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

Chapters 17 through 19 explain each of the Timing Analyzer menus as 
follows: 

• Chapter 17 explains the Timing Format Menu. 
• Chapter 18 explains the Timing Trace Menu. 
• Chapter 19 explains the Timing Waveforms Menu. 
• Chapter 20 gives you a basic Timing Analyzer Measurement 

example. 
• Chapter 21 gives you a basic Timing/State Analyzer Measurement 

example. 

The timing analyzer acquires data asynchronously using an internal 
sample clock. This asynchronous data acquisition technique is similar 
to a digitizing oscilloscope. The acquired 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 threshold). 

The Timing Analyzer menu maps show you the fields and the available 
options of each field within the three menus. The menu maps will help 
you get an overview of each menu as well as provide you with a quick 
reference of what each menu contains. 

The Timing Analyzer 
16-1 



Timing Format 
Menu Map 

I Timing Analyzer I 
I 
I 1 

I Format I I Trace I I Wave form I 

The Timing Analyzer 
16-2 

H Specify Symbols 'Label 

f- Base 

f- Symbol Wi dth 

f- Symbol 

- Type 

- Pattern/Range 

~ 
r---

t 
TTL 
f---
EeL 

~ c"." 1= Turn Label On r----
User 

Modify Label -

Turn Label Off 

--i Bit Fiela Assignmentl 

-1 Polarity + (positive) 

- (negative) I 
016!)OB41 

Figure 16-1. Timing Format Menu Map 
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Timing Trace 
Menu Map 

Timing Analyzer 

Format 

----1 Trace Mode Sing! e -1 Y Repetitive I 

-1 Armed By Run 

t BNC Input 

Machine 1 or 2 

H Acquisition I 
Mode I L{TronsitionOI I 

G I itch I 
!--- Lobel> -------~IIObel nome I allows off screen labels 

to be placed on screen 

I Base Binary 

Octal 

Dec i ma I 

Hex 

ASCI I 

Symbol 

Find Pattern Data Entry Keypad 

present for Data Entry Keypad 

Then find Edge 

U 1** 1 Then find GI itch. Ot650842 

'" Only available when "greater than" is specified in "present for" field 
Only available when "then find edge" is present and in Glitch mode 
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Figure 16-2. Timing Trace Menu Map 
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Timing 
Waveform 
Menu Map 

The Timing Analyzer 
16-4 

Time/Div X.xxxs data entry keypad (10ns to 100s) 

data entry keypad (-2500s to 25005) 

Continued on next page 
01650843 

Figure 16-3. Timing Waveform Menu Map 
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Continued from previous page 

H Markers ~r- orr 

- Time X to a 
- Pattern X-pattern from tr igger ( x ) '- Tr i 9 \0 X 

- Statistics f- O-pattern ( x ) - Tr i 9 to a 

f- from tr '9ger r--- - At X( 0) marker 

"- Spec 1 fy Patterns 'l - labels A----T 

H Label A~ T 

-----1 Tr '9ger I 
H base Binary ~ X marker I 

f- Oetal 

I-- Decimal 

f- Hex 

f- ASCII 

~ Symbo I 

L X marker > ~ 
entering p I pattern ~ data entry k 

leaving 

eypad 

- 0 marker > q entering p I pattern ~ data entry k 

leaving 

eypad 

~ Stop measurement - Off 
when X-o 

Less than data entry keypad 

Greater than 

In range data entry keypad 

not in range 

Labels A~T Insert waveform 

Waveform on 
data entry keypad 

Mod Ify waveform 

Waveform off 

uelele waveform 

O'65OB"'~ 

Figure 8-3. Timing Waveform Menu Map (Continued) 
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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 illustrations and examples to make the 
explanations clearer. 

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, you 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 you 
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 
17-1 



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

Pod 1 
TTL 

AcU,.,l ty ) _______________ _ 

Lobel Pol 15,.,. 137 . 0 

-ou-
-0((-
-01'(-
-DU-
-01'(-

( Spetltg SVIIb.h ) 

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 5. 

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 1652B, and from none 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 
17-2 
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Timing Format 
Specification 
Menu Fields 

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 I in the Activity Indicators 
display for each channel that has activity. These tell you that the signals 
on the channels are transitioning. 

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

Label The label column contains 20 Label fields that you can derme. 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. 

HP 16528/16538 
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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 lebel on 
nodif glebe I 
Turn lebel 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 labels 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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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 Off 

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. 

Polarity (Pol) 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 field and pressing SELECf. This 
toggles the polarity between positive ( + ) and negative ( - ). 

In the timing analyzer, negative polarity inverts the data. 

Bit Assignment The bit assignment fields allow you to assign bits (channels) to 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 o. This line helps you 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 
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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. 

~ 
87 0 15 

'" '" '" '" ...... '" ... 1 I. 

Figure 17-3. 8it 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. 
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Bit 31 

Pod 2 
TTL 
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I·· ............... 1 

t 
Bit 19 

POd 1 
TTL 

15 .... 67 .... 0 
I ....... • ............ 1 

1 t 
Bit 8 Bit 0 

Figure 17-4. Numbering of Assigned Bits 

Pod Threshold Each pod has a threshold level assigned to it. For the HP 1653B Logic 
Analyzer, threshold levels may be defmed for Pods 1 and 2 individually. 
For the HP 1652B Logic Analyzer, threshold levels may be defmed 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 
SELECI', you will see the following pop-up menu. 

TTL 
Eel 

User-defined 

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-defmed 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 Thresho1 d C Done) 

+ 0.0 V 

Figure 17-6. User-Defined Numeric Entry Pop-Up Menu 
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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 until you get the 
desired voltage. When the correct voltage is displayed, press SELECf. 
The pop-up will close and your new threshold will be placed in the pod 
threshold field. 

Specify Symbols The Specify Symbols 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. 

HP 16528/16538 
Front-Panel Reference 

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

It 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. 

MCHIH[ 1 - 5.,.01 'eDI. 

lob. I ~ l!lea. llot'~IClecllnol I 
Symbo I 
.,i .... siz. [IJ 

~.I.I Symbol 

Figure 17-7. Symbol Table Menu 
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Specify Symbols There are four fields in the Symbol Table menu. They are: 

Menu Fields • Label 

• Base 
• Symbol view size 
• Symbol name 

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 
AS 
LDS 
UDS 
DTACK 
RIM 
ADDR 
DATA 

Figure 17-8. Label Pop-Up Menu 

Each label has a separate symbol table. This allows you to give the 
same name to symbols dermed 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 
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To change the base, place the cursor on the Base field and press 
SELECT. You will see the following pop-up menu. 

Octal 
Decimal 
Hexadecimal 
ASCII 

Figure 17-9. 8ase Pop-Up Menu 

If more than 20 channels are assigned to 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 dermed 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. 

You cannot specify a pattern or range when the base is ASCII. First 
derme the pattern or range in one of the other bases, then switch to 
ASCII to see the ASCII characters. 
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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. 

3 

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 symbol. 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 field is assigned and two 
more fields appear in the display. 

Timing Format Specification Menu 
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Lobel I CLOCK I ene IHexadeClmol I 
SW mbol 
view size C[] 

IREAD IlPo t tor" I 10000 I 

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. 

Specify Puttern: 
85C4 

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. 

mCHlNE 1 - Symbol Tobie 

Lobel ~ El !!Ise I HQxedec 1mal I 
SymbOl 
Yle~ SIZe C[J 

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 y Number: 
lrrr 

Figure 17-14. Specify Range Pop-Up 
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Leaving the 
Symbol Table 

Menu 

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 dermed and press SELECI'. A pop-up menu appears as shown. 

Modify symbol 
Insert new symbol 
De1ete symbol 

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. 

When you have specified all your symbols, you can leave the Symbol 
Table menu in one of two ways. One method is to place the cursor on 
the Done field and press SELECI'. 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. 
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18 
Timing Trace Specification Menu 

Introduction 

Accessing the 
Timing Trace 
Specification 
Menu 

Timing Trace 
Specification 
Menu 
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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 examples to make the 
explanations clearer. 

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 
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 Trace Specification menus allow you to configure the logic 
analyzer to capture only the data of interest in your measurement. In 
the timing 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 Getting Started Guide or "Timing Analyzer 
Measurement Example" in Chapter 20 of this manual. 
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Timing Trace 
Specification 
Menu Fields 

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

JMACH INE 1 1- ulUna Tree. S ... cif in tiDn 
Trace mO(j.I~,p,u tJ\le I 

Armlld Dy I Run I AcquUt tion m01:l.1 TranSitional I 

LeDei). ~ 

BlISe) CE:!U 
F 1 ~~ tterl'l c:::::R:D 

pre"n 1 for LJ 30 ns 

Thin f 1nc 

E'ge c::J 

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. 

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

• Trace mode. 
• Armed by. 
• Acquisition mode. 
• Label. 
• Base. 
• Find Pattern. 
• Pattern Duration (present for ~. 
• Then fmd Edge. 

These fields are described in this chapter. 
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Trace Mode 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 SELECf, 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. 

Armed By 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. 

Acquisition Mode 
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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 field allows 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. 
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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 long 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 dermed 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 find 

Edge 
or 

G 1 itch IL.......:..":""':"".:.......J 

Figure 18-4. Glitch Specification Field 

With these glitch detection fields 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. 
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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 
!l- O">Co 

INPUT ----------' 

SAMPLE 'I 
POINTS 

, 
I • I t 

, 
I 

ANAL YlER _________ '-----______ _ 
DISPLAY 

01(;5CM09 

Figure 18-5. Glitch in Timing Waveform 

Label The Label fields contain the labels that you derIDe 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 derIDe a pattern for a label. The Base fields also let you use a 
symbol that was specified in the Timing Symbol Table for the pattern. 
Each label has its own base derIDed 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 derIDe your pattern in and select 
that option. 
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Octol 
Decimol 
Hexodecimol 
RSCII 
Symbol 

Figure 18-6. 8ase Pop-up Menu 
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One of the options in the Base pop-up is ASCn . It allows you to see 
characters that are represented by the pattern you specified in the 
Find Pattern field. 

Lebe 1 > 

Bese > 
Find 

Pottern 

POD I 

ASCII 

Figure 18-7. ASCII Defined as Numeric 8ase 

Notice in the figure 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 ASCn 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. 

Find Pattern 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. 
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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 fmds 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. 
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Specify Pattern: 
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 ASCII 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 ASCII 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: 
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Figure 18-9. Symbol Defined in Base Field 

HP 1652B/1653B 
Front-Panel Reference 



Pattern Duration 
(present for --> 

tiP 16528/16538 
Front-Panel Reference 

If you select this field you get a pop-up similar to that shown: 

Symbol selection 

• absolute 
READ 
HRITE 

• 

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

The pop-up lists all the symbols dermed for that label. It also contains 
an option "absolute xxxx." 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 
symbols 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. 
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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 speciftes 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 field, 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 valueofthe pattern duration, place the cursor on the 
second field and either press SELECT to get a pop-up menu, 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. 

NUDleric Entry GJ 
~ ( 40) 
~ 
~ 

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. 

If you press a key on the keypad to open the pop-up, the number that 
you 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: 

pre sen t for D .... 1 _--=5",,0....;n:..:..:s=----, 

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 W 100 ns 

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 pattern must also be valid for 
at least 20 ns. 

Then Find Edge 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. 
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When you specify an edge on more than one channel, the timing 
analyzer logically ORs them together to look for the trigger point. That 
is, it triggers when it sees anyone of the edges you specified. It also 
ANDs the edges with the pattern you specified 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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Specif y Edge: (Done) 

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: 

Specif y Edge: (Done) 

,I. ••••••••••• 

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 changes to t , as shown: 

Specify Edge: (Done) 

,1..1' ........... .. 

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 I , as shown: 

Timing Trace Specification Menu 
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Specify Edge: (Done) 

J..f. ~ ......... .. 

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 
Done field and press SELECT to close the pop-up. 

If you are not in Binary base, you will see dollar signs ($$ .. ) in the Then 
fmd 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. Selecting one of these fields 
displays the following pop-up menu. 

Specif y GI itch: (Done) 

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. 

Specify Glitch: (Done) 

IOOOE •••• •••• • ••• 

Figure 18-19. Glitches Specified 
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Note I o 

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

If you are not in Binary base, you will see dollar signs ($$ .. ) in the 
Glitch 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 DRs them together. In addition, the logic analyzer DRs the 
glitch specifications with the edge specifications, then ANDs the result 
with the pattern you specified in the Find Pattern fields in order to fmd 
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 fmd 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 
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19 
Timing Waveforms Menu 

Introduction 
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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 fmd 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. 

IO~AM TEST 1- TUllng ..... , .... 

Markers I Off 1 
Accumu lIte mD 
Time/Diy I 200 ns I Otley I 0 • I Semple period· 10 nt 

~ 
~ I I 

! 

Figure 19-1. Timing Waveforms Menu 
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Accessing the 
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 easy differentiation. 

166000TIMNG 1- n.l." .... ~.r ..... 
tlOrkerS 1 Time 1 K to Trtg • I 1 TIm. K to 0 1 0 • 
Accumulate [Q1IJ 0 to Tr Ig I At 1 K Morter I [llifD 
Tlme/Oly 1 500 ns 1 O.ley 5 I 

, ~u~. ,--~---~- --"'1;.!::lo.!;'---~ 

i iCK 
i 
I 

~ 

i 
i 

-, 
, , 

i--, ,,-, 

Figure 19-2. Timing Waveforms Menu with 24 Waveforms 

The Timing Waveforms Menu is accessed by the pressing the 
DISPLA Y key on the front panel when the timing analyzer is on. It will 
automatically be displayed when you press RUN. 
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Timing 
Waveforms 
Menu Fields 

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

16BOOOTIMNG 1 - T1a1ng Navefor_ 

Merkers 1 Time 1)( to Trig los 1 1 Time )( to 0 lOs 
Accumulete lliD 0 to Trig ~I =:::::§o==s=:1 At 1)( Merkerl 1 CLOCK 

Time/DIY 1 500 ns 1 Deley lOs 1 1 

Figure 19-3. Timing Waveforms Menu Fields 

Markers The Markers field allows you to specify how the X and 0 markers will 
be positioned on the timing data. The options are: 

Note _ 

HP 16528/16538 
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• Off 
• Time 
• Patterns 
• Statistics 
• 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 
10 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. 

16BOOOTIMNG 1 - U.lng Mavef or.s 

Merkers 1 Of f 1 

Accumulete CQII:] 
Time/Diy 1 500 ns 1 Deley L..I _-,o,---,s,-,I Semple period' 10 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 
waveforms at events of interest and the logic analyzer will tell you: 

Timing Waveforms Menu 
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• Time X to Trig(ger). 
• Time 0 to Trig(ger). 
• Time X to 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. 

When the cursor is on either the X to Trig or 0 to Trig fields, you can 
also enter a value directly from the keypad without pressing SELECT. 

15BOOOTIMNG 1- 11101ng ...... "....----::==__ 
X to Trlgger ~ ~---"---:--::-1 

Ml!lrk:ers I Time I X t ImE )( to 0 -70 ns 

Accumulate OITD 0 t 10 ns It i X Morkerl ~ 
Tlme/D" 1 500 ns 1 

Figure 19-5. Markers Time 

The Time X to 0 field will change according to the position of the X 
and 0 markers. If you place the cursor on the Time X to 0 field and 
press SELECT, another pop-up will appear showing you all three 
times: X to Trigger, 0 to Trigger, and Time X to O. 

166000nMNG 1- Taing Neyalorlls ""rker noy_nt~ 

Merkers 1 TIme 1)( to Trig 1 -~90 ns 1 [ X to Trlgger -490 ns 
Accumulete []I[J 0 to Trig 1 220 ns 1 0 to Trlgger 220 ns 

Time/DI. 1 500 ns 1 Deley 1...1 _.....:o::...-:s:....1 Hili! X to 0 110 ns 

Figure 19-6. Time X to 0 Pop-up 

If you rotate the KNOB while this pop-up is open, both X and 0 
markers will move, but the relative placement between them will not 
change. 
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Markers Patterns 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 fmd time between specific 
patterns in the acquired data. 
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IORAM TEST I - Ttlll1ng MoYef DrIllS ( Spec I f Y Patterns) 

Markers I Pa t terns I Find x-pattern ~ from Trigger 

Accumulate ~ Find a-pattern ~ from r-I -"'T-rl,.-g-g-e-r----, 

Time/Diy I 200 ns I De 1 ay lOs I Time )( to ~Os 

Figure 19-7. Markers Patterns 

Patterns for each marker (X and 0) can be specified. Patterns can be 
specified for both markers in each label. The logic analyzer searches 
for the logical "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 occurrence (entering) or at 
the end of its occurrence (leaving) as shown in figure 19-8. 

Marker pattFer:-.::n:=,s_---, 
Lebel I A 

X Mar I< e r > '-'-i=1 =e n=t=e=r =i n=-g"'" 

o Marker> I enterIng I 

Bese I Hexedeclmell 

pattern Ixxxxxxxxi 
pattern Ixxxxxxxxi 

Stop meesuremen t. I x-o I I Less then II 10 ns' 

Store exceptIon to disk: ~ File name IEXCEPTION 

File descrlptlon I I 

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 0 marker.) 

Timing Waveforms Menu 
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Markers Statistics 

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

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 0 markers 
are in range of 200 ns, you should set the range values to 190 ns and 210 
ns. This eliminates erroneous measurement termination. 

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 0 markers. 
• Maximum time between the X and 0 markers. 
• Average time between the X and 0 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 0 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 16528/16538 
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At 
Marker 
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When the old data is cleared depends on whether the trace mode is in 
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 after stopping acquisition 
with the STOP key. 

