
Section 3 TECHNICAT REFERENCES

The Indicator/Control module (5-730) contains three switches,
four indicator lamps, one 60-pin connector, and intermediary
circuitry. Switch SWI selects between the internal (lNT) or
extemal (EXT) clock. Switches SW2 and SW3 activate the
RESET and MONITOR functions, respectively. The indicator
lamps DI, D2, D3, and D4 show the condition of the HALT,
MONITOR, ICE (in-circuit enable), and POWER functions.

The three switches and four indicator lamps are all accessible
for operation (and viewing) from the outside of the ICD so
there are no user-serviceable controls or components on this
module.

Indicotor/Conlrol
Module

Description
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HOST/AUX
PORT
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BAUD RATE
SWITCHES

LOCAL/REMOTE
SWIlCH
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Secfion 3 TECHNICAT REFERENCES

@ ln Socket. By connecting different pins with jumpers, this
socket is used to select either RS-232, current loop, or TTL
interface for the TERMINAL port, (See "How To Change
The Interface Settings.")

@ IB Socket. Used the same way as theJA socket, but selects
the interface for the HOST/AUX port.

@ TERI\4INALr Port Line Driver. The standard line driver is an
SN75I88, and is used with RS-232 and current loop interface
operation. When TTL interface is used, the standard line
driver must be replaced with an SN7438line driver.

@ HOST/AIIX Port Line Driver. Functions the same as the TER-
MINAL, port line driver, except controls the HOST/AUX port.

@ ln 5/4/3 Fower Supply Jumpers. Supplies power to the TER-
MINAI-, port line drivers. Pins 3 and 5 supply + l2V to the
SNTSIBB line driver (when usinq RS-232 or current loop in-
terface), and Pin 4 supplies +5V to the Sn7438 line driver
(when TTL interface is used).

@F VUS Power Supply Jumpers. Functions the same as
IA 5/4/3, but supplies power to the HOST/AUX port line
driver.

@)DSW3 Transmission Format Switch. Sets the data format
and stop bits for the TERMINAL, port. (See "How To Set The
Transmission Format Switches.")

@ DSVI/4 Tlnnsmission Format Switch. Sets the data format and
stop bits for the HOST/AUX port. (See "How To Set The
Transmission Format Switches.")

@ ICg Console Break Jumper Socket. When the pins of this
socket are connected together, it allows any key on the ter-
minal keyboard to activate the MONITOR break switch: it
is essentially the same as pressinqthe MONITOR switch on
the ICD. CIhe MONITOR switch is used to return control to
the ICD monitor during emulation.)

SIO 5-791 Module
Componenls
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TECHNICAT REFERENCES

A Howto Setthe
Trqnsmlsslon Formol

Swlfches

Seclion 3

The transmission format switches are used to set the data
format and stop bits forthe TERMINAL, and HOST/AUX ports.
Both B-bit, ON/OFF type switches can be set by inserting a
small, pointed tool and slidingrthe bits to the ON or OFF posi-
tion.

ONBit

I
6

4
c
6
7
8

Data bit B
No parity bit
E'rran na rifrr
!  Y  v r r  y u r  r l J

Stop bit 2
Bit 8 always 0
Multi-lCD I/O disable
Multi-ICD I/O disable
TBMT & TEOC

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

Foctory Selllngs Factory settings of the transmission format switches for the
TERMINAL and HOST/AUX ports are shown below.

TERMINAL Port HOST/AUX Port

8 data bits
2 stop bits
no parity bit

8 data bits
2 stop bits
no parity bit

EEEEEE
3 4 5 6 7 8

E
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r
o ' l
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Section 3 TECHNICAT REFERENCES

NOTE l: When bit B 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 sigrnals:

TBMT--T?ansmitted Buffer Empty. The transmitted buffer emp
ty flag groes to a logic "1" when the data bits holdinq register
may be loaded with another character.

TEOo-T?ansmitted End of Character. This line goes to a logic
"1" each time a full character is transmitted, It remains at this
level until the start of transmission of the next character.

A Uuflple lCDs Sisnals for multiple ICDs can I/O through the HOST/AUX port
by setting bits 6 and 7. When this feature is enabled, the Exter-
nal Break, Emulation Qualify, and Event Trlgger sigrnals can be
monitored by more than one ICD. (I/O level is EIA.)

To activate this feature, set the following bits:

DSW3b i t6  =  ON DSW4b i t s6&7 :  ON

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

Pin No. Sigrnal Name t/o

11 External Break IN
18 Emulation Qualify OUT
25 Event Trigger OUT

ICID-278 for Z8O ZAX Gorporqlion 3-9
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Seclion 3 TECHNICAL REFERENCES

s-791

+5V
^^, sN75189
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SD
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+5V€4
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-12V.€

_ sN7545,1 B
READ +
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RSTP-

LIN+

LIN-

LOUT+

LOUT-
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BUSY OUT
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DTR
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RS-232Inlerfqce

Seclion 3

The RS-232 interface is the normal configmration for the ICD.
The diagnam below shows howthe pins on theJA andJB sock-
ets are arranged for the RS-232 setting. The two tables show
the status of the signals for both the TERMINALT and
HOST/AUX ports.

RS-232 Pin Configruration
(Standard connection is shourn)

oooooooo*1 oo

I
J,ts J16 J47 J18 J24 J25 J19 J43 J6 J20 J4 J2

I
oooooooooJoo

,t3ri72223

12,i44 2 3 4

JAIJB SOCKETS

RS-232 Intedace I/O Siqnals{ERMINAL Port

JApB
POIYEP SUPPIY

PIN
No.

SIGNAL
NAME

DESCRPTION rf\^3uT JA No.

,l
2
3
4
6

6
20
7

FG
SD
RD
RTS
crs
DSR
DTR
SG

Frome Ground
Send Doto
Receive Dqlo
RequeslToSend'2
CleqrToSend'2
DoloSetReody
Dolo Terminol Reody
Slgnol Ground

IN
OUT
IN
OUT
OUT
IN

sN 75188N

J 6 , J 2 0 ' 3
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Section 3 TECHNICAL REFERENCES

RS-232 Interface I/O Sigmals-HOST/AUX Port

NOTE l: Values in ( ) enabled when the DCE/DTE select
switch is set to DCE.

NOTE 2: CTS and RTS signals are looped back (null modem)
within the ICD and pulled up to +5V.

NOTE 3: Connecting pins l5 and 16 (A andJB socket) together
causes the DTR and DSR sigmals to be looped back (null mod-
em) within the ICD Connecting pins 10 and 15 [A andJB sock-
et) causes the DTR sigrnal to be used as the BUSY sigrnal to the
terminal, Connecting JA64BO causes the DSR signal to be
used as the BUSY siqnal to the terminal.

PIN
No.

SIGNAL
NAME

DESCRIMON IMOUT JB No.

I
2
I

4

6
20
7

tr9

SD
RD
RTS
cts
DSR
DTR
SG

Frome Ground
Send Doio
ReceiveDolq
RequeslToSend'2
CleorToSend'2
Dofo Set Reody
DotoTerminol Reody
Signol Ground

ouT 0N) '1
rN (ouTj
ouT0N)
rN (ouT)
rN (ouT)
ouT(tN)

sN 75{88N

J 6 , J 2 0 ' 3
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Currenl loop Interfoce

Section 3

The current loop interface is an optional configruration that is
enabled when the JA and JB sockets are modified. The dia-
grram below shows how the pins on the JA and JB sockets are
arranged for the current loop setting. The table shows the
status of the sigrnals for both the TERMINAL and HOST/AUX
ports.

Current Loop Interface
(Modified connection is shourn)

ti34720222 J

r i 2 3 4 5 6

JAIJB SOCKETS

1 1 4 2  5  4  3

JAIJB POWER SUPPTY

AUsing lhe Currenl loop
Inlerfoce

a) Connect pins 4 and 21 0AlB4BlB) together with a 220-ohm,
l/4-watt resistor, or adjust the resistance to the associated
circuit.

b) Connect pins 2 and 23 0At64Bl6) toqrether with a 47-ohm,
I/4-watt resistor.

c) Connect the other pins as shown in the Current Loop Inter-
face diagram.

d) Set the DCE/DTE select switch on the ICD 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
suppty 0A3 AB3, JASUBS).

ljljlTooo:oo
T :'i'f 'r'i': ::': : ':
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TT! lnlerfoce

24 23 22 21 20 tig ,18 tt7 46 ,15 14 ,t3

oToooolTooll
J,ts J,f6 J',l7 J48 J24 J25 J'.lg J',t3 J6 J20 J',l J2

oloooot[*ott

TECHNICAL REFERENCES

Current Iroop Intedace I/O Signals-
TERMINAL & HOST/AUX Ports

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 confignrration that is enabled
when the JA and]B sockets are modified. The diagram below
shows howthe pins on theiA andJB sockets are arranged for
the current loop setting. The table shows the status of the sig-
nals for both the TERMINAL and HOST/AUX ports.

TTL Interface
(Modified connection is shown)

1 2 3 4

JAIJB SOCKEIS

5  6  7  8  9 1 0  1 1  t l 2 3 4 5

JAIJB POWER
SUPPIY

PIN
No.

SIGNAL
NAME

DESCRIPTION IN/OUT JFVJB No.

24
25
4 7
,t8
,t5
16

LOUT+
LOUT-
LIN+
LIN-
RSTP+
RSTP-

Currenl loop OUT(+)
Current Loop OUT(-) '1

Cunenl loop lN(+) '2

Cunent Loop lN (-)
ReoderStep (+)
ReoderStep (-)

IN
IN
OUT
OUT
OUT
OUT

J 2 4
J25
J 1 7
J 18220A
J ,t5

J16  47s
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TECHNICAT REFERENCES

AUstng the TTL Inlerlqce

Section 3

a) Remove the jumpers fromlA34B3 andJA54B5 of the line
driver power supply, and insert a single jumper into
lA44B4.

b) Connect the pins as shown in the TTL Interface diagram.

TTL Interfa ce | / O SiErnals-TERMINAL Pofi

TTL Interfa ce I / O Sigrnals-HOST/AUX Port

NOTE l: Values in ( ) enabled when the DCE/DTE select
switch is set to DCE.

NOTE 2: Connecting pins B and 9 0A andJB socket) causes the
DTR sigmal to be used as the BUSY sigrnal to the terminal.

PIN
No.

SIGNAL
NAME

DESCRIPIION It'UOUT JA No.

4
2
3

19
,t3
ti6

7

FG
SD
RD
BUSY
BUSYOUT
RSTP
SG

FrqmeGround
Send Dqto
Recelve Dqto
BUSY Input
BUSY Outpul
ReoderStep
Slgnol Ground

IN
OUT
IN
OUT
OUT

sN 7438

J19
J 4 3 , J 6 ' 2
J 1 6

PIN
No.

SIGNAL
NAME

DESCRIMON IIVOUT JNJB No.

I
2
3

19
,t3
ti6

7

FG
SD
RD
BUSY
BUSYOUT
RSTP
SG

Frome Ground
Send Doto
RecelveDoto
BUSY Input
BUSYOufpul
ReoderSteP
Slgnol Ground

ouT (rN) '1
rN (oul
IN
OUT
OUT

sN 7438

J19
J  13 ,  J  6 ' 2
J 1 6
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Seclion 3

XON ond XOFF Prolocol

BUSY ond DTR
Inpul Slgnols

TECHNICAT REFERENCES

XON/OFF allows terminals or host computer systems to re-
ceive data from the lCD even if the baud rates between these
devices are different.

The XON/XOFF protocol works in the following manner:

I. 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/OFF signals are:

XoN -DC3 (CTR-S; l3H)
XOFF-DCI (CTR-Q; IIH)

The BUSY signal sent from a low-speed terminal can be used
to stop the ICD fromtransmitting data. Normally, the terminal
sets the BUSY sigmal 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.

BUST

DTR

ICID-278 for Z8O ZAX Corporotion 3-17
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BUSYOUT qnd DSR
Oulpuf Slgnols

RSTP Oufput Slgnol

Seclion 3

When a host computer sends data at a higher speed than the
ICD's internal monitor processor can accept, the BUSyOUT
sigmal of the ICD must be monitored. The ICD sets the BUSy-
OUT sigmal to low until the ICD monitor reads the SD sigmal
from the host comnuter,

The ICD can transmit the RSTP signal to terminals that require
a step siernal for each data transmission. The iCD sets RSTP to
Iow 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

3-18 ZAX ICD-278 for Z8O



Seclion 3

Reol-lime Ttqce Module

Descriplion

TECHNICAL REFERENCES

The Real-time Trace module (5-795) allows you to record a
portion of the program memory area and store the data in the
real-time trace buffer. By using the HISTORY command, dif-
ferent sections in the progrram can be traced, stored, and then
dumped and displayed.

The HISTORY command is used to control the functions of the
real-time trace module, so there are no user-serviceable con-
trols or components. (For a complete description of how the
real-time trace feature works, see the HISTORY command in
the Master Command Guide.)

ICID-278 for Z8O
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CPU Conhol Module

Descriplion

Seclion 3

The CPU Control module (5-793) contains the connectors,
circuitry, and 280 microprocessor, which allow the ICD to
emulate the target system's processor.

The only user-serviceable components on this module are the
H, CX, and L jumpers, which allow you to set the ICD's internal
clock speed to either 2 MHz or 4 MHz. The remaining com-
ponents are all externally accessible. These include the CPU
probe connectors (which connect the ICD to the target system),
the Data Bus Emulation connector, the External Break connec-
tor, the Event Trigger connector, and the Emulation Select
switch.

3-20 lCD.278 for Z8O



Secfion 3

lnlernql ond Exlemol Clock

A Howto Chongethe
lnlemql Clock

Exlernql Clock

TECHNICAT REFERENCES

IAROETSYS]EM

Selecting the INT setting on the INT/EXT switch enables the
ICD's internal clock. The internal clock normally runs at a
speed of 4 MHzwith a 50% duty cycle, but can be changed to
ZMHz by modifying the jumpers on the CPU Control module.
The clock jumper is identified by CX, and the H and L, jumpers
specify the high (H : 4 MHz) or low (L : 2MHz) clock speed.

To change the clock speed toZMHz, remove the jumper from
the H pin and connect the L and CX pins together.

4MHz

a o o
H C X L

FACTORYSETTING

2MHz

on
H C X  L

Selecting the EXT setting on the INT/EXT switch enables the
ICD to use an external clock of up to 6 MHz. The external clock
setting allows the peripheral LSI of the target system and the
emulation CPU to be synchronized for simultaneous operation.
NOTE: To ensure accurate operation of the emulation CPU a
500/o duty cycle is required for high-speed clocks greater than
2,5 MHz.

aCD-278 for Z8O
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ICD/Torget System 280 Pin Functions & Pin Assigrnments
Inlerfqce

lCD"278lor 78O

4OP PLUG PROBE

AO

A.15

D O

D15

N4REO

IOREO

RD

wn

M 4

I ( F J  N

HALT

BIJSAK

+5v

GND

l+
3C)
I

F)
I
F)
j

I

J<=
l€

i-

t-

INT

NIN/I

BT,]SRO-

CLK

Seclion 3

3-22 ZAX
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A0 - A,l5

MNEO

ND
WAIT

Mi
D O - D 7

TFSF

Seclion 3

CPU Tlmlng

Inslructlon Opcode
Felch CYcle

Memory Reqd or
Wrlte Cycle

lnput or Output Cycles

Inlerrupl Requesf/
Acknowledge Cycle

TECHNICAT REFERENCES

13trfl

ls;:'"
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TECHNICAT REFERENCES

Bus Reques/
Acknowledge Cycle

Secllon 3

Eusno--
EFR
A0 " A,ts

DO.D7

trf:tstr

MACHINECVCTES

MACHINECYCLE
COMROL

DO. D'
MREO toRa RD WR M1

lnslrucllon OPcode
MemoryReod
MemoryWrlie
Inpui
Outpul
Infenupt Acknowledge
BusAcknowledge
Reset

0
0
0
4
.i

4
TS
.i

1
.i

4
0
0

TS
4

0
0
.i

0
ri

.i

TS
4

ti

1
0
I
0
tl

TS
.i

0
.i
ti
.i
ri

0
ri
.i

IN
IN

OUT
IN

OUT
IN

TS
TS

ICD Progrom Memory Reod'
ICD Progrom MemoryWrife't
I O (ln-circult Mode 0)

t l '  2

1
1 ' z

4
.i
.i

0 ' 3
.i
ti

.i

1
.i

x
,i
ti

OUT'1
OUT

TS

Slgnol level: O=1. 'l= H, TS=tristqte X=undeflned (depends on CPU mochine
cycle)

*1. Cycles do not access target s]trstem during memory mapping
or in an emulation break, The ICD progrram memory read
cycle can be either a Memory Read (where Ml:l) or an
Instruction Opcode Fetch (where Ml:0).

*2, The MREQ sigrnal (synchronized with ZB0 RFSH sigrnal) out-
puts continuously.

*3. RD sigrnal suppressed when the Emulation Select switch's
bit 2:OFF and bit 3=ON.

*4, D0-D7 become Eistate when the Emuiation Select switch's
bit l=OFF,
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Section 3 TECHNICAL REFERENCES

The RESET sigrnal is used to reset the ICD monitor, The sigmal
is sent by pushing the Reset switch on the Indicator/Control
panel. This action resets the ICD monitot, but does not reset
the target system; typically, the target system will have a man-
ual reset switch that resets the entire system.

Resetting the target system also causes a hardware reset of the
ICD's CPU registers. However, if an emulation break is in prog-
ress, resetting the target system will not have any effect on the
ICD's CPU registers. The CPU registers must be reset by
entering the REGISTER RESET command.

TAROET SYS]EM

tN-ctrculr MCTDE O,1,2

Or Volid A:Condit ionol vql id x: Invol id

' Does not reset hordwore in CPU.

