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leD for 80186/80188 Features
General Characteristics

* 80186/80188 CPU and 8087 NDP support * Host computer support
* All memory available * All I/O ports (64K bytes) available
User Interface

* You control all functions from tenninal or computer * Mnemonic
command names * Setup emulation controls from batch file on host
computer * Symbolic debugging available with ZICE * In-line assembler
Emulation Controls

* Internal or external clock * Disable interrupt inputs
request input

* Disable bus

Memory Mapping

* 128K bytes standard emulation memory * 1M byte maximum emulation
memory * 1K-byte mapping resolution * Read-only or read/write
emulation memory * "No memory" mapping specification *
Programmable wait states * Map override input * Control from keyboard
Address and Data Specifications

* Four offset registers * One bit "don't care" resolution
Breakpoints

* Four hardware breakpoints * Eight software breakpoints
* Break on a specified address or data * Break on range
* Break on access to non-memory area * Break on writy to read-only area
* Sequential break (A then B) * Break on opcode fetch only
* Break on instruction execution * Break on Nth occurrence
* Break on wait state timeout * External break input (triggers from III or
LO signal edge) * External break output
Non-Real-time Trace

* Single step * Step n steps * Trace Jump instructions only

XII
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Real-time Trace

* Stores addresses, data, and status * 4K bytes deep x 40 bits wide trace
memory size * Trace control modes include: Begin Monitor, End Monitor,
Begin Event, End Event, Center Event, Multiple Event * Real-time
counter * Adjustable delay
Disassembly Capabilities

* Disassemble from program memory
* Disassemble trace memory from any selected area
Special Features

* Assemble into memory * Use lCD's serial interface from user program
* Search program memory for pattern * Search trace memory for pattern
Package Includes:
1) ICD-378 Emulator with 80186 or 80188 processor
1) CPU In-circuit Emulation Probe
1) NDP In-circuit Emulation Probe
, 1) Monitor Probe Set
1) AC Power Cord
1) User's Manual
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XIII

About This
Manual

Thank you for choosing a ZAX. in-circuit emulator! Your ZAX.
emulator is one of the most powerful and sophisticated
microprocessor development tools in the industry - as you will soon
discover. But for all the things your emulator can do, it's still very
simple to use. In fact, you don't have to know a thing about ZAX.
emulators to use this manual. The information presented in this
manual is structured for first-time users, so you'll be learning about
emulation techniques and applications as well. If you're already
familiar with the principles of emulation, you can use this manual
now to learn a few basic emulator skills, and then use the section on
commands as a reference.

What This Manual
Will Show You

* How to identify the parts (controls, components & accessories) of
your emulator and understand what they do (Section 1).

* How to connect the emulator to your terminal, host computer and
target system (Section 1).
* How to find out more about special emulator controls and learn
how to use them for your specific applications (Section 1).
* How to use the accessories that come with your emulator
(Section 1).

* How to use each of the emulator commands (Section 2).

* How to learn more about how your emulator works, by examining
the internal control modules (Section 3).
* How to write support software programs for interfacing the
emulator with a host computer (Section 4).
How To Use
This Manual

XIV

There are really only two things you must know to use a ZAX
emulator: the first is how to connect it to your present system; the
second is how to control the emulator's operation by using the
commands. These two subjects are presented in the fIrSt two
sections of this manual, and of these two, you'll be using the section
on "commands" particularly.
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So first, read Section 1 to learn about the various controls and
components of your emulator. (Before you can operate the emulator,
you'l1 have to set certain switches and make some minor
adjustments so that it perfonns correctly with your system.) Then,
continue on to learn how to connect your emulator to other devices,
such as a console terminal or a host computer, and your target
system.
Once your emulator is working properly, you can refer directly to
Section 2 to find out how to enter any of the emulator commands.
Each command's function is examined along with the format
needed to use the command. Once you're familiar with the
command syntax, you can use the fold-out Command Reference
Guide located in the front of the manual.
If you need a refresher course on emulation principles, turn to
Appendix A. If you're not sure session (we call it "debugging"),
turn to Appendix B for a demonstration. Use Section 3 for a
reference (it contains technical information that you may find useful
later on). You can use Section 4 if you're writing your own support
software programs to interface your host computer (if it's not
already supported by ZAX's ZICE communication software) to the
emulator.
Oh by the way, any time a word or phrase is used and you don't
understand its meaning, turn to the Glossary at the back of this
manual. It contains defmitions for a number of common engineering
terms as well as many specialized microprogramming terms.
Terminology

In this manual, you will see the initials "ICD" used whenever we
mean the ICD-378, in-circuit debugger, emulator, or in-circuit
emulator. You will also see the tenns "user" and "target system"
used to describe your prototype hardware.
Now
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TURN TO SECI'ION

1 AND GET STARTED.
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SECTION 1

Introduction

ICD DESCRIPTION & OPERATION

In Section 1, you'll learn about the different parts of your lCD, what
they do, and how to use them You'll also learn how to connect the
ICD to your system (terminal, host computer, target system) and
find out how to use the accessories that come with the ICD. Your
ICD has a few fmd information about these features in this section
as well.

A Word Of Caution

You shouldn't try to attach the ICD to any external device before
you finish reading this section. As long as the power cord is
disconnected you can't hurt anything internally, but don't connect
the ICD to your target system before you read "How To Connect
Your ICD To Other Devices," later in this section. Although it's
difficult, it is possible to get the cables to the target system reversed,
which could result in damage to the lCD's internal components.

Getting Acquainted
With Your ICD

Your ZAX lCD-series in-circuit emulator is a microprocessor
emulation device that can be used for developing and maintaining
80186/80188 microprocessor-based systems as well as the 8087
Numeric Data Processor (NDP). It does this by letting you direct
and test activities in you~ prototype ("target") system. You perform
these operations by entering one or more debugger commands.
All ZAX lCD-series emulators are controlled by a separate terminal,
or in conjunction with your existing host computer system. You can
use the debugger commands for your hardware or software projects
by simply inputting the command mnemonics and parameters from
just about any terminal or popular computer you might own.

ZAX Corporation
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ICD DESCRIPTION & OPERATION

A Few Features

SECTION 1

Here are just a few things you can do using the debugger
commands:

* Use the lCD's emulation memory to simulate or take the place of
memory (or future memory) in your target system.
* Use a single-step trace operation to move through your program,
one step at a time, and examine the registers' contents after each
step.
* Set a combination of hardware and software breakpoints to stop
your program when: data is written or read into a specific address;
an event point is passed; a non-existent memory access is attempted;
or an interrupt is acknowledged by the CPU. Hardware breakpoints
can also generate triggers for instruments such as logic analyzers
and oscilloscopes.
* Record ("trace") a portion of your program (beginning and ending
anywhere within the program) and store it in the lCD's real-time
trace buffer without affecting the emulation process. Later you can
display the recorded memory contents in either machine code or in
its disassembled fonnat.
* Translate symbolic codes into machine instructions, item for item,
using the in-line assembler.
* Selectively enable and disable the interrupt or bus request inputs including non-maskable interrupts.
You can turn to Section 2 for a complete lIst of the lCD's debugger
commands. To find out about other things your ICD can do, tum to
"More About Your ICD," in this section.
PROCEED TO THE NEXT PAGE TO LEARN ABOUT THE PARTS OF YOUR

1-2
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SECTIONl

The Controls And
Component
Functions Of Your
ICD

ICD DESCRIPTION & OPERATION

1) AC POWER Select Switch. This switch is used to select the
power requirements for the ICD. Set the switch to 110V/117V to
run on a power supply of 110-120VAC or select 2OOV/240V to run
on a power supply of 200-240.
2) AC POWER Cord Receptacle. Accepts female end of the
supplied three-wire power cord. Be sure to disconnect the power
cord before moving the ICD.
3) COOLING FAN. Provides air circulation for the control
modules. The cooling fan is an integral-type design; there are no
external connections required.

ZAX Corporation
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ICD DESCRIPTION & OPERATION

SECTION 1

4) TERMINAL Port Connector. Accepts male end of an RS-232
cable to attach the ICD to a tenninal in a stand-alone (LOCAL
mode) configuration. When using the ICD in the REMOTE mode,
this port can be used as an auxiliary I/O.
5) HOST/AUX Port Connector. Accepts male end of an RS-232
cable to attach the ICD to a host computer system when the ICD is
operating in the REMOTE mode. ICD commands can then be
entered using the computer's keyboard. When using the ICD in a
stand-alone (LOCAL mode) configuration, this port dumps object
code, registers, or memory to a host computer or printer.
6) LOCALIREM (LocallRemote) Select Switch. This switch is used
to select which port (TERMINAL or HOST/AUX) the ICD will use
to receive commands.
7) BAUDRATE Switches (TERMINAL and HOST/AUX). These
switches are used to set the baud rates for the TERMINAL and
HOST/AUX ports. The factory setting is #1 (9600bps). To change
the baud rates for the ports, see "Changing the Baud Rate Settings,"
in Section 3.
8) DCEIDTE Select Switch. This switch is used to set the HOST/
AUX port to either RS-232 data terminal equipment (DTE) or data
communications equipment (DCE). Use the DCE setting if the ICD
is used with a host computer. Use the DTE setting if a printer is
connected to the HOST/AUX port. (The TERMINAL port is always
DCE.)
9) NDP In-circuit Probe Receptacle. Accepts female end of the NDP
In-circuit Probe for emulating the 8087 co-processor.
10) CPU In-circuit Probe Receptacle. Accepts female end of the
CPU In-circuit Probe. (The connector end of the probe is keyed for
proper polarity recognition.)
11) Emulation Method Select Switch #1. This switch is used to set
the machine cycle operation to the target system. (See "MORE ABOUT
YoUR lCD," later in this section, for details about this switch.)

1-4
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ICD DESCRIPTION & OPERATION

12) Emulation Method Select Switch #2. This switch is an extension
of the Emulation Method Select switch #1, which is used to set the
machine cycle operation to the target system. (See "More About
Your lCD," later in this section, for details about this switch.)
13) - 15) Trigger Cable Receptacle. Provides external sensing
through three different probes, including the EXT.BRK. (External
Break), EVENT TRG. (Event Trigger) and EXT.UE. (Level/Edge
Trigger) Probes. (See "More About Your lCD," later in this section,
for details about this cable.)
16) CLKS (Clock) Simulator Module. When the lCD runs off the
external clock from a target system, the clock circuit must be
simulated on this module. (See "MORE ABOUT YOUR lCD," later in
this section, for more details about this feature.)

9

10
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SECTION 1

17) POWER On/Off Switch. This switch is used to supply power to
the ICD.
18) CLOCK INT/EXT Switch. This switch is used to select either
the lCD's clock (INT=internal) or the target system's clock
(EXT=external).
19) HALT Lamp. This LED comes on after the CPU has stopped
executing a HALT instruction or when a HUSAK (BUS
ACKNOWLEDGE) is in progress.

20) RESET Switch. This switch is used to reset the ICD monitor.
You can push it any time the MONITOR lamp is lit. After you push
the RESET switch, you'll see the lCD's identification message on
your terminals's monitor.
21) MONITOR Lamp. This LED comes on to indicate that control
is currently in the lCD's monitor. It will not be lit during emulation.
22) ICE (In-Circuit Enable) Lamp. This LED comes on when the
ICD is operating in the in-circuit mode 11 or 12.
23) MONITOR Break Switch. This switch is used to return control
to the ICD monitor during emulation.
24) POWER Lamp. This LED comes on to indicate that power is

being supplied to the ICD.
25) STATE SIGNAL Output Connector. Allows the ICD to be
interfaced with a logic-state analyzer. (See the appendices for more
infonnation on this feature.)

Now TURN TO THE NEXT CRAPl'ER TO LEARN HOW TO CONNECT THE leD
TO YOUR SYSTEM.
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SECTIONl

How To Connect
YourICDTo
Other Devices

In the main introduction, you read that properly connecting the ICD
to your system was one of the most important things you would
learn in this manual. The following information will show you how
to connect the lCD's components, what cables to connect and where
they go, and which switches are set to what positions. Once you've
completed the procedures outlined in this section, you'l1 have what
is called a "Microprocessor Development System" (MDS). By using
the commands and applications found in Section 2, you'l1 be able to
perform a remarkable variety of debugging operations with your
MOS.

About Your
System's
Environment

Before you connect your ICD to anything, you'l1 need to answer
three questions about your system's environment. First, will you
control the system with a terminal or a host computer? Second, if a
terminal is used to control the lCD, will a host computer be used as
a source for data files? And third, will your system be used to
develop/debug hardware or software?

1-8
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SECTIONl

Terminal or
Host Computer
Controlled?

ICD DESCRIPTION & OPERATION

If you'll be controlling the ICD by a console terminal, it's called
TERMINAL CONTROL OF THE ICD.In this configuration, the
ICD "stands alone" (hence the name, stand-alone emulator), or apart
from the auxiliary control of a host computer system. The ICD
assumes a stand-alone mode of operation when you place the
LOCALIREM switch to the LOC (LOCAL) position.
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OPTIONAL PRINTER

If you'll be controlling the ICD with a host computer and using the
utility software program ZICE, it's called HOST COMPUTER
CONTROL OF THE ICD. The ICD assumes this mode of operation
when you place the LOCALIREM switch to the REM (REMOTE)
position.
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ICD DESCRIPTION & OPERATION

SECTION 1

You may choose to control the ICD with a terminal and use a
separate host computer to store data fIles. A printer can also be
connected to the host computer to dump data for hard copies. This
confIguration is called TERMINAL CONTROL OF THE ICD
(WITH HOST DATA FILES). In this confIguration, the ICD is still
under direct control of the tenninal, while the host computer serves
as a data storage device. You can also cause the ICD to assume a
"transparent" condition, which allows direct communication
between the tenninal and host computer.
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DATA FILE TRANSFER

0

NOTE: ZICE software may be used in the LOCAL mode TERMINAL CONTROL OF THE ICD (WITH HOS!' DATA FILES)
- for performing symbolic dedug and accessing the ZICE commands
(help files, "z" commands, etc.). To use this LOCAL "host
computer assisted" mode, see the HOS!' command, in Section 2.
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Hardware Or
Software?

Your hardware is called a "target system." By physically removing
the 80186/80188 CPU (or 8087 your system and electronically
replacing it with the lCD's internal microprocessor, you can control,
test and check almost all possible functions in your target system.
Can you use your ICD without a target system? Of course!
Whenever you develop and debug software, you'l1 be doing it
without the use of a target system. This mode is also an effective
way to demonstrate some of your lCD's features.
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SECTION 1

SYSTEM CONFIGURATION CHARACTERISTICS

TERMINAL CONTROL OF THE ICD
(WITH HOST DATA Fll..ES)
SYSTEM
CONFIGURATION
CHARAC1ERISTICS
Operation Mode
Controlling Device

Recommended Baud
Rate (bps)

Memory Storage
Facility
Computer's Role

Optional Target
System?
Optional Printer?

Can Emulate CPU
andNDP?
Number OfRS-232
Cables Needed

Uses ZICE Software?
Is ZICE Software
Used ForICD
Interface?
Can Access ZICE
Commands?

1-12
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Summing It
All Up •••

ICD DESCRIPTION & OPERATION

* Your JeD can function in any of three different system
configurations.
* Your JeD can be used to debug hardware or software.
* Your JeD can operate with or without a target system.
* Your JeD can dump data directly to a printer.
* Your JeD can dump data to a printer attached to a host computer.
* Your JeD can be controlled by just a terminal or by a host
computer.
* Your JeD can be controlled by a terminal and use a separate
hostcomputer for storing data files.
* Your JeD can be controlled by a terminal and use a separate host
computer for accessing the ZICE commands.
Now TURN THE PAGE AND READ AHom PREPARING A SITE FOR YOUR

SYSTEM.

ZAX Corporation
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About Grounds

SECTIONl

System Preparation Read this chapter before you connect
anything!
Your ICD is equipped with a 3-wire polarized receptacle that
accepts a 3-wire cord. This cord connects to a power source and
protective ground. Make sure that you plug the power cord into a
properly grounded 115 VAC receptacle. Do not try to bypass the 3prong plug with an adapter (3- into 2-prong adapter).

About Power

WARNING: THE GROUND TERMINAL OF THE 3-PRONG
PLUG IS USED TO PREVENT SHOCK HAZARDS - DO NOT
BYPASS IT!
Your ICD is nonnally set to operate on a voltage supply of 110-120
V AC, but this can be changed to 200-240 V AC by setting the Power
Select switch to the 200V/240V position.
In most cases a multiple power outlet strip should be used to provide
voltage to the entire system (host computer, terminal, printer, target
system). Most power outlet strips are equipped with a circuit
breaker in case of an overload, and all are properly grounded.
No matter what type of power source you use, always apply power
after connecting the ICD to an electrical outlet, and always apply
power in the same sequence: switch on the power supply flrst, and
then press the POWER On/Off switch to On.

1-14
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Important Facts
About The InCircuit Probes

ICD DESCRIPTION & OPERATION

The CPU and NDP in-circuit probes are used to interface the ICD to
your target system. The CPU in-circuit probe consists of four 16.5inch ribbon cables that are joined to two end connectors. The small
end connector attaches to your prototype design (target system) and
the large end connector attaches to the lCD's CPU 96-pin
receptacle. The CPU carrier on your prototype board is a 68-pin
JEDEC type A ceramic unit, which is the same configuration as the
unit within the ICD. The CPU connector end of the in-circuit probe
is designed to attach to the CPU carrier in the same manner as the
80186/80188 processor - no other connections are necessary. The
CPU in-circuit probe connector is keyed for proper polarity
recognition.
The NDP in-circuit probe is used to connect the leD to your target
system when you are emulating the 8087 Numeric Data Processor.
This probe features a single cable and 40-pin connector and must be
plugged into the receptacle labeled NDP.
NOTE: In many cases the NDP in-circuit probe may not need to be
used because both the CPU and NDP are connected, internally,
within the leD. By adjusting the settings of the Emulation Method
Select switch, the NDP in-circuit probe can usually be omitted, and
NDP emulation can be performed using only the CPU in-circuit
probe.

For more information on this subject, and to see if you can omit
using the NDP in-circuit probe, see the chapter on "NDP
Emulation," in Section 3.
Now TURN TO THE NEXT PAGE TO LEARN HOW TO PREPARE YOUR leD FOR
. OPERATION.

ZAX Corporation
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Preparing Your
leD

Before you attach a system-controlling device
(teoninal or host computer) or your target system to the lCD,
complete the following steps:

First Make sure that the POWER On/Off switch is set to Off.

. . . . ON

POWER

I

NowCheck the Power Select switch on the side of the ICD. Set this
switch to the same voltage as your power source.

100 V
117V

IIID

200 V
240 V

Optional: The lCD's baud rates for the TERMINAL and HOST/
AUX communication ports are factory-set at 9600bps. To change
the baud rates, see "Changing The Baud Rate Settings," in Section

3.
TERMINAL

HOSTIAUX

~~
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ThenPlug the AC POWER CORD into the lCD's power receptacle and
connect the other end of the cable to a power source.

Now turn to the appropriate heading - which you'll find on one of
the following pages - to construct your microprocessor development
system.

ZAX Corporation
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SECTION!

Terminal Control Of The ICD
LOCAL
Console Tenninal
Yes
Yes
1 - - - 2 if printer is used

System Configuration - - - - - - - Operation Mode - - - - - - - - - Controlling Device - - - - - - - - Optional Printer? - - - - - - - - Optional Target System? - - - - - - Number Of RS-232 Cables Needed - - - Recommended Baud Rates (bps) - - - - Uses ZICE Software? - - - - - - - -

9600
No

Use the illustration on the opposite page and the infonnation below to construct this system
configuration. Then adjust the switches as indicated in the bottom-right column.
CONSTRUCT YOUR SYSTEM

ADJUST THESE SWITCHES

j)G()rirt69f~()tiHt~ripi~hlt6!h~19Rb~~~ing~~§;g~:f

100V
117 V

···qable·?\tt~¢h.·ttt~.•·£a1)l~··frcJrn. •.)1()ur·~~m¥IlaIrS~~at • (gI!\, ...

··RS~~$4).P()#~q··ijleilqp':~S$~·@ip9R.q()~rie.9t6i.••·•·•· ·
TheIS}j~e(~BIt~t()~~()9<§A~4'~B~t~~it$;·~~t§g~it~artd
1l0··Pari~y!·.~e~.·YQlll'.t~nnin#l• • toth¢s~~~qi(!cati9n~i·····•.•<..........

...

I

CLOCK

I

[!]EXT

........

... .

~>li§~~~~~i'[lf&~:~~~&'"~~I'illllif_I~~
~4e.·e#$n#gQPl.! • ·(&(g·86J~QJ·&.&).··ff9hi.ydUt • ta.fg~~·.·$ys~~Iii"

3

..

4

·i~*~jl~lglJft'~j!IJ~~I~'IiI~llllllir.·.

5

~di~~ei-t~5~%t1~~~~B!!~~8~~m~0:·~#titf~~r

• ~y~tem'~··~~ip~Wti~i~·~)Jln~pr~~·.ptJi.~i~l'i~• Qf:tli~£J,>;g·
~"FG~9t.rrr:g:gg>J3,J3~(j·#teJgp':~!~;.8f9~~~·P~()~}i··: .
tec~Put¢l~r):

200 V
240 V

t
2

~)it~~~ii5:~w~~~(~II'~itl~1f_l_I~II\1
···1f.~2.28f.9~Ble····.f\tt~SW~~5~R19fr.()my9Ht.Pri.n.t¢~t()··tlI~·
·~9I?'$RQSXl4P'Xp9n92pn.¢9t9t;>·

lID[]

··~A~~~'tlftlf~_Jl~I:!~~ii.!ll~
. . . . . . . . . . . . ............... ..... . . . .

• LOCAL

Ii]
REM A

. . . ... .... . . . . '. . . . '..

(~g~7)ap~y()pi~h:19#~§iIi~~r)ffi7pH:c9~#·p~()~;:..·

~

I

--

DCE

~
DTE

. . . . ON

:ilieta!s~t.~y$#~Ifij~~Rgs.Rg~~t.·)

POWER

I

t

The following message should now appear on your
monitor's screen (you may have to press the RESET
switch on the leD):
ICD·378 for 80186 Vl.X
Now TURN TO "WHAT CAN You Do WITH YoUR MDS?" IN THIS SECTION.
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Terminal's EIA R5-232 port
lCD's TERMINAL port
lCD's HOST / AUX port
lCD's In-clrcuH probe receptacle (CPU /NDP)
Target system's CPU /NDP socket

CONTROL CONFIGURATION

ICD
TARGET SYSTEM

ZAX Corporation
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System Configuration - - - - - - - Operation Mode - - - - - - - - - - Controlling Device - - - - - - - - Optional Printer? - - - - - - - - Optional Target System? - - - - - - Number Of RS-232 Cables Needed - - - Recommended Baud Rates (bps) - - - - Uses ZICE Software? - - - - - - - Can Access ZICE Commands? - - - - - -

Terminal Control Of The ICD
(With Host Data Files)
LOCAL
Console Terminal
Yes
Yes

2
Terminal: 19200, Host: 9600
Optional
Yes

Use the illustration on the opposite page and the information shown below to construct this
system configuration.
CONSTRUCT YOUR SYSTEM

ADJUST THESE SWITCHES

~.).·.·¢§~l1~f:t,• )'()l1f• t§~~~• tC)··.t~~.·ISr?.·~y: .•~Si~~• •8J1• ~Sj~~~.·• ·•·•·
cable.~tt~7h~~5fap19ftgl'rt¥91Jr·t~~.aJ.'~.~efi~·<Rli\'• ·."• •..
RS~Z2Z)P9nJqm~Ig9'~JE~~ppc:>rt~c:>nn~~t()r.}..
The·.lqp• • ~~fa~lt~• •.t9 • ~.69P 1>~u~., • •8• •~.at~.·bits; • •3.··stop.··bits·• ~lld

•

noparity:s~fyglll'J~rtWIUg totfIes~"§p~ificati9ns. .

100 V nmr-1
117 V UIllL-J

t

.. .

i5~h~~I;;;1111~~IIJ~~I~lg[~~~t~~~:~~r

I

2

CLOCK

I

Ill~

R~~2~?<~~1?15f·~!pr¢~:Mt¢¢~~~~ffpm~0m:9Q~tegjDJlh(~f:'s.

utJ

seI"hlL<;I~::R.$.dg9g)Pqttiq:tJi~··[QI?'*Jj:<?§T:l&l.J'fPpn)

··COI1.Jl.ectori.·\·························

:~~[~111~11"~\III~111~i~I~II~;!;11I
.th¢·e~sting:QPp. . (&Q~$pl$QI~$,)··fiqmygt.#':Pitg~f~y~~~Jj(.·.

200 V
240 V

3 --.

Of LOCAL

t!:J
REM

~

·a.ricfi.Iise#w~:r¢gR; . ms~9mpt{pfl§·mtQiije·f#fg~~···

~y~t~Iij~~·¢pip . #~~!i·:·q9#9~t·m~{)tP~#~J:i4Br:t1i~qP:tJi.i·
rN;GiR('jt.ttt·~gQ~g~d.m~··IQJ:j!s·ih~grq#i~.pt6~
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . {·

4

--.

