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1. CAUTIONARY WARNING AND WARRANTY

1.1 CAUTIONARY WARNING

The logic analyzer functions of the Omni Series are designed for
use only by qualified technical personnel trained to work on electronic
circuitry that is in a power-on condition. Such circuitry may have
hazardous voltages present; the operator must have a knowledge of
electronic circuit operation, sccepted maintenance procedures, and
appropriate safety practices for the circuitry being tested.

1.2 LIMITED WARRANTY

Omnilogic, Inc., warrants each new system against defects in
material or workmanship for a period of ninety days from date of
delivery to the original customer. The Logic Analyzer Printed Circuit
Board has a warranty period of one year. Fuses, probes, and probe tips
are excluded from this warranty. This warranty is specifically limited
to the replacement or repair of any defects, without charge, when work
is authorized or unit is returned to Omnilogic, Inc., 350 Sunset Blvd
N., Renton, WA 98055, transportation charges prepaid. This express
warranty excludes all other warranties, expressed or implied, and IN NO
CASE SHALL THE LIABILITY OF OMNILOGIC, INC., EXCEED THE PURCHASE PRICE
OF THE UNIT. OMNILOGIC, INC., SHALL NOT BE MADE LIABLE FOR INCIDENTAL
OR CONSEQUENTIAL DAMAGES. WNo 1liability is assumed for damage due to
accident, abuse, lack of reasonable care, loss of parts, unauthorized
service, or subjecting the instrument to faulty peripherals or input
values exceeding specified limits.

Omni Operating Manual 1-1 Cautionary Warning
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2. INTRODUCTION

This manual describes the operation of Omuilogic, Inc.’s Logic
Analyzers. The purpose of the manual is to enable you to use the Omni
analyzer to make digital measurements most effectively. The Omni is
desiguned for maximum user convenience so that your attention will be on
the circult you are testing, rather than on the instrument itself.

Menus and on-line Help Page explanations make the Omni extremely
easy to use. Every screen display includes a prompt line at the bottom
which gives you the allowable commands. A label on the keyboard also
lists the most often used commands. Little training or reference to
other materials are needed to use the instrument effectively. Most of
the material in this manual, in fact, is on-line and available to you
with a few keystrokes; the Omni, itself, will teach you most of what you
need to know in order to use 1it.

This manual covers only the Logic Analyzer functions. Use of the
Omni as a CP/M computer is described in the computer manuals packed with
the unit.

This manual has a section devoted to each command, and covers the
operation of the Omni analyzer in detail. The last section, "Quick
Start", leads you through the functions and commands, beginning with
turn~on. If you have never used the Omni before, we suggest you start
with the Quick Start section (Appendix A) and go step-by=-step through
the Omni’s functions. Due to software improvements, there may be slight
differences between photes in this manual, the descriptions, and your
unit.

The information in the Help Pages in your Omni may vary slightly
from that given here; if so, check the revision date to make sure that
you have the latest version.

Rev. D
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3. OMNI SPECIFICATIONS*

3.1 LOGIC ANALYZER DATA COLLECTION CHARACTERISTICS

Sample Rates
Internal Clock
Available periods

External Clock
Minimum period
Maximum period
Clock stable prior

to active edge

Clock Qualify
Setup
Hold

Number of samples collected
Trigger point
Delay between event trigger
to data collection
Data Channels F through 0
Data stable prior to
active edge of clock
Data stable after

active edge of clock

Glitch Channels 3 through 0
Glitch definition

Minimum detectable pulse

3.2 TRIGGER CONDITIONS

Data functions

Glitch.functions

*Specifications are subject to change without notice.

50, 100, 200, 500ns

1, ««. 32768us

50ns
unlimited

35ns

30ns

Ons

1000

16th, 32nd, «..

992nd sample

0 to 34 seconds

35ns
Ons
2 or more data
transitions in

1 sample period

10ns

AND/OR/NOT on data

AND JOR/NOT with data

Omni Operating Manual
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Latched (synchronous) mode
Setup
Hold

Unlatched (asynchronous) mode

Minimum event duration
External Trigger duration

External Trigger Qualify
Minimum active
during event
Actlive after

Timeout mode
Duration between events

Repeat until reference

memory correlated
or not correlated

3.3 DISPLAY MODES

Waveform format
Sample window
Number of channels

Edge format
Sample window
Number of channels

Dump format
Sample window

Rumber of channels

Matrix format
Sample window
Number of channels
Display matrix

Instruction Disassembly
format
Sample window
Number of channels
Processors supported

30ns
Ons

15ns

25ns

25ns
Ons

l6us to 34sec

80 to 1000 samples, scrollable

1 to 16 channels

80 to 1000 samples, scrollable

1l to 16 channels

252 binary, 231 octal
232 unsigned decimal
232 gigned decimal
336 hexadecimal

all scrollsble

1l to 16

1 to 1000 samples
2 to 8
16 rows X 16 colunns

13 scrollable

4, 8, or 16
Z-80, 8085, B04B
family and
user-definable

Specifications are subjiect to change without notice.

Omni Operating Manual
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Signature format
Sample window
Number of channels

3.4 UTILITY CAPABILITIES

Pattern Search

Interval Calculation

Correlation

Channel Labels

Printer Qutput

File Operations

Help Pages

Extensive built=-1in tests

3.5 PROBE CHARACTERISTICS

)
s
o
-
o
h
rr
=)
=N

OO DO W N
o
S

-

2 to 1000 samples
1 to 14 simul taneous

1 to 16 bit maskable
1 to 6 gample sequence

Time and sample number

between cursor
and/or 2 events

1 to 1000 samples
1 to 1000 start skew
l to 16 channel tolerance

1 to 1000 sample
error allowance

1 to 15 characters

per channel

Any display on CRT

and multiplie

sequential displays

Save and recover set-up

and/or data

Built-in explanations
and examples at all
steps of operation

Right Pod

Clock Qualifier
D8

D9

D10

D11

D12

D13

D14

D15

Trigger Qualifier
Ground

Suggested
Lead Color

Yellow/White
Black

Brown

Red

Orange
Yellow
Green

Blue

Violet
Red/White
Green/White

Specifications are subject to change without notice.
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Minimum detectable pulse
Maximum voltage ]limits
Input impedance

Logic level transition to
low level
TTIL probes
CMOS probes

Logic level transition to
high level
TIL probes
CMOS probes

10 nanoseconds
""0- SV, +50 5V

1 megohm

0.8v
1.0V

2.0V
3.5v

Specifications are subject to change without notice.
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CP /M COMPUTER*

Ccru
RAM

Mass storage

Disks recommended

Keyboard

Display

Graphics

I/0 connections

Modem (Omni 4 only)

Real Time Clock (Omni &4 only)

Z-80A System
64K Bytes

Omni II - 380 Kbytes via dual 5-1/4
inch, single sided, double
density floppy disk drives

Omni 4 - 780 Kbytes via dual 5-1/4
inch, double sided, double
density floppy disk drives

Omni II -~ single sided 5-1/4 inch
floppy disks (Maxell MD1-D)

Omni 4 - double sided 5-1/4 inch
floppy disks (Maxell MD2-D)

Full ASCII keyboard with numeric pad
and cursor control keys,
detachable. Keys are
programmable.

9 inch, 24 row x 80 column
8 x 11 pixel character
Omni II and 4 - green phosphor

Omni 4 - 160 x 100 pixels

RS=-232C serial port
(Omni 4 has two serial ports)
"Centronics"” parallel port

300 Baud, full or half duplex, auto
dial/auto answer

Resolution to .0001 second, S5-year
lithium battery backup

*Specifications are subject to change without notice.

Ouni Operating Manual
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4. UNPACKING

If there is damage to the inner carton, inspect the Omni carefully.
If the Omni is damaged, call us immediately at (206) 271-2000 for
further instructions.

Set the Omni on a firm surface. The keyboard is attached to the
main unit by clamps at the right and left sides. The keyboard cable may
be packed between the keyboard and main unit. The Ouni 4 provides a
storage area for the probes below the disk drives, and the probes and
probe leads are packed there. There is also a convenient disk storage
area just below the drives.

The Omni logic analyzer disks and the CP/M Operating System Disk
are packed separately from the other disks and manuals, which are in a
8ingle large flat package within the Logic Analyzer carton.

Remove the remaining items from the carton, along with the System
Checklist. Verify that you have received everything on the Checklist.
If there are any items missing compared to the Checklist enclosed with
the unit, please call and let us know.

Table 4-1 on the next page shows a typical checklist.

Omni Operating Manual 4-1 Unpacking



Table 4-1 TYPICAL SYSTEM CHECKLIST

NOTE: This list is provided here as an illustration only. The items
included in your system may be different. Use the correct System

Checklist enclosed with your unit to verify that your shipment is
complete.

Item No. Qty. Description
1 2 Omnl Logic Analyzer Disks (master and

working copy)

2 1 CP/M Operating System Disk

3 1 Software Package =~ package of manuals and
disks

4 1 Operating Manual (this manual)

5 1 Main Unit with Power Cord

6 1 Keyboard

7 1 Keyboard Cable

8 2 Cables and Pods

each ribbon cable is 36" long
and has a pod at one end

9 2 Package of 1l Leads with 11 Clips
6" leads, ganged together

Rev. D
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5. TURN-ON PROCEDURE

5.1 INTRODUCTION

Now that you have the Omni unpacked, you can set it up and try it
out. The Omni may be used as either a Z-80 based computer with the CP/M
operating system or as a logic analyzer for probing the operation of
digital circuits.

The Omni should be used to test digital equipment only by qualified
technical personnel (see "Cautionary Warning", Section 1).

The Omni is intended to operate from an 120 volt AC, 60 Hz power
source as marked on the rear panel. The Omni is grounded through the
grounding conductor of the power cord. To avoid electrical shock, plug
the power cord into a properly wired receptacle before connecting to the
input or output terminals. A protective ground connection by way of the
grounding conductor in the power cord 1s essential for safe operation.

We also recommend that you use the Omni only on a safe technician’s
test bench when testing digital circuits. That means: 1) A bench or
table on which any metal parts you are likely to come in contact with
are grounded. Then if a conductor carrying high voltage comes in
contact with the bench, it will not make the bench itself "hot" and a
hazard to you. 2) A nonconductive surface should be on the floor in
front of the bench for you and your chair to stand on. Thus, if you do
inadvertently come in contact with a hazardous voltage circuit, there is

no current path through you to ground.

OPERATOR, SAFETY COMES FIRST

If necessary, ground your bench now before proceeding further.

CAUTION

Both the Omni main unit and the probes contain circuitry that is
potentially susceptible to damage from electrostatic discharges.
Although the probes are input protected against static discharge, when
you approach the Omni it is good practice to dissipate any static
charges accumulated on your body by touching the chassis before touching
the probe pins. Likewise, much digital equipment is static sensitive.
You should touch the chassis of any equipment you are testing before
making probe connections to it or touching the internal circuitry. Take
these precautions after plugging in the power cord to establish a ground

connection.

When you are using the Omni as a CP/M computer, the probes need not
be connected and you can use it at an ordinary desk or table.

Omni Operating Manual 5-1 Turn-on Procedure



5.2 SETTING UP THE KEYBOARD

Place the Omni flat on your work surface. The keyboard also serves
as the front cover, and is held on by clamps on the right and left
sides. Unfasten the clamps and remove the keyboard. Connect the
telephone-type coil cord between the connector on the keyboard (on the
rear edge) and the conmnector on the main unit (on the rear panel, near
the top)}. If there are two telephone-type connectors on the main unit,
use the one labeled "KEYBOARD."

You can 1ift the main unit and lower the stand on the underside so
that the screen is tilted up and easily visible.

The Omni is shipped with cardboard packing cards in the floppy disk
drives to protect the read/write heads. Open the doors of both drives
and remove the cards. Save the cards for whenever you may want to ship
the unit in the future.

Disk drive doors open at turn-on and turn-off!

Turning the machine on or off with a disk in the drive and the door
closed may result in scrambling the data on the disk. Opening the drive
door moves the head away from the disk, preventing power transients from
affecting the data on the disk. It is all right to have disks in the
drives at turn-on and turn-off as long as the doors are open.

If you anticipate a possible power interruption - due to a
lightning storm or electricians working on the power mains in your
building, for example - open the drive doors even while using the Omni,
closing them only when file reads or writes are required. (This won't
work with a program which uses overlays, such as Wordstar, since the
program automatically performs disk accesses when you may not expect
it.) :

If you do scramble the data on a diskette, then you will have to
use your backup diskette to make a new working copy. And if you don’t
have a bﬂckup saw

5.3 POWER ON

The power switch is the large rocker switch on the rear panel.
Turn it on now. The drives will start whirring and you will soon see:

* Omni *
Please insert your diskette into Drive A

Insert whichever diskette you are going to use in Drive A. To use
the Omni as a logic analyzer, use the Logic Analyzer Operation Disk.

It is all right to put a disk in the Omni while the drive is
whirring and the red light on the drive is on. (This is not true for all
computers). To put the disk in the right way, hold it with the label
up. Do not fold the floppy disk, touch the magnetic recording surface,
or put it near magnetic materials.

Ouni Operating Manual 5-2 Turn-on Procedure
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5.4 MASTER MENU

When you close the door of the drive, the computer will load the
operating system and display the Master Menu - see Exhibit 5-1. A new
feature that makes the system very easy to use, the Master Menu
automatically provides information about each menu choice.

Earlier Omni models (1984 and prior) do not have the Master Menu
feature and use the standard CP/M user interface. (The standard
interface may be reached from the Master Menu by pressing <ESC>). The
last section of this chapter, section 5.8, covers the differences of the

older units.

The Master Menu groups the files on a disk into categories.
Initially, information about the categories is displayed. When you
move the cursor-bar to a category using the cursor keys, the individual
items in that category are listed along with information about them.
When you indicate an individual item, more detailed information about it

appears.

£:27 pm 5685 Master Menu Version 5.22 - 7.7

This will tate you *o
a sub-menu that will
allow you to use the
Ol 4 os & Llogic
fnalyzer and with
externa!  herdusre as
an EPROM Progremmer
or Pattern Generator.

use the up-arrow and doun-arrow keys to move the

‘we's

4ariened ber to your choice. Then, press the
- g-te-arrou ey, To exit this menu, press £SC

Exhibit 5=-]1. Master Menu.

Omni Operating Manual 5-3 Turn-on Procedure



For the Logic Analyzer Disk, the two categories are:

Logic Analyzer
Disk Utilities

Use the up-arrow and down-arrow keys to move the dark bar area over
"Logic Analyzer". Then press the right-arrow key. The list of
individual functions available will be displayed in the middle column:

Logic Analyzer
EPRCM Programmer
Pattern Generator

To activate one of the functions, simply move the bar over it zand
press <RETURN>. If you activate "Logic Analyzer", for example, the Omni
will load and begin running the logic analyzer program.

5.5 USE A WORKING DISK

Two coples of the logic analyzer software are provided, a Master
Disk and an Operating Disk. Put the Master in a safe place and use the
Operating Disk as your working disk. Only masters are provided for the
other software. Make working coples and set aside the masters before
using the other software.

See the Specifications Section for the type of disks required.

5.6 COPYING DISKS

All Omni models, both those equipped with the Master Menu and
earlier units, have convenient disk copy programs.

From the Master Menu select "Disk Utilities" and then "Copy a
Disk." A menu will appear with four choices - C, B, 0, and E. But
before making a selection, remove the disk in Drive A and insert the
disk you wish to copy. This is the source disk.

Put a blank disk, the destination disk, in Drive B; this will
become the copy. (You can use a disk here that is not blank, but it
will be reformatted as part of this copy method and anything on it
previously will be erased.) After the prompt line, choose C:

Please enter selection. Press C, B, 0, or E ==>C

Note: your input is underlined here to distinguish it from data
displayed by the computer.

The program will then display some more information, after which
you type <RETURN>:

s+spress the RETURN key to start the copy operation. You
may return to the main menu by pressing any other
key .<RETURN>

Omnl Operating Manual 5-4 Turn-on Procedure
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Note: here "<RETURN>" means "press the RETURN key,"” not type the
characters "< R ET UR N >",

The program will display the track numbers as it makes the copy,
and will report errors if there are any. If there are errors, start the
copy operation over; if it does not work the second time, the
destination disk is probably bad - use another.

After the files are copled, the program will ask 1f you want a
special command line executed at boot=-up. You do not, so merely type
<RETURN> to accept the default casa.

The program then returns to its main menu. Choose "E" to exit.
+ssPress C, O, B, or E ==>E
The last step in making a copy 1is to label it. Do not write on the
label after it is on the disk with a pencil or ballpoint pen; you can
use a felt tip pen, which requires very little pressure. We suggest
that you include on the label the version of CP/M, the files on the
disk, and at the bottom of the label your initials and the date.

5.7 OPERATING THE LOGIC ANALYZER

To use the Omni as a logic analyzer, put the operating disk
(labeled "Omni Logic Analyzer Operating Disk") in Drive A. The Logic
Analyzer Disk must be in Drive A for the builet-in Help Pages to be
accessible.

Press the Reset button. When the Master Menu appears, select
"Logic Analyzer" as described above. The computer will load the logic
analyzer program and run a series of self-tests. See Exhibit 5-2. 1If
you have the probes plugged in and comnected to nothing, the tests will
be valid and the screen will display several messages reporting the
results.

These tests check out the logic analyzer hardware only, from the
ends of the probes to the sample collecticn circuitry. The tests will
be passed only if the probe cables are connected to the Omni and the
probe leads are "open" - not connected to anything. If the probes are
not installed, or if they are connected to a circuit, a failed test will
be indicated on the screen.

If one or more tests fail, the Omnl will display failure messages
and stop. You may override the stop-on-fall by pressing <SPACE>; the
logic analyzer will then go on to the next step, which is the Trigger
Condition Setup Menu. '

The following chapters describe use of the Omni Logic Analyzer for
digital measurements.

You can exit the logic analyzer program and return to computer mode

by using CONTROL~C whenever the input prompt (cursor) is in the lower
left corner of the screen.

Omni Operating Manual 5-5 Turn-on Procedure
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Invert ing Probes

CLOCK CIRCUITRY TEST

TRIGGIR CONTROL TEST

PROBE TEST

DATA RAM LOW LEVEL TEST

DATA RM HIEH LEVEL TEST

GLITCH R LOW LEVEL TEST

GLITCH RAM HIEH LEVEL TEST

Test complete with no errors

Exhibit 5-2. Self-test display.

5.8 EARLIER MODELS

Earlier models of the Omni (1984 and prior) use the standard CP/M
disk directory user interface. The logic analyzer functions are all the
same.

The earlier models use the program COPY.COM to copy disks. Put a
disk containing the CP/M operating system in Drive A and boot up (which
loads the operating system into the computer)} by pressing the Reset
switch. The Reset awitch is the red button on the rear panel of the
Omni II and 4. Don’t flip the rocker switch and turn off the computer
by mistake.

If the disk with CP/M does not also have COPY.COM on it, put a disk
containing COPY.CM in Drive A before the next step. You can use the
DIR command to see if the disk has COPY.COM on it.

After the A0> prompt, type "COPY<RETURN>" te run the copy program:

AO0>COPY <RETURN >

From this point, the program runs as described above.

Omni Operating Manual 5-6 Turn—-on Procedure
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To use the Omni as a logic analyzer, reset it and put the Logic
Analyzer Operating Disk in Drive A. To see a directory listing of the
files on the disk, after the "A0>" prompt type "DIRRETURN>".

The directory will show at least six files. LA.COM and LA.LAO are
the logic analyzer program. LA.LAH contains the Omni’s on-line Help
information. DATA-1-.1AD, DATA-2-.LAD, and DATA-5-.LAS contain sample

data for this start-up exercise.

When the "AO0>" prompt appears again after the directory listing,
type "LA<RETURN>". The Omni will load and begin running the logic
analyzer program, starting with the self-test as described above.

Rev. D
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6. BASIC OPERATION
The Omni’s basic operation may be summarized as follows:

1) Once connected to a circuit and told to "Go collect data", the
Omni begins to collect data into the 16 channels (or optionally 32
channels) of its Sample Memory from the circuit under test. The data 1is
"elocked in"™ - a new data sample of 16 bits, one bit for each probe data
line, is gathered with each clock pulse. The clock pulses are either
derived from the circuit under test (Extermal Clock), or generated by
the Omni (Intermal Clock). The Omni continually collects data and
records it in Sample Memory, overwriting old data as it cycles through
memory, uantil a trigger event occurs.

2) The recognition of a trigger word (chosen by the operator) in
the data stream causes the Omni to start a counter that defines the
number of additional samples to be collected. Data collection continues
so that the defined number of samples after the trigger word are
captured for observation. The number of samples from the trigger word
to the end of the trace is called the Trigger Point. The default value
is 500, which gives a trace with the trigger word in the center of the
1000-word Sample Memory.

3) The Omni then displays on the screen the data in its Sample
Memory. The display shows a history of the digital activity in the
circuit, both before and after the trigger word. The trigger word is at
the center of the screen.

Thus a logic analyzer, like an oscilloscope, collects data
corresponding to voltage versus time and displays it as "traces".

Two features make the logic analyzer a very powerful tool:

1) It can collect data on many lines at once; in this case, on 16
(or optionally 32) lines. Observing the bit stream on a single line at
one time, as with an oscilloscope, 18 of little value since the bit
pattern.is meaningful only in comparison to the simultaneous bit
patterns on other lines.

2) The logic analyzer displays data prior to the trigger event, as
well as after. The oscilloscope only starts the trace at or after the
trigger event. When a digital circuit goes awry, the cause is usually
found in what happened beforehand, not afterwards.

On the other hand, a logic analyzer has two limitations compared to

an oscilloscope. It records voltages as only "high" or "low" (binary 1
or 0), ignoring the details of waveform shape. Also, it records the
logic level only at the active clock edge. This second limitation is
overcome to some extent by glitch capture capability, which alerts the
user to the presence of multiple transitions between c¢lock edges. The
Omni’s specifications guarantee detection of glitches as narrow as 10
nanoseconds, and it will typically record glitches as brief as 6 or 7

Omni Operating Manual 6-1 Basic Operation



nanoséconds, depending on the polarity.

The time scale resolution is limited to the minimum clock period
that the logic analyzer can handle. The Omni will accept a clock
frequency of up to 20 MHz, yielding 50 nanoseconds resolution. If finer
resolution is required, there is a Trigger Output on the rear of the
analyzer that provides an output pulse when the trigger word occurs.
This signal can be used to trigger a 200 MHz oscilloscope, giving far
greater resolution when a recurring trigger word is available.

After the data around the trigger event has been collected, it can
be displayed in a variety of formats for convenient study and
interpretation. The Omni’s display formats are:

Waveform Display - format similiar to timing diagrams in digital
data books.

Edge Waveform - same format as Waveform, however in regions where
. the data is not active, the data is compressed so that only
regions of the Memory where the data 1s changing are
displayed.

Dump - format similiar to computer memory dumps where logic levels
are represented as numbers and grouped as hexadecimal, binary,
octal, signed or unsigned decimal digits.

Matrix - format where the numbers of occurrences of logic level
combinations are shown in 2 matrix format.

Instruction Disassembly - format where logic level patterns are
displayed as microprocessor instruction mnemonics.

Histogram = provides information on the amount of time a computer
spends executing different parts of a program, based on data
collected from the address bus.

Signature Analysis = calculation, display, and comparison of
signatures for up to fourteen circuit nodes at one time.

Serolling through the data is facilitated by commands for direct
cursor positioning, cursor arrow keys, and a Locate command which finds
desired logic patterns. The ability to individually label each channel
aids in the readability of the display. With this feature, the names of
the circuit points to which the probes are connected can be displayed
directly on the screen.

Analysis is aided by displays which show time or number of samples
since the trigger event; commands which allow the calculation of sample
number and time intervals; and the correlation of the collected data
with data previously collected and saved on a disk £ile. The ability to
produce a printed version of any screen display aliows several sets of
data to be collected for analysis at a later time or for use in
consul tation with others familiar with the circuit under test. This
same feature can be used to produce a record of properly operating
circuits for later reference.

Omni Operating Manual 6-2 Basic Operation




Several features have been incorporated in the Omni to make it
user-friendly. Most data entry is via menus, with the cursor placed at
the position of current activity. Immediate feedback is given after
each keystroke, and prompts are given at appropriate times to inform you
of the type and range of inputs desired. The inputs are queued so that
you can type as fast as you desire without concern that keystrokes will
be lost (this applies to the logic analyzer program only; queuing
features vary for other programs when using the Omni as a computer.)

The cursor position is highlighted for easy location. At any time, you
can access a list of commands or information on any command. The format
of each command, applicationg, and examples of its use are provided by
the on-screen Help Pages. This feature virtually eliminates the need to
refer to this or other manuals once you are familiar with the Omni’s

basic operation.
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7. CONRECTING THE PROBES

7.1 INTRODUCTION

The Omni has 22 input lines that connect via probes to points in
the circuit you are testing. The lines are:

6 Data lines
Clock
Clock Qualifier
Trigger
Trigger Qualifier
Grounds

N = et ek et et

The 16 data lines collect the digital data which will be stored as
samples in the Sample Memory, then later displayed.

The Clock line allows data collection synchronously with an
external clock, such as a microprocessor system clock. You may not wish
to sample on every pulse of the system clock, but only on clock pulses
synchronous with some other event. The Clock Qualifier allows you to
use this second event to qualify the data collection.

Usually, you will be triggering on a certain combination of bits on
the data lines, called the trigger word. However, on occasion you may

" wish to trigger on some exi=rnal event. The Trigger line allows this.

You may also wish to qualify the trigger with some other event, and the
Trigger Qualifier line allows this. The Trigger Qualifier signal wmay
also be used as a seventeenth bit for word recognition.

7.2 INPUT PODS

The 22 lines connect to the Omni via two pods, 11 lines to each
pod:

Signal Signal Suggested
Pin Left Pod Right Pod Lead Color
1 Clock Clock Qualifier Yellow/White
2 DO D8 Black
3 D1 D9 Brown
4 D2 DA Red
5 D3 DB Orange
6 D& DC Yellow
7 D5 DD Green
8 D6 DE Blue
9 D7 DF Violet
10 Trigger Trigger Qualifier Red/White
11 Ground Ground Green/White

The two pods connect via 36=-inch, special high-flex ribbon cables
to connectors on the front panel of the Omni. See Exhibit 7-1l. While
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Exhibit 7-1. Omni input leads and pods. The input conmnectors are inside
the opening in the front panel -below the disk drives; the cables were not
plugged in when this photograph was taken.

facing the machine, "Left" and "Right" refer to the ribbon cable
connectors on the main unit; the "left pod" is whichever pod is plugged
into the left connector. The pods themselves are identical.

The right pod carries the eight high order channels, DF-D8. The
left pod carries the low eight channels, D7 through DO. Of these, the
lowest four channels, D3 through DO, contain enhanced circuitry which
will capture glitches. If you wish to use glitch detection, connect the
low four channels of the left pod to the points you wish to test.

Otherwise, no special orientation is needed when connecting the probe
assemblies.

Each input pin at the buffer pod accepts a 6-inch test lead
terminated in a pushbutton "grabber" clip. The "grabber" is small
enough to attach to the pins of standard intergrated circuits, which
have 0.1 inch pin spacing. The grabbers hang on quite securely.

The Omni is normally supplied with 22 grabber clips and leads. The
clips are of special construction for secure connection to small,
closely spaced conductors such as integrated circuit pins. They are
designed to rotate so that the pods and leads may be moved about without
the clip twisting loose from the pin. The lead wires are made with over
100 tiny strands of copper for maximum flexibility and resistance to
breakage. The leads have a special locking connector that holds the
lead securely to the pod, yet releases easily when desired.
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Eleven of the clip-leads are ganged together, while the other
eleven are separate. The leads are color-coded to make channel
identification easier; we recommend that the various color leads be
plugged into the buffer pods in the order listed in the table above.

7.3 TTL OR CMOS

The pods contain buffers that minimize the load on the circuit
under test while allowing the Omni to be several feet from the test
point. The input impedance of the pods is 1 megohm. Buffer pods are
currently available for two logic families, TTL and CMOS. The
appropriate one should be selected for the type of circuit under test.

A TTL level buffer pod is normally supplied with the unit. For
measurements on CMOS circuits, the CMOS buffer pod is preferred. It is
possible to utilize one TTL buffer pod and one CMOS buffer pod 1f
analysis is to be performed on circuits which contain both {MOS and TTL.
Where one pod is to be used for both types of logic, select the TTIL pod.
Note the difference in threshold levels between the TTL and CMOS pods in
the characteristics listed below.

TTL Buffer Pod Characteristics:

logic level transition to low level at 0.8 volts
logic level transition to high level at 2 volts
minimum detectable pulse 10 nanoseconds

maximum voltage limits =-.5V, +5.5V

imput impedance 1 megohm

00000

(M0S Buffer Pod Characteristics

logic level transition to low level at 1.0 volts
logic level transition to high level at 3.5 volts
minimum detectable pulse 10 nanoseconds

maximum voltage limits =.5V, +5.5V

input impedance 1 megohm

[o B« TN« B = B ]

7.4 PROBE POLARITY

The probe circuitry inverts the polarity of the signals. As part
of the power-on self-test, the Logic Analyzer program checks whether
inverting probes are connected or not and configures the software
appropriately. Thus if the probes are connected when you load the Logic
Analyzer program, the polarity will be correct. If you do not connect
the probes until after self-test, you will also need to call up the
Options Menu (0O Command) and change Item 5, Probe Type, from Non-
inverting to Inverting. Merely accessing the item toggles the entry
from one state to the other.

