










































































































































































































































































































































































































































































3. Name Analyzer 1 "DRAM TEST" (optional)

a. Touch the field to the right of Name: of Analyzer 1.

b. Using the alphanumeric keyboard pop-up, change the name of
Analyzer 1to "DRAM TEST."

4. Assign pod 1 to the timing analyzer.
a. Touch the Pod 1 field.

b. When the pop-up appéars, touch DRAM TEST (or Machine
1) to assign pod 1 to Analyzer 1.

L Stete/Timing E] @on!lnurnlon)
Rnalyzer 1 Analyzer 2
Neme ! DRAh TEST
Type:

Type: Tlmlng Uff

Pnd 1

Unessigned Pods
Pod 2

Figure 7-2. State/Timing E Configuration Menu
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Connecting the At this point, if you had a target system with a 4116 DRAM memory
Probes 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 two | at the right-most end (least significant bits) of the Pod
1 field in the State/Timing E Configuration menu. This indicates the
RAS and CAS signals are transitioning.

State/Timing E ) (Configuration) m -
Analyzar 1 Analy2er 2
Neme: DRRrI TEST
Type!

Type: Txmxng orr

Unessigned Pods

Pod [ Pod 2

tJ

|

Activity Indicators

Figure 7-3. Activity Indicators

COI’lfigU ring the Nowthat you have configured the system, you are ready to configure
Timing Analyzer the timing analyzer. You will be:

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

Using the Timing Analyzer HP 16510B
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1. Display the Timing Format Specification menu.
a. Touch the field second from the left in the upper left corner.
b. When the pop-up appears, touch the Format 1 field.
2. Name two labels, one RAS and one CAS.
a. Touch the top field in the label column.
b. When the pop-up appears, touch Modify Label.
c. Using the alphanumeric keyboard, enter the label RAS and

touch DONE.
d. Touch the next field down from the RAS label and repeat steps
b and c for the CAS label.
( Stete/Timing E] ( Format 1| J
Pod E1 -
T

RAS | [+ [ . e
CAS | [+ [ [ orervenneenin -

off
off
off
orf
off
orf

Figure 7-4. Timing Format Specification Menu
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3. Assign the channels connected to the input signals (Pod 1 bits 0

and 1) to the labels RAS and CAS respectively.

a. Touch the bit assignment field below Pod 1 and to the right of
RAS.

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 touch CLEAR to un-assign any assigned
bits before you start.

c. Use the knob to position the cursor on bit 0 (right most bit) in
the bit assignment pop-up and touch the asterisk field. This
will place an asterisk in the 0 bit. Touch DONE when the
asterisk is in place.

d. Assign Pod 1 bit 1 to the CAS label by touching the CAS bit
assignment field and placing the cursor on bit one and
touching the asterisk. Touch DONE when complete.

HP 16510B
Front-Panel Reference



Specifying a
Trigger
Condition

HP 16510B
Front-Panel Reference

To capture the data and then place the data of interest in the center of
the display of the timing waveform menu, you need to tell the logic
analyzer when to trigger. Since the first event of interest is when the
LRAS is asserted (negative-going edge of RAS), you need to tell the
logic analyzer to trigger on a negative-going edge of the RAS signal.

1. Display the Timing Trace Specification menu.
a. Touch the field second from the left in the upper left corner.
b. When the pop-up appears, touch the Trace 1 field.

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

a. Touch the Then find Edge field under the label RAS.

b. When the pop-up appears, touch the field with the arrow
pointing down. This selects a negative-going edge. Touch
DONE when your selection is complete.

( stete/Taming ) ( Trece 1 )

Acquisition mode
Trensitional

Find

e tr ()

Then find

Figure 7-5. Timing Trace Specification Menu
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Acquiring the
Data

Now that you have configured and connected the logic analyzer, you
acquire the data for your measurement by touching the Run field. The
display switches to the Timing Waveforms menu when the logic
analyzer starts acquiring data. The logic analyzer will look for a
negative edge on the RAS signal and trigger if it sees one.

( stetesTiming £) ( Waveform 1 )
Accumulate Al
( off ] [ X narktr] o
s/Div Delay Markers X to O Trig to X} §Trig to O
100 ns 0 s Time 710 ns 0 s 710 ng
L Jl
cAs T
| l
1
H
|
I

Figure 7-6. Timing Waveforms Menu

If this is the first time you acquire data and you have not previously set
up the Timing Waveforms menu, you will see a label named "RAS" and
a label named "CAS all." The "CAS all" indicates all bits assigned to the
CAS label will be displayed. In this example, "CAS" and "CAS all" will
be the same since only one bit has been assigned to the CAS label. To
turn on just the "CAS" label and delete the "CAS all" label, follow these
steps:

1. Touch the large blue field where the "CAS all" label resides.

2. When the pop-up appears, place the cursor on the "CAS all" label
and touch the Delete field.

3. Touch the "CAS" field and the "CAS" label will appear below the
"RAS" label.

4. Touch Done when you are finished.

Using the Timing Analyzer HP 16510B
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( stetesTiming €] (" Waverorm 1 )
Accumulste At
(Pt ) [k manrer | CR28 )0
$/Div Delay Morkers X to O Trig to X} §Trig tc O
100 ns 0 s Time 710 ns 0 s 710 ns
cAs -
i I
I
1
'

Figure 7-7. RAS and CAS Labels

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

HP 16510B Using the Timing Analyzer
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The Timing The timing waveform menu differs from the other menus you have used
Waveform Men so far in this exercise. Besides displaying the acquired data, it has menu
eto enu 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
find answers, you need to know some of the special symbols and their
functions. The symbols are:

-e The green and yellow dotted lines
e The red dotted line

The Green and The X and O markers are green and yellow vertical dotted lines
Yellow Dotted respectively. You can use them to find your answer. You place them on
Lines the points of interest on your waveforms and the logic analyzer displays
the time between the markers. The X and O markers will be in the
center of the display when X to trig(ger) and O to trig(ger) are both
0.000 s (see example below).

The X marker displayed is green and the O marker displayed is yellow.
The trigger marker is red.

The Red Dotted The red vertical dotted line indicates the trigger point you specified in
Line the Timing Trace Specification menu. The red dotted line is at center
screen and is superimposed on the negative-going edge of the RAS
signal.

Configuring the  Now that you have acquired the RAS and CAS waveforms, you need to
¥ q

Di Spl ay configure the Timing Waveforms menu for best resolution and to
obtain your answer.

Using the Timing Analyzer HP 16510B
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Display Resolution You get the best resolution by changing the seconds per division
(s/Div) to a value that displays one negative-going edge of both the
RAS and CAS waveforms. Set the s/Div by following these steps.

RAS -———-——-l I.____

CAS — —_—T
01650B06
Figure 7-8. RAS and CAS Signals

1. Touch the s/Div field one time (the field will turn light blue) to
allow you to adjust the horizontal scaling with the front-panel
knob. Touch the s/Div field one more time (the field will turn
white) and use the keypad pop-up to select any scaling you desire.

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

( stetesTiming €) (" Waverorm 1 )
[ Rccngl;u'lne] [ X m‘::ktr) o

s/D1v Delay Herkers X to O Trig to X| §Trig to O
200 ns 0 s Time 0 s 0 s 0 g

["RAS I

I

CAS

Figure 7-9. Waveform at 200 ns/Div
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Making The What you want to know is how much time elapses between the time
M r RAS goes low and the time CAS goes high again. You will use the X
easurement and O markers to quickly find the answer. Remember you specified the
negative-going edge of the RAS to be your trigger point, therefore the
X marker (green) should be on this edge if the X to Trig field = 0. If
not, follow steps 1 and 2.

1..Touch the Trig to X field. The field will turn light blue. At this
time you can either adjust the X to trigger time using the
front-panel knob, or touch the field again and use the keypad to
set the time to 0. Notice that this step has superimposed the X
marker (green) over the trigger marker (red).

2. Touch the Trig to O field. The field will turn light blue. At this
time you should use the front-panel knob to set O marker
(yellow) on the positive going edge of the CAS waveform. It is
possible to touch the field again and use the keypad pop-up to set
the desired time, however, you do not know the time to set it to.
The knob allows you to place the marker wherever you want it to
be.

(staterTiming €) (Weverorm 1 )
Accumulate At

m °
s/Div Deleay Herkers X to O Trig to X i X
200 ns 0 s T ime 0 s 0 s 3 v
! T

o T T

Figure 7-10. Marker Placement
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Finding the Your answer could be calculated by adding the Trig to X and Trig to O
Answer times, but you don’t have to. The logic analyzer has already calculated
this answer and displays it in the X to O field on the display.

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.

(CstoterTiming £) (THeverorm 1 )

Accumulate At
(et ) meer) CR8 0
s/Div Delay Herkers Trig to X| §Trig to O
200 ns [ Time 0 8 710 ns]
. |
'

T

CAS

Figure 7-11. Time X to O
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Summary You have just learned how to make a simple timing measurement with
the HP 16510B logic analyzer. You have:

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 s/Div 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 which 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.

The next chapter teaches you how to use the state analyzer. You will
go through a simple state measurement in the same way you did the
timing measurement in this chapter.

Using the Timing Analyzer HP 16510B
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Using The State Analyzer

Introduction

Problem
Solving with
the State
Analyzer

HP 16510B
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In this chapter you will learn how to use the state analyzer by setting up
the logic analyzer to make a simple state measurement. We give you the
measurement results as actually measured by the logic analyzer, since
you may not have the same circuit available.

The exercise in this chapter is organized in a task format. The tasks are
ordered in the same way you will most likely use 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 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.

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, it doesn’t
work properly. You have checked the power supply voltages and the
system clock and they are working properly.

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

Using the State Analyzer
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What Am |
Going to
Measure?

Using the State Analyzer
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You decide to start where the microprocessor starts when power is
applied. We will describe a 68000 microprocessor; however, every
processor has similar start-up routines.

When you power up a 68000 microprocessor it is held in reset for a
specific length of time before it starts doing anything to stabilize the
power supplies. The time the microprocessor is held in reset ensures
stable levels (states) on all the devices and buses in your circuit. When
this reset period has ended, the 68000 performs a specific routine
called "fetching the reset vector."

The first thing you check is the time the microprocessor is held in reset.
You find the time is correct. The next thing to check is whether
the microprocessor fetches the reset vector properly.

The steps of the 68000 reset vector fetch are:

1. Set the stack pointer to a location you specify which is in ROM at
address locations 0 and 2.

2. Find the first address location in memory where the
microprocessor fetches its first instruction. This is also specified
by you and stored in ROM at address locations 4 and 6.

What you decide to find out is:

1. What ROM address does the microprocessor look at for the
location of the stack pointer, and what is the stack pointer
location stored in ROM?

2. What ROM address does the microprocessor look at for the
address where its first instruction is stored in ROM, and is the
instruction correct?

3. Does the microprocessor then go to the address where its first
instruction is stored?

4. Is the executable instruction stored in the first instruction location
correct?

HP 16510B
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How Do |
Configure the
Logic Analyzer?
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Your measurement, then, requires verification of the sequential
addresses the microprocessor looks to and of the data in ROM at these
addresses. If the reset vector fetch is correct (in this example), you will
see the following list of numbers in HEX (default base) when your
measurement results are displayed.

+0000 000000 0000
+0001 000002 04FC
+0002 000004 0000
+0003 000006 8048
+0004 008048 3E7C

This list of numbers will be explained in detail later in this chapter in
"The State Listing."

In order to make this state measurement, you must configure the logic
analyzer as a state analyzer. By following these steps you will configure
Analyzer 1 as the state analyzer.

