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INTRODUCTION

This Product Reference Manual provides information to install,
utilize and maintain the Advanced Digital Corp.’s Multi Slave S-
100 bua compatible computer. The Multi Slave isa & single printed
circuit board, conforming to the IEEE-696 form factor of S5.25
inchea by 10 inches (13.33 cm by 25.4 c¢m), providing three in-
dependent 8 MHz Z80 central procesasocrs, each with two 64k byte
banka of memory, two serial I/0 porta, and a counter/timer.

UNPACKING/PACKING INSTRUCTIONS

When the Multi Slave ie delivered by a tranafer company, it must
be carefully inspected for damage. Prior to accepting delivery,
carefully inspect the ahipping container for obvious damage. 1f
damage is evident, note it on the waybill and require that the
delivery agent =sign the waybill. Notify the tranafer company
immediately, and submit a damage report to the carrier.

Remove the Multi Slave and any accessory items from the sahipping
container. Retain the shipping container any packing material
for posassible reshipment. lLeave the Multi Slave in its anti-
atatic envelope until installation time.

INSTALLATION

After verifying that the intended enclosure for the Multi Slave
will provide adequate power and air flow, remove the Multi Slave

from its anti-static envelope. Inapect and verify that the
configuration jumpers on the Multi Slave are correct for the
Multi Sleve’s intended utilization. Attach I/0 cables to the
connectaors provided for aerial 1/0 as requaired. Insert the Multi

Slave printed circuit board into a esuitable S-100 bua slot con-
nector.

INTRODUCTION/UNPACKING/INSTALLATION Page 1-1
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WARRANTY AND WARRANTY RETURN PROCEDURE

Advanced Digital Corporetion warrantes that ite producte will be
free from defects in material and workmanship for e& period of 360
days of shipment from the factory.

If &a customer experiences a defect in either workmanship or
materials during the warranty period, notify your supplier im-
mediately. Your supplier may repair the Multi Slave or determine
if some other action is to be taken. In the event that a return
of the Multi Slave is deemed neccessary, obtain a RETURN MATERIAL
AUTHORIZATION (RMA) NUMBER from your supplier.

Repack the Multi Slave and any accessory items in the original
packing material and ship it in accordance with your supplier’s
shipping inatructione. Make aure the RMA number is8 clearly
marked on the shipping label. Your supplier will not accept
delivery of a return ahipment without the proper RMA number.

X 2 A X A R 2 A 2 XXX R X B RN ENNEZN.]

» W A RNTING »

X AR KR R R XA X RS XX XR N NN N X

The Multi Slave as delivered does not generate, use, or radiate
radio frequency energy. However, after installstion and applica-
tion of power, the Multi Slave may generate, use, or radiate
radio fregquency energy. Advanced Digital Corporation recommends
that the Multi Slave be inatalled in an enclosure which complies
with the provisions for computing devices pursuant to Subpart J
of Part 15 of FCC rulese, which are deasigned to provide reasonable
protection against such interference.

WARRANTY Page 1-2
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FEATURES AND OPTIGONS

The Multi Slave provides the following features:

Q

(]

Three independent 8-bit, 8 MHz 280 Microprocesaors
Each CPU has 128k of memory, configured as two 64k
byte banks, with a8 1k to 16k aree of common (ahared)
memory.

Two aaynchronoua saerisl I/0 porte per CPU. Level
converaion to EIA RS-232C or RS-422 eatandarde is
provided via the PS/NET (paddle card) acceasory.
Independent baud rate selection on each seriasl port

Counter/Timer providing real time clock capability

User selectable PROM, jumper configurable for one of
the following: 2716, 2732, 2764, 27128, or 27256.

IEEE-696 S-100 Bua Compatibility

Automatic power-on/reset bootatrap loader and resi-
dent monitor/debugger utility.

FEATURES AND OPTIONS Page 1-3
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Figure 1-1 Multi Slave Block Diagranm

FUNCTIONAL FLOW

Figure 1-1 illustrates the major functional components of the
Multi Slave computer board. Initially, immediately following the
power-on/reaset event, all three processors aesre held in a reset
state, Each procesasor must be individually activated by a net-
work master. Unce the master has activated & Hulti Slave pro-
cessor, the selected slsve CPU then begins executing the instruc-
tions provided by the onboard EPROM. Depending upon user responge
and intervention, the proceasor will either initiate the execu-
tion of the resident Monitor/Debug program, or begin the download
requesat seqguence to receive an operating system.

MAJOR FUNCTIONAL FLOW Page 1-4
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MULTI SLAVE PRODUCT SPECIFICATION

Phyaical end Environmental:

Form Factor IEEE-696 S-100 astandard
Size 5.25 inchees x 10.0 inchea x .73 inches
Weight 14 oz.
Temperature
operating 0 to 50 degrees Celciua
atorage -65S to 150 degrees Celcius
Humidity 0O to 95%X, non-condensaing
Altitude O to 10,000 feet (operating)

Power Requrements:

+5VDC @ xx.x Amps (xx Watts)

Power Regulsation On board, providing 4.75 to 5.25VDC

Cooling 1-5 CFM (cubic feet per minute) air flow

Power Supply Requirements:

Unregulated + 7VDC Minimunm
+11VDC Average

+25VDC Maximum (peak)

+14.5VDC
+21.3VDC
+35.0VDC
-14.5VDC
-21.5VDC
-35.0VDC

Functional Specification:

Procesasor

Memory

Procegsor Clock

Seriasl Controller

FACTORY CONFIGURATION

8.000 MH=

Minimunm
Average
Maximum

Minimum
Average
Maximum

Zilog 280H

128k Dynamic RAM

(peak:

(peak)

Signetics 2681 DUART

Page
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Figure 2-2 Multi Slave Component Layout

The factory standard configuration of the Multi Slave uses a 2764

EPROMN, and does not utilize the S-100 Vectored Interrupt Lines.
The base address of the board is Jumpered for I/0 address 9S0H
Jumper block E-138 thru E-26 (lower left gquadrant) .

FACTORY TONFIGURATION

at
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GENERAL NOTES

The Multi Slave conteins three independent Zilog 280-H CPUa.
principal I/0 device for each proceaascor is the Signetics
DUART (Dual Universal Asynchronoua Receiver/Trsnamitter).

particular device was cnosen for its many features, which include
an internal dual baud rate generator and counter/timer.

Several types of PROMe are supported by the Multi Slave, besed on
2716,

jumper optiona. Thel"ﬁ.‘;ypea aupported are aa followsa:

2732, bnze and 27256. PROM addreseing begins at OOOOH.
Eech procesasor contains a total of 128k of user available memory,
configured as two 64k banks, and is selectable through software.

There is only one interrupt source on the Multi Slave, which is
provided by the DUART. Typically, the 280 CPU will be operated
using Mode 1 interrupta (see the Z2ilog 280 Technicsl Manual for a
diascusaion of 280 interrupt modes).

Each alave ies alao capable of interrupting the master via the S-
100 vectored interrupt lines. This will be discussed in detail

later.

Each 280 CPU ia driven by a central 8 MHz oacillator; the three
DUARTe are driven by a common 3.6864 MHz crystal.

GENERAL NOTES Page 1-7
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POWER-ON/RESET EVENTS

Each Multi Slave CPU is held in & reset state until auch time as
the master enablea the operation of s slave. The master enables
a saslave by iasuing an output byte to the alave’s baae addrese
with bit D4 reset. The PROM is sutomatically selected, and
inatruction execution begins at address OQOOOH.

The ADC supplied PROM initializes both channels of the DUART teo
9600 baud, then tests channel A for an available input character.
If & character is available, the Multi Slave monitor is activated
which issues the following mesaage to the terminal on channel A:

Multi Slave Monitor Verasion 1.x Generated MM-DD-YY
Copyright (C) 1985 Advanced Digitael Corporation

Enter ‘7?7’ for HELP

A complete discussion of the Multi Slave monitor may be found in
section IV of this manual.

If an input character ie not aveailable at serial channel A within
approximately 100 milliseconda, the startup program will enter
the cold boot proceaa, aending an opersating ayatem downloed
request to the master processor over the S$-100 busa.

POWER-ON/RESET EVENTS Lage 2-1
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Section 2

PRONM SELECTION JUMPERS

Each CPU has a Junpér block to select the PROM type. Use the
following table to set theae jumperas.
1 -~-o0 o --2 PROM TYPE JUMPER
3 --0o 0o0--4 = soseses~- =s--=-
S -~ 0o o -- 6 2716 (2K)> 3-S5, 4-¢6
7 -~-o o -- 8 2732 (4K) 5-7, 4-6
o 2764 (8K) 1-3, 5-7
TYPICAL JUMPER 27128 (16K) 1-3, 6-8, 5-7
BLOCK 27256 (32K> 1-2, 6-8, 5-7
Figure 2-1 Nulti Slave PROM Selection Jumpers

INTERRUPT SELECTION JUMPERS

Each Multi Slave CPU may interrupt the master processaor on one of
two S$S-100 vectored interrupt lines. Selection of interrupts {s

as followa:

MULTI SLAVE JUMPER BLOCK S-100 BUS

Multi Slave CPU. O 1 ~-- o o --2 INTO» (pin 4)
. ” oo 3 ~~0 o -- 4 INT1» (pin B)
Multi Slave CPU 1 S ~-- 0 © -- 6 INT2e» (pin &)
. » "oom 7 -- o o -- 8 INT3* (pin ?7)
Multi Slave CPU 2 9 -- o o -- 10 INT4» (pin 8)
. . .o 11 ~-- 0o o -- 12 INTS= (pin 9)
No Connection 13 -~ o o -- 14 INT6E= (pin 10)

. * 158 ~- 0o o -- 16 INT7= (pin 11)

Figure 2-2 MNulti Slave Interrupt Jumper Selection

If the interrupt selection structure shown above is not suitable,
Wwire wrap connections between the jumper block pinas may be used
in plece of jumper pluga, thus allowing any given Multi Slave CPU
to use any of the eight S$S-100 vectored interrupt lines.

PROM/INTERRUPT SELECTION JUMPERS Page 2-2
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SLAVE BASE ADDRESS SELECTION

Each Multi Slave CPU occupiea four of the raeter’s I1/0 ports,
though only three are actually used by each CPU. Bese addresas
selection of the Multi Slave board ia as follcwa:

(7>(6>(3>(4)

MSB LEB Addreasn aselection u: es LOW TRUE LOGIC

O o o o tno jumper=1l, jumpe: ed=0) and repre-
| i | | sentas the four mca. sianificant bitas
2 4 6 8 of the base address.

Figure 2-3 NMulti Slave Base Address Selection

Example:
% SO pase ADDRESS JUMPERS
~—— 70RH 1-2
— 80H 2-4, S5-&, 7-8
go8Y — 90H 3-4, 5-6
oTs T AOH 5-4, 7-8
og/,- BOH 3 4
O ?“" COH 5 e, 7-8
DOH T
If, for example, the baame addreas was &0}, tr= three CPUs would
be addressed as followsa:
CPU #0 80H : usesgs 80H, 81H, an <H <“83H not used)
CPU #1 84H ; usegs 84H, &TH, and inH (87H not used)
CPU #2 88H ; usea 88H, 89H, &na “AH (8BH not used)

The masater (S-100) data port assignmaents are a- rollowa:

BASE ADDRESS TYPE FUNCTION
+0 R/W Kead Siave Status ‘epe aetalila below)
Write Control bite ~
+1 K/W S~100 Data Fourt
+2 R/W Read = De-assert ALIVE« bit

Write= De-aaaert SLAVE MESSAGE bit

Table 2-1 NMaster S-100 Port Assiguaentis

SLAVE BASE ADDRESS SELECTION Fage 2-3
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SLAVE STATUS PORT (read by Master Fracessor’

B L R R s
iD71D61DS51D4I1D31D21D11D0OI
B el A R e

] } 1 1 l !

MASTEFR MESSAGE set

SL.LAVE MESSAGE set

ALIVE= bit aet

Slave ia in HOLDs

= Slave 18 WRITING S-100 data
= Slave {8 READING S-100 data
= Slave RESET» esctive

[}

u

—— e v —— ———— — v —— - —

ORrP OO0+

-——— e ———————— ——— ————

STATUS PORT (written by Maater Procesasor)

Pk L e e T a3

1D71D61D51D41D31D21D11DO!

Pk R R A el i Tk o

________ set MASTER MESSAGE bit
_________________ reset slave procesasor

[
fHow

Figure 2-4 Master Status Port Bit Defintions

Note that bitase D6 and D7 of the STATUS PORT are not used, and are
on (1) when the port is read by the Master Prccessaor. Note alsao

that there are four low active terms:; ALIVE«, HOLDe«, WRITE=, and
RESET~».

SLAVE STATUS PORT BIT DEFINITIONS Page 2-4
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MASTER/SLAVE COMHUNICATIOMS

For the master processor to send data to the sliave, the eluve
must be reading the S-100 data port. Converaly, for the slave to
send data to the maater, the slave muat write to the $-100 data
port before the master reada 1it. Ae mentioned earlier, when the
alave is reading or writing to the S-100 dats port, it is placed
in a HOLD (wait) condition, and relessed to resume processing
when the Master Processor writes or reada the corresponding port.
Thie enauree thet the meater and slave(s) remain in asynchroniza-
tion during bus communication; relisble network operation |is
achieved when the other atstus bits (ALIVE», READ/WRITEe=, and
HOLD+=) are implemented aa part of a communicationa protocol.

The Master Processor may reset a alave processor at any time by
issuing an output to the appropriate slave statua port with bit

D4 pet. To reactivate the alave, the maater muat agein ieaaue an
output byte to the mlave’es statua port with bit D4 reset, fol-
lowed by &8 short poat-reset delay. An example of this aeqguence

is shown below:

SL_RES: LD A,10H
OUT (SLVBASE),A
LD B,16
SL_ROS: DJINZ SL_ROS
XOR NOT 10H
OUT (SLVBASE),A
LD B,16
SL_R10: EX (SP) ,HL
EX (SP) ,HL
DJINZ SL_R10
RET

SET BIT D4
OUTPUT TO SLAVE BASE ADDRESS
LEAVE THE BIT SET ...
... FOk A SHORT TIME
TURN OFF BIT D4
UN-RESET THE SLAVE
SET UP FOR POST-RESET DELAY
THIS IS A
VERY EFFECTIVE
TIME WASTER
RETURN TGO CALLER

We WE We WE YR Ve %S N Ye We W

The suggeated handeshake mechaniam betweer. tihe master and slave
is as follows (for transmission from alave Lo masater): the alave
firat asserts the SLAVE MESSAGE bit. The master may see thia by
polling (reading the alave atatus port), or the Multi Slave may
be configured to cause an interrupt on the master. in either
caae, once the SLAVE MESSAGE bit haa been aasserted, the alave CPU
then outputs its first date byte to the S-100 bus communicationsa
port. Upon doing 2o, the alave CPU ia forced intec a wait condi-
tion, which the master muat verify by testing the WRITE« +and
HOLDs bita at the slave atatus port. Once the wmaster has deter-
mined that both signala are true, it may then read the byte
waiting at the S-100 data port. The slave ias released toc reaume
processing, free to continue sending subaeguent data bytes, etc.

In a master to slave tranamiasion, the master must assert the
MASTER Dbit, which the slave sees by polling its stetus port.
Upon detecting the active MASTER bit, the =]lave must reset :f

MASTER/SLAVE COMMUNICATIOQNS Pmage 2-%5
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(indicating to the master that the slave is ready to accept the
meaasage), and immediately iaaue a read to the S-100 data port.
Again, the slave processor is forced into & wait condition. which
the master muat verify by testing the READ and HOLDe+ bitsa at the
alave status port. Once the master has determined that both sig-
nala are active, 1t may then write the data byte to the S-100
data port. The slave ia released to resume processing, free to
continue receiving aubsequent data bytes, etc.

