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INTRODUCTION

This Product Reference Manual provides information to inatall,
utilize and maintain the Advanced Digital Corp.’s Multi Slave S-
100 bus compatible computer. The Multi Slave is a asingle printed
circuit board, conforming to the IEEE-696 form factor of S.25
inchea by 10 incheas (13.33 cm by 25.4 cm), providing three in-
dependent 8 MHz 280 central processora, each with two 64k byte
banka of memory, two aserial I/0 porta, and a counter/timer.

UNPACKING/PACKING INSTRUCTIONS

When the Multi Slave ia delivered by a transfer company, it must
be carefully inspected for damage. Prior to accepting delivery,
carefully inapect the ahipping container for obvioua damage. If
damage ia 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 shipping
container. Retain the shipping container any packing material

for posaible resahipment. Leave the Multi Slave in ita 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 jumpera on the Multi Slave are correct for the
Multi Slave’s intended utilization. Attach I/0 cables to the

connectora provided for aserial 1I/0 aa required. Insert the Multi
Slave printed circuit board into a suitable S-100 bua alot con-
nector.

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

Advanced Digital Corporation warrants that its producta will be
free from defects in material and workmanship for a 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. VYour 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 ias 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 aupplier’sa
ahipping inatructiona. Make sure the RMA number is clearly
marked on the shipping label. Your supplier will not accept
delivery of a return ahipment without the proper RMA number.

LA A S RS S R R R RS SRS REEERSERE.]

» WARNTING »

L EE RS EE RS R RS R RS R R RNERS.)

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

WARRANTY Page 1-2
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FEATURES AND OPTIONS

The Multi Slave providea the following features:

o

o

Three independent 8-bit, 8 MHz 280 Microprocesaora
Each CPU has 128k of memory, configured as two 64k
byte banka, with a 1k to 16k area of common (ashared)
memory.

Two aaynchronous aerial I/0 porte per CPU. Level
converaion to EIA RS-232C or RS5-422 atandardas is
provided via the PS/NET (paddle card) accessaory.
Independent baud rate selection on each serial 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 Bus 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 processoras are held in a reset
state. Each processor must be individually activated by a net-
work master. Once the master haa activated a Multi Slave pro-
cesasor, the selected slave CPU then beginas executing the inatruc-
tions provided by the onboard EPROM. Depending upon user response
and interventionr, the proceasor will either initiate the execu-
tion of the reaident Monitor/Debug program, or begin the download
requesat asequence to receive an operating aysten.

MAJOR FUNCTIONAL FLOW
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MULTI SLAVE PRODUCT SPECIFICATION

Physical and Environmental:

Form Factor IEEE-696 S-100 standard
Size 5.25 inches x 10.0 inchea x .75 inches
Weight 14 oz.
Temperature
operating 0 to 50 degreea Celciua
atorage -65 to 150 degreea Celcius
Humidity 0 to 95%, non-condenaing
Altitude O to 10,000 feet (operating)

Power Requrementa:
+5VDC @ xx.x Amps (xx Watts)

Power Regulation On board, providing 4.75 to S.25VDC

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

Power Supply Requirementsa:

+ 7VDC Minimunr
+11VDC Average
+25VDC Maximunm

Unregulated

(peak)

+14.,.5VDC
+21.5VDC
+35.0VDC
-14.5VDC
-21.5VDC
-35.0VDC

Functional Specification:

Processor

Memory

Proceasor Clock

!

Serial Controller

FACTORY CONFIGURATION

8.000 MH=z

Minimum
Average
Maximum

Minimum
Average
Maximum

Zilog Z80H

128k Dynamic RAH

(peak)

(peak)

Signetics 2681 DUART

Page 1-5
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Figure 2-2 Multi Slave Component Layout

The factory standard configuration of the Multi Slave uses a 2764

EPROM, and

The base address of the board is jumpered for I/0 address 90H

jumper block E-19 thru E-26 (lower le

FACTORY CONFIGURATION

ft quadrant).

does not utilize the S-100 Vectored Interrupt Lines.

at
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GENERAL NOTES

The Multi Slave containa three independent Z2ilog 280-H CPUa. The
principal 1I/0 device for each processor is the Signetica 2681
DUART <(Dual Universal Asynchronous Receiver/Tranamitter). Thia
particular device was chosen for its many features, which include
an internal dual baud rate generator and counter/timer.

Several typeas of PROMs are supported by the Multi Slave, based on
jumper optiona. The PROM typea supported are aa followa: 2716,
2732, 2764, 27128 and 272536. PROM addressing begins at OOOOH.

Each proceasor contains a total of 128k of uaer available memory,
configured as two 64k banks, and ia selectable through software.

There ia only ocne interrupt source on the Multi Slave, which ia
provided by the DUART. Typically, the 280 CPU will be operated
uaing Mode 1 interrupts (see the Z2ilog 280 Technical Manual for a

diacusaion of 280 interrupt modesa).

Each alave ia alaso capable of interrupting the maater via the S-
100 vectored interrupt lines. This will be discussed in detail

later.

Each 280 CPU ia driven by a central 8 MHz ocacillator; the three
DUARTs 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 ia held in a reset atate until such time as=s
the master enables the operation of a slave. The master enables
a alave by isauing an output byte to the alave’a base addresasa
with bit D4 reset. The PROM ia automatically selected, and
inastruction execution begina at addreaa OOOOH.

The ADC supplied PROM initializea both channelas of the DUART to
9600 baud, then teata channel A for an available input character.
If a character ia available, the Multi Slave monitor ias activated
which iasauea the following meaaage to the terminal on channel A:

Multi Slave Monitor Veraion 1.x Generated MMH-DD-YY
Copyright (C) 1985 Advanced Digital Corporation

Enter ‘7’ for HELP

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

If an input character is not available at serial channel A within
approximately 100 millisecondas, the startup program will enter
the cold boot proceaa, aending an operating ayatem download
requeat to the maater processor over the 5-100 bus.

POWER-ON/RESET EVENTS Page 2-1
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PROH SELECTION JUMPERS

Each CPU haa a jumper block to select the PROM type.

following table to set thease jumpers.

E\-& EA- b 227\5"

1 --o0 o --2
3 -- o o -- 4
S -- 0 o --6
72 -- o o ~-- 8
TYPICAL JUMPER
BLOCK
Figure 2-1

PROM TYPE
2716 (2K)>
2732 (4K)
2764 (8K)
27128 (16K)
27256 (32K)

Hulti Slave PROH Selection

Section 2

INTERRUPT SELECTION JUMPERS

Use the

Each Multi Slave CPU may interrupt the maaster processor on one of

two
as followa:

- e - e o = - .-

Multi Slave CPU O

Multi Slave CPU 1

" L1} (1] L1}

Multi Slave CPU 2

No Connection

S-100 vectored interrupt lines.

1
1
0000OO0OO0ODOCD

Figure 2-2 Multi Slave Interrupt

Selection of interruptsas is

(pin 4)
(pin 85)
(pin &)
(pin ?)
(pin 8)
(pin 9)
(pin 10)
(pin 11)

Junper Selection

If the interrupt selection astructure shown above is not asuitable,

wire

in place of jumper plugs,

wrap connectiona between the jumper block pina may be
thus allowing any given Multi Slave CPU

uaad

to use any of the eight S-100 vectored interrupt lines.

PROM/INTERRUPT

SELECTION JUMPERS

Page 2-2
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SLLAVE BASE ADDRESS SELECTIOA

Each Multi Slave CPU occupiea four of the master’a I/0 porta,
though only three are actually used by each CPU, Base addreas
selection of the Multi Slave board ia aa follcwa:

£)0- Erb
(7)(6)(S)(4)

i1 3 S5 7
1 | 1 }
O o o o
MSB LEB

Address aelection uses LOW TRUE LOGIC
(no jumper=1l, jumpered=0) and repre-
senta the four moei significant bita
of the basmse address.

Figure 2-3 Multi Slave Base Addrass Salection

Example:

BASE ADDRESS JUMPERS

70H 1-2

80H 3-4, 5-6, 7-8
90H 3-4, 5-6

AOH 34, 7-8

BOH 3-4

COH 56, 7-8

DOH 56

If, for example, the baae addreas was 80H, the three CPUs would

be addreaased as followa:

CPU #O 80H
CPU #1 84H
CPU #2 88H

N Ny ws

uses 80H, 81H, an. - 2H (83H not used)
uses 84H, 85H, and 36H (87H not used)
uasea 88H, 89H, ena {#AH (8BH not used)

The master (S-100) data port assignments are an follows:

BASE ADDRESS TYPE
+0 R/7W
+1 R/W
+2 R/W

FUNCTION

Kead Slave Statusas ‘eea detailas below)
Write Control bhits

S-100 Data PFort

Read = De-asgsert ALIVE+« bit
Write= De-aasext SLAVE MESSAGE bit

Table 2-1 Maater S-100 Port Assignaents

SLAVE BASE ADDRESS SELECTION Page 2-3
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SLAVE STATUS PORT (read by Master FProcessor’

L R R Rk el Bl i S e

ID71D61DSI1D41D31D21D11DOI

LR R LR R R Sk A
I l | ! 1 ! = MASTER MESSAGE set

= SLAVE MESSAGE set

= ALIVE=* bit aet

Slave ia in HOLD+e

= Slave ia WRITING S-100 data

= Slave ia READING S-100 data

= Slave RESET» active

O OOORR
1§

[
!
[
!
!
b

STATUS PORT (written by Maater Proceasor)

R R ik il ke i R

ID71D61DS1D41D31D21D11DO!

tm—mbm— b —mpm— b~ —p ——

[ Ve 1 = set MASTER MESSAGE bit
reset slave proceasor

[
it

——— e  —— — — — —— o — —

Figure 2-4 Master Status Port Bit Defintions

Note that bita D6 and D7 of the STATUS PORT are not used, and are
on (1) when the port ia read by the Master Proceaaor. Note alao
that there are four low active terms; ALIVE~, KOLD+*, WRITE~, and

RESET~».

SLAVE STATUS PORT BIT DEFINITIONS Page 2-4
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HASTER/SLAVE COMHUNICATIONS

For the master processor to send data to the siave, the =slave
must be reading the S-100 data port. Converaly, for the alave to
aend data to the maater, the alave muat write to the S-100 data
port before the maaster readsa it. As mentioned earlier, when the
slave ia reading or writing to the S-100 data port, it ia placed
in a HOLD (wait) condition, and released to resume processing
when the Master Proceasor writea or reads the correasponding port.
Thia ensures that the meater and alave(a) remain in aynchroniza-
tion during bus communication; reliable network operation is
achieved when the other atatusa bits (ALIVE~=, READ/WRITE=, and
HOLD#) are implemented aa part of a communicationa protocol.

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

D4 aet. To reactivate the alave, the maater muat again iaaue an
output byte to the alave’as atatua port with bit D4 reset, fol-
lowed by a ahort poat-reaet delay. An example of thia aequence

ia ahown below:

SET BIT D4
OUTPUT TO SLAVE BASE ADDRESS
LEAVE THE BIT SET ...
... FOR 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 TO CALLER

SL_RES: LD A,10H
OUT (SLVBASE),A
LD B,16
SL_ROS5: DJNZ SL_ROS
XOR NOT 10H
OUT (SLVBASE),A
LD B,16
SL_R10: EX  (SP),HL
EX (SP) ,HL
DJNZ SL_R10
RET

NE WS Ne WE R NS NE WS NS N VB

The asuggeated handahake mechaniam between the master and alave
ia as followa (for tranamission from slave toc maater): the alave
first asaserta the SLAVE MESSAGE bit. The master may see this 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 outputa its firat data byte to the S-100 bua communications

port. Upon doing so, the alave CPU ia forced intec a wait condi-
tion, which the maater muat verify by testing the WRITE* and
HOLD# bita at the alave atatua port. Once the maater haa deter-

mined that both msignala are true, 1t may then read the byte
waiting at the S$-100 data port. The alave ia releaased to reaume
proceaaing, free to continue sending aubaequent data bytes, etc.

In a master to slave tranamiaaion, the maater must assert the

MASTER bit, which the slave sees by polling its® sastatus port.
Upon detecting the active MASTER bit, the alave must reaet it

MASTER/SLAVE COMMUNICATIQNS Page 2-5
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(indicating to the master that the slave is ready toc accept the
meaaage), and immediately iaaue a read to the S-100 data port.
Again, the alave proceasor is forced into a wait condition. which
the maater muat verify by teating the READ and HOLD+ bita at the
slave statuas port. Once the maater haa determined that both sig-
nala are active, it may then write the data byte to the S-100
data port. The slave ia released to resume proceasing, free to
continue receiving aubaequent data bytea, etc.

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

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

GET SLAVE STATUS

IS SLAVE MESSAGE BIT SET?

