TECHNICAL MANUAL

AM=-310

COMMUNICATIONS
. CONTROLLER BOARD

2 DWM-00310-00
A REV. AQO

alpha micro



C-b-1/82

FIRST EDITION
JANUARY, 1982

REVISIONS INCORPORATED:

EDITION DATE

PROPRIETARY NOTICE

This document and the information herein disclosed is the proprietary prop-
erty of ALPHA MICRO, 17881 Sky Park North, Irvine, California 92714. Any
person or entity to whom this document is furnished or having possession
thereof, by acceptance, assumes custody thereof and agrees that the doc-
ument is given in confidence and will not be copied or reproduced in whole
or in part, nor used or revealed to any person in any manner except to meet
the purposes for which it was delivered. Additional rights and obligations
regarding this document and its contents may be defined by a separate
written agreement with ALPHA MICROSYSTEMS, and if so, such separate
written agreement shall be controlling.



TABLE OF CONTENTS

Paragraph

SECTION I

GENERAL DESCRIPTION

1.0 IntroductioN.eeccaceocanossnnanssasssasnssnans
1.1 Circuit Board DescriptioOnN.ceccecannassncanna
1.2 ApplicatioN.e.ceceecaccanassunnnaccannnannnaaa

SECTION II

OPERATING DATA

2.0 IntroductioN.eeececenanannsssnsnsnnancasnsas
2.1 Capabilities and SpecificationS.eecaacacaaas
2.2 Interface Description and Wiring.eceeacceacas
2.2.1 S-100 Bus Interfac@.ceecceesucaseaannscanananas
2.2.2 RS=232 Interface.ecececansesasccaancsnscannnoas
2.3 User OptiONS.e.ceeacanasacesancssacnannncacsns
2.3.1 I1/0 Address SeleCctiONececeeacncsassnannanans
2.3.2 INterruptSuaeecaessosasanansancsnnasancsnanss
2.3.3 Installation InstructionNS..cececscesasncsannsas
2.3.4 Multiple 310 Board Configuration.eceacaceee.n

SECTION III

PROGRAMMING
2.0 IntroductionN.ceeeeececnaacsuaaaannnannanssnanss
3.1 AddressSiNgeeacecssassanasssancscaassannnones
2.2 I/0 POrtSee.eevensancsssannnsasansannssscsas
3.3 AM—2310 CommMAandSeeueeeecacansaannsnanascsancannas

DWM-00310-00 REV. AQOQC i

Page



3.4
3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6
3.4.7
3.4.8
3.4.9
3.4.10
3.4.1
3.4.12

DWM-00310-00

SECTION III
PROGRAMMING (con't)

Command SUMMArY .ceceeencansonnamanasnancannnsnnnsesas

Command 1: Initializeeeeeasanaseansnss heaesscanmmes

Command 2: TransmMifee.ceeeascsnssancncnuancnnannsnnans
Command : Generate Transmit Interrupt.eceesccaaseas
Command Poll Channel StatuS..c.eeaccccecennnannns
: Force Input Buffer Read...ccccccnannnas

Enter Self Test ModCewueaeanvenoesnnonn

3
4
Command 5
Command 6é:
7 Interrupt ResSpONSEacscescnucasunnsnncanes
8 Set DTR ONuveecncconanccnnncacaansnsnsnnns

Command
Command
Command 9:
Command 10: Set Download Address......eeecaaanannns
Command 11: Download..ieeeeeceauneranaacnasacaannnenns
Command 12: Call Download Subroutine....cveanceanas
Operating Routine RequirementS..c.cucasacacannnansan
Board Initialization.sseeeeeanscncaaaannsancencnnnnna
Data Channel Initialization.e.seeeeecsreencacaaanannans
Transmitting Dat@eeeeeeerceauncsescanesncnnnensnnnna
Force an AM-100 Transmit Interrupteeccececensscaences
Poll Transmission StatuUS...ececccccacaancnnsannnans
Force the AM-310 to Set Up For Receive Transfer

to AM=100. .t enecersennannoncccanannconcnnns
Diagnostic OperetioNeeeeeeececeaaenenaacanansasaanns
RECEiVING DAt 2.ececacaucaensananancoanancnsscncnnses
Processing Transmitter InterruptS.eeeecencsnnanseansesns
Interrupts Generated by a Change in Channel

On-Line StatUS.uueveesesneanccceananccsassnaannsanans
Set DTR ONucuueceeenancnasensonnsnssasasassaascnnass

DOWNLlOAd . i seueeuuccnanessneocnennsannonancsnnssnnnsss

Call Download SUBrOUtINE .. e eeeeennancanncsansnas

REV. AQO i1

3-9

3-10
3-10
3-11

3-12
3-12
3-13
3-13
3-13
2-13



L]
DV RN

[ ]
AN W WYY YN -
]

» "

| T N N N i L N O Y G
a .
.

1 ]
L ]
a
N e

L T S - B - N e T T - - R
)

~
~N
-—

4.2.1.1
4.,2.1.2
4.2.1.3
4.2.1.4
4.2.1.5
4.2.2

4.2.2.1
b.2.2.2
4.2.2.3
b.2.2.4
4.2.2.5
4.2.2.6

4.2.3

SECTION 1V
FUNCTIONAL THEORY OF OPERATION

INtroducCtioNeeeeceeecennancacnnasnnnncnnasannanancss 4-1
Circuit Board OperationN...cccacccenncanaccaanacaonans 4-1
AddressSiNgu..eecceneecanncnnananananacannacnanasnnaanans 4=-14
System CPU OUtPUt e.eeeeeeeneoneoncanasnaneancaannsnsas 4L=-14
Command Datad..eaevesneanaannanannens sescEesssasssn=s b=14
Command TYPESauceasuonsussnusenncsansssnnnnsnnsnonnasss 4-15
OUtpUt DBt a@ueacsasvancsnnannnosnnncsasnssnnsnnasncssss 4-15
CPU INPUteweeeacesaeancnsacacaasucunscnnaaasoansnnnsss 4-16
Status Data@eeceeceascenasesnaccnancnnannnnnnnnnnnanse 4-16
INput Datauuceevesecosaaccancnasascsacsunosnnsnnanaasna 4-16
Data TransferS.aeeeecancsransuanancaccanannnananasennas 4-17
Circuit Module DescriptioNeceecescnanscscaascsssanassnnnss 4£-19
CPU Microprocessor (U13) ... eceacusovannmansannnannssns 4-19
Instruction Op-Code FetCheuwseancncncannnnsvacacacses 4~21
Memory Read or Write CycleSewanceacanaancnanceannasnnas 4-22
Input or OQutput CycleSueeencacansacesnscnnnnsncannnonse 4-28
Interrupt Request/Acknowledge Cyclececeeeenncacnaasns 4-28
CPU Instruction Set.cesaeuavuosceccoannsacnnncnacnaasn 4-29
DMA Controller (U14) iueeceeeeeeeuecnnannaannnnacnns 4-34
DMA Controller Functional DescriptiOnN.ecicecancancas 4-472
DMA OperatiON.cceacecsacssasscacescacsnsasensennsnnanasnssass L-472
Idle CyclEeeeeeenacananencaoansscacancaanossananssnnacs b—b4
Active CycClEueeeeeeeeauousoannnaaansnnanancaneancsss b-4 4
Transfer TypeSueacsacssnanans seessmesssssssasnannenes 4-46
Register DescriptionNe.eeeccecccsscsaancacsnnsannncess 4-49
Programmable Communnications Interface Module

(U27-U30) i icenccsnnssannaaassasnancacsaaanannannnns 4-57
Block DiagramMecasascassanaccaanasnsssasanancsacsanss 4-59
Interface Signalsecesacacss MM weesemmeesscssessannes. 4=-61
0pEeratioN.eecececenascaacuanaacanausasannsosssnucnnasss 4-63
PCI Programming.eeceesscsccsesscsescsscanasansnscasnanscsasass 4-65
Description of RegiSterSaeececaceaccnsssancscacnenanns L-68

DWM-00310-00 REV. AQO iqi



b.2.4
4.2.4.1
b.2.4.2
4.2.5

4.2.10
4.2.11

4.2.12
4.2.13

DWM~-00310-00

SECTION IV
FUNCTIONAL THEORY OF OPERATION (con't)

16K (2K x 8) UV Erasable Prom (U33) eueeevvsanovanns 4-80
Erasure CharacteristiCSceeeceanacnceccsnoccancnnncnnaass 4-80
Device OperatiOoNeeecennna smusssssNesannmesnnnnsns «e 4—-81

1024 x 4 Bit Static Random Access Memory

(U34-U37) ecueecueannssnansncauansnnasscannnnnnannnnss 4-83
Bus Comparator (U26).cececccoancuncunsasnnsnssnnnsss 4-84
Decoder (U16, U17) iuniecececansaanncanacnananannnsns 4-85
Decoder/Demultiplexer (Ud)..c.cececancnceanensnnens 4-86
D Positive-Edge-Triggered Flip-Flops with Preset

and Clear (U5)eueeneeneencanenancannnsanns ceaceens . 4-87
Tri-State D Flip=Flops (U331, U38-U41).iccrcncencnnn . 4-88
Octal Three-State Bidirectional Transceiver

(UZ24) tnneeeeneracscasancncnssssssasnsnsncsnsannananns 4-89
Tri-State Octal Buffers (U15)c.ecriuncnncacccnncnnnna 4-90
Tri=State Hex Buffers (U25) ... cicieeinnccennancnnnna 4-91

SECTION Vv

MAINTENANCE AND TROUBLESHOOTING

Introduction.e.ceeeeeccenceanaee scenesensass e dannnuns 5-1

Circuit Board CheckOUteeeeeeeonranneaanns i emssaannas « 5-1

Warranty ProceduUres..seeceeccececcananoannoscenansenss 5-2

Troubleshooting ProceduresS.ceeeececncreanncsans ceaan 5-2
SECTION VI

PARTS LIST AND SCHEMATIC

REV. ANO iv



Figure

1-1
2-1
4-1
4=2
4-3
b=4
4-5
4-6
4-7

4-9
4-10
4-11
4-12
4-13

4=14
4=15
4-16
4=17
4-18
4-19
4-20
4-21
4=22
4-23
4=-24
4=25

LIST OF ILLUSTRATIONS

Page
AM=-310 Simplified Block Diagrameseecaceascsencennasns 1-2
AM=310 Jumper OptiONS.ceceecuncceanssacaasnannanss . 2-12
AM-210 Block Diagrameecceeeeeeccaaneanannanssoacnnnnceanes 4=-2
CPU Block Diagramececeececeecaenaancsennnncaneneacensass 4-20
CPU RegiSterS.ceueaanacsscsesancansncscssansaancnnsassses 4-20
CPU Pin ConfiguratioN.e.ceeceeecacaannanasnosasaaansas 4-22
DMA Controller ConnectionNsS..ueccccccnaencesnocnnnanns 4~34
DMA Controller Block Diagreme.seeeceeeccacsuanaannancsss L=-43
DMA Controller Command BitSeeeseeueaanucoonsacacnns 4-50
DMA Controller Mode Register BitS.ueoseeenuoeancnnce 4-51
DMA Controller Request Register BitS.cueeecsacansnns 4-53
DMA Controller Mask Register BitS.eceesnoeseasannecnnasnss 4-54
DMA Controller Status Register BitS.ueeeeeaves eases 4—55
PCI Pin ConfiguUratioONeeeaneceennecacscscanosnascnsnnnnas 4-58
Programmable Communications Interface
Block Diagram..... e P T SdlaccsEasldfaaccsssae 4-59
PCI Initialization Flow Chart..seseececcasacsnanns .o 4-66
PCI Timingeasaaeees- ccensdicccanns efevmscunsannas cesas 4=T77
16K UV Erasable Prom CONNECtiOoNS.ueeecasceeenecesns 4-80
RAM Connections....accas ceeacssssessansasnessssannss 4-83
Bus Comparator ConnectioNS.eccceaasccencsncacnassanns 4-84
Decoder CoNNecCtioNS..ceacucrcaceaencnscncaccnunnans 4-85
Decoder/Demultiplexer ConnectioNS.eeceesconnanoscocns 4L-86
D Flip~Flop ConnectioNSeaceecnecses e oflal e T e eali o ceees 4-87

Tri-State D Flip-Flop ConnectioNSe.ececenvenccecncaas 488
Bidirectional Transceiver ConnectionNSececesceaanaaa 4-89
Tri-State Octal Buffer..coececcaes ceessemsmenasas .o 4-90
Tri-State Hex Buffer Logic and ConnectionNS.eeceeeees 4-91

DWM-00310~-00 REV. AO0O v



Table

!
N NN = NN -

| I I |
o ~N O

N R T S T - B o G i oS B A B N ]
1

4=9
4=-10
4=11
4=12
4-13
4=14
4=15
4-16
4-17
4-18
4=19
4-20
6-1

LIST OF TABLES

AM-310 SpecificationNSeeeuieeeacceansanccanceanananans
Alpha Micro Bus Interface Signals List.ceeeeececnns
RS-232 Interface Signals List.eceeeerarncenacncoaanea
AM-310 Signal DescriptionNS.esacaceaseaceacnnsnnanans
S-100 Bus Interface Signals DescriptionS.e.ecccencsn
RS=-232 Interface Signal DescriptionNS.eeeceaccaanoanss
CPU Signal LisSteecssescecaanaasasconosncaonnannanansns
CPU Instruction Set.esueuseececescnaacnnnacnaacnsassna
DMA Controller Signal List...cecesceacevenencannennnes
DMA Controller Internal RegisterS.iceccacanconcacnans
DMA Controller Word Count and Address Register

Command MOdeES.ceerecoausacoanosnnseaasnnoasncsnanssns
DMA Controller Register (odeSeceecrierananocnnsancnas
DMA Controller Software Command CodeS..cccvrnnccacns
PCI Pin DesignatioNecesacecacacnnescsassossaanansanas
Baud Rate Generator CharacteristicSececenaaan. R
CPU Related SignalsSeeeacecscnssanaccannnansacannscnnans
Device Related Signals...cc.ccecivvonsaancasannnnananas
PCI Register Addressingececcascasas esasaasasesnnanss
Mode Register 1 (MR1) ... ieeaecenensennccuncsnnnnnasna
Mode Register 2 (MR2) ....cecencancsananncnannncnnss
Command Register (CR)...ccucaccacanananacannancasasnsns
Status Register (SR)...cuaca. ceensmsemsssasssasasns
16K UV Erasable Prom Operating ModeS..ecncucacanans

Component Cross-Reference Listecccencescnccnsannnss

DWM-00310-00 REV. AQO vi



SECTION I
GENERAL DESCRIPTION

1.0 INTRODUCTION

This manual provides operating and majntenance instructions for the
AM-310 Communications Controller circuit board manufactured by Alpha
Microsystems Inc., located 1in Irvine, California. Circuit board
description, operating and usage instructions, programming, theory of
operation, and maintenance instructions are included to provide the
user with the information necessary to use this circuit board to its

full capability.