The At X (or 0) Marker fields allow you to select either the X 
or 0 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 0 marker. The base of the displayed field is 
determined by the base of the specified label you selected in the 
Timing Trace menu. 

16BOOOTlMNG 1- Tlool.g N ••• ' ..... 

norkers 1 Time 1 K to Trlg 'I -""'0 ~.::"'11 I TIme X to 0 1 1.420 us 

~ccumulot. []I[J 0 to Trlg I 1.420 us 1 At 10 nor •• rl []QQLJ 
T1m./Olv I 500 ns I Oeloy los 1 35 

o 
~ .uc~ _ ........ ~_ ... _~ __ o,.o..r- '"!'-~ 

Figure 19-9. At 0 Marker ADDR fields 

This display tells you that 35H is the pattern on the address label lines 
where the 0 marker is located. 
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Time/Div (time 
per division) 
Field 

Note '" 

Note Ii 
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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. 

16BOOOTIMNG 1- lUling 1II •• r .... 
Markers I Time I K to Trig I o • I I Time x to 0 I ~ UI 

Accumull!lle []TI:J a to Tr ig I 1.420 us I At 10 nerkerl I~~OC' J 
TlmllDlv I 500 ns I Otley I o 5 I 35 Ii"iis"'-

~ 0 ~ 

li~~~C. ............ ~_"""! ........ ;..r .............. DTACt :-u 
RIN 

:'1' 

ADDt "= 
DATA 

: 
, .---

IA R 
, 

2 ~ I : IA R r ---.. 
I A A 
I A A 
: A A 
lATA -""-
1'5m 

Figure 19-10. Label Option Pop-up 

The time per division field allows you to change the width of the time 
window of the Timing Waveforms menu. 

When the pop-up is open you can change the time per division by 
rotating the KNOB 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. 

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. 

In Glitch mode, changing the TimelDiv 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. 
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Delay Field 
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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) ofthe 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). 

168000TlMNG 1- lUllng Ma •• 'onos 

Markers I Time 1)( to Tr1g 'I -·""";0:-::-0-=-,."1 I TLme X to 0 1.530 us 

Accumulate [Q1IJ 0 to Trig I 630 ns I At I X Me:kerl ~ 
T1me/Dly I 500 ns I Del ey ! 0 5 I 0 

Figure 19-11. Trigger and Trace Points 

If you want to trace after the trigger point, enter a positive delay. If you 
want to trace before the trigger point (similar to 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. 
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In Glitch mode the maximum delay is 25 seconds, which is controlled 
by memory and sample period (512 x 5Oms). The sample rate is also 
dependent on the delay setting. It is represented by the following 
formula: 

if delay < 20 ns 
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 
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20 
Timing Analyzer Measurement Example 

Introduction 
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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 numbered 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 menu 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. 
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Problem 
Solving with 
the Timing 
Analyzer 

What Am I 
Going to 
Measure? 

In this exercise, assume you are designing a dynamic RAM memory 
(DRAM) controller and you must verify the timing of the row address 
strobe (RAS) and the column address strobe (CAS). You are using a 
4116 dynamic RAM and the data book specifies that the minimum time 
from when LRAS is asserted (goes low) to when LCAS is no longer 
asserted (goes high) is 250 os. You could use an oscilloscope but since 
the timing analyzer will do just fme when you don't need voltage 
parametrics you decide to go ahead and use the logic analyzer. 

After configuring the logic analyzer and hooking it up to your circuit 
under test, you will be measuring the time (x) from when the RAS goes 
low to when the CAS goes high, as shown below. 

( X) 

, 

RAS ---~ ___ ---':r-'Ir-----

CAS 
01650805 

Figure 20-1. RAS and CAS Signals 
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How Do I 
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. 

h. 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. 

h. Place the cursor on Timing and press SELECT. 

Syst .. Con'1gureuon 

Analuzer 1 

Nome' IORAM_ TEST I 
Tupe:! Timing 

( Auto.ell. ) 

IAnllyzlr 2 

Type' I Off 

Datlllo.cope 

[Qill 

UnD"lp::~ .. nel UZlr 

Poo 2 1 
Peo 3 

1-'00 4 

Poc 5 

----------------

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. 

h. 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. 

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

Timing Analyzer Measurement Example 
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Connecting the 
Probes 

At this point, if you had a target system with a 4116 DRAM memory 
IC, 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 
1 bit 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. 

Activity Indicators 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. 
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Sys tm Con11gurlUon 

Analyzer I 

Neme I IDRAM_TEST I 
Type' I Tim. n9 

( Autoscale ) 

'-nalyzer 2 

Type' I 011 

Osc 11 'oscope 

[]I!] 

un.SSJP~~~ .nllluzer 

Pod 2 

Pod :3 

Pod 4 

----- ------ -- ---
PCld 5 

---- ------ --- ---

Figure 20-3. Activity Indicators 
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Configuring the 
Timing Analyzer 

Now that you have configured the system, you are ready to configure 
the timing analyzer . You will be: 

• Creating two names (labels) for the input signals 
• Assigning the channels connected to the input signals 
• Specifying a trigger condition 

L 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 label column and press 
SELECT. 

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

IDRAM TEST 1- HIIlng ror ... t Speel! leaU.n (specify S\IIlIbol. ) 

Pod 1 
TIL 

Acti'Vily> _______________ _ 

Lob.1 Po I ,.:..;15::...;,.;.' .:..;,.,.::B:.;".7...:.,.:..:..:.....:,O 

RAS 0 rj ,-,---,-,-,-,~:~j 
~~f- [!] ,-" ,~~~--,-,-,,-,-,, 
-{111'-

-orr-
-off-
-{]ff-
-{]ff-

-Gff-

Figure 20-4. Timing Format Specification Menu 

c. 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. 

c. 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 0 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 1 bit 1 to the CAS label by moving the cursor to bit 1 
and pressing SELECT. 

Timing Analyzer Measurement Example 
20-7 



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 logic 
analyzer when to trigger. Since the flrst 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 ofthe 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 fmd Edge fleld under the label RAS, 
then press SELECf. 

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

c. Place the cursor on Done and press SELECf. The pop-up closes 
and a $ will be located in this fleld. The $ indicates an edge has 
been specifIed even though it can't be shown in the HEX base. 

IDRAM TEST 1- Tl.lng Trace SpeeU le.Uon 

Trec. mOd.1 S1ng1 e I 
A,-meCl by I Run I ACQuisiUon model TronsltlOnel I 

LoDol) ~:::ll:~aD 
Bo .. ) Di!LlDi!Ll 

FI~:lIern D::II~:::J 

preslnt • or D I 30 n6 

Tl"len fand 

EGg. Ci::c::::J 

Figure 20-5. Trigger Edge Specified 
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Acquiring the 
Data 

I 

Note '" 
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Now that you have configured and connected the logic analyzer, you 
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. 

From this point in the exercise unto the end, we will give you the 
measurement results. This way, you will not have to obtain and use an 
identical circuit. 

IORAM TEST 1- T!alng 1Ie .. , .... 

Markers I Time I~ to Trlg I 0 s I I Time X to 0 I 0 • 
~ccumu I a t& []IO 0 to Tr ig I 0 5 I Atlxnorkerl OELJ 
Ttme/Dly I 100 ns I Delay I 0 s I 0 

~ 

~ 
~ I 

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). 
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The Timing 
Waveforms 
Menu 

The Timing Waveforms menu differs from the other menus you have 
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 
displayed and fields that give you timing answers. Before you can use 
this menu to fmd answers, you need to know some of the special 
symbols and their functions. The symbols are: 

• The XandO 

• The'" 
• The vertical dotted line 

The X and 0 The X and a are markers you use to fmd 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 a markers will be in 
the center of the display when X to trig (ger) and a to trig (ger) are 
both 0.000 s (see example below). 

IORAM TEST /- Tm1ng May.funlS 

Merker! I Tlme l~toTrlgl 0 , I I TiMe X to 0 I 0 , 
Accumulate []II] 0 to Tn 9 I 0 , I At Ix nan::erl ~ 
Tlme/Olv I 100 ns I De1.y I 0 ,I 0 

~ 
./' 

~ .,/' I 
~ /' , I i 

X and 0 Markers 
i 
i 
i 
i 
I 
I 

I 
! 
! 

Figure 20-7. X & 0 Markers 
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TheT 

The Vertical 
Dotted Line 

HP 16528/16538 
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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 dotted line indicates the trigger point you specified in the 
Timing Trace Specification menu. The vertical dotted line is at center 
screen under the inverted triangle and is superimposed on the 
negative-going edge of the RAS signal. 

IDRAM TEST 1- TUllOg ..... f ...... 

Ml!lrkers 1 Ttme 1 ~ to TrIg 1 ~O n9 I I Time X to 0 1 leo ns 

Accumu I III le []I[] 0 to Tr ig 1 90 ns I At 1 ~ Mor.orl ~ 
Tlme/Dly I 100 ns 1 Dlley 1 0 s I I , 0 

: , 
~ , 

~ L 

i : 

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 TimelDiv to a value that 
displays one negative-going edge of both the RAS and CAS waveforms. 
Set the TimelDiv by following these steps. 

PAS ----, 

CAS -----, 
01650806 

Figure 20-9. RAS and CAS Signals 

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

2. While the pop-up is present, rotate the KNOB 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. 

IORAM TEST 1- Tl.IIlng ..... ra,.. 

M8rk:ers I Time I ~ to Trlg I 0 , I I Time X to 0 I 0 , 
j:1ccumulDte [EJo to Tr ig I 0 s I At Ix Mo'-k:erl ~ 
Tlme/D1v I 200 ns I DeJOY I 0 5 I 0 

a. 

~ 
~ I 

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 0 markers to quickly fmd the answer. Remember, you specified 
the negative-going edge of the RAS to be your trigger point; therefore, 
the X marker should be on this edge if X to Trig = O. 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 
now. 

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 = 0.000 s. 

3. Place the cursor on 0 to Trig and press SELECT . Repeat step 2 
except place the 0 marker on the positive-going edge of the CAS 
waveform and press SELECT. The pop-up closes and displays 0 to 
Trig = 710 ns. 

IORAM TEST 

Markers I 
Accumulate 

Tlme/O l y I 

~ 
~ 

1- T1Mlng ..... , .... 

Time I • to Trig I 0 s i I Tlme X to 0 I 710 ns 

@IT:] 0 to Trig I 710 ns I At I X norkerl ~ 
200 ns I De loy I 0 s I 0 

l< 0 

! I 
I 
i 

: 

Figure 20-11. Marker Placement 
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Finding the 
Answer 

Your answer could be calculated by adding the X to Trig and 0 to 
Trig times, but you don't need to bother. The logic analyzer has already 
calculated this answer and displays it in the Time X to 0 __ 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. 

IDRAM TEST I - T u.lng Mevet orws 

Merker! I Time I K to Trig i 0 s I 111m. X to 0 I 710 ns 

Act;;umulals []II] 0 to Trtg I 710 ns ! At I X M8rkerj ~ 
Time/Diy I 200 ns I Oeley i 0 5 I 0 

"- 0 

~ i i 
~ I 

: 

: 

Figure 20-12. Time X to 0 
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Summary 

HP 16528/16538 
Front-Panel Reference 

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 TimeIDiv for best resolution. 
• Positioned the markers for the measurement answer. 

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. 
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21 
Timing/State Measurement Example 

Introduction 

HP 1652B/1653B 
Front-Panel Reference 

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, 
you will see the measurement results on the display screens as if you 
had the real test circuit connected, and as if you had selected RUN. 
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Problem Solving 
with the 
Timing/State 
Analyzer 

What Am I 
Going to 
Measure? 

In this example assume you have designed a microprocessor-controlled 
circuit. You have completed the hardware, and the software designer 
has completed the software and programmed the ROM (read-only 
memory). 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 fmd a solution. 

You also notice the circuit fails intermittently. More specmcally, it only 
fails when the microprocessor attempts to 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 vermcation of the following: 

• Whether the microprocessor addresses location 8930. 
• Whether all the addresses within the routine are correct. 
• Whether all the data at the addresses in the routine are correct. 
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How Do I 
Configure the 
Logic Analyzer? 

HP 16528/16538 
Front-Panel Reference 

If the routine is correct, the state listing displays the following: 

+ 0000 008930 B03C 
+ 0001 008932 61FA 
+ 0002 008934 67F8 
+ 0003 008936 B03C 
+ 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 1 is a state analyzer as 
shown below: 

Sys tem tonf 19uratlan 

Anelyze..- I 

Nome' '68000STATE , 

Type" Stote , 

POC! 1 

-- --------------
Pod 2 

--------- --- ----
Pod 3 

-- -- ------------

Aftl' yzer 2 OlelllaSClp. 

[£ill 
Type" 011 

un.SSlp~:~ Analyzer 

fm~::~ml 
--- -------------

Figure 21-1. System Configuration Menu 
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Configuring the 
State Analyzer 

Now that you have configured the system, you are ready to configure 
the state analyzer. Configure the State Format Specification menu as 
shown: 

16BOOOSTATE 1- Stat. ro.-t 5pOCl11coI10. (specify SyoobOl. ) 

Clock 
J. 

ClOCK periOd,--_,,-,PO=d;:;,,3,--_-, ~od 2 Pod 1 

~ I C ;r:~k I t-I ---;:C+;r:::~7k ---II rl ---;:C+~~":C:-k-----I 
------- -- -- -----

Pol 15... 67... 0 15 .... 87 .... 0 15 .... 67 ... 0 

rn I :::::.: . ~~~~~-~~ I I ~~~~~~~~~~~~~~~~ I I ~;~;~;~;.;.;.; .. ; I 

Figure 21-2. State Format Specification Menu 

Configure the State Trace Specification menu as shown: 

16BOOOSTATE 1- State Trace Spoc1l1cOl10. 
Trace made I 5tngle I 

Sequence levels Armed by 

~ 
Whll. storing Manu state" I Run 1 
Tr 1 ggtr on "e" 1 tImes 

eranches 

Store"" any state" 1 Ofl I 
Count 

I TIme I 
Pre. tor. 

I 011 I 
Letlel ) ~~ 
Ben) c:EiLJc:EiLJ 

0 
10069301@ru 
1~~~~~~I@ru 
I~~~~~~I~ 
I'~~~'~!~ 

Figure 21-3. State Trace Specification Menu 
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Connecting the 
Probes 

Acquiring the 
Data 

I 

Note '" 

HP 16528/16538 
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At this point, if you had a target system with a 68000 microprocessor, 
you would connect the logic analyzer to your system. Since you will 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 015. 
• Pod 2 probes 0 through 15 to the address bus lines AO through 

A15. 
• Pod 3 probes 0 through 7 to the address bus lines A16 through 

A23. 
• Pod 1, eLK (J clock) to the address strobe (LAS). 

Since you want to capture the data when the microprocessor sends 
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. 

From this point in the exercise unto the end, we will give you the 
measurement results. This way, you will not have to obtain and use an 
identical circuit. 
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Finding the 
Problem 

You look at this listing to see what the data is in states + 0000 through 
+ 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: 

+ 0000 008930 B03C 
+ 0001 008932 61FA 
+ 0002 008934 67F8 
+ 0003 008936 B03C 
+ 0004 oo892E 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 fmd out 
why. 

16BOOOSTATE 1- Istote LlSUftg 

M5rKers I Of1 

LOD.1 
B~se 

-0007 
-0006 
-0005 
-000. 
-0003 
-0002 
-0001 

I+<lOOOI 
+<lOOI 
+<lOC2 
+<l003 
-><l00. 
+<l005 
+<l006 
+<l007 
+<looe 

>~~ 
) c::::E!:LJ~ 

ooeeCA oorr 
ooaecc 6730 
OOBBCE 4eE7 
oOBerE 4E75 
008900 3000 
000.,. 0000 
0004F6 6930 
008930 B03C 
008932 oorr_ 
008934 67FS 
00e936 e03C 
00892E 61,A 
00B930 B03e 
000.,4 0000 
000.,6 e930 
OOB92A 4ErA 

Incorrect Data 

Figure 21-4. Incorrect Data 
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What 
Additional 
Measurements 
Must I Make? 

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 you 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. 

Since the problem exists during the routine that starts at address 8930, 
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 
signals that control the read cycle. You will then compare the 
waveforms with the timing diagrams in the 68000 data book. 

Your measurement, then, requires verification of the following: 

• Correct timing of the control signals. 
• 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 (LOS and UDS). 
• Data transfer acknowledge (DTACK). 
• Read/write (R/W). 
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How Do I 
Re-Configure 
the Logic 
Analyzer? 

Connecting the 
Timing Analyzer 
Probes 

In order to make this measurement, you must re-configure the logic 
analyzer so Analyzer 2 is a timing analyzer . You leave Analyzer 1 as a 
state analyzer since you will use the state analyzer to trigger on address 
8930. 

Configure the logic analyzer so Analyzer 2 is a timing analyzer as 
shown: 

systeta Conf igurlltlan 

Analyzer I 

Nome' l&eOOOSTATE I 
Type' I Stete 

Poe! I 

Pod 2 

Pod 3 

Aftelyzer 2 

Nome I 166000TIMNI;; I 
Type' I TIming I 

( Autoscale ) 

Ole!lloscope 

[]TIJ 

unISSlp~~~ Analyzer 

Figure 21-5. System Configuration Menu 

At this point you would connect the probes of pods 4 and 5 as follows: 

• Pod 4 bit 0 to address strobe (AS). 
• Pod 4 bit 1 to the system clock. 
• Pod 4 bit 2 to low data strobe (LDS). 
• Pod 4 bit 3 to upper data strobe (UDS). 
• Pod 4 bit 4 to the read/write (R/W). 
• Pod 4 bit 5 to data transfer acknowledge (DTACK). 
• Pod 5 bits 0 through 7 to address lines AO through A 7. 
• Pod 5 bits 8 through 15 to data lines DO through D7 . 
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Configuring the 
Timing Analyzer 
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Now that you have configured the system, you are ready to configure 
the timing analyzer. Configure the Timing Format Specification menu 
as shown: 

16BOOOTIMNG 1- 11.1ng For .. t Spee1f leaUDn (specify Syonbol. ) 

Pod 5 Poel .::I 
TIL TTL 

AcU .... i ty > ________________ _ ______________ _ 

lebel Pol 15,_, e7,,, 0 15 ".,67,,, 0 

~~;CK ~: ~::::. ~::: .... 
OT~CK + , .. , . . . , .' ..........•..... 
R/... + .... '. . . .. ...........•. , .. 
ADDR + . _. . . ............ . .............. , 
DATA + ............ ' . , . , , . . ........... ' .. . 