DCE (for personal
~ computers)

H:c~pta.c.le~..:·><·····

~~~~~I~Rjlllll~rtjl~I~I'I~~!RI~:

&i.l.i11Iil1~~;,;i
. .. ... .. . .........

--.

DTE

5
POWER
'

. . . . ON

I

t

#1~taI"get~)'~~~m~~~B~~99..lC~~i·<

The following message should now appear on your
monitor's screen (you may have to press the RESET
switch on the ICD):
ICD-378 for 80186 Vl.X
Now TURN TO "WHAT CAN You Do WITH YOUR MDS?" IN THIS SECl'ION.
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Terminal's EIA RS-232 port
lCD's TERMINAL port
lCD's HOST / AUX port
Computer's 510 port
lCD's In-circuit probe receptacle
Target system's CPU socket

ICD
TARGET SYSTEM

ZAX Corporation
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System Configuration - - - - - - - - -

Host Computer Control

Operation Mode - - - - - - - - - - Controlling Device - - - - - - - - - Optional Printer? - - - - - - - - - Optional Target System? - - - - - - Number Of RS-232 Cables Needed - - - Recommended Baud Rates (bps) - - - - Uses ZICE Software? - - - - - - - - Can Access ZICE Commands? - - - - - -

REMOTE
Host Computer
Yes
Yes
1 - - 2 if printer is used
Host: 9600
Yes
Yes

or The ICD

Use the illustration on the opposite page and the infonnation shown below to construct this
system configuration.
CONSTRUCT YOUR SYSTEM

ADJUST THESE SWITCHES

100V
117 V

t
2

OlD[]

200 V
240 V

I CLOCK I

[!]EXT

3

TLOCAL

CiJ
REM .6

4

5

I
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DCE (for personal
computers)

f!)

DTE (with ZAX's BOX),

. . . . ON

POWER

I

t
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The following message should now appear on your monitor's screen (you may have to press the
RESET switch on the leD):
ICD·378 for 80186 Vl.X
Now TURN TO "WHAT CAN You Do WITH YOUR MDS?" IN THIS SECTION.

e
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lCD's TERMINAL port
lCD's HOST / AUX port
Computer's 510 port
lCD's in-circuit probe receptacle (CPU /NDP)
Target system's CPU /NDP socket

CONTROL CONFIGURATION

ICD
TARGET SYSTEM

e
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What To Do With
YourMDS

SECTION!

You should now have a fully operational Microprocessor
Development System (MDS) capable of developing and debugging
your hardware or software designs. If your MDS is functioning
correctly, and the lCD's identification message appears on your
monitor's screen, you can now:

* Turn to the "Master Command Guide," Section 2, for a complete
analysis of your lCD's debugger commands.
* Turn to Appendix B for a demonstration of the features and
functions of your ICD.
* Use the fold-out "Command Reference Guide" (from the front of
this manual) as a source for the various command formats.
What To Do If
Your MDS Is Not
Working

1- 24

If your MDS is not functioning correctly or gives you problems
during emulation, turn to "Trouble Shooting," on the next page.
Start by reading "Checking Electrical Connections," and then
proceed to "Diagnosing ICD Interface Problems" if you encounter
problems when you're emulating.

ZAX Corporation
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Trouble Shooting
Introduction:
The Problem •..

Your ICD must be controlled by either a separate terminal or a host
computer's keyboard. Because you must connect the ICD to these
external devices to form your development system, the possibility
always exists of misplacing a cable, setting a switch to the wrong
position, or bypassing a procedure.

••. And The
Solution!

"Trouble Shooting" is designed to get you through the problems
you may have encountered in "How To Connect Your ICD To
Other Devices." It begins with a typical example of what the ICD
should do when the system is operating correctly. Then the ICD by
itself is tested, followed by the ICD and terminal, together. lCD,
terminal and target system configuration is then tested.

What Should
Happen

When the ICD is connected to a terminal the following should
happen:
When the lCD's POWER On/Off switch is pressed to On, the PWR
(power) and MONITOR lamps should come on and the external
cooling fan should be operating. The terminal's monitor should then
show the lCD's identification message:
ICD-378 for 80186 V1.0
If the ID message does not appear,.try pressing the RESET switch.
A prompt (» should also appear, indicating that the system is
working properly and the ICD is ready to accept commands. At this
point, any of the "status commands" (command name followed by a
RETURN) can be entered.

They include: B, EV, H, I, MA, 0, PI, R, SU, T
Try entering a few of the status commands. If the response from the
ICD is the command's status, then the system is probably
functioning properly. Otherwise, continue reading and following the
procedures outlined in this chapter.

ZAX Corporation
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How To Get Your
ICDWorking

SECTION 1

In this trouble-shooting session, you'l1 start by disconnecting the
ICD from all external devices such as the target system, host
computer or terminal. You '11 check the ICD by itself Gust connect
its power cord), and then attach a terminal. If that configuration
works properly, you can connect your target system for final testing.
NOTE: If you're using a host computer to control the lCD, be sure
to check the ICD and host computer operation (together) BEFORE
connecting your target system.

Checking
Electrical
Connections

Now begin with "Checking Electrical Connections."
a. Press the lCD's POWER On/Off switch to Off.
b. Turn the power Off on all externally attached devices (terminal,
host computer, target system, etc.)
c. Disconnect all externally attached devices from the ICD.
d. Unplug the AC power cord from the ICD and from the wall outlet
or power supply.
e. Check the wall outlet or power supply by plugging in a working
device (lamp, terminal, logic analyzer, etc.). If the outlet or power
supply is controlled by a switch, is the switch On?
f. Disconnect and reconnect each device's AC power cord to ensure
a proper electrical connection.
PROCEED WITH

"DIAGNOSING ICD INTERFACE PROBLEMS," ON THE NEXT

PAGE.
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Diagnosing leD
Interface Problems

Before you begin, make sure your terminal is working properly (Le.,
the cursor on the screen should be visible). Then use an RS-232
cable to connect the leO to the terminal.

PROBLEM:

SOLUTION:

The teonina!
does not respond
when the RESET
switch is pressed.

What's Probably Wrong:
There is is either an interface problem or a defective component in the
system.
What To Do:
First make sure that the RS-232 cable is finnly attached to both the ICD
and teoninal connectors. Is the cable defective? If the cable is OK, check
that the INT/EXT clock switch is set to !NT and that the LOCALIREM
switch is set to LOCAL. Make sure that both the leo and teoninal are
transmitting at the same baud rates.

Teonina! responds
"gibberish" when
the RESET switch
is pressed.

What's Probably Wrong:
The baud rates are different for the ICD and teoninal.

Teoninal responds
with a C?> error
message when any
of the commands
are entered.

What's Probably Wrong:
On some tenninals the leo will only recognize a command which is
stated with capital letters (e.g. R not r).

ICD and Host
Computer

ZAX Corporation

What To Do:
Make sure that the baud rates for the ICD and the teonina! are the same
(your lCD's baud rate was factory-set at 96(0).

What To Do:
Press the Lock or Caps Lock key on your keyboard to the locked
position.
Before you begin, make sure your computer is working properly (i.e., the
cursor on the screen should be visible). Then use an RS-232 cable to
connect the leo and computer.
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PROBLEM:

SOLUTION:

The computer
does not respond
at all when the
lCD's RESET switch
is pressed.

What's Probably Wrong:
There is either an interface problem or a defective
component in the system.

SECTION!

What To Do:
First make sure that the RS-232 cable is firmly attached to both the ICD
and computer (if you are operating in the REMOTE mode). Is the cable.
defective? If the cable is Ok, check the position of the DCEIDTE switch
on the ICD. Set this switch to the alternate position and press the RESET
switch again. Make sure that both the ICD and computer are transmitting
at the same baud rate.

If you've reached this point with no problems, your difficulty probably
lies in the ICD failing to emulate your target system. Now connect the
ICD to your target system and read through the next check-out procedure.
ICD With Target
System Connected

Connect the target system to the lCD, using the CPU in-circuit probe. Use
a tenninal to control the ICD.

PROBLEM:

SOLUTION:

Terminal doesn't
work

What's Probably Wrong:
There is either an interface problem or a defective component in the
system.
What To Do:
Check that the ICD is properly connected to your target system, that the
target system has power, and that the terminal is adjusted correctly. Select
the EXTERNAL (EXT) clock, and press the RESET switch on the ICD.
The lCD's identification message and prompt should appear. If a prompt
fails to appear when the clock is set to EXT, switch to the INTERNAL
(INT) clock and press RESET again. (With INT selected, the ICD and
terminal should work independently of your target system.)

If the ICD operates on the INT setting, the problem is probably a poor
clock signal from your target system. It is possible to use the ICD with the
INT setting, but you will lose real-time operation.
What To Do If The
leD Still Doesn't
Work
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In most cases, the procedures just listed will solve all but the most
stubborn problems. However, it is possible that the ICD is still not
functioning correctly. In this case, you should consult directly with ZAX
Corporation.
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More About Your ICD
Introduction

ICD DESCRIPTION & OPERATION

In this chapter, you '11 learn how to use the accessory cables that
come with your lCD, how to use the Clock Simulator Module, and
what functions are performed by the Emulation Method Select
switches (#1, #2 & #3). By taking advantage of these components,
you'll be able to further expand your lCD's debugging capabilities.
The three accessory cables can be used to input and output pulses to
and from the ICD. By using the six probes that are attached to the
ends of these cables, you can:

* Determine if the ICD is emulatins.
* Cause a breakpoint in your program to output a pulse to an
external device.
* Selectively access either ROM or RAM.
* Cause the ICD to insert a break in your program when an external
pulse is detected.

* Cause an event to occur within the emulated program when the
HIlLa edge of an external signal is detected.

* Cause an event to occur within the emulated program when the
HIlLa level of an external signal is detected.
The Clock Simulator Module may be used to simulate a crystal, RC
or LC circuit by fabricating the associated circuit on the module.
The Emulation Method Select switches alter signal I/O between the
ICD and target system during emulation.

Accessory Cables
& Probes

ZAX Corporation

To use the probes, see the chart on the following pages. Attach the
probe connector to the lCD's TRIGGER CABLE receptacle (it is
keyed for proper polarity recognition. and then attach the probes to
the desired peripheral devices.

1- 29

ICD DESCRIPTION & OPERATION

SECTION 1

Probe Functions
Probe
Color

t:~:;e{...... What The Probe Does

tlR.imt Outputs a mOH level
signal from the ICD to the
Emulation Qualify probe
during emulation. During
the MONITOR mode
(after encountering a
breakpoint or when the
MONITOR button is
pressed) the signal level is
LOW.

Outputs a LOW level
signal from the ICD to the
Event Trigger probe when
an event point is
encountered during
emulation.

ti~&€&t

Accepts a LOW level
input signal from the
<}::':::':::",><,,,,<,,,'::-: target system to
>«< dynamically select
between ROM and RAM
within the ICD. A LOW
.'<> ><> level signal causes the
>,::::<::.:,>,<\;:,>.'.:;:::.:' I CD to set all memory as
user (target) memory.
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Probe
Color

What The Probe Does

RED

Accepts a LOW level input
signal from an external
component to trigger a break
during program execution.

WIDTE

Accepts a HIGH or LOW
level signal from the target
system to causes an event
during program execution.
The level sensitivity is
controlled by the EVENT
command.

GREEN

Accepts a signal's HIGHgoing or La-going input
from the target system to
cause an event during
program execution. The
edge sensitivity is controlled
by the EVENT command.

,.""".,., . "",., . ".<"""."..

ZAX Corporation
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Clock Simulator
Module

SECTION 1

The 80186/188 provides an integrated clock generator which
generates the main clock signal for all 80186/188 integrated
components, as well as all CPU synchronous devices in the system.
The clock generator consists of a crystal-controlled oscillator, a
divide-by-two counter, synchronous and asynchronous ready inputs,
and reset circuitry.
The ICD also suppons an LC or RC circuit to be used with the
oscillator. This circuitry may be fabricated on the lCD's Clock
Simulator Module (CSM).
NOTE: The ICD will not operate on its own internal clock if the
CSM is removed. Remove, modify and replace the CSM only if an
external clock signal is required.

Removing The
Clock Simulator
Module

To modify or fabricate the CSM circuitry, remove the module by
insening the tip of a slot-headed screwdriver or similar pointed
object into thehole located at the corner of the board. Gently pull the
module away from the ICD mainframe. Next, remove the standard
DIP header from the CSM and install the optional DIP header for
fabricating the desired circuitry. Installing the CSM is the reverse.
NOTE: The standard DIP header may be used when either the
lCD's internal clock is selected! or if the target system is supplying
a TTL level clock. In this case, the clock setting is external.
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Use the diagrams below to fabricate the associated circuit on the
CSM. Then, set the lCD's INT/EXT clock switch to EXT in order to
transfer clock timing to the CSM.

SC1

Internal Clock
Configuration
(Standard
Circuitry)

External Target
Clock
(l-lOMHz Input
Frequency; X 1 Low Time
> 40ns)

External Target
Clock
(l-6MHz Input
Frequency; Xl Low Time
> 60ns)

XIN

~~-;24XI
,29

023,

GNO,:

,

_,116

014,

XINe~1~X2

CLOCK=EXT
SC1

XINr1~41XI
'29 023'
GNO':

,

'116

014'

XiN~~~X2

CLOCK= EXT
SC1

XI N

r; 0:.=0241 XI
'29

-,

GNO':
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Quartz Crystal Clock
(l-6MHz; Clock Switch =
INTorEXT)

RC Circuit
(Clock Switch =!NT or
EXT)

LC Circuit
(Clock Switch =!NT or
EXT)
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Emulation Method
Select Switch #1
Description

The Emulation Method Select switch #1 is an 8-bit, On/Off type
switch that controls signal I/O between the ICD and target system
during emulation.

Location

The NDP/CPU connector end of the ICD. Switch #1 is located
below switch #2. (See "The Controls And Component Functions Of
Your lCD," earlier in this section.)

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

All bits are Off.

Bit 1

On - RD signal outputs during user memory access only.
Off - RD signal outputs during both user and ltD memory access.

Bit 2

On - WR signal outputs during both user and ICD memory access.
Off - WR signal outputs during user memory access only.

Bit 3

On - DEN signal outputs during user and ICD memory operations.
Off -DEN signal outputs during user memory access only.

Bit 4

On - ALE signal outputs during emulation.
Off - ALE signal outputs in all states.

Bit 5

On - DT/R signal outputs during emulation.
Off - DT/R signal outputs in all states.

Bit 6

On - DT/R signal set to low-level during a break.
Off - DT/R signal set to high-level during a break.
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On - User TEST signal connected to ICD TEST signal.
Off - User TEST signal disconnected with ICD TEST signal.

Bit 8

Off/On - Don't care bit (not connected).

Emulation Method
Select Switch #2
Description

The Emulation Method Select switch #2 is an 8-bit, On/Off type
switch that controls signal I/O between the ICD and target system
during emulation.

Location

The NDP/CPU connector end of the ICD. Switch #2 is located
above switch #1. (See "The Controls And Component Functions Of
Your ICD," earlier in this section.)

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

All bits are Off.

Bits 1,2, 3,4,5

On/Off - Don't care bits (not connected).

Bit 6

On - ARDY signal effective during both user and ICD memory
access.
Off - ARDY signal effective during user memory access only.

Bit 7

On - SRDY and READY signals effective during both user and ICD
memory access.
Off - SRDY and READY signals effective during user
memory access only.

Bit 8

On - Automatic 2 clock wait state inserted into each
machine cycle.
Off - Wait state suppressed.
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Emulation Method
Select Switch #3
Description

The Emulation Method Select switch #3 is an 8-bit, On/Off type
switch that controls signal I/O between the lCD's CPU and NDP
processor and the target system during emulation.

Location

In the central section of the CPU Control module.
NOTE: This switch is not externally accessible. The ICD must be
fully disassembled and the CPU Control module removed before
this switch can be adjusted. To remove the CPU Control module and
gain access to this switch, see "How To Disassemble Your lCD," in
Section 3.

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

Bit 1

Bit 1 = On
Bit 2 = On
Bit 3, 4, 5, 6 = Off
Bit 7 = On
Bit 8 = Off
On - NDP's BUSY line is tied to the CPU's TEST line.
Off - NDP's BUSY line and CPU's TEST line function normally.

Bit 2

On - NDP's RQ/GTO line is tied to the CPU's HOLD:HLDA line.
Off - NDP's RQ/GTO line and CPU's HOLD:HLDA line function
normally.

Bit 3, 4, 5, 6
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On - NDP's READY line is tied to the CPU's SRDY line.

Off - NDP's READY line and CPU's SRDY line function nonnally.
Bit 8

On - NDP's READY line is tied to the CPU's ARDY line.
Off - NDP's READY line and CPU's ARDY line function
nonnally.
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ICD Commands
Program Control

GO - Starts program execution
BREAK - Stops program execution on a variety of different
parameters
EVENT - Signals an event in the program, triggers the trace feature,
or sends out an external signal at a point in the program
mSTORY - Records program execution in real time, and then
displays it in either machine or disassembled format
TRACE - Displays program execution in non-real time
NEXT - Displays "n" instruction lines as executed in non-real time
OFFSET - Sets an offset in the emulator for relative program
addressing

Memory Control

ASSEMBLE - Converts the mnemonics entered from the keyboard
to machine language in memory
DISASSEMBLE - Converts the memory contents to
assembly language mnemonics
DUMP - Displays the memory contents in hexadecimaVASCII
format
ALLOCATION - Transfers memory from the ICD program memory
to the CPU's memory space
COMPARE - Compares the memory contents and displays the nonmatching data
MOVE - Moves the memory contents between the ICD and the
target system
EXAMINE - Examines and changes the memory contents
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FILL - Fills the memory contents with data
SEARCH - Searches the memory contents for either matched or
unmatched data

Debug/Emulation
Control

REGISTER - Displays or changes the registers' data
SUPERVISOR - A "system call" to allow access to the serial input!
output ports
PRINT - Sends the display to a printer
PRINT - Resets the target system via the ICD
PIN - Enables or disables selected input signals
PORT - Examines one or more I/O port locations and optionally
modifies them
IDENTIFICATION - Identifies the type of emulator in use and the
fmnware version
IN-CIRCUIT - Sets the ICD mapping mode
USER - Allows one terminal to communicate with both the ICD and
a host computer
MAP - Sets the lCD/target system memory map
CALCULATION - Performs subtraction, addition, and conversion
of hex and decimal data.

Host & File
Handling Commands

LOAD - Loads an Intel Hex file from the host computer to the ICD
memory
SAVE - Saves an Intel Hex file to the host computer
VERIFY - Checks a file in the host computer against a file in the
ICD
HOST - Initiates or terminates LOCAL "Host Computer Assisted"
mode

2-2

ZAX Corporation

SECTION 2

Introduction

MASTER COMMAND GUIDE

ZAX lCD-series emulators respond to commands which you enter
from a console terminal or host computer. The commands enable
the ICD to perform a variety of complex debugging tasks for you.
In this section, you 'Illearn how to use the debugger commands and
how to perform actual debugging and development operations.
In order to use the commands effectively, you'll need to become
familiar with three different areas:

* The language needed to implement the commands
* What each command does
* How to use the commands to perform debugging or development
operations
Command Language

All ZAX lCD-series emulators execute operations in response to
"command statements" made up of the "command name" and
"parameters." The command name refers to a symbol or group of
symbols that designate the basic emulation operation to be
performed (e.g., G for GO, MA for MAP, T for TRACE, etc.).
Parameters refer to any additional information that complements the
command name, such as a specific address, an address range, or a
base value. Together, the command name and the parameters can
be combined to execute a variety of complex debugging operations.
The control firmware within the ICD requires that the command
statements be entered in a concise and logical manner, and that all
required elements of the command statement be used. The elements
of the command statement are described below. The elements
shown here represent all possible items within a command
statement. Of course, not all commands require the presence or
absence of each element.
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The Prompt Character. The prompt character lets you know that the
ICD is ready to accept a command statement. The prompt character
is supplied by the ICD - you do not enter it - and is always displayed
on the left side of the console's screen.

Example of prompt character: >
The Command Name. Commands are represented by the fIrst, or
frrst two letters of the command name. The commands are
displayed by upper-case typeface and should be entered using
capital letters.

Examples of command names: B (for BREAK),
CO (for COMPARE), SA (for SAVE).
Command Qualifiers. The slash key (/) acts to signal a qualifier for
the command whenever it appears immediately following the
command mnemonic.

Examples of qualifiers: BIO BIE FIW
The Space Character. The space character is an invisible character
that not only improves the readability of a sentence, but in the case
of the command format, it is recognized as a delimiter for the
command name. Spaces must be interpreted from the command
fonnat; there is no symbol used to indicate spacing.

Example of space character in use: EV ON
In this example~ the space between EV and ON allows the ICD to
interpret EV as the EVENT command, and ON as a directive to
enable the command.
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Keywords are items which you must enter as shown. These items
are displayed by upper-case typeface, but usually any combination
of upper-case or lower-case letters may be used to enter them.

NOTE: Some terminals must use upper-case letters only. If the leD
responds with an error message, try using upper-case letters.
Examples of keywords: UP EN LO ON OFF
User-Supplied Items. Lower-case letters in italic typeface show
items which you may supply; these are called user-supplied items.

Examples of user-supplied items include the name of your file
(TEST.H86), a beginning address (0), an ending address (3FF),
a comparison address (100), and data (55).
Address And Data Parameters. The common numerical parameters
for the leD commands are described below:
addr, be~addr, comp_addr, mov_addr, stop_addr, search_addr =
hexadecimal numbers in 16 bits (O-FFFF). These parameters specify
a memory address with 16-bit hexadecimal characters. These
parameters can be specified in an addition or subtraction equation,
or a bias can be added if offset registers (0, 1,2 or 3) are provided.
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"Don't care" conditions may be specified for the BREAK and
EVENT commands, on a bit or nibble basis, by entering "X" at the
desired position. Examples include:

IA3X - Don't care condition in hexadecimal
notation. May be specified in 4-bit units
(O-F or X).
10lX_XIXX_OIOX_IXXO - Don't care condition in
binary notation. May be specified in I-bit units
(0, lor X).
end_addr =hexadecimal numbers in 16 bits (O-FFFF), or number of
bytes in 16 bits (O-FFFF).

NOTE: The byteformat is; Lnnnn where nnnn =(O-FFFF).
data, mod_data, and search_data = hexadecimallbinarynumber in 8/
16 bits (0-FFFF). These parameters canbe specified in an addition or
subtraction equation, but the offset registers cannot be used.
"Don't care" conditions may be specified for the EVENT command,
on a bit or nibble basis, by entering "X" at the desired position.
Examples include:

7X - Don't care condition in hexadecimal
notation. May be specified in 4-bit units
(O-F or X).
OIXX-XOOI - Don't care condition in binary
notation. May be specified in 1-bit units
(0, lor X).
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The Equal Sign. The equal sign (=) causes the value or information
on its right to assume a relationship with the value on its left.
Example of the equal sign: P 100=55
In this example, the ICD does not display anything in response to this
entry, but the value entered on the right (which represents a data value
of 55H) is now assigned a relationship with the value on the left (an
address value of looH).

The Comma Character. The comma character (,) is used to separate
parameters when more than one parameter is required to form a
command statement.
Example of the comma character: DI 0,100

NOTE: A space may be substituted/or a comma (e.g., DI 0,100 =DI
o100), but a space cannot be used where a comma acts as the
separator (e.g., DIO,100).
Brackets. Items in square brackets (0) are optional. If you choose to
include the information, you should not enter the brackets, only.the
information inside the brackets.
Examples of brackets: [D=data] [,bias]
The Return Key. The return key is used to terminate statements and
execute commands, and it must be entered after every statement. It
is assumed that the return key must be pressed after the command
statement is entered; there is no symbol used to indicate the return
key in the command format.

NOTE: Other parameters are defined and explained in each
command. See Terms and Notes for an explanation about these
parameters.
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Each command is presented in the same format as shown below.
This format makes it easy to find the name of a command and what
it does, and then how to enter it correctly. An example (sometimes
more than one) shows how the command is used in a debug!
development session.
The example below illustrates the DUMP command and includes
many elements of a typical command statement. This command is.
also used as the syntax example in "How To Enter A Command."

Command

DUMP

Operation

Displays the memory contents in both hexadecimal and ASCn code.

Syntax
Terms

W = Displays the memory contents in word units arranged in MSB/
LSB (most significant bit/leastsignificant bit) order. The default is
byte unit display.

beg_addr = beginning address of display.
end_addr = ending address of display.

Syntax Example

D/W 100,lFF
D 120

Notes

The end_addr is an optional parameter. If it is omitted, 16 bytes are
displayed starting with beg_addr.

Command Example

See Syntax Example above. The fIrSt example shows that the
memory contents are displayed in work units, beginning with
address 100 and ending with address IFF. The second example
shows that the last 16 bytes are displayed beginning at address 120.

2-8

ZAX Corporation

SECTION 2

Explanations

MASTER COMMAND GUIDE

1) The "Command Name" is always found at the top of the page. If
a command performs more than one task, a description of the
various command functions can be found after the command name,
for example, "OFFSET: Specification" and "OFFSET: Status."
2) "Operation" describes the action of the command, and emulation
practices and principles that involve the command.
3) "Syntax" shows the characters and elements that are needed to
implement the command. However, the characters and elements in
Syntax may not provide enough information in themselves to
correctly enter the command (the parameters may only represent
an address or data value). The infonnation in Tenns should then be
used to define the parameters.
4) "Tenns" describes the characters and elements used in Syntax.
The lower-case characters in italic typeface show items which you
must supply. Upper-case characters in bold typeface show what
these items are and how they should be entered.
5) "Syntax Example" shows how the command might be entered
using various characters and elements, and the correct spacing
between them.
NOTE: If a command cannot be entered, or the ICD responds with
an error message, try entering the example shown in Syntax
Example.
6) "Notes" explains important facts about the command. It usually
contains infonnation about the parameters shown in Terms, or it
may include an explanation of how the command is used in a debug!
development application. Spacing describes the correct spacing of
the elements of the syntax.
7) "Command Example" shows how the command might be used in
an actual debug/development session.
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Before you can enter a command, you'll need to know what
operation(s) the command performs. This infonnation can be found
in two different places: "ICD COMMANDS" in this section, and
"Operation," found in the Command Fonnat.
After selecting the command, examine the infonnation in Syntax
and Tenns. Enter the parameters needed to perfonn the task you
desire. Examine the Syntax Example to see the proper spacing and
how the characters and elements are used. An example of this
procedure is shown below using the DUMP command.

Command Example

The syntax for the DUMP command is:

The tenns used in the syntax are:
W = Display the memory contents in word units
(default is byte units).
beg_addr = beginning address of display.
end_addr

Entering The
Example Command

=ending address of display.

To use this command, fU'St enter D (the mnemonic for DUMP).
Now decide (after examining the definitions in Tenns) if the
memory contents should be displayed in word or byte units. Since
W is in brackets, it represents an optional parameter (if it was
omitted, the display would be in byte units). For this example, we'll
use a word display and enterW, preceded by a slash and followed
by a space. The fIrst user-supplied item is the beginning address for
the display (we'll supply the value of 100). The next item is an
optional (because it's in brackets, []) ending address. In this
example we'll specify IFF for this parameter, preceded by a
comma.
At this point. the display on the console's screen should look like:
>D/W lOO,IFF
This input now forms a command statement, complete with the
command mnemonic, usable parameters, elements and proper
spacing. To send the command statement to the lCD for execution.
press the return key on your keyboard.
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If you make an error when entering a command statement, merely
backspace over the error (which cancels the character) and enter the
new information. You can also press the Delete (Del) key, which
not only cancels out the error, but displays the canceled character as
well*.
If you've already entered a oommand statement into the ICD but
you meant something else, press Ctrl-U (Control-U)*, then just reenter the correct command statement and the ICD will execute the
latest command.

* NOTE: These features are available in the LOCAL mode only
(i.e., when a console terminal is used to control the ICD directly),
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If you enter a parameter incorrectly, use an invalid address, or forget
to use a space at the appropriate place, the ICD will respond with an
error message. The error messages and causes are shown below and
on the back of the fold-out Command Reference Guide.

Error Message

Displayed when

C?>
P?>
(b

** Break Busy
** Unable Soft Break
** Multi Break Address
** Input Error
** Check Sum Error
** File Name Error
** Not Local Mode
** Not Remote Mode
** Memory Write Error at
####

** I/O Timeout Error at ####
** Memory Timeout Error at
####

** Memory Guarded Access
Error
at####

** Software Break Instruction
Misrecovered at ####

NOTE: #s refer to address locations in the program.
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Command

ALLOCATION: Status

Operation

Displays a logical block or sequence of blocks by the address range
and by the corresponding beginning physical block number for the
block series.

Syntax

AL

Command Example

See the "ALLOCATION: Specification" command.
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ALLOCAnON: Specification

Operation

