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OVERVIEW

The PM403 6502/65C02/65C802 Microprocessor Probe
Personality Module consists of a disassembly probe (with rib-
bon cables) and this user's manual. This manual shows you
how to connect and use the PM403 disassembly probe with
the 1220/1225/1230 Logic Analyzers. This manual does not
teach you how to use analyzer keypads or menus. For in-
formation on using the logic analyzer refer to your logic ana-
lyzer operator's manual. For more information about the
6502/65C02/65C802 microprocessor, refer to your micropro-
cessor data book.

The PM403 Version 2.52 firmware works with 1220/1225 Logic
Analyzers having software version numbers 2.5 or higher and
1230 Logic Analyzers with software version numbers 3.03 or
higher. If you're using a 1220/1225 version 2.5 or higher or a
1230 version 3.03 or higher, you must use the version 2.52
PM403. You can see what version of analyzer system software
you are using by reading the opening menu when you turn the
unit on.

The PM403 gives you an interface between the
1220/1225/1230 Logic Analyzer and 6502/65C02/65C802-
based systems under test (SUT). Along with regular analyzer
features, the PM403 interface lets you sample data synchro-
nously using the SUTclock, and display disassembly data in
hardware and software formats.

Conventions. This manual uses these conventions:

« The term analyzer refers to the 1220, 1225, and 1230
Logic Analyzers unless otherwise specified.

o The term 65x refers to the 6502, 65C02, and 65C802 8-
bit microprocessors.

o The term SUT refers to the 65x system under test.

« Active low signals are identified by a bar over the signal
name, for example, NML.

Microfiche scan by vintageTEK - Your donations help support the museum - vintagetek.org




PM403 Operator's

ANALYZER CONFIGURATION

You must have at least 32 channels in the 1220/1225/1230 to
use the PM403. This is because the probe uses 32 channels
to acquire synchronous data from the 65x-based SUT. You
must also use a version 2.52 PM403 if you're using a
1220/1225 version 2.5 or higher or a 1230 version 3.03 or
higher. Figure 1 shows the analyzer and expansion card
configuration.

CONNECTING AND POWERING UP

The PM403 has two probe cables that connect to the analyzer.
Follow these steps to connect the PM403to the analyzer. Fig-
ures 1 and 2 show how the analyzer connects to your SUT.

16 Channel
Expansion

Probe Slot B
Probe Slot A

“PM403 Microprocessor
Probe

DIP Clip

6594-01

Figure 1. Analyzer configuration with PM403 probe. Note that the
bottom cable plugs into probe slot A and the top ca-
ble plugs into probe slot B.
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To connect the PM403 to your SUT, follow these steps:

1. Make sure that the power to the analyzer and SUT is off.

AT Y R

N

\
: CAUTION ¢

P

Do not connect the PM403 to the analyzer unless
power to analyzer is off. Do not connect the PM403
disassembly probe to the SUT unless power to the
SUT is off. If you connect the disassembly probe to
the SUT when power to the SUT is on and power to
the analyzer is off, too much power can flow
through the probe’s inputs and damage the probe.

2. With the PM403 label side up, connect the bottom cable
from the probe to input A on the front of the analyzer.

3. Connect the top cable from the probe to input B on the
front of the analyzer.

7

Brown Lead

PM403 Probe
Ribbon Cable

Microprocessor
on SUT

€532-02

Figure 2. Connecting the DIP clip and SUT.

4. Connect the PM403 probe clip to the SUT as shown in
Figure 2 (power to the SUT should be off). The brown lead
labeled PIN 1 on the PM403 goes to pin 1 on the 65x
microprocessor. Figure 3 shows the 65x pinout, and Table
1 lists analyzer-to-65x signal line connections. Figure 3
and Table 1 are shown after this procedure.
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5. Turn on the analyzer which also supplies power to the
probe. The analyzer screen now displays the Initialization
menu (Figure 4, shown after this procedure).

6. Press ENTER to upload the PM403 disassembly setup into
the analyzer. Pressing ENTER overwrites the existing setup
and changes probe links, channel groups, and defined
conditions for 65x disassembly. If you press MENU, the
PM403 setup is not uploaded and the analyzer’s current
setup is saved.

7. Turn on power to the SUT.

At this point the analyzer displays the Main menu (Figure 5),
which lists setup, data, and utility menus. Since the default
disassembly setup defines the setup parameters for you
(probe links, sampling rate and format, conditions, and so on),
you can press START at any time to acquire data from your SUT.
Example 1, later in this manual, shows a data acquisition with
the default setup.
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Vss
RDY
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TRQ

NC
NMI
SYNC
Vce
AO

A1l

A2

A4
A5
A6
A7
A8
A9
A10
A1
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6502
Pin Numbers

|21 40 |
2 39 |
lia 3|
lea 37|
536 |
6. 35|
734 |
833 |
930
| 10 31|
R <
L1229 |
13 28 |
14 27 |
115 26 |
116 :: 25
17724
1823 |
19 .22
20 21 |

Figure 3. 6502 pinout.
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IN
NC
NC
RIW
Do
D1
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A14
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A12
Vss
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Table 1
65x Signals and Analyzer Channels

65x 122x/1230 Channel

Signals Channels Groups Description
~ A15-A00 | B15-B00 ADD Address bus
| D07-D00 A15-A08 DAT Data bus

SYNC AO1 STB Strobes
AW ] A90

NMI A03 INT Interrupts

1RQ A02
~ RESET A05

TUE, WAY 1@, 1988 12:32  -DEFAULT

TektrOoNX 1230/64 Channel Logic Analyzer, V3.83
(C) Tektronix, Inc. 1987, 1988 All rights reserved.