The following page provides a brief example of this master/aslave
dialogue:

MASTER/SLAVE COMMUNICATIONS Page 2-5
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MASTER PROCESSOR (RECEIVING MESSAGE FROM SLAVE)

IN

BIT
RET
ouT

WAIT1:
IN
BIT
JR
BIT
JR
IN
RET

A, (SLVSTAT)
SLVMSG, A
N2
(MSGRST) ,A

A, (SLVSTAT)
SLVWRT, A
NZ,WAIT1
SLVHLD, A
NZ,WAIT1
A, (SLVDATA)

%8 % we ws we

Me Ns We Ve Ve v we

GET SLAVE STATUS

IS SLAVE MESSAGE BIT SET?

NO, RESUME OTHER TASKS (ACTIVE LOW)
OUTPUT CLEARS SLAVE MESSAGE BIT
(CONTENTS OF A-REG INSIGNIFICANT)

GET SLAVE STATUS BITS

IS SLAVE WRITING TO 5-100 PORT?
LOOP IF NOT

IS SLAVE IN A HOLD CONDITION?
LOOP IF NOT

ALL IS READY - GET THE DATA BYTE
AND RETURN TO Cs .LING TASK

MASTER PROCESSOR (SENDING MESSAGE TO SLAVE)

LD
ouT
WAIT2:
IN
BIT
JR
WAITS3:
IN
BIT
JR
BIT
JR
LD
ouT
RET

SLAVE PROCESSOR

IN
IN
RET

SLAVE PROCESSOR

IN
LD
ouT
RET

Note that these examples

A,00000010B
(SLVSTAT) ,A

A, (SLVSTAT)
MASTER, A
NZ,WAIT2

A, (SLVSTAT)
SLVWRT, A
Z,WAIT3
SLVHLD, A
NZ,WAIT3

A, (HL)
(SLVDATA) ,A

A, (MASTER)

A, (DATAPORT)

A, (SLVMSG)
A,B

(DATAPORT) , A

(SENDING

.s e we

Y8 Ve Ne we

w e we % we

(RECEIVING

s

LY

LY I TR Y

SET MASTER MESSAGE BIT...
...50 THE SLAVE WILL SEE IT

GET SLAVE STATUS
HAS THE SLAVE RESET IT YET?
LOOP UNTIL HE HAS DONE SO

GET SLAVE STATUS AGAIN

IS SLAVE READING THE S-100 PORT?
LOOP IF NOT

IS SLAVE IN A HOLD CONDITION?
LOOP IF NOQT

GET BYTE TO SEND

SEND IT TO THE SLAVE

AND RETURN TO CALLING TASK

MESSAGE FROM MASTER)
CLEAR MASTER MESSAGE BIT

AND IMMEDIATELY READ THE S-100 PORT
RETURN TO CALLING TASK

MESSAGE TO MASTER)

SET SLAVE MESSAGE BIT

B-REG HAS DATA BYTE TO SEND

OUTPUT DATA BYTE TO S-100 DATA\PORT
RETURN TO CALLING TASK

treanamit and receive only & single byte

at & time &nd provide only e skeletsl communicetions protocol.
The slave may utilize the 280 block input and output inatructione
to receive and tranamit any number of bytes to the master, though
ahould employ & slightly more sophisticated protoco!

the user

when doing so.
byte tranasmitted
Imnplemrentstion of

MASTER/SLAVE COMMUNICATIONS

In typical networking environmentas, the firsat
contains the length of the message to follow.
such networking achemea i1a left to the user.,

Page 2-7



Multi Slave Product Reference Manual Section 2

BOOTSTRAP SOFTWARE

The following progrem will provide the user with a bootstrap
facility which follows the protocol set forth in the prior sec-
tion. This program ia identical to that conteined in the Multi
Slave monitor PROM, and assumes that an intermediaste loader will
be received from the masater.

SLVMSG EQU 20H ; 1,0 READ SETS SLAVE MESSAGE BIT
SALIVE EQU 6O0H : 1,0 READ SETS SLAVE ALIVE BIT
SDATA EQU O0O70H ; B=MESSAGE LENGTH, C=PORT ADDRESS
SHMEN EQU 8000H ; ONLY ADDRESSES ABOVE 8000OH ARE

; ACCESSABLE WHILE PROM IS ENABLED
BOOT:

IN A, (SLVMSG)
IN A, (SALIVE)
LD  BC,SDATA

SET SLAVE MESSAGE BIT

SET SLAVE ALIVE BIT

B=BYTE COUNT (0=256 BYTES)

C=PORT ADDRESS

SEND BYTE COUNT FIRST

ADDRESS TO STORE INCOMING MESSAGE
(WHICH WILL BE THE INTERMEDIATE
LOADER PROGRAM)

RECEIVE ENTIRE MESSAGE FROM MASTER
BRANCH & EXECUTE INTERMEDIATE LOADER

OUT (C),B
LD  HL,SHMEM

INIR
JP SHMEM

WE WS NE N VA WS WE Y Ne W

MASTER/SLAVE COMMUNICATIONS Page 2-8
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I/0 ADDRESS MAP

Each Multi Slave CPU has an identical I/0 address map. The port
assignments are as follows:
ADDRESS <(Hex) TYPE FUNCTION
00-0F R/W DUART Data/Control (see Signetics

2681 Documentation for details)

10-1F --- Not Used

20-2F R Aaserts SLAVE MESSAGE bit

30-3F R De-asserts MASTER MESSAGE bit
40-4F w BANK/PROM SELECT (details follow)
S0-5F R STATUS PORT (MASTER and SLAVE bits)
60-6F R Aaserts SLAVE ALIVE= bit

70-7F R/W S-100 DATA PORT

Table 2-2 I/0 Port Assignments

The user should be aware that although it would appear theat the
S5-100 data ports would collide with one another, they are actual-
ly phyaically aeparated in the hardware. This is explained a bit

more clearly by the following diagram:

SLAVE PROCESSOR NUMBER MASTER PROCESSOR

#0 -~ I/0 ADDRESS 70H.......... te s s e s I/0 BASE ADDRESS o]
#1 -- I1I/0 ADDRESS 70H.......... Cesesaacas I/0 BASE ADDRESS 4
#2 -~ I/0 ADDRESS 70H.......... ceereesen .I/0 BASE ADDRESS =+ 8

SLAVE STATUS PORT (read by the Slave, read only)

B T e N S P e 4

ID71D61DS51D41D31D21D11DOI

B I T T I P A . &

} ——
'

[

' —
1
"
1
1
' ]
-
} n

Figure 2-5 Slave Status Port Bit Definitions

MASTER message active
SLAVE message active

SLAVE I/0O ADDRESS MAP Page 2-9
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BANK AND PROM SELECT PORT

The BANK/PROM SELECT port epecifiee which of the two 64k memory
banka ia to be active, and whether or not the PROM ia to be
aselected. The bit definitiona for thia port are as followa:

PR e R R Rl Rl R il o
iD7I1D61D51D41D31D21D11DO!
P R e A R s s Al st g
} ! ! ! l | } | 1 = Select Bank 0O
[ o 1l = Select Bank 1
O = PROM on, 1 = PROM off
not used, ignored

———— — f——— — o ———

high order four bita

___________________ select amount of ahared
memnory (in Kbytea),

defined in Table 2-3

—— — — ———— ———— T ————————— —— i —————— —

-———— —— ——— ———— -t ——

Figure 2-6 Bank and Prom Select Port Bit Deafinitions

Bite D4-D7 Shared
Hex Value Amount

MMOOW» DO NOUA WN = O
®

Table 2-3 Bank Select Bit Definitions

NOTE: Bank O and 1 are mutually excluaive and muat not be set
active at the same time. When the PROM ia selected, only memory
locations 800O0OH through OFFFFH mey be acceased for RAM read and
write operationsa.
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SERIAL I1/0 CONTROLLER

The NMulti Slave provides two independent serial I/0 channels per
CPU, both contained in one aerial I/0 controller, the Signetics
2681 Duel Asynchronous Receiver/Transmitter (DUART). The DUART
containa two internal, indepeandent baud rate generatora, capable
of producing 18 user selectable baud ratea. Level conversion to
EIA RS-232 or RS-422 level ia provided by an external circuit
aszsseably called the PS-NET.

SERIAL CHANNEL CONNECTORS
Connectors for each serisl I/0 channel are located across the top

of the Multi Slave board (see figure 1-1 for exact placement).
Each connector haas the following pinout:

PIN NOC. SIGNAL NANME DIRECTION
1 DCD Data Carrier Daetect input
2 DSR Data Set Ready input
« 3 LK see note below input/ocutput
4 RXD Receive Data input
S CTS Clear to Send input
6 TXD Tranamit Data output
7 RTS Requaeat to Send ocutput
8 DTR Data Terminal Ready output
-] CLK Tx/Rx Clock input/output
10 GND Signal Ground ground
11 N/C
12 +16 VDC supply voltage
13 -16 VDC supply voltage
14 +S VDC supply voltage

" On channel A, this term is RNG (ring detect) and may be
connected to the ring detect line on a modenm. Thia line has no
connected on channel B.

Table 2-4 Serial 1I/0 Cable Connector

SERIAL I/0 CONTROLLER Page 2-11
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COUNTER/TIMER CIRCUIT

The counter/timer circuit is contained on the DUART device. As
its name implies, it may be used as a timer (programmable divi-
der) or & counter, providing an appropriate indication when the
specified countdown value has reached zero.

It ahould be noted that unlike the 280 CTC, the DUART’a counter/-
timer uses a 16-bit countdown register, providing much greater
flexibility in ite application.

Appendix H contains the data sheet for the Signetics 2681 device.

2681 DUART Specifications Page 2-12
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FAULT ISOLATION

Fault isolation 1ia the procesa of identifying a feult and the
resultant cauae of the fault to the loweat poasible level. This
section deale with hardware fault isolation and is generally
independent of software considerations.

Prior to any attempt at fault isoclation, a test environment must
be validated. Generally, the teat environment will consiat of an
S-100 chassis, motherboard, power supply, S-100 extender card,
and a Kknown good Multi Slave. Validation conaists of removing
all other 5-100 circuit carde from the chaassis, and any other
devices loading the +8, +16, and/or -16 VDC power supplies.

Having removed all circuit boards from the motherboard, verify
that the following voltages referenced to ground (5-100 bua pin
SO0 and 100) are within the tolerances liated below:

S-100 PIN DEFINITION MININUM AVERAGE MAXIMUNM
1 + 8 VDC +7.0 +11.0 +25.0

S1 + 8 VDC +7.0 +11.0 +25.0

2 +16 VvDC +314.5 +21.5 +35.0

52 -16 vDC -35.0 -21.5 -14.5

The above conditions must be met before proceeding with the next
teat.

Step 1: Viasual Verification

Inspect the auspect Multi Slave to verify that components are
correctly inatalled and properly seated i1n their sockets. Com-
ponentas may be compared against a known good Multi Slave. All
DIP components have the same pin 1 orientation.

Step 2: On Board +S VDC Regulation

Remove power from the motherboard. lnsert the S-100 extender
card into a suitable alot an the motherboard, then insert the
Multi Slave 1nto the extender card socket. Apply power and
measure the voltage at Ul-16. Thie voltage must be between 4.75
and 5.25 VDC.

Step 3: Clock Verification

Verify the clock frequencies at the following locationa:

us7-7 80ns central clock distributed to all
CPU’s.
U439-8 150ns central SI0O clock distraibuted to

all DUART’a.

FAULT ISOLATION Page 3-1
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Step S: Memory Verification

Verify memory row and column addreasing by monitoring pin 1 and
pin 19 on each AM2965 memory driver circuit.

Step 6: Monitor Verificaetion

Data Set Ready (J1-2, J3-2, J5-2) MUST be low for the monitor to
issue & meaaage to the conasole. Verify that the PS/NET-1 card ie
properly configured and connected to the Multi Slave, and that
the terminal’as baud rste is met to 9600. Enaure that the Multl
Slave card ia in & reset-hold condition by preaaing the aystenm
reset button on the computer’s front panel. Then, using & moni-
tor program on the Master Proceasor, activate the deaired =slave
CPU by issuing an OUT (alave command port),40H. The Multi Slave
monitor should iasue itse logon message as deascribed in Section 2
of this manual. Press any key on the slave console within two
seconds after "un-resetting* it. The Multi Slave monitor should
then be ready to accept commands.

STEP 7: Verification of other Major Components

Verification of other major Multi Slave components requires de-
velopment of short aoftware routineas which will provide sacope
loops to support the anelysis of Multi Slave signals some of the

more commonly required routines have been incorporated in the
Multi Slave Monitor program. These tests include memory and I/0

read and write loope. S5ee the monitor command list for further
informatiarn.

FAULT ISOLATION Page 3-2
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THE MULTI SLAVE MONITOR

The Multi Slave conteins a very powerful monitor program, provid-
ing numerous features not found in most simple monitors. Some of
the highlights include:

o Full function decimal/hexadecimal caslculator
(expregsion evaluator)

o 280 diasasaemblerxr
o Offaet variable for [.IST and DUMP functions

Comprehensive memory diagnosastice

C

o Printer echo (all console input & output may be
echoed to the printer) with user selectable baud
rate

o Scope loops - memory and I1/0 read/write loops

The basic monitor command structure 15 as followsa:
COMMAND_LETTER (V1 [,VZ2 [,V3111 <CR>

where V1, V2, and VX are variables (command parameters), and
unleass indicated otherwisase, are hexadecimal values. Parameters
may or may not be required depending upon the command. Note that
ALL commands are terminated »y a carriage return <CR>, and
fields within brackets ([]1) ar. optiocnal.

MONITOR COMMANDS

B BOOT this slave system by 18suing an Op-
erating aysatem download requeat to the maa-
ter. For @apecific detailes ebout the down-

load requeat program, see ""Messter/Slave Com-
muntcationas™ 1n section 1I of this manual.

Z O¥1,X2,X3 CCOMFARE the contents of memory., starting at
addreasas X1 to addreas X2, for X3 bytes. 1If a
miamatch occursa, the contenta of both addresa-
ses wi1ll be dieplayed.

D X1 (X213 DUMP the contents of memory beganning at
address OOQOOH (if the DUMP command has not
been previcusly i1nvoked), or continue at the
last address plus one, or at address X1 tor
256 Dbytes (or thru address X2). SEE OFFSET
() COMMAND.

MULTI SLAVE MONITOR _ Page 4-1
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F X1,X2,X3

G X1

K [N1}

M X1,X2,X3

O X1.,X2

P (D11

T X1 [,X207

MULTI CZLAVE MONITOR

Reference Manual Section 4

FILL memory from address X1 thru X2 with date
value X3.

GO to addresa X1 (via & CALL) and execute the
inatructions at that addresas.

See the next subsection for details of thisa
command.

INPUT data from I1/0 port address X1 and dase-
play it on the console. To display the con-
tents of the next sequential port, enter a
carriage return: to diaplay the contents of
the prioxr port, enter a minusa (-) sign.

Display the current bank number, or switch to
bauk N1,

1.157T, using 280 mnemonics, the i1nsatructionsa
beginning at address OOOOH (if the LIST com-
mand has not been previoualy invoked), or
cuntinue at the last addrese plus one, or at
address X1 for 18 lines of instructionas, or
thru addreess XZ. SEE OFFSET () COMMAND.

MOVE the contenta of memory beginning at ad-
dress X1 thru address X2 to address X3.