-011-
-{lff-
-011-
-off-
-Olr-
-off-

Figure 21-6. Timing Format Specification Menu 

Configure the Timing Trace Specification as shown: 

16BOOOTIMNG 1- TIMing Trace Speclf lCBUon 

Troe. mOdel Single I 
ArmeCl by I Run Acquisition model TrenSltlonel I 

lObol > IClO:. i§L:]~~IDTACK 1[2LJ§QQ01Q8I!L] 
e ••• > [ii!LJ~[ii!LJ~[ii!LJ[E!Ll[E!Ll[ii!LJ 

F 1 ~ ~ I t ern o::::Jo::::Jo::::Jo::::Jo::::JL:::::L:Jc::::BiLJDLJ 

present for [2J I ~o ns I 

Then find 

Edg 0 c:=Jc=::::Jc:=J===:Jc:::=:=Jc:::=:=Jc=:::::Jc:=J 

Figure 21-7. Timing Trace Specification Menu 
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Setting the 
Timing 
Analyzer 
Trigger 

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 8930, 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 68000ST ATE option in the pop-up and 
press SELECT. 

Your timing trace specification should match the menu shown: 

State Analyzer 
16BOOO"':'"IM~G 1- TIMJng Trace Speciflcat10n 

Arms Timing Troeo modol Single I 
Analyzer-----1f-Armed by 16BOOOSTATE I Aequisi lion model Tron., tlonol I 

Lobol> ICLOCK 1~1hQL:J~loTACK I~IADOR i~ 

B ... > WLlWLJWLlOiLJWLlOiLJCiill:JWLl 
r I ~: I Ie r n c::::L:Jc::::L:Jc::::L:Jc::::L:Jc::::L:Jc::::L:JCR:JCR:J 

prl'en t 'or [2J I 30 ns I 
Tntn f lnd 
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Time Correlating 
the Data 
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In order to time correlate the data, the logic analyzer must store the 
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. 

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. 

166000STATE 1- Stete Tnce Spec1ficel10n 
Treel medal 51ngle I 

Sequence Leve's Armed by 

~ 
~~11. stonng N any stot." I Run I 
Tr 1 gger on "8" 1 tImes 

f:lrenches 

5 tore .. any s to te" I Off I 
CDunt 

I Time I 
Pres tor. 

I Off I 
LOOOI ) ~IDATA I 

Bel! > CE!LJCE!LJ 

[ IOO6g301~ 
I~~~~~~ 1i::EBru 
I~~~~~~ 1i::EBru 
I~~~~'~ II::EBru 

Figure 21-9. Count Set to Time 
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Re-acquiring 
the Data 

Mixed Mode 
Display 

After you connect the probes of pods 4 and 5 to your circuit, all you 
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. 

The Mixed mode display shows you both the State Listing and Timing 
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: 

!Ml1'<8C Moce 1- Dilpley 68000511'1E- Stetl llsti.ng 

Le be 1 )~~I Tlme 
El!3se ) HeJoc _ Hex R.1 

-<>003 006900 3000 1.26 us 
-<>002 OOO.GIF-'l 0000 1.24 us 
-<l001 OOO"iF6 8930 1 .24 U5 

~I+ooooi 006930 603C 1.24 us 
+0001 006932 oorr 1.:24 us 
+OOC2 00693. 57r6 1.26 U5 
+0003 006936 603C 1.24 us 

6BOOOTII"ING .. l1alng ltII'IeforllS X to Trlggar 0 5 

;~~:~:'D~" 
Figure 21-10. Mixed Mode Display 
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Interpreting the 
Display 
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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 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 timing waveform part of the display, you must overlap them. 

1""00 Moeol- D1.pl1U 68000SI.IE- Stlte LUling 

Lebel >~~I Tlme 
Bue ) 1-18)( Hex Rei 

-<lOOJ 006900 3000 1.26 us 
-<l002 0004,4 0000 1.24 US 
-<lOOI 0004,6 8930 1.24 us 

~~ 006930 603~ 1.24 us 
+(l001 006932 oo,r 1.24 us 
+(lOO2 00693_ 67r8 1.26 us 
+(l003 006936 603~ 1.24 us 

"O •• TIIING - HOUng IIIVlllnos ~ Lo Tr igg.r 0 s 

~I 
Figure 21-11. Interpreting the Display 
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Overlapping 
Timing 
Waveforms 

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

IMP<ec: Moaa 1- DllpUy 6UOOOSTATE - 5 flte 16ting 

Lebel > ~ DAT Bit selecl ~ 1 
Bese } ~I He 

-(1003 008900 30 011 

~~~~ ~~~~~~ ~~3~O--'-:-.2~4 -us---' 

~I+()oool 006930 603C 1.24 us 
+000 I 006932 OOFF I .24 us 
+()002 OOB93~ 67FEi I .26 us 
+()003 006936 603C I .24 us 

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

LObel > ~~I TlmE ! 
~~~; ) o~;~oo I ~~~o '--I-"'~~"'~-U-S...J 
-0002 OOO.::lr..:: 0000 1.24 us 
-(lOO 1 0004r:-15 6930 I .24 us 

~1+<lOOOI OOe9~O BO~C 1.24 us 
+<lOO I 0069~2 ooer 1.24 u, 
+<l002 0069~. 57r6 I .28 us 
+<lOO~ ooe9~6 BO~C 1.24 us 

"' o 

nTA to: 

P/h 0 . 
AA I ~. 

Unstable Data 

)( to Tr Lgger o • 
o to Tr i 9 9 e r <-I _--,0,--,''-<' 

L..... 

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

You have learned to do the following: 

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

If you have an HP 1653B, you do not have enough channels to 
simultaneously capture all the data for a 68000. But, since you probably 
aren't working with 16-bit microprocessors, this exercise is still valuable 
because it shows you how to make the same kind of measurement on an 
eight -bit microprocessor. 

Timing/State Measurement Example 
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22 
The Oscilloscope 

Introduction 

The Scope 
(An Overview) 

Scope Menu 
Maps 
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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 oscilloscope in the HP 1652B/1653B Logic Analyzer is a 
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 front panel keys. The scope can be armed by the 
analyzer or an external BNC. 

The scope menu maps show you the fields and the available options of 
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. 

The Oscilloscope 
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The Channel 
Menu Map 

The Oscilloscope 
22-2 

Tr i gger 

Selection Menu Map 
01652802 
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The Trigger 
Menu Map 
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BNC Input 

MACHINE 

MACHINE 2 

Waveform Selection Menu Map 

Offset 

Attenuation 

Gain 

Trigger level 

Delay 

Set to Default 

01652803 
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The Waveforms 
Menu Map 

The Oscilloscope 
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Specify Markers Menu Map 

X-pattern __ from start 

O-pattern __ from start 

Mean X-O 

Max X-O 

Min ~,-O 

Waveform Selection Menu Map 

4 

6 

13 

16 

32 

01652801 
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Selection 
Menu Map 

Specify 
Markers Menu 
Map 
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I Channe I 

e 16528004 

De I e-te waveform 

Stop measurement whefl X-O ~I : Off 
I r-----------

Less than 
c------

Gr eo tel' than 

In range 

Not :n range 

Store exception to disk 

016528135 
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Menu Overview 

The Oscilloscope 
22-6 

The oscilloscope menus are: 

• Channel 
Timebase Function 
Autoscale Function 

• Trigger 
Calibration Function 

• 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 functions 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 all 
main menus, but is defined in the Channel Menu chapter. 
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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 (DISPLA Y 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 

Channel Menu 
Fields 

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 menu also allows you to 
preset vertical sensitivity, offset, and trigger level for ECL and TTL 
logic levels. The default Channel menu is shown below. 

1 Scope 1- Channel ( AutaStl1 e ) 

Input ITBJJ V/OlY 1 1.500 vi Off.et 1 2.500 V I 
Probe I 10 , II Impedence ~ Prese t LKJ 
a/Ol11 I 10.00 us I Delay I 0 • I 

:::m:r:::J 

:::m::z:::::J 

Figure 23-1. Channel Menu 

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. 
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The default Input field selection is channell. When you select the 
Input field, it will toggle from CH 1 to CH 2. 

Channel Menu 
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V /Div Field The V/Div field is located in the middle of the top row of fields. It sets 
the vertical sensitivity of the channel selected in the Input 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. 

Keypad entry pop-up 

Channel Menu 
23-2 

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. 

I Scope 1- Channel 

Input ITHJJ Volh/Div ~ Offset I 2 500 V I 
ProDe 10 I , 1.500 V Preset ~ 

.00 U6 

NUIn.r~c Entru 

1.5) 

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 mY, the 
value would be rounded to 150 mY. 
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The default value for the V/Div field is 1.5 V (TIL preset value). 

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

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 channel selected in 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 oscilloscope, 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. 

I Sc:oee 1- Chonne. ( Autaseal e ) 

[f[JJ I 1.500 vi lorr .. 1 C22iiD Input V/OIY 

Probe I 10 , II Impedenc. I nOnm 2.500 V 

s/Dl'" 1e .00 ·w 0 • 
~ ..... rlc Entry 

CD ( 2.5) 
@ -

Figure 23-3. Offset Voltage Entry Pop-ups 
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I 
Note" 

Probe Field 

Keypad entry pop-up 

Channel Menu 
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The default value for the Offset field is 2.5 V (TTL preset value). 
Offset range and resolution is dependent on vertical sensitivity and 
input 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 attenuation factor for the channel selected. The probe 
attenuation factor can be set 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. 

( Rutoscele ) 

ffiM) Iy I 1.500 V I orr •• t I 2.500 V I 
dence ~ Preset ~ 

10 : 1 y I o. I 

Inuger Entry ~ 

10 

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 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 
MQ (de) and 50 Q (de). No pop-up keypad is available for this field. 
The default value for the Impedance field is 1 MOhm. 

Preset Field The Preset field is located on the right side of the middle row of fields. 
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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. 

TTL 
Eel 

USEI! 

Figure 23-5. Preset Field Pop-up 

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

PRESET VALUE 

PARAMETER Eel TTL 

V/DIV 500MV 1.5V 

OFFSET -1 .0V 2.5V 

TRIG lEVEL -1 300V 1 620V 

e 165ZNe 1 

Table 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 dermed. If User is selected 
from the pop-up, no values will be changed. 

The default value for the Preset field is TTL. 
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Waveform 
Selection 

Channel Menu 
23-6 

This section will show you how to insert, modify, and delete input 
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 label 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. 

1 Scope 1- Chennel ( Au lOSCIlI1e ) 

Input 
Probe 
siD].." 

~ 

:::mI:J 

[1[JJ V/O lv 1 1.500 V I Offset 1 2.500 v 1 
I 
I 

10 , 
1 I Impedence j 1 nonm ! Preset DID 

10,00 US I Doloy I 0 • I 

~ Channel Labels -------
Figure 23-6. Channel Label Fields 
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Waveform 
Selection Setup 
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Set up the oscilloscope as described below. This instrument setup will 
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. 

01652...01 

BACK 
VIEW 

COMPENSA TIOt, 
SIGNAL OUTPUT 

Ie 

FRONT 
VIEW 

--I 

o 

,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 Channel 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. 

Channel Menu 
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Turning the 
Waveforms On/Off 

Channel Menu 
23-8 

6. Select the Run mode field 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. 

I Scoee 1- ... v.fo ..... ( Autoscal e ) ( Au to-rteesure ) • 

Markers t Off I 01 spl"!d I Normol I Connec t dols~ 
Semple pertol1 - 1.000 us 

9/D1\' i 200.0 us I Oel e~ I 0 s I Grtd []ID 

-250mV 

~ I J \ r 
, 

-248mV 

U I J \ r 

Figure 23-8. Compensation Signal Waveforms 

The waveform selection defaults to Waveform on for channell and 
channel 2. 

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

i Scof!e 1- "'vafo,. .. ( Autoscale ) ( Auto-tteasurr. ) • 

Merkers I Off I D ISp ley I Nor-mol I Connec t dOIS~ 
Semp 1 e P!riO(l . 1.000 us 

,IDlY I 200.0 us I De I ey 1 0 • I Grit:: []ID 

Inllrt WIIIveforll , 
MlIvlltor,. on 

J r IIOdIt WIIIvefor. 

I I Mllvef 0,.,. of r 
Delate WIIve'or. 

-2L16rri'.J 

U I ] \ ~ 

Figure 23-9. Waveform Selection Pop-up menu 
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Insert/Delete 
Waveforms 
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2. With Waveform on, the channell signal will be displayed in the 
waveform display. Select Waveform off. Channell signal is now 
gone, and the channel label has changed to -otT-. See figure 23-10. 

1 Sco~e 1- *v.fDn .. ( Autoscele ) ( "uto-t1ensure ) 

MlIrkers I Off 1 01 spll!!ll:! 1 Normal 1 Connec 1 dots ~ 
Semple pertoc • 1.000 us 
,/Dlv 1 200.0 us 1 De ley 1 0 'I Gnc @Il 

- - ; 

-246mY 

\ I r 
Figure 23-10. Channel 1 Turned Off 

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

When a signal is inserted into the waveform display, its label field and 
waveform will always be displayed directly below the highlighted label 
and corresponding waveform. 

1. Select eH 1 label field, then select Insert waveform. A channel 
mode pop-up will appear. See figure 23-11. 

Channel Menu 
23-9 



I scees 1- _v.f.,... ( .utascllia ) ( tIIuto-rtellsure ) 

Mer-leers I Off 1 01splay I PIIormel I Connec l dots []E:J 
Semple perlOd • 1.000 us 
./Dly I 200,0 us I Otlay I 0 ·1 Gr 1CI []ill 

'CiTT 
~ V 
I CI. C2 r-~ u 1 J 1 ..g:g 
-E::ll 

, 
-196mV 

~ 1 I 1 ~ 

Figure 23-11. Channel Mode Pop-up 

2. Select CH 2. Notice that the second CH 2 was inserted directly 
belowCH 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 channel mode pop-up. 

Channel Menu 
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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. 

Note Ii 
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Suppose you wanted to take the signal from CH I 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 I,then select Modify waveform. Select CI,C2, then 
touch the RUN key. CH 2 is now overlayed on CH I 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. 

To get a better display of the two waveforms overlayed, use an extra 
long cable on one of the inputs. This will delay one waveform. 

Sc()e:e 1- Triggsr ( fIIutoscalr. ) ( Calibratian ) 

Mode Edg' Source lliIJ Run mode IRoQotlliyol 
Ley!l 1-266.0 rri'i I 510pe I PositIve 1 Auto-Trl g CQ!!:J 
s/Olv I 5.0 ns I Oeloy I Ie ,04 ns I Armed by I Run 

// 

-246mV 

Figure 23-12. Overlay Waveform Display 
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Waveform Math 
(C1 + C2), (C1-C2) 

Channel Menu 
23-12 

Suppose you wanted to take the signal from CH 2 and add it to or 
subtract it from the signal from CH 1. Let's try subtracting CH 2 from 
CH 1. 

1. Select Cl,C2 label field) then select Modify waveform. 

2. Select Cl·C2 field. With the sIDiv still set at 5 ns, the waveform 
display should look like the figure below. 

! Scope 1- Trigger ( Autoscille ) ( Calibration ). 

@=cJ Run mode IRepell t i\le I 
I PositIve I Autll-Trlg[Q2J 

1 B. 4 ns I Armed by ;=, =;;'R=un---' 

-2.00mV 

-24BmV 

Figure 23·13. C1·C2 Waveform Display 
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Timebase 
Functions 

Instrument Setup 
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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. 

I Scoee 1- IIBvaf.,._ ( Auto.cal_ ) ( _uto-lle •• ure ) • 

Merkers I Off 1 Di.pl.~ I Normol 1 Connect dots []!!] 
Somple perloO - 1.000 u. 
./DlY I 200.0 u. I Deloy 1 0 • I GrlO []IT] 

-250mV 

U l ] \ r 
-246mV 

~ I II l r 

Figure 23-14. Compensation Signal Waveform 
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s/Div Field The sIDiv field sets the sweep speed or time scale on the horizontal axis 
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. 

Keypad entry pop-up 

Channel Menu 
23-14 

When the slDiv 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. 

51:0 

Input 

( Rutoscele ) 

Ii/Diy ~ ly ! 1.500 II I 
10.00 us dence ~ 

..... ____ -',y I 0 , I 

Nutenc Entry 

to) 

01 f se l 
Preset 

12500vl 

~ 

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 nslDiv to 5 slDiv. 

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 nslDiv to 5 slDiv 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. 
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(Acquisition 

Stopped) 
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At sweep speeds of 100 ms/divand 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 
prest ore" 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 is 10 flS. 

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 
fls/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. 

Channel Menu 
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Normally 500 points of the 2k waveform record is displayed on screen. 
Change the sweep speed to 500 us/div. Now all2k of the waveform 
record is compressed and displayed on screen. See figure 23-16. 