7.5 CHANGING TEST SETUPS

It is often convenient to utilize multiple sets of test clips when
changing from one test setup to another. Using this technique, it is
easy to go back to an earlier setup by swapping the test c¢clips at the
pod rather than having to reconnect each of the eight test clips. This
feature is further enhanced by utilizing the file input/output features
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of the analyzer to save and restore channel identification labels.
Refer to the File Operations section for details.

Each pod has its own ground line. The ground line should always be
connected to a convenient ground position on the circuit under test. It
is usually a good idea, especially when glitches or high frequency
signals are being monitored, to place the ground clip near the probe
clips. This will produce the most accurate representation of the
signals as seen in the circuit under test.

NOTE:

Failure to connect the ground clip can cause misleading
information to be collected by the analyzer.

If, after connection to the test circuit, the probes should be
placed in the wrong pod, or the pods exchanged in their connections to
the front of the Omni, no damage will be done. However, any
interpretation of the collected data will likely be meaningless until
the inversion 1s detected and corrected.

7.6 CLOCK AND TRIGGER OUTPUTS

Clock Output and Trigger Output signals are available at the rear
of the Omni at connector pins mounted directly on the logic analyzer
data collection board. They are high speed, TTL level signals suitable
for triggering an oscilloscope or other digital processing equipment.
The outputs are isolated from the other circuitry through dedicated
74LS04 buffers. Thus loading on these outputs will not affect logie
analyzer operation.

Exhibit 7-2 shows the connector pinout for the Clock Output and
Trigger Qutput. Each connector has two pins 0.025-inch square, spaced

0.1-inch apart. The top pin carries the signal and the lower pin is
ground.

The falling edge of the Clock Output signal is synchronous with the
sampling window for the Omni’s data input lines. It is valid for both
Internal Clock and External Clock operation. The Clock Output’s active
edge is the falling (negative going) edge, regardless of the Clock
Polarity chosen for External Clock operation.

The Trigger Output signal is active high. It is valid for all
modes of trigger operation - Internal or External Trigger, Latched or
Unlatched, qualified by the Trigger Qualify or not. The Trigger Output
signal is derived from the trigger signal that actually initiates
completion of data collection in the Omni.

The Trigger Output signal may be used to trigger an oscilloscope
for examination of waveform shapes. For example, it may be desirable to
observe operation of power circuitry controlled by a single-chip
microcomputer system. Use the Omni to trigger on the digital
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Exhibit 7-2. Clock Output and Trigger Output connector pinouts. The
two connectors are accessible through vertical slots in the rear panel
of the Omni.

conditions, and the oscilloscope to examine the power signals. 1In such
a case, it may be desirable to force the microprocessor into a loop to
give a reasonable repetition rate for the scope trace.

The Trigger Output may also be used to trigger a wide bandwidth
oscilloscope for high resolution study of digital signals. For example,
with a 200 MHz oscilloscope, waveform details as fine as 1.5 nanoseconds
can be observed. By providing the necessary trigger signal to allow the
oscilloscope to display the digital events of interest, the Omni makes
possible ultra-high-resolution measurements beyond the normal capability
of either a logic analyzer or oscilloscope alone.

With the Omni operating in the Internal Clock mode, the Clock
Output may be used as a convenlent signal source where an accurate,
stable digital clock signal is required. For example, the Clock Output
may be used as the clock source to test clock-driven digital circults
such as counters, shift registers, and state sequencers. -Since the
Omni“s data collection is synchronized to the clock, collecting state
data to track the operation of these circuits is very easy.

Rev. D
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8. MENUS AND COMMANDS

8.1 INTRODUCTION

The Omni needs three kinds of input from you to operate:

Trigger and sampling conditions for collecting the data = trigger
word, clock pulse polarity (for external clock), and so on.
This information is entered on the Trigger Condition Setup
Menu (Trigger Menu for short). The initial entries on this
menu default to the most commonly used values.

Go Command - causes the Omni to start collecting a new data sample
and looking for a trigger condition.

Display selection - set up the Omni to display the collected data.
The default display is the Waveform Display, which shows the
signals as a timing diagram. Also available are the Dump
Display, which lists the data as hexadecimal, binary, octal or
decimal numbers, and several other special purpose displays.

Two methods are used to control the Omni: Menus and Commands.
Menus are used to set up the event recognition method (either trigger
word in the input data stream or External Trigger signal), Sample Rate,
and other control parameters. Commands control the format in which the

collected data is displayed.

8.2 MENUS

The menus are called up by single letter commands. For example,
"0" will call up the Options Menu. The single letter suffices; it is
not necessary to press <RETURN>.

The menus and the letter commands that call them up are:

Command Menu called up

Correlation Menu

File Operations Menu
Histogram Menu and Display
Locate Pattern Menu
Options Menu

Pattern Generator
Signature Analysis Menu
Trigger Menu

Complex Trigger

NHnYwOoOHmmO

Each menu shows the present values of the parameters it controls.
On power-up, the most commonly used patrameter values are installed as
defaults. See Exhibit 10-1 for an example of the Trigger Menu, the most

frequently used menu.
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To enter a new parameter in a menu item, type the item number to
move the prompt-cursor to the item, then enter the desired parameter
value. If the ftem has more than one data entry field, press <RETURN>
to move to the next field. For example, Item 3 on the Trigger Menu has
both binary and hexadecimal entry fields; press <RETURN> to move from
the binary field to the hexadecimal field.

Press <SPACE> to leave an item and return the prompt-cursor to the
lower left corner of the screen.

8.3 COMMANDS

Commands control the collection and display of data. Commands are
made up of a command letter and one or two optional parameters. The
commands that collect or display data are shown below. Optional
parameters are shown in square brackets, "[ ]".

Command Effect

D [x] Numeric dump from sample x

Elx] Edge display from sample x

G Go collect data

I[x] Instruction disassembly from sample x
M[x[,yl] Matrix display from sample x to y
wix{,yll] -Waveform display from sample x to y

Load trigger word and collect data

Additional commands that perform various useful functions are:

Command Effect

2[C/D,y el Help Pages for Commands C, D,...
Nifxyeze.. Name Channel number # with xyz...
CTRL-P [x[,y]] Print copy of sample x to y

X[x[,yl] Calculate time between cursor, x, or y

When you enter the first letter of a command sequence, the format
for the rest of the command appears immediately on the prompt line. Do
not put a space after the command letter; the space 1s inserted
automatically. When you enter two numeric parameters, use a space to
separate them. All commands except "G" and "=" must be ended with
<RETURN>.

As an example, consider the command:
WS<RETURN>
"W calls up a Waveform Display of the most recently collected data.
The parameter "5'" causes the display to start from Sample 5, the fifth

- sample after the trigger event.

If you make an error in the middle of a command sequence, type
"/<RETURN>" to abort the command, then re-enter the command correctly.
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Commands are accepted when the prompt-cursor appears in the lower

left corner of the screen,
\

Both lower and upper case characters are accepted; lower case is
treated internally as uppercase. The "W5" command could have been typed
as "w5" with the same result. The slash character "/" is accepted as
"?", a comma is accepted as "<", and a period is accepted as ">". Thus
one~-finger typists do not need to use the shift key.

8.4 REPRESENTATION OF DIGITAL SIGNALS BY NUMBERS

As the name "digital logic" implies, electronic signals may be used
to represent numbers, and vice-versa. The basic form of representation
is binary, where, for example, an eight-digit binary number such as
"1001 0111" is used to represent the signals on eight electrical lines.
Each digit in the binary number is a "0" or a "1", representing a high
voltage level (HI) or low voltage level (LO) on the corresponding line.

Let 'us represent the form of the binary number like this:
abed efgh

Here "a" represents the first bit, "b" the second, and so on. The
number may be evaluated by multiplying the bits by powers of 2 and
summing:

No=ax27 +p%28 &, ., 4 pa20

Thus "a" 1s the high-order bit, "b" is the next bit, and so on to "h",
which 1s the low-order bit. Extending the correspondance beween the
eight bits and the eight signal lines, we may apply mathematical
terminology to the signal lines. The line corresponding to the high-
order (leftmost) bit is the high-order line, and the line corresponding
to the low-order (rightmost) bit is the low-order line.

For the Omni, we call the signal lines channels. They are labeled
according to the powers of two in the binary number. Thus eight of the
channels are called Channel 7, Channel 6, and so on to Channel 0. We
may also call Channel 7 the high-order channel {(in this group of eight),
and Channel 0 the low-order channel.

Binary numbers are difficult for people to deal with. When
expressing digital signals as numbers, it much more convenient to use a
number base such as decimal (base 10), hexadecimal (base 16), or octal
(base B). Note, however, that the correspondance between the digits of
the numbers and the signals is lost when decimal is used. "173" may
represent the signals on Channels 7 through 0 very nicely, but the "7"
does not correspond to the signal on any one channel or group of
channels.

Bexadecimal representation is often preferred because each hex
digit does correspond exactly to the signals on four channels; a hex
digit is equal to four bits. A signal on the Omni’s 16 channels may be
represented by four hex digits, e.g., "9AC5". In this context, "9"
corresponds to the signal(s) on Channels F-C, "A" to Channels B=9, and
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gso on. To interpret this i{n terms of signal levels, translate it to
binary. Thus "9" is equal to "1001" in binary, which means a HI level
on Channel F, LO on Channel E, LO on Channel D, ard HI on Channel (.

8.4 FORMAT FOR ENTERING NUMBERS

Most entered data is numeric and can be specified in a variety of
formats. All numbers are assumed to be in hexadecimal format, unless
indicated otherwise by a base suffix. To enter a number in another
base, such as decimal, append one of the following base specifiers:

Suffix Base . Valid Digits

B binary 0 and 1

D decimal 0,1,004s,9

H hexadecimal 0,1,2,4¢4,9,A,B8,C,D,E,F
(default radix)

0] octal 0,1,2,000,7

L B unsigned decimal 0,1,¢00.9

Typical input values are:

Example Meaning

1234 decimal 1234

1234D decimal 1234

-1234 decimal negative 1234

47H hexadecimal 47 (i.e. decimal 71)
ABCDH hexadecimal ABCD (i.e. decimal 43,981)
10118 binary 1011 (i.e. decimal 11)

170 octal 17 (1i.e. decimal 15)

The term "radix" is sometimes used as a synonym for "base."

The "sample number" for a given sample means the position of the
sample compared to the trigger event, which normally corresponds to
Sample 0. For example, in the "W5" command referred to earlier, the
number "5" indicated 5 samples after the trigger event. Samples before
the trigger event are indicated by a negative sample number such as "W-
5". Note that if a nonzero value is specified for the Delay on the

Trigger Menu, Sample 0 will be delayed with respect to the trigger event
by that amount.

If time units are desired rather than sample number, then the
number should be suffixed with time units. These units are:

Suffix Meaning

NS or N nanoseconds (.00000000! second)
US or U microseconds (.00000]1 second)

MS or M ‘ milliseconds (.00l second)

S seconds
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The command:

W5u<RETURN>

will generate a Waveform Display of the collected data with the sample 5
microseconds after the trigger event positioned at the left side of the
screen. Numbers are maintazined to three significant digits after the
decimal point and you are allowed to enter numbers which contain decimal
points. The following examples illustrate some valid number

representations.

Example Meaning

500ns 500 nanoseconds after the trigger event
~5500us 5500 microseconds before the trigger event
=5.5ms same as previous example (i.e. 5.5

milliseconds before)

A number such as "500.75ns" is overly precise since the resolution of
the analyzer is limited to the nearest 50 nanoseconds. This number

would be accepted as "500ns".

8.5 CURSORS

The Omnl uses two cursors, called the prompt-cursor and the
highlight-cursor. The prompt-cursor is a blinking block or underiine
that shows where characters entered from the keyboard will appear on the
screen. The highlight-cursor, also called the sample cursor, is a
highlighted area of the screen used to mark a certain sample in a
display. The highlight-cursor also uses either a vertical line to

indicate the marked sample (for the Waveform and Edge Displays) or a "<
character (for the Dump Display).

8.6 DISPLAY CONTROL KEYS

Displays are controlled by the following keys:

Key Function

> scroll display one page to right

< scroll display one page to left

<= move highlight-cursor one position left

-> move highlight=-cursor one position right

r scroll display or highlighted item up one position

¥ scroll display or highlighted item down one

position

<SPACE> exit current menu or display

8.7 HELP INFORMATION

A 1list of all the commands appears on the Reference Card, Appendix
B at the end of this manual, and in abbreviated form on a label on the
keyboard. The list is also available on-line as two Help Pages; see the

next section for further information on the Help Pages.
Rev. D
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9, HELP PAGES

Help Pages may be called up as needed. Whenever the command line
Enter: ¢,D,E,F,G,H,I,L,M,N,0,P,5, T, W, X,Z,=,2,(8p),"P

appears, a list of the menus and commands may be obtained by typing
"2<RETURN>".

This list is the same as that given on the Reference Card at the
end of this manual, Appendix B. The first half of the list appears on
the screen immediately; to view the second half, press <SPACE>.

More detalled information about any menu or display command may be
obtained with a question mark followed by the command letter, for
example:

?7W<RETURN>

A Help Page will appear that gives details on the format and use of the
W Command, which controls the Waveform Display.

The Help Pages are contained in disk fi{les that are presented in
response to commands beginning with "?". The Logic Analyzer Disk must
be in Drive A for the Help Pages to be accessible.

After viewing a Help Page, press <SPACE> to return to the menu or
display you were viewing before.

The menus have additional Help Pages on-line for each menu item.
Type "?" followed by the number of the menu item to see a detailed
explanation of the item. For example, on the Correlation Menu, "?5"
gives a detailed explanation of Item 5, Starting Point Skew Allowance.
Exhibit 9-1 shows the Correlation Menu and the corresponding Help Page
for Ttem 5. After reading the explanation, press <SPACE> to go back to
the menu.

When the first letter of a command is keyed in, abbreviated Help
information for the command is automatically displayed. The information
appears as a prompt line that gives the format for the command or a
description of its effect.
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1) File to correlate with: INTERHAL
FEDCBAYSB76543218
2) Channe! mask: 1111111111111111
3) First sample included: 25
4) Number of samples: 168
5) Starting skew allowance:25
6) Skew aiignment samples: 1
1) Sampling tolerance: 5
8) (hannel (bit) tolerance:@
9) Repeat data collection untii: A
->» R) (not active)
B) Samples correlate with reference
() Samples do not correlate with reference

Index 1-8, € to start, P, ?, or (space)

5) STARTING POINT SKEW ALLOWANCE

The starting point given in Item 3 specifies a sample
nusber in the Sample Memory and implies the same in
Reference Memory. Due fo sampling differences, these
two starting points may not be exactly at the same
sample number. To account for this, Item 5 allows you
to skew the Reference Memory starting point some given
value, The value entered is the maximum number of
samples on either side of the implied starting point
that should be allowed. for example, a value of 18 for
the starting point and 4 for the skew would mean that
the Reference Memory starting point could be anyuhere
from 6 to 14.

Hit key to continue

(b)

Exhibit 9-1. Correlation Menu (a) and _the Help Page for Item 5 (b).
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10. TRIGGER CONDITION SETUP MENU

10.1 INTRODUCTION

The trigger word and other trigger conditions are entered in the
Trigger Condition Setup Menu, Exhibit 10-1, usually called the Trigger
Menu for short. It is the first page that sppears after self-test and
the command lists when you load the logic analyzer program, LA. You may
also call it up with the T Command.

For the simplest form of triggering, enter the desired trigger word
in Item 3, Trigger Event. The trigger word is expressed both in binary
form, which allows "don’t care" bits (each denoted by an "X"), and in
hexadecimal form at the right of the binary field.

The menu format makes entering the trigger word very easy. Type
"3" to move the prompt-cursor to Item 3. The prompt-cursor will begin
blinking in the first colummn (labeled "Channel F" at the top) to show
that the Omni is ready to accept an entry in that column. You can move
the cursor to another channel either by using the left and right arrow
keys, or by entering the channel designator "F" through "2" ("1" and 0"
are not available for moving the cursor since they are used as entry
symbols.) Key "5", for example, will move the cursor directly to
Channel 5.

Keying 1in a "1", "0", or "X" for a given channel sets the trigger
level for that channel to high, low, or "don’t care", respectively. The
cursor then moves to the next channel.

The Omnl also allows triggering on logic functions (AND, OR, and
NOT) of the bits in the collected samples. In order to facilitate this,
the sixteen channels are divided into four groups of four bits each.
The four groups are labeled "z", "y", "x", and "w". In addition,
Channels 3 through O have glitch triggering capability; the glitches are
considered Group g. Item E, Recognition Function, defines the logic
function of the five groups which initiates triggering. Type "E" to
move the prompt-cursor to Item E, then key in the number of the desired

logic function.

After setting the trigger conditions, type "G" for "Go and Collect
Data.” The Omni will collect data, stop after the trigger condition is
satisfied, and display the new data in the current display format.

When you finish viewing a data display and are ready to reset the
trigger conditions to collect another sample, press <SPACE> to bring up
the Trigger Menu again. You can also reach the Trigger Menu by typing
"T" .

If you wish to display less than all 16 channels, or wish to

display glitches on the lower four channels, Items 1l and 2 allow you to
set up those conditions.
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Channels FED
1) Active Probes B 18
2) Bctive Glitch
Recog Groupings i-—- z —=i== g —=i== X “"i 7T W "7l
3) Trigger Event XXXXXXXXXXXXXXXX
4) Glitch Eventiqg) XXXX

(BASE7?
1611180

5) Trigger Qual: X D) Recog Mode: UNLATCHED
6) Trigger Point: 512 E) Recog Function: 1

7) Occurrence §: 1 =2 1-z+yx-u-g

8) Delay: 2-(zry x-wlig

9} Timeout: 3 (Z7g)ex-uw

A) Clk Qualify: 4-(z+y}t(x-w)

a
a
X
B) Ext Clock: X S5-z+y (xtu)
50

C) Sample Rate: .Bns 6-External

Index 1-E, G=start, Psprint, ?, (space)

Exhibit 10-1. Trigger Menu as it appears on the screen.

10.2 SAMPLE CLOCK

The Omni uses a clock signal, called the sample clock, as 1its cue
to sample the logic level on the sixteen input lines. A sixteen bit
word, one bit for each channel, 18 collected on the active edge of the
sample clock. (The active edge may be either the rising or the falling
edge.) The sample clock may either be a signal generated by the Omni
itself (Internal Clock), or a signal derived from the equipment under
test (External Clock).

Use of the Internal Clock is often referred to as asynchronous
sampling (not synchronous with signals in the equipment being tested),
or "timing analyzer mode." To activate this mode, enter a Sample Rate
in Item C. The default mode is Internal Clock mode with a Sample Rate
of 50 nanoseconds (50 nanoseconds beween samples). Using the Internal
Clock, the clock edge used (rising or falling) is not meaningful to the
measurement and is not specified.
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Use of the External Clock is often referred toc as syachronous
sampling, or "state analyzer mode." To activate this mode, enter the
desired clock edge, "1" or "0" (rising or falling), in Item B; Item C
will be updated to show "External Clock" automatically.

There 1is often some confusion between clocking and triggering when
using a logic analyzer for the first time. It takes 1000 clock edges to
fill the trace memory with 1000 samples. It takes only one trigger
event to stop data collection and give a display. We recommend that you
always use Internal Clock and manual trigger for your first measurement
in any testing. That will show you the signals on the input lines, no
matter what they are. We also recommend that you go through the Quick
Start procedure (Appendix A) the first time you attempt to use the Omni.

10.3 GLITCHES

A "glitch" is a narrow pulse, usually created as a spurious by-
product aecompanying state changes in a logic system. Address decoders
and other multi-gate circuits often produce glitches when some parts of
the circuit respond slower than others, yielding illegal states that
last for less than a clock cycle.

In synchronous (clocked) logic, glitches are usually harmless since
they occur between active clock edges, and hence are ignored. Some-
times, however, they cause trouble, and when they do, the Omni may be
used to detect them and isolate the source.

Basic logic analyzer circultry, which collects data only at the
active clock edge, will not normally detect glitches. The Omni contains
latches that follow the incoming data stream; if two or more level
transitions occur within one clock peried, that 1s considered a glitch.
Detection of the glitch is recorded in a special glitch memory. When
glitches are present and glitch display is activated, glitches appear on
the Waveform Display as narrow pulses.

Channels 3 through 0 have the ability to capture glitches. Item 4,
Glitch Event, controls triggering on glitches. Enter a "1" to activate
glitch triggering on a given channel, or an "X" to disable. The glitch
polarity is not significant; when a "1" i3 entered, the Cmni will
trigger on glitches of either polarity in that channel. Entering a "O0"
has the same effect as entering a "1".

If glitch triggering is activated for more than one channel,
appearance of a glitch on any one activated channel will satisfy glitch

recognition.

10.4 = COMMAND .

The = Command is a combination command that allows you to both
change the trigger word and initiate triggering at the same time. To
use 1it, line up the sample cursor, in the Waveform or other data
display, on the word you wish to use as the new trigger word. Then type
"=" to load the word marked by the cursor into Item 3, Trigger Event,
and start data collection. When you use the "=", the trigger event will
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be the value displayed at the trigger position. Any channel that is not
displayed (i.e., not active) will take on an "X" (don’t care) value in
the trigger word.

10.5 TRIGGER POINT AND DELAY

A trace of approximately 1000 samples is collected during each data
collection run (approximately 500 samples when using the 32 channel
adapter). Normally, the trigger event will correspond to a point
approximately in the center of the trace, so that there are 500 samples
before the trigger event and 500 samplems after the trigger event.

The sample corresponding to the trigger event is normally labeled
Sample 0. The other samples are numbered relative to the trigger event;
thus Sample 5 is the fifth sample after the trigger event, Sample -10 is
the tenth sample before, and so on.

Sometimes it is desirable to observe samples that are more than 500
sample clocks before or after the trigger event. Two menu parameters,
the Trigger Point, Item 6, and the Delay, Item 8, make it possible to
do this. Exhibit 10-2 shows how these two parameters skew the collected
data in time relative to the trigger event.

1000 DATA SAMPLES
/\

a \

TRIGGER JPAMPLE §

EVENT

\ /
N
DELAY

TIME ———>

Exhibit 10-2. Relationship between the trigger event, Delay, Trigger
Point, and Sample 0. The ability to specify independently the Delay and
Trigger Point makes it possible to view data before, after, or long
after the trigger event. Note that when the Delay is 0 (the default
case), Sample 0 is simultaneous with the trigger event.
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The Trigger Point defines the number of samples that the trace
extends past Sample 0 (which normally corresponds to the trigger
event). For example, a value of 96 will cauge 96 samples to be saved
after the trigger, and thus approximaterly 900 before; the trace will
extend from (approximately) Sample -900 to Sample 96. The default value
for the Trigger Point is 512, which puts Sample 0 in the middle of the
collected data.

By setting the Trigger Point to 992, 992 samples after the trigger
event may be cbserved. If data 1s to be collected at some longer time
pericd after the trigger event, then a Delay parameter (Item B) can be
specified. This will skew the collected data some specified time after
the trigger. The value of the Delay corresponds to the time difference
(expressed as a certain number of sample clocks or as an absolute time
value) between the trigger event and Sample 0. Thus when a non-zero
Delay is present, Sample 0 does not correspond to the trigger event.
Only positive delay values are allowed. (The capability of accepting
negative delay values has not been implemented, as this would require
that the instrument be capable of predicting the future.)

10.6 AN EXAMPLE

The availability of many different trigger parameters vastly
increases the Omni’s power to isolate and capture a particular event.
For example, assume that you have an eight bit microprocessor system
that is supposed to be moving a zero out of the accumulator at a certain
instruction in its program, but sometimes a non-zero number appears and
disrupts system operation.

To capture this event, you could connect Channels 7 through 0 to
the lowest eight address lines, and Channels F through 8 to the data
bus. For the Trigger Event, enter the lowest eight bits of the address
of the c¢ritical instruction in Channels 7 - 0, and zeros in Channels F -
B. 7Use Section 3 of the Recognition Function (Item E) to achieve
triggering when Channels 7 - 0 equal the Trigger Event and Channels F -
8 do not equal the Trigger Event. With these conditions, whenever the
critical instruction moves a non-zero number out to the accumulator and
onto the data bus, the Omni will trigger on that event and display both
address and data bus information before and after.

10.7 MENU ITEMS

Detafled explanations of the individuvual menu items follow. To
enter a parameter in a menu item, first press the key corresponding to
the number of the item, e.g. press "1" to move the prompt-cursor to Item
1. After the change has been made, press <SPACE> to leave the item and
return the prompt-cursor to its home pogition at the lower left.

Item 1) Active Probes

This item has two functions. One, it shows the instantaneous logic
levels on the input probe lines for the channels that will be included
in the data displays. Two, 1t shows which channels will be included in
the data displays, and provides a way of selecting the channels which
will be displayed.
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A high or low logic level on each input probe line is indicated by
a "1" or a "0". The level display is updated several times a second and
a varying logic level will cause the display to flicker between "0" and
"1". Channels not included in the displays will have a blank space in
the corresponding bit position in this ftem.

To activate a given channel for display, first press "1" to move
the cursor to this item. Then keys "F", "E", "D", ... "D" will activate
the corresponding channel. Or, use the "<-" and "->" cursor keys to
move the cursor to the desired channel, and press any other key except
"X". To deactivate a channel, press the “"X" key. The keys auto-repeat.

Note that when you move the cursor to a channel, the channel label
appears to the right under "Signal".

Exit this item with <SPACE>.

This item affects only the display format; it has no effect on data
collection (data is always collected on all channels) or triggering.

Item 2) Active Gliteh

This item selects the channels for which glitches will be displayed
on the Waveform and Edge Displays. Channels with a "#" symbol will
display glitches, others will not. Glitch capability is limited to
Channels 3 through 0. To activate a given channel, first press "2" to
move the cursor to Item 2; then key "3" or "2" will move the cursor to
the corresponding channel and activate it. Or, use the "<=" and "->"
cursor keys to move to the desired channel, then press any other key
except "X" to activate it. To deactivate the channel, press the "X"
key. Press <SPACE> to leave this item.

This specification affects only the display format; it has no
effect on data collection (data is always collected on all channels) or
triggering. Glitch display can be activated only for channels also
active in Item 1.

Item 3) Trigger Event

When the Omni encounters the word entered in this item in the data
stream, it will trigger, stop data collection after the specified number
of additional samples, and display the collected data. To set the
trigger condition for a given channel, move the cursor to that channel.
Keys "F", "E", « . .+ "2" will move the cursor to the corresponding
channel, or the "<-" and "=>"" cursor keys may be used. For each
channel, enter a "1" to choose a high logic level as the recognition
condition, or a "0" to choose a low level. Enter an "X" to choose a
"don’t care" condition. Item 3 defaults to all "don’t cares" on power-
up.

After entry, the trigger word also appears in hexadecimal notation
at the right of Item 3. "Don’t care" bits are valued at 0 in the
translation to hexadecimal. To enter the trigger word directly in
hexadecimal, press <RETURN> to move the cursor into this field from the
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binary field. Direct hexadecimal entry does not allow "don’t cares.”

Press <SPACE> to leave this item and return the prompt-cursor to
the lower left.

Item 4) Glitch Event (g)

Any of the four channels in Group w can enter into the recognition
event by entering a "1" when the cursor is positioned at the desired
channel. No glitch is an "X". The cursor positioning commands are the
same as for Item 3. TUnlike the Trigger Event, however, the glitch
channels operate on an OR logic condition. If any one (or more) of the
selected glitch channel detects a glitch, recognition occurs.

Item 5) Trigger Qual.

Trigger qualification can be specified by entering a "0" or "1" in
this item. "X" disables triggexr qualification. "1" indicates that the
probe Trigger Qualify line must be at a high logic level before an event
can be recognized; when the input line is at a low level, all data input
to the event recognizer is ignored. 0" indicates the opposite
condition, that is, the event can only be recognized when the Trigger
Qualify input is at a low level. Essentially, the Trigger Qualify acts
as a 17th channel (or as a 33rd channel when the 32 channel option is

installed) for trigger event recognition.

To use Trigger Qualification, Line T on Probe Pod B (right pod)
must be connected to the trigger qualifying signal.

Item 6) Trigger Point

A 1000-sample trace 1is collected about the trigger event during
each data collection run. The number of samples that the trace extends
past the trigger event (which normally corresponds to Sample 0) is
specified with this item. A value of 90 will cause 90 samples to be
saved after the trigger, and thus approximately 900 before. A value of
500, the default condition, puts the trigger event approximately in the
middle of the collected data.

Item 7) Occurrence ¥

This specifies the number of times the trigger event must occur
before recognition takes place. An occurrence is counted each time the
trigger pattern goes from a state where the signal does not match the
trigger pattern, to one that does match the trigger pattern. The length
of time for a match or no-match condition has no bearing on the
occurrence counting. Selection of 1 to 15 occurrences is supported.