Allocates any lK-byte block from the ICD program memory to any
address space in the CPU's memory space.

Syntax
Terms

beg_addr = Transposes the supplied address to the fIrst lK-block .
address space where the address resides.
end_addr = Transposes the supplied address to the last lK-block
address space where the address resides.

block_no = The allocation beginning block number (range = 0 to
3FFH).
Syntax Example

AL 80000,803FF=3F

Notes

Ending Address. If the end_addr exceeds the first lK-block
specification, the end of the entire block in which the address
resides will be assigned as the ending address. For example:
>AL 0,400=5 <- 400 exceeds fIrst lK-block specification. End of
second lK block now assumes position as the ending address.
Allocation status will then show:
>AL
00000-007FF = 005 <oo8oo-FFFFF = 002

fIrSt allocation block is now
actually 2K long

>
Block Number. Each lK block of memory that is available in the
ICD is assigned a sequential block number beginning with 0; these
physical memory blocks may be allocated to any logical block
address. The block number parameter represents the beginning of the
block, but if the allocation beginning and ending address parameters
define more than one logical block, sequential block numbers will be
assigned to each subsequent logical block. It is possible to assign
more than one logical block address to a single physical memory
block, so beware.
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The block number range depends on the amount of emulation
memory in the leD:
128K memory: range =0 to 7FH
256K memory: range =0 to OFFH
384K memory: range = 0 to 17FH
512K memory: range =0 to IFFH
1M memory: range = 0 to 3FFH (maximum)
Spacing: A space is required between AL and [beg_addrJ. Spaces
are not permitted where commas are used to separate the
parameters.

Command Example

ZAX Corporation
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Command

ASSEMBLE

Operation

Translates simple-to-understand mnemonic instructions into
machine language. The opposite translation (machine language to
assembly language mnemonics) is accomplished using the
DISASSEMBLE command.
Applications Note: The In-line Assembler in the leo is a powerful
software tool that can be used for writing patches into program code
that has either been downloaded from a host computer or originated
in the target system. This feature also allows you to quickly write
your own routines, develop small programs, etc.

Syntax

A mem_addr <cr>
xxxx:xxxx (80186/80188 assembly instruction) <cr>
xxxx:xxxx <cr>

Terms

mem_addr = The beginning memory address where assembled code
is stored. The logical address assumes the current code segment is
used unless otherwise specified.
xxxx:xxxx = The next storage location.
80186/80188 assembly instruction = The mnemonic instruction to
be assembled and stored. Operand may include number or .sym
(.sym value must be pre-defmed).

<cr> = Exits the assemble mode.
Syntax Example

>A 100

Notes

All number operands are assumed to be decimal unless specified as
hexadecimal.
Spacing: A space is required between A and mem_addr. A space is
required between opcode and operand of mnemonic instruction (no
tab).
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Command Example

ZAX Corporation

2 -17

MASTER COMMAND GUIDE

SECTION 2

Command

BREAK

Introduction

The best way to safely stop a moving car is to use the brakes. In
emulation, the best way to stop a program for examination is to use
BREAKpoints. You can use the BREAK commands to set
breakpoints anywhere within a program, and you can specify many
different types of breaks to stop program execution. Breakpoints
differ from event points (see the EVENT command) in that they
actually cause the program to stop execution; event points are used
to trigger various external events, including stopping execution,
without necessarily affecting the emulation process.
Software breakpoints replace program instructions automatically
with monitor calls, in order to stop program execution at a particular
point in the program. This provides real-time operation until the
break. Several software breakpoints can be set throughout the
program and selectively enabled and disabled. Also, an unlimited
number of user breakpoints can be assembled into the code
throughout the program.
The lCD can also implement hardware breakpoints, which
recognize machine cycles but do not disturb normal software
execution. Hardware breakpoints can cause the lCD hardware to
monitor the address and status signals for a specified condition.
When the conditions are met, a break occurs.
Both hardware and software breakpoints can be activated (enabled),
and then temporarily deactivated (disabled), without affecting their
location addresses within the program or their parameter
specifications.
Another break feature allows the lCD to use a probe to receive a
signal from a peripheral, which can then cause a break in the
program. (See "More About Your lCD," in Section 1.)
There are 15 different BREAK command formats. See each format
for an explanation and example.
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Command

BREAK: Status

Operation

Displays the current status of the break command. Use this
command to check the condition of the breakpoint settings.

Syntax

B

Command Example

This command example shows what the break status might reveal
after several break parameters are defined:
pass count
elapsed count
INDependent of or ARMed by event
processor access
bit-wise physical address

I

>B
A (ON)
EX 0040:0600 1
B (OFF)
MR 003XX1DS
(OOOO_OOOO_OO11_0XXX_XXXO)
o (ON)
0040:0213
1 (ON)
01000
2 (ON)
01FFE
S (01)
X (ON)
E (OFF)
T(ON)

oIND BOTH (0000_0000_1010_0000_0000)
1
o ARM NDP
1
1
1

0
0
0

1
1

0
0

HLT

ill

W(ON)

>
address
break operation
break status
break identification
NOTE: A,B,C=hardware break names, O,l,2=software break names (up to 8 names), S=software
break opcode, X=external break at high edge of signal, E=event break, T=ready time-out break,
W=write-protect break.
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Command

BREAK: Hardware Breakpoint Qualification

Operation

Enables, disables, or clears the settings of the hardware breakpoints.
Applications Note: This command can be used to temporarily
disable pre-set hardware breakpoints without affecting their
locations within the program or their parameter specifications.

Syntax

B[/name] switch

Terms

name = A, B, orC
switch = ON, OFF, or CLR

Syntax Example

B/AON
BOFF

Notes

A, B, or C identifies hardware breakpoint names, and more than one
name can be specified at a time (e.g., B/NC CLR). If the breakpoint
name is omitted, all hardware and software breakpoints are affected.
ON enables the breakpoint(s), OFF disables the breakpoint(s), and
CLR clears the break condition.
Hardware breakpoints automatically default to "ON" after they are
specified by the "BREAK: Hardware Breakpoint Specification"
command.
Spacing: A space is required between name and switch. If name is
omitted, a space is required between B and switch.

Command Example
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Command

BREAK: Hardware Breakpoint Specification

Operation

Sets a hardware breakpoint within the user program. Setting a
hardware break configures the emulator hardware to monitor the
address and status signals for the specified condition to occur. When
the conditions are met in the program, a break occurs.

Syntax

B[lname] status,addr[1segment] [,passcount]

Terms

name =A, B, orC

status = Anyone of eight types of break status, including:
M (memory access)
MR (memory read)
MW (memory write)
P (port access)
PR (port read)
PW (port write)
OF (operation code fetch)
IA (interrupt acknowledge)
EX (command execution)
addr = The address to break on.

segment = Anyone of four segments for the address, including:
CS (code segment)
DS (data segment)
SS (stack segment)
ES (extra segment)

=The number of times the condition occurs before
breaking, from 1 to 65535.

passcount

Syntax Example
Notes

A, B, or C identifies hardware breakpoint names.
If name is omitted, the next available breakpoint is used; if all the
breakpoints are in use, an error message will be displayed.
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The addr can be specified by a binary or hexadecimal notation. To
specify a "don't care" condition in I-bit units (binary notation), or in
4-bit units (hexadecimal notation), write X at the required position.
If passcount is specified, real-time operation is momentarily lost
each time the condition occurs. If the passcount specification is
omitted, I is assumed.
Spacing: A space is required between name and status. If name is
omitted, a space is required between B and status. Spaces are not .
permitted wherecommas are used to separate the parameters.

Command Example

2 -22

ZAX Corporation

SECTION 2

MASTER COMMAND GUIDE

Command

BREAK: Event then Hardware Breakpoint

Operation

Causes a break in the program at a hardware breakpoint (A, B, or
C), but only after an event point is also passed (see EVENT
command). The ann feature creates a simple level of sequencing: Athen-B relationship.
Applications Note: This command can be used to trigger a
peripheral device (such as a logic analyzer) when an event point is
passed in the program. The program then stops when a breakpoint is
encountered.

Syntax

B[/name] switch

Terms

name = A, B, orC
switch = ARM or IND

Syntax Example

B/CARM
BIND

Notes

A, B, or C identifies hardware breakpoint names, and more than one
name can be specified (e.g.,B/NC IND). If the breakpoint name is
omitted, all three hardware breakpoints are affected.
If ARM is selected, the break occurs after an event trigger takes
place. If IND is selected, the break occurs independently of any
event trigger.
The ARMing event is not automatically reset. See the "BREAK:
ARM Initialize" command.
Spacing: A space is required between name and switch. If name is
omitted, a space is required between B and switch.

Command Example
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BREAK: ARM Initialize

Operation

Clears (initializes) the event pass condition and resets the ARM
specification of the "BREAK: Event then Hardware Breakpoint"
command.

Syntax

BINI

Notes

Once the ARMing event has occurred, the condition will remain
ARMed until cleared by this command.
Spacing: A space is required between B and INI.

Command Example
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BREAK: Software Breakpoint Specification

Operation

Sets a software breakpoint within the user program.
Setting a software breakpoint causes the leD to automatically
replace the opcode at the specified address with a HLT or INTI
instruction opcode (see the "BREAK: SoftwarelUser Breakpoint
Code" command). When this code is encountered during execution,
a temporary break will occur, the original contents of this location
will be replaced, and execution will restart at that same location for
the duration of that one instruction. The ICD will then enter the
monitor mode.
Setting a software breakpoint is a two-step process requiring both
Specification and Recognition commands (see the "BREAK:
Software Breakpoint Recognition" command).

Syntax

B[/name] addr[,passcount]

Terms

name =

0, 1,2,3,4,5, 6, or 7

addr =The address to break on.

passcount = The number of occurrences before a break, from 1 to
65535.
Syntax Example

B/41oo,3
Bnl000

Notes

0, 1, 2, ... or 7 identifies software breakpoint names.
If name is omitted, the frrst available break name is used; if all
available breakpoints are in use, an error message will be displayed.

For software breakpoints, the addr is specified by a hexadecimal
notation and must be a single, specific address.
If passcount is specified, real-time operation is momentarily lost
each time the condition occurs. If the passcount specification is
omitted, 1 is assumed.
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A software breakpoint cannot be specified in a USER-ROM area
since the breakpoint requires changing the memory contents (at the
specified location) to a HLT or INT3 instruction, and ROM cannot
be changed. A hardware breakpoint must be used in this situation.
A software breakpoint must be specified for a location containing
the first byte of an opcode; otherwise, the leD will not break, and
unpredictable results will occur within the program execution.
The monitor call is automatically placed at the specified locations
when the program code is executed, but the program display will
only show the original contents at that location. Anything that
causes the contents of a location to be changed during program
execution destroys the monitor call instruction.
Spacing: A space is required between name and addr. If name is
omitted, a space is required between B and addr.

Command Example
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BREAK: Software Breakpoint Recognition

Operation

Enables or disables all software and user breakpoints. Setting a
software breakpoint is a two-step operation requiring the software
and user breakpoint to be enabled before any software breakpoints
become operational.

Syntax

B S=switch

Terms

switch = EN or DI

Syntax Example

BS=EN

Notes

EN enables the software and user breakpoints, causing a break in
the program based on the software breakpoint specification or when
a user break is encountered. DI disables the software and user
breakpoints, causing them to be temporarily disabled, although their
initial specification remains unaffected.
The leD defaults to DI upon power-up or reset
Spacing: A space is required between Band S. No spaces are
permitted after S; the equal sign acts as the separator.

Command Example
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BREAK: SoftwarelUser Breakpoint Code

Operation

Specifies which code the ICD uses to implement asoftware or user
break.
Applications Note: The ICD can use HLT (OF4H), INT3
(OCCH), or any code from 0 to OFFH (if specified by its correct
hexadecimal code) to cause a software break within the user
program. This allows you to conveniently 'cause a program break
without continuously specifying breakpoint parameters.

Syntax
Terms

op_code =HLT, INT3, or any hexadecimal code

Syntax Example

B S=INT3

Notes

The ICD defaults to HLT upon power-up or reset.
Spacing: A space is required between Band S. No spaces are
permitted after S; the equal sign acts as the separator.

Command Example
Command
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BREAK: Software Breakpoint Qualification

Operation
Enables, disables, or clears the software breakpoints.
Applications Note: This command can be used to temporarily
disable pre-set software breakpoints without affecting their address
locations within the program or their parameter specifications.

Syntax
B[/name] switch

Terms
name = 0, 1, 2, 3, 4, 5, 6, or 7

switch = ON, OFF, or CLR

Syntax Example
B/30N
BOFF

Notes

0, 1, 2, ... or 7 identifies software breakpoint names, and more than
one name can be specified ata time (e.g., B/l/2/3/4 OFF). If the
breakpoint name is omitted, all the hardware and software
breakpoints are affected.

ON enables the breakpoint, OFF disables the breakpoint, and CLR
clears the break condition.
. Spacing: A space is required between name and switch. No spaces
are permitted between B/name.
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BREAK: Processor Access

Operation

Specifies which processor access causes a hardware break in the
user program.

Syntax

BIname processor

Terms

name = A, B, or C
processor = CPU, NDP, DMA, or ANY

Syntax Example

B/BNDP

Notes

A, B, or C identifies hardware breakpoint names, and more than one
name can be specified at a time (e.g., B/AIBIC CPU).
CPU means that accessing the main (80186/80188) processor causes
a break; NDP means that accessing the Numeric Data (8087)
Processor causes a break; DMA means that making a Direct
Memory Access causes a break; and ANY means accessing either
CPU, NDP, or DMA causes a break.
Spacing: A space is required between name and processor. No
spaces are pennitted between Blname.

Command Example
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BREAK: External Signal Qualification

Operation

Allows the leD to sense a signal (using the accessory probes) from
an external source and cause a break in the user program. This
command specifies how the break is triggered, from either the bighgoing or low-going edge of the external signal. To enable or disable
this command, see the "BREAK: External BreakpointQualification"
command.

Syntax

BIX edge[,passcount]

Terms

edge=In orLO

passcount = The number of occurrences before a break, from 1 to
65535.

Syntax Example

B/XLO

Notes

In causes the breakpoint to occur on the rising edge of the signal;
LO causes the breakpoint to occur on the falling edge of the signal.
When edge is specified, the parameters for the "BREAK: External
Breakpoint Qualification" command become effective.
If passcount is specified, real-time operation is momentarily lost
each time the condition occurs. If the passcount specification is
omitted, 1 is assumed.
Spacing: A space is required between B/X and edge. No spaces are
permitted between B/X.

Command Example
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BREAK: External Breakpoint Qualification

Operation

Allows the ICD to sense a signal (using the accessory probes) from
an external source and trigger a break in the user program during
emulation. This command enables, disables, or clears that feature.
(For more information on how to use the accessory probes, see
"More About Your lCD," in Section 1.)

Syntax

BlXswitch

Terms

switch = ON, OFF, or CLR

Syntax Example

B/XCLR

Notes

ON enables the recognition of an external trigger, OFF disables the
recognition of an external trigger, and CLR clears the external
trigger specification.
Spacing: A space is required between B/X and switch. No spaces
are permitted between B/X.
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BREAK: Event Breakpoint

Operation

Allows the leo to use an event trigger as a breakpoint (see the
EVENT command). This command enables or disables the event
break feature but does not affect the event point specification in any
way.

Syntax

BIE switch

Terms

switch = ON or OFF

Syntax Example

B/EOFF

Notes

ON enables the event breakpoint arid OFF disables the event
breakpoint.
Spacing: A space is required between B/E and switch. No spaces are
pennitted between B/E.

Command Example
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BREAK: Write Protect Breakpoint

Operation

Causes a break in the user program if the program attempts to write
into a protected memory area (see the MAP command). After the
break, the lCD responds with an error message that reads: Break
Write Protect.
If this break is disabled, any attempt to write to a protected memory
location will fail, thereby preserving its integrity; however, program
execution will continue without causing a break.

Syntax

BIW switch

Terms

switch = ON or OFF

Syntax Example

B/WON

Notes

ON enables the write protect feature and OFF disables the write
protect feature. (This feature is automatically activated when the
leD boots up.)
Spacing: A space is required between B/W and switch. No spaces
are pennitted between B/W.

Command Example
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BREAK: Timeout Breakpoint

Operation

Causes a break in the user program when the leD is unable to
access the target memory contents within a certain time period (128
clock cycles). If the READY signal is negated for more than 128
clock cycles, a time-out condition will occur. After the break, the
leD responds with an error message that reads: Break Timeout.
Applications Note: This break command can be used to flag a
failure by the target system to re-assert a ready condition. The
failure could be caused by a problem in the hardware, or it could be
inherent in the design. If the problem lies in the design, the Timeout
Breakpoint feature should be disabled; but if it is a hardware
problem, disabling this feature could cause the ICD to "lock-up"
due to a continuously negated ready condition.
This feature can also act as a safeguard for the target's refresh
period if dynamic RAMs are being used.

Syntax

Bff switch

Terms

switch = ON or OFF

Syntax Example

Bff OFF

Notes

ON enables the timeout feature and OFF disables the timeout
feature. (This timeout feature is automatically activated when the
leo boots up.)
Spacing: A space is required between Bff and switch. No spaces are
permitted between Bff.

Command Example
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CALCULAnON

Operation

Performs subtraction and addition of hexadecimal and/or decimal
numbers, and performs hexadecimal-to-decimal or decimal-tohexadecimal conversions. The results of the particular operation are
displayed in both decimal and hexadecimal notation.

Syntax

C operand#1[+I-operand#2][ ••• +I-operand#n]

Terms

operand#1,#2 •.. #n = -2147483648 to 2147483647 (signed) or 0 to

4292967295 (unsigned); or 0 to OFFFFFFFFH.

Syntax Example

C 427+351-2FFH

Notes

Both addition and subtraction may be performed on the same line.
Negative decimal results are displayed as "unsigned/signed."
Spacing: A space is required between C and operand#1. No spaces
are permitted after operand#1.

Command Example
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COMPARE

Operation

Compares the contents of specified memory blocks within the leD
or target system, and then displays the non-matching data. The
comparison can be made between different memory blocks as
mapped to the lCD, or between one block of memory within the
ICD and one in the target system.

Syntax
Terms

beg_addr = The beginning address. for comparison.
end_ addr = The ending address for comparison.
comp_ addr = The beginning memory address to be compared.
direction = UP or PU.

Syntax Example

CO l(){),3FF,lOOO,UP

Notes

If UP is selected, beg_addr is user memory, and comp_addr is leD
program memory. If PU is selected, beg_addr is ICD program
memory and comp_addris user memory.
If direction is omitted, memory locations are specified by the MAP
command.
This command displays non-matching data on a line-for-line basis.
To control the scrolling of the display, alternately press the space
bar. To exit the display, press the Escape (Esc) key.
Spacing: A space is required between CO and beg_addr. No spaces
are permitted after beg_addr; commas are used to separate the
remaining parameters.

Command Example
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DISASSEMBLE

Operation

Translates the memory contents from machine language to assembly
language mnemonics, and then displays the converted contents. The
opposite translation (assembly language mnemonics to machine
language) is accomplished by using the ASSEMBLE command.

Syntax
Terms

beg_addr =The beginning memory address in the program.
end_addr = The ending memory address in the program.

Syntax Example

OIIOO,IA6
OIFFF
01
OI,L40

Notes

If beg_addr is omitted, disassembly begins at the current program
counter (PC). If end_addr is omitted, II lines of instructions are
automatically displayed.

This command displays items on a line-for-line basis. To control the
scrolling of the display, alternately press the space bar. To exit the
display, press the Escape (Esc) key.
Spacing: A space is required between 01 and beg_addr (if beg_addr
is used). Spaces are not pennitted where commas are used to
separate the parameters.

Command Example
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DUMP

Operation

Displays the memory contents in both hexadecimal and ASCII code.

Syntax
Terms

W = Displays the memory contents in word units arranged in MSB/
LSB (Most Significant Bit/Least Significant Bit) order (the default
is byte unit display).
beg_addr = Beginning address of display.
end_addr = Ending address of display.

Syntax Example

D/W loo,IFF
D IFFF

Notes

The end_addr is an optional parameter; if it is omitted, 16 bytes are
displayed starting with be!L,addr.
The 80186/80188 arranges word data in memory as: low address =
LSB, high address = MSB; therefore, the /W option effectively
swaps the two bytes of each word.
This command displays items on a line-for-line basis. To control the
scrolling of the display, alternately press the space bar. To exit the
display. press the Escape (Esc) key.
Spacing: A space is required between D or D/W and beg_addr.
Spaces are not permitted where commas are used to separate the
parameters.

Command Example
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EVENT

Introduction

An event can be defmed as a significant occurrence in time. That is,
events take their respected place at a point in time, without affecting
the presence or passing of time itself. And of course, the lCD's
EVENT command works on the same principle.
This command allows an event to occur during the execution of a
program, without necessarily stopping the program. In this way,
event point differs from a breakpoint because breakpoints always
stop program execution.

an

The EVENT command can enact four different operations: trigger a
peripheral device, such as a logic analyzer; trigger the real-time
trace feature (which is defined by the mSTORY command); arm a
hardware breakpoint in an A-then-B type sequence; and stop the
program in a manner similar to the BREAK command.
Unlike the BREAK command, the EVENT command has the
advantage of allowing you to specify a certain data pattern on the
data bus, in addition to the normal address parameters, memory
access, and I/O access conditions.
Events point can be enabled and disabled, just like breakpoints. This
feature allows you to temporarily disable the event setting without
affecting its address location within the program or its parameter
specifications.

Using The
Event Command

2 - 42

There are three EVENT commands: Status, Qualification, and
Specification. To see how to use an event point as a breakpoint, see
the "EVENT: Specification" and "BREAK: Event Breakpoint"
commands. To arm a hardware breakpoint, see the "BREAK: Event
Then Hardware Break" command. To use an event point to trigger
the real-time trace, see the mSTORY command. To use an event
point to trigger a peripheral device, see "More About Your lCD," in
Section 1.
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EVENT: Status

Operation

Displays the current event point specifications. When changes are
made to the event point specifications by using the "EVENT:
Specification" command, this command is used to di~play the latest
changes.

Syntax

EV

Command Example
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EVENT: Qualification

Operation

Enables. disables, or clears the event trigger feature, or initializes
the event counter.
Applications Note: This command can be used to temporarily
disable an event point without affecting its location within the
program or its parameter specifications. Use this command after
setting an event point with the "EVENT: Specification" command~

Syntax

EV switch

Terms

switch = ON, OFF, CLR, or INI

Syntax Example

EVCLR

Notes

ON enables the event trigger recognition feature, OFF disables the
event trigger recognition feature, and CLR clears the event setting.
(ON is the default when an event is set using the "EVENT:
Specification" command.) INI resets the event counter.

Spacing: A space is required between EV and switch.

Example Command
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E~~:

Operation

Sets the conditions for an event point trigger.

Syntax

EV [ST=status ] [,A=addr][,D[/mode ]=data][,M=proe ][,CNT=ent]

SpecD5cation

[,LE=edge ][,ED=edge]

Terms

status = The type of cycle to trigger event on. This can be one of
nine different names, including:
M (memory access)
P (port access)
MR (memory read)
MW (memory write)
PR (port read)
PW (port write)
OF (operation code fetch)
IA (interrupt acknowledge)
EX (command execution)
ANY (any operation)

addr = Specifies the address value to match for the event.

mode = B (byte) or W (word) data.
data

= Specifies the data value to match for the event.

W = Qualifier to specify word data.
proc = CPU, NDP, DMA, or ANY
ent = Specifies event counter, from 1 to 99,999.

LE = Specifies the In-going or LO-going level of an external signal
received via the accessory probes.
ED = Specifies the In-going or LO-going edge of an external signal
received via the accessory probes.

edge =In, LO, or ANY
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EVST=MR
EV A=1111_1111_0000_0XXX_XXXO
EV ST=MW,A=EFD04,D/B=55,M=NDP,CNT=I00,LE=ID

Notes

All parameters for this command are optional, and all parameters
not defined remain unchanged. Both addr and data may be specified
as "don't care," in I-bit units (binary) or in 4-bit units, (hex) by
writing "X" at the required position. Also, any undefined parameter
defaults as "don't care."
.
If data is specified as other than "don't care," the address parameter
must have the lowest address bit (AO) defined as or 1 (not as
"don't care").

°

When specifying a P, PR or PW cycle for the event, and the port
address is defined, the address should be defmed as a 16-bit address,
with the upper 8 bits defined as "don't care." (Example: port address
34=XX34.)
If CPU is specified, event occurs on main processor access (80186/
80188). If NDP is specified, event occurs on co-processor access
(8087). If DMA is specified, DMA causes event. If BOTH is
specified, event occurs on either processor access.

Spacing: A space is required between EV and the fIrst parameter.
Spaces are not permitted where commas are used to separate the
parameters.

Command Example
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EXAMINE

Operation

Examines one or more memory locations and optionally modifies
them. The locations can be displayed and changed with either
ASCn or hexadecimal values.

Syntax

Terms

W = Use the word mode (the default is the byte mode).
N = No-verify (the default is to read-verify after write).

beg_addr = Starting address for display.
mod_data = Modified (new) data for this location.
Syntax Example

E/W 100=5555
EFFE

Notes

When /W option is selected, the word will be displayed or entered
in LSB/MSB (Least Significant BitIMost Significant Bit) order
(bytes swapped).
If mod_data is omitted, the command enters a repeat mode, which
allows several locations to be changed.

The repeat mode includes:
return (cr) to display the next byte (word) of data.
comma (,) to display the same byte (word) of data.
caret (") to display previous byte (word) of data.
slash (/) to exit the EXAMINE command.
Spacing: A space is required before beg_addr. No spaces are
pennitted between beg_addr and mod_data; the equal sign acts as
the separator.
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Operation

FILL

Syntax

Fills a block of memory with either hexadecimal or Ascn codes.

Terms
W = Fill memory contents of a word basis (the default is a byte
basis).
N = No-verify (the default is to read-verify after write).

beg_addr = The block beginning address to be filled.
end_addr = The block ending address to be filled.
data = Data that fills the block.

Syntax Example

F lOO,3FF,55

FIN 4000,4FFF,O
F/W DS:O,FF,3412

Notes

When /W option is selected, the word will be displayed or entered
in LSB/MSB (Least Significant Bit/Most Significant Bit) order
(bytes swapped).
Spacing: A space is required before be~addr. No spaces are
permitted where the commas act as separators.

Command Example
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GO

Operation

Executes the user's program.

Syntax
Terms

beg_addr = The address to begin execution.
end_ addr

=The last address to execute.

end_ addr#2

Syntax Example

=Optional second ending address.

G
G 100

G O,2FFE
Notes

All parameters for this command are optional. If beg_addr is
omitted, the program continues from the current program counter. If
end_ addr is omitted, the program continues until a breakpoint or a
monitor break. When end_addr#2is specified, the frrst location
reached by execution (end_addr or end_addr#2) will cause a break.
Two hardware breakpoints must be available to activate the
end_ addr or end_ addr#2 parameters.
Spacing: A space is required between G and any additional
parameters. Spaces are not permitted where commas are used to
separate the parameters.

Example Command
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mSTORY (Real-time tracing)

Introduction

The real-time trace is one of the most powerful and useful features
of your ICD. It allows you to record (hence the name "History"
command) and then analyze a specific section of program
execution, rather than sift through the entire program looking for a
problem. Event points may be used to trigger the real-time trace
buffer to start or stop the data storage process. Breakpoints may also
be used to stop the storage process.
By using the various trigger modes, the real-time trace can
effectively capture any single instruction or any set of instructions
within a program. After the program stops, the leD can display the
address, data, and control bus of the latest series of machine cycles
(in either machine cycle or disassembled fonnat). In this way,if a
problem develops during program execution, the real-time trace
provides a record that can be reviewed to determine what and where
the problem is.

Trace Width
And Depth

To be truly useful, an emulator's trace memory And Depth should
be wide enough to accommodate all of the processor's address, data,
and status lines. Your leD features a trace memory that is 40 bits
wide (16 bits data/16 bits address!8 bits status).
When it comes to the trace memory's depth, more is not always