Use the NOTES key whenever information is needed,
or consult the Operator’s Manual.

X represents DON'T CARE condition.

OX to load setup fron Personality Module?
(Overwrites current setup and System Linkst)
Press ENTER to confirm, MENU to abort

Press ENTER to confirm, MENU to abort.

Figure 4. Initialization menu. When you turn the analyzer on with
the PM403 plugged in, the Intialization menu includes a
message telling you that you can now upload the
disassembly setup by pressing ENTER.
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TUE, MY 16, 1988 12 3¢  65X_PROB

TektroniX 123e/64 Channel Logic Analyzer, U3.83
(C) Tektronix, Inc. 1987, 1988 All rights reserved.

UTILITY

Nen Select

Channel Groups

' B Storage
State | ¢ Sys Settings

Disassembly | D Printer Port

W © =3 o

Conditions Tining i

8
1
2 Trigger Spec
3
4

Run Control

then ENTER
£594-05

Figure 5. Main menu. The Main menu always shows disassembly as
a menu selection. However, you can display acquired data
in disassembly format only when the PM403 is plugged in.
As long as the channel groups are in the default definitions
and the acquisition memory is valid, you can display valid
disassembly data.

Select Screen: Hex Key or aAve» for cursor,

Loading Disassembly Setups. You don't have to upload the
disassembly setup when you see the Initialization menu. How-
ever, if you don't, you must enter the disassembly setup man-
ually or reset the analyzer so that the PM403 can upload the
disassembly setup for you. You can reset the analyzer by
pressing NOTES and ENTER firmly at the same time.

Using Probes

The PM403 must always be plugged into slots A and B on the
analyzer front panel. If you have a 1220/12255 Logic Analyzer,
you can use slot C for an acquisition probe. If you have a 1230
Logic Analyzer, you can use slots C and D for acquisition
probes.

You may use an acquisition probe as well as the disassembly
probe. The acquisition and disassembly probes may be used
together or separately without unplugging either. You can al-
ways run the trigger specification on either timebase.
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The probe cable in slot A must always be connected to the
clock in your SUT. If the probe in slot A is not connected to
your SUT clock, the analyzer won't trigger when you press
START. If you're using more than one probe and the probes are
linked synchronously, each probe must be connected to the
same clock point in your SUT.

Using the Menus and Cursor

The PM403 is controlled by selections you make in the
analyzer's menus. You can always call up the Main menu by
pressing MENU.

You don't have to specify the 65x when you select
disassembly information from the Main menu. The analyzer
looks at the probe inputs to find out that the PM403 is con-
nected. For more information about using the menus and
cursor, refer to your logic analyzer operator's manual.

Online Help

At the bottom of the disassembly screen, a one-line help mes-
sage tells you which keys to press for disassembly functions.
If you need more help, press NOTES while the disassembly
screen is displayed. The analyzer then displays five pages of
in-depth information about 65x disassembly, including the
disassembler’s software version number, which appears on
the first page of disassembly notes. You can press MENU at
any time to exit the notes and return to the previous display.

SETTING UP TO ACQUIRE DATA

This discussion shows you how the PM403 sets up the
analyzer for 65x disassembly. The setups shown here are for
an analyzer with 32 channels. Example 1, later in this
manual, shows a data acquisition using this 32-channel de-
fault setup.

A setup is a set of parameters that describes the current ana-
lyzer configuration for data acquisition and storage. For
example, the setup includes information about probe links,
acquisition rates, glitch capture, threshold voltage, and 65x
trigger conditions.
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You may use the setup as it is uploaded from the PM403, or
you may change any part of the configuration. While the dis-
cussion in this section is about the default PM403 setup, you
are free to change any part of the analyzer configuration
manually.

Timebase

The acquisition timebase, probe links, glitch capture, and
threshold voltage for 65x disassembly are shown in Figure 6. If
you're using a 1230, the PM403 uses the synchronous clock
rate of your SUT. If you're using a 1220 or 1225, the PM403 is
set up for synchronous acquisition at 100 ns or slower.

WED, WAY 18, 1988 18 45  65X_PROB

TektroniX 123848 cChannel Logic Analyzer, V3.84

(L) Rala i 2 ng (Vs |
= TIMEBASE

Linked
= Probes TB Fommat Rate Glitch Threshold B
o1 ITL L. QU
1TL .

12 Async 1S N TIL #1.4Q

L? rSelect: 8,2
«»
v I Change Links: A,D

Menu: MENU Return:MENU twice New: MENU, then Hex Key
£592-06

Figure 6. Timebase menu. Probes A and B must be linked syn-
chronously for correct disassembly.

Probe Links. The PM403 is a 32-channel disassembly probe
which uses probe slots A and B. For 65x disassembly, probes
A and B are linked together synchronously in timebase T1 so
that all disassembly is done with the same acquisition format
and rate. If you're also using one or more acquisition probes
in addition to the PM403, the acquisition probes are linked
asynchronously in T2.
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Clocking. The default disassembly clock format is synchro-
nous so that you use the clock rate in your SUT as the data
sampling rate. The PM403 automatically qualifies your SUT
clock with software internal to the probe. There are no external
clock qualifiers for the 65x disassembly probe.

For the 1230, the clock rate is set by your SUT. For the
1220/1225, the clock rate is set to <100 ns by default. For 65x
disassembly, you must use a clock rate of =100 ns if you're
using a 1220/1225.

Glitch Capture. The PM403 does not acquire glitches. When
you turn glitch capture on, the upper eight channels are de-
leted from each channel group. Because the PM403 is a 32-
channel probe, if you turned glitch capture on for
disassembly, the analyzer would not be able to complete a
legal acquisition.