Ttem 8) Delay

Usually data will be collected immediately around the trigger
event. However, if data is to be collected at some time period after
the trigger event, then a delay can be specified. This will skew the
collected data some speclified time after the trigger. The delay can be
specified as a certain number of sample clocks or as an absolute time
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value. Absolute time delay is selected by using suffixes to indicate
time vnits: "ns" or "n" for nanoseconds; "us" or "u" for microseconds:
"ms" or "m" for milliseconds; and "s" for seconds. No suffix implies
that the delay parameter represents number of samples, rather than time
units. Depending on the sample rate, the delay can range from 16
microseconds to 34 seconds. Only positive delay values are accepted.
The delay and timeout resources are shared, so that when either is
selected, the other is disabled.

Item 9) Timeout

This function provides a means of detecting when a certain pattern
(which normally occurs repetitively) is absent for a specified time or
longer. The pattern is entered in Item 3, Trigger Event, and the time
limit, called the Timeout period, is specified in Item 9. If a Timeout
period goes by during which the (normally repetitive) event has not
occurred, then a trigger will be generated and data collected.

For example, consider the case of a microprocessor~basad controller
which i3 required to poll several input devices periodically. If the
controller fails to respond to a service demand within a certain time, a
fault condition occurs. This can be caused by the processor getting
"tied up" spending too much time on one task. To solve the problem, it
is necessary to identify which task is tying up the processor when a
fault = failure to poll the input device = occurs. Set up the Omni to
collect microprocessor addresses, which will identify program tasks.

Set up the triggering so that Item 3, the Trigger Event, corresponds to
polling of the critical imput device. For the Timeout period, enter a
time value equal to the normal interval between the polls of the input
device. Then when the input device is not polled on schedule, the Omni
will execute a trigger sequence, that is, halt data collection and
display the data. The addresses of the offeanding time-consuming task
will be captured in the data.

The Timeout period depends on the Sample Rate and can vary from 16
microseconds to 34 seconds. It can be specified either as a certain
number of sample clocks or in time units. Enter time units in the same
way as described above for Delay, Item 8. The Delay and Timeout

resources are shared, so that when either is selected, the other is
disabled.

Item A) Clk Qualify

Sampling normally occurs on every cycle of the signal (external or
internal) being used as the sample clock. If there are periods when
data collection should not be performed, the Clock Qualify line can be
used to 1limit the collection to only the desired periods. For example,
it may be desired to collect only data bytes sent to a particular I/0
port. This may be achieved by using the I/0 write strobe as the
External Clock, and using the decoded port select signal in the port
circuitry for Clock Qualify.

Entry of a "1" in this item causes data to be collected only when
the Clock Qualify line is high. A "0" enables data collection only when
the Clock Qualify line is low. If no qualificatioun is desired, enter an
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"X" to specify the "don’t care" condition.

To use Clock Qualification, Line C on Probe Pod B (right pod) must
be connected to the clock qualifying signal. In the example above, that
would be the decoded port select signal.

Item B) Ext Clock

When synchronous data collection is to be performed, the External
Clock selection should be used and the desired sampling edge specified.
If the sample is to be saved on the low to high transition of the clock,
enter a "1" (positive going) edge. A negative going edge is selected
with a "0" entry. To deselect the External Clock, either enter "X" in
this item or specify an Internal Clock Sample Rate in Item C.

To collect data with an External Clock, Line C on Probe Pod A (left
pod) must be connected to the signal in the equipment under test that is
to be used as the clock signal.

Clock rates up to 20 MHz (50 nanoseconds) are supported.

Item C) Sample Rate

When the Internal Clock is used, a Sample Rate must be chosen. The
Sample Rate can be varied from 50 nanoseconds (20 MHz) to 32
milliseconds (30 Hz). For high speed data collection, rates of 50ns,
100ns, 200ns, and 500ns are available. If a rate that is not available
is selected, then the next faster available rate will be used. Slower
rates can be selected in one microsecond intervals up to 32.766
milliseconds. To specify the sample rate, enter the desired rate
followed by a time unit suffix, "n", "u", "m", "ns", "us", "ms", or "s".

Item D} Recog Mode

The Recognition Mode may be Latched or Unlatched. That is, trigger
recognition can be performed on data as it passes through the
recognizer, or the data can be latched by the sample clock prior to
recognition. The Unlatched mode 1s appropriate when high speed signals
of potentially short duration are being detected. The Latched mode
should be used when monitoring a data bus type circuit, where data is
considered valid only during the clock edges. Selecting this item
toggles (changes) the Recognition Mode from Unlatched to Latched, and

vice-versa.
Item E} Recog Function

The sixteen data channels and four glitch channels are organized
into five groups labeled "z", "y", "x", "w", and "g". These groups may
be combined via this item to allow triggering on various logical
combinations of data and glitch. For example, Function 1, "z.y.x.w.g",
requires that the 16 data lines match the Trigger Event specified in
Item 3, and that a glitch appear on one of the channels specified in the

Glitch Event, Item 4.
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If no Glitch Event (Item 4) 1s specified, Function I will be
satisfied when only the Trigger Event (Item 3) is satisfied.

Function 2, "(z.y.x.w)+g", requires only that the Trigger Event or
the Glitch Event be satisfied; not both.

Function 3 is "(Z.¥).x.w". Here the overbar symbol means logical
negation, that is, "Z" means "not z". Since "g" does not appear,
Function 3 applies only to the sixteen data lines. It is satisfied
when, and only when, all three of the following conditions are true:
Channels F through C (Group z) do not match the data event; Channels B
through 8 do not match the data event; and Channels 7 through 0 (Groups
x and w) do match the data event. "Not match" for a group means any one
(or more) bits within that group failing to match.

Function 4, "(z.y)+(x.w)", also applies only to the sixteen data
lines. It is satisfied when either Channels F=8 (z and y) or Channels
7-0 (x and w) match the data event.

Function 5, “z.y.(xtw)", is satisfied when Channels F-8 (z and y)
match the data event, and either Channels 7-4 (x) or Chanmels 3=0 (w)
match the data event. '

If Function 6, External Trigger, is selected, then you must also
specify the edge .of the trigger pulse on which triggering shall occur.

Enter "1" for a leading (rising) edge or "0" for a trailing (falling)
edge.

To use an External Trigger, Line T on Probe Pod A (left pod) must
be connected to the signal in the equipment under test that is to be
used as the trigger signal.

10.8 HELP PAGE

When you are viewing the Trigger Menu, you can access Help Pages
for Items 1, 2, etc. by typing "?1", "?2", etc. Press <SPACE> after
viewing a Help Page to return to the Trigger Menu itself. Help
information for the Trigger Menu as a whole may be accessed by typing

"?T" when the prompt-cursor appears at the lower left corner of the
screen.

10.9 COMPLEX TRIGGER

The Complex Trigger Function allows triggering on a sequence of
trigger words, rather that a single trigger word. This capability is

also called sequential triggering or multilevel triggering by some logic
analyzer manufacturers.

Type "Z" to bring up the Complex Trigger Menu, which controls this
function. Exhibit 10-3 shows an example of the menu.
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Channels
11 Trigger Mask:

Trigger
liord
7618
763F
BOEE

~J@ Rl wMm

o

91 complex Recognizer: Enabled

Enter 1 -9, 6, ?, P or (space)

Exhibit 10-3. Complex Trigger Menu.

Calling up the menu enables the Complex Trigger Function. When it
is enabled, the trigger pattern is governed by the entries on this menu
rather than by Item 3 on the Trigger Menu.

The successive trigger words are entered in Items 2 through 8 of
the Complex Trigger Menu. The trigger words must occur in the order
listed for triggering to occur. That i3, each trigger word must have
appeared in the data stream and been recognized before the Omni is ready
to recognize the next word. The Omni initially watches for the first
word. Once that has been recognized, it watches for the second word
and so on. After the last word occurs and i1s recognized, the Omni
completes the data collection and displays the data in the usual way.

There is a delay following recognition of a word in the trigger
sequence, called the Setup Delay, until the Omni is ready to recognize
the next word. Occurrences of the next word in the data stream before
the Setup Delay has expired will be ignored. The Setup Delay has a
minimum value of 100 microseconds. Greater time values may be entered
in the menu. '

The menu also includes a Trigger Mask (Item 1) to limit recognition
to a subset of the total sixteen channels.
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Accessing Item 9 toggles the Complex Trigger Function between
enabled or disabled status}; when it is disabled, normal triggering as
defined on the Trigger Menu governs the trigger method. The Complex
Trigger Function is disabled at power-up.

10.10 EXAMPLE OF COMPLEX TRIGGERING

Many computer software bugs can be localized by collecting the
addresses of instructions as they are executed. Studying the flow of
program control will reveal which part of the program is at fault.

However, programs often use nested subroutines, or subroutines
called from several places in the main program, to perform a complex
series of steps. In such cases, there are many "execution paths'" that
the program may take. Often a troublesome problem is associated with
only one execution path. A subroutine may perform correctly sometimes
but misbehave other times, depending on where it was called from in the

main program. To locate the bug, you need to focus data collection "by
path."

The Complex Trigger Function allows you to do exactly that. Enter
as trigger words the calling addresses of the successive subroutines in
the path you wish to study. The Omni will collect data around the last
trigger word, which becomes Sample O (typically) in the displayed trace.

The sample data will reveal the system behavior that results from that
particular path.

10.11 COMPLEX TRIGGER MENU ITEMS

Item 1) Trigger Mask

Not all probe lines need be included in the trigger words. A "1
in a given bit position means that the corresponding bit is considered
by the recognition circuits. An "X" means the bit is ignored. The
Trigger Mask word is also automatically displayed to the right in
hexadecimal notation, where each "X" is assumed to have a value of O.

Items 2) Trigger Word and Setup Delay

Enter the first trigger word following the "2)". If you wish to
specify a setup delay value, use the right-arrow cursor key to move the
cursor to the Setup Delay field. Merely press <RETURN> to get the
default delay of 100.0 microseconds.

Items 3) through 8)

Enter additional trigger words and (if desired) setup delay values
in these items.

Item 9) Complex Recognizer Enabled/Disabled
Accessing this item toggles the Complex Trigger Function between

enabled and disabled status. The disabled condition allows you to
return to single word triggering (that is, Item 3 on the Trigger Menu
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again determines the trigger word) without disturbing the list of words
in Items 2 through 8.

10.12 COMPLEX TRIGGER HELP PAGE

To display information for the Complex Trigger function, type "?Z"
when the prompt-cursor appears at the lower left corner of the screen.

To display information for the individual menu items when viewing the
menu, type "?1", "?2", and so on. After viewing the information, press

<SPACE> to return to the menu itself.

Rev. D
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11. OPTIONS MENU

11.1 INTRODUCTION

The Options Menu (Exhibit 1l-1) controls various aspects of the
data displays: output number base, sample or time units on the Waveform
and Edge Displays, display Sample or Reference Memory, enable modem,
probe type (inverting or non-inverting), and disassembly status lines
available or not (for the Instruction Disassembly function).

To call up the Options Menu, type "O<RETURN>".

1) Qutput rumber base: BINARY

2) Sample/Vime uraits on waveform: Sample Divisions

3) Display sample or reference memory: Sample

4) Enable moden: In Oniy

5) Frobe tupe: Invert ing

Enter index 1-6, ?, P, or (space) to exit

r

Exhibit 11-1. Options Menu as it appears on the screen.
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11.2 MENU ITEMS

To enter a new parameter in one of the menu items, type the item
number in order to move the prompt—cursor to the desired item.
Following are explanations of the individual menu items:

Item 1) Output number base:

The default output number base is hexadecimal. The menus and
displays that show the data in alphanumeric form (Dump, Matrix, and
Trigger Setup) use the number base specified in this item.

In hexadecimal notation, the 16 channels are organized into groups
of four, and the value contained in each group (each four bits) is
displayed as a single hexadecimal digit. The number base can be changed
to octal {groups of 3 channels), binary (each digit represents one
channel), or one of two decimal representations. The signed decimal
grouping treats the Channel F value as the sign bit of a twos complement
number. The unsigned decimal format allows only positive values.

After moving the cursor to this item by typing 1, enter omne of:
octal, B for binary, D for decimal, H for hexadecimal, O for octal, or U
for unsigned decimal.

Item 2) Sample/Time units on waveform:

The Waveform and Edge Displays contain a graticule scale which
indicates the position of each sample displayed relative to the trigger
event. This scale can be labeled either with number of samples before
and after the trigger point, or with time units before and after the
trigger point. Selecting Item 2 toggles the scale labeling between
these two cases. When time units are selected, the values will be
displayed in an engineering format to three significant digits. Units
of nanoseconds (ns), microseconds (us), or milliseconds (ms) are used.

Item 3) Display Sample or Reference Memory:

When data is collected, 1t is automatically stored in Sample Memory
and displayed in the current display mode. It is also possible to load
previously collected data into Reference Memory, and then display the
Reference Memory. This facility is useful for making couparisons
between two sets of collected data, such as when the correlation
function is used.

There are two ways of loading data into Reference Memory. It may
be transferred there from Sample Memory, or it may be retrieved from a
file previously saved on disk. Sample to Reference transfer is perormed
via the File Menu. File to Reference transfer can be done from the
Correlation Menu or File Menu.

When Reference Memory is selected, all subsequent displays will
show it until Sample Memory is again selected or a new data collection
is made with the G or "=" Commands. Selecting Item 3 toggles between
Sample Memory and Reference Memory.
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Item 4) Enable modenm:

The Omni 4°s internal modem is controlled by this item. Accessing
Item 4 toggles the modem status between enabled and disabled. When the
Logic Analyzer Program is first loaded, the modem is enabled for input
{that is, input from a phone line through the mcdem will be treated the
same as input from the keyboard) and disabled for output (output is sent
to the screen, not the modem line).

"Enable" (first access of Item 4) enables the output as well as the
input. This allows you to dial up the Omni from a remote location, and
control the logic analyzer from the remote location. Transmit "0" to
access the Options Menu, then "4" to enable the modem. Once enabled,
output goes to the modem rather than the screen. This gives you full
control of the Omni over the phone connection. WNote that until this
full control is established, you will not have any feedback over the
phone line - you have to send the "0" and "4" blind.

"Disable" (second access of Item 4) disables both modem input and
output, returning full control to the local keyboard and screen. To
return to the initial state, it is necessary to exit and then reload the

Logic Analyzer Program.

Item 5) Probe type:

The Omnl software can accomodate either inverting or non-inverting
probes. Accessing this item toggles a software switch between Inverting
and Non-inverting settings. All present Omnilogic probes are of the
Inverting type, which 1s the default case for this item. This function
is included to provide flexibility for possible future options. It may
presently be used where display of negative logic is desired.

11.3 EELP PAGE

The Help Page for the Options Menu may be accessed with "?0". When
viewing this Menu, Help Pages for Items 1, 2, etc., may be accessed with
"?71", "?2", and so on. When you finish viewing the Help information,

press <SPACE> to return the Options Menu itsgelf.

Reve D
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12. GO AND START DATA COLLECTION

12.1 INTRODUCTION

After the probe leads are connected to your circuit and you have
entered the appropriate data collection parameters in the Trigger Menu,

type "G" to initiate data collection.

The G Command instructs the analyzer to start collecting data using
the sampling characteristics defined on the Trigger Menu. With each
active clock edge, one sample is collected from the data input lines and
loaded into the Sample Memory. The analyzer collects data until the
trigger event specified on the Trigger Menu appears. It collects a
defined number of samples after the trigger event, and then data
collection stops and the data is displayed.

The number of samples collected after the trigger event is defined
by the number specified in Trigger Menu Item 6, Trigger Point. The
sample collected at the time of the trigger event is labeled Sample 0 in
the data display. Thus in the display, the Trigger Point is the number
of samples from Sample O to the end of the trace.

If the trigger event does not occur, the analyzer will continue to
collect data indefinitely. Likewise, if the sample clock stops after
the trigger event but before the number of samples called for in Item 6
has been collected, the analyzer will not complete the trace. In both
of these cases, the analyzer appears to be waiting. T1f triggering does
not occur after a reasonable length of time, press any key except
<SPACE> to end data collection, initiate a manual trigger, and display

the data collected to that point.

Pressing <SPACE> will abort sample collection without a trigger and
return to the Trigger Menu. The data in the Sample Memory will not
change.

The "=" Command, like the G Command, also initiates data
collection. However, before starting data collection, it enters the

sample marked by the sample-cursor as the trigger word in Item 3 on the
Trigger Menu. See Chapter 10 for more information on the "=" Command.

12.2 DISPLAY FORMATS

Command Display Mode

W Waveform Display

E Edge Display

D Dump Display - hexadecimal, octal, binary or
decimal listing

I Instruction Disassembly Display

H Histogram Display

M Matrix Display
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Upon completion of data collection, the Omni will display the data
in Sample Memory in one of the above six display modes = whichever one
was used last. On first use, the Waveform Display appears. A different
display mode may be selected by typing the appropriate command letter,
"W", "E", "D", "I", "H", or "H", followed by <RETURN>.

12.3 HELP PAGE

To display the Help Page for the G Command, type "7G".

Rev. D
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13. WAVEFORM DISPLAY

13.1 INTRODUCTION

The Waveform Display gives a simultaneous view of up to 16 channels
of digital information that was collected by the Omni. The format is
similar to timing diagrams found in digital data books, and is
particularly helpful for hardware troubleshooting. It is the default
display mode at turn—-on. The collected data will be shown in the
Waveform Display until another display format is chosen.

13.2 SCREEN CHARACTERISTICS

An example of the Waveform Display is shown in Exhibit 13-1. The
display 1s 30 samples wide. A sample was collected for each cycle of
the signal used as the sample clock. Since the maximum clock rate is 20
MHz, the finest resolution that can be obtained with the Waveform
Display 1s 50 nanoseconds between samples. (Waveform details can be
viewed to higher resolution by using a wideband oscilloscope and the
Trigger Output signal; see Section 7.)

Features of the display are:

Channel labels - at left side of the screen. The default labels
are DF, DE, and so on through DO. The additional 16 channels
avalilable with the 32 channel option default to AF through AO.
The labels shown in Exhibit 13=1 (DATA7, MREQ, etc.) are
user-selected labels entered using the N Command.

Waveforms - show the high and low logic levels versus time on the
sixteen data lines. '

Glitches = shown as narrow pulses 1if glitch display is enabled and
any glitches are present.

Movable highlighted cursor = marks Sample ~466 for further
attention.

Graticule ~ beneath the waveforms. Identifies the samples
relative to the trigger point, and 1s calibrated with either

sample numbers or time divisions (as specified in the Options
Menu, O Command).

Hex codes = 1imn vertical columns beneath the graticule. Represent
the hexadecimal equivalents of the data above. "FC52" is
marked by the cursor and highlighted by increased brightness.
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ADDRESS-1

AORESS

-+ttt -+t
-487 482 -477 472 A67 A6 457 452 447 442 437 4R -427 422 417 412
CCO0000CCACRF CACRFCAC2FCACRF CAC2F CH3F 6ABCCBCAC2F CAC2F CAC2F CACRF CACRF CAC2F CAC283F
BEEEEBEEBGA6CH6A8 CBAA6 CB6A8 (868 (B8 CADEB Sf 4868 CHHBBCBE3B CBHAB(B6ABCHHABCBEABOCA
BAHAA000R1 7158171581 71381 71561 71582226627 781 71511 715817158171561 71501 7158171222
FFFFFFFFFOB12FER]2F AB12FBB12F 9B12F 678 9ADECDF @B 2F BB12HB1 2F BB12F 881 2F 0B1 2F BB1678
Rate DXTERNAL  Delay B )5 ref:0

L | tnter: C,0,E,f,GH,1,L,M,N,0,P,S,T,U,X,2,=,7,sp cur:-d6b

Exhibit 13-1. Waveform Display. The W Command causes data in the
Sample Memory or Reference Memory to be displayed in this format. Also,
i1f the data was last displayed in this format, new data collected in
response to the G Command will also be displayed in this format.

Rate - indicates either the Sample Rate, when the Internal Clock is
being used, or External Clock, when an external source is
being used as the sample clock. When Internal Clock is used,
the Sample Rate is expressed in time units, typically
nanoseconds.

Delay - indicates the Delay (of Sample 0 compared to the Trigger
Event), a data collection parameter specified on the Trigger
Menu (Item 8).

Window - to the right of the Delay. The bright area shows where
the 80 samples displayed lie in the total 1000-sample memory.
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SM or RM - to the right of the window. Indicate whether the data
being displayed is in the Sample Memory or the Reference

Memory.

<G or G> -~ if shown, mean there are glitches to the left or the
right of the cursor. <G> indicates glitches to both the right

and the left.

ref: - indicates the sample used as a reference by the X
Command, that is, the sample from which an interval is
measured. The X Command is a utility that calculates the
interval, in number of samples and time, beween two samples.
See Section 16 for further information on the X Command.

cur: - identifies the position of the highlighted sample cursor
relative to the trigger event (Sample 0). When the Internal
Clock is used, the time interval between the sample marked by
the cursor and Sample O can be calculated, as it is equal to
the number of samples in the interval times the Sample Rate.
The Omni calculates the time interval and displays it here.

?7_ - at lower left. This is the home position of the prompt-
cursor. Commands entered by the user appear here.

Enter: -~ shows the commands which may be entered next. Press
<SPACE> or the "I" key to return to the Trigger Setup Menu.

13.3 COMMAND FORMATS

The Waveform Display is controlled by the W Command by using one of
the following command formats:

W Display data as waveforms while centering the sample marked
by the highlighted cursor in the previous display. For
example, if you wish to move the display 20 samples to the
right, move the cursor 20 samples to the left of center and
press "W<RETURN>". The display will thenm move 20 samples to

the right.

Wx  Display data as waveforms starting from sample x. x is
entered in sample number units. If Internal Clock is being
used, x may also be entered time division units.

Wx,y Display data as waveforms from sample x to sample y.
WALL Display data as waveforms from first through last sample.

The form Wx will always cause 80 samples (less a few covered up by
the channel labels) to be displayed. The form Wx,y will always cause at
least 80 samples to be displayed, even if y=-x is less than 80.

If y-x 1s greater than 80, samples from x to y will be be "time
compressed" to provide a "zoom lens" view of the data that is useful for
finding data patterns of interest quickly. However, this feature must
be used with care for the following reasons.
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With compression, the HI or LO level shown in each column on the
screen for a given channel may really be the algebraic sum of several
samples. For example, if y~x is equal to 240, then each of the 80 HI or
10 levels shown for Channel 0 really represents three samples in the
data. If the three samples are all HI, then the screen will show a HI,
and fairly represent the data. On the other hand, if the three samples

have a mix of logic levels, then the logic level displayed will be based
on "majority rule."

The compressed display depicts the data most fairly when there are
few transitions in the data. If there are many closely spaced
transitions, detail is lost.

13.4 COMMAND EXAMPLES

W16 Display data as waveforms starting at sample 16.
W-500,500 Display "zoom" of data from samples -500 to 500.
W300ns Display data from the sample at 300 nanoseconds.

13.5 DISPLAY CONTROL KEYS

The highlighted cursor or the entire display may be scrolled right or
left using these keys: :

< sgcroll the display horizontally one page to the left with an
overlap of 5 samples (75 samples displayed)

> scroll the display horizontally one page to the right with an
overlap of 5 samples (75 samples displayed)

<= move the highlighted cursor one sample to the left
=> move the highlighted cursor ome sample to the right

These four keys auto-repeat; hold the key down for repeated scrolling
Oor cursor movement.

13.6 HELP PAGE

To display the Help Page for the W Command, type "?W<RETURN>".
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l4. EDGE DISPLAY

14.1 INTRODUCTION

The Edge Mode Display is a compressed version of the Waveform
Display. It might also be called the Transition Display, because it
displays transitions only. Most repeated occurrences of the same
pattern are not displayed, thus showing samples only where the data is
changing. If three or more consecutive samples in all the channels to
be displayed remain in a steady state, the data will be removed and the
display will show a vertical blank where the steady state data was
removed.

Exhibit 14-1 is an example of the Edge Display as it appears on the
screen.

DATA-7-UM L
DATA-6-L L

DATA-S—__ L

DRIA-AL LU

DATA-3- T L

DATR2__ LT

DT U

pATA-BHL L.

RO

WU

POORESS-S—_ 11

AORESS-4— L

ADLRESS-3- M1

AORESS2-1_ 'L

ADORESS- 1= 1 UL

ARESS-AH LU . N UUUUU JUT UYL U UV JULT
I e B T S S B S it SIS SUEN SN S
X 2318 13 2 5 B OB N 76 Bl U7 12 127 1% 168

7 BCABECCAFEAFET7 77 BUAPDBCCIFEAFET7 @CAADBCCIFEAFET7 PCAPDBCCIFEARE77 BCABERC
6 [PSAAPEBEDFEEE 66 DPSA1AREBRDFESEG D2SA1ARBEBDFEI6E [7561PABEBDFBIEG D251
B 3377677900000 20 337767 700IP0AA30 3377677010000 3377677004000630 3377377
P BESAIGTB123AFG B9 BIRESA16781230FB B9ESBI6781234F BXBSB16781234F8 SIABCRT
Rate EXTERNAL  Delay 8 — — ref:@

1 Enfer: C,0,F,F,GH,1,L,MN,0,P,5T,W,X2,,7sp cur:@

Exhibit 14-1. Edge Display. The E Command causes data in the Sample or
Reference Memory to be displayed in this format.
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14.2 SCREEN CHARACTERISTICS

Explanations of the data appearing in the Edge Display are given
below.

Channel labels - left side of screen; default to the DF, DE ... DI,
DO shown on the Trigger Menu and on the probes at power-on.
The labels shown here (DATA-~7-~, MREQ, etc.) are user-specified
labels which were entered with the N Command.

Waveforms - for active channels show the transitions versus time on
the displayed data lines. Time periods where no transitions
occur (i.e., 3 or more consecutive samples without a change
in any of the selected channels) are displayed as a single
blank column. The value of the data during the time period
represented by the blank column is the same as the data showm
in the column to the left of the blank.

Glitches - shown as narrow pulses on the waveforms if glitch
display is enabled and any glitches are present.

Highlighted cursor - marks a particular sample. Its location is
displayed to the right of "cur:. It 18 movable with the <=
and - k.eys .

Graticule - located beneath traces; identifies the samples relative
to the trigger point. Calibrated in either sample or time
divisions (specify on Options Menu, O Command). Time
divisions are dependent on Sample Rate selection.

Hex codes - in vertical columns beneath the graticule; represent
the hexadecimal equivalents of the data above. The hex value
of the sample marked by the cursor is highlighted by increased
brightness.

Rate = indicates either the Sample Rate, when the Internal Clock is
being used, or External Clock, when an external source is
being used as the sample clock. When Internal Clock is used,
the Sample Rate is expressed in time units.

Delay - indicates the Delay (of sample 0 compared to the trigger
event), a data collection parameter specified on the Trigger
Menu.

Window - to the right of the Delay shows where the 80 samples
displayed lie in the total 1000-sample memory.

SM or RM - to the right of the window indicate whether the data
being displayed is in the Sample Memory or the Reference
Memory.

<G or G> - if shown, mean there are glitches to the left or the

right of the cursor. <G> indicates glitches to both the right
and the left.
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ref: = indicates the sample that the X Command uses as a reference
peint to measure from. The X Command 1s a utility that
calculates the interval, in number of samples and time, beween
two samples. See Section 16 for further information on the X

Command .

cur: - identifies the position of the highlighted sample cursor
relative to the trigger event (Sample 0). When the Internal
Clock is used, this part of the display also shows the time
interval between the sample marked by the cursor and the
trigger event.

?_ - at lower left is the home position of the prompt-cursor.
Commands entered by the user appear here.

Enter: - shows the commands which may be entered next. Press
<SPACE> or the "T" key to return to the Trigger Setup Menu.

14.3 COMMAND FORMATS

The Edge Display is controlled by the E Command using one of the
following command formats:

E Display data as compressed waveforms while centering the
sample marked by the highlighted cursor in the previous
display.

Ex Display data in Edge mode starting from sample x. x is
entered in sample number units. If Internal Clock 1s being
used, x may also be entered in time division units.

Ex,m Display data in Edge mode starting from sample x and
including only channels defined by m in the edge transition

algorithm.

14.4 COMMAND EXAMPLES

E16 Display data in Edge mode starting at sample 16.
E300ns Display data from the sample at 300 nanonseconds.

14,5 DISPLAY CONTROL KEYS

The highlighted cursor or the entire display may be scrolled right
or left using these keys:

< scroll the display horizontally one page to the left
-> scroll the display horizontally one page to the right
<= move the highlighted cursor one sample to the left

=> move the highlighted cursor one sample to the right
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These four keys auto-repeat; hold the key down for repeated scrolling or
cursor movement.

14.6 HELP PAGE

To diéplay the Help Page for the E Command, type "7E".
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15. NAME COMMAND

15.1 INTRODUCTION

N, the Name Command, changes the channel names that label the
traces in the Waveform Display, Edge Display, and Signature Analysis.
The Logic Analyzer initially shows labels DF, DE,...DO for the standard
16 channels. If the 32 channel option is installed, labels AF, AE,...AD
appear for the additional 16 channels. If signals such as a read pulse,
write pulse, and two address lines are being probed, more descriptive
names such as READ, WRITE, ADDRO, and ADDR]1 make interpreting the data
much easier.