OUTPUT data byte X2 to I1/0 port address X1.

Toggle the PRINTER online or offline, or set
the p:ainter baud rate tu value Di (decimal>.

SET the contents ot addresa X1. The current
contents wi the memory location will be dis-
piayed. Enter <CR> to advance to the next

addreaa, (-) to gu back to the prior address,
twoe  hexadecimal characters (0-9, A-F) to
whanges the hex value, or (,A) to change the
contente to ASCTT value A,

TRET memury beginning at OOOCH thru the high-
est possible address (the starting address of
the monLtor -1, oy atarting a8t address X1
rthiu address X2). A plus sign (+) will be
displayed with &ach succeeatul pass. Any ad-
drresa which fails will be displayed at the
congole, along with the expected and failing
data pattern. Upon completion of the test
(one complete pass at all specified addres-
oes), the test will be terminated and & mes-
sage will be diaplayed at the conecle.
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2 X1,X2 [(,X3)] Perform a Scope Loop test specified by func-
tion X1, as follows: -

Memory Read Loop
Memory Write Loop
I/0 Read Loop
= I/0 Write Loop

]

WN-O
"

Field X2 4isa the memory address or I/0 port
addresa, and X3 ia the data value to be writ-
ten to the specified memory or I/0 address.
Note that field X3 1a required only if +the
test function isa & write cperation.

s [X13 Digplay the current offset value, or change
it to value X1. This offset will be added to
the address apecified in the DUMP -and LIST
commands.

MONITOR ASPECTS AND CONSIDERATIONS

The Multi Slave monitor takea two important factorsa into con-
asideration; aelf preaervation, and the poasibility of an active
master processor on the S-100 bus during monitor execution. Self
preservation implies the protection of the memory region in which
the monitor reasidesa.

Interrupts are enabled while the monitor is executing; the inter-
rupt eervice routine performas one important task, that of setting
the SLAVE ALIVE bit at each 16.666 me interrupt interval. This
ensurea that the master processor will not attempt to reaet the
alave; the alave always appears to be "alive."

Any command which modifies the contents of memory performs a test
of the target addreas to ensure that it ia not 1) the 280 Mode 1
interrupt vector addreas or any portion of a1t (i.e. locations
QO038H, O039H or OO03AH), and 2) an addreas within the monitor. In
caese 1, the SET, TEST, FILL and MOVE commanda will aimply skip
over these locations. In case 2, an error message will be issued
to the console.

There are two 1/0 address groups which must be accessed with
care. The first group is 20H thru 2FH; an I/0 read in this range
asgerts the SLAVE MESSAGE bit, indicating to the mester processaor
that the slave is requesting service. Typiceally, this will init-
iate the operating system download sequence. N
The second 1I/0 address group is 70H thru 7FH, the ‘'‘gateway’™ to
the S-100 bua. An 1/0 read or write in this range causes the CPU
to enter a WAIT condition, terminated only atfter the master hasa
read from or written to the correaponding communicationa port.
In most camses, this will be fatel to the monitor.
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To prevent an inadvertent read or write to these ports, the moni-
tor will prompt with:

CONFIRM (Y/N):

when it encountera a read or write request to any one of the
aforementioned addresasesa. A asingle keysatroke reply ia required,

either ‘Y’ to perform the requested function, or any other key to
terminate it.

OTHER FEATURES AND FACILITIES

The Multi Slave monitor provides a means of obtaining hardcopy
aoutput of all conacle I/Q. When hardcopy output ia desired,
execution of the ‘P’ command will diasplay the ‘PRINTER ON’ nesa-
sage at the conacle, with all asubaequent console I/0 being echoed
to the printer. The next invoketion of the ‘P’ command terminatesa

the printer output, and diaplays the ‘PRINTER OFF’ meassage to the
conaole.

The default printer baud rate ia 9600 baud; <his may be chenged
by uasing the second form of the ‘P’ command:

Pn <CR>»
where ‘n’ is the desired baud rate. The baud rates currently
supported are 50, 75, 110, 134.5, 150, 3006, 600, 1200, 1800,
2000, 2400, 4800, 7200, 9600, 19,200 and 38,400. There is one
special case here, the 134.5 baud rate; this value ahould be
entered as 134 (without the decimal fraction).

All monitor commande may be terminated with the ESC(ape) key.
Conaole (and printer) output mey be temporarily suspended by

entering control-S (~S) and reaumed by entering control-Q (~Q).

A monitor command line may be ’‘deleted’ by entering control-X

(~X). Thia cauaes the cursor to return to the beginning of the
current line, immediately to the right of the asteriak (=) prompt
character. If hardcopy ocutput is enabled, & carriage return/line

feed/space sequence is issued to the printer so that the next
command line ias not typed over the current line.

All other control characters are invalid, The monitor will iasue
the bell character to the consascle in place of the control charac-
ter.

All lower casgse characters entered on the console are converted to
upper case.
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THE ‘H’ COMMAND - EXPRESSION EVALUATOR

Pocket calculators with such capabilities as hexadecimal display
and Boolean functions are a convenient tool, but when one isn’‘t
handy, such calculations by hand are tedious at best. For this
reason, an expresaion evaluator haa been included in the Multi
Slave monitor progranm.

The expressaion evaluator has a total of 17 operstora, as followa:

& Dyadic AND

Dyadic MULTIPLY

Dyadic ADD or monadic PLUS
Dyadic SUBTRACT or monadic MINUS

Dyadic INCLUSIVE OR

Dyadic EXCLUSIVE OR

Dyaedic NOT EWQUAL

Monadic NOT (one’s complement)

7/ Dyadic DIVIDE <(two‘e complement)
/7 Dyadic REMAINDER

< Dyadic LESS THAN

> Dyadic GREATER THAN

<= Dyadic LESS THAN OR EQUAL

== Dyadic EQUAL

>= Dyadic GREATER THAN OR EQUAL
<< Dyadic or monadic ROTATE LEFT
>> Dyadic or monadic ROTATE RIGHT
!

1

4

MULTI SLAVE MONITOR Page 4-95
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Constants may occur in two forms, numbers or strings. Numbers
may be in decimal or hexadecimal notetion. A decimal number is
aimply a string of digits; a hexsdecimal number isa prefixed by
either a dollar esign ($) or enclosed in eingle gquotes prefixed by
an X (e.g. SFFFF or X’FFFF’). Expreasiona are evaluated to 16
bitas of precision (modulo 65536, or SFFFF) using two’s complement
arithmetic, with no check for overflow. Strings are any asequence
of characteras enclosed in single gquotes. Two consective single
quoctes are required to represent one aingle guote within a
atring. Null stringse are ignored.

Expreaasiona have the form:
[ [OPERAND_1 [OPERATOR11 OPERAND_2

where OPERATOR is one of the aforementioned dyadic or wmonadic
operators, and OPERAND_1 and OPERAND_2 are constants or expres-
sions. Dyadic operators require both operanda, monadic operatorsa
require only OPERAND_Z2.

All operatora have egual precedence, and expreaaiona are evaluat-
ed from left to right. Parentheaes around an expreasion may be
used to alter precedence; the innermost expression in parenthesaia
is evaluated firat.

The dyadic operatora are used to form expreasionsa which evaluate
to either one or zero, indicating a true or false condition
regpectively. A true expreassion yielda a reault of one; a falsase
comparalon producea a zero result.

The left and right rotation operators (<< and »>>) perform a 16
bit rotate (not shift) operation; rotation implies wraparound of
bita. Shifting cen be accomplished with the multiply and divide
operators. wWhen used as monedic operatora, operands are rotated
one bit. When used as dyadic operators, the first operand apeci-
fies the number of bits to rotate.

If a atring conatant appeers in an expression with operators, the
value of the string is the ASCII code of the first character in
the s&atring. An exception to thia rule occurs when two satrings
appear with a relationel operator; then a character by character
compariasan of the two stringse is performed, using the ASCII value
to determine relstive order. If the two strings are of unequal
length, the ahorter is padded on the right with spacea.
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EXAMPLES:
Expreasaion Evaluatea to:
3 3
(4> 4
-(+3) SFFFD
~3 SFFFC
a//8 1
1+2=3 9
1+(223) 7
5==95 1l (indicates a true condition)
SFFFF<O O (SFFFF=6553%)
3+(27=6) 4 (3+1, where l=true)
<<2 9
>>3 S8001
3>>sSFO SO01E
‘A’ +1 80042
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S-100 BUS PINOUT
S-100 Active
Bus Pin Mnemonic State Source Notes

01 +8 Volta ---- Bus

oz +16 Voltes ---- Bus

03 XRDY High Slave Unused

04 VIO« Low (0OC)> Slave Vectored Int ©

o5 VIile Low (GC) Slave Vectored Int 1

06 VIi2» Low <(QC) Slave Vectored Int 2

Q7 VI3 Low (QC) Slave Vectored Int 3

08 Vide Low (0OC)> Slave Vectored Int 4

oS VIS» Low (0OC) Slave Vectored Int S

10 VIiéw Low (0C> Slave Vectored Int 6

11 VI7» Low (0C) Slave Vectored Int 7

12 NMI= Low (0OC) Slave Unused

13 PWRFAIL» Low Bua Unuaed

14 TMA3* Low (OC) Maater Unused

15 Al8 High Maater Unuaed

16 Al6E High Maaster Unused

17z Al7 High Master Unueed

18 SDSB» Low ((0OC) Maater Unuaed

13 CDSB» Low (OC) Master Unuased

20 GND -—-- Bus

21 -—- -———- -—--- Unuaed

22 ADSB= Low (QC) Master Unused

23 DODSB= Low (QC) Maater Unuaed

24 phi High Master Unuaed

25 pSTVAL= Low Master Unused

26 pHLDA High Master Unused

27 -——- -——- ---- Unuaed

28 ---- ~—-- - Unuaed

29 AOS High Master Address bit 5

30 AO4 High Master Addrese bit 4

31 AO3 High Master Addresa bit 3

32 AlS High Master Addreass bit 15

33 Al2 High Master Address bit 12

34 AOS High Master Unused

35 DO1 High Masterx Data Out bit 1
DATAL High M/S Unused 1

36 DGO High Haater Dats Out bit O (LSB)
DATAO High M/S Unused

37 AlO High Master Unused

38 D04 High Master Date Out bit 4
DATA4 High M/S Unused

239 DOS High Master Date Out bit S
DATAS High M/S Unused

40 DOe6e High Master Data Out bit 6
DATAG6 High M/S Unused

41 DI2 High Slave Data In Bit 2
DATA10 High M/S Unuaed

42 DI3 High Slave Daeta In bit 3
DATA11 High M/S Unused

S5-100C Bus Pinout Page A-1
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S-100 Active
Bues Pin Mnemonic State Source Notea

43 DI7 High Slave Data In bit 7
DATAlS High M/S Unused

44 aM1 Bigh Maater Unuaed

45 s0UT High Master Output Bua Cycle

46 s8INP High Master Input Bus Cycle

47 sMEMR High Master Unused

ag -——— -——- ---- Unused (sHLTA)

49 CLOCK High Master Unused

S0 GND ---- Bus Ground

S1 +8 Voltas ---- Bus

52 -16 Volte ---- Bus

53 GND --=-- Bus Ground

5S4 SLV CLR»* Low Master Unused

S5 TMAO® Low (0OC) Masater Unused

56 TMAl~= Low (QC> Master Unused

S7 TMAZ= Low ((0OC) Master Unused

58 aXTRQ= Low Maater Unuaed

59 AlS High Maater Unused

60 SIXTN= Low (0OC) Master Unusaed

61 A20 High Maater Unusaed

62 A21 High Maater Unused

63 A22 High Master Unused

64 A23 High Master Unuaed

65 - ---- - Unused

66 -——-- —--- --=- Unusaed

67 -~=- -——- ~—-- Unused (PHANTOM=*)

68 -——- —--- --=- Unused (MWRT)

69 -—-- ---- ---- Unused

70 GND ---- Bus Ground

71 --—— -~ -—-- Unused

72 RDY High (0OC) Slave Unuaed

73 INT= Low ((0OC)» Slave Unused

74 HOLD= Low (0C) Master Unused

75 RESET» Low (0OCO Bus Syatem Reaet

76 pSYNC High Master Bua Tranafer control

77 pWR» Low Maater Data Bus Valid

78 pDBIN High Haater Data In Strobe

79 AO High Master Address bit O (LSB)

80 Al High Maater Addreaa bit 1

81 AZ High Maater Addreas bit 2

82 A6 High Master Addreae bit 6

83 A7 High Maater Addreas bit 7

84 A8 High Master Unused

85 Al3 High Maater Unused

86 Ald4 High Master Unused

87 A1l High Maater Unused

88 Doz High Master Data Out bit 2
DATAZ2 High M/S Unused

83 D03 High Master Date Qut bit 3
DATA3 High M/S Unused

S0 DO7 High Master Data Out bat 7
DATA7 High M/S Unused
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S-100 Active

Bua Pin Mnemonic State
S1 DI4 High
DATA12 High
92 DIS High
DATA13 High
893 DIé High
DATAl4 High
94 DIl High
DATAS High
895 DIO High
DATAS8 High
g6 aINTA High
97 aWwl« Low

98 ERROR®» Low (0OC)
99 POC= Low
100 GND -——-
qolop} = open collector
Unused =

Source

M/S
Masterxr
Masterxr
Slave
Bus
Bus

o

Data In
Unuaed
Data In
Unuaed
Data In
Unusaed
Data In
Unused
Data In
Unused
Unused
Unuaed
Unused
Unused
Ground

pin not implemented on Multi Slave

5-100 Bus Pinout

bit

bit

bit

bit

bit

Appendix A
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PROM SELECTION JUMPER BLOCKS

1 - - o o --2 PROM TYPE JUMPER
3I-- o o --4 = |mememrsess 0 m-e-e--
S -- o0 o -- 6 2716 (2K> 3-5, 4-6
7 -- oo o -- 8 2732 (4K> 5-7, 4-6
2764 (8K)> 1-3, 5-7
TYPICAL JUMPER 27128 (16K) 1-3, &€-8, S-7
BLOCK 27256 (32K)> 1-2, 6-8, 5-7
S-100 BUS VECTORED INTERRUPT JUMPERS
MULTI SLAVE JUMPER BLOCK S-100 BUS

Multi Slave CPU O l1 -~ o o --2 INTO= (pin 4)
. . .o 3 -- o o -- 4 INT1= (pin 5S)
Multi Slave CPU 1 S -- 0o o --6 INT2* (pin 6)
* * oo 7 -- o o -- 8 INT3= (pin 7)
Multi Slave CPU 2 S -- o o© -- 10 INT4= (pin 8)
. " .o 11 -- o o -- 12 INTS= (pin 9)
No Connection 13 -~ o o -~ 14 INT6é* (pin 10)
* . 15 -- o o -- 16 INT?= (pin 11)

BASE ADDRESS SELECTION
(7)(6>(3>(4)
i 3 5 7

! } ] !
o o o o©

MSB LSB Addresa selection uses LOW TRUE LOGIC
o o o o (no jumper=1, jumpered=0) and repre-
} ] | l sents the four most significant bitsas
2 4 6 8 of the base address.
Example:
BASE ADDRESS JUMPERS
70H 1-2
80H 3-4, S-6, 7-8
3S0H 3-4, S-6 ~
AOH 3-4, 7-8
BOH 3-4
COH S-6, 7-8
DOH 5-6
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SERIAL I/0 CONNECTORS

PIN NO. SIGNAL NAME
1 DCD Data Carrier Detect
2 DSR Data Set Ready
= 3 LX) see note below
4 RXD Receive Data
5 CTS Clear to Send
6 TXD Tranamit Data
7 RTS Requeat to Send
8 DTR Date Terminal Ready
9 CLK Tx/Rx Clock
i0 GND Signal Ground
11 N/C
12 +16 VDC
13 -16 VDC
14 +5 VDC

DIRECT

input
input

Appendix C

ION

input/ocutput

input
input
output
output
output

input/output

ground

supply
supply
supply

- On channel A, this term is RNG (ring detect)

connected to the ring detect line on a modenm.
connected on channel B.