If you are in the State/Timing E Configuration menu you are in the
right place and you can start with step 2; otherwise, start with step 1.

1. Using the field in the upper left corner and the field second from
the left of the display, get the State/Timing E Configuration
menu on screen.

a. Touch the field on the left and when the pop-up appears, touch
the field labeled State/Timing E.

b. Touch the field second from the left. When the pop-up
appears, touch Configuration.

2. In the State/Timing E Configuration menu, change the Analyzer
1 type to State. If Analyzer 1 is already a state analyzer, go on to
step 3.

a. Touch the field to the right of Type: .
b. Touch the field iabeled State.

Using the State Analyzer
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3. Name Analyzer 1 68000STATE (optional)
a. Touch the field to the right of Name: .

b. When the alphanumeric keyboard pop-up appears, touch the
appropriate keys to change the name to 68000STATE.

c. Touch DONE when you finish entering the name.
4. Assign pods 1, 2, and 3 to the state analyzer.

a. Tbuch Pod 1 field if it is not already assigned to the state
analyzer.

b. In the Pod 1 pop-up, touch the field labeled 68000STATE.
c. Repeat steps a and b for pods 2 and 3.
The display should reflect the configuration shown below:

{ stetesTiming E) (Configuretion)
Anolyzer 1 Anaiyzer 2
Type:

Type: State 011

Unassigned Pods
Pod 1 Pod 4

Figure 8-1. State/Timing E Configuration Menu

Using the State Analyzer HP 16510B
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Connecting the
Probes

Activity Indicators

HP 16510B
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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 have
assigned labels ADDR and DATA, you would hook the probes to your

system accordingly.

o Pod 1 probes 0 through 15 to the data bus lines D0 through D15.

e Pod 2 probes 0 through 15 to the address bus lines AQ through
A15, '

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

e Pod 1, CLK (J clock) to the address strobe (LAS).

When the logic analyzer is connected and your target system is running,
you will see | in the Pod 1, 2, and 3 fields of the State/Timing E
Configuration menu. This indicates which signal lines are transitioning,

( StetesTiming €) (Configuretion) I

Analyzer 1 Anslyzer 2

Nome ' | 68000STATE
Tupe: I T

Unassignec Pods

{ . Pod 1 1l Pod S ) ( Pod 4 ]
3333333333333232

Figure 8-2. Activity Indicators
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Configuring the Now that you have configured the system, you are ready to configure
the state analyzer. You will be:

State Analyzer
e Creating two names (labels) for the input signals
e Assigning the channels connected to the input signals
e Specifying the State (J) clock
o Specifying a trigger condition
1. Display the State Format Specification menu.
a. Touch the field second from the left at the top of the screen.
b. When the pop-up appears, touch the field labeled Format 1.
(CsteterTiming €) ( Formet 1)
C|n’ckéopen|;lnd]& Clock ]
Pod E3 Pod E2 Pod El
. m J( TTL J( TIL )
( Clock J( crock I( Clock )
WIPM 1§ .87 .0 15 87 is 87 .0
POD | . 1. | [ceeeanssnnnvncas |
orf
off
off
off
off
off
orr
Figure 8-3. State Format Specification Menu
2. Name two labels, one ADDR and one DATA.
a. Touch the top field in the label column.
Using the State Analyzer HP 16510B
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( stetesTiming ) ( Formet 1 )
Elock Period Clock
> ns 1

d 3 Pod E2 Pod E1

Turn Label Off ]( — )( — )

Hodify Lebel  |ock J( crock J( Clock )

Turn Lebel On [Bl-ce® 15 ..o 87 .70 187087 0.0

Il ---------------- ]t......-...‘.... I
off
off
off
off
off
of1
orf

Figure 8-4. Label Selection

b. When the pop-up appears, touch Modify Label.

c. With the alphanumeric keypad, change the name of the label to
ADDR.

d. Touch DONE to close pop-up.
e. Name the second label DATA.

(stetesTiming €) ( Formet 1)
[Clu:k Period]( Clock }
> 60 ns Ji

Pod E3 Pod E2 Pod E!

(—m (™ )
( Clock )( Clock )( Clock
Pol 1S ...87 ....0 1s ... 87 ....0 15 ... 87 ... .0
ADDR | {1+ J ] . i e ssscssssnnmun sss
NI | e
off
orf
ofrf
off
off
orf

Figure 8-5. Format Specification with Labels
Assigned
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3. Assign Pod 1 bits 0 through 15 to the label DATA.

a. Touch the bit assignment field below Pod E1 and to the right of
DATA. You will see the following pop-up.

(stetestiming £) ( Formet 1)
Clock Period Slock
ns
(__] ................ )
Pod E1
I l l TIL
Clock
Level)| po, 757ITTT I CLEHRH DONE I ETTTTETTTTS
o | ] e
DATA . |
off
o1
orf
orf
off
orr

Figure 8-6. Bit Assignment Field

Any combination of bits may already be assigned to this pod; however,
you will want all 16 bits assigned to the DATA label.

b. Using the knob, place the cursor on each un-assigned bit (one
at a time and touch the asterisk (*) field. When all 16 bits are
assigned, touch DONE to close the pop-up.

(stetesTiming £) ( Formet 1 )
[Clo)ckﬁoPe"r;oﬂG Clock j -M
Pod E3 Pod E2 Pod E1
( ™m I( TTL J( T )
( crock J( crock ) crock )
Q.ge.‘,)]m 15 87 "0 15 °TTR7 Lt o i5TTITTRT TITTo
R I | O § T cesssnnnmes .
R I | T T cevanne P
off
off
off
ot
off
off
Figure 8-7. Pod E1 Bit Selection
HP 16510B
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4. Assign Pod E2 bits 0 through 15 to the label ADDR by repeating
step 3.

5. Assign Pod E3 bits 0 through 7 to the label ADDR.
6. Unassign any assigned bits in the ADDR label under Pod E1.

The State Format Specification menu should now look like that below.

(Cstetesmiming £) ( Formet 1)
qu Pmou[ Clock ]
> 60 ns Jt
Pod E3 Pod E2 Pod E1
( ™ J( i )] ™m

)
( creee  J( cilock ] Clock )
Mpm 157 .87 6 15 Te7 oo 18T TTTRTIITTo

DR | [+ | [ . ...  eesmmans |[eeonamnneneneeen |[ ... ..,
R I T | e sassssscsnnan eas

off
ofrr
off
orf
off
orf

Figure 8-8. Format Specification with Bits Assigned
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Specifying the If you remember from "What’s a State Analyzer" in Feeling Comfortable

J Clock _ With Logic Analyzers, the state analyzer samples the data under the
control of an external clock which is "synchronous” with your circuit
under test. Therefore, you must specify which clock probe you will use
for your measurement. In this exercise, you will use the J clock which is
accessible through pod 1.

1. Display the State Format Specification menu.

2. Set the J Clock to sample on a negative-going edge.
a. Touch the field labeled Clock.

(stetesTiming £) ( Formet 1 )
Pod E3 Pod E2 Poo_El

()
U Clack [eree )

- [ETTT

ADDR E J@“""”

DATA ) cossmnennos

off ' Done

off
orf
off
off
off

Figure 8-9. Clock Selection

Using the State Analyzer HP 16510B
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b. In the pop-up, touch the field to the right of J.

(steterTming ) (" Formet 1)
> 60 n "
00 Pod E2 Pod £
( ) T J( m )
g ctecr T,
por 14 ! e
ook | [+ E O @D @M ]
DATA + . | 3Ty
off . . ‘ Done ,
off
ort
ort
af1
of1

Figure 8-10. J Clock Selection

c. Touch the field with the arrow pointing down to select a

negative going edge.
( stetesTiming €) ( Format 1 )
Pod E3 Pod E2 Pod E1
( _m__J( m )] G )
a ore [~ Cocx o)
Lene)] por i 1 s
ook | E J IR CIRLICIaLICTB] syvevwwory
DATA . T besonnnonsoe
off | ‘ Done
orf 3
ofrr Low
off —
off High
orf —

Figure 8-11. Negative-edge Selection

3. Turn off all other clocks (K-N) if any are on by repeating steps a
through c using the Off option and then touch Done to close the

pOp-up.

HP 16510B Using the State Analyzer
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The State Format Specification menu should look like that shown

below.

(stetesTiming £) ( Formet 1)
f:mk P-rwc][ Clock ]
> 60 ns J
Pod E3 Pod E2 Pod E1
) m o )Cm )
( crock ) crock J( crock )
MIPDI 18087 T 18 TTTATTTTT6 15T TTATTNTe
[Aoor | [+ ][ ... eonancee |[eroncnanasnasaes |[................
R T | T | e
off
orf
orf
off
off
orf

Figure 8-12. Format Specification Menu
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Specifying a To capture the data and place the data of interest in the center of the
Trigg er display of the state listing menu, you need to tell the state analyzer
ene when to trigger. Since the first event of interest is address 0000, you
Condition need to tell the state analyzer to trigger when it detects address 0000 on
the address bus.

1. Display the State Trace Specification menu.
a. Touch the field second from the left at the top of the screen.
b. Touch the field labeled Trace 1.

(stetesmiming £) ( Trece 1)
Sequence Levels
HWhile storing "anvstau"
TRIGGER on "8 times
Store ~anystate” orf
orf
off
(e (Rxxxx) (Cxxxx )
v | (e G
e | ) e
| ¢ (Rwxx ) (CXRRK )

Figure 8-13. State Trace Specification Menu

2. Set the state analyzer so that it triggers on address 0000.

a. Touch the 1 in the Sequence Levels field of the menu.

HP 16510B Using the State Analyzer
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( stetesmiming £) ( Trece 1 )

3

Lobel>

Base>
]
‘e

b
[4
d

Insert Level

Sequence Level 1

white storing

Delets Level

“snystate” j

(mr1c6ER on )

wpn
8

) CD times

||\ A WD A, S

!!!!!!!!!‘

b. In the pop-up, touch the field to the right of the TRIGGER on

Figure 8-14. Sequence Levels

field. This field may either contain a or anystate.

Another pop-up appears showing you a list of "TRIGGER on" options.
Options a through h are qualifiers that allow you to assign a pattern for

the trigger specification.

c. Touch the field with the "a" option.

(stetertiming £) (_Trece 1)
prem—
anystate ”
|Ins.rl Level I Y 9 9
no state h =h J
[} "8 range ' J
((iscer on ) ( b b = renge ]
c wc Combination -
Label>
Bese> d =d
 SEmm—
a
b e e
¢ t ut ‘ Done l
d —

Figure 8-15. Sequence Level Option Selection

Using the State Analyzer
8-14

H

P 16510B
Front-Panel Reference




d. Touch the field labeled Done in the Sequence Levels pop-up.
e. Touch the field to the right of "a" under the label ADDR.

( stoteTiming €] ( Trece 1 )

e EE) D

CIC)C)) )
_ G600
| S )JEE)
. | o

Figure 8-16. Address Pattern Selection Keypad

f. With the pop-up keypad, touch the 0 (zero) key until all zeroes
appear in the display space above the keypad. Touch the Done
field to close pop-up.

(stetesiming €) ( Trece 1 )

%“ﬁ‘i‘iii e E) =
Doon
DO J]{ } G

7
= nnaE
e

Figure 8-17. Setting the Pattern
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Your trigger specification now states: "While storing anystate, trigger
on "a" 1 times and then store anystate.”

(CstetesTiming €) (C Trece v )

Sequence Levels
Hhile storing “en*stnto”
TRIGGER on “a” times
Store “anystate” 2
ort
Prestore
orf

Label> ADDR DATI

Base>

LY
{3

b
c
d

Figure 8-18. State Trace Specification

‘When the state analyzer is connected to your circuit and is acquiring
data, it continuously stores until it sees 0000 on the address bus, at
which time it begins to store anystate until the analyzer memory is filled.