New labels installed with the N Command also appear automatically
on the Trigger Menu. On the Trigger Menu, the label for whichever
channel the cursor is on appears under "Signal" when you are entering
new parameters in Items 1 through 4.

15.2 COMMAND FORMAT

Use the N Command with the followling format:

N#fxyz Name channel # as xyz

# = channel indentifier F,E,..2,1,0

xyz = any character string not over 15 characters long. Spaces are
not allowed in the string; use underscore or hyphen

characters instead.

1l4.3 EXAMPLE

N2MEM-READ Name Channel 2 with the label "MEM-READ". Each
Waveform, Edge, and Signature Analysis Display, as well as
the Trigger and Search Menus, will then contain this label
instead of the default label, "D2".

15.4 HELP PAGE

To display the Help Page for this command, type "7N".

Rev. D
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16. INTERVAL CALCULATIONS

16.1 INTRODUCTION

The X Command 1s a convenience feature that calculates the
interval, expressed in time or number of samples, between any two
samples. You provide the two end points of the interval, and the Omni
calculates the time (if Internal Clock is being used) and number of
samples between these points. The end points can be entered as
parameters with the command, or the highlighted cursor can be used to
mark them.

16.2 COMMAND FORMAT

The X Command can be used in one of these formats:

X Calculate the number of samples and time between the current
highlighted sample and the reference sample. The reference
sample i3 the sample marked with the cursor during the
previous use of the X command. If the X Command has not been
used since data was last collected, Sample 0 1s the reference
sample.

Xm Calculate the number of samples and time between the current
highlighted sample and sample m.

Xmyn Calculate the number of samples and time between samples m
and n.

16.3 EXAMPLES

X 10ns Calculate the number of samples and time between the
current highlighted sample and the sample that occurred
10ns after trigger.

X 10,20 Calculate the number of gamples and time between sample
number 10 and sample number 20,

These commands must be followed by a <RETURN> when they are entered. Do
not type the space between the "X" and the "10"; it appears
automatically. Note that when two parameters are specified, a comma is
required to separate them.
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Y S U S
- -2 -2 -1 -1 -7 -2 3 8 13 18 23 28 B I/ 43
FCAC2FCAC2FCACZF CH3F 6 CRCACET CAC2F CACFCACF CAC2F CAC2F CAC2A3 AR DR CAC2F CACe
(BAARCBGARCRAAECHBCADER SF ABGAB CB6HRCHAAB (BAMEBCBAHE (BEAE (BEHBECADMEI1 48 CRHABCBOHE
517158171561 715822662 7781 71581 71581 7158171501 71581 71581 71 2226602771581 71581 71
ZF2B30F B3P 2B 6/7A6AF LEFF2B3C B F B3 B3 F B3 F B3 2B36 7ABAF EEF 32 2Re 283
Rate EXTENAL  Delay @ C— ™ ref:-16

3 cur:~16

e T e [ T SIS S S S S Y.
% 27 -2 17 12 -7 2 3 8 13 18 23 % W B 43
FCACFCAC2E CACRF CAAF BHACCACACFCAC2F CACST CAC2T CAC2FCACF CACoR3F 6 DAC CAC2FCAC?
(BOABCBOABCHOHBCBBCADBESH ABOEBIBHEEHHHE CHB6E8 (BOHB CBAAR CBHAEBCADAE 9148 CBEABCRAAE
5817158171581 71580226607 7781715681 71581 7158171581 71581 71581 7122266¢72771581 71581 71
ST 2E3CF 2832 B3 67ABAF LEF F BT 2B3CF B32F 2BACE 2B32F 2832 F 2836 7ABAE ELF 32F 2B32F 283
Rate EXTERNAL Delay B B B RS ref:-16

3 Delta Time:d3

(b)

Exhibit 16-1. Two uses of the Interval function (X Command).
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Assume that Internal Clock is being used with a Sample Rate of 5

microseconds. Then the command "X 10,20" will result in this display at
the lower right corner of the screen:

Delta Time: 10/50.0Cus

Sample 10 and sample 20 are 10 samples apart, which is 50.0
microseconds, given 5 microseconds between samples.

It 1s possible to mix time and sample number units when using the X
Command. Assuming the same 5 microsecond Sample Rate, the command

X 10,125us<RETURN>

will give the output "15/75.0us".

Sample 10 corresponds to 50us, and
125us corresponds to sample 25.

In another format, assume the display cursor is at sample number
3G. The command

X 10<RETURN>

will cause an output of '"20/100.0us". Since only one parameter was
provided in the command, the cursor position (30) was used as the left
point of the interval and the 10 as the right point.

Let us assume that the cursor was positioned on the leading edge of
some waveform when the command "X 10" was given, and the cursor has

since been moved to the trailing edge of the same waveform at sample
number 65. The command

X<RETURN>

will calculate the finterval of time between the cursor at last use of
the X Command (30), and the current cursor position (65). The output in
this case will be "35/155.0us". Using this technique of cursor
positioning in conjunction with the X Command, it is very easy to
measure time intervals for waveforms, parts of waveforms, or for time
between events. For waveform timing, the display will usually be Timing
or Edge. With the Dump Display, intervals between events may be
calculated by marking them with the cursor and using "X<RETURN>" twice.

Another powerful technique is to use the Locate function to
position the cursor on the events of interest, and the X Command to
calculate the interval between them. After the first occurrence of the
pattern has been found, issue "X<RETURN>" to establish the cursor
position as a point of reference. (Ignore the output of this first X
Command; we are only interested in establishing a reference for the next
use.) Then find the second event with the Locate function. Finally,

use "X<RETURN>" again to give you the number of samples and time between
the first and second events.
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16.4 HELP PAGE

The Help Page for the X Command may be obtained by typing "7X".
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17. DUMP DISPLAY

17.1 INTRODUCTION

This display, fllustrated in Exhibit 17-1, shows the data in Sample
Memory as a listing in hexadecimal, binary, decimal, or octal format. The
radix (base) of the display defaults to hexadecimal, but can be changed to
binary, decimal, or octal using the Options Menu, O Command.

4Fe 7600 £13C 76681 7601 7681 7601 FBE3 7601 (B71 7601 D3R 7681 76i1 76h)
FBR3 7620 8878 7681 7681 7681 7611 E984 7641 (BBE 7681 (235 7601 7661 7641
(9 7600 (871 7601 7681 7641 7601 7680 7681 1807 7681 45703 7681 76M]1 764l
763F 7680 &30 7601 @D 7681 7681 7681 7661 F8AE 7601 GB7R 7641 7641 7681
7600 7680 (B3E 761 (239 7641 7601 76681 764l EDB1 7681 Digs 7681 7681 7601
760 7ee CBGF 7661 4570 76B1<7681 7601 76kl dFe 7641 8170 7cal 7601 7681
76 7648 D9 768Y BB7B 7601 7681 7681 764 FEUZ 7641 CHZ1 7681 BUSR 764a]
76 7ei E0B1 7661 DIES 7681 7681 7641 7601 £S04 76l CBEE 7641 (229 7681
766 760 AFAe 766] B178 7681 7681 7641 7edl 7648 7681 1667 7681 457A 7661
7606 7600 TG 76b] (71 7601 HOZE 7681 76041 7641 7681 FEAE 7641 GM7B 7691
7606 76 E9d 76B) (BOG 7601 (239 7641 7641 7601 7681 EDB 7681 D185 761
Tod 7000 7cdd TelY 1847 7EB) dAS7A 7601 76l 7681 7681 Afie 7641 8179 7611
7600 7tin 761 7681 FBAE 7681 BB7B 764 7681 76a1 7681 FEA3 7641 (671 7681
768 76 7601 7601 EDB] 7681 DI 7681 76A1 7681 7681 [99d Tes1 (B0 7641
7660 7t 7ell 768) arde 7601 8178 7601 7641 7681 7681 7600 7681 1867 7681
7660 Tk 76d] 7681 FRED 7681 (B71 7681 W03 7681 7681 7641 7601 FB848 7641
7o 7en 7601 761 E9ad 7681 (BEAG 76R1 (229 7681 7681 76a1 7681 EDaL 76
7t QUE 7ed1 7681 7680 7641 1807 76A1 dS7A T6A1 76a1 7681 7Ed1 dFee 7ept
760 (238 7¢a1 7edr 7641 7601 FRAE 7681 BBFE T6A1 76A1 7681 76A1 FRER 76l
766 4570 Teal 7681 7601 76 EDB] 7661 DIBS 7edl 7681 7601 7601 E9Rd 7661
760 WA7R 7641 7681 7601 7601 4Fde 7611 8176 7681 76841 76A1 76A) 7668 7601

Rate EXTERNAL  Delay 6 [ R ref:@
¢ trter: C,0,E,F,GR,1,L,MN0,F,5TUX 2, =7 sp cur:286

Exhibit 17-1. Dump Display. The D Command causes data in the Sample or
Reference Memory to be displayed in this format. Also, if the data last
displayed was in this format, new data collected in response to the G or
"a" Command will be displayed in this format. The sample cursor is a
"<" symbol next to the highlighted sample in the fifth column.
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The same data can be re-displayed in the new base after changing
the base; it is not necessary to collect a new sample. This flexibility
greatly eases interpretation of the data. For example, control lines
are usually best represented in binary, while data lines demand hex or
decimal.

Exhibit 17-2 shows the same data as 17-1, but re-displayed in
binary notation. The Omni automatically centers the display about
vhichever sample was marked by the cursor in the previous display.

When the 32 channel option is used, the two banks (of 16 channels
each) can be simultaneously displayed with different number bases.

The Dump Display is normally used with External Clock to collect
state data.

' pi1] 0119 AoAd 1111 1108 8916 @911 16811 @111 B110 BB 1111
: @111 9116 990G 1111 8108 @191 6111 1814 6111 B116 BaAd 1111
gl11 9110 fogA 1111 0006 60A8 8111 1811 B111 6110 a8 1111
B111 6118 BB 1111 1191 9481 048 8111 0111 B116 BB 1111
B111 116 0000 1111 1604 1111 8111 B01@ D111 0118 A 1111
p111 Btig @@ 1111 1165 0898 8111 8811C 0111 B110 BAA 1111
8111 A116 BB 1111 1198 1683 BaE8 8118  B111 B118 B 1111
g111 9116 0AB 1111 098] 1009 B 8111 8111 6110 BoAd 1111
8111 6116 AA@ 1111 1111 1606 B16A 1918 B111 8116 BAAD 1111
B111 6116 B9 1111 1118 1191 030 0B11 9111 B116 6B 1111
P11l 8118 BB 1111  B108 1111 640 BBl  Bi1] A1168 BB 1111
8111 0110 AAAB 1111 1111 1611 Goow @11 6111 8110 dod 1111
B111 8116 0AA8 1111 1118 1091 00A6 6118 6111 8118 B8 1111
B111 A116 GO 1111 B111 0110 0B 1116 6111 6118 68O 1111
8111 B116 AAAd 1111 6111 Bl16 BAA 1111 9111 8118 BB 1111
B111 B110 Bo0B 1111 @111 61160 6 1111 0111 8118 060 1111
#111 9116 baa 1111 @111 8110 G0E6 1111 6111 8116 BaAa 1111
B111 8116 @06 1111  B111 8118 6@ 1111 6111 B116 Bad 1111
B111 6116 BAAB 1111 8111 6116 BEAB 1111 6111 6118 bR 1111
Biil 6110 AAOB 1111 6111 8110 BB 1111 B111 8116 B 1111
P 18] @811 1818 A111 6116 B3 1111 8111 8110 2 1111

Rate EXTHRHAL  Delay 8 S B ref:0
L | Enter: C,0,t,f,GH,1,L,M,H,0,P,5T,W,X,2,=,7,sp cur:-5

Exhibit 17-2. Dump Display of the same data as in the last exhibit,
this time in binary format. The display is centered about the sample
marked by the cursor in whichever display appeared previously.
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17.2 SCREEN CHARACTERISTICS

Explanations for the data appearing in the Dump Display appear
belown

Rate = indicates either the Sample Rate, when the Internal Clock is
being used, or External Clock, when an external source is
being used as the sample clock. When Internal Clock is used,
the Sample Rate is expressed in time units.

Delay — indicates the Delay (of Sample 0 compared to the Trigger
Event), a data collection parameter specified on the Trigger
Henu -

Window diagram - to the right of the Delay; shows where the samples
displayed lie in the total 1000-sample trace memory.

SM or RM - to the right of window; indicate whether the data being
displayed is in the Sample Memory or the Reference Memory.
Selected via the Options Menu, O Command.

<G or G> = if shown, mean that there are glitches to the left or
the right of the cursor. <G> indicates glitches to both the
right and the left.

ref: — indicates the sample used as a reference point by the X
Command, that is, the point from which an interval is
measured. The X Command is a utility that calculates the
interval, in number of samples and time, between two samples.
See Section 16 for further information.

Enter: = shows the commands which may be entered next.

cur: — indicates the current cursor position in sample number or
time units relative to the trigger event.

17.3 COMMAND FORMAT

The Dump Display is controlled by the D Command. Anytime the
current display menu does not contain a D option, the data in trace
memory may be displayed by using one of the following command formats:

Dx Display data in Dump format, starting from sample x.

D Display data in Dump format, centered on the current cursor
position.

17.4 EXAMPLE

D16 Display data in Dump format, starting at sample 16.
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17.5 DISPLAY CONTROL KEYS

The sample cursor is a highlighted "<" symbol. The sample marked
by the cursor is also highlighted by intensified brightness. The cursor
may be moved right, left, up, or down, or the entire display paged right
or left, using these keys:

<

>

v

scroll the display.horizontally one page to the left.
scroll the display horizontally one page to the right.
move the curser one column to the left.

move the curser one column to the right.

move the cursor up one sample.

move the curser down one sample.

17.6 HELP PAGE

To obtain the Help Page for the D Command, type "7D".

Rev. D
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18. CORRELATION

18.1 INTRODUCTION

The Omni has a Sample Memory and a Reference Memory. The Reference
Memory is normally used to hold data collected previously, for purposes
of comparison with the data most recently collected.

The Correlation function makes the comparisons between data in the
Sample and the Reference Memory. You can also use this function to
define a scenario which data collection will be repeated until
correlation with Reference Memory is attained; or until the sample data
being collected fails to correlate with the reference data.

The Correlation function is controlled by the Correlation Menu,
which appears in response to the C Command. Exhibit 18~! shows an
example of the Correlation Menu and of the resulting Correlation
Display. Note that non-correlating samples are marked with a "<=>"
symbol and highlighted.

This function is very effective for finding discrepancies between
performance of a digital system under test (Sample) and a known good
system (Reference).

In the simplest mode of operation, the <TAB> key (in conjunction
with the Correlation Menu) causes correlation to be performed between
the data in Sample and Reference Memories. It does not cause new data
to be collected. Repeated use of the <TAB> key while viewing the
Correlation Menu merely repeats the exercise of the correlation
algorithm.

Correlation may be performed on the data in two disk files by
following this procedure: first, call up the File Menu (F Command) and
load one file into the Sample Memory using Item 4 or 5. Second, load
the other file into Reference Memory using Item 3. Third, call up the
Correlation Menu (C Command) and enter the desired correlation
parameters on the menu. Next, press <TAB> to cause correlation to be
performed. The result will be immediately displayed in a form similar
to Exhibit 18-1(b).

18.2 CORRELATION MENU

Eight parameters are used to set the conditions for making
correlations. The Correlation function has a number of modes that make
it very flexible.

Item 1) File to correlate with:
The data in Reference Memory 1s loaded from a file on the disk.
The file was created previously when data from a prior collection cycle

was saved from the Sample Memory onto the disk, using the File
Operations Menu.
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1) File to correlate with: INTERNAL
FEDCBRY9876543218
2) Channel mask: 1111111111811111
3) First sample included: 25
4) Number of samples: 4
5) Starting skew allowance:?5
6) Skew alignmen! samples: 1
7) Sampling tolerance: 5
8) Channel (bit) tolerance:R
9} Repeal data eollection until: A
-> RY (not active)
B) Samples correlate with reference
C) Samples do not correlate with reference

Index 1-8, G to start, P, ?, or (space)

Ref ¢ Ref Data Sam Data Som ¢
278 76aE
271 761F Vsl
e

bl

Correlation failed at sample: 271  -up,dn, (sp),F}

(b)

Exhibit 18-1. Correlation Menu (a) and resulting display (b).
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To retrieve the prior data from disk and load it into the Reference
Memory, enter the filename in this item and press the return key.
Alternatively, the file may be loaded to the Reference Memory using the
File Menu (F Command). If the file is not on the disk, a disk I/0 error
message will appear. Recovery from the error is automatic; the input
prompt will reappear at the lower left corner of the screen.

Item 2} Channel mask:

Channels which do not contain meaningful data and are to be ignored
in the correlation can be "masked out" by entering a Channel Mask
specification in Item 2. Enter a "1" to indicate channels to be
included in the correlation. Enter an "X" to indicate channels to be
excluded. If a "0" is entered, it will have the same effect as a "1".
The cursor control keys => and <= can be used to move the prompt-cursor
without affecting a channel specification. Direct positioning of the
prompt=-cursor to Channels F through 2 can be accomplished by entering
the channel number. Press <RETURN> or <SPACE> to leave this item.

Item 3) First sample included:

Item 3 allows you to specify the first sample at which the
correlation process is to begin. Samples before the specified first
sample are ignored by the correlation algorithm. The number entered
here refers to the sample number in Reference Memory. The default entry
for this item is Sample 0.

Item 4) Number of Samples:

This item is used in conjunction with Item 3 to limit the range of
samples over which correlation is performed. The correlation algorithm
will stop after processing the number of samples specified in this item.

Item 5) Starting point skew allowance:

Due to sampling differences, comparable patterns in the Sample and
Reference Memory may not start at the same sample number. The
difference is called "skew." The correlation algorithm allows for this
skew. Item 5 may be used to specify the maximum allowable skew. For
example, a value of 10 for the starting point and 4 for the skew would
mean that starting point of the matching data in the Reference Memory
could be anywhere from 6 to 1l4.

Item 6) Skew aligmment samples:

The correlation skew algorithm begins comparing the datas at a trial
skew value, and if match is achieved over the number of samples
specified in Item 6, it assumes that the trial skew value is correct.

It then completes the comparison process and displays the result. If
the correlation skew algorithm cannot locate a sequence of samples that
match exactly for the specified skew alignment samples (and with a
starting skew anywhere in the Item 5 skew allowance), then the
correlation is aborted. If such is the case, an appropriate message is
displayed.
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For example, assume that 10 i{s entered in this item. Then when
Sample and Reference Memory are compared using the trial skew value, if
the first 10 samples compared match, the algorithm concludes that it has
the correct skew value, completes the comparison, and displays the
result.

If a match is not achieved over the first 10 samples, the algorithm
tries another skew value. This process repeats until a skew value is
found that gives a match over the first 10 samples, or all the skew
values allowed by Item 5 have been tried.

The default value for this item is 1, which means that the
algorithm tries different skew values until it finds one sample that
matches, then it completes the correlation using that skew value.

Item 7) Sampling tolerance:

Sampling effects may cause some slight variation in the data
collected, especially 1if you use Internal Clock, which is asynchronous
with the system being measured. (Normally, External Clock is used.)
Item 7 allows you to specify a Sampling Tolerance value; this is the
number of nonmatching samples that will be allowed before correlation is
considered to have failed.

When correlation fails, a message "Correlation failed at sample:"
will appear at the bottom of the screen. If the Sampling Tolerance is
5, you will see 5 sample mismatches above the sample reported by the
message as the one where correlation failed.

Item 8) Channel (bit) tolerance:

The channel (bit) error tolerance allows for the case where less
than perfect correlation is desired. For example, correlating 14
channels out of 16 may be regarded as adequate. The number acceptable
for a match, if different than the number of active channels as defined
in the Channel Mask, may be specified in Item 8. Assuming that all 16
channels are active, then for this example it would be appropriate to
enter 14 in Item 8.

Item 9) Repeat data collection until:

Selection A of this item is the default data collection mode.
The Omni makes one data collection each time you issue the G Command or
"='"" Command.

When selection B is chosen, the Omni enters a mode in which it
will collect data repeatedly. Then when you issue the G or "=" Command,
the analyzer collects data to fill the Sample Memory, and then tests for
correlation between the data just collected and the data in Reference
Memory. If correlation is achieved, it stops and displays the result.
If correlation is not achieved, it resumes data collection and then
repeats the cycle. The process is repeated over and over until
correlation is achieved.
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Selection C alse activates a repeat data collection mode. When you
issue the G or "=" Command, the Omni likewise collects data to £1i11 the
Sample Memory, and then tests for correlation with the data in the
Reference Memory. However, in this case, it continues to repeat the
collect and correlate cycle so long as correlation is achieved; when
correlation fails, it stops and displays the result.

Note that data is not being collected during the part of the cycle
in which the Omni is testing for correlation in the data.

18.3 HELP PAGE
A Help Page for the Correlation Menu may be obtained by typing
"?C". When viewing the menu, you can access Help Pages for Items 1, 2,

etc., by typing "?1", "?2", etc. After seeing the help information,
press <SPACE> to return to the Correlation Menu itself.
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19. MATRIX DISPLAY

19.1 INTRODUCTION

This display, illustrated in Exhibit 19-~1, 18 a table showing the
number of times a specific bit pattern has occurred within a given range
of samples. The maximum pattern length is eight bits. The display uses
the lowest eight active channels according to the Trigger Menu, T
Command .

Channels 76543218

p:3 BB BB 17 17 17
B3

B B

1
e
3
d
)
6
7
8
9
fA
B!
C
D
3
F

tnter: C,D,EF,GH, 1L, MN,0,P,5T,W,X,2,=,2,sp

Exhibit 19-1. Matrix Display.
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19.2 DISPLAY CHARACTERISTICS

There are 256 possible bytes, that is, 256 possible different
combinations of 8 bits. The body of the table shows the number of times
each of the 256 different combinations occurs in the specified range of
samples.

A byte is represented in hexadecimal notation by two digits, e.g.
"7B". The scale 0 - F on the left lists the first hex digit of the
byte, and the scale across the top lists the second. Thus to find the
number of occurences of the byte "7B", find "7" on the left side scale,
then read across to column "B". The example in Exhibit 19-1 shows that
7BH occurs 20 times.

The other features of the display are:

Channels - at the upper left; lists the eight (or less) channels
that were surveyed in creating the display.

Range = at the upper right; gives the range of samples over which
the count was made. In the example, the byte 7BH occurs 20
times between sample =500 and sample 499, inclusively. The
range is specified in the parameters x and y used with the M
Command . ‘

Enter: - at the bottom; indicates the commands which are available
now.

19.3 COMMAND FORMATS

The Matrix Diagram Display is controlled by the M Command by using
one of the following command formats:

M display matrix of data shown in previous display, starting
from the same sample as the previous display. The number of
samples shown will be the same as in the previous matrix.

Mx display matrix of data for the same number of samples as the
previous matrix, starting from sample x.

Mx,y display matrix of data in Sample Memory from sample x to
sample y, inclusively.

MALL display matrix for entire Sample Memory.

The parameters x and y may be expressed as sample numbers. If
Internal Clock is being used, they may be expressed either as sample
numbers or as time units. When the Matrix Display is first used after
turn-on, the default value for the number of samples over which the
matrix is calculated is 80 samples; in other words, y is assumed equal
to x+79 if it i3 not specified.

Omni Operating Manual 19-2 Matrix Display
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19.4 EXAMPLES

M16, 64 display data between samples 16 and 64, inclusively.

M40ms display data starting at the sample 40 milliseconds after
trigger, for the same number of samples as the previous
display.

19.5 DISPLAY CONTROL KEYS

The "<" and ">" keys allow you to shift the range of samples over
which the matrix 1s formed.

< display matrix ranging over the same number of samples as the
current matrix, but just before the current matrix.

> display matrix ranging over the same number of samples as the
current matrix, but just following the current matrix.

For example, assume that the current matrix is a summary over
samples 40 through 79. Striking the "< key causes a matrix for samples
0 through 39 to appear (after a short delay). The ">" key causes a
matrix for samples 80 through 119 to appear.

19.6 HELP PAGE

To display the Help Page for the M Command, type "7M".

Rev. D
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20. LOCATE

20.1 INTRODUCTION

Locate is a utility feature which finds a data pattern in the
sampled data. It is used after data collection has occurred, and is
independent of the Trigger Event and other trigger conditions used to
specify the collection of data.

Exhibit 20-~1 shows two examples of the Locate Menu, in which the
search parameters are entered. Exhibit 20-2 shows the appearance of the
Waveform Display after a desired sample pattern has been found and
highlighted using the Locate function. WNote that the cursor is on the
sample containing "FC52", the first word of the Search Pattern specified
in Exhibit 20-1(a).

20.2 LOCATE MENU

Enter "L" to bring up the Locate Menu. To change any aspect of the
menu, enter the desired item number and change the parameter.

The first three items are used to set up conditions for the search.
Item 1, Start Sample Number, indicates the sample number at which to
begin the search. 1Item 2, Input Mode, specifies the number base for the
subsequent items. Item 3, Global Channel Mask, is used to select the
bits that will be used during the pattern search. Bits that are to be
included in the search are indicated by a "1". Bits that are to be
ignored are entered as a "0". The default conditions for these first
three items are adequate for most asearches.

The data pattern to be found is entered in Items 4 through 9, the
Search Pattern. The pattern i3 a sequence of digital words which must
be matched by a corresponding consecutive sequence of data samples in
the Sample Memory. The search starts at the Start Sample Number and
proceeds through the Sample Memory until the first complete match is
found, or if there is no complete match, until it reaches the end of
Sample Memory.

After entering the first word of the pattern in Item 4, press
<RETURN> and the prompt—cursor will move to Item 5, ready to receive the
second word. When you have entered as many words as your search pattern
requires (often only one), press <SPACE> to leave the Search Pattern
items.

20,3 MAKING THE SEARCH

When all changes to the menu have been entered, press the <TAB> key
to initiate the pattern search. If the pattern is found, the Omni will
return to a data display with the found pattern highlighted. If the
pattern is not found, "Not Found" will appear in the upper right corner
of the Locate Menu.
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1) Start Sample NHumber

2) Input Mode

3) Global Channel Mask
Cearch Paliern

d)
5)
)
7)
B)
9)

Index 1-9, G to search, P, ?, or (space)

1) Start Sample Humber -—d52
2) lnput Hode BIRARY
FEDCBRY9876543218

3)Global Channel Mask 11111111131 111111

4) Search Pattern
5}
6)
7
8)
9)

Index 1-8, G to search, P, 7, or (space)

(b)

Exhibit 20-1. Locate Menu. (a) Example of entries in hexadecimal format.
(b) Example of entries in binary format, which allows "don’t care" ("X")
specification of individual channels in the search pattern.
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-487 482 477 472 467 462 457 452 -447 ddC -437 4 477 422 417 -412
CCCOC000CAC2F CAC2F CAC2F CAC2F CAC2E CH3F 6CCACACZF CAC2F CAC2F CAC2F CAC2F CAC2F CACH3F
HABEE0RERCAE (HEABCRGAB CHEARCBEABCBBCADBEST 4BHABCEHABCHEMBCBHABCHEABCBHABCBHABECA
AP0AAAAN1 71501715017158171581 71582226602 7781 7151171581 71581 7158171581 7158171 222
FFFFFFFFFEB12FBB12FBB12FBB12FBB12F 6789ADECDF BB CF BB12FBB12F BB12F BB1 2F BB12FBB1678
Rate EXTERHAL  Delay @ I ref:0

| Enter: C,0,E,F,GH,1,L,MN,0,P,5,7,W,X,2,=,?,sp cur:~dE5

Exhibit 20-2. Waveform Display of the sample pattern "FC52" found
using the Locate function.

Note that the <TAB> key does not cause the Omni to collect new
data. It merely initiates a search through the existing data in Sample
Memory.

Each time a search pattern is found, the Start Sample Number on the
menu will be updated automatically to start the next search at the
pample after where the pattern was last found. Once a search pattern
has been entered, it 1s possible to find the second, third, and all
subsequent occurrences of that pattern by repeatedly typing <TAB> to
resume the search.

20.4 MENU ITEMS

More details about the individual menu {tems follow.
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Item 1) Start Sample Number

A pattern search can begin at any sample within the 1000 sample
trace. The sample can be specified either by a sample number, or if the
Internal Clock is used, by a time value such as 50us or -1000ns. All
sample number and time references are made with respect to the trigger
event. Sample number 0 and time 0 normally correspond to the point at
which the trigger event occurred. (If the Delay parameter, Item 8 on
the Trigger Menu, is non-zero, then Sample 0 will be delayed relative to
the trigger event by the Delay value chosen.)

When a starting sample number is selected, all samples before the
starting sample are ignored when executing a pattern search.

Item 2) Input Mode

This item is used to select the most convenient number base for
specifying the Channel Mask and Search Pattern. The default is
hexadecimal. For binary, decimal, octal, or unsigned decimal, enter
"B", "0", "0", or "U", respectively. "H" restores hexadecimal. When the
Input Mode is changed, all lines following are automatically updated to
reflect the new input number base.