I Sco~e 1- ... .,.far.s ( Autoscele ) ( Ruto-nea5ure ) 

Ml!lrkersi Off 1 D1Spi ey 1 f.Jormel I Connec t dols [Q!iJ 
Semp 1 IE! penoCl - 1.000 u, 
s/Dly 1 500 .0 us I Oel.~ 1 0 5 I Grid []ill 

-250mV 

JLfLr 
-246mV 

JLfLr 

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 
waveform and is always measured from the trigger point to 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. 

Scrolling 
(Acquisition 

Stopped) 

HP 16528/16538 
Front-Panel Reference 

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 point. 

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 nslDiv 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-half of the data in memory is after the 
delay time setting. 
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23-18 

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 sIDiv 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 to 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 
conjunction with zooming (see "sJDiv Field" paragraph), scrolling is 
very useful in displaying single-shot waveforms. 

I Scoee 1- NIIIveto,. .. ( Auto5cale ) ( Au to-tleasure ) 

Merkers I Off 1 Di sphl!J I Normal 1 Conllec t dols~ 
Semp 1 e per10d . I .000 us 

s/DLv 1 200.0 us 1 Oe I ey I 1.000 ms I un Cl [ill] 

250mV 

---'l 
-246mV 

\ 

Figure 23-17. Scroll Begmmg 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 autoscale. See figure 23-18. 

I Scope 1- Channel Cancel ...Jiii') 
t:antl.nue 

Input !1BJJ V/D1'" . l' \I I Of f set I 2 500 V I 
FroDe : 10 , 11 Imp'del~ Preset ~ 
siD 11( i 10,00 us I Del ey I 0, I 

::rn:::c::J 

/ 
::nr::r::J Autoscale POp-u~ 

Figure 23-18. Autoscale Pop-up 

If 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), channel 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 channell. The following 
fields are changed when autoscale is complete: 

Channel menu 

V/Div 
Offset 

scaled 
scaled 

Channel Menu 
23-19 



Channel Menu 
23-20 

Trigger Menu 

Mode 
Source 
Level 
Slope 

Any menu 

slDiv 
Delay 

Edge 
set to lowest number input with signal present 
scaled 
positive 

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 channelL 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. 
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The Trigger menu controls the selection of trigger modes for the 
oscilloscope. The Trigger menu has two modes: 

• Edge 

• Immediate 

The default Trigger menu is shown in figure 24-1. 

I Sco~e 1- Trigger ( Autoscille ) ( Calibration ) 

M(lde I Edgo I Source UEJ:J Run mode I Slng I. I 
Leyel I 1.620 V I Slope I Pas it 1 'tie I Auto-Trig ~ 
,IDlY I 10.00 us I De I tI~ I 0 s I Armed by I Run I 

: 

Figure 24-1. Trigger Specification Menu 

When the Calibration field is selected, a pop-up will appear showing 
the calibration menu. Information on when and how to calibrate the 
oscilloscope is found in Appendix D. 
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Trigger Point 
Marker 

Mode Field 

Immediate 
Trigger Mode 

Trigger Menu 
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The trigger point marker, is the dotted vertical line at the center of the 
waveform display. This dotted vertical line, 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. 

I Scoee 1- Triggar ( lAutoBCllle ) ( Calibrll tion ) 

Mode I Edae Source UEIJ Run mode I SIngle 

Level I 1.620 V I 510pe I F'osi lIve I Auto-Trig [Q!!J 
I/DIY I 10.00 us I Deloy I 0 ·1 Armtd Dy I Run 

................. 

, 

Trigger point ~ / 
Trigger level 

Figure 24-2. Trigger Point 

The Mode field is located on the left side of the top row of fields 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 trigger mode causes the oscilloscope to trigger by itself after 
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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1 Scope 1- Tr1gger ( Autosc.1e ) ( C_libration ) 

Mode I I ..... dlOt. I flun mode I Sl ng I. I 

,IDly I 10.00 us I ollay I 0 • I Armed oy I Ru. I 

i 

Figure 24-3. Immediate Trigger Mode Default Menu 

Armed by Field 

The Armed by field is located on the right side of the bottom row of 
fields. When selected, a pop-up will appear that is used to set any 
arming requirements. See figure 24-4. 

ScoE:e 1- T,..1gger ( AutoscBle ) ( Calibretion ) 

Mode IImmedl!!1te 1 Run mode I 51 ngll I 

s/Dlv i 1 C 00 us I Oeloy I 0 • i Armed oy Run n 
INC Input 

ItACHINE If-
; ItACHINE 2 

Armed by p~p-up / 

Figure 24-4. Arming Selection Pop-up 
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Edge Trigger 
Mode 

Trigger Menu 
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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 is the type of triggering found in all oscilloscopes. In edge 
trigger mode the oscilloscope triggers at a specified voltage level on a 
rising or falling edge of one of the input channels. 

In tbis mode you can specify which input is the trigger source, set a 
trigger level voltage, and specify wbich 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 channell. 
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Level Field 

The trigger voltage Level field is located on the left side of the middle 
row of fields 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 trigger 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 m V, trigger level could be set in increments of 
20mV. 

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. 

SeD 

Mode 

U!yel 

Le".1 ~ 
ce 

1.620 V 

( Autoscale ) 

[1[IJ 
I p~s i t He I 

o • I 

'*-r ic En try 

.. 52) 

( Calibration ) 

Run mode I SInale 

Auto-Trig []:6:J 
Armed Dy ;=, ===;;'RC":ur--" 

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 Field 

The Slope field is located in the middle of the middle row of fields. It 
selects which edge of the trigger source waveform the oscilloscope 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. 

00. 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. 

• 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. 

OfT. 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 
R UN 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 Mode 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 
R UN key again. 

Before a repetitive run can be executed, all analyzers must either be 
turned off, or they must have acquired data. 
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The Waveforms menu controls how the oscilloscope displays the 
waveforms. The waveforms may be displayed in normal, averaged, or 
accumulated mode. This menu also controls the connect-the-dots 
display feature. The default Display menu is shown in figure 25-1. 

I Scooe 1- .... vBfor. ( Autoscille ) ( lAuto-t'lensure ) 

Mer-tars I Off I o 1 spll!1~ 1 f'4ormell I Connec t ools []TI] 
Semple pertoCl - --
,JOlv I 10 00 us I Oel ey 1 0 S I GriC []TI] 

! 

Figure 25-1. Waveforms Display Menu 

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. 

Automatic parametric measurements are functions built into the 
digitizing oscilloscope that make parametric measurements on a 
displayed waveform. 

Waveforms Menu 
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The Auto-measure field is located in the upper right comer 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. . 

I Sco~e 1- "'YB'."" ( IAUtOBC.' e ) ( flu to-tteasure ) 

~ . Iii<il 

I"put [fEII Autometlc Meesur.ments <EE!) 
F"rsq 0 Hz Per i 00 0 s Vp_p 0 V 

Risetime 0 5 ++41dth 0 s Preshoot 0 , 
Fe11tlme 0 , -Hldtl'1 0 s O¥ersnoot 0 , 

/ 
Auto-Measure Pop-up 

: 

Figure 25-2. Automatic Measurement Pop-up 

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

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. 

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

All measurements except Vp-p are calculated using the Vtop (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 26 voltage levels. 
Each of these 64 levels is called a quantization level. Each waveform 
has a 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 screen, Vtop defaults to the maximum voltage 
(Vmaximum) and Vbase defaults 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 instrument can determined the 10, 50, and 
90% points, which are used in most automatic measurements. The 
Vtop or Vbasc 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. 
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I 

To demonstrate how to make automatic measurements, set up the 
oscilloscope as described below. This setup will be used throughout 
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 

I 

C 
I 

COMPENSATION 
SIGNAL OUTPUT 

I 0 , 
19 

S1652r.IQl 

[ ~ 
BNC TEE 

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 
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. 

I 

2 

9 
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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 disp~ayed waveform should now look like figure 25-4. 

I SeDee 1- Triggar ( lula.cale ) ( Calibr.tion ) 

Mode 1 EdllO Source [£EIJ ~un mode IR'~'ll live 1 
Leyel 1-250.0 rrf'I 1 510pe I POSlllve 1 Auto-Trig ~ 
a/Dly 1 200.0 u. 1 Oelly 1 0 • 1 Armees by 1 fi!ur. 

-250mV 

W· ... \ ·l .. .. j .......... ~ 

-250mV 

U \ :1 I 

Figure 25-4. Autoscaled 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/Div field and change the sweep speed to 5 ns/div. The 
expanded waveform should look like the figure below. 

! Seoee 1- .... v.f.r_ ( AutoBcllle ) ( Auto-tlellsur. ) • 

Merker s I Off 1 [) lspl By 1 ~ormal 1 Cannac t dots~ 
Semple pllrl0(l . 2.S "5 
,IDly 1 5.0 ns I Oolly I 13.4 n. I GrlCl [ill] 

-250mV 

-250mV 

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 
Risetime value is displayed in the Automatic Measurements 
listing 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. 

Waveforms Menu 
25-6 

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. 

I Scope 1- Tr luger ( Autoscale ) ( CalibraUon )' 

UEJ:J Run mode IRepetItIvel 
I Netn:lllve! Auto-Trig ~ 
I 13,. ns I Armed oy i=1 ===;;'R::::un----' 

-250mV 

," 

-2S0mV 

Figure 25-6. Negitive Edge Of Waveform 
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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. Falltime is now being measured on CH2. 

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

Vp-p = Vmaximum - Vminimum 

8. Notice the Vp.y 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 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 50% level of the edges. 

If the first edge on the display is rising then: 

Period = trising edge 2 - trising edge 1 

Freq = lI(trising edge 2 - trising edge 1) 

If the first edge on the display is falling then: 

Period = tfalling edge 2 - tfalling edge 1 

Freq = lI(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 menu, select s/Div and change slDiv field to 
100 f.1s 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. 

I Sco2e 1- .... vafa,.. ( Autoscele ) ( Au to-tteasure ) 

Merkersi Off 1 OISP I e\j I Norme 1 i Connec l dols []!!J 
Semp 1 If pertol1 . 1.000 us 

S/Dly I 100.0 U. I Celew I 13.4 ns I GrlCl [£!1J 

-250mV 

I :I r 
-250mV 

I : l r 

Figure 25-7. One Full Cycle Waveform 
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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 = tfaning edge 1 - trising edge 1 
-Width = trising edge 2 . trailing edge 1 

If the first edge on the display is falling then: 

+ Width = tfaning edge 2 - trising edge 1 

-Width = trising edge 1 - tfaning edge 1 

3. Be sure the displayed waveform is at least one full cycle. If not, 
touch TRIG key, then select s/Div. Change slDiv field to 100 fls 
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. 

Waveforms Menu 
25-9 



Preshoot and 
Overshoot 

Measurements 

Waveforms Menu 
25-10 

Preshoot and Overshoot measure the perturbation on a waveform 
above or below the top and base voltages (see "Top and Base Voltages" 
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. 

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: 

Preshoot = [VbaSe - vmjnjmum] X 100 
Vtop-base 

Overshoot = [Vmaximum - VtQP ] X 100 
Vtop-base 

If the measured edge is falling then: 

Preshoot = [Vmaximum - VtQP ] X 100 
Vtop-base 

Overshoot = [Vbase - vminimum ] X 100 
Vtop-base 
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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 slDiv field 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. 

Scope 1- Mevefor .. 

Merkersf Of1 I 01sple~ 
Semple perloc· 2.5 ns 
./Dlv I 5.0 ns! Oeloy 

-250mV 

-250mV 

( Rutoscale ) 

f.lormel I 

13.4 ns I 

( Auto-Heasure ) 

Conr.ect d01S~ 

Figure 25-8. Rising Edge on Waveform 

Waveforms Menu 
25-11 



Marker 
Measurements 

Waveforms Menu 
25-12 

In addition to automatic parametric measurements, the oscilloscope 
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. 
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Markers Field 

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. 

i Scoe:e 1- Trigger ( AutosclIle ) ( Calibretion ) 

Mnde I Eda o I Source lli:JJ Run mode IR'~O(l (ivol 
Level I 250.0 IIf'/ I S lope I ~osi tlve I Auto-Trig ~ 
SlDiY I 200.0 u. I OIlO~ I 0 • I Ar-mtd DW I Run I 

250mV [ 

W··· I .... ~. 1 ... r=-: 

250mV 

~ I j I r-

Figure 25-9. Marker Measurement Setup Display 

In the Waveforms menu, the Markers field 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. 

i SC028 1- ....... 'D ... _ ( Autoscille ) ( Au to-neftsur-e ) 

Merker 011 Display I Normal I Connec l do t s CQri:J 
Semp 1 e liMe o us 
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~ 

/ 
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Marker field pop-up 
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Figure 25-10. Markers Field Pop-up 
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The default 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. 

i Scope 1- "'ve'Dr_ 

Ml!Irker s! Time 

K to 0 los I 
SlOlv i 200.0 us I 

( fIIutosc.le ) 

CI.ploy I Norm.l I 
TrIg to X I o. I 
Celoy I 13 .• ns I 

1 

( Auto-fta8sure ) • 

Connect dOlS~ 
Tn 9 10 0 I o. I 
Grid [£ill 

Figure 25-11. Time Markers Field Pop-up 

Xto 0 Field 

The X to 0 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 0 
marker. When the X to 0 field is selected, turning the knob will move 
both the X and the 0 marker across the display without changing the 
value in the X to 0 field. However, the values in the Trig to X and Trig 
to 0 fields will change to reflect the movement of the X and 0 markers. 
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The value in the X to 0 field can be changed by changing the Trig to X 
or Trig to 0 values, or by changing the X to 0 value from the pop-up. 
The knob entry pop-up will appear when you select the X to 0 field. 

When the time value of X to 0 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 0 marker. 

Trig to X Field 

The Trig to X field is located in the middle 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 O. 

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 value for the Trig to X field is 0 s. 

Trig to 0 Field 

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

When the Trig to 0 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 0 time values is 2% of the sweep speed setting. 
The default value for the Trig to 0 field is 0 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. 

Specify Search 
Markers 

Waveforms Menu 
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Figure 25-12. Search fields 

The Specify Search Markers field is located in the upper right corner 
of the Waveforms menu. When selected, a Search Markers pop-up will 
appear. After Search Markers criteria is set, the X and 0 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 
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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 
a marker. 

! 
P-P 

y-

--- - -1- v (2 J TOP 

I 
6 V (TOP-BASE J 

I 
.,.,.. __ t -v (1 J BASE 

Figure 25-14. Top And Base Levels 

X-Marker set on 
O-Marker set on 

The x-a Marker set on_ field assigns an input waveform (CHI or 
CH2) to the X or a marker. When you select this field, the field will 
toggle between the waveform sources. 

The default selection for the Marker set on_ field is CHI. 
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at the level 

When the type marker is set to Percent, the at the_level field sets the 
X or a 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 m V. The Percent default value for 
the at the_level field is 50%. The Absolute default value for the at 
the _level field is 0 V. 

with _ slope. 

The with_ slope field sets the X or a 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 Positive. 

Stop measurement when X-O _ 

This field lets you set up a stop condition for the time interval between 
the X marker and a 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 

HP 16528/16538 
Front-Panel Reference 

Less than 

When the Less than field is selected from the pop-up, a time value field 
appears to 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. 

-----

i ScoBe 1- MIIIy.for .. ( AutosCllle ) ( Sl!ecHy f1nrlr::ers ) 

Merkers! Seorch I D1Spl e!:l I Normel I Connec t dOls~ 
> 

Search I1IIrters ~ 
Mar ker Type ~ 

Nonar1c Entry G:J t:c )<-Merker set on,@ 
GU 

.1 i00i1 th 

X . Pos I t lye I s ( 0) a 
O-Merker set on ,[9 ~ .1 1.11 th 

11>05 I t lye I 5 0 n ~h q e)(ceptlon to Clltk []IT] 

t-

r 
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 a marker, and negative times would be used when 
the a marker is displayed before the X marker. 

When Less Than is selected, the oscilloscope will run until the x-a 
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 field. 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-a 
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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In range _ 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-O 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 

Not in range _ 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 mel, the 
oscilloscope will stop acquisitions and display Stop condition satisfied. 

Default values for these fields are 10 ns. 
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x-pattern _ from 
start 

O-pattern _ from 
start 

1,,
Note III 
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Store exception to disk 

When the Store exception to disk: field is on, any time the Stop 
measurement when x-o criterion is met, the measurement is stored to 
a me 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 0 pattern_from start field sets the X or 0 markers on a 
specific occurrence of a edge on the waveform. The edge may be the 
1st displayed up to the 1024th displayed. The count of edge 
occurrences is made starting with the first edge displayed on screen, 
either partial or full. 

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 displayed on 
screen. This could cause measurement errors. 

When the X or 0 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 Occur field is 1. 
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Statistics The last field in the Markers pop-up shown in figure 25-10 is Statistics. 
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When Statistics is selected from the Markers field, a new middle row of 
fields appear. See figure 25-19. 
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Figure 25-19. Statistics Fields 

The Statistics field allows you to make minimum, maximum, and mean 
time interval measurements from marker X to marker O. 

Minimum, maximum, and mean (average) x-a marker time interval 
data is accumulated and displayed until one of the folIowing happens: 

1. Autoscale is executed. 

2. Auto-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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Measurement 
Example 
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The following example will show how to make an automatic marker 
measurement using the Search markers. We will set the markers to 
make an x-o marker measurement on the CH 1 and CH 2 input 
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 
CHI 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. 