RESET Slgnol

t 0 I t i t 2
MONITOR EMULATIONMONITOR EMULATIONMONITOR EMULATION

ICD RESET SW x x x

RESET x x A ' A ' o
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SYSTEM
CONIROL

cPu
coNlRot

$ectlon 3

Pln Funcllons

ADDRESS
BUS

The INTERRUPT (INT) sigrnal returns control to the ICD mon-
itor during emulation, and is activated by pressingthe Monitor
switch on the ICD's Indicator/Control panel. A NON-MASK-
ABLE INTERRUPT (NMD signal is also sent to the ICD's CPU
when the Monitor switch is used. This NMI sigrnal is assigrned
a higher priority than the targret system's NMI'

The NMI siernal is masked when the ICD is in an emulation
break. However, the NMI sigrnal from the target system is latch-
ed by an edge-trigger circuit, so that when an NMI occurs
duringrthe break, an interrupt sequence is generated at the
transition from the ICD monitor run to the target system run,
The INT sigrnal is also masked during an emulation break.

PINASSIONMENTS

A t r F l  4 0 q A l o
e1l2P 2 3e q As
A 1 3 F r 3  s 9 A e
A i l F r a  3 7 q 4 7
o r u P u  3 6 1 4 s
c L K F r 6  3 5 q A 5

oAF)  7  s  I  oo
D 3 F r 8  B l a s
D 5 F e  3 2 q 4 2

.3e I ll zeoceu !l f I'
02 F 12 2s q 9!P_
D7 F 13 28 q RFSH
o 6 f  r a  2 ? q - g 1 _
Dr F 15 26 rl RESET

rNT E 18 25 rl BUSFEO
NfiiTJr rz za { ffi-

HALr I lE 23 q BUSACK
MREO [] 19 22 q WR
io-n-6 [: zo zr { EE

cPu
Bus {

CONIROI DATA
8US

INTERRUPT SQnol

M 1

MFE
ro-m
m
wR-

RFSH

HALT

WAIT

Z80CPU Alz
Atg
Ata
Ats

RESET

BTJSREO

BUSAdK

CLK

+ 5 V
G N D

D9
D1
D2
D3
D4
D5
D6
D7
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MONITOR
-J-

0

ff|}EMUIANON
nata

t -.  
NMI

INT
( BREAK
( lootc

TAREETSYSTEM

It{-ctRcu[ MoDE o,1,2

o: Volld A:Conditionol vqlid x: Involid

''l Enoble/disoble con be set wifh o PIN commond.
'2 NML ls sensed oi fhe edge level. ond if ll occurs on ICD monlfor run, on NMI

sequence wlll occur of the tronslllon from the ICD monlior run to torgel
s/stem run.

t 0 t 1 t 2
MONITOR EMULATIONMONITOR EMULATIONMONITOR EMUI.ATION

ICD MONITORSW x x X

NN4I x x a ' 2 o ' i A ' z

INT x x x x
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BUS Conlrol The ICD accepts the BUSREQ sigrnal if the in-circuit mode is Il
or 12, and is enabled and disabled by the PIN command. This
permits direct memory access (DMA) during an ICD or target
system emulation break.

The WAIT sigrnal is active when the targret memory or I/O is
accessed. This action allows the target system to operate at
higher speeds and permits emulation when the system's ac-
cess time is short.

OFF

o o N

TAROETSVSTEM

o: Volid A:Condltionol volid xr Involid
'WAIT slgnol is volld lf the ICD monllor occesses lhe tqrgel syslem.

tN-ctRcurT

TECHNICAT REFERENCES Section 3
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Secfion 3 TECHNICAT REFERENCES

The ICD can insert I,2, or 3 wait states into a machine cycle by
setting the jumpers on the CPU Module. The normal setting is
2 wait states per machine cycle, To change to I or 3 wait states,
carry out the procedure below.

For 3 wait states-remove the jumper from WT and 2C pins,

For I wait state-connect the jumper to WT and lC pins as
shourn below.

2 WAITSTATES ,I WAITSTATE 3 WAITSTATES

no
4C Wr 2C

FACTORY SETTING

The RFSH sigrnal outputs to the target system during all (0, 1, or
2) in-circuit modes. The memory request (MREQ) sigmal for
refresh is then synchronized with the RFSH sigrnal (indepen-
dent of the in-circuit mode), This procedure allows the refresh
timinqrof the target system D-RAM to be synchronized with the
CPU.

TAROET SVS]EM

A Settlng Dlflerenl
Walt Slates

REFRESH Slgnol

n
WT 2C,tc

ooo
,lC WT 2C
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lCD.278 Slgnol Tlmlng
Dlogrqm

Slgnol Symbol Pqrqmeler

z-80 z-80A z-80B tcD278
lorZSO

Mln. Mox. Mln. Mox. Mln. Mox. Mln. Mox.

1n

en

4

6

rc Check Foriod
rw (dH) Check Pulse Wldth, Clock Hlgh
tw (dL) Clock PulseWidth, Ctock Low
tr,l Clock Rise ond Foll Tlme

zc 165 pSe(

480 ,1,t0 65 65 ns
{802000 ,1,102000 652000 652000 ns

30 20 20 ns

rd (AD) Address Outpul Deroy
rF (AD) Deloyto Ftoot
tocm Address Sloble Prior toNiREQ (Memory CycteJ
tocl Address Stoble Prlor lolOR-O(lO Cycte)
ico Address Stoble from RD, WR. IORQ or MREQ

Ao.,u 125
320
,160

145
,1,t0

,110

90

,180

d U

410
1 ^

,100

90
80

405 ns
120 ns

ns

ns

to (o) Doto output Detoy
rF (D) Deloy Floot During WrtteCycte
rsd (D) Doto Selup Time to Rlslng Edge of Ctock During M Cycle
rsd (D) Doto Sotup Time to Folllng Edge of Ctock During M2 to M5
rdcm Doto Stoble Prlor toWF(Memory Cycle)
tdcl Doto Stobte prlor ioWR-0/o cycte)
tcdi Doto Sloble From W-F

230
90

JC

50
A N

,t0

60

, 1 n

80

ti45

420

450
90

50
60

190

20
420

Do-,

30
40

25

30

45

25

30

111 AnyHoldTimeforSetupTlme 0  0  0  O n s

100
100
400NIRFO

rD6- (MR) FIREGI Detoy From Foiltng Edge of Ctock,MFEGitow
iOHd 1Vn; lVlRF6- Detoy From Rtstng Edge of Ctock, MFF6. Htgh
toHO-- (un) MnfO Deloy From Folilng Edge of Ctock, NIRFO Hlgh
iw(MRL) PulseWtdth,NIFFOLow
tw(MRH) PulseWldth,IVRECIHigh 170

70
70

857085 ns
ns
ns
ns
ns

220
110

,  ? R 4 1 4

tOlO 0n) IO-RO Detoy From Rising Edge of Ctock. iORe- tow
fold 0n) IORQ- Deloy From Foiling Edge of Ctock, iORO Low
rDHd 0R) bFd Deloy From Ristng Edge of Ctock, ORO Htgh
tolO ttnl IORO Deloy From Folilng Edge of Ctock, io-Rd Htgh

80

85

a i

7 n

7 i

ns
ns
ns
ns

90
.1.10
,100
,t,10 6 C
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ICD-278 SlgnolTlmlng
Dlogrom

TECHNICAT REFERENCES

z-80 z-80A z-80B tcD278
forZSO

Slgnol Symbol Pqromeler Mln. Mox. Mln. Mox. Mln. Mox. Mln. Mox. Unll

toO (RD) FD Deloy From Rlslng Edge of Clock, F-D Low
tou 1no; RD Doloy From Folling Edge of clock. RD Low
louo (no) R-D Deloy From Rising Edge of clock, R-D High
toHO Go) RD Deloy From Folttng Edge of clock, R-D High

,t00

430
,100
,1,10

85

95
85
t!C

70 85 ns

80
70
70

95 ns

R-D ns
ns

wR-

tD|.d WR) WR- Deloy From Rislng Edge of clock, WF low
tDtd WR) WR-Deloy From Folling Edge of Clock, W-FLow
tDHd (WR) WFDeloy From Folling Edge of clock, WR-Hlgh
rw(WRL) PulseWidth,WRLrcw

80
90

.100

65
AN

80

60
70

75 ns
85 ns
85 ns

ns360 zzu , 1 R ,  a 6

ioL (wl) Nil-Deloy From Rislng Edge of Clock, Nil-Low
tou Ntl) Nf4-Deloy From Rlsing Edgeof Clock, Nl-fHigh

130
430

,r00
,t00

80
80

95
95

ns

Nt-[ ns

t<tJt1

tol (nR FFSF Deloy From Rislng Edge of clock, R-FSH Low
toH(nD RFIH DeloyFrom Rlslng Edgeof Clock,RFSF| Hlgh

180
,150

130
120

,140

.t00

'125 ns
'l',|5 ns

MIT is WD wAiTSetupTimoio Folllng Edgoof Clock 70 70 60 80 ns

Ftr tD (HT) FAFDeloyTime From Folling Edge of Clock 300 300 260 275 ns

m ts 0D iNff-setup Time to Rlslng Edge of Clock 80 80 70 {00 ns

NMi tw(NML) PulseWldth,NMl Low 80 80 70 30 ns

d-usn-o' ts tsol EUSFE setup lme lo Rislng Edge of clock 80 50 50 65 ns

toLGn) EuwDeloyFrom Rislng Edgeof Clock, BUSARLow

eG[ bH tsnl BIMRDeloyFrom Folling Edsoof clock,EmRHish

420
.t.10

,t00
,100 90

405
, n <

ns
ns

nesei tstnsl FESEisetuptimeloRisingEdsoofClock 90 60 60 75 ns

tp(c) DeloytoFloot(MFE6,lo-F6,FDondWRl ,f 00 80 70 ,120 ns

tmi" MistobtePrlortol6Rd(lnterruptAck.) 92O 565 365 365 ns
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TECHNICAT REFERENCES

Emulqlion MemorY
(Unit) Module

Descrlplion

Seclion 3

The Emulation Memory (EMU) module (5-792) manages the
ICD emulation memory and the mapping of the target system's
memory. The EMU module contains no user-serviceable con-
trols or components; all functions are activated using the de-
bugger commands.
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Section 3

ICD Emulollon Memory

TECHNICAT REFERENCES

The ICD-278 for 280 features 64K bytes of RAM which is called
ICD emulation memory. This memory can be used for down-
loading object files, and altering or manipulating the target
system's memory.

The ICD emulation memory is composed of high-speed static
RAM which allows the support of multi.speed target systems,
Mlhen viewed fromthe target system, ICD emulation memory is
different from a normal memory area in that it is contained within
the ZB0 processor, And, because of the special characteristics of
the ICD emulation memory DMA tansfer between the targel
system and the ICD emulation memory is not possilcle; however,
DMA transfer between the address spaces within the target
system is permitted.

EMULA
LOGIC
(lnclu<

10N

les

PROBE
LOGIC

MERO
rvrcrpp

Logk
ng
t

nf- A 0 - 4 , r 5
D O - D 7

64K.BYTE ICD
PROGRAM
MEMORY

(High Speed
Stofic RAM)

280

ICD Progrom Memory Access Time min, '120 ns

USER

64K-B
AREA
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TECHNICAT REFERENCES

Torget System Memory

A 0 - , t 5

MI

RD

D 0 - 7

Seclion 3

The memory contained in the target sys:tem is called target mem-
ory or user memory. The ICD can address up to 64K bytes of
target memory.

The access time required to write to the target 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 that available with the processor. Therefore, certain access
time conditions must be satisfied for accurate reading. These
conditions are shovvn below:

tH ts 0 (D)

OP code Fetch
Memoryl/O

Reod

i D (AD) Address Output DeloY Mox, Mox.90 ns

t S 6 (D) Dotq Setup Tlme lo Rlslng Edge
of clock durlng Ml CYcle min. 3O ns mln.40 ns

t H Any Hold Tlme for SefuP time in. 0 ns m in .0  ns
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Seclion 3

ICD PROGRAM
MEMORY

TECHNICAL REFERENCES

You can use all or part of the ICD's RAM in place of target
memory by creating a memory map. The emulation memory
or target system memory can be mapped in increments of
]K bytes using the MAP command. (For an explanation and
examples of how this works, see ihe MAP comrnand in Sec-
tion 2.)

EMULATION CPU
MEMORY MAP

USER MEMORY

64K.BWE
lvu

PROGI?AM
MEMORY
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TECHNICAT REFERENCES

Power Supply
Specificolions

Seetion 3

Line voltage: I00 to 120 volts AC
200 to 240 volts AC

Frequency: 50 or 60 Hz
Power: 40 watts

Output voitagre: +5 volts DC
+ 12 volts DC
- 12 volts DC

The Power Supply provides 5 volts to the control modules and,Z4
volts to the external cooling fan. The voltage to the control mod-
ules is filtered to reduce noise from the power supply line.

zAx ICD-278 for Z8O



Section 3 TECHNICAL REFERENCES

The ICD must be partially or fully disassembled in order to
modify the components and controls, or to change certain set-
tings on the control modules. Here you will find the procedure
for disassembling the ICD and removing (and installing) the five
control modules,

Before you begin any disassembly of your ICD you should be
arreare of certain gruidelines which must be followed in order to
preserye the Warranty Policy on this eguipment.

How To Dlsqssemble
Your IGD

Inlroduclion

lmporlonl Nollce
To Users!

z.

All adjustments and modifications to the ICD are limited to
the SIO and CPU control modules. The adjustments and
modifrcations which are authorized by ZAX are clearly
identifred ( ) in each of these chapters. Any other altera-
tions or adjustments on the SIO and CPU control modules
void the Warranty Policy.

Do not adjust, modify, and/or in any way alter the controls
or components on any of the three remaining modules
(Indicator/Control, Real-time Ttace, or Emulation Memory
Unit) or the power supply.

Follow the disassembly procedure dessribed here Damage
may result if the ICD is disassembled, or the modules re-
moved, in a manner other than that described in this chap-
ter.
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TECHNICAL REFERENCES

The Boslc Pqds
Of Your ICD

Seclion 3

The construction of all ZAX lCD-series emulators is very sim-
ilar. The basic ICD unit includes the mainframe, the five control
modules, the power supply, the Mother Bus cable, and the out-
side casing. The mainfiame is a metal chassis that houses the
control modules and the power supply. The five control modules
are circuit boards (sometimes called "cards") which do the
actual work of emulating the target system, The power supply
provides voltagre 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 hvo side covers,

Moln Frqme
Slde Cover
Conhol Modules
Iop Gover
Power Supply
Bollom Cover

o
@o
@
@
@
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TECHNICAT REFERENCES

Procedure For
Dlsqssembllng The ICD

WARNINO

Seclion 3

HAZARDOUS VOTTAGE IS PRESENT WITHIN THE ICD.278.
DISCONNECT THE AC PO\TER PLUG BEFORE BEGINMNG
ANY INTERNAI., WORK ON THE 1CD.278.

I. Remove the two side covers and the top cover.

a) Remove the four raised screws that connect the top cover
to the mainframe.

b) Remove the eight countersunk screws on the side covers.

c) Detach the side covers and the top cover.

G

G
t

G*.

----
- - -- - -- - -
- I -

- - - - -- -  - - -

3-40 ZAX lGlD.278 for Z8O



Seclion 3 TECHNICAT REFERENCES

2. Gently turn over the ICD and, remove the bottom cover.

NOW: Place the ICD on a soft foam-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) Remove the bottom cover completely.

The control modules aJe now accessible

ililililililililililililililililililil I
rililrilililil|ililil|ilililililililr I
|1ililtiltililililililililIil|il||ilt'
| | ililililllllllllllilillillilllllllill
=illilililililil|lffiil|
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How The Modules
Are Connecled

CPU CONTROL

Secllon 3

Each module is linked by the 60-pin Mother Bus cable. Power is
supplied to each module by a S-pin, plug-type power connector
cable (except for the 9730 module which receives its pcnrver from
the Mother Bus cable). The power and Mother Bus cables must
be detached before removing any of the control modules,

IMPORTAM: 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.

MODUTE CONNECTION
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Procedure For
RemovlngThe Modules

TECHNICAT REFERENCES

l. Free the power cable by disconnecting the five-pin socket
(CN4)fromthe module.

2. Detach the Mother Bus cable from the modules (location
cNl).

3. Remove the screws which hold the modules to the main-
frame.

a) The top 6nd bottom (5-730 and 5-792) modules are
mounted directly to the mainframe with four and six
screws, respectively. Remove these screws to detach
the modules.

b) The three remaining modules (5-791, 5-795, and 5-793)
are connected to brackets which are attached to the
ICD's mainframe at one end and slide into holders at
the other end. To detach these modules, remove the
screws and then carefully slide the modules away from
the mainframe.

,  r r r ,

o"J:

w
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IECHN|CAI REFERENCES Seclion 3

Instolllng The Modules Tb install the modules, reverse the "removing the modules" prG
ceoure,

CAIIIION: DO NOT REVERSE POWER CONNECTOR POSI-
TION DI'RING INSTAI,I.,ATION. CONNECTOR IVIISPTACE-
MENT WIIJ, CAUSE DAIVIAGE TO THE ICD-278,

NOW: When replacing the side panels, Ioosely position all the
screws in place to allow the panels to align properly before
tightening the screws,
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Introduction

REMOTE Mode
T d l a  D r n m a m
r s r v  r  r v y t u , r r

Command Request Prognam
Function Analysis Progrram
Text Display Progrram
Object File Load/Verify Progrram
Object File Save Prognam
Illegal / " Z" C ommand Pro grram
Quit Program
Console Key Check Program
Symbol/Numeral Conversion Progrram
Symbolic Text Display Progrram

LOCAL Mode
Idle Progrram
Console Command Request Progrram
Remote Command Request Progrram
Function Analysis Program
Object File Lroad/Verify Prognam
Object File Save Progrram
IIlegaI/ " Z" Command Progrram
Quit Program
Symbol/Numeral Conversion Progrram
Numeral C onversion Pro grram
Symbolic Text Display Progrram
Command & Text Execution Program
Console Command Input/Output Progrram
Console Character Read Progrram
Console Text Read Prognam
Console Character Write Program
Console Text Write Progrram

COM M U N ICATION PROTOCOT

Conlenls SECTION 4 _ COMMUNICATION PROTOCOI

4-).