Item 3) Global Channel Mask

Quite often a pattern search does not include all sixteen data
channels. Through the use of the Gleobal Pattern Mask, the unused
channels can be ignored (made "don"t cares") during the search. A "1"
indicates a channel that will be considered in the search. A "0" means
"don’t care'", a channel that will be ignored in the search.

The Global Pattern Mask entry will usually be in a number base
other than binary, such as hexadecimal. In that case, the pattern of
"1" s and "0"’s just mentioned refers to the binary form of the number
(as is always the case when a number is used to describe digital
signals).

When the Search Pattern is specified in a number base other than
binary, the Global Pattern Mask is the only way to indicate specific
"don’t care" channels. When the Input Mode is binary, as an alternative
each "don’t care" channel can be indicated with an "X" in the Search
Pattern.

Items 4) thru 9) Search Pattern

The Search Pattern can consist of one to six consecutive sixteen
bit words. The search is considered successful only if a consecutive
sequence of samples is found in the Sample Memory that matches the
pattern word for word. "Don’t care" patterns are indicated by a blank
line, and are entered by pressing <RETURN> to skip over the line. When
in binary mode, a "don’t care" pattern can be entered with an "X" on
every channel. Upon completion of the pattern entry, press <SPACE> to
exit this {tem.
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20.5 EXAMPLES

The first example involves monitoring the instruction sequence on a
microprocessor’s eight-bit data bus. Consider the menu entries:

1) Sctart Sample Number 50
2) Input Mode HEX
3) Global Channel Mask FF00
4) Pattern €300
5) 5500
6) . 2300
7)

8)

9)

Here the channels of interest are the upper 8 (i.e., Channels F
through 8). This is indicated by eight high level bits ("FF") 4in the
top (leftmost) position of the Global Channel Mask. The lower eight
bits of the Global Channel Mask are set to "0" to establish a '"don‘t
care" condition on the low channels.

The pattern is the sequence "C3", "55", and "23". (I.e., a jump to
location 2355 on a Z80 microprocessor. The "55" comes before the "23"
because the Z80 fetches the low byte first.) To maintain positional
integrity, each of these three entries was filled to the right with
"00". (Any eight-bit £fill would provide the same result because the
Channel Mask forces these bits to be "don’t cares" during the search.)
Because the start sample number is 50, any occurrences of the three
sample sequence before sample number 50 are ignored.

The second example illustrates the same application scenario,
however the search is generalized to require a match on any jump to a
23XX address. The menu entries for this case are:

1) Start Sample Number 50

2) Input Mode BINARY

3) Global Channel Mask 11111111 XXXXXXXX
4) Pattern 1100001 1 XXXXXXXX
5) TXXXXXXXXXXXXXXX
6) 00100011 XXXXXXXX
7 :

8)

9)

Since the input mode i1s binary, additional qualification of the
pattern is possible. The Global Channel Mask specification forces the
use of only the high eight bits in the search. The second sample in the
pattern is specified as a "don’t care”, and hence will always match the
data collected following the "C3". The search will be successful on any
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three sample sequence where the first sample is "C3", the third is "23"
and the second can be any pattern.

20.6 HELP PAGE

A Help Page for the Locate Menu may be accessed with "?L". When
viewing the menu itself, you can access Help Pages for the individual
Items 1, 2, etc., by typing "?1", "?2", etc. Press <SPACE> to return to
the Locate Menu from the Help Pages.

Rev. D
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21. FILE OPERATIONS

21.1 INTRODUCTION

File operations allow you to:

o store and retrieve sample data and test parameters to and from
disk files.

o display a directory of the files stored on disk.
o delete data files.
o move data from Sample Memory to Reference Memory.

o retrieve tables of instruction mnemonics for different
microprocessors for the Instruction Disassembly function.

o record keystrokes in a log file, and later re-~execute them
automatically.

These functions are controlled by the File Menu, which appears in
response to the F Command. Exhibit 21-1 shows the File Menu as it
appears when first called up.

21.2 MENU ITEMS

Explanations of the individual menu items follow.
Item 1) Title:

The title is an optional input of up to 40 characters which will
label any individual data or setup parameter file saved on disk. When
this stored data is retrieved, the title is also displayed. The use of
a title is a convenient way to describe the characteristics of the
recorded data file for positive identification at a later time.

NOTE: Spaces are not allowed in the title. Use the underscore
character or hyphen instead.

Item 2) READ instruction MNEMONICS from file:

Instruction disassembly is performed by matching collected data
with a predefined file of instruction mnemonics. Some mnemonics have
already been defined and recorded on disk under files bearing the name
of the processor and the file extension ".LAM". When specifying the
filename in Item 2, enter only the name of the file; the extension is
appended automatically.
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1) Tatle:

2} READ instruct ion MHEMONICS from file: ZBO LAM
3) READ into REFERENCE memory from file:

4} RIAD into SAMPLE memomy from file:

5) READ ALt data & parameters from file:

6) WRITE SAPLE memory onto file:
7) WRITE Al data & parameters onto file:

8) Display DIRECTORY of saved files on drive: A

O} DELETE data file:

R} COPY from SAPLE into REFERENCE memory

B) Log file status: TEST87 LAL

Collection dates: Sanp le Reference
®B4784 16:42:1S 888784 16:39:18

Enter 1 - B, ? for help, or SPACE to exit

Exhibit 21-1. File Menu. The Z80 mnemonics file, which is used for
Instruction Disassembly, appears by default in Item 2.

Item 3) READ into REFERENCE memory from file:

After sample data has been collected and saved on disk, it can be
returned to either Sample or Reference Memory. Moving stored data into
Reference Memory allows it to be displayed just like data in Sample
Memory, or it can be used for Correlation operations. Data is read from
disk into Reference Memory when the filename is entered in this item and
the <RETURN> key pressed. Do not enter an extension; the extension
".IAD" is appended automatically.

NOTE: The preceding function will not provide Reference Signatures for
signature analysis. They must be read in using Item 7 on the Signature
Menu. See Section 24, Signature Analysis.

Item 4) READ into SAMPLE memory from file:

To transfer data from a disk file to the Sample Memory, enter the
filename (without the extemsion) in this item. The data will be
restored in i{ts raw format and will not contain any characteristics such
as channel labels, Sample Rates, or trigger conditions. When the
retrieved data is displayed, the time scale and other collection
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parameters on the screen may not correspond to the data, and a warning
message to that effect will be displayed.

The Omni records date and time when sample data is collected. This
time record is saved with a stored file, and returned when the file is
returned.

Item 5) READ all data & parameters from file:

This item retrieves data and parameters that were saved using Item
7. Upon retrieval of the data and parameters, the analyzer setup
conditions (trigger word, display number base, etc.) are totally
reconfigured from their current state to the setup conditions that were
saved on disk. Use of this option is a convenient way to restore a
glven setup state from a power-up condition.

NOTE: All the parameter settings currently in effect will be lost when
this function is used, since it replaces them with the parameters stored
on disk. This includes changing the data in Reference Memory, if File
Menu Item 3 had a filename in it when the analyzer state was originally
stored via Item 7.

CAUTION: Data files saved using earlier versions of the Logilc Analyzer
Program should not be recalled using this item. In order to expand
capabilities, it was necessary to modify the parameter storage formats.
As a result, attempting to recall data that was saved using an early
program version (prior to 4~1-84) may cause problems.

Item 6) WRITE SAMPLE memory onto file:

After data collection has been made, the data can be saved to a
disk file by entering the filename in this item. Filenames can contain
up to eight alphanumeric characters and an optional disk drive specifier
in the standard format:

dfffEffff

where d is the drive specifier ("A" or "B") and ffffffff is the
filename. Do not enter an extension; all files saved will be
automatically assigned the extension ".LAD".

If the disk drive specifier is omitted, the specifier for the
default drive (often called the logged in drive) will be supplied
automatically. If a drive other than the current default drive is
specified, then the specified drive will become the new default drive.
The default drive is displayed on the File Menu in Item 8.

Item 7) WRITE ALL data & parameters onto file:

Item 7 allows you to save not only the data, but also the setup
conditions of the analyzer. Channel labels, trigger conditions, Sample
Rates, and display parameters (the total state of the machine) are all
saved to disk. The former setup conditions (the entire state) are
restored through the use of Item 5. Enter the filename as in Item 6.
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Item 8) Display DIRECTORY of save files on drive: A

It i3 difficult to remember all the file names that have been saved
on a particular disk. To display a list of the logic analyzer files
resident on a given disk, select this item and enter the drive letter
("A" or "B") of the desired drive.

Press any key other than <SPACE> to see a display of all the files
on the disk. After viewing the directory, press <SPACE> to return to
the File Menu.

Item 9) DELETE data file:

Enter the name of a file (less the extension) in this item to
delete it from the disk.

Item A) COPY from SAMPLE into REFERENCE memory:

Accessing this item causes data to be copled from the Sample Memory
to the Reference Memory. Typically, a new sample collection will then
be made for comparison to the previous data. The Correlation function,
for example, correlates data in Sample Memory against data in Reference

Memory.
Item B) Log file status:

This item is used to make a log of your keystrokes which is saved
in a disk file. The keystroke sequence may be recalled and
automatically re—-executed at a later time.

To create a log file, type "B" to access this item. Then enter "W
for "write to log file." Enter the filename (less the extension) when
prompted for it. After the filename is entered, all keystrokes will be
recorded automatically.

To end the logging of keystrokes, type "B" to access this item
again. The Log file status will be immediately changed back to
Inactive.

To re-execute the recorded keystrokes, access this item and type
"R", for "read from log file", when prompted. Then enter the filename
of the desired log file. After you have entered the filename, the Omni
will fetch the file and re-execute the keystroke sequence it contains as
you watch. When it reaches the end of the file, the Log file status
will be reset to Inactive.

21.3 HELP PAGE

A Help Page for the File Menu may be accessed by typing "?F". When
viewing the Menu, you can obtain Help Pages for the individual Items 1,

2, etc., by typing "71%, "?2", and so on. After viewing a Help Page,
preas <SPACE> to return to the File Menu itself. ‘

Rev. D

Omni Operating Manual 21=4 File Operations

- D 0 I In Im D 5D -TmaSm O —m - = 0 0 33 3 ==



22. INSTRUCTION DISASSEMBLY

22.1 INTRODUCTION

A microprocessor executes its program by fetching instructions and
data from memory. The instructions are made up of two parts, opcodes
and operands. They appear as bit patterns on the data bus when the
microprocessor reads them from memory.

The Instruction Disassembly function allows you to trace program
flow by collecting this data bus activity and translating the bit
patterns back intc instruction mnemonics.

To effectively utilize this mode of display, a very controlled data
collection procedure must be observed. This requires coordination
between the selection of channels, mnemonic definitions in a disk file,
and selection of an appropriate External Clock source.

The disassembler operates on the data in eight channels,
corresponding to the data bus of eight-bit microprocessors. The
optional 32 Channel Adapter, which extends the Ouni’s data collection
capability to 32 chanmels total, makes possible collection of complete
data and address activity.

Use of the Omni’s internal clock is not appropriate for instruction
disassembly, since it is not syanchronized with the data on the
wicroprocessor’s data bus. The data bus is time shared, and valid data
is present only while certain control lines are valid. Use one of these
control lines as the External Clock signal to record data into the logic
analyzer’s memory, for example the "MEMORY READ" control line. Be aware
of the polarity of the control signal selected for use as the External
Clock. The Omni collects data on the edge of the External Clock signal.

Once the setup requirements and precautions have been observed, and
valid data collected, displaying the information in instruction format
is easy. The I Coumand initiates instruction disassembly.

NOTE: The I Command does not cause a new sample to be collected;
it merely translates the data already in Sample Memory into mnemonics.

22.2 DISPLAY FORMAT

After disassembly, the data is displayed as both bit patterns and
mnemonics in a format similar to that obtained from an assembler
listing. Exhibit 22-1 shows an example of the Instruction Disassembly
display.

The display is made up of several columns of data. The left column
is the sample number ("-465" in the first line in Exhibit 22-1). The
middle columns are the collected data ("00001111-CB" in the exhibit).
The right column shows the collected data translated into mnemonics
("BIT 0,(HL)"™.
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Semp fe
65
-2
-8
457
45
-3
-2
—449
-4
405
442
-4
437
4%
-4
43
-477
45
42
-4’8
417
415

L]

pe-D7 Ctl Bits, DB-DF Bytes

89A21111-C8
88910081-28
#ea81111-(B
8091008128
6AAA1111-(B
ge188111-3C
88101888-FA
@s161181-@8
88161118-C3
8aa81111-(B
BeB10081 -28
#811111-(B
0010081 -28
8amB1111-(B
088168081 -8
6am1111-(B
6881688128
eemi111-08
6981808128
8aa81111-(B
88310081 -28
88a1111-(B

2081009846
81018818-FC
880180808-46
81818818-FC
#0108118-88

PBA0BA-60

H9010003-46
P1816816-FC
0001909646
810818818-fC
Ba818000—-16
B1816818-FC
30010008496
B1618818-fC
0001888346
81818818~
0081600646
81818816-FC
9981609846

BIT
JR
BIT
JR
RRC
INC
JP
3
RET
BIT
JR
BIT
JR
BIT

¥remonic  DB-DF Bytes

8, (HL) (B
Z,FC
@, (HL) (B

Enter: C,0,EF,GH,1,L,MN,0,P,5 T,WX,2,=,7,sp

Exhibit 22-1. Instruction Disassembly Display. The I Command causes
data in the Sample Memory to be displayed as instruction mnemonics.

The collected data "00001111-CB" is displayed in this format:

bbbbbbbb~hh

/ \
/ \
/ \
8 binary 2 hex
digits digits

The 8 bits bbbbbbbb represent the signals on Omni Channels 7-0, some of
which are connected to the microprocessor control lines. The two hex
digits represent the data collected on Omni Channels F-8, which are
connected to the microprocessor data bus.
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Each line of the display corresponds to one instruction of
disassembled code. Each line will have either one or two of the
bbbbbbbb=hh patterns, depending on whether the instruction is a one-byte
or multibyte inastruction. For instructions longer then two bytes, the
bbbbbbbb-hh patterns show only the first two bytes.

The representation of the Channel 7-0 control bits (bbbbbbbb) 1is
always in binary. The number base for the Channel F-8 data bytes (hh)
is dictated by the Options Menu, reached by the 0 Command. The default

output base is hexadecimal. Refer to the Options Menu section for the
procedure to change the output base.

As well as mnemonics, the last coiumn also shows any bytes which
are read by the microprocessor when it executes the instruction. For
example, look at the instruction starting at Sample =448. The
instruction "RET" is a single-byte instruction; "C9" is the opcode.

To execute the instruction, the microprocessor read bytes "CF" and "04"
from memory.

Thus the last column shows all data bus activify - both the
reading of the instruction and its execution.

As with the other display formats, the cursor keys can be used to
move the highlighted cursor up or down, or scroll the entire display.

22.3 HOW IT WORKS

During program execution, not only instructions appear on the data
bus; data read from memory and (in the case of processors using memory-
mapped I/0) input data appear as well. The disassembler must be able to
distinguish the opcode bytes from all the others in order to disassemble
the code correctly. There are three ways to do this:

Use the status lines - some processors provide status signals that
identify the opcode fetches. The Z80°s /MREQ and /Ml signals
do this, and the Omni“s built-in Z80 disassembler uses them.
The 8085 and 8080 provide status signals /IOM, SO, and Sl,
which the Omni uses.

Start from a known opcode - if status signals are not available, a
non-status disassembler will work properly if it is started on
an opcode. The Omni’s other disassemblers work this way. You
should start disassembly from an opcode byte with the command
"I n", vhere sample n contains an opcode.

Start anywhere - if a disassembler of the second type is started on
a byte which is not an opcode, the disassembler will
erroneously interpret it as an opcode and display incorrect
instructions. However, after a few lines of disassembly, it
will strike an opcode, get "in sync", and disassemble
correctly from there on.

The Omni actually contains two disassemblers: a status signal type

disassembler with built=in mnemonics for the Z8B0 and 8085, and a table
driven disassembler that reads in the mnemonics from a file and can be
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used with any processor. The two disassemblers work somewhat
differently, so they will be described separately.

22.4 Z80 INSTRUCTION DISASSEMBLY

The Z80 Disassembly is the default choice - it is activated when
you first use the I Command. Reading a mnemonic file via the File Menu
is not required.

To perform disassembly for a 280 microprocessor, first connect
Channels F-8 of the Omni to the Z80 data lines D7-D0 respectively.

Note: The symbols "D7", "D6", and so on are used for two different

applications =~ Omni probe lines and microprocessor data bus signals. To

avoid confusion here, we will refer to the Omni input lines as "Channel
F", "Channel 7", and so on. In this section of the manual, "D7", "D6",
etc. are used only to refer to the microprocessor data bus.

Connect /MREQ and /M1 to Omni Channels 6 and 7, respectively.
These are the two lines that are recorded to distinguish opcode fetches
from other bus activity. Attach the Clock probe lead to the
microprocessor system /RD line.

Set up the desired data collection parameters on the Trigger Menu.
Use the External Clock option and clock on the positive edge. Use the
Latched Mode. :

RD i
:D—i EXTERNAL CLOCK ~ SELECTED
WR POSTIVE EDGE (1)

741508
(A)
RD
:D—— EXTERNAL CLOCK - SELECTED
WR NEGATIVE EDGE (0)
74L800
(B)

Exhibit 22=2. Circuits to combine /RD and:/WR microprocessor strobe
signals into a single External Clock pulse. This allows both read and
write bus cycles to be recorded, and thus appear in the Imnstructien
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After 2ll desired trigger parameters are set up and data has been
collected, enter the command "I<RETURN>" to perform instruction
disassembly. A display similar to Exhibit 22-1 will appear. Move the
cursor by using the up and down arrow keys, and step pages by using the
“<|| and ll>ll keys.

The six channels not connected yet, Channels 5 through 0, will also
be displayed in binary form in the second column, along with Channels 7
and 6. They may be used to monitor any other signals you wish, such as
address lines or bits of 1/0 ports. Remember, a maximum of two bus
cycles per opcode fetch will be displayed for these lines. The Dump
display may be used to observe any bus cycles for Channels 7-0 not shown
by the Instruction Disassembly display, although this is rarely
required.

If it is required that data from write and output cycles be
recorded in disassembly, then an external gate will be required to
logically-OR the /RD and /WR lines to the External Clock input. Exhibit
22-2 on the previous page shows two possible circuits to accomplish
this.

22.5 8085/8080 DISASSEMBLY

Mnemonics for the 8085/8080 family microprocessors are also
available. The 8085 is a single-chip improved version of the 8080. It
runs the same software, except that it has two added instructions the
8080 does not have. The status signals are the same, /IOM, SO, and Sl.

To activate the 8085/8080 mnemonics, enter 8085 in Item 2 omn the
File Menu. Note that no mnemonics files for these processors will
appear in the disk directory = like the 280 mnemonics, they are built
into the disassembler.

Connect Channels F=8 of the Omni to the microprocessor’s data lines
7 through 0, respectively. The latter are labeled AD7-ADO on 8085 and
8080 chip set diagrams. Connect Channel 7 to microprocessor status line
/10M, Channel 6 to status linme SO, and Channel 5 to status line Sl.

From this point, proceed as recommended above for the Z80.

22.6 FILE DRIVEN DISASSEMBLER

The file-driven disassembler does not require status signals from
the microprocessor. It finds opcodes by the "start from a known opcode"
or "start anywhere" methods.

To load the mnemonics for a given microprocessor, first call up the
File Menu with the F Command. Enter the name of the file containing the
mnemonics for the processor you wish to use in Item 2, Read Instruction
Mnemonics From File. Mnemonic files are stored on disk with the file
extension ".1AM". (Do not type the extension; ".LAM" will be appended
to the file name automatically.)
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After the data has been collected, use the I Command to initiate
disassembly. If you know that sample n contains an opcode, you can type
"In<RETURN>" and disassembly will be correct starting from sample n.

Of ten, however, you will not initially know which samples contain
opcodes. In that case, the first few lines of disassembled code will be
incorrect.

22.7 8048 SERIES FILE DRIVEN DISASSEMBLY

The following briefly explains how to perform instruction
disassembly for the 8048 Series microcomputers (8048, 8748, 8039, 8035,
80C48, ete.). A general knowledge of this family of microcomputers is
assumed. The file-driven disassembler is used with this series.

A special requirement of 8048 Series disassembly is that the
microcomputer be executing its program from external ROM, since this is
the only time opcodes are present on the data bus and can be captured.
PSEN {pin 9) will be used to strobe the data in, so connect this line to
the Omni’s External Clock (positive edge). Connect the 8 data lines
from the microcomputer chip (pins 12-19) to Channels F-8 on the Omni.

Set up the trigger conditions as needed. The mnemonics file for
the 8048 series is stored on the Logic Analyzer disk under the name
8048FAM.LAM. Load it using Item 2 on the File Menu. At this point data
can be collected and the I Command can be used to disassemble the code.

The lower 8 channels (Channels 7=0) are not required for
disassembly and may all be used for other functions, such as monitoring
addresses or bits from I/0 ports. These channels are displayed in binary
form.

As was noted above, this approach is based on a method of
collecting data only when PSEN is active. The mnemonics table in the
file 8048.FAM is constructed for this method, and if you wish to use a
different approach, you will need to change the table.

22,8 CREATING MNEMONICS FILES FOR OTHER PROCESSORS

You can disassemble code for any processor or state sequencer by
putting a table of the corresponding mnemonics in a file on disk.
Exhibit 22-3 specifies the construction of the table. This makes it
possible to add instruction disassembly capability for new processors =
it is only necessary to construct a new table.

The first two bytes in the file represent the size of the table
(including the first two bytes). Next follow 256 packets, one for each
of the 256 possible one-byte opcodes. Unused opcodes must also be
represented in the file, with the mnemonic "??" (two question marks)
assigned to them.

The lead byte in the first packet (labeled "byte 2" in Exhibit 22-
3) is a binary number that equals the number of bytes in the packet
(including the first byte). The next byte ("byte 3") is a binary number
representing the number of bytes in the instruction fetch for the
instruction; this is normally one. The next byte ("byte 4") is the
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number of bytes of operand fetch and additional bus cycles that the
processor executes for the instruction. The next byte ("byte 5") 1s the
opcode, that is, the machine code binary number. The remaining bytes in
the packet ("bytes 6, 7, +.. n") are the ASCII codes for the instruction
anemonic.

Subsequent packets are constructed the same way. Note that the
packets are of varying length, depending on the number of bytes
{characters) in the mnemonic. The next packet follows immediately after
the end of the prior packet; there is no delimiter between packets. The
disassembler subroutine uses the first byte of each packet to tell where
the next packet starts.

DESCRIPTION OF MNEMONICS TABLE
byte 0,1 = gize of table (unused by online disassembly)
PACKET DESCRIPTION

byte 2 = pumber of bytes in packet

byte 3 = number of bytes of instruction fetch

byte 4 = number of bytes of operands fetch and additional
bus cycles

byte 5 = opcode

byte 6,7,+.s,m = ASCII for instruction mnemonic

NEXT PACKET DESCRIPTION

byte mt+l = number of bytes to describe 2nd packet
etc.

.
4

TERMINATOR BYTE DESCRIPTION
byte n = 0 to signal end of table
DESCRIPTION OF PACKET FOR UNDEFINED OPCODES

byte j+1 = 6

byte j4+2 =1

byte j+3 = 0 (zero)

byte j+4 = opcode

byte j+5, j+6 = 63, 63 = ASCII for "77" (two question marks)

Exhibit 22-3. Instruction Disassembly Mnemonic Table Specification.
This describes the structure of the mnemonics table used in disassembly.
You must have a table like this for every processor for which
disassembly is to be performed. (Except the Z80 and 8085, for which the

disassembler has mnemonics built in.) The maximum size allowed for this
table is 3K bytes.
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After the 256 packets for the possible opcodes, a terminator byte
marks the end of the table. It is simply one byte containing a binary
zero (0). Note that the maximum size allowed for the table is 3K bytes.

Since the file is a binary file, you need to use an assembler or
some other program that will produce binary output to create it. We
suggest that you use an editor to make an .ASM file, then use ASM and
LOAD to make hex and binary versions. Rename the binary version of the
file to change its extension from ".COM" to ".LAM".

Exhibit 22-4 at the end of this section shows the mnemonics table
(in the form of an .ASM file) for the 8048 microprocessor.

22.9 COMMAND FORMAT

Anytime the prompt line
Enter: C,D,E,¥F,G,H,I,L,M,N,0,P,S8,T,W,X,Z,=,7,(sp),”P

appears, the data in trace memory may be displayed in Instruction
Disassembly mode using a command in the following format:

I Display data in Disassembled Instruction format, centered on
the sample marked with the cursor in the previocus display.

Ix Display data in Disassembled Instruction format starting from
sample number x.

