  2-13
TECOgMIZETS 10-2 Pods to Probe Cables 2-10
Pattern Fields (state) 10-24 Probe Cables to Analyzer 2.9
patterns 10-23 Probe Field 23-4
Duration (pICSEHt for ___) 18- Probe Grounding 2.6
fields 10-22
Index-6 HP 1652B/1653B
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Probe Inputs for Scope

Probe Pod Assemblies

Probes

Probing Options
General Purpose Probing
HP 10269C General Purpose
Probe Interface
HP 10320C User-Definable
Interface
Termination Adapter

Probing System for Analyzer
description
Grabbers
Maximum Probe Input Voltage
Pod Grounding
Probe Cable
Probe Grounding
Probe Pod Assemblies
Probes
Signal Line Loading

Probing System for Scope
Compensation Signal Outputs
description
External Trigger Inputs
Maximum Probe Input Voltage
Probe Inputs

protocol

Purge

Purging a File

Q

Qualifer Field (state)
qualifier

branching

fields

storage
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2.7
2.4
2-5

2-3

2-4
2-6
2-8
2-5
2-6
2-6
2-4
2-5
2-8

2-7

2-7

2-7

2-8

27

5-14
510, 6-1
6-14

10-23
10-2
10-8
10-22
10-8

range
recognizers
ranges

Rear-Panel Controls and Connectors

External Trigger BNCs

Fan

HP-IB Interface Connector

Intensity Control

Line Power Module

Pod Cable Connectors

Probe Compensation Signal

RS-232C Interface Connector
Recommended Protocol (RS-232C)
Rename
repetitive

trace mode {state)

trace mode {timing)
Repetitive Run Mode
Replacing Waveforms (State)
Returning to system configuration
Roll Data
Roll Keys
RS-232C

default configuration

printer cables

recommended protocol

setting for HP printers

setting for non-HP printers
Run Key
Run Mode Field

Repetitive Mode Run

Single Mode Run

10-2

10-24

3-6
3-7
3-7
3-6
3-6
3-6
3-7
3-6
76

5-9,6-1

10-13

18-3
247
14-3
3-8
3-16
34

7-6
7-3
7-6
7-5
7-5
3-3
24-7
247
24-7
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An Overview

8-1

S menu maps &1
State Chart menu 13-1
Accessing the 13-1
) state clock 9-7
gampla period 193 State Compare menu
C‘;Pf duc -~ Accessing the 122
niroguciion s State Format Specification menu 9.1
Scope Field 25-1 Accessing the 9-1
Scope Menus Overview 22-6 fields 9-3
g C;’PSE 1(231/0& Field gi State Listing menu 11-1
elect key ’ Accessing the 11-2
Selecting a Waveform (State) 14-2 fields 11-3
gcicc?ng ;11 :jddress (HPIB) 2;3 state tagging 10-20
electing Fields - State Trace menu 10-1
Selecting Menus 37 Accessing the 10-2
Selecting Options 3-10 fields 10-2
self test >-18 State Waveforms menu 14-1
Self Tests-powerup E-1 Accessing the 14-1
sequence levels 10-6 State/State Mixed Mode Display 26-3
Delete Level 16-7 Statistics 25-23
Insert Level 10-7 Stop bits 5-15
Reading the Display 10-11 St og Key 3-3
Signal Line Loading 28 Stop Measurement
smflc ; 1013 state 11-5
race mode (s.tat‘e) - Stop Measurement (timing) 19-5
trace mode (timing) 18-3 storage macro 10-9
Single Run Mode 247 storage qualifier 16-8
slave clock 9-10 Store 5-5,6-1
Slope F“’:id 246 Store exception to disk
Source Field 24-4 state 11-5
Specifications F-1 State Compare 12-7
Specify Search Markers timing 19-6
g‘;«?terl ;h;n gg;‘; Storing to a Disk 69
Le (gl ange 25'19 supported printers 7-1
T ss than 25"17 Switching Between Analyzer
ype ) and Scope 3-8
X-O Marker set on 25-17 symbols 17-7
Specifying Edges 3-19 base 9-14,17-8
Specifying Patterns 3-18 label 9-13’ 17-8
st/Div (states-per-division) 14-1,14-4 name 9—15’ 17-10
state analyzer &1 ’
ndex-8 HP 1652B/16538
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specify (state)
view size
System Configuation Menu fields
Pods
Type
System Configuration
Accessing system configuration
ment
description
System Configuration Menu Fields
Autoscale
Name
Scope On/Off

T

tagging
state
" time
Termination Adapter
Then Find Edge
threshold
pod
time tagging
time-correlated data
Time/Div (time per division)
timing
Timebase Functions
Delay
s/Div
Scrolling
Zoom
timing
Trace mode
timing analyzer
An Overview
menu maps
Timing Format Specification menu
Accessing the
base
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9.7 fields 17-3
9.15,17-10 ‘Timing Trace Specification menu ~ 18-1
Accessing the 18-1
4-6 fields 18-2
4.4 Timing Waveforms
Overlapping 21-14
Timing Waveforms menu 19-1
4-2 Accessing the 19-2
41 At Marker field 197
Delay field 19-9
4-5 Timing Waveforms Menu fields 19-3
43 Timing/Scope Mixed Mode Display 26-4
4-3 Timing/State Mixed Mode Display 26-2
Toggle Fields 311
Fop and Base Voltages defined-  B-2
Frace/Trigger Menu Key 32
Transitional Acquisition mode 18-4
10-18 ?%gger xaxker ;:2
10-20 T,:'If%ger enu -1
9-6
;(_};19 Type Field 4-4
18-11
U
9-6,17-6
10-19
21-11, 27-12 User Interface
Changing Alpha Entries 3-15
19-8 Closing Pop-up Menus 39
23-13 Cursor 37
23-17 description 31
23-14 Entering Alpha Data 3.14
23-17 Eatering Numeric Data 3-11
23-15 Pop-up Menus 39
Returning to system configuration 3-8
183 Roll Data 3-16
16-1 Selecting Fields 3-9
16-1 Selecting Menus 37
16-1 Selecting Options 3-10
17-1 Switching between analyzer
17-1 and scope 3-8
18-6
Index-8




Toggle Fields
User-Definable Interface

A4

V/Div Field
view size
symbol

w

Waveform Selection
Insert/Delete
Math
Modify
Overlay
Turning them ON/OFF
Waveforms Menu
Auto-Measure Field
Connect dots Field
Description
Display Field
Marker Measurements
Markers Field
Scope Field
Search Marker Measurement
Example

X

X and O markers
State Chart
State Waveform
Timing Waveforms
X to Trig(ger)

Index-10

31
2-1

232

17-10

23-6
23-9
23-12
23-10
2311

25-1
25-31
25-1
25-29
25-12
25-13
251

25-24

13-5
14-5
20-10
19-4
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