best. If too much depth is specified, it may be difficult to sift
through all the data acquired. However, if the trace memory depth is
insufficient, the chances of recording the trace section where a
potential problem exists are significantly diminished. Your leD
contains a maximum trace memory depth of 4K (4095) machine
cycles; and this may be reduced by specifying the ''range'' in the
mSTORY command (except for the End Monitor and End Event
modes). The ability to alter the size of the trace storage permits very
specific tracing.
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The data that is recorded from the program execution is stored in
the leD real-time trace buffer. The real-time trace buffer can be
thought of as a data storage facility that moves parallel the user
program, while storing the same data that is executed by the user
program.
The maximum storage capacity of the real-time trace buffer is 4K
machine cycles, but by using a "First-In/First-Out" (FIFO)
recording technique, the buffer captures the latest program
execution by discarding old data and replacing it with new data. By
using this technique, the display reveals the latest data the buffer has
stored.

Program Memory Area

I program--,-~-~-~-+

Real-time Trace Buffer ••_ _ _

-------"eculion

t,

r--11 Execution
Program I
t------------... ~
Buffer

0~--------------------------~~
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Using The
Real-time Trace

The lCD's real-time trace feature defaults to the End Monitor mode
upon initialization; therefore, it is always active, that is, it records
the program execution even if the mSTORY command parameters
are omitted. The ICD can also display the recorded memory
contents in four different modes (using the "IDSTORY: Real-time
Fonnat Display" command).
The options, then, for the mSTORY command involve selecting
the proper command fonnat to trigger or halt the real-time trace
feature. A discussion of each storage mode follows.
An easy way to understand how the real-time trace works is to
examine the Begin Monitor mode. In this mode, the GO command
(which begins emulation) also triggers the start of real-time tracing
so that the data executed from the program memory area is simultaneously transferred to the real-time trace buffer.

Simplest Case:
Begin Monitor
Mode

After the user program executes (and the buffer stores) the data
equivalent of the range, the trace buffer flUs to that point and then
stops. The data that is now stored in the buffer is the "captured"
trace section (the section that the leO displays). The real-time trace
then enters a non-trace mode and stops when a MONITOR break
(accomplished by pressing the MONITOR switch) or breakpoint is
encountered.

P'og,am Memmy A'ea

IPROGR~------------EXECUTION
>GO

--+

t

Real-time Trace B u t t e r _ . r - - - - - - - - - - - - - - ' - - - - - - - .

D

not tracing
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Begin Event
Mode

The Begin Event mode works in the same way as the Begin Monitor
mode except that an event point triggers the real-time trace instead
of the GO command. The buffer stores the amount specified by the
range (up to 4K) and then stops.

NOTE: The event itself is not stored in the buffer, but triggers the
buffer to begin storing.

event point

I

Program Memory Area PROGRAMI--i----;-------EXECUTIONt

>GO
Real-time Trace Buffer

I

---+ -+

_

"range"

not tracing
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The End Monitor mode begins storing all data, and then terminates
the storage process when a breakpoint is encountered or when the
MONITOR switch is pressed. The captured trace section is the last
4K before the breakpoint or MONITOR break.
The ICD accomplishes this type of tracing by recording and storing
data on a First-InlFirst-Out (FIFO) basis after the buffer is filled. By
using this technique, the ICD displays the latest data in the trace
buffer.
The End and Center Event modes use this same FIFO recording
technique in their operation.

breakpoint
Program
Memory
Area

L..-_-L-_ _

" t;t

First In/First Out

"
"captured" data
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The End Event mode works in the same way as the End Monitor
mode except that an event point (instead of a breakpoint) triggers
the buffer to halt data storage. The captured trace section is the last
4K before and including the event point.

event pOint

Program Memory Area

I

J,
PROGRAM

>GO
Real-time Trace Buffer

I

D

not
tracing

2 - S6

:.-.-:

EXECUTION

- 0

tracing
memory

t

'captured"
trace
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Center Event
Mode

The Center Event mode is used when you desire the trace to
surround a single event point in the program. It performs this task
by reading the range specification and recording that number of
cycles after the event point occurs. The remainder of the 4K buffer
then contains cycles just prior to and including the event point. For
example, if lK is specified as the range, lK of data would be
captured after the event point, and the remaining 3K would be
captured before the event point. If the specified range is 4000, 4000
cycles would be captured after the event, and the remaining 95
cycles would be captured before the event point. (4K = 4095
cycles.)
Just like the End Monitor and End Event modes, the Center Event
mode causes the real-time trace to start recording data immediately
after the GO command.

EVENT POINT

Program Memory Area

J.

I

PROGRAM

>GO
Real-time Trace Buffer

I

D

not
tracing
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The Multiple Event mode is identical to the Begin Event mode,
except that when the trace-range specification is reached, the tracing
temporarily stops until another event point occurs. Then the buffer
resumes storing another trace-range number of cycles. When the 4K
buffer is completely filled, the event points are then ignored, and the
buffer remains in a non-storage mode. This allows several event
occurrences to trigger the History buffer, giving successive "snapshots" of a particular routine.

NOTE: The smaller the trace-range, the more times an event can
retrigger the buffer to store data.

event pOint 1 event point 2

F7og.am Memmy A.ea

I

PROGRAM

>GO

Real-time Trace Buffer

I

o

not
tracing

2 - 58

J..

.J.

event point n

.J.

t

-==-=-----:

;

:

4 -.

-t -+

-+-+

tracing
memory

EXECUTION

III

"captured"
trace

ZAX Corporation

SECTION 2

TRIGGER NAME:

MASTER COMMAND GUIDE

BEGIN MONITOR

END MONITOR

Command format

HEM

Activated by

GO command

Terminates when

Break in execution

FIFO when buffer
full?

Yes

Range affects

Nothing (ignored)

End result in buffer

Last 4K cycles
executed

TRIGGER NAME:

CENTER EVENT

END EVENT

Command format

HEE

Activated by

GO command

Terminates when

An event point occurs

FIFO when buffer
full?

Yes

Range affects

Nothing (ignored)

End result in buffer

Event point + 4K
cycles

ZAX Corporation
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Command

mSTORY: Real-time Trace Status

Operation

Displays the current status of the real-time trace buffer.
Applications Note: The real-time trace status can be used to analyze
the condition of the real-time trace buffer, (Le., storage mode name,
size of the trace range, number of cycles executed, and number of
cycles stored in the History buffer.)
When the real-time trace specifications are changed, the
"mSTORY: Status" command will display their latest settings.

Syntax

H

Command Example

2 - 60

ZAX Corporation

SECTION 2

ZAX Corporation

MASTER COMMAND GUIDE

2 - 61

MASTER COMMAND GUIDE

SECTION 2

Command

mSTORY: Real-time Trace Counter Reset

Operation

Clears (resets) the clock counter.

Syntax

HCLR

Notes

Spacing: A space is required between H and CLR.

Command Example
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Command

mSTORY:

Operation

Allows the contents of the real-time trace buffer to be displayed in
either machine cycle format or disassembled format.

Syntax

H mode[,int...,point][,term...,point]

Terms

mode = M, D, C, orX

R~al-time

Trace Fonnat Display

intyoint = Initial point of display, from 1 to 4095.
termyoint = Point at which display terminates, from 1 to 4095.
Syntax Example

H M,200,I00

HD
Notes

M specifies to display the program execution in machine cycle
fonnat. D displays the program execution in disassembled format
(excludes opcode fetch), C specifies clock cycle fonnat, and X
specifies machine cycle with disassembly.
The intyoint must be greater than or equal to termyoint. The
storage pointer is numbered by bus cycles - displayed from high to
low - where "I" is the most recent bus cycle.
This command displays items on a line-for-line basis. To control the
scrolling of the display, alternately press the space bar. To exit the
display, press the Escape (Esc) key.
Spacing: A space is required between H and mode. Spaces are not
permitted where the commas are used to separate the parameters.

ZAX Corporation
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Command

mSTORY: Real-time Trace Storage Mode

Operation

Specifies the trace mode for the real-time trace buffer. This is the
command that specifies what type of mode activates the real-time
trace feature.

Syntax

H mode[,range]

Terms

mode = Trace mode. This can be one of six different
modes, including:
BM (begin monitor mode)
EM (end monitor mode)
BE (begin event mode)
CE (center event mode)
EE (end event mode)
ME (multiple event mode)
range

=The trace range, from 1 to 4095.

Syntax Example

HME,2027

Notes

The range specified for the EM and EE modes will be ignored; it
defaults to the maximum 4K size.
Spacing: A space is required between H and mode. No spaces are
permitted where the commas are used as separators.

Command Examples

ZAX Corporation

2 - 65

MASTER COMMAND GUIDE

HISTORY: Real-time
Trace Command
Examples

SECTION 2

NOTE: To illustrate the following examples, a sample program is
fU'St entered into the ICD memory, and then disassembled for
inspection (the sample program starts at address 1000:0400). The
same program is used throughout the mSTORY command
demonstration.
The ICD defaults to the End Monitor mode when it boots up. The
sample program is now disassembled for inspection.
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Command

mSTORY: Real-time Trace Search By Machine Cycle

Operation

Searches through the History trace buffer for certain specified
operations. For example, "find all of the times a memory write
operation to memory location 1234H occurred."

Syntax

H S,[inCpoint][,tern'-.point] [,ST=status ][,A=addr]
[,D=data][,T]

Terms

intyoint = Initial point of display, from 1 to 4095.
termyoint = Point at which display terminates, from 1 to 4095.
status = Type of status, and includes one of the following:
MR (memory read)
MW (memory write)
PR (port read)
PW (port write)
IA (interrupt acknowledge)
HA (halt acknowledge)
OF (operation code fetch)
NR (NDP read)
NW (NDP write)
addr = Value to search for ("addr_W" means to search for a word
address).

data = Data to search for. (Must also specify address.)
Syntax Example

H S,200,I00,ST=OF,A=CS:0,D=O,T

Notes

If data is specified, addr specification is also required. The intyoint
defaults to 4095, and term_point defaults to 1; otherwise, intyoint
must be specified as greater than or equal to termyoint.
The storage pointer is numbered by bus cycles - displayed from high
to low - where" 1" is the most recent bus cycle.
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The address may be preceded by a segment qualifier, including CS
(code segment), DS (data segment), ES (extra segment) and SS
(stack segment).
This command displays items on a line-for-line basis. To control the
scrolling of the display, alternately press the space bar. To exit the
display, press the Escape (Esc) key.
Spacing: A space is required between H and S, and thereafter no
spaces are permitted if commas are used to separate infonnation.

Command Example
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Command

HOST

Operation

Initiates or tenninates LOCAL "Host Computer Assisted" mode.
Applications Note: This command enables the ICD to operate as
though it is in the REMOTE mode when connected to a host
computer running in the LOCAL mode (terminal control of the ICD
with host computer access). Using this configuration, only one SIO
port is required of a multi-user host computer (e.g., VAX), rather·
than two ports a required in the REMOTE mode.

Syntax

HOST switch

Terms

switch = ON or OFF

Syntax Example

HOST ON

Notes

This command is only available with fmnware versions 2.0 or
greater, and only recognized when the ICD is in the LOCAL mode.
ON enables the HOST feature and OFF disables the HOST feature.
The QUIT command will also perfonn the equivalent of the HOST
OFF command, but the HOST OFF command does not terminate
ZICE.
Spacing: A space is required between HOST and switch.

Command Example
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Command

IDENTIFICATION

Operation

Displays the current ICD device name and the fIrmware version.

Syntax

ID

Notes

This display is also shown when the RESET switch is pressed on the
ICD.

Command Example

:§ID<·\·i
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Command

IN-CIRCUIT: Status

Operation

Displays the current in-circuit status, either 0, 1, or 2. The in-circuit
status is also displayed when the "MAP: Status" command is used.

Syntax

I

Command Example
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Command

IN-CIRCUIT: Specification

Operation

Sets the ICD mapping mode. See Notes (below) and the MAP
command for an explanation and example of the different mapping
modes.

Syntax

I [mode]

Terms

mode =0, 1,or2

Syntax Example

10

Notes

o =System mode. Debugging is performed using the ICD program
memory only. The area specified as US (user memory) by the MAP
command acts as RW (read/write memory) in the ICD. Target
system I/O and interrupt signals are ignored. .
1 =Partial mode. Debugging is performed using the ICD program
memory and user (target system) memory, as defined by the MAP
command. Interrupts can be disqualified by using the PIN
command.
2 = All mode. Debugging is perfonned using only the target system
memory. Memory now mapped as read! write and read-only act as
user (target system) memory. I/O and interrupts are enabled. Any
area mapped as NO (non-memory) will act as NO memory
regardless of the in-circuit mode.
In-circuit mode settings and memory specifications are shown
below.

MODE/DESCRIP'ITON

MEMORY TYPE
RW US
RO

IO/System Mode
Il/Partial Mode
I2/AllMode

RO
RO
(US)

IN-CIRCUIT

RW
RW
(US)"

PIN FUNcnONs
NO
EN
DI

(RW) NO
NO
US
NO
US

(DI)
EN
EN

DI
DI

(EN)

o.

Items in parentheses show the revised memory or PIN
specification for that particular in-circuit mode.
Spacing: A space is required between I and mode.

Command Example
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Command

LOAD

Operation

Downloads an Intel-Hex file from the host computer to the lCD's
memory (or through the ICD to user memory).
Applications Note: This command can be used in both LOCAL
(lCD controlled by a tenninal, using a computer for storage) and
REMOTE (lCD controlled by a host computer running ZICE
software) modes.

Syntax

L[Isource] jilename[/type ][,bias ][,message]

Terms

source = T, P, A, or H
filename = Name of the flie to download to the ICD.
.ftype

=Optional filetype (.abs is the default).

bias =Memory address offset to be added to the object file being
loaded (default is 0).
message =Any ASCII message (in 'single' quotes) or
hex data, or any combination separated by commas.

Syntax Example

L/H TEST.H86,lOO
L/A ,,'TYPE TEST.HEX' ,OD
L/A

Notes

If source is omitted, command defaults to H in the REMOTE mode
or LOCAL with HOST ON mode, and T in the LOCAL mode.
T specifies to use the TERMINAL port and X-ON/X-OFF protocol.
P specifies to use the TERMINAL port and software protocol.
A specifies to use the HOST/AUX port and X-ON/X-OFF protocol.
H specifies to use the HOST/AUX port and software protocol. (See
software specifications in Section 4 for a description of the software
protocol.)
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When using XON-XOFF protocol options (T, A), it is necessary for
the host to either recognize XON-XOFF, or delays must be inserted
after each carriage return (end of each record). Otherwise, every
second record may be lost. Also, if recognition of XOFF by the host
computer is slow (more than two characters), the problem could
exist as well. In certain instances, a slower baud rate may help to
correct the problem (but is usually undesirable, due to extended
download times, especially with long files). The message is sent out
the source port at the beginning of the load operation to provide a
way of prompting the host computer to begin transmitting a file.
Spacing: A space is required before filename; no spaces are
permitted where commas act as separators.

Command Example
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Command

MAP: Status

Operation

Displays the current memory assignments and address parameters as
defined by the "MAP: Specification" command.

Syntax

MA

Command Example
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Command

MAP: Specification

Operation

Categorizes the target system's memory functions as either readonly, read/write, user (target system) or non-memory area.
Applications Note: This command can be used to develop your
target system's firmware (ROM) by allowing code in a mainframe
system to be downloaded to the lCD, mapped as RO, and tested
before being burned into the target's ROM.

Syntax
Terms

beg_addr = The beginning address of mapping.
end_addr = The ending address of mapping.
"'t'\t"",o"'!
I? 1V0 he"", U'I"\

1:;;

area

= RO:R\V, US, or Ncr
~

Syntax Example

...l.

MA lOOO,lFFF=US' ~ . \'1-.'/ )

-'\..

t

~ e...., () 'i ~'\
'

MA 150=RO

Notes

The target system or ICD memory is used in lK-byte blocks. The
parameters are only valid when the in-circuit mode is n. (See INCIRCUIT command.)
If the beg_addr or end_addr does not coincide with the beginning or
ending of a lK-block location, the beginning or ending area is
assigned a location that includes beg_addr or end_addr.

Two of the areas, RO and RW, refer to ICD user memory, and RW
gives the user program free access to this memory. RO enables the
user program to read this memory, but any attempt to write to this
area will be blocked, and (unless the B/W breakpoint is disabled)
will also cause a break during program execution.
US acts as target system memory area (US being RAM, ROM, I/O,
etc. - whatever resides at those locations in the target). NO memory
assignment is useful in debugging by causing a break in the
emulated program if an attempt is made to access this non-existent
memory area. A NO memory area is recognized as such, regardless
of the in-circuit mode.

ZAX Corporation
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Command

MOVE

Operation

Moves the memory contents between different locations within the
lCD, or between the ICD and the target system.

Syntax
Terms

beg_addr = Beginning address of data source.
end_addr = Ending address of data source.

mav_addr = Beginning address for destination.
direction = UP or PU

Syntax Example

M lOO,3FF,lOO,UP

Notes

UP means that the source is user (target system) memory and the
destination is ICD program memory. PU means that the source is
ICD program memory and the destination is user (target system)
memory. If direction is omitted, data is relocated within the
memory areas as specified by the MAP command.
Spacing: A space is required between M andbeg_addr. No spaces
are permitted where commas are used as separators.

Command Example
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Command

NEXT

Operation

This command is a subcommand of the TRACE command. It allows
the next 1 to 65,535 instructions to be executed and traced in nonreal time from the current CS:IP.

Syntax

N [steps]

Terms

steps = 1 to 65,535

Syntax Example

N5

Notes

The steps means the number of instructions to execute from the
current program counter, and may be any integer from 1 to 65,535.
If steps is omitted, only a single instruction line is displayed.
When the registers' contents are displayed as a series of periods
(.... ), it indicates that the contents of the registers are unchanged.
The registers contents are displayed fully, however, at least once
every 22 lines.
Spacing: A space is required between N and steps.
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Command

OFFSET: Status

Operation

Displays the status of the "OFFSET: Specification" command.

Syntax

o

Command Example
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Command

OFFSET: Specification

Operation

Sets an offset in the ICD for relative program addressing.
Applications Note: This command is useful when debugging a
program that consists of a number of different modules. The
procedure would be to assign the physical base address for each
module to one of the offset registers. Any location in a module
may be addressed by specifying its relative address to that module's
base address, plus an offset register. The address parameter of any
command will then be interpreted as the sum of the relative address
and the offset register (physical base address).

Syntax

o &number[=addr]

Terms

number = 0, 1, 2, or 3
addr = Offset to place in the register.

Syntax Example

O&2=FFF

Notes

Any of the four offset registers can be used with any of the ICD
command memory addressing parameters.
When addr is omitted, the offset register is cleared to zero.
Spacing: A space is required between 0 and &. No spaces are
permitted between &number=addr; the equal sign (=) acts as the
separator.

Command Example
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Command

PIN: Status

Operation

Displays the current status of the "PIN:
Specification" command.

Syntax

PI

SECTION 2
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Command

PIN: Specification

Operation

Masks or unmasks selected input signals when the in-circuit mode is
1.

Syntax

PI siglUll=switch

Terms

signal =

NMI (Non-Maskable Interrupt)
HOLD (Hold)
DRQO (Data Request 0)
DRQl (Data Request 1)
INTO (Interrupt 0)
INTI (Interrupt 1)
INf2 (Interrupt 2)
INT3 (Interrupt 3)
TEST (Test)

switch = EN or DI
Syntax Example

PIDRQO=DI

Notes

The parameters for this command are only valid when the in-circuit
mode is 1. When the in-circuit mode is 2, all signals are valid.
When the in-circuit mode is 0, all target system signals are ignored.
EN is used to enable the signal and DI is used to disable the signal.
Spacing: A space is required between PI and signal.
No spaces are permitted after signal.

Command Example
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Command

PORT

Operation

Examines one or more I/O port locations and optionally modifies
them. The locations can be displayed and replaced with either
hexadecimal or Ascn values.
This command works on the same principle as the EXAMINE
command, except that the port address accesses the I/O port space.

Syntax

P[IW] port_addr[=mod_data]

Terms

W = Word mode (default is the byte mode).

port_addr = Starting address for display.
mod data

Syntax Example

=New data for this location.

PFF=23
P55

Notes

If mod_data is omitted, the command enters a repeat mode, which
allows several locations to be changed.

The repeat mode includes:
return (cr) to display the next byte (word) of data.
comma (,) to display the same byte (word) of data.
caret (I') to display previous byte (word) of data.
slash (j) to exit the PORT command.
Spacing: A space is required between P and port_addr. No spaces
are permitted between port_addr and mod_data; the equal sign (=)
acts as the separator.
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Command

PRINT

Operation

Controls logging of ICD commands by sending the terminal display
to an external serial printer.

Syntax

PRswitch

Terms

switch = ON or OFF

Syntax Example

PRON

Notes

ON enables the printing feature and OFF disables the printing
feature.
The printing is routed to the HOST/AUX port when the ICD is in
LOCAL mode, and to the host printer when the ICD is in REMOTE
mode (using ZICE, or the LOCAL "HOST ON" mode using ZICE).
Spacing: A space is required between PR and switch.

Command Example
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Command

REGISTER: 80186/80188 Status

Operation

Displays the current status of the 80186/80188 registers and any
changes made after using the "REGISTER: Examine and Change"
command.

Syntax

R

Command Example
>R
CS IP ODITSZAPC AX BX CX DX SP BP SI 01 SS DS ES RL
0000:0000 000000000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 ooFF

Notes

This example shows the status of the 80186/80188 registers
(currently all 0). Changing any of the registers with the
"REGISTER: Examine and Change" command affects this display.
Register Structure
The CPU's have eight 16-bit general registers. They are divided
into two files of four registers each: the data register flag and the
pointer and index register fue.
The 16-bit data register are named AX, BX, ex and OX; the 8-bit
registers are named AL, AR, BL, BR, CL, CH, DL and DR (the R
or L suffix designates high-order or low-order byte of the 16-bit
register). The pointer and index registers consist of the 16-bit
registers SP, BP, SI and D1 SP and DP are pointer subfiles while SI
and DI are index subftles.
The segment registers are also 16-bit registers. These registers
specify the four currently addressable memory segments: CS (code
segment), OS (data segment), SS (stack segment), and ES (extra
segment).
The status and control registers consist of the instruction pointer
(IP) and the status word or flags. Status word or flags include: OF
(overflow flag),DF (direction flag), IF (interrupt enable flag), TF
(single step flag), SF (sign flag), ZF (zero flag), AF (set on carry
from or borrow to the low order four bits of AL), PF (parity flag)
and CF (carry flag).
The control block base address is programmed via a 16-bit
relocation register (RL) contained within the control block at offset
FEH from the base address.

ZAX Corporation
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Command

REGISTER: 8087 Status

Function

Displays the current status of the 8087 registers.

Syntax

R[/status]

Terms

status = E or N

Syntax Example

RJE

RIN
Notes

E displays the 8087 registers ST(O) - ST(7), and N display all 8087
registers.
The 8087 register contents can be changed by using the
"REGISTER: Specification" command.
Spacing: No spacing is allowed between parameters.
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Command

REGISTER: Reset

Operation

Sets all the registers to zero (except for CS, which remains FFFFH).

Syntax

RRESET

Notes

To reset CS to 0000, use the "REGISTER: Specification"
command: R CS=O.
Spacing: A space is required between R and RESET.

Command Example
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Command

REGISTER: Examine and Change

Operation

Examines and changes the contents of the 80186/80188 or 8087
internal registers.

Syntax

R[/mode] reg_name=[data]

Terms

mode = E or N. E displays the 8087 registers ST(O) - ST(7), and N
display all 8087 registers.

reg_name = Anyone of the following registers:
AX
CX
CS
BP
RL

AH
AL BX BH BL
CL DX DH DL
CH
DS
ES SS SP IP
SIDI FL RL ODITSZPC

data =New value for register contents.
Syntax Example

RHL=AOOO
RDE

Notes

If R reg_name is entered, this command displays the current
contents of the specified register. If data is used, this command
changes the contents of the specified register to the new value.

For re~name(s) IF,S,z,P,N, and CY, only 0 and 1 are valid data
entries.
E displays the 8087 registers ST(O) - ST(7), and N display all 8087
registers.
Spacing: A space is required between R and reg_types. No spaces
are pennitted after reg_types; the equal sign (=) acts as the
separator.
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Command

RESET

Operation

Resets the I/O of the target system.via the CPU in-circuit probe.
The RESET signal is asserted to the processor for 124 clock cycles.

Syntax

RES

Notes

When used singularly, the RESET command resets the target
system I/O only. When the RESET command is used with the
REGISTER command, it can reset the processor's registers as well
(e.g., R RES).
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Command

SAVE

Operation

Saves an Intel Hex file from the ICD memory to the host computer.
(The fIle format is the same as the LOAD command.)

Syntax

SAl/destination] filenamel/type ],beg_addr,end_addr,
entry_addr[,message]

Terms

destination = T, P, A, or H.
filename =Name of the file to be used for saving the memory
contents.
ftype = Optional three-letter filetype (.abs is the default).

beg_addr =First address to save.
end addr = Last address to save.
entry_addr = Starting address of the user program.
message = Any ASCII message (in 'single' quotes) or hex data, or
any combination separated by commas.

Syntax Example

SAIH TEST.H86,O,3FF,lOOO
SNA TEST.HEX,O,lFFF,O,'CREATE TEST.HEX',OD

Notes

If destination is omitted, command defaults to H in the REMOTE
(host computer control of the ICD) mode or LOCAL with HOST
ON (host computer assisted) mode, and T in the LOCAL (terminal
control of the ICD) mode.

T specifies to use the TERMINAL port and X -ON/X-OFF
protocol. P specifies to use the TERMINAL port and software
protocol. A specifies to use the HOST/AUX port and X-ON/XOFF protocol. H specifies to use the HOST/AUX port and
software protocol. (See software specifications in Section 4 for a
description of the software protocol.)
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The message is sent out the destination port at the beginning of the
save operation to provide a way of prompting the host computer to
receive a flie. (Remember to use the USER command to access the
host and to terminate the file input.) Either XOFF-XON or DTRDSR flow control will be accepted by the leD when the destination
option is T or A. If the host computer does not provide input flowcontrol, its input buffer will probably overflow.
Spacing: A space is required before destination; no spaces are
permitted where commas act as separators.

Command Example
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Command

SEARCH

Operation

Searches the memory contents and displays the matching or
unmatching data, if any.

Syntax
Terms

mode = W (perform word search) or B (perform byte search).
D = Search for unmatching data (if omitted, search is made for
matching data).
beg_addr = Address to begin search.
end_addr = Address to end search.
search data =Data to search for.

Syntax Example

SID lOO,7FF,55

Notes

This command displays items on a line-for-line basis. To control the
scrolling of the display, alternately press the space bar. To exit the
display, press the Escape (Esc) key.
Spacing: A space is required before beg_addr. No spaces are
permitted where the commas act as separators.

Command Example
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Command

SUPERVISOR: Specification

Operation

Provides a way to access the lCD's serial ports (TERMINAL or
HOST/AUX) from the emulated program by using specified
breakpoints as supervisor calls to the ICD system.
The breakpoints in the emulated program do not stop the program
being emulated, but perfonn input/output to the ICD serial interface
only.
IMPORTANT! Do not use the HOST/AUX port to output data
during a supervisor call if ZICE software is being used, or the
communication protocol will be disturbed.

Syntax

SU[/break switch]

Terms

break = C, 7, or U
switch = ON or OFF

Syntax Example

sun ON
SU

Notes

C specifies to use hardware breakpoint C as a supervisor call, 7
specifies to use software breakpoint 7 as a supervisor call, and U
specifies to use a user software breakpoint as a supervisor call. ON
enables the specified breakpoint (C, 7, or U), and OFF disables it.
If a user software breakpoint is specified, the supervisor call will
occur at each user software breakpoint. In this way, multiple calls
can be used throughout a program.
The function code of the supervisor call is specified in the DL
register, and the I/O data is transferred via the AL register.
Omitting all parameters will display the current supervisor call
settings.
Spacing: A space is required between break and switch. No spaces
are permitted before break.
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Supervisor Function Code Key
Port Input
Status Fetch

Entry Conditions:
Register DL = OlH Get input status from TERMINAL port
Register DL = 11H Get input status from HOST/AUX port
Exit Conditions:
Register DL = Unchanged
Register AL = OH No data is available at specified port
Register AL = FFH Data has been received at specified port

Input Character
From Port

Entry Conditions:
Register DL = OOH Input character from TERMINAL port
Register DL = 10H Input character from HOST/AUX port
Exit Conditions:
Register DL = Unchanged
Register AL = Character received from specified port
NOTE: If no character is available ·at the specified port, control will
not return from the supervisor call until acharacter has been
received.

Port Output
Status Fetch

Entry Conditions:
Register DL = 03H Get output status from TERMINAL port
Register DL = 13H Get output status from HOST/AUX port
Exit Conditions:
Register DL =Unchanged
Register AL = OOH Port transmit buffer is busy (not ready)
Register AL =FFH Port transmit buffer is empty (ready)
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Output
Character
from Port
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Entry Conditions:
Register DL = 02H Output character to TERMINAL port
Register DL = 12H Output character to HOST/AUX port
Exit Conditions:
Register DL = Unchanged
Register AL = Unchanged
NOTE: If transmit buffer is busy when this call is made, control
will not be returned until buffer is ready and character has been sent.

FUNCTION
CODE
FUNCTION

DL-reg

TERMINAL Port data in
HOST/AUX Port data in
TERMINAL Port input
status read
HOST/AUX Port input
status read
TERMINAL Port data out
HOST/AUX Port data out
TERMINAL Port output
status read
HOST/AUX Port output
status read
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DATA OUT

DATA IN

AL-reg
00
10

receive data
receive data

01

input status

11
02
12

input status
output data
output data

03

output status

13

output status

ZAX Corporation

SECTION 2

MASTER COMMAND GUIDE

Command

TRACE: Status

Operation

Displays the current trace setting.

Syntax

T

Command Example
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Command

TRACE: Qualification

Operation

Enables, disables, or clears the trace setting.

SECTION 2

Applications Note: This command can be used to temporarily
disable the software trace feature without affecting its location
within the program or the parameter specifications.

Syntax

T switch

Terms

switch =ON, OFF, or CLR

Syntax Example

TON

Notes

If ON is specified, the trace specification is valid. If OFF is
specified, the trace specification is disabled. If CLR is specified, the
trace specification is cleared.
Spacing: A space is required between T and switch.

Command Example
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Command

TRACE: Specification

Operation

Performs a software trace of the program in non-real time.
Applications Note: This command allows a section of the user
program to be displayed in a step-by-step manner by either
automatically scrolling through the program, or moving through the
program one line at a time.

Syntax

T[/S] mode[,beg_addr][,end_addr]

Terms

S = Single step mode.
mode=AorJ
beg_addr = Beginning address of memory to trace

(default = 0).
end_addr = Ending address of memory to trace

(default = FFFFF).

Syntax Example

TIS J,100,300
T A,200,FFF

Notes

S causes a single instruction to be executed eachtime the space bar
is pressed. The mode must be defined as either A or J. A means that
all commands are traced and displayed, and J means all instructions
are traced but only Jump instructions are displayed.

If beg_addr is omitted, the trace starts from address OR. If end_addr
is omitted, the trace ends at address FFFFFH. When beg_addr or
end_ addr is specified, all the instructions are traced, but only the
instructions within the specified address range are displayed. The
instructions that are located outside of the address parameters are
executed in non-real time as well.
Spacing: A space is required between T and mode (orrIS and
mode). No spaces are permitted where commas act as separators.
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Command

USER

Operation

Allows a single console terminal to communicate with either the
ICD or a host computer.
Applications Note: This command enables the ICD to assume a
"transparent" condition when it is positioned between a console
terminal and a host computer. In this mode, a console terminal
(connected to the lCD's TERMINAL port) can communicate
directly with a host computer (connected to the lCD's HOST/AUX
port). Essentially, the transparent mode uses the ICD as an interface
or conduit between the two ports.

Syntax

U [code]

Terms

code = A single printing character used to signal the ICD to
terminate the transparent communication mode. Control returns to
the ICD command mode when this character is entered from the
terminal's keyboard.

Notes

The Terminal-to-ICD baud rate should be at leastdouble that of the
ICD-to-Host baud rate (recommended: host computer=9600;
terminal=19,200).
U initiates the transparent mode and U code terminates the
transparent mode.
Spacing: A space is required between U and code.

Command Example
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Command

VERIFY

Operation

Compares an Intel Hex fonnat file on the host computer to the ICD
memory (or through the ICD to the target memory).
NOTE: All parameters and uses are identical to the LOAD
command, with the exception that the VERIFY command does not
alter memory; it only compares the memory contents against the file
and displays the difference.

Syntax

v [/source] filename [.ftype] [,bias] [,message]

Terms

source = T, P, A, or H.
filename = Name of the file to download to the ICD.
.ftype = Optional three letter filetype (.abs is the default).
bias = Memory address offset to be added to the object fue being
compared (default is 0).
message = Any ASCn message (in 'single' quotes) or hex data, or
. any combination separated by commas.

Syntax Example

v/H TEST.HEX,IOO

Notes

T specifies to use the TERMINAL port and X-ON/X-OFF protocol.
P specifies to use the TERMINAL port and software protocol.
A specifies to use the HOST/AUX port and X-ON/X-OFF protocol.
H specifies to use the HOST/AUX port and software protocol. (See
software specifications in Section 4 for a description of the software
protocol.)
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The message is sent out the source port at the beginning of the
verify operation to provide a way of prompting the host computer to
verify a file.
If source is omitted, command defaults to H in the REMOTE (host
computer controlled) mode and T in the LOCAL (terminal
controlled) mode.

See the LOAD command Notes for additional information.
Spacing: A space is required before filename; no spaces are
pennitted where commas act as separators.

Command Example
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Command Syntax
Summary
ALLOCATION
AL
AL beg_addr[,end_addr]=block#
ASSEMBLE
A mem_addr <cr>

xxxx:xxxx (80186/80188 assembly instruction) <cr>
xxxx:xxxx <cr> ...
BREAK
B [INI]
B[/name] switch
B[/name] status,addr[/segment][,passcount]
B[/name] addr[,passcount]
B[/name] processor
B S=switch
B S=op_code
B/X edge[,passcount]
B/X switch
B/E switch .
B/E passcount
B/W switch
switch

Brr

CALCULATION
C operand[+/-operand n]
COMPARE
CO beg_addr,end_ addr,comp_addr[,direction]
DISASSEMBLE
DI [beg_addr][,end_addr]
DUMP
D[/W] beg_addr[,end_addr]
EVENT
EV [switch]
EV [ST=status] [,A=addr] [,D[/mode] =data] [,M=proc ] [,CNT=cnt] [,LE=edge] [,ED=edge]
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EXAMINE
E[/W][/N] beg_addr[=mod_data]
FILL
F[/W][/N] beg_addr,end_addr,data

GO
G [beg_addr][,end_addr][,end_addr#2]

mSTORY
H [CLR]
H mode[,int"'point] [,term"'point]
H mode[,range]
H S,[int...p0int][,term...p0int][,ST=status][,A=addr][,D=data][,T]

HOST
H switch

IDENTIFICAnON
ID
IN-CIRCUIT
I [mode]
LOAD
L[/source] jilename[ .ftype] [,bias]

MAP
MA [beg_addr[,end_addr]=area]
MOVE
M beg_addr,end_addr,mov_addr[,direction]
NEXT
N [steps]

OFFSET

o [&number=addr]
PIN
PI [signal=switch]

ZAX Corporation
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PORT
P[IW] port_ addr[=mod_data]

PRINT
PRswitch

REGISTER
R [RESET]
R[/mode] reg_name=[data]

RESET
RES
SAVE
S[/destination]ji.lename[!type],beg_addr,end_addr,entry_addr

SEARCH
S[!mode][ID] beg_addr,end_addr,searchJiata

SUPERVISOR
SU[lbreak switch]

TRACE
T [switch]

T[!S] mode[,beg_addr][,end_addr]
USER
Ucode

VERIFY
V [/source] jilename[/type] [,bias]

NOTE: Items in brackets (ll) are optional.
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Introduction

In this section you 'Illearn about the eight internal control modules
(including the optional Expansion Memory module) which, with
the power supply, make up your ICD. These modules are used to
control the various processes that are required for emulation,
including electronically substituting your target system's
microprocessor with the lCD's processor, controlling
communication between the ICD and host computer or terminal,
and tracing (and storing) a portion of the program memory contents
for analysis.

Special
Environments

Although it's not necessary to read this section to use your lCD, you
may fmd the information helpful if you require an examination of
how the ICD operates under special conditions and in particular
environments. In certain instances, modules may need to be
modified to permit the ICD to operate at peak: performance. All
possible modifications are detailed on the following pages.

In order to modify the components and controls, or to change
certain settings on the modules, the ICD must be partially or fully
disassembled. At the end of this section is a procedure which
explains how to disassemble your ICD and remove (and replace) the
eight control modules.

IMPORTANT!

ZAX Corporation

*

This symbol defmes the adjustments and modifications to the
ICD which are permitted under the Warranty Policy. In order to
preserve the warranty on this equipment, do not adjust, modify, and!
or in any way alter the controls or components on the modules
unless the written procedure for manipulating a particular module is
marked by this symbol.
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Overview: The
Eight Control
Modules
Indicator/Control
Module

This module contains the Operator Panel switches, indicator lamps
and logic-state analyzer interface connector. All controls are
externally accessible. (There are no user-serviceable controls on this
module.)

Serial Interface
Output Module

This module contains the RS-232 serial interface connectors for the
TERMINAL and HOST/AUX ports. A 20rnA current loop or TIL
level terminal may also be used by changing the configuration of
this module. (There are several user-serviceable controls,
components, and switches on this module - see "How To
Disassemble Your lCD," at the end of this section, after reading
about the module's components on one the following pages.)

Expansion Memory
Module

This optional module expands the lCD's memory capabilities to
256K bytes (128K standard + 128K expansion). Components on this
module include a 6O-pin bus receptacle to connect with the Memory
Mapping Unit module, and two 8-bit switches that control the
module's functions. (To gain access to these components, see "How
To Disassemble Your lCD," at the end of this section, after reading
about the module's components on one of the following pages. To
install the module, see the chapter on the Expansion Memory
module.)

Break Comparator
Memory Module

This module qualifies the conditions (address, data, status) for the
BREAK command. (There are no user-serviceable controls on this
module.)

CPU Control Module

This module contains the connectors, circuitry. CPU (80186/
80188) processor, and NDP (8087) co-processor, which allow the
ICD to emulate the target system's processors. (There are a few
user-serviceable components on this module - see "How To
Disassemble Your lCD," at the end of this section, after reading
about the module's components on one of the following pages.)
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Emulator Control
Module

This module controls the emulation mode or monitor mode of
operation for the ICD. (There are no user-serviceable components
on this module.)

Real-time
Storage Module

This module's circuitry includes the controller, memory, and realtime counter for performing tracing and storage of the user (There
are no user-serviceable components on this module.)

Memory Mapping
Unit Module

This module contains 128K bytes of high-speed static RAM (known
as "emulation memory"), which can be used for downloading fIles,
altering the memory contents, and loading future memory into the
target system. (There are a few user-serviceable components on this
module - see "How To Disassemble Your lCD," at the end of this
section, after reading about the module's components on one of the
following pages.)
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Indicator/Control
Module
Description

The Indicator/Control module contains three switches, four indicator
lamps, one 6O-pin bus receptacle, the logic-state analyzer interface
connector ~d intermediary circuitry. Switch SWI selects between
the internal (INT) or external (EXT) clock; switches SW2 and SW3
activate the RESET and MONITOR functions, respectively. The
indicator lamps D 1, D2, D3, and D4 show the condition of the
HALT, MONITOR, ICE (in-circuit enable), and POWER functions.
The three switches, four indicator lamps and logic-state analyzer
connector are all accessible for operation (and viewing) from
outside the ICD; there are no user-serviceable controls or
components on this module.
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Serial Interface
Output Module
Description

The Serial Interface Output (SIO) module controls communication
between the leo and various external devices (host computer,
tenninal, printer) through the TERMINAL and HOST/AUX ports.
The SIO module's internal components feature jumper sockets and
line drivers that can be modified to pennit either RS-232, current
loop, or TTL interface operation. There are also two transmission
fonnat switches (DSW3 and DSW4) that are used to set the data
format and stop bits for the TERMINAL and HOST/AUX ports,
and a special socket that allows any key on the console keyboard to
activate the MONITOR break switch in the leo.
These components are all user-serviceable; the ICD must be
disassembled before they can be adjusted or modified. (See "How
To Disassemble Your lCD," at the end of this section).
The module's remaining components are all externally accessible.
These include the DCEIOTE and LOCAUREMOTE switches, the
TERMINAL and HOST/AUX port connectors, and two rotary
switches that set the communication baud rates for the ports.

ZAX Corporation
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1) JA Socket. By connecting different pins with jumpers, this socket
is used to select either RS-232, current loop, or TIL interface for
the TERMINAL port.
2) m Socket. Used the same way as the JA socket, but selects the
interface for the HOST/AUX port.
3) TERMINAL Port Line Driver. The standard line driver is an
SN75188, and is used with RS-232 and current loop interface
operation. When TIL interface is used, the standard line driver
must be replaced with an SN7438 line driver.
4) HOST/AUX Port Line Driver. Functions the same as the
TERMINAL port line driver, except controls the HOST/AUX port.
5) JA 5/4/3 Power Supply Jumpers. Supplies power to the
TERMINAL port line drivers. Pins 3 and 5 supply + 12V to the
SN75188 line driver (when using RS-232 or current loop interface),
and Pin 4 supplies +5V to the SN7438 line driver (when TIL
interface is used).
6) JB 5/4/3 Power Supply Jumpers. Functions the same as JA 5/4/3,
but supplies power to the HOST/AUX port line driver.
7) DSW3 Transmission Format Switch. Sets the data format and
stop bits for the TERMINAL port. (See "How To Set The
Transmission Format Switches.")
8) DSW4 Transmission Format Switch. Sets the data fonnat and
stop bits for the HOST/AUX port (See "How To Set The
Transmission Format Switches".)
9) JCB Console Break Jumper Socket. When the pins of this socket
are connected together, it allows any key on the terminal keyboard
to activate the MONITOR break switch; it is essentially the same as
pressing the MONITOR switch on the ICD. (The MONITOR switch
is used to return control to the ICD monitor during emulation.)
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III

5105·791
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IIIC
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Baud Rate
Switches

The Baud Rate switches are used to set the baud rates for the
TERMINAL and HOST/AUX ports. The factory setting is #1 (9600
bps) for both ports. There are 13 other baud rate settings available;
do not set the baud rate switches to E or F.

*

The Baud Rate switches are rotary-type switches. To change the
baud rates, turn the dials to the number or letter shown in the Baud
Rate diagram below. Use a pointed object such as a pen tip or a
small screwdriver.

Changing The
Baud Rate
Settings

Baud Rate Switch No.

0

Baud Rate (bps)

* HowToSet

The Transmission
Format Switches

The transmission fonnat switches are used to set the data fonnat and
stop bits for the TERMINAL and HOST/AUX ports. Both 8-bit,
On/Off type switches can be set by inserting a small, pointed tool
and sliding the bits to the On or Off position.

Bit

orr

On

1
2
3
4
5
6
7
8

Data bit 8
No parity bit
Even parity
Stop bit 2
Bit 8 always 0
Multi-ICD I/O disable
Multi-ICD I/O disable
TBMT&TEOC

Data bit 7
Enable parity bit
Odd parity
Stop bit 1
Bit 8 always 1
Multi-ICD I/O enable
Multi-ICD I/O enable
TBMTonly

Factory Settings

All bits = Off

z

o

LJ~~~~~~~~

01
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NOTE 1: When bit 8 is set to Off, the ICD transmits on a single
buffer basis for monitoring the BUSY state. When this bit is set to
On, the ICD transmits on a double buffer basis without monitoring
the BUSY state.
NOTE 2: Facts about TBMT and TEOC signals:
TBMT - Transmitted Buffer Empty. The transmitted buffer empty
flag goes to a logic "1" when the data bits holding register may be
loaded with another character.
TEOC - Transmitted End of Character. This line goes to a logic "I"
each time a full character is transmitted. It remains at this level until
the start of transmission of the next character.

* Multiple leDs

Signals for multiple ICDs can I/O through the HOST/AUX port by
setting bits 6 and 7. When this feature is enabled, the External
Break, Emulation Qualify, and Event Trigger signals can be
monitored by more than one ICD. (I/O level is EIA.)
To activate this feature, set the following bits:
DSW3 bit 6 = On

DSW4 bits 6 & 7 = On

This feature effects the following pins of the HOST/AUX port:

Pin No.
11
18
25

Signal Name

I/O

External Break
Emulation Qualify
Event Trigger

IN
OUT
OUT

NOTE: The multiple ICD feature is available on ICDs which use
SIO module S-77IB.

ZAX Corporation
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SIO Diagram Of
TERMINAL Port
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SIO Diagram Of
HOST/AUX Port
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The RS-232 interface is the nonnal configuration for the leO. The
diagram below shows how the pins on the JNJB sockets are
arranged for the RS-232 setting. The tables show the status of the
signals for both the TERMINAL and HOST/AUX ports.
RS-232 Pin Configuration
(Standard connection is shown)

24

23

22

21

20

19

18

17

o

0

0

0

0

0

0

0

15

14

13

~

o

0

J15 J 16 J17 J18 J 24 J25 J19 J13 J 6 J20

J1

J2

001

o

0

8

11

12

000

0

0

0

0

2

4

5

6

7

3

16

9

10

o
345

JA/JB SOCKETS

JA/JB
POWER SUPPLY

RS-232 Interface I/O Signals - TERMINAL Port
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PIN
No.

SIGNAL
NAME

1
2
3
4
5
6
20
7

FG
SO
RD
RfS

crs
DSR
DTR
SG

DESCRIPTION
Frame Ground
Send Data
Receive Data
Request To Send ·2
Clear To Send • 2
Data Set Ready
Data Terminal Ready
Signal Ground

IN/OUT

IN
OUT
IN
OUT
OUT
IN

JANo.

SN 75188N

J 6, J 20 °3
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RS-232 Interface I/O Signals - HOST/AUX Port
PIN
No.

SIGNAL
NAME

1
2
3
4
5
6
20

FG
SD
RD
RTS
CTS
DSR
DTR
SG

7

DESCRIPTION
Frame Ground
Send Data
Receive Data
Request To Send "2
Clear To Send "2
Data Set Ready
Data Terminal Ready
Signal Ground

INIOUT

OUT (IN) "1
IN (OUT)
OUT (IN)
IN (OUT)
IN (OUT)
OUT (IN)

JBNo.

SN 75188N

J 6, J 20 "3

NOTE 1: Values in () enabled when the DCElDTE select switch is
set to DCE.
NOTE 2: CTS and RTS signals are looped back (null modem)
within the lCD and pulled up to +5V.
NOTE 3: Connecting pins 15 and 16 (JA/JB socket) causes the DTR
and DSR signals to be looped back (null modem) within the leD.
NOTE 4: Connecting pins 10 and 15 (JNJB socket) causes the DTR
signal to be used as the BUSY signal to the terminal. Connecting
pins JA6/JB6 causes the DSR signal to be used as the BUSY signal
to the tenninal.

ZAX Corporation
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Current Loop
Interface

SECTION 3

The current loop interface is an optional configuration that is
enabled when the JA and JB sockets are modified. The diagram
below shows how the pins on the JNJB sockets are arranged for the
current loop setting. The table shows the status of the signals for
both the TERMINAL and HOST/AUX ports.
24

22

21

20

19

17

16

15

r I r 18i i 9
T f1 TJr: J:3 J: J:

14

13

00

0

0

0

0

J1

J2

o

0

10

11

12

23

r
2

*Current
UsingThe
Loop

3

4

5

6

18

7

8

9

0
5

4

3

a) Connect pin 4 to pin 21 (JA18/JB18) with a 2200hm, 1/4 watt
resistor, or adjust the resistance to the associated circuit.

Interface
b) Connect pin 2 to pin 23 (JA16/JB16) with a 47 ohm, 1/4 watt
resistor.
c) Connect the other pins as shown in the Current Loop Interface
diagram.
d) Set the lCD's DCEIDTE select switch to DCE.
e) Adjust the baud rates for the TERMINAL and HOST/AUX ports
to a maximum of 600 bps.
NOTE: Do not change the jumpers on the line driver power supply
(JA3/JB3, IA5/JB5).
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Current Loop Interface I/O Signals TERMINAL & HOST/AUX Ports
PIN
NO.

SIGNAL
NAME

DESCRIPTION

IN/OUT

24
25
17
18
15
16

LOUT+
LOUTLIN +
LlNRSTP+
RSTP-

Current Loop OUT( + )
Current Loop OUT( -) '1
Current Loop IN( + ) , 2
Current Loop IN ( - )
Reader Step ( + )
Reader Step ( - )

IN
IN
J 17
OUT
OUT
OUT

JA/JB No.
J 24
J 25
J 182200
J 15
J 16 470

NOTE 1: Pin 25 is the current source pin for current loop input
signals pulled down to -12V.

NOTE 2: Pin 17 is the current source pin for current loop input
signals pulled up to +12V.
TIL Interface

The TTL interface is an optional configuration that is enabled when
the JNJB sockets are modified. The diagram below shows how the
pins on the JA and JB sockets are arranged for the TIL Interface
setting. The table shows the status of the signals for both the
TERMINAL and HOST/AUX ports.
TTL Interface
(Modified connection is shown)
24

23

22

21

20

19

2

3

4

5

6

JA./JI SOCKETS
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* Using The TTL
Interface

a) Remove the jumpers from JA3/JB3 and JA5/JB5 of the line
driver power supply, and insert a single jumper into JA4/ffi4.
b) Connect the pins as shown in the TIL Interface diagram.
TIL Interface I/O Signals - TERMINAL Port
PIN
No.

SIGNAL
NAME

1
2
3
19
13
16
7

FG
SD
RD
BUSY
BUSYOUT
RSTP
SG

DESCRIPTION
Frame Ground
Send Data
Receive Data
BUSY Input
BUSY Output
Reader Step
Signal Ground

IN/OUT
OUT(IN)·1
IN (OUT)
IN
OUT
OUT

JANo.
SN 7438
J 19
J 13.J6·2
J 16

TIL Interface I/O Signals - HOST/AUX Port
PIN
No.

SIGNAL
NAME

1
2
3
19
13
16
7

FG
SD
RD
BUSY
BUSYOUT
RSTP
SG

DESCRIPTION
Frame Ground
Send Data
Receive Data
BUSY Input
BUSY Output
Reader Step
Signal Ground

IN/OUT
IN
OUT
IN
OUT
OUT

JANo.
SN 7438
J19
J13.J6°2
J 16

NOTE 1: Values in 0 enabled when the DCElDTE select switch is
set to DCE.

NOTE 2: Connecting pins 8 and 9 (JNJB socket) causes the DTR
signal to be used as the BUSY signal to the terminal.
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Serial Interface
Control Signals
XONandXOFF
Protocol

XON/XOFF allows terminals or host computer systems to receive
data from the ICD even if the baud rates between these devices are
different.
The XON/XOFF protocol works in the following manner:

1. The host computer or terminal sends XOFF to the ICD before the
reception buffer overruns.
2. When the reception buffer is ready, the host computer or terminal
sends XON to the ICD and resumes reception.
The control codes for XON/XOFF signals are:
XON - DC3 (crRL-S: 13H)
XOFF- DCI (CTRL-Q: 11H)

BUSYandDTR
Input Signals

The BUSY signal sent from a low-speed tenninal can be used to
stop the ICD from transmitting data. Under normal conditions, the
terminal sets the BUSY signal to low, from the leading edge of the
RD signal starting bit, to the completion of data processing. The
ICD suspends data transmission to the terminal as long as the BUSY
signal is low.

BUSY - - 0 - - . .

OTR

RO

ZAX Corporation
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BUSYOUT and DSR
Output Signals

When a host computer sends data at a higher speed than the leO's
internal monitor processor can accept, the BUSYOUT signal from
the leo must be monitored. The leo sets the BUSYOUT signal to
low until the leo monitor reads the SO signal from the host
computer.

RSTPOutput
Signal

The leo can transmit the RSTP signal to terminals that require a
step signal for each data transmission. The leo sets RSTP to low
when it requests data to be read, and then returns RSTP to high
when it detects the start bit signal from the terminal.

RSTP

LOUT
SD
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Expansion Memory
Module
Description

ZAX Corporation

The optional Expansion Memory module expands the lCD's
memory capabilities to 256K bytes (128K standard + 128K
expansion). Components on this module include a 6O-pin bus
receptacle to connect with the Memory Mapping Unit(MMU)
module, a 5-pin power-supply connector, and two 8-bit switches
that control the module's functions.
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*

Installing The
Module

SECTION 3

If your ICD does not contain the optional Expansion Memory
module and you wish to install it, follow the procedure below:

a) Remove the lCD's top, bottom, and side covers as described in
"How To Disassemble Your ICD," in this section. It is not
necessary to remove the other modules from the mainframe to
install the Expansion Memory module.
b) Slide the Expansion Memory module into the open slot that is .
located just below the SIO module. Position the module so that it
fits between the aligning tabs, then fit the two small screws which
attach the module to the mainframe.
c) Connect the power-supply socket to the module. (Use a pair of
needle-nose pliers to push the socket onto the module's 5-pin plug.)
d) Connect the auxiliary bus cable to the module's 6O-pin bus
receptacle.
e) Attach the other end of the auxiliary bus cable to the 60-pin bus
receptacle on the MMU module, located on the bottom of the ICD
mainframe.
t) Replace the top, bottom, and side covers on the ICD mainframe.

* EXM-12
Module Components

1) & 2) DSWI & DSW2 ICD Program Memory Block Number
switches. Sets the allocation block number of the 128K-byte
Expansion Memory module in lK-byte blocks. (For more
information on memory allocation, see the ALLOCAnON
command in Section 2.)
2) EXM-12 6O-pin Bus Connector. Connects the EXM-12 module
with the MMU S-776 Memory Mapping Unit module.
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DSWl&DSW2
Switch Settings

SECTION 3

The following diagram shows the factory-adjusted switch settings
for the DSWI and DSW2 leD Program Memory Block Number
switches.

DSW2

I

LON-ENABLES 128K

OFF-DISABLE 128K

ON-USE BN15

OFF-IGNORE BN15

ON-USE BN14

OFF-IGNORE BN14

~--

' - - - - - - - (N.c.)

' - - - - - - - - - - - - ON-BN15 - 7 = 0

3 - 22

OFF-BN15 - 7 = 1
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Notes on bit functions:
Bit 8 of DSW2 - Enables and disables the Expansion Memory
module.
Bit 7 and bit 1 of DSW2 - When both bits are Off, the A25M
address signal is suppressed. Signals A17M through A24M remain
active.
Bit 6 of DSW2 and bit 7 of DSWI - When both bits are Off, the
A24M address signal is suppressed. Signals A 17M through A23M
and A25M remain active.
If bits 1 through 7 of DSWI and bit 1 of DSW2 are On, block
numbers 000-07F are selected. If bit 1 of DSWI is Off and all other
bits are On, block numbers 080-0FF are selected.
The following diagram shows the allocation block numbers and
corresponding bit settings:
Bit 1 (DSW2) =BN 15 (A25M)
Bit 8 (DSWl) = BN 14 (A24M)
Bit 7 (DSWl) = BN 13 (A23M)
Bit 6 (DSWl) = BN 12 (A22M)
Bit 5 (DSWl) = BN 11 (A21M)
Bit 4 (DSWl) = BN 10 (A20M)
Bit 3 (DSWl) = BN 9 (A19M)
Bit 2 (DSWl) = BN 8 (A18M)
Bit 1 (DSWl) = BN 7 (A17M)

ZAX Corporation
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SECTION 3

Break Comparator
Memory Module
Description

The Break Comparator Memory module qualifies the conditions
(address, data, status) for the BREAK command.
The BREAK command is used to control the functions of the Break
Comparator Memory module; there are no user-serviceable controls
or components.
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CPU Contro Module
Description

The CPU Control module contains the connectors, circuitry, and
80186 or 80188 microprocessor and 8087 co-processor, which allow
the ICD to emulate the target system's microprocessor and coprocessor.
The user-serviceable but not externally accessible components on
this module include: the CPU socket and NDP sockets, which
contain the 80186 or 80188 processor and the 8087 processor; one
of the three emulation method select switches; and various
"jumpers" which can be used to alter clock speed, change wait
states, and control signal timing.
To gain access to these components andlor change the processors,
see "How To Disassemble Your lCD," located at the end of this
section.
The remaining components on this module are externally accessible.
These include the CPU probe connectors (which connect the lCD's
internal processor to the target system), the NDP probe connector,
an4 the two remaining emulation method select switches.

ZAX Corporation
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CPU Control
Module Components
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1) CPU Socket. Accepts either the 80186 or 80188 CPU.
2) NDP Socket. Accepts the 8087 Numeric Data Processor.
3) Internal Oock Jumper Pins. Changes the lCD's internal clock to
either 8MHz or 4 MHz.
4) Wait State Jumper Pins. Inserts 1,2 or 3 wait states into each of
the SRDY and ARDY lines.
5) Timeout Jumpers. Sets the timeout (delay from ARDY/SRDY
response) to 2048, 128 or 8 clock cycles.
6) vcer Jumper. Provides a +5 volt reference line to the target
system.
7) Status Jumpers. Controls output of the 80186 processor's SO, SI
and S2 status lines during an emulation break.
8) NCK Jumper. Permits synchronization of the clock signal
between the lCD's CPU and NDP by adjusting the signal delay to
the NDP from 5ns to 50ns.
9) Emulation Method Select switch #1. See the switch description in
Section 1 and the information in this section.
10) Emulation Method Select switch #2. See the switch description
in Section 1 and the information in this section.
11) Emulation Method Select switch #3. See the switch description
in Section 1 and the information in this section.
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*

Changing CPUs

SECTION 3

To remove CPUs (80186 or 80188), carry out the following
procedure:
a) Disassemble the ICD as shown at the end of this section, and then
remove the CPU Control module from the ICD chassis.
b) Locate the square-shaped processor holder. To remove the
existing CPU, press the retaining clip away from the cover plate and
then lift the cover plate away from the holder.
c) Carefully grasp the edges of the CPU and lift the processor up
and out of the holder.
To install CPUs (80186 or 80188), carry out the following
procedure:
a) Locate the index marks on the CPU, then install the CPU in the
holder with the index marks properly positioned and the contact side
facing downward.
b) Reposition the cover plate onto the processor holder and press the
cover plate fmnly down to seat the CPU.
c) Press the retaining clip back onto the cover plate nibs.
d) Reinstall the CPU Control module and reassemble the ICD.

*NDP

Changing The

To remove the NDP (8087), carry out the following procedure:
a) DisaSsemble the ICD as shown at the end of this section, and then
remove the CPU Control module from the ICD chassis.
b) Locate the NDP socket. Slide the tab marked "On" into the
socket until the tab marked "Off' appears on the other side of the
socket.
c) Carefully remove the NDP from the socket.
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To install the NDP (8087), carry out the following procedure:
a) Reinstall the NDP into the socket.
b) Push the tab marked "Off' into the socket until it locks into the
original "On" position.
c) Reinstall the CPU Control module and reassemble the ICD.

*

CPU Control
Module Jumpers

The CPU Control module contains a number of plastic-encased,
gold-plated connectors called "jumpers."The jumpers provide a
convenient way of connecting (as opposed to soldering) the various
pins on the module, which in turn control clock speeds, wait states,
time outs, and signal I/O.
Internal Clock Jumpers. Sets the lCD's internal clock speed to either
4 or 8MHz. (The ICD internal clock is selected by setting the INTI
EXT switch to INT.)
The internal clock nonnally runs at a speed of 8MHz with a 50%
duty cycle, but it can be changed to 4MHz by modifying the jumper
on the CPU Control module. The clock jumper is identified by ex,
and the H and L jumpers specify the high (H = 8MHz) or (L =
4MHz) clock speed.
Settings:

CX-L - Sets lCD's internal clock speed to 4MHz.
CX-H - Sets lCD's internal clock speed to 8MHz.

Factory Setting: CX-H
,External Clock. Selecting the EXT setting on the INT/EXT switch
enables the ICD to use an external clock. The external clock setting
allows the peripheral LSI of the target system and the lCD's CPU to
be synchronized for simultaneous operation.

NOTE: To ensure accurate operation o/the lCD's CPU, a 50% duty
cycle is required/or high speed clocks greater than 4MHz.

ZAX Corporation
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Wait State Jumpers. Inserts 1,2 or 3 wait states into each of the
SRDY and ARDY lines. "SWT" controls the SRDY line and
"AWT" controls the ARDY line. To activate feature, use the