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

IN A,(SLVSTAT)
BIT SLVMSG,A
RET N2

QUT (MSGRST),A

Ve Ne e we W

WAITL1:

IN A, (SLVSTAT)
BIT SLVWRT,A
JR NZ,WAIT1
BIT SLVHLD,A
JR NZ,wAITa

IN A, (SLVDATA)
RET

GET SLAVE STATUS BITS

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

IS SLAVE IN A HOLD CONDITION?
LOOP IF NOT

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

Ne Ne ws “we

ws wE ws

MASTER PROCESSOR (SENDING MESSAGE TO SLAVE)

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

LD  A,00000010B

OUT (SLVSTAT),A
WAIT2:

IN A, (SLVSTAT)

BIT MASTER,A

JR NZ,WAIT2
WAIT3:

IN A, (SLVSTAT)

BIT SLVWRT,A

JR 2Z,WAIT3

BIT SLVHLD,A

JR N2Z,wWwaIT3

LD A, (HL)

OUT (SLVDATA),A

RET

. we

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

NS wE ws

GET SLAVE STATUS AGAIN

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

IS SLAVE IN A HOLD CONDITION?
LOOP IF NOT

GET BYTE TO SEND

SEND IT TO THE SLAVE

AND RETURN TO CALLING TASK

WE WS WE %e Vs NE W Ve

SLAVE PROCESSOR (RECEIVING MESSAGE FROM MASTER)

CLEAR MASTER MESSAGE BIT
AND IMMEDIATELY READ THE S-100 PORT
RETURN TGO CALLING TASK

IN A, (MASTER)
IN A, (DATAPORT)
RET

g e W

SLAVE PROCESSOR (SENDING MESSAGE TO MASTER)

IN A, (SLVMSG) SET SLAVE MESSAGE BIT

LD A,B ; B-REG HAS DATA BYTE TO SEND
OUT <(DATAPORT), A ; OUTPUT DATA BYTE TO 5-100 DATA PORT
RET ; RETURN TQ CALLING TASK

Note that theae examples transmit and receive only a single byte
at a time and provide only a akeletal communicationa protocol.
The slave may utilize the 280 block input and output inatructionsa
to receive and tranamit any number of bytea to the maater, though
the user ahould employ a slightly more sophisticated protoco!l
when doing =ao. In typical networking environmenta, the dfirat
byte transmitted contains the length of the message to follow.
Implementation of auch networking achemea ia left to the uaer.

MASTER/SLAVE COMMUNICATIONS Page 2-7
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BOOTSTRAP SOFTWARE

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

SLVMSG EQU 20H 3 I/0 READ SETS SLAVE MESSAGE BIT
SALIVE EQU 60H ; I/0 READ SETS SLAVE ALIVE BIT
SDATA EQU OO070H ; B=MESSAGE LENGTH, C=PORT ADDRESS
SHMEM EQU 8O0O0O0H ; ONLY ADDRESSES ABOVE 8000H ARE

; ACCESSABLE WHILE PROM IS ENABLED
BOOT:

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

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

OUT (C),B
LD  HL,SHMEM

INIR
JP SHMEM

NE NS NS Ns YE NE N Y W e

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

Each Multi Slave CPU haas an identical 1/0 address map. The port
asaignmenta are aa followa:

ADDRESS (Hex) TYPE FUNCTION

00-0F R/W DUART Data/Control (see Signetics
2681 Documentation for detaila)d

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 (detailas follow)
SO-5F R STATUS PORT (MASTER and SLAVE bits)
60-6F R Asserta SLAVE ALIVE+# bit

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

Table 2~2 I/0 Port Agsscignnonta

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

more clearly by the following diagram:

SLAVE PROCESSOR NUMBER MASTER PROCESSOR

#0 -- I/0 ADDRESS 70H......cce2e0eeee....1/0 BASE ADDRESS + O
#1 -- I/0 ADDRESS 70H.......cc020c00.....1/0 BASE ADDRESS + 4
#2 -- I/0 ADDRESS 70H......e22¢ccsvve......1/0 BASE ADDRESS + 8

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

R Y it Rl il o R

ID7I1D61DSID41D31D21D11D0OI

B e e e R TR S

MASTER message active
SLAVE message active

i
t
|
I
}
1
|
]
Ll
[y
wou

Figure 2-5 Slave Statua Port Bit Definitions

SLAVE I/0 ADDRESS HMAP Page 2-9
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BANK AND PROM SELECT PPORT

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

L e e R e R ek sk

ID71D6ID51D41D31D21D11DO|

PR kel et s e ek R

1 | l i ! | ! |

1

Select Bank O
Select Bank 1
PROM on, 1 = PROM off
not used, ignored

(U]

high order four biteae

___________________ select amount of shared
menory (in Kbytea),

defined in Table 2-3

Figure 2-6 Bank and Prom Selact Port Bit Dafinitions

Bits D4-D7 Shared
Hex Value Amount

MMUOW>VONOUDL WN - O
®

Table 2-3 Bank Select Bit Definitions

NOTE: Bank © and 1 are mutually excluaive and must not be aet
active at the same time. When the PROM ias selected, only memory
locationas 800OOH through OFFFFH may be accesgsed for RAM read and
write operationa.

BANK/PROM SELECT PORT DEFINTIONS Page 2-10



Multi Slave Product Reference Manual Section 2

SERIAL 1/0 CONTROLLER

The Multi Slave providee two independent serial I/0 channels per
CPU, both contained in one aerial I/0 controller, the Signeticae
2681 Dual Asynchronouas Receiver/Transmitter (DUART)>. The DUART
containa two internal, indepandent baud rate generatora, capable
of producing 18 user aelectable baud ratea. Level converaion to
EIA RS-232 or RS5-422 level ia provided by an external circuit
assembly called the PS-NET.

SERIAL CHANNEL CONNECTORS
Connectora for each serial I/0 channel are located across the top

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

PIN NO. SIGNAL NAME DIRECTION
1 DCD Data Carriar Detect input
2 DSR Data Set Ready input
« 3 LA R see note below input/ocutput
9 RXD Receive Data input
3 CTS Clear to Send input
6 TXD Trananit Data output
7 RTS Requeat to Send output
8 DTR Data Terminal Ready output
9 CLK Tx/Rx Clock input/output
10 GND Signal Ground ground
11 N/C
12 +16 VDC supply voltage
13 -16 vVDC supply voltage
14 +S VDC supply voltage

» On channel A, thia term is RNG (ring detect) and may be
connected to the ring detect line on a noden. Thiae line haa no
connected on channel B.

Table 2-4 Serial I/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
ita name implies, it may be used as a timer (programmable divi-
der) or a counter, providing an appropriate indication when the
apecified countdown value haa reached zero.

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

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

2681 DUART Specifications Page 2-12
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FAULT ISOLATION

Fault isolation i1s the proceaas of identifying a fault and the
reaultant cauae of the fault to the lowest poaaible level. Thia
section deals with hardware fault isolation and 1is generally
independent of software conasiderations.

Prior to any attempt at fault isoclation, a teat environment must
be validated. Generally, the teat environment will consiat of an
S-100 chaassia, motherboard, power supply, S-100 extender card,
and a known good Multi Slave. Validation conaiatas of removing
all other S-100 circuit cards from the chassis, and any other
devicea loading the +8, +16, and/or -16 VDC pawer saupplieas.

Having removed all circuit boards from the motherboard, verify
that the following voltagea referenced to ground (S-100 bus pin
S0 and 100) are within the tolerancea listed below:

S5-100 PIN DEFINITION MINIMUM AVERAGE MAXIMUM
1 + 8 VDC +7.0 +11.0 +25.0

51 + 8 VDC +7.0 +11.0 +25.0

2 +16 VDC +14.5 +21.95 +35.0

52 -16 VvVDC -35.0 -21.5 -14.5

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

Step 1: Viaual Verification

Inapect the suspect Multi Slave to verify that componenta are
correctly inatalled and properly seated in their asocketsa. Con-
ponents may be compared againat a known good Multi Slave. All
DIP componenta have the same pin 1 orientation.

Step 2: On Board +5S VDC Regulation

Remove power from the motherboard. Insert the S5-100 extender
card into a asauitable glot in the motherboard, then inaert the
Multi Slave into the extender card socket. Apply power and
meaaure the voltage at Ul-16. Thia voltage musat be between 4.75
and 5.25 VDC,.

Step 3: Clock Veritfication

Verify the clock frequenciea at the following locationa:

usz-7 80ns central clock distributed to all
‘ CPU’&.
u49-8 150ns central 510 clock distraibuted to

all DUART’sa.

FAULT ISOLATION Page 3-1
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Step 5: Memory Verification

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

Step 6: Monitor Verification

Data Set Ready (J1-2, J3-2, J5-2) MUST be low for the monitor to
isasue a meassage to the conaole. Verify that the PS/NET-1 card ie
properly configured and connected to the Multi Slave, and that
the terminal’a baud rate ia set to 9600. Ensure that the Multi
Slave card ia in a reaet-hold condition by preaaing the ayaten
reaet button on the computer’s front panel. Then, using a moni-
tor program on the Master Processor, activate the deaired =alave
CPU by iassuing an OUT (alave command port),40H. The Multi Slave
monitor ashould issue itas logon message as deacribed in Section 2
of this manual. Press any key on the slave console within two
aeconds after “un-reaetting® 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 ahort asoftware routinea which will provide scope
laoops to support the analysis 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 I1/0
read and write loope. See the monitor command list for further

information.

¥ 0qQx 1Z
¥ T9x
DE

% OQx &2

FAULT ISOLATION Page 3-2



SECTION IV



Multi Slave Product Reference Manual Section 4

THE MULTI SLAVE MONITOR

The Multi Slave contains a very powerful monitor program, provid-
ing numeroua features not found in most aimple monitora. Some of
the highlights include:

o Full function decimal/hexadecimal calculator
(expression evaluator)

o 280 disassembler

o Offset variable for LIST and DUMP functions

o Comprehenaive memory diagnosatice

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

o Scope loopas - memory and I/0 read/write loops

The basic monitor command structure 1s as follows:
COMMAND_LETTER (V1 [,VZ2 [,V3]111 <CR>

where V1, V2, and VX are variables (command parameters), and

unleass indicated otherwise, are hexadecaimal values. Parameters
may or may not be required depending upon the command. Note that
ALL commands are terminated by a carriage return <CR>, and

fields within brachkets ([]l) are optional.

MONITOR COMMANDS

B BOOT this slave system by 1issuing an op-
erating ayatem download requeat to the maa-
ter. For apecific details about the down-

lmad request program, see "'Master/Slave Com-
munications’™ 1n section II of this manual.

Z O ¥X1,X2,X3 COMPARE the contenta of memory, atarting at
addreas X1 to addreas X2, for X3 bytea. If a
miamatch occurs, the contenta of both addrea-
sea will be dieplayed.

D X1 [X213] DUMP the contentas of memory beginning at
address OOOOH (if the DUMP command has not
been previocualy invoked), or continue at the
last address plus one, or at address X1 for
256 bytes (or thru address X2). SEE OFFSET

(5> COMMAND.

MULTI SLAVE MONITOR Page 4-1
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FILL memory from address X1 thru X2 with data
value X3.

GO to addreaa X1 (via a CALL) and execute the
inatructiona at that addreas.

See the next subsection for details of thisa
command.

INPUT data frxrom I/0 port address X1 and dis-
play it on the console. To diaplay the con-
tentas of the next sequential port, enter a
carriage return; to display the contents of
the prior port, enter a minua (-) sign.

Digplay the current bank number, or awiteh to
bhank N1.

1.18T, using 280 mnemonics, the i1natructions
beginning at address OOOOH (if the LIST comn-
mand has not been previoualy invoked), or
countinue at the laat addreass plus one, or at
Addreass X1 for 18 linea of instructiona, or
thru address X2. S5EE OFFSET () COMMAND.

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

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

Toggle the PRINTER online or offline, or aset
the prainter baud rate to value D1 (decimal).

SET the contents of address X1. The current
contentse of the memory location will be dis-
played. Enter <CR> to advance to the next

addreaa, (-) to go back to the prior address,
LW hesxadecimal characters (0-9, A-F) to
whang= the hex value, or (,A) to change the
contente to ASGCIT valus A,

TEST memowry beginning at QO000OH thru the high-
est possible address (the starting addressas of
the monitor -1), or atarting at address X1
‘thru  addreas X2). A plua aign (+) will be
digplayed with @ach succeaatful pasa. Any ad-
dress which failis will be diaplayed at the
coneole, along with the expected and failing
data pattern. Upon completion of the test
(one complete pasa at all specified addrea-
cesd, the test will be terminated and a mes-
sage will be diaplayed at the conaole.
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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

WNE O

Field X2 ia the memory addresa or I/0 port
addreaa, and X3 ia the data value to be writ-
ten to the apecified memory or I/0 addreasa.
Note that field X3 ia required only 1f the
teat function ias a write operation.

s [X11 Display the current offset value, or change
it to value X1. This offset will be added to
the address sgspecified in the DUMP and LIST
commandsa.