Channel Grouping

The PM403 sets up the analyzer's channel groups as shown
in Figure 7. The Channel Grouping menu shows how the
channel groups are named; for example, ADD for the address
bus. The control lines are separated into two channel groups:
strobe lines and interrupt lines. Channels that are assigned to
the asynchronous timebase (T2) are in the unused list. If you
want to use those channels, you must manually add them to a
group. The screen is large enough to see only four groups. To
see more groups, scroll up or down the screen.

10
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WED, MaY 18, 1988 RTINS IUSLT 18:48 65X_PROB
Group Radix Pol TB Channel Definitions
ADD HEX + 11 BBBBBBBBBBBBBBBB

1111110000000008
54321089876543218

DAY HEX + T1 ARARRARA
11111108
54321098

S1B BIN + 11 AR
]
10

1NT BIN + T1 ARA

008
532

mm@_ﬂﬁ!ﬂﬂﬂﬂ%_
A (1]

B,
C 15 1413 12 11 10 09 96 67 96 @5 04 03 82 01 W

Edit nawme ! ENTER

Cursor.4v @

Default Groups:F
659407
Figure 7. Channel Grouping menu. The screen size allows for view-

ing of only four channel groups. To see more channel
groups, scroll up or down the screen.

Trigger Conditions

The Conditions menu lets you define data conditions which
the analyzer can recognize and trigger on. When you upload
the 65x setup, the 65x input signals are already grouped for
you to correspond to the analyzer channels as listed earlier in
Table 1. The conditions listed in Table 2 show the logic states
corresponding to 65x operations.

Table 2
65x Cycle Types and Analyzer Conditions
| signal ADD | DAT | stB | INT
| Line hex | hex bin | bin -}
1 + )
OPC FET XXXX E XX 11 ] XX
MEM READ | XXXX | XX 01 | xxx: |
MEMWRIT | XXXX | XX 00 | XXX |
RESET XXXX 2] - XX XX 1 0XX
NMI XXX X oo XX XK laxox
IRQ XXX xolioxxe | xxi | xxo |

11
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All signals are sampled synchronously with a €5x machine
cycle, except for NMI (nonmaskable interrupt). NMl is dis-
played only at the negative edge for one cycle.

Figure 8 shows the Conditions and Trigger Spec menus. The
trigger statement shown in the figure is for a 1230. If you're
using a 1220/1225, the default trigger action is START instead

of TRIG.
TUE, MAY 18, 1988 Trigger Spec 12:37  65X_PROB
Level Condition Count Action
1 IF [OPC_FET )»{0901] THEN [ TRIG ) & [ FILL )

Synbol ADD DAT SIB INTY
hex hex bin bin

IR 00 X 11
MEM_READ: Y000{ XX

;000 XX
RESET @ 0000 XX
M 000 X
IR @000 XX

-

00
300X
00
o
xex
o)

DR

4 | Edit Sywbol:
a» Window Up : F
v Hindow Down: C

Menu MENU Return MENU twice New: MENU

Figure 8. Conditions and Trigger Spec menus. The default condi-
tion window is large enough to show the six defined condi-
tions. Table 2 lists all signals/conditions defined for the
PM403. The default trigger statement is an “if then” state-
ment with the first condition, OPC FET, as the trigger con-
dition. For the 1230, the trigger action is TRIG. For the
1220/1225, the trigger action is START.

Trigger Specification

The default trigger statement is an “if then™ statement. At ini-
tialization, the analyzer is set to trigger and fill memory when
the condition OPC FET occurs. Figure 8 shows the Trigger
Spec menu along with the Conditions menu.

12
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Run Control

When you load the 65x setup, the Run Control menu is set up
as shown in Figure 9. The default display for acquired data is a
disassembly display. The trigger position is set at memory
location 1024, and the analyzer looks for the trigger after the
pretrigger memory is full.

The Run Control menu also sets the memory-compare mode
to Manual and tells you that the default channel mask for com-
paring memories is OPC FET, which is also the default trigger
condition. A window (or viewport) at the bottom of the screen
lists the value for OPC FET. Remember that channels set to X
(don't care) are masked, or not compared, during a memory

comparison.
TUE, MAY 19, 1988 12:37  65X_PROB
Update Mewory : (] Display: [Disassenblyl
Trigger Position: [1824) [ ! ] 2x

Look for Trigger: [After Pre-Trigger Nemory Fulll

Conpare : [Manuall
Conpare Mewory 1 to Mewory: (2]

Compare Mem Locations: (998€) to [1792)
Use Channel Mask : [OPC_FET )

Display Data at least: [9) seconds

ADD DAT STB INT
Synbol hex hex bin bin
OPC_FET : 000U XX 11 YW¥

Cursor. Aver Select: 8,2
£6594-09
Figure 9. Run Control menu. The defaults in this menu include
the display format set to disassembly and the trigger
position set to 1024.
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SETTING UP TO DISASSEMBLE CODE

Once you've set up the analyzer for disassembly, you can
start to acquire and display data from your SUT. Your logic
analyzer operator's manual tells how to display data in state
and timing formats. This discussion shows you how to display
disassembled 65x data, which you can do only when the
PM403 is connected to the analyzer.

As long as the acquisition memory is valid and the channel
groups are set to the default 65x setup definitions, the dis-
assembly display is also valid. Channel grouping is only used
for the timing and state displays.

Disassembly Mnemonics. The PM403 lets you display
acquired data in disassembly mnemonics. Disassembly mne-
monics are assembly-language instructions that have been
disassembled from a machine language program. For exam-
ple, 65x disassembly mnemonics include JMP, CMP, NOP,
and DEC instructions. An actual disassembly line might read
STA A1, which means ‘‘store the accumulator in memory loca-
tion A1.” Figure 10 shows an example of disassembly
mnemonics.