1.1 CIRCUIT BOARD DESCRIPTION.

The AM-310 Communications Controller circuit board provides
communications interface between serial interface devices and the
Alpha Micro computer system or any standard $-100 Bus computer. The
AM-310 contains four independent, programmable communications ports
which provide the data conversion and processing necessary for the
requirements of RS-232C compatible devices. The AM=-310 <c¢an generate

multilevel dinterrupts.

A CPU microprocessor, a DMA controller and 2 Random Access Memory
(RAM) with associated <control Llogic provide the data processing
necessary for this sophisticated <communications interface. Four
Programmable Communications Interface (PCI) modules, one for each
port, provide for the programmable baud rates and direct interface

with the RS-232C peripheral devices.

A simplified block diagram of the circuit board dis shown in Figure

1-1. For a complete detailed description of circuit board operation,
see Section IV of this manual. For programming requirements, see

Section III of this manual.
1.2 APPLICATION.

The AM-310 provides communications capability with peripheral devices

that conform to the requirements of EIA Standard RS-232C.

DWM-00310-00 REV ACO 1-1
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SECTION II
OPERATING DATA

2.0 INTRODUCTION

This section contains information on the wuse of the AM-210
Communications Controller circuit board. Capabilities,
specifications, interface wiring and user options are described for

the successful integration of the board into the user's system.

2.1 CAPABILITIES AND SPECIFICATIOCNS.

This circuit board operates from the standard S$S-100 Bus structure and
the Alpha Micro 16~-bit Bus to provide communications capability for up
to four beripheral devices. The AM-310 provides an intelligent
interface that allows the CPU to communicate with terminals, modems,
and other peripheral equipment via asynchronous and synchronous
transmission. Specifications for the AM-310 <circuit board are

contained in Table 2-1.

DWM-00310-00 REV AQ0O 2-1



Table 2-1.

AM-310 Specifications

PARAMETER

SPECIFICATION

CPU Interface

Alpha Micro and standard
$-100 Bus.

Interrupt Capability

Multi-level interrupt driven.

I1/0 Interface

EIA RS-232C or other synchro-
nous/asynchronous protocol
devices conforming to RS-232

Levels.

Number of Ports

Four

Transmit/Receive
Modes

Fully programmable, 16 soft-
ware selectable baud rates,
synchronous/asynchronous,

jumper programmable external

or internal baud rate clock.

Buffer Organization

Asynchronous

Input: Double Buffered,
96 Bytes/channel.

Qutput: Single Buffered,
256 Bytes/channel.

Baud Rates

Up to 19.2K Baud: 50, 75,
134.5, 150, 300, 600, 1200,
1800, 2000, 2400, 3600,
4800, 7200, 9600, 19,200.

Data Transfer Mode

DWM-00310-00 REV. AOD

Block transfer, programmed

1/0, and dinterrupt driven.




Table 2=-1 (Con't.).

AM-310 Specifications

PARAMETER

SPECIFICATION

On-Board RAM

2048 Bytes.

Interconnections

One mounting slot of an

S-100 One 26

pin connector for each I/0

Bus chassis.

port.

Dimensions

5 1/4" x 10"
25.4 cm).

(13.3 cm x

Input Power (Nominal)

7.5 Volts DC @ 1.25A
+16 Volts DC @ 1C0mA
=16 Volts DC @ 100mA

Environment (operating)

Temperature 60° - 90° F (16°-=32°¢C).
Humidity 10%-80% (non~condensing).
DWM~00310-00 REV. AQQO 2-3




2.2 INTERFACE DESCRIPTION AND WIRING.

The AM=-310 Communications Controller provides communications

capability between $-100 Bus systems and RS-232 peripheral devices.

2.2.1 S-100 BUS INTERFACE.

The AM=310 circuit board is fully S-100 Bus compatible. The board and
jts associated peripherals are addressed through the standard address
lines and data 1is transferred through the standard data in and data
out Lines. The S-100 Bus connections are made via the bottom edge
connector and are listed in Table 2-2. For a complete description of
these signals and their operation in the AM—31D, see Paragraph 4.1 of

this manual.

DWM-00310-00 REV. AQO 24



Table 2-2.

Alpha Micro Bus Interface Signals List

DWM-00310-00 REV. ACD 2-5

MNEMONIC NAME PIN NO.
+7.5V + 7.5vdc Power 1
+16V + 16vdc Power 2
VI8 Vectored Interrupt 8 3
VIO Vectored Interrupt O 4
VIt Vectored Interrupt 1 5
VIiz Vectored Interrupt 2 6
VI% Vectored Interrupt 3 7
VTZ Vectored Interrupt 4 8
VIS5 Vectored Interrupt 5 9
VIé Vectored Interrupt 6 10
VI7 Vectored Interrupt 7 11
RTC Real Time Clock, 50Hz or 60Hz 12
POWFAIL AC Power Failure Status 13
19 Vectored Interrupt 9 14
A18 Address 18 15
A6 Address 16 16
A7 Address 17 17
STATDSB Status Disable 18
C/CDSB Command/Control Disable 19
GND Ground 20




Table 2-2.(con't) Alpha Micro Bus Interface Signals List

MNEMONIC NAME PIN NO.
IODIS I/O Disable 21
ADDDSBEB Address Disable 22
DODSB Data Bus Disable 2%
72 Phase 2 Clock 24
STVAL Status gnd Address Valid 25
PHLDA DMA Request Acknowledge 26
PWAIT Processor Wait 27
N/U Not Used 28
AS Address 5 29
A4 Address 4 30
A3 Address 3 31
Al15 Address 15 32
A2 Address 12 %%
A9 Address 9 34
DOUT 1/D1 Data Bus Bit 1 35
DOUT O/DO Data Bus Bit O 26
A10 Address 10 37

DWM-00310-00

“A00 2-6




Table 2-2.(con't) Alpha Micro Bus Interface Signals List

DWM-00310-00

REV.

AOO

MNEMONIC NAME PIN NO.
DOUT 4/D4 Data Bus Bit 4 38
DOUT 5/D5 Data Bus Bit 5 39
DOUT 6/D6 Data Bus Bit 6 40
DIN 2/D10 Data Bus Bit 10 41
DIN 3/D11 Data Bus Bit 11 42
DIN 7/D15 Data Bus Bit 15 43
SMI Bus Master OP Code Fetch 44
SOUT I/0 Output Cycle 45
SINP I/0 Input Cycle 46
SMEMR Memory Read Cycle 47
SHLTA HLT Acknowledge 48
PERR Parity Error Pulse 49
GND Ground 50
+7.5V +7.5vdc Power 51
-16V ~-16vdc Power 52
GND Ground 53
SLAVECLR Reset Signal To All I/0 Devices 54




Table 2-2.(con't) Alpha Micro Bus Interface Signals List

DWM-00310-00
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AQO 2-8

MNEMONIC NAME PIN NO.
DMAO DMA Controller Arbitration 55
DMAT Lines For Use With Standard 56
DMA2 S-100 Bus DMA System 57
SXTRQ 16 Bit Cycle 58
A19 Address 19 59
N/U Not Used 60
A20 Address 20 61
A21 Address 21 62
A22 Address 22 63
A2% Address 23 64
ADVAL Address Valid On Data Bus 65
WRDIS Write Disable 66
PHANTOM ROM Memory Enable 67
N/U Not Used 68
N/U Not Used 69
Gnd Ground 70
N/U Not Used 71
PRDY Processor Ready T2




Table 2-2.(con't) Alpha Micro Bus Interface Signals List

MNEMONIC NAME PIN NO.
N/U Not Used 73
PHOLD DMA Request 74
PRESET Preset 75
PSYNC Processor Sync, Start of Bus Cycle 76
PWR Write Strobe 77
PDBIN Data Bus Input Command 78
AO Address O 79
A1 Address 1 80
A2 Address 2 81
A6 Address 6 82
A7 Address 7 83
A8 Address 8 84
A13 Address 13 85
A4 Address 14 86
A1 Address 11 87
DOUT 2/D2 Data Bus Bit 2 88
DOUT 3/D3 Data Bus Bit 3 89
DOUT 7/D7 Data Bus Bit 7 90
DIN 4/D12 Data Bus Bit 7 91
DIN 5/D13 Data Bus Bit 13% 92
DIN 6/D14 Data Bus Bit 14 93
DIN 1/D9 Data Bus Bit 9 94
DIN 0/I8 Data Bus Bit 8 95
DWM-00310-00 REV. ADO 2-9




Table 2-2.(con't) Alpha Micro Bus Interface Signals List

MNEMONIC NAME PIN NO.
SINTA Interrupt Acknowledge 96
SWO Bus Master Output 97
ERROR Memory Error Interrupt 98
BERR Bus Error a9
GND Ground 100

DWM-00310-00 REV. AQQC 2-10



2.2.2 RS-232 INTERFACE.

The AM-310 circuit board contains four programmable I/0 ports that are

compatible

‘made via the four connectors on the top of the circuit board

with

most

listed in Table 2-3.

their operation

in the AM-3210,

standard RS-232 peripheratls.

For a complete description of these signals

Connections

see Paragraph 4.1 of this manual.

and

'

are
are

and

Table 2-3. RS=-232 Interface Signals List
J2, J3, J4

SIGNAL NAME J5 PIN NO.
CTS Clear to Send

bCD Data Carrier Detect

DSR Data Set Ready 20

DTR Data Terminal Ready 6

RTS Reguest to Send

RXC Recejver Clock X1 17

RXD Serial Input Data 2

TXC Transmitter Clock X1 15

TXD Serial Output Data 5

GND Logic Ground 7
CHASSIS Chassis Ground 1

DWM-00310-00
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2.3 USER OPTIONS
Several options are available on the AM-310 that the user may select

according to system requirements. These options are described in the

following paragraphs.

2.3.1 1/0 ADDRESS SELECTION.

The standard I/0 address block for the AM-%10 is BO-B1. This address
is strapped din etch on the circuit board. To 6hange the 1/0 address
block, cut the appropriate etch on the component side of the board and
jumper the board for the desired address. See Figure 2-1 for the
location of the address jumpers and sheet 2 of the schematic for the
address logic. MNote that the 1I/0 address block may be set in
increments of 4 ports only, even though only two I/0 ports are used by
the board.

2.3.2 INTERRUPTS.
The dnterrupt signal from the AM-310 may be strapped to any of the
vectored interrupt lines VI0-VI7. The standard configuration connects

the AM-310 to VI1. Interrupt jumper Llocation is shown in Figure 2-1.
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2.3.3 INSTALLATION INSTRUCTIONS.
Installation of the AM-310 into an Alpha Micro system requires a
minimal number of system changes. Before installing the board, take

the time to Look over these instructions to help eliminate the chances

of encountering difficulties.

First, as the AM=310 requires the use of vectored interrupts Vi1, you
must make sure the jumper on the AM-100 CPU is installed for interrupt
level 1. Systems using the AM=100/T do not require installation of an
interrupt jumper; they are effectively installed already. Included
with the board are cables with 26 pin flat cable connectors on one end
and DB~-25S (RS-232) connectors on the other. The cables are usually
installed by screwing the RS-232 connector into the mainframe of the
processor such that port numbers 0 through 3 appear in an orderly
fashion when viewed from the back. The flat cables should then be
installed in the AM-310 such that the arrows marking pin 1 on the
connectors Lline up correctly. As the board is viewed looking at the
component side, port 0 is the far right connector, and the port number
increments towards the left, the Left-most <connector being numbered

port 3.

Jumpering has been provided to support synchronous devices' clock
signals, TxC and RxC. These signals operate differently for wvarious

devices. 1In the case of asynchronous terminals and modems, clocks are

not necessary. However, synchronous modems require that the device
attached to them use the clocks the modem produces for
synchronization. This being the <case, it 1is necessary also to

generate clocks whenever a synchronous terminal is attached to the
Alpha Micro. To determine the correct clock jumpering you will need,

consult the table on the following page.
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RS-232 PORT Asynchronous Synchronous Synchronous

Numbers Devices Terminals Modems
0 ALL Off 13, 15 14, 16
1 ALL off 5, ,
2 ALL Off 1, ,
3 ALL Off 9, 11 10, 12
EIA RS-232 specifications indicate two ground lines - logic ground and
chassis ground - are to be present in any standard RS-232 <connection.

As such, Llogic ground is supported by the AM-310 in standard
configuration, but chassis ground is not. ALthough the great majority
of applications (and for that matter, cables) do not support chassis
ground, provision for this signal is located in the upper right corner
of the AM-3%10. To dinstall chassis ground, simply connect the ground
pad in the corner to your mainframe with a nut and bolt. Finally, the
software must be set up. AM310.IDV is to reside din DSKO0:[1,61 for
correct operation. The SYSTEM.INI file must then be set up for the
AM-210. A typical TRMDEF Line will look like this:

TRMDEF TERM1,AM310=0,SO0R0C,100,100,100

This will set up an asynchronous SOROC terminal running at 19,200
baud, the default value, on RS-232 port 0 of the AM-310 board. To set
up other baud rates on synchronous/asynchronous terminals, the long

form must be used:

TRMDEF TERM1,AM310=0:037716,SO0R0OC,100,100,100
TRMDEF TERMZ2,AM310=1:033716,S0R0C,100,100,10C
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The 16 bit parameter consists of two bytes. The upper byte defines
the baud rate and is passed directly to PCI mode register 2. The
lower byte <controls synchronous/asynchronous operations and other
parameters and is passed to PCI mode register 1. Therefore, the first
example is simply the long form of setting wup a 19,200 baud async
terminal, while the second line specifies a baud rate of 1200 on port
1. Detailed operation of both the PCI <chips and the overall
architecture of the AM-3%310 1is presented sc that the inventive user
will not have to proceed wuninformed. See Section III for more

information.

2.3.4 MULTIPLE 310 BOARD CONFIGURATION.
Multiple AM-310's (up to four boards total) may be run by implementing

the following procedure.

ALL AM-210's share the same interrupt line and the software driver
AX310.IDV in area DSKC:T1,61 takes care of polling each board to find
which has generated the interrupt. The boards must be addressed in a
sequential manner, B0 hex, B4 hex, B8 hex, and BC hex. There must be

no gaps in this order or the software will not function.

To re-address the boards, refer to Figure 2-1 and do the following:

Directly above U26 is a series of 18 jumper pads arranged in
3 rows of 6 pads. The standard port address of BC is in
etch at these pads. The upper row is used to select a logic
0 and the lower row to select a logic 1. The center row
will be jumpered either to the upper or lower row depending
on the port. Standard is 5, 4, 7 jumpered to a logic 1 and
3, 6, 2 jumpered to a logic 0. Cut the traces and add

jumpers to obtain the port desired.
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The following table will show how it is done. An X din the column

denotes a jumper.