MONITOR ASPECTS AND CONSIDERATIONS

The Multi Slave monitor takea two important factors into con-
aideration; aelf preaervation, and the poasibility of an active
master processor on the S-100 bus during monitor execution. Self
presexrvation impliea the protection of the memory region in which
the monitor reaides.

Interrupts are enabled while the monitor is executing; the inter-
rupt service routine performa one important task, that of setting
the SLAVE ALIVE bit at each 16.666 ma interrupt interval. Thia
ensureas that the master proceassor will not attempt to reset the
alave; the alave alwaya appears to be "alive."

Any command which modifies the contents of memory performs a test
of the target addreaa to enaure that it ia not 1) the 280 Mode 1
interrupt vector address or any portion of it (i.e. locations
Q038H, O039H or O0O03AH), and 2) an addreas within the monitor. In
case 1, the SET, TEST, FILL and MOVE commanda will simply sakip
over these locationsa. In case 2, an error message will be iaaued
to the console.

There are two I1I/0 address groupa which muast be acceassed with
care. The first group is 20H thru 2FH; an I/0 read in this range
asserts the SLAVE MESSAGE bit, indicating to the master processor
that the slave is requesting service. Typically, this will init-
iate the operating system download sequence.

The second I/0 address group is 70H thru 7FH, the ‘''‘gateway'™ to
the S-100 bua. An I/0 read or write in thia range causea the CPU
to enter a WAIT condition, terminated only after the master haa
read from or written to the correaponding communicationa port.
In moat casea, thia will be fatal to the monitor.

MULTI SLAVE MONITOR Page 4-3
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To prevent an inadvertent read or write to these ports, the moni-
tor will prompt with:

CONFIRM (Y/ND:

when i1t encountera a read or write request to any cne of the
aforementioned addreasea. A aingle keyatroke reply ias 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
output of all conacle I/0. When hardcopy output 1ia deaired,
execution of the P’ command will diaplay the “PRINTER ON’ mea-
aage at the conaole, with all aubaequent conaole I/0 being echoed
to the printer. The next invokation of the ‘P’ command terminatesa
the printer output, and diaplaya the ’‘PRINTER OFF’ measage to the
consasole.

The default printer baud rate ia 9600 baud; this may be changed
by using the second form of the ‘P’ command:

Pn <CR>

where ‘n’ is the desired baud rate. The baud rates currently
asupported are 50, 75, 110, 134.5, 150, 300, 600, 1200, 1800,
2000, 2400, 4800, 7200, 9600, 19,200 and 38,400. There isa one
apecial case here, the 134.5 baud rate; thia value ahould be
entered aa 134 (without the decimal fraction).

A1l monitor commande may be terminated with the ESC(ape) Kkey.
Conaole (and printer) output may 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 cauaea the curaor to return to the beginning of the
current line, immediately to the right of the asteriask (%) prompt
character. If hardcopy output ias enabled, a carriage return/line
feed/apace sequence ias isaued to the printer ao that the next
command line ia not typed over the current 1line.

All other control charactera are invalid. The monitor will isaue
the bell character to the conasole in place of the control charac-

ter.

All lower case characters entered on the console are converted to
upper case.

MULTI SLAVE MONITOR Page 4-4
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THE ‘H’

Pocket calculators with such

COMMAND - EXPRESSION EVALUATOR

and Boolean functiona are a convenient tool,

handy, such calculations by

capabilities as hexadecimal
but when one ian’t

hand are tedious at best. For thisa

Section

reaaon, an expreaaion evaluator haa been included in the

Slave monitor progranm.

The expresaion evaluator has a total of 17 operators,

Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
/ Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic
Dyadic

+ % @

! = = VAV I AV ANNI
VoA

4

MULTI SLAVE MONITOR

AND

MULTIPLY

ADD or monadic PLUS
SUBTRACT or monadic MINUS
DIVIDE (two’a complement)
REMAINDER

LESS THAN

GREATER THAN

LESS THAN OR EQUAL

EQUAL

GREATER THAN OR EQUAL

or monadic ROTATE LEFT
or monadic ROTATE RIGHT
INCLUSIVE OR

EXCLUSIVE OR

NQT EQUAL

Monadic NOT (one’s complement)

Page 4-S
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Constants may occur in two forms, numbers or strings. Numbers
may be in decimal or hexadecimal notation. A decimal number isa
aimply a atring of digita; a hexadecimal number ia prefixed by
either a dollar aign (£) or encloaed in aingle quoteas prefixed by
an X (e.g. SFFFF or X’FFFF’). Expreaaiona are evaluated to 16
bita of precision (modulo 633536, or SFFFF) using two’s complement
arithmetic, with no check for overflow. Strings are any aequence
of charactera enclosed in single quotes. Two consective single
quotea are required to repreaent one aingle quote within a
atring. Null strings are ignored.

Expreaaiona have the form:
( [OPERAND_1 [OPERATOR1] OPERAND_2

where OPERATOR ia one of the aforementioned dyadic or monadic
operatoras, and OPERAND_1 and OPERAND_2 are conatanta or expres-
aiona. Dyadic operators require both operanda, monadic operatora
require only OPERAND_Z2.

All operatora have equal precedence, and expreaaiona are evaluat-
ed from left to right. Parentheaes around an expreasion may be
used to alter precedence; the innermoat expresaion in parentheaisas

ia evaluated firat.

The dyadic operatora are uaed to form expreaaiona which evaluate
to either one or zero, indicating a true or false condition
reapectively. A true expreasion yields a reault of one; a falsae
comparaion producea a z=ero reault.

The left and right rotation operatora (<< and >>) perform a 16
bit rotate (not ashift) operation; rotation impliea wraparound of
bits. Shifting can be accompliahed with the multiply and divide
operatora. When used aa monadic operatora, operanda are rotated
one bit. When used aa dyadic operators, the firat operand apeci-
fiea the number of bita to rotate.

If a atring conatant appears in an expression with operators, the
value of the atring is the ASCII code of the firat character in
the atring. An exception to thia rule occura when two atrings
appear with a relational operator; then a character by character
comparison of the two atrings is performed, uasing the ASCII value
to determine relative order. If the two strings are of unequal
length, the ahorter ias padded on the right with apacea.
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EXAMPLES:
Expreasaion Evaluatea to:
3 3
(4) 4
-(+3) SFFFD
~3 SFFFC
/78 1
1+2#3 S
1+(223) 7
5==95 1 (indicates a true condition)
SFFFF<O O (SFFFF=65535)
3+(27=6) 4 (3+1, where l1l=true)
<<2 4
>>3 $8001
3>>3F0 S001E
A’ +1 80042
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S-100 BUS PINOUT

5-100 Active
Bus Pin Mnemonic State Source Notes

01 +8 Volta ---- Bus

02 +16 Volts ~---- Bus

o3 XRDY High Slave Unuaed

04 VIO» Low (0OC) Slave Vectored Int O

05 VIl Low (0C) Slave Vectored Int 1

06 VIZ2» Low (0OC) Slave Vectored Int 2

Q7 VIi3= Low (0OC) Slave Vectored Int 3

08 VIdn Low (0C) Slave Vectored Int 4

Q9 VIS~ Low (QC) Slave Vectored Int S

10 Viées Low (0C)> Slave Vectored Int 6

11 VI7» Low (0C) Slave Vectored Int 7

12 NMI= Low (0C) Slave Unused

13 PWRFAIL» Low Bua Unuaed

14 TMA3» Low (0OC) Maater Unused

15 Al8 High Maater Unuaed

16 Al6 High Master Unused

17 A17 High Maatexr Unuaed

18 SDSB= Low (0OC3) Maater Unuaed

19 CDSB» Low (OC) Maaster Unusaed

20 GND -—-- Busa

21 - -———- -———— Unused

22 ADSB» Low (0OC) Maater Unusased

23 DODSB = Low (OC) Maater Unusaed

24 phi High Maaster Unused

25 pSTVAL= Low Master Unused

26 pHLDA High Master Unused

27 ———- —-———- -—— Unuaed

28 -———- -———- -—-- Unuaed

29 A0S High Haater Addresa bit S

30 AO4 High Maater Addreasa bit 4

31 AO3 High Maater Addreasa bit 3

32 Al1S High Master Addreass bit 15

33 Al12 High Master Address bit 12

34 A0S High Maaster Unused

35 DO1 High Maasterxr Data Out bit 1
DATA1l High M/S Unused 1

36 jalale] High Master Data Out bit O (LSB)
DATAO High M/S Unused

37 Al0 High Master Unused

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

39 DGS High Master Data QOut bit S
DATAS High M/S Unusaed

40 D06 High Master Data Out bit 6
DATA6 High M/S Unused

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

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

S-100 Bua Pinout Page A-1
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S-100 Active
Bua Pin Mnemonic State Source Notea

43 DI7 High Slave Data In bit 7
DATA1S High M/S Unused

44 aM1 High Maater Unuaed

45 s0QUT High Master OQutput Bus Cycle

46 aINP High Maater Input Bus Cycle

47 sMEMR High Master Unused

48 —-———- ~—-- ——-- Unuaed (aHLTA)

49 CLOCK High Master Unuaed

506 GND -—--- Bus Ground

S1 +8 Volts ~--- Bus

52 -16 Volta ---- Bua

S3 GND -——-- Bus Ground

5S4 SLV CLR* Low Master Unusased

S5 TMAO» Low (OC) Master Unused

S6 TMAl= Low (0OC) Maater Unuaed

57 TMAZ= Low (0OC)> Maater Unusased

58 aXTRQ=» Low Maater Unuaed

59 Al19 High Maater Unused

60 SIXTN= Low (0C) Masater Unuaed

61 A2C High Maater Unused

62 A21 High Master Unuaed

63 A22 High Master Unused

64 A23 High Maater Unuaed

65 --=- -—--- ---- Unused

66 -—-- ---- ---- Unusased

67 -—-- -——— ——— Unused (PHANTOM#)

68 ——-- - === Unuaed (MWRT)

69 -———- ---- -—=- Unused

70 GND ---- Bus Ground

71 -———- -—-- ———- Unused

72 RDY High (0OC) Slave Unuaed

73 INT= Low (0OC) Slave Unusaed

74 HOLD#» Low (QC) Master Unused

75 RESET» Low (0OC) Bua Syatem Reaet

76 pPSYNC High Master Bua Tranafer control

77 pWR= Low Maater Data Bus Valid

78 pDBIN High Maater Data In Strobe

79 AO High Master Address bit O (LSB)

80 Al High Maater Addreaa bit 1

81 A2 High Master Addreaa bit 2

82 A6 High Maater Addreas bit 6

83 A7 High Maater Addreas bit 7

84 A8 High Maater Unuaed

85 Al13 High Maater Unueed

86 Al4 High Maater Unuaed

87 All High Maater Unused

a8 D02 High Master Data Out bit 2
DATAZ2 High M/S Unused

89 DO3 High Mastexr Data Out bit 3
DATA3 High M/S Unused

390 DO7 High Master Data Out bit 7
DATA7 High M/S Unused
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S-100 Active
Bus Pin Mnemonic State
91 DI4 High
DATA12 High
92 DIS High
DATA13 High
93 DI6 High
DATA14 High
94 DIk High
DATA9 High
95 DIO High
DATAS8 High
96 aINTA High
7 aWO» Low
a8 ERROR®» Low (QOC)
99 POC= Low
100 GND ---
(0OC> = open collector
Unuaed =

Master
Master
Slave
Bus
Bus

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

pin not implemented on Multi Slave

S-100 Bus Pinout

bit

bit

bit

bit

bit

Appendix A
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PROM SELECTION JUMPER BLOCKS

co0oO0O
I
1
s N

PROM TYPE
2716 (2K)
2732 (4K)
2764 (8K)

27128 (16K)
27256 (32K)>

S-100 BUS VECTORED INTERRUPT JUMPERS

MULTI SLAVE

Multi Slave CPU O

Multi Slave CPU 1

(1] .. " "

Multi Slave CPU 2

No Connection

JUMPER BLOCK

1 -- o o -
3 -- o o -
S -- o o -
7 -- o o -
9 -- 0o o -
11 -- o o -
13 -- o o -
15 -- o o -

BASE ADDRESS SELECTION

(7)(6) (3>4)

i 3 S5 7
} i l
o

o o o
MSB LSB
o o o o
[ | l |
2 4 6 8
Example:

Multi Slave Jumper Options

Appendix B

- -8, 5-7
- -8, 5-7
S-100 BUS
INTO* (pin
INT1= (pin
INT2* (pin
INT3= (pin
INT4»= (pin
INTS» (pin
INT6* (pin
INT7= (pin

4)
S)
6)
7)
8)
3)
10)
11

Addresa gselection uaea LOW TRUE LOGIC
jumpered=0)
senta the four most significant bits
of the base address.

(no jumper=1,

BASE ADDRESS

JUMPERS

Page B-1
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PIN NO.

» On

SERIAL I/0 CONNECTORS

SIGNAL NAME

+16 VDC
-16 VDC
+3 VDC

channel
connected to the ring detect line on a modem.