TUE, MY 10, 1988 NN
Loc fiddr Data 65C8C

Memory |

12:41  65X_PROB

Operation Status

Disassembly

9838 DIAD AD NEN READ
9939 D9A6 AD LDA  3F14 OPC FETCH
9040 DIA? 14 NEN RERD
9941 DIA8 3F READ
9942 3F14 Bi NEN READ
8943 DRI 29 AND M@ OPC FETCH
9944 D9RA 48 READ
9945 D9AB F@ BEQ DIARS OPC FETCH
9046 DIRC F9 NEM READ
9947 DIAD AD RERD
0048 —DIN6-AD—LDA——3F14—OPC FETCH
9949 DIA? 14 NEM RERD
9958 DA 3IF NEM READ
9951 3F14 Bl MEM RERD
9952 DRS 29 AND M8 OPC FEICH
9953 D9AR 48 MEM RERD
9854 DSAB F@ BEQ DIR6 OPC FETCH
9855 D9RC P9 MEM RERD
9856 DIAD AD MEN READ
9857 D96 AD LDA 3F14 OPC FEICH

Mode: X [Hardwarel

6594-10
Figure 10. Disassembly minemonics in hardware mode. All bus
operations and acquired cycles are displayed. A
software display that corresponds to this figure is
shown later in Figure 12, later in this manual.

Scroll Rate: 7,8 [28)

14
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Displaying in Hardware or Software Mode. With the PM403
attached, you can display disassembled data in hardware or
software mode. In hardware display mode, the analyzer shows
all bus operations and displays every acquired cycle. In soft-
ware display mode, the analyzer shows only instructions;
reads and writes are suppressed so that the display looks like
an assembly listing. You can toggle between display modes
by pressing DONT CARE.

Error Conditions. The analyzer will display ?SYNC WR? when
both the SYNC and the WRITE lines are high. Figure 11 shows
this microprocessor error condition in disassembly informa-
tion. Since software mode only displays valid opcodes, error
conditions are not displayed in software mode.

WED, MAY 11, 1988
Loc

[UEEELLICEE 1@ 43 T 65X_PROB

Addr Data 65CB2 Disassembly Operation Status

-1176—0082-08— —NEN READ—RST——
1177 0889 88  BRX OPC FETCH RSY
1178 996B 88 BRX OPC FETCH RST
1179 998D 98 BRK OPC FETCH RSY
1186 @983 98 BRK OPC FETCH RSY
1181 0999 @8 BRX OPC FETICH RSY
1182 0968 @8 NEN WRITE RST
1183 966D @8 BRX OPC FETCH RST
1184 9904 0 NEN RERD  RST
1185 9099 98 BRX OPC FETCH RST
1186 O9GB 98 2SYNC WR? RST
1187 996D 98 NEN WRITE RST
1188 9985 @8  BRX OPC FETCH RST
1189 9989 98  BRX OPC FETCH RSI
119¢ O86B 86 MNEM WRITE RSY
1191 99GD 88 BRX OPC FETCH RSY
1192 9986 96 MEM REARD  RST
1193 988 88 BRK OPC FETCH RSY
1194 99GB 88 BRX OPC FETCH RSY
1195 996D @8 MEM MRITE RSY

Func ' F Scroll Rate: 7,8 [18)

Mode !

X [Hardware]
6833s-11

Figure 11. Microprocessor error condition displayed in hardware
mode. A microprocessor error is shown as ?2SYNC WR? in
location 1186. Since software mode only displays
opcodes, error conditions are not displayed in software
mode.

Searching for Events. Searching for events in the
Disassembly menu works the same as searching for events in
the State Table. Press 0 or 2 to cycle through the available
conditions (including the beginning and end of acquisition
and the trigger event). Press 1 to perform the search.

15
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When the analyzer finds the search event, it redisplays the
disassembly screen so that the cursor is positioned in the
middle of the screen indicating the search event. If you
searched for an event that did not occur, the analyzer displays
the message Not Found. One of the menu bars at the bottom of
the screen lists the current search event. For more information
about searching, refer to your logic analyzer operator’s
manual.

The analyzer can display and search for opcode fetches in
software mode. However, since reads and writes (which are
not opcode fetches) are suppressed in software mode, the
analyzer cannot display those instructions if you try to search
for them. If you're using software mode and search for an
event that is not an opcode fetch, the analyzer sets the cursor
to the previous opcode fetch and displays the instruction
where the previous valid search event occurred.

Change Processor. Because some opcodes work differently
on a 65C802 than on a 65C02, press C to toggle between the
two processors. The 6502 will be correctly disassembled us-
ing either choices. Refer to your processor data sheets for
more information about the specific processor you're using.

Using the Hardware Display Mode

For disassembly displays in hardware mode, the analyzer dis-
plays each sample location with address and data from the
65x bus cycle. Disassembled instructions are displayed at the
beginning of each valid machine cycle. Figure 10, earlier in
this discussion, shows a hardware disassembly display.

In the displays, the Loc column shows memory locations. The
Addr column shows the address, while the Data column dis-
plays acquired data. When the PM403 recognizes the begin-
ning of an instruction, the analyzer disassembles that
instruction and displays it in the middle column.

The Operation column displays the decoded cycle types OPC
FETCH, MEM READ, and MEM WRITE. Applicable bus opera-

tions are displayed in the order they occur; for example, an
OPC READ and then a MEM WRITE.

16
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The last column displays the status of interrupt lines. In the
Status and Operation columns, the interrupt with the highest
priority is listed. For example, if an NMI and TRQ occur at the
same time, the NMiI signal is listed in the display. Table 3 lists
interrupt priorities.