Multi Slave I/0 Connector Pinouts

Thi

voltage
voltage
voltage

and may
28 line has

Page C-1
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ADDRESS (Hex)

10-1F

20-2F

30-3F

40-4F

SO-5F

60-6F

70-7F

I/0 PORT

TYPE

R/W

R/W

ASSIGNMENTS

FUNCTION

DUART Deta/Control (see Signetics
2681 Documentation for deteilsas)

Not Used

Asserts SLAVE MESSAGE bit
De-asserte MASTER MESSAGE bit
BANK/PROM SELECT (details follow)
STATUS PORT (MASTER and SLAVE bits)
Asserts SLAVE ALIVE+« bit

S-100 DATA PORT

Multi Slave I/0 Port Assignments Page D-1
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MULTI SLAVE SCHENMATICS
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Part No.
74LS367
741.8590
SN2681
AM2965

280H
7415138

741.585
74LS74
74LS279
7406
74LS00
74LS273
74L.S373

7415393
74L5688
DS0026
PAL16R4A
PAL16L8A
PALl6LS8
2764JL25

TM4164ELS

NCTO30C
DL613S

Description
BUS DRIVER

8 BIT COUNTER
DUART

MEMORY DRIVER

CPU
3 TO 8 DECODER

4 BIT COMPARATOR
DUAL D FLIP FLOP
QUAD LATCH

HEX INVERTER

QUAD NAND GATE
OCTAL D FLIP FLOP
OCTAL LATCH

4 BIT COUNTER

8 BIT ID COMPARATOR
CLOCK DRIVER

PRQOG ARRAY LQOGIC
PROG ARRAY LOGIC
PROG ARRAY LOGIC
EPRONM

4.7K OHM PACK

47 OHM 10% 1/4W
1K 10x 1/4V

10 OHM 10x%x 1/4W
47 PF CAPACITQR

S PF CAPACITOR

10 PF CAPACITOR
100 PF CAPACITOR
6.8 UF 235wWvDC

10 UF 25WVvDC

.1 UF CERAMIC CAP
64K x 8 SIP DRAM
8 PIN DIP SOCKET
14 PIN DIP SOCKET

16 PIN DIP SOCKET

N
(@)
L)
(=]
4

DIP SOCKET

28 PIN DIP SOCKET
40 PIN DIP SOCKET

3.6864 MHz XTAL
8.00 MHz QOSCILLATOR
30Ns DELAY LINE

Appendix F

Reference
U1,U47,US52,US3,U64
uz2,ue,u1o0

Uus,us,u1is
Ui3,uis,v17,u028,uU31
U34

Uil4,U16,U27
Uu29,U32,U41,U43,U44
Usi

Uu3o,uU33,u42
uz3g,u40,Us58

U455, US6,US9

vu46

Uu4S,US0

US4 ,US5,U66
ue1,U62,U63,U68, U698
uzo

uzi

ue?z

us7z

u21,u25,U37
Uuz22,uU26,uU38

ueo

Uuls,u23,U3%

RP1 ,RP2,RP3

R1-R12

R16

R17-R19,R21,R22
C&-C10

ci1

Ci2

C1l3

c2

C3-C5

C1
uz,u4,uU7,U8,U11,U12
usz
U39,U40,U46,U48,U50
us8,U71,DL1 _
Ui,u2,U6,U10,U29,U30
u32,u33,uU41,U42,0U44,
u45,U47,U51,U52,US3,
Uuse,us5s,uUs4
Ui3,uls,u17,uU21,uU22,
u25,U026,U028,U31,U34,
u37,u38,U54,US5, U0,
uel,ue2,U63,U66,U67,
ues,ues,u7o
Uuis,uU23,U35
uUs,us,u014,U16,U18,
uzz

Y1

Y2

DL

Page F-1
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”W Item Oty. Part No. Desacription Reference

42 6 14 PIN HEADER Ji-J6

43 4 8 PIN HEADER E1-E8,E19-E26
E9,E16,E27-E34

44 1 16 PIN HEADER J7

45 1 78H05 SV/5A REGULATOR VR1

46 2 PCB EJECTORS ---

47 1 HEAT SINK (REF VR1) ---

48 2 6-32 x 3 SCREWS -

49 2 6-32 NUTS ---

50 2

#6 LOCK WASHER ---

Multi Slave Parts List Page F-Z
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US RECEIVER/TRANSMITTER (DUART)

DESCRIPTION FEATURES PIN CONFIGURATION
The Sigratics SCN2681 Dual Universai + Dual full-ouplex ssynch recelver!
Asynchrenous Receiver/Transmittar transmiter
{DUART) is a single chip MOS-LS! com  « Quadruple bulfered receiver dats regis- a0 [0 Vee
myrications device tha! provides 'wo - tors »y [I Y
e any T S0 programmabe sms forma o 3 .
cidcxage. "t inurfacc; cdiractly with micro- —$ 10 8 dats bits pius parity " E 1re
przcescsors and may be used in « potied or —0dd, even, o parity o lorce parity A2 8 L]
; =1, 1.5 or 2 stop bits programmabdie in
interrupt 2riven system. 1116 bit increments & g cen
The operatnng mode and data format of . programmable baud rate for each re- e nessr
each channel can te programmed :nde- celver and transmiter saleciable from: wan 2 x
per.dentiy. Additionaily. sach receiver ara — 18 tixed rates: 50 to 38.4K baud RON : XUCLK
ransmitier Cdn 3@iec: i3 operzing speed —One user delined rate derived from axos T rLDA
as C:' ot "0:0‘“:‘ iixed taud rates. a ‘:‘ programmabie timericounter X0 %" TX0A
c-ock Ceriv frfom a programmadis :
counter'imer, or an exter‘r,‘.mg!x or 13x -E""'m‘ 1% or 18x clock or hind
ciock. The baud -ale gemeratcr and :::ty. raming, and averrun error detec: oP E or2
counterst mer Can operate Jrectly from a o i ore
crystat or *rcm external clock inputs. The ° Faise start bit detection onr {T] ore
abiity 10 ‘nuependently program he ¢ Line break datection and generation o1 7] 75 o8
operating sceed cf the receiver and trans-  « Programmabie channel mode 0 7 02
m:tier maxe the DUART particularnly atirac- - Normal (tull dupiex) os 7] oe
tve for guLal-speed channel appucations - Automatic echo :
SUCh a8 Clustered terminal sysiems. ~Local locopback o7 1y |i2) be
Each race'ver 13 quadruply buftered 1o —Remote icopback ano E 7T INTAN
minimize the potential of racever overrun  * Muiti.function programmabis 18-bit
or 6 réduce interrudt overheag :n inier. counl.mlmor‘
rupt Crivan Systems. in agautior. a 110w » Multi-function 7.bit input port A 7] [#] vee
controt Zanability 1s crovided to Cisaoie a —Can serve as clock or control inputs ar 7] E L
remore DL ART transmitter when (he buf —Change of state detection on four a1 T E cen
for 3t the receving device i3 tull. inputs a G [T aeser
Al30 provideq on tre STN2681 are 3 muiti- ¢ Muliti-lunction 8-blt outpul port whn E [ x
purpose 7-bit nput port and a multipur- —individus! bit set/resat capsbility wow 3] I xwewx
pose B-Dit outdut Dort. These San “e u3ed ~—Outputs can bs programmaed 10 be — -
as gererai purpose HO parts of tan e status/interrupt signais xo8 L, ) Rx04
335ignea spechic IUNCIIGNS (3UCh 33 CIOCK  « Veraatile Interrupt system Txon 8} E DA
Iputs Or statusinterrupt culzuls) urder —Singie interrup! output with eight T om T [0 OPo
program cantrol. maskabie interrupting conditions o 33 [% oo
Tre SCNI681 8 3va.-able 'n 'h-2e Dacrage ~ Output port can be configured to pro- o1 =7} o
VEIS.0NS [0 LALISTy vaNGUl System raglre vide & total of up to six separare wire os _—1; I~ D
ments. 40-p.n ard 22-cn, CO'h 0.5 w ade OR abie interrupt outputs or Cﬂ I oe
O:Ps. ara 4 compact 242, 04 w02 * Maximum data transfer: 1X — 1MBisec, anp 1 [75) nemn
s 114 16X — 125KBisec
* AuJtomatic wake-up mode tor muitidgrop
appiications p
* Stsrt-end break interruptstatus = 3 40
* Dotects break which originales n the a ﬁ % vee
m:ddle of a character a ‘-_'j b cen
« On-chip crystai oscillator e ﬁ [ weser
e TTL compatibie Rom é Lwctr
¢ Single + 5V power supply nxos [+ L) Rxbd
TX08 "_,‘1 T, ™0a
ot 7] I°T oo
o1 7] E ]
05 73] 5 o4
o7 I [T oe
GNo 7] [T mran
TOP VIEWS
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIE;——

BLOCK DIAGRAM

-
[
| o
TRANSMIT
HOLDING REC
TaDa
TRANSMIT
SHIFY REGISTER
OPERATION
Ao CONTAOL

RECEIVE
waN HOLDING REC

ADDRESS o
CEN —e e DECOD! | DC_—_____:> Aeda
RECENE

i

4
AOAY 4 — [T AN V14
RESC R'W CONTRO,
A——————
MRAYQ
cha
SR
INTERRUPY
CONTROL N S S
—_——
NTAN o K:_ K:_——) CHANNEL 8 108
(AS ABOVE) {o——————— .08
1SR + t
: :
R
2 INPUY PORY
i H
gl o™ 2 CHANGE OF
£z 3 STATE 7
TIMING FI ] - DETECTORS 14 e 190 19g
© =t -
v 1 X
BAUD RATE H 3
GENERATOH : ; PoR ‘
B e ———
e aCk
P
ciocr :
SELECIORS Py
I ! QT BT
COuNTER i PUNZ IO
TIMER " H bl'.‘l\ v
N N 1OG o —— 0P 0P
XV G e e ! : PPy |
X14. OS¢ i . or: ;
X ¢ A reme———— { ) ~ CFi t
CShi
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CSRE v
-
AC D R Y W) ¥
cruP i
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U
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Appendix H

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

PIN DESIGNATION

APPLICABLE
MNENMONIC TYPE NAME AND FUNCTION
©0 28|
00-D7 X X X 1O | Dats Bus: Biarractional 3-state Gata bus used to transter commanas, data and status between

! the DUART ana the CPU. DO 1s the teast significant bit.

i

‘ CEN X X X i Chip Enabie: Active low input 3:gnal. When low, cata transters petween the CPU and the

X DUART are enadbled on D0-D7 as controited by the WRN, RDN and AQ-A3J inputs. When high.

! Diacas the DO-D7? lines in the J-state condition.

! WRN X X 4 | l Write Strobe: Whan 1ow and CEN 13 2130 1ow, the contents of the data bus is ioaded into the

! adoreased register. The transter cccurs on the nsing 8age of the signal.
t
RON X X X | ! Reac Strobe: When low and CEN 18 2130 10w, cCauses the contents of the addressed register to|
be presented on the data bus. The read cycls begins on the talling edge of RDN.
AO-A3 : X X X t 1 Addrass inputs: Select the DUART internal registers and ports for read/write oparations.
RESET { X X 1 Reset: A righ iuvel clears internal registers (SRA, SRB, MR, ISR, OPR, OPCR), puts OPO-OP?
.m the high state, stops the counteritimer, and puts cnannels A and B in the inactive state,
lmtn the TxOA ang TxDB outputs in the mark (high) state.
1 INTRN X X X O !interrupt Request: Active low, open 3rain. output which signais the CPU that one of more of
1 the eight maskable interrupting conditions are truse.
XCLK 1 X X | X { {Crysu( 1: Crystal or exiernal clock mput. A crystal or clock of the specified mits must be

H | ! supplied at ail times. Wnen a crystal is used, a capacitor must be connected trom this pin to

! ground {see ligure 5).

; X2 X X [o] Crystal 2: Connection tor other side of the crystal. Should bs connacted to ground it a

crystal 1s not used. When a-crystal is used, a capacitor must be connected from this pin to
ground (see figura 5)

! RxDA X X X ' Channel A Receiver Seris! Data Input: The isast signiticant bit 1s received tirst. "Mark’ is high,

l ‘Space’ 1 low, .

I RxDB X X X ! Channel B Receiver Serisi Data input: The least significant bit i3 received first. "Mark’ is high. |’

i ‘Space’ 1s low.

1

i TxDA X X X (o] Channel A Transmitter Seria! Data Output: The ieas! significant bit is transmutted tirst. This

{ output 1S held :n the ‘mark’ condition when tre (ransmitter is disabled, idie, or when operat-

H ;NG in local ioopback mode. "Mark’ 8 Mgh, 'space’ 1s low.

} . .

; TxDB X X 1 X (o] Chaannel 8 Transmitter Seriat Data Output: Tha least signiticant dit is transmitted tirst. This

i ! gutput 18 held 1n the ‘mark’ congiion when the transmitter 1s disabled, 10le, Or when operat:
| ;mg 1 iocal 100gtack moge. *Mark’ 1s high, space’ is low.

i OPO X X l o ‘ Output 0: Generai purpose output. or channel A reques! to send (RTSAN, active low). Can be

| i . Jeactivaied on receive or transmi

g oP1 X X © , Output 1: General puroase output. or chanrel B request 10 send (RTSBN. active icw). Can be

; | : . geactvated on -eceive of lransmit

' ! :

; or2 X ! O | Quiput 2. Ganeral purpose output, Or channsl A transmitter 1X or 16X clock output. or chan

] ! {ne! 4 recewer 1X Clock output.

| OoP3 X ! O 1 Output 3: General purpose oulput, Or Spen drain. aclive low counter/timer qutput, or channet!

S f B transmutier 1X clock cutput, or channel B recaiver 1X clock outpul.

OPa X Q Qutpul 4: General purpose output, of Channe! A apen orain, active low, RxRDYA/FFULLA out-
put.

ors X (o] Output 5: General purpose output, or channel B open drain, active low, RxROYBIFFULLB out.
put.

[ oPs X Q | Output & General purpose oulput. of Channal A open drain, active low. TxROYA output.
orP? X o] Output 7: General purpose outpul, or channel B open drain. active low, TxRDY8 output
1P0 X i input 0: General purpose input, or channel! A clear to send active low input (CTSAN).

P X % | input 1: General purpose nput. or channel B ciear to send active iow input (CTSBN).
P2 X X | input 2: Generai purpose inpul, Or Sounterimer extarnal ciock mput.
P3 X i Input 3: General purpose Input, or channel A transruttec external ctack input (TxCA). When
the externai clock 18 used by the transmutter, the ttansmitied data 1a CIOCKSC On the 1alling
| egQe of the ciock.

Signetica

2681 DUART Device Specificationa
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Appendix H

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SCN2684 SERIES

PIN DESIGNATION (Continued)

- APPLICABLE
IMNEMONIC TYPE NAME AND FUNCTION
40 | 28 | 24

P4 X | input &: General purpose input, or channel A receiver externai ciock input (RxCA) When the
external Clock is used Dy the receiver. the receivec Cata 1S sampleo on the nsing edage ot the
clock.

1P X | Input 5: General purpose input, or channel B transmitier externai clock input (TxCB) When
the external clock s usel by the transmitter, the fransmitied data 1S clocxec on the faling
edge of the clock.