Data Carrier Detect

Data Set Ready
see note below
Receive Data
Clear to Send
Tranamit Data
Requeat to Send

Data Terminal Ready

Tx/Rx Clock
Signal Ground

Appendix C

DIRECTION
input

input
input/output
input

input

output
output
output
input/output
ground

aupply voltage
supply voltage
supply voltage

this term ias RNG (ring detect) and may

connected on channel B.

Multi Slave I/0 Connector Pinouts

Thia line hasa

Page C-1
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I/0 PORT ASSIGNMENTS

ADDRESS (Hex) TYPE FUNCTION

00-0OF R/W DUART Data/Control (see Signeticsa
2681 Documentation for detaila)

10-1F --- Not Used
20-2F R Asserts SLAVE MESSAGE bit
30-3F R De-asserts MASTER MESSAGE bit
40-4F W BANK/PROM SELECT (detaila follow)
S0-5F R STATUS PORT (MASTER and SLAVE bits)
60-6F R Asserts SLAVE ALIVE= bit
70-7F R/W S-100 DATA PORT

Multi Slave I/0 Port Assignments Page D-1
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MULTI SLAVE SCHEMATICS
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Item

B WN P

o

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36

37
38

39
40
41

Multi Slave Parts List

Qty.

0w Owww

CWNPF WL W

PROPORRPEPRUOURNOOR OWR R P

[
V)

23

-

Part No.
7415367
74LS5390
SN2681
AM2965

Z80H
74L.5138

74L585
74L574
74L5279
7406
74LS00
74LS273
74LS373

74LS393
74L5688
DS0026
PAL16R4A
PAL16L8A
PAL16LS
2764JL25S

TM4164EL9

NCTOS0C
DL6135S

Product Reference Manual

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

PROG ARRAY LOGIC
PROG ARRAY LOGIC
PROG ARRAY LOGIC
EPROM

4.7K OHM PACK

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

10 OHM 10% 1/4W
47 PF CAPACITOR

5 PF CAPACITOR

10 PF CAPACITOR
100 PF CAPACITOR
6.8 UF 25WVDC

10 UF 25WVDC

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

16 PIN DIP SOCKET

20 PIN DIP SOCKET

28 PIN DIP SOCKET
40 PIN DIP SOCKET

3.6864 MHz XTAL
8.00 MHz OSCILLATOR
30Na DELAY LINE

Appendix F

Reference
U1l,U47,US2,US3,U64
u2,uU6,U10

us,ug,u1s
Uui3,uU15,U017,U028,U31
U34

ui4,uUl16,U27
u29,uU32,U41,U43,U44
Us1

Uu30,U33,U42
Uu39,U40,US8
u4S,US6,US9

u4e

u49,US0

uS4,US5,U66
ue1l,Us2,U63,U68,U69
uzo

uzi

ue?z

us?z

u21,uU25,uU37
uz2,U26,u38

u6o0

ul1l9,uU23,uU3s
RP1,RP2,RP3

R1-R12

R16

R17-R19,R21,R22
C6-C10

Ccl1

ciz2

C13

Cc2

C3-CS

Cci
uz,u4,u7,U8,U11,U12
us?
Uu39,U40,U46,U49,US0
us8,u71,DL1
Uui,u2,U6,U010,U29,U30
U32,U33,U41,U042,044,
u45,U047,U51,U52,U53,
UsS6,US9,U64
uUi13,uis5,uU17,uU21,022,
u2s,uU26,U28,U31,U34,
Uu37,U38,U54,U55,U60,
uel1,U62,U63,U66,U067,
ues,ue9,U70
Uu1ls9,uU23,U35
us,u9,uU14,U16,U18,
u27

Y1

Y2

DL1
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Itenm
42
43

44
45
46
47
48
49
So

Multi Slave Parta List

Qty.

6
4

NNNENR -

- - = -

78H0S

Description
14 PIN HEADER
8 PIN HEADER

16 PIN HEADER
SV/5SA REGULATOR
PCB EJECTORS

HEAT SINK [REF VR11]
6-32 x 3 SCREWS
6-32 NUTS

#6 LOCK WASHER

Appendix F

Reference

Ji1-J6

E1-E8,

E19-E26

E9,E16 ,E27-E34

J7
VR1

Page. F-2
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DESCRIPTION FEATURES PIN CONFIGURATION
The Signatics SCN2681 Dual Universal o Dual full-duplax asynchroncus receivar/
Asynchronous Receiver/Transmittar transmiter
{DUART) is a single chip MOS-LS! com- « Quadruple butforad recolvar data regls- A0 (1] ) vee
muricanons device that provides two - tors 1Py [7] 5] ire
dep9nd9n| fu}l.duplex asypchror}nu} « Programmable data format & ] o
recsiver traqamuuer cha_nnels in a singie -5 10 8 data bits plus parity LI 57 ire
package. 't intertaces diractly with micro- —0dd, even, no parlty or force parlt i =
pracessors and may be used in 4 polied or ¥ ! v parity A2 .5 ] 192
interrup? ariven system, —1, 1.5 or 2 stop bits programmasble in n '.; 3 cen
' . 116 bit incromonts pu
The operating mode and data format of o programmabloe bzud rate for each ro- .- 2 RESET
each channel can te programmed inde-  cqjyer and transmiter selectable from: WAN 3] B x2
pendently. Additionaily, each raceiver ara —18 tixed rates: 50 to 38.4K baud ROM E 3} xucLx
teansmitter can selef:: itg operating speed —~0Ono usor dolined rato dorlved from axos T 5 RxDA
4s cre of egnteen fixed taud rates. a 16x arogrammable timaer/counter ™08 T (5] rxoa
c.ock c_snvcd frfom a programmabie —External 12 or 18x clock oM g 5 oro
countertimer, or an externa: 1x or i3x Parity, framing, and ovarrun error dotoc ops ]
clock. The baud rate generatcr and tion h a1 [71] oe2
counterit mer can oparate J-rectly from a Qes % [37) ore
cystal or ‘rcm external clock inputs. The  * Falco start bit dotection 07 ] ) ore
abitity to independently program ihe * Lino break dataction and generation b1 {76} 135] oo
operating speed cf the receiver and trans-  » Programmable channol mode pa ] ) 02
m:ttar maxe the DUART particutariy attrac- —Normal (full duplex) os ] f; ot
tive for dual-speed channel appications — Automatic echo = -
such as clus:ered terminal systems. —Local lcopback or g :, oa
Each race:ver 1s quadruply buffered to  —Romoto loopback oNe 2 INTAN
minimize the potential of receiver overrun  * Multi-function programmable 16-bit
or :0 readuce Interrupt overhead n inter- coumsmlmnr.
rupt crivan systems. In addition, a flow e Multi-tunction 7-bit input port Ao T ) vae
control capabi'ity is provided to disaole a —Can sorvo es clock or control inputs a1 7] 2 P2
remote CUART transmitter #hen the but- —Chango of stato dotoction on four a2 (3] [ cen
far st the recewing devica is full. inputs As 5] D Reser
Also providea on t~e SCN2681 are 3 multi-  * Multi-function 8-bit output port waN (5 E xa
purpose 7-bit ‘nput port and a multipus- ~|Individual bit setirosat capability AON % b5 xweLx
pose 8-b1t outout dort. These can @ used —Outputs can bs progremmed to be —] : axoA
as general purpose 1O parts or zan de status/intorrupt signala RXO8 L =
assigned specthic functicns (such 33 cieck o Vorsatilo intsrrupt system Txo8 ﬁ £ X0A
1Aputs of staiusiinterrupt outzuts) under —Singlo interrupt output with eight 0Pt 3 20 0%0
program cantrel. maskable interrupting conditions o1 =] E 00
The SCNZB81 s avai-able in tp-2e pacrage  — Output part can ba configured to pro- 03 I e 02
Varsions (o S4USTy various System raquire- vido a total of up to six saparate wire- 0s 73] [T 04
ments: 40-pin 3rd 28-cin, toth 0.8 wde OR‘able interrupt outputs o7 [3 5 D
D:Ps. arg a compact 24.01n, 0.4° w~ace,  © Maximum data transfer: 1X — 1MBlsec, aND T 5 NTAM
o1 16X — 125KBisoc
o Automatic wake-up modo for multidrop
applications
e Start-ond broak intarrupt/status :; “;_“ :::; :o
* Dotocts break which originates in tho o cc
m:ddla of a charactor - ‘i _—1__1]. cen
e On.chip crystai oscillator WAN L4 ol RESET
RON (5] [73) s1CLK
e TTL compalibla ]
e Singla + 5V power supply rxos (3] [ Rxoa
X008 7} 0 TXI0A
01 T3] [T 00 -
03 3] *s] 02
o0s 7] Wk
o7 ] g
GND T3] 7 INTRN
TOP VIEVIS
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIE?'

BLOCK DIAGRAM
~—
[
i e
TRANSMIT
HOLDING REG
TuDA
TRANSMIT
SHIFT REGISTER
OPERATION
ADN
CONTROL RECEIVE
WRN HOLDING REG
ADDRESS (3
N} DECODE (::} RiDA
s, RECEIVE
AD-A2 - —i SHIFT REG
AESEY | A'W CONTROL I
MRA1.2
CRa
SRL
INTERRUPTY
CONTROL -
e
INTAN g | Ty K N (‘————> CHANNEL 8 T:08
- v - (AS ABOVE) e Rus
1SR
.
g INPUT PORT
A CHANGE OF
gl oz 3 STATE ;
TIMING z 3 - DETECTORS (4 | (PO 1§
o K « K )
(%] X
BAUD RATE | |2
GENERATOH i s PCR
1 - ACK
' i
cLoce
SELECTORS
QUIPLT POKY
COUNTER’ }un:‘.._o».
TIMER . SELECT .
> R L06:¢ —————— op:.0p"
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X1 CL ¥ et . -
o I X14. 0SC | R opzh !
i S R ]
CSka
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‘-—————-G&: N
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Appendix H

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

PIN DESIGNATION

APPLICABLE
MNEMONIC TYPE NAME AND FUNCTION
40 | 28 | 24
D0-D7 X X X 110 | Data Bus: Bidirectional 3-state databus used to transfer commands, data and status between
the DUART and the CPU. DO is the least signiticant bit.
' CEN X X X [ Chip Enable: Active low input signal. When low, data transfers petween the CPU and the
§ DUART are enabled on D0-D7 as controlled by the WRN, RDN and A0-A3 inputs. Whaen high.
places the DO-D7 linaes in the 3-state condition.
WRAN X X X | ‘Write Stroba: When iow and CEN 18 also low, the contents of the data bus is loaded into the,
addressed register. The transfer sccurs on the rising edge of the signal.
RDN X X X [ Read Strobe: When low and CEN 13 also low, causes the contents of the addressed register to
be presanted on the data bus. The read cycle begins on the falling edge ot RON.
i A0-A3 i X X | Addresc Inputs: Select the DUART intarnal registers and ports for read/write operations.
RESET X X X | Resot: A high level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OP0-OP7
in the high state, stops the counter/timer, and puts channeis A and B in the inactive state.
with the TxDA and TxDB outputs in the mark {high) state.
INTRN X X X (o] interrupt Request: Active low, open drain. output which signais the CPU that one or more of
the eight maskable interrupting conditions are true.
X1CLK X X X | Crystal 1: Crystal or external clock input. A crystal or clock of the specifiad limits must be
| supptied at all times. When a crystal is used, a capacitor must be connected trom this pin to
ground (see figure 5).
X2 X X O ICrystal 2: Connection for other side of the crystai. Should be connacted to ground it a
crystal is not used. When a.crystal i1s used. a capacitor must be connected from this pin to
ground (see figure 5).
RxDA X X X | Channel A Rocolvor Serial Data Input: The least significant bit is received tirst. ‘Mark® is high,
‘space’ is low. .
RxDB X X X | Channel B Rocolvar Serlal Data Input: The least significant bit 13 received first. ‘Mark' is high.|"
‘space’ is low.
TxDA X X X o Channal A Transmitter Sorlal Data Output: The least significant bit is transmitted first. This
} output is held in the ‘'mark’ condition when the transmitter is disabled, idle, or when operat-
i ing in !ocal ioopback mode. 'Mark' /3 high, "space’ 13 low.
! TxDB X X X [o] Channel B Transmitter Serial Data Output: The least signiticant bit is transmitted first. This
output is held in the ‘mark’ condition when the transmitter is disabled, 1dle, or when operat-
ling in local toopback mode. ‘Mark’ is high, ‘space’ is low.
14ng
OPO X X o] | Output 0: General purpose output. or channel A request to send (RTSAN, active low). Can be,
;deactiva‘.ed on receive or transmit.
oP1 X X o ! Output 1: General purpose output. 9r channel B request to send (RTSBN. active Icw). Can be
! deactivated on -eceive or transmit.
or2 X (o] Output 2: General purpose output, or chanrel A transmitter 1X or 16X clock output. or chan-
ne! A receiver 1X clock output.
OP3 X (o] ! Output 3: General purpose output, or open drain, active low countar/timer output, or channel
B transmutter 1X clock cutput, or channel B receiver 1X clock output.
OP4 X [e] Output 4: General purpose output, or channel A open drain, active low, RxRDYAIFFULLA out-
’ put.
oPs X O ! Output 5: General purpose output, or channe! B open drain, active low, RxROYBI/FFULLB out-
put.
o] ] X O | Output 8: Genaral purpose output, Gr channal A open drain, active low. TxROYA output.
oP? X [e] Output 7: General purpose output, or channel B open drain, active low, TxRDYB output.
120] X ] input 0: General purpose input, or channel A clear to send active iow input (CTSAN).
IP1 X | Input 1: General purpose input, or channel B clear to send active low 1nput (CTSBN).
1P2 X X 1 Input 2: Genera!l purpose input, or counter/timer external clock input.
1P3 X ] Input 3: Genaral purpose input, or channal A transmitter external clack input (TxCA). When
tha external clock is used by the transmitter, the transmitted data is clocked on the falling
edge of the clock.