Q165Z[ 1 1 

BAC~ 
VIEW 

FRONT 
VIEW 

I __ II 
COMPENSATION II I I 1 

SIGIMc OUTPUT LJ A 
~ I 0 

+'--.1 ____ I _I ___ I --1~~1 
BNC TEE / / 

EXTRA LONG CABLE 

Figure 25-20. 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 
slDiv to 500 Its. See figure 25-21. 
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Figure 25-21. Search Markers Menu 

2. Select Specify Search Markers. Set the Search Markers pop-up 
as shown in figure 25-22. 
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Figure 25-22. Specify Search Markers Pop-up 
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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 
o marker is on the rising edge of the 5th displayed pulse. See figure 
25-23. 
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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 0 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 0 markers also 
move to the edges specified in the Search Markers pop-up menu. 

6. Set the Delay time back to 0 s. 
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Now let's use the Stop measurement when X-O 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. 
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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 field 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. 
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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. 
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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 BNe 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 run 
criteria met - run stopped." 
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Display Field 

Display mode pop-up 

The Display field is located in the middle of the top row of fields. 
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. 
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Figure 25-27. Display Field Pop-up 

The default selection for the Mode field is Normal. 

Normal Mode 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. 
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Average Mode 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 A VG# field. When this Average integer field is 
selected, an integer selection list pop-up appears, listing all possible 
average selections. 
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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. If the 
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. 

If 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 until 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. 

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 until the waveform is adjusted by a control that causes the 
display to change, such as s!Div or V !Div. 

The Connect dots field is located on the right side of the top row of 
fields. When Connect dots field is selected, it will toggle between on 
and off. 

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

The default setting for the Connect dots field is Off. 

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. 
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26 
Mixed Mode Displays 

Introduction 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. 

Mixed Mode field 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. 

HP 16528/538 
Front-Panel Reference 

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

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

IM1<eo Mooel- Display I III , - Slot. lllUng 

Lebel >~; OATA 
Bese ) ~tl :tSy§mtbo=:' :jC::jj:g~~::::;t:ttt~:j 

<t<J003 0553 OUT TO P 

STAT Time 
Symool Rei 

MEMORY .RITE 1.52 us 
<t<J004 0554 MOVE MEMORY READ 2.00 us 
<t<J005 0555 DEeR MEMORY READ 2.00 us 
~ 0557 OUT TO P MEMORY .RITE 1.46 us 
<t<J007 0556 MOVE MEMORY READ 2.00 us 
<t<J008 0559 DEeR MEMORY READ 1.52 us 
-+<l009 05i11 DEeR MEMORY READ 1.46 us 

PORTS - Il1ung .... v.f or.s ~ to Tr l gger 0 s 
0 , I Tlme/D;v I 10.00 U6 I Del., LI --"--;1'--' 0 to Tr igger 0 , I 

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 16528/538 
Front-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. 

1M! 'eo Mooe 1- 51818 UaUng 

Lebll > 
flu. > 
+000_ 

+0018 
+0019 
+0020 
+O02! 
+0022 

~ +000 
+002. 
+0025 
+0026 
+0027 
+0028 
+0029 

+0006 
+0030 

O~97 78 
6005 E2 
03eS ED 
03e6 79 

0~97 78 
6006 eo 
03eS ED 
03Ce 79 
6008 00 

us 
660 n. OPCODE fETCH 
920 n. 110 READ 

7 .24 us OPCOOE FETCH 
660 ns OPCOOE FETCH 

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. 

Mixed Mode Displays 
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Timing/Scope 
Mixed Mode 
Display 

Scope display 

Timing display 

Mixed Mode Displays 
26-4 

When the timing analyzer and the oscilloscope are both on, you can 
display both the timing waveform and oscilloscope waveform 
simultaneously as shown below. 

IpOI<TS 1- lUling wavefo,..s 

Merkers Time 1)( to Trlg ,! --;;-O~s:-1) I Time X to 0 I 4.600 us 

Accumulate CQIO 0 to Trig I 4.600 us I At Ix nen:erl ~ 
T1me/Olv I 10.00 lJS I Deley los I 

~~::::::::::::::::~~~::::::::::::~I 

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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Waveform selection 
pop-up 
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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 
oscilloscope 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 inserted waveform will be placed directly 
below the label you choose. 

2. From the waveform selection pop-up shown in figure 26-5, select 
Insert waveform field. 

I Sco~e 1- MIIvetorltS ( Autoscele ) ( Au I a-taeasure ) 

Merkers I Off I DI.pley I Norma I I Connect dots [QDJ 
Semple perl0Cl . 100.0 ns 

&/D1 " I le,OO us , De 1 ey I 0 .1 Gr ld [QDJ 

:::::rn::r::::: : 2.50 V 

Inser l wlIIYe' orm 
Wevetorl'l on 
Modit!.! wavefDrm 
Wll!lvefo .... oU 
De 1 f! te wllvef orlll 

Figure 26-5. Waveform 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. 

Mixed Mode Displays 
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I Sc:o~e 1- Triggar ( AutaBcalB ) ( tallbrel10n ) 

MaCe I Edge 1 Source []E:IJ Run mOde I Singl e I 
Liliel I 1.620 v I Slope ! PO!ltt'¥e I Auto-TngW] 
ilO 1 '¥ I 10.00 us I De' oy I 0 • I Armed by IMACHINE 1 I 

:::m:::r:::::J 
, 

2.50 V 

Label type pop-up ___ _ SeD e 
T i.ing 

Pod label 

Mixed Mode Displays 
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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. 

I Scoee 1- Tr 19ger ( Autosca1e ) ( tel ibretion ) 

Mode I Edgo I Source lliJJ Run mode I Sl ngle I 
Leyel j i .620 V j Slope I Pos l tl "e i Auto-Trig [B 
sID lv I I U 00 us j De I ey I 0 , I Armed by IMACHINE 1 I 

2.50 V 

~v 

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 right 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. 

( te lIbra tion ) 
Knob bit entry p op-up -

I Scope 1- 1rlgger 
a!ED d • lDll .elecl I Sing1 e I Run mDdl 

Keypad bit entry pOp-Up 

Bit select field -
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level 1.620 , 00 Aulo-TrJQ []D 
1/0111 I 10.00 U& I Armed b~ IMACHINE I I 

::::m::r::::J InuI.r Entru j ~ 2.50 V 

i) "': 
( 00 

::lli:LJ 
2.50 V 

~ -
. 

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. 

Mixed Mode Displays 
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State/Timing 
And Scope 
Mixed Mode 
Display 

State display 

Scope display 

Timing display 

Mixed Mode Displays 
26-8 

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. 

I~:~ec MOCle 1- Display 1HIT - Stata LlsUng 

Leoel >~i DATA 
I 

STAT 
Ii 

Time I Base ) he)< :. Symbr 1 SymDo 1 Re I 
-+{JOQ3 0553 OUT TO P MEMORY ~RlTE 1.52 us 
+(lOO4 0554 MOVE MEMORy READ 2.00 us 
-+{JOC5 C555 DEC. MEMORy READ 2.00 us 

~ 0557 OUT TO P MEMORY ~RlTE 1.48 us 
-+{J007 055B MOVE MEMORy READ :2.00 us 
-+{JOOB 0559 DECR MEMORy READ 1.52 us 
-+{J009 0541 DECR MEMORy READ 1.46 us 

PORTS - 1 Ullng Nevef orlls X tG Tr igger 0 s 
Tlrne/Di ... I 10,00 us I Oell!ly I 0 , I o to T,.. igger I 0 , I 

ti;~,! I I t~ I u 
U LK y6DO 

Figure 26-9. State/Timing/Scope Mixed Mode Display 

The arming requirements for the oscilloscope are the same as in 
timing/scope mixed mode 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 
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Ti me-Correlated 
Displays 
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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 StatelTiming 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 display 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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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 measured 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 
that sequentially accesses five ports and reports back any that do not 
respond correctly. After power-up, the system indicates that two of the 
ports are not responding. The block diagram shown below helps to 
illustrate the system under test and it's problem. 

ACCE SS ORDE R PORTS 
ENABLE 
LINES RESPONSE BAC< TO CPU 

' s t 

2nd 

3, d 

4 th 

.. INPUT PORT , 

~ OUTPUT PORT 

.. I DISPLAY PORT 

I LlNPT 

i ------u 
1 LOUTPT 

I 
I LDISP 

~ HERE IS 
THE PROBLEM • 

="'----~~~-- THESE TWO SIGNALS 
ARE MISSING 

~ I KEYBOARD SCAN PORT! LSCAN 

5th ~ I KEYBOARO I ",LK",-EY=B"-.D _____ --, 
~ ____ ~I LJ 

Figure 27-1. System Under Test With Problem 
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What Am I 
Going to 
Measure? 

The circuit under test is actually hardware being controlled by 
firmware. The code stored in the system ROM (Read Only Memory) 
could be faulty, or there could be a hardware problem, such as a bad 
IC 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. 
• W4ether any board shorts/opens exist. 

Before you begin your troubleshooting process, you 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 measurement 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 (oscilloscope). 

Timing/State/Scope Measurement Example 
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How Do I 
Configure the 
Logic Analyzer? 
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The fIrst part of your measurement is to verify that all 5 ports are 
initialized by the software in the power-up initialization 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 
you to discribe the INITialization routine. 

System [ant 19uretion 

Anal yze,.- 1 

N I!IMe: 1~IN:;' lT~::::; 
Type' I SlOt. 

Imn:~:;mnl 
-------- --------

Ana I yze,.- 2 

Type' I Off 

Osci 11 oscope 

[EiJ 

unO'Sip:~: Analyze,.. 
Poel '3 

-- -- ---- - -- - j 
For .; 

---------------- J 

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. 
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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. 

""IIN=':::T-'-----'I- St.le ror."t Specific.ltDn ( 5pecUy 5!!",bO" ) 

C 1 Del( 

J. 
Clock f:lerlO(l Pod 2 Pod 1 

~ I TTl. 

I I TIL 
C I DeY. Cl Del< 

Aclivj l!:/ > ________________ _ ______________ _ 

A~;~·, P~ I'"S';;;;"~:";';"~! r',,,-s ,-,-' ,-,-,-,B",-,~ ,~: ''-'-:~:-'--t0 I 
~~!~ ffj:: . : : : : : : ': : : : : 1-': :"-'-'-'--'-" ,.:,:" "~" ":":'"":":'''-1" : 
-011-

-Off- I 
-011-
-011-

~::= 8it Assignment Fields 
-011-
-011-

Figure 27-3. Configure the State Format Menu 

1. Press FORMAT key on front panel. 

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

3. 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 turn bit 8 on. This is 
the CPU ReadIWrite 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. 

!INIT 1- Stele Trace SpecUiclllion 

Trece mode I s 1 ngl e i 
Sequence Le.,e15 Armej oy 

8 
Hh lie storing eny $ tote" I Ru~ I 
Tr I gger on "e" 1 1 imes 

i 
Br enches 

cD Store .. eny s te teo. I Off I 
Count 

I Of( I 
Preslore 

I Off I 
Labe I > ~ DATA II STAT I 

Eese > ~, Symbo I II Symt 0 1 I 

[ I05SC heOsolute )()(lo()(xxxxl!eos01UtE ~ I 
cmDlebSOl ute X)o<xxxxxlltlDSO 1 u tEo , I 
~lebSolute XX)(XXXXXIlOOSOiutE xl 
~Iebsol ute xx;.o(y.x:-:xll!lt:sc III te , I 

Figure 27-4. Configure the State Trace Menu 

1. Press TRACE key on front panel. 

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

Acquiring the 
Data 

I~I 
Note lIP 

At this point, if you had a target system, you would connect the logic 
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 ReadIWrite control line 
• Pod 2 probes 0 through 15 to the address bus lines AO through 

A15 

You have configured the State Trace Specification menu to start 
acquiring data when the microprocessor sends address 0550 on the bus. 
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 OUT TO P MEMORY WRITE 

Timing/State/Scope Measurement Example 
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Finding the 
Problem 
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You look at the state listing menu to see what the data is in states 
+ 0000 through + 0013. These are the rust stored states after trigger. 
You know your 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 menu in figure 27-5. 

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

OUT TO PORT MEMORY WRITE 
MOVE MEMORY READ 
DEeR MEMORY READ 
OUT TO PORT MEMORY WRITE 
MOVE MEMORY READ 
DEeR MEMORY READ 
OUT TO PORT MEMORY WRITE 
MOVE MEMORY READ 
DEeR MEMORY READ 
DEeR MEMORY READ 
OUT TO PORT MEMORY WRITE 
MOVE MEMORY READ 
DEeR MEMORY READ 
OUT TO PORT MEMORY WRITE 

HUT 1- IStete listing I 
Marken Off 

LaDe 1 >~I om II 5;"A7 Tlme 
Bese > ... ~/'. S' mba 1 5ymbo 1 R.l 

+OOO~ 

+0001 
+0002 
+0003 
+0004 
+0005 
+0005 
liOO071 
+0006 
+0009 
+0010 
+0011 
+0012 
+0013 
+0014 
+0015 

0550 OUT TO P MEMOR' ~R ITE 1 . ~6 us 
0551 MOVE MEMOR, READ 3 00 us 
0552 DEeR MEMOR, READ 2,00 us 
0553 OUT TO P MEMOR, ~RITE 1.52 us 
OS54 MOVE MEMOR, READ 2 00 us 
0555 DEeR MEMOR, READ 2.00 us 
0557 OUT TO P MEMDR' ~RlTE 1 46 us 
()55B MOVE MEMOR, READ 2 00 us 
0559 DEeR MEMOR, READ , ,52 us 
05~ I (lEeR MEMORY READ 1 4:l6 us 
C ,e2 OUT TO P MEMOR' ~RlTE 2.00 us 
0542 nOVE MEMOR, RE"D 1 52 us 
05~3 DEeR MENOR..,. READ 2 00 us 
C5.(j4 OUT TD P MEnOR..,. ~RlTE 1.4E1 IJS 
05"'5 NO .... E MEnORy READ ~. 00 us 
069: MOVE MEMOR' READ 3 00 us 

Figure 27-5. State Listing Menu 
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What 
Additional 
Measurements 
Must I Make? 

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 domain measurements on hardware signals, you 
need the timing analyzer. 

Since the problem exists during the routine that starts at address 0550, 
you decide to look at the timing waveforms on the enable lines when 
the routine is running. 

Your measurement, then, requires verification of: 

• actual response of enable lines from the five ports. 
• correct timing of the responding enable lines. 

Timing/State/Scope Measurement Example 
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How Do I 
Re-configure 
the Logic' 
Analyzer? 

Connecting the 
Timing Analyzer 
Probes 
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In order to make this measurement, you must re-configure the logic 
analyzer so Analyzer 2 is a timing analyzer. You leave Analyzer 1 as a 
state analyzer since you will use the state analyzer to trigger the timing 
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. 

Sys tem Conf l.gura hon 

Analyzer- 1 Analyzer- 2: Osci 11 ascope 

Nome' ~I IN:;:IT~===: 
Type' I SlOte 

[[ill Nome' IpORTS 

Type' I:=~T~I m~1 n:;=g ~ 
( AutD,cele ) 

una.Sip::: Analyzer 

[m;~::ml 
-- ----------- ---

( Poe r;;; , 

- I 
l------------- --. 

Figure 27-6. Re-configure System Configuration Menu 

1. Select Type field in Analyzer 2. 

2. Select the Timing field. 

At this point you would connect the probes of pod 5 as follows: 

• Pod 5 bit 1 to enable line LlNPT. 
• 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. 
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Configuring the 
Timing Analyzer 

Now that you have configured the system, you are ready to configure 
the timing analyzer. Configure the Timing Format Specification menu 
as shown below. 

