
































































































































































































































































































































































SECTION 3 

* Multiple leDs 

ZAX Corporation 

TECHNICAL REFERENCES 

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. 

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 

External Break 
Emulation Qualify 
Event Trigger 

I/O 

IN 
OUT 
OUT 

NOTE: The multiple ICD feature is available on ICDs which use 
SIO module S-77IB. 
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SIO Diagram Of 
TERMINAL Port 
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RS-232 Interface 
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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 16 15 14 13 

o 0 0 0 0 0 0 0 ~ 

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

000 0 0 0 0 001 

o 0 

J1 J2 

o 0 

2 3 4 5 6 7 8 9 10 11 12 

JA/JB SOCKETS 

o 
345 

JA/JB 
POWER SUPPLY 

RS-232 Interface I/O Signals - TERMINAL Port 

PIN SIGNAL DESCRIPTION IN/OUT JANo. 
No. NAME 

1 FG Frame Ground 
2 SO Send Data IN SN 75188N 
3 RD Receive Data OUT 
4 RfS Request To Send ·2 IN 
5 crs Clear To Send • 2 OUT 
6 DSR Data Set Ready OUT 

20 DTR Data Terminal Ready IN J 6, J 20 °3 
7 SG Signal Ground 
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RS-232 Interface I/O Signals - HOST/AUX Port 

PIN SIGNAL DESCRIPTION INIOUT JBNo. 
No. NAME 

1 FG Frame Ground 

2 SD Send Data OUT (IN) "1 SN 75188N 

3 RD Receive Data IN (OUT) 

4 RTS Request To Send "2 OUT (IN) 

5 CTS Clear To Send "2 IN (OUT) 

6 DSR Data Set Ready IN (OUT) 

20 DTR Data Terminal Ready OUT (IN) J 6, J 20 "3 

7 SG Signal Ground 

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. 
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Current Loop 
Interface 

* UsingThe 
Current Loop 
Interface 
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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 23 22 21 20 19 18 17 16 15 14 13 

r I r 1 i i 00 0 0 0 0 0 T r f18T Jr:9 J:3 J: J: J1 J2 

o 0 

2 3 4 5 6 7 8 9 10 11 12 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. 

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 SIGNAL 
NO. NAME DESCRIPTION 

24 LOUT+ Current Loop OUT( + ) 
25 LOUT- Current Loop OUT( -) '1 
17 LIN + Current Loop IN( + ) , 2 
18 LlN- Current Loop IN ( - ) 
15 RSTP+ Reader Step ( + ) 
16 RSTP- Reader Step ( - ) 

IN/OUT JA/JB No. 

IN J 24 
IN J 25 

J 17 
OUT J 182200 
OUT J 15 
OUT 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. 

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 18 17 16 15 14 13 

2 3 4 5 6 8 9 10 11 12 

JA./JI SOCKETS 

345 

JA./JB POWER 
SUPPLY 
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* Using The TTL 
Interface 
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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 SIGNAL 
No. NAME DESCRIPTION IN/OUT JANo. 

1 FG Frame Ground 

2 SD Send Data OUT(IN)·1 SN 7438 

3 RD Receive Data IN (OUT) 

19 BUSY BUSY Input IN J 19 

13 BUSYOUT BUSY Output OUT J 13.J6·2 

16 RSTP Reader Step OUT J 16 

7 SG Signal Ground 

TIL Interface I/O Signals - HOST/AUX Port 

PIN SIGNAL 
No. NAME DESCRIPTION IN/OUT JANo. 

1 FG Frame Ground 

2 SD Send Data IN SN 7438 

3 RD Receive Data OUT 
19 BUSY BUSY Input IN J19 

13 BUSYOUT BUSY Output OUT J13.J6°2 

16 RSTP Reader Step OUT J 16 

7 SG Signal Ground 

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 

BUSYandDTR 
Input Signals 
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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) 

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 
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BUSYOUT and DSR 
Output Signals 

RSTPOutput 
Signal 
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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. 

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 

ZAX Corporation 
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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 
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* EXM-12 
Module Components 
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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. 

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 ALLOCA nON 
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. 

ZAX Corporation 
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DSWl&DSW2 
Switch Settings 
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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 

ON-USE BN15 

~-- ON-USE BN14 

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

OFF-DISABLE 128K 

OFF-IGNORE BN15 

OFF-IGNORE BN14 

'------------ ON-BN15 - 7 = 0 OFF-BN15 - 7 = 1 

ZAX Corporation 
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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) 
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Break Comparator 
Memory Module 

Description 
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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. 

ZAX Corporation 
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CPU Contro Module 

Description 
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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 co­
processor. 