4-2
4-3
4-4
4-6
4-7
4-9
4-13
4-16
4-IB
4-19
4-20
4-Zl

4-23
4-24
4-25
4-27
4-29
4,30
4-34
4,38
4-40
4-4r
4-43
4-45
4-47
4-49
4-50
4-52
4-54
4-55

4-37 Number Conversion Codes
4-58 Symbol Conversion Codes

4-63 Intel Hex Object Format
4-68 S Format Object File
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Section 4

lnlroducllon

COMMUNICATION PROTOCOL

Your ICD can operate in one of two different system configmra-
tions with a host computer. In one confignrration, a host com-
puter is used to directly control the ICD via ZICE software; this
is called the REMOTE mode, In the other configmration, the
ICD is under the direct control of a console terminal and uses
a computer as either a data storage facility, or as a conduit to
the ZICE commands (i,e., help files, "2" commands, etc.); this
is called the LOCAL mode. (Ihe HOST command activates the
LOCAL "host computer assisted" mode.)

In either configruration, when the ICD is used with a host com-
puter suppofied by ZICE software, certain communication
rules are observed to ensure an orderly information exchange
between the ICD and the host computer system, This is called
communication protocol.

In this section you'll be shoum (using diaqrams) the proper
communications protocol (for both the REMOTE and LOCALT
modes. The diagrrams show the contents of the communication
messages from both the ICD and host computer, and the se-
quence in which they are executed. You can use the commu-
nication progframs to write your own support software for use
with your particular host computer system.

NOTE: Although this manual rs spectfi'cally designed for the
ICD-278's 280 CPU &rsecfibn can be used with ALL ZH( ICD
serr'es emulators that feature "backslash" $) protocol format.
This format is structured as; \code(text)<CR>. A Number
and Symbol Conversion Code chart which shows the correct
numbers and symbols to use with your particular emulator is
shown at the end of tftrssectrbn.

ICD-278 for Z8O ZAX Corporolion 4'l



COM M U N ICATION PROTOCOT

REMOTE MODE
PROGRAM

FIOW CHAFT

Seclion 4

22fr *$
dg

o-

I
I

- - - l - - -
I
I
I
I
I
I
I
I
I l@

l@
L@

z
>#o>
9*Hfr
= <=6' 6 =  7 e

O
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Section 4

REMOTE MODE:

PROGRAM:

PROCRAM DESCRIPTION:

ACTION:

COM M U N ICATION PROTOCOT

HOST COMPUTER CONTROT OF THE ICD

IDLE

REMOTE MODE
PROGNAM

FTOWCHART

I """*^*l | ',*',*l I- '*, I
I l,'s"'-fl ll "-",-t I I ,B8ESL I

i------T- , , ------T-------'l

t*#*|G;t @'--Tr*t@E@
l-"t8tFtiflll ,-y.li, llffi83,#,f ll 

p";;iiaM 
ll ,""35FI

This progrram acts as the main intermediary prognam (tansfer-
ring instructions and text only) between the ICD and the sub-
proggarns (Command Request, Text Display, and Function
Analysis).

L The host computer waits for an input from the ICD. CIhe host
system must have an input buffer to hold the input code from
the ICD,)

2. The host computer receives one line of data and places it in
the input buffer.

3. The host computer then executes one of the following prG
grrams depending on the code it receives:

Code Received Program Executed

\F0<cR> COMMAND REQUEST
\8Ottextl<CR> TEXT DISPLAY
ony other FUNCTION ANAI..,YSIS
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corrr M u N tcATtoN PROTOCOa

PROGRAi,I: COMMAND REEUEST

Seclion 4

Hosf Compuler Sysfem

rF0[ lext )<CR> |
V I

,
(lext disploy to console)

(lnput commond record from console)
I
I
I
I

*
rF9[commqndl<CR>
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oRrotN

COM M U N ICATION PROTOCOT

Sends a command from the host computer in response to a com-
mand request fromthe ICD.

COMMAND REQUEST RECORD, This record is a command
request sent from the ICD to the host computer. This record also
contains the ASCII text to be displayed on the host computer's
terminal screen, but does not include <ACK>, <NAK>,
<CR>, or <SOH>. The host computer then displays the
<text> on the console screen.

COMMAND RECORD ASCII text is sent as a command fromthe
host computer to the ICD. This record camot contain any contol
code and must end with <CR>. When the record is entered
through the host computer's console, the system accepts one
line of data echoing it back to the console screen.

NOTE: The cursor stays on the same line after the echo. To
move the cursor to the nert line, the ICD sends a code in the
text display seguence.

COMMAND REEUEST

L The ICD requests a command by sending rF0[textl < CR>
to the host comPuter.

2. Upon receiving rF0{text}<CR> fromthe ICD the host com-
puter waits for an input after displayingrthe text record on the
console screen,

3. If a command record is entered from the host computer, the
system sends rF9[textl <CR> to the ICD and then returns
to the IDLE progrram.

ACTION:

\F0{ tex l }<CR>

rF9[commond]
<cR>

PROGRAM
DESCRIPTION:

ICID-278 for Z8O
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PROGRAM: FUNCTION ANALYSIS

NEMOIE MODE
PROONAM

F1OWCHART

ACTION: The host computer places one line of data (received from the
ICD) into the input buffer and analyzes the data.

The host computer then executes one of the following prc
gEarns based upon the contents of the input buffer:

Input Buffer Contents

\ OO{fi lenome} <CR>
or \ O2lf i lenome]<CR>

\ 0' l  [ f i lenomel<CR>
or \ O3[f i lenome]<CR>

\ 10 [f i lenomel <CR>
or \  '12 l f i lenomel<CR>

\ 43[porometerlcCR>

\44<CR>

\ 2X{symboll<CR>

\88
or  \  8A<CR>

\ 3X[porometerf Itext] <CR>

Progrram Executed

z .

FII-.,E I'OAD

FILE VERIFY

FTI-,E SAVE

,.2'' COMMAND

QUII

SYMBOL CONVERSION

Checks the console
input in the host
dnmnrrt67v v r r r y s r v r .

SYMBOLIC TEXT DISPLAY
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PROGRAM: TEXT DISPIAY

l---------'i---- -------'l

|- "".r^*l I .,*'*l I '-' I
I  REouEsr l l  l r *vsrs l l  orseuv I

I 
eRoGRAs 

I I 
PRoGRAU 

I I 
PnocnAM 

I

!'-------T-------i--------T-------T..----'!------'l

r*ffi]rGd@@@@@
l i n o a n r u l l e n o c n m l [ 1

Hosl Computer Syslem

or \F7<CR>
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ORrcIN

tcD

HOST

HOST

ACIION:

\80<cR>

r.F8<CR>

rF7<CR>

PROERAM
DESCRIPIION:

ACTION:

COM M U N ICATION PROTOCOT Seclion 4

Tbxt sent fromthe ICD is displayed on the console scteen of the
host computer.

TEXT RECORD. This record is ASCII text sent to the host com-
puter's console screen from the ICD. (NOTE; <ACK>,
< NAK > , < ENO >, or < SOH > cannot be contained in the brt
record.)

The host computer displays one line of the text record up to
<CR>, and then moves the cursor to the start of the next line,

DISPLAY COMPLETE ACKNO\ML,EDGE, This code is sent to
the ICD when the display has been completed.

DISPLAY INTERRUPT CODE. This code is sent to the ICD to
interrupt it from sending a text record during the display of a
"scrolling" display command (e.g,, DUMP TRACE, etc.).

TEXT DISPL/AV

L The TEXT DISPL,AY program is requested when the ICD
sends \BOttext]<CR> to the host computer.

2. The host computer displays the text record on the console
screen.

3. The host computer then checks the console input status and
executes one of the following:

a) if no input is griven, the host computer sends rF8<CR>
to the ICD and returns to the IDIrE program'

b) If the input code is ESC, the host computer sends
,rF7<CR> to the ICD and returns to the IDL,E program,
suspending any further text display.

c) If the input is a code other than ESC, the host computer
sends rF8<CR> to the ICD and returns to the IDLE
program,
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oRtolN

IGD r00tf i lenomel<CR>
or r02[f i lenomef <CR>

IGD r0'l Ifilenome ] < CR>
or r03[f i lenomel<CR>

{recordf <CR>

rF8<CR>

COM MU N ICATION PROTOCOL

PROCRAM: OBTECT FltE IOAD/VERIFY

ACTION: An object file is sent from the host computer in response to a
LOAD/VERIFY request from the ICD.

NOTE:The transmrssjon of the object file may be interntpted
by a text display request or a console check sequence.

INTEL HEX LOAD REQUEST RECORD OT S FORMAT LOAD
REQUEST RECORD. This record is sent to the host computer
when the ICD loads an object file.

INTEL HEX VERIFY REQUEST RECORD oT S FORMAT VER-
IFY REQUEST RECORD. This record is sent to the host com-
puter when the ICD verifies an object file with the memory,

OBIECT FIL,E RECORD. This Intel Hex or S format record is sent
to the ICD from the host computer, This record may not contain
any control codq and must end with <CR>.

OBJECT RECORD ACKNO\MITEDGE CODE. This code is sent
by the ICD to acknowledge successful receipt of an Intel Hex
or S format record.
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tcD rF6<CR>

tcD rF7<CR>

ICD t80[ text ]<CR>
(ottext dlsploy)

HOST rF8<CR>
(ot text disploy)

HOSI rF7<CR>
(ot text disploy)

Seclion 4

OBJECT RECORD RE{RANSMISSION REQUEST CODE. This
code is used when the ICD requests the host computer to re-
transmit the object record, usually due to a check sum error.

OBjECT FILE TRANSMISSION INTERRUPT CODE. This code
ends the LOAD/VERIPY sequence due to irrecoverable error,

TEXT RECORD. This record contains a verify error message,

DISPLAY COMPLETE CODE.

LOAD/VERIFY SEQUENCE ABORT INDICATTON CODE. ThE
host computer may abort the LOAD/VERIFY sequence by send-
ingrthis code to the ICD.

CONSOLE KEY INPUT CHECK REQUEST CODE. This re
quest is generally used to check the stahrs of an abort, or inter-
rupt of the verify error messages'

NO-CONSOI..,E-INPUT C ODE,

CONSOI,E INPUT CODE

L,OAD/VERIFY SEQUENCE ABORT INDICATION CODE. The
host computer can abort the object LOAD/VERIFY sequence by
sending this code to the ICD.

LOAD/VERIFY END CODE. The host computer sends this code
to the ICD (after closing the flle) if the file records are exhausted.
An object LOAD/VERIFY sequence ends this code,

LOAD/VERIFY SEQUENCE ABORT INDICATION CODE. ThE
host computer uses this code to inform the ICD it is aborting the
I-,OAD/VERIFY sequence.

HOST

HOST

HOST

HOST

r8A<CR>
(ot console key

input check)

rF8<CR>
(ot console key

input check)

rF9{onyASCll
code|<CR>

(ot console key
Input check)

rF7<CR>
(ot console key

input check)

rF' l  <CR>

HOST rF7<CR>
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Seclion 4 COM MU N ICATION PROTOCOL

tcD Hosl Gompuler Syslem

rOX [fi lenomel<CR>'--- 
---------i

I+

r .F8<CR>

..F6<CR>

rF8 <CR>

rF8<CR>

( _ 1

€
-1

-----+

+

:
'-----_?

(lext disploy record)

i
+- rF8<CR> or \F7<CR> G--J

€

i
(console key in check)

I

\F8<CR> or  rF7<CR> a_- .1
rF9 [chorqcter l<CR>

(deslgnoied flle close)
I

C- rF1 <CR> or  \F7<CR> a--J

(to commond Input request sequence elc)

(deslgnoled flle open)
(reqd Intel HEX or S formot record)

I

tfile recordl =CRt+i

(reod lnlel HEX or S formot record)

lf i lerecordl <CR>CJ
a
I

[f i le recordl <CR>+i

(reod Intel HEX or S formol record)
I

l f i lerecord) <CR>{J

[ \80 

t text l<cR>

l"'o"*'
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COMMU N ICATION PROTOCOL

PROGRAM DESCRIPIION:

AGTION:

Secllon 4

oefEcT FrtE pAD/vERlFY

l. The ICD sends rOX[filenomef <CR> to the host computer
to load or verify a usier Program.

2, fhe host computer then opens the requested progrram filq
and acts on the following:

a) If an error occurs when opening or reading the file, the
host computer sends \F7<CR> to the ICD and returns
to the IDLE progrram.

b) If no error is detected, the host computer sends the Intel
Hex or S format record to the ICD and then waits for
rF8<CR> fromthe ICD.

If the host computer receives r F8 < CR > , it then reads the
Intel Hex or S format record, If the code is rF7<CR>,
the host computer sends rF8<CR> after closing the file
and then returns to the IDLE program'

If the code is rF6<CR>, the host computer waits for
rF8<CR> after re'transmitting the Intel Hex or S format
record to the ICD.

When the text record is received from the ICD the host
computer displays the text record on the console screen
and then waits for rF8<CR>.

If \8A<CR> is received from the ICD the host com-
puter sends \F8 < CR > to the ICD if there is no input, or
"\F9< ony ASCll code > " when there is an input.

c) If there is no record to send when :F8<CR> is received
from the ICD the host computer closes the file, sends
rF'l <CR> to the ICD and returns to the IDL,E program.
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Section 4

ORIGIN

IGD r'10{f i lenome} <CR>
or r42{ f i lenomel<CR>

:F8<CR>
(ot file write)

Irecord]<CR>

rF6<CR>

rF4 <CR>

COMMU N ICATION PROTOCOL

PROGRAM: OBfECT FltE SAVE

ACIION: The host computer receives an object progEam and creates a file
upon receiving a save reguest from the ICD.

IIVTEI, HEX SAVE REQUEST RECORD OT
S FORMAI SAVE REQUEST RECORD This record is sent by the
ICD to request the host computer to save a file.

OBJECT RECORD REQUEST CODE. This code is sent to the
ICD from the host computer to request an Intel Hex or S format
record.

OBIECT FIL,E RECORD. This Intel Hex or S icrmat record is sent
to the host computer.

OBJECT FILE RETIRANSMISSION REQUEST CODE. This
code is used when the host computer requests the ICD to re-
transmit the object file. I/OTE; Most re-transmrssion reguests
are caused by a sum check error of an Intel Hex or S format
record.

FILE END CODE. This code is sent to the host computer when
the file record transmission is exhausted.

aCD-278 for Z8O



rcD

HO$I

HOST

rF7<CR>

rF8<CR>
(otfile close).

rF7<CR>

PROORAM
DESCRIPTION:

ACTION:

SAVE SEQUENCE ABORT REQUEST CODE. This code directs
the host computer to abort the object save sequence.

FILE CLOSE END CODE, The host computer sends this code
to the ICD in response to \F'l<CR>, if the file has been closed
successfully, then returns to the IDI-rE progrram.

SAVE SEQUENCE ABORT INDICATION CODE. The host com-
puter uses this code to inform the ICD that it is aborting the
object save sequence,

O&IECT FIIE SAVE

1. The ICD sends r4X{filenomel <CR> to the host computer
when savinq a usier ProgEam.

2. The host computer opens the selected user file when it re'
ceives the r'lX{filenome} < CR> code.

If the flle does not open, the host computer sends rF7<CR>
to the ICD and returns to the IDLE program. If the file opens,
the host computer sends rF8<CR> to the ICD.

3. The host computer waits for the Intel Hex or S format record
from the ICD. The host computer then executes a file write
of the record received from the ICD. If an error occurs dur-
ing the file write operation, the host computer closes the
user program file sends \F7<CR> to the ICD and returns
to the IDLE progrram,

If an error occurs in a check sum, the host computer waits
for a retransmission of the Intel Hex or S format record from
the ICD after sendingr \F6< CR >. The host computer then
sends \F8<CR> to the ICD if no error occurs during the
file write.

COM M U N ICATION PROTOCOT Seclion 4
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Seclion 4

tcD Host Gompuler Sys{em

r ' lXI f i lenomel<CR> - i
I+

(deslgnoted flle moke)
i

rF8<CR> 1----------J

._.i
I+

t Intel HEX record] <CR> €
or IS formot record I < CR >

(write Intel HEX or S formot record)
I
I

t Intel HEX recordl <CR> f-- +
(when receive record error)

I

1-----------J

or [S formol record | <CR>

Retronsmlt
(- rF6<CR>
---J.

t Intel HEX record | <CR> l--) I
I

rt
or IS formof record | <CR> (wrtte Infel HEXor S{ormot record)

i
!

rF8<CR> 1-------------J

t
I

*

rF' l  <CR>
o r  r F 7 < C R >

[deslgnoted flle close)
I

( -  rF8<CR>or rF7<CR> -- - - - l

[to IDLE progrom)
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99MM U N tCATf ON PROTOCOT Seclion 4

PROGRAM: lLIEGALltc2tt COMMAND

REMOTE MODE
PROONAM

FTOWCHART

-----r-----------'t
t l

I  o - - ^ , ,  l l  I
I N-'i;;;; | | sYdsoltc I
l.;';;-.;5;. I lrEfi DISPLAYI
| -:;.-::i:'-:" | | PROGnas I@@@

t'------T--'

tffiIffit
f 
'Bf#Fl'J'II 

"-8iX'^, I

tcD Hosl Compuier Sysiem

lllegol c-ommond
Y" commond procedure

i
1- rF8<CR> or  rF7<CR> ( !
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Seclion 4

ORrcIN

tcD

HOST

HOST

AGTION:

r43 [porometerl
<cR>

rF8<CR>

rF7<CR>

PROGRAM
DESCRIPIION:

ACTION:

COM MU N ICATION PROTOCOT

This sequence is used to process an II-rI-TEGAI-.I or "2" com-
mand, according to the parameters sent from the ICD. The
ILLEGAL command is a command not defined in the ICD. but
is interpreted and processed by the host computer. The host
computer can use the ILLEGAL and "2" commands to process
a HELP command or the macro commands,

ILI-.,EGAL,/"2" COMMAND RECORD. This record is sent to the
host computer to process the ILLEGAL/"Z" command.