IPORTS 1- Timing ro..-.. t Specif ie.lion (specify SymbOlS) 

Pod 5 
+ 1,2 V 

Act! 1,11 tl:j:> _______________ _ 

Ll!lbel Pal IS .... B7 . C 

LINPT I'§' ......... *, 

~~~~~ T: : I :: : : : : : : : ' : ~ ~ : 

LSCAN + I ., .. , .. , . .,. . 
LKEyaD + . , .. , . , . ' ,"'. _ . ' . 
-01' - ! 

" 8it Selection Field 

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 *). 
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Setting the 
Timing 
Analyzer 
Trigger 

Armed by field -
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Your timing measurement requires the timing analyzer to display the 
timing waveforms present on the enable lines when the routine is 
running. Since the state analyzer will trigger on address 0550, you will 
want to arm the timing analyzer with the state analyzer, so the timing 
waveforms will be captured at the same time. 

Configure the Timing Trace Specification menu as shown below. 

i?C:::TS 1- Timing Trace Specificlltion 

Trece mOdel Single I 
Armed DY lIN IT AcqUIsition mCdeITrensil10nol] 

Lobel> jLIN~T PLOUTPTjiLDISP IiLSCAN IiLKEVBDI 

B,se > C8:!LJ0lll::J0lll::J~C8:!LJ 

F I ~ ~ t t .rn U=:J=::I=:J:=LJc::L=:JU=:J 

present t 01" [2J I 30 n. I 

Ttlen f lnc 

Eo g. c:::::=:J==::J==:Jc=Jc:::::=:J 

Figure 27-8. Set Armed 8y Field to INIT 

1. Display the Timing Trace Specification menu. 

2. Select the Armed by field. 

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

In order to time correlate the data, the logic analyzer must store the 
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: 

IINIT 1- Slale Tr-llce SpecH iClition 

Trace mode I SIng I e i 
Sequence Levels Armed by 

~ 
~nlle stOrIng " en~ s tete" I Rur I 
Tr 19ger on ., . 1 times 

Brenches 

Store .. ,ny s to te'" I Off I 
Count ---- I TimE I 

Count Field Pres lore 

I 0" I 
Lebe I ) ~ D~C" II STAT I 

Sese ) ~I Symoo 1 /I Sym~o 1 I 

0 
~ie0901ute X)o<)(xx;.:xlleibSC1Lte xl 
~labsO 1 ute )()()(xxxxxlle~so lute xl 
~!Obsolute xxxxxxxxIIO~$Ciute xl 
~lebsolut8 )(~)()O':XXXUI!IDSCl u tl? X I 

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. 
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Re-Acquiring 
the Data 

Mixed Mode 
Display 
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With the timing analyzer configured and the probes of pod 5 connected 
to the circuit, all you have to do is press RUN. When the logic analyzer 
acquires the data it switches the display automatically to the Timing 
Waveforms menu, 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. 

jMIXOd noool- DiSploy INlI - Stote Luting 

Lebel > ~r:l =:O~A~TA~=:U:=4ST~A~T;:;::~IC::;T~I~m.q 
+~~~~' ~:; I "'DE=-=C-=-R _S"...u""mb,-,-o,-I --''':nE:'CM=:OR:''-;-=Y:'''':~::':-~-'''''--::'/c..:.~,,-~ -u---'s 

• +0002 0552 OUT TO P MEMORV HRITE 2.00 us 
+0003 0553 nOVE MEMORV READ 1.52 us 
&00041 0554 DECR MEMORV READ 2.00 us 
+0005 0555 DECR MEMORV HRITE 2.00 us 

0+0006 0557 OUT TO P MEMORV READ 1.48 us 
+0007 0558 CALL MEMORV HRITE 2.00 us 

'ORTS - Tiung "'.,fo,-.. )( to Trigger 5.000 us 

Tlme/DIY' 10.00 us 1 Deloy '''------''0 -=."1 0 to Trigger 11.60 us 1 

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 + 0000 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 displayed, the 
voltage 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. 
• Any possible shorted or open conditions. 
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Connecting the 
Scope Probes 
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Go back to the System Configuration menu and turn the Oscilloscope 
On as shown below. 

SYlt .. Cenf .a.gurlUon 

Analyzer 1 

Neme: ItNtT 

Type' I~S;:::";:::t'~ 

IAn.lyz .... 2 

Name: IpORTS 

Type,1 ~ ~T~''':;:;ln::;::, ~ 
( Auto.cole ) 

Scope On 

Osci 11 os cope 

( Autoscale ) 

un.SSlp~~: Ane I yzer 

f:::;n m; 
-~--------------

Figure 27-11. Re-configure with Scope 

Connect the scope probes to the two enable lines that show missing 
signals. 

Channel one is connected to LOUTPT. 
Channel two is connected to LD ISP. 

Timing/State/Scope Measurement Example 
27-15 



Arming·the 
Scope 

Before the scope signals can be time-correlated and combined with the 
Timing Waveforms display, the scope must be armed by the timing 
analyzer and set to trigger immediately. 

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

Scope 1- Trigger ( Autoscale ) ( Calibration ) 

Run mode I 5111918 

s/Dly I 10 00 us I [Jele~ L..-..--"-O _'::..oJ I Armed Dy c..;lpo:::::.~~,"". 5_--, 

2.50 V 
~ 1.47 V 1.-......... ----....__.__-.;....,. 
o 1.47 V 

x ng ~~~-~------r-r 

x 0 

;' ,',I", 

o 1.66 V : . 

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 field and toggle to Immediate. 
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Making the 
Scope 
Measurement 
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With the scope armed by PORTS (timing analyzer) and the probes 
connected to LOUTPT and LDISP enable lines, all you have to do is 
select RUN. The scope will automatically switch to the Waveforms 
display. 

The state analyzer cross triggers the timing analyzer, which in turn, 
triggers the oscilloscope. 

Set the s/Div to IOIlS and notice the double pulse and the voltage levels 
in the figure below. 

I Scope 1- .... y.for_ ( .utoscale ) 

Merkers I Tjme DIsplay I Normal I 
~ to D 1 5.eOO us 1 Trig 10 X 1 5.000 us 1 

slDly ! 10 00 us 1 D.,.~ los 1 
• 0 

2.50 V '; 

( Au to-tleasure ) 

Connect dDlS~ 
Trig to 01 IO.eo us 1 
GrlC ~ 

X 1.47 V'-..... ---............... ...--..... 
G 1.47 V !t-r-...... ..-..------.f. 

x ng ~I---__:_---~--i-r 
G 1.75 V 

ir----:---~--II 
: 

. ; 

... ;. 

Figure 27-13. Scope Waveforms Display 

You can examine the two enable lines in three different displays: 

• 
• 
• 

Scope Waveforms. 
Timing Waveforms (scope channels can be added in). 
Mixed Mode Display. 
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Mixed Mode 
Display with 
Scope 

With three different measurements stored in memory, you can now get 
the total picture of your problem from the Mixed Mode display. As 
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 into the Timing Waveforms display 

Insert the scope waveforms into the Timing Waveforms display 
(the lower display in Mixed Mode) as shown below. 

IMlxed MoOe 1- Display I lilT - Stllte Llsting 

Utbsl >~I DATA I STAT 

II 
TIme I Bese ~ +18)<' Symbo I SymOol Rol 

+0001 0551 DECR MEMORY READ '3.00 us 
10: +0002 0552 OUT TO P MEMORY HRITE 2.00 us 

+0003 0553 MOVE MEMORY READ 1.52 us 
~ 0554 DECR MEMORY READ 2.00 us 
+0005 0555 DECR MEMOR, HR:TE 2.00 us 

o +0005 0557 OUT TO P MEMORY READ 1.46 us 
+0007 0556 CALL MEMOR, HRITE 2.00 us 

pons - T i.lng Meyet 0,.. )( to Tr 19ger 5.000 us 

Tlme/DJ'" I 10.00 uS I De 1 ey I 0 , I o to Tn gger I 11.60 u, I 
x 0 

Insert scope signals here " Ci~il,g I 
~~:: : 

• 

; ~ 
• 

I -LK YBOO ...J 
, 

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 CO 1 waveform. The waveform should 
appear directly below LOUTPT. 

4. Select the LDISP field and insert the scope's CO 2 waveform. The 
waveform should appear directly below LDISP. 
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Finding the 
Answer 

Summary 
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You notice two double pulses instead of two sequential pulses. Since 
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 pc board, you find a solder bridge shorting 
the two enable signals together. 

You have just learned how to use the timing and state analyzers 
interactively with the oscilloscope to fmd a problem that was not easily 
determined whether it was a software or hardware problem. 

You have learned to do the following: 

• Trigger one analyzer with the other. 
• 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. 

Timing/State/Scope Measurement Example 
27-19 



A 
Microprocessor Specific Measurements 

Introduction 

Microprocessor 
Measurements 
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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 I0269C 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-I). 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 I/O write. 
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Microprocessors 
Supported by 
Preprocessors 

Note Ii 

leaOOOSTATE 1- Istete LisUng I( In'lesm 
hme x 10 Trigger I 0 s I 

Man:trs I Tlme I Time 0 to Tr I ggo, I 0 • I 
T1me )( tel 0 0 s 

Lob,l > ~16eooo MnemonIc II 
Time 

I 
STAT 

Ben ) He)l nil< Rei Hex 

-{l002 OOO.F. ORI.6 .30.00 26 
-{lOOI 000.F6 8930 program reed 1.24 us 28 

~ +<lOOO 008930 CMP.B .FI=" .00 1.26 us 30 
+<lOOI 00B932 OOF'F program r.ed 1.2-4 us 30 
+<l002 00B93. BE~.B OOBnE 1.2"1 us 30 
~ 00B936 CMP.B ...... DC 1.24 us 30 
+<lO04 00B92E BSR.B 00B92A 1.76 u. 30 
+<lOOS 00B930 B03C unused prefetct; 1.24 US 30 
+<l006 000.:11="4 0000 progrem &.Ir 1 te 2.00 us 29 
+<l007 000.F6 6930 program !.Ir i te 1.46 us 29 
+<lOOB 00B92A JMP OOBBCS (PC J 1.28 us 30 
..0009 00S92e F"'F9A progrem reed 1.24 us 30 
..0010 00BBC6 BSR.B OOBB~E 1.72 us 30 
..0011 006BC8 e03C unused prefetct't 1.26 us 30 

Figure A-1. State Listing with Mnemonics 

This section lists the microprocessors that are supported by 
Hewlett-Packard preprocessors and the logic analyzer model that each 
preprocessor requires. Most of the preprocessors require the 
HP l0269C 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 analyzer probe 
cables connect. 

This appendix lists 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. 
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Z80 CPU Package: 4O-pin DIP 

HP 16528/16538 
Front-Panel Reference 

Accessories Required: HP 10300B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock input 

Signal Line Loading: Maximum of one 74LS TIL load + 35 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O 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 

Microprocessor Specific Measurements 
A-3 



NSC 800 CPU Package: 4O-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 + 35 pF on any 
line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Opcode fetch 
Interrupt acknowledge 
RAM refresh cycles 
DMAcycles 

Maximum Power Required: 0.1A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16-channel probes 
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8085 CPU Package: 4O-pin DIP 
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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 
line 

Microprocessor Cycle Identified: Memory read/write 
I/O 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 
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8086 or 8088 CPU Package: 4O-pin DIP 

Accessories Required: HP 10305B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock input (at CLK) 

Signal Line Loading: Maximum of two 74ALS TIL loads + 40 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O 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 80860r 8088 must be 
operating in the Maximum mode. 

Maximum Power Required: 1.0 A at + 5 Vdc, supplied by the logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16-channel probes 

Microprocessor Specific Measurements 
A-6 

HP 16528/16538 
Front-Panel Reference 



80186 or 80C186 CPU Package: 68-pin PGA 
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Front-Panel Reference 

Accessories Required: HP 10306G Preprocessor 

Maximum Clock Speed: 12.5 MHz clock output (25 MHz clock input) 

Signal Line Loading: Maximum of 100 kQ + 18 pF on any line 

Microprocessor Cycles Identified: Memory read/write (DMA and 
non-DMA) 
I/O read/write (DMA and 
non-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 
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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 TTL loads + 40 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Code fetch 
Interrupt acknowledge 
Halt 
Hold acknowledge 
Lock 
Transfer to 80287 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 1652B 

Number of Probes Used: Three 16-channel probes 
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80386 CPU Package: 132-pin PGA 

HP 16528/16538 
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 TIL loads + 35 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Code fetch 
Interrupt acknowledge, type 0-255 
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 V dc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Five 16-channel probes 
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6800 or 6802 CPU Package: 4O-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 1 74LS TIL 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: O.8A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16-channel probes 
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6809 or 6809E CPU Package: 4O-pin DIP 

HP 16528/16538 
Front-Panel Reference 

Accessories Required: HP 10308B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 2 MHz clock input 

Signal Line Loading: Maximum of one 74ALS TIL 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 
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68008 CPU Package: 4O-pin DIP 

Accessories 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 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 pre fetches 

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 
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68000 and 68010 CPU Package: 64-pin DIP 
(64-pin DIP) 

HP 16528/16538 
Front-Panel Reference 

Accessories Required: HP 10311B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 12.5 MHz clock input 

Signal Line Loading: Maximum of one 74S TIL load + one 74F 
TIL 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: 0.4 A at + 5 V dc, supplied by the logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16-channel probes 
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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 kQ + 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 
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68020 CPU Package: 114-pin PGA 
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Accessories Required: HP 10313G 

Maximum Clock Speed: 25 MHz clock input 

Signal Line Loading: 100 kQ + 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 
including prefetches. The 68020 
microprocessor must be operating with the 
internal cache memory 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 
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68030 CPU Package: 128-pin PGA 

Accessories Required: HP 10316G 

Maximum Clock Speed: 25 MHz input 

Signal Line Loading: 100KQ plus 18 pF on all lines except DSACKO 
and DSACKl. 

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 
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68HC11 CPU Package: 48-pin dual-in-line 

HP 16528/16538 
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Accessories Required: HP 10315G 

Maximum Clock Speed: 8.4 MHz input 

Signal Line Loading: 100KQ plus 12 pF on all lines. 

Microprocessor Cycles Identified: Data read/write 
Opcode/operand fetches 
Index offsets 
Branch offsets 
Irrelevant cycles 

Additional Capabilities: The 68HCll 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. 
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Loading Inverse 
Assembler Files 

Selecting the 
Correct File 

Loading the 
Desi red File 

You load the inverse assembler file by loading the appropriate 
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 l0269C 
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 
C68000_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 I/O menu. 
In the I/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. 
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Connecting the 
Logic Analyzer 
Probes 

How to Display 
Inverse 
Assembled 
Data 
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The specific preprocessor and inverse assembler you are using 
determines how you connect the logic analyzer probes. Since the 
inverse assembler fIles configure the System Configuration, State 
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. 

The specific preprocessor and inverse assembler you are using 
determines how the inverse assembled data is displayed. When you 
press RUN, the logic analyzer acquires data and displays the State 
Listing menu. 

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., tell the logic analyzer what state contains the first word of an 
opcode fetch). When this is necessary an additional field (INV ASM) 
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. 

16BOOOSTATE 1- IStote Listing I ( Invesm ) 

Merkers IStetlsllCS Ve11d runs' 

16 of 16 

Minimum )(-0' 

MeXlmum )(-0' 

Averege )(-0' 

Figure A-2. Inverse Assemble Field 

For complete details refer to the Operating Note for the specific 
preprocessor. 

o s 
o s 
o s 
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B 
Automatic Measurement Algorithms 

Introduction 

Measurement 
Setup 

Making 
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: 

• At least one complete cycle must be displayed for period or 
frequency measurements. 

• The entire pulse must be displayed for pulse width measurements. 

• The leading (rising) edge of the waveform must be displayed for 
rise time measurements. 

• The trailing (falling) edge of the waveform must be displayed for 
falltime 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 defmed 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 Vtop (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 quantization level. Each waveform 
has a 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 screen, Vtop defaults to the maximum voltage 
(Vmaximum) and Vbase defaults 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 instrument can determine 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 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 
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Measurement 
Algorithms 

Frequency (Freq) 

The following is a condensed explanation of the automatic 
measurements 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 = l/(trising edge 2 - trising edge 1) 

If the first edge on the display is falling then 

Freq = lI(tralling edge 2 - trailing edge 1) 

Period The period is measured at the 50% voltage level of the waveform. 

Peak-to-Peak 
Voltage (Vp_p) 
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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 = trailing edge 2 - trailing edge 1 

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

Vpy = Vmaximum - Vminimum 

where V maximum and V minimum are the maximum and minimum 
voltages present on the selected source. 

Automatic Measurement Algorithms 
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Positive Pulse 
width (+Width) 

Negative Pulse 
width (-Width) 

Pulse width is measured at the 50% voltage level. If the first edge on 
the display is rising then 

+ Width = tCalling edge 1 - trising edge 1 

If the first edge on the display is falling then 

+ Width = tfalling edge 2 - trising edge 1 

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

If the first edge on the display is rising then 

-Width = trising edge 2 - tfalling edge 1 

If the first edge on the display is falling then 

-Width = trising edge 1 - tfalling edge 1 

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

Risetime = t90% - t1O% 

'f.~\Wt?i\~ ~'a\'t(~mc !~5 mea5\i;.e'! 'Between \1n'C WJlY0 ?.n'bf?Rl!?'b y,'6\'d¥S '6\t.we ~Wl\\'g 
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 = t1O% - t90% 

Automatic Measurement Algorithms 
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Preshoot and 
Overshoot 

HP 16528/16538 
Front-Panel Reference 

Preshoot and Overshoot measure the perturbation on a waveform 
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 

Preshoot = [Ybase - Yminimym] X 100 
Vlop-base 

Overshoot = [Vmaximum - VIOl'] X 100 
Vlop-base 

If the measured edge is falling then: 

Preshoot = [Vmaximum - VIOl' ] X 100 
VlOp-base 