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. 
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CPU Control 
Module Components 

3·26 

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. 

ZAX Corporation 
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* Changing CPUs 

* Changing The 
NDP 
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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. 

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. 

ZAX Corporation 
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* CPU Control 
Module Jumpers 
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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. 

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. 
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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 
"A WT" 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. A WT-

1 - 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) 

ZAX Corporation 
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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 
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* Emulation Method 
Select Switch #1 

Description 

Location 

Function 

Adjustment 

Factory Settings 
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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. 

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.) 

See the individual bit settings that follow. 

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. 

All bits are Off. 

Bit 1: On- RD signal outputs during user memory access only. 

I T1 I T2 I T3 T\\'I T4 I T1 I T2 1 T3 TW I T4 1 

eLK 
ALE 

A16 53-,\19/ sc:::J":IJ:IlH::::ES::::' S~( ;:;;;;S~'T:::"\T:I'S:' ==~):;:~:IlI:"U:;S::S =;·;;;::S::T,\::Tl::·S::::::::::= 
A8-AI5( il881=-:X AIlIlIlESS X ..\IlIJIlESS 

ADO-AD7(il881 _ ,..-~~--~ 
ADO-ADI5(il1l61-~ IHTA 1\ )~ _______ _ 

So-52 \~ _____ ...I/"--..II \""----_ ... ''---, 
RD I 

DE:-' 
, I I 

:.J 
ARDY.5RDY-----...I I \ 

USE-r···Memory Read leD Emulation. Memory Read 
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Bit 1: Off - RD signal outputs during both user and leD memory 
access. 

I TI I T2 I T3 TI\' I 1'4 I TI I T2 I T3 TI\' I T4 I 
eLK 
ALE 

AI6 S3-A19 S6 y~( ST.\TIS ~(ST.\TlS 

A8-A15(i188~,--__ .;.;.;,\I.;.;.;1I).;.;.;Hf,;,;,;:S,;,;,S ____ J\Y ___ ,;,:,'\:.;.:."I;.:.;.)I(;.:.;.f>,;;.;·s ____ _ 

AIlO-A1J71i188 1 .... u~ j~~-~ 
AIJO-AD15(il88!~ I),\T.\ 1\ ,----.,~--------

SO- S2 ~ \ I I 

I{-IJ I I 

D[:\ I 

DT'H ~ c= 
ARDY,SRIJY 

LJ s.'r"· ~Iem()ry Reau leD Emulation. ;\Iemory Read 
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Bit 2: On - WR signal outputs during both user and leD memory 
access. 

I Tl I T2 I T3 T\\" 1'4 , Tl I T2 'T3 T\\" T4 , 

CLK 
ALE 

A16 'S3-A19 Sc:::J,\IlIlIU:SS: STATl'S )~( ST,\Tl'S 

AS-A15(ilSS} ==:::l---:A":'!'I>:":":J)H~E~SS~' ----""'I,.----:'''':':':IlI::-::)H~ES~'S~' ----

ADO-AD7(ilSS) ~ .. ~ 
ADO_AD15(i186\--AJ)IJH~,Ss----( flATA 01 r ~--------

SO-S2 \~ ____ """ ___ ..J \~ ________ ~7--J7 

~-----~,-----

DEN 

~ -~~------------------------~'--------
AHDY, SHDY _______ ...J 

User Memory Write ICD Emulation Memory Write 

ZAX Corporation 
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Bit 2: Off - WR signal outputs during user memory access only. 

1 1'1 1 T2 1 T3 T\\"I T4 , T1 1 T2 11'3 TW I T~ I 
eLK 
ALE 

:\16 53-:\19 56 .~C ,,'1'.\'1'1.- J,1I"lIn:,.;,.;: ";T.ITI'" 

,\8-AI5IiI88' ==:x __ .....;.:.I~"'~IH~f:,~·";...· ___ --'I.'-__ ....;.~II:.:.:."":.:.:.n;.;.:.:,.;.;.;.,.; ____ _ 

~ ".IT.IOt'T 

50 52 \ 7 

DE:,\ \ ... _____ --1 '--_____ --J' 

AIWY. SIWy-------J I 

rs{'r ~I"mory \\"rit~ ICD Emulatio" ~I{'mor\' \\'rote 
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3 -36 

e1.i.; 

·\1.E 

Bit 3: On - DEN signal outputs during user and leD memory 
operations. 