ILLEGAI-.,/"2" COMMAND NORMAL END CODE. fhis code
is sentto the ICD whenthe ILLEGAI'/"Z" command has been
processed successfully.

II-.,LEGAI-,/"2'' COMMAND ABNORMAL END CODE. ThiS
code is sent to the ICD when the ILLEGAL/"Z" command has
not been processed successfully.

7,LLEeAL/"Z'COMMAND

l. The ICD sends r.43[porometerl<CR> (and the specified
"2" command) to the host computer.

2. The host computer performs the specified "Z" command.
and then acts on the following:

If an error is contained in the "2" command specification,
the host computer sends rF7<CR> to the ICD and then
returns to the IDLE progrram.

If no error is detected, the host computer sends r FB < CR >
to the ICD and then returns to the IDLE progrram.

NOTE: The ICD does not react differently fo tie \F7 < CR > flian
it does to ffte \FB < CR > code. It normally assumes that the host
program ftas rsued its own e/zor messages if an error has
occurred,
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COM M U N ICATION PROTOCOT

PROGRAM:

ORIGIN

tcD

Section 4

REMOTE MODE
PROGPAM

FTOWCHART| "iTS^" I
l ' l

i

1_4i----'l
I couuaro | | FUNcnoN I
I REouEsr | | allALYsls I
I FRoGMT I I PROGFAi, I

------'l

t:t
| ,s8[H" I

_ t---,;--T--,;--T--;-:--------1------'r

@M@@@@@

tcD

\44<CR>

Hosl GomPufer System

- --- -'i
I
I
+

(return lo OS)

ACTION: The host computer returns to the operating system (os) indi-
cated by the ICD's code.

\44<CR> QUIT RECORD.
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Section 4

ORIGIN

HOST rF8<CR>

HOST r F9 [ony ASCII code ]

COMMU NICATION PROTOCOT

PROGRAM: CONSOTE KEY CHECK

ICD Host Computer Syslem

rBA<CR> -)
I
I
I
+

(console key check)
i

+- 
rF8<CR> -^ a---. i

or \  FQtchoroclerl  <CR>'

ACTION: The ICD uses this sequence to check the console input to the
host computer. (The console input could be an inquiry about
an interruption, restart or abort trace sequence, or dump out-
put.)

CONSOLE KEY INPUT CHECK REQUEST RECORD. ThiS
record is sent to the host computer to request a console key
input check.

NO CONSOLE INPUT RECORD This record is sent to the ICD
if there is no console inPut.

The host computer sends " < ony FuSCll code > '' if there is any
console key input,

\ 8A<CR>
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COM M U N ICATION PROTOCOT

PROORAM: SYMBOL/NUMERAL CONVERSION

Seclion 4

NEMOIE MODE
?ROGRAM

FIOTVCHART

'-------i-------l
f"-r"^*l l-'-,-*',*l I '*' I
I Rdiiu;sT ll arfivsrs l] orsir-rv I

I 
enocerm 

I I 
PFoGFAM 

I I 
PRocFAu 

I

€--:-'E-$-----i-----r
@@@@@@@

ORIGIN ACTION:

ICD r2X{symbol}
<cR>

HOST rF9 0 [number
(hexodecimolASCll)l H

<cR>

HOSI rF4 <CR>

This sequence is used when the host computer reguests a
symbol or numeral conversion.

SYMBO].,/NUMERAL CONVERSION REQUEST RECORD,
This is a record sent to the host computer requesting numeric
conversion of a symbol. (The ICD sends Isymboll<CR> in-
cluding "." which means a sYmbol.)

NUMERIC RECORD. This record is sent to the ICD when the
symbol received from the ICD has been converted to a
numeral, (fhe host computer attaches 0 to the head of the con-
verted value and "H"<CR> at the end.)

SYMBOL/NUMERAI., CONVERSION ERROR CODE. ThiS
code is sent by the host computer when the symbol chosen
cannot be converted to a numeral,

tcD

r2X Isymbol | <CR>

Hosl Compuler Syrtem

+
C-r

rF90 [Numberl H <CR>
or r.F'l <CR>
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Section 4

rcD r sxtoorom3fl

COM M U N ICATION PROTOCOT

PROGRAM: SYMBOIIC TEXI DISPLAY

REMOTE MODE
PROERAM

FTOWCHARI

The parameters sent from the ICD are displayed on the con-
sole screen after being converted to symbols.

SYMBOI-., CONVERSION RECORD. This record tells the host
computer to display the parameters after converting to sym-
bols.

tcD

r3E Itextl

\3X Ipqrometerl

I text ]<CR>

Host Gompuier Syslem

- -'l
:

(chonge porqmeter for symbol)
(disploy symbol & texi to console)

i
I

\F8<CR> or  \F7<CR> tJ
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COM MU N ICATION PROTOCOT

HOST \  F8<CR>

HOST \ F7<CR>

PROCAM
DESCRIPTION:

ACTIOI{:

Secllon 4

NOTE : The control codes < ACK >, < NAK >, and < ENe > are
not allowed in the symbolic text record.

NOW: Ihe header 3X before Iporometerl may contain rm]ues
from 30 to 3F.

DISPLAY COMPLETE CODE. This code is sent to the ICD
when the symbol display and text in the symbolic text record
have been completed.

DISPLAY INTERRUPT INDICATION CODE. The host com-
puter sends this code to the ICD to interrupt the transmission
of the symbolic text record.

SVMBOTIC TEXT DISPLAY

L The ICD sends \3E{text string}<CR> which may contain
one or more "\3X[porometer]" within the text line, to the
host computerwhen it displays a parameter by a symbol.

2. The host computer enters all data before <CR> into the
input buffer and acts on the following:

a) If \3Xt porometerl cannot be found in the input buffer,
the host computer displays the contents of the input
buffer already converted to symbols, sends \F8<CR>
to the ICD and then returns to the IDLE progrram.

b) If \3XtporometerI is found, the host computer search-
es the symbol table for Iporometer ] .

If Iporometer ] cannot be found in the symbol table, the
host computer returns to "a" (above) after converting
\3X[ porometer I to 1 porometer].

If Iporometer] is found in the symbol table, the host
computer returns to "a" (above) after converting \3X
IPorometerl to a symbol.
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Section 4 COM M U N ICATION PROTOCOT

IE
|@
l@

asfic
u.t
6*  sS

6F=p

. o
bxis
B=;sB

L d

lCD.278 tor 7,8O
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COM M U N ICATION PROTOCOT

tOCAt MODE:

PROGRAM:

Seclion 4

TERM|NAT CONTROT OF THE ICD GfYlrH HOST DATA FrrES)

ID[E

tffit
I f$"..nH I

I

@@-ffiffi- T  |  |
t r 9 9

I

This prognam acts as the main intermediary program (transfer-
ring instructions and text only) between the ICD and the sub-
programs (Command Request and Function Analysis).

l. The host computer waig for an input from the ICD $he host
system must have an input buffer to hold the input code from
the ICD.)

2. The host computer receives one line of data and places it
in the input buffer

3. The host computer then executes one of the following pro'
erams depending on the code it receives:

Code Received

rF0{ text }  <CR>
ony other

t#t
I COMMAND I
lrNPur/ouTPurl
I PnocnAil |

i

I
I

tOCAt MODE
PROGRAM

FTOWCHARI

DESGRIPTION:

ACltoN:

f ; f f i ; l f * , " " * l i * i i ; ; ; l

|"j-t#i".| t"ffi.j l_",tftT:il L,-#t"l

Progfram Executed

COMMAND REQUEST
I]TJNCTION ANA]-,]EIS
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Seclion 4

PROGRAM: CIMMAND REQUESFCONSOTE

COM MU N ICATION PROTOCOT

a
I

I r*i}-'^" I
l l -------t

t-ffiI
I tl#ff |

@H@@

Host Gompufer Syslem

rF0{text l<CR>

CONSOLE CHARACI'ER READ SEQUENCE
CONSOLE TEXT READ SEOUENCE
CONSOLE CHARACTER WRITE SEQUENCE
CONSOLE TEXI WRITE SEOUENCE

+- rF,t <cR>

i@H@
+ . 4

tocAt t{oDE
PROORAM

FTOW CHART

lClD.278 for Z8O zAx 4-25



ORIGIN

tcD

ACTION:

rF0[text]
<cR>

COM MU N ICATION PROIOCOT Secllon 4

These seguences allow commands to input to the ICD through
the console terminal in the L,OCAL mode.

COMMAND INPUT STAIUS WAIT CODE. This code is sent to
the host computer before the ICD displays a prompt (>).

CONSOL.,E CHARACTER READ/WRffi SEQUENCE or
CONSOLE TEil READA\TRIE SEQUENCE

CONSOTE COMMAND INPUT REQUEST CODE. The ICD
outputs a prompt to the console screen a-fter receiving this
code.

Optlonol sequences:

HOST rF'l<CR>
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Seclion 4 COM M U N ICATION PROTOCOL

COMMAND REEUEST - REMOTE

tcD

V0ttextl<CR> -+

Hosl Compuier Syslem

CONSOLE CHARACTER READ SEOUENCE
CONSOLE TEXT READ SEOUENCE
CONSOLE CHARACTER WRIIE SEQUENCE
CONSOLE TEXT WRITE SEQUENCE

(-r \F9 [commondl <CR>

lCD.278 for Z8O



ORIGIN ACTION:

ICD \FO[text]
<cR>

Opllonql sequences:

HOST rF9
ilCD commondl<CR>

These sequences enable the ICD to directly execute com-
mands in the ITOCAL, mode.

COMMAND INPUT STAruS WAIT CODE, This code is sent to
the host computer before the ICD displays a prompt (>).

CONSOLE CTIARACTER READ/WRIE SEQUENCE or
coNSoLE THff READ/WRIE SEQUENCE

REMOTE COMMAND REQUEST RECORD. This record
allows the ICD to execute commands directly. When the ICD
receives this record from the host computer, it displays a
prompt and the {commond } on the console screen,

PR@RAM
DESCRIPTION: COMMAND REQUESI-CONSOIE/REMOIE

ACTION: L Ttre ICD requesb a command by sending rF0[text]<CR>
to the host computer ftom the ICD Additionally, any of the fol-
lowinq four console input/output seguences can be executed:

a) CONSOLE CHARACTER READ PROGRAM
b) CONSOI,E THff READ PROGRAM
C) CONSOI,E CHARACTER WRr|E PROGRAM
d) CONSOIJE TE)(T WRrIE PROGRAM

2. All of the console or remote commands can be executed when
the host computer receives \F0 { text I < CR > ,

3. If console commands are used, the sequence ends with
r F4 < CR > , and the host computer returns to the IDLE pro-
gram.

4. If remote commands are used, the sequence ends with
rFgtlCD commondl<CR>, and the host computer re
turns to the IDLE program.

COM MU N ICATION PROTOCOT Sectlon 4
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Section 4 COM M U N ICATION PROTOCOT

PROGRAM: FUNCTION ANAIYSIS

I coNsolE I

roc,ru MoDE l'"?"#$fl'P"'l
PROGRAM I PRoGFAM I

FLOW CHART
l t l l

AGTION:

F]LE I-,OAD

FILE VERIFY

FTLE STME

,.2'' COMMAND

QUru
SYMBOL CONVERSION

SYMBOLIC TEXT
DISPIIAY

I cousole | | coNsoLE | | coNsoLE | | coNsoLE I
l cHARAcrERl  I  rExr  I  l c r rmcrEn l  I  r t rT  I

1,.11,i', | 1,"['J,i, I l,.gBl:" | | ;61Ti" I

1, The host computer places one line of data (received from
the ICD) into the input buffer and then analyzes the data.

2. The host computer then executes one of the following pro-
gnams based on the contents of the input buffer:

Input Buffer Contents Program Executed

:00[ f i lenomel<CR>
or r02{ f i lenome} <CR>

r.04 [ f i lenome]<CR>
or  r03 [ f i l enome]<CR>

r 40[ f i lenome]<CR>
or \ '12[ f i lenomel<CR>

r43[porometer l<CR>

r44<CR>

r2XIsymbol ]<CR>

r 3X[ porometer ] { text I < CR >
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COM M U N ICATION PROTOCOT Section 4

PROGRAM: OUECT FltE IOAD/VERIFY

TOCAI MODE
PROORAM

FTOWCHART
! l

f.i---ll3'.:"-|f""mf"""----."n.-lf "-r:-*"1
tTffi.qjj L*"1 l"J.QHfi:"I1""tffi:' I

ORIGIN ACTION:

ICD r00{f i lenome}
<cR>

or :02lf l lenome]
<cR>

An object file is sent from the host computer in response to a
LOAD/VERIFY request from the ICD.

INTEI., HEX I..,OAD REQUEST RECORD OT
S FORMAT LOAD REQUEST RECORD. This record is sent to
the host computer when the ICD loads an object file.

f;#;;l
I  COMMAND I
ITNPUTTOWPUTI
I 

PRoGmM I
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Section 4

tcD

I record]<CR>

rF8<CR>

rF6<CR>

rF7<CR>

Optlonol Sequences:

r F ' l < C R >

rF7<CR>

COM MU N ICATION PROIOCOT

r04 [filenomel INTEL HEX VERIFY REQUEST RECORD or
<CR> S FORMAT VERIFY REQUEST RECORD. ThiS TECOTd iS SENI tO

r 03 [ filenome I the host computer when the ICD verifies an object fi]e with the
<CR> memory.

OBIECT FIL,E RECORD. This Intel Hex or S format record is
sent to the ICD from the host computer. This record may not
contain any control code, and must end with <CR>.

OBIECT RECORD REQUEST CODE. This code is sent to the
host computer to request an Intel Hex or S format record,

OBIECT RECORD RE{RANSMISSION REQUEST CODE. This
code is used when the ICD requests the host computer to re-
transmit the object file. NOfE; Most re-transmissjon reguests
are caused by an error occurring in the check sum of the Intel
Hex or S format record.

OBIECT FIL,E TRANSMISSION INTERRUPT CODE. When the
host computer receives this request, it stops the LOAD/VER-
IFY sequence,

CONSOLE CHARACTER READ/WRITE SEQUENCE or
CONSOIIE TEXT READ/WRITE SEQUENCE

LOAD/VERIFY END CODE. The host computer sends this
code to the ICD (after closing the file) if the file records are
exhausted,

I.,OAD/VERIFY SEQUENCE ABORT INDICATION CODE. ThE
host computer uses this code to inform the ICD that it is abort-
ing the object LOAD/VERIFY sequence.
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COM M U N ICATION PROTOCOT Seclion 4

4-32 ZAX lCD.278 for Z8O

tcD Hosf Gomputer Sysfem
\0X I f i lenomel<CR> I

I
a

(deslgnoted flle open)

(reod Iniel HEX or S formol record)

rF8<CR>
:

-)
\,-r
-)

*-

-

I

I Flle Record | <CR> -----i

(rood Intel HEX or S formot record)
I

IF l leRecord l<CR>.  (J

!
IFlle Recordl<CR> 1'r

(reod Intel HEX or $ formol record)
I

tF l leRecordl<CR> ( l

rF6<CR>

rF8<CR>

[\80{ fext l<cR>
F8 <CR>

t
L

I
(monitor text record)

(- \F8<CR> or rF7<CR> --i

CONSOLE CHARACTER READ SEOUENCE
CONSOLE TEXT READ SEOUENCE
CONSOLE CHARACTER WRITE SEQUENCE
CONSOLE TEXT 

.WRITE 
SEOUENCE

.t
I

J
record)(reod Intel HEX

I
G:-r ilntel HEXrecordl<CR> (H

rF8<CR>

(deslgnotod file close)

rF ' l  <CR>
(lo IDLE progrqm)

<l-
i

+--r



Section 4 COM MU N ICATION PROIOCOL

oBtEcr FI tE toAD/vERlFY

1. The ICD sends \0XIfilenome]<CR> to the host computer
to load or verify a user program, The host computer then
opens the requested Program file.

2, The host computer reads the Intel Hex or S format records
from the file and acts on the following:

a) If an error occurs when opening or readinq the file, the
host computer sends \F7<CR> to the ICD and returns
to the IDLE Progrram.

b) If no error is detected, the host computer sends the Intel
Hex or S format record to the ICD and then waits for
\F8<CR> from the ICD,

If the host computer receives \F8<CR>, it then reads
the Intel Hex or S format record. If the code is \ F7
< CR > , the host computer sends \F8 < CR > after clos-
ing the file and then returns to the IDLE progrram.

If the code is \F6<CR>, the host computer waits for
\F8<CR> after re-transmitting the Intel Hex or S for-
mat record to the ICD.

c) If there is no record to sendwhen \F8<CR> is receiv-
ed from the ICD the host computer closes the file, sends
\F'1 <CR> to the ICD and then returns to the IDLE pro-
gram.

PROGRAM
DESCRIPTION:

ACTION:
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COM M U N ICATION PROTOCOL Sectlon 4

PROGRAM: O&IECT FIIE SAVE

ORIGIN ACTION:

ICD r40[f l lenomel
<cR>

r42tf i lenomel
<cR>

When this command is issued, the host computer receives an
object program and creates a file.

INTEL HEX SAVE REQUEST RECORD OT
S FORMAT SAVE REQUEST RECORD This record is sent by the
ICD to request the host computer to save a file, The Ifllenomel
field may be used for a user-defined save messaqe.