Table 3
Active Interrupt Priorities
Active
Line Description
hES Reset
NMI Nonmaskable interrupt
IRQ Interrupt request

Pressing DONT CARE while in the hardware display mode tog-
gles the disassembly screen to the software display mode,
and vice versa.

Using the Software Display Mode

The software display mode is useful because it displays only
instructions — memory reads and writes are suppressed. The
display resembles an asscmbly or program listing because it
shows only one opcode fetch per line and each line must be
the start of an instruction sequence. Because of this, the loca-
tions displayed are not contiguous. Figure 12 shows a soft-
ware disassembly display.

17
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TUE, MY 10, 1988 12 41 65X_PROB

Loc Addr Data 65C82 Disassembly Operation
9918 DIAB FOF9 BEQ DIA6

9921 DIA6 AD143F LDR 3F14 3F14:-B1
9825 DIA9 2948 AND 240

9827 D9AB FOF9 BEQ DIA6

9838 DIR6 AD143F LDA 3F14 3F14:-B1
9834 DIR9 2940 AND 140

9836 D9RB FOF9 BEQ DIA6

9839 D9AR6 AD143F LDA 3F14 3F14:-B1
9943 DIA9 2940 AND 448

9945 D9AB FOF9 BEQ DIR6
—9048—DIR6-AD143F LDA 3F14 3F14-B1—
9852 DIA9 2948 AND 840

9854 DIAB FOF9 BEQ DIR6

9857 D9AR6 AD143F LDA 3F14 3F14:-B1
9961 DIA9 2948 AND 440

9963 DIAB FOF9 BEQ DIR6

9066 DIA6 AD143F LDA 3F14 3F14:-B1
9076 DI9A9 2948 AND 840

9072 D9AB FOF9 BEQ D9AR6

9075 D9R6 ADLI43F LDR 3Fi4 3F14:=B1

Scroll Rate: 7,8 [2@) Mode :

X (Sof tware]
6594-12
Figure 12. Software disassembly display. Reads and writes are
suppressed so this display looks like an assembly listing.
This display corresponds to the hardware disassembly
shown in Figure 10. Press DON'T CARE to toggle between
software and hardware display modes.

The Data column displays bytes that make up the opcode and
also displays any data fetches for the instruction. The
Operation column lists the bus operations for the instruction
sequence. For each instruction cycle, the analyzer uses the
Operation column to tell you the memory address and data
activity for that cycle. In this column, the address is displayed
on the left of the equals sign; data is displayed on the right.
Figure 14 under Examples shows address and data
information.

Searching for Events. You can search for events in the soft-
ware disassembly display the same as you search for events
in the State Table. However, because memory reads and
writes are suppressed, if you search for an event that occurs
on a memory read or write cycle, the analyzer will display the
instruction that caused the memory read or memory write. To
search for a memory read or write cycle, press DONT CARE to
toggle to hardware mode, select the search event, and then
press 1 to search.

18
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When you press DONT CARE to switch display modes, the
analyzer goes through memory to find the opcode fetch
closest to the cursor position. When it finds the opcode fetch,
the analyzer displays the disassembly in software mode with
the cursor in the middle of the screen. If it can't find an opcode
fetch, the analyzer returns to hardware mode.

EXAMPLES

These three examples show you how to acquire data for dis-
assembly, display the data in hardware and software modes,
and cross-trigger the disassembly probe from a different
timebase (using an acquisition probe).

The first example uses the default setup for a simple acqui-
sition. In the second example, you define specific conditions
on which you want to trigger. The third example uses 36 chan-
nels to cross-trigger the PM403 from the acquistion probe us-
ing a different timebase than the disassembly probe.

Example 1. A Simple Acquisition

This example uses the default 65x setup uploaded when you
connected the analyzer to a SUT and initialized the analyzer.
This example shows you how to:

« acquire and disassemble data
« jump to a specific location

« search for a particular event

« toggle between display modes.

Follow these steps to make a simple acquisition and begin
manipulating data.

1. Make sure the PM403 is connected to your SUT and the
analyzer is initialized with the default disassembly setup.

2. Press START to acquire data. In the default setup, the ana-
lyzer will trigger on the first opcode fetch that occurs after
the pre-trigger memory is full. The Acquisition Process
screen is displayed, telling you the status of the acqui-
... 1. When the acquisition is complete, the analyzer
stops and displays the data in disassembly since that is
the default data format.
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3. The information will automatically be displayed in dis-
assembly format. Figure 13 shows the hardware display
mode for the disassembly data. In hardware display
mode, all bus operations and acquired cycles are
displayed.

4. Press DONT CARE to toggle to software display mode. In
software display mode, only instructions are displayed.

When you switch disassembly modes, the analyzer goes
through memory to find the opcode fetch closest to the
cursor. If it can't find an opcode fetch, it will return to
hardware mode. Figure 14 shows the corresponding soft-
ware display mode.

5. Press ENTER to tell the analyzer you want to enter a new
location to be displayed, then enter 0000 to jump to the
beginning of memory. As you finish entering the digits, the
analyzer jumps to the selected memory address and dis-
plays the new information.

6. Press 0 or 2 to cycle through available search functions
until you choose the trigger as the search event.

7. Press 1 to search for the trigger. Figures 13 and 14 show
the trigger event in hardware and software modes.

The scroll rate, jump, and search features for disassembly
displays work the same as they do in the State Table. For
more information about these features, refer to your logic

analyzer operator's manual.