TI I 1':! / T:j T\\"/ TI / 1'1 Tc / n T\\" / T~ I 

-\1'; 'i'1_""\1~1 c,'; ==:::>~ ___ .;.;.,~·I~-'-\~T;..;I·:-',;,.· _____ AIJlJln:ss-____ s_.T_.Y;.;.rI_..s ______ _ 

-\X-,\I:, i1Xx =::J ___ ......o:,\,:.;./l~K/{~E~-S;.:.;.S ___ .... I/\, __ ..;;;.-\:.:.:D,:.;.I):.:.:HI.;.;..:~;.;.;S~ ____ _ 

,\DII-,\I1; iii"" ~\~~ ....... 
"-\IlIi-'\D1C"ilX';'---~--< 1l .. \T.\ 1\ >--~ __ - _____ _ 

Stt~~:! 

~ ~ Z I 

HI) WI{ 
I 7 

DE\ I 

-\HI1Y. SHDy--____ ..J \ I 

I .. l'sl'r !\Iemory Head ., ICI> Emulatinn ~l,'mnry Kead ./ 

ZAX Corporation 
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Bit 3: Off - DEN signal outputs during user memory access only. 

eLK 
ALE 

, Tl , T2 I T3 T\\" T4 I Tl I T2 I T3 TW' T4 

A16.53-A19 56~ snT\'S ~ STATl'S 

A8-A15(il88) ~,-__ .;.:.:AI~)Il.:.:;R~:,;,;;:S~S ____ -"X ___ ...::.:AI.:.:.:)Il.:.:.:llf:;,;;:S~S ____ _ 

SO-S2 \ I I \~ ______ ~Z~I 

'--___ --I' '--___ --J' 
DEN '--...... _--_--1' ~~\--------~,-----

ARDY, SRDY-------' I 

User :\lemory Read leD Emulation ;\lemory Read 

ZAX Corporation 3 - 37 



TECHNICAL REFERENCES SECTION 3 
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Bit 4: On - ALE signal outputs during emulation. 

eLK 

ALE 

I TI I T2 I 1'3 T\\'! T 4 ! T1 I T2 ! T3 T\\' I T4 ! 

A16 S3-A19 S6--------------------
AH-AI5iI88, --------------------

AIJO-AD7,iI88' --------------------

A IJO-Afl151iI86'--------------------

SO- S2 

Emulation Break 

ZAX Corporation 
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eLK 

ALE 

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 

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 I a t ion Break 
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eLK 

ALE 

AlOi53-All/56 

AS-A151 i Hill) 

Bit 5: Off - DT/R signal outputs in all states. 

)'1, T2 I T3 ITW I T4 I TI T2 I T3/TW I T4 I 

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

ADO-AD7Iil881 ____________________ _ 

ADO-ADI5Ii186)---------------_____ _ 

SU-52 

Emulation Break 

ZAX Corporation 3 - 41 
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* Emulation Method 
Select Switch #2 

Description 

Location 

Function 

Adjustment 

Factory Settings 

Bits 1, 2,3, 4, 5 

Bit 6 

Bit 7 

3 - 42 

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). 

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. 

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.) 

See the individual bit settings that follow. 

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. 

All bits are Off. 

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

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

Off - ARDY signal effective during user memory access only. 

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

ZAX Corporation 



SECTION 3 

Bit 8 

* Emulation Method 
Select Switch #3 

Description 

Location 

Function 

Adjustment 

Factory Settings 

Bit 1 

Bit 2 

ZAX Corporation 

TECHNICAL REFERENCES 

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

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

Off - Wait state suppressed. 

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. 

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. 

See the individual bit settings that follow. 

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. 

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 lin. 
Off - NDP's BUSY line and CPU's TEST line function normally. 

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. 
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Bit 3, 4, 5, 6 

Bit 7 

Bit 8 

3 - 44 

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

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. 

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. 

ZAX Corporation 
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ICDffarget System 
Interface 

I C 0378 for 80186/80188 

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

DEN 
DT/1< 
CONTROL 

ZAX Corporation 
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68 Pin PI ug Prove 

A16/S3~ 

A18/S5 
BHE 

so 

DT/R" 

3·45 
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L;L -Rl) 

~ WR 

G 

ALE 

";L 
ALE 

~ 
RD, WH 

QSo 

QSI 

CO:>;TROL 
G 

p ~;L 
QSO 

QSI 

G 

CLKOl:T 

r L'~ RESET 

LOCK 

TMROl'T 

HLDA 

UCS, LCS 

MCS, PCS 

=if NM"N'" -]<= RES 

TEST 
fill, DRQ 

HOLD 

TMRI:>; 

ARDY, SRDY 

* 
Xl J¢::== 

JVCC 
+sv I( 0 0 ~+sv 

,h T L ;t 
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In-circuit Mode/CPU 
Emulation 