Acquiring the To acquire the data, you touch the green field in the upper right-hand
Data corner of the screen labeled Run. After touching the Run field, don’t
lift you finger off the screen.

Using the State Analyzer HP 16510B
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(stetesTiming E) ( Treco 1 ) R
Sequence Levels Single
Hhile storing “anystate”
TRIGGER on va ) o ¥*iimes Repetitive

ches

Store “anystate” Cancel !

™
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of f

Lover>
a 000000 X000
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¢ (o)
d XKKUUMK XUXX '

Figure 8-19. Acquiring Data

When you touch the Run field a pop-up appears next to it with the
options Single, Repetitive, and Cancel. Without lifting your finger from
the screen, move it to the field labeled Single. Single will turn white.

( stetesTiming €) ( Trece 1 ) [

Sequence Levels

While storing “enystete”
TRIGGER on ,,!J times Repetitive
hes
1
Store “snystate” Coancel D
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off
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Label> ADDR m
Base> Cher )
000000 ) (X000 )
¢ o)
d RRMRRX ) (T XKRK )

b
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Figure 8-20. Single Acquisition
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If you want to go to the state listing menu before taking a measurement,
touch the field second from the left at the top of the screen. When the
pop-up appears, touch the field labeled Listing 1.

Since you want to capture the data when the microprocessor sends
address 0000 on the bus after power-up, you touch the Run field to arm
the state analyzer and then force a reset of your circuit. When the reset
cycle ends, the microprocessor should send address 0000, trigger the
state analyzer and switch the display to the state Listing menu.

We’ll assume this is what happens in this example, since the odds of the
microprocessor not sending address 0000 are very low.

( stetesTiming £) ( Listing 1 ]
ot

mmn [oor | [T ]
Base> Hex || Hex |

-7 008B8C4 4E7S
-6 0088C6 61E6
-5 0004F0 0000
-4 0004F 2 B88C8
-3 0088C8 B803C
-2 0088CA OOFF
=1 0088CC 6730
— Q00002 odrc
2 00004 o006 |— Reset Vector Fetch Routine
3 000006 8048
4 008048 2E7C
S 00004A 0000
6 00804C 04FC
7 00804E 61D8
B 008050 6100

Figure 8-21. State Listing
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The State The state listing displays three columns of numbers as shown:
Listing
( StetesTiming E J ( Listing 1 j (Print ) (R )

Label> ADDR DATA
Bese> Hex || Hex

-7 0088C4 4E75
-€ 0088C6 61E6
] 0004F0 0000
- 0C 2 8asce
-3 80C6 B803C
-2 088CA OOFF

State Locations

Figure 8-22. State Listing showing State Locations

The first column of numbers are the state line number locations as they
relate to the trigger point. The trigger state is on the line 0 in the
vertical center of the list area. The negative numbers indicate states
occurring before the trigger and the positive numbers indicate the
states occurring after the trigger.

The second column of numbers are the states (listed in HEX) the state
analyzer sees on the address bus. This column is labeled ADDR.

The third column of numbers are the states (listed in HEX) the state
analyzer sees on the data bus. This column is labeled DATA.

HP 16510B Using the State Analyzer
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Finding the
Answer
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Your answer is now found in this listing of the states + 0000 through
+0004.

The 68000 always reads address locations 0, 2, 4, and 6 to find the stack
pointer location and memory location for the instruction it fetches after
power-up. The 68000 uses two words for each of the locations that it is
looking for, a high word and a low word. When the software designer
programs the ROM he must put the stack pointer location at address
locations 0 and 2. 0 is the high word location and 2 is the low word
location. Similarly, the high word of the instruction fetch location must
be in address location 4 and the low word in location 6.

Since the software design calls for the reset vector to:
1. Set the stack pointer to be set to 04FC,
2. Read memory address location 8048 for its first instruction fetch,

you are interested in what is on both the address bus and the data bus
in states 0 through 3.

You look at the following listing and see that states 0 and 1 do contain
address locations 0 and 2 under the ADDR label, indicating the
microprocessor did look to the correct locations for the stack pointer
data. You also see that the data contained in these ROM locations are
0000 and 04FC, which are correct.

You then look at states 2 and 3. You see that the next two address
locations are 4 and 6, which is correct, and the data found at these
locations is 0000 and 8048, which is also correct.

HP 16510B
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So far you have verified that the microprocessor has performed the
correct reset vector search. The next thing you must verify is whether
the microprocessor addresses the correct location in ROM that it was
instructed to address in state 4 and whether the data is correct in this
ROM location. From the listing you see that the address in state 4 is
008048, which is correct, but the instruction found in this location is
2E7C, which is not correct. You have found your problem: incorrect
data stored in ROM for the microprocessor’s first instruction.

+0000 000000 0000 (high word of stack pointer location)
+0001 000002 04FC (low word of stack pointer location)
+0002 000004 0000 (high word of instruction fetch location)
+0003 000006 8048 (low word of instruction fetch location)
+0004 008048 2E7C (first microprocessor instruction)

( stetesTiming £) ( Listing 1 )

Rarkers
orf

Label> ADDR DATA
Bose> Hex || Hex

-7 0088C4 4E75
] 0088C6 61E6
-5 0004F0 0000
-4 0004F 2 88C8
-3 0086C8 Bo3C
-2 0088CA OOFF

=1 0088CC 6730
0 000

DR AN -
A
>

Figure 8-23. State Listing showing Incorrect Data
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Summary
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You have just learned how to make a simple state measurement with
the HP 16510B Logic Analyzer. You have:

specified a state analyzer
learned which probes to connect
assigned pods 1, 2, and 3
assigned labels

assigned bits

specified the J clock

specified a trigger condition
acquired the data

interpreted the State Listing

You have seen how easy it is to use the state analyzer to capture the
data on the address and data buses. You can use this same technique
to capture and display related data on the microprocessor status,
control, and various strobe lines. You are not limited to using this
technique on microprocessors. You can use this technique anytime you
need to capture data on multiple lines and need to sample the data
relative to a system clock.

The next chapter teaches you how to use the logic analyzer as an
interactive timing and state analyzer. You will see a simple
measurement that shows you both timing waveforms and state listings
and how they are correlated.

HP 16510B
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State Compare Menu

Introduction State compare is a software post-processing feature that provides the
ability to do a bit by bit comparison between the acquired state data
listing and a compare data image. You can view the acquired data and

“the compare image separately. In addition, there is a separate
difference listing that highlights the bits in the acquired data that do
not match the corresponding bits in the compare image. Each state
machine has its own Compare and Difference listings.

You can use the editing capabilities to modify the compare image.
Masking capabilities are provided for you to specify the bits that you do
not want to compare. "Don’t compare" bits can be specified
individually for a given label and state row, or specified by channel
across all state rows. A range of states can be selected for a
comparison. When a range is selected, only the bits in states on or
between the specified boundaries are compared.

The comparison between the acquired state listing data and the
compare image data is done relative to the trigger points. This means
that the two data records are aligned at the trigger points and then
compared bit by bit. Any bits in the acquired data that do not match
the bits in the compare image are treated as unequal. The don’t
compare bits in the compare image are ignored for the comparison.

When a logic analyzer configuration is saved to or loaded from a disk,
any valid compare data including the data image, etc. is also saved or
loaded.

HP 16510B State Compare Menu
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Accessing the The Compare menu is accessed by selecting the field directly to the
right of the Module select field in the upper left corner of the screen.

Compare Menu When the pop-up appears you will see the options Compare 1,
Compare 2 or both depending on which analyzer is a state analyzer. If
both analyzers are state analyzers you will see both Compare 1 and
Compare 2. You select your desired option by touching the
appropriate field in the pop-up.

Once you select Compare, you move between the Compare and
Difference Listings (menus) by selecting the field directly below the
Module select field. This field toggles between Compare Listing and

Difference Listing.
|
The Compare Two menus or displays, in addition to the normal State Listing, are
g
and Difference available for making comparison measurements: the Compare Listing
and the Difference Listing.

Listing Displays

The Compare The Compare Listing contains the image, or template, that acquired
Listing data is compared to during a comparison measurement. The
boundaries of the image, or size of the template, can be controlled by
using the channel masking and compare range functions described
below. Any bits inside the template displayed as "X" have been set to
don’t compare bits.

The Difference The Difference Listing highlights which bits, if any, in the compare
Listing image that differ from those in the acquired data. The bit (or digit
containing the bit) that differs from the compare image is highlighted
by displaying the bit in a different color.

To display the Compare Listing or the Difference Listing, select the
field directly to the right of the Module select field in the upper left
corner of the screen. When the pop-up appears, select "Compare 1 (or
2)." Either the Compare Listing or the Difference Listing will appear
depending on which of these were previously displayed.

State Compare Menu HP 16510B
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Creating a
Compare Image

HP 16510B
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The controls that roll the list in all three menus, the normal State
Listing, the Compare Listing, and the Difference Listing are
synchronized. This means that when you change the current row
position in the Difference Listing, the logic analyzer automatically
updates the current row in the acquired State Listing, Compare Listing
and vice-versa. This allows you to view corresponding areas of the two
lists, to cross check the alignment, and analyze the bits that do not
match.

Since time tags are not required to perform the compare, they do not
appear in either the compare image or difference displays. However,
correlation is possible since the displays are locked together.

An initial compare image can be generated by copying acquired data
into the compare image buffer. When you select the "Copy Trace to
Compare" field in the Compare Listing menu a pop-up appears with
the options "Cancel" and "Continue". If the "Continue" is selected, the
contents of the acquisition data structure for the current machine are
copied to the compare image buffer. The previous compare image is
lost if it has not been saved to a disk. If you select "Cancel" the current
compare image remains unchanged.

State Compare Menu
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Bit Editing of Bit editing allows you to modify the values of individual bits in the
compare image or specify them as don’t compare bits. The bit editing

the Compare fields are located in the center of the Compare Listing display to the

lmage right of the listing number field (see figure 9-1). A bit editing field

exists for every label in the display. You can access any data in the
Compare Listing by rolling the desired row vertically until it is located
in the bit editing field for that label (column). When you select one of

“the bit editing fields a pop-up appears in which you enter numeric
values or don’t compare for each bit.

( stetesTiming £) (" Compere 1 )
" r Compare Specity Stop
'CM'PO'G listing | l Full ' Heesurement I

66

%

71

73

74

75 ‘

3

78 0436 15 3

79 0437 c2 3

[-[¢] 0438 36 2

Figure 9-1. Bit Editing Fields
State Compare Menu HP 16510B
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Maski ng The channel masking function allows you to specify a bit, or bits in each

Channels in the label that you do not want compared. This causes the corresponding
bits in all states to be ignored in the comparison. The compare data

Compare Image image itself remains unchanged on the display. The Mask fields are
directly above the label and base fields at the top of both the Compare
and Difference listings (see figure 9-2). When you select one of these
fields a pop-up appears in which you specify which channels are to be
compared and which channels are to be masked. A "." (period)
indicates a don’t compare mask for that channel and an "*" (asterisk)
indicates that channel is to be compared.