Signetica
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Appendix H

" DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SCN2681 SERIES

PIN DESIGNATION (Continued)

!:NEMONIC APPLICABLE TYPE NAME AND FUNCTION 1
40 | 28 | 24

1P4 X | Input 4: General purpose input, or channel A receiver external ciock input (RxCA). When the
external clock is used by the receiver, the received data is sampled on the rising edge ol the
clock.

1P5 X | Input 5: General purpose input. or channel B transmitter external clock input (TxCB) When
the external clock is usec by the transmitter, the transmitted data 1s ciockec on the falling
edge of the clock.

IP8 X I Input 6: General purpose input or channei B receiver external clock input (RxCB). When the
external clock is used by the receiver. the received data is sampled on the rising edge of the]|
clock.

Vee X X X ! Power Supply: + 5V supply input

GND X X X t Ground

BLOCK DIAGRAM

The 2681 DUART consists of the tollowing
eight major sections: gata bus butfer,
operation control, interrupt controi, tim.
ing, communications channels A and B, in-
put port and output port. Refer to the
block diagram.

Data Bus Buffer

The data bus butfer provides the interface
between the external and internal data
busses. It is controlied by the operation
contro! block to allow read and write
operations to take place between the con-
trolting CPU and the DUART.

Operation Control

The operation control logic receives
operation commands from the CPU and
generates appropriate signals to internat
sections to control oevice operation. it
contains address decoding and reac anc
write circuits to permit communications
witt the microprocessor via the gata bus
butfer.

Interrupt Control

A single active low interrupt output
(INTRN) is provided which is activated
upon the occurence of any of eight inter-
nai events. Associated with the interrupt
system are the interrupt mask register
(IMR) and the interrupt status register
(ISR). The IMR may be programmed to
select cnly certain conaitions to cause
INTRN to be asserted. The ISP, can be reac
by the CPU to determine ail currently ac-
tive interrupting conditions

Qutputs OP3-OP7 can be programmec 1o
provide discrete interrupt outputs for the
transmitters, receivers, and counter'timer

Timing Circuits

The timing block censists of a crysta!
oscillator. a baud rate cgenerator. a pro-
grammable 16-tit countertimer, and four
clock selectors. The crystal oscillator
operates directly from a 3.6864MHz crys-
tal connected across the X1/CLK and X2
inputs. If an external clock of the appropn-
ate frequency 1s available. it may be con-
nected to X1/CLK. The clock serves as the
basic timing reference for the baud rate
generator (BRG), the counter:uimer, and
cther internal circuits. A clock signal
within the limits specified .n the specifica-
tions section of this data sheet must
aiways be supplied tc the DUART

The baud rate generator operates from the
osciilator or externa! clock input and s
capable of generating 18 commonly used
data communications baud rates ranging
from 50 t< 36.4K baud. The clock outputs

.from the BRG are at 16X the actual baud

rate. The counter/time: can be used as a
timer t¢c produce a 16X ciack tor ary other
bauG tale by counting down tne crystal
clock cr an externs! ci.ck The four clock
selectors aliow the independent sglectinn
for each receiver and transmutter. of any ot
these baud rates or an external linang sig-
nai.

The countertimer (C/7: car: be grogram-
med to use one of several iming sources
as its input. The cutput o' tne CT s avan-
able te tne clock selectors 61J can alsc be

programmed to be output at OP3. in the |

counter mode. the contents of the C/T can
be read by the CPU anc it can be stoppeZ?
ang started under program control. in the
timer mode, the C/T acts as a program-
mabie divider

Signetics 2681 DUART Device Specifications

Communications Channels
A and B

Each communications channel of the 2681
comprises a {ull duplex asynchronous re-
ceiver/transmitter (UART). The operating
trequency for each receiver and transmit-
ter can be selectea independently from
the baud rate generatcr, the counter timer,
or from an external input.

The transmitter accepts paraite! gata from
the CPU. converts 1t 10 a senia. bit stream,
inserts the appropriate start. s:0p. and cp-
tional parity bits ang outputs a com-.cs:te
serniai strearn of data on tne TxD output
pir The recewer accepls sena’ aata on
the RxD pin, corverts this senia input tc
paraliel tormat. checks for start bit, stop
bit. parity bit (i any). or break conditiop
and sencs an assembles characte’ to the
CcrPU

Input Port

The inputs tc this untatuhel 7-0-1 pott can
be read by tne CFU by pertsrm .»g a read
operanicn at adgese D AR Gh nput re
sLlts in 2 1656 1 whik a 10a hput results
inaiogs & D.wil alwa,s be rean as a
lugie 1. The ;s ot this piort can also serve
85 auxtiary oy uts to certair portions of
the DUART 162C

Four chanje-cf-state getez'crs are pro
videld which are assoliatel voth INpUts
IF> IP2.1P1. anc PG A hig=-to-luw of low
te-high trans.tior. of these nputs lasting
tonger than 25-50,6 wit: set the corre-
sponding tat in the (rput port wii change
reqister The btite are clzare: wren the
reg:ster s rexa by the CHU Any change o!
s'ale can a:50 be programmel 1L generate
an nterrunt 14 the CPU
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES

Output Port

The 8-bit multi-purpose output gort can be
used as a general purpose output port, in
which case the outputs are the comple-
ments of tne output port register (OPR).
OPR[n} = 1 results in OP[n] = low and vice-
versa. Bits ot the OPR can be individualty
set and reset. A bit is set by performing a
write operat:on at address E g with the ac-
companying Jdata specifying the bits to be
set (1 = set, 0= no change). Likewise, a bit
is reset by a write at adcress F.g with the
accompanying data specifying the bits to
be reset (1 = reset, 0= no change).

QOutputs can be a!so individually assignad
specific functions by appropriate pro-
gramming of the channel A mode registers
{MR1A, MR2A), the channel 8 moage regis-
ters (MR1B. MR28B), and the output port
conf:guration register (OPCR)

OPERATION

Transmitter

The 2681 is conditioned to transmit data
when the transmitter is enabled through
the command register. The 2681 indicates
to the CPU that it is 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 OP6 or OP7 and INTRN. Whean a charac-
ter is 1oaded into the transmit halding reg-
ister (THR), the above conditions are
negated. Data is transferred from the h:ld-
ing register to the transmit shift register
when it is idle or has completed transmis-
sion of the previous character. The TxRDY
conditions are then asserted again which
means one full character time of buffering
is provided. Characters cannot be loaded
into the THR while the transmitter is dis-
abled.

The transmtter converts the parailel data
from the CPU to a serial bit stream on the
TxD output pin. It automatically sends a
start bit followed by the programmed
number of data bits, an optional parity bit,
and the programmaed number of stop bits.
The least significant bit is sent first. Fol-
lowing the transmission of the stop bits, if
a new character is not available in the
THR, the TxD output remains high and the
TxEMT Dit in the status register (SR) will
be set to 1. Transmission resumes and the
TxEMT bit is clearad when the CPU loads a
new character into the THR. if the trans-
mitter is disabled, it continues operating
until the character currently baing trans.
mitted is completely sent cut. The trans.
mitter can be forced to send a continuous

low condition by 1ssuing a send break
command.

The transmitter can be reset through a
software command. if it is reset, operation
ceases immediately and the transmitter
must be enabled through the command
ragister before resuming operation. If CTS
cperation 1s enatled, the CTSN input must
be 'ow in order for the character to be
transmitted. if it goes high in the middle of
a transmission, the character in the shift
register is transmitted and TxDA then re-
mains in the marking state until CTSN
goes iow. The transmitter can also control
the <eactivation of the RTSN output. it
programmed, the ATSN output will be re-
sat on2 bit time after the character in the
transmit shift register and transmit hold-
ing register (if any) are completely trans-
mitted, if the transmitter has been dis-
abled.

Receiver

The 2681 is conditioned ta receive data
when enabled through the command reg-
1ster. The receiver locks for a high to low
(mark to space) transition of the start bit
on the RxD input pin. If a transition is de-
tected, the state of the RxD pin is sampled
each 16X clock for 7-1/2 clocks (16X clock
mode) or at the next rising edge of the bit
time clock (1X clock mode). If RxD is
sampled high, the start bit is invalid and
the search for a valid start bit begins
again. It RxD is still low, a valid start tit is
assumed and the receiver continues to
sample the input at one bit time intervals
at the theoretical center of the bit, until
the proper number of data bits and the
ganty bit (it any) have been assemblad,
and one stop bit nas been detected. The
least sigiticant bit 1s recewved first. The
adata 18 then transterred to the receive
holding register (RHR) and the RxRDY bit
in the SR is set to a 1. This condition can
be programmed to generate an interrupt at
OP4 or OP5 and INTAN. If the character
length 1s less than eight bits, the most
signiticant unused bits in the RHR are set
to zero.

Aftar the stop bit is detected, the receiver
will immediately look for the next start bit.
However, if a non-zero character was re-
ceived without a stop bit {framing arror)
and RxD remains low for one half of the bit
period after the stop bit was sampled,
then the receiver operates as it a new start
bit transition had been detected at that
point (one-half bit time after the stop bit
was sampled).

The parity error, framing error, overrun er-
ror and received break state (if any) are

Signetica 2681 DUART Device Specifications

strobed into the SR at the received charac:
ter boundary, before the RxRDY status bit
is set. If a break condition 1s detected
(RxD 1s iow for the entire character in-
cluding the stop bit), a character con-
sisting of all zeros wili be loaded into the
RAHR and the received break bit in the SR
is set to 1. The RxD input must returnto a
h:gh condition for at least one-halt bit time
before a search for the next start bit
begins. ’

The RHR consists of a first-in-tirst-out
(FIFO) stack with a capacity of three char-
acters. Data is !caded trom the receive
shift register into the topmost empty posi-
tion of the FIFO. The RxRDY bit in the
status register is set whenever one or
more characters are available to be read,
and a FFULL status bit is set if all three
stack positions are filled with data. Either
of these bits can be selected to cause an
interrupt. A read of the RHR outputs the
data at the top of the FIFQ. After the read
cycle, the data FIFO and its associated
status bits (see beiow) are ‘popped’' thus
emptying a FIFO position for new data.

In addition to the data word, thiee status
bits (panty error, framing error, and re-
ceived break) are also appended to each
data character in the FIFO (overrun is not).
Status can be provided in two ways, as
programmed by the error mode control bit
in the mode register. In the ‘character’
mode, status is provided on a character-
by-character basis: the status applies only
to the character at the top of the FIFO. In
the 'block’ mode, the status provided in
the SR for these three bits is the logical
OR of tre status for all characters coming
to the top of the FIFQ since the last ‘reset
error’ command was ssued. In either
mode reading the SR does not at‘act the
FIFO. The FIFO is ‘popped’ only when the
RHR is read. Theretore the status register
snould be read prior to reading the FIFO.

If the FIFO is full when a new character is
received, that character is held in the re-
ceive shift register until a FIFO positionis
available. If an additional character is re-
ceived while this state exits, the contents
of the FIFO ara not atfected: the character
praviously in the shift register is lost and
the overrun error status bit (SR[4}) will be
sat upon receipt of the start bit of the new
{overruning) character.

The receiver can control the deactivation
of RTS. If programmed to operata in this
mode, the RTSN output will be negated
when a valid start bit was received and the
FIFQ is full. When a FIFO position be-
comes available, the RTSN output will be
ra-asserted automatically. This feature
can be used to prevent an ovarrun, in the
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SCN2684 SERIES

recelver, by connecting the RTSN output
to the CTSN input of the transmitting
device.

If the receiver is disabled, the FIFO char-
acters can be read. However, no additional
characters can be received until the re-
ceiver is enabled again. It the receiver is
reset, the FIFO and all of the receiver
status, and the corresponding output
poris and interrupt are reset. No addi-
tional characters can be received until the
receiver is enabled again.