@M@
i 9 a
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Seclion 4

HOST rF8<CR>
(ot file write)

ICD Irocord]<CR>

Opllonol Sequences:

HOST rF8<CR>

HOST \F6<CR>

rF' l<CR>rcD

HOSr rF7<CR>

r{osr rF8<CR>
(otfile close)

rF7<CR>HOST

COMMUNICATION PROTOCOT

OBIECT RECORD REQUEST INDICATION CODE. This code
is sent to the ICD from the host computer to request an Intel
Hex or S format record.

OBJECT FILE RECORD. This Intel Hex or S format record is sent
to the host computer.

CONSOIJE CHARACTER READ/WRITE SEQUENCE OT
CONSOLE TEXT READ/WzuTE SEQUENCE

OBIECT RECORD REQUEST INDICATION CODE. The host
computer sends this code to the ICD to request a recotd.

OBJECT RECORD RE{RANSMISSION REQUEST CODE. This
code requests the ICD to re-transmit an object code.

FILE END CODE. The ICD sends this code to the host computer
when the transmission of the file records has been exhausted.
The host computer ends the object save seguence by sending
rF8<CR> after closing the file,

SAVE SEQUENCE ABORT INDICATION CODE. The host com-
puter informs the ICD that it is aborting the object save
sequence,

FIL,E CLOSE END CODE. This code is sentto the ICD fromthe
host computer when the file close is successful,

SAVE SEQUENCE ABORI INDICATION CODE. This code indi-
cates that the host computer has stopped the object save se-
m l a n ^ a
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lcD
\,lX{fllenomel <CR> r---

<cR>

(-

fhtel HEX recordl<CR> -
or [S icrmot record | <CR>

- :::mPuterwem
!+

(designoted flle moke)
I

rF8<CR> -------------J

I+
(wrtte Intel HEX orSformcrt recordJ

CONSOLE CHAMCTER READ SEOUENCE
CONSOLE IEXT READ SEAUENCE
CONSOLE CMRACIER WRM SEOUENCE
CONSOI.E TDO WiIIE SEOUENCE

(-
l-+,'-

rF8<CR>

Ilntel Hex record) <Cl?>

or [S formoi record | <CR>

ilnlel HEX recordl <CR>

or ISfcrmol recordl <CR>

+
(when recelve rec-ord enor)

I
\F6<CR>

I
+

(write Intel HEX or
I
I
I
I

-----------__J

S fcrmqt record)

(-
-_

:F8<CR>
rF, l<CR>

or rF7<CR>
I

t
(deslgnoted llle close)

I

\F8<CR> or \F7<CR>-----J

0o commond input requesl seguence efc)

COM IUU N ICATION PROTOCOT Seclion 4
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Section 4

PROGRAM DESCRIPTION:

ACTION:

COMMUNICATION PROTOCOT

OE ECT FIIE SAVE

L fhe ICD sends r'lX[filenome]<CR> to the host computer
when savinq a user program, The host computer then opens
the selected user file.

If the file does not open, the host computer sends rF7<CR>
to the ICD and returns to the IDLE program. If the lile opens,
the host computer sends rF8<CR> to the ICD.

2. The host computer waits for an Intel Hex or S format record
from the ICD. If it receives r F'l < CR > from the ICD the host
computer sends rF8<CR> after closing the user program
file and rehrms to the IDLE progrram.

After receiving an Intel Hex or S format record, the host com-
puter then executes a file write of the record received from the
ICD. If an error occurs during the file write operation, the host
computer closes the user prognam filq sends \F7<CR> to the
ICD and returns to the IDLE prognam.

If an error occurs in a sum check, the host computer sends
\F6<CR> and waits for the Intel Hex or S format record to be
retransmitted from the ICD. The host computer then waits for
the next Intel Hex or S fsormat record (sending \F8<CR> to
the ICD) if no error occurs during the file write.

ICD-278 for Z8O ZAX Corporollon 4-37



COM M U N ICATION PROTOCOT Section 4

PROCRAM: l[LEGAL/ts2tt COMMAND

ICD r43{porometer}
<cR>

HOST "rF8<CR>

This sequence is used to process an ILL,EGAI-., or "Z" command
according to the parameters sent from the ICD. The IL,I-,EGAI-.,
command is a command not defined in the ICD but is interpret-
ed and processed by the host computer.

ILLEGAL COMMAND/"Z" COMMAND RECORD, This record
is sent to the host computer to process the ILLEGAL/"Z" com'
mand.

ILL,EGAL COMMAND/"Z" COMMAND NORMAL END CODE.
This code is sent to the ICD when the ILITEGAIT/"2" command
has been processed successfullY.

i----------------+---------------------- ' i
l - - - - J - - - r r  

I

f t
| 1".1,'"qrll"f;Bll$l I l"ililt?gl
l P R o o R A M l l P R o o R A M l  

l P F o o R A M l

L----r----- '  I
i

i@ffi] @@ffiffi@
+ 9 a + 9 9 i

j-l
I coNsor-E I

rocAr. MoDE l,,f"3H5fl"?,1
PROGRAM I enocmm !

F1OWCHART T
!'-----T--------T---------'l

f"-a*-El f"-a#l t*,""* I f*i";l
l c H A m c T E R l  I  t s n  I  I C H A R A S E R I  I  r s r  I

I "*B3"oo" ll ""H-"^" | | ""*#H" ll *iTIi" I

ORIGIN ACITON:

tc_D HoslGompubrWem

ras lPmmonq |.cnr{. - l & o o r o m e t e r l  -  
+

lllegol commond
.Z" commond

I
I

(- rF8<CR> or rF7<CR> f
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Section 4

rF7<CR>

PROGRAM DESCRIPTION:

ACTION:

COM MU N ICATION PROTOCOT

ILLEGAL COMMAND/"Z" COMMAND ABNORMAL END
CODE. This code is sent to the ICD when the IL'I'EGAL/"2" com-
mand has not been processed zuccessfully.

"Z'COMMAND

l, The ICD sends :.43[porometer]<CR> (and the specified
"2" command) to the host computer.

2. The host computer then periorms the specified "2" command
and acts on the following:

If an error is contained in the "2" command specification, the
host computer sends rF7<CR> to the ICD and then rehrrns
to the IDLE progEam.

If no error is detected, the host computer sends rF8<CR>
to the ICD and then returns to the IDLE program,

"2" commands available with ZICEZS) N2.4) include:

ABBREVIATION NAME FUNCTION

Help Displays the command list,

Define Adds a new symbol to the ZICE
symbol table.

SLood Reads a symbol file on diskette
into the ZICE symbol table,

Delete Deletes a symbol from the ZICE
symbol table.

SSove Stores the ZICE symbol table on a
diskette as the symbol file,

Show Displays the names and values of
symbols in the ZICE symboltable
and their qualities.

Lrcg Stores everything displayed into a
specified file.

Botch Executes a file of ICD commands.

HE

DEF

SL

DEL

SS

SH

LOG

BA
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COM MU NICATION PROTOCOI.

PROGRAM:

ORIOIN ACIION:

ICD r44<CR>

Section 4

@MMffi

The host computer returns to the operating system (OS) indi-
cated by the ICD's code. (The ICD "HOST ON" mode is also
cancelled.)

QUIT RECORD.

rcD

r44<CR>

HoslCompiErSlsbm

-+-- - - - - - - - - - . i
I
I
I

I
(return to OS)
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Seclion 4 COM MU N ICATION PROTOCOT

PROORAM: SYMBOT/NUMERAICONVERSION

@@
@@ | tr$33i. I I *Y&+'" | | "?lti$" I

lcoNvERsroNl I DtspLAy | | sEcuIoNI
I PRoGMM | | 

pRooRN 
| | pFooRAM I

HoslCompuilergm

f coNsoLE cHARAcTER READ sEouENcE 
-l

I corrrsoLE TEXI READ sEouENcE I
I CONSOLE CHARACTER WRM SEOUENCE I
L coNsoLE rBc wRrTE sEauENcE J

G-t \Fgo lnumberl H<CR>

or rF,l <CR>

\2X Isymboll<CR>t--
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ORIGIN ACTION:

ICD r2X[symbol]
<cR>

Optlonol Sequences:

HOST rF9 0 fnumber
(hexodecimolASCll)f H

<cR>

HOST r.F'l<CR>

PROORAM DESCRIPTION:

ACTION:

This sequence is used when the host computer requests a Erm-
bol/numeral conversion.

SYMBOL/NUMERAL CONVERSION REQUEST RECORD This
record is sent to the host computer requesting the numeric con-
version of a symbol. Ghe ICD sends t $/mbol l < CR > including
*. " which means a symbol.)

CONSOIJE CHARACTER READAVRTTE SEQUENCE OT
CONSOLE TEXT READ/WRITE SEQUENCE

NUMERIC RECORD. This record is sent to the ICD when the
symbol received has been converted to a numeral, ffhe host
computer attaches 0 to the head of the converted value and
"H"<CR> at the end.)

SYMBOL/NUMERAL CONVERSION ERROR CODE, Tttis code
is sent by the host computer when the symbol chosen cannot be
converted to a numeral.

SYMBOL CONVERSION

Tire ICD sends r 20 t symbol | < CR > to the host computer when
the symbol/number conversion is executed, The host computer
then searches the symbol table for the tsymbolf received from
the ICD to convert to a numeral, and acts on the following:

L If the conversion is successfi.tl, the host computer sends the
numeral to the ICD with '0" attached at the head and "H"
followed by <CR> at the end, and then returns to the
IDLE progrram.

2. If the conversion is unsuccessfirl, the host computer sends
rF4 <CR> to the ICD and returns to the IDLE progEam.

COM M U N ICATION PROTOCOT Section 4
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Section 4

PROORAM: NUMERAT CONVERSION

1OCAI MODE
PROORAM

FTOWCHAPT

COM MU N ICATION PROTOCOT

ffir
I 

PRooRAM 
I

?
f;kt
I coirMAND I
Ir{PUTTOWFUTI
I PRooRAM I

j

i----------------+-----------
,----i----. i

I "_".*l tr*-l l1^.,^-:Gl
| ,*:- ll I-":-" I I #"'Hi I
------!::::l-----' i

I

r t t l

MffiMM
l. The ICD sends \3E[textwhich includes \3X Iporometer] ]

<CR> to the host computer when the numeral,/symbol
conversion progEam is executed.
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COM M U N ICATION PROTOCOT Secllon 4

The host computer enters all data before <CR> into the ICD
input buffer,

3. The host computer then searches the input buffer for r3X
Iporometerl and executes one of the following:

a) if r3Xtporometer] is not found, the host computer sends
out the text-attachinq r80 to the front and <CR> to the
end of the text-and then waits for rF8<CR> from the
ICD. When IF8<CR> is received fromthe ICD the host
computer sends rF'l to the ICD and returns to the IDLE
progEam.

b) If \3Xt porometerf is found, the host computer searches
the symbol table for { porometer } . If t porometer } is not
found in the symbol table, the system converts r3X[poro-
meter| to fporometer;, and returns to"3"(above). If
Iporometer] is found in the symbol table, the system
converts r3X[ porometer ] to a symbol.
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Section 4 COM M U N ICATION PROTOCOL

f*t
I 

'*oo'o" 
I

+

r#
I COTilISAND I
lrNPUriourPurl
I 

FRoGRAT' I

@
I
t

r t t l

PROORAM: SYMBOLICTEXIDTSPTAY

r"ilEllf 
--js-1r"._-lrfr-l

lcoNvERsroNl I DrspLAy I I ExEcuTroN I
I 

PRoGRA?{ 
I I PRooRAn I ljooRAM 

t

TT

@MMM

it#;trffit
it..ll. lLtrl
+ + a

TOCAL TYIODE
PROORAM

FrowcHAnr

tcD

\3E Itexil

\3X IPoromelerl

ttextl <CR>

Hosl Compuier Syslem

coNsoLE cHARActER READ sEouENcE I
coNsoLE TEXI READ SEOUENCE I
coNsoLE CHARACTER WRITE SEOUENCE I
coNsoLE TEXI WR|TE SEOUENCE I

--€:-  rSotText l<cR>
I
I
I
+

(disploy text)

i - -1 r r8<CR> =+
or rF7<CR>

+- rF'l <cR>
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ORIGIN ACTION:

ICD \3E
Itext which includes \3X ]

Optlonol Sequences:

HOSI r8O{text}
[chonse 

" 
rr$o"l

ICD rF8<CR>

HOSil  rF4 <CR>

COM M U N ICATION PROTOCOT Seclion 4

The parameters sent from the ICD are displayed on the con-
sole screen after being converted to symbols.

NUMERAL/SYMBOL CONVERSION RECORD. This record
tells the host computer to convert a numeral to a symbol, (r3X
is a header.)

CONSOLE CHARACTER READ/WRITE SEQUENCE or
CONSOI.,E TEXT READ/WRITE SEQUENCE

NUMERAL/SYMBOI-, RECORD. The host computer sends this
record if the numeral is successfully converted to a symbol.

DISPLAY END CODE. This code is sent to the ICD when the
symbol display and text in the symbolic text record have been
completed.

NUMERAL/SYMBOL CONVERSION END CODE. The host
computer sends this code to the ICD to end the sequence.
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Section 4 COMMU N ICATION PROIOCOT

t*t
I "**u I

t

#
I  CoMMAND I
IINPUT'OUTFIJTI
I PsocnAM I

PROGRAM: COMMAND AND TEXT EXECUTION

tOCAt MODE
PROORAM

FTOWCHANT

lcD

r80 ttext)<CR>r----x.

HosN Gomputer Sysilem

-- - - - -
I
I
I
t

(prlnl out file wrile eic)
t
I
I
I
I
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ORIGIN ACTION:

ICD r8O[textl
<cR>

HOST rF8 <CR>

The ICD outputs the command and the result of its execution to
the host computer, The host computer can then output the text
to a printer or onto a file. /VOZE: In the LOCAL mode, the PRINT
ON command is treated as an lllegal/"Z" command after the
HOST ON command rrsued.

COMMAND EXECUTION TEXT. Outputs one line of te>rt after
the execution of the command by the ICD.

TEXT RECEPTION COMPLETE CODE. This code istransmit-
ted to the ICD when the host computer has received the text
and completed the output execution.

COMMU N ICATION PROTOCOL Secffon 4
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Section 4 COM M U N ICATION PROTOCOT

PROGRAM: CONSOTECOMMANDINPUI/OUTPUT

I sY?rtsou I
I NUUEnAL I
I coNvERstoN I
I PBocRAu I

I

I

t t l l

tOCAt MODE
PROORAM

FIOW CHART

+
I
I

I cdNst F I

I corulaa4o I
lrNPurq,u I PUrl

I 
PRoqBAM I

Mffi@M
There are four input/output sequences available when the ICD
operates in the I,OCAL mode:

I) CONSOLE CHARACTER READ
2) CONSOL,E TEXT READ
3) CONSOI.,E CHARACTER WRITE
4) CONSOI.,E TEXT WRITE

ICD-278 for Z8O



COM M U N ICATION PROTOCOL

PROGRAM: CONSOTE CHARACTER READ

Section 4

ICD Host Computer System

:----------- {- r 8A< CR>

+
(lnput o chqrqcler from console)

I
?

rF9 [chorocterl<CR>
o r : F 8 < C R >
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Section 4

ORIGIN ACTION:

ICD r.8A

HOST r F9{ input chorocter }
<cR>

r.F8<CR>

COMMU NICATION PROTOCOT

The host computer uses this sequence to request a single
character of data from the console through the ICD.

CONSOLE KEY INPUT REQUEST CODE.

CONSOI,E INPUT CODE. This code is sent to the host com-
puter if there is an input character. The input character and
<CR> are then sent to the host computer, (The ICD does not
echo back the console inPut.)

NO CONSOLE KEY INPUT CODE, The ICD sends this code to
the host computer if there is no console input,
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COM MU N ICATION PROTOCOT Seclion 4

4-52 ZAX lClD.278 for Z8O

@@@
------L:::::-----' .

-- t ---------- '

r--:1 r^:]r----:-ll-l
I  - : , '_1. '  |  |  |LLEOALT2-|  I  I  I  SYMBOU | |  sYM_BOLlc |  |  CoHMAND I

| _+,E. ll'ii'f$f;;ll""BH[^" ll"e's,t;*+.| | ",'.&. llxt^{ilqrl
I  

p n o c n a r u l l ' " " " * -  l l  l l  
p n o a n e m  

l l  e n o o n a t r l l  p n o c n r u l

, +
j-
I 

"On"Ora 
I

I coMirAilo I
ltNPutiourPUTl
I enoaaru I

i

! l

l"i:ln+E"ll "o,l#.' ll"??xi?i:^ll *+** |
l - ; i l o - l l  n e r o  l l  w R r r E  l l  w n r r E  I
I 

pno<iiru l l 
pntjomaa 

l l enoonru l l 
pnoomm 

I

TOCAT MODE
PROGRAM

FTOWCHART

ICD Hosl Compuler Syslem

l- i------- 
'o; <r;> 

I
l i l
ti I
I linput o llne from console) |

L 
l-..r0 ttextt <cR> f- 

_l



Section 4

oRlolN ACTION:

r .88<CR>

ICD rF9tl ine of dotol
<cR>

COM MU N ICATION PROTOCOT

This sequence is used when the host computer requests the
ICD to input one line of data.

DATA INPUT REQUEST CODE, The host computer sends this
code to the ICD to request one line of data.

DATA INPUT CODE. This code is sent to the host computer
along with the line of data entered from the console terminal.
The maximum number of input characters is limited to 255;
subseouent characters are discarded.
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COM M U N ICATION PROTOCOT Seclion 4

PROGRAM: CONSOTECHARACTERWRITE

IOCAI. MODE
PROGRAM

FIOW CHART

I ourr I

| "^on'o* I
+

| "*.."*lI  COMMANO I
I  INPUI/OUTPUTI

I 
PRoGRAM I

| "*l | """'"*l | *l
l"i,fii'#i"l l';ffi'"J I rfiff",r I' T - r

i l t

rcD Host Compuler Syslem

F

i '----------- 
(-l r8 2 [chorocterl <CR>

I
I
+

(output chorocte(s))

L rF8<CR>
or rF7<CR>

4-54 ZAX lClD.278 fot Z8O



Sectlon 4

oRlolN ACTION:

HOST r82[chorocteril

rF8<CR>

COM M U N ICATION PROTOCOL

This sequence is used when the host computer requests the
iCD to output n characters to the console.