IP6 X ! Input 8: General purpose input or channel B receiver externa! clock input :RxCB) When the
externai clock 1s used by the receiver the received data 1s sampled on the nsing odg.: ot the:
clock.

Vee X t Power Supply: + 5V supply irput

GND X X X l Ground

BLOCK DIAGRAM

The 2681 DUART consists of the foliowing
eight major seclions. cata bus butfer,
operation control, interrupl contro. tim.
ing. communications channe!s A andg B in-
put port and output port. Refer to the
block diagram.

Data Bus Buffer

The oata bus butter provioes the intertace
between the external and internai data
busses. it is controiied by the operation
control block to aliow read ang wrie
operations to take place between the con-.
troling CPU ana the DUART

Operation Contro!

The operation contiol logic receives
operation commands from the CPU arg
penerates acpropriate signals to nterna'
sections to contro! oevice operaton. It
conta'ns adoress gecoding and reac anc
WIte CIFCUILS 10 permit communicalions
witt the misroprocessor via the oata pus
butter

interrupt Control

A single active low intertupt output
(INTRN) is provided which i1s activates
upon the occurence 0! any of eignt inter-
nai events. Associateo with the interiup?
system are the mnierrup! mask register
(IMR) and the interrupt status register
(1SR). The IMR may be programmed 1o
seiect cnly certain conoitions 10 Cause
INTRN to be asserted. The ISP can pe reac
by the CPU to determine a:i currently ac-
lLive interrupting conditions

Qutputs OP3-OP7 can be programmec ¢
Provige discrete interrupt outlputs 107 the
transmiters, receivers, ang COunte  'imer

Timing Circuits

The timing block consists ©! a crysta!
oscillator. a baugd rate gensrator a pro
grammapie 16-r1t counter/imer. and tour
clock seiectors The crystal osciiator
operates directly from a 3.6864MH2 crys
tal connected across the X1/CLK and X2
inputs. It an externai clock of the aprrop!-
ate frequency is availabie. it may De con-
nectled to X1/CLK. The clock serves as the
basic timing reterence for the baud rate
penerator (BRG), the counterumer, and
other imernal circuits A clock signal
withifi the nmits specitied n the specitica
twons section of ttus data sheet must
aiways be supphed tc the DUART

The baud rate generator operates {rom the
0sciilator or externa’ CloCk tnpu’ &nc 1S
capabie ot generat:ng 18 commoniy usec
gata communicaticns baud rates ranging
trom 50 t2 36 4K baug The clock outputs
from the BRG are at 16X the actual baud
rate. The counter/ime; can bé used as @
timer 1c grocuce a 16x ctock tor ar.y other
hauC rate by COUNUNE OOwWN the Crysta!
ctock cr an externs’ cwcr The tour clore
seleciory 3ltow tne indepengent sclectin
for each receiver and transmitter cf any o!
{nese Dauo rates Or an external LNuNg Sig-
nai

The countertimer {C7: car be grogram
megd 10 use one of several! ming sources
as s inpu' The gutp.t o' tne &7 s avai-
abte 1C tne ClOCK SeIeCtors 613 La™ alsC OF
programmed 10 be outiut at OPJ in the
coumer mooe. the contents of the T/ can
be read by the CPU anc it can be stopper
ang started unger grogram control. in the
timer moge the C/T acts as & propram
mabie 0vige’

Signetics 2681 DUART Device Specifications

Communications Channeis
A and B

Each communicauons charnel of the 2651
comprises a {ul- qupiex asynchronous re-
ceiver/transmitter (UART) The operating
trequency for each receiver ang transmit-
1er can be seieClec ndepengcntlly trom
the baJuo rate yeneralce. the counte: imer,
or trom an externat input.

The transmiiter accepts para!ie! data trom
the CPU converts it to & seria b stream.
1nserts the appropriate start s:¢p and ¢p
tional panty bits anc OuUipUlS & com’ cs.te
sena: strearn ot gata on the TxD ouiput
pir ibhe rece:ver accepls s€na Jala on
the RxD pin, corverie true setia nput Ic
para'.e! tormat crecws for sia‘t p.t. stop
bit. parity oIt o1' any, or break condite r
and tenc: an assemb.es chaatte’ 10 the
cry

input Port

The snputs t1c this unt2iches 7-0 L 5ot can
be read Uy tne CFU T, pestorm 2 a 123
operaticn ¢l a2 st Dy ARG mLut re
SLite e il 01wtk a 104 INDUt resUilS
imaiog . 0 0. wi aina,s be read 3z a
logie T The ;. ms UF Thig [inet 830 818D Serve
as aux'i@ry oL 5 16 Coriat portions of
the DUART oL

Four chanje-cl-Sta'e 0e'e'C’s a'e pri
VideL wWhiCh are assoliaied wein Inputs
B2 1PE tP1 anc 1P A NGtz dlw of low
to-nigh tranc.tior. of these mLuts lasting
t=nger 1t an 25-50,5 wil set the corre- N
SHOUSIING Ll 10 the 1RDy PO w L Thange
register The Dite arg Clzare” woen 0
rec:ster e rez0 0y U CL0 An, changeo!
&'21€ CAN a8 bLE ProgrammMes 1l generate
anamestun 1o the CRY

Page H-4



Multi Slave Product Reference Manual Appendix H

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

Output Port

The 8-bit multi-purpose output s0rt can be
used as a general purpose ouldDut port, in
which case the outlpuls are the comple-
ments cf the output port register (OPR).
OPR[n} = 1 resuits in OP{n] = low and vice-
versz. Bits of the OPR can be incividually
se! and resat. A bit1s set by performing a
write operat:on at address E.g with the ac-
companying 3ita specitying the bits 1o be
set (1 = set, 0 =no charge). Likewise, a Dit
1S reset Dy a write at address F.g with the
accompanying data specitying the bits 10
be reset (1 = reset. O = no change).

Outputs zan be aiso IndiviCuaily assigned
specitic funcuions by appropnate pro-
gramming of the channel A mode reg:sters
iMR1A. MR2A}, the channel B moae regis-
ters {(MR1B. MR2B, and the output port
conf:gurancn register IOPCR)

OPERATION

Transmitter

The 2681 is congditioned to transmit data
when the transmitter is enableg through
the command register. The 2681 indicates
to the CPU that 1t 1s ready to accept a
character by setting the TxRDY bit in the
status register. This condition can be pro-
grammed to generate an interrupt request
at OPS or OP7 and INTRN. When a charac-
ter is ioaged 1n1o the transmit holding reg-
ister (THR), the above conditions are
negated. Data 13 transferred trom the n:ig-
g reQister 1o the transmit shitt register
when it is 1dle Or has completed transms-
310N ot the previous character. The TxRDY
conaiions are then asserted again which
means one fuli character ime of buftenng
18 proviged Characters cannot be loaded
1nto the THR whiie the transmitter 1s dis-
abied.

The transmitter converts the parailel data
trom the CPU to a serial bit stream on the
TxD output pin. 11 automatically sends a
start bit followed by the programmed
number of data bits, an optional parity bit,
and the programmed number of 5top bits.
The teast significant bit is sent first. Foi-
lowing the transmission of the stop bits, if
3 new Character is not availabie in the
THR, the TxD output ramains high and the
TxEMT Bt in the status register (SR) will
be set 10 1. Transmission resumes and the
TxEMT bit 1s cisared when the CPU loads a
new character into the THR It the trans-
mitter i3 disadbled, it continues operating
until the character currently being trans.
mitied 18 compietely sent cut. The trans-
mitter can be torced to send a continuous

low congition Dy iSSuINg & send break
commandg.

Thne transmutter can be reset through a
sotiware command. It it 1S reset, operation
ceases /mmediately and the transmitter
must be enabied through the commang
register betore resuming operation. 1t CTS
cperation is enatied, the CTSN input must
be !ow 1n order tor the character 0 be
transmitied. 1t 1t goes high in the middie of
a transmussion, the character in the shift
reqister ts transmitteo and TxDA then re-
mains in the marking state untit CTSN
qoes iow. The transmiiter can aiso control
the aeactivation of (re RTSN output. It
programmed, the RTSN output will be re-
set on2 bit time atter the character in the
transmut shitt register and transmit hold-
ing register (it any) are compietely trans.
mitted, f the transmiiter has been dis-
abled.

Receiver

The 2681 is conditioned to receive data
when enabied through the command reg-
1ster. The recewer looks for a high 1o low
(mark to space) transition of the start bit
on the RxD input pin. If a transition is ce-
tected, the state of the RxD pin 1s sampled
2ach 16X clock tor 7-1/2 clocks {16X clock
mode) or at the next nsing sdge of the bit
1:me clock (1X ciock mode). If RxD s
sampied high, the start dit is invaiid ang
tne search for a vahd start bit begins
again. It RxD is still iow, a valid stan tit 1s
assumed and the receiver continues to
sample the 1nput at one dit time intervals
at tre theoreticai center of the bit, until
the proper number of data bits and the
carnty bit tif any) have been assembied,
and one stop bit has been detected. The
least sig:hicant bit is received tirst. The
gata s then transterred to the receive
hotding register (RHR) ana the RxRDY bit
tn the SR 1s set to a 1 This condition can
De crogrammed to generate an interrupt at
OP4 or OP5 and INTRN. It the character
length s tess than eight bits, the most
signiticant unused dDits in the RHRA are set
to zers

Atter the stop bit 1s detected, the receiver
will immediateiy look tor the next star bat.
However, it a noN-28ro0 Character was re-
ceived without a stop bit {{raming error)
and RxD remains low for one hait ot the bit
penod after the stop Dit was sampied,
then the receiver operates as it a new start
bit transition had been Jetected at that
point (one-hait bit time atter the s10p bit
was sampied).

The parity error, framing error, overrun er-
rOof angd received break state (f any) are

Signetica 2681 DUART Device Specifications

strobed into the SR at the receved charac-
ter boundary, betore the RaRDY status bit
15 set. {f a break condition s Jdetected
(RxD 1s iow tor the enure character in-
cluging the stop bit), a character con-
sisting of all zeros will be tcaded Into the
RHR and the received break bit in the SR
1S set 10 1. The RxD input must returnto a
h:gh conaition for at ieast one-halt bit time
betore a search for the next start bit
begins.

The RHR consists of a tirstan-lirst-out
(FIFQ) stack with a capacity of three char-
acters. Data 1s !vaded trom the recewve
shift register into the topmost empty poss-
tion ot the FIFO. The RxRDY bit in the
status register 1S set whenever one or
more characiers are avalable to be read,
anag a FFULL status bit 1s set tf all three
stack positions are filied with data. Either
of these bits can be selected 10 cause an
interrupt. A read of the RHR outputs the
data at the top ot the FIFQ. Atter the read
Cycle, the aata FIFO and its associated
Status DiIts (see Deiow) are ‘popped’ thus
emptying a FIFQO position for new Jata.

in adagition to the data word, thiee status
bits (panty error, framing error, and re-
ceived break) are also appended to each
data character :n the FIFO (overrun is not).
Status can be provided n 1wo ways, as
programmaed by the 8rror mode control tit
In the mode register. in the character'
mode, status 1S proviced on a cCharacter-
by-character basis: the status appiies only
to the cnaracter at the top of the FiFQ. In
the ‘Dlock’ mode. the status proviged in
the SR for these three bits is the iogical
OR ot tre status tor all characters coming
to the 1op of the FIFO since the last reset
error’ command was ssued. in either
mode reading the SR does not at*act the
FIFQ. The FIFO 1s ‘popped’ only when the
RHA 13 read. Theretore the status register
snouid be read prior to reading the FIFO.

it the FIFO is full when a new character is
received. that character is heid in the re-
ceve shitt register untyl 2 FIFO position i1s
avaiiable. If an additional character is re-
ceived whiie this state axits, the contents
of the FIFQ are not attected: the character
praviously in the shitt register 15 lost and
the overrun error status bit (SR[4)) wtil De
sel upon receipt of the start bit ot the new
(overruning) character,

The receiver can contro! the deactivation
of RTS {f programmed to operate in this
mode, the RTSN output wiil be negated
when a vaiid start bit was received and the
FIFO s tuil. Wnen a FIFQ position be-
comes availabie, the RTSN output will be
re-asserted automatically. This feature
can be used to prevent an overrun, In the
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receiver, by connecting the RTSN output
to the CTSN input of the transmitting
gevice.

If the receiver is tisabled, the FIFO char-
acters can be read. However, ho additional
characters can be received untit the re.
ceiver is enabied again. If the receiver 1s
reset, the FIFO ang ail of the receiver
status, and the corresponding output
ports ang interrypt are reset. No addsw
nona! characters can De received untii the
receiver is enabied again.

Multidrop Mode

The DUART 15 equipped with a wake up
mode usec for muitidrop applications
Trus mode is selected by programming
bits MR1A[4:3] or MR1B|4.3] to '11° for
channels A and B respectively In this
mode ©f operation. a ‘mastier station
transmits an adaress character foliowed
by data characters tor the adaressec
‘siave’ station. The siave stations, wir
receivers that are normally disabled. ex-
amine {he received data strearn and ‘'wake-
up’ the CPU (by setting RxRDY) oniy upon
receip! of an agdress character. The CPU
compares the received address 10 1ts sta-
uon agoress angd enables the recewver it n
wishes {0 receive the subsequent data
characters. Upor receipt of another ag-
gress characier. the CPU may tisabie the
receiver to initiate the process again.

A transmitted character consists of a sta~t
bit, the programmec number c' gata bits,
an agdress/gata (A/D) pit. and the pro-
grammed rnumber of stop bits. The polarity
of the transmitted A/D bit 1s selecied by
the CPU by programming bit MRIA[2}
MR1B[2]. MR1A[2)/MR1B{2] = 0 transrmuts a
zeso n the A/D bit posiion. which den-
tihes the corresponging cata bits as data
white MRI1A[2VMR1B{2]= 1 transmits &
one in the A/D bit posttion. which igent-
fies the corresponding daia biis as an ac
oress The CPU should program the moar
register pnortoloag:ng the corresganoing
gata bits tnto the THR

It thiz mogde. the recewver CORULNUOUS!Hy
I00KS a1 the received @ata stream. whetne-
11 1S enarlec Or cisablec If thsapiel 1
sets the RxRDY status bt and loags the
characier into the FrP FIFO it the re
cewved A'D Uil 15 a one (agdress ta3:. but
Qiscargs the recewes character ¢ thi
recewved A/D D1t 1s a zero (Qata tag!. !!
enabled, ali receved characters are trans
terred to the CPU via the RHR. tn either
case. {ne dala bits are Ioagecs Into the Gata
FIFO whiie the A/D bt 1s loadec 1m0 the
status FIFC poswton normally used o
panty error (SRA[D! or SRBIS). Framing
error Jvecyn erecr and Drear geles! Ope-

81e normally whether or nut the receiver s
enabieg

PROGRAMMING

The operation of the DUART is program-
med by wriling contrcl words tnto the ap-
propnate registers. Operational feegback
s provided via staius registers which can
be read by the CPU. The adaressing of the
registers 1s described n table 1.