ADDRESS ADD 3 ADD 2
0 1 0 1
BO X X
B4 X X
B8 X X
BC X X

The TRMDEF Line for an AM=-310 using the AX310.IDV is the same as for
the AM310.1IDV.

TRMDEF TERM1,AX310=0:37716,S0R0C, 100,100,100

~n
!
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SECTION III
PROGRAMMING

3.0 INTRODUCTION.
This section describes +the programming requirements for the AM-310
circuit board. Circuit board addressing, command and status formats

are described for complete system compatibility.

3.1 ADDRESSING.

The AM-310 end associated peripherals are addressed through the S$S-1C0
Bus address lines. The standard address is BO-B1 (Hex) and this
address is etched 1in the I/0 address block. This address can be
changed by Eutting the etch on the component side of the board and
adding jumpers to generate the desired address as described in Section

II.

3.2 1/0 PORTS.

Two I/0 ports are used by the AM-310 Communications Controller. These
ports are the Command/Status register and the Data Read/Write
register. The CPU issues commands to the Command/Status register and
reads status outputs at the same address. Commands are given by the
handshake procedure as described in Paragraph 3.4. Transmission data
is read and written via the Data Read/Write register. ALl operations
on Data Read/Write registers must be set up by commands in the

Command/Status register.

3.3 AM-310 COMMANDS.
The AM-310 has twelve basic commands that control operation of the

board. These commands, with their associated command numbers, are as

follows:

1. Initialize

2. Transmit

3. Generate Transmit Interrupt
4. Poll RS-232 Port Status

5. Force Input Buffer Read

6. Enter Self Test Mode
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7. Interrupt Response

8. Set DTR On

9. Set DTR Off

10. Set Download Address

1. Dcwnload

12. Call Pownload Subroutine

3.4 COMMAND SUMMARY

The set of twelve commands available to the AM=310 user are designed
to reauire a minimum of overhead time from the host processor, leaving
the semantics of the various commands to be executed by the on=board

280 microprocessor.

2.6.1 COMMAND 1: INITIALIZE

This command s used to initialize one RS-232 port of the AM=-310 and
requires that a number of parameters be passed to the board. The
parameters required and the order in which they are to be written is

as follows:

INTERRUPT DEFINITION BYTE
PCI MODE REGISTER ONE

PCI MODE REGISTER TWO

PCI SYN REGISTER ONE

PCI SYN REGISTER TWO

PCI DLE REGISTER

The interrupt definition byte is available to program the AM-310 for
host processor dnterrupt generation. If bit zero is set, the AM=-310
will generate an interrupt when each character is received. If bit
zero is reset, the AM-310 will continue to buffer the incoming data
stream without interrupting the host processor. 1In a similar manner,
if bit one 1is set, the host processor will be interrupted when the
transmit data buffer is emptied and upon a transmit interrupt request.
No interrupt will be generated from this source if bit one is reset.
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Bit two is used to enable generation of an interrupt to a change in
bCD in a manner similar to the two previous examples. Standaﬁd
configuration is to allow all interrupts, and as such, the standard
interrupt definition byte is 00000111. The next two bytes are used to
program for the selected RS-2322 port. As these parameters are passed
on directly to the PCI, the user must determine the correct values by
consulting the PCI device description attached. The final two
parameters specify the PCI SYM register wvalues. If the first
parameter is zero, the SYN registers will not be programmed, as in the
case of asynchronous devices, ‘and the second parameter may be deleted.
If non-zero, the data will be programmed, in order, into SYN registers
one and two. After the parameters have been written, the EXECUTE

command must be issued.

2.4.2 COMMAND 2: TRANSMIT

Data may be transmitted in blocks of 1 to 25§ characters. First, the
transmit command s issued. When the status port reads :FF the byte
count is written into the data port, followed by the data to be
transmitted. The handshake is then completed. A count of zero is

used to specify 256 bytes.

2.4.3 COMMAND 3: GENERATE TRANSMIT INTERRUPT

In systems such as the Alpha Micro, trensmissions are most easily
initiated by setting up ean output buffer which is emptied by an
interrupt service routine. Command 3 is issued to generate the first

interrupt for a given RS-232 port; normal transmit interrupt service

routines are used from then on to empty the buffer.

3.4.4 COMMAND 4: POLL RS-232 PORT STATUS .

By programming an interrupt definition byte of zero, the AM=310 may be
set up in such a way that it will in no case interrupt the processor
due to incoming characters. The user must then be able to determine
the number of characters in the input buffer on demand. Non-interrupt
based schemes require that both input and output buffer's status be

read. This data is provided via the POLL RS-232 PORT STATUS command.

N
I
(O3]
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When the status register is cleared, the fotlowing data may be read
from the data port (after reading the first byte, which is

meaningless);

INPUT CHARACTER COUNT
OUTPUT CHARACTER COUNT
DSR-DCD STATUS

If DSR is wvalid, bit 7 of byte 3 is set. If DCD is valid, bit 6 of
byte 3 is set.

3.4.5 COMMAND 5: FORCE INPUT BUFFER READ

In non-interrupt systems (or in certain instances in dinterrupt based
setups) the wuser will determine that input data is to be read though
no interrupt has been generated. This is accomplished via the FORCE
READ command. When the status register has been cleared, the input
character count and input data will be available at the data port as

in the normal interrupt read.

3.4.6 COMMAND 6: ENTER SELF TEST MODE

With proper interfacing, the AM-310 self test will check the on-board
RAM for any errors and insure the command status port is functioning
correctly. First, the SELF TEST commend is issued. The test program
will wait for the status register to be cleared, at which point the
failure address can be read, low byte first, from the data port. If
the RAM has no errors, the failure address will be zero; otherwise,
the address will be in the range of hex 4000-47FF. After reading the
failure address, the program must write hex AA into the command port.
When hex AA is read at the status port, write hex 55 into the command
port and read hex 55. When 55 has been read, the command port shatl

be cleared. When the status register is cleared, the board has been
returned to the POWER ON RESET state and must be completely

re-initialized to allow further communication.
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3.4.7 COMMAND 7: INTERRUPT RESPONSE

When the host processor receives an interrupt generated by the AM-310
board, it is necessary to find out the source of the interrupt. This
can be ascertained by issuing command 7 to the AM-310. Note that this
command is to be issued without regard to the RS-232 port number
contained in the upper nibble, which may be zero for convenience. The
interrupt response command will cause the AM~310 to reply with one or
two possible formats. If the board being polled has not generated an
interrupt, the board will reply with :FF status and command
handshaking should be terminated. If the AM-310 has indeed generated
the interrupt, the reply byte will have bit 7 reset, and the remaining
bits will reflect the interrupt status. For an explicit definition of

these bits, refer to the appended programming information.

3.4.8 COMMAND 2: SET DTR ON

Upon initialization, DTR is set to the active condition. If the wuser
wishes to modify the status of DTR, he may set it on or off via
commands 8 and 9. The status has been set wupon <completion of the

handshaking sequence.

3.4.9 COMMAND 9: SET DTR OFF

See above.

3.4.10 COMMAND 10: SET DOWNLOAD ADDRESS

In some <cases, the wuser may wish to have some specialized code
executed by the Z80 on-board the AM-310. This may be accomplished
through commands 10, 11, and 12. Command 10 is used to set the
address to which the download code is to be written. This must, of
course, be in the range of on-board RAM, addressed at :4000~47FF. The
download <code 1is to be in the form of a subroutine, and it is CALLED
by the executive on command of the wuser. To avoid overlaying key
status bytes for the executive, no download address should proceed

:4030. The address is to be written low byte first.

DWM-00310-00 REV. ACO 3-5



3.4.11 COMMAND 11: DOWNLOAD
This commands the Z80 to set up the DMA chip for a write to the
address provided via command 10. Data is to be written within the

handshake procedure.

3.4.12 COMMAND 12: CALL DOWNLOAD SUBROUTINE

Upon receipt of this command, the handshaking seguence will be
completed, then the downloaded subroutine will be called at the

address specified in command 10.

3.5 OPERATING ROUTINE REQUIREMENTS.

The AM-310 has two ports available for access by the CPU. The first
is the Command/Status port at the base address of the board. The
second port is the Data Write/Read port at base address plus one. The
following paragraphs describe the routines necessary for specific

operations.

These commands are invoked by a simple handshake procedure. The
command number is loaded into the right nibble of the command byte,
and the RS=222 port number is lLoaded into the left nibble. FORMAT:

00ccxxxx

in which cc represents RS-232 port number and xxx is the command

number. The handshake to the AM-310 is performed as follows:

WRITE to :BO 00100011 (:23)
READ from :B0 11111111 (:FF)
WRITE to :B0 00000000 (:00
READ from :BO ooeopooa (:00)

In this example, the GENERATE TRANSMIT INTERRUPT command has been
ijssued properly. In the handshake procedure, the host processor must
wait to read :FF from the status port before <clearing the comhand
register. The host must also wait to receive :00 from the status
port, as various processing routines set up data and are not valid

until the status register is cleared.
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3.5.1

On S

BOARD INITIALIZATION.

ystenm

reset,

the

command

regist

er must

be zeroed;

register will be cleared and processing may continue.

the status

3.5.2 DATA RS-232 PORT INITIALIZATION.
The following sequence of commands are vused to initialize a
communications RS-232 port.
OPERATION ADDRESS DATA
WRITE :B0 N0ccO00 et TINITIALIZE]
READ :BD 11111111 :FF
WRITE :B1 00000111 :07 INT DEFINITION
* WRITE :B1 11001810 :CA PCI MR 1
*%x WRITE :B1 00111111 :3F PCI MR 2
*k%x WRITE :B1 XXXXXXXX :xx SYN REG 1
**kkx WRITE :B1 YYYYYYYY :yy SYN REG 2
*kkkx WRITE :B1 22222222 :zz DLE REG
WRITE :BO 0o0nonoo : 00
READ :BO gooaonoec : 00
* Write to PCI mode register one: Asynchronous terminals
**% Write to PCI mode register two: Asynchronous terminals
at 19,200 baud
**%% Syn register one character (zero for asynchronous commu-
nication)
***%x Syn register two character (not necessary if SYN 1 is
zero)
*%x%% DLE register character
cc Enter the RS-232 port number 00-11 (0-3) you wish to initialize
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3.5.3 TRANSMITTING DATA.

TYPE ADDRESS DATA

WRITE :B0 00ccC010 :c2 [TRANSMITI]
READ :BO 11111111 tFF

WRITE :B1 WORD COUNT

WRITE :B1 TRANSMIT DATA

WRITE - :BO 000o00co : 00

READ :B0 NC0CoC00 : 00

The AM-310 will generate an interrupt when all characters have been

trahsmitted. A count of zero is used to specify 256 bytes.

3.5.4 FORCE AN AM-100 TRANSMIT INTERRUPT.

TYPE ADDRESS DATA

WRITE :B0 00cc0011 :c3 CFORCE INTERRUPTI]
READ :BO 11111111 :FF

WRITE :B0 0nnooooo : G0

READ :B0 00000000 :C0

This will cause the AM-310 to generate a transmit interrupt for the

AM-100 immediately upon conclusion; of the command sequence.
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3.5.5

POLL TRANSMISSION STATUS.

TYPE ADDRESS DATA

WRITE :80 00ccD100 :c4d EPOLL STATUSI]

READ :BO 11111111 :FF

READ :B1 unspecified

READ :B1 INPUT CHARACTER COUNT

READ :B1 OUTPUT CHARACTER COUNT

READ :B1 RS-232 PORT ON-LINE STATUS

WRITE :80 0o00co000 : 00

READ :B0 000600000 : 00

The RS-232 port on-line status byte reflects the state of the R§S-232C

signals DSR and DCD.

DCD is valid.

If bit 7

is set, DSR is valid. If bit 6

is set,

3.5.6 FORCE THE AM-310 TO SET UP FOR RECEIVE TRANSFER TO AM-100.
TYPE ADDRESS DATA
WRITE :BO 00cc0101 :c5 [FORCE READI]
READ :BO 11111111 <FF
READ :B1 unspecified
READ :B1 INPUT CHARACTER COUNT
READ :B1 RECEIVE DATA
WRITE :BO goooooo00 : 00
READ :BO goooeaoeo 00
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2.5.7 DIAGNOSTIC OPERATION.
The AM~3210
capabilities

diagnostics do a full RAM test and test for correct operation

has

to

commands register.

processor,;,

most

been provided

help analyze

The sequence of commands requires Llittle from host

of the commands are used to

with full

partially functional boards.

on-board

of

AM-210. The following sequence is to be used to test the board:
TYPE ADDRESS DATA
WRITE :BO 00000110 :06 CTEST MODEZ
READ :B0C 11111111 :FF
WRITE :80 0ooocoo00 : 00
READ :B0 goooooooe : 00
READ :B1 unspecified
READ :B1 FAILURE ADDRESS LOW
READ :B1 FAILURE ADDRESS HIGH
WRITE :B0 10101010 TAA
READ :BO 10101010 :AA
WRITE :BO 01010101 :55
READ :B0 01010101 155
WRITE :80 oeoogcoo : 00
READ :B0 00000000 : 00

diagnostic

invoke Z80 action on the

At this point the board will be reset and must be reinitialized.

3.5.8 RECEIVING DATA.

The communications

Buffering 128

channel.

recejved

any character although, if interrupt response

further characters will be buffered, to a maximum of 128 characters.
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board

accept

buffer,

The host processor will be

a block of data.

buffer
two buffers per communication
interrupted when
This block is terminated upon reception of

time

incoming

Lengthy,



TYPE ADDRESS DATA ;
WRITE :BC 00000111 :07 CINTERRUPT POLLJ

READ :BO 00010ccO :0c *

READ :B1 unspecified

READ :B1 INPUT CHARACTER COUNT

READ :B1 RECEIVE DATA

WRITE :B0 00cocoo000 : 00

READ :B0 0o0go0000 :00

* If the AM-310 board has no interrupt pending, response will be :FF

to the :07 interrupt poll
AM=-310 board

applications

interrupt vector.

command. This will be useful in

3.5.9 PROCESSING TRANSMITTER INTERRUPTS. é

multiple

in which all AM-310 boards share the same

The AM-310 will interrupt the host processor after all characters in a

given block have been transmitted. The following sequence of

shall occur to process the

interrupt:

events

TYPE ADDRESS DATA
WRITE :B0 00000111 :07 [CINTERRUPT POLLI]
READ :BD 00100ccD .o
WRITE :B80 gco0Ccooo : 00
READ :BO poooocoo :00
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3.5.10 INTERRUPTS GENERATED BY A CHANGE IN RS-232 PORT ON-LINE
STATUS.

If the device connected to one of the AM-310 ports is a modem or other
type device which supplies the RS-232 signals DCD and DSR, these lines
will reflect the on-line status of the device. This status is driven
valid on the AM-310 for devices which do not provide these signals.
Should a device drive the DCD signal invalid (if a user hangs up on
the modem), this change will be reported to the host processor in the
following manner: (First the host processor will be interrupted, as

in the case of a transmit or receive interrupt, and polling will take

place as normal.)