N CHARACTERS OUTPUT REQUEST CODE. The host com-
puter sends this code to the ICD requesting the output of
n characters to the console. The ICD then sends I chorocters ]
to the console, without being followed by a < CR> < LF >.

N CHARACTERS OUTPUT END CODE. This code is sent to
the host computer from the ICD when the n-character output to
the console is completed.
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COM M U N ICATION PROTOCOT Secllon 4

PROGRAM: CONSOLETEXTWRITE

This sequence is used when the host computer reguests the
ICD to output one line of data to the console'

DATA OUTPUT REQUEST RECORD. This record requeststhe
ICD to output one line of data to the console. The ICD outputs
[textl <CR> to the console and then follows it with a line feed,

CONSOLE OUTPUT END CODE. This code is sent to the host
computer when the seguence is completed.

oRtcrN

HOST

ACTION:

rS0tiextl
<cR>

rF8<CR>tcD

rcD Hosl Compuler System

- :  r8o  l tex t l  <CR>
t -
I
I
t

(textotsptoy record)
I
L  r F 8 < C R >

or  rF7<CR>
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Seclion 4 COM MU N ICATION PROTOCOT

NUMBER CONVERSION CODES
rcDt78/t8o86, 18088

number chqnge cod€ formot descrlotlon

r20 r20 [.symbol | <CR> oddress symbol

r2 ' l - r2F nol used

rumber chonge cod€ formoi description

r20 r20 [ .symbol ]<CR>oddress symbol

r2 ' l - r2F not used

'rumber chonge cod€ formol descriotion

r20 r20[ .symbol  l<CR> physicol oddress symbol

r2'l not ussd

;,22 r22 [ .srmbol  l<CR> segment oddress symbol

r23 nol used

r24 r24tooo<: [.symbol]
< c R >

otfset oddress symbol
(XXXX is cunent segmenf)

r25-r2F not used

NUMBER COI{VERSION CODES
rcDr?8/r8o48
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rumber chonge cod€ formot descriplion

:20 \20l .symbol)<CR> oddress symbol

r2'l-r2F nol used



number chonge cod€ formot descrlption

r20 r 20 { .symbol | < CR > oddress symbol

r2, l - r2F not used

COMMU NICATION PROTOCOI. Section 4

NUMBER COT{VERSION CODES
tcDt78/68OO, 63010, 68008

SYMBOT CONVERSTOI{ CODES
.cD278/Z8O

4-59 zAx ICD-278 for Z8O

symbol chonge code exompler l / i l v l

r30 heqder

r 3 0 0 0 0 0  0 0 NOP

heqder qddress

symbol chonge code

r3'l nol used

r32
brqnch
disploce
ment

JR r 3 2 S - ' l  0 H

r33-r35 not used

r36 lqbel

JP r  3 6 8 0 0 0 H

r37-r3F nol used



Seclion 4 COM M U N ICATION PROTOCOT

symbol chonge code descrlotlor exqmpre

r30 heoder

NOP

heqder oddress

symbol chonge code

r  3 0  0 0 0 0

r.3'l- r 35 not used

r36 Iobel

JMP r . 3 6 8 0 0 0 H

\37- \3F not used
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coM M u N tcATtOr pnorocor

symbol chonge code r P [ 9 1 exomple

r30 physlcol
heoder

) NOP

physlcol heoder oddress
symbol chonge code

\3,1 logicol
heqder

90 NOP

I
l- leglsql heoder oddress

symbol chonge code

r 3 ' 1 0 0 0 0 : 0 0 0 0

\32
bronch
dlsplace-
menl

JMP

bronch dlsplocemenl

symbol chongo code

r 3 2 $ - ' l 0 H

r33 noi used

\34 number

MOV A L , r 3 4 5 5 H

??
I l-nurnb€1

[- symbot chonge

r 3 5 - r 3 6 nol used

r37 lobel

JMP (or\370,100H: 8000H)

lobel

symbol chonge code

r38 not used

r,39 vorloblo

MOV AL, BYTE PTR r 39 0000H: '1000H

l-vorloble
loglcol oddress

symbol
chonge code

r3A-r3F nol used

SYMBOT CONVEPSION CODES
tcDt78/t8o86r t8O88, t8ot86, l8ot8s
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Section 4 COM M U N ICATION P ROTOCOT

SYMBOI CONVERSTOI{ CODES
rcDr78/r8o48

symbol chonge code exomplet v l

r30 heoder

r3 ' l - r35 not used

r36 lobel

r37-r3F noi used
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COM M U N ICATION PROTOCOT $ection 4

4-62 ZAX ICID-278 for Z8O

symbol chonge code rPi lv l exqmple

r30 heqder

r3 ' l - r33 not used

r34 number

MOVE. B

symbol chonge code

r35 not used

r36 lobel

r 3 6 S 0 0 0 0 ' 1 0 0 0 , W

symbol chonge code

r37 not used

r38 vorloble

vove. B D0..r 3

r39-:3F noi used



Seclion 4

INTET HEX OBJECT FORMAN

COMMUNICATION PROTOCOT

Atl object files are represented by ASCII codes. This example
shows one byte of data being converted to an ASCII hexa-
decimal number 1"6"-"9" and "A'-"F") of two digits:

00H '00"(3030p)

9BU '98"(3942p,)

An object file is divided into units of records which include
four types:
(l) Data Record
(2) EndofFileRecord
(3) Extended Address Record
(4) Start Address Record

ICD/Z80,ICD/iB0B5, and ICD/8048 use Data and End Record
only,

One record is formatted as shovrn below:

J J J
@@ @

\ r t  rrvvvtu rrrw^

(3AH)

Shornn the beginning of an Intel Hex object record. The informa-
tion precedingrthis mark is treated as a comment.

@ t oad address'00'r'FF' (3030X-a6a6g)

Shows the number of data bytes contained in field @

@ Coae address
'0000'r'FFFF" (3030303OX-A64e6A6ya)

Shows the location address where a progrram or data is in-
tended to be loaded. Normally contains "0000" as a dummy
record.

J

@6
J

@

XX )cXX }X X X
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COM M U N ICATION PROTOCOT Seclion 4

@ Record type
Shows type of record:
'00" (30309) Doto record
"0'1" (3034g) End of File record

@ oata
Contains data bytes equal to the record lengrth' (rhis field void
if the record lengrth is "00.")

@ Check Sum
2's complement of the value (one byte: carry igmored) of the
total starting with the record lengrth and the last data. NOTE:
Additionrmade after the ASCil hexadecimal number of two
digits has been converted to a l-byte binary number.

Example:
:02000$2010OFB
:20000000081000D00825A8860s00040000cAo084D98FFF4DF9AE82DA?28FFD4FFZr80S{ts4
:0E00200008 l800IO88ABA58B0'!1000080000490
:02000ffi20200E4
:2000000008000(x)0032E Alo50As40lD0000B000EAFIDFFBoFFBBA80DAf, |5DFF5FF lFEo08El
:20002([@81@0D008A14806000100D@00000074D06FFC0DFEAEU!5A585FFFrlFFoFlo0gFD
:0ro00@301000000F8
:00000(X)IFF
trrl'5 leuulLl ls useq tu siluw ct Pl-uvrcuu ul L.tdl.ct.

Example:
: 19 0000 OO 004992D 8246D B6F F4894D A236C BsF E47 BB

JJ J  J  . I .  {
o@@@ @ @

@ Record mark
":" (3Ag)

@ Record lengrth
",10" (3,130g)

Shows data of 16 bytes contained in the data field@.

@ L,oad address
'!000" (30303030H)

Indicates that data in field @ is loaded starting at address
0000s.
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Seclion 4 COM M U N ICATION PROIOCOT

@ Recordtype'o0" (3030s)
Shows that record is a data record.

@ oata
'0M9 

"' " (3030343ep . . . )

Data in this case: 00p,49p,929 . . .

@ Check sum
"B8" (4238s)

END OF FILE RECORD: Thjs record shows the end of an object file'

Example:
: 00000004FF
IJ  J  J  ]

@@@ @ @

@ Record mark
":" (3Ag)

@ Record lengrth
'00" (30306)

Shows the data field does not exist,

@ Load address
'0000" (30303030p)

Normally, "0000" is entered as a dummy address (though this ad-
dress may be used as a start address if no start address record
is found),

@ Check sum
"FF" (464611

NOTE:When using the LOAD or VERIFY commands, the end
of the object file is determined by the end of record.
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EXTENDED ADDRESS
REGORD: This record shows the segrment address where data is loaded in

the data record subsequent to this record.

Example:
: 02 0000 02 0020 DC

@ Record mark
":" (3Ap)

@ Record lengrth'02" (3032s)
Shows that two bytes of data are contained in the data field in @.

@ Load address
'CI000" (30303030s)

Contains "0000" as a dummy, though this field is igmored in this
record. (It is still required,)

@ Record type
'02" (30329)

Shorrus that this record is an extended address record.

@ Segrment base address
'0020" (30303230s)

Base address in this case is 00209.

@ Check zum'DC" (444311

02H + 00H + 00H + 02H + 00H + 20H = 24H
24H Twot Complement DCpl

J J  J  J  J  ,
@@@@@@

COM MU N ICATION PROTOCOT Section 4
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Section 4

STAR] ADDRESS RECORD:

COM MU N ICATION PROTOCOT

This record shows the object file start address.
Example:

: 04 0000 03 5'1620005 4'l
J J  J  I  J  J
@@@ @ @ @

@ Record mark
":" (3411)

@ Record lengrth
'CI4" (30349)

Indicates that the data field in@contains data of four bytes.

@ L,oad address
'0000" (30303030s)

Contains "0000" as a dummy, though this field is not necessary
for this record.

@ Recordtype
'03" (3033H)

Shows this record is a start address record.

@ Start address
'5'l 620005" (3534 3632303030359)

Start address in this case:
Segment = 5462H
Ofbef = 0005H

@ Check sum
"a1" pa3aa)
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COMMUNICATIONPROTOCOT

S FORMAT O&IEGT FI[E:

ooH
9Bu

Sectlon 4

All object files are described by ASCII codes. In the example,
one byte of data is shown converted to a hexadecimal number
("0"-"9," and "A'-"F") of two digits:

'00" (3030p)
eB" (39 2s)

J

@
J
@

J J J J

@@ @ @

An object file is composed of the records listed below:
(l) Data set name record
(2) 16-bit address data record
(3) 24-bit address data record
(4) 32-bit address data record
(5) Send data record count record
(6) I6-bit address end record
(I) 24.bit address end record
(8) 32-bit address end record

ICDI68000.68008,68010 uses the data records (2) and (3) and the
end records (6) and (D orny.The record format is shovrm below:

s XI )X )c( )fr X X

@ Record mark "S" (53g)
Indicates the start point of an object record in S format. Informa-
tion before this mark is teated as a comment.

@ Record type
Shotiris the type of this record.
(l) "0" (30g) Data set name record
(2) "1" (3lg) l$bit address data record
(3) "2" (32g) 2ul-bit address data record
(4) "3" (33g) 32-bit address data record
(5) "5" (35g) Send data record count record
(6) "7" (37g) 32-bit address end record
14 "8" (3Bg) Zzl-bit address end record
(B) "9" (39g) lGbit address end record
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Seclion 4 COM M U N ICATION PROTOCOT

@ Record length
'OO':'FF' (3030p-A6 6g)

Shows how many bytes of data are contained in flelds @ , @
and @

@ loaO address
'0000'!'FFFF" (30303030p-464646469)

or '!00000'-'FFFFFF" (30303030303O9-4646464646469)
or'!0000000'a'FFFFFFFF"

(3 0303 03 0303 0303 0 s - aaa6a646au6ea6u)

When used with data records, this address shows the address
to load a progrram or data. When used with end records, it
shows the restart address of the program. When used with
data set name records (Record type "0"), the address normal-
ly contains "0000" as a dummy data. I6-bit address, 24-bt
address, and 32-bit address are identified by the record type.

@ oata
Data is equal to the record length minus the load address and
check sum, (When the number of record bytes is 00, this field
does not exist,)

@ Check sum
l's complement of the total value of the bytes up to the last data
begrinning with the record lensrth (one byte and car4r are ig-
nored).

NOTE: Addition is made a.fter converting an ASCII hexadecimal
number of two digitts to a binary number of one byte.

Example:
s006000041424333
s2 140 [0000AI4E0A405ADF02E06?D004I0EC lFo t3A'05
s2 1401001085c9069054rts0490E5580C0042BE00E2E2
s2 r40 r0020A1060c4 ID22F00F2AI4B8E00C4E300B2 l0
s2 14010030D1480440784E409048470940808E10D038
s2 140 r0040A15D080872 IF4C504FCC4AI0A4ID006ACC
s2 140 10050E9400F005B9804F2F5 l58Fl I20EF0CF8B3
s2 140 10060A58908 10DADF08E28548060020D7088A0C
s2 140 r0070Arc04l0 I7ADF0050AI5E280406FF005AA4
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COM TUU N ICATION PROTOCOT Seclion 4

DATA SET
NAME RECORD:
(Record type'0'l

A record to show the record name of an object file.
Example:

qq 06 oooo 444243 33
JJ  J  J  J  1

@@@@ @ @

@ Record mark'5" (53pf

@ Record type'0" (30s)
Indicates that this record is a data set name record.

@ Record lengrth'06" (30s6s)
Shows that the total of the ]oad address, data, and check sum is
six bytes.

@ LoaOaddress
'0000" (303030309)

This record contains "0000" as a dummy, though this field is
igmored in this record.

@ Oata set name
" 41 4243' (343 I 3 43234 3 t )

The record name is interpreted as ASCII codes 4lg, 42p, and
43g, producing'ABC'

@ Chect zum'33" (3030p)
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Shows a progtram or data.

Example:
s 2 44 040000 A44E0A405ADFO2EO67DOO4'|0EC',| F0'l3A 05

DATA RECORD:
(Record type "'l'-l'J

J J  J  J

@@@ @

@ Record mark's" (539)

@ Record type'2" (s2a)

@ Record lengrth
",ta" (3a3ag)

Indicates that the total of the load address and check sum is 20
bytes.

@ Load address
'0'l 0000" (303130303030p)

Indicates data in field @ is loaded starting at address 0I000g.
(The number of address bits will be J.6, 24, or 32 depending
upon the record type in field @.)

@ Data
'A'l4E. , ,3A, (4'13'13445H" , $aas)

In this case, data is Alg, 4EH, , , . . . 3AU,

@ Check zum
'05" (3035p)

I

@
J
@
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END REGORD:
(Record type Y'-9'J

Shows the end of an object file.

E:<ample:
q 8 04 040000 FA
. IJ  J  . I  J

@@@ @ @

@ Record mark's" (53s)

@ Recordtype
"8" (38p)

Indicates this record is an end record with the 24-bit start
address.

@ Record lengrth
'CI4" (3ffias)

Shows that the total of the start address and check sum is four
bytes. (Normally, an end record does not contain the data field.)

@ Startaddress
'0{ 0000" (303430303030p)

In this casg the start address is 0100009,

@ Chectsum
"FP( (4644H)

NOW: When using LOAD and WRIFY commands, the end of an
object file is determined by the end record'
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PRINCIPLES OF EMUI/ATION

Appendlx A: Prlnclples of Emulqllon, ls belng prepored now,
qnd wllt be senl to you os soon os ll becomes ovolloble.
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ICD Product Demonstrollon:
Feofures & Funcllons

Of The IGD

Itthoduellon

lWo Dlflerenl Exerclses!

If this is the first time you are using a ZAX emulator, you've
hrrned to the right place! In Appendix B, you'll be shown two
exercises which you can use as a product trainingrcourse. By
following the exercises presented in this appendix, you'll not
only demonstrate to yourself the powerful debugging capabil-
ities of your iCD but you'll learn more about emulation prin-
ciples as well. Once you've familiarized yourself with some
basic command functions and applications, you can then go
back to the Master Command Guide in Section 2 and become
an emulation expert!

You have two exercises to choose from in this appendix, and
each exercise is desigrned to teach you something new about
your ICD. The exercises are intended to work with whatever
system configmration you are operating in (see "How To Con-
nect Your ICD To Other Devices"). For example, if you're con-
trolling the ICD with a terminal, and not using a target system,
first construct the system confignrration for that mode (Using
The ICD Without A Target System: Terminal Controlled), and
then find the exercise that is intended for that configruration
(Exercise 1: Target System Not Used).

The system confignrrations and related exercises are shown
below.

SYSTEM CONFIGIJRATION

Using The ICD Without A Target
System: Terminal Or Host Computer
Control Of The ICD

Using The ICD With A Target System:
Terminal Or Host Computer Control Of
The ICD

EXERCISE

See Exercise I

See Exercise 2
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lmporfont!

Enterlng The Gommonds

If this is the first time you are using a ZAX emulator, you should
read through and then carry out Exercise 1: Using The ICD
Without A Target System. This session reveals many of the
ICD's capabilities, including performing acfual emulation of a
test prognam. (If you need a refresher course in emulation
theory and practices, read through Appendix A before you try
the exercises.)

You don't need to know all about the command rules to use the
ICD feature demonstration. Just carry out the instructions
under ACTION and read the display on your terminal's
screen. However, you must remember to enter the exact items
as shown in the exercise-including feature characters
(,/ =)-and provide spaces at the appropriate places as
shown in the instructions,

If you make a mistake, the ICD will probably respond with an
error message, It's usually not a big problem-just check to
see that the proper charasters, numbers, or spaces were used,
and then re-enter the complete command statement.
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Exerclse l: ICD Producl Demonsilrqflon-Uslng The ICD Wllhout A Torgel Sysfem.
System Conflgurollon: Termlnol Conlrol olthe lCD.
Operotlon Mode: tOCAt

ACTION
COMMAND
DEMONSTRATED COMMENT

PRESS: The yellow RESET
button on the ICD and look at
the screen.