The contents of certain control registers
are nahized to zero on AESET. Care
shoutd be exercised if the contents of a
regisier are changed dunng operation,
since certain changes may cause opera-
tiona! probiems. For exampie, changing
the number ot Dits per character while the
transm:t1er s active may cause the trans.
mission ©f an incorrect character in gen-
eral, the contents of the MR, the CSR, and
the OPCR should onty be changed while
the receiver(s) ang transmitteris) are not
enabled. and certain changes 1o the ACR
should oniy be madge white the C/T s
stopped

Mode registers 1 and 2 of each channel are
acCcesses via inoependent auxihiary point-
ers The pointer 1s set to MR1x by RESET
or by 1ssuing a ‘reset pointer’ command
via the correspongding commanad register
Any read or write of the mode register
while the pointer is at MR1x switches the
pointer 1o MR2x. The pointer then rema:ns
at MR2x, so that subsequent accesses are
aiways to MR2x uniess the pointer is reset
tc MR1x as gescrnibec above

Mode. command, clock select anl siatus
registers are guplicated for each channel
to provige total ngependent operahion
and control. Retertotable 2 for register Bl
gescr:ptions

MR1A — Channel A Mode
Register 1

MR1A s accessed when the channei A MR
pointer points 1o MR1. The pointer 15 set
10 MR1 by RESET or by a ‘set nointer' com-
mand applied via CRA. Atter reading or
wrniting MR1A, the potnter will point to
MR2A.

MR1A[7] — Channe! A Receiver Request-
to-Sendg Control — This tit controls the
deactivation of the RTSAN output (OPO) by
the receiver. This output 15 normally
asseried by setting OPR{0} ana negated by
resetting OPRI[0]. MR1IA[7]=1 causes
RTSAN to be negated upor receipt of a
valig start bit i the channel A FIFO s full.
However. OPR[0] is not reset ang RTSAN
will be asserted aga:n when an empty
FIFO posnwn s available. This feature
can be used tot flow controi 10 prevent
overrun N the receiver by using the
RTSAN output signal to controi the CTSN
input of the transmitting devece.

MR1A[6] — Channel A Recseiver interrupt
Seiect — This Dit selects either the chan:
ne' A receiver ready status (RXRDY) or the
channel A FIFO full status (FFULL) to be
used tor CPU interrupts. It also Causes the
selected bit to be output on OPZ if it is
programmed as an interrupt output via the
OPCR

MRIA[5] — Channei A Error Mode Ssiect
~— Trus bit selects the operating mode of
the three FIFQOed status bits (FE. PE. re-
ceived break) for channe: A, In the ‘charac-
ter moge, status 1s provided on a charac-
ter-by-character bas:s: the status appi:es
oniy to the character at the oo of the
FIFO tr the 'biockh’ mode. the status pro-
vided ir the SR for these bits :5 the ac-

Table 1 2681 REGISTER ADDRESSING
T A31A20 A1 [AD READ (RON =0) WRITE (WRN = 0 !
Ce , 0 ‘ {0 | MooeRegister A (MR1A. MR24) i Mooe Register A (MR1A MR2A4, ;
010,01 {Status Register A (SRA; ’I Clock Seiect Reg A (CSRA: :
C G, 110 | Reserveq’ ' Commano Register A (CR& ;
01T 1 {1 i RX Howding Register A (RHRA) . Tx Holoing Registe” A (ThRA,
| 0 :1. 0,0 |ingut Port Change Reg (IPCR} | Aux Control Regrster (ACR: !
¢'ii0 } 1 | interrupt Staius Reg (ISR | interrupt Mas» Reg. IMR, :
¢ 1 310 | CounterTimer Upper (CTL! [ CT Upper Register (CTUR !
S0t 1l ) CounterTimer Lower (CTL) ' C7T Lower Register (CTLR i
' 110100 | MooeRegister B(MR1E MR2B. | Mode Register B (MR1B M32B;
w1004 |satus Register B (SRB: | Ciock Select Reg. B (CSRS :
10 1. ¢ | *Reserved* i Command Register B (CRE: ,
Srle i r 1| RX Holding Register B (RHRB: ! TX moig:ng Register B (THRB,
P v P 0 i 0 ) TReserved® | "Reservec” !
P10 | Inpat Pan i Output Port Cont Reg (OPCRI .
P . ‘ ' | Start Counter Comma- 2 | Ses Output Port Bits Commans
o1 J N Stor Counter Commanc l Reset Ouiput Port Bins Commanc -
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Table 2 REGISTER BIT FORMATS (Continued)

»iT? BITe BITS BiT4 »IT3 B2 B Bimo
INPUT
DELTA RxRDY/ COUNTER DELTA RxRDY!
PORT TXROYS TxRDYA
. CHANGE BREAK B FFULLB READY BREAK A FFULLA
O=no O=no O=no O=no O=no O=no O=no O=no
1=yes 1=yes 1= yes 1= yes 1= yes = yes 1= yes i=yos
BIT? BITE BITS BITa BITa 8Tz BITY B0
IN. PORT DELTA RxRDY/ COUNTER DELTA RaRDY;
CHANGE | BREAK B FFULLB TeRove READY BREAK A FFULLA TxROYA
R INT INT INT INT INT INT INT
O=off 0= off 0= off O=of!f 0= oft O = off O=off O=off
i=on 1= 0n iz on 1= o0n 1i=o0on 1= on i=o0n imon
a7 BITS BITS BIT4 BIT3 BIT2 B )
cms) e cmia) cmiz ) cpo) crm) cme
CTUR
a7 BITE BITS BiT4 BITa BIT2 BIT1 8iTo
o CIT6] cs) cmia) cm) cmz2l cm) cT)
CTLR

cumuliation (logical OR) of the status for
all characters coming to the top of the
FIFO since the iast ‘rese! error command
tor channe! A was issued.

MR1A[4:3] — Channel A Parity Mode
Select — 1t ‘with parity’ or ‘force parnty’ is
selecied, a parity bit is added to the trans-
mitted character and the receiver per-
forms a parity check on incoming data.
MR1A[(4:.3]= 11 selects channel A 1o oper-
ate In the speCial mulhidrop mode de-
8cribed in the Operation section

MR1A{2] — Channel A Parity Type Select
- This Dit selects the parity type (cGO of
even) if the ‘with parily mcde 1s program-
med by MR1A[4:3], and the polanty of the
forceo parity bit if the ‘force parity’ mode
is programmed. it has no eftect if the 'no
party’ mode 1s programmed. In the special
multidrof mode it selects the polarity of
the A/D drt.

MR1A]1:0] — Channel A Bits per Character
Select — This fieid selects the numnber of
oata bits per character to be transmitted
and received. The character iengtn gdoes
not include the starl, parity. and Stop Dits

Signetics 2681 DUART Device Specifications

MR2A — Channel A Mode
Register 2

MR2A is accessed when the channel A MR
pointer points to MR2, which occurs after
any access t0 MR1A. Accesses to MR2A
do not change the pointer.

MR2A[7:8] ~ Ch | A Mode Sel -
Each cnanne! of the DUART can operate ir
one of four modes MR2A(7:6)= 00 is the
normal mode. with the transmitter ang re
ceiver operating independently. MR2A[7:6]
=01 piaces the channet in the automatic
cchc mode. which automatically retrans
miuts the received data. The loliowing con:
dions are true while 1n gutomanuc echo
mode:

1. Received date 15 reciocked and retrans:
mitted or the TxDA output

2. The receive cioCk 1S usea for the trans.
fmitter.

3. The receive: must be enabied. but the
transmitter need not be enadbied

4. The charnei A TxRDY and TxEMT
status Dits are INactive

5. The received parity 1S checked, but s
not regenerated 1or transmission. e,
trangmitted parity bit 1€ &8s received

6. Character traming 18 checked, but the
S10p Dits are retransmitted as received.

7 A received break is echoed as recerved
until the next vahad stan bit is detected

8. CPU to receiver communication contin-
ues normatly, but the CPU to transma-
ter ink is disabled.

Two diagnostic Modes can aiso be conhyg-

ured. MR2A[7:6}= 10 seiects 0cai 100D

bacx moge In this mode:

1. The transmitter outpy! S nternatlly
connecter to the recewver input.

2 The transmil clock. is used for the re:

Cervel

Tre TxD4 output 15 hetd hegt.

The RaDA input 15 19n0%ed

The transmitter must be enabled, but

the rece:ver need not be enadied.

6. CPU to transmitter and rece-ver com-
munICalIONs continue NorMa!’,

[ I A

The secons 01aGNOSHIC MOJe 1S the remste

ioapbac mode. seiectec by MR2ZA7:6; =

11. in ths mode

1 Received 0aid 1s 1elocked ang retra:.
mitted on the TaDA output

2. The receive C10Zr 1S uSed 1Of the trang
mitter
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3. Received cata 1s not sent to 1he local
CPU, and the error staius conditions
are inactwve.

4. The received parity 1S not checked and
IS not regenerated for transrmission,
1., transmitted panty Cit is as re-
cerved.

§. Tre receiver must be enabled.

6. Characer traming 15 not checked, and
the s10p DS are retransmitted as re-
ceived

7. A received Creak 1s echced as received
untic the neat vahi@ start it :s gtectad

The user mus!t exercise care when swich.
NG 1Nto and out Ot the various mcaes The
seiected mcce will be activateg immeudr-
ately upon moge selection, even if this oc-
Curs 'n the m gdle ot a received of trans.
mitted character. Likewise, i a mede 1s de-
seiected, the device will switch out ot the
mogde mmediately An exception 10 this s
swiching out ot autoecno or remocte i0op-
back mogdes. it the de-setecuon occurs
just atter the receiver nas sampled the
stop bit (indicated in autoecho by asser-
tion of RxRDY). and tne transmitier is
enabled. the transmitter wil remain (n
autoecho moae until the 2ntre Stop Dt
has Deen rerransmitted.

MR2A[5) ~ Channel A Transmitter Re-
Quest-to-Send Control — This bit controls
the ceactivation of the RTSAN output
(OPD) by the transmitter This output 1s
norma.iy asserted by setting OPR[O] and
negated by resetting QPR{0] MR2A[S}= 1
causes OPRID] to be reset automat:ically
one Lil 1me after the characters 'n the
ghannel A transmit shaft reqQister and In
the THR, it any, are completeiy sransmit-
ted. «ncluding 1he srogrammed number of
Stop bits. it the transmatier i not enabled
This feature tan be used 10 aulomatcally
lerminrate the transm:ssion of a messdge
as fotlows

. Program auto-reset mode: MR2A(S|= 1.
. Erabie transmitter

. Assert RTSAN: OPR[0] =

Send message

;e W

Di.sable transmitter atier the iast char-
acter s l0aded 1nto the chanrei A THR.
6. The last cnaracter will bDe transmitted
ano OPRI[0] wui be reset one DIt time
atfter the 'ast stop bit, causing RTSAN
10 De negateq,

MR2A[4] — Channe! A Clearto-Send Con-
trol — 11 trus pit1s 0, CTSAN ras no ettect
on the transmitter 1t this DIt 15 a 1, the
transmitter checks the state of CTSAN

{1P0) each time it :s ready to send a charac-
ter. 11 IPO is asserted (low), the character s
transmitted. It 1t 13 negated (high), the
TxDA output remains in the marking state
and the transmission 15 detayed until
CTSAN goes low. Changes «n CTSAN
while 3 character s being transmitied go
not attect the transmission of that charac-
ter,

MR2A[3:0] — Channei A Stop Bit Length
Select — This fieid programs the length of
tne stop Dit appended to the transmitted
character. Stop bit lengths of 8/16 te 1 ang
1.3/16 16 2 bus. in increments of 1116 pit,
can be programmed for character lengths
ot 6.7 and 8 bits. For a character tength of
5 Lits, 1116 10 2 stop bits can dbe pro-
grammed inincrements ¢t 1135 bit. The re-
ceiver orly checks tor a ‘'mark’ condition
at the center of the first stop bit position
(crre bit time atter the last data bit, or atter
1re par:ity bit it panity 1s enabied) «n ali
cases

11 an external 1X cloCk 15 used for the
transmitter, MR2A[3] = O seiects one stop
bit and MR2A[3]= 1 selects two siop Dits
10 te transmitted

MR1B — Channel B Mode
Register 1

MR1B 15 accessed when the chanrel B MR
pointer points 10 MR1. The pointer 15 set
to MR1 by RESET or by a 'setpoin‘er com-
mand apphed via CRB. Aher reading or
~rting MRIB. the pointer will point to
MAa28

The o defimuions tor this rggister are
.denncal to the bit getininons lor MR1A,
2xcapt that ali controi act:ons apply to the
cnannel B receiver and transmitter and the
Zorresponging tNputs and outpuls.

MR28 — Channet 8 Mode
Register 2

*AR2B 1s accessec when the channei B MR
pointer coints 1o MR2, which occurs atter
3ny access 16 MR1B. Accesses (0 MR2B
40 NOt change 'he pointer

Tne ot detimiticns tor this register are
:3eN1ICal 1o the bit defimtions tor MR2A,
except that ait controt actions apply !¢ the
channe! B receiver and transmiter and the
COrresponding INpuls and Qutputs.

CSRA ~ Channei A Clock Select
Register

CSRA[7:4) — Channse! A Receiver Clock
Select — This Hielo selects the baud rate

CioCk tor the channet A recesver as toi-
lows:

Signetica 2681 DUART Device Specifications

Baud Rate

CLOCK = 3.6864MH2
CSRA[7:4) ACR(TI=0 ACR[N=1
0000 50 75
6 v 0 110 110
0010 1345 1345
30 11 200 150
0100 300 300
0101t 600 600
¢ 110 1.200 1.200
01 11 1.050 2.000
1000 2.400 2.400
1.6 01 4 300 4 800
1010 7.200 1,800
10 11 9,600 9.600
1100 38 4K 19.2K
Tt 101 Tumner Timer
t 1 10 1P4 16X IP4~— 186X
11 11 IP4—1X Pa—1X

The receiver clock 1s aiways a 16X ¢lock
except for CSRA[7:4) = 1111,

CSRA[3:0) — Channel A Transmitter Clock
Select — Thus helo seiects the baud rate
ciock tor the channe! A transmitter. The
freld defimition 1s as per CSRA{7:4} except
as toltows:

8aud Rate
CSRA[{3:0] ACR[7]=0 ACR[?]=1
1110 1P3—16X 1P3— 16X
A T T | 1P3—1X tP3—1X

The transmitter clock s always a 18X
clock except tor CSRA[I:.0]= 1111

CSRB —~ Channel B Clock Select
Register

CSRB([7:4] — Channst B Receiver Ciock
Seiect — This tietd selects the baud rate
cinck tor the channe! B receiver The held
Jehinhon 15 as per CSRA(7 4) except as
foilows

Baud Rate
CSRB[7:4] ACR[7)=0 ACR[M =1
110 {P5— 16X 1P6—16X
[ I I 1P6 w1 X 1P6— X

Trne racewer clock 15 always a 16X ctock
aexcept for CSARB[7 4= 11N

CSRB[3:0] — Channel B Transmitter Ciock
Select — This hela selects the baud rate
clcek for the channet B transmitter. The
tigld getimtion 1s as per CSRA(7 4] except
as tolinws.

Baud Rate
CSRB[3:0] ACR[T}=0 ACRT}=1
T 11 0 IP5— 16X PH—- 16X
111t IP5—1X IPS5= 1X

The transmitter c:ock 1S always a 16X
ctock excep! for CSRB[I.0j= 1111
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CRA ~ Channel A Command
Register

CRA is a register used 10 supply com-
manos 10 channel A Multiple commands
can be specified in 8 single write 10 CRA
a8 iong a8 the commands are non-contiict-
ing. 0.0.. the ‘enable transmitier’ and
‘reset transmitter’ commands cannot be
specitiet in a single command word.

CRAN:4) - Ch [ A Misceli
Cemmands — The encoced vaiue of this
tield may be used to specity a single com:
mend as foliows:

CRAN:S,
600
001

COMMAND

No command.