{ stetesTiming £} ( Compere 1 )
= Y L
(o1 1rerence isnng] [*"*’*‘**"***'**** ]B-] [ Snpeaac.l Jru.:'t:‘p]
nest>  (KEEEED
Base> | [ Hex
l CLEHR! | DONE I

65 0439
66 0436
67 0437 c2 3
68 0438 36 2
69 043A 0B 3
70 0436 B8 3
71 043C c2 3
0430 34 2
043F B9 3
74 0440 c2 3
75 0441 34 2
76 0443 D1 3
7”7 0BB6 2
78 0BB?7 02 2
79 0444 Fi1 3
80 0BB8 44 2

Figure 9-2. Bit Masking Fields
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Specifying a The Compare Range function allows you to define a subset of the total
number of states in the compare image to be used in the comparison.

Compare Range The range is specified by setting start and stop boundaries. Only bits in
states (lines) on or between the boundaries are compared against the
acquired data. This function can be accessed by selecting the "Compare
Full"/"Compare Partial" field in either the Compare or Difference
listing menus (see figure 9-3). When selected, a pop-up appears in
which you select either the "Full” or "Partial” option. When the "Partial"
option is selected, fields for setting the start state and stop state values
appear.

( stetesTiming €) ( compere 1 ) m -
Copy Trace Spncny Stop
‘C"MNN l1sting ] To Compare neuunmnnt
nasky ((sevs )

OO

Partiel | Compere lines @ thru @

721 437 C2
qzl DE;D  — - ——

3 439 04

74 436 15

75 0437 c2 3

76 0438 36 2

7 0439 04 2

78 0436 15 3

79 0437 €2 3

80 0438 36 2

Figure 9-3. Compare Full/Compare Partial Field
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Repetitive
Comparisons
with a Stop
Condition

HP 16510B
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When you do a comparison in the repetitive trace mode, a stop
condition should be specified. The stop condition is either "Stop
Measurement” when Compare is "Equal,” "Not Equal" or "Off." In the
case of "Equal", bits in the compare image must match the
corresponding bits in the acquired data image for the stop condition to
be a TRUE. In the case of "Not Equal", a mismatch on a single bit will
cause the stop condition to be TRUE. When stop conditions are

specified in two analyzers, both analyzers stop when the stop condition

of either analyzer is satisfied. It is an OR function.

The stop measurement function is accessed by selecting the "Specify
Stop Measurement" field found in either the Compare or Difference
Listing menus (see figure 9-4). When this field is selected, the "Stop
Measurement" pop-up appears. The first field in this pop-up, just to the
right of "when," contains either "X-O" or "Compare". When this field is
selected, a pop-up appears in which you select "Compare". When you
select the "Compare" option, you can access and select either the
"Equal", "Not Equal" or "Off" option in the next field to the right.

( stetesTiming €) ( compere 1 )

Copy Trace Compare B R P
W To Compare Pertial Feosurara
el> ADDR DATA STAT

Stop meesurement off
e
Equel
Not Equa!
74 0436 15 3
75 0437 c2 3
76 0438 36 2
77 0439 04 2
78 0436 15 3
79 0437 c2 3
[-1¢] 0438 36 2

Figure 9-4. Specify Stop Measurement Field
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Note # You may also specify a stop measurement based on time between the X
and O markers in the Compare or Difference Listing menus. This is
available only when time tags are on. If the Stop Measurement is
specified to run until "Compare Equal" or "Compare Not Equal"” in the
Compare or Difference Listings, the Stop Measurement on time X to
O will not be available in another menu (i.e. State Listing).

Locating The "Find Error" feature allows you to easily locate any patterns that
Mismat in did not match in the last comparison. Occurrences of errors, or

S a ches | differences, are found in numerical ascending order from the start of
the Difference the listing. The first occurrence of an error has the numerical value of

Listing one.

This feature is controlled by the "Find Error" field in the Difference
Listing menu. When the field is selected the field changes color and
you can roll the error number with the knob. If you select this field
again a numeric entry pop-up appears in which you can enter a number
indicating which difference you want to find. The listing is then scanned
sequentially until the specified occurrence is found and rolled into view.

|

Saving When you save a logic analyzer configuration to a disk, the compare

Compare images for both state analyzers are saved with it. The compare data is
compacted to conserve disk space. Likewise, when you load a

Images configuration from disk, valid compare data will also be loaded.

State Compare Menu HP 16510B
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State Waveform Menu

Introduction

Accessing the
State Waveform
Menu

HP 16510B
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The State Waveform Menu allows you to view state data in the form of
waveforms identified by label name and bit number. Up to 24
waveforms can be displayed simultaneously. Only state data from the
current state machine can be displayed as waveforms in the State
Waveforms menu. Any intermodule label (i.e., oscilloscope or 1 GHz
Timing ) that was selected when the current machine was a timing
analyzer will be deleted when selecting the State Waveform menu.

The presentation and user interface is generally the same as the Timing
Waveform menu, except the X-axis of the state waveform display
represents only samples, or states instead of seconds. This is true
regardless of whether Count (in the State Trace menu) is set to Time
or Off. As a result, the horizontal axis of the display is scaled by
Samples/Div and Delay in terms of samples from trigger. Marker
features are the same as for State List in that Time or States will only
be available when Count is set to Time or States. The Sample Rate
display is not available in State Waveform even when markers are off.

The State Waveform menu is accessed by selecting the field directly to
the right of the Module select field in the upper left corner of the
screen. When the pop up appears you will see the options StateWF 1,
StateWF 2, or both depending on which analyer is a state analyzer. If
both analyzers are state analyzers you will see both StateWF 1 and
StateWF 2. You select your desired option by touching the appropriate
field in the pop up.

State Waveform Menu
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Selectlng a You can display up to 24 waveforms on screen at one time. Each
Waveform waveform is a representation of a predefined label. To select a
waveform, touch the the blue bar (field) on the left side of the
waveform portion of the display (see figure 10-1).

(stetermiming €) (Stetewr 1 )

Accumulate
- ort
st/Div Delay Morkers
1 0 orr
———

Waveform Selection
Field

Figure 10-1. Waveform Selection Field

A pop-up menu appears in which you select the label, by name, that
you want to display (see figure 10-2).

(statermiming €) ((Stotewr 1)

Accumulete
orf
st/D1v Deley Markers
1 -3 orfr

—
Neveform Selection

Chennel Hode Action
Delete
[ Sequentiel J [ Inssrl] [ }

Lebels

A

B
c

Figure 10-2. Waveform Selection Pop-up Menu
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Each waveform can display any one or all bits (channels) of a label or it
can be turned off. The specific bit or bits of a label that will be
displayed depends on what Channel Mode is currently displayed when
you select the label. If Sequential is currently displayed, all the label
bits will be inserted individualy in the display (see figure 10-3).

(CStatermiming €) (Statewr 1 )
orr
] of(

Neveform Selection

(o] (2ener] (oerere )

Lobeis

Figure 10-3. Sequential Channel Mode

If Individual is currently displayed, another pop-up menu appears in
which you select the specific label bit you want displayed (see figure
10-4).

(stoterTiming €) ((Stotewr 1 )

Accumu )

' off
.

i

>

Neveform Selection

Channel Hode Action
Delete
Indivigual Insert

Dl | |>2iD|>D
~Jojolaluls

o

[TTT11

Figure 10-4. Individual Channel Mode
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10-4

If Overlay is currently displayed, all bits of the label are inserted in a
single waveform to form a composite waveform (see figure 10-5).

( StotesTiming € ) (( Statewr 1 )
) o ) (e )

Neveform Selection

(=) (

Action
Insert

) &)

Lebels

[TTTT]

Figure 10-5. Overlay Channel Mode

In the above figure, label A has all of its bits specified to be overlaid in
the waveform display. The on-screen indication for the Overlay mode

is All following the label name.

HP 16510B
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Replacing You can replace a currently displayed waveform (label) with another

Waveforms one of the predefined waveforms (labels). To replace one waveform
with another, place the cursor on the waveform you wish to replace
using the knob. Touch the Action Insert field to toggle it to Action
Replace (see figure 10-6). Then select the label that will replace the old

label.
(steterTiming €) (Statenr 5 )
() ()
" ° Waveform Selection -
e
Lebels T
- -
- -
- -
__
Figure 10-6. Action Insert/Replace
|
Deleting You can delete any of the currently displayed waveforms by placing the
Waveforms cursor on the waveform you wish to delete using the knob and selecting
Delete in the pop up.
HP 16510B : State Waveform Menu
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Selecting You can specify the samples per division by entering the number of

Samples per states per division either with a keypad or the knob. The range is from

Division 1 to 104 per division.

|

Delay from - You can specify the delay from trigger by specifying the number of

Trigger states from the trigger. The minimum is — 1023 and the maximum is
1024 independent of trace position in the record. Delay is not limited to
the window containing data.

[

State The waveform display features of the State Waveform menu are the

Waveform same as the Timing Waveform menu with regard to:

Disp|ay o low levels (below threshold) are represented by darker line

Features e red, green, and yellow dotted lines representing the trigger point,

X marker, and O marker respectively.
e Accumulate Mode
o graticule frame with 10 horizontal divisions

|
X and O Markers can be placed on the waveform display by specifying the
Markers for number of states from trigger in the case of the X marker or number of

states from either the trigger or X marker in the case of the O marker.
State Waveform &

Markers can be automatically placed on the waveform by searching for
specific patterns assigned to each marker.

The X and O marker operation is identical to the marker operation in
the Timing Waveform Menu (see chapter 6).

State Waveform Menu HP 16510B
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State Chart Menu

Introduction The State Chart Menu allows you to build X-Y plots of label activity
using state data. The Y-axis always represents data values for a
specified label. You can select whether the X-axis represents states
(i.e., rows in'the State List) or the data values for another label. You
can scale both the axes for selective viewing of the data of interest. An
accumulate mode allows the chart display to build up over several runs.

When states are plotted along the X-axis, X and O markers,
synchronized with those in the normal State Listing, are available. The
markers can be positioned in the State Chart display and both the
current sample (state or time) relative to trigger point and the
corresponding Y-axis data value can be viewed in the State Listing

display.
.|
Accessing the The Chart menu is accessed by selecting the field directly to the right of
State Chart the Module select field in the upper left corner of the screen. When the
pop-up appears you will see the options Chart 1, Chart 2, or both
Menu depending on which analyzer is a state analyzer. If both analyzers are

state analyzers you will see both Chart 1 and Chart 2. You select your
desired option by touching the appropriate field in the pop up.

|

Selecting the When using the State Chart display, you should first select what data

Axes for the you want plotted on each axis. You assign a label to the vertical axis of
the chart by selecting the XY Chart of field in the menu. When

Chart selected, a pop up appears in which you select one of the labels that

were defined in the State Format Specification Menu. The X-axis
assignment field toggles between State and Label when selected. When
label is selected, a third field appears to the right of Label that displays
one of the defined labels. To select your desired label, select the label
name field to display a pop up in which all the defined labels are
displayed. You then select one of the defined labels and the pop up
closes.

HP 16510B State Chart Menu
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Scaling the Either axis can be scaled by using the vertical or horizontal min

Axes (minimum) or max (maximum) value fields. When you select any one
of the min or max fields a pop up appears in which you specify the
actual minimum and maximum values that will be displayed on the
chart (see figure 11-1).

(_stote/Timng €] (_ Chart 1 ) (Crenge ] (print]) ( Run )
XY Chert of vz.
vox QD FF L (o

D [0

eE®
noon
K3 &R EX ED

// /

Figure 11-1. Axis Scaling Pop-up Menu

When States are plotted on the X-axis the minimum and maximum
values range from -1023 to + 1024 depending on the trigger point
location. The minimum and maximum values for labels can range from
0000H to FFFFH (0 to 232'1) regardless of axis, since labels are
restricted to 32 bits.