Overshoot = [Ybase - Vminimym ] X 100 
VlOp-base 

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 
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c 
Error Messages 

Introduction 
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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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Error Messages 
C-2 

Configuration not loaded. Indicates a bad conftguration me. Try to 
reload the me again. If the conftguration me will still not load, a new 
disk andlor conftguration me 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 speciftcation 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 ftrst spared track. 

Hardware ERROR: trace point in count block. Indicates the data from 
the last acquisition is not reliable and may have been caused 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 IAL -load aborted. This message 
indicates that there is not a block of free memory large enough for the 
inverse assembler you are attempting Lo load even though there may be 
enough memory in several smaller blocks. Try to load the inverse 
assembler again. If this load is unsuccessful, load the configuration and 
inverse assembler separately. 
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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 (I). 

Inverse assembler not loaded-bad object code. Indicates a bad inverse 
assembler 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 room 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 stoppea. 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 - 0 pattern not found. Indicates the 0 pattern does not 
exist in the acquired data. Check for a correct 0 marker pattern 
specification. 

Search failed - X pattern not found. Indicates the X pattern 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. 
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Error Messages 
C-4 

Slow or missing Clock. Indicates the state analyzer has not recognized 
a clock for 100 InS. Check for a missing clock if the intended clock is 
faster than 100 ms. If clock is present but is slower than 100 InS, 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 fllied 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 forma~·file not copied. Indicates the disk you 
have attempted 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. 
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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 not 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 symbol name. Indicates an attempt to assign an 
existing name to a new symbol. 

Warning: Invalid file type. Indicates an attempt to load an invalid rue 
type. For example, the SYSTEM rue can only be loaded on power-up 
and if you attempt to 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 de multiplexed 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 symbols. Indicates an attempt 
to 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. 
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D 
Installation, Maintenance and Calibration 

Introduction 

Initial 
Inspection 
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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 manual. 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. 
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Operating 
Environment 

Ventilation 

Storage and 
Shipping 

Tagging for 
Service 

Original 
Packaging 

You may operate your logic analyzer in a normal lab or office type 
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. 

You must provide an unrestricted airflow for the fan and ventilation 
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. 

This instrument may be stored or shipped in environments within the 
following limitations: 

• Temperature: - 40 0 C to + 75 0 C 
• Humidity: Up to 90% at 65 0 C 
• Altitude: Up to 15,300 metres (50,000 feet) 

If the instrument is to be shipped to a Hewlett-Packard office for 
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. 

If the original packaging material is unavailable or unserviceable 
materials identical to those used in factory packaging are 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. 

Installation, Maintenance and Calibration 
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Other Packaging The following general instructions should be followed for repacking 
with commercially available materials. 

Power 
Requirements 
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a. Wrap the instrument in heavy paper or plastic. 

b. Use a strong shipping container. A double-wall carton made of 
350 lb. test material is adequate. 

c. 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 securely. 

e. Mark the shipping container FRAGILE to ensure careful handling. 

f. In any correspondence, refer to the instrument by model number 
and full serial number. 

The HP 1652B/53B requires a power source of either 115 or 230 Vac 
-22% to + 10%; single phase, 48 to 66 Hz; 200 Watts maximum 
power. 
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Power Cable 

Warning J) 

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 
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 outlet does not provide an instrument 
ground. 
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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-l. The yellow shipping disk will pop out part way so you can 
pull it out of the disk drive. 

1
1,1 "sggarr; """0 

'000 0 
10000 I 

II DilDO stJI o 0 Or=r=== '~"=~ I "', 
, _____ J 11000[1 0 oj Ii I 

, I I 

0-1. Removing Yellow Shipping Disk 
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Selecting the 
Line Voltage 

Caution" 
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The line voltage selector has been factory set to the line voltage used in 
your country. It is a good idea to check the setting of the line voltage 
selector so you become familiar with what it looks like. If the setting 
needs to be changed, follow the procedure in the next paragraph. 

You can damage the logic analyzer if the module is not set to the 
correct position. 

0111~0l 

0-2. Selecting The Line Voltage 

You change the proper line voltage 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 ofthe module (as shown) until 
you can grasp and pull it out by hand. 
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Checking for 
the Correct 
Fuse 

Applying Power 

Loading the 
Operating 
System 

Caution. 

If you fmd it necessary to check or change fuses, remove the fuse 
module and look 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 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 0 A FUSE 3 e A FUSE 

0-3. Checking For The Correct Fuse 

When power is applied to the HP 1652B/1653B, a power-up self test 
will be performed automatically. For information on the power-up self 
test, refer to Appendix E and Section 3 of the Service Manual. 

Before you can operate the instrument, you must load the operating 
system from the operating system disk. You received two identical 
operating system disk. You should mark one of them Master and store 
it in a safe place. Mark the other one Work and use only the work copy. 
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. 
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Installing the 
Operating 
System Disk 
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To load the logic analyzer's operating system, you must install the disk 
as shown below before you turn on the power. When the disk snaps 
into place, the disk eject button pops out and you are ready to turn on 
the logic analyzer. 

0-4. Installing The Operating System Disk 

The logic analyer will read the disk and load the operating system. It 
will also run self-tests before it is ready for you to operate. 
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Line Switch 

Intensity 
Control 

The line switch is located on the rear panel. You tum the instrument on 
by pressing the 1 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 tum-on procedure with the disk in the drive. 

U',~~ II ~~~~~~~~~~~~~~~~. 
o ~,t/; ~~~~ ~ 
c::::>~~~~~ 

81851[88 

0-5. Line Switch 

Once you have turned the instrument on, you may want to set the 
display intensity to a level that's more comfortable for you. You do this 
by turning the INTENSITY control on the rear panel. .:Note 
A high intensity level setting may shorten the life of the CRT in your 
instrument. 

. ., , t1~" 17 ~~~~~~~J~~~~~~ L---/"'-r::NTE::Nsr:--TY 
o ~~~J ~~~~~~~~~~~~~~~m~~~ ·9 
o~~~~~~ 

01652E09 
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Operator's 
Maintenance 

The only maintenance you need to do is clean the instrument exterior 
and periodically check the rear panel for air restrictions. 

Use only MILD SOAP and WATER to clean the cabinet and front 
panel. DO NOT use a harsh soap which will damage the water-base 
paint finish of the instrument. 

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: 

Calibration 
Integrity 
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• Oscilloscope board is installed, replaced or repaired. 
• Ambient temperature changes more than 10° C. 
• 6 months or 1000 hours of operation. 

Calibration constants are stored in system memory and not on the 
Operating System Disk. Therefore, software calibration is not required 

. when a different Operating System Disk is used to boot the instrument 
on power-up. 
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Software 
Calibration 
Procedures 

I!!I 
Note" 

Offset Calibration 

I!!I 
Note" 

The following calibration procedures should be performed in their 
entirety and in the same sequence shown in this procedure. The 
following test equipment is recommended: 

• BNC cable. 
• DC Power Supply HP 6114A (± 0.1 % accuracy). 
• Digital Voltmeter HP 3478A (± 0.025 % accuracy). 
• BNC (female)-to-dual Banana Adapter. 
• BNC -to-mini probe adapter 

An instrument warm-up of 15 minutes is recommended before starting 
these procedures. To abort any calibration procedure, use the 
front-panel knob to select the Cancel field, then press the SELECT key. 

1. In the System Configuration menu turn both StatefTiming 
analyzers Off, and turn the oscilloscope On. 

2. Press the TRACEfTRIG key and select the Calibration field using 
the front-panel knob and SELECT key. 

Offset calibration should be the default Calibration menu setting. If 
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 to indicate the calibration is in process. 

4. When the calibration is complete, the calibration status screen will 
appear. 

Installation, Maintenance and Calibration 
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Attenuator 
Calibration 

The attenuator calibration is the only calibration that requires test 
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. Select the Calibration choice field. When the pop-up appears, 
select Attenuation. 

6. Connect the test equipment as shown below. The voltmeter 
monitors the voltage level to the oscilloscope. 

-INPUT 

VOLTMETER o I POWER SUPPL Y 1 LOGIC ANALYZER 

I ocn I 
II 

II I ~ ; 

nl 
1 2 I 

!nOl 
-------------- I I 

J I 
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Figure 0-7. Attenuator Calibration Equipment Setup 

7. 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. 

8. Adjust the power supply to within ±0.1 % of the specified voltage. 
If the measured voltage displayed on the voltmeter is greater than 
±0.1 % from the specified voltage in step 7, you will have to 
compensate the oscilloscope as shown in step a below. 

a. Select the Voltage field and enter the measured voltage value, 
then select DONE 

9. To proceed with the Attenuator calibration, select the Continue 
field. Repeat steps 8 and 9 for each specified voltage value. 

10. When the calibration is complete, the updated calibration status 
screen will appear. 

Installation, Maintenance and Calibration 
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Gain Calibration 

Trigger Calibration 

Delay Calibration 

1,,
Note III 

11. Disconnect all test equipment and all inputs to channell and 2 of 
the oscilloscope. 

12. Select the Calibration choice field. When the pop-up appears, 
select Gain, then select Start . 

13. When the calibration is complete, the updated calibration status 
screen will appear. 

14. Make sure all signals are disconnected from the channell and 2 
inputs of the oscilloscope. 

15. Select the Calibration choice field. When the pop-up appears, 
select Trigger level, then select Start. 

16. When the calibration is complete, the updated calibration status 
screen will appear. 

17. Select the Calibration choice field. When the pop-up appears, 
select Delay, then select Start. 

18. Connect a BNC cable from the Probe Compensation output on 
the rear panel, to the channell input. The instrument will prompt 
you when you need to switch to channel 2. 

You have the option of using the 10: 1 scope probe in place of the 
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 
instrument and set attenuation field in step 19 to 10:1. 

19. Set the attenuation field in the calibration screen to the 
appropriate setting. 

Installation, Maintenance and Calibration 
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Note" 
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20. To proceed with the Delay calibration, select Continue. 

21. When the calibration is compl;te, 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 Default after calibrating the instrument. 
Otherwise, your calibration factors will be replaced by default 
calibration factors. 

Installation, Maintenance and Calibration 
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E 
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 I/O 
menu. This appendix is not intended to provide service information, 
but to acquaint you with the tests. If service is required, it should be 
performed 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 I/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 flrmware 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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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. 

Selectable Self The following self tests may be accessed individually in the Self Test 
Tests menu: 

Operator Self Test 
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• Analyzer Data Acquisition 

• Scope Data Acquisition 

• RS-232C 

• BNC 

• Keyboard 

• RAM 

• ROM 

• Disk Drive 

• Cycle through tests 

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. 
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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. 

Logic Analyzer 
Specifications 

Probes Minimum Swing: 600 mV peak-to-peak. 

Threshold Accuracy: Voltage Range 

-2.0V to + 2.0V 

-9.9V to -2.1V 

+2.1V to +9.9V 

Dynamic Range: ± 10 volts about the threshold. 

Accuracy 

± 150mV 

± 300mV 

± 300mV 

F 

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 slave clock by 
at least 10 ns and precede the next slave clock by ~50 ns. 

HP 16528/16538 
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Clock Pulse Width: ~ 10 ns at threshold. 

Setup Time: Data must be present prior to clock transition, ~ 10 ns. 

Hold Time: Data must be present after rising clock transition; 0 ns. 

Specifications and Operating Characteristics 
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Timing Mode 

Logic Analyzer 
Operating 
Characteristics 

Probes 

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). 

Minimum Detectable Glitch: 5 ns wide at the threshold. 

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 KQ ± 2% shunted by approximately 8 pF at the probe 
tip. 

TIL 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 dermed for pods 1 and 2 
individually (HP 1653B). Threshold levels may be dermed for pods 1, 
2, and 3 on an individual basis and one threshold may be dermed for 
pods 4 and 5 (HP 1652B). 

Minimum Input Overdrive: 250 m V or 30% of the input amplitude, 
whichever is greater. 

Maximum Voltage: ± 40 volts peak. 

Maximum Power Available Through Cables: 600 rnA @ 5V per cable; 
2 amp @ 5V per HP 1652B/1653B. 

Specifications and Operating Characteristics 
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Measurement 
Configurations Analyzer ConfIgUrations: Analyzer 1 Analyzer 2 

Timing 
Off 
State 
Off 
Timing 
State 
State 
Off 

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. 

State Analysis Memory 

HP 16528/16538 
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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 low level of four ORed clocks (HP 
1652B) 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 andlor ones). 
One range term is available 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: Dermes 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 

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 
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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 hours. 

With tagging on, the acquisition memory is halved; minimum time 
between states is 60 ns. 

Symbols 

Pattern Symbols: User can defme a mnemonic 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 defme a mnemonic covering a range of 
values. Bit pattern for lower and upper limits must be defmed as a 
pattern 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 RS-232C and HP-IB. 

State Compare Mode 

Performs post-processing bit-by-bit comparison of the acquired state 
data and compare data image. 

Compare Image: 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 Image 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. 

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-V 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 successive 
acquisitions. 

State Waveform Display 

Displays a state acquisition in a waveform format. 

States/div: 1 to 104 states. 

Delay: 0 to 1024 states. 

Accumulate: Waveform display is not erased between successive 
acquisitions. 

Overlay 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. 

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). 

Specifications and Operating Characteristics 
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Timing Analysis Transitional Timing Mode 
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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: 10.24 us. 

Glitch Capture Mode 

Data sample and glitch information is stored every sample period. 

Sample 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 between successive 
acquisitions. 

Hardware Delay: 20 ns to 10 ms. 

Overlay 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 
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Time Interval Accuracy 

Channel to Channel Skew: 4 os 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 pattern 
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 + a ns to -20 
ns. Trigger occurs at pattern + duration. 

Less Than Duration: 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. Accuracy is + 20 ns to -0 ns. Trigger occurs at the end of 
the pattern. 

GlitchlEdge 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 and edge triggering off. 

Measurement and Autoscale (Timing Analyzer Only) 
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 
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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 0) 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 0 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 fmd the nth occurrence of a 
pattern before or after the X marker. 
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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 
o 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 ftrst 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 

Display 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-defmed symbols. 