In-cir cuit mode 

ICD State 

X 1. X 2 

CLKOUT 

ICD RESET SW 

ICD MONITOR SW 

RESET 

ALE 

NMI, INT 0 - 3 

HOLD,HOLDA 

ARDY, SRDY 

TEST 

LOCK 
f--

QS 0, 1 

DRQ 0, 1 

TMR INO, 1 
TMR aUTO, 1 

PCS 0 - 7 
MCS 0 - 2 
UCS.CCS 

ZAX Corporation 

I 0 

Break Emulation 

EXT or EXT or 
INT INT 

AC AC 

AC N 

N AC 

N 

N AC 

N N 

N N 

N N 

N AC 

N AC 

AC AC 

N N 

AC.6 AC 

N N 

TECHNICAL REFERENCES 

I 1 I 2 

Break Emulation Break Emulation 

EXT or EXT or EXT or EXT or 
INT INT INT INT 

AC AC AC AC 

AC N AC 

N AC N AC 

N .2 AC N .2 AC 

AC.5 AC AC.5 AC 

N .1.3 AC N .3 AC 

AC.I AC.I AC AC 

N .4 AC N .4 AC 

N AC N AC 

N AC N AC 

AC AC AC AC 

N AC.I N AC 

AC.6 AC AC.6 AC 

N .4 AC N .4 AC 
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Status: 

Notes: 

3 -48 

In-circut mode I () I 1 

RO RO RO 

RW R\\· RW 
Memorv 

b;· Mapping ICO access l'S l~ S as L; S 

1'\0 :-':0 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) 

I 2 

I CD access 
as l" S 

I CD access 
as l" S 

l"S 

* 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. 

ZAX Corporation 
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Machine Cycle 
Operation 

Status: 

Notes: 

ZAX Corporation 

MACHINE CYCLE 

Interrupt Acknowldge 

Read I/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 

Write Data from Memory 

Passive 

HOLD state 

RESET State 

ICD Emulation 

Memory Fetch * 1 

ICD Emulation 

.• ;"mory Read *1 

ICD Emulation 

Memory Write * 1 

Emulation Break 

10 

H = high level 
L = low level 

S2 

L 

L 

L 

L 

H 

H 

H 

H 

TS 

H 

H 

H 

H 

H 

TS 

X = high or low level 
TS = high impedance 
AC = accepted 
NA = not accepted 
OUT = output 
IN =input 

TECHNICAL REFERENCES 

STATUS CONTROL A16 ADO-AD15 
-A19 -( i80186) 
BHE AD 0 -AD 7 
(iBOl86) (i80188) READY 

S1 SO DT 
DE~ WR RD A8 

/R -A19 
(i801SSI Address Date 

L L L L H H OUT IN IN AC 

L H L L H L OUT OUT IN AC 

H L H L L H OUT OUT OUT AC 

H H H L H H OUT OUT OUT AC 

L L L L H L OUT OUT IN AC 

L H L L H L OUT OUT IN AC 

H L H L L H OUT OUT OUT AC 

H H H L H H TS TS TS AC 

TS TS TS TS TS TS TS TS TS NA 

H H TS TS TS TS TS TS TS NA 

L L L L H L OUT OUT TS NA 

*4 *2 a 
L H L L H L OUT OUT TS NA 

*4 *2 

H L H L H H OUT OUT TS NA 

*4 *3 

H H X X H X X X X NA 

TS TS X L H X TS TS TS NA 

* 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 

3 - 50 

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 

eLK 
ALE 

I T I I T 2 I T3ITW I T 4 I T I I T 2 I T3/TW I T 4 I· 

A16/ A IS( i 188) ==A"i5'i5'RESs~_......;;;.sT:.:.:A~n~J S~----: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 ~ Z 7 \ z 
RD \ I 

DEN 
I 

\' n _________ -,---

DT iii: "J 
AROY, SRDY 

User Memory Read ICO Emulation Memory Read ·1 

ZAX Corporation 
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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 ------\"' ______ ...Jr--\ - - --- -- - -- ------- -,--

DTiR :=J 

ARDY. 5RDY -----' 

User Memory Wri te I ICD Emulation Memory Write I 
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lCD/CPU 
Configuration 