PRESS: G followed bv a <cr>.

PRESS:The RESET switch and
then look at the screen.

GO

PRESS: The MONITOR button
on the ICD to exit.

PRESS: The RESET switch.

PRESS: R (followed by a RETURN; REGISTER
enter a RETURN after each
action is executed),

F 0.2000,00

You'll see the ICD's identification
message followed by a prompt:

ICD-278 for 280 V2.O

The prompt (>) indicates that the
ICD is waiting for a command. After
you've executed a command, or
whenever an emulation process is
completed, a new prompt will appear.
Now return to your terminal's key-
board.

The MONITOR lamp on the ICD goes
off,

Nothing happened, riqrht? That's
because the ICD will not respond to a
RESET input unless the MONITOR
lamp is lit. This condition will occur
whenever you're emulatinq a program
as well.

A new prompt appears.

Shows status of registers.

Fills BK of internal memory with 00H
(NOP instructions). It takes a few
seconds for the ICD to do this-wait
to see the prompt.
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ACTION
COMMAND
DEIVIONSTRATED COMMENT

ENTER: D O,FFF and, after a few DUMP
seconds, PRESS: the space bar
on your terminal.

PRESS: The ESC key to exit.

ENTER; Dl0.F

Displays contents of memory in HEX
and ASCII.

After the space bar is pressed, the
scrolling will stop. Alternately press
the space bar to start and stop the
scrolling.

Disassembles contents of memory
into assembly instructions,

Now enter a program using the inline
assembler. This progrramwill be used
in the next examples as well.

The ICD responds with 0000 and
waits for your entry.

End of memory loop.

End of test,

DISASSEMBI.,E

ENTER: A O

ICD displays: You enter:

0000 LD sP,04000H
0003 LD A,2
0005 LD H1,4000H
0008 LD BC,2000H
0008 cP 1
OOOD JP 2,15H
OO1O LD E,OAAH
oo12 JP 17H
OO45 LD E,55H
OO47 PUSH AF
0048 LD (HL),E
0049 LD A,(HL)
00,tA cPl
004c JP NZ,0,|00H
OO4F JP PE,,I8H
OO22 POPAF
0023 suB 4
OO25 JP NZ,s
OO28 HALT
0029 NOP
002A

B-4 ZAX Corporotlon ICD-278 for Z8O



ACTION
COMIVTAND
DEMONSTRATED COMMENT

PRESS: The RETURN or the ESC
key to exit the ProQEam.

ENTER: DlO,29 DISASSEMBI.,E

ENTER: B/C OF 400

ENTER: B|AOF22

ENTER: B/B MW,2000

ENTER:B S=HALT

BREAK

BREAK

BREAK

BREAK

Displays the prognam just entered,

The progrram just entered tests
memory from 1000H to 3000H by
writing alternate data patterns of 55s
and AAs. After writing to a memory
Iocation, a verification is made by a
read.

In this first example, you will use this
programto demonstrate how break-
points ale used, and emulation
memory manipulated. You will also
perform a trace of the progEam
memory using the real-time trace
buffer. In the second example (still
using the same progrram) you will
trace instructions and display the
data in a single-step and jump-step
manner. The third example demon-
strates the remaining principal
commands.

THIS IS THE START OF EXAMPI-,E 1,

Sets the location of the ERROR
message,

Sets a hardware (A) breakpoint.

Sets a hardware (B) breakpoint.

Uses the HAIIT code to implement
the software breakpoint.
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COMIVIJIND
DEMONSTRATED COI\4MENT

A (oN)
B (oN)
c (oN)
E (OFF)

ENTER: B S=EN BREAK

BREAK

HISTORY

HISTORYENTER: H

CLR

BM

Enables (EN) software (S:) break-
points to occur.

Displays status of the breakpoints.
Compare with the display below:

0 rND (0000_0000_0010_0010)
0 IND (0010_0000_0000_0000)
0 rND(0000_0001_0000_0000)0+ +
r l l
tt l
| | 

I bit-wise physical address
t l
| 

' 
INDependent of or ARMed by event

I elapsed count

Clears the real-time trace buffer.

Sets the trigger mode of the real-time
trace buffer (called up using the
HISTORY command) to the Begin
Monitor (BM) mode.

1
1
1
ri

+
I
I pass count

oF oo22
MW 2000
oF 0400

NorE: A,B,c=ls16ware break names, E:event break, T=ready timeout break,
S : software break opcodq W: write.protect break.
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ACTTON
COMIVIAND
DEMONSTRATED COMMENT

ENTER: H

ENTER:
EV ST=MR,A=2000,D=55

ENTER: H D
a RETURN, and then press the
soace bar several times.

PRESS: ESC key.

ENTER: D 2000

HISTORY

EVENT

HISTORY

Displays the trace status of the real-
time trace buffer. Compare with the
display below:

clock counter = 00000000/0
Storage Mode : BM 2045
Storage Size : 0

"Clock Counter" shows the number
of clocks (T-states) since the HISTORY
command was cleared. "Storage
Mode" shows the trace mode and
trace range. "Storage Size" shows the
number of cycles since the program
began or since it was resumed.

Sets an event (EV) for a memory read
at address (A=) 2000H with data @:)
of 55H.

NOW IrET'S EMUITATE!

$'retRti\rrfi rs' lgspr {f stroqfo'<trf eo K^
Hordwore B>) and displays the status
of the regristers.

Displays the contents of the real-time
trace buffer,

Remember this? This action causes
the scrolling on the screen to stop
and start,

Exits the routine and brings the
prompt back up on the screen.

Displays memory location 2000H.
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ACTION
COMMAND
DEMONSTRAfED COMI\4ENT

ENTER: B/B OFF

ENTER: H EM

ENTER: H

ENTER: G

ENTER: D FF0,L30

ENTER: D 2FF0,3030

ENTER: H D 400

ENTER: H EE

BREAK

HISTORY

HISTORY

GO

DUMP

DUMP

HISTORY

T\rrns breakpoint (B) OFF,

Changes to the End Monitor (EM
trigger mode.

Displays the status of the real-time
trace buffer. Compare with the
display below:

clock counter = 000320591204889
Storage Mode : EM
Storage Size : Full

The word "Full" indicates a full
buffer (2047 cycles).

NO\M LET'S COI\IIINUE EMUI..,ANON!

Starts the prognam again and stops
when hardware breakpoint A (display
gfrnurg -,RtenL l-JaJrJwnra A>) n-ririrl1g
Now look at the address range 1000H-
3000H-it should contain data of AA
hex. Let's find out!

Dumps a total of 30 bytes in word
units,

Notice the difference from the
previous command,

Displays the last l00locations in the
real-time trace buffer. The space bar
can be used to control the scrolling,
Press the ESC key to exit.

Changes to the End Event (EE) trigger
mode,
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ACTION
COMMAND
DEMONSTRATED COMMENT

ENTER: H

ENTER: B/E

ENTER: G

ON

ENTER: H

ENTER: H D 60

ENTER: EV

ENTER: D 2000

ENTER: G

HISTORY

BREAK

HISTORY

HISTORY

EVENT

DUMP

Displays the status of the real-time
trace buffer. Compare with the
display below:

Clock Counter = 006405C14O9692
Storage Mode : EE
Storage Size = Full

Enables the event (E) breakpoint,

Starts emulation again and stops
when an event break (display shows
< Breok Event>) occurs.

Notice the status of the HISTORY
command. Compare with the display
below:

clock counter = 000960c21614594
Storagre Mode : EE
Storage Size = Full

Displays the last 60 pointers of the
real-time trace buffer. Again, use the
space bar to control the scrolling.
Press the ESC key to exit,

Displays the status of the event set-
tings again.

Memory location 2000 should contain
55 hex,

Starts emulation again and stops
when hardware break A (display
shows < Breok Hordwore A>) occurs.

The address range I000-7FFFH
should now contain the data value
55 hex,
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ACTTON
COMMAND
DEMONSTRATED COIVIMENT

ENTER: D FF0,L30

ENTER: D 2FF0,130

ENTER: G

ENTER: R RESET

ENTER: Dl 0,30

ENTER:T A

ENTER: G

PRESS: The space bar to stafi
and stop the display of the
instructions.

PRESS: The ESC key to exit.

ENTER: T J

ENTER: G

PRESS: The ESC key to exit.

ENTER:T/S A

DUMP

DUMP

GO

REGISTER

DISASSEMBI..,E

TRACE

GO

TRACE

/':n

Dumps a total of 30 bytes in word
units,

Notice the difference from the
previous command,

Starts emulation again and stops
when a user break occurs.

THIS IS THE END OF EXAMPLE 1,

THIS IS THE START OF EXAMPLE 2.

Resets the registers.

Checks to see that the progEam is still
around.

Traces all instructions to be
displayed in a continuous manner.

Stafis emulation.

Traces all instructions but displays
only Jump 0P) instructions,

Starts emulation.

Ttaces instructions by a single-step
method (one instruction at a time).

B.lO ZAX Corporotion
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ACTION
COMIVIAND
DEMONSTRATED COMMENT

ENTER: T

G

PRESS: The space bar to control
steps.

PRESS:The ESC key to exit.

ENTER: R RESET

ICD displays:

<oN> /s All 0000 - FFFF

This shows that the trace is active, that
the single-step trace feature is active
(/S), that all instrudions are to be
traced and displayed, and that the
trace range is 0000 to FFFF (the
default).

Stafis emulation.

THIS IS THE END OF EXAMPLE 2.

THIS IS THE START OF EXAMP]-.E 3.

This example will demonstrate other
interestinq features of the ICD. In this
example, you will use different com-
mands to MOVE, COMPARE, and
SEARCH through memory and also
examine and change memory loca-
tions. Other commands allow readingr
and modification of L/O ports,

NOTE:During this example, the space
bar and ESC key may be used to con-
trol scrolling and to exit the display as
shovtn inthe previous examp/es.

Resets the reqisters agrain.
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ACTTON
COMIVIAND
DEMONSTRATED COIUIVIENT

ENTER: F 2000,1,10.00

ENTER: D 2000

ENTER: F 3000,1'10,4'l

ENTER: D 3000

ENTER: F 4OOO,L1O,22

ENTER: D 4000

ENTER: CO 2000,1'10,3000

ENTER:S 4000,1'10,22

ENTER: SID 4OOO,L1O,22

ENTER: M 2000,1'10,3000

ENTER: D 3000,1'10

ENTER: E 4000

FIL,L

DUMP

FILI.,

DUMP

FILL

DUMP

COMPARE

SEARCH

SEARCH

MOVE

DUMP

EXAMINE

Fills 16 bytes of memory with 00,
stafiing at address 2000.

Displaysthe 16bytesof memory just
filled.

Fills 16 bytes of memory with ll, start-
ing at address 3000.

Displays the 16 bytes of memory just
filled.

Fills 16 bytes of memory with 22, stafi-
ing at address 4000.

Displays the 16 bytes of memory just
filled.

Compares memory locations stafiing
at 2000 with those at 3000 and
displays the locations which are
different.

Searches and displays memory loca-
tions which are equal to the searched
data.

Displays the locations which differ
from the searched data,

Moves a range of memory starting at
location 2000 to address 3000.

Notice the difference from the
previous command.

The ICD responds with 4000 22:,
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ACTION
COIVIMAND
DEMONSTRATED COI\4MENT

ENTER: AA/

ENTER: P O

ENTER: A/

Execute the ZICE software
program,

PRESS: The RESET switch on the
ICD,

Examines and changes location 4000.
NOW: The Slash (/) character terminates
the response to the EXAMINE command,

PORT Examines a port address and allows
changes to be made. ICD responds
with 0078=.

Changes the port address.
NOTE: The slash (/) character terminates
t/reresponse tothe PORT command,

THIS IS THE END OF EXAMPIJE 3.

This concludes the examples which
feahrre the ICD controlled by a ter-
minal (no target system used), If you
have a host computer available, you
can now use it (through the ZICE soft-
ware) to control the ICD. To find out
how to connect your ICD to the host
computer, see "How To Connect Your
ICD To Other Devices" in Section 1.

NOTE: The following exercise was
tested with an IBM PC as the host
computer,

You are now operating in the REMOTE
mode, where the ICD is controlled by
a host computer.

The ICD will respond with an identi-
fication message and a prompt char-
acter (>).
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ACTION
COMI\4AND
DEMONSTRATED COMMENT

ENTER: SA TEST.HEX,0,30,0 SAVE

ENTER:ZD '.HEX orZD,H

ENTER: L TEST.HEX,'1000 LOAD

ENTER: Dl 4000,130

ENTER: Q

Remember your test progrram? This
just saved the progrram to your com-
puter's disk.

Let's prove itl

Displays all the files on the disk
which end in.HEX.

NOTE: ZD is the ZICE command to
display the directory of ZICE files.
Different versions of ZICE may require
a different command syntax. See your
ZICE documentation for the proper
command format used with your
particular ZICE version.

Now reload the progrram (TEST.HEX)
back to the ICD but at a different
location,

Downloads TEST.HEX to the ICD start-
ing at address 1000H. The offset is
optional.

Displays the progrram after complet-
ing the download.

Ends the ZICE proerram and returns
to the system DOS.

THIS IS THE END OF EXERCISE i,

DISASSEMBI-,E

QUIT
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Exerclse 2: ICD Producl Demonslrqtlon-Uslng The ICD Wlth A Torget System
Sysilem Conflgurotlon: Hosl Gomputer Gonlrol Ol The ICD
Operollon Mode: REMOTE

ACTION
COMMAI.ID
DEMONSTRATED COMMENT

Execute the ZICE software
progEam.

ENTER: DI

ENTER: G

PRESS: The MONITOR break
switch on top of the ICD to stop
emulation.

ENTER: H D '100

ENTER: I

ENTER: | 0

l 2 IN-CIRCUIT

DISASSEMBLE

GO

HISTORY

IN.CIRCUIT

IN.CIRCUIT

THIS IS THE START OF EXERCISE 2.

Sets the mapping mode to target
system memory only,

Disassembles user code.

Now you're emulating!

Displays your code that was executed
right before the break.

This is the IN-CIRCUIT command,
The following information describes
the actions of this command.

12: Full tatget emulation mode (target
performs as usual except micropro-
cessor is replaced by ICD).

I0: No target emulation mode, (This
mode does not require the use of any
target resources. Used for software
development when no hardware is
available to execute code on. ICD
depends on internal clock for oper-
ation,)
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ACTION
CODIIVIAND
DEMONSTRATED COIVIMENT

STAY In the In-circuit mode Il.

ENTER: I 4

MA

IN-CIRCUIT

IN-CiRCUIT

Il: Pafiial target emulation mode
(median between I0 and 12 modes),
Allows mapping of emulation
memory to overlay portions of target
memory, Also allows masking out of
certain control pins on the micro-
processor.

THIS IS THE END OF EXAMPIJE 1,

THIS IS THE START OF EXAMPLE 2,

This example will demonstrate the
ability to execute part of memory out
of the ICD and part out of the tarqet
system. In this example, you will move
the target system's ROM into the ICD's
memory space and then execute it
out of the ICD.

Assume the following memory map:

0 to IFFF is ROM
2000 to EFFF is RAM
F0000 to FFFFF is No Memory

Sets the ICD to partial emulation
mode,

Displays the status of the MAP
command. Notice that all the memory
space of the ZB0 defaults to being
internal to the ICD

NOTE: The resolution of the MAp
command.rs in increments of lK-byte
b/ocks.
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ACTION
COMIVIAND
DEMONSTRATED COI\4IVIENT

ENTER: MA O,'IFFF=RO

ENTER: MA 2000.EFFF=US

ENTER: MA FOO0,FFFF=NO

ENTER: MA

ENTER: M 0.4FFF,0.UP

ENTER: DI O,FFF

ENTER: R RESET

ENTER: DI

MAP

MOVE

DISASSEMBI-.,E

REGISTER

DISASSEMBI-.,E

MAP

MAP

MAP

Maps to read-only instead of default
read/write inside the ICD.

Maps to user memory.

Maps to non-existent memory.

Notice the status of the MAP
command.

Now you can move the contents of the
target ROM into the iCD. If you are
using a host computer, you could now
download a progrramto the ICD which
was meant for the same address
space as the target ROM.

M means MOVE. O,IFFF is the target
address, the second 0 is the ICD start
address, UP means move user (target)
memory to program (ICD) memory,

Shows the disassembled code of the
target ROM residing inside of emula-
tion memory,

Now that the target ROM contents are
in ICD memory you can begin
emulation.

Resets the registers.

Shows the beginning of code.

lClD.278 for Z8O ZAX Corporolion B-17



ACTION
COMIII.AND
DEMONSTRATED COI\4IVIENT

EIr]1TER:G

ENTER: | ,l

ENTER: PI

ENTER: Pl INT=DI

GO

IN-CIRCUIT

Starts emulation.

With the contents of the target ROM
internal to the ICD the code can now
be modified using the in-line assem-
bler, and then checked out for proper
execution by setting breakpoints and
using the real-time trace buffer, or
simply tracing to the display. Once
the new code has been checked. it
can either be saved to a host com-
puter or sent out the HOST/AUX
port to a prom prognammer for burn-
ing a new prom.

Now let's examine the PIN command.
This command allows you to manipu-
late certain control pins of the micro-
processor in the Il mode.

Sets mapping to 11 mode.

NOW: The PIN command can only
be usedm the Il mode.

Displays the status of the PIN com-
mand, Notice the pins that can be
controlled.

Disables the interrupt pin to the
emulation processor.

Notice the difference from the
previous status reguest.