20
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TUE, MAY 19, 1988 QHUEETLE
Loc  Addr Data 65C82

asn._Newory |
Disassembly

12 47  65X_PROB

Operation Status

1014 3F14 B1 NEN REARD
1015 D9R9 29 AND W49 OPC FETCH
1016 D9AA 48 READ
1017 DSAB F@ BRQ DIR6 OPC FETCH
1018 DSAC F9 MEN READ
1619 DIAD AD MEM READ
1820 D9A6 AD LDA 3F14 OPC FETCH
1821 DI9A? 14 NEM READ
1622 D9A8 3F MNEM READ
1623 3Fi4 B1 READ
-@—NM-&S—-#HO—-OPC FETCH
1625 DI9AR 40 NEM RERD
1626 D3AB F@ BEQ D9As OPC FETCH
1627 D9AC P9 NEN READ
1628 DIAD AD NEN READ
1629 D9R6 AD LDA 3F14 OPC FETCH
1630 D9A? 14 NEN READ
1831 D9A8 3F NEN READ
1632 3Fi4 B1 READ
1633 D9R9 29 AND M40 OPC FETCH

Funce 1 @ 2 Do Search: 1

6594-13
Figure 13. Hardware disassembly display. The search eventin this
example is the trigger event, which occurred at memory
location 1024 as specified in the Run Control menu.

Search for [Trigyer |

TUE, MAY 16, 1988

Memory |

12 48  65X_PROB

SINTH D1 as-embly Operation
9993 D9RE AD1I43F LDA 3F14 3F14=B1
8997 D99 2948 AND (1)
9999 D9AB FOPY BEQ DIRE
1082 D9R6 AD143F LDR 3Fi4 3F14:=B1
1006 D3AY 2948 AND ™0
1008 DSAB FOF9 BRG DIR6
1811 DSA6 ADLIA3F LDR 3F14 3F14-B1
1815 DAY 2946 AND 840
1817 D9RB FOFY BIQ D96
1828 DIRS AD143F LD& 3F14 3F14:-B1

ma&-&s«—-—am—;«

AB FOFY BEQ DIAE
1829 D3RS ADLI43F LDR 3F14 3F14=B1
1833 DAY 2948 AND 248
1835 D9RB POFY BEQ DIRE
1838 DIR6 AD143F LDA 3F14 3F14-Bt
1042 D9R9 2948 AND 848
1044 D9SRB FOF9 BEQ DIRE
1047 DI9R6 ADIA3F LDA 3F14 3F14=B1
1851 DI9AY 2948 AND 148

Scroll Rate 7.8 [28] Mode: X [Sof twarel

6594-14

Figure 14. Corresponding Software disassembly. Because the
search event was not a memory read or write, the soft-
ware disassembly display (corresponding to the hard-
ware display shown in Figure 14) shows the trigger event
at the cursor. The Operation column shows the address
(left side of equals sign) and data information for the
instructions that occurred. 21
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Example 2: Trigger on a Specific Event

This example shows you how to acquire specific data. In this
example, a particular subroutine occurs a number of times in
the program. You want to acquire only the subroutine. You
need to define two conditions: the beginning of the subroutine
and the end of the subroutine. The beginning of the subrou-
tine is defined as JSR (jump to new location saving return
address) and has a data value of 20nex. The end of the sub-
routine is defined as RTS (return from subroutine) and has a
data value of 60nex.

In order to show an example of a multi-level acquisition, we'll
have the analyzer acquire the subroutine, then loop back and
acquire it again until we stop the acquisition manually.

This example uses the default setup except for defined condi-
tions and trigger statements. You don't need to change the
timebase, channel grouping, or run-control information from
the default 32-channel setup for this example. Follow these
steps to trace a subroutine and trigger on the subroutine.

1. In the Conditions menu, rename the G condition word to
JSR and define it as DAT 20. Figure 15 shows the new
JSR condition word definition: XXXX 20 XX XXX.

2. Rename the H condition word to RTS and define it as DAT
60. Figure 15 shows the new RTS condition word defini-
tion: XXXX 60 XX XXX.

3. In the Trigger Spec menu, define two levels of “if then”
trigger statements as shown in Figure 15. When the ana-
lyzer finds 20nex on the data line (the beginning of the
subroutine) it starts to store data, then moves on to level
2. When the analyzer finds 60nex on the data line (the end
of the subroutine) it stops storing data, then loops back up
to level 1 again to look for 20nex again.

4. In the Run Control menu, the data display should default
to Disassembly. Because you will halt the acquisition
manually, the stop point will be in the trigger position.
Change the Trigger Position to 1920 so that the stop point
is near the end of memory allowing for more storage of
data. Figure 16 shows the Run Control menu for this
exampile.
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5. Press STARI. At the first occurence of the subroutine, the
analyzer starts storing the information, when the return is
encountered, the storage stops and the analyzer loops
back up to condition 1 to search for the next occurence of
the JSR.

6. After a few seconds press STOP. The analyzer stops acquir-
ing data and displays the acquisition in disassembly for-
mat. Figures 17 and 18 show the hardware and software
disassembly for this example.