Reset MR pointer. Causes the
channe! A MR pointer 1o point to
MR,

Rese! receiver. Resets the chan:
nel A receive: as it a hardware
reset had been appiied. The re-
ceiver is disabled ang the FIFO
is iushed.

Reset transmitter. Resets the
channel A transmitter as {f &
hardware reset had been ap
plhad.

Reset error sistus. Clears the
channel A Received Break, Par-
ity Ercor. Framing Error. and
Overrun Error pits in the statys
repister (SRA[7:4)). Useo in char
acter mode to clear OE status
(atthough RB. PE, and FE bus
wili alsc be cleareq) and in block
mode to clear all error status
atter a biock 0! Oata has been
received

Resat channe! A break change
interrupt Causes the channel A
break detect change bil in the in
terrupt status register {ISR{2) 10
be cleared tc zero

Stant bresk Forces the TXDA
output low (spacing! 1 the
tranamitier is smpiy the start ot
the bresk condition will be ae-
layed Lp 10 Iwo Dit times. It the
tranamitier is active the brear
begins wheniransmisson of the
characier 1s compieted. If a cha’
acter 13 in the THR, the start of
the broak will be Gelayes unti!
thst characte!, or any others
toadesd subsequentiy are trans-
mitted. The transmitter must be
enabled tor ttis command 10 be
sccepted.

Stop Breah The TXDA hire wui
QO hiph (Marking) within two bit

010

100

times. TXDA wilt remain high tor
one Dit time betore the nexi
character, if any, 15 transmitted.

CRAJ3) — Disabis Channe! A Tranamitter
~ This command terminaies transmitter
operation and resets the TxRDY ang
TxEMT status bits. However, it a character
is being transmitted or il a character is in
the THR when the transmitter is disabled,
the transmission of the character(s) is
compiated betore assuming the inactive
state

CRA[2] —~ Ensbie Channe! A Transmitter
— Enables operation of the channel A
transmitier. The TxRDY status bit will be
asserted

CRA]1} — Disabie Channe! A Receiver —
This command lerminates operation of
the receiver wmmediately — a character
being received will be lost. The commanad
has no effect on the recerver status bits o7
any other contro! registers. {f the special
mulitigrop mode is programmed. the re-
ceiver operates even if it 15 tisabled. See
Operation section.

CRAJ0} ~ Enabie Channs! A Receiver —
Enabies operation of the channe! A se-
cewver. if not 1in the speciai wakeup mode.
this also forces the recewer into the
search tor stari-bu state.

CRB — Channel B Command
Register

CRB 15 2 repister used 1o supply ¢com-
mands to channe: B Muuple commands
can be specitied in 8 single wnite to CRE
as 10nQ as the ComMmands are non-conflict:
ing e€g.  the ‘enable transmitter’ and
‘reset transmilter’ commangds cannot be
specil.ed 1n @ single commana word

The i1 definitiong 1o this register are
19entical 1o the bit gefinitions fcr CRA, ex-
cert that a'l control actions apgly 10 the
channe! B receiver anc transmitter and the
cofresponging 1nputls and oulputs

SRA — Chsanns! A Status
Register

SRA[{7] — Channel A Received Break —
This bit indicates that an aif zero character
o! the programmed iength has beer re
cewved without & stop bit. Only a single
FIFO position is occupied when & break 1s
receiveg jurther entnies 1o the FIFO ate in
hibited untit the RxDA une returns to the
marking state tor at least one-hall a bn
time (two successive edges ¢! the inernal
or external 1x C1OCK!}
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When this bit is sel, the channel A ‘change
in break’ bit in the ISR (ISR{2)) is set. ISRY2]
1S BiSO se! when the end of the break con-
dition, as defined above, is detectled.

The break oetect! circuitry can oOetect
breaks tha! ornginate in the miadie of a
received character. Mowever. «f a braak
begins in the middie of a Characier, it must
persist until at least the end of the next
Character ume in orger for it to be Oe-
tecied

SRA[8] — Channel A Framing Error — Tius
Dit, when set. ingicates that 3 S10p bit was
not detecied when the corresponoing oata
character in the FIFQO was recewved. The
S0P DIt check 1S Made in the Middie of the
111$1 310D bit pos:ion

SRA[S) — Channe!l A Parity Ervor — This
bit 1s set when the ‘'with parity’ or ‘force
parity’ mogde 1s programmed and the corre-
sponding character in the FIFO was re-
ceveg with INCorrect pacity.

In the special mMultigrop mMode the parity
error bit stores the received A/D bit.

SRA[4] — Channe! A Overrun Error = Thig
bit, when setl. incicates that one ot more
characiers in the recewved Oata stream
have bDeen (081 It is set upon recept of 3
new character when the FIFQ is full and a
character 15 afready in the receive shift
register waning for an empty FIFO pos:
ton. When this occuts, the character n
the receive shift register (and ns break
getect, panty error and feaming error
status. it any) 1 YOSt

This Dit 15 CieareZ Dy a ‘resel error status’
command.

SRA[3] — Channe! A Transmitter Empty
{TxEMTA) — This bi will be set when the
channe: A rans™ulter ungerruns. 1. . both
the transm:t hoizing register (YHR) and
the transna shuft register dre empty s
se' alter transmission of tne ast stop bit
0! 3 characie 1t no characters inthe THR
swaiting transmussion 1S reset when the
THR 1s joadel b, the CPU o' when the
transm:tter 15 gisabled

SRA[2) — Channe! A Transmitter Resdy
{TxRDYA) — Th:s D1t wher. se1, ingicates
that the THR 1s emply an0 ready 1o be
loaged with a character This Dit is Cleared
wher tne THR 15 l0aced Dy the CPU and s
sSel when the Character 15 transferrad to
the transmit sttt register. TxRDY 15 rese:
when the transmitter 1s g1Sadlec and 1s st
when the transmitter s first enadied, viz.,
characters loagec 1n1o the THR while the
transmirter 5 O'SADILD ws.. NDI De rANS.
mittec

Page H-10
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

SRA[1] — Channel A FIFO Full (FFULLA)
= This bit 1S Set when a character Is trans-
terrad trom the receive shitt register to the
receive FIFO and the transter causes :he
FIFQ 1o become full, 1., all three FIFC
positions are occupiec. i1 1s reset wher
tne CPy r2acs the RHR If a character s
waiting 1n the recawve shilt regisier oe-
cause the FIFQ 1s {ull, FFULL will not be
reset when the CPU reads the RHR

SRA{0] — Channe! A Receiver Ready
{RXROYA} — Thus bit indicates that a char-
cter nas neen received and is waung in
tne FIFO 10 te read by the CPU. It 15 set
~Nnen tne chardcter is transierred from the
receive shift register to tha FiFQ anag reset
~hen the CPU reads tne RNR, .t atter trus
read there are no more characters st .n
the F'FO

SRB — Channel B Status Register

Tie bit gefinitions tor this register are
identical to the bit definitions for SRA, ex-
cept that all status applies to the channel
B8 receiver and transmitter and the corre-
sponaing Nputs and outputs,

OPCR — Output Port Configur-
ation Register

OPCR[7] — OP7 Output Select — This dit
programs the OP7 output 10 provide one of
the tollowing:

~ The compliement of OPR[7]

— The channel B transmiter interrupt
output, which 18 the complement of
TxRDYB. When in this mode OP7 acts
as an open caoliecior outpul. Note that
tnis output 1$ not masked by the con:
tents of the IMR

OPCRI[6] — OP6 Output Select — Tr:s D1t
programs the OP6 outgut 10 provide one of
the tolicwng.

— The compiement of OPR[E]

— The channel A transmitter interrup!
Qutput. which 1S the compiement of
TxRZYA vinen i this moge OPS acts
as an open collector outpul. Note that
thes output 1s not masked Cy the con.
tents of *he IMR

OPCR(5] — OPS5 Output Se.sc. -— This bt
programs the OPS output to provide one of
tne toliowing

— The compiement of OPR(S)

— The cranne! B recewver interupt out-
put, whiCh (s the ccmpiement St ISR{S)
When in th:s moge CPS azis as an cpen
coliector cutput Note tRat this ouiput
18 rot macked Dy the contents of the
IMR.

OPCR[4] — OP4 Output Select — This bit
programs the OP4 output to provide one of
the tollowing:

— The complement ot OPR{4]

— The channe! A receivar interrypt out-
put, which is the complement ot 1SR[1)
When in this mode OP4 acts as an cpen
coliector output. Note that this ovtput
1S not masked by the contents of the
IMR.

OPCR[3:2) — OP3 Output Select — This
tield programs the OP3 output to provide
one of the following:

— Tne compiement nt OPR(3)

— The counter/imer qutpul. n which
case OP3 acts as an open collector out-
put In the timer mode, this output is a
square wave at the programmed fre-
quency In the counter mcde, the out-
put remains high unti termsnal count s
reached, at which time 1t goes iow. The
output returns to the high state when
the count.r 1S stopped by a stop
Sounter command. Note that this out-
pu. 1S not ma=ked by the contents of
the IMR.

— The 1X ciock for the channet B trans-
mitter, which is the clock that shifts the
transmitted data. If data s not being
transmutted. a free runming 1X clock s
output.

— Tne 1X ciock for the chanrel B recewer,
which ts the clock that sampies the
received data. It data is not being re-
ceived, a tree runming 1X clock 1s out-
put.

OPCRI[1:0] — OP2 Output Select — This
nietd programs the OP2 output to provide
one of the foliowing:

— Tne complement of OPR(2]

— The 16X clock ‘or the cnannei A trans.
wutter. This is the Clock Seiected by
CSRA{3:0], and wil De a 1X clock if
C3RA[3:0}=1111.

— The 1X clock tor the channei A trans-
mitter, which 1s the clock that shitts the
transmitted data. It data 1S not being
transmitted, a free running 1X clock 18
output.

— Tnhe 1X clock for the channel A receiver,
wnich 1s the clock that samples the
received data. If data 1s not being re-
ceived. a tree running 1X clock 18 out-
put.

ACR — Auxiliary Control Register

ACR(7] — Baud Rate Generator Set Select
= This b1t salects one of two sets of baud
rates 1o be generated by the BRG:

Set 1: 50, 110, 134.5, 200, 300. 600, 1.05K,
1.2K, 2.4K, 48K, 72K, 96K, and
38.4K baud

Set 2. 75, 110, 134.5, 150, 300, 600, 1 2K,
1.8K, 2.0K, 24K, 48K, 96K, and
19.2K baud.

The selected set of rates 1s available for
use by the channel A and B receivers and
transmitters as described in CSRA and
CSRB. Baud rate generator charactenstics
are given ir tabie 3.

[
Table 3 BAUD RATE GENERATOR CHARACTERISTICS
CRYSTAL OR CLOCK = 3.6864MHz
[ NOMINALRATE(BAUD) | ACTUAL 16X CLOCK (KHz) ERROR (PERCENT)
50 0.8 0
. 75 12 0
1 110 1759 -0 069
| 1245 2153 0.059
| 15¢ 24 0
‘ 200 ; 32 0
300 : 48 Lol 0
800 36 o
1050 16 756 -0.260
i 1200 192 0
! 1800 238 0
; 200 | 32 C56 1 0175
; 2420 384 | ]
| a5 768 , 0
| 7200 1152 ! 0
{ 3600 1536 1 0
: 13 2K ! 3072 0
38 4K i 614 4 } o
NCE
Caty cwvie 3' 59X t.orx s 90% « -
Page H-11
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

ACR{S:4}— CounterTimner Mode and Clock
Source Seisct - This lisic seiects the
opersting moae of the counteritimer and
its CIOCk source as shown in tabie 4.

ACR[3:0] — IP3, IP2, W1, IPO Chenge of
Siste nterrupt Ensble — This fieia selects
which bits of the input Port Change regis-
ter {IPCR) cause the input change bit in
the interrupt status register (ISR[7] to be
set. If a bit is in the ‘On’ state, the setting
of the corresponding bit in the IPCR wil!
130 result in the setting of ISR(7}, which
results in the generation of an interrup!
outputl if IMR[7}= 1. It a bit is in the ‘off’
state, the setting of that bit in the IPCR
has no sttect on ISR{7).

iIPCR — Input Port Change
Register

IPCRT:4) — IP3 1P2, IP1, IPO Change of
Siste — These bits are set when s change
ot state, as defined in the Inpul Port sec:
tion of this data sheet, occurs at the re-
spective input pins. They are cleared when
the IPCR is read by the CPU. A read of the
IPCR also ciears ISR[7}, the input change
bit in the interrupt status register.

The setting of these bits can be propram-
mad 10 generate an interrupt to the CPU.

IPCR{3:0] — IP3, IP2, IP1, IPO Current State
~ These bits provide the current state of
the respective inputs. The information is
uniatched and reflects the state of the in:
put pins at the time the IPCR 18 read

ISR — interrupt Status Register

This register provides the status of ai
potenual interrupt sources. The contents
of this register are masked by the interrup!
mask register (IMR). tHf abit in the 1SR 1S5 &
't and the corresponcing bt in the IMR is
aisc 8 "1 the INTRN outpu! wiil be as
serted it the corresponaing bit in the IMR
I8 & 2erC_the state of the bit in the ISR has
no etfect on the INTAN outpul. Note that
the IMR goes not mask the reacing of the
ISR — the itrue status will be providea
regargiess of the contenis of the IMR. The
contents of 1his repister are ininalized 10
00,¢ when the DUART 15 reset.

ISR[7) — Input Port Change Status — This

bit 13 2 ‘1" when a change of siste has .

occurred at the 1PO, IP1, P2, or IP3 inputs
and that event has been seiected 10 cause
an interrupt by the programming of
ACR{3:0]. The bii is cleared when the CPU
reads the IPCR

Table 4 ACR [6:4) FIELD DEFINITION

ACR{s:4] MODE CLOCK SOURCE
000 Counter Externst (1P2)
001 Counter TXCA — 1X ciock of channel A transmitter
[ ] Counter TXCB — 1X clock ot channel B transmitter
011 Counter Crystal or externai ciock (X1/CLK) divided by 16
100 Timer External (1P2)
10 Timer External (IP2) dwvided by 16
110 Timer Crystal or external clock (X 1/CLK)
111 Timer Crystai or external clock (X1/CLK) divided by 16

ISR|8] — Channet B Changs in Bresk —
This bit, when set, indicates that the chan-
nel B recetver has detected the beginning
or the end of a received break. it is reset
when the CPU issues a channel B 'reset
break change interrupt’ commana.

ISR{S] ~ Chsnne! B Receiver Ready or
FIFO Full — The function 0! thus bit is pro-
grammed by MR1B[6). If programmeo as
receiver ready, it indicates that a character
has been received in channe! B anag is
waiting in the FIFO to be read by the CPU
{1 is s&t when the character is transterreg
trom the receive shift register 1o the FIFO
and reset when the CPU reads the RHR. Hf
atier this read there are more characters
stili in the FIFO the bit wili be set again
stter the FIFO is ‘popped’. It programmed
as FIFQ tull, 1t is sel when » character is
transferred irom the receive hoiding regis-
ter 10 the recewve FIFO and the transter
causes the channel B FIFQ 10 become fuil,
ie . atl three FIFO posiions are accupied
it 1s reset when the CPU reads the RHR. If
a character is waiting 1n the receive shift
register because the FIFO s full, the bit
will be se! 8gaIn when the waiting charac-
ter 1s loaged into the FIFO

ISR{4] — Channe! 8 Transmitier Ready —
This bit is & duplicate of TxRDYB (SRB{2))

ISR[3]} ~ Counter Ready — in the counter
mode. this DIl 15 se! when 1he counier
reaches 1erminai count and is reset when
the counter 1s stopped by a Stop counter
command

in the tyimer mode. this bil 1S set once each
cycie of the generaled square wave (every
other hime that the counter/imer reaches
2ero countt The bit 1S reset by a slop
counter commang. The command. howa-
ever. does Not stop the counter/timer.