80186/188 Pin Configuration 

TOP 

so ucs 
51 LCS 
52 PC56/A2 

ARDY PC55/Al 
CLKOUT PCS4 

RESET PCS3 
X2 PCS2 
Xl ~fO~ PCSI 

ALE/~~ fO~ ~~"so 
RD/OSMD RES 

WR/OSI TMR OUT 1 
SHE TMR OUT 0 

A19/56 TMR IN 1 
A18/55 TMR IN 0 
A17/S4 DROI 

A16/S3 "'-+",.,,,.-,,.,,..,,,,,n,,,..,,,.., " ,.."nr,.-+'"" DROO 

so UCS 
51 LCS 
52 PC56/A2 

ARDY PC55/Al 
CLKOUT PCS4 

RESET PCS3 
X2 PCS2 
Xl & PCSI 

v.. a..~\.~ v .. 
ALE/OSO ..o'iJ PCSO 

RD/OSMD RES 
WR/OS1 TMR OUT 1 

57 TMROUTO 
A1e/56 TMR IN 1 
A18/55 TMR IN 0 
A17/S4 DROI 

A1B/S3 &"+",..".,"'M",..,,..,rl,.,r,,..,,,,..,nrlri'::u8 DROO 
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lCD/CPU Probe 
Configuration 

CPU Probe ( 1 / / 3 ) 

Signal Name Buifer Ie 

ADO-AD3 4A 
(L S245) 

AD4-ADi 

AD8- AD11 4B 
(A8- All) (L S245) 

ADI2-AD15 
(A12-A15l 

A16-A18 4D 
(LS244) 

A19 5F -8.6 
(L S125) 

BHE 4D-3 
S7 (LS244) 

SO-SZ 4C 
(L S244) 

Ii'""n\f 5F-3 
(L S125) 

DT/R 7F -3.6 
(L S125) 

ALE 7F -11 
(L S125) 

Q SO 5E -3 
(L S244) 

WR 5E-14 
(L S244) 

QSl 5E-7 
(L S244) 

J(]J 5E -18 
(LS244) 

QSMD 4D-8 
(L S244) 

ZAX Corporation 

DirectIon 

I N/OUT 

I N/OUT 

OCT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

1 N 

TECHNICAL REFERENCES 

Register TerminatIon 
State 

Pull up Pull down Senes 

TS B R13 B R22 B R2 
(open) (open) (open) 

B R12 B R21 B Rl 
(open) (open) (open) 

TS B R13 B R22 B R2 
(open) (open I lopen I 

B R12 B R21 B Rl 
(open) (open) (open) 

TS B R 15 - B R4 
(open) (open) 

TS B R15-4 - B R4-3 
(open) (open \ 

TS B R 15-3 - B R4-2 
(open) (open) 

TS B R14 - B R3 
(open) (open I 

TS B R 16-8 - B R5-2 
(open) (open) 

TS B R 16-7 - B R5-6 
(open) ·(open) 

- B R 14-9 - B R3-8 
(open) (open) 

-

ts B R 15-2 - B R4-1 
(open) (open) 

-

TS R4 - B R3-7 
OOK) (open) 

-
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CPU Probe (2 / 3 ) 

RegIster TerminatIon 
Signal :'\ame Buffer Ie Direction State 

Pull up Pull down Senes 

XI 13A -10 11\ - Rll R21 RI 
( FOO) (lOKI (39K I \100) 

X') - il:o Connection - - -

CLKOL'T 7C -12 arT - B R 14-6 - B R3-5 
(LS244! (open) (open) 

RESET 7C -9 OrT - B R 14-7 - B R3-6 
(L S244) (open \ (open) 

RES 4E -8 11\ - B R 17-5 B R23-5 -
( L S244) (open) (open) 

NMI 4E -6 Iii: - B R18-7 B R24-7 -
(L S244) (open) (open) 

TEST 4£ -17 1:\ - B R 18-6 B R24-6 --
(LS244\ (open) (open) 

LOCK 7C -18 OCT - B R15-7 - B R4-6 
(L S244 ) (open) (open 

SRDY 4£ -15 1:\ - B R 18-8 B R24-8 -
(L S244) (open) (open) 

ARDY 4£ -2 IN - B R18-3 B R24-3 -
(L S244) (open) (open) 

HOLD 4£ -4 IN - B R 18-9 B R24-9 -
(LS244) (open) (open) 

HLDA 7C -3 OUT - B R 15-6 - B R4-5 
(LS244) (open) (open) 

Vee JVCC No Connection - - -
No Jumper 

Gt\D Connection Connect Common - - -
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CPU Probe (3 / 3 ) 

Register Termination 
Signal Name Buffer IC Direction State 

Pull up Pull down Series 

TtvfRINO.l 4E -13.11 IN - BR17-6. i BR23-6.7 -
(L S244) (open) (open) 

TtvfROUTO 7 C -14 OUT - BR16-6 - BR5-5 
(L S244) (open) (open) 

TtvfROUTl 7C-16 OUT - BR16-5 - BR5-4 
(L S244) (open) (open) 

DRQO.l 3F-5.6. IN - BR17-8.9 BR23-B.9 -
(85302) (open) (open) 