15 13 § 65X_PROB

Action

TUE, MAY 19, 1988

Condytion

1 IF [JSR 13¥{0091]1 THEN [SIR ON] & [GOTO 21

Trigger Spec

Count

2 IF (RTS 1%{0001]1 THEN [STROFF] & [GOT0 1)

CONDITIONS

Synbol ADD DAY STB INT
hex hex bin bin
X 26 XX 0

RIS 00N 68 XX N
e
a Edit Synbol: ENTER

a» Nindow Up : F
v Hindow Down: C

Menu:MENU  Return:MENU twice  New:MENU, "then Hex Key
6594-15
Figure 15. Subroutine setup. The two new conditions define the
beginning and end of the subroutine you're tracing. The
two levels of trigger statements tell the analyzer to store
everything between the beginning and end of the subrou-
tine, and then loop back up to level 1 and search for the
beginning of the next occurence of the same subroutine
and store it again.
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TUE, MAY 18, 1588 15 2@ 3 65%_PROB
Update Mewory : [1] Display: [Disassembly]
Trigger Position: WEHY N 1] 2K
Look for Trigger: [After Pre-Trigger Memory Fulll

Compare + [Manuall
Conpare Memory 1 to Memory: [2]

Conpare Men Locations: [9088) to [1792]
Use Channel Mask + [OPC_FET ]

Display Data at least: [9) seconds

ADD DAT STB INT
Synbol hex hex bin lin
OPC_FET . 300X ¥X 11 XWX

Cursor: ayaor Select: @,2 m
P4

o

Figure 16. Run Control menu. The default display is set to Dis-
assembly and the trigger position is changed to 1920.

TUE, MAY 1@, 1988 Disasm: Memory | EE] 24 J 65%_PROB
Addr Data 65CB2 Disassembly Opemncn Status
9062 0873 36 MEM READ
9963 AG46 D@ BNE AB4R OPC FETCH
0064 AG47 @2 RERD
9065 A48 C6 MEM READ
9066 AG4A C6 DEC 3 OPC FETCH
9067 AG4B 73 NEN REARD
9068 0873 36 MEM READ
9069 08?3 36 RERD
9878 9873 35 WRITE
9871 RG4AC 68 OPC FETCH
m—-@bﬁ-ZHSR——ODm——OPC FETCH
9DF6 E3 MEM READ
m( o1FD 9D MEM READ
98?5 6O1FD 9 MEM MRITE
9876 OLIFC F? MEM NRITE
98?7 9DF7 9F NEM READ
9878 9FE3 AS LDA u OPC FETCH
9879 9FE4 N1 MEM READ
9988 0871 44 MEM READ
9881 IFS G5 O L OPC FETCH

Mode: ¥ [Hardwarel

6594-17
Figure 17. Hardware display with JSR condition. The cursor marks
the search event, the beginning of the subroutine, which
occurred at address SDFS5 (at analyzer location 0072). The
hardware display mode shows each memory read and
write that occurred during the subroutine.

Scroll Rate: 7,8 [28)
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Disasm:

15 24 { 65%_PROB

Memory |

PM403 Operator’s

Loc Addr Data 65C82  Disassembly Operation
9834 AB34 BOE2 BCS AB38

9837 AB38 9278 SIA (§{}] 44CA=00
9042 AB3R C66E DEC 6E Q06E-04
9047 AB3C CE6E DEC 6E 906E-G3
9852 AG3E E670 INC 70 9876=CB
9857 AG40 DEG2 BNE A044

9060 AB44 A5?3 LDA Y K] 9973=36
9063 NG46 DOG2 BNE A04A

9066 AG4R C673 DEC 3 9873=35
9871 ABAC 60 RIS
-m—Obﬁ—ZOB”—-\ISR——SDm———”n:SF—
9978 9FR3 AS71 LDA nu 9971-44
9881 9IFES G547 oe 47 9047-40
9884 9FE?7 9008 BCC 9FF1

9886 9FE9 DGE BME 9FF9

9889 9FF9 AS49 LDA 49 9049:-47
9892 9FFB (51 (14 u 9871:44
9895 9FFD 9068 BCC 798?7

9997 9FFF DOGC BNE A98D

0108 AGED ASEE LbA

6E G06E-83
ENTER <~

Cursor: Jump!

Scroll. wa

6594-18

Figure 18. Software display with JSR condition. You can show the
search event, in software mode by pressing DONT CARE.
You can see the subroutine sequence in a more
compact form in software mode since only one in-
struction is displayed for each bus operation.

Example 3: Cross-Triggering

If you're using a 1225 or 1230 Logic Analzyer, you can acquire
data on 16-channel acquisition probe at the same time you
use the PM403. You can also set the PM403to trigger off the
timebase of the acquisition probe, or vice versa. This example
shows you how to set up the PM403 to trigger off the acqui-
sition probe.

Configuration. This example uses a 1225/1230 with 48 chan-
nels. The PM403 is still plugged into probe slots A and B. The
16-channel acquisition probe (P6443 or P6444) is plugged
into probe slot C.

What This Example Shows. This example shows how to set
up an acquisition probe to trigger on a condition, then set up
the disassembly probe to automatically cross-trigger and
show the acquired information in disassembly display. In this
example, you want to know what will happen to your code
when you trigger the acquisition probe on a particular event.

25
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The analyzer then automatically cross-triggers the disassem-
bly probe so that you can display the disassembly data for that
acquisition.

Figures 19 through 23 show the setup menus for this
example. The menus show how to set up the 1225/1230 with
these parameters:

Probes A and B are in T1; probe C is in T2.

Channel group GPE is renamed to TST and contains 8
channels from probe C.

The trigger condition GET is defined for the specific
event upon which you wish to trigger.

The trigger timebase is T2 (the acquisition probe) so that
the 1225/1230 recognizes the trigger condition GET and
automatically cross-triggers the disassembly probe
when GET occurs.

The Steps for Cross-Triggering. Follow these steps to Cross-
trigger the PM403 off the acquisition probe and search for the
trigger event in the resulting disassembly display.

1

26

In the Timebase menu, link probes A and B in timebase
T1 (separately from probe C, which should be in T2). Re-
fer to Figure 19.

In the Channel Grouping menu, scroll to channel group
GPE and change the channel group name to TST. Add
channels C07-CO00 to this new group. Refer to Figure 20.