TYPE ADDRESS . DATA

WRITE :BO Q0000111 :07 CINTERRUPT POLLJ]
READ :BO 01s00ccO cas

WRITE :BO 0on0o000 <00

READ :BO gooco000 <00

s: New status of RS-232 port: 0 = off line 1 = on-line
cc: RS=232 port which this applies

3.5.11 SET DTR ON.

TYPE ADDRESS DATA

WRITE :BO 00cc1000 :c8&
READ :80C 11111111 :FF
WRITE :B0 googcoeoo : 00
READ :B0 cocooo00 : 00
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2.5.12

SET DTR OFF.

TYPE ADDRESS DATA

WRITE :BC 00cc1001 :c9

READ :BO 11111111 :FF

WRITE :BO 00000C00 :00

READ :BC pooeooco : 00
3.5.13 SET DOWNLOAD ADDRESS.

TYPE ADDRESS DATA

WRITE :BO 00001010 :0A

READ :BO 11111111 *FF

WRITE :B1 DOWNLOAD ADDRESS CLO BYTE]

WRITE :B1 DOWNLOAD ADDRESS [HI BYTE]

WRITE :B0 nooeeonoo : 00

READ :BO 0Necnoooo : 00
3.5.14 DOWNLOAD.

TYPE ADDRESS DATA

WRITE :BO 00001011 :0B

READ B0 11111111 :FF

WRITE :B1 DOWNLOAD PROGRAM

WRITE :BO 00000000 : 00

READ B0 00000000 =00
3.5.15 CALL DOWNLOAD SUBROUTINE.

TYPE ADDRESS DATA

WRITE :BO pooec1100 :0¢C

READ :BO 11111111 :FF

WRITE :BO poooenopo : 00

READ :BO ooootego :00
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SECTION IV
FUNCTIONAL THEORY OF OPERATION

4.0 INTRODUCTION.

The AM-310 Communications Controller circuit board contains integrated
circuit elements for the data processing necessary for the performance
of the functions described in Sections I, II and III of this manual.
This section describes the functional theory of operation of +the
circuit board and also provides information for each of the integrated

circuit elements.

4.1 CIRCUIT BOARD OPERATION.

This circuit board provides communications interface between RS-232C
interface devices and the $-100 Bus system. The functional block
diagram of the <circuit board 4is shown in Figqure 4-1. The circuit
board schematic, parts list, and component cross-reference Llist are
contained 1in Section VI of this manual. Table 4-1 contains a list of
the signals used in this circuit board with descriptions of their
functions. For S-100 bus signals, see Table 4-2; for RS-232 interface

signals, see Table 4-3.
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4.1.1 ADDRESSING.’
Address data is received from the S~10C bus on address Llines AD(O-AD7Y

for direct addressing of the circuit board. Lines AD2-AD7 are wired
directly to comparator U26. The other inputs to this comparator come
from circuit board etch or jumper wires to either +5V or around to
produce the desired address. The output of U26 is asserted when the
data from the address lines compare with the address of the AM-310.
This enables decoder U17 in the I/0 control logic to generate read and
write signals. The address in etch is B0O (Hex) and other addresses

can be selected as described in Section II.

4.,1.2 SYSTEM CPU OUTPUT.

System CPU output data is transmitted to the AM-310 for circuit board
control and data transfer to peripherals by the $-100 bus data and
control lines. Data is received by the AM-210 by the Data MWrite
register U38 and commands are received by the Command Input Latch UZ9.
The input to these registers comes from the $S-10C bus data lines
DOC-DO7; and the output, when enabled, goes to internal data bus
DO-D7.

4.1.2.1 COMMAND DATA.

Data from the S-100 date Llines is clocked into the Command Input Latch
U39 by Command Write signal CMDWRT from the decoder in the I/0 control
logic. This takes place when system address Lines ADO and AD1 are

zero and I/0 output signal SOUT from the S-100 bus is asserted.

When the CPU microprocessor issues a write command (EEB and address
lines AB14 and AB15 from the <dnternal address bus are both one,
decoder U16 is enabled. Internal address lines AB3-AB5 generate the
COMMAND signal when AB3 is one and AB4 and ABS are both zero. This

transfers the contents of the Command Input Latch to the internal data

bus.

DWM-00310-00 REV. AOQO 4-14



b.1.2.2

The AM-310 has twelve commands that control operation

COMMAND TYPES.

of the board.

These commands, with their associated command numbers, are as follows:

Command
Command
Command
Command
Command
Command
Command
Command
Command
Command
Command

Command

A detailed

contained

Channel

4.1.2.3

The output data from the CPU to the AM-310 transfers
data
The
data lines D0O0O-DO7;

bus
u3s8.

INITIALIZE
TRANSMIT

GENERATE TRANSMIT INTERRUPT
POLL CHANNEL STATUS

FORCE INPUT BUFFER READ
ENTER SELF TEST MODE
IMTERRUPT RESPONSE

SET DTR ON

9: SET DTR OFF

00 ~N O 1 NN -
s au . s &y ws  aa

170: SET DOWNLOAD ADDRESS
11: DOWNLOAD
12: CALL DOWNLOAD SUBROUTINE

of and their function is

Paragraph 3.3.

description these commands

in The command format is shown below:

00cc  xxxx

-—;::T—J~_1:::—-Comménd Number

Number

OUTPUT DATA.
S-100
internal data bus through Data Write Register
the $-100

goes to the

from the

to the
input to the Data
and the

lines

Write Register comes from bus

output, when enabled, internal

AM-310 data bus DO-D7.

Data

the

from

1/0

the S-100 bus data Llines is clocked into the Data Write

Register by signal DATAWRT. This is generated by the decoder U17 in
+DREQ <control logic when the board is addressed and address

Lines AD0O=1 and AD1=0 and I1/0 output signal SOUT from the $-100 bus

are asserted.

the DMA

DWM=-00310-00

A Low on IOR from the CPU module and a Low on DACK from

controller transfer the data to the internal data bus.
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4.1.3 CPU INPUT.

CPU 1input data and status information are transmitted from the AM-310
by the S-100 bus data and control lines. It is transmitted from the
AM-310 by the Read Data Register U40 and Status Output Latch U41.

4.1.32.1 STATUS DATA.

The input to the status output latch comes from the internal data bus
DO-D7 and the output, when enabled, goes to the $-100 bus data Llines
DIO-DI7Y. The status output Latch always contains 00 or FF (Hex)

except for interrupt response.

Data from the internal data bus s <clocked 4dinto the Status Output
Latch by signal STATUS from the address decoder U16. This occurs when
RD output from the CPU module is asserted and internal address bits
AB3-AB5 are zero and AB14 and AB15 are both one. The contents of the
Status Output Latch are then transferred to the internal data bus by
signal STATRD from the decoder in the 1I/0 control Logic. This signal
is asserted when ADC=0, PDBIN is true (high) and PWR is false Chigh).

4.1.3.2 INPUT DATA.

The Data Read Register (U40) controls the transfer of data from the
internal data bus to the $-100 bus data Llines. The 1inputs to this
register come from iJinternal data bus ©D0-D7 and the output, when
enabled, goes to the S-100 bus data lines DIOD-DI7.

Data is clocked into the register when IOW and BUSAK from the CPU

module are both asserted. Data is placed on the $S-100 bus data lines
by DATARD from the decoder U17 in the I/0 +DREQ control logic when the

board is addressed and ADO=1, AD1=0, Read Enable PDBIN is true (high)
and write strobe PWR is false (high).

DWM-00310-00 REV. ADD
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4.1.4 DATA TRANSFERS.

Data transfers between the system CPU and the AM-310 are accomplished
by DMA transfers with the AM-310 CPU module memory. The AM-310 CPUY
module formats and directs the data through the four PCI modules for
data transfers between the AM=~310 and the associated peripheral

devices.

Commands are issued to the AM-310 CPU module by a handshaking process.
A  non-zero command is written into the Command Input Latch (U3%) by
the system CPU. The AM-310 CPU module recognizes this command and
writes :FF into the Status Output Latch (U41). The system CPU zeros
the Command Input Latch and waits for a zero response 1in the Status
Qutput Latch. This <completes the cycle and another command may be

issued or response data read.

ALl commands that set up the AM-310 for a DMA read, including the
receive interrupt response, have the DMA chip (U14) set up for the
transfer when the status register is zeroed. In all cases, the first
read of the data register is an invalid byte. The SECOND byte read is
the first valid data byte of the block to be transferred.

Once the DMA chip has been programmed by the AM-310 CPU module,
transfers take place as follows: A read or write to the data register
sets DREQ through U& and U5 while reading or wWwriting the data
register. The DMA chip then acquires the internal bus as soon as the
AM-310 CPU module relinguishes control. The DMA write and read cycle

differs from this point.

The DMA write <cycle generates a low on IOR with the Low present on

DACK, giving a low on U3B-11 to present the data byte to the bus. The

byte is written in the RAM under control of the DMA module.

DWM-00310-00 REV AQ0O 4=-17



With a DMA read, the system CPU will have read the value in U&4C. If
this was the first DMA read for a given block of data, this byte is
meaningless and should be ignored. As the DMA module responds to
DREQ, it accesses the memory and pulls fEG low. BUSAK is low at this
point, causing the byte from memory to be written into U40. This byte

is available to the AM-100 on the next data register read cycle.

Either DMA request is terminated as U6 clocks a low into U5, pulling

DREQ low and terminating the transfer.

The AM-310 CPU module is dinterrupt driven in this application. AlL
commands to the AM=310 CPU module from the AM-100 are buffered; if the
command calls for transmit, the AM=310 CPU module sets up the PCI on
that channel and starts the transmit by causing an initial interrupt.
Each interrupt requests another character, which is given to it by the
AM-310 CPU module dnterrupt request processing routine until the
transmit buffer 4is emptied. The AM-310 CPU module will set RTS true
with every character transmitted. The transmitter is then disabled.

Receijving characters are also interrupt driven. If both DSR and DCD
are valid, the receiver is enabled. On receipt of an input character,
the AM-310 CPU module reads the character, enters it into the current
buffer (each channel has two 96 byte input buffers) and sets a flag to
the executive routine. The non=-interrupt based executive determines
if the buffer has been filled, the end being indicated by receipt of

the number of characters specified in the block character count.

If this condition is satisfied, the AM-310 CPU module then switches
input buffers, allowing the system CPU to read the current buffer and
the AM-310 CPU module to enter incoming characters into the new
buffer.

The <character count is programmed during channel initialization and
may be altered at any time. If the —character <count is non-zero,
buffering will stop and data will be transferred when the input

character count is met.

DWM-00310-00 REV. AOO 4-18



These transfers generate an interrupt to the system CPU. If the user
wishes to have the AM-310 operate on a non-interrupt driven basis, the
character count should be set to zero. Buffering will continue
indefinitely and the status of each input buffer may be checked with
the POLL command. When the desired byte count has been met, the
characters may be transferred with the FORCE READ command.

4.2 CIRCUIT MODULE DESCRIPTION.

This section describes the operation of the individual <circuit
packages (DIPS) contained on the AM-310 circuit board. Most of the
data processing is handled by the AM-310 CPU and DMA controllers and
the programmable communications interface modules, so these are
described in detail. The control logic and interface modules are also

described with logic and connection diagrams for each one.

4.2.1 CPU MICROPROCESSOR (U13).
The CPU microprocessor is a single DIP module that handles the data

processing of the AM-310 circuit board.

Figure 4-2 is a block diagram of the CPU, and Figure 4-3 details the
internal register configuration which contains 208 bits of Read/ Write
memory that are accessible to the programmer. The registers include
two sets of six general purpose registers that may be used
individually as 8-bit registers or as 16-bit register pairs. There
are also two sets of accumulator and flag registers. The programmer
has access to either set of main or alternate registers through a
group of exchange instructions. This alternate set allows
foreground/background mode of operation or may be reserved for very
fast dinterrupt response. Each CPU also <contains a 16-bit stack
pointer which permits simple dimplementation of multiple level
interrupts, wunlimited subroutine nesting and simplification of many

types of data handling.

DWM-00310-00 REV. ADO 4-19



The two 16-bit index registers allow tabular data manipulation and
easy implementation of relocatable code. The Refresh register
provides for automatic, totally transparent refresh of external
dynamic memories. The I register is used in a powerful interrupt
response mode to form the upper 8 bits of a pointer to an dinterrupt
service address table, while the interrupting device supplies the
lower 8 bits of the pointer. An indirect call is then made to this

service address.

HHIT
DATA HUS

DATA BUS
CONTHOL
7

N

13

LPU AND
SYSTEM
CONTROL
SIGNALS

INSTRUCTION
DECODE
AND

cPy
CONTROL

ADDRESS
CONTROL
In’

6HIT
ADODRESS BUS

Figure 4-2. CPU Block Djagram

MAIN AEG SET ALTERNATE REG SE
r e — -
(" ACCUMULATOR FLAGS ACCUMULATOR FLAGS B
A F A F
c 8 c
GENERAL
PURPOSE
4 . £ REGISTERS
N H L
v
( INTERRUPT MEMORY )
VECTOR REFRESH
R
INDEX REGISTER [F3 SPECIAL
PURPOSE
INDE X REGISTEH 1A REGISTERS
STALK POINTER p g
i
PRUGHAM COUNTER PC /

Figure 4-3. CPU Registers
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4.2.1.1 INSTRUCTION OP-CODE FETCH.

The program counter —content (PC) dis placed on the address bus

immediately at the start of the cycle. One-half clock time later MREQ
goes active. The falling edge of MREQ can be used directly as a chip

enable to dynamic memories. EB, when active, indicates that the
memory data should be enabled onto the CPU data bus. The CPU samples
data with the rising edge of the clock state T3. Clock states T3 and
T4 of a fetch cycle are used to refresh dynamic memories while the CPU
is internally decoding and executing the instruction. The refresh

control signal RFSH indicates that a refresh read of all dynamic

memories should be accomplished.

M1 Cyche

g I L i 1

, Am*\_mL—‘\_‘P\_;
A0 A5 ) G I REFRESH ADDR X

MREQ \ m r——_\_____
RO ] \ [

L D IO B U RO AP S i
i it J _ [_
00 D7 ﬂ}

RFSH —
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4.2.1.2 MEMORY READ OR WRITE CYCLES.