INTO. 1 3F-7.8 IN - BRI8-4.5 BR24-4.5 -
(85302) (open) (open) 

INTZ/INTAO 4F-ll IN/OUT - BR17-3 BR23-3 BR5-2 
(85301 ) (open) (open) (jumper) 

INT3/INTAI 4F-9 IN/OUT - BR17-4 BR23-4 BR5-3 
(85301 ) (open) (open) (Jumper) 

1JC5' 6C-12 OUT - BR19-2 - -
(L S244) (open) 

ITS 6C-14 OUT - BR19-3 - -
(L S244) (open) 

MCSO-3 6C-3.16 OUT - BRll-5.4 - -
7.5 3.2 

(L S244) (open) 

PCSO-l 5C-5.9 OUT - BRI9-9.B - -
7.14 7.6 

PC~~ -{) 3.16 5.4 
(L S244) (open) 

PCS2 5C-12 OUT - BR16-4 - -
(L S244) (open) 
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lCD/CPU Signals 
Examined 

RESET Signal 

3 - 56 

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. 

RESET TARGET RESET 
...L ....L 

011 

~I I ~ EMULATION RESET 186 ,~ PROB~ II 
LOGIC 188 LOGI 

EJ 
ICD TARGET SYSTEM 

10 11 12 

MONITOR EMULATION MONITOR EMULATION MONITOR EMULATION 

IICD MONITOR SWITCH 0 x 0 x 0 x 

I RESET x x L'1 

0: Effective f::.: Conditionally effective x: Not effective 
• 1: Does not work as the hardware reset of the emulated CPl), 

0 L'1 0 
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ARDY ISRDY Signals 

ZAX Corporation 

TECHNICAL REFERENCES 

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. 

ICD 

ARDY 

illOlHfi PROBE 
iHlllKH SRDY L()(;IC 

TIMIt\G 
LOGIC 

I 
OFF 

E.M.SEL 
OON SW 2 

Bit 8 

TARGET SYSTEM 
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ALE/QSO,WRlQSI, 
RD/QSMD Signals 

3 - 58 

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. 

ICD 

iHOIH6 
iHOIHH 

I () 
~tl'ml/n 

Con1 rol 

~------ 1,]) (j-;\!!l 
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TEST Signal 

ZAX Corporation 
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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.) 

[J 
ICD 
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Mes LCS MCSO·3 
PC SO· 7 Signals 
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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. 

MCS 

LCS 
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NDP Emulation 

NDP 
Configuration 
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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. 

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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NDP/CPU Interface 
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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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Emulating The NDP 
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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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When To Use The 
NDP In-circuit 
Probe 
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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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NDP Machine Cycles 
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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. 

ICD Monitor 
Break 

GO Emulation 
Execute 

CPU PLUG -----UO~F.:EM~R.:EM~\'i': ... : ... ::J 
PROBE 

Emulation 
CPU 

Emulation 
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J
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NDP Interrupt 
Signal 

3 - 66 

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. 
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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. 
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NDP QSO/QSl Signal 
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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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Delay 
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CPU 
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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. 

~-------r--------~~=r------~NDP 
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NDP BUSY Signal 
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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 TARGET SYSTEM 
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Module 

Description 
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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 
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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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Unit Module 

Description 
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The Memory Mapping Unit 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 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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* MMU Components 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.) 

ZAX Corporation 

Bit Operation Enabled Disabled 

1 Block #7 (A17M) On Off 
2 Block #8 (A18M) On Off 
3 Block #9 (A19M) On Off 
4 Selects the On Off 

128K-byte program 
memory for ICD 

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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leD Emulation 
Memory 
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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. 

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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The memory contained in the prototype is called target system 
memory or user memory. The ICD can address any area of the IM­
byte 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: 

T1 T2 T3/TW T4 

ClK 

ADDRESS ----f:: 

tAD tDVCl tCLDX 

DATA-IN --------------1\ 

AO-A19 Valid to Valid Data In max (3 + N) T-95 ns 

Data Setup Time min 35 ns 

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.) 

1M BYTE 

-CD ~ U~R 
PROGRAM ~ MEMORY 
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ICD 
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EMULATION CPU 
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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 

IMPORTANT 
NOTICE! 
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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. 

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. 

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 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. 

<D Main Frame 
® Side Covers 
o Control Modules 
o 'lbpCover 
® Power Supply 
® Bottom Cover 
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* Procedure For 
Disassembling 
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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: 

(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. 
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How The Modules 
Are Connected 
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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. 

IMPORT ANT: 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 power­
supply 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 power­
supply 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 power­
supply 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. 