THIS IS THE END OFEXERCISE 2.
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Technlcql Speclfi coflons Emulated Processors/
Clock Speed

Memory Size

Mapping Resolution

Real-time Trace Buffer

Debugger Commands-built
into the ICD

Breakpoints

Usable I/O Ports

Communication Ports

Baud Rates

Physical Dimensions

Probe Length

Weight

Power Requirements

Power Consumption

Operating Temperature
Storagre Temperature
Humidity

Z,80/2.5 MHz
ZB0A/4MHz
280B/6MHz
Z80H/8 MHz

64K bytes static RAM

1K-byte blocks

2K deep x 32 bits wide

24

4 hardware, B software

256

T\ivo RS-232 C / 20mA current
loop/TTL

14 - 75 to l9,200bps
(factory set at 9,600bps)

300mm (11.Bin) wide
2lOmm (B.Zin) deep
80mm (3.2in) hish

5l0mm (20in) Iong

3.3ks (7.3lb)

I ISVAC/230VAC; 50 /60H2

40 watts

0C to45C
- l 0C to55C
30% to B5%; relative humidity
(non-condensing)
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ICD Emulqtlon Speclflcollons

MemoryAreq

l/OPotl

Breokpolnts

Progrram memory. The entire area of the progrram memory
(64K bfies) is open. This memory is composed of high-speed
staticRAM.

User memory. The fntire 64K-bfie memory space is available
to the target sYstem.

Mapping. Both the progtram and user memory can be mapped
in lK-byte blocks. T[re mapping modes include: user memory,
emulation read/wrflte memory, emulation read-only memory,
and non-memory.

All256 ports are open.

4 hardware and 8 $oftware

Hardware Breakpoints. A,B,C, and Event trigger. All hard-
ware breakpoints can be individually enabled and disabled.

A,B,C Breakpointd, Address 16 bits, BHE, Each bit may be
specified 0,1, or "don't care." Status may be specified: OP-
code fetch, memory access, memory read, memory write, I/O
access, I/O read, I/O write, and instruction execution,

Event Trigger Bredkpoint, Address l6 bits, BHE. Each bit may
be specified 0, l, or "don't care. " Status may be specified as:
OP code fetch, memory access, memory read, memorywrite,
I/O access/read/vwite, and instruction execution. Data: B
bits, Each bit may pe specified 0, 1, or "don't care. "

External Trigger Breakpoint. I channel-TTl level specified
at high or low edge of sigmal.
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ReqFllmeTlqce

Software Breakpoints. 8 points: 0 - 7. Any point may be
specified as a software breakpoint by usinq the LrDA, A or
HAL,T instruction. All software breakpoints can be individually
enabled and disabled. A break is caused in the target system
when the CPU reads 7FH as an OP code (which represents an
LDA, A instruction.) Execution of a software breakpoint does
not effect the registers or flag1s,

Operation: The addresses, data, and stahrs during emulation is
stored in the real-time trace buffer.

Trace capacity: 2K deep x 32 bits wide.
Fixed trace data: A0-15, D0-7, MREQ'IORQ, RD'wR, Ml '

Trigger functions include: End Monitor, Begin Monitor, End
Event, Begin Event, Center Event, and Multiple Event.
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Technlcol Bulletlns &
Appllcollon Noles

lntroducllon

Technlcol Bulletlns

Appllcotlon Noles

Things are constantly changing in the microprocessor indus-
trv, and ZAX wants to help you stay on top of these changes.
New products, emulation methods, and applications are always
being devised and fested by us in an effort to provide you with
the latest and most bffective equipment possible. In the same
manner, revising yoirr existingreguipment keeps it current with
the latest ICD desiefns from ZAI(.

One of the best ways we have of keeping you up-to-date is by
issuing Technical Bulletins and Application Notes'

Technical Bulletins lnform 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 accompiishing an old task'

Both Technical Bulletins and Application Notes are sent to you
as soon as they be0ome available-you should never need to
requestthem, When you receive your documents, insertthem
into this appendix for easy reference. That's all there is to it!
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crosSARY

address

allocate

argument

ASCII

assemble

assembler

baud rate

bidirectiond data bus

A character or grroup of characters (such as a label, name, or
number) that identifies a reg'ister, location, or unit where infor-
mation is stored.

To assien 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 parenthe$es (sometimes within brackets) after the
function name, if a function name is used

lask-eel American Btandard Code for Information Interchange,
A standard B-bit information code used for information inter-
change between dquipments of different manufacturers.

To prepare an object langnrage progrram from a symbolic lan-
guage program by substituting machine operation codes for
symbolic operation codes and absolute or relocatable ad-
dresses for symbolic addresses. [With ZA)( ICDseries emu]a-
tors, this operation is pedormed using the ASSEMBLE com-
mand.l

A computer program which operates on symbolic input data to
produce machine instructions. An assembler generally trans-
lates input symbolilc codes into machine instructions-item for
item-and producps the same number of instructions or con-
stants which were defined in the input symbolic codes,

The number of bits that are transmitted per unit of time
(seconds), By defihition, a baud is the reciprocal of time-in
seconds-occupied by the shortest element of the code being
transmitted, e.9., if the duration of the shortest sigmal element
is 20 milliseconds, the modulation rate of the code is 50 bauds
(per second). tZH( ICD-series emu/ators can transmit up to
19,200 bits per second.l

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

binary

bit

branch

breakpoint

buffer

byte

ctK

clock

c

A numbering system based on 2's rather than l0's in which
only the digits 0 and 1 are written,

A binary digit.

To depart from the normal seguence of executinq instructions
in the computer. (Synonymous with a jump.)

A point in a progrram as specified by an instruction where the
progrram may be interrupted by some external intervention or
by a monitor routine. This prognam break permits a visual
check, print out, or other analysis of the progrram before
resuming with the normal sequence. Used extensively in de-
buggrng operations, [With ZID( ICDseries emu]ators, there are
4 hardware and I software breakpoints available using the
BREAK command.l

A storage device in which data is assembled temporarily
during data transfers. It is used to compensate for the differ-
ences in the rate of flow of information when transferring infor-
mation from one device to another.

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

A highlevel progrramming langTr:age desigrned to optimize run
time, size, and efficiency, It was developed as the systems pro-
gnamminq langnrage of the UNIX operating system on the PDP
1Il70 minicomputer from Digital Equipment Corporation,

clock

Devices or units which control the timingrof bits sent in a data
stream, and controls 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 microproces-
sor clocks operate in the range of I to IZMHz'
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code

compiler

computer control of the ICD

controller

cPu

cross assembler or cross
progEam

cross compiling/assembling

CRT

DCE

otosSARY

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

A computer proqram, more powerful than an assembler, that
will convert a higher level langruage into machine langmage.

A remote code in which the ICD's input,/output is controlled by
a host computer using a utility software program desigmed for
that computer. In this mode, the host computer sends com-
mands 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 executingr instructions.
It contains a main storage unit, arithmetic unit, and special
regrister grroups.

A progrram run on one computer for the purpose 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 progrram, The
advantage to cross compiling/assembling is that desigrners
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 hrbe used to display alpha-
numeric characters and grraphics,

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

debugging

decimal, binary-coded

default value

development system

development tools

DIP

DIP switches

disassembly
(disassembler)

don't care

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

Descrilcing a decimal notation in which the individual decimal
digits are represented by a pattern of ones and zeros, e.9., in
the B4-2-l coded decimal notation, the number i2 is repre'
sented as 0001 and 0010 for I and 2. This contrasts with a
straight binary notation where 12 is represented as 1100.

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 debugrhardware (and software)
for a given microprocessor.

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

Dual In-Line Packagre, A standard IC package withtwo rows of
pins at 0.1'intervals.

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

Refers to a progrram that translates from machine langnrage to
assembly langnrage. Usually used to decipher existing ma-
chine langruage progrrams by generating symbolic code list-
ings of a progrram.

A term applied to an operation which can be changed or inter-
rupted upon receipt of a control sigrnal. The output of the oper-
ation is independent of the input.
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downloading

dump

duplex

dynamic RAIVI

EAROM

echo check

editor

EEPROM

GTOSSARY

A process whereby a file is loaded (using the I-,OAD com-
mand) "down" to the ICD from the host computer system.

Data Terminal Equipment. Equipment comprised of a data
source (transmitter) or data sink (receiver) that provides for the
communication control functions (protocol). [ZAJ( ICD-series
emulators use the DCE/DTE select switch to control the com-
munications oufput for the HOST/AUX port.l

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 hard copy device (such as a printer).

[ZA)( ICDseries emu]ators use the DUMP command to display
the memory contents in either Hex or ASCII display'l

A simultaneous two-way independent transmmission.

Memory that requires constant refreshing in order to store
memory.

Electronicalty 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 informa-
tion.

A general-purpose text editing progrram 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, orchanging lines of text
or characters within a line,

Electronically Erasable Progrrammable Read Only Memory.
An EEPROM is a device that can be erased electrically in one
second and reprogrrammed up to a million times.
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GTOSSARY

EEPROM programmer

EIA.R$232C

emulation

emulation mode

emulator

emulator, stand-alone

EPROM

A unit that provides a means of prognamming a sinqle
EEPROM or an EEPROM module from a terminal,

A standard method adopted by the Electronic Industries Asso-
ciation to ensure uniform interface between data communica-
tions equipment and data processing terminal equipment. [A]l
ZJD( ICD-series emulators use the EIA-RS-ZS2C standard inter-
face.l

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

The mode that the ICD assumes in order to execute rnstruc-
tions.

An instrument that imitates the control memory of future hard-
ware, Also a deviee that causes a system (such as the targret
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 computingr
system when it is being executed. [All ZA){ ICD-series ernu/a-
tors can operate as stand-alone or as program-controlled @y a
host computer) devices.l

Erasable Prognammable 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 ex-
posure to short wavelengrth ultraviolet light, and may be re-
prognammed 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.field
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frrmware

FORTRAN

full duplex

gate

GND

halfduplex

halt

handshaking

hardware

hex, hexadecimal

ol0sSARY

Prog;rams that are stored in a physical device (e.gr. ROM that
can form part of a system or machine.

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

A mode of commuhication in which data can be transmitted
and received simultaneouslY.

A device that has dne output channel and one or more input
channels such that the condition of the output state is deter-
mined 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 progrram
stops.

A sequence of sigrpals that are required for communication
between different sYstems.

Physical (electrical, electronic, or mechanical) equipment-as
opposed to a com$uter progrram-used for processing data.
Contrast with softwdre. In the development environment, hard-
ware is the equivalbnt of your target system,

Pertaining to a number systemwith a base of 16, The dignts 0
through 9 are used, then A through F, to represent decimal
numbers 0 through 15, e.9., "FF" represents "llllllll" binary,
and "0A'is "00001010" binary.
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GTOSSARY

PROM progrrammer

PROM progEamming

RAM

read-only @O)

read-urrite (R\M)

real time

register

ROM

R9232C

semarrtics

A module or external device used to progEam progrrammable
read-oniy memories.

The process of altering PROMs (called "burning"), either by
blowing (melting or vaporizing) fusible iinks 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. Infor-
mation 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 "trans-
parent" condition with regard to the device being emulated.
[A]l ZA)( emulators are capable of real-time emulation with no
wait-states introduced for accessing memory'l

A memory device capable of containing one or more com-
puter bits or words to facilitate arithmetical, log'ical, or transfer-
ral operations,

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

See EIA-RS-?3?C.

The relationship between symbols and their intended mean-
ings independent of their interpretation.
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journaling

kilobaud

linking loader

loader

Iogic state andyzer (LSA)

machine cycle

machine language

macro

macro assembler

macro insfruction

OLOSSARV

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

Refers to the number of one thousand bits per second. BA)(
ICD-series emulators are capable of transmittingatspeeds lo
19.2 kilobauds.l

A loader used to lflnk compiled/assembled programs, rou-
tines, and subroutines, and turn the results into operations.

A progrram required on practically all systems that load the
user's progEam 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 dis-
plays the resulting information.

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

A set of symbols, characters, or sigrns, and the rules for com-
bininq them, that conveys instructions or information to a com-
puter,

Pertains to a specific type of instruction in assembly langnragte
that is implemented in machine langmage by more than one
machine-langlraqe instruction, e.9., a group of instructions
often desigrned to serve as an additive command or giroup of
commands.

An assembler that is capable of assembling object progrrams
from source prog[ams written in symbolic langmage.

An instruction whiph stands for a predefined sequence of
other instructions, oalled the "body" of the macro. Whenever
a macro instructio4 is encountered in progrram text, it is "ex-
panded," i.e., replaPed by its body.
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mainframe main frame

microcode

mnemonic code

monitor mode

MOS

NOP, NOOP

object code

object progrram library

Usually refers to large.scale computers (as opposed to micro-
computers, 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 decod-
ing 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 mne-
monic 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 code.

Metal-Oxide Semiconductor. A technologry used for fabricat-
ing high-density ICs. The name refers to the three layers used
in forming 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 con-
tents of the registers.

The code produced by a compiler or special assemblerwhich
can be executed by the processor when it is loaded, as with
most microcodes, or it may require a linkaqre phase prior to
loading and execution,

An organized set of computer progEams, routines, or common
or specifically designed softwarq containing various pro-
grams or routines, source or object progrrams, classified for
intelligence or retrieval.

GTOSSARY
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operating sYstem Sofhvare that is
resources of a co
package (progrram
output
routines. or tests.

opention code The symbolsthat
performed. This
absolute machine-
sentation of the

opentor

parameter

parity bit

Pascal

A symbol in progrr
tion to be

A constant or
assigmed an arbi

A redundant bit
retrieval of that

A langnrage
of computer sci
phasizes aspects

peripheral devices Various kinds of
ation with a
puter. Peripheral
store data from the
demand, prepare
source anq

PIO interface Abbreviation for
allow the
from an external
Parallel means that

PROM Progrrammable
altered by the

otosSARY

to manage the hardware and logical
ter system, Also a part of a software

routine) dedicated to simplifying input/
sort-merge generators, data-conversion

a basic computer operation to be
be a combination of bits specifying an

operator, or the symbolic repre-
langnrage operator.

langn:age that represents an opera-
on one or more commands (e.gr., "add x").

in an equation or statement that may be
value,

to a grroup of bits so that an inaccurate
of bits is detected.

to teach programming and the elements
Based on the langnragre, ALGOI-,, it em-

reo progrrammmg.

or devicesthat operate in combin-
but are not physically part of the com-
ices typically display computer data,
puter and return it to the computer on
for human use, or acquire data from a

to a form usable by a computer,

InpufOutput interface, PIO interfaces
to input and output parallel data to and

device such as a keyboard or printer.
the data bits output at the same time,

Only Memory. A ROM that may be
Some PROMs can be erased and repro-

ial physical processes.

ZAX CorporolionIGID-278 for Z8O
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high-level langruage

host computer or host
computer system

ICE

in-circuit emulation

in-circuit probe

instuction

insbnrction set

interface

Any gnoup of computer langnrages which use symbols and
command statements an operator can read, High-level lan-
quages allow a user to write in a familiar notation rather than
the machine.code language of a computer. BASIC, FORTRAN,
FOCAL, and COBOL are ail examples of higrhlevel langnrages.

The primary or controllingrcomputer in a system operation,
A host computer can also be reduced to a simple memory
storage facility. [You can use a ftost computer to contro] your
ICD's operation, or use it to store data files only. ZA)( emulators
work with a wide variety of host computers, from PCs to power-
ful minicomputers,l

See in-circuit emulation.

Hardware/software facilities for real-time I/O debuggingr of
chips. With in-circuit emulation, the actual microprocessor is
replaced by a connector (usually 40-pin type) whose siernals
are generated by an emulation program. The emulated micro-
processor can be stopped, its registers examined or modified,
etc.

The connector (typically a cable with connector ends) that
plugs into the target system's processor socket at one end, and
into the emulator at the other end,

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

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

The physical connection behveen two systems or two devices.
frA)( ICDseries emulators interface to lfow target system for
hardware development and debugging,l

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

internrpt

lCV278 for Z8O
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source progrr:rm

stand-alone

stand-alone system

statement

static RAM

step

stop bit

symbolic debugging

symbolic trace

A program coded something other than machine langnrage
that must be into machine langnrage before use.

Pertains to a that requires no other piece of equipment
to execute and its own operation.

Usually, a development system (MDS) that
runs independent
contain a terminal

the control of a computer. The MDS may
built-in display facility, which in effect

makes it a full mi r with debugging capabilities.

An instruction ) to the computer or other related device,
to oerform some of operations.

RAM that does not to be refreshed or receive anv further
attention as long power is applied,

One instruction in computer routrne.

The last element a character that defines the character
space immediately the left of the most sigmificant character
in accumulator

Symbolic s that are used to assist in the debugging
procedure. refers to codes which express progEarns
m source i.e., by referrinq to storage locations and

by symbolic names and addresses that
their hardware-determined names and

machine operati
are independent
addresses.

A processwhere
with symbols, The

resses in a programtrace are replaced
conversion process is performed in

the host system the appropriate software program.

syntax Rules that govern structure in a langruage, or state-
ment structure in a
gram,

such as that of a compiler pro-

target slx;tem Refers to the under development.

ZAX Corporolion
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tnnsparency

trigger

TTI,

universal emulator

uploading

vifiral memory

xoN/xoFF

ztcB

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

The ideal emulation condition in which the operation of the
target system is uneffected when the emulator is substituted
for the microprocessor. Ttansparency can be broken down
into two categories: functional and electrical' To be function-
ally transparent, the emulator should make no demands on
any part of the target systems resources such as intemrpts and
memory allocation. To be electrically transparent, the emula-
tor should duplicate as closely as possible the microproces-
sor's characteristics, such as timingrand clock speed.

Refers to a user-specified reference point (external to the user
progrram) which is used to determine where (and when) to
begin and/or end a trace section.

Transistor TYansistor l-,ogic, A family of integrrated circuit logric
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.

A process whereby a file is transferred (using the "S.Atr/E"
command) from the ICD to the host computer system.

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

Transmitter ON/OFF.

Refers to the series of ZAX-developed support software pro-
grams used to interface different host computer systems to
ZAX lCD-series emulators.
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