Illustrated here is the timing of memory read or write <cycles other
than an OP code fetch (M1 cycle). The MREQ and RD signals are used
exactly as in the fetch cycle. 1In the case of a memory write <cycle,
the MREQ also becomes active when the address bus is stable so that it
can be wused directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it —can be

used directly as an R/W pulse to virtually any type of semiconductor

memory.

o Memor s Ress Cocte —————ofo———————— Memory Write Cyete — ———o]
Lig L_\‘z L] g U L]

! g\ M\ T\ L\ Bl
A0 AlS MEMORY 1DDR T MEMOR Y ADDHR X
wo T T\ I
RO __\ I
wa J S
o0 L7 jJn_\_ur { DATA O[T }—
war T T T T T T

Figure 4-4 shows the CPU pin configuration and table &4-4 contains a

list of CPU signals.

| ™

| REO
SYSTEM 10rg
CONTRO( \ AD

| WR

rﬁﬁ <

27
-]
19
)
-y —~—r
2
-1
n
-2
e 1 o |
L — " " ADORESS
aus
\LJ
| warr  — o \
ou j
comam§ wE N CPU 2o Ay
. NN —
|
: 2 2
| RESEYT ——o
- 3
contaoL | fiRAx =——
* ——‘%- ‘T’ D,
sV —°] fo—o 0y
oo — fe— D, BUS

Figure 4-4. CPU Pin Configuration
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4.2.1.3 INPUT OR OUTPUT CYCLES.

Illustrated here is the timing for an I/0 read or I/0 write operation.
Notice that during I/0 operations a single wait state is automatically
inserted (Tux). The reason for this is that during I/0 operations
this extra state allows sufficient time for an I/0 port to decode its

address and activate the WAIT Lline if a wait is required.

1, T, T T i
5 e VS o VD e W ( VY R U
A0 A7 PORT ADDRESS ) {
1oRQ /
RO \ f Resd
Cycie
o0 os —()—
—_—— - —— ] e
LC O R N I A WO O B
we \ T -
Cycle
00 D7 ——f———df out

4.2.1.4 INTERRUPT REQUEST/ACKNOWLEDGE CYCLE.

The interrupt signal is sampled by the CPU with the rising edge of the
last clock at the end of any dnstruction. When an interrupt is
accepted, a special M1 cycle is generated. During this M1 cycle, the
IOR@ signal becomes active (instead of MREQ) to indicate that the
jnterrupting device can place an 8-bit vector on the data bus. Two

wait states (Tw*) are automatically added to this cycle.

Last M Cycle ™
at Instruction

Lot T Staw N L T T 1

. B e VD e WD e WY e WD M VN G W G SN
A S U S Syt A PSS S S

A0 ~ A1 1 pC ) LI

S

——t———— - o e —— e [y
[ USROS VRN N S— Y R VR IS

—
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4.2.1.5 CPU INSTRUCTION SET
The following dis a summary of the CPU instruction set showing the
assembly language mnemonic and the symbolic operation performed by the

instruction. The instructions are divided dnto the following

categories:

8-bit Loads Miscellaneous Group
16-bit Loads Rotates and Shifts
Exchanges Bit Set, Reset and Test
Memory Block Moves Input and Output

Memory Block Searches Jumps

8-bit Arithmetic and Logic Calls

16-bit Arithmetic Restarts

General Purpose Accumulator Returns

& Flag Operations

In Table 4-5 the following terminology is used:

b = a bit number in any 8-bit register or memory d = any 8-bit destination register or memory location
location dd = any 16-bit destination register or memory location
ce = tlag condition code e = 8-bit signed 2’s complement displacement used in
NZ = nonzero relative jumps and indexed addressing
Z = zero L = 8 special call locations in page zero. In decimal
NC = non carry notation these are 0. 8, 16, 24, 32, 40, 48 and 56
C = carry n = any 8-bit binary number
PO = Parity odd or no over tflow nn = any 16-bit binary number
PE = Parity even or over tlow r = any 8-bit general purpose register (A. B, C.D. E,
P = Positive H,orL)
M = Negative (minus) s = any 8-bit source register or memory location
sp = abit in a specific 8-bit register or memory location
ss = any 16-bit source register or memory location
subscript "L* = the low order 8 bits ot a 16-bit register

subscript “H™ the high order 8 bits of a 16-bit register

() = the contents within the () are to be used as a
pointer to a memory location or 1/O port number
8-bit registers are A, B, C, D, E,H. L. Tand R
16-bit register pairs are AF, BC, DE and HL

16-bit registers are SP. PC, IX and IY

‘Addressing Modes implemented include combinations of
the following:  Immediate Indexed
Immediate extended  Register
Modified Page Zero Implied
Relative Register Indirect
Extended Bit

DWM-00310~0C REV. ACO 4=-29



Table 4-5. CPU Instruction Set
Mnemonic Svmbolic Operation Comments
LDr.s r—s sTr.on (HL )
(IX+er (1Y +e)
LDd.r d«r d=(HL) 1
(IX+e) (I1Y+e)
8-BIT LOADS | pd.n d-n d=(HL).
(IX+e), (IY+e)
LD A s A<«s s = (BCY (DE).
(nnh. [.R
LDd. A d+« A d = (BC).(DE).
(nn). 1. R
(e SRR PR
LD dd. nn dd < nn dd = BC. DE.
. HL.SP.IX. 1Y
LD dd.(nn) | dd « (nn) dd = BC. DE.
HL.SP.IX. 1Y
LD (nn), ss (nn) < ss ss = BC. DE.
16-BIT LOADS HL.SPIX. 1Y
LD SP.ss SP + 55 ss = HEIXO LY
PUSH ss (SP-1)~ SSp (SP-2) « ssp | T BC. DE.
HL. AF.IX. 1Y
POP dd dd - (SP).ddj; ~ (SP+1) | dd = BC. Db,
HLAF IXTY
EX DE. HL DE -- HL
EX AF.AF' | AF -- AF’
excHanges | EXX <B(‘_> <B(">
DF }--| DE’
HL: HL,
EX (SP). s (SP)".\\LJSPH)"\\“ s T HEOINTY
LDI (DE) ~ (HL). DE « DE+I
HL «< HL+1. BC « BC-1
LDIR (DE) < (HL). DE < DE+1
HL <« HL+1.BC « BC-1
MEMORY BLOCK MOVES Repeat until BC =0
LDD (DE) < (HL). DE « DE-1
. HL < HL-1.BC < BC-1
LDDR (DE) < (HL). DE < DE-1

DWM-00310-00 REV. AQ0O

HL < HL-1.BC < BC-1
Repeat until BC =0
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Table 4-5 (Cont.).

MEMORY BLOCK SEARCHES

8—BIT ALU

16—BIT ARITHMETIC

GP ACC. & FLAG

REV. AQGD

CPU Instruction Set

Mnemonic Symbolic Operation Comments
CPi A-(HL). HL < HL+1
BC < BC-1
CPIR A-(HL). HL < HL+1 A-(HL) sets
BC « BC-1. Repeat the flags only.
until BC =0 or A =(HL) A is not affected
CPD A-(HL). HL. < HL-1
BC < BC-I
CPDR A-(HL). HL < HL-1
BC « B(C-1. Repeat
until BC=0 or A =(HL)
ADD s A~ A+s
ADC s A< A+s+CY CY is the
SUB's A«A-s carry flag
SBC s A-A-s-CY s=r.n,(HL)
AND s A+ AANs (IX+e). (IY+e)
OR s A~ AL
XOR s A~ A®s
CPs: A-s s=r1,n(HL)
+ +
INC d dd+ (IXte). (1Y+e)
d=r,(HL)
o dedl 1 (IX+e). (1Y+e)
T R T sEasat |
ADD HL.ss | HL « HL + ss
ADC HL.ss | HL « HL + ss + CY = *5319 DE
SBC HL. ss HL <« HL -s5 -CY )
ADDIX.ss | IX < IX+ss ss = BC. DE.
1X.SP
ADDIY . ss 1Y < 1Y +ss ss = BC. DE,
Y. SP
INC dd dd < dd + | dd =BC. DE,
HL.SP.IX. IY
DEC dd dd < dd - 1 dd =BC. DE,
HL.SP IX. 1Y
= S o e T U
DAA Converts A contents into Operands must
packed BCD following add | be in packed
or subtract. BCD tormat
CPL A<A
NEG A«~00-A
CCF CY ~CY
SCF CY < |
4-31




Table 4-5 (Cont.). CPU Instruction Set

Mnemonic Symbolic Operation Comments
NOP No operation
HALT Halt CPU
DI Disable Interrupts
MISCELLANEOUS | ¢ Enable Interrupts
IMO Set interrupt mode 0 RO80A mode
IM | Set interrupt mode 1 Call to 0038y
IM 2 Set interrupt mode 2 Indirect Call
m_
RLC s =
s
RL s -
S
RRC s =@
s
RR s
s
ROTATES AND SHIFTS SLA s . s=r. (HL)
> (IX+e). (1Y+e)
SRA s —
3
SRL » B m
s
RL_D v .m|
A ]
C il
RRD E v o sl afon
A
m
BITb,s Z‘—s_b Z is zero flag
8ITs, R &T |SETb.s S <1 , s=r1,(HL)
RES b.s sb<—0 (IX+e). (IY+e)
IN A, (n) A < (n)
INT1. (C) r<(C) Set flags
INI (HL) +(C),HL « HL + 1
: B<B-1 '
INIR (HL) «(C),HL « HL + |
INPUT AND OUTPUT B+~B-1
Repeat until B =0
IND | (HL)«<(C).HL <~ HL-1
| B+<B-1
INDR (HL) «<(C).HL <« HL - 1
B<B-1
Repeat until B =0
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Table 4-5 (Cont.).

JUMPS

CALLS

RESTARTS

RETURNS

REV.

CPU Instruction Set

JP nn

JP ¢cc.nn

JR e
JR kk.e

JP (ss)
DINZ e

CALL cc.nn

RET

RET c¢

RETI

RETN

ACC

Mnemonic | Symbolic Operation Comments

OUT(n). A (n)«< A

OUT(C). r (C)«r

OUTI (Cy< (HL).HL <« HL + 1
B«<B-1

OTIR {C)«(HL). HL < HL + 1
B—~B-1
Repeat until B=0

OouTD JCry= (HL).HL < HL - 1
B-B-1

OTDR (C)«< (HL). HL < HL -1
B<B-1

Repeat until B=0

PC < nn

If condition cc is true

PC < nn. else continue

PC «PC +e

If condition kk is true

PC < PC + e else continue
PC < s
B<~B-1.ifB=0
continue. else PC < PC + e

CALL nn (SP-1) < P('H

(SP-2) < P(‘L. PC < nn
If condition cc is false
continue, else same as
CALL nn

RST L (SP-1) « PC,,

P(‘L‘_L
PCL‘_(SP). )

P(H < (SP+1)

If condition cc 1s false
continue, else same as RET
Return from interrupt,
same as RET

Return. from non-
maskable interrupt

NZ PO

Z PE
5& NC P

C M

NZ NC
kk {z ¢
ss=HL. IX. 1Y

]

NZ PO

Z PL
CCNNC P

C M

NZ PO

z L
NG P

C M




4.2.2 DMA CONTROLLER (U14).

This device 1is a multimode Direct Memory Access (DMA) controller for
microprocessor systems. It enhances system performance by allowing
other devices to directly transfer information to or from memory or to
t-~ansfer data from one memory to another. Figure 4-5 shows the DMA
controller connections and Table 4~6 Llists these signals with their

functions.

The three basic transfer modes allow programmability of the types of
DMA service by the user. Each channel can be individually programmed

to Autoinitialize to 1its original <condition following an End of
Process (EOP).

Each channel has a full 64k address and word count <capability. An
external EOP signal can terminate a DMA or memory-to-memory transfer.
This is useful for block search or compare operations using external

comparators or for dntelligent peripherals to abort erroneous
services.

Top View
R =——e{ 1 ® . :}——> A7
ow =—{_]2 39— a5
L i B} a5
MEMK =——— |4 I ad
{NOTE 11} ——={ |5 36 [ Jo— EOP
Reapy —={_| 6 B[ Jo—e a3
Hack ——={ 17 8[}=—e a2
apsts = |8 BT a
AN =— ]9 32 Jo—e a0
ureg —=——{ 10 31 [ }F—— vcci+sv)
& —={Jn 30 }=—= D8O
cik —={]12 29 [ }=—-= D81
ReseT ——{_] 13 28 [ }=——= DB2
DACK2 14 27 [}=——= pB3
DACK3 ::E 5 26 [ }=—> Das
nREQ3 ———={ ] 18 25 [ }——= DACKD
pReQz —={ 17 24 [ }———= pacxi
preal ——={_]18 23 [ J=—— DBS
pReao ——={ 19 22 [_J=—= D86
(GND) v§s ——{ ] 20 21 [}=—e 087

Figure 4-5. DMA Controller Connections
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Table 4-6 (Con't.). DMA Controller Signal List

SIGNAL

PIN

FUNCTION

DBO-DB7 DATA BUS,
INPUT/OUTPUT

30,
29,
28,
27,
26,
23,
22,
21

The Data Bus Lines are bidirectional three-state signals
connected to the system data bus. The outputs are enabled
in the program condition during the I/0 read to output the
contents of an Address register, a Status register, the
Temporary register, or a Word Count register to the CPU.
The outputs are disabled and the inputs are read during an
I/0 write cycle when the CPU dis oprogramming the DMA con-
troller control registers. During DMA cycles, the most
significant eight bits of the address are output onto the
data bus to be strobed into an external latch by ADSTB. In
memory-to-memory operations, data from the memory comes in-
to the DMA controller on the data bus during the read-from-
memory transfer. In the write-to-memory transfer, the
data bus outputs place the data dinto the new memory

Location.
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L.2.2.1 DMA CONTROLLER FUNCTIONAL DESCRIPTION.

The DMA Controller block diagram shown in Figure &4-6 includes the
major Llogic blocks and all of the internal registers. The data
interconnection paths are also shown. Not shown are the wvarious
cortrol signals between the blocks. The DMA Controller contains 344
bits of internal memory in the form of registers. Table 4-7 Llists
these registers by name and shows the size of each. A detailed
description of the registers and their functions can be found wunder

Register Description.

The DMA Controller contains three basic blocks of control logic. The
Timing Control block generates internal timing and external control
signals for the DMA Controller. The Program Command Control block
decodes the various commands given to the DMA Controller by the
microprocessor prior to servicing a DMA Request. It also decodes the
Mode Control word used to select the type of DMA during the servicing.
The Priority Encoder block resolves priority contention between DMA

channels requesting service simultaneously.

The Timing Control block derives internal timing from the clock input.

4,2.2.2 DMA OPERATION.
The DMA Controller operates in two major cycles. These are called

Idle and Active cycles. Each device cycle is made up of a number of

states. The DMA Controller can assume seven separate states, each
composed of one full clock period. State 1 (S1) 1is the inactive
state. It 1is entered when the DMA <Controller has no valid DMA

requests pending. While in S1, the DMA Controller is inactive but may
be in the Program Condition, being programmed by the processor. State
0 (S0) is the first state of a DMA service. The DMA Controller has
reguested a hold, but the processor has not yet returned an
acknowledge. An acknowledge from the CPU signals that transfers may
begin. $S1, S2, S3 and S4 are working states of the DMA service. If
more time is needed to complete a transfer than {is available with
normal timing, wait states (SW) can be inserted between S2 or S3 and

S4 by the use of the Ready Line on the DMA Controller.