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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SECTION 4 

ZAX Corporation 

COMMUNICATION PROTOCOL 

Section 4: COMMUNICA nON PROTOCOL, shows the 
communication programs for interfacing a computer to an ICD­
series 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 
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APPENDIX A 

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 multi­
component, 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. 

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. 

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 read­
only, 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. 

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. 

An emulator's resident memory is composed of bigh­
speed 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 off­
board 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. 

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. 

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. 

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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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. 

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. 

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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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! 

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. 

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. 

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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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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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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COMMAND DEMONSTRATED 

REGISTER 

REGISTER 

REGISTER 

FILL 

DUMP 

DUMP - and the scroll feature 

DISASSEMBLE 

COMMENT 
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ACTION COMMAND DEMONSTRATED COMMENT 

REGISTER 

REGISTER 

REGISTER 

ASSEMBLE 

ICD displays: You enter: 

0000:0000 MOV SP,OFFFFH 
0000:0003 MOV BX,OH 
0000:0006 MOV DS,BX 
0000:0008 MOV CX,2H 
OOOO:OOOB CMP CX,IH 
OOOO:OOOE JL 8H 
0000:0010 JE 17H 
0000:0012 MOV AX,OAAAAH 
0000:0015 JMP lAH 
0000:0017 MOV AX,05555H 
OOOO:OOIA MOV BX,I000H 
OOOO:OOlD MOV [BX],AX 
0000:00 IF MOV DX,[BX] 
0000:0021 CMP AX,DX 
0000:0023 JNE 31H 
0000:0025 ADD BX,2H 
0000:0028 CMP BX,8000H 
0000:002C JNE IDH 
0000:002E DEC ex 
0000:002F JMP OOOBH 
0000:0031 JMP31H 
0000:0033 NOP 
0000:0034 NOP 
0000:0035 <--DOW enter a second return here to terminate the 
> test program input 
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COMMAND DEMONSTRATED 

DISASSEMBLE 

BREAK 

BREAK 

BREAK 

BREAK 

BREAK 

COMMENT 
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A (ON) EX 
B(ON) MW 
C(ON) EX ° (ON) 
S (01) ID..T 

W(ON) 

0002F 
01006 
00031 
0002F 
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COMMAND DEMONSTRATED COMMENT 

BREAK 

bit-wise physical address l 
processor access 

INDependent of or ARMed by event l l 
o IND ANY 
o IND ANY 
o IND ANY 

° 

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

i~g~ L L 
> L break .: of break 

break status 

L L elapsOO count 
pass count 

breakidentillcation 

mSTORY 

mSTORY 
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>EV 
(ON) 

ACTION 

Status = M 
Address = 04000 
Data = 5555 
Mode =ANY 

COMMAND DEMONSTRATED 

mSTORY 

EVENT 

EVENT 

(0000_0100_0000_0000_0000) 
(0101_0101_0101_0101) 

Count 
Edge 
Level 

1 0 
= ANY 
= ANY (Low) 
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COMMAND DEMONSTRATED 

GO 

mSTORY 

DUMP 

BREAK 

mSTORY 
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COMMAND DEMONSTRATED 

mSTORY 

GO 

DUMP 

DUMP 

mSTORY 

mSTORY 

mSTORY 

BREAK 

GO 

COMMENT 
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COMMAND DEMONSTRATED 

mSTORY 

DUMP 

GO 

DUMP 

BREAK 

BREAK 

GO 

REGISTER 

REGISTER 

REGISTER 

APPENDIXB 

COMMENT 
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DISASSEMBLE 

mACE 

GO 

mACE 

GO 

TRACE 

TRACE 

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

GO 
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mACE 

mACE 

REGISTER 

REGISTER 

REGISTER 

FILL 

DISASSEMBLE 

FILL 

DUMP 

APPENDIXB 

COMMENT 
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FILL 

DUMP 

FILL 

DUMP 

COMPARE 

SEARCH 

SEARCH 

MOVE 
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COMMAND DEMONSTRATED 

DUMP 

EXAMINE 

EXAMINE 

EXAMINE 

CALCULATION 

CALCULATION 

CALCULATION 

APPENDIXB 

COMMENT 
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ACTION COMMAND DEMONSTRATED COMMENT 

CALCULATION 

CALCULATION 

SAVE 
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ACTION COMMAND DEMONSTRATED COMMENT 

11111!/llliil!iIjllll DISASSEMBLE 
QUIT 
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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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COMMAND DEMONSTRATED 