Signetics 2681 DUART Device Specificationa

ISR[2] — Channel A Change in Break -~
This bit, when set, indicates that the chan-
nei A receiver has getected the beginning
or the end of a received break. it s reaet
when the CPU issues a channel A ‘reset
break change interrupt’ commang.

ISR[1] — Channel A Raceiver Ready or
FIFQO Full = The tunction of this bil is pro-
grammed by MR1A{6]. 1! programmed as
receiver ready, it indicates that a character
has been received in channel A and is
waiting in the FIFO to be read by the CPU.
11 1s set when the character 18 transterred
trom the receive shift register to the FIFO
and reset when the CPU reads the RMR. if
after this read there are mors characters
stifl in the FIFO the bit will be set agan
atter the FIFO is ‘popped’. If programmed
as FIFO tull. it 1s set when a character is
transferred from the recave holding regis-
1er to the receive FIFO ano the transter
causes the channe! A FIFO 1o become fuil,
i.e, all three FIFO posnions are occupied
1 is reset when the CPU reads the RHR. I
& Character 1S waiing in the receive shift
register because the FIFO 1s tuli. the bit
will be set agan when the wa.ting charac-
te: 1s 10a0eq irto the FIFO

ISR[0] — Ch 1A T Ready —
This b is a Juphicate of TxRD YA (SRA[2)

IMR — interrupt Mask Register

The programming of this register selects
which bits in the ISR cause a~ interrupt
output H 3 bitn the ISR 1s 3 "7 ang the
corresponding bt in the IMA & 31553 'Y
the INTRN output wili be assectec It the™
corresponading bt in the IMR s a 2670 the
state of the Dit in the ISR has nc e*fect on
the INTRN output NO1€ that the IMR goes
nOt mask the programmabie interrypt out-
puts OP3-0OP7 c- the read.rg of the ISR

Page H-12
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CTUR and CTLR — Counter/Timer
Registers

The CTUR and CTLR hold the eight MSBs
and eight LSBs respectively of the value to
be used by the countar/timer in either the
counter or timer modes of operation. The
minimum vaiue which may be loaded into
the CTUR/CTLR registers s 0002,¢. Note
that these registers are write-only and can-
not be read by the CPU.

In the timer (programmable divider) mode,
the C/T generates a square wave with a
period of twice the value (in clock periods)
ot the CTUR and CTLR. !f the vaiue In
CTUR or CTLR 1s changed, the current
nalf-period witi not be affected, but subse-
quent half periods wili be. in this mode the
C/T runs continuously Recept of a start
counter command (read with A3-Al0=
1110) causes the counter to terminate the

ABSOLUTE MAXIMUM RATINGS'

current timing cycie and to begin a new
cycle using the vaiues in CTUR and CTLR.

Tne counter ready status bit (ISR[3] is set
once each cycle ot the square wave. The
bit 15 reset by a stop counter command
(read with A3-A0=1111). The commang,
however, does not stop the C/T. The gen.
erated square wave 1s output on OP3if it is
programmed o be the C/T output.

in the counter mode, the C/T counts down
the number ot pulses loaded into CTUR
and CTLR by the CPU. Counting begins
upon receipt of a stan counter command.
Upon reaching terminai count (0000,4). the
counter ready interrupt bit (ISR{3]) is set.
The counter continues counting past the
terminat count untii stopped by the CPU. !
OP3 ts programmed 10 be the output of the
C/T. the output rermains high until terminal
count is reached, at which time it goes
low. The outpul returns to the high state

PARAMETER RATING UNIT
Operating ambient temperature? 0to +70 °C
Storage temperature ~65to + 150 *C
All voltages with respect 1o ground? ~-0510 +6.0 v

NOTES

Siresses aDOVe INOSE 518G LNQer ADSOILIE Maximum Ranngs May Cause Dermanan: damage (0 the dew:ice Tris s
@ $17633 141.7Q ONIy ANA (URCISAE! 30EB1ON Of IPe CeviCe 4T INESS O A1 BNy OIRS! CONAIION ADOVE TNO3A NG S ated
N INE DDEr31.0N 3ECLON D T8 $PECHIILON 3 AOL IMDhLed

~

1emosiature

w

For Coerating at sievaled 'emperatures. Ihe CeviCe Muli D& O6raled Dased on « 150°C maxmum junction

This DIOGUCT . ACILCES TICL.ITY $DRCICally Jes(Jned '0r Ine DIDIECLCN Ol 113 1nterna)l OeviCes HrOM CamaQing eof-

'eCts Gl exC@ssive 3121 € CRIGe NCNEtheess (1.8 Sugpested thal CONvENLIONSI DrECaUtONS b taken 10 Avoid 8D

DIV.NG any vIi1aGes arger than 1ne “aled Manma

DC ELECTRICAL CHARACTERISTICS T,=0°C10 +70°C, Ve =50V £ 5%456

and ISR{3) is cleared when the counter s
stopped by a stop counter command. The
CPU may change the vaiues of CTUR ang
CTLR at any time, but the new count be-
comes eftective only on the next start
counter command. 1t new vaiues have not
been loaded, the previous count vaiues
are preserved and used for the next count
cycle.

tn the counter mode, the current vaiue o!
the upper and iower 8 bits of the counter
(CTU. CTL) may be read by the CPU. it s
recommended that the counter be stod-
ped when reading to pravent potential 5ro-
btems which may occur it a carry from the
lower 8-bits 10 the upper B-bits occurs bet-
ween the times that both haives of the
counter are read. However, nhote that a
subsequent start counter command will
cause the counter to begin a naw count
cycle using the values in CTUR and CTLR

i LIMITS
PARAMETER TEST CONDITIONS UNIT
Min I Typ Max
V.. inputiow voltage ‘l 08 v
Vi Input high voltage (except X1/CLK]) 2.0 v
V., Input high voitage (X 1iCLK) ' 40 v
Vo,  Output low voltage | loL=2.4mA ! 04 v
Von Outputhigh voltage iexcept 0.c. 0utlputs) lon = — 400uA 2.4 v
L Input leakage current Viy=010Vee -10 10 wh
I, Data bus 3-s1ate teakage current Vo=010oVee -10 10 uhA
toc  Open coliector output teakage currant Vo=010Vee ~10 10 uhA
lee Powaer supply current l 150 mA
NOTES

4 Parsmaters are «4iid OVer SNECIHET 1eMDEIRIUTE ANQE

[

mants are (eterenced 3l «nput voiltages of C 8V and 2 v and outpul «oltages of 0 8V and 2 0V as appropriate.

Tyo:cai vaives are &t + 25°C, 14DiCa! SUDDIY VOILAQES, ARG tyOICHI DIOCERBING DarsMaeters

Al v0IAGE MEISLISMENIS 310 '#iarenced 10 Sround \GND). FOr tesING A 1NDUL 31GNBIS SWING Detween 0 4V and 2 4Y wilh & LIBNSINIGN IME Of 20nE MAXIMUM Al hime Messure:



ADVANCED DIGITAL CORPORATION APPLICATION NQOTES:
Multi Slave

TO: ALL MULTI SLAVE USERS FROM: CHRIS WALLACE

SUBJECT: Serial Cable Connectorsa DATE: June 11, 1983

Correctiona and enhancementsa have been recently made tao the
TurbcDQS aerial I/0 driver (MSDUART.MAC) to properly handle the
incoming and ocutgoing RS-232 signals at the DB-235 connector. In
compliance with EIA RS-232C atandarda, the MULTI SLAVE serial 1I/0
driver now aupporte the following aignala:

DB-25 PIN SIGNAL PS/NET-1I PS/NET-MODEMN
CONNECTOR LEVEL T-39 T-40 DIR T-39 T-40 DIR
4 > +3V ---- -~-- --- {(731:1 ---- ouT
s) > 3V (63:1 ---- ouT ---- (73:1 1IN
) > +3V (61:1 =-~-- ouT ---- [63:1 1IN
8 > +3V (73:13 ~-~--- ouT ---- {51:1 1IN
20 > +3V ---- (61:1 1IN (6l1:1 =~---- QuT
22 > +3V ---- ---- --- ---- f43:1 IN
NOTES!
1) “"DIRY impliea aignal direction, IN ta INPUT to the COMPUTER,

OUT ia OUTPUT from the COMPUTER.

2) T-39 and T-40 are TurbeDO0S function calla. See the TurboDO0OS
programmera guide for detailas of these functiona.

3 SIGNAL LEVEL > +3V indicates a poaitive (true) condition.

4) fnil:n2 indicatea atatu=z bit nl, vhere nZ2=l=true, n2=0=falae

eonne CRITICAL eeens

MSDUART.MAC <(the TurboD0OS aerial I/0 driver) while being correct,
18 not compatible with the previously released ADC serial 170
driveras 35QSIQ, 536SI0, SSSINZ2, and S53S5I04. Users currently depen-
dant on the incorrectneaa of the praviocusly released serial
drivera should make socurce code correctiocna to the MSDUART.MAC

module, agaemble, and link the TurboDOS operating ayatem to
maintain compatibility with these drivers.

Future releaasea of SQSIQ, SésS1Io, 388102,
corraected and made compatible with MSDUART functions.

and SSSI04 will be



#ne UNDQCUMENTED FUNCTION NOTE »ee

TurboDOS T-{functiona 39 and 40 have been enhanced at the driver
level (by MSDUART) toc provide the user with EIA RS$S-232 BREAK
detection and generation. The following deacribea each TurboDQOS
function call:

T-Function 39 - Set Modes Controls

e e e e e e e hm e he e am e e e o e

C = 39 (27H)
D = Channel number, plus bit 7 aet if remote channel
E = modem control vector, as follows:

bit 7 aet for regqueat to zend
bit &6 set for data terminal ready
bit S aet for SEND BREAK, reaet for STOP BREAK

Return: None.

T-Function 40 - Get Modem Status

Entry: C = 40 (28H)>
D = Channel number, plus bit 7 set if remote channel

Return: A = modem status vector, as followa:

bit
bit
bit
bit
bit

aet for clear to send

set for data set ready

set for data carrier detect
set for ring indicator

aet for BREAK DETECTED

wh U ON

PR N

T
(ngt.twA ’ s

— . _—

Christophdr A. Wallace
ADC Engineering/System Support Software




AéVANCED DIGITAL CORPORATION APPLICATION NOTES:
Multi Slave

TO: ALL MULTI SLAVE USERS FROM: CHRIS WALLACE
SUBJECT: Software Updates DATE: July 3, 1885

Several fixes and enhancements have been made to the 280 TurbobDO0S
drivera for the Multi Slave board to ensure more reliable opera-
tion. The following modules have been affected:

1. MSDUART - Serial I/0 Driver

Changea tc thias module include proper initialization of
the Signetics 2681 DUART device, and various correc-
tions to the RS-232 handshaking logic.

2. MSMCD - Master Circuit Driver

Changes to this module provide more reliable boot op-
eration and slave reset detection/handling. Support
for PROM Version 1.6 wsese elsoc added.

3. MONITOR PROM - Veraion 1.6

HARDWARE The Multi Slave monitor PRCM has been up-
graded to a 27128 (16K) 150-ns device for more reliable

operation and future expansion of the Multi Slave
Monitor.

SOFTWARE : The eaign-on mesassage is no longer iasued to
the conecle after resetting the slave, eliminsting the
requirement to have all terminals set to 9600 Dbaud.
Accessa to the monitor is determined by the master: if
the MASTER bit is set while activating the slave, the
Multi Slave processor comes up in the monitor. Con-
veraly, 1f the MASTER bit ia reset, a TurbeDCS downloed

regquest ia initiated. This mey be patched in the
maater .PAR file, as followsa:

MONITR = O ; Boot TurbaoDC0CS, NO monitor accese
or

MONITR = 1

; Enter MONITOR after system reset

For cther opersting asaystems,

monitor activaticon 18 88
follcwa:

CUT (bage>,O0H : Boot TurboDOS
or
CuUT (base),02h ; Enter Monitor

The Monitor still requires the terminal to he
3600 baud. Changes made to MSDUART were alao
ed in the PROM where applicable.

set to
implement -

(o



ADVANCED DIGITAL CORPORATION APPLICATION NOTES:
Multi Slave

TO: ALL MULTI SLAVE USERS FRGM: CHRIS WALLACE

SUBJECT: Using DUART Channel B as DATE: June 11, 1985
Terminal Port w/TurboD(S

This application note is directed to users having a need to

~onnect the MULTI SLAVE to an auto-answer modem, using the RS-232
"RING® line as & ring indicator.

Due to the architecture oé the Signetica 2681 DUART device, only
aone channel ia capable of using the ring indicator aa implemented
on the MULTI SLAVE. Standard release veraions of TurboDOS (as
distributed by ADC) use channel A of the DUART for terminal

communicationa, and channel B for other aserial I/0 devices

(prin-
te-a, etc.l.

Two simple TurboDOS patches will reversase the use of the two DUART

channels, auch that channel A may be connected toc a nodenm, and

channel B serves aa the terminal communicationa port. The
patches to the .PAR file are aa followa:

CONAST = 1,CONDRA ; Use channel 1 ("B')

»

for terminal

PTRAST

C,LSTDRA : Use channel O ("A*) for printer or mnoden

Communications application software running under TurboDQOS may
call T-functions 34 (Get Comm Channel Statua), 353 (Comm Channel
Input), 3% (Comm Channel Qutput), 37 (Set Comm Baud Rate), 38
(Get Comm Baud Rate), 39 (Set Modem Controla), and 40 (Get Moden
Status) as raquired for remote communicationa via a modem

con-
nected to channel A on the MULTI SLAVE.

Chriastopher A. wWallace
ADC Engineering/Syatem Support Software

N\



ADVANMCED DIGITAL CORPORATION APPLICATION NOTES:
Hulti Slave

TO: ALL MULTI SLAVE USERS FROM: CHRIS WALLACE

SUBJECT: Using 2Z2SID on the Multi DATE: July 22, 1983
Slave under TurboDQOS

This application note provides patches to the 2Z25SID program
(s asymbolic debugger, written by Digital Research) allowing its
use on the Advanced Digital Multi Slave board under the TurboDOS
operating system.

It has become apparent that Digital Research has released
TWO different versiocnsa of ZSID 1.4; thus this application note
includes patchea for both versions.

Version 1.4 (A)

LOCATION VALUE CHANGE TO SQURCE LINE
Ol1lEB FF F7 OlEB VECTOR: DEFB OFFH
Ol1EC 38 30 Ol1EC INTADR: DEFW OO38H

Version 1.4 (B)

LOCATION VALUE CHANGE TGO SOURCE LINE
2100 38 30 10FF LD (OO038H) , A
1108 39 31 110S LD (O03%9H) , HL
135A FF F7 1359 LD (HL) ,0FFH
13FE FF F7 13FD LD A,OFFH
1F8D FF ' F7 1FacC CcP OFFH

Using the TurboDOS MONITOR program, patches may be applied
as follows:

QCIMONITOR :see programmer’s guide for details

TurboDOS Monitor, Copyright 1984, Software 2000, Inc.

= LZSID.CCHM ;read in 2ZSID prograa

0100-xxxx ;last address is displayed

« Easaa :where aaas i3 the addreas to

; be patched

the addresa ia echo along with
the current contentas of that
location (dd). pp is the naw
value to be patched in.

save the program after all patchea
have besan applied.

monitor shows start/end addresses

asaa dd=pp

» S251D6e.COM

NE We Na % ws Ve N

Ql00-xxxx

«J ;exit monitar prograx