22.10 COMMAND EXAMPLE

156 Display data as disassembled instructions starting at sample
number 56. -

22.11 HELP PAGE

To obtain the Help Page for this function, type "?I".
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DISASSEMBELY SDURCE

DwW TBLEND JEND OF TAELE
DE OG7H, &1, 00, 00, *NOF* DE QCDH, 01, 00, 3CH, "MOVD F4,a"
DK GO6H, 01, 00,01, 77" DE O0DH, 01, 00, 2DH, "MOVD PS, A"
DE O0EH, 01,00,02, "0UTL BUS.A® DE QODH, 01, G0, 3EH, "MOVD F&,A°
DE OCEH, 01,01,03,ADD A, #° DB QODH, 01,00, 3FH, "MOVD P7,A°
DE Ql0H,01,01,04, "IMF PAGE O,#" DE QODH, 01, G0, 80H, "ORL &, RGO
Di Q07H, 01,00, 05, "ENI" DE 0CDH, 01,00,41H, "ORL A, IR1"
Dk QO6H, 01,00,06,* 777 DE OOBEH, 01, 00,424, *MOV A, T
DR 0O%H, 01,00, 07, "DEC A" DE QOFM,01,01,4TH, "ORL A, #°
DH O0EM. ©1, 00,08, " INS A, BUST DE G10H, 01,01 ,44H, " IMF FAGE 2,4°
DE O0BH, 01, 0G, 0%, "IN A,F1° DE O0EH, 01, 00,45M, "ETRT CNT?
DE OCEH, 041,00, GAH, "IN A, F2° DE QOBH, 01,01,46H, "INT1"
DE O0&H, 01, 00, OBH, 7 27° DE O0AH, N1, 00, 47H, " SWAF &7
DE O0DH, 01, &0, OCH, "MDVD A.F4° DE GOCH. 01, 00,.48H, "ORL. & FQ°
DE QODH, (1), 00, ODH, *MOVD A, FS” DE QOCH, 1,00, 49H, "ORL A, F1°
DE QODH, 01,00, 0EH, "MOVD A, F&" DE QOCH, Ot , OO, 448H, "OFL A R2°
DE QODH, (1, 00, OFH, *MEVD A, F7° PE OCOCH, O3, & 4FH, "0ORL A, RZ"
DE QOEH, (1, 00, 10H, * INC DR0O" DE OQCH, 01,00, 4CH, "ORL A.R4"
DE QUEM, 01,00, 11H, " INC PRI’ (=3 OJCH, 03,00,4DH, "ORL A RS™
DK O007H, 03,01, 12H, " JRO" DE DOCH, 01, OO, 4EH, "ORL A, Fa*
DE 0OCH, 03,01,13H, “ADDE A.#° DE OOCH, 01,00,4FH, "ORL &,R7"
DE O11H, 01,01, 18H, "CALL FARE o, #° 3] O0DM, 03, 00, S0H, TANL A, SROT
DE O0%H, 01, 00,154, "DIS 1~ DE OODR, 01,00, 51H, TANL A, dF1°
Du CGOTPH, 01,01, 16M, “JTF* DE GOTH, 01,01 ,52H, "JRZ?
DB OO9H, 01, 0O, 17H, " INC A DE GOBH, 01, 01,53H, "ANL A, 87
DE QCAH, 01, 0G, 1BH, " INE RO DE 013H,01,01,58H, "CALL FAGE 2.8
DE OGAH, 01, 00, 19H, " INC R1° DE QOAH, 1, 63, SSH, *STRT T*
DE OQAH, 01, 00, 1AH, " INC RK2° Ok OQ07H, 01,01 ,568, "JTL"
DE OCRAM, 01, 00, 1BH, "INC R3* DE 0GBH. 01,00, S7H, "DA A"
DE QO0AH, 02, 00, 1CH, "TNC R4™ DK OOEH, 01, 0G, 5BH, "ANL &, FO*
DE O0AH, 01,00, 1DH, *INC R5™ LR OOCH, 1, 00, 5%H, "ANL A R1°
DE O0AH, 01, 00, 1EH, " INC R&® DE ONCH, 01, 00, 5A8H, "ANL A RZ"
DE ODAH, 01, 00O, 1FH,. " INC K7 DE OOCH, 2L, 00, 5BH, “ANL AR
DE OGDH, 01, QO, 206, "XCH A, 2RO DE OOZHL 01,06, 50H, "ANL A, F4"
DE QODH, Q1,00 21H, *XCH A, ?R1° DE O3CH,. 01,00, 5DH, "ANL A,RS"
DE QO&H, 01,00, 22H, " 77° PE OOCH, 03, 00.SEH, "ANL A, Fé’
DE QOBH, 01,01, 23H, "MOV A.#° DE OOCH,01,00,855H, "ANL A,RT"
DE C10H, 01,01, 24K, "IMF FAGE 1.#° DE QUTH, 01, 00, &0H, "ADDE, F 0T
DE OOGCH, 01, 00, 25H, "EN TCNT1* DE OOCH, 01, 00,61k, * ADDA, DF1°
bR OOBH, 01,01, 26H, "INTO™ )2} OOFR, 03, 0, &2H, "MOV T.&°
DE QO0FH, 01,00,27H, "CLRK A7 DE OCek, 01,00, &3H, * 77"
DE OOLH, 01, 0C,28H, "XCH &.R0° DE G1oH, 01,01, &34, "JMF FAGE T, #°
DFE OOCH, 01, 00, 29H, " XCH A.RL" DE OQGDH, 01, 00, 65H, 8TOF TCNT”
DB 00CH, 01,00, 2AH, " XCH A, R2" oy3) QGGOsH, O, 00, 66H, " P77
DE O0CH, 01, 00, 2BH, " XCH A,R3" DE OO9H, 01, 00, 67H, "RRC &°
DE OGCH, 01,00, 2CH, "XCH A, R4 DF OOCH, 111,00, &BH, TADD A, FuO?
DE OOCH, 01, OC, 2DH, "XCH A,FS" DE 00CH, ¢1,00,49H, "ADD A R1"
DE QOCH, 01,00, 2EH, "XCH A R&" DE QOCH, (1), 00, 6AH, "ADDL A, RZ"
DE 00CH, 01,00, 2FH, " XCH A,R7° DE O0CH, 01, 00, &BH, “ADD A, RT"
DE COEH, 03, 00, 50H, * XCHD A, 2R0G" DR QOCH, &1, 0, 6CH, "ADD A, R4
DE OOEH, {11, 00, 31H, *XCHD 4, 2R3 " DE 00CH, G, 0%, 6DH. "ADD A.RS®
DE QO7H,01,01,32H, " IRI" DE GOCH, 01,00, 6EH, "ADD 4, K&
DE 00&H, 01, 00, I3H, *77° DE QOCH, (1,00, 6FH, "ADL A,R7"
D& 010H,01,01,34H, "CALL PAGE 14" DR CGOEH, 01,00, 708, TADDC A, IR"
DE OCDH, 01, 00,75H, "DIS TCNTI® DB OOEH, 01,08, 71H, "ADDC AL 9R1"
DE GO7H, 01,01, 36H, *ITO" DE O07H,01,01,72H, "JB3"
DE Q0%H, 01, 00,37H, "CFL A” DE QO6H, 01, 00, 73H, " 77>
DE O0&H, 01,00, 3BH, " 77° a3 011H, @1, 01,74H, *CALL PAGE I,4°
DE QODH, 01,00, Z9H, *OUTL P1,A° bE GOCH, 03,00, 75H, "ENTO CLE”
DB OODH,Ol,OO,SAH,’DuTL PZ,A° DE QO7H,01,01,74H, "JFL"
2] ] 00éH, 01,00,3BH, " 77 DR QO8H, 01,00,77H, "RK A”
DE QODH, (11, GG, 78H, "ADDC A, RO
o) o} QODH, 01, 00, 79H, "ADLC A, R1°
DB OODH, 1, 00, 7AH, “ADDC A, RD"
DE Q0DH, 61, G0, 7BH, "ADLC A, RS
Dk OODH, 01, 00, 7CH, “ADDC A, R4
DE OOCDH, 01, 00, 7DH, "ADDC A,RS"

Exhibit 22-4. Mnemonics table for the 8048 microprocessor. This i{s an
assembly language source file, designed to be assembled using ASM, the
Digital Research assembler supplied with CP/M. This listing is provided

here as an example; the compiled file is included on the Logic Analyzer
Disk as 8048FAM.LAM.
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Dk OODH, 01,00, 7EH, "ALDDC &,Re” DR QUEH. 0, 00, OCOH, * 77

DE O0DH, 03, OO, 7FH, *ADEC A, R7 DE GOEH, 01, OCG, OC1H, " 77

DE OO0EH, 01,01, B0, *MOVX A, IR0 DE CO&H, O3 , 00, 0C2H, 727

DR O0EH, ¢1,01,81H, *"MOVX A,3R1" DE QO&H, 1, 00, QC3H, " 277

DE 006H, 01,00, B0H, 27" . DE O10H, 08, C1,0C&H, *IMF FABE &, #°
DE QQO7H, 01, 0¢,B8TH, "RET® DE O0BH, 01, 00, OCSH, *SEL REO®
DE Q10H,02,01,B4H, "JMF FAGE 4, 4° DE CObH, 01, 01.0C&eH, "227

DE Q0AH, 01, 00, 85H, "CLR F&° DE CODH, 01, 00, OC7H, “MOY A, FSW"
DE Q07H, (1,01 ,86H, “JINI ™ DR QOCOAH, (11,00, 0CBH, *DEC RO

DE OOhH, 01,00, E7H, 7727 DE QOAH, G, 00, 0C9H, *DEC F1°

DE GODH, 01,01 ,88H, "ORL BUS . 8”7 DE QOAH. 01,005, 0LAH, "DEC RZ’

Dk QOCH, 01,01,89H, "ORL FO,#° D& OOAH, 2L, 00, OCEH, "DEC RT"

DE QOCH, 01 . 01.88H, "ORL Fi1.48° DE OOk, 01, 00, 000, “DEC R4”

DE GO4H, 01,00,BEH. 777 DE SUAaH. 01, 00, 0CDH, "DEC RS

DE OODH, (11, 00, 80H, "ORLDE F4,8° DE OfwaH, T, OO, QCEH, "DEC ke

DE OODM, 01, 00, BDH, "OFRLD PSS, & DE GOAN, 1, 00, GOFH. "DEC RT"

DE QODH, 711, DO, BEH. "DRLD Fé&, A" DE OODH, G, 00, ODoH, TXRL A, TR
DE QADH, 01,00, 8FH, "ORLD F7.6A7 DE CODH, 0. QG, CD1IH, " KFL &, dF1°
DE QOEH, 01,01, %0H, "MDVY @RG A DH O0FH, 01,01 ,0D0H, " JELT

DE ODEH, 01,01,%1H, *MOVY R1,.&° DE OOEH, 01,08, OD3H. "XFL A 87
DE GOTH, 01,08 ,92H, " JB4T CE 013k, 01, 01,0D4H, "CALL FABE &.%°
DF GG3H, 01,00, 93H, "RETF® LE QOEH, 91,0, ODSH, "SEL RE1T
23] CGliH, 01,001,544, "CALL FAGE 4.#%° D= Qe , G, O, DLEH, =777

DE O0aAH, 01, 00,.9%H, "CFL FD* DE QODH, 01, 00, ODTH, "MOV FBW. &
DE QUTH, 01,01, 26+, "INZ” DE DCHTH, O3, DG, 0D, TXRL AR
DE O09H, 01,00, 57H, "CLE C” DE GOCH, 01, 00, OD9H, "YRL A, RL°
93] QODH, 01, 01, PBn, "ANL BUS. #° LH QOCH,. 01, 0G, 0DAH, "XRL A, RZ"
DE OQOCH, 01, 01.99H, "ANL F1.#° DE GOCH, 01, 00, GDEH, "¥RL A,RT"
DF CGOCH, 01,01, 9AH, "ANL F2 87 DE OOCH, 01,00, 30CH, " XKL A,F47
DE O0&H, 1, 00, ?EH, 777 LH QOCH, O, 00, ODDH, " XRL A, FRS”
[22) QODH, 01,00, CH, "ANLD F4,.A° DH QOCH, O1., 40, O0DEH, " XRL &A,Fa"
DE QD0M, L, 00 PDH, TANLD PS5 AT DE GOCH, 01,00, 0DFH, "XRL ALR7"
IE O0DH, O OO, FEH, "TANLD Fo. A’ DE QUM 01, 00, OEGH, " 77"

DH oD, 01,00, FFH, ANLD F7,4° DE COGH, 1, 00, OE1H, " 77"

PE QOPH, 0L, OO0, OAOH, MOV RO, A7 - o] QOeH, Gil, 0, GEDH, "7

DE GODH, 01, G0, B41H, TMOY JR1,A7 DE OOEH, 01,4 0%, OETH, "MAOVFI &L @a°
CE QOEH, 01, O, GRIH, " 777 DE OIH, 01,01 3644, "IM- FAGE Z.%"
DE GODH, 01, 00, DATH, "MOVF &, 347 jal ) GORH. 01,00, 0ESH, *5EL MBS
DR Ok, 01, 01,04, "IMF FASE 5,807 L& THOGT, 01, GESR, TINC

DE OO&H, 61, 00, 0ASH, "CLR F1° De T ] L G0, QETH. TRLAT

D& QigH, 01, 00, GAGH, " 77" LE OODH, 01, 01, GEBM, "D3INZ R, &
DE OOFH, 01 . 30, 0R7H, "CFL C7 [ OO, 01,01, 0EFH, "DINZ F1,6°
TF OOCH, 01, 0D, DABH, MOV RO, A7 LE QGPH, 01,08, GEAR, "BJINZ RI.#°
DE QOCH, O 1o DA%H, TMOV R1,A° i3 QODH, 01,01 ,OEBH, "DaIMNI R, H°
DE QOCH, 01, G, VARAH, "MOV RZ.A° DE OGDH, 1,01, 3ECH. "DJINI R&, #°
DE QOCH, 01, 00, 0RBH, "MOV RZ.A™ LE OODH, 01,1, DEDM, "DINZ RS, #°
DE OOCH, 01, 00, 0R/CH, MOV R4 AT DE QODH, v, 01 ,OEER, "DJINZ Ra, &
DE OGCH, 01,00, 0aDH, MOV RS, A7 DE OODH, 01,01, 0EFH, "DINZ R7.#"
DE QOCH, 01, 00O, OAEH, "MOY Kb, A DE OGDH, O1, 00, OFOH, "MOV A, 9RCT
Dk QOCH, ¢1, 15, GAFH, "MOV F7,4° DE CQOpH, 01, G0, OF IH, "MOV A, 8R1°
DE OODH, 01,01, 0R0H, * MDY DR, #° DE QO7H, 01, 05, 0F2H, " JR7 "

DE GODH, 01, 03, OB1H, "MOV 9F1,.4° Dk GO&H, 01,00, OF IH, 7777

DE QOTH, 01,01, 0E2H, " JEKE" Dk NIIH, G101, 0F4H, "CALL FAGE 7.4
Db OUBRH, 01, 00, GBSH, "JMFF @A™ DE OOEH, 01,00, OFSH, "SEL MEL1"
DE Ql1H,01,01,00H4H4, "CALL FABGE S,#%° DE GOEH, 01, 01, 0FaH, "JE”

DE QOAH, 61, 00, OBSH, "CFL F1° Dk OOFH, 01,00, 0F7H, "RLC A"

DE QO7H, (1,01, CR&H, " JFO* DE CGOCH, 01, 00, OFBH, "MOV A ROT
DE O06H, 01, D, OB7H, " 777 DE GOCH, 01, GG, OFPH, "MOV A, R1°
DE OGCH, 1, 01, OR8H, "MOY RO, 87 DE GOCH, 01, 00, OFAH, "MOV A, KD
DE OOCH, 01, 1, 0B9H, "MOV R1,.#° Dk OOCH, 01,00, 0FFH, "MOV A,R37
DE QOCH. 01,01, 0BAH, "MDV R2, %% ol ] OOCH, 01,00, 0FCH, "MDV A4,.F4°
DE OGCH, 01,01, 0BRH, "MOV RZ, #° DE OOCH, 01, 00, OFDH, "MOV &,RS"
D& QOCH, 01, 01, 0BCH, "HOV R4, 47 bE OOCH, 01, 00, OFEH, "MOV A, Ro”
DR O0CH, 01, 01, OBDH, MOV RT, #° DE GOCH, 01, 00, OFFH, "HGY A7’
DE QOCH, 01,01, 0BEH, "MOV Ro.#° THLEND:

DR OOCH, 01,01 ,0BFH, *MDV R7,#%" . . o

Exhibit 22-4 (continued).
Rev. D
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23. HISTOGRAM DISPLAY

23.1 INTRODUCTION

The Histogram function calculates statistics on the data in Sample
Memory. It is primarily used for studying program execution to improve
efficiency. When the data in Sample Memory represents addresses of
instructions in a computer program, the Histogram can be used to measure
how much time the computer spends executing different parts of the
program.

An example of the Histogram Display, which combines menu and
display on the same screen, is shown in Exhibit 23-1.

A histogram is the result of a statistical procedure in which items
are sorted into different categories according to some characteristic,
and then the items in each category are counted.

1) Start of Range: ©B00 3) Humber of fccumulat ions: 168
2) End of Range: BFFF 4) Range Scaling Factor: 18

Freq of Last Samgle % Cumulative Frequency

(.

9
]
d
8
(%
5
1
76

Enter 1-d, G to sample, ?, P, (space) to exit

Exhibit 23-1. Histogram Display. Typical values have been entered in
Items 2, 3, and 4 to provide an example.
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The algorithm that produces the Histogram Display works as follows.
It looks through the Sample Memory for sample data falling in the range
specified in Items 1 and 2; let us call those "in-range samples.”" An
in-range sample will sometimes appear in a "run" of in-range samples
(that is, with other in-range samples before or after it, or both) and
sometimes all alone. .

Two questions are of interest here. First, how long are the "runs"
of in-range samples - how many samples are there in each run? Second,
and more important, how are the samples distributed in the runs of
different lengths - how many samples fall in short runs versus long
runs? So the histogram algorithm identifies the "runs" of in-range
samples, sorts them into categories by length of run, and then counts
the number of samples in each category.

Refer now to Exhibit 23-1. The column on the left gives run
lengths, that is, "6-9'" means runs 6 to 9 samples long. The second
column is the percentages of in-range samples that fall in the runs of
different lengths. The exhibit shows that 3% of the in-range samples
fall in runs 6 to 9 samples long.

Note that the base for the percentage (100%) 1s the total number of
in-run samples in the Sample Memory. Thus the percentages shown in the
histogram will always total (approximately) 100%.

This may be applied to computer operation as follows. A
microprocessor fetches instructions from memory in a sequential fashion,
incrementing its program counter omne, two, or three bytes, depending on
the length of the instruction. Program loops or branches, however,
cause the sequence to change. While a program may have no more than a
dozen instructions within a certain address range, if a loop is there,
the processor may make thousands of instruction fetches all within in
that same address range.

Thus long "runs" of instruction fetches within a certain range of
addresses reveal intense activity within that part of the program. By
making a number of Histograms Displays with different range settings,
you can identify which parts of the program are using the most execution
time. :

There are three steps to using the Histogram function.

First, attach the probes to the appropriate points in the equipment
you are testing. Set up the data collection conditions on the Trigger
Menu and (1f necessary) the Options Menu.

Second, call up the Histogram Display with the H Command and enter
the desired parameters in the menu items - the upper and lower limits of
the range in Items 1 and 23 if multiple accumulations for better
statistical averaging are required, the desired number of accumulations
in Item 3; and if run length categories other than the default values
are desired, the Scaling Factor in Item 4.
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Third, type "G" to cause data collection. Each repetition of the G
Command collects new data.

23.2 HISTOGRAM MENU

As with the other menus, type the item number to put the entry
cursor on a menu item. The following paragraphs give more details about
the individual menu ftems on the Histogram Display.

Item 1) Start of Range:

Enter the lower limit for the range in this item. The lower limit
must be 2 number between 0000 and FFFF hexadecimal (0 and 65,635
decimal). The default radix is hexadecimal. The number entered should
contain a radix suffix (e.g., D for decimal, O for octal, B for binary)
if some value other than hexadecimal 1is input. Numbers entered in octal
will be immediately converted to hexadecimzl on the display.

The value entered here also depends on the active channels selected
in the Trigger Menu, T Command. Channels that are not active are
treated as "don"t care" values both in the data sampled and in the
numbers specified in Items 1 and 2. For example, if only the lower
eight channels are active, and they are connected to a computer address
bus, then all address bits except the lower 8 will be "don"t cares".
This will usually increase the number of samples that will be counted as
in-range. ’

Inactive channels are assigned a binary value of 0 for display in
this item. For example, assume that 3333h is entered in this item while
Channels 1 and 0 are inactive. The Omni converts 3333h internally to
its binary equivalent, "0011 0011 0011 00l1". Since Channels 0 and 1,
which correspond to the last two bits, are inactive, the last two bits
are changed to "00", so the binary number becomes "00il 0011 0011 0000".
The hex equivalent, "3330", is then displayed in Item 1. All this is
done automatically when you type in "3333".

Item 2) End of Range:

Enter the upper limit for the range in this item. The comments
above regarding the number entered in Item 1 also apply here.

Item 3) Number of Accumulations:

The Histogram function can perform repeated accumulations for
better statistical accuracy. Each individual histogram (left set of
bars in Exhibit 23-1) is generated from the 1000 samples of one data
collection cycle. For some applications, 1000 samples may not be enough
to give statistically significant averages: With a sufficient number of
data collections, however, a good statistical account of the event can
be generated on the cumulative histogram (right set of bars). Enter the
number of repeated collections desired in this item. If a 0 (zero) is
entered in Item 3, the Omni will repeat accumulations until the space
bar is pressed.
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Here

4) Range Scaling Factor:

"range" in the name of Item 4 means "run lengths." Nine

categories of run lengths appear to the left of the display. The
default categories divide the in~range samples into runs of 1, 2~4, 5-9,
10-19, 20-49, 50-9%9, 100-199, 200-499, and 500+ samples. For an entry
to be made in the 2-4 category, for example, the data collected must
have fallen within the range specified via Items 1 and 2 for at least 2
but no more than 4 consecutive samples.

Finer resolution can be obtained by scaling. Scaling by a factor
of 10 will then put the top category at 50+ and the shorter periods
proportionately narrower. If scaling is desired, enter the scale factor

in Item 4.

23.3

DISPLAY CHARACTERISTICS

Features of the statistical data produced by the Histogram function

and showm

on the display are:

Samples - the categories of run lengths for which statistics are

collected: runs of 500+ samples, runs of 200-499 samples, and
50 on in the default case. The example in Exhibit 23-1 uses a
Scaling Factor of 10, yielding run length categories of 50+,
20-~49, and so omn.

%Z - the percentage of in-range samples falling in runs of the

Freq

various length categories. The base for the percentage is the
total number of in-range samples, that is, the samples lying
in the range given in Items 1 and 2. 1In the example shown in
Exhibit 23-1, 3% of the samples lying within the range O0000H
to BFFFH are in runs of 6 to 9 samples; 1% lie within runs 5
samples long; and so on. The first % column expresses the
statistics for the most recently collected data.

of Last Sample - histogram prepared based on the data most
recently collected by the G Command. The bar length is
proportional to the percentage to its left, just defined
above.

X - same statistic as that contained in the first % column, except

that it expresses statistics accumulated (averaged) over a
number of data collections. 1In order to get enough data to
make a statistically significant histogram, 1t may be
necessary to accumulate data over several samplings. The
example shows a histogram accumulated during 100 data
collections.

Cumulative Frequency - histogram based on statistics accumulated

(averaged) over a number of data collections. The bar length
is proportional to the percentage just to its left.
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23.5 HELP PAGE

A Help Page for this function appears in response to "7H". When
viewing the Histogram Display, Help Pages for the individual menu Items
1, 2, etc., may be accessed by typing "?1", "?2", and so on. After
viewing a Help Page, press <SPACE> to return to the Histogram Display.

Rev. D
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24. SIGNATURE ANALYSIS

24.1 INTRODUCTION

A signature is a checksum calculated from the data stream passing a
circuit node. A very powerful troubleshooting technique, signature
analysis is used to isolate faults in defective circult boards. The
user compares the signatures at various points on a malfunctioning board
to the signatures for a known good board.

The Omni’s signature analysis function is controlled by a combined
menu and display which appears in response to the S Command. Exhibit
24-1 shows an example of the menu and display.

Channet
TEST-POINT-D
U36-PINSS
U36-PINIG
J3-PINZ3
t2-PIN3
Ud1-PINIL

Sample Reference
BDRE <—>
BRE7 <—> 2DE
BD {-—~> B/RE
DeacC (—> 78
419 <—> D183
953F <—> 41B8

1) Start on: US-PING LOM LEVEL
2) End on:  U12-PINS LOW LEVEL

NEG EDGE
DONT CRRE

3} Clock Polarity:
d4) Clock Qualify:

| sl

5) Trig Enable on:

DONT ORRE

6) Save to file:

7) Read from file: 3

8) Read setup file:

9) Delete signature file:
Number of Samples: 1812

UA3-PIN5-DECOAD
U6-14~-CLOCK(C)
U3-14--CLOCK(B)
U7-S—-CLOCK{A)
Wa7-PINLG
TEST-POINT-A
U4-9-SYNC-DET
DATA-THPUT

2876 <—> B788
B/788 8768
BA18 {—> ZSEE
6903 693
B788 {—> 287
B768 8788
BA1B <—> Z5tE
6903 6903

Enter 1-8, G to sample, ?, P, (space) to exit

Exhibit 24-1.

Signature Menu (left) and Display (right two columns).
Sample signatures that differ from the Reference signatures are marked
by a "<—=>" aymbol and highlighted.
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The signature analysis algorithm generates a four digit hexadecimal
number. Many manufacturers of digital electronic products now provide
signature test points and correct signatures in their service manuals,
making signature analysis possible on the service bench as well as the
production line.

The Omni can perform signature analysis on up to 14 test points
simultaneously. It can collect "reference good" signatures; store them
on disk; recall them from disk; and collect test signatures and compare
them to the reference signatures.

There are three steps in performing a signature analysis:

First, connect the probes to the equipment to be tested. Connect
the Omni“s Clock probe lead to a circuit point carrying the clock signal
that will be used. When collecting signatures, the Omni uses the DO
line to sense a Start signal and the D1 line to sense an End signal;
connect the probe leads to those signals. Finally, collect one or more
of the other 14 data lines, D2 through DF, to the circuit nodes at which
the signatures are to be taken.

Note that any one, all, or any combination of the 14 lines may be
used simultaneously, making thorough testing at multiple test points
very easy. {In fact, when used with a bed-of-nails board test fixture,
the Omni will perform most of the functions of a large production board"
test system at a fraction of the cost.)

Second, enter the appropriate parameters on the menu - polarities
of the Start and End signals, Clock Polarity, and if desired, Clock
Qualify and Trigger Enable conditions. If comparison with Reference
signatures saved on disk previously is desired, enter the name of the
file in Item 7. (How to put the Reference signatures on the disk is
explained below.)

Third, type "G" to collect samples and generate the test
signatures, which will appear in a column under "Sample'". Any
signatures which differ from the corresponding Reference signatures to
the right will be highlighted.

Reference signatures are created by collecting signatures from a
known good board; saving the signatures to a disk file using Item 6;
then recalling the disk file data to the Reference signature memory
using Item 7. Details on this and other aspects of using signature
analysis are given below.

NOTE: Reference signatures can be saved to disk and recalled only by
using Items 6 and 7 on the Signature Menu. The save and recall
functions on the File Menu operate only on sample and reference data,
which are different from sample and reference signatures. Signature °
files have extension ".LAS", while data files have extension ".LAD".

Omni Operating Manual 24=2 Signature Analysis
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24.2 MENU ITEMS

Details about the individual menu items are given in the following
paragraphs.

Item 1) Start on:

All signals entering the logic analyzer are ignored until the level
specified for the Start level (high or low) 1is detected on Channel O.
Signature generation begins with the first sample ccllected after the
start condition is satisfied.

Enter a "1" in Item 1 to indicate a high Start level, or a "0" to
indicate a low Start level.

Item 2) End on:

Enter a "1" in Item 2 to indicate a high End level, or a "0" to
indicate a low End level.

Signature generation continues for all samples collected up to, but
not including, the sample during which the end condition 1is satisfied.
If an End signal does not occur within 1000 samples of the Start signal,
signatures will be calculated based on the first 1000 samples after the
Start signal. Thus if it is important that the signatures be based on a
hardware End signal, take care to select an end condition that will
occur within less than 1000 samples of the start condition.

Item 3) Clock Polarity:

Signature analysis requires an extermal clock signal from the
equipment under test. Internal clocking is inappropriate for signature
and is not allowed. Select the external clock edge that will provide
valid data for the type of circuit being tested. For example, if a
microprocessor’s active low read control line is used as the external
clock input, then the positive edge would be used to collect data since
the processor data bus is stable on the positive edge. Enter a "1" in
Item 3 to indicate clocking on the positive (rising) edge, or a "0" to
indicate the negative (falling) edge.

Item 4) Clock Qualify:

Data collected for signature analysis is recorded on the clock
edge, but only when the Clock Qualify line is at a specified level. If
no qualification is desired so that every clock edge records a sample,
then the "don’t care" condition should be used. If data collection is
to occur when the qualify line is at a high level, enter a "1". Enter a
"0" to allow data collection only when the clock qualify line is at a
low logic level. Entering "X makes this item "don’t care", which is
the default condition. This function increases the flexibility of data
collection.
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Item 5) Trig Enable on:

The Trigger Qualify line can be used to enable the Start condition,
so that data collection begins only when both Channel 0 and the Trigger
Qualify line match their specifications. Enter a "1" in Item 5 to
achieve trigger enable on a high level. Enter a "0" to achieve trigger
enable on a low level. If you do not wish to use trigger enable to
qualify Start collection, enter an "X".

Item 6) Save to File:

Signature values for all fourteen channels can be saved on disk for
later reference by entering the filename under which they are to be
saved in Item 6. Enter a filename of up to eight characters. A drive
specification can also be included per the usual operating system
convention (e.g., B:FILENAME). The extension ".LAS" is automatically
appended to the filename; 1f a extension i3 entered, it is ignored.

The setup information used to collect the data is also saved on
disk. The Reference signatures are not saved. (They are already on
disk, and will remain there.) The saved data can be retrieved by using
either Item 7 or 8.

Item 7) Read from file:

Signatures which were saved with Item 6 can be retrieved and placed
in Reference Memory for comparison with the newly sampled signatures.
Sample signatures that do not correlate with Reference signatures are
highlighted. Enter a filename as in Item 6 above. If the file does not
exist, a message to that effect will be flashed on the screen.

Item 8) Read setup file:

This item allows retrieval of signatures and set-up information
stored on disk. The hardware will then be configured according to this
set-up information. This option can be used to repeat a test performed
at an earlier time.

Item 9) Delete signature file:

To delete a signature file, enter its name (without the extension)
in Item 9, followed by <RETURN>. It will be immediately erased from the
disk.

Number of samples:

This parameter on the menu shows the number of samples used in

generating the signatures, which is equal to the number of clock cycles
between the Start and End signals.
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24.3 HELP PAGE

A Help Page for the Signature Analysis function may be called up
with "?S8". When viewing the Signature Analysis Menu, you can call up
individual Help Pages for Item 1, Item 2, etc., with the commands "?1",
"?2", etc. After viewing the information, press <SPACE> to return to
the Signature Analysis Menu.

Rev. D
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25. PRINTER OUTPUT

25.1 INTRODUCTION

Any of the data displays ~ such as Waveform, Edge, Dump,
Instruction Disassembly, Histogram, Matrix, Signature, etc. = may be
sent to a printer for a permanent hardcopy record by using the CTRL-P
Command, Printer Output. CTRL-P ("control P") is activated by holding
down the <CTRL> key and striking the "P" key. The "P" key can be upper
or lower case.

25.2 COMMAND FORMAT

Anytime the prompt cursor appears in the lower left corner of the
screen, you can use one of the following formats to print what is shown
on the screen: .

CTRL-P Print the information displayed on the screen.

CTRL-Px Print the information shown on the screen, starting
at sample x.

CTRL-Px,y Print the collected data from sample x to sample vy,
in the same format in which it was last displayed
on the screen.

CTRL-P? Print all Help Pages on the printer.

The samples x and y may be designated either by the sample numbers,
or if Internal Clock is being used so that there is a meaningful time
scale, by the sample times.

25.3 EXAMPLE

CTRL=-P 10,50us Print data from sample number 10 through the sample
collected 50 microseconds after the trigger. The
display mode will be the same as last shown on the
video screen.

25.4 CONNECTING THE PRINTER

Either the Parallel Port or Serial Port may be used to drive the
printer. Normal output is to the Parallel Port. If you wish to use the
Serial Port, use the CP/M program STAT to direct output to the the
Serial Port: .

AD>STAT LST:=TTY:

Purther information on setting up the ports (baud rate, etc.) for
your printer may be found in the user’s guide for the computer.

The Omni expects to receive standard "ready" handshaking signals
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from a printer when data is sent out. If you use the CTRL-P Command and
no printer is connected, the Omni will go into a wait loop, walting for
a nonexistent handshake signal. To recover from this, use the Reset
function and start over. Any data in the Sample Memory and your
parameter settings will be lost when you use Reset. To avoid this, make
sure a printer is connected and operable before you use the CTRL-P
Command .