IN-CIRCUIT 

DISASSEMBLE 

GO 

mSTORY 

IN-CIRCUIT 

IN-CIRCUIT 

IN-CIRCUIT 

APPENDIXB 

COMMENT 
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IN-CIRCUIT 

ALLOCATION 
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MAP 

ALLOCATION 

ALLOCATION 

MAP 

MAP 

MAP 

MAP 

MAP 

APPENDIXB 

COMMENT 
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COMMAND DEMONSTRATED 

MOVE 

IN-CIRCUIT 

PIN 

PIN 

PIN 

COMMENT 
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Specifications 

Emulated Processors 
/Clock Speed 

Memory Size 
Optional Memory 

Mapping Resolution 

Real-time Trace Buffer 

Debugger Commands 

Breakpoints 

U sable I/O Ports 

Communication Ports 

Baud Rates 

Physical Dimensions 

CPU Probe Length 
NDP Probe Length 

Weight 
Power Requirements 
Power Consumption 
Operating Temperature 
Storage Temperature 
Humidity 

ZAX Corporation 

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

APPENDIXC 

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

lK-byte blocks 

4K bytes deep x 40 bits wide 

30 (resident) 

4 hardware, S software 

64K 

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

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

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

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

5.5kg (12.2Ib) 
115V AC/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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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. 

All 64K ports are open. 

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 HL T 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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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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APPENDIXD 

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 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 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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Analyzer Interface 
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APPENDIXE 

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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Pin 

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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Name (Type) 

CD State Signal Interface Connector Specification 

Pin Name (Type) 
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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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address 

allocate 

argument 

Ascn 

assemble 

assembler 

baud rate 

bi-directional 
data bus 

binary 

ZAX Corporation 

GLOSSARY 

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

To assign blocks of data to specified blocks of storage. 

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. 

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

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.) 

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. 

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 ICD­
series emulators can transmit up to 19,200 bits per second.) 

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

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 

branch 

breakpoint 

buffer 

byte 

C 

CLK 

clock 

code 

compiler 
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A binary digit. 

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

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.) 

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. 

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

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. 

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. 

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.) 

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 

controller 

CPU 

cross assembler or 
cross program 

cross compiling! 
assembling 

CRT 

DCE 

debugging 

decimal, binary­
coded 
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GLOSSARY 

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. 

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

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. 

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

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. 

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

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

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. 

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 

development system 

development tools 

DIP 

DIP switches 

disassembly 
(disassembler) 

don't care 

downloading 

DTE 

dump 

duplex 

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

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. 

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

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

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

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. 

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 

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

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

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. 

A simultaneous two-way independent transmission. 

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

echo check 

editor 

EEPROM 

EEPROM programmer 

EIA-RS-232C 

emulation 

emulation mode 

emulator 

emulator, 
stand-alone 
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GLOSSARY 

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

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. 

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. 

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. 

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

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.) 

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. 

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

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. 

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 

field 

firmware 

FIFO 

First In, 
First Out 

FORTRAN 

full duplex 

gate 

GND 

half-duplex 

halt 
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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.) 

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

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

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. 

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. 

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

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. 

Ground 

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

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

hardware 

hex, hexadecimal 

high-level 
language 

host computer 

ICE 

in-circuit 
emulation 

instruction 

instruction set 

interrace 

interrupt 
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GLOSSARY 

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

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

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 
"()()()() 1 0 1 0" binary. 

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. 

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

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. 

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

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

The physical connection between two systems or two devices. 

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 

kilobaud 

linking loader 

loader 

logic state 
analyzer (LSA) 

machine cycle 

machine language 

macro 

macro assembler 

macro instruction 
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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. 

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

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

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. 

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

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

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

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

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

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 

microcode 

mnemonic code 

monitor mode 

MOS 

NOP, NOOP 

object code 

object program 
library 

operating system 
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GLOSSARY 

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. 

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. 

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. 

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. 

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. 

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

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. 

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

operator 

parameter 

parity bit 

Pascal 

peripheral devices 

phantom ROM 

PIO interface 

PROM 

PROM programmer 
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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. 

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

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

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

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

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. 

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

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. 

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

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

RAM 

read-only (RO) 

read-write (RW) 

real time 

register 

ROM 

RS-232C 

semantics 

source program 

stand-alone 
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GLOSSARY 

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. 

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. 

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

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

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.) 

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

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

See EIA-RS-232C. 

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

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

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 

statement 

static RAM 

step 

stop bit 

symbolic debugging 

symbolic trace 

syntax 

target system 

trace 
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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. 

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

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

One instruction in a computer routine. 

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

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. 

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. 

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

Refers to the processor under development. 

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 

trigger 

TIL 

universal emulator 

uploading 

virtual memory 

XONIXOFF 

ZICE, ZICE-D 
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GLOSSARY 

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. 

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

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

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

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

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. 

Transmitter ON/OFF. 

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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