State Chart Menu HP 16510B
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]
The Label Value The Label Value vs. State chart is a plot of label activity versus the

VvS. memory location in which the label data is stored. The label value is
plotted against successive analyzer memory locations. For example, in
States Chart the following figure, label activity of POD 1 is plotted on the Y axis and

the memory locations (States) are plotted on the X axis.

| Csteteriming ) (C_chert 1+ ) (CRange ) ((Print) (Run )

o (7
win (3 xmin {20 )

Figure 11-2. Label vs. States Chart
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The Label Value When labels are assigned to both axis, the chart shows how one label
VS. varies in relation to the other for a particular state trace record. Label
values are always plotted in ascending order from the bottom to the top
Label Value of the chart and in ascending order from left to right across the chart.
Chart Plotting a label against itself will result in a diagonal line from the lower
left to upper right corner. X and O markers are disabled when
operating in this mode.

(CstetesTiming €) ( chort 1)
Xy chert of (POD 1 ) s, (Leve1) ((POD T ) (CAccumulate 077 )
Ymax Xmox

vmin (00 ) xmin (00 )

Figure 11-3. Label vs. Label Chart
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X & O Markers When State is specified for the X-axis, X and O markers are available
for Chart which can be moved horizontally which are synchronized with the X
and O markers in the normal State Listing.

To select the marker mode for Chart (if it is not presently displayed),
select the Range field in the top center of the display. This field will
toggle to Markers and the marker selection fields will appear (see
figure 11-4).

(Cstatermiming €) (chert 1) (nerkers )  (print) (C Run )

XY Chert of .m vs.
' from Specify
Trigger Potterns

Harkers Find
Pottern x—pettern

o

a4

Figure 11-4. Marker Fields

When a marker is positioned in the State Chart menu, it is also
positioned in the State Listing menu and vice-versa.The Chart marker
operation is identical to the markers in the State Listing menu (see
chapter 6).
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Marker Options The marker options in the State Chart menu depend on what Count is
set to in the State Listing menu.

When Count is set to Off the Chart markers can be set to:

o Off
e Pattern

‘When Count is set to Time the Chart markers can be set to:

o Off

e Pattern
e Time

e Statistics

When Count is set to States the Chart markers can be set to:

e Pattern
o States

State Chart Menu ' HP 16510B
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Using the Timing/State Analyzer

Introduction

HP 16510B
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In this chapter you will learn how to use the timing and state analyzers
interactively by setting up the logic analyzer to make a simple
measurement. We give you the measurement results as actually
measured by the logic analyzer, since you may not have the same circuit
available.

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

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

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

Using the Timing/State Analyzer
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Problem SO|Vil‘lg In this example assume you have designed a microprocessor controlled

with the
Timing/State
Analyzer

What Am |
Going to
Measure?

circuit. You have completed the hardware, and the software designer
has completed the software and programmed the ROM. 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. The
problem now requires some testing to find a solution.

You also notice the circuit fails intermittently. More specifically, 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 verification of:

o whether the microprocessor addresses location 8930
o whether all the addresses within the routine are correct
e whether all the data at the addresses in the routine are correct

If the routine is correct, the state listing will display:

+0000 008930 B03C
+0001 008932 61FA
+0002 008934 67F8
+0003 008936 B03C
+0004 00892E 61FA

Using the Timing/State Analyzer HP 16510B

12-2
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How Do | In order to make this measurement, you must configure the logic

nfiqure th analyzer as a state analyzer because you want to trigger on a specific
Co gure the state (8930). You also want to verify that the addresses and data are
Logic Analyzer? correct in the states of this routine.

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

( stetesTiming £) (Configuration)

Analyzer 1 Anslyzer 2

Neme: | 68000STATE
Tupe:

Unsssigned Pods
Pod 1 Pod 4

Figure 12-1. State/Timing E Configuration Menu

HP 16510B Using the Timing/State Analyzer
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|
Configuring the Now that you have configured the system, you are ready to configure
State Analyzer

the state analyzer.

Configure the State Format Specification (Format 1) as shown:

(Cstetesrmiming €) ( Format 1 )
Crock Nriud]( Clock ]
> 60 ns Ji
Pod E3 Pod E2 Pod E1
CCm (Cm ) w )
{ ciock ( Clock ) ciock )
ober | Pot T8TTTT@7TTTTTTG  9STTTTATCoT 0 i5TTI AT i e
ADDR T e | e
R | T | cassesssnnneiess
of
orf
orr
orf
off
off

Figure 12-2. State Format Specification Menu

Configure the State Trace Specification (Trace 1) as shown:

( Stete/Timing E) ( Trece IJ

Sequence Levels
Hhile storing “an*stele”
ER on “a” times

8 ik

Store “anystate”

Branches
off
Count
Time
Prestore
ofr

e | (o980) ()
|
- | e
q XRXXXX ) (CXXRX )

Figure 12-3. State Trace Specifi

Using the Timing/State Analyzer

cation Menu
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Connecti ng the At this point, if you had a target system with a 68000 microprocessor,
Probes you would connect the logic analyzer to your system. Since you have
assigned labels ADDR and DATA, you would hook the probes to your

system accordingly.

e Pod 1 probes 0 through 15 to the data bus lines D0 through D15
e Pod 2 probes 0 through 15 to the address bus lines AQ through

Al5
e Pod 3 probes 0 through 7 to the address bus lines A16 through
A23
e Pod 1, CLK (J clock) to the address strobe (LAS)
|
Acquiring the Since you want to capture the data when the microprocessor sends
Data address 8930 on the bus, you press the Run field 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.

We’ll assume this is what happens in this example.

N
Finding the You look at this listing to see what the data is in states + 0000 through
Problem +0004. You know your routine is five states long.

The 68000 does address location 8930 so you know that the routine is
addressed. Now you need to compare the state listing with the
following correct addresses and data:

+0000 008930 BO3C
+0001 008932 61FA
+0002 008934 67F8
+0003 008936 BO3C
+0004 00892E 61FA

HP 16510B Using the Timing/State Analyzer
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As you compare the state listing (shown below), you notice the data at
address 8932 is incorrect. Now you need to find out why.

(stetesTiming £) (Listing 1 )

m

Cr e ) )

Base> | [ox | [ wex ][ Retstive ]

~

M

Incorrect Data

uqou;uu—Hl-!)éLdu&'

Figure 12-4. Incorrect Data

Your first assumption is that incorrect data is stored in 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 the data at address 8932
is correct. The software designer tells you that the data is correct.

Now what do you do?

Using the Timing/State Analyzer
12-6
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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.

What Additional since the problem exists during the routine that starts at address 8930,
Measurements you decide you want to see the timing waveforms on the address and
2 data bus when the routine is running. You also want to see the control
Must | Make? 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:

e correct timing of the control signals
o stable addresses and data during the memory read

The control signals you must check are:

e system clock

e address strobe (AS)

e lower and upper data strobes (LDS and UDS)
o data transfer acknowledge (DTACK)

e read/write (R/W)

HP 16510B Using the Timing/State Analyzer
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How Do | In order to make this measurement, you must re-configure the logic

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

Logic Analyzer? gg3

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

shown:

( stetesTiming €) (Configuration)

Analyzer 2

GUOOOTIHNG

o0

Pod 1

Pod 4

Pod 5

Analyzer 1
R
),
]
J

[
{
'l Pod 2
{

L
{
[
L

l Unassigned Pods
]
J
)
J

Pog 3

Figure 12-5. State/Timing E Configuration Menu

Connecting the At this point you would connect the probes of pods 4 and 5 as follows:
Tlmll"lg Analyzer Pod 4 bit 0 to address strobe (AS)

Probes

Using the Timing/State Analyzer
12-8

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 A0 through A7
Pod 5 bits 8 through 15 to data lines DO through D7

HP 16510B
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|
Configuring the Now that you have configured the system, you are ready to configure
Timing Analyzer the timing analyzer.

Configure the Timing Format Specification (Format 2) as shown:

( stetesTiming €) ( Formet 2 )

(ovet)]| por T5TTTEITITITR 18RS

F————
CLOCK e e ..

Figure 12-6. Timing Format Specification Menu

Configure the timing Trace specification (Trace 2) as shown:

(stetesTiming €) ((_Trece 2 )

(Label > ] {CLDCK ] (AS J (LDS ] [UDS ] [DTAEK ] [R/N J
Base > [ Hex ]mrmx ]( mxj( Hex J[ NexJ

Find

e OGO GG
present Ior@

Then (ind

e (. JC . JC ) JC I )

Figure 12-7. Timing Trace Specification Menu

HP 16510B Using the Timing/State Analyzer
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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 (Trace 2).
2. Touch the field labeled Armed by Run.
3. In the pop-up, touch the field labeled 68000STATE.

Your timing Trace specification should match the menu shown:

State Analyzer Arms

Timing Analyzer
A
)

( stetesTiming €) ( Trece 2 )

Acquisition mode
Trensitionel

[UDS DTACK ] [R/R J

(Lanel > ] [cwcn ][As ][Los ] ) [
Bese > ( Hex ]( Hex ]( Hex ]{ Hex ][ Hex j( Hex ]
) I

Find [ "

Pattern( X }( X ][ X
present for @

Then find

e OO

x Jx )

Using the Timing/State Analyzer
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Figure 12-8. Armed by 68000STATE
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Time Correlating 1n order to time correlate the data, the logic analyzer must store the

the Data

HP 16510B
Front-Panel Reference

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 (Trace 1).
2. Touch the field labeled Count Off.
3. In the pop-up, touch the field labeled Time.

The counter will now be able to keep track of time for the time
correlation.

(stevesmiming £) ( _Treco 1)

Sequence Levels

Hhile storing "anv:lgt"‘
TRIGGER on “8* times
Store “anystate”

Branches
ofrf1
v R
' Prestore l
Stetes orf

Lobel>
Bese>
. (008930 ) (ooRX_)
> (Cont)
¢ (o)
L ¢ e

Figure 12-9. Count Time

Using the Timing/State Analyzer
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The Timing After pods 4 and 5 are connected, you can re-acquire the data.
Waveform Menu However, first assign the labels in the Timing Waveform menu.

Displaying the Display the Timing Waveform menu. Touch the long blue field on the
Waveforms left side of the screen. The pop-up should look like that below:

" (CStetertiming £) (“Weverorm 2 )

Accumulete At

(Ceesmee ) (Lemtner ) oo ) 0
8/D1y
500 ns

Heveform Selection
Long Light
. Hodule Chennel Hode Action
Blue Field [suumnmg E] [ Sequentiel ] [ Insert ] [D"‘“’ ]
Lebels
S~
cLocK | DTACK
As R/W
L0S ADDR

Figure 12-10. Timing Waveform Menu

Touch the labels CLOCK, AS, UDS, LDS, DTACK, and R/W in that
order. They will appear in the blue label area.