In the Conditions menu, define a condition GET to the
value A6rex in group TST. Figure 21 shows the Trigger
Spec renu and the value of the trigger condition GET.

In the Trigger Spec menu, set the trigger condition to GET
Figure 21 shows the Trigger Spec menu.

Look at the menu bar at the bottom of the Trigger Spec
menu, and press D to toggle the trigger timebase to T2.
Refer to Figure 21.

In the Run Control menu, make sure the 1225/1230 looks
for the trigger GET after the pretrigger memory is full. The
default data display format should still be set to Disassem-
bly. Refer to Figure 22.
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7. Press START. The 1225/1230 acquires data until the trigger
condition is encountred. Then the analyzer triggers all
modules, fills memory, and stops. The disassembly
screen is displayed. Figure 23 shows a sample disassem-
bly display.

8. Press 0 or 2 to cycle through available search events until
you select Trigger, then press 1 to locate the trigger. Figure
23 shows the trigger event in a hardware disassembly
display.

9. In order to view the data from the acquisition probe, you
must change the timebase. Go to the State display and
you'll see the disassembly information in state format.
Press F until you see the Timebase: field. Press 9 to change
to Timebase T2. The State display will now show the data
that was acquired on the acquisition probe.

Once you've made the acquisition, you can call up state,
disassembly, and timing displays for the acquired data. Since
you used two timebases to make the acquisition, you must
change pages to display what happened in T2 on the
acquisition probe, and then what happened in T1 on the
disassembly probe.

27
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WED, MAY 11, 1988 11 @85 J 65%_PROB

Tektronix 1238748 Channel Logic Analyzer, U3.83

Ea=5=&e=======é====‘nﬂh!rﬁﬁi Adl—eiebd

Linked
_| Probes TB Format Rate Glitch Threshold e
91 ML 14U
B ITL +1. 4

T2 Async 185 N TTL +lW

4 |l Select: 8,2
v Change Links: 4,0

Menu MINU Return*MENU twice New:MENU, then Heg

-Sﬁdg

Figure 19. Timebase for cross-trigger. Probes A and B (the PM403)
are linked in T1, and probe C (the acquisition probe) is in
T2. This lets you acquire data with different timebases.
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WED, MAY 11, 1988 NETITSIEANIIIIY
Group Radix Pol 1B Definitions

WX + 11 BEBBBBBBRBEBEBED
1111110000009900
5432189876543210

DAT HEX ¢+ T1 AARAARAR
11111100
54321998

= 65X_PROB

hannel

SIB BIN ¢+ T1 AR
]
10

INT BIN + 11 ARA
&89
332

181 X ¢+ T2 CCCCCCCC
@528c8a8
76543218

&l

Figure 20. Channel Grouping for cross-trigger. The analyzer
screen shows only four channel groups at a time. This
figure is a modification of two combined screens so you
can see all six channel group definitions. The channel
group shows that the fifth channel group is renamed to
TST and contains 8 channels for the acquisition probe
(timebase T2).

6534-20
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THU, MAY 19, 1988 ©9:43 T 65%X_PROB
Level Condition - Count fiction Dest

1 IF T33P}~ 6061) THEN [ TRIG ) & [ FILL)

"CONDITION:

ADD DAT STB INT IST
Synbol  hex hex bin bin hex
i GET 1XBXY ¥X XX XXX R6

Cur:aver Sel:8,2 InstriENTER Tr1gTB:DIT2] Advanced:l

6594-21
Figure 21. Conditions and Trigger Spec for cross-trigger. The
trigger condition GET is defined as A6hex. The menu
bar at the bottom of the Trigger Spec screen shows
that the trigger timebase is T2.
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THU, MAY 12, 1988 98:81 T 65X_PROB
Update Memory : [11 Display: [Disassemblyl
Trigger Position: [0128] BB 2K

Look for Trigger: [After Pre-Trigger Memory Fulll

Conpare : [Manuall
Conpare Mewory 1 to Mewory: (2]

Conpare Men Locations: [0988) to [1792)
Use Channel Mask 3

Display Data at least: [9] seconds

ADD DAT STB INT ISI
Synbol hex hex bin bin hex
OPC_FET : 00 XX 11 0 XX

Cursor. Avor Select: 6,2
6594-22

Figure 22. Run Control for cross-trigger. The 1225/1230 looks for

the trigger after the pre-trigger memory is full. When the

trigger condition GET is found, the probe C cross-triggers

the disassembly probe (A and B) and fills the memory.

The analyzer stops and displays the acquired data in dis-

assembly format.
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12:29 3 65X_PROB

Operation Status

1613 900C 04 MEM RERD
1814 94F5S C9 OWP 9F OPC FETCH
1815 94F6 @F MEM RERD
1816 94F? D@ BNE 94FC OPC FETCH
1817 94F8 @3 MEM READ
1018 94F9 4C READ
1019 94FC AS LDA oC OPC FETCH
1820 94FD OC MEM READ
1821 @96C 94 MEM READ
1622 94FE C9 OwP 88E OPC FETCH
-1823—94FFQE HEM READ
@ 9508 D8 BNE 95685 OPC FETCH
1825 9561 &3 MEM READ
1826 9582 4C MEM RERD
1827 9565 A2  LDX 88E OPC FEICH
1828 9506 GE READ
1829 9547 CPY ise OPC FEICH
1830 9508 @8 RERD
1631 9569 F@ BRC 9510 OPC FEICH
16832 9504 85 MEM RERD
Func  F Scroll . wa Carsor. <« Jump ENTER

6594-23
Figure 23. Hardware disassembly display. TRIG marks the event
that occurred in timebase T1 when trigger event GET oc-
curred in timebase T2.
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