DWM-~00310-00 REV. ACQO 4-42



Table 4-7.

DMA Controller Internal Registers

: AOA3:

L

A4A7:

r__;_

: DBO D87 :

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1
DECREMENTOR INC DECREMENTOR
1’0 BUFFER
TEMP WORD TEMP ADDRESS
COUNT REG (16! REG 116"
EQP -at—e-}
RESET ——e{ L i
_ 16 BIT BUS
CS ——eq 16 BIT BUS e
READY —e1 ’ [ OUTPUT
CLOCK BUFFER
— TIMING READ BUFFER READ WRITE BUFFER
Pe— AND
AEN CONTROL BASE l BASE CURRENT I CURRRECI’VT
ADSTB ~=—-—— WORD wO
AD([:,;ESS COUNT AD‘[.)IZESS COUNT
MEMR —=—(C 16} {16)
MEMW ——d L ’ 2
-4
— . COMMAND
I0R =—=( 2 CONTROL
WRITE BUFFER READ BUFFER
[o,1 003
. A
< O BUFFER
DREQO DREQ3 -+— PRIORITY COMMAND (B} INTERNAL DATA BUS |
HACK ———e={ ENCODER
AND
HREQ —=>—d ROTATING
4 PRIORITY MASK (4)
DACKO-DACK3 << LOGIC <: AEAD WRITE
MODE STATUS (8) TEMPORARY (8)
’—_ (4 X 6}
REQUEST (4) [K
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Memory-to-memory transfers require a read-from and a wWrite-to memory
to complete each transfer. The states, which resemble the normal
working states, use two digit numbers for indentification. Eight
states are required for a single transfer. The first four states
(s11, s$12, S13, S14) are used for the read-from-memory half, and the
last four states (S21, $22, S23 and S24) for the write-to-memory half

of the transfer.

4.2.2.3 IDLE CYCLE.

When no channel is requesting service, the DMA Controller will enter
the iddle <cycle and perform "SI" states. In this cycle, the DMA
Controller samples the DREQ@ Lines every clock cycle to determine if
any channel is requesting a DMA service. The device also samples Eg,
Looking for an attempt by the microprocessor to write or read the
internal registers of the DMA Controller. When Cs is Llow and HREQ is
low, the DMA Controller enters the Program Condition. The CPU can now
establish, change, or inspect the internal definition of the part by
reading from or writing to the internal registers. Address Lines
A0-A3 are inputs to the device and select which registers are to be
read or wWwritten. The IOR and I0W lines are used to select and time
reads or writes. Due to the number and size of the dinternal
registers, an internal flip-flop is used to generate an additional bit
of address. This bit is used to determine the upper or lower byte of
the 16-bit Address and Word Count registers. The flip-flop 1is reset
by Master Clear or Reset. A separate software command can also reset
this flip-flop.

Special software commands can be executed by the DMA Controller in the
Program Condition. These commands are decoded as sets of addresses
with CS and 1IO0W. The commands do not make use of the data bus.

Instructions include Clear First/Last Flip-Flop and Master Clear.

4.2.2.4. ACTIVE CYCLE.

When the DMA Controller is in the Idle cycle and a channel requests a
DMA service, the device outputs an HRE@ to the microprocessor and
enters the Active cycle. It is in this cycle that the DMA service

takes place in one of three modes:

DWM-00310-00 REV. AQOO
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Single Transfer Mode. In Single Transfer mode, the device is
programmed to make one transfer only. The word count s decremented
and the address decremented or incremented following each transfer.
When the word count goes to zero, a Terminal Count (TC) causes an

Autoinitialize if the channel has been programmed to do so.

DREQ@ must be held active wuntil DACK becomes active in order to be
recognized. If DREQ@ is held active throughout the single transfer,
HREQ goes inactive and releases the bus to the system. It will again
go active and upon receipt of a new HACK, another single transfer s
performed. In 8080A/908CA systems, this will ensure one full machine

cycle execution between DMA transfers.

Block Transfer Mode. 1In Rlock Transfer mode, the device is activated
by DREQ to continue making transfers during the service until a TC,
caused by the word count going to zero, or an external End of Process
(EOP) is encountered. DREQ@ need only be held active until DACK
becomes active. Again, an Autoinitialize occurs at the end of the

service if the channel has been programmed for it.

Pemand Transfer Mode. In Demand Transfer mode, the device is
programmed to continue making transfers until a TC or external EOP s
encountered or until DREQ goes inactive. Thus transfers may continue
until the I/0 device has exhausted its data capacity. After the 1I/0
device has had a chance to catch up, the DMA service is re-established
by means of a DREQ. During the time between services when the
microprocessor is allowed to operate, the intermediate values of
address and word count are stored in the DMA Controller Current
Address and Current Word Count registers. Only an EOP can cause an
Autoinitalize at the end of the service. EOP is generated either by

TC or by an external signal.
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4.2.2.5 TRANSFER TYPES.
Each of the three active transfer modes can perform three different
types of transfers. These are Read, WHrite and Verify. MWrite

transfers move data from an I/C device to the memory by activating

MEMW and IOR. Read transfers move data from memory to an I/0 device

by activating MEMR and IOW. Verify transfers are pseudo transfers.

The DMA Controller operates as in Read or Write transfers generating

addresses, and responding to EOP. However, the memory and I/O0 control

Lines all remain inactive.

Memory-to-Memory. To perform block moves of data from one memory
address space to another with a minimum of program effort and time,
the DMA Controller includes memory-to-memory transfer features.
Programming a bit in the Command register selects channels 0 and 1 to
operate as memory-to-memory transfer channels. The transfer s
initiated by setting the software DREQ for —channel 0. The DMA
Controller reguests a DMA service in the normal manner. After HACK is
true, the device, using eight-state transfers in Block Transfer mode,
reads data from the memory. The channel 0 Current Address register is
the source for the address used and is decremented or incremented in
the normal manner. The data byte read from the memory is stored in
the DMA Controller internal Temporary register. Channel 1 then writes
the data from the Temporary register to memory using the address 1in
its Current Address register and incrementing or decrmenting it in the
normal manner. The channel 1 Current Word Count is decremented. When
the word count of channel 1 goes to zero, a TC is generated causing an

EOP output terminating the service.

Channel 0 may be programmed to retain the same address for all

transfers. This allows a single word to be written to a block of
memory.
The DMA Controller responds to external EOP signals during

memory-to-memory transfers. Data comparators in block search schemes

may use this input to terminate the service when a match is found.
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Autoinitialize. By programming a bit in the Mode register, a channel
may be set up as an Autoinitialize channel. During
Autoinitialization, the original values of the Current Address and
Current Word Count registers are automatically restored from the Base
Address and Base Word Count registers of that channel following EOP.
The  base registers are Lloaded simultaneously with the current
registers by tﬁe microprocessor and remain unchanged throuaghout the
DMA service. The mask bit is not set when the channel s in
Autoinitialize. Following Autoinitialize, the <channel s ready to

perform another service without CPU intervention.

Priority. The DMA Controller has two types of priority encoding
available as software selectable options. The first is Fixed Priority
which fixes the channels in priority order based upon the descending
value of their number. The channel with the lowest priority is 3
followed by 2, 1 and 0 (the highest ©priority <channel). After the
recognition of any one channel for service, the other channels are

prevented from interfering with that service until it is complete.

The second scheme is Rotating Priority. The Llast channel to get
service becomes the lowest priority channel with the others rotating

accordingly.

1st Service 2nd Service 3rd Service
highest 0 2 = service 3 =»— service
1 ~=—— service 3 -=— request 0
2 0 1
lowest 3. 1 2
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With Rotating Priority din a single chip DMA system, any device
requesting service is guaranteed to be recognized after no more than
three higher priority services have occurred. This prevents any one

channel from monopolizing the system.

Compressed Timing. In order to achieve even greater throughput where
system characteristics permit, the DMA Controller <can compress the
transfer time to two clock tycLes. State $3 is used to extend the
access time of the read pulse. By removing state S3, the read pulse
width 1is made equal to the write pulse width, and a transfer consists
only of state S2 to change the address and state S4 to perform the
read/write. S1 states still occur when A8-A15 need updating (see

Address Generation).

Address Generation. In order to reduce pin count, the DMA Controller
multiplexes the eight higher order address bits on the data lines.
State S1 is used to output the higher order address bits to an
external Latch from which they may be placed on the address bus. The
falling edge of Address Strobe (ADSTB) is used to load these bits from
the data lines to the latch. Address Enable (AEN) is used to enable
the bits onto the address bus through a three-state enable. The Llower
order address bits are output directly. Lines AQ0-A7 should be

connected to the address bus.

buring Block and Demand Transfer mode services which include multiple
transfers, the addresses generated are sequential., For many
transfers, the data held in the external address lLatch remains the
same. This data need only change when a carry or borrow from A7 to A&
takes place 1in the normal sequence of addresses. To save time and
speed transfers, the DMA Controller executes §1 states only when
updating of A8-A15 in the latch is necessary. This means for long
services, S1 states may occur only once every 256 transfers, a savings

of 255 clock cycles for each 256 transfers.
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4.,2.2.6 REGISTER DESCRIPTION.

Current Address Register. Each channel has a 16-bit Current Address
register. This register holds the value of the address used during
DPMA  transfers. The address is automatically incremented or
decremented after each transfer, and the intermediate values of the
address are stored in the Current Address register during the
transfer. This register is written or read by the microprocessor in
successive 8-bit bytes. It may also be re-initialized by an
Autoinitialize back to its original value. Autoinitialization takes

place only after an EOP.

Current Word Count Register. Each channel has a 16-bit Current Word
Count register. This register holds the number of transfers to be
performed. The word count is decremented after each transfer. The
intermediate value of the word count is stored in the register during
the transfer. When the value in the register goes to zero, a TC s
generated. This register is loaded or read in successive 8-bit bytes
by the microprocessor in the Program Condition. Following the end of
a DMA service, it may also be re-initialized by an Autoinitialize back
to its original value. Autoinitialize can occur only when an EOP

oCccurs.

Base Address and Base Word Count Registers. Each channel has a pair
of Base Address and Base Word Count registers. These 16-bit registers
store the 9original wvalues of their associated current registers.
During Autoinitialize, these values are used to restore the current
registers to their original values. The base registers are written
simultaneously with their corresponding current register in 8-bit
bytes in the Program Condition by the microprocessor. These registers

cannot be read by the microprocessor.

Command Register. This 8~bit register controls the operation of the
DMA Controller. It is programmed by the microprocessor in the Program
Condition and is cleared by Reset. See Figure 4-7 for the function of

the command bits and Table 4-8 for address coding.

~
[
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7 6 5 4 3 2 1 0 -=—Bit Number

—
_—
e
e
R
S
L
]

1 N ,L l.l_,c

0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
X Hfbit0=0

0 Controller enable
1 Controller disable

Normal timing
Compressed timing
fbit0=1

0 Fixed Priority
Rotating Priority

=y

Late write selection

Extended write selection
ifbit3=1

x — O

DREQ sense active high
DREQ sense active low

- O

DACK sense active iow
DACK sense active high

- O

Figure 4-7. DMA Controller Command Bits
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Mode Register. Each channel has a 6-bit Mode register associated with
it. When the register is being written to by the microprocessor in
the Program Condition, bits 0 and 1 determine which channel Mode

register is to be written. See Figure 4-8 for the mode register bit
configuration.

7 6 5 4 3 2 1 0 -=——3Bit Number

‘f—' D 00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 tHlegal

XX Ifbits6and 7 = 11

0 Autoinitialize disable
1 Autoinitialize enable

0 Address increment select
1 Address decrement select

00 Demand mode select
01 Single mode select

l 10 Block mode select
11 Cascade mode select

Figure 4-8. DMA Controller Mode Register Bits
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Table 4-8. DMA Controller Word Count
and Address Register Command Codes

Signals Internal I Data Bus
ha 1 Regi ti —_——
Channe . Operation CS IOR 10W A3 A2 Al AD Flip/Fiop DBO—-DB7
0 Base & Current Write o 1 0 00 0O 0 AO-A7
Address, o 1 0o 0 0 0 0 1 A8-A15
Current Read 0 0 1 o 0 0 O 0 AO-A7
Address 0 0 1 0O 0 0 O 1 AB8-A15
Base & Current Write 0 1 o 0 0 0 1 1] WO-W7
I
Word Count o 1 0 0 0 0 1 1 W8-W15
Current Read 0 0 1 0 0 0 1 0 WO-W7
e
Word Count 0 O 1 0 0 0 1 1 W8-W15
1 Base & Current Write 0 1 0 0O 0 1 O 0 AQ-A7
Address 0o 1 o 0 0 1t 0 1 A8-A15
Current Read 0 0 1 0 0 1 O 0 AO0-A7
Address 0 O 1 0 0 1t 0 1 A8-A15
Base & Current . 0 1 o 0 0 1 1 0 WO-W7
Write
Word Count 0 1 0 0 o0 1 1 1 W8-W15
Current 0 O 1 Q 0 1 1 0 WO-W7
Read
. Word Count 0 O 1 0 0 1 1 1 W8-W1i5
Base & Current . 0 1 0 0o 1 0 O 0 AQ-A7
2 Write
Address o 1 0 0 1 0 O 1 A8-A15
Current 0 O 1 0 1 0 0O 0 AQ-A7
Read
Address 0 0 1 0 1t 0 O 1 A8-A15
Base & Current . 0 1 0 0o 1 0 1 0 WO-W7
Write
Word Count 0 1 0 0 1 0 1 1 W8-W15
Current 0 O 1 o 1 0 1 0 . WO-W7
Read
Word Count 0 0 | 0 1 0 1 1 W8-W15
3 Base & Current Writé 0 1 o 0 1t 1 0 0 A0-A7
Address 0 1 0 o 1 1 0O 1 AB8-A15
Current 0 O 1.0 1 1 O 0 AQ-A7
Read :
Address 0 O 1 0 t 1 0 1 A8-A15
Base & Current . 0 o 0 1 1 1 0 WO-W7
Write
Word Count 0 1 0 o 1t 1 1 1 W8-W1b
Current Read 0 O 1 o 1 t 1 0 WO-W7
Word Count 0 0 1 o 1 1 1 1 W8-Wi5
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Request Register. The DMA Controller can respond to requests for DMA
service which are initiated by software as well as by a DREQ. Each
channel has a request bit associated with it in the four bit Reauest
register. These are non-maskable and subject to prioritization by the
Priority Encoder network. Each register bit 4is set or reset
separately under software control or is cleared upon generation of a
TC or external EEE. The entire register is cleared by a Reset. To
set or reset a bit, the software loads the proper form of the data
word. See Figure 4-9 for the request register bit configuration and

Table 4-11 for address coding.

Software requests will be serviced only if the channel is 4in Block
mode. When 1initiating a memory-to-memory transfer, the software

request for channel 0 should be set.