Emulation Method Select switch #2 and set bit 8 to the On position.
Settings:
SWT-I - Inserts 1 wait state into SRDY line.
SWT-2 - Inserts 2 wait states into SRDY line.
SWT-3 - Inserts 3 wait states into SRDY line. AWT1 - Inserts 1 wait state into ARD Y line. A WT-2 - Inserts 2 wait
states into ARDY line. SWT-3 - Inserts 3 wait states into ARDY
line.
Factory Settings:

SWT-2
AWT-2

Timeout Jumpers. These jumpers set the (delay from ARDY/SRDY
response) to 2048, 128 or 8 clock cycles. This constitutes a wait
state. Wait states can be used to cause a break (using the "BREAK:
Timeout" command) in the user program when the leD is unable to
access the target system contents within a certain time period.
Settings:

TOUT-8T - Sets the timeout to 8 clock cycles.
TOUT-128T - Sets the timeout to 128 clock cycles.
TOUT-2KT - Sets the timeout to 2048 clock cycles.

Factory Setting:

TOUT-128T

veCT Jumper. Provides a +5 volt reference line to the target
system.
Settings: veer (connected) - outputs +5 volts to the target system.
veCT (open) - reference line is not connected to the target system.
Factory Setting: open (not connected)
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Status Jumpers. Controls output of the 80186 processor's SO, Sl and
S2 status lines during an emulation break.
Settings: SO (connected) - Activates the SO signal during an
emulation break.
S 1 (connected) - Activates the S 1 signal during an emulation break.
S2 (connected) - Activates the S2 signal during an emulation break.
Factory Setting: all open (not connected)
NCK Jumpers. Permits synchronization of the clock signal between
the lCD's CPU and NDP by adjusting the signal delay to the NDP
from Sns to SOns.
Settings:

NCK-S - Sets delay to Sns.
NCK-10 - Sets delay to IOns.
NCK-15 - Sets delay to 15ns.
NCK-20 - Sets delay to 20ns.
NCK-2S - Sets delay to 2Sns.
NCK-30 - Sets delay to 30ns.
NCK-35 - Sets delay to 3Sns.
NCK-40 - Sets delay to 40ns.
NCK-45 - Sets delay to 45ns.
NCK-SO - Sets delay to 50ns.

Factory Setting: NCK-15

ZAX Corporation
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* Emulation Method
Select Switch #1
Description

The Emulation Method Select switch #1 is an 8-bit, On/Off type
switch that controls signal I/O between the ICD and target system
during emulation.

Location

The NDP/CPU connector end of the ICD. Switch #1 is located
below switch #2. (See "The Controls And Component Functions Of
Your lCD," earlier in this section.)

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

All bits are Off.
Bit 1: On- RD signal outputs during user memory access only.
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Bit 1: Off - RD signal outputs during both user and leD memory
access.
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Bit 2: On - WR signal outputs during both user and leD memory
access.
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Bit 2: Off - WR signal outputs during user memory access only.
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Bit 3: On - DEN signal outputs during user and leD memory
operations.
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Bit 3: Off - DEN signal outputs during user memory access only.
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Bit 4: On - ALE signal outputs during emulation.
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Emulation Break
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Bit 4: Off - ALE signal outputs in all states.

I

1'1

I

T2

1 T3 T\\·I

T4

1

T1

I

T2

I T3 T\\' I

1'4

I

eLK
ALE
A16 83-A19 S6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
A8-AI5(iI88, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
AIl0-AD7,iI88'-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
ADO-ADl5IiI861-------------------80 - S2
Emulation Hr .. ak
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Bit 5: On - DT/R signal outputs during emulation.

I Tl I T2 IT3iTWI T4 I Tl I T2 IT~'TWI

T4

I

eLK

ALE
AlO!5~-.';1]/56

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

AH-A 15( i IHH '

ADu-AD7iilXH! - - - - - - - - - - - - - - - - - - - - ADO-AD15iilitil---------------------

I ,

c::::

Emu Ia t ion Break
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Bit 5: Off - DT/R signal outputs in all states.

)'1,

eLK
ALE

;----,~--

T2

I

T3 ITW

I

T4

I

TI

T2

I

T3/TW

I

T4

I

________-Jr---l~__________~r==
__

AlOi53-All/56

AS-A151 i Hill)
ADO-AD7Iil881 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

A D O - A D I 5 I i 1 8 6 ) - - - - - - - - - - - - - - -_ _ _ _ __
SU-52

Emulation Break
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Bit 6: On - DT/R signal set to low-level during a break:.
Bit 6: Off - DT/R signal set to high-level during a break:.
Bit 7: On - User TEST signal connected to ICD TEST signal.
Bit 7: Off - User TEST signal disconnected with ICD TEST signal.
Bit 8: Off/On - Don't care bit (not connected).

*

Emulation Method
Select Switch #2
Description

The Emulation Method Select switch #2 is an 8-bit, On/Off type
switch that controls signal I/O between the ICD and target system
during emulation.

Location

The NDP/CPU connector end of the ICD. Switch #2 is located
above switch #1. (See "The Controls And Component Functions Of
Your lCD," earlier in this section.)

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

All bits are Off.

Bits 1, 2,3, 4, 5

On/Off - Don't care bits (not connected).

Bit 6

On - ARDY signal effective during both user and ICD memory
access.
Off - ARDY signal effective during user memory access only.

Bit 7

3 - 42

On - SRDY and READY signals effective during both user and ICD
memory access.
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Off - SRDY and READY signals effective during user memory
access only.

Bit 8

On - Automatic 2 clock wait state inserted into each machine cycle.

*

Off - Wait state suppressed.

Description

The Emulation Method Select switch #3 is an 8-bit, On/Off type
switch that controls signal I/O between the lCD's CPU and NDP
processor and the target system during emulation.

Location

In the central section of the CPU Control module.

Emulation Method
Select Switch #3

NOTE: This switch is not externally accessible. The ICD must be
fully disassembled and the CPU Control module removed before
this switch can be adjusted. To remove the CPU Control module
and gain access to this switch, see "How To Disassemble Your
lCD," in Section 3.

Function

See the individual bit settings that follow.

Adjustment

To change the settings of this switch, insert a small, pointed tool (a
pen tip works well) and adjust the switch bits to the On or Off
position.

Factory Settings

Bit 1 = On
Bit 2 = On
Bit 3, 4, 5, 6 = Off
Bit 7 = On
Bit 8 = Off

Bit 1

On - NDP's BUSY line is tied to the CPU's TEST lin.
Off - NDP's BUSY line and CPU's TEST line function normally.

Bit 2

On - NDP's RQlGTO line is tied to the CPU's HOLD:HLDA line.
Off - NDP's RQlGTO line and CPU's HOLD:HLDA line function
normally.

ZAX Corporation
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Bit 3, 4, 5, 6

On/Off - Don't care (not connected)

Bit 7

On - NDP's READY line is tied to the CPU's SRDY line.
Off - NDP's READY line and CPU's SRDY line function nonnally.

Bit 8

On - NDP's READY line is tied to the CPU's ARDY line.
Off - NDP's READY line and CPU's ARDY line function
normally.

3 - 44
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ICDffarget System
Interface

I C 0378 for 80186/80188

68 Pin PI ug Prove

A16/S3~
A18/S5
BHE

so

A16-A19
so, 51, 52
BHE (i80186)

CONTROL

DEN

DT/1<
CONTROL

ZAX Corporation
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L;L

~

-Rl)

WR

G
ALE
RD, WH
QSo
QSI
CO:>;TROL

~

ALE

";L
G

p

QSO

~;L

QSI

G

CLKOl:T
RESET
LOCK
TMROl'T
HLDA
UCS, LCS
MCS, PCS

L'~

=if
+sv

*

Xl

J¢::==

JVCC

I(

0

~+sv

0

,h
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NM"N'"

r-]<=

RES
TEST
fill, DRQ
HOLD
TMRI:>;
ARDY, SRDY

T

L

;t
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In-circuit Mode/CPU

Emulation

I 0

In-cir cuit mode

I

1

I

2

ICD State

Break

Emulation

Break

Emulation

Break

Emulation

X 1. X 2

EXT or
INT

EXT or
INT

EXT or
INT

EXT or
INT

EXT or
INT

EXT or
INT

CLKOUT

AC

AC

AC

AC

AC

AC

ICD RESET SW

AC

N

AC

N

AC

ICD MONITOR SW

N

AC

N

AC

N

AC

.2

AC

N .2

AC

RESET

N

N

ALE

N

AC

AC.5

AC

AC.5

AC

NMI, INT 0 - 3

N

N

N .1.3

AC

N

AC

HOLD,HOLDA

N

N

AC.I

ARDY, SRDY

N

N

N

TEST

N

AC

N

AC

N

AC

LOCK

N

AC

N

AC

N

AC

QS 0, 1

AC

AC

AC

AC

AC

AC

DRQ 0, 1

N

N

N

AC.I

N

AC

TMR INO, 1
TMR aUTO, 1

AC.6

AC

AC.6

AC

AC.6

AC

N

N

N

AC

N

AC

.4

AC

AC.I
AC

.3

N

.4

AC
AC

f--

PCS 0 - 7
MCS 0 - 2
UCS.CCS
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I ()

In-circut mode

I 2

I 1

RO

RO

RO

I CD

RW

R\\·

RW

I CD

Memorv

b;·

Mapping
l~

S

1'\0

Status:

ICO

access
as L; S

:-':0

access
as l" S
access
as l" S

l"S

l'S
i\O

AC = accept or active
N = not accepted or not active

RO = ICD emulation memory; read only
RW = ICD emulation memory; read/write
NO = ICD emulation memory; non memory
US = user memory (target system)
Notes:

*1

May be enabled/disabled with PIN command.

*2 Does not reset target CPU.
*3 NMI is edge-sensed. If NMI occurs during ICD emulation
break, the NMI process sequence is emulated when the ICD resumes
emulation.
*4 Accepted when the ICD monitor is in a user memory access
cycle (e.g., EXAMINE, DUMP, etc.).
*5 Output may be controlled by Emulation Method Select switch
#1 (bit 4).
*6 Timer contents not guaranteed during ICD monitor state.
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MACHINE CYCLE
S2 S1 SO

DT
/R

DE~

ADO-AD15
-( i80186)
AD 0 -AD 7
(i80188) READY
Address

Date

Interrupt Acknowldge

L

L

L

L

L

H

H

OUT

IN

IN

AC

Read I/O

L

L

H

L

L

H

L

OUT

OUT

IN

AC

Write I/O

L

H

L

H

L

L

H

OUT

OUT

OUT

AC

Halt

L

H

H

H

L

H

H

OUT

OUT

OUT

AC

Instruction Fetch

H

L

L

L

L

H

L

OUT

OUT

IN

AC

Read Data from Memory

H

L

H

L

L

H

L

OUT

OUT

IN

AC

Write Data from Memory

H

H

L

H

L

L

H

OUT

OUT

OUT

AC

H

H

H

H

L

H

H

TS

TS

TS

AC

TS TS TS TS TS TS TS

TS

TS

TS

NA

TS TS TS TS

TS

TS

TS

NA

OUT

OUT

TS

NA

OUT

OUT

TS

NA

OUT

OUT

TS

NA

Passive
HOLD state
RESET State

H

H

H

ICD Emulation

H

L

L

L

H

ICD Emulation

L

H

L

H

L

H

ICD Emulation

H

L

H

L

L
*2

H

*4

.• ;"mory Read *1

L

a

*2
H

H

*4 *3

Memory Write * 1
H

X

X

H

X

X

X

X

NA

TS TS TS

X

L

H

X

TS

TS

TS

NA

H

Emulation Break
10

L

*4

Memory Fetch * 1

Status:

A16
-A19
BHE
(iBOl86)
WR RD A8
-A19
(i801SSI

STATUS CONTROL

Machine Cycle
Operation

H

H = high level
L = low level
X = high or low level

TS = high impedance
AC = accepted
NA = not accepted
OUT =output

IN =input
Notes:

*1 In this cycle, the target system is not accessed although the ICD
emulation memory is mapped.
*2 RD signal suppressed by Emulation Method Select switch #1
(signal status becomes high).
*3 WR signal suppressed by Emulation Method Select switch #1
(signal status becomes low).
*4 Han NDP is installed, the status of the bus ground becomes
read data or write data as viewed from the target system.
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ICDProgram
Memory Cycles

The ICD generates a cycle which does not access memory in the
target system when the ICD program memory is selected (by
memory mapping), or emulation is interrupted by a break state. This
is the machine cycle of the ICD program memory fetch, read and
write signals.
During the ICD program memory fetch and read cycles, each of the
SO, S 1 and S2 signals indicate the memory fetch/read cycle, but the
ICD does not receive any data by setting the data bus to a 3-state.
During the write cycle, the SO, S 1 and S2 signals directly indicate
the memory write cycle, and the write data outputs on the data bus.
This allows the lCD's program memory write cycle to perform the
same operations as the target memory write cycle.
ICD Program Memory ReadlFetch Timing Diagram

I

T I

I

T2

I T3ITW I

T4

I

T I

I

I T3/TW I

T2

T4

I·

eLK
ALE
A16/ A IS( i 188)

==A"i5'i5'RESs~_......;;;.sT:.:.:A~n~JS~----:ADDRESS, _ _ _ _ _ __

AD 0 -AD 7 (il88) =::::lr-----c=sTrAATTli7':rS'·--~I.,..----;Ai"'nD~DR;;"';'E~S"::"'S- - - -

ADO-ADI5(il86)~SS-< DATA IN ~S------S O-S 2

~

RD

Z 7
\

I

DEN

DT

iii:

z

\

\'

n

_________ - , - - -

I

"J

AROY, SRDY

User Memory Read
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leo Program Memory Write Timing Diagram

I

TIl

T2

I T3/TW I

T4

I

Tl

I

7'2

I T3ITW I

T4

I

eLK
ALE
A16/53-Al~"--_ _.;;.'·;.,;rI.;.;.T'' ;' ·'_ _''''~I\,;.\;;.;.''";;.;;I<I:;;;'''J''-_ _.....;'..;.·T..;.;.I"I..;..''_ __
A8-A15(i ~_ _ _ _ _...:\.:.:.:"I<;,:;.L;;.;;"~_--,X,-_ _ _ _...;\:::.:I>I.:.:;.II<;;.;.b..;..'_ _ __

ADO-AD7(~'1~88~)~-<:~E3C=:::J~~:!::=:X~l3X:=:::!~~===:
1l:\T-\ 111'1'

IJ·\T-\ IWI

ADO-AD15( il86)

SO-52 --~\------~~~~\-------------r--r--------

\'-___-J'
DEN - - - - - - \ " '_ _ _ _ _ _

DTiR

...Jr--\ - - --- -- - -- ------- -,--

:=J

ARDY. 5RDY - - - - - '

User Memory Wri te
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ICD Emulation Memory Write

I
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lCD/CPU
Configuration

80186/188 Pin Configuration

TOP

so

ucs

51

LCS

52
ARDY
CLKOUT
RESET
X2
Xl

ALE/~~

PC56/A2
PC55/Al
PCS4
PCS3
PCS2
PCSI

~fO~

fO~

~~"so

RD/OSMD

RES
TMR OUT 1
TMR OUT 0
TMR IN 1
TMR IN 0
DROI

WR/OSI

SHE
A19/56
A18/55
A17/S4
A16/S3

"'-+",.,,,.-,,.,,..,,,,,n,,,..,,,.., "

,.."nr,.-+'""

so

UCS

51

LCS

52
ARDY
CLKOUT
RESET
X2
Xl

v..

ALE/OSO

&

a..~\.~

..o'iJ

RD/OSMD
WR/OS1
57
A1e/56
A18/55
A17/S4
A1B/S3

3 - 52

DROO

&"+",..".,"'M",..,,..,rl,.,r,,..,,,,..,nrlri'::u8

PC56/A2
PC55/Al
PCS4
PCS3
PCS2
PCSI

v..

PCSO
RES
TMR OUT 1
TMROUTO
TMR IN 1
TMR IN 0
DROI
DROO
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lCD/CPU Probe
Configuration

CPU Probe ( 1 / / 3 )
Signal Name
ADO-AD3

Buifer Ie
4A
(L S245)

DirectIon

State

I N/OUT

TS

AD4-ADi
AD8- AD11
(A8- All)

4B
(L S245)

I N/OUT

TS

ADI2-AD15
(A12-A15l

Register TerminatIon
Pull up

Pull down

Senes

B R13
(open)

B R22
(open)

B R2
(open)

B R12
(open)

B R21
(open)

B Rl
(open)

B R13
(open)

B R22
(open I

B R2
lopen

B R12
(open)

B R21
(open)

B Rl
(open)

I

A16-A18

4D
(LS244)

OCT

TS

B R 15
(open)

-

B R4
(open)

A19

5F -8.6
(L S125)

OUT

TS

B R15-4
(open)

-

B R4-3
(open \

BHE
S7

4D-3
(LS244)

OUT

TS

B R 15-3
(open)

-

B R4-2
(open)

SO-SZ

4C
(L S244)

OUT

TS

B R14
(open)

-

B R3
(open I

Ii'""n\f

5F-3
(L S125)

OUT

TS

B R 16-8
(open)

-

B R5-2
(open)

DT/R

7F -3.6
(L S125)

OUT

TS

B R 16-7
(open)

-

B R5-6
·(open)

ALE

7F -11
(L S125)

OUT

-

B R 14-9
(open)

-

B R3-8
(open)

Q SO

5E -3
(L S244)

OUT

-

WR

5E-14
(L S244)

OUT

ts

B R 15-2
(open)

-

B R4-1
(open)

QSl

5E-7
(L S244)

OUT

-

J(]J

5E -18
(LS244)

OUT

TS

R4
OOK)

-

B R3-7
(open)

QSMD

4D-8
(L S244)

1N

-

ZAX Corporation
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CPU Probe (2 / 3 )

Signal :'\ame
XI
X')

3 - 54

RegIster TerminatIon
Buffer Ie
13A -10
( FOO)
-

Direction
11\

State
-

il:o Connection

Pull up
Rll
(lOKI
-

Pull down
R21
(39K I
-

Senes
RI
\100)
-

CLKOL'T

7C -12
(LS244!

arT

-

B R 14-6
(open)

-

B R3-5
(open)

RESET

7C -9
(L S244)

OrT

-

B R 14-7
(open \

-

B R3-6
(open)

RES

4E -8
( L S244)

11\

-

B R 17-5
(open)

B R23-5
(open)

-

NMI

4E -6
(L S244)

Iii:

-

B R18-7
(open)

B R24-7
(open)

-

TEST

4£ -17
(LS244\

1:\

-

B R 18-6
(open)

B R24-6
(open)

--

LOCK

7C -18
(L S244 )

OCT

-

B R15-7
(open)

SRDY

4£ -15
(L S244)

1:\

-

B R 18-8
(open)

B R24-8
(open)

-

ARDY

4£ -2
(L S244)

IN

-

B R18-3
(open)

B R24-3
(open)

-

HOLD

4£ -4
(LS244)

IN

-

B R 18-9
(open)

B R24-9
(open)

-

HLDA

7C -3
(LS244)

OUT

-

B R 15-6
(open)

Vee

JVCC
No Jumper

No Connection

-

-

-

Gt\D

Connection

Connect Common

-

-

-

-

-

B R4-6
(open

B R4-5
(open)
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CPU Probe (3 / 3 )

Register Termination
Signal Name

Direction

State

Pull up

Pull down
BR23-6.7
(open)

Series
-

TtvfRINO.l

4E -13.11
(L S244)

IN

-

BR17-6. i
(open)

TtvfROUTO

7 C -14
(L S244)

OUT

-

BR16-6
(open)

-

BR5-5
(open)

TtvfROUTl

7C-16
(L S244)

OUT

-

BR16-5
(open)

-

BR5-4
(open)

DRQO.l

3F-5.6.
(85302)

IN

-

BR17-8.9
(open)

BR23-B.9
(open)

-

INTO. 1

3F-7.8
(85302)

IN

-

BRI8-4.5
(open)

BR24-4.5
(open)

-

INTZ/INTAO

4F-ll
(85301 )

IN/OUT

-

BR17-3
(open)

BR23-3
(open)

BR5-2
(jumper)

INT3/INTAI

4F-9
(85301 )

IN/OUT

-

BR17-4
(open)

BR23-4
(open)

BR5-3
(Jumper)

1JC5'

6C-12
(L S244)

OUT

-

BR19-2
(open)

-

-

ITS

6C-14
(L S244)

OUT

-

BR19-3
(open)

-

-

MCSO-3

6C-3.16
7.5
(L S244)

OUT

-

BRll-5.4
3.2
(open)

-

-

PCSO-l

5C-5.9
7.14
3.16
(L S244)

OUT

-

BRI9-9.B

-

-

5C-12
(L S244)

OUT

-

-

PC~~

PCS2

ZAX Corporation

Buffer IC

-{)

7.6
5.4
(open)

-

BR16-4
(open)
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lCD/CPU Signals

Examined
RESET Signal

The RESET signal is used to reset the ICD monitor. The signal is
sent by pushing the Reset switch on the Indicator/Control panel.
This action resets the ICD monitor, but does not reset the target
system. Typically, the target system will have a manual reset switch
that resets the entire system.
Resetting the target system also causes a hardware reset of the
lCD's CPU registers. However, if an emulation break is in progress,
resetting the target system will not have any affect on the lCD's
CPU registers. The CPU registers must be reset by using the
REGISTER RESET command.

NOTE: Resetting the lCD's CPU resets the NDP as well.

TARGET RESET

RESET

....L

...L

011

~I

EMULATION
LOGIC

PROB~

186 ,~
188

II

I

RESET

LOGI

EJ

TARGET SYSTEM

ICD

10

MONITOR EMULATION
IICD MONITOR SWITCH

I RESET

~

11
MONITOR EMULATION

12
MONITOR EMULATION

0

x

0

x

0

x

x

x

L'1

0

L'1

0

0: Effective
f::.: Conditionally effective
x: Not effective
• 1: Does not work as the hardware reset of the emulated CPl),
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The READY (ARDY and SRDY) are active anytime the target
system or I/O is being accessed. This signal is useful when
emulating target systems that operate a high clock speeds; when the
target memory or I/O access time is short; or when a small margin
of time is left in the READY set-up time of the target system.
If the leo is unable to access the target system's memory contents
within 128 clock cycles, you can make the leo cause a break in
program execution by using the "BREAK: Timeout Breakpoint"
command. (See the BREAK command in Section 2.)

NOTE: Bit 8 of Emulation Method Select switch #2 has no affect if
the external READY is prohibited by the READY generation logic of
the emulated CPU.

ARDY
illOlHfi
iHlllKH

SRDY

PROBE
L()(;IC

I

OFF
TIMIt\G
LOGIC

ICD

ZAX Corporation

E.M.SEL
OON SW 2
Bit 8

TARGET SYSTEM
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ALE/QSO,WRlQSI,

RD/QSMD Signals

H the RD/QSMOD signal is on GND level during a reset (leO or
target system) and active during emulation mode, the ICD enters the
"queue status mode." The probe logic of the leo has two modes:
queue status mode and ALE mode. The target system's RD/QSMD
signal determines which type of probe logic is interfaced between
the leo and target system.
The RD/QSMOD signal is pulled up within the leo to prevent the
operator from inadvertently establishing the queue status mode.

iHOIH6
iHOIHH

I

()

~tl'ml/n

Con1 rol

~------

1,]) (j-;\!!l

ICD
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The ICD can accept the TEST signal at any time if the in-circuit
mode is 11 or 12. If, during emulation, the TEST signal is inactive
when the WAIT instruction is executed, the processor does not
proceed to the next instruction.
The NDP's BUSY signal can be interfaced with the CPU's TEST
signal by using Emulation Method Select switch #1. If this link is
chosen, the TEST input of the target system is "ORed" with the
BUSY signal. (See "More About Your lCD," in Section 1.)
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Mes LCS MCSO·3
PCSO·7 Signals

The chip select signals are effective while an access is being made
to the target memory or I/O. The values of the memory select
signals at the reset of the lCD's CPU are different from those when
the CPU is reset. The peripheral chip select signals, however, have
the same initial values between the lCD's CPU and CPU resets.
The table at the bottom shows the initial values for the ICD.
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The 8087 Numeric Data Processor (NDP) performs arithmetic and
comparative operations on a variety of numeric data types, as well
as execution of numerous built-in transcendental functions (e.g.,
tangent and log functions).
The NDP does not operate as an independent device, but rather as
an extension processor to the existing CPU (80186/188). By
operating as a co-processor, the NDP effectively extends the register
and instruction sets of the host CPU, and adds several new data
types as well.

NDP
Configuration

8087 Pin Configuration

8087 Numeric Data
Processor Pin Configuration
VSS
A14ID14
A13ID13
A12/D12
A11/D11
A10/D10
A9/D9
AB/DB
A7ID7

A6/D6
AS/DS
A4/D4
A3/D3
A2/D2
A1/D1
AO/DO

NC
NC
ClK
VSS

VCC
A1SID1S
A16/S3
A17/S4
A18/SS
A19/S6
BHE/S7
RQ/GT1
INT
RQ/GTO

NC
NC
S2
S1
SO
QSO
QS1
BUSY
READY
RESET
NC = NO CONNECT
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Because the NDP is wired directly to the host CPU, the two
processors can be thought of as a single processor. The CPU's
queue status lines (QSO and QSl) enable the NDP to obtain and
decode instructions in synchronization with the CPU. The NDP's
BUSY signal informs the CPU that the NDP is executing. The
WAIT instruction tests this signal to ensure that the NDP is ready to
execute instructions. The NDP can interrupt the CPU when it
detects an exception. The NDP also uses one of the host CPU's
request/grant lines to obtain control of the local bus for data
transfers. The CPU and NDP processors all utilize the same clock
generator and system bus interface (bus controller, latches,
transceivers, bus arbiter); no additional hardware is needed to
interface the two processors.
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In most cases, a target system which incorporates an NDP in its
design, can be emulated using only the lCD's CPU in-circuit probe.
This is because the NDP and CPU interface signal lines are
internally connected within the ICD. However, the RQlGTO and
BUSY signals of the NDP are connected to the CPU via the
Emulation Method Select switch #3, and this switch must be set
correctly in order to emulate the target system's NDP without using
the NDP in-circuit probe.

For a complete description of how the Emulation Method Select
switch #3 affects the signal interface, refer to the "Emulation
Method Select Switch #3" chapter a few pages back.
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There are certain conditions under which the NDP in-circuit probe
must be used to emulate an NDP-equipped design. You should use
the NDP in-circuit probe when any of the following conditions
exist:
1. The NDP's!NT signal is used for an interrupt to the CPU.
2. The NDP's BUSY signal is not used to monitor the TEST
terminal of the CPU.
3. The NDP's RQ/GT1 signal is used to connect a bus request from
another lOP (Input/Output Processor-8089) to the target lOP.
4. The NDP's RQlGT signal is not used for a bus request to RQI
GTO or RQ/GT1.
If the NDP in-circuit probe is required for your particular
application, see "System Preparation," in Section 1.
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The QSl, QS2, SO, Sl, S2 and CLK signals of the CPU and NDP
processors are directly connected within the ICD. This allows the
NDP to be synchronized with the CPU, regardless of the in-circuit
mode or whether the lCD's NDP is connected to the target system.
The NDP memory accesses sequence is executed in the following
manner:

1. The RQ signal is generated from the NDP's RQ/GTO line that is
connected to the CPU via the Emulation Method Select switch #3.
2. After a GT response from the CPU, the CPU probe interface sets
the bus signal to 3-state.
3. When the NDP starts memory access, the bus signal and SOlS 1/
S2 signals become active and emulate the NDP memory read/write
operation.
When the RLS signal of the NDP is generated, the CPU, via the
probe, resumes CPU memory access.
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The NDP memory may be accessed after the ICD breaks emulation.
The ICD breaks CPU emulation if 500 clock cycles pass, from the
time of the NDP instruction fetch (eg., FST, FIST, EBSTP) to the
time of memory data writing. In this case, the ICD can complete a
bus request and memory access of the NDP.
The RQ/GTO signal, connected from the NDP to the CPU via
Emulation Method Select switch #3, is received by the CPU even .
during an emulation break; it cannot be inhibited by the PIN
command.
Emulation
Execute
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The ICD can output the !NT signal of the NDP in all in-circuit
modes (11/12/13). The INT signal is used to generate an interrupt
sequence to the CPU by the Programming Interrupt Controller
(PIC). The CPU then transmits the interrupt signal to the target
system in the 11 and 12 modes only.
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Because the NDP and CPU are connected internally, the ICD can
emulate the bus arbitration function by the NDP's RQ/GTO signal in
any of the 10, 11 or 12 modes. The RQ/GTO signal of the NDP may
be accepted during an emulation break state but not inhibited by the
PIN command.
TARGET SYSTEM
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Controlt'
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NDP QSO/QSl Signal

Because the queue status signal of the NDP is issued a half clock
cycle earlier than the CPU, the CPU's queue status cannot be
directly connected to the NDP.
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CPUINDP Clock
Delay

The NCK jumpers on the CPU Control module permit
synchronization of the clock signal between the lCD's CPU and
NDP by adjusting the signal delay to the NDP from 5ns to 50ns.
Refer to the "NCK Jumpers" chapter for more information.

CPU
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NDP BUSY Signal

The NDP's BUSY signal can be accessed by the target system in all
in-circuit modes (10/11112). Generally, the BUSY signal connects to
the TEST tenninal of the CPU. and the BUSY signal between the
NDP and CPU is joined via Emulation Method Select switch #3.

ICD
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Emulator Control
Module
Description

ZAX Corporation

The Emulator Control module controls the emulation and monitor
modes of operation. The module also houses the Event Trigger
connector and the External Break connector; both are externally
accessible. There are no internal user-serviceable controls or
components on this module.
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Real-time Storage
Module
Description

The Real-time Storage (RTS) module includes the controller,
memory, and real-time counter for managing program tracing. By
using the HISTORY command, different sections in your program
can be traced, stored, recalled and displayed.
The mSTORY command is used to control the functions of the
real-time trace module; there are no user-serviceable controls or
components on this module. (For a complete description of how the
real-time trace feature works, see the mSTORY command in
Section 2.)
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Memory Mapping
Unit Module
Description

The Memory Mapping Unit module contains 128K bytes of highspeed static RAM (known as "emulation memory"), which can be
used for downloading files, altering the memory contents, and
loading future memory into the target system.
There are a few user-serviceable components on this module. See
"How To Disassemble Your ICD," at the end of this section, after
reading about the MMU's components on the following pages.
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1) ICD Program Memory Block Number switch
2) +5V Jumper
3) CN2 Connector
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1) ICD Program Memory Block Number switch. This 4-bit switch
sets the allocation block number of the 128K-byte memory mapping
unit in 1K-byte blocks. (For more infonnation on memory
allocation, see the ALLOCATION command in Section 2.)

Bit

Operation

Enabled

Disabled

1
2
3
4

Block #7 (A17M)
Block #8 (A18M)
Block #9 (A19M)
Selects the
128K-byte program
memory for ICD

On
On
On
On

Off
Off
Off
Off

Factory settings = All bits set to On.
2) +5V Jumper. Internally connects Vcc of the ICD to the
Expansion Memory module. Under nonnal operating conditions, the
+5V jumper is disconnected.
CAUTION: DO NOT USE THE roMPER FOR A +5V POWER
SUPPLY TO CN2. DOING SO WILL CAUSE DAMAGE TO THE
ICD.
3) CN2 Connector. Used to connect the optional Expansion Memory
module to the ICD.
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The leo for 80186/80188 features 128K bytes of RAM (emulation
memory) which can be used for downloading object files, as well as
altering or manipulating the target system's memory. (Emulation
memory contrasts to user memory in that user memory is typically
contained within the prototype itself.) leo emulation memory can
be expanded internally to 256K bytes by adding the EXM-12
Expansion Memory module.

leD Emulation
Memory

leo emulation memory is composed of high-speed static RAM,
which allows the support of multi-speed target systems. When
viewed from the target system, emulation memory is different from
a normal memory area in that it is contained within the 80186/80188
processor. Because of the special characteristics of emulation
memory, DMA transfer between the target system and the leo
emulation memory is not possible; however, DMA transfer between
the address spaces within the target system is permitted.
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Target System
(User) Memory

The memory contained in the prototype is called target system
memory or user memory. The ICD can address any area of the IMbyte target system memory space.
The access time required to write to the target system memory from
the ICD is identical to that of the processor; however, the access
time needed to read from the target system memory is slightly
shorter than with the processor. Therefore, certain access conditions
must be satisfied for accurate reading. These conditions are shown
below:

T2

T1

T4

T3/TW

ClK

ADDRESS

----f::

tAD
DATA-IN

tDVCl

tCLDX

--------------1\

max (3 + N) T-95 ns

tAD

AO-A19 Valid to Valid Data In

tDVCl

Data Setup Time

min

35 ns

tCLDX

Data Hold Time

min

10 ns

N

= Total WAIT state

T = ClK Cycle Period

Target Memory Timing Diagram
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You can use all or part of the lCD's RAM in place of target system
memory by creating a memory map. The lCD's emulation memory
can be mapped in increments of lK bytes by using the MAP
command. (For an explanation and example of how this works, see
the MAP command in Section 2.)
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Line Voltage: 100 to 120 volts AC
200 to 240 volts AC
Frequency: 50 or 60 Hz
Power: 50 watts
Output voltage:

+5 volts DC
+12 volts DC
-12 volts DC

The Power Supply provides +5 volts to the control modules and 24
volts (P-p) to the external cooling fan and its own cooling fan. The
voltage to the control modules is filtered to reduce noise from the
power supply line.

....
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How To
Disassemble

YourICD
Introduction

The ICD must be partially or fully disassembled in order to modify
the components and controls, or to change certain settings on the
control modules. In this chapter, you will find the procedure for
disassembling the ICD and removing (and installing) the control
modules.

IMPORTANT

Before you begin any disassembly of your lCD, you should be
aware of certain guidelines which must be followed in order to
preserve the Warranty Policy on this equipment.

NOTICE!

1. All adjustments and modifications to the ICD are limited to the
Serial Interface Output (SIO) module, CPU control module,
Memory Mapping Unit (MMU) module, and Expansion Memory
(EXM-12) module. The adjustments and modifications which are
authorized by ZAX are clearly identified in each of these chapters.
Any other alterations or adjustments on the other control modules
voids the Warranty Policy.
2. Do not adjust, modify, and/or in any way alter the controls or
components on any of the three remaining modules (lndicator/
Control, Real-time Trace, or Emulation Memory Unit), or the power
supply.
3. Follow the disassembly procedure described here. Damage may
result if the ICD is disassembled, or the modules removed, in a
manner other than that described here.
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The Basic Parts
OfYourICD

The construction of all ZAX lCD-series emulators is very similar.
The basic ICD unit includes the mainframe, the eight control
modules, the power supply, the Mother Bus cable, and the outside
casing. The mainframe is a metal chassis that houses the control
modules and the power supply. The eight control modules are
circuit boards which do the actual work of emulating the target
system. The power supply provides voltage for the modules. The
Mother Bus cable permits the modules to communicate with each
other. The ICD case consists of a top cover, bottom cover, and two
side covers.