( statesTimtng E ) ( Hoverorm 2 )
(2) (o) ()

s/Div Delay Markers X te O Trig to X Trig to O
500 ns 0 8 Time 0 s 0 s 0 s

EEL Naveform Selection
i [ Module ] [cnannu nou.] Fcuon ] [De"m ]
uDS Stete/Timing E Sequentiel Insert
LDS Lebels
DTACK cLock | DTACK
R/W AS R/W
LS ADDR
uos DATA

Figure 12-11. Waveform Selection Menu Labels

Using the Timing/State Analyzer HP 16510B
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This is not the order we want them in. We want LDS before UDS. To
correct this, follow these steps:

1. Use the knob to place the cursor on the label LDS in the long blue
label field.

2. Touch the field labeled Delete. This erases LDS.

( stete/Timing £) ( Waverorm 2 )
Accumulate At

S ‘
s/Div Delay Merkers X to O Trig to X| fTrig to ©
500 ns 0 s Time 0 s 0 s [

Neveform Selection

AS Module Channe! Hode | [ Action
uDS State/Timing E Segquentiel Insert

LDS Lebels
DTACK CLOCK | DTACK
R/N As R/N

LoS ADDR

Figure 12-12. Delete Label

3. Use the knob to place the cursor over the label AS. Touch the LDS
field under Labels in the pop-up.

(Stal!/‘l’lmlng E) ( Waveform 2 ]
Accumulate At '

' of1 l X narurl Ciock J!
$/Div Delay Merkers X to0O Trig to X| fTrig to O
500 ns 0 s Time 0 s 0 s 0 s

[croT | Heveform Selection
AS ( Hodule ] [Cnannll nouc] [Tlcuan ] [Delue ]
UDS Stote/Timing E Sequential Insert
DTACK Lobels
R/N cLock | DTACK

AS R/N

ADDR
uos DATA

Figure 12-13. Replace Label

HP 16510B Using the Timing/State Analyzer
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LDS appears in the blue label area in the correct position.

(Cstatertiming €) (TWoverorm 2 )

Accumulate At
l off I ‘ xnurklrl !
500 ns

_—
AS [ Hodule ] [cnunnn nodv] [m:lum ] [D““. ]
Los State/Timing E Sequentiel Insert
uos Lebels
prack | ["cLock | oack
R/N as R/N

LoS ADDR

uos DATA

Figure 12-14. Labels in Correct Position

Now we want to put ADDR and DATA in the long blue label area.

Position the cursor on R/W in the long blue label field. Touch ADDR
under Labels in the pop-up. Since ADDR has eight bits assigned to it,
eight labels appear in the label field, one for each bit, as shown.

(steterTiming £) ((Waverorm 2 )
Accumulate Al
s/Div Delay Herkers X to O Trig to X| §Trig to O
500 ns 0 s Time 0 s 0 s [
As Naveform Selection

tgg Hodulie Channel Hode Action Delete
DTACK Stete/Timing E Sequentiol Insert

ADDR Lebels
ADDR
[ADDR cLock | DTACK
ADDR
[ADDR [ R/W
ADDR
ADDR LS ADDR
ADDR

uos DATA

Figure 12-15. Timing Waveform Menu with Labels

Using the Timing/State Analyzer HP 16510B
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This also occurs for DATA, as shown:

( stetesTiming € ) ( Waverorm 2 ) ( Run ]

l ﬂcctnullu , l l
X nrur m
$/Div Merkers Trig to O
500 ns [
Haveform Sslection

Tlm
HNodule Chenns! tiode Action
Delete
Stote/Timing E Sequentie! Insert

Lebeis

=

cLock DTACK

AS R/K
LDS ADDR

Figure 12-16. Individual Data Labels

POPOPIDDATNOINIR O

If you want to see the waveforms of each bit, you would leave the
display as it is. However, this makes the waveform display very
crowded. An easysolution is overlapping the waveforms.

|

Overlappi ng A convenient method of displaying the waveforms of all the bits in

Timing ADDR and DATA is to overlap them. To overlap the bits for ADDR
and those for DATA, follow these steps.

Waveforms

1. Delete all the ADDR and DATA bit labels that were put in the
label field in the last section.

HP 16510B Using the Timing/State Analyzer
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2. Touch the filed labeled Channel Mode Sequential.

( stete/Timing £) ( Heverorm 2 )

Accumulate At

l of f | I xnrk.rl !
$/Div Delay Harkers X to 0 Trig to X] JTrig to O
500 ns 0 8 Time (] 0 85 K

Neveform Selection

AS Hodule N ction betete
Los Stete/Timing E ndividuel oert

uos Labeis Sequential
pTACK

€LOCK | DTACK overiay
R/N as R/N

Los ADDR

Figure 12-17. Channel Mode Sequential Menu

3. In the new pop-up, touch the field labeled Overlay.

(staterTiming €) ((Weverorm 2 )
[ “ccmufl.‘!] | X m::k’rl !

s/Div Delay Markers X toO Trig to X| JTrig to O
500 ns [ Time 0 s 0 & [

Noveform Selection
i Hodule . ction |
LDS Stote/Timing E ndividusl nsert

UDS Lebels Sequentiel
DTACK cLock | DTACK
R/N As R/N
LDS ADDR
ups DATA

Figure 12-18. Overlay Selection

Using the Timing/State Analyzer HP 16510B
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4. Touch the ADDR label field under Labels.

5. Touch the DATA label ficld under Labels. The screen should look
like that shown below.

( state/Timing £) ( Haverorm 2 ) @
[ ) [ ) ().

Markers

Woveform Sslection

i [ Hodule ] [cnannn nouc] [ Action J Nu"
LDS Stete/Timing E Overlay Insert

uos Lebels

DTACK cLock | bTACK

R/W 3 R/N

[ADDR ey LDS ADDR

Figure 12-19. Overlapped Waveforms

In the long blue label field ADDR and DATA have "all" next to them
to show that the bits are overlapped. Touch the Done field to close the

pop-up.
|
Re-acquiring Now you are ready to acquire the data. Touch Run. The logic analyzer
the Data will display the timing waveforms, unless you switched to one of the

state analyzer menus, in which case the state listing will be displayed.
Regardless of which menu is displayed, change the display to the
Mixed Mode Display.

HP 16510B Using the Timing/State Analyzer
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Finding the As you look at the overlapping waveforms, you notice there are .

Answer transitions on the data lines during the read, indicating the data is
unstable, which is the probable cause of the problem you’ve been
looking for.

You have found what is causing the problem in this routine. Additional
troubleshooting of the hardware will lead you to the actual cause.

( stetesTiming £) (Hixes Dispiay)
]
Base> ‘ Hex [ Hex I Relative | .
-3 008900 3000 1.20 us
-2 0004F4 0000 1.24 us
=1 0004F6 8930 : ?,: us
1 008932 F 1.24 us
2 008934 67F8 1.28 us
3 008936 B803C 1.24 us

s/Div Delay X to D Trig to X|@Trig to O
500 ns 0 s 0 s 0 s 0
AS

LDS
uDs

A e ——
ADDR ol T I I i
DATA aW™T] ML I ] = I
T
Unstable Data

Figure 12-20. Mixed Mode Display with Unstable
Data

Summary You have just learned how to to use the timing and state analyzers
interactively to find a problem that first appeared to be a software
problem, but actually is a hardware problem.

You have learned to:

trigger one analyzer with the other
time correlate measurement data
interpret the Mixed mode display
overlap timing waveforms

Using the Timing/State Analyzer HP 16510B
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Using a Printer

Setting Printer All printer parameters are set in the System Configuration menu. If you
nfiquration have just connected your printer and are unsure of how to set the
Co g configuration, refer to the HP 165004 Reference Manual chapter
entitled Connecting a Printer.”

The HP 16500A supports HP-IB and selected RS-232C printers.

All the pictures in this manual were taken from an HP 16500A with one
HP 16510A logic analyzer card. If the screens on your instrument differ
from the pictures in this manual, it simply means that you have a
different card configuration. All other functions will work the same

except where noted.
I
Pl’il'ltil'lg All logic analyzer menus include a Print field in the upper right of the
Option s screen. If you are in the Format menu and touch the Print field, a

pop-up like the one shown below appears.

{ stete/Timing £) ( Formet 1 ) Q Run

Cancel ‘59'““"‘3,

Print Screen

m
[Cazed] por 57757775
Ras | [+ ][ .o
CAS B

Figure 13-1. Print Option Menu

There are two fields in the pop-up, Cancel and Print Screen.

HP 16510B Using a Printer
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Printing On-
Screen Data

Printing Entire
State Listing

Using a Printer
13-2

If you are in the State Listing, a slightly different pop-up will appear,
like the one shown in figure 13-2.

' Stete/Timing € ‘ Listing 1 (Invum) g Run
Narkers Find 1 t Cencel
Pattern o-pattern Tr

Pattern> | 00001000 Print Screen

Lebel> ADDR 68020 I
Bose> Hex [ decimer] FrintAll | ]

3 00000FE4  BCHG #00.00

a 00000FEE  HOVEC 00, CACR

s 00000FEC ~ HMOVE.L #800090000, 800090000
6 00000FF 0 $00000009 supr_prgm read

g 00000FF4  HMOVE.L #8$00000202, $00090004
9 00000FF B $00000202 supr_prgm read

10— 00000FFC $00090004 tugr grgm reed
#$7FFF D7

11 B

12 00090004 $00000202 supr data write
13 00001004 MOVEA.L #$001C0000, A0

14 00001008  HOVE.B #$00, (RD)

15 0000100C  DBF D7,80000100A

16 00001010  MOVE .W wgeeve D7

17 001C0000 BOOXXAXXX Supr deta urite
1] 00001008 ORI.B *$8C.D0

Figure 13-2. Print Option in Listing Menu

The pop-up contains three fields, Cancel, Print Screen, and Print All.

If you want a hardcopy record of the screen, touch the Print field and
then the Print Screen field from the pop-up. This will send a copy of
the screen to the printer in graphics mode.

If you want to print part of a menu in graphics mode that is off screen,
you must roll the screen vertically or horizontally to place the part on
screen. When the desired part is on screen, touch the Print Screen field.

If you need a hardcopy record of an entire state listing, touch the Print
field and then the Print All field from the pop-up. The Print All field
causes all the list and label data to be sent to the printer, but not in
graphics mode like the Print Screen field. The data is sent in text mode
to speed printing of long data lists.

HP 16510B
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Microprocessor Specific Measurements

Introduction

Microprocessor
Measurements

HP 16510B
Front-panel Reference

This chapter contains information about the optional accessories
available for microprocessor specific measurements. In depth
measurement descriptions are in the operating notes that come with
each of these accessories. The accessories you will be introduced to in
this chapter are the preprocessor modules and the HP 10269C General
Purpose Probe Interface.

A preprocessor module for your microprocessor enables you to quickly
and easily connect the logic analyzer to your microprocessor under
test. Most of the preprocessor modules require the HP 10269C
General Purpose Probe Interface. The preprocessor descriptions in
the following sections indicate which preprocessors require it.

Included with each preprocessor module is a 3.5-inch disk which
contains a configuration file and an inverse assembler file. When you
load the configuration file, it configures the logic analyzer for making
state measurements on the microprocessor for which the preprocessor
is designed. It also loads in the inverse assembler file.

Microprocessor Specific Measurements
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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 14-1). The inverse assembler software is designed to
provide a display that closely resembles the original assembly language
listing of the microprocessor’s software. It also identifies the
microprocessor bus cycles captured, such as Memory Read, Interrupt
Acknowledge, or I/O write.

( stetesTiming £) (Listing 1 ] (anvasm)  (Print]) (( Run )

Herkers Find 0 from
Pattern x-paltern Trigger

Pattern> KXXXXXXX absol
Lebel> ADDR [ 80386 Mnemonic ]
Base> Hex [ hex |
0 200035004 PLSH_BX QELOD.
PUSH SI
PUSH DI
MOV (DIX[-1CH),#FEH
1 00005008 =10V [DI)[-1AH),#4SC7FFFEH OPCOD
0000500C FEE64SC?H code read OPCOD
00005010 IN AL.DX aPCoD
00009FCC XXXXXXFEH wWrite mem HMEMOR
00009FCE FFFExxxxH write mem MEMOR
6 00005014 illegal opcode, date=FFFFFFFEH 0OPCOD
7 00005018 DEC BYTE PTR [DI) 0OPCOD
IN AL,DX
illegal opcode, date=FFECODFEH
8 0000501C INC WORD PTR [BX1(SII[-13FBH] 0OPCOD
9 00009FD4 FFFFFFFEH write mem HEMOR
10 0000SFEC XXxxxxDBH read mem MEMOR

Figure 14-1. State Listing with Mnemonics

MiCI‘OpI‘OCESSOI’S This section lists the microprocessors that are supported by

Supported by
Preprocessors

Note ﬁ

Hewlett-Packard preprocessors. Most of the preprocessors require the
HP 10269C General Purpose Probe Interface. The HP 10269C accepts
the specific preprocessor PC board and connects it to five connectors
on the general purpose interface to which the logic analyzer probe
cables connect.