Omnis manufacture before mid-1984 have a single serial port, while
units made later have two serial ports, one for a printer and one for
data. On the units with one port, the port is configured as a DTE port
under the RS232C standard. Serial data is sent out on pin 2 of the
connector, and received on pin 3. When used for printing as the LST:
port under CP/M, it requires a HI handshaking signal from the printer on
pin 5. If your printer does not provide this signal, you can jumper pin
5 to pin 6, where a HI signal {8 present.

On the units with two serial ports, The data port (labeled "J4
SERIAL DATA I/0") is configured the same way as the single port
described in the previous paragraph. It is not accessed as the TTY:
port by CP/M, however; your applications software (such as a modem
program) will access it directly.

On units with two serial ports, the printer port (labeled "J3
SERIAL PRINTER OUPUT") is the CP/M TTY: port. It is configured as a DCE
port under the RS232C standard. Data is sent out on pin 3 and received
on pin 2. Pin 20 is used for handshaking; it must be driven HI for data
to be sent out when this port is made the LST: port using the STAT
commaund. There is no handy HI signal source present on the connector.

In printing waveforms, the Printer OQutput function uses the
underscore " _" to represent a low, the tilde ™" to represent a high,
the slash "/" to represent a leading edge, and the backslash "\" to
represent a trailing edge. Many dot matrix printers allow downloading a
custom character set which gives a better graphic representation of
waveforms. The character downloading may be performed by a small
program which is run before loading the Logic Analyzer Program.

Exhibit 25-1 shows an example of such a program, and Exhibit 25-2
shows the resulting waveform printout.

25.5 HELP PAGE

A Help Page for the CTRL-P Command may be accessed by typing
"2CTRL-P".
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THIS PROGRAM CREATES A DOWNLOAD CHARACTER SET FOR
PRINTING THE OMNI II TIMING TRACES ON A STAR
gemini-10X PRINTER. ALL CHARACTERS ARE STANDARD
EXCEPT:
(/) WHICH IS CHANGED TO A VERTICAL LEADING
EDGE WITH A FLAT TOP.
(\) WHICH IS CHANGED TO A VERTICAL TRAILING
EDGE WITH A FLAT BOTTOM.
(™) WHICH IS CHANGED TO A FLAT TOP.

WE W W We WS WE Ve we ws

VERTICAL ALIGNMENT IS ALSO ASSURED BY SETTING UNI-
DIRECTIONAL PRINTING. NORMAL PRINTER OPERATION MAY
BE RESTORED BY TURNING IT OFF AND THEN ON AGAIN.

*PROGRAM EQUATES®*

0005 = BDOS EQU 05H ;DOS ENTRY VECTOR
0005 = LSTFUNC  EQU 054 ;sDOS LIST FUNCTION
001B = ESC EQU 1BH sASCII FOR ESCAPE
O0FF = TERM EQU OFFH sSTRING TERMINATOR
0100 ORG 100H

3 THIS ROUTING READS AND TRANSMITS THE CONTROL
3 SEQUENCES LOCATED AT "STRING".
0100 211501 DNLDCHR LXI H,STRING ;GET POINTER

0103 7E DNLD2 MOV A,M ;GET A CHAR

0104 FEFF . CPI TERM ;TERMINATOR?

0106 CA0000 Jz 0 :YES, RETURN TO CP/M
0109 ES PUSH H ;NO, SAVE POINTER
0104 SF MOV E,A ;:CHAR TO E REG

0108 OEO5 MVI C,LSTFUNC ;AND OUT TO PRINTER
010D CD0500 CALL BDOS

0110 El POP H $RESTORE POINTER
0111 23 INX B ;BUMP POINTER

0112 €30301 JMP DNLD2 sAND GET NEXT CHAR

0115 1B2A00 STRING DB  ESC,’*”,0 :COPIES STD CHAR’S TO
;DOWNLOAD RAM.
0118 182A01 DB ESC, *",1 ;CHANGES /
011B 2F007F0001 DB - 2FH,0,7FH4,0,1,0,1,0,1,0,1
0126 1B2A01 DB ESC,"*",1 ;CHANGES \
0129 5C017F0040 DB  5CH,1,7FH,0, 404, 0, 40H, 0, 40H, 0, 40H
0134 1B2A01 DB ESC,"*",1 ;CHANGES ~
0137 7E00010001 DB 7EH,0,1,0,1,0,1,0,1,0,1
0142 1B2401 DB ESC,’$°,1 ;ACTIVATES DOWNLOAD SET
0145 1B5501 DB  ESC,U’,1 ;sth UNI-DIRECTIONAL
: sPRINT
0148 FF DB TERM
0149 END

Exhibit 25-1. Hubert Evinger of Advanced Computer Concepts, Inc., Costa
Mesa, California wrote this CP/M program for downloading special
waveform characters to a STAR gemini-10X printer.
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Exhibit 25-2. Example of waveform printout after a special character
set has been downloaded to the printer by the program in Exhibit 25-1.

Rev. D

Omni Operating Manual 25=4 Printer Qutput



- CC 0o CC oo

26. THEORY OF OPERATION

26.1 INTRODUCTION

What is a logic analyzer?

»

A logic analyzer is an instrument for collecting and displaying
digital data. Used primarily for testing digital equipment, it has
input probes that may be connected to integrated circuit pins inside the
equipment under test.

A logic analyzer records the logic levels on many lines, over a
period of time, and then displays the recorded patterns. By examining
the collected data, you can trace the operation of the digital circuit.

The logic levels are sampled in step with a clock signal. The
clock signal either may be generated inside the analyzer (Internal
Clock), or may be taken from the equipment under test (External Clock).
Each sawmpling stores one data word in the logic analyzer’s Sample
Memory. The analyzer continuously collects data in memory until a
trigger event, which may be either recognition of a specific word in the
data stream or an external event, causes it to stop.

Like an oscilloscope, a logic analyzer collects data corresponding
to voltage versus time and displays it as "traces". Two features make
the logic analyzer a very powerful tool:

A) It can collect data on many lines at oncej in the case of the
Omni, on 16 lines, or, with the the 32 Channel Adapter, on 32 lines.
Observing the bit stream on a single line at one time, as with an
oscilloscope, 18 of little value, since the bit pattern is meaningful
only in reference to the simultaneous bit patterns on other lines.

B) The logic analyzer collects data prior to the trigger event,
again unlike an oscilloscope, which starts the trace after the trigger
event. When a digital circuit goes awry, the cause i3 usually found in
what happened beforehand, not afterwards.

The logic analyzer has two limitations compared to an oscilloscope
- it records voltage as only "high" or "low" (binary 1 or 0), losing the
details of waveform shape. Also, it records the logic level only at the
clock transitions, thus limiting the time scale resclution to the
minimux clock period that the logic analyzer can handle. (This
disadvantage is partially remedied by the inclusion of glitch collection
capability.) The Omni will accept a clock rate of up to 20 MHz,
yielding 50 nanoseconds resolution. Also, there is a trade-off between
resolution and length (in time) of the trace; since the Omni can store
only about 1000 samples, at the finest time resolution it can store only
50 nanoseconds x 1000 = 50 microseconds of trace. In practice, this
limitation proves to be of little hindrance and 1000 samples are quite
adequate.

Omni Operating Manual ' 26-1 Theory of Operation



SAMPLE
+ MEMORY
INPUT
DATA 16K X 1K
35 nS
TRIGGER ADDRESS
RECOGNIZER COUNTER
CLOCK CONTROL
INPUT COUNTER

Exhibit 26-1. Diagram of the iogic analyzer, The Input Data is picked
up by the analyzer probes. The Clock Input can be either an External
Clock signal picked up by the probes, or the analyzer’s Internal Clock.

26,2 HOW IT WORKS

The heart of the logic analyzer is the Sample Memory (see Exhibit
26-1). As the Clock Input provides clock pulses, the Sample Memory
stores samples, one sample for each clock pulse. The clock pulses also
step the Address Counter, so that samples are stored in successive
addresses in the Sample Memory.

The Sample Memory is 16 bits wide and holds 1024 words, that is, it
has 1024 addresses, from O through 1023. When the Address Counter
reaches 1023, it "rolls over" and stores the next sample at Address 0.
Thus 0ld data is continually being overwritten as the analyzer collects
new data.

The Trigger Recognizer is also connected to the input data stream,
and will have been set (via the Trigger Menu) to detect some combination
of bits (the trigger word) in the input data. When the Recognizer
detects the trigger word, it initiates the trigger sequence.

The trigger sequence comsists of two steps. First, the analyzer
continues to collect a certain number of additional samples. The
Control Counter manages this, and the purpose is to provide samples in
the stored trace after the trigger event, as well as before. (The

Omni Operating Manual 26-=2 Theory of Operation
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number of samples collected beyond the trigger event is entered as the
Trigger Point on the Trigger Menu.)

As the second step of the trigger sequence, the analyzer displays
the collected samples. The software automatically formats the display
according to the parameters entered in the Trigger Menu, which usually
call for the trigger event to be labeled Sample O and displayed in the
center of the screen. The Omni does not display all of the 1024
samples; because of timing uncertainties in the collection process, a
few samples at the ends of the trace may be invalid and the Omni
excludes them from display.

26,3 TIMING ANALYZERS AND STATE ANALYZERS

Early logic analyzers were one of two kinds, either state analyzer
or timing analyzer. The state analyzer was clocked by some cyclical
event in a computer, and recorded the "state" (combination of logic
levels) at some set of circuit points. It was used for tracing the
operation of a computer circuit as it moved step-by=-step through its
cycle.

When connected to the address bus, and connected to use a read or
write control pulse as its clock signal, the state analyzer would trace
the sequence of memory reads and writes, thereby tracing program
execution. The state analyzer’s output was typically displayed as a list
of binary words expressed in 1°s and 0’s.

The state analyzer, while showing the correct sequence of states,
does not furnish the data against an accurate time scale unless the
clock signal has a uniform and known period.

The timing analyzer, on the other hand, had its own internal free-
running clock, and capture data without regard to synchronization with
the circuit being observed. The data was shown in 2 format similar to
oscilloscope waveforms, which the timing analyzer was expected to mimie,
with the added benefit of multiple traces and before-the-trigger data
capture.

The timing analyzer does not show exactly the transition times of
the signals it is trying to measure, since the transitions that appear
are those of its own clock. Using a 50 nanosecond clock period, for
example, the timing analyzer shows a signal transition 0 to 50
nanoseconds after it actually occurs, depending on when the analyzer’s
clock edge transition occurred compared to the signal being measured.

In order to achieve a reasonably accurate representation of the
measured signal, the timing analyzer clock has to be several times
faster than the frequency of the events being observed. A popular rule
of thumb calls for the timing analyzer’s clock frequency to be four to
five times higher than the fastest frequency to be observed.

High speed is more important to a timing analyzer than to a state

analyzer. A state analyzer need only be as fast as the system clock of
whatever it is measuring.

Omni Operating Manual ' 26-3 Theory of Operation



The Omnl has both Internal Clock and External Clock modes, allowing
it to serve as either a timing or state analyzer. Its 20 MHz clock rate
is fast encugh to make it quite serviceable as a timing analyzer for
microprocessor based systems. This flexibility makes the Omni very easy
to use. Furthermore, regardless of how the data was collected, using
either internal clock (timing analzyer) or externmal clock (state
analyzer), the data can be displayed in either timing diagram format or
state diagram format. Once you have collected the data, you can display
it in several formats until you find the one most revealing. Generally
speaking, a timing diagram is most useful for studying hardware
operation, while a state display is most appropriate for tracing
software execution.

The Omni also has a Trigger Out signal which may be used to trigger
an oscilloscope for high-resolution examination of waveforms. This
enables you to see the data signals in detail - waveform shape, multiple
glitches, actual logic levels, and so on. The resolution, which is now
determined by the bandwidth of the oscilloscope, can be as fine as 1.5
nanoseconds with a 200 MHz scope.

The Omni’s triggering capability allows the oscilloscope to observe
events that are associated only with a certain data word, or with the
presence of glitches, or with a combination of both.

See Section 7 for further information on using the Trigger Out
signal.

26.4 SOURCES OF ERROR

To summarize, the logic analyzer 1is subject to the following
limitations:

The square waveforms appearing in the Waveform and Edge Displays do
not represent the actual waveshapes of the signals being recorded.
Regardless of the actual waveforms, the input levels are recorded as
only HI or LO levels.

A transition in the input is not recorded until the time the next
sample is taken. Thus the transitions displayed correspond to the time
of sampling, not the transition points in the input waveforms.

Signal activity between sampling points is not recorded, with the
following exception. Transitions between sampling points are recorded
as glitches on the lower four channels, and will be displayed if glitch
display is activated.

Another possible source of error is loading by the analyzer inputs
on the circuit under test. This can be very significant with some types
of analyzers which use long ribbon cables (over 6 inches) and unbuffered
TTL or LS TTL chips for the input. The Omni series analyzers avoid
this by using high ifmpedance (1 megohm) buffered probes with 6-inch
probe leads, which hold the capacitance to a few picofarads.

Rev. D
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27. APPLICATIONS

EXAMPLE 1. A CRT controller that was not putting out any output signal
or responding to any input.

"First of all, I checked to see if the clock was running and which
lines had signals on them and which were dead.

"I put one of the 8 leads of one probe on the controller clock line
and the rest at various places in the circuit. The Trigger Menu’s
"logic probe" display showed activity on the clock and other lines. I
then used the Omni’s default sampling conditions - Internal Clock, 50
nanoseconds Sample Rate — and took a sample.

"Looking at the Waveform Displays, I saw that the controller’s
clock was operating properly. Some of the other lines had activity on
them and others did not. Moving the probes around and taking repeated
samples, I hunted to find out where the signals were getting stopped.
One 74LS138 address decoder had lots of activity on the address and
enable pins, but all the cutput pins remained high. (The 74LS138
generates an active low output on one pin when it is enabled.)
Comparing the waveforms for the address and enable inputs, the chip was
enabled for address combination 5, which according to the data book
would cause a low output on pin 10 - and there was not. Obviously,
elither the chip was bad, or a short was pulling the ocutput high.

"I replaced the chip, and then the unit worked.
"Total cost - 40 cents in parts and 10 minutes.™

Here, the technician was using the Omni to observe activity on the
signal lines. While a logic probe can identify active signals, it does
not provide any clue to the time relationships of the signals, as was
the key here. No sophisticated trigger settings were needed. The
Omni‘s ability to display signals on many lines simultaneously isolated
a bad chip quickly.

EXAMPLE 2. A microcomputer displays its turn—on message properly but
does not respond to the keyboard.

"I hooked up the Omni’s 16 data probes to the address bus to see if
the Z80 was reading addresses. I used the system /MEMR (memory read)
signal as the clock. The Clock Qualify probe went on /Ml (pin 27 on the
Z80) to collect only opcode fetch addresses. 1 entered all 1°s for the
Trigger Event. I pressed ‘G’ (for ‘Go and Collect Sample’), let it run
for a second, then manually triggered it by hitting the space bar.

"I used ‘D =500° to display the captured data in hex.

Omni Operating Manual 27-1 Applications



"Paging through the Dump Display, it was obvious that the 280 was
looping over and over through about 20 bytes of PROM code.

"One of the addresses 2323H. I moved the cursor to 2323H on the
display, pressed the ‘=’ key to enter it (2323H) as the Trigger Event.
Then when I ran it again, I would see in the trace how it got to 2323H.

"Then I pushed down the Reset button for the microcomputer, and
while holding the button down, typed G’ on the Omni. The Omni started
collecting. I released the Reset button. The Omui stopped collecting
and went back to the Dump Display with the cursor on 2323.

"Looking at the display, I saw that it was executing PROM code
around 2080H just before making a jump to 231CH. Studying the listing
of the assembly language code I had written for the ROM, I saw that
there wasn’t supposed to be a jump like that around 2080H. Using the
clue provided by the Omni, I checked the PROM = sure enough, it had one
bad bit.

"Without the Omni, I could have spent hours looking for shorted
address lines in the system or studying the code listing looking for

errors. I wouldn’t even have been able to tell whether I had a hardware

fault or a software bug without hours of work. This only took me about
40 minutes, and most of that time was spent getting my tools together
and taking the cover off the microcomputer."

Rev. D
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28, ADVANCED APPLICATIONS

28.1 EXTENDING THE TRIGGER WORD

Some applications may require triggering on more than 17 bits (16
bits on the data lines plus 1 on the Trigger Qualifier allows an
effective 17 bit trigger word). Or, you may want to trigger on one 16
bit combination, such as a microprocessor address, while recording some
other data, such as 8 bits on the microprocessor’s data bus.

With the Omni‘’s External Trigger capability, you can trigger on a
word of any length by using some simple external circuitry to generate a
trigger pulse. Exhibit 28~1 on the next page shows a circuit that may
be used to trigger on a word of up to 64 bits.

The trigger word is identified by 8-bit comparators (TI 74LS5682).
For a 64-bit trigger word, eight such comparators are required with
their outputs ANDed. The schematic shows only one comparator; the
circuit for the others is identical.

The comparators” Q inmputs contain internal pull-up resistors, so no
external resistors are needed. Each switch is used to set one bit in
the trigger word. Switch closed is a "0", switch open is a "1". For a
"don’t care" ("X") bit, tie the P input of the LS682 high (+5V) and set
the corresponding switch open. The comparator will see a high on both
inputs, satisfying the trigger condition 1f all the other inputs match.

You can use fewer than eight 74LS682°s for fewer inputs. Tie the
unused inputs of the LS30 high (+5V).

28.2 COLLECTING DATA WIDER THAN 16 BITS

Using the Trigger Pulse Generator will also allow you to collect
data wider than the Omni‘s 16-bit word by making more than one
collection pass. With the Trigger Pulse Generator recognizing the
trigger word, you can move the data probes around to collect multiple
sets of data.

For example, assume that you want to ccllect data on 32 lines.
Connect the Omni data probes to 16 lines, collect the data, reconnect
the probes to the second set of 16 lines, and collect data again. The
data from the two passes may be combined for 32 bits total.

Printer output 13 especially useful here. The data from each pass
can be printed on paper, then the two sheets spliced together for a 32-
bit “display". Given enough time, patience, and cellophane tape, you
can get data displays of any length word.

28.3 ADDED DELAYS AND LOADING

The delay from the P inputs of the 74LS682 to the output is
specified as 25 nanoseconds maximum. This delay adds a 25 nancsecond
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hold time requirement for the data signals; normally the hold time

required for the data signals is zero.

If this proves critical to your

application, it may be necessary to put buffers on the inputs to delay
the data signals by a matched amount.

are connected.

The comparator inputs add one TTL load to the circuit to which they

This will not be a problem for equipment with adequate

design margins, but it should be considered, particularly if other loads

are applied to the same circuit points during the testing.

5-8-85
7415682
s1
7 71p7 q7 |8 —
T6 15 6 Q6 16 _
5 —A34p5 Qsld ____—T
T4 - 11)p4 Q412 .
™ —&/p3 Q3[2 -
T — 6 [ p2 Q2 L -
TL ——_4JP1 qQ1]5 —
P=q {12 = 741504
% >v‘~ﬁ
%>r> 741538
> /TRIG
TO OTHER J >
COMPARATORS {>¢_
\ D%

Exhibit 28-1.

Trigger pulse generator.

When the trigger word appears

at the inputs, a /TRIG signal is generated that may be used to drive the
Omni’s External Trigger probe line.
Rev. D
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29. 32 CHANNEL ADAPTER

29.1 INTRODUCTION

The 32 Channel Adapter is an accessory for the Omni that extends
its data collection capacity to 32 channels total. The added 16
channels are called Bank 1, Channels AF-AO0. The original 16 channels
are considered Bank 0, and retain their original designations, DF-DO.
Four connectors on the Adapter accept four standard Omni buffered probes
(TTL or CMOS type), each of which handles 8 data channels.

The Adapter mounts externally, on the right hand side of the Omni.
See Exhibit 29-1. Two cables from the Adapter plug into the probe
connectors below the disk drives.

The control lines associated with the original 16 channels (Clock,
Clock Qualify, Trigger, and Trigger Qualify) remain identical.

The 32 Channel Mode also provides three clock inputs, called
External Clock, External Clock 2, and Multiplexer Clock. The latter is
useful for collecting data, particularly for Instruction Disassembly,
from microprocessors such as the 8085 that use a multiplexed data and
address bus.

Most of the Omni‘s functions are the same with the 32 Channel
Adapter, except extended to the additional channels. This section
describes the differences.

When the Adapter 1s installed, the Omni has two basic modes of
operation, 32 Channel Mode and 16 Channel Mode. 1In 16 Channel Mode, the
operation is nearly identical to that without the Adapter. 16 Channel
Mode 1is retained to provide some functions that are not avallable in 32
Channel Mode.

When using 32 Channel Mode, the maximum data collection rate is 10
MHz (100 nanosecond resolution) and the trace depth is 500 samples. The
maximum trigger word width remains 16 bits (17 bits including the
Trigger Qualify input). 32 Channel Mode is designed solely for use with
an external clock; it will not work with the Intermal Clock. Also, no
glitch collection capability is available. Glitch collection and
Internal Clock are available in 16 Channel Mode.

29.2 INSTALLING THE 32 CHANNEL ADAPTER

The 32 Channel Adapter may be installed on the Omni with ordinary
hand tools. Follow these six steps:

a. Loosen the lower two Phillips—head screws that hold the
hood on the right side. Be careful not to scratch the finish.
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Exhibit 29-1. The 32 Channel Adapter is a slim box that attaches to the
right side of the Omni.

b. Slide one flange of the metal right-angle strip under
the hood.

c. Hook the fingers at the top of the 32 Channel Adapter
into the vent holes 1in the hood, so the Adapter hangs from the
fingers and the mounting holes on its lower edge line up with the
holes in the right-angle strip.

d. Insert the screws throught the angle strip into the
Adapter, and while pressing the adapter against the side of the
Omni, tighten them securely.

e. Tighten the screws holding the hood to the Omni on the
right side.

f. Plug the two ribbon cable connectors from the Adapter
into the connectors on the front of the Omni. The shorter ribbon
cable goes to the nearer comnector.

Omnl Operating Manual 29=2 32 Channel Adapter
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A7-AP AF-A8

D7-D@ DF-D8

- -
Probe Data C Input Line T Input Line
1 b7-b0 Ext Clock Ext Trig
2 DF-D8 Clock Qual Trig Qual
3 A7-A0 Ext Clock 2 Not Used
4 AF-AS8 Mux Clock Not Used

Exhibit 2%-2. The buffered probes plug into four connectors on the side
of the 32 Channel Adapter.

Exhibit 29~2 shows the order in which the buffered probes are
plugged into the 32 Channel Adapter.

29.3 LOGIC ANALYZER PROGRAM

A special version of the Logic Analyzer Program called LA32.COM is
used to operate the Omni with the 32 Channel Adapter. The special
program also has a 16 channel mode, so that you can use the Omni as
before.

Five of the menus and displays have been modified to accomodate 32
channel operation: the Trigger Menu, Options Menu, Dump Display,
Instruction Disassembly, and the Locate Function. The shift between 32
Channel Mode and 16 Channel Mode is controlled by the Trigger Menu.
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Index 1-F, G=start, P=print, ?, (space)

Exhibit 29-3. Trigger Menu used with the 32 Channel Adapter. The Omni
is in 32 Channel Mode here. When it is in 16 Channel Mode, Channels AF-
A0 are all blank in Item 1. Also, Items C and D are different; Item C
i3 used to enter the Sample Rate and Item C the Recognition Mode, the
same as when the Adapter 1is not used.

29.4 TRIGGER MENU

Exhibit 29-3 shows an example of the 32 Channel Trigger Menu. It
has several major differences from the standard Trigger Menu. Detalls
about the changed menu items are given below. Item 1 controls the shift
between modes.

Two menu items change when the mode is changed. In 16 Channel
Mode, Item C becomes Sample Rate and Item D becomes Recognition Mode -
the same as in normal 16 channel operation without the Adapter.

Item 1) Active Probes
This item has been expanded to apply to 32 channels. The channels
are divided into Bank 0, DF-DO (upper row), and Bank 1, AF-AQ0 (lower

row) .

To make a given channel active, enter a 1 in its bit position; to
make it inactive, enter an X. Active channels are shown by a 1 or O,
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and inactive changes are represent by a blank space. Use the cursor
arrow keys to move the cursor from one channel position to another, or
keys F,E,...2 may be used for direct cursor positioning.

32 Channel Mode is in effect whenever there are any channels active
in Bank 1 (AF-AO0). The Omni switches to 16 Channel Mode automatically
when no channels are active in Bank l. The default mode at turn-on is
32 Channel Mode, as shown in Exhibit 29-3.

Only the standard sixteen channels, DF-D0, have the logic probe
feature, that is, the ability to show the instantaneous logic state of
the probes.

Item 3) Trigger Event

This item is likewise divided into two banks, DF-DU (upper row) and
AF-A0 (lower row). A trigger word may be entered in either bank, but
not both at the same time. Only one bank at a time can be active, which
means a trigger word may be recognized in either the DF-D0 Channels or
the AF-A0, but not both. Accessing a bank makes it active, and the
other bank is automatically made inactive - all X’'s are displayed.

A trigger word formerly displayed in the inactive bank is saved
internally. Accessing that bank will again cause the trigger word to be
displayed. .

Item B) Ext Clock

In 32 Channel Mode, there is no Internal Clock and an External
Clock is required. Each of the three clocks, External Clock, External
Clock 2, and Multiplexer Clock, is controlled by a menu item. The two
External Clock inputs are OR"d together within the Omni, and they act
internally as a single clock which simultaneously samples all 32
channels.

The External Clock input line is on Probe 1.

- Enter 1 in this item to select the rising edge of the clock pulse
as the active edge, or 0 to select the falling edge. While the 16
Channel Mode allows you to enter X to make the External Clock inactive,
in the 32 Channel Mode this item will not accept an X. If Probe 1l is
disconnected, the External Clock ias automatically made inactive. To
make it inactive with the probe connected, enter a 1 and leave the probe
lead floating (high).

Item C) Ext Clock 2

External Clock 2 is a second external clock input line. It is on
Probe 3. The comments above about Item B apply to this item as well.

Item D) Mux Clock
The Multiplexer Clock function is used to demultiplex internally

signals taken from a multiplexed source. The Multiplexer Clock signal
is picked up by the clock input line on Probe 4.
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When the multiplexer function is active, the 8 data bits sensed by
Channels DF-D8 (Probe 2) are sampled on the active edge of the
Multiplexer Clock signal, and transferred to a latch. The next external
clock signal (from External Clock or External Clock 2) will cause the
data to be collected from the latch into Channels A7-A0 {(mormally
collected by Probe 3).

Enter 1 in this item to select the rising edge of the clock signal
as the active edge, 0 for the falling edge. Enter X to deactivate the
Multiplexer Clock function altogether. X is the default entry.

This function is very useful for collecting data from systems which
use a multiplexed data bus, such as the 8085 microprocessor. An example
of such an application appears at the end of this section.

Item F) Complex Trigger

The Complex Trigger function provides multilevel (sequential)
triggering capability. This item is used to activate the Z Menu, which
controls it. Merely accessing this item toggles the entry from No to
Yes, or vice—~versa.

29.5 OPTIONS MENU

The Options Menu has been modified to accomodate the extra sixteen
channels. In particular, Items 1 and 2 allow separate specification of
the number base in which data is displayed for each of the two banks.

Item 1) Bank 0 (Dx) signals

This item specifies the number base in which the -data collected on
Channels DF-DO0 will be displayed in the Dump Display and other displays
that show the data in numeric form. The default choice is hexadecimal.
Enter B for binary, D for decimal, U for unsigned decimal, or O for
octal.

Item 2) Bank 1 (Ax) signals

Item 2 specifies the number base for Channels AF-AQ0, similarly to
Item 1 for Channels DF-DO.

Item 3) Probe bank used for waveforms

The Waveform Display only shows sixteen channels at a time. Use
this item to select which bank will be displayed, the D(x) bank or the
A{x) bank. Accessing Item 3 toggles the selection from D(x) to A(x), or
vice-versa. Cholce of the bank displayed is independent of the bank

containing the trigger word; you can trigger on the bank you are not
viewing.

29.6 DUMP DISPLAY

Operation of the Dump Display 1s the same as with the standard
version, except that a full 32 bit word is collected and displayed.

Omni Operating Manual 7 296 32 Channel Adapter.
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D807 ct) bits

B1111111
#1111t
B1111111
B1111111
B1111111
B1111111
B1111111
B1111111
Bl111111
B1111111
1111111

g
81111111
81111111
B1111111
a1t11111
B1111111
B1111111
B1111111
g1111111
81111111
gi111111

a1
i1
598 08 |
8111111
#n111111
Be111111
/111111
111111

es111111
88111111
111111

88111111

#a111111

111111
8111111

8111111

@B111111
/111111
#111111

Ba111111

Mnemonic

LXl

DB-DF Bytes
3F
H, 282
D, BED8
&
5819
2
66
98?2 B8
D,A
Fa82 6@

A
6F19

LDAX B 83

c GO EEEHLLMN,O,P.STUXZ, =2 sp

Exhibit 29-4.

with the 32 Channel Adapter.