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Main Frame
Side Covers
Control Modules
'lbpCover
Power Supply
Bottom Cover
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Procedure For
Disassembling
ThelCn
WA~NG:HAZARDOUSVOLTAGEISPRESENT

WITHIN THE ICD. DISCONNECT THE AC POWER PLUG
BEFORE BEGINNING ANY INTERNAL WORK ON THE
ICD.
Disassembling the leo requires the following tools:

«==--===e~::::=:;~

(1) medium Philips-type screwdriver; used for removing the outside
case screws.

(1) small Philips-type screwdriver; used for removing the modules
from the internal mainframe.

(1) small slot-type screwdriver; used for prying the bus cable

sockets away from the pin connectors.

(1) pair of needle-nosed pliers: used for removing and attaching
power-supply connectors from the 5-pin plugs.
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1. Remove the two side covers and the top cover.
a) Remove the four raised screws that connect the side and
top covers.
b) Remove the eight countersunk screws on the side covers.
c) Detach the side covers and the top cover.
2. Gently turn over the ICD and remove the bottom cover.

NOTE: Place the ICD on a softfoam-type pad to protect the case
and components.
a) Remove the four screws that attach the bottom cover to
the mainframe (it is not necessary to remove the two
countersunk screws) ..
b) Lift the bottom cover away from the ICD.
c) Turn the ICD back over on the foam pad so the control
panel and power supply are facing up.
The control modules are now accessible for removal.

ZAX Corporation
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Each module is linked by the 6O-pin Mother Bus cable. Power is
supplied to each module by a 5-pin, plug-type power connector
cable (except for the Indicator/Control Panel which receives its
power from the Mother Bus cable). The power and Mother Bus
cables must be detached before removing any of the control
modules.

IMPORTANT: Note the position of the power connectors before
removing them. Both the socket and plug have a black label on
one side which marks the polarity of the connectors.

POWER
SUPPLY

~C:::========:::::J""'-PANEL
'w===========:::!:::::r-'..I-SIO

1============:J-EXM-12
c:::::==========~rBRX

c=======================~r-EMU
RTS
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1. Remove the Indicator/Control Panel.
a) Remove the four screws that secure the metal cover to the
panel.
b) Detach the Mother Bus cable from the Indicator/Control
panel (location' CN-l).
c) Remove the four screws that attach the panel to the
mainframe.
d) Remove the Indicator/Control panel from the mainframe.
2. Remove the Serial Interface Output module.
a) Remove the two small screws that attach the module to
the mainframe.
b) Detach the Mother Bus cable from the module.
c) Detach the power-supply connector from the module:
3. Remove the optional Expansion Memory module, if supplied.
a) Detach the auxiliary bus cable from the module.
b) Detach the power-supply connector from the module.
c) Remove the two small screws that attach the module to
the mainframe.
d) Remove the Expansion Memory module from the
mainframe.
NOTE: When installing this module, carefully fold the bus cable to
make a 90-degree turn so that it can attach to the 60-pin bus
receptacle on the Memory Mapping Unit module (located on the
bottom of the leD).
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4. Remove the Break: Matrix module.
a) Detach the Mother Bus cable from the module. Detach the
3D-pin bus cable that connects the BRX module to the EMU
module.
b) Detach the power-supply connector from the module.
c) Remove the two small screws that attach the module to
the mainframe.
d) Remove the Break Matrix module from the mainframe.
5. Remove the Central Processing Unit module.
a) Detach the Mother Bus cable from the module by pushing
out the retaining clips from the connector housing.
b) Detach the power-supply connector from the module.
c) Remove the two small screws that attach the module to
the mainframe.
d) Slide the module away from the mainframe at the powersupply connector-end of the ICD.
6. Remove the Emulator Control module.
a) Detach the Mother Bus cable from the module.
b) Detach the power-supply connector from the module.
c) Remove the two small screws that attach the module to
the mainframe.
d) Slide the module away from the mainframe at the powersupply connector-end of the ICD.
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7. Remove the Real-time Trace Storage module.
a) Detach the Mother Bus cable from the module.
b) Detach the power-supply connector from the module.
c) Remove the two small screws that attach the module to
the mainframe.
d) Slide the module away from the mainframe at the powersupply connector-end of the ICD.
8. Remove the Memory Mapping Unit module.
a) Turn the ICD over so that the MMU module is on top.
b) Detach the Mother Bus cable from the module.
c) Detach the power-supply connector from the module.
d) Remove the four small screws that attach to module to the
bottom of the mainframe.
e) Lift the module away from the mainframe.

Installing The
Modules

To install the modules, reverse the "removing the mOdules"
procedure.
CAUTION: DO NOT REVERSE POWER CONNECTOR
POSITION DURING INSTALLATION. CONNECTOR
MISPLACEMENT WILL CAUSE DAMAGE TO THE ICD·
278.
NOTE: When replacing the side panels, loosely position all the
screws in place to allow the panels to align properly before
tightening the screws.
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COMMUNICATION PROTOCOL

Section 4: COMMUNICAnON PROTOCOL, shows the
communication programs for interfacing a computer to an ICDseries emulator NOT supported by ZAX's ZICE communication
software. It is an optional section of this User's Manual. If you
require this section for your application, call or write the following:
ZAX. Corporation
Attn: Technical Publications Department
2572 White Road
Irvine, CA 92714
(714) 474-1170
(800) 421-0982
Telex #183829

ZAX Corporation
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IN·CIRCUIT EMULATORS SPEARHEAD
THE NEW MICROPROCESSOR DEVELOPMENT
SYSTEMS
by Mark D. Johnson
Although turnkey microprocessor development systems have
been available for about a decade now, the new integrate
microprocessor development systems (MDS) used for testing,
debugging and integrating both hardware and software designs have
only recently become a common sight in the design engineer's lab.
The new MDS, with its unbundled structure, is a multicomponent, multi-vendor system pieced together by the user. It is
the latest, and least expensive, approach to implementing and
automating the design of microprocessor-based systems. These
open-architecture development systems - designed to be compatible
with existing development equipment - are the newest and fastest
growing design aids that are more than adequately competing with
the turnkey development systems supplied by the chip
manufacturers themselves.
The latest tri-based systems incorporate a host computer,
development software and diagnostic tools such as logic state
analyzers and emulators. Of these components, it is the emulator
that transposes the run-of-mill computer system into a full-fledged
microprocessor-based development system for managing a project
from the software coding phase right through to hardware/software
integration and final testing.
What makes the new MDS so popular? Primarily, its low
cost. By utilizing existing resources in their labs, engineers can now
integrate the development software and diagnostic tools needed to
fonn a complete MDS, while saving thousands of dollars over the
price of dedicated systems.

PC Makes The
Ideal Manager

ZAX Corporation

The heart of the MDS is the management unit - the host
computer. The host computer provides control for the system, acts
as a pipeline to development software and provides mass memory
storage. In the past, mainframe micro computers were the accepted
standard for project control, but with the new MOS, this expense far
outweighs the costs of the remaining components.
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The most attractive alternative is the mM personal computer
- indisputably the design engineer's favorite choice in a personal
computer. Other PCs can be utilized, but the ffiM PC is really the
key to the flexible MDS as other market leaders continue to tailor
their software products and diagnostic tools to mM's architecture.
Using the mM PC, design engineers can now tap an
extensive line of development software products for generating
source code and compiling complete programs. This development
parallels the longstanding ability of programmers to incorporate the
use of assemblers, compilers, linkers, loaders and editors as
software development tools.
The remaining members in the MDS structure are diagnostic
tools; specifically, logic-state analyzers and in-circuit emulators.
When the hardware prototype is constructed, it must be tested to
determine whether the actual operation in real life is within the
hardware specifications. This is where specialty diagnostic tools
become a necessity, as they have the capability to monitor signals
from the microprocessor and peripheral circuits. Since. there are
numerous microprocessor signals .which require simultaneous
monitoring, the use of an oscilloscope (capable of monitoring only a
few signal lines) would be impractical for keeping track of all the
necessary signals. This is where the logic state analyzer and
emulator play such a vital role.

Emulation vs
Simulation

A-2

A logic state analyzer (LSA) can vary from a simple (where
some indication of a single multi-signal state is needed) to a very
sophisticated device which can store several multi-signal states and
display the results in various forms - even showing the instruction
mnemonics. LSAs, however, lack the one feature available on
virtually every emulator - the ability to "loan" resources. Thus, the
emulator is an advance over the LSA because it permits the use of
the more sophisticated facilities of the LSA, combined with the
ability to transfer blocks of memory between the prototype and the
emulator, and then modify the memory by categorizing it as readonly, read/write, and so on. Another popular configuration ties an
LSA directly to an emulator. The combination merges a logic
analyzer's sophisticated trigger, qualification, data-acquisition, and
measurement capabilities with an emulator's debugging and loan
facilities. The emulatorlLSA interface permits simultaneous control
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and monitoring of the prototype system under development.
For all their testing. debugging and management capabilities,
emulators remain the most misunderstood and often intimidating
devices associated with the MDS. Part of the mystique arises from
their functionality (the ability to monitor as well as execute), part
from the lack of application information (often vague and
incomplete), and part from their control mechanism (emulators need
to be told what to do and how to do it by a set or series of
complicated and often confusing instructions.) Couple these
problems with the fact that there are several different system
configurations. all requiring a particular compatibility formula, and
it's no wonder designers turn to the single-vendor development
systems. Fortunately. however. the situation is changing for the
better, since vendors are beginning to coordinate various
manufacturers' equipment and development packages for their
users.

Mimicking The
Prototype

Emulation is the result of replacing the microprocessor in a
prototype design with a piece of test equipment which incorporates
an identical microprocessor to that found in the prototype. The
strategy behind this exercise is to provide the test equipment with all
the functions of a particular microprocessor, along with capabilities
which assist in the integration of the prototype's hardware and
software components. In a real-world testing environment, the
emulator is attached to prototype circuitry by replacing the
microprocessor with a multi-pinned header plug with the same pin
configuration as the processor's. Thus, in its simplest operating
mode, the emulator "tricks" the prototype into thinking nothing has
changed with its relationship to the microprocessor. The prototype
can then execute its functions while being monitored by the
emulator.
The basic components of all emulators are very similar,
usually consisting of a mainframe chassis, individual control and
memory circuit boards, intermediary circuitry, and an isolated
power supply. The controls and components on an emulator's
external casing can range from virtually non-existent - where
control and indication is regulated to an external terminal - to those
possessing complete keyboard facilities, control switches and even
an EPROM socket. The physical size of an emulator is usually
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dictated by the amount of resident memory it contains, the control
and indication mechanisms, its emulation probe arrangement and
the sophistication level of its debugging facilities.
The emulator's microprocessor, which permits the actual
emulation of the prototype hardware, is located on the emulation
board or emulation pod. The board typically contains an emulation
probe (or the means of attaching one), which connects the
emulator's microprocessor to the prototype. The connection
between the prototype and the emulator is necessary for hardware
development but is not needed for software debugging and testing.
Although apparently simple in its construction, the design of
the probe is critical if transparent emulation is to occur.
(Transparency is the ideal emulation condition in which the
operation of the prototype is unaffected when the emulator
substitutes the microprocessor. An emulator should make no
demands on any part of the prototype's resources such as interrupts
and memory allocation, and the emulator should resemble as closely
as possible the micropro-cessor's characteristics· such as timing and
clock speed.) Ideally, the emulation cable represents a compromise
between user convenience and minimizing the propagation delays
and capacitive loading that the length of cable introduces. Some
emulator vendors try to eliminate the latter by locating the emulated
processor in a pod positioned both physically and electrically as
close to the prototype's socket as possible - sometimes a mere inch
away. While this arrangement minimizes propagation delays, there
are some disadvantages such as a bulkier probe design (especially
when interfacing to pre-constructed designs) and the necessity for a
larger buffer board within the emulator. If clock speeds are kept
under 10 MHz, this type of cable provides virtually transparent
emulation. If speeds are faster, the microprocessor pod arrangement
is preferable.

Emulator Supplies
The Speed

A -4

An emulator's resident memory is composed of bighspeed static RAM, which is fast enough (Le., sufficient access time)
such that the program can run at the same speed as if the prototype
were supplying the memory. High-speed static memory also
eliminates the need for the emulator to insert wait states when
accessing the memory. Emulators typically contain between 32 and
123 kbytes of internal RAM, and nearly all emulators allow
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expansion to larger memory resources (some to 16 Mbytes via offboard memory modules or by accessing a portion of prototype
memory.
Emulators can also allocate their memory to the prototype
(or any location within the addressable memory space) in specified
byte blocks. For an emulator featuring 64 kbytes of memory, the
block size (resolution) is typically 1 kbyte. The resolution for a
given emulator usually varies with the amount of memory available,
with 2- or 4-kbyte sizes popular with emulators that have a memory
capacity of 128 kbytes to 1 Mbyte. When resolution falls below the
1 k-byte block size, it often becomes too "fine," which necessitates
several allocating operations. The opposite condition, "coarse"
resolution, makes it impossible to accurately emulate prototype
systems incorporating limited memory chips. Most vendors seem to
agree on confining resolution capacities to between lK and 4K
bytes.
Since the allocated memory should have the same design
characteristics of memory that will eventually exist in the final
design, mapping is used to categorize the type of emulation memory
that will be allocated to the prototype. Most emulators allow their
resident memory to be specified as read-only and read/write, and
some add a "user" memory specification (user being RAM, ROM, II
0, etc. - whatever resides at those memory locations in the
prototype). A few emulators provide a "no memory" mapping
option, where any memory not mapped as read/write or read-only is
assumed to be non-existent prototype memory. This type of
mapping turns out to be a very useful provision in software
debugging since a common result of programming error is an
attempted access to an area where no memory is present. During
emulation, the recognition of an attempted access to a protected
memory area results in a program halt.
The ability to loan memory to the prototype design is what
sets the emulator apart from an ordinary computer system, but
emulators can also manage several other memory functions. Most
emulators feature an in-line assembler which converts the
mnemonics entered from the keyboard to machine language in
memory. The emulator's assembler is useful for writing software
patches into program code that has either been downloaded from a
mainframe or developed in the prototype.
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Programmers can also use the assembler for writing their
own routines or developing small programs.
Another memory control feature is the ability to display the
emulator's memory contents (starting and ending anywhere that the
user chooses). The ability to change the memory contents at .
individual locations and fill entire sections of memory with
specified data is also available. Another memory control involves
comparing specified blocks of memory with other blocks in the
emulator's memory or with blocks residing in the prototype. The
comparison can show all the matching or non-matching data and
their locations. Instead of a complete block of memory, the emulator
may also locate specific data in its memory or the prototype
memory.

Breakpoints to
Stop, Triggers
to Flag

The key to effective program control is installing
breakpoints and triggers within the user program so the emulator
may show the condition on the processor's address, data, and
control lines. Both software and hardware breakpoints are available
within a given emulator, and each have their own functioning
scheme. Triggers provide the emulator with "sensors" that can be
used to initiate program recording (via the trace mechanism),
terminate the program recording, or simply detect both operations.
Software breakpoints replace program instructions with
monitor calls in order to stop program execution at a pre-determined
location. Setting a software breakpoint causes the emulator to
automatically replace the op code at the specified address with the
processor's software interrupt instruction. When the code is
encountered during program execution, a temporary break occurs
while the original contents are replaced by the interrupt instruction;
then the execution restarts at the same location (this causes the
program to only run in real time up to the breakpoint). Software
breakpoints are limited to address recognition only - there is no way
for a software breakpoint to decipher between memory types.
Hardware breakpoints, which recognize machine cycles but
do not disturb normal software execution, can monitor the address
and status signals for a specified condition (for example, a memory
read operation at address l000H) and halt program execution when
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those conditions are met Emulators allow several bus transactions
to be monitored for program breaks including accessing any
memory operation, accessing any I/O operation, memory reads,
memory writes, I/O reads, I/O writes, operation instruction fetches
and interrupt acknowledgment. When a break condition occurs,
most emulators can stop the program being executed and display the
current contents of the microprocessor's registers, the instruction
just executed, the location of the instruction and the reason the
program was halted.
Triggers can be used to initiate actions during emulation or
simply observing them and relay the pertinent information to other
devices. For example, a trigger which is set in the program
(according to address location, data type or bus transaction) and
encountered during emulation may be used to halt program
execution in a manner similar to a normal hardware breakpoint. But
triggers are more flexible than breakpoints in that they may be
specified to merely observe the pre-defined condition and act
without disrupting the program being executed.

Real-Time Trace
Stores Program
Execution

Breakpoints and triggers come together under the debugging
capability called real-time tracing. The real-time trace feature allows
a user to record program execution in real time and then analyze (by
replaying) a section of the program in non-real-time. The entire
program can be traced (and reviewed), or just a portion - depending
on your strategy. By using various combinations of triggers and
breakpoints, the desired section where a potential problem exists can
be recorded. The program can then be stopped, and the address, data
and control lines of the latest series of machine cycles can be
displayed or dumped to a printer for examination.
The trace buffer size of an emulator is determined by its
width and depth. An emulator's trace buffer should be wide enough
to accommodate the processor's address and data lines and possibly
a few external lines. Typically, emulators offer between 32 and 64
bits of width. Some universal emulators, designed to work with
several different processors, feature extremely wide trace buffers for
allocating the various address, data, status and external lines for the
entire line of processors supported.
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When it comes to trace buffer depth (i.e., how many cycles
of machine cycle execution the buffer can hold), larger is not always
better. H the size is fixed at a large depth, problems may exist when
sifting through all the information accumulated in the buffer.
Conversely, if the buffer is too small, the chances of recording the
section containing the error is reduced to a hit-and-miss situation. A
good working buffer depth falls between 2k and 4k machine cycles.
A large buffer with user-variable depth makes an ideal combination.

Emulator
Enhancements

Functions in emulators which do not manipulate memory or
affect emulation processes are simply debugging enhancements.
Since no two vendors offer the same set of debugging
enhancements, none have emerged as standards (as with
breakpoints, for example). Among the more useful features are
built-in test programs, which include memory tests, scope loop tests
and signature analysis tests. Memory tests are useful in determining
whether the system RAM is functioning properly. Scope loops
provide repeated read or write operations· to memory or I/O ports,
which are useful when debugging these circuits with an
oscilloscope, while signal analysis can be a useful test environment
strategy.
Other feature include built-in PROM programmers, offset
registers and calculation and conversion facilities. PROM
programmers are used in microprocessor applications to place
programs and data in ROM. Offset registers. Offset registers are
helpful when debugging programs consisting of several modules.
Each module listing typically shows the f1l'St address in the module
as zero, with the linkerlloader then relocating each module to the
appropriate address. To determine the actual address for a given
instruction, the load address must be added to the address shown in
the listing. By setting the offset register to the load address, this
procedure is handled by the emulator.
When debugging software, the use'of a decimal and hex
calculator/converter can be helpful. Some emulators have the ability
to perform subtraction and addition of hex andlor decimal numbers,
and perform hex-ta-decimal or decimal-to-hex conversions. The
results of a particular operation are displayed in both hex and
decimal notation.
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Command Formats
Yet to be
Standardized

Before any operation can be executed or any function
monitored, the emulator must be told what to do, and told in its own
precise language - a language that's different with almost every
emulator. While many emulators use their own simple mnemonic
command structure, others rely on complicated non-mnemonic
logical statements. While one emulator contains a built-in control
keyboard, another can only be activated from the remote keyboard
of a tenninal or computer. The two different command fmmat styles
and entry mechanisms influence the way debugging operations are
both specified and executed. For example, assume a user wishes to
move a block of memory from a location in the prototype memory
space to a space in the emulator's memory. One emulator, with its
built-in keyboard, would require the user to press a control
keyswitch, punch in a start address, press another control keyswitch,
punch in the end address, then press another control to initiate the
transfer. With a mnemonic command-controlled emulator, the same
operation can be executed with a single-line entry that specifies both
the Move operation and the beginning and ending addresses that
mark the block of memory in the prototype.

The Emulation
Session

Assuming the user has an understanding of emulation
principles and can interpret the tutorial material in the emulator's
operation manual, he is now ready to begin the art of debugging and
testing the prototype hardware and software.
Once the hardware prototype is available, the system may be
configured for emulation by first removing the prototype's
processor and then electronically replacing it with the emulator's
processor via the emulation probe. The emulator may now attempt
to emulate the prototype. (At this point, the prototype design takes
on the role of a "target" for the emulator.)
Initially, the emulator is instructed to analyze certain
conditions and act accordingly, for example, it may stop program
execution when a read-only memory area is written to. The emulator
then begins executing the prototype program either from an initial or
reset state, a user-specified starting address or the location where the
emulator was last stopped. During this time, the emulator is
operating as if the prototype's processor were controlling the system
as well as monitoring the address, data and control lines for a
breakpoint, trigger or fault condition.
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After a period of time, the emulator's circuitry stops the
execution of the prototype program. It may have detected a
breakpoint, an illegal instruction execution, a memory protection
violation, a trigger acting as a breakpoint, or the user may have
manually stopped program execution. If a breakpoint stopped
program execution, the emulator can display the instruction just
executed, the instruction location, and the status of the registers. If
the emulator's real-time trace mechanism has been activated, it will
have stored the latest series of machine cycles and is now available
for viewing. The buffer will show all bus activity from the
breakpoint or trigger.
Once the current status of the processor is examined, the
user may need to alter the prototype program. This may be as simple
as changing the contents of specified registers or more involved by
writing a software patch using the emulator's in-line assembler or
transferring complete sections of prototype memory to the emulator
for testing. . After the section is tested, it is moved back into. the
prototype at the same location. When the.user is satisfied with the
changes, the emulator starts executing the program again, looping
through the above process until the prototype functions correctly.

Economic
Considerations

In the MDS engineering environment, emulators playa
special role by providing the unique ability to not only monitor the
prototype under actual operating conditions, but also to loan
facilities to the prototype system itself. During prototype execution,
the emulator's testing abilities permit the address, data and control
lines of the emulator's microprocessor to appear transparent to the
prototype until a problem occurs or a breakpoint or trigger is
encountered. The emulator then possesses the facilities to track
down and fix the problem, then test and recheck the program.
From a monetary standpoint, emulators are cost-effective
diagnostic tools in comparison to single-vendor turnkey
development systems. Their flexible design allows them to interface
to affordable and increasingly popular personal computers, which,
in tum, can be used to develop software code as well as handle the
editorial chores associated with a word processing system. They are
also completely compatible with existing mini and mainframe
computers - making them ideal design aids for both large and small
design departments.
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ICDProduct
Demonstration:
Features & Functions
Of The I CD
Introduction

Hthis is the flfSt time you are using a ZAX emulator, you've turned
to the right place! This appendix contains two exercises which you
can use as a product training course. By following the exercises
presented here, you'll not only demonstrate to yourself the powerful
debugging capabilities of your lCD, but you '11 learn more about
emulation principles as well. Once you've familiarized yourself
with some basic command functions and applications, you can go
back to the Master Command Guide (Section 2) and become an
emulation expert!

Two Different
Exercises!

You have two exercises to choose from in this appendix, and each is
designed to teach you something new about your ICD. In Exercise
1, the ICD executes commands entered from a terminal; a target'
system is not used. Then a computer is used to control the ICD so
that save and load commands can be executed.
In Exercise 2, the ICD executes commands entered from a host
computer, and a target system is emulated by the ICD. This exercise
can also be perfonned using just a terminal to control the ICD.

System
Configurations

In order to perform the exercises, the ICD must be configured for a
particular operating environment. The details for connecting the
ICD to a terminal, computer, and target system are discussed in
"How To Connect Your ICD To Other Devices," in Section 1.

Which Exercise
To Use?

H this is the flfSt time you are using a ZAX emulator, you should
read through and then complete Exercise 1: Using The ICD Without
A Target System. This session reveals many of the lCD's
capabilities, including perfonning actual emulation of a test
program. (If you need a refresher course in emulation theory and
practices, read through Appendix A before you try the exercises.)
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Entering The
Commands

You don't need to fully understand all the command rules to use the
ICD feature demonstration. Just carry out the instructions listed
under ACTION and read the display on your terminal's screen. You
must remember to enter the exact items as shown in the exercise,
including feature characters (J=), and provide spaces at the
appropriate places as shown in the instructions.
If you make a mistake when entering a command parameter,
address, or data value, the leO will probably respond with an error
message. It's usually not a problem - just check to see that the
proper characters, numbers, or spaces were used, and then re-enter
the complete command statement.
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Facts About
Exercise 1

Name: ICD Product Demonstration - Exercise 1
Controlling Device(s): Tenninal (preferred) or Host Computer
Operation Mode: LOCAL & REMOTE (if using computer)
Target System Used?: No
Printer?: Optional
Before you begin this exercise, make sure that the ICD is configured
for terminal control (see "How To Connect Your ICD To Other
Devices," in Section 1).
Any time you enter a command, it must be followed by a carriage
return.
A scroll control is used with all commands that "roll" data onto the
screen. Anytime you wish to stop or start the scrolling on the screen,
simply press the space bar. Anytime you wish to exit the display,
press the Esc key.
Now begin the demonstration by executing the instructions listed
under ACTION; the command you are using is listed under
COMMAND DEMONSTRATED; read the information under
COMMENT for a description of what's taking place at that point in
the demo.
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ACTION

COMMAND DEMONSTRATED

COMMENT

REGISTER
REGISTER
REGISTER
FILL

DUMP

DUMP - and the scroll feature

DISASSEMBLE

B-4
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ACTION

COMMAND DEMONSTRATED

COMMENT

REGISTER
REGISTER
REGISTER

ASSEMBLE

ICD displays:
0000:0000
0000:0003
0000:0006
0000:0008
OOOO:OOOB
OOOO:OOOE
0000:0010
0000:0012
0000:0015
0000:0017
OOOO:OOIA
OOOO:OOlD
0000:00 IF
0000:0021
0000:0023
0000:0025
0000:0028
0000:002C
0000:002E
0000:002F
0000:0031
0000:0033
0000:0034
0000:0035

>

You enter:

MOV SP,OFFFFH
MOV BX,OH
MOV DS,BX
MOV CX,2H
CMP CX,IH