Multidrop Mode

The DUART is equipped with a wake up
mode usec for multidrop applications.
This mode is selected by programming
bits MR1A[4:3] or MR1B[4:3] {0 ‘11" for
channels A and B respectively. In this
mode of operation, a ‘master’ station
transmits an address character foliowed
by data characters for the addressed
‘slave’ station. The slave stations, with
receivers that are normally disabled, ex-
amine the received data stream and ‘wake-
up’ the CPU (by setting RxRDY) only upon
receipt of an address character. The CPU
compares the received address to its sta-
tion address and enables the receiver if it
wishes 1o receive the subsequent data
characters. Upon receipt of another ad-
dress character, the CPU may disable the
receiver to initiate the process again.

A transmitted character consists of a start
bit, the programmed number c¢ data bits,
an address/data (A/D) bit, and the pro-
grammed rumber of stop bits. The polarity
of the transmitted A/D bit is selected by
the CPU by programming bit MR1A[2)
MR1B|[2]. MR1A[2))MR1B[2] = 0 transmits a
zero in the A/D bit position, which iden-
tifies the corresponding data bits as data.
while MR1A[2JMR1B[2)=1 transmits a
one in the A/D bit position, which ident:-
fies the corresponding data bits as an ao-
aress. The CPU should program the mode
register prior to loading the correspaonding
data bits into the THR.

In this mode, the receiver continuously
looks at the received data stream, whethe’
it 1s enabled or disabled. f disabied. it
sels the RxRDY status bit and loads the
character into the RHR FIFO if the re-
ceived A/D it is a one (address tag;. but
giscaros the receivea character it the
received A/D bit is a zero (data tag). if
enabled, all received characters are trans:
ferred to the CPU via the RHR. in either
case, the data bits are loadec into the data
FIFO while the A/D bit is loaded into the
status FIFO position normally used for
panty error (SRA[5] or SRB!S]; Framing
error, overtun efror, and brear. detect oper-

ate normally whether or not the receiver is
enabled.

PROGRAMMING

The operation of the DUART is program-
med by writing control words into the ap-
propriate registers. Operational feedback
is provided via status registers which can
be read by the CPU. The addressing of the
registers is described in tabie 1.

The contents of certain control registers
are initialized to zero on RESET. Care
should be exercised it the contents of a
register are changed during operation,
since certain changes may cause opera-
tional problems. For example, changing
the number of bits per character whiie the
transmitter is active may cause the trans:
mission ot an incorrect character. In gen-
eral, the contents of the MR, the CSR, and
the OPCR should only be changed while
the receiver(s) and transmitter(s) are not
enabled. and certain changes to the ACR
should only be made while the C/T is
stopped.

Mode registers 1 and 2 of each channel are
accessed via independent auxiliary point-
ers. The pointer is set to MR1x by RESET
or by issuing a ‘reset pointer' command
via the corresponding command register.
Any read or write of the mode register
while the pointer is at MR1x switches the
pointer to MR2x. The pointer then remains
at MR2x, so that subsequent accesses are
always to MR2x uniess the pointer is reset
to MR1x as described above.

Mode, command, ciock select. an3 status
registers are duplicated for each channel
to provide total independent operation
and control. Refer to table 2 for register bit
descriptions.

MR1A — Channe!l A Mode
Register 1

MR1A is accessed when the channel A MR
pointer points to MR1. The pointer is set
to MR1 by RESET or by a‘set nointer’ com-
mand applied via CRA. After reading or
writing MR1A, the pointer will point to
MR2A.

MR1A[7] — Channe! A Receiver Request-
to-Send Control — This bit controis the
deactivation of the RTSAN output (OPO) by
the receiver. This output is normally
asserted by setting OPR[0) and negated by
resetting OPR([0). MR1A[7]=1 causes
RTSAN to be negated upon receipt of a
valid start bit if the channel A FIFO is full.
However. OPR[0] is not reset and RTSAN
will be asserted again when an empty
FIFO position is available. This feature
can be used for flow control to prevent
overrun in the receiver by using the
RTSAN output signal to contro! the CTSN
input of the transmitting device.

MR1A[6] — Channel A Receiver Interrupt
Select — This bit selects either the chan-
nel A receiver ready status (RXRDY) or the
channel A FIFO full status (FFULL) to be
used for CPU interrupts. It also causes the
selected bit to be oulput on OP4 if it is
programmed as an interrupt output via the
OPCR.

MR1A[5] — Channel A Error Mode Select
— This bit selects the operating mode of
the three FIFQOed status bits (FE, PE, re-
ceived break) for channei A. In the ‘charac-
ter mode, status is provided on a charac-
ter-by-character basis: the status applies
only to the character at the top of the
FIFO. In the 'block’ mode, the status pro-
vided in the SR for these bits :s the ac-

Table 1 2681 REGISTER ADDRESSING
a3lazla1]a0 READ (RDN = 0) WRITE (WRN =0
o'oio 0 | Mode Register A (MR1A. MR2A) | Mode Register A (MR1A. MR24,
0 {0 0|1 | Status Register A (SRA) Clock Select Reg. A (CSRA}
0|01 [0 | *Reserved® Command Register A (CRA:
0|0 { 1|1 | RXHolding Register A (RHRA) | TX Holaing Register A (THRA)
01100 |InputPortChange Reg {IPCR) | Aux. Control Register (ACR:
oy11011 Interrupt Status Reg. (ISR Interrupt Mask Reg. (IMR,
01;1i1]0 | CounteriTimer Upper (CTU) C/T Upper Register (CTUR '
of1l1f1 Counter/Timer Lower (CTL} C/T Lower Register (CTLR) |
1{0{0!0 |ModeRegister B(MR1E,MR2B; | Mode Register B (MR1B MR2B; |
110| C |1 | Status Register B (SRB} Clock Select Reg. B (CSRE; i
110{ 10 | *Reserved* Command Register B (CRE!
1 10| 1|1 |RXHolding Register B (RHRB) | TX Holding Register B (THRB) !
1]1%,01{0 | “Reserved* *Reserved*
111{0 11 |lInputPon Output Port Cont Reg (OPCR) i
1111 ]0 | Start Counter Comma~d Set Outpul Port Bits Commanc
111 ]1 Stop Counter Command Reset Output Port Bits Commanc -

Signetics 2681 DUART Device Specifications
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MR1A
MR1D

MR2A
MRA28

CSRA
CSR8

CRA
CRO

SRA
SRB

OPCR

ACR

IPCR

Tablo 2 REGISTER BIT FORMATS

8IT? BITG BITS BiT4 8IT3 B8iT2 11} 8] giro
RX ATS RX INT ERROR PARITY
CONTROL SELECT MODE PARITY MODE TYPE BITS PER CHAR.
0=no 0= RXRDY 0=char 00 = with panty 0=-even 00=5
1=yes 1=FFULL 1= block 01 = force parity 1= odd 01=6
10 = no parity 10=7
11 = multi-drog mode 11=8
8177 BIT6 BITS BIT4 BIT3 8IT2 BIT1 BITO
Tx RTS [+ £ .
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH
00 = Normal 0=no 0=no 0=0.563 4=0813 8=1.563 C=1813
01 = Auto echo 1=yes 1=yes 1=0.625 5=0.875 9= 162 D=1.875
10 = Local loop 2=0.588 6=0.938 A=1.688 €=1938
11 = Remote loop 3=0.750 7=1.000 B=1.750 F =2.000
*Aca 0510 values shown tor 0-7 11 charnei :s pragrammed “or 5 bitsichar,
8IT? 8ITé BITS BIT4 BIT3 BIT2 BITY 8iTo
RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT
See toxt See text
BIT? BITe BITS BIT4 BIT3 18 BIT1 BITO
. " fMISCELLANEOUS COMMANDS “DISABLE Tx | ENABLE Tx | DISABLE Rx | ENABLE Rx
not used-—
must be 0 See taxt R 0=no 0=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes
BIT? BIT8 BITS BIT4 BIT3 BIT2 BIT1 BITO
RECEIVED FRAMING PARITY OVERRUN
BREAK ERROR ERROR ERAROR TXEMT TxROY FFULL RxRDY
0=no 0=no 0=no 0=no 0=no G=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes

*These staius Dits are ap

1w the cerresp:

3 3ata c>aracter.nheiazewe FIFO Areadof the status ‘egister previces trese B.1s i1 5) ‘rom the top af the FIFO

togetner ith 013 40 These nit3 ara Cleared Dy a ‘e3at @rror S1atus CO™Manc In craracler Mode *ney are J.3Car3ad anen 7o COrTesponding Jala CRaracier s read

trom tre F!FO.
2177 3178 BITS BIT4 BIT3 BiT2 BIT1 BITO
oP7 oPe6 OP5 oP4 oP3 orP2
0= OPR[7] 0 = OPR{6) 0= OFR[5) 0= GOFRA[4) 30 = OPR{J) 00 = OPR|2}
1= TxROYB | 1=TxRDYA | 1= RAxRDY/ 1= RxROY/ 01 = C/T OUTPUT 01 = TxCA (16X)
FFULLB FFULLA 10=T«CB (1X) 10 = TxCA (1X)
11 =RxCB (1X) 11 = RxCA (1X)
8iT7 BIT8 BITS BiT4 BIT3 BIT2 BITY 8ITo
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA
SELECT MODE AND SOURCE IP3 INT IP2 INT 1P1INT 1P0 INT
0=setl See table 4 0=otf 0= ofl 0=off 0=ott
1= 5612 t=on 1=o0n 1=o0n 1=o0n
BiT? 8ITe BITS 8iT4 BIT3 BIT2 : 1341 8170
DELTA DELTA DELTA DELTA
P3 P2 P1 PO 1P3 1P2 1P 1PO
0=no 0=no 0=no 0=no 0= low 0=low 0= low 0=low
1=yes 1=yes 1=yes 1=yes 1=gh 1= high 1=high 1 = high
Page H-7
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

’

Table 2 REGISTER BIT FORMATS (Continued)

8Im7 BIT6 BITS BIT4 BIT3 BIT2 BITY 8IT0
INPUT
DELTA RxRDY/ COUNTER DELTA RxRDY/
PORT TxRDYS TXRDVA
ISR CHANGE BREAK B FFULLB READY BREAK A FFULLA
O=no 0=no O=no O=no 0=no O0=no 0=no O=no
1=yes 1=yes i=yes 1=yes 1=yes 1=yes 1= yes 1=yes
BIT? BIT6 BITS B8IT4 BIT3 BIT2 BITY 8170
IN. PORY DELTA RxRDY/ COUNTER DELTA RxRDY/
CHANGE | BREAKB FFULLB 7’33?“ READY BREAK A FFULLA T’gﬁf‘
IMR INT INT INT INT INT INT
0= oft 0= off 0=olf 0=oft 0= oft 0= oft O0=off O=off
1=0n i=on 1=o0n 1i=on 1=on 1=o0n 1=on 1= 0n
BIT? BIT6 BITS BIT4 BIT3 B8IT2 BITY BITO
CrT[15) CIT(14) cm13) CIT{12) CIT[11) CIT110) CIT19) cnsy
CTUR
BIT? BIT6 BITS BIT4 BIT3 BIT2 BITY B8ITO0
c) crite) CIT{s) CIT(4) CITi3) CIrT(2) Ccr) CIT10)
CTLR
cumulation (logical OR) of the status for MR2A — Channel A Mode 6. Character framing is checked, but the

all characters coming to the top of the
FIFO since the last ‘reset error' command
for channe! A was issued.

MR1A[4:3) — Channel A Parity Mode
Select — It ‘with parity’ or ‘force parity’ is
selected, 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 to oper-
ate In the special muitidrop mode de:
scribed in the Operation section.

MR1A[2] — Channel A Parity Type Select
- This bit selects the parity type (ccd or
even) if the ‘with parity’ mcde is program-
med by MR1A[4:3], and the polarity of the
forced parity bet if the ‘torce panty’ mode
is programmed. It has no effect if the ‘no
parity’ mode is programmed. In the special
multidrop mods it selects the polarity of
the AID bit.

MR1A[1:0} — Channel A Bits per Character
Select — This field selects the numbet of
data bils per character to be transmitted
and received. The character lengtr does
not include the start, parity. and stop Dits

Signetics 2681 DUART Device Specifications

Register 2

MR2A is accessed when the channel A MR
pointer points to MR2, which occurs after
any access to MR1A. Accesses 10 MR2A
do not change the pointer.

MR2A[7:6] — Channel A Mode Select —

Each channe! of the DUART can operate i

one of four modes. MR2A{7:6)= 00 is the

normal mode, with the transmitter and re-

ceiver operating independently. MR2A[7:6}

=01 places the channel in the automatic

cche moae. which automatically retrans:

mits the received data. The following con-

ditons are true while in automatic ecno

mode:

1. Received date 1s reclocked and retrans:

mitied or the TxDA output.

The receive clock is used for the trans-

mitter.

. The receiver must be enabled, but the
transmitter need not be enabled

. The charnei A TxRDY and TxEMT
status bits are inactive.

. The received parity 1s checked, but 1s
not regenerated for transmission. 1.e,
transmitted parity bit 1e as received.