Specifications and Operating Characteristics 
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Oscilloscope 
Specifications 

Vertical 

Horizontal 

Trigger 

Oscilloscope 
Operating 
Characteristics 

Vertical 
(at BNC) 
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The following specifications are the performance standards or limits 
against which the oscilloscope in the HP 1652B/1653B is tested. 

Bandwidth (-3 dB): dc to 100 MHz (single shot). 

DC Gain Accuracy: ± 3% of full scale. 

DC Offset Accuracy: ± (2 m V + 2% of the channel offset + 2.5% of 
full scale). 

Voltage Measurement Accuracy (DC): (Gain accuracy + ADC 
resolution + Offset accuracy). 

Time Interval Measurement Accuracy: ±(2% X s/div + 0.01% X 
delta-t + 500 ps). 

Sensitivity: 10% of full screen. 

The following operating characteristics are not specifications, but are 
typical operating characteristics for the oscilloscope in the HP 
1652B/1653B. These are included as additional information for the 
user. 

Transition Time (10% to 90%): :s 3.5 ns. 

Number of Channels: 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-Digilal Conversion: 6 bit real-time. 

Specifications and Operating Characteristics 
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Analog-to-Digital Resolution: ± 1.6% of full scale. 

Waveform Record Length: 2048 points. 

Input R: 1 MQ ± 1% or 50 Q ± 1%. 

Input C: Approximately 7 pF. 

Input Coupling: dc. 

Maximum Safe Input Voltage: 

1 MQ input, 
50 Q input, 

± 250 V [dc + peak ac « 10 kHz)] 
±5VRMS 

DC Offset Range (1:1 Probe): 

Vertical Sensitivity 

::;50 mV/div 
100 mV/div - 200 mV/div 
500 mV/div - 1 V/div 
;::2 V/div 

Available Offset 

±2.0V 
±lOV 
±50V 
±l25V 

±5 V max if input impedance is at 50 Q. 

DC Offset Resolution (1:1 Probe) 

Vertical Sensitivity 

::;50 mV/div 
100 mV/div - 200 mV/div 
500 mV/div - 1 V/div 

Resolution 

200 uV 
1mV 
5mV 

;::2 V/div 25 m V 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 Timebase Range: 5 os/div to 5 s/div. 

Timebase Resolution: 

TimelDjyisjon Setting 

t< 10 os/div 
t~lO ns/div 

Resolutjon 

lOOps 
adjustable with 3-digit resolution 

Delay Pre-trigger Range: 5 X (s/div) @ 5 ns :S s/div:s 500 ns 

Delay Post-trigger Range: 

TimelDjyisjon Setting 

50 ms - 5 s/div 
100 p,s - 20 ms/div 
5 ns - 50 p,s/div 

2.5 p,s X (s/div) @ 500 os :S s/div :S 5 s 

Ayailable Delay 

40 X (s/div) 
Is 
10,000 X (s/div) 

Trigger Triggering on either input channel, rising or falling edge. 
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Trigger Level Range: dc Offset ±5 divisions. 

Trigger Level Resolution (1:1 Probe): 

Trigger Level 

:s50 mV/div 
100 mV/ div - 200 mV/div 
500 mV/div -1 V/div 
~2 V/div 

Resolutjon 

400 p,V 
2mV 
10mV 
50mV 

Arming: Armed by the Run key, external BNe low input, or by 
Analyzer 1 or 2. 

Trigger Modes 

Immediate: Triggers immediately after the arming condition is met. 

Edge: Triggers on the rising or falling edge from channell or 2. 

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. 

Waveform Display Display Formats: 1 to 8 oscilloscope waveforms can be displayed. 

Display Resolution: 500 points horizontally, 240 points vertical. 

Display 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: Channell 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 ftIter fills in missing data 
points when timebase is S 100 nslDiv 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. 

Specifications and Operating Characteristics 
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Measurement Aids Time Markers: Two vertical markers labeled X and O. Voltage levels 
are displayed for each marker. Time interval measurements can be 
made between any two events. 
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Automatic Search: Searches for a specified absolute or percentage 
voltage level at a positive or negative edge, count adjustable from 1 to 
1024. 

Auto Search Statistics: Mean, maximum, and minimum values for 
elapsed time from X to 0 markers for multiple runs. Number of valid 
runs and total number of runs displayed. 

Trigger Level Marker: Horizontal trigger level marker displayed in 
Tracerrrigger menu only. 

Automatic Measurements: The following pulse parameter 
measurements can be performed automatically: 

Frequency 
Period 
Vp-p 
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 m V 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 TIL waveforms. 

Calibration: Attenuation, offset, gain, trigger, and delay set to 
defaults. 
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Interactive 
Measurements 

Probe Compensation Source: External BNC supplies square wave 
approximately -400 m V to -900 m V at approximately 1.25 kHz. 

Acquisition Oscilloscope, timing, and state can occur simultaneously or in series. 

Mixed Displays 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. State listings with time tags, 
timing channels, and oscilloscope channels can be displayed on the 
same screen. 

Time Correlation 

Time Interval 
Accuracy 

Between Modules 

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 
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General 
Characteristics 

Operating 
Environment 
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The following general characteristics for the HP 1652B/1653B include 
the environment operating conditions, shipping weights, and 
instrument dimensions. 

Temperature 

Instrument: 

Operating: ooe to + 55°C (32°F to + 131°F) 
Non-operating: -40°C to + 70°C (-4QOF to + 158°F) 

Probes and Cables: ooe to 65°C ( + 32°F to + 149°F) 

Disk Media: 10°C to 500e ( + 50°F to + 14~F). 

Humidity: 

Instrument: 

Operating: Up to 95% relative humidity (non-condensing) at +40oe 
(+ 104°F) 
Non-operating: Up to 90% relative humidity at + 65°C ( + 14~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, 0.3 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 (O-peak), 5 minute resonant dwell at 4 resonances per axis. 
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Power 
Requirements 115/230 Vac, -25% to + 15%, 48-66 Hz, 200 W max. 

Weight 10.0 kg (22Ibs) net; 18.2 kg (40 lbs) shipping. 

Dimensions Refer to the outline drawing below. 

~ 
J 

J 

"'1 .. >----439.4 (17.3")--~.~1 

t==362.5 ('4.3"'---1 
1~3556 (140"---1 

1i ( 

NOTES 

1. Dimensions ore for general information only. 
If dimensions ore required for bui Iding special 

enclosures, contact your HP field engineer 

2. Dimension are in mi II imetres and (inches). 

"'1 .. 1----422.3 (16.62")---<"~1 

';E~=:; S,-' -=-J 
"'1 .. >----425.4 (16.75") ---< .. ~I 

Figure F-l. HP 1652B/1653B Dimensions 
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Index 

Specifying Patterns 3-18 
Auto-Measure 

A + Width and -Width 25-9 
Fall Time 25-6 
Measurement Example 25-4 

absolute 18-9 Period and Frequency 25-8 
Accessing System Configuration Preshoot and Overshoot 25-10 
Menu 4-2 Rise Time 25-5 
Accessories 

Top and Base Voltages 25-3 
available 1-7 Vp-p 25-7 
manuals 1-7 Auto-Measure Field 25-1 
supplied 1-5 

Auto-Trig Field 24-6 
Accessories for HP 1652B/53B 1-5 Autoload 5-6,6-1 
accumulate 19-6 disable 5-6 
acquisition enable 5-6 

fields (state trace) 10-13 autoloading a me 6-13 
acquisition modes 

18-5 
Automatic Measurement 

glitch Algorithms B-1 
state 10-13 Autoscale 23-19 
timing 18-3 Autoscale Field 4-5 
transitional 18-4 Axes (State Chart) 

activity indicators 20-5 
Scaling the 13-2 

alternate printers 7-2 Selecting the 13-1 
armed by 

BNC 24-4 
Machine 1 or 2 24-4 B 
Run 24-4 
state 10-13 
timing 18-3 base 17-8,18-6 

Armed by Field 24-3 ASCII 17-9 
ASCII 17-9 State Trace 10-22 
Assignment/Specification Menus baud rate 5-16 

Assigning Pod Bits to Labels 3-17 bit assignment 9-4,17-4 
description 3-17 branches 10-14 
Specifying Edges 3-19 per level 10-15 
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restart 10-14 Configuration Capabilities 
branching HP 1652B capabilities 1-2 

multiple levels 10-17 HP 1653B capabilities 1-3 
secondary 10-15 Connect dots Field 25-31 

branching qualifier 10-8 Connecting 
analyzer to target system 2-8 

C 
Grabbers to probes 2-12 
Grabbers to test points 2-12 
Labels to pods, probes, cables 2-13 

cables for printer 7-3 
Other HP Printers 7-9 
Pods to probe cables 2-10 

Calibration 24-1, D-1 
probe cables to analyzer 2-9 

Cancel field 5-4 
Changing Alpha Entries 3-15 

Continue field 5-4 
Copy 5-7,6-1 

Channel Menu 23-1 Copying a File 6-15 
Channel Menu Fields 

Impedance 23-5 
count 10-18 

States 10-20 
Input 23-1 Time 10-18 
Offset 23-3 Cursor 3-7 
Preset 23-5 
Probe 23-4 
V/Div 23-2 D 

CHS Key 3-4 
Clear Entry Key 3-3 
clock data 

demultiplex 9-10 bits 5-15 
master 9-10 time-correlating 21-11,27-12 
mixed 9-11 Delay 23-17 
normal 9-9 from Trigger (State) 14-5 
period (state) 9-12 Delay (timing) 19-9 
slave 9-10 Deleting Waveforms (State) 14-4 
state 9-7 Demultiplex (clock) 9-10 

Closing Pop-up Menus 3-9 Difference Listing 
Compare Image 12-3 Locating Mismatches in 12-8 

Bit Editing of the 12-4 Difference Listing Display 12-2 
Creating a 12-3 disk 
Masking Channels in the 12-5 drive operations 6-1 
Saving 12-8 format (LIF) 6-7 

Compare Listing Display 12-2 Installing a Blank Disk 6-6 
Compare Range 12-6 operations 5-3 

Specifying a 12-6 Disk Drive 3-5 
Compensation Signal 2-7 Disk Eject Button 3-5 
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disk operation parameters 6-5 Auto-Trig Field 24-6 
disk operations Level Field 24-5 

Autoload 5-6,6-1, Source Field 24-4,24-6 
6-13 edges 

Copy 5-7,6-1 Then Find 18-11 
Copying a File 6-15 Entering Alpha Data 3-14 
Duplicate Disk 5-8,6-1 Entering Numeric Data 3-11 
Format Disk 5-11,6-1 Error Messages C-1 
Formatting a Disk 6-7 Execute field 5-4 
load 5-5,6-1, External Trigger (arming) 

6-11 for Scope 2-7 
Pack Disk 5-9,6-1 external trigger BNCs 
Pack Disk Operation 6-17 configuration 5-17 
Purge 5-10,6-1 
Purging a File 6-14 

F Rename 5-9,6-1 
Renaming a File 6-12 
Selecting a 6-4 

Features of HP 1652B/1653B store 5-5,6-1 1-4 

Storing to a Disk 6-9 ftle description 5-5,6-9 

Disk Operations menu ftlename 5-5,6-9 

Accessing the 6-3 Find Pattern 18-7 

display Format Disk 5-11,6-1 

mixed mode 21-12 27-13 Format/Channel Menu Key 3-2 

resolution (Timing Waveforms) 20-12' Formatting a Disk 6-7 

Display Field Front-Panel Controls 

Accumulate Mode 25-31 CHSKey 3-4 

A verage Mode 25-30 Clear Entry Key 3-3 

Normal 25-29 Display Menu Key 3-3 

display icons Don't Care Key 3-3 

The Inverted Triangle 20-11 Format/Channel Menu Key 3-2 

Vertical Dotted Line 20-11 Hex( adecimal) Keypad 3-4 

Don't Care Key 3-3 I/O Menu Key 3-3 

Duplicate Disk 5-8,6-1 Knob 3-4 

Duplicating Operating System Disk 6-18 Menu Keys 3-2 
Roll Keys 3-4 
Run Key 3-3 

E Select Key 3-4 
Stop Key 3-3 
Trace/Trigger Menu Key 3-2 

ECL 9-6 Full Qualifier Specification 10-4 
Edge Trigger Mode Fuse D-8 
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G 

General Purpose Probe Interface 
glitch triggering 
Glitch Acquisition mode 
Grabbers 

H 

Hooking Up Your Printer 
HP-IB 

printer cables 

I/O menu 
Accessing the 

I/O Menu Key 

I 

I/O Port Configuration menu 
Immedediate Trigger Mode 

Armed by 
Impedance Field 
Indicator Light 
indicators 

activity 
Input Field 
Input Voltage for Probes 
Inputs 1 and 2 
Installation 
Installing a Blank Disk 
Intensity Control 
interface 

Configuring 
HP-IB 
RS-232C 
Setting HP-IB for HP Printers 

Index-4 

2-2 
18-13 
18-5 
2-6 

7-2 

7-3 

5-1 
5-1 
3-3 
5-12 

24-3 
23-5 
3-5 

20-5 
23-1 
2-8 
3-5 
D-l 
6-6 
D-lO 

5-13 
5-13,7-1 
5-14,7-1 
7-4 

Setting RS-232C for HP Printers 7-5 
for Non-HP Printers 7-5 

inverse assembled data 
How to Display A-19 

inverse assembler ftles 
loading A-18 

K 

Knob 3-4 

L 

Label Value vs. Label Value 
(State Chart) 13-4 
Label Value vs. States 
(State Chart) 
labels 

State Format menu 
State Trace 
symbols 
Timing Format menu 
Timing Trace menu 

Level Field 
Line Switch 
Line Voltage Selection 
Load 
loading a ftle 
Logic Analyzer 

description 
key features 
turning it on 

Maintenance 

M 

Making Hardcopy Prints 

13-3 
17-3 
9-3 
10-22 
17-8 
17-3 
18-6 
24-5 
D-lO 
D-7 
5-5,6-1 
6-11 

1-1 
1-4 
1-7 

D-l 
7-1 

HP 16528/16538 
Front-Panel Reference 



Marker Measurements 25-12 State Chart 8-9 - 8-10 
markers State Compare 8-6 

Pattern (state) 11-4 State Format 8-2 
Pattern (timing) 19-5 State Listing 8-5 
Statistics (state) 11-6 State Trace 8-3 
Statistics (timing) 19-6 State Waveform 8-7 - 8-8 
Time (state) 11-6 timing analyzer 16-1 
Time (timing) 19-4 Timing Format 16-2 
Timing Waveforms menu 19-3 Timing Trace 16-3 
XandO 20-10 Timing Waveform 16-4 

Markers Field for Scope Trigger Menu 22-3 
Sample Period Display 25-14 Waveform Selection 22-5 
Search 25-16 Waveforms Menu 22-4 
Specify Search Markers 25-16 menus 
Statistics 25-23 Disk Operations 5-3,6-1 
Time 25-14 I/O 5-1 
X-O Pattern from start 25-22 I/O Port Configuration 5-12 

master clock 9-10 Specify Symbols (state) 9-7,9-12 
measurement example Specify Symbols (timing) 17-7 

state analyzer 15-1 State Chart 13-1 
timing analyzer 20-1 State Compare 12-1 
timing/state analyzer 21-1 State Format Specification 9-1 

measurements State Listing 11-1 
microprocessor A-I State Trace 10-1 

memory State Waveform 14-1 
acquisition 18-4 -18-5 State Waveforms 14-1 

menu fields Timing Format Specification 17-1 
Specify Symbols (state) 9-13 Timing Trace Specification 18-1 
Specify Symbols (timing) 17-8 Timing Waveforms 19-1 
st/Div (states-per-division) 14-4 Microprocessor Specific 
State Format Specification 9-3 Measurements A-I 
State Listing menu 11-3 Microprocessors Supported A-3 
State Trace menu 10-2 mixed clocks 9-11 
Timing Format Specification 17-3 Mixed Mode Displays 26-1 
Timing Trace Specification 18-2 Arming the Scope 26-4 
Timing Waveforms menu 19-3 Displaying Timing Waveforms 26-5 

Menu Keys 3-2 State/State 26-3 
menu maps StatelTiming/Scope Mixed 

Channel Menu 22-2 Mode Display 26-8 
Specify Markers 22-5 Time-Correlated Displays 26-9 
state analyzer 8-1 Timing/Scope 26-4 
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Timing/State 26-2 find 18-7 
Mixed Mode Field 26-1 Pod Clock 9-9 
Mode Field 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-defmed 17-6 

Pod Thresholds 2-8 

name 
pods 

clock 9-9 
label 9-4,17-4 threshold 9-6,17-6 
symbol 17-10 Polarity (Pol) 9-4,17-4 

Name Field 4-3 Pop-up Menus 3-9 
Power Cord Configurations D-4 

0 preprocessors A-2 
Preset Field 23-5 
prestore 10-21 

o to Trig(ger) 19-4 print 
occurrence counter 10-9 All 5-2,7-7 
Offset Field 23-3 Screen 5-2,7-7 
Operating Characteristics F-1 Starting the Printout 7-7 
Operating System Disk 6-18 Print All 5-2,7-7 

Duplicating the 6-18 Print Screen 5-2,7-7 
Operating System-loading D-9 printer 5-16 
Overlapping Timing Waveforms 21-14 printers 

alternate 7-2 
Hooking Up 7-2 

p Other HP Printers 7-9 
supported 7-1 

Probe Cables 2-6 
Pack Disk 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 7-6 Grabbers to Probes 2-12 
parity 5-15 Grabbers to Test Points 2-12 
pattern Labels to Pods, Probes, Cables 2-13 

recogmzers 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 (present for -> 18-9 Probe Grounding 2-6 
fields 10-22 
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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 

2-2 

2-1 
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 
2-7 
5-14 
5-10,6-1 
6-14 

10-23 
10-2 
10-8 
10-22 
10-8 

R 

range 
recognizers 10-2 

ranges 10-24 
Rear-Panel Controls and Connectors 

External Trigger BNCs 3-6 
Fan 3-7 
HP-IB Interface Connector 3-7 
Intensity Control 3-6 
Line Power Module 3-6 
Pod Cable Connectors 3-6 
Probe Compensation Signal 3-7 
RS-232C Interface Connector 3-6 

Recommended Protocol (RS-232C) 7-6 
Rename 5-9,6-1 
repetitive 

trace mode (state) 10-13 
trace mode (timing) 18-3 

Repetitive Run Mode 24-7 
Replacing Waveforms (State) 14-3 
Returning to system configuration 3-8 
Roll Data 3-16 
Roll Keys 3-4 
RS-232C 

default configuration 7-6 
printer cables 7-3 
recommended protocol 7-6 
setting for HP printers 7-5 
setting for non-HP printers 7-5 

Run Key 3-3 
Run Mode Field 24-7 

Repetitive Mode Run 24-7 
Single Mode Run 24-7 
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An Overview 8-1 

S 
menu maps 8-1 

State Chart menu 13-1 
Accessing the 13-1 

sample period 19-3 
state clock 9-7 

Scope 
State Compare menu 

Introduction 22-1 
Accessing the 12-2 

Scope Field 25-1 
State Format Specification menu 9-1 

Scope Menus Overview 22-6 
Accessing the 9-1 

Scope On/Off Field 4-5 
fields 9-3 

Select Key 3-4 
State Listing menu 11-1 

Selecting a Waveform (State) 14-2 
Accessing the 11-2 

Selecting an Address (HPIB) 5-13 
fields 11-3 

Selecting Fields 3-9 
state tagging 10-20 

Selecting Menus 3-7 
State Trace menu 10-1 

Selecting Options 3-10 
Accessing the 10-2 

self test 5-18 
fields 10-2 

Self Tests-powerup E-1 
State Waveforms menu 14-1 

sequence levels 10-6 
Accessing the 14-1 

Delete Level 10-7 
State/State Mixed Mode Display 26-3 

Insert Level 10-7 
Statistics 25-23 

Reading the Display 10-11 
Stop bits 5-15 

Signal Line Loading 2-8 
Stop Key 3-3 

single 
Stop Measurement 

trace mode (state) 10-13 
state 11-5 

trace mode (timing) 18-3 
Stop Measurement (timing) 19-5 

Single Run Mode 24-7 
storage macro 10-9 

slave clock 9-10 
storage qualifier 10-8 

Slope Field 24-6 
Store 5-5,6-1 

Source Field 24-4 
Store exception to disk 

Specifications F-1 
state 11-5 

Specify Search Markers 
State Compare 12-7 

Greater than 25-20 
timing 19-6 

In/Not IN Range 25-21 
Storing to a Disk 6-9 

Less than 25-19 
supported printers 7-1 

Type 25-17 
Switching Between Analyzer 

x-a Marker set on 25-17 
and Scope 3-8 

Specifying Edges 3-19 
symbols 17-7 

Specifying Patterns 3-18 
base 9-14,17-8 

st/Div (states-per-division) 14-1,14-4 
label 9-13,17-8 

state analyzer 8-1 
name 9-15,17-10 
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specify (state) 
view size 

System Configuation Menu fields 
Pods 
Type 

System Configuration 
Accessing system configuration 
menu 
description 

System Configuration Menu Fields 
Autoscale 
Name 
Scope On/Off 

tagging 
state 
time 

T 

Termination Adapter 
Then Find Edge 
threshold 

pod 
time tagging 
time-correlated data 
TimelDiv (time per division) 

timing 
Timebase Functions 

Delay 
slDiv 
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 
18-1 
18-1 
18-2 

9-15,17-10 Timing Trace Specification menu 

4-6 
4-4 

4-2 
4-1 

4-5 
4-3 
4-5 

10-18 
10-20 
10-19 
2-3 
18-11 

9-6,17-6 
10-19 

Accessing the 
fields 

Timing Waveforms 
Overlapping 

Timing Waveforms menu 
Accessing the 
At Marker 
Delay field 

field 

Timing Waveforms Menu fields 
Timing/Scope Mixed Mode Display 
Timing/State Mixed Mode Display 
Toggle Fields 
Top and Base Voltages dermed 
Tracerrrigger Menu Key 
Transitional Acquisition mode 
Trigger Marker 
Trigger Menu 
TTL 
Type Field 

u 

21-14 
19-1 
19-2 
19-7 
19-9 
19-3 
26-4 
26-2 
3-11 
B-2 
3-2 
18-4 
24-2 
24-1 
9-6 
4-4 

21-11,27-12 User Interface 

19-8 
23-13 
23-17 
23-14 
23-17 
23-15 

18-3 
16-1 
16-1 
16-1 
17-1 
17-1 
18-6 

Changing Alpha Entries 3-15 
Closing Pop-up Menus 3-9 
Cursor 3-7 
description 3-1 
Entering Alpha Data 3-14 
Entering Numeric Data 3-11 
Pop-up Menus 3-9 
Returning to system configuration 3-8 
Roll Data 3-16 
Selecting Fields 3-9 
Selecting Menus 3-7 
Selecting Options 3-10 
Switching between analyzer 
and scope 3-8 
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Toggle Fields 
User-Defmable Interface 

V 

V/DivField 
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 0 markers 
State Chart 
State Waveform 
Timing Waveforms 

X to Trig(ger) 
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2-1 

23-2 

17-10 

23-6 
23-9 
23-12 
23-10 
23-11 
23-8 

25-1 
25-31 
25-1 
25-29 
25-12 
25-13 
25-1 

25-24 

13-5 
14-5 
20-10 
19-4 
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