JL 8H
JE 17H
MOV AX,OAAAAH
JMP lAH
MOV AX,05555H
MOV BX,I000H
MOV [BX],AX
MOV DX,[BX]
CMP AX,DX
JNE 31H
ADD BX,2H
CMP BX,8000H
JNE IDH
DEC
JMP OOOBH
JMP31H
NOP
NOP
<--DOW enter a second return here to terminate the
test program input

ZAX Corporation
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ACTION

COMMAND DEMONSTRATED

COMMENT

DISASSEMBLE

BREAK

BREAK

BREAK
BREAK

BREAK
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ACTION

COMMAND DEMONSTRATED

COMMENT

BREAK

l

bit-wise physical address
processor access
INDependent of or ARMed by event

l

A (ON) EX
B(ON) MW
C(ON) EX

°

o
o

0002F

01006
00031

o

L
L
L
L
L

(ON)
S (01) ID..T

0002F

i~g~

W(ON)

>

IND
IND
IND

ANY
ANY
ANY

l

(0000_0000_0000_0010_1111)
(0000_000 COOOO_oooo_OIlO)
(0000_0000_0000_001 COOOl)

°
elapsOO count

pass count

break . :of break

break status
breakidentillcation

mSTORY

mSTORY
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COMMAND DEMONSTRATED

ACTION

COMMENT

mSTORY

EVENT

EVENT

>EV
(ON)
Status = M
Address = 04000
Data
= 5555
Mode =ANY
Count
1
Edge
= ANY
Level
= ANY (Low)
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(0000_0100_0000_0000_0000)
(0101_0101_0101_0101)
0
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ACTION

COMMAND DEMONSTRATED

COMMENT

GO

mSTORY

DUMP
BREAK

mSTORY
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ACTION

COMMAND DEMONSTRATED

COMMENT

mSTORY

GO

DUMP

DUMP
mSTORY

mSTORY

mSTORY

BREAK
GO
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ACTION

COMMAND DEMONSTRATED

COMMENT

mSTORY

DUMP

GO

DUMP

BREAK
BREAK

GO

REGISTER
REGISTER
REGISTER
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ACTION

COMMAND DEMONSTRATED

COMMENT

DISASSEMBLE

mACE

GO

mACE

GO

TRACE

TRACE

<ON> IS All OOOO:OOOO·FOOO:OOOF «()()()()().FFFFF)

GO
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ACTION

COMMAND DEMONSTRATED

COMMENT

mACE
mACE

REGISTER
REGISTER
REGISTER
FILL

DISASSEMBLE

FILL

DUMP
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ACTION

COMMAND DEMONSTRATED

COMMENT

FILL

DUMP
FILL

DUMP
COMPARE

SEARCH

SEARCH

MOVE
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ACTION

COMMAND DEMONSTRATED

COMMENT

DUMP

EXAMINE

EXAMINE

EXAMINE

CALCULATION

CALCULATION
CALCULATION
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ACTION

COMMAND DEMONSTRATED

COMMENT

CALCULATION
CALCULATION

SAVE
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ACTION

1111!/llliil!iIjllll

1
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COMMAND DEMONSTRATED

COMMENT

DISASSEMBLE
QUIT
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Facts About
Exercise 2

Name: ICD Product Demonstration - Exercise 2
Controlling Device: Host Computer
Operation Mode: REMOTE
Target System Used?: Yes
Printer?: Optional
Before you begin this exercise, make sure that the ICD is
configured for host computer control (if you're continuing from the
previous exercise, leave the operating system the same).
Connect the ICD and your target system as outlined in "System
Preparation" in Section 1.
Now begin the demonstration.
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ACTION

COMMAND DEMONSTRATED

COMMENT

IN-CIRCUIT
DISASSEMBLE

GO

mSTORY

IN-CIRCUIT

IN-CIRCUIT

IN-CIRCUIT
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ACTION

COMMAND DEMONSTRATED

COMMENT

IN-CIRCUIT

ALLOCATION
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ACTION

COMMAND DEMONSTRATED

COMMENT

MAP

ALLOCATION

ALLOCATION

MAP

MAP

MAP
MAP

MAP
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ACTION

COMMAND DEMONSTRATED

COMMENT

MOVE

IN-CIRCUIT
PIN

PIN

PIN
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ICD General
Specifications
Emulated Processors
/Clock Speed

80186 CPU/SMHz
80188 CPU/SMHz
8087 NDP/8MHz

Memory Size
Optional Memory

128K bytes static RAM Expandable to 1M byte, externally

Mapping Resolution

lK-byte blocks

Real-time Trace Buffer

4K bytes deep x 40 bits wide

Debugger Commands

30 (resident)

Breakpoints

4 hardware, S software

U sable I/O Ports

64K

Communication Ports

Two RS-232C/20mA current loop/I'TL

Baud Rates

14 different rates; 75 to 19200bps (factory set at 9600bps for each
port)

Physical Dimensions

300mm (11.Sin) wide
210mm (S.2in) deep
140mm (5.5in) high

CPU Probe Length
NDP Probe Length

490mm (19in) long
540mm (2lin) long

Weight
Power Requirements
Power Consumption
Operating Temperature
Storage Temperature
Humidity

5.5kg (12.2Ib)
115VAC/230V AC; 50/6OHz
50 watt
o to 45 degrees C
-10 to 55 degrees C
30% to S5%; relative humidity (non-condensing)
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leD Emulation
Specifications
Memory Area

Emulation Memory. The entire ICD memory area (128K bytes) is
available to the target system (prototype hardware) in the form of
high-speed static RAM.
Mapping. The ICD internal memory can be mapped in lK-byte
blocks. The mapping modes include: user (target), emulation read!
write memory, emulation read-only memory, and non memory.

I/O Ports

All 64K ports are open.

Breakpoints

4 hardware and 8 software
Hardware Breakpoints. A, B, C and Event trigger. All hardware
breakpoints can be individually enabled and disabled.
A, B, C Breakpoints. Address 20 bits, BHE. Each bit may be
specified 0, 1 or "don't care." Status may be specified as opcode
fetch, memory access, memory read, memory write, I/O access, I/O
read, and instruction execution.
Event Trigger Breakpoint. Address 20 bits, BHE. Each bit may be
specified 0, 1 or "don't care." Status may be specified as opcode
fetch, memory access, memory read, memory write, I/O access,
read/write, and instruction execution.
Data: 16 bits. Each bit may be specified 0, lor "don't care."
External Trigger Breakpoint. 1 channel-TIL level specified at hi or

10 signal edge, or hi or 10 signal level.
Software Breakpoints. 8 points; 0-7. Any point may be specified as
a software breakpoint by using the HLT or INT3 instruction. All
software breakpoints can be individually enabled and disabled. A
break is caused in the target system when the CPU read F4H as an
opcode. Execution of a software breakpoint does not affect the
registers or flags.
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Real-time Trace

Operation: During emulation, all address, data and status lines are
stored in the real-time trace buffer.
Trace capacity: 4K bytes deep x 40 bits wide.
Trigger functions include: End Monitor, Begin Monitor, End Event,
Begin Event, Center Event and Multiple Event.
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Technical
Bulletins &
Application
Notes
Introduction

Things are constantly changing in the microprocessor industry, and
ZAX wants to help you stay on top of these changes. New products,
emulation methods, and applications are always being devised and
tested by us in an effort to provide you with the latest and most
effective equipment possible. In the same manner, revising your
existing equipment keeps it current with the latest leD designs
fromZAX.
One of the best ways we have of keeping you up-to-date is by
issuing Technical Bulletins and Application Notes.

Technical
Bulletins

Technical Bulletins inform you of major changes or revisions to the
equipment's hardware or fIrmware. Usually they are the result of a
problem that's recently been solved, or they could be a feature
that's been revised to improve the performance of the emulator.

Application
Notes

Application Notes are the result of new methods or procedures
derived from emulation practices. They may also caution you
against doing something a certain way, or they may show you a new
way of accomplishing an old task.
Both Technical Bulletins and Application Notes are sent to you as
soon as they become available - you should never need to request
them. When you receive your documents, insert them into this
appendix for easy reference. That's all there is to it!
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Logic-State
Analyzer Interface

The ZAX ICD-378 series emulators now feature a logic-state
analyzer (LSA) interface. This feature permits ZAX emulators to
interface directly to various logic-state analyzers.
The combination merges an LSA' s sophisticated trigger,
qualification, data-acquisition and measurement capabilities with
the lCD's debugging mechanisms and loan facilities.
The LSA connects to the lCD's top panel (labeled "STATE
SIGNAL OUTPUT') where it gains access to all lines of the
emulated microprocessor - no other connections are required. Two
additional lines from the ICD are also available to act as an
"emulation in progress" indicator to the LSA (pin #21), and provide
event trigger recognition during program execution (pin #22). A
third line clears the event trigger setting from the ICD (pin #1). (See
the pin-out listing on the next page.)
The LSA interface provides many useful features. Interface software
packages now permit a single computer, such as an mM PC!AT!
XT, to control both LSA and ICD. And because the interface is
conducted through the lCD, the lines of the microprocessor may be
monitored by the LSA during an emulation memory access cycle
(the majority of emulators possessing interface capabilities lack this
ability).
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CD State Signal Interface Connector Specification

Pin

Name (Type)

Pin

Name (Type)

1
3

5
7
9
11

13
14
17
19
21
23
25

27
29
31
33
35
.37
39
41
43
45
47
49
51
53

55
57
59
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Suggested Reading

Microprocessor Development and Development Systems
TSENG, Vincent. Granada Publishing Limited, 1982
Presents the fundamentals of microprocessor development systems, their uses, basics of
operation, and applications. Includes study of development software and the use of logic
analyzers.
"In-circuit Emulation Makes Software Development Manageable," Computer Design, April 1,
1986
"Development Systems Target Software Intensive Projects," Computer Design, March 15, 1986
"Development Systems for 32-bit Microprocessors" EDN, June 13, 1985
"Debugging Techniques"
BYTE, June 1985
"Emulators, Backed By Strong Debugging, Mimic Latest Microprocessors" Electronic Design,
October 18, 1984
"What Is Emulation And Where Is It Going'?" Test & Measurement World, June, 1984
"In-circuit Emulation" Computers & Electronics, May, 1984
"Strategies And Tools For Developing A Microprocessor -based System" Electronics Test,
April, 1984
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GLOSSARY
address

A character or group of characters (such as a label, name, or
number) that identifies a register, location, or unit where
infonnation is stored.

allocate

To assign blocks of data to specified blocks of storage.

argument

An independent variable upon whose value the value of a function
depends. Usually the arguments of a function are listed in
parentheses (sometimes within brackets) after the function name, if
a function name is used.

Ascn

[ask-eel American Standard Code for Information Interchange. A
standard 8-bit infonnation code used for infonnation interchange
between equipments of different manufacturers.

assemble

To prepare an object language program from a symbolic language
program by substituting machine operation codes for symbolic
operation codes and absolute or relocatable address for symbolic
addresses. (With ZAX lCD-series emulators, this operation is
performed using the ASSEMBLE command.)

assembler

A computer program which operates on symbolic input data to
produce machine instructions. An assembler generally translates
input symbolic codes into machine instructions - item for item - and
produces the same number of instructions or constants which were
defined in the input symbolic codes.

baud rate

The number of bits that are transmitted per unit of time (seconds).
By definition, a baud is the reciprocal of time - in seconds occupied by the shortest element of the code being transmitted, e.g.,
if the duration of the shortest signal element is 20 milliseconds, the
modulation rate of the code is 50 bauds per second. (ZAX ICDseries emulators can transmit up to 19,200 bits per second.)

bi-directional
data bus

A data bus in which digital information is transferred in either
direction, thus saving time and providing easy access to stored
information.

binary

A numbering system based on 2's rather than 10's, in which only
the digits 0 and 1 are written.
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bit

A binary digit.

branch

To depart from the nonnal sequence of executing instructions in the
computer. (Synonymous with ajump.)

breakpoint

A point in a program as specified by an instruction where the
program may be interrupted by some external intervention or by a
monitor routine. This program break permits a visual check, print
out, or other analysis of the program before resuming with the
nonnal sequence. Used extensively in debugging operations. (With
ZAX lCD-series emulators, there are four hardware and eight
software breakpoints available by using the BREAK command.)

buffer

A storage device in which data is assembled temporarily during data
transfers. It is used to compensate for the differences in the rate of
flow of information when transferring infonnation from one device
to another.

byte

A sequence of adjacent binary digits operated upon asa unit and
usually shorter than a computer word.

C

A high-level programming language designed to optimize run time,
size, and efficiency. It was developed as the systems programming
language of the UNIX operating system on the PDP Uno
minicomputer from Digital Equipment Corporation.

CLK

clock

clock

Devices or units which control the timing of bits sent in a data
stream and the timing of the sampling of bits received in a data
stream. One such clock device is a real-time clock, which measures
the past or used time on the same scale as the external events it will
be used to describe. Most microprocessor clocks operate in the
range of 1 to 12 MHz.

code

A group of symbols that represent data or instructions in a
computer. Digital codes may represent numbers, letters of the
alphabet, control signals, etc. as a group of separate bits rather than
continuous signals. (See microcode.)

compiler

A computer program, more powerful than an assembler, that will
convert a higher level language into machine language.
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computer control
of the I CD

A remote mode in which the lCD's input/output is controlled by a
host computer using a utility software program designed for that
computer. In this mode, the host computer sends commands and
receives data via an RS-232C interface.

controller

A device which interfaces a peripheral to a computer in order to
relieve the processor of device-controlled responsibilities.

CPU

Central Processing Unit. The module within a computer that is
responsible for fetching, decoding, and executing instructions. It
contains a main storage unit, arithmetic unit, and special register
groups.

cross assembler or
cross program

A program run on one computer for the pmpose of translating
instructions from a different computer.

cross compiling!
assembling

A method in which an existing computer can be used to write and
debug what will become a microcomputer program. The advantage
to cross compiling/assembling is that designers can have access to
all of the conventional peripherals so that the object code produced
during development can then be loaded into the microcomputer
system.

CRT

Cathode Ray Tube. A television tube used to display alpha-numeric
characters and graphics.

DCE

Data Communications Equipment. Refers to devices used for the
transmission of information from one point to another.

debugging

A process of eliminating "bugs" in a system by isolating and
correcting all malfunctions and/or mistakes in a piece of equipment
or a program of operations.

decimal, binarycoded

Describing a decimal notation in which the individual decimal digits
are represented by a pattern of 1's and O's, e.g., in the 8-4-2-1 coded
decimal notation, the number 12 is represented as 0001 and 0010 for
1 and 2. This contrasts with a straight binary notation where 12 is
represented as 1100.
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default value

The choice among exclusive alternatives made by the system when
no choice is made by the user.

development system

A system of devices, usually consisting of a diagnostic tool (such as
an emulator), a computer, a printer, etc., that can be used together to
develop and debug hardware and software for a given
microprocessor.

development tools

Hardware and software devices that are used to develop and debug
programs and/or microprocessor systems.

DIP

Dual In-line Package. A standard Ie package with two rows of pins
at 0.1" intervals.

DIP switches

A collection of small switches on a DIP that are used to select
options on circuit boards without having to modify the hardware.

disassembly
(disassembler)

Refers to a program that translates from machine language to
assembly language. Usually used to decipher existing machine
language programs by generating symbolic code listings of a
program.

don't care

A tenn applied to an operation which can be changed or interrupted
upon receipt of a control signa1. The output of the operation is
independent of the input

downloading

A process whereby a file is loaded "down" to a device from a
computer system.

DTE

Data Tenninal Equipment. Equipment comprising of a data source
(transmitter) or data sink (receiver) that provides for the
communication control functions (protocol).

dump

The process of transferring the contents of memory at a given
instant of time onto a screen for viewing, or outputting the memory
contents to a printer.

duplex

A simultaneous two-way independent transmission.

dynamic RAM

Memory that requires constant refreshing in order to store memory.
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EAR OM

Electronically Alterable Read Only Memory. A specialized random
access read/write memory with a special slow write cycle and a
much faster read cycle.

echo check

An accuracy check of a transmission in which the transmitted
information received by an output device is returned to the
information source and compared with the original information.

editor

A general-purpose text-editing program that allows entry and
maintenance of text in a computer system. The original text is
entered and held in memory where it can then be changed and
corrected by inserting, deleting, or changing lines of text or
characters within a line.

EEPROM

Electronically Eraseable Programmable Read-Only Memory. An
EEPROM is a device that can be erased electrically in one second
and reprogrammed up to a million times.

EEPROM programmer

A unit that provides a means of programming a single EEPROM or
an EEPROM module from a terminal.

EIA-RS-232C

A standard method adopted by the Electronic Industries Association
to ensure unifonn interface between data communications
equipment and data processing terminal equipment. (All ZAX ICD·
series emulators use the EIA-RS-232C standard interface.)

emulation

Techniques using software or microprogramming, in which one
system is made to behave exactly like another system, i.e., the
emulating system executes programs in the native machine language
code of the emulated system.

emulation mode

The mode that the ICD assumes in order to execute instructions.

emulator

An instrument that imitates the control memory of future hardware.
Also a device that causes a system (such as the target hardware) to
accept certain software programs and routines and appear as if it
were the other system.

emulator,
stand-alone

An emulator whose execution is not controlled by a control
program. It also does not share system resources with other
programs and excludes all other jobs from the computing system
when it is being executed.
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EPROM

Eraseable Programmable Read-Only Memory. A specific type of
ROM that can be programmed electrically. It can retain data even
with the power disconnected but can be erased by exposure to short
wavelength ultraviolet light, and may be reprogrammed many times
thereafter. Other types of EPROMs may be electrically erased. (See
EEPROM.)

field

A set of one or more characters which is treated as a whole.

firmware

Programs that are stored in a physical device (e.g. ROM) that can
form part of a system or machine.

FIFO

First In, First Out.

First In,
First Out

A method or technique of storing and retrieving items from a
storage source. With this technique, the "oldest" data transmitted to
the storage source is thrown out and replaced with the "newest"
data. The technique is useful when the storage source capacity is
smaller or less than the item quantity.

FORTRAN

FORmula TRANslator. A high-level language developed by the
IDM Corporation, originally conceived for use on scientific
problems but now used for many commercial applications as well. It
requires the use of a compiler.

full duplex

A mode of communication in which data can be transmitted and
received simultaneously.

gate

A device that has one output channel and one or more input
channels such that the condition of the output state is detennined by
the state of the input channel. The NAND, NOR, AND, OR, XOR,
and NOT functions are examples of gates.

GND

Ground

half-duplex

A mode of communication in which data may be transmitted in only
one direction at a time.

halt

A condition which occurs when an operation in a program stops.
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handshaking

A sequence of signals that are required for communication between
different systems.

hardware

Physical (electric, electronic, or mechanical) equipment - as
opposed to a computer program - used for processing data. Contrast
with software.

hex, hexadecimal

Pertaining to a number system with a base of 16. The digits 0
through 9 are used, then A through F, to represent decimal numbers
o through 15, e.g., "FF" represents "11111111" binary, and "OA" is
"()()()() 10 10" binary.

high-level
language

Any group of computer languages which use symbols and command
statements an operator can read. High-level languages allow a user
to write in a familiar notation rather than the machine code language
of a computer. BASIC, FORTRAN, FOCAL, and COBOL are all
examples of high-level languages.

host computer

The primary or controlling computer in a system operation. A host
computer can also be reduced to a simple memory storage facility.

ICE

In-Circuit Emulation.

in-circuit
emulation

Hardware/software facilities for real-time I/O debugging of chips.
With in-circuit emulation, the actual microprocessor is replaced by a
connector whose signals are generated by an emulation program.
The emulated microprocessor can be stopped, its registers examined
or modified, etc.

instruction

A coded program step that tells the computer what to do for a single
operation in a program.

instruction set

The basic set of instructions that a particular computer can perfonn.

interrace

The physical connection between two systems or two devices.

interrupt

A break in the nonnal flow of a system or program that occurs in
such a way that the flow can be resumed from that point at a later
time.
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journaling

Refers to a process where all infonnation generated in an emulation
session on a host computer is output to a storage ftIe. The entire
session can then be reviewed, line for line, just as it was initially
entered.

kilobaud

Refers to the number of one thousand bits per second. (ZAX ICDseries emulators are capable of transmitting at speeds to 19.2
kilobaud.)

linking loader

A loader used to link compiled/assembled programs, routines, and
subroutines and turn the results in operations.

loader

A program required on practically all systems that load the user's
program along with system routines into the central processor for
execution. Loaders transfer the object code from some external
medium (tape or disk) into RAM.

logic state
analyzer (LSA)

A device that monitors a system or component board and displays
the resulting infonnation.

machine cycle

The time interval in which a computer (or similar device) can
perfonn a given number of operations.

machine language

A set of symbols, characters, or signs, and the rules for combining
them, that conveys instructions or infonnation to a computer.

macro

Pertains to a specific type of instruction in assembly language that is
implemented in machine language by more than one machinelanguage instruction, e.g., a group of instructions often designed to
serve as an additive command or group of commands.

macro assembler

An assembler that is capable of assembling object programs from
source programs written in symbolic language.

macro instruction

An instruction which stands for a predefined sequence of other
instructions, called the "body" of the macro. Whenever a macro
instruction is encountered in program text, it is "expanded," i.e.,
replaced by its body.
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mainframe,
main frame

Usually refers to large-scale computers (as opposed to
microcomputers, microprocessors, and minicomputers). May also
mean the fundamental portion of a computer, i.e., the portion that
contains the CPU and controller units within the computer system.

microcode

A set of control functions performed by the instruction decoding and
execution logic of a computer system. The microcode defines the
instruction set of a specific computer.

mnemonic code

Refers to techniques used to assist human memory. A mnemonic
code resembles the original word and is usually easy to remember,
e.g., mpy for multiply, acc for accumulator.

monitor mode

Refers to a process where monitor commands from the ICD are
executed. Dump, Fill, Disassemble, and Examine are all examples
of commands used in the monitor mode.

MOS

Metal-Oxide Semiconductor. A technology used for fabricating
high-density ICs. The name refers to the three layers used in
fonning the gate structure of a field-effect transistor.

NOP, NOOP

NO-OPeration. An instruction used to force a delay of one
instruction cycle without changing the status flags or the contents of
the registers.

object code

The code produced by a compiler or special assembler which can be
executed by the processor when it is loaded, as with most
microcode, or it may require a linkage phase prior to loading and
execution.

object program
library

An organized set of computer programs, routines, or common or

operating system

ZAX Corporation

specifically designed software, containing various programs or
routines, source or object programs classified for intelligence or
retrieval.
Software that is required to manage the hardware and logical
resources of a computer system. Also a part of a software package
(program or routine) dedicated to simplifying input/output
procedures, sort-merge generators, data-conversion routines, or
tests.
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operation code

The symbols that designate a basic computer operation to be
performed. This can be a combination of bits specifying an absolute
machine-language operator, or the symbolic representation of the
machine-language operator.

operator

A symbol in programming language that represents an operation to
be perfonned on one or more commands (e.g., "add x").

parameter

A constant or variable in an equation or statement that may be
assigned an arbitrary value.

parity bit

A redundant bit added to a group of bits so that an inaccurate
retrieval of that group of bits is detected.

Pascal

A language designed to teach programming and the elements of
computer science. Based on the language ALGOL, it emphasizes
aspects of structured programming.

peripheral devices

Various kinds of machines or devices that operate in combination
with a computer but are not physically part of the computer.
Peripheral devices typically display computer data, store data from
the computer and return it to the computer on demand, prepare data
. for human use, or acquire data from a source and convert it to a
fonn usable by a computer.

phantom ROM

A type of ROM that operates for the system bootstrap only and then
"hides" behind the main memory.

PIO interface

Abbreviation for Parallel Input-Output interface. PIO interfaces
allow the computer to input and output parallel data to and from an
external parallel device such as a keyboard or printer. Parallel
means that all the data bits output at the same time.

PROM

Programmable Read-Only Memory. A ROM that may be altered by
the user. Some PROMs can be erased and reprogrammed through
special physical processes.

PROM programmer

A module or external device used to program programmable readonly memories.
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PROM programming

The process of altering PROMs (called "burning"), either by
blowing (melting or vaporizing) fusible links in bipolar PROMs or
by storing a charge on the floating gates of UVEPROMs.

RAM

Random Access Memory. This type of memory is random because
it provides access to any storage location point in the memory by
means of horizontal and vertical coordinates. Information can then
be "written" in or "read" out very quickly.

read-only (RO)

Refers to a process where information can be read from memory
only.

read-write (RW)

Refers to a process where information can be read from and written
into memory.

real time

Pertains to the actual time during which a physical process
transpires. In emulation, real-time operation is very important
because of the necessity for the emulator to maintain a "transparent"
condition with regard to the device being emulated. (All ZAX
emulators are capable of real-time emulation with no wait-states
introduced for accessing memory.)

register

A memory device capable of containing one or more computer bits
or words to facilitate arithmetical, logical, or transferral operations.

ROM

Read Only Memory. A special memory that can be read into but not
written into.

RS-232C

See EIA-RS-232C.

semantics

The relationship between symbols and their intended meanings
independent of their interpretation.

source program

A program coded in something other than machine language that
must be translated into machine language before use.

stand-alone

Pertains to a device that requires no other piece of equipment to
execute and complete its own operation.
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stand-alone system

Usually, a microprocessor development system (MDS) that runs
independent of the control of a computer. The MDS may contain a
terminal and built-in display facility, which in effect makes it a full
microcomputer with debugging capabilities.

statement

An instruction (macro) to the computer or other related device, to
perform some sequence of operations.

static RAM

RAM that does not need to be refreshed or receive any further
attention as long as power is applied.

step

One instruction in a computer routine.

stop bit

The last element of a character that defines the character space
immediately to the left of the most significant character in
accumulator storage.

symbolic debugging

Symbolic commands that are used to assist in the debugging
procedure. Symbolic refers to codes which express programs in
source language, i.e., by referring to storage locations and machine
operations by symbolic names and addresses that are independent of
their hardware-determined names and addresses.

symbolic trace

A process where addresses in a program trace are replaced with
symbols. The symbol conversion process is performed in the host
system using the appropriate software program.

syntax

Rules that govern sentence structure in a language, or statement
structure in a language such as that of a compiler program.

target system

Refers to the processor under development.

trace

Refers to the operation of the real-time trace buffer (storage facility)
and its ability to capture and store a portion of the program memory
area.
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transparency

The ideal emulation condition in which the operation of the target
system is unaffected when the emulator is substituted for the
microprocessor. Transparency can be broken down into two
categories: functional and electrical. To be functionally transparent,
the emulator should make no demands on any part of the target
system's resources such as interrupts and memory allocation. To be
electrically transparent, the emulator should duplicate as closely as
possible the microprocessor's characteristics, such as timing and
clock speed.

trigger

Refers to a user-specified reference point (external to the user
program) which detennines where and when to initiate or tenninate
a program trace.

TIL

Transistor Transistor Logic. A family of integrated circuit logic
elements with a specific output structure, usually +5 volt "ones" and
ovolt "zeros."

universal emulator

A single emulator that is able to support several different
processors, even from different manufacturers.

uploading

A process whereby a file is transferred from an device to the
computer system.

virtual memory

Refers to a technique that pennits users to treat secondary memory
(disk) storage as an extension of main memory and thus give the
virtual appearance of a larger main memory.

XONIXOFF

Transmitter ON/OFF.

ZICE, ZICE-D

Refers to the series of communications program which pennit
symbolic debugging and also interface different computer systems
to ZAX lCD-series emulators.
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