This chapter 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 office periodically for availability of new
Preprocessors.

Microprocessor Specific Measurements HP 16510B
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Z80 CPU Package: 40-pin DIP

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

Maximum Clock Speed: 10 MHz clock input
Signal Line Loading: Maximum of one 74LS TTL 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

Number of Probes Used: Two 16-channel probes

HP 16510B Microprocessor Specific Measurements
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NSC 800 CPU Package: 40-pin DIP

Accessories Required: HP 103043 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
DMA cycles

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

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 16510B
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8085 CPU Package: 40-pin DIP

Accessories Required: HP 10304B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 6 MHz clock output (12 MHZz clock input)
Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on any

line
Microprocessor Cycle Identified: Memory read/write
1/O read/write
Opcode fetch
Interrupt acknowledge

Maximum Power Required: 0.8 A at + 5 Vdc, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

HP 16510B ' Microprocessor Specific Measurements
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8086 or 8088 CPU Package: 40-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 TTL 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 8086 the 8086 or 8088 must
be operating in the Maximum Mode.

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

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16510B
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80186 or 80188 CPU Package: 68-contact LCC

Accessories Required: HP 10306B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 8 MHz clock output (16 MHz clock input)

Signal Line Loading: Maximum of two 74ALS TTL loads + 40 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 or 80188 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: 0.66 A at + 5 Vdc, supplied by logic
analyzer. 80186/188 operating current
+0.15 A from system under test.

Number of Probes Used: Four 16-channel probes

HP 16510B Microprocessor Specific Measurements
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80286 CPU Package: 68-contact LCC or 68-pin PGA

Accessories Required: HP 10312B 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.

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16510B
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80386 CPU Package: 132-pin PGA

: Accessories Required:HP 10314B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 20 MHz clock output (40 MHz clock input)

Signal Line Loading: Maximum of two 74ALS TTL loads + 80 pF on
any line

Microprocessor Cycles Identified: Memory read/write
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 Vdc, supplied by logic
analyzer

Number of Probes Used: Five 16-channel probes

HP 16510B Microprocessor Specific Measurements
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6800 or 6802 CPU Package: 40-pin DIP

Accessories Required: HP 10307B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 2 MHz clock input

Signal Line Loading: Maximum of 1 74LS TTL load + 35 pF on any
line

Microprocessor Cycle Identified: Memory read/write
DMA read/write
Opcode fetch/operand
Subroutine enter/exit
System stack push/pull
Halt
Interrupt acknowledge
Interrupt or reset vector

Maximum Power Required: 0.8A at +5 Vdc, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 16510B
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6809 or 6809E CPU Package: 40-pin DIP

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 TTL load + 35 pF on
any line

‘Microprocessor Cycles Identified: Memory read/write
DMA read/write
Opcode fetch/operand
Vector fetch
Halt
Interrupt

Additional Capabilities: The preprocessor can be adapted to 6809/09E
systems that use a Memory Management
Unit (MMU). This adaptation allows the
capture of all address lines on a physical
address bus up to 24 bits wide.

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

Number of Probes Used: Two 16-channel probes

HP 16510B Microprocessor Specific Measurements
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68008 CPU Package: 40-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 prefetches

Maximum Power Required: 0.4 A at +5 Vdc, supplied by logic
analyzer

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16510B
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68000 and 68010 CPU Package: 64-pin DIP
(64-pin DIP)

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

Maximum Clock Speed: 12.5 MHz clock 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 prefetches

Maximum Power Required: 0.4 A at + 5 Vdc, supplied by the logic
analyzer

Number of Probes Used: Three 16-channel probes

HP 16510B Microprocessor Specific Measurements
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68000 and 68010 CPU Package: 68-pin PGA
(68-pin PGA)

Accessories Required: HP 10311G Preprocessor
Maximum Clock Speed: 12.5 MHz clock input
Signal Line Loading: 100 KQ2 + 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

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16510B
14-14 , Front-panel Reference



68020 CPU Package: 114-pin PGA
Accessories Required: HP 10313G
Maximum Clock Speed: 25 MHz clock input
Signal Line Loading: 100 K + 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

Number of Probes Used: Five 16-channel probes

HP 16510B Microprocessor Specific Measurements
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68030 CPU Package: 128-pin PGA
Accessories Required: HP 10316G
Maximum Clock Speed: 25 MHz input

Signal Line Loading: 100 KQ plus 18 pF on all lines except DSACKO0
and DSACK1.

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

Number of Probes Used: Five 16-channel probes

Microprocessor Specific Measurements HP 16510B
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68HC11 CPU Package: 48-pin dual-in-line
Accessories Required: HP 10315G
Maximum Clock Speed: 8.4 MHz input
Signal Line Loading: 100 KQ plus 12 pF on all lines

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

Additional Capabilities: The 68HC11 must be operating in the
expanded multiplexed mode (addressing
external memory and/or peripheral devices)
for the logic analyzer to provide inverse
assembly.

Maximum Power Required: None

Number of Probes Used: Two 16-channel probes for state analysis and
one to four for timing analysis.

HP 16510B Microprocessor Specific Measurements
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Loading
Inverse

Assembler Files

Selecting the
Correct File

Loading the
Desired 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 10269C
and preprocessor as well as a file for general purpose probing. Each
inverse assembler filename has a suffix which indicates whether it is for
the HP 10269C and preprocessor or general purpose probing. For
example, filename C68000_I indicates a 68000 inverse assembler file for
use with the HP 10269C and the 68000 preprocessor. Filename
C68000_P is for general purpose probing. Specific file descriptions and
recommended usage is 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 System in the
upper left field. Touch Front Disk or Rear Disk, depending which
drive the disk is in, in the field second from the left at the top of the
display. The logic analyzer will read the disk and display the disk
directory.

Configure the second row of fields as follows:

[Load |[ State/TimingE | from file filename

Touch Execute to load the selected file.

Microprocessor Specific Measurements HP 16510B
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Connecting the

The specific preprocessor and inverse assembler you are using

i determines how you connect the logic analyzer probes. Since the
LOQIC Analyzer inverse assembler files configure thgeIStatefyl%iinir:lg Configuration, State
Probes Format Specification, and State Trace Specification menus, you must

connect the logic analyzer probe cables accordingly so that the

acquired data is properly grouped for inverse assembly. Refer to the

specific inverse assembler operating note for the proper connections.
L

How to Display
Inverse
Assembled
Data

HP 16510B
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The specific preprocessor and inverse assembler you are using
determines how the inverse assembled data is displayed. When you
touch 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.

Microprocessor Specific Measurements
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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 (Invasm) will
appear in the top center of the state listing menu (see figure 14-2). This
field allows you to point to the first state of an Op Code fetch.

For complete details refer to the Operating Note for the specific

Preprocessor.

CGuwrmm ) (im0
Herkers Find 0 from
Pattern x-pattern Trigger
Pattern> KRXRKRXN absol
Label> ADDR | 80386 Mnemonic
Base> Hex [ hex
0 C OPCOD
=PUSH ESI
=PUSH EDI
=NOV [EBPJ[-ICH],WFEH
1 00005008 NOV [EBP1[-1AH], WFFFEH 0OPCOD
2 0000500C = FEE64SC7H code read 0OPCOD
10 MOV [EBP)[~14H]),WFFFFFFFEH OPCOD
| N — 09FCC = EH wurite mem " HEMOR
D00Q09FCE = FFFExxxxH write mem HEMOR
14 = FFFFFFFEH code reed 0OPCOD
7 00005018 =DEC BYTE PTR FFFFFFECH OPCOD
8 0000501C =ADD FFFFFFECH,W6CH OPCOD
9 00009FD4 = FFFFFFFEH write mem HENOR
10 00009FEC = XXxxXXXDBH read mem HEHOR
" 00005020 = FFFFFFECH code reed 0OPCOD
12 00009FEC = xxxxxxDAH write mem HENOR
Figure 14-2. Inverse Assemble Field

Microprocessor Specific Measurements
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A

Installing New Logic Analyzer Boards
into the Mainframe

Introduction This appendix explains, how to initially inspect the HP 16510B
State/Timing Module, how to prepare it for use, storage and shipment.
Also included are procedures for module installation.

|
Initial Inspect the shipping container for damage. If the shipping container or
Inspection cushioning material is damaged, it should be kept until the contents of

the shipment have been checked for completeness and the module has
been checked mechanically and electrically. The contents of the
shipment should be as listed in the "Accessories Supplied"” paragraph in
Chapter 1.

If the contents of the container are incomplete, there is mechanical
damage or defect, or the instrument does not pass the performance
tests, notify the nearest Hewlett-Packard office. Procedures for
checking electrical performance are in Section III of the HP 16510B
Service Manual.

If the shipping container is damaged, or the cushioning material shows
signs of stress, notify the carrier as well as the Hewlett-Packard office.
Keep the shipping material for the carrier’s inspection. The
Hewlett-Packard office will arrange for repair or replacement at
Hewlett-Packard’s option without waiting for claim settlement.

Power All power supplies required for operating the HP 16510B State/Timing
R irem Module are supplied to the module through the backplane connector
equirements of the HP 16500A Logic Analysis System mainframe.

HP 16510B Installing New Logic Analyzer Boards into the Mainframe
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Probe Cable
Installation

Installation

Caution W,

Module
Installation

Caution W,

Installation
Considerations

The HP 16510B State/Timing Module comes with probe cables
installed by the factory. If a cable is to be switched or replaced, refer to
"Probe Cable Replacement" in Section VI of the HP 16510B Service
Manual.

Do not install, remove or replace the module in the instrument unless
the instrument power is turned off.

The HP 16510B State/Timing Module will take up one slot in the card
cage. For every additional HP 16510B State/Timing Module you install,
you will need an additional slot. They may be installed in any slot and in
any order. Procedures for installing the logic analyzer module cards are
shown in the step-by-step procedure in the following paragraphs.

The following procedure is for the installation of the HP 16510B Logic
Analyzer Module.

The effects of ELECTROSTATIC DISCHARGE can damage
electronic components. Use grounded wrist straps and mats when you
are performing any kind of service to this module.

o The HP 16510B State/Timing Module(s) can be installed in any
available card slot and in any order.

e Cards or filler panels below the empty slots intended for module
installation do not have to be removed.

o The probe cables do not have to be removed to install the module.

Installing New Logic Analyzer Boards into the Mainframe HP 16510B
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Procedure a. Turn the front and rear panel power switches off, unplug power
cord and disconnect any input BNCs.

b. Starting from the top, loosen thumb screws on filler panel(s) and
card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out
half way. See figure A-1.

TOP CARD

(o1

NEXT LOWEST

2

16530E13

Figure A-1. Endplate Overlap (Removing)

HP 16510B Installing New Logic Analyzer Boards into the Mainframe
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d. Lay the cable(s) flat and pointing out to the rear of the card. See
figure A-2.

e. Slide the analyzer card approximately half way into the card cage.

f. If you have more analyzer cards to install repeat step d and e.