2.

stop bits are retransmitted as received.
A received break is echoed as received
until the next vahd start bit is detected
. CPU to receiver communication contin-
ues normally, but the CPU to transmit-
ter iink is disabled.
Two diagnostic modes can aiso be contig-
ured. MR2AI7:6)=10 selects local loop-
back mode In this mode:
1. The transmitter output 5 internally
connectec 10 the receiver input.
The transmil clock. is used for the re-
cewer.
. Tre TxDA output is held hugh.
. The RxDA input 1s 1gnored.
. The transmitter must be enabied, but
the rece:ver need not be enabdled.
CPJ to transmitter and rece:ver com-
munications continue normal’y.

N

(L A

6.

The second diagnostic mode is tne rems1e

loopbact. mode. selectec by MR2A[7:6; =

11. In this mode

1 Receiwved datd is tetocked and retrans-
mitted on the TxDA output

2. The receive cloce 1s used for the trang
mitter

Page H-8
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3. Recewved data is not sent to the local
CPU, and the error status conditions
are inactive.

4. The received parity is not checked and
is not regenerated for transmission,
i.a., rransmitted parity cit i1s as re-
cewed,

5. Tne receiver must be enabled.

6. Charac'er framing is not checked, and
the stop bits are retransmitted as re-
ceived.

7. A recewved treak is echoed as received
untii the next valid start bit :s detected.

The user must exarcise care wnen switch-
ing into and out of the various modes The
seiected mccde will be activated immeui-
ately upon mode selection, even if this oc-
curs in the m.ddle ot a received or trans-
mitted character. Likewise, if a mede is de-
selected, the device will switch out of the
mode immediately An exception to this s
switching out of autoecho or remote lcop-
back modes: if the de-selection occurs
just after the receiver has sampled the
stop bit (indicated 1n autoecho by asser-
tion of RxRDY), ard the transmitter is
enabled. the transmitter will remain in
autoecho mode until the entire stop bit
has peen retransmitted.

MR2A[5] — Channel A Transmitter Re-
quest-to-Send Control — This bit controls
the deactivation of the RTSAN output
(QP0O) by the transmitter. This output is
normaily asserted by setting OPR(0] and
negated by resetting OPR(0). MR2A([5] = 1
causes OPRIO] to be reset automatically
one bit time after the characters in the
channel A transmit shift register and In
the THR, 1t any, are completely iransmit-
ted. \ncluding tne orogrammed numbper of
stop bits, if the transmitter is not enabled.
This feature can be used to automatically
terminate the transmission of a message
as follows:
1. Program auto-reset mode: MR2A(5]= 1.
2. Erable transmitter.
3. Assert RTSAN: OPR[0]= 1.
4. Send message.
5. Disable transmitter after the 1ast char-
acter is loaded into the chanrel A THR.
6. The last character will be transmitted
ana OPR(0] will be reset one bit time
after the !ast stop bit, causing RTSAN
to be negated.

MR2A[4] — Channel A Clear-to-Send Con-
trol — If this bit s 0, CTSAN ras no etfect
on the transmitter, If this bit is a 1, the
transmitter checks the state of CTSAN

(IP0) each time it is ready to send a charac-
ter. If IPO is asserted (low), the character is
transmitted. If it is negated (high), the
TxDA output remains in the marking state
and the transmission is delayed until
CTSAN goes low. Changes n CTSAN
while a character is being transmitted do
not affect the transmission of that charac-
ter.

MR2A[3:0] — Channel A Stop Bit Length
Select — This field programs the length of
the stop bit appended to the transmitted
character. Stop bit tengths ot 9/16 to 1 and
1-3/16 tc 2 hits, in increments of 116 bit,
can be programmed for character lengths
of 6, 7. and 8 bits. For a character length of
5 uits, 1-1/16 to 2 stop bits can be pro-
grammed in increments cf 1/13 bit. The re-
ceiver orly checks for a ‘mark’ condition
at the center of the first stop bit position
{cne bit time after the 1ast data bit, or after
the parity bit it parity is enabled) in all
cases.

If an externai 1X clock is used for the
transmitter, MR2A([3] = 0 selects one stop
bit and MR2A[3] = 1 selects two stop bits
to te transmitted.

MR1B — Channel B Mode
Register 1

MR1B s accessed when the chanrel B MR
pointer ponts 10 MR1. The pornter s set
to MR1 by RESET or by a ‘set pointer’ com-
mand applied via CRB. After reading or
writing MR1B. the pcinter will point to
MR28.

The bit Jefimitions for this ragister are
.dentical to the bit definitions for MR1A,
axcept that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

MR2B — Channel 8 Mode
Register 2

‘AR2B is accessed when the channel B MR
ponter ccints to MR2, which occurs after
any access to MR1B. Accesses to MR2B
40 not change the pointer.

The oit defimitions for this register are
identical to the bit cefinitions for MR2A,
except that all control actions apply to the
channei B receiver and transmitter ana the
corresponding inputs and outputs.

CSRA — Channel A Clock Select
Register

CSRA[7:4] — Channel A Receiver Clock
Select — This field selects the baud rate
clock for the channel A receiver as tol-
lows:

Signetica 2681 DUART Device Specificationa

Baud Rate

CLOCK = 3.6864MHz
CSRA[7:4] ACR[7]=0 ACR[7]=1
Q000 50 75
0001 110 110
0010 1345 1345
30 11 200 150
0100 300 300
0101 600 600
0110 1,200 1,200
01 1 1,050 2.000
1000 2,400 2.400
1001 4300 4 800
1010 7,200 1,800
1011 9,600 9,600
1100 38.4K 19.2K
1101 Timer Timer
1110 1P4—16X IP4—16X
11 11 IP4—1X 1P4—1X

The receiver clock is always a 16X clock
except for CSRA[7:4] = 1111,

CSRA[3:0] — Channel A Transmitter Clock
Select — This field seiects the baud rate
clock for the channel A transmitter. The
field definition is as per CSRA(7:4] except
as follows:

Baud Rate
CSRA[3:0] ACR[7]=0 ACR[7]=1
1110 IP3—16X IP3—16X
1111 1P3—1X IP3—1X

The transmitter clock is always a 16X
clock except for CSRA[3:0)= 1111,

CSRB — Channel B Clock Select
Register

CSRB([7:4] — Channei B Receiver Clock
Select — This field selects the baud rate
clock for the channel B receiver. The field
definition 1s as per CSRA(7:4] except as
fcilows:

Baud Rate
CSRB|7:4] ACR[7]=0 ACR[7}=1
1110 1P5—16X IP6— 16X
11 1t 1P6—1X 1P6—1X

The racewver clock 1s always a 16X clock
except for CSRB[7.4] = 1111,

CSRB[3:0] — Channel B Transmitter Clock
Select — This field selects the baud rate
clock for the channel B transmitter. The
field definition is as per CSRA(7-4] except
as follows:

Baud Rate
CSRB[3:0] ACR[7T]=0 ACR[=1
1t 1t 0 1P5—16X IP5—16X
Tt 1 IP5—1X IPS=—1X

The transmitter ctock 13 always a 16X
clock axcept for CSRB[3:0}= 1111,
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CRA — Channe! A Comman
Register '

CRA is a register used to supply com-
mands to channel A. Multiple commands
can be specified in a single write to CRA
as long as the commands are non-conflict-
ing, e.9., the ‘enable transmitter' and
‘reset transmitter’ commands cannot be
specified in a single commanad word.

CRAj6:4] — Channel A Miscellaneous
Commands — The encoded value of this
field may be used to specify a single com-
mand as {ollows:

CRA(S:4]
000
001

COMMAND

No command.

Reset MR pointer. Causes the
channel A MR pointer to point to
MR1.

Reset receiver. Resets the chan-
nel A receiver as it a hardware
raset had been applied. The re-
ceiver is disabled and the FIFO
is flushed.

Reset transmitter. Resets the
channel A transmitter as it a
hardware reset had been ap-
plied.

Reset error status. Clears the
channe! A Received Break, Par-
ity Error. Framing Error, and
Overrun Error bits in the status
register (SRA[7:4)). Used in char-
acter mode to clear OE status
(aithough RB, PE, and FE bits
wili also be cleared) and in block
mode to clear all error status
ofter a block of data has been
received.

Reset channal A break change
interrupt. Causes the channel A
break detect change bit in the in-
terrupt status register (ISR[2] to
be cleared tc zero.

Start break Forces the TXDA
output low (spacing). If the
transmitter is empty the start of
the break condition will be de-
layed up 10 two bit times. If the
transmitter is active the break
begins wheniransmission of the
character is completed. If a char
acter is in the THR, the start cf
the break will be delayed unti!
that character, of any others
loaded subsequently are trans-
mitted. The transmitter must be
enabled for this command to be
accepted.

Stop Break. The TXDA line wiil
@o high (marking) within two but

010

011

100

101

110

Signetics 2681 DUART

times. TXDA will remain high for
one bit time before the next
character, it any, is transmitted.

CRA[3) — Disable Channe! A Transmitter
- This command terminates transmitter
operation and resets the TxRDY and
TxEMT status bits. However, if a character
is being transmitted or if a character is in
the THR when the transmitter is disabled,
the transmission of the character(s) is
completed before assuming the inactive
state.

CRA[2] — Enable Channel A Transmitter
— Enables operation of the channel A
transmitter. The TxRDY status bit will be
asserted.

CRA[1) — Disable Channa! A Receiver —
This command terminates operation of
the receiver immediately — a character
being received will be lost. The command
has no etfect on the receiver status bits or
any other contro! registers. It the special
multidrop mode is programmed. the re-
ceiver operates even if it is disabled. See
Operation section. .o

CRA|0] — Enable Channel A Rocoiver —
Enables operation of the channel A ze-
ceiver. If not in the speciai wakeup mode,
this also forces the receiver into the
search for start-bit state.

CRB — Channel B Command
Register

CRB 15 a register used 1o supply com-
mands to channet B. Muitiple commands
can be specified in a single wnite to CRB
as long as the commands are non-conflict-
ing eg. the ‘enable transmitter’ and
‘reset transmitter’ commands cannot be
specified in a single command word.

The bit definitions 1or this register are
idenucal to the bit definitions fcr CRA, ex-
cert that alt contro! actions apply to the
channe! B receiver and transmitter and the
corresponding inputs and outputs.

SRA — Channel A Status
Register

SRA[7]) — Channol A Received Break —
This bit indicates that an all zero character
of the programmed length has beer re

. ceived without a stop bit. Only a single
FIFO position is occupied when a break 1s
received. further entries to the FIFO are in-
hibited untit the RxDA line returns to the
marking state for at least one-half a bit
time (two successive edges of the inte’nal
or external 1x clocki.

Device Specifications

When this bit 1s set, the channel A ‘change
in break’ bit in the ISR (ISR[2)) is set. ISR{2]
is also set when the end of the break con-
dition, as defined above, is detected.

The break detect circuitry can detect
breaks that originate in the middie of a
received character. However, 1f 3 break
begins in the middie of a character, it must
persist until at least the end of the next
character time in order for it to be de.
tected.

SRA[6] — Channel A Framing Error — This
bit, when set, indicates that a stop bit was
not detected when the corresponding data
character in the FIFO was received. The
stop bit check is made in the middle ot the
first stop bit position

SRA[5) — Channel A Parity Error — This
bit is set when the ‘with parity’ or ‘force
parity’ mode is programmed and the corre-
sponding character in the FIFO was re-
ceived with incorrect parity.

In the special multidrop mode the parity
error bit stores the received A/D bit.

SRA[4] — Channel A Overrun Error — This
bit, when set. indicates that one or more
characters in the received data stream
have been lost. It is set upon receipt of a
new character when the FIFO is fulland a
character is already in the receive shift
register waiting for an empty FIFO posi-
tion. When this occurs, the character in
the receive shift register (and s break
detect, parily error and framing error
status. if any) is lost.

This bit is cleareZ by a ‘reset error status’
command.

SRA[3} — Ch VAT itter Empty
(TXEMTA) — This bit will be set when the
channei A transmutter underruns, i.e.. both
the transm: holding register (THR) and
the transnui shift register are empty. {tas
se! after transmussion of the iast stop bit
of a characte: if no character s inthe THR
awaiting transmission Itis reset when the
THR is loadec by the CPU of wnen the
transmutter is disabled.

SRA[2] — Channel A Transmitter Ready
(TXRDYA) — This bit. wher. set, indicates
that the THR 1S empty and ready to be
loaded with a character. This pit s cleared
wher. the THR is loaged by the CPU and s
sel when the character 1s transterred to
the transmit shift register. TxRDY is rese:
when the transmutier 1s disabled and is set
when the transmatter 1s first enabied. viz.,
characters loaded into the THR while the
transmitter s drsabled wii. not be trans-
mites
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SRA[1] — Channel A FIFO Full (FFULLA)
-= This bit is set when a character is trans-
terred from the receive shift register to the
receive FIFO and the transfer causes the
FIFO o become full, i.e., all three FIFC
positions are occupiec. It is reset when
tne CPU reads the RHR. If a character i1s
waiting n the recewe shift register pe-
cause the FIFQ is full, FFULL will nct be
reset when the CPU reads the RHR.