Format of display when Instruction Disassembly is used

This is revealed by the fact that eight hexadecimal digits are
highlighted by the cursor, representing the 32 bit word.

29.7 INSTRUCTION DISASSEMBLY

Instruction Disassembly functions the same as in the standard
version, except that it 18 now possible to view 16 channels of address
in addition to the 8 channels of data and the control lines. Use
Channels AF-AQ for up to 16 address lines, and Channels DF-D8 for the 8

data lines.

Two or three of the channels in the remaining group, D7-DO,
should be used for the control signals.

Refer to Section 17 of the Omni Operating Manual for details on
using the Instruction Disassembly function with various microprocessors.
Exhibit 29-4 shows an example of the Instruction Disassembly display

provided when the 32 Channel Adapter is used.

The full 16-bit address

is displayed, as well as the disassembled instructions from the address

bus.
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29.8 LOCATE FUNCTION

The Locate Menu has been modified to accept 32 bit words as the
search keys. In other respects, operation is identical.

29.9 EXAMPLE

The Intel 8085 i3 an example of a microprocessor for which it is
desirable to collect more than 16 channels of data, and demultiplexing
is required.

The 8085 uses an 8-bit data bus and a 16-bit address. The upper 8
address bits appear on their own pins, Al5-A8. However, both data and
the lower 8 address bits are multiplexed on one set of pins, AD7-ADO.
The 8085°s multiplexing clock signal 1s called ALE, Address Latch
Enable.

In the first part of a memory read cycle, the CPU places the lower
8 address bits on pins AD7-ADO. In 8085 systems, ALE is used to strobe
the bits into an address latch. The output of the latch drives the
corresponding memory address lines, usually called A7-AO.

In the next part of the cycle, the data bits stored at address Al5-
A8 are read from memory. The read strobe, /RD, causes the memory to
place the data bits on the bus pins, AD7-ADO. (/RD {s usually shown in
data books as RD. The overbar means the signal is negative-active.)

Connect Probe 2 (Omni Channels DF-D8) to 8085 pins AD7-ADO, and the
Multiplexer Clock input lead (Probe 4) to ALE. The address is valid on
the falling edge of ALE, so enter 0 in Trigger Menu Item D, Multiplexer
Clock.

Counect Probe 4 (Omni Channels AF-A8) to 8085 pins Al5-A8. Connect
the Omni’s External Clock input lead (Probe 1) to the 8085‘s /RD (read)
signal. Data is valid on the rising edge of /RD, so enter 1 in Item B,
External Clock. External Clock 2 will not be used, so leave its input
probe lead floating (Probe 3) and enter 1 in Trigger Menu Item C,
External Clock 2.

When data is collected, the Omni’s internal demultiplexing will
transfer the lower 8 address bits to Channels A7-A0. The 8085 read
strobe will clock the upper 8 address bits into Channels AF-A8. The
bits from the 8085 data bus will be collected in Channels DF-D8. The
Instruction Disassembly function may then be used to display the
collected information in disassembled form.

Rev. D
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30. PATTERN GENERATOR

The Pattern Generator is a new accessory for the Omni which has not
yet been released. It will be controlled by a menu (accessed by the P
Command) in the logic analyzer program, allowing you to use the logic
analyzer and Pattern Generator together as an Integrated system.

When the Pattern Generator becomes available, a chapter describing
its operation will be provided to replace this page.

Rev. D
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Appendix A. QUICK START

If you are like most of us, you will want to turn on the Omni and
make it do something right away. In this section we will walk you
through the Omni’s basic functions and displays in about half an hour.
The advanced functions take about another hour.

The Omni’s computer-based design makes it very easy to learn to
use. By the time you are done, you will know most of what you need to
know to use the Omni effectively.

I. BASIC FUNCTIONS

A.l GETTING SET UP

Place the Omni flat on your table. Unfasten the clamps on the
right and left sides that hold on the front cover/keyboard, and pull it
off. Connect the telephone-type coil cord between the keyboard (rear
edge) and the main unit rear panel (near the top). If the rear panel
has more than one telephone-type comnector, use the one marked
"KEYBOARD.”" Lift the main unit and lower the stand on the underside so
that the screen 1s up and easily visible. Plug the connectors for the
probes into the two ribbon-~cable connectors below Drive B.

Open the doors of both floppy disk drives. Some types of drives
use a pushbutton or lever to latch in the disk rather than a door.
Whichever type you have, unlatch the mechanism and remove the shipping
cards from inside the drives. Due to the nature of CP/M, turning on the
machine with a disk in the drive may result in scrambling the data on
the disk = which is why backup disks are a good practice. (Also, you
must always remember to take the disks out of the drives before turning
off the Omni).

The power switech 1s a large rocker switch on the rear panel. Turn
it on now. The disk drives will start whirring and you will soon see:

* Omni *
Please insert your diskette into Drive A

on the screen.

Put the logic analyzer program disk, the one labeled "Omni Logic
Analyzer Operating Disk"™, in Drive A. 1t is all right to put a disk in
the Omni while the drive is whirring and the red light on the drive is
on. (This 1s not true for all computers). To put the disk in the right
way, insert it with the exposed slot to the rear and the label up. Push
it in until it clicks in place, then close the door (or actuate the
pushbutton or lever}. Be careful to avoid bending the disk or touching
the brown magnetic surface in the slot, of course.
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A.2 MASTER MENU

When you close the door of the drive, the computer will load the
CP/M operating system and display the Master Menu. The Master Menu is a
new feature that makes the system very easy to use. It displays
information about each menu choice automatically.

The Master Menu lists the major disk functions in the left column.
For the Logic Analyzer disk, the two major functions listed are:

Logic Analyzer
Disk Utilities

To select a function, use the up-arrow and down-arrow keys to move the
darkened area to the function in which you are interested. The text in
the right column describes the function marked by the darkened area.

For this example, move the dark area over "Logic Analyzer". Now
press the right-arrow key. A sub-menu giving a complete list of the
individual functions available will be displayed in the middle column:

Logic Analyzer
EPROM Programmer
Pattern Generator

Again, you can identify the program in which you are most interested by
moving the dark area over it. As before, the right column provides
details about the marked item.

Select "Logic Analyzer" and press <RETURN>. The Omni will load and
begin running the logic analyzer program.

A.3 EARLIER MODELS

Earlier models of the Omni (1984 and prior) do not have the Master
Menu feature and use the standard CP/M disk directory user interface.
(The standard interface is also available under the Master Menu system;
merely press <ESC> to leave the menu and access it.) The logic analyzer
functions are the same whether your system has Master Menu or not. If
you have the Master Menu feature, skip this section and go to section
A. 4,

When you close the door of the drive, the computer will load the
CP/M operating system from the disk, and respond with the standard
prompt:

AD>

Before going further, after the "AO>" prompt type "DIR<RETURN>".

Note: here "<RETURN>" means "press the RETURN key,"
not type the characters "< R ET UR N >",

The directory listing will show at least six files. LA.COM and LA.LAO
are the logic analyzer program. LA.LAH contains the Omni’s on~line Help
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information. DATA-1-.1AD, DATA-2-.1AD, and DATA-S-.LAS contain sample
data for this start-up exercise.

When the "AO>" prompt appears again after the directory listing,
type "LARETURN>". The Omni will load and begin running the logic

analyzer programe.
A.4 LOGIC ANALYZER PROGRAM

The first part of the logic analyzer program is a self-test
sequence. If you have the probes plugged in and connected to nothing,
or if there are no probes plugged in, the tests will all be passed and
the computer will display

CLOCK CIRCUITRY TEST
TRIGGER CONTROL TEST

DATA RAM LOW LEVEL TEST
DATA RAM HIGH LEVEL TEST
GLITCH RAM LOW LEVEL TEST
GLITCH RAM HIGH LEVEL TEST

and then go on.

If the probes are plugged in and connected to something, one or
more tests will probably fail because the tests assume an "inputs
floating" condition. 1If any test fails, the program will report it and
then stop. If necessary, press <SPACE> to override the stop-on-fail and

make it go on.

As part of the self-test, the program senses whether inverting or
non-inverting probes are connected. The standard Omni probes are
inverting type; when no probes are connected, the program interprets
that as the non-inverting case. If you plug in the probes after self-
test, you must go to the Options Menu and change the Probe Type to
Inverting in order to have the data displayed with correct polarity.

A.5 TRIGGER MENU

The first thing that appears after the self-test is the Trigger
Setup Menu, which controls the data collection conditions. For example,

3) Trigger BEvent XX XXX XXX XXXXXX XX

is the trigger word. Each "X" means "don’t care" - trigger with the bit
in that position either 0 or 1. An "X" in every position means "trigger

on anything."

We will come back to the Trigger Menu shortly. But first, press
<SPACE> to access a summary of the available commands. The first page
of this listing shows the commands which take parameters, including
those which control the Omni’s complement of useful displays.

Press any key to access the second page of commands, which lists
all the single-stroke commands at your disposal. You can get the
command list back on the screen again with the command "?<RETURN>"
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anytime the following command prompt line is displayed:
Enter: C,D,E,F,G,H,I,L,M,N,0,P,S,T,W,X,2Z,=,2,(8p)," P

The commands are also listed on the Reference Card following this
section, as well as on the keyboard (in abbreviated form). Operation is
simple enough, however, that reference to any separate informatien is
unnecessary once you gain a basic familiarity with the machine.

Press <SPACE> to return to the Trigger Menu. Look at Item 1,
Active Probes. It has two functions. First, it serves as a logic probe
to show the instantaneous logic levels on the input probe lines.

Second, it defines the channels that will be included in the Omni’s data
displays.

The logic probe feature is especially useful because it shows you
which lines have activity on them before you try to perform a data
collection. Connect the ground clip on one of the probes to a data line
and watch the display change.

Practice changing the sampling conditions on the menu. Type "3" to
put the cursor on Item 3. Use the left and right arrow keys at the top
of the keyboard to move the cursor from bit to bit. Or, press "7" to
move the cursor directly to bit 7. Enter a "0" or a "1" in each bit
position to specify the trigger word. Use an "X" for "don“t care'”.
Press <SPACE> to leave the trigger word.

Ordinarily, after setting up the trigger conditions you would type
"G" (for "Go collect data") to tell the machine to collect data, but
don’t do it now. The trace memory would fill up with all 1°s, since the
probes "float high" to a 1 level when they are not connected. So
instead press <SPACE> once or twice to bring up the Waveform Display.

A.6 WAVEFORM DISPLAY

The Waveform Display has sixteen traces, one for each of the probe
data lines. They are labeled DF through DO ou the left.

Probably all you will see at this point are flat traces. Near the
bottom of the screen is a window that looks like:

L K 1 sm

The bright area shows where the displayed samples are located in the
1000 samples of data collected. Press the "<" key (or comma, no shift
is required). The display will page to the left and you will see some
waveforms - actually, meaningless data left in memory from the turn-on
sequence. Also observe that the bright area in the window has moved
left.

The Waveform Display shows about 80 words out of the Omni’s 1000-
odd sample memory. The "<" and '">" keys (really, the comma and period)
on the keyboard just above the space bar move the display left and
right. Try it and see.
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A.7 FILES

We also have some sample data stored on disk that you can view.

One of the features that makes the Omni unique in the field of
digital analysis is its ability to store sample data and all associated
parameters on disk files. Such files appear in the CP/M disk directory
with the extension ".LAD".

The LA disk contains a sample file of previously captured data
called DATA-1-.1AD. To call it up, type "F" to access the File Menu.
Type "4" to access the choice "READ into SAMPLE memory from file". Type
"DATA-1=-<RETURN>" (do not type ".LAD"; the extension 1is appended
automatically) and the program will load the data.

Now press <SPACE> and notice that the data which was previously on
the screen has been replaced by new data.

Study the Waveform Display further; this is a timing display, and
it contains a wealth of information. Below the traces is a scale
showing the number of each sample in the memory relative to the trigger
word. Sample 0 is the trigger word, sample 10 is the tenth after the
trigger word, sample =10 is the tenth sample before, and so on.

Below the sample scale is the hex equivalent of each sample word,
in the form of four characters-in a vertical column.

The highlighted cursor may be moved right or left using the arrow
keys at the upper right on the keyboard. Try it. The number and time
of the sample marked by the cursor also appear at lower right after
“eur:".

Note the prompt line at the bottom of the Waveform Display:
Enter¢ C,D,E,F,G,H,I,L,M,N,0,P,S,T,¥W,X,Z2,=,7,(8p), P

This lists the commands that are available. All of the Omni’s menus and
displays show the available choices at the bottom of the screen. A
label on the keyboard also lists these commands.

To call up Help information on the Waveform Display, type "?W" or
its lowercase equivalent, '/w".

A.8 DUMP DISPLAY

Next we”1l look at a Dump Display of the same data. The Dump
Display 1s the other display most often used along with the Waveform
Display. Note which sample the highlighted cursor is on. Type
"D<RETURN>" for "Dump".

What you are now seeing is a hex listing of the same data, with the
same sample highlighted as before. Use the four cursor keys (top row on
the keyboard) to move the cursor around on the screen. As before, the
cursor counter "cur:" at the lower right cormer gives the number of the

marked sample.
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A.9 OPTIONS MENU

The number base for the Dump Display is controlled by the Cptions
Menu. Let’s change the base and see the same data in binary. Type "O"
(the letter "O", not zero) to display the Options Menu. Type "1" to
gselect Item 1 on the menu, Output Number Base.

As soon as you type the "1", the choices available are shown at the
bottom of the screen - binary (B), decimal (D), hexadecimal (H), octal
(0), and unsigned decimal (U). All the Omni’s commands work this way;
as soon as you enter the first character, the Omni shows you the format
80 you can enter the rest of the command correctly. No more hit-or-miss
struggling to remember command formats.

Type "B" to change the number base to binary. Now press <SPACE> to
return to the Dump Display. Now the same data is displayed in binary.

Before going on, change the base back to hexadecimal. Type "0" to
return to the Options Menu again, enter "H" in Item 1, and then press
<SPACE> to return to the Dump Display.

The system is designed so that <SPACE> usually takes you to the
next page you will need. After viewing a display, <SPACE> takes you to
the Trigger Menu so you can change the trigger conditions in preparation
for collecting a new sample. Command G then collects the new sample,
and displays it in whatever format you used last. If you lose your
place, typing <SPACE> once or twice will bring you either the Trigger
Menu or an "Enter:" command prompt line. Command T takes you right to
the Trigger Menu.

The Omni’s flexible data collection - any trigger word or external
trigger signal, internal or external clock with trigger and clock
qualifiers - coupled with its ability to display the data in many
different ways, expands exponentially your ability to colleet and
interpret meaningful digital data.

A.l10 EDGE DISPLAY

Type "E<RETURN>'" for Edge Display. Another form of the Waveform
Display; the Edge Display emphasizes waveform edges by omitting
sequences of 3 or more identical samples. Page the display left and
right and note that the long sequences of flat traces you saw in the
Waveform Display have been dropped and replaced by vertical rows of
blanks. In this case, the Edge Display contains about as wmuch
information as three pages of the Waveform Display.

A.l1] NAME COMMAND

One of the Omni"s most helpful features is the N Command for
renaming channels. To rename Channel Zero (the lowest trace), type:

NOTEST<RETURN>
which means "name Channel Zero TEST". You will see the label of the

lowest trace change to "TEST".
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Note that you cannot enter spaces in a label; the space bar is used
only to exit the current display. Use underscore characters in place of

spaces.

The new channel name automatically carries through to all menus and
displays. Press <SPACE> to get back to the Trigger Menu. Type "1" to
get on Item 1, then use the cursor key => repeatedly to step the
blinking prompt-cursor along through the channels. The name of
whichever channel the prompt-cursor is on will appear at the upper right
under "Signal™. When you reach channel 0, the name you assigned,
"TEST", appears. This feature relieves you of the tedious chore of
keeping track of which channel is which, and 1s one of the benefits of
coupling a logic analyzer with a computer.

Press <SPACE> once or twice to leave the Trigger Menu and return to
the Edge Display. Note that the program pauses and flashes a "No data
has yet been collected"” message at the bottom of the screen. This is to
warn you that no new data has been collected since you changed a
parameter.

A.12 HELP PAGES

Help information is available on-line with a few keystrokes. For
example, when viewing a menu, you can call up an explanation of any item
by typing "?" followed by the item number. Try it with the Trigger
Menu. Type "T" and see the Trigger Menu again. Type "?2" and read an
explanation of Item 2, Active Glitch. Press <SPACE> to return to the
menu itself, ready to make any changes you want.

Help information is also availlable on the display commands whenever
the cursor-prompt is in the lower left corner of the screen. To get an
explanation of any command x, enter "1?x". For example, type "?7D" to see
the Help Pages for the Dump Display and Command. WNow go to the Trigger
Menu and read the Help Page for each item (1, 2, ... E).

You can print out a complete listing of all the Help Pages on a
printer if you wish. Use the command "CTRL-P?" to get the printout.
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II. ADVANCED FUNCTIONS

The Omni has six advanced functions - Instruction Dissassembly,
Signature Analysis, Correlation, Matrix Display, Locate Function, and
Histogram Display.

Instruction Disassembly assumes the data in sample memory to be
instructions collected from a microprocessor data bus, and translates
the data back into wmicroprocessor mnemonics. Signature Analysis
calculates signatures from the data in memory. The Correlation Function
compares two sets of data, Sample and Reference, to find differences.
The Locate Function finds desired data patterns in the sample memory for
you. The Histogram Display shows a graph of the percentages of data
words lying within consecutive "runs" of varying lengths. The Matrix
Display shows the frequency of occurrence of bytes 00 through FF hex
within the data sample.

A.13 INSTRUCTION DISASSEMEBLY

The default processor for which Instruction Disassembly is
performed is the Z80.

Instruction Disassembly i{s normally used with Channels F-8
connected to a microprocessor data bus. For the 280, in addition
Channels 6 and 7 are connected to the /Ml and /MREQ control signals,
which the Omni uses to identify opcode fetches. Channels 5-0 may be
used to monitor any other signals you wish - address lines or 1/0 port
bits, for example.

To view a sample of the Omni’s Instruction Disassembly
capabilities, load the file DATA-2-,.LAD into sample memory. Type "F" to
access the File Operations Menu, "4", and then "DATA-2-<RETURN>" to read
the file. Now type "I-420<RETURN>".

The display you see 1s somewhat like an assembly listing. On the
left side are the bits and bytes, while on the right are the mnemonics
and operands. Each line represents one instruction.

For example, if you see '"00100001-80", the "00100001" is a binary
representation of Channels 7-0, which includes the control lines. "80"
is the byte on the data bus (in hexadecimal), and 1s the opcode for the
ADD A,B instruction.

The listing on the right includes not only the mnemonics for the
opcodes and operands, but also the hex data corresponding to the
execution of the instruction. When a Z80 executes a POP DE instructionm,
it reads one byte from the program (POP DE is a one-byte instruction),
and then reads two more bytes from the stack region of memory for
loading into its DE registers. Thus you see these two bytes following
the instruction.

Normally you use the microprocessor system memory READ line as the
External Clock to collect the sample from the data bus. Collect a

Ooni Operating Manual A-8 Quick Start

= I = D I D0 D IO 3 32D IO S I 509 33535333



LSRN~y i <ondi ~candi s <contE ~cnsg ool ranes e

sample with the G Command, then use the I Command to translate it into
mnemonics.

Disassembly for the 8085/8080 i3 performed in a similar manner,
using Channels 7, 6, and 5 to sense the 8085/8080 status signals /IOM,

S0, and Sl.

The Instruction Disassembly function allows you to perform
disassembly for other microprocessors by loading the appropriate
mnemonics. Mnemnonics tables are loaded via Item 2 in the File Menu. A
table is currently available for the 8048 family {(B748, 80C48, 8039,
etc.). You can also create new tables for other processors yourself.

A.14 SIGNATURE ANALYSIS

The next function we’ll look at 1is Signature Analysis, which 1is
controlled by a combined menu and display. Type "S" to call it up.

A "signature" 1is a kind of checksum calculated from the data stream
passing a c¢ircuit node. A very powerful troubleshooting technique,
signature analysis is used to isolate faults in defective circuit
boards. The user compares the signatures of various points on a
malfunctioning board to the signatures of the same points on a "known
good" board of the same type.

The Omni can collect signatures from up to 14 points at one time.
The signatures, which are four-digit hexadecimal numbers, appear in the
Sample column on the display. The "known good" signatures (collected
previously from a working board and stored on disk) are recalled to
appear in the Reference column.

Reference signatures are stored on disk in special files with the
extension ".LAS". They must be called up with the Signature Menu, not
via the Files Menu like data files.

To call up a sample set of known-good signatures type "7" to put
the cursor on Item 7, "Read from file". Then type "DATA-S-", which will
load the sample signature file DATA-S-,LAS from disk. (The extension
".LAS" is appended automatically; don’t type it.) The stored signatures
will then appear in the Reference column.

The G Command tells the Omni to "Go collect a new sample,”
calculate the signatures, and display them in the Sample column. Any
Sample signatures different from the References would be marked by
highlighting and a pointer arrow. Baving all the Sample and Reference
signatures displayed side-by-side makes the comparisons error-free and
fast. See the illustration in Section 25 of the manual for an example

of the display.

‘A.l5 CORRELATION

The Correlation function allows you to compare two sets of data,
one in Sample Memory and the other in Reference Memory. This is useful
for comparing questionable data to known good data, or for isolating
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small changes in the data that could be nearly impossible to find by
eye. .

The Reference data may be loaded from a disk file. Type "F" to get
the Fiie Menu. Type "3" followed by "DATA-1-<RETURN>" to load the file
data into Reference Memory.

Now type "C" to go to the Correlation Menu. Note that
"DATA-1-.1AD" appears in Item l. Press <TAB> to initiate correlation.

Note that this function does not normally perform a new data
collection; it merely correlates the data already in Sample Memory to
the data in Reference Memory. (An exception: Item 9 on the Correlation
Menu allows repeated new data collections and correlations.)

The results of the operation appear as four columns, one sample
position in each line. The first column gives the sample number, Sample
0 corresponding to the sample at the trigger event as usual. The second
column gives the Sample data. The third column gives the Reference
data. The fourth column gives the sample number of the data in
Reference Memory. Non-correlating samples are marked by "<=>" and
intensified brightness.

A.16 MATRIX DISPLAY

Press <SPACE> to leave Correlation and get the command prompt line.

Type "MALL<RETURN>" to bring up the Matrix Display for samples -488
to 511 (or whatever the trace limits are). The Omni will calculate and
display a table giving the number of occurrences of each possible byte
(00 through FF) in Sample Memory.

The eight bits on which the Matrix table is based correspond to the
eight (or less) lowest active probe lines. (Active probe lines are set
on the Trigger Menu, and as of now all sixteen should be active.) The
first hex digit of each byte is on the left, the second hex digit on the
scale at the top. Look and see how many times the byte "10" occurs.

A.17 LOCATE FUNCTION

We can use the Locate function to find the occurrences of the byte
"10" in Sample Memory.

The Locate function is also controlled by a menu; type "L" to bring
it up. Item 1, Start Sample Number, contains -488 as the default value
80 the search will start from the first sample in the data collected.
Type "3" to get on the Global Channel Mask item. We want to consider
only the lower eight channels in the search, so type "FF<RETURN>" to
mask out the upper eight channels. (The Omni will right justify the
number entered, so "FF" is the same as "QOFF".) Type "4" to get on the
Search Pattern item, and then type in "10<RETURN>". Press <SPACE> to
leave the Search Pattern items.

Now press <TAB>. The Waveform Display will come back with the
first occurrence of "10" marked by the highlighted cursor. If there

Omni Operating Manual . A-10 Quick Start

= 3 TN I S O I DR I NI I A==




were no occurrences, then "Not found"” would appear at the upper right on
the Locate Menu.

Note that the locate function does not cause any new data to be
collected.

Each time a search pattern is found, the Start Sample Number on the
menu will be updated automatically to the start the next at the sample
after where the pattern was last found. Once a search pattern has been
entered, 1t 1is possible to find the second, third, and all subsequent
occurrences of the pattern by repeatedly pressing <TAB>.

A.18 HISTOGRAM DISPLAY

The Omni’s last function is Histogram, a sophisticated form of
statistical analysis. Type "H", which takes you to the Histogram
Display. This one combines the menu and display on the same page.

The Histogram 1is primarily used for studying program execution to
improve efficiency. When the data in Sample Memory represents addresses
of instructions, the Histogram can be used to measure the amount of time
the computer uses executing different parts of the program.

The algorithm that produces the Histogram Display works as follows.
It looks through the Sample Memory for sample data falling in the range
specified in Items 1 and 25 -let us call those "in-range samples." An
in-range sample will sometimes appear in a "run" of inerange samples
(that is, with other in-range samples before or after it, or both) and

sometimes all alone.

Two questions are of interest here. First, how long are the "runs”
of in-range samples - how many samples are there in each run? Second,
and more important, how are the samples distributed_ in the rums of
different lengths - how many samples fall in short runs versus long
runs? So the histogram algorithm identifies the "runs" of in-range
samples, sorts them into categories by length of run, and then counts
the number of samples in each category-

The column on the left is the run lengths; that is, "5-9" ueans
runs 5 to 9 in-range samples long. The second column 1s the percentage
of in-range samples that fall in runs of varying lengths. The base for
the percentage (100Z) is the total number of in-range samples in the
sample memory. Thus a "7" in the second column next to "5-9" would mean
that 7% of the in-range samples fell in runs 5 to 9 samples long.

The Histogram function can perform repeated accumulations for
better statistical accuracy.

The Histogram Menu will accept input in other number bases other
than hexadecimal. For example, type "1" to put the cursor on Item 1,
then type "O<RETURN>" to enter 0. Type "2" to put the cursor on Item 2,
then type "999d<RETURN>" to enter 999 decimal. The Omni will calculate
and display a histogram based on those values.
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A.19 EXITING THE LOGIC ANALYZER PROGRAM

To exit to CP/M, use CTRL-C (press "C" while holding down the
<CTRL> key).

A.20 CONCLUSION

Well, that’s it. You now know how the Omni works and are ready to
hook the probes up to a real circuit and start looking at digital data.

For more detailed study of how to use the Omni’s full capability,
we suggest you start with Chapter 5 in this manual and read from there.

For your first data collection runs, it°s a good idea to use
Internal Clock and leave the Trigger Event on the Trigger Menu set to
all "don’t cares." These conditions will always give you a completed
data collection and display any activity on the data lines. Before
using External Clock, use this method to check to make sure that the
signal you plan to use for the External Clock is actually present.

If the Omni is set to trigger on a certain word and that word is

.not present in the data stream, triggering will not occur and the

machine will just wait. If that happens, press any key except <SPACE>
to cause a manual trigger. The data then displayed will be accurate
data, however, Sample O will correspond to your manual trigger time
rather than the trigger word entered on the Trigger Menu. Studying the

data will usually give you clues as to why the expected trigger word did

not appear.
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Appendix B. REFERENCE CARD

Collect or Display Data: Manual page
D [x] Numeric dump from sample x 16-1
E [x] Edge diaplay from sample x 15-1
G Go and Start Data Collection 12-1
I[x] Instruction disassembly from sample x 17-1
Mix[,yl] Matrix display from sample x to y 19-1
Wixi,yll Waveform display from sample x to y ‘ 13-1
= Load trigger and collect data 10-3

Utility Commands:

2[C/Dyaes] Help Pages for Commands C, D,ee. 9-1
N#XYZoso Name Channel number # with xyz... 14=1
CTRL-P [x[,y]] Print copy of sample x to y 24-1
Xix[,y)] Calculate time between cursor, x, or y 22-1
Menu Callup Commands:

c Correlation Menu 18-1
F File Operations Menu 20~1
H Histogram Menu and Display 23~1
L Locate Pattern Menu 21-1
0] Options Menu 11-1
P Pattern Generator Menu . 30-1
S Signature Analysis Menu 25=1
T Trigger Menu 10-1
Z Multilevel Triggering 29-6

Display Control Keys:

> Scroll display to right one page
< Scroll display to left one page
-> Move cursor right one sample
<= Move cursor left one sample
arrow up Move cursor up one channel or sample
- arrow down Move cursor down one channel or sample
<SPACE> Change mode, terminate function

This list of the Omni’s commands is alsc on line as two Help Pages. To
obtain the first, type "?<RETURN>"; then strike <SPACE> to obtain the
second.

Reve D
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Omnilogic, Inc.
LOGIC ANALYZER USER’S COMMENTS

Omnilogic is pleased to receive comments from our users. Problems
with either software or the operating manual should be sent to us so
that improvements can be made. As these improvements are implemented,
software, hardware, and manual updates will be made available to our
customers. Please photocopy this form and use it for comments.

Did you find any problems or have any suggestions regarding the
hardware?

Did you find any problems or have any suggestions regarding the
software?

Did you find the manual understandable, usable, and well-organized?
Did you find errors? Please make suggestions for improvement by page

number.

Page No. Problem or suggestion

Please indicate how you are using the Omni Logic Analyzer.

Nanme Date
Organization Phone

Street

City State ZIPV

Thauk you for your help.
OuniLogic, Inc.