16510£03

Figure A-2. Cable Position

Installing New Logic Analyzer Boards into the Mainframe HP 16510B
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g. Firmly seat bottom card into backplane connector. Keep applying
pressure to the center of card endplate while tightening thumb
screws finger tight.

h. Repeat for all cards and filler panels in a bottom to top order. See
figure A-3.

NEXT
HIGHEST

16530615

Figure A-3. Endplate Overlap (Installing)

i. Any filler panels that are not used should be kept for future use.
Filler panels must be installed in all unused card slots for correct
air circulation.

HP 16510B Installing New Logic Analyzer Boards into the Mainframe
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Operating The operating environment is listed in "General Characteristics" in

nvir n Appendix C of this manual. Note should be made of ~the.

E onment non-condensing humidity limitation. Condensation within the
instrument can cause poor operation or malfunction. Protection should
be provided against internal condensation.

The HP 16510B State/Timing Card will operate at all specifications
-within the temperature and humidity range given in Appendix C.

However, reliability is enhanced when operating the module within the

following ranges.

Temperature: +20 to +35°C (+68to +95°F)

Humidity: 20% to 80% non-condensing

.|

Sto rage The module may be stored or shipped in environments within the
following limits:

Temperature: -40° Cto +75°C

Humidity: Up to 90% at 65° C

Altitude: Up to 15,300 meters (50,000 feet)

The module should also be protected from temperature extremes
which cause condensation on the module.

installing New Logic Ahalyzer Boards into the Mainframe HP 16510B
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Packaging The following general instructions should be used for repacking the
module with commercially available materials.

Wrap module in anti-static plastic.

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

Use a layer of shock-absorbing material 70 to 100 mm (3 to 4
inch) thick around all sides of the module to provide firm
cushioning and prevent movement inside the container.

Seal shipping container securely.
Mark shipping container FRAGILE to ensure careful handling.

In any correspondence, refer to module by model number and
board number.

|
Tagging for If the module is to be shipped to a Hewlett-Packard office for service
Service or repair, attach a tag showing owner (with address), complete board

number, and a description of the service required.

HP 16510B
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Error Messages

HP 16510B
Front-Panel Reference

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.

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.

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 to 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
the corresponding inverse assembler separately.

Inverse assembler not loaded--bad object code. Indicates a bad inverse
assembler file on the disc. A new disc or file is required.

Maximum number of symbols already allocated. Indicates an attempt
to create more than 200 symbols.

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.

Must have at least one edge specified. 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.

Error Messages
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Error Messages
B-2

No labels specified. Indicates there are no labels to which to assign
symbols.

(x) Occurrences Remaining in Sequence (y). Indicates the logic
analyzer is waiting for (x) number of occurrences in sequence level (y)
of the state trace specification before it can go on to the next sequence
level.

(x) Secs Remaining in Trace. Indicates the amount of time remaining
until acquisition is complete in Glitch mode.

Search failed - O pattern not found. Indicates the O pattern does not
exist in the acquired data. Check for a correct O marker pattern
specification.

Search failed - X pattern not found. Indicates the X 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 signal. Re-check the state clock or arming
specification.

Slow or missing Clock. Indicates the state analyzer has not recognized
a clock for 100 ms. Check for a missing clock if the intended clock is
faster than 100 ms. If clock is present but is slower than 100 ms, the
data will still be acquired when a clock is recognized and should be
valid.

Specified inverse assembler not found. Indicates the inverse assembler
specified in the configuration file cannot be found on the disc.

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.

(x) States Remaining to Post Store. Indicates the number of states
required until memory is filled and acquisition is complete.

Time correlation of data is not possible. "Count" must be set to "Time"
in both machines to properly correlate the data. This message is also
displayed when the data from this state/timing module cannot be time
correlated in an intermodule "Group Run" configuration.

HP 16510B
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Time from arm to trace point > 41.943 ms. The correlation counter
overflows when the time from a machine’s arm to the machine’s trigger
exceeds 41.493 ms. It may be possible to add a "dummy” state to the
machine’s trigger specification that is closer in time to the arm signal.

(x) Transitions Remaining to Post Store. Indicates the number of
transitions required until memory is filled and acquisition is complete.

Waiting for Arm. Indicates the arming condition has not occurred.

Waiting for Prestore. Indicates the prestore condition has not occurred
(timing analyzer only).

Waiting for Trigger. Indicates the trigger condition has not occurred.

HP 16510B Error Messages
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C

Specifications and Characteristics

Introduction This appendix lists the specifications, operating characteristics, and
supplemental characteristics of the HP 16510B Logic Analyzer Module.

Specifications

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

Threshold Accuracy:
Voltage Range Accuracy

—-20Vto +2.0V 150 mV
-99Vto —-21V 300 mV
+2.1Vto +9.9V 300 mV

State Mode Clock Repetition Rate: Single phase is 35 MHz maximum. With time or
state counting, minimum time between states is 60 ns. 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.

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 on all
pods; 0 ns. Data must be present after falling clock transition on pods
1,3 and 5; 0 ns. Data must be present after falling clock transition on
pods 2 and 4; 1 ns. .

HP 16510B Specifications and Operating Characteristics
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Timing Mode

Operating
Characteristics

Minimum Detectable Glitch: 5 ns wide at the threshold.

Probes Input RC: 100 KQ +2% shunted by approximately 8 pF at the probe

tip.
TTL Threshold Preset: + 1.6 volts.
ECL Threshold Preset: — 1.3 volts.
Threshold Range: —9.9 to +9.9 volts in 0.1V increments.

Threshold Setting: Threshold levels may be defined for pods 1, 2, and 3
on an individual basis and one threshold may be defined for pods 4 and
5.

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

Maximum Voltage: =+ 40 volts peak.
Dynamic Range: + 10 volts about the threshold.

Specifications and Operating Characteristics HP 16510B
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Measurement Analyzer Configurations:
Configurations
Analyzer1 Analyzer2
Timing off
Off Timing
State Off
Off State
Timing State
State Timing
State State
Off Off
Channel Assignment: Each group of 16 channels (a pod) can be
assigned to Analyzer 1, Analyzer 2, or remain unassigned. The
HP 16510B contains 5 pods.
|
State Analysis
Memory Data Acquisition: 1024 samples/channel.
Trace Clocks: Five clocks are available and can be used by either one or two
Specification 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 up to four clocks can be
ANDed with the clock specification. Setup time: 20 ns; hold time: 5 ns.
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.
HP 16510B Specifications and Operating Characteristics
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Tagging

Range Recognizers: Recognizes data which is numerically between or
on two specified patterns (ANDed combination of Os and/or 1s). One
range term is available and is assigned to the first state analyzer turned
on. The maximum size is 32 bits.

Qualifier: A user-specified term that can be anystate, nostate, a single
pattern recognizer, range recognizer, or logical combination of pattern
and range recognizers.

Sequence Levels: There are eight levels available to determine the
sequence of events required for trigger. The trigger term can occur
anywhere in the first seven sequence levels.

Branching: Each sequence level has a branching qualifier. When
satisfied, the analyzer will restart the sequence or branch to another
sequence level.

Occurrence Counter: Sequence qualifier may be specified to occur up
to 65535 times before advancing to the next level.

Storage Qualification: Each sequence level has a storage qualifier that
specifies the states that are to be stored.

Enable/Disable: Defines a window of post-trigger storage. States stored
in this window can be qualified.

Prestore: Stores two qualified states that precede states that are stored.

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 102,

Time Tagging: Measures the time between stored states, relative to
either the previous state or the trigger. Maximum time between states is
48 hours.

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

Specifications and Operating Characteristics HP 16510B
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Symbols

Pattern Symbols: User can define a mnemonic for the specific bit
pattern of a label. When data display is SYMBOL, mnemonic is
displayed where the bit pattern occurs. Bit pattern can include 0s, 1s,
and don’t cares.

Range Symbols: User can define a mnemonic covering a range of
values. Bit pattern for lower and upper limits must be defined as a
pattern of Os and 1s. When data display is SYMBOL, values within the
specified range are displayed as mnemonic + offset from base of range.

Number of Pattern and Range Symbols: 100 per analyzer. Symbols can
be down-loaded over RS-232C.

|
Timing Analysis
Transitional Sample is stored in acquisition memory only when the data changes. A

Timing Mode

Glitch Capture
Mode

HP 16510B
Front-Panel Reference

time tag stored with each sample allows reconstruction of 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 ps.

Data sample and glitch information stored every sample period.

Sample Period: 20 ns to 50 ms in a 1-2-5 sequence dependent on
s/div and delay settings.

Memory Depth: 512 samples/channel.
Time Covered by Data: Sample period x 512.

Specifications and Operating Characteristics
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Waveform Display Sec/div: 10 ns to 100 s; 0.01% resolution.

Time Interval
Accuracy

Trigger
Specification

Delay: —2500 s to 2500 s; presence of data 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.

Overlay Mode: Multiple channels can be displayed on one waveform
display line. Primary use is to view summary of bus activity.

Maximum Number Of Displayed Waveforms: 24

Channel to Channel Skew: 4 ns typical.

Time Interval Accuracy: + (sample period + channel-to-channel skew
+ 0.01% of time interval reading).

Asynchronous Pattern: Trigger on an asynchronous pattern less than
or greater than specified duration. Pattern is the logical AND of
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 + 0 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.

Glitch/Edge Triggering: Trigger on glitch or edge following valid
duration of 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.

Specifications and Operating Characteristics HP 16510B
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Measurement
and Display
Functions

Autoscale (Timing
Analyzer Only)

Acquisition
Specifications

Labels

Indicators

HP 16510B
Front-Panel Reference

Autoscale searches for and displays channels with activity on the pods
assigned to the timing analyzer.

Arming: Each analyzer can be armed by the run key, the other
analyzer, or the Intermodule Bus.

Trace Mode: Single mode acquires data once per trace specification;
repetitive mode repeats single mode acquisitions until stop is pressed
or until 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.

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.

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.

Specifications and Operating Characteristics
C-7



Marker Functions

Run/Stop
Functions

Data Display/Entry

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 find the nth occurrence of a
pattern before or after the X marker.

Statistics: X to 0 marker statistics are calculated for repetitive
acquisitions. Patterns must be specified for both markers and statistics
are kept only when both patterns can be found in an acquisition.
Statistics are minimum X to 0 time, maximum X to 0 time, average X to
0 time, and ratio of valid runs to total runs.

Run: Starts acquisition of data in specified trace mode.

Stop: In single trace mode or the first run of a repetitive acquisition,
STOP halts acquisition and displays the current acquisition data. For
subsequent runs in repetitive mode, STOP halts acquisition of data and
does not change current display.

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-defined symbols.

Specifications and Opérating Characteristics HP 16510B
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Auxiliary Power Power Through Cables: 2/3 amp @ 5V maximum per cable.

Current Draw Per Card: 2 amp @ 5V maximum per HP 16510B
I

Oper ating Temperature: Instrument, 0 to 55° C (+32 to 131° F). Probe lead sets
Envi ronments and CablCS, 0to65°C ( +32 to 149° F).

Humidity: Instrument, up to 95% relative humidity at +40° C
(+122°F).

Altitude: To 4600 m (15,000 ft).
Vibration:

Operating: Random vibration 5-500 Hz, 10 minutes per axis, =03 g
(rms).

Non-operating: Random vibration 5-500 Hz, 10 minutes per axis,
=~2.41 g (rms); and swept sine resonant search, 5-500 Hz, 0.75 g
(0-peak), 5 minute resonant dwell @ 4 resonances per axis.

HP 16510B Specifications and Operating Characteristics
Front-Panel Reference C-9



Index

A

absolute

symbol offset 5-36
Accessing the Compare Menu  9-2
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