7 6 5 4 3 2 1 0 ==-— Bit Number

LI T TTT]

Don’t Care

00 Select channel O
01 Select channel 1
10 Select channel 2
11 Select channel 3

0 Reset request bit
1 Set request bit

Figure 4-9. DMA Controller Request Register Bits
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Mask Register. Each channel has associated with it a mask bit which
can be set to disable the incoming DREQ. Each mask bit is set when
its associated <channel produces an EOP if the channel 1is not
programmed for Autoinitialize. Each bit of the four bit Mask register
may also be set or cleared separately under software —control. The
entire register 1is also set by a Reset. This disables all DMA
requests until a clear Mask register instruction allows them to occur.
The dinstruction to separately set or clear the mask bits is similar in
form to that used with the Request register. See Figure 4-10 for the

mask register bit configuration and Table 4-9 for Register instruction

codes.

Table 4-9. DMA Controller Register Codes

Register Operation Signals

CS IOR TOW A3 A2 A1 A0Q
Command | Write 0 1 0] 1 0 0 O
Mode Write 0 1 ] 1 0 1 1
Request Write 0 1 0 1 0 0 1
Mask Set/Reset | 0 1 o t 0 v O
Mask Write 0 1 0 Tt 1 1 1
Temporary | Read 0 0 1 1 1 0 1
Status Read 0o O 1 1t 0 0 O

7 6 5 4 3 2 1 0 -=—Bit Number

LTI T T T
oo L

0 Clear Channel 0 mask bit
1 Set Channel 0 mask bit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

0 Clear Channel 2 mask bit
1 Set Channel 2 mask bit

0 Clear Channel 3 mask bit
1 Set Channel 3 mask bit

Figure 4-10. DMA Controller Mask Register Bits
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Status Register. The Status register is available to read out of the
DMA Controller by the microprocessor. It contains information about
the status of the device at that point. This information includes
which channels have reached a terminal count and which channels have
pending DMA requests. Bits 0-3 are set every time a TC is reached by
that channel. These bits are cleared upon Reset and on each Status
Read. Bits 4-7 are set whenever their corresponding channel is
requesting service. See Figure 4-11 for status register bit

configuration.

7 6 5 4 3 2 1 0 -e—Bit Number

LII T TTTT]

Channel 0 has reached TC
Chanrel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

Channel 0 request

Channel 1 request
Channel 2 request
Channel 3 request

—_ = . =

Figure 4-11. DMA Controller Status Register Bits

Temporary Register. The Temporary register 4s used to hold data
during memory-to-memory transfers. Following the completion of the
transfers, the Llast word moved can be read by the microprocessor in

the Program Condition. The Temporary register always contains the

last byte transferred in the previous memory-to-memory operation,

unless cleared by a Reset.
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Software Commands.

which can be executed

any

are:

specific

These are

in the Program Condition.

bit pattern on the data bus.

Clear First/lLast Flip-Flop:

to writing or reading new address or word count

to the DMA Controller.

additional

special

This command is executed

This initializes the flip-flop to

software

commands

They do not depend on

The two software commands

prior

information

a

known state so that subsequent accesses to register contents

by the microprocessor will address upper and lower bytes

the correct sequence.

Master Clear:
as the hardware

Temporary, and

cleared and the Mask

enters the

Idle cycle.

This software

Reset.

register is set. The DMA

for the software commands.

Table 4-10.

The Command,

in

instruction has the same effect

DMA Controller Scoftware

Command Codes

Status,

Operation

Registers
Affected

Signals

Clear FF

Internal
First/Last
Flip/Fiop

CS IOR TOW A3 A2 A1 AOQ
0o 1 o 1 1 0 0

Master
Clear

Clear:
Command
Status
Request
Temporary
Internal
First/Last
Flip/Fiop
Set: Mask

bWM-00310-00 REV. AQO

Request,
Internal First/Last Flip~-Flop registers are
Controller

Table 4-10 Lists the address codes



4.2.3 PROGRAMMABLE COMMUNICATIONS INTERFACE MODULE (U27-u30)>.

The Programmable Communications Interface (PCI) module is a
synchronous/asynchronous data communications controller <chip for
microcomputer systems in a polled or interrupt driven system
environment. The PCI accepts programmed dinstructions from the
microprocessor and supports many serjal data communications

disciplines, synchronous and asynchronous, in the full or half duplex

mode.
The PCI serializes parallel data characters received from the
microprocessor for transmission. Simultaneously, it can receive

serial data and convert it into parallel data characters for input to

the microcomputer.

The PCI contains a baud rate generator which can be programmed to
either accept an external clock or to generate internal transmit or
receive clocks. Sixteen different baud rates can be selected under
program control when operating in the internal cLoék mode. The pin

configuration s shown in Figure 4-12 and the designations are shown
in Table 4-11.
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26] Ycc
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[18] TxEMT/DSEHG
[17] 78
16] 6EB
[15] TaADY

Figure 4-12.

PCI Pin Configuration

Table 4-11. PCI Pin Designation
PIN NO. SYMPOL NAME AND FUNCTION TYPE
27,28,1,2, 5-8 Do-D7 8-bit data bus i’70
21 RESET Reset t
12,10 Ag-A1 Internal register select lines t
13 R/wW Read or write command I
1 CE Chip enabie input i
22 DSR Data set ready I
24 DTR Data terminal ready o
23 RTS Request to send o)
17 CTS Clear to send I
16 DCD Data carrier detected |
18 TxEMT/DSCHG | Transmitter empty or data set change (0]
9 TxC Transmitter clock (o]
25 RxC Receiver clock o]
19 TxD Transmitter data 0
3 RxD Receiver data |
15 TxRDY Transmitter ready 0
14 RxRDY Receiver ready 0
20 BRCLK Baud rate generator clock [
26 Vce +5V supply 1
4 GND Ground |
REV. AQC 4-58




4.2.3.1 BLOCK DIAGRAM.

The PCI consists of six major sections. These

control, timing, receiver, transmitter, modem

data bus and an internal control bus.

interfaces to the microprocessor data bus via a data bus buffer.

PCI block diagram is shown in Figure 4-13.

The dnternat

are

the

control and SYN/DLE
control. These sections communicate with each other via

operation

internal
data bus

The

SYN-DLE CONTROL

DATA BUS DATA BUS
D, . o, BUFFER

SYN 1 REGISTER

(ar.28.1.2,

5673) L

SYN 2 REGISTER

OLE REGISTER

OPERATION CONTROL

21)

TRANSMITTER

RESET
{12)
Ao —_— MODE REGISTER 1
10;
A S —— MODE AEGISTER 2
. 13) .
A/w R S COMMAND REGISTER
"
CE —L——m STATUS REGISTER

TRANSMIT DATA
HOLDING REGISTER

TRANSMIT
SHIFT REGISTER

BRCLK (20) [— .

RECEIVER

RECEIVE DATA
HOLDING REGISTER

RECEIVE
SHIFT REGISTER

BAUD RATE
e (9) GENERATOR
e & AND
CLOCK CONTROL
——
e (25)
T (22) 1
DSR _ Qg
et (16)
oco —_— >0
= (an
€Ts - s d MODEM
__ CONTROL
ATS @23
TR L I I —
TRENMT LY
DSCHG

(15)

(19}

{14)

(3}

(26)

TxRDY

T:D

RxROY

GND

Figure 4-13. Programmable Communications

Interface Block Diagram
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Operation Control. This functional block stores configuration and
operation commands from the CPU and generates appropriate signals to
various internal sections to control the overall device operation. It
contains read and write <circuits to permit communications with the
microprocessor via the data bus and contains Mode Registers 1 and 2,
the Command Register, and the Status Register. Details of register
addressing and protocol are presented in Paragraph 4.2.2.6 of this

manual.

Timing. The PCI contains a Baud Rate Generator (BRG) which is
programmable to accept external transmit or receive clocks or to
divide an external clock to perform data communications. The unit can
generate 16 commonly used baud rates, any one of which can be selected
for full duplex operation. See Table 4-12 for baud rate generator

characteristics.

Table 4-12. Baud Rate Generator Characteristics

THEORETICAL ACTUAL
BAUD FREQUENCY | FREQUENCY PERCENT
RATE 16X CLOCK 16X CLOCK ERROR DIVISOR
50 0.8 KHz 0.8 KHz = 6336
75 1.2 1.2 = 4224
110 1.76 1.76 — 2880
134.5 2152 2.1523 0.016 2355
150 24 2.4 .- 2112
300 48 48 = 1056
600 9.6 9.6 = 528
1200 19.2 19.2 = 264
1800 28.8 28.8 - 176
2000 32.0 32.081 0.253 158
2400 38.4 38.4 = 132
3600 57.6 57.6 e 88
4800 76.8 76.8 = 66
7200 115.2 115.2 = 44
9600 153.6 153.6 = 33
19200 * 307.2 316.8 3.125 16

NOTE
*Error at 19200 can be reduced 10 zero by using crystal frequency 4 9152MHz
16X clock s used 0 asynchronous mode n synchronous mode. clock multipher s 1X

DPWM-00310-00 REV. AQO
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Receiver. The Receiver accepts serial data on the RxD pin, converts
this serial input to parallel format, checks for bits or characters
that are wunique to the communication technique and sends an

"assembled" character to the CPU.

Transmitter. The Transmitter accepts parallel data from the CPU,
converts it to a serial bit stream, inserts the appropriate characters
or bits (based on the communication technique) and outputs a composite

serial stream of data on the TxbD output pin.

Modem Control. The modem control section provides interfacing for
three dnput signals and three output signals used for "handshaking"

and status indication between the CPU and & modem.

SYN/DLE Control. This section contains control circuitry and three
8-bit registers storing the SYN1, SYN2, and DLE characters provided by
the CPU. These registers are wused 1in the synchronous mode of
operation to provide the characters required for synchronization, idle

fill and data transparency.

4.2.3.2 INTERFACE SIGNALS.

The PCI interface signals can be grouped into two types: The
CPU-related signals shown in Table 4-13, which interface the PCI to
the microprocessor system; and the device-related signals (shown in
Table 4-14), which are used to interface to the communications device

or system.
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Table 4-13.

CPU Related Signals

PIN NAME

PIN NO.

INPUT/QUTPUT

FUNCTION

Vce
GND
RESET

TxEMT/DSCHG

26

21

1012
13
11

8.7.6.5,
2.1.28,27
15

14

18

1/0

+5V supply input

Ground

A high on this input performs a master reset on the 2651 This signal asynchronous-
ly terminates any device activity and clears the Mode, Command and Status regis-
ters. The device assumes the idie state and remains there until initialized with the
appropriate control words.

Address lines used to select internal PCI registers.

Read command when low, write command when high.

Chip enable command. When low, indicates that control and data lines to the PCI
are valid and that the operation specified by the R/W, Ay and Ag inputs should be
performed. When high, places the Dg-D7 lines in the tri-state condition.

8-bit, three-state data bus used to transfer commands, data and status between PCl
and the CPU. Dq is the least significant bit; D7 the most significant bit

This output is the compiement of Status Register bit SRO. When low, it indicates that
the Transmit Data Holding Register (THR) is ready to accept a data character from
the CPU. It goes high when the data character is loaded. This output is vaiid only
when the transmitter is enabied. It is an open drain output which can be used as an
interrupt to the CPU.

This output is the complement of Status Register bit SR1. When low, itindicates that
the Receive Data Holding Register (RHR) has a character ready for inputto the CPU.
it goes high when the RHR is read by the CPU, and also when the receiver 1s
disabled. it is an open drain output which can be used as an interrupt to the CPU.
This output is the complement of Status Register bit SR2 When low, itindicates that
the transmitter has completed serialization of the last character loaded by the CPU,
or that a change of state of the DSR or DCD inputs has occurred. This owtput goes
high when the Status Register is read by the CPU, if the T*EMT condition does not
exist. Otherwise, the THR must be loaded by the CPU for this line to go high_Itisan
open drain output which can be used as an interrupt to the CPU.

Table 4-14.

Device Related Signals

PIN NAME

PIN NO.

INPUT/OUTPUT

FUNCTION

BRCLK

RxC

-
x
O

RxD

—
x
o

o
D

3

CTS

0

Q
purt
sl

TS

D

20

25

22
16
17

24

23

170

1/0

5.0688MHz clock input to the internal baud rate generator. Not required if external
receiver and transmitter ciocks are used.

Receiver clock [f external receiver clock is programmed, this input controis the rate
atwhich the character is to be received. its frequency is 1X, 18X or 64X the baud rate,
as programmed by Mode Register 1. Data is sampled on the rising edge of the clock
If internal receiver clock is programmed, this pin becomes an output at 1X the pro-
grammed baud rate. *

Transmitter clock. If external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X the
baud rate, as programmed by Mode Register 1. The transmitted data changes on the
falling edge of the clock. If internal transmitter clock is programmed., this pin be-
comes an output at 1X the programmed baud rate.”

Serial data input to the receiver. “Mark” is high, "Space” is low.

Serial data output from the transmitter. “Mark” is high, “Space” is low. Held in Mark
condition when the transmitter is disabled.

General purpose input which can be used for Data Set Ready or Ring Indicator con-
dition. Its complement appears as Status Register bit SR7. Causes a low output on
TxEMT/DSCHG when its state changes.

Data Carrier Detect input. Must be low in order for the receiver to operate. Its com-
plement appears as "Status Register bit SR6. Causes a low output on
TxEMT/DSCHG when its state changes.

Clear to Send input. Must be low in order for the transmitter to operate. If it goes
high during transmission, the character in the Transmit Shift Register will be
transmitted before termination.

General purpose output which is the compiement of Command Register bit CR1.
Normally used to indicate Data Terminal Ready.

General purpose output which is the complement of Command Register bit CRS5.
Normally used to indicate Request to Send.

T
NOTE

‘inffand TxC outputs have shart circuit protection max C 100p!
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4.2.2.3 OPERATION.

The functional operation of the PCI is programmed by a set of control
words supplied by the CPU. These control words specify items such as
synchronous or asynchronous mode, baud rate, number of bits per
character. The programming procedure 1is described 4n the PCI

Programming section of this manual.

After programming, the PCI s ready to perform the desired
communications function. The receiver performs serial to parallel
conversion of data received from a modem or equivalent device. The

transmitter converts parallel data received from the CPU to a serial

bit stream. These actijons are accomplished within the framework

specified by the control words.