SRA[0] — Channel A Receiver Ready
(RxRDYA) — This bit indicates that a char-
acter nas oeen received and is waiting in
the FIFO 10 pe read by the CPU. It is set
~hen the character is transferred from the
receive shift register to tha FIFO and reset
when the CPU reads the RHR, .t after this
read there are no more characters stul .n
the F'FO.

SRB — Channel B Status Register

Tihe bit dehinitions for this register are
identical to the bit definitions for SRA, ex-
cept that all status applies to the channel
B receiver and transmitter and the corre-
sponding inputs and outputs.

OPCR — Output Port Configur-
ation Register

OPCR([7] — OP7 Output Selact — This bt
programs the OP7 output to provide one of
the following:

— The complement of OPR(7]

— The channel B transmitter interrupt
output, which is the complement ot
TxRDYB. When in this mode OP7 acts
as an open collector output. Note that
this output is not masked by the con-
tents of the IMR.

OPCR([6) — OP6 Output Select — Tris it
programs the OPS6 output to provide one of
the folicwng:

— The comptement of QPR[6]

— The channel A transmitter interrupt
output, which 1s the complement of
TxR2YA. Vihen in this mode OP6 acts
as an open co'lector output. Note that
this output 1s not masked ty the con-
tents of rhe IMR.

QOPCR(S5] — OPS Output Seisc. -— This bit
programs the OP5 output to provide one of
the following.

~ Tha compiement of OPR[5]

— The channel B recever inter:upt out-
put, which is the ccmplement af ISR[S).
When in th:s mode CP5 acts as an open
collector cutput. Note that this output
is rot macked Dy the contents of the
IMR.

OPCR[4] — OP4 Oulput Select — This bit
programs the OP4 output to provide one ot
the following:

— The complement of OPR[4]

- The channel A receiver interrupt out-
gut, which 1s the ccmplement of ISR[1).
When in this mode OP4 acts as an open
coitector output. Note that this output
is 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:

— The complement nt OPR(3)

— The counter/timer output, in 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 until terminal count is
reached, at which time it goes low. The
output returns to the high state when
the counter is stopped by a stop
counter command. Note that this out-
pu. Is not masked by the contents of
the IMR.

— The 1X clock for the channei B trans-
mitter, which is the clock that shifts the
transmitted data. It data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the chanrel B receiver,
which is the clock that samples the
received data. |f data is not being re-
ceived, a free running 1X clock is out-
put.

OPCR{1:0] ~ OP2 Output Select — This
tield programs the OP2 output to provide
one of the following:

— The complement of OPR([2]

— The 16X clock for the channel A trans-
mitter. This is the clock selected by
CSRA[3:0]. and will be a 1X clock if
C3RA[3:0]=1111.

— The 1X clock for the channel A trans-
mitter, which is the clock that shifts the
transmitted data. If data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the channel A receiver,
which is the clock that samples the
received data. If data is not being re-
ceived, a free running 1X clock is out-
put.

ACR — Auxiliary Control Register

ACR[7] — Baud Rate Generator Set Select
~ This bit selects one of two sets of baud
rates to be generated by the BRG:

Set 1: 50, 110, 134.5, 200, 300, 600, 1.05K,
1.2K, 24K, 48K, 7.2K, 9.6K, 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 is available for-
use by the channel A and B receivers and
transmitters as described in CSRA and
CSRB. Baud rate generator characteristics
are given ir table 3.

.
Table 3 BAUD RATE GENERATOR CHARACTERISTICS
CRYSTAL OR CLOCK = 3.6864MHz
NOMINAL RATE (BAUD) I ACTUAL 16X CLOCK (KH2) ERROR(PERCENT)
50 0.8 0
75 12 4]
110 1.759 -0 069
124.5 2.153 0.059
15C 2.4 0
200 3.2 Q
i 3cC 4.8 R 0
500 3.6 0
1050 16.756 -0.260
12C0 19.2 0
1300 288 0
200 32056 0.175
243¢C 384 0
4800 76.8 0
7200 115.2 0
9600 153.6 Q
19.2K | 307 2 0
38.4K | 614.4 0
NCTE
Cuty cvcie of 86X Tiock 5 50% « *™a
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ACR{8:4]—Counter/Timar Mode and Clock
Source Select — This lield selects the
operating mode of the counter/timer and
its clock source as shown in table 4.

ACR{3:0} — IP3, IP2, IP1, IPO Change of
State Interrupt Enable — This field seiects
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 will
8is0 result in the setting of ISR[7), which
results in the generation of an interrupt
output it IMR[7)= 1. If a bit is in the ‘off’
state, the setting of that bit in the IPCR
has no effect on ISR(7].

IPCR - Input Port Change
Register

IPCR[7:4} — IP3, IP2, IP1, IPO Change of
State — These bits are set when a change
of state, as defined in the input 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 aiso clears ISR[7), the input change
bit in the interrupt status register.

The setting of these bits can be program-
med to generate an interrupt to the CPU.

IPCR[3:0) — IP3, 1P2, 1P1, IPO Current State
- These bits provide the current state of
the respective inputs. The information is
unlatched and reflects the state of the in-
put pins at the time the |PCR is read.

ISR — Interrupt Status Register

This register provides the status of all
potential interrupt sources. The contents
of this register are masked by the interrupt
mask register (IMR). If a bit in the ISR is a
1" and the corresponding bit in the IMR is
also a ‘1, the INTRN output wiil be as-
serted. if the corresponding bit in the IMR
is a zero, the state of the bit in the ISR has
no effect on the INTRN output. Note that
the IMR does not mask the reading of the
ISR — the true status will be providea
regardiess of the contents of the IMR. The
contents of this register are initialized to
00, when the DUART is reset.

ISR[7] — input Port Change Status — This

bit is a ‘1" when a change of state has .

occurred at the IPO, IP1, {P2, or IP3 inputs
and that event has been selected to cause
an interrupt by the programming of
ACR{3:0]. The bit is cleared when the CPU
reads the IPCR.

Table 4 ACR [6:4] FIELD DEFINITION

ACR[8:4) MODE CLOCK SOURCE
000 Counter External (IP2)
001 Counter TXCA — 1X clock of channel A transmitter
010 Counter TXCB — 1X clock of channel B transmitter
011 Counter Crystal or external clock (X1/CLK) divided by 16
100 Timer External (I1P2)
101 Timer Externat (1P2) divided by 16
110 Timer Crystal or external clock (X1/CLK)
111 Timer Crystal or external clock (X1/CLK) divided by 16

ISR[8] — Channel B Change in Break —
This bit, when set, indicates that the chan-
nel B receiver 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' command.

ISR[5} -~ Channel B Receiver Ready or
FIFO Full — The function of this bit is pro-
grammed by MR1B|[6). I .programmed as
receiver ready, it indicates that a character
has been recewved ,in channel B and is
waiting in the FIFO to be read by the CEU.
It is set when the character is transferred
{rom the receive shift register to the FIFO
and reset when the CPU reads the RHR. It
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO is ‘popped'. If programmed
as FIFO tull, it is set when a character is
transferred from the receive holding regis-
ter to the receive FIFO and the transfer
causes the channel B FIFO to become full,
i.e, all three FIFO positions are occupied.
It is reset when the CPU reads the RHR. |t
a character is waiting in the receive shift
register because the FIFO is full, the bit
will be set again when the waiting charac-
ter is loaded into the FIFO.

ISR{4] — Channe! B Transmitter Ready —
This bit is a duplicate of TxRDYB (SRB{2))

ISR(3] — Counter Ready — in the counter
mode, this bit is set when the counter
reaches terminal count and is reset when
the counter is stopped by a stop counter
command.

In the timer mode. this bit 1s set once each
cycie of the generated square wave (every
other time that the counter/timer reaches
2ero count) The bit 1s reset by a stop
counter command. The command, how-
ever, does not stop the counter/timer,

Signetica 2681 DUART Device Specifications

ISR{2] — Channel A Change in Break —
This bit, when set, indicates that the chan.
nel A receiver has detected the beginning
or the end of a received break. it is reset
when the CPU issues a channel A ‘reset:
break change intersupt’ commana.

ISR[1] — Channel A Receiver Ready or
FIFO Full = The function of this bit is pro-
grammed by MR1A[6). If 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.
It is set when the character is transterred
from the receive shift register to the FIFO
and reset when the CPU reads the RHR. If
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO is ‘popped’. if programmed
as FIFO full. it 1s set when a character is
transferred from the receive holding regis-
ter to the receive FIFO and the transter
causes the channel A FIFO to become tuil,
1.e., all three FIFO positions are occupied.
It is reset when the CPU reads the RHR. It
a character is waiting n the receive shift
register because the FIFO 1s tuli, the bit
will be set again when the wating charac-
ter is loaded irto the FIFO

ISR[0] — Channel A Transmitter Ready —
This bit is a duplicate of TxRDYA (SRA[2)).

IMR — Interrupt Mask Register

The programming of this register selects
which bits in the ISR cause a= interrupt
output. If a bit in the ISR 1s a *1" and the
corresponding bit in the IMR 1 also a '1",
the INTRN output wili be assertec if the
cortesponding bit in the IMR 15 a 2er10, the
state of the bit in the ISR nas nc e*fect on
the INTRN output. Note that the IMR does
not mask the programmable iaterrupt out-
puts OP3-OP? cr the read.rg of the ISR.
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CTUR and CTLR — Counter/Timer
Registers

The CTUR and CTLR hold the eight MS8s
and eight LSBs respectively of the value to
be used by the counter/timer in either the
counter or timer modes of operation. The
minimum value which may be loaded into
the CTURICTLR registers is 0002,g. 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)
of the CTUR and CTLR. If the value in.
CTUR or CTLR is changed, the current
half-period will not be atfected, but subse-
quent half periods will be. In this mode the
CIT runs continuously. Receipt of a start
counter command (read with A3-A0=
1110) causes the counter to terminate the

ABSOLUTE MAXIMUM RATINGS'

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

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

In the counter mode, the C/T counts down
the number of pulses loaded into CTUR
and CTLR by the CPU. Counting begins
upon receipt of a start counter command.
Upon reaching terminal count (0000,4), the
counter ready interrupt bit (ISR[3]) is set.
The counter continues counting past the
terminal count until stopped by the CPU. If
OP3is programmed to be the output of the
CIT, the output remains high until terminal
count is reached, at which time it goes
low. The output returns to the high state

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

NOTES.

Stresses above INose 'isted under Absolute Maximum Ratings may cause permanent damage to the device. This s

astressrating oniy and tunctional aperation of the device at these Of a! any other condition above those ind:.cated
in the operat.on section ot 1n.s specitization .s not implied.
2 For cperating at alevated 'emperatures, the cevica must be Cerated based on « 150°C maximum junction

temperatyre

w

. This product \ncluces Sircu.try specilically aesigned tor the protecticn of 1ts intarnal devices from damaging ef-

tacts of excessive stat.c charge. Nonetheless, it .s suggested that conventional precautions be 1aken 10 avoid ap-

Dry.ng any viitages arger than :he -ated maxima

DC ELECTRICAL CHARACTERISTICS T,=0°Cto +70°C, Vcc =50V =5%456

and ISR(J] is cteared when the counter is
stopped by a stop counter command. The
CPU may change the values of CTUR ang
CTLR at any time, but the new count be-
comes effective only on the next start
counter command. If new values have not
been loaded, the previous count values
are preserved and used for the next count
cycle.

In the counter mode, the current value of
the upper and lower B bits of the counter
(CTU, CTL) may be read by the CPU. It s
recommended that the counter be stop-
ped when reading to prevent potential pro-
blems which may occur if a carry from the
lower 8-bits to the upper 8-bits occurs bet-
ween the times that both halves of the
counter are read. However, note that a
subsequent start counter command will
cause the counter to begin a new count
cycle using the values in CTUR and CTLR.

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vi Input low voltage 08 v
Vi Input high voitage (except X1/CLK) 20 v
Vin  Input high voltage (X1/CLK) 40 v
Vo Output low voltage ‘ loL= 2.4mA 0.4 v
Von Outputhigh voltage (except 0.c. outputs) lon = — 4004A 24 v
e Input leakage current Vin=01t0 Vee -10 10 wA
1., Data bus 3-state leakage current Vo=0to Ve -10 10 A
loc  Open collector output leakage current Vo=01t0 Vee -10 10 uA
lcc Power supply current 150 mA
NOTES:

4. Paramaters are vand over specitied temperature range.

Ll

mants are referenced at \nput voltages of G 8V and 2.0V and output voltages of 0.8V and 2.0V as appropriate.
6. Tyo.cal vaiues are at + 25°C, typical supply voitages, and typical processing paramaeters.

easursmaents are raleranced to ground (GND). For testing. ail iInput 31gnals swing between 0.4V and 2.4V with a transition lime of 20ns maximum. All ime measure-