Receiver. The PCI is conditioned to receive data when the DCD input
is low and the RxEN bit in the command register 4is true. In the

asynchronous mode, the receiver looks for a high to low transition of
the start bit on the RxD input line. If a transition is detected, the
state of the RxD Line is sampled again after a delay of one-half of a
bit time. If RxD is now high, the search for a valid start bit is
begun again. If RxD is stitl Llow, a valid start bit dis assumed and
the receiver continues to sample the fJnput line at one-bijt-time
intervals until the proper number of data bits, the parity bit, and
the stop bit(s) have been assembled. The data is then transferred to
the Receive Data Holding Register, the RxRDY bit in the status
register is set, and the RxRDY output is asserted. If the character
length is less than 8 bits, the high order unused bits in the Holding
Register are set to zero. The Parity Error, Framing Error, and
Overrun Error status bits are strobed into the status register on the
positive going edge of the E;E corresponding to the received character
boundary. 1If a break condition is detected (RxD is lLow for the entire
character as well as the stop bit(s)), only one character consisting
of all zeros (with the FE status bit set) will be transferred to the
Holding Register. The RxD input must return to a high condition

before a search for the next start bit begins.
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When the PCI is injtialized into the synchronous mode, the receiver
first enters the hunt mode on a 0 to 1 transition of RxEN(CRZ2). In
this mode, as data is shifted into the Receiver Shift Register a bit
at a time, the contents of the register are compared to the contents
of the SYN1 register. If the two are not equal, the next bit is
shifted din and the <comparison is repeated. When the two registers
match, the hunt mode is terminated and character assembly mode begins.
If single SYN operation is programmed, the SYN DETECT status bit s
set. If double SYN operation 1is programmed, the first character
assembled after SYN1 must be SYN2 in order for the SYN DETECT bit to
be set. Otherwise, the PCI returns to the hunt mode. (Note that the
sequence SYNT-SYN1-SYN2 will not achieve synchronization). When
synchronization has been achieved, the PCI continues tec assemble

characters and transfer them to the Holding Register, setting the

RxRDY status bit and asserting the RxRDY output each time a character
is transferred. The PE and QE status bits are set as o@ppropriate.
Further receipt of the appropriate SYN sequence'sets the SYN DETECT
status bit. If the SYN stripping mode is commanded, SYN <characters
are not transferred to the Holding Register. Note that the SYN
characters wused to establish dinitial synchronization are not

transferred to the Holding Register in any case.

Transmitter. The PCI is conditioned to transmit data when the CTS
input is low and the TxEN command register bit 1is set. The PCI

indicates to the CPU that it can accept a character for transmission

by setting the TxRDY status bit and asserting the TxRDY output. When

the CPU writes a character into the Transmit Data Holding Register,
these conditions are negated. Data is transferred from the Holding
Register to the Transmit Shift Register when it is idle or has
completed transmission of the previous character. The TxRDY
conditions are then asserted again. Thus, one full character time of

buffering is provided.

In the asynchronous mode, the transmitter automatically sends a start
bit followed by the programmed number of data bits, the Lleast
significant bit being sent first. It then appends an optional odd or

even parity bit and the programmed number of stop bits. 1If, following
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transmission of the data bits, a new character is not available in the

Transmit Holding Register, the TxD output remains in the marking

(high) condition and the TxEMT/DSCHG output and its corresponding
status bit are asserted. Transmission resumes when the CPU loads a
new character into the Holding Register. The transmitter can be
forced to output a continuous low (BREAK) condition by setting the

Send Break command bit high.

In the synchronous mode, when the PCI 1is idnitially conditioned to
transmit, the TxD output remains high and the TxRDY condition is
asserted until the first character to be transmitted (usually an SYN
character) is loaded by the CPU. Subsequent to this, a continuous
stream of characters dis transmitted. No extra bits (other than
parity, if commanded) are generated by the PCI by the time the
transmitter has completed sending the ©previous —character. Since
synchronous communication does not allow gaps between characters, the
PCI asserts TxEMT and automatically fills the gap by transmitting
SYNTs, SYN1-SYN2 doublets, or DLE-SYN1 doublets, depending on the
state of MR16 and MR17. Normal transhission of the message resumes
when a new <character is available in the Transmit Data Holding
Register. If the SEN DLE bit in the command register is true, the DLE
character is automatically transmitted prior to transmission of the

message character in THR.

4.2.3.4 PCI PROGRAMMING.

Prior to initiating data communications, the PCI operational mode must
be programmed by performing write operations to the mode and command
registers. In addition, if synchronous operation is programmed, the
appropriate SYN/DLE registers must be loaded. The PCI can be
reconfigured at any time during program execution. However, if the
change has an effect on the reception of a character, the receiver
should be disabled. Alternatively if the change is made 1 1/2 RxC
periods after RxRDY goes active, it will affect the next character
assembly. A flowchart of the initialization process appears in Figure
4L-14,

&~
|
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The internal registers of the PCI are accessed by applying specific
signals to the EE, R/W, A1 and AD inputs. The conditons necessary to

address each register are shown in Table 4-15.

Table 4-15. PCI Register Addressing

CE A Ao R/W FUNCTION

1 X X X Tri-state data bus

0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 Read status register

0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1/2
0 1 0 1 Write mode registers 1/2
0 1 1 0 Read command register
0] 1 1 1 Write command register

NOTE
See AC Charactenstics section for iming requirements

The SYN1, SYN2, and DLE registers are accessed by performing write
operations with the conditions A1=0, A0=1, and R/W=1. The first
operation loads the SYN1 register. The next loads the ASYN? register,
and the third loads the DLE register. Reading or loading the mode
registers dis done in a similar manner. The first write (or read)
operation addresses Mode Register 2. If more than the required number
of accesses are made, the dinternal sequencer recycles to point at the
first register. The pointers are reset to SYNT1 Register and Mode
Register 1 by a RESET input or by performing a Read Command Register

operation, but are unaffected by any other read or write operation.
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4.2.3.5
Mode

DESCRIPTION OF REGISTERS.
Registers 1 and 2 define the general operational characteristics
of the PCI, while the Command Register controls the within
framework. The PCI

These registers are cleared when a RESET input is applied.

operation
its basic indicates its status in the Status
Register.
(MR1) . Bits
MR10

Mode Register 1
MR11 and

Table 4-16 illustrates Mode Register 1.
baud

00 specifies synchronous mode and 1X amplifier. 11X, 16X,

select the <communication format and rate

multiplier.
and 64X

However, the

multipliers are programmable for asynchronous format.

multiplier 1in asynchronous format applies only if the

external clock input option is selected by MR24 or MR25.

Table 4~16. Mode Register 1 (MR1)

MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10
Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00 = INVALID 0=0DD 0 = DISABLED 00 = 5BITS 00 = SYNCHRONOUS 1X RATE
01 =1STOP BIT 1= EVEN 1 = ENABLED 01 =6 BITS 01 = ASYNCHRONOUS 1X RATE
10 =11/ STOP BITS 10 =7 BITS 10 = ASYNCHRONOUS 16X RATE
11 =2 STOP BITS 11 =8 BITS 11 = ASYNCHRONOUS 64X RATE

SYNCH: NUMBER
OF SYN CHAR

0 = DOUBLE SYN
1 = SINGLE SYN

SYNCH: TRANS-
PARENCY CONTROL

0 = NORMAL
1 = TRANSPARENT

NOTE

Baud rate factor in asynchronous applies only if external clock is selected Factoris 16Xt

internal clock is selected Mode must be selected tMR11. MR10) in any case

bWM-00310-
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MR12 and MR12 select a character length of 5, 6, 7, or 8 bits. The
character Llength does not include the parity bit, if programmed, and

does not dinclude the start and stop bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit is added to
the transmitted character and the receiver performs a parity check on

incoming data. MR15 selects odd or even parity when parity is enabled
by MR14.

In asynchronous mode, MR17 and MR16 select character framing of 1,
1.5, or 2 stop bits. (If 1X baud rate is programmed, 1.5 =stop bits
defaults to 1 stop bit on transmit.) In synchronous mode, MR17
controls the number of SYN characters used to establish
synchronization and for character fill when the transmitter is idle.
SYN1 alone is used if MR17 = 1, and SYN1-SYN2 is used when MR17 = 0.
If the +transparent mode 1is specified by MR16, DLE-SYN1 is used for
character fill and SYN detect, but the normal synchronization seqguence
is used. Also DLE stripping and DLE detect (with MR14 = 0) are

enabled.

Mode Register 2 (MR2). Table 4-17 illustrates Mode Register 2. MRZ23,
MR22, MR21, and MR20 control the frequency of the internal baud rate
generator (BRG). Sixteen rates are selectable. When driven by a
5.0688 MHz input at the BRCLK input (pin 20), the BRG output has zero
error except at 134.5, 2000, and 19,200 baud respectively.

Table 4-17. Mode Register 2 (MR2)

MR27 MR26 MR25 MR24 MR23 MR22 MR21 MR20
Transmitter Recelver Baud Rate Setection
Clock Clock
0 = EXTERNAL | 0 = EXTERNAL 0000 = 50 BAUD 1000 = 1800 BAUD
NOT USED 1 = INTERNAL 1 = INTERNAL 0001 =75 1001 = 2000

0010 = 110 1010 = 2400
0011 = 1345 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 800 . 1110 = 9600
0111 = 1200 1111 = 18,200
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MR25 and MR24 select either the BRG or the external inputs TxC and RxC
as the clock source for the transmitter and receiver, respectively.
If the BRG <clock s selected, the baud rate factor in asynchronous
mode is 16X regardless of the factor selected by MR11 and MR10. In
addition, the corresponding clock pin provides an output at 1X the
baud rate.

Command Register (CR). Table 4-18 illustrates the Command Register.
Bits CRO (TxEN) and CR2 (RxEN) enable or disable the transmitter and

receiver respectively. Disabling the receiver causes RxRDY to go high
(inactive). If the transmitter 1is disabled, it completes the
transmission of the character in the Transmit Shift Register (if any)
prior to terminating operation. The TxD output then remains 1in the
marking state Chigh) while the TxRDY and TxEMT go high (inactive). If

the receiver s disabled, it terminates operation immediately. Any

character being assembled is neglected.

Bits CR1 (DTR) and CRS5 (RTS) ccntrol the DTR and RTS outputs. Data at

the outputs is the logical complement of the register data.

Table 4-18. Command Register (CR)

CR? CRé CRS CR4 CR3 CR2 CR1 CRoO
a Terminal Transmit
e 1::::“' N Reset Error e (RxeN) | Roacy Control (TXEN)
ASYNCH:

00 = NORMAL OPERATION 0 = NORMAL FORCE BREAK .

01 = ASYNCH: AUTOMATIC |0 = FORCE ATS| 1 = RESET 0 = NORMAL 0=DISABLE |0=FORCEDTR| 0= DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG 1 = FORCE 1=ENABLE | OUTPUTHIGH | 1 = ENABLE
SYNCH: SYN AND/OR 1= FORCE RTS | IN STATUS REG BREAK 1 = FORCE DTR
DLE STRIPPING MODE | OUTPUT LOW | (FE, O, prer OUTPUT LOW

10 = LOCAL LOOP BACK PE/DLE DETECT) | oo -l &

11 = REMOTE LOOP BACK

0 = NORMAL
1= SEND DLE
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In asynchronous mode, setting CR3 forces and holds the TxD output Llow
(spacing <condition) at the end of the current transmitted character.
Normal operation resumes when CR2 is cleared. The TxD line goes high
for at Lleast one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In synchronous mode,
setting CR3 causes the transmission of the DLE register contents prior
to sending the character in the Transmit Data Holding Register. CR3

should be reset in response to the next TxRDY.

Setting CR4 causes the error flags in the Status Register (SR3, SR4,
and SRS5) to be cleared. This is a one time <command. There 1is no

internal Llatch for this bit.

The PCI can operate in one of four sub-modes within each major mode
(synchronous or asynchronous). The operational sub-mode is determined
by CR7 and CRé. CR7-CRé = DO is the normal mode, with the transmitter
and receiver operating independently in accordance with the Mode and

Status register instructions.

In asynchronous mode, CR7-CR6 = 01 places the PCI in the Automatic
Echo mode. Clocked, regenerated, received data 1is automatically
directed to the TxD line while normal receiver operation continues.
The reciever must be enabled (CR2 = 1), but the transmitter need not
be enabled. CPU to receiver communications continues normally, but
the CPU to transmitter Llink is disabled. Only the first character of
a break condition 1is echoed. The TxD output will go high until the
next valid start is detected. The following conditions are true while

in Automatic Echo mode:

1. Data assembled by the recejver is automatically placed in the
Transmit Holding register and retransmitted by the

transmitter on the TxD output.
2. Transmit clock = receive clock.

e

3. TxRDY output = 1.
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4. The TxEMT/DSCHG pin reflects only the data set change

condition.

5. The TxEN command (CR(O) is iagnored.

In synchronous mode, CR7-CR6 = 01 places the PCI 4in the Automatic
SYN/DLE Stripping mode. The exact action taken depends on the setting
of bits MR17 and MR16:

1. In the non-transparent, single SYN mode (MR17-MR16 = 0),
characters din the data stream matching SYN1 are not

transferred to the Receive Data Holding Register (RHR).

2. In the non-transparent, single SYN mode (MR17-MR16 = 00),
characters in the data stream matching SYN1, or SYN2 if
immediately preceded by SYN1, are not transferred to the RHR.
However, only the first SYN1 of an SYN1-SYN1 pair is
stripped.

3. In transparent mode (MR16 = 1), characters in the data stream
matching DLE, or SYN1 if immediately preceded by DLE, are not

transferred to the RHR. However, only the first DLE of a
DLE-DLE pair is stripped.

Note that Automatic Stripping mode does not affect the setting of the
DLE Detect and SYN Detect status bits (SR3 and SRS).

Two diagnostic sub-modes can also be configured. In Local Loop Back

mode (CR7-CR6 = 10), the following lLoops are connected internally:
1. The transmitter output is connected to the receiver input.

2. DTR 1is connected to DCD and RTS is connected to CTS.
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Bs

4.

5.

Receive clock ~4— transmit clock.

—— e

The DTR, RTS and TxD outputs are held high.

mm—— e

The CTS, DCD, DSR and Rx D inputs are dignored.

Additional requirements to operate 1in the Local Loop Back mode are
that CRO (TxEN), CRT (DTR), and CR5 (RTS) must be set to 1. CR2

(RxEN)

The
1) .

bWM-00310-00 REV. ACGO

ignored by the PCI.

second diagnostic mode 1is the Remote Loop Back mode (CR7-CR6 =

In this mode:

1.

Data assembled by the receiver is automatically placed in the
Transmit Holding Register and retransmitted by the

transmitter on the TxD output.

Transmit «—— receive clock.

No data 1is sent to the Llocal CPU, but the error status

conditions (PE, OE, FE) are set.

The RxRDY, TxRDY, and TxEMT/DSCHG outputs are held high.

CR1 (TxEN) is ignored.

ALL other signals operate normally.

~
I
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Status Register.

The data contained

in the Status Register (as

shown

in Table 4-19) indicate receiver and transmitter <conditions and
modem/data set status.
Table 4-19. Status Register (SR)
SA7 SRe SRS SR4 SR3 SR2 SR1 SRO
Deta 8ot Data Carrier
R TxRDY
Road Detect FE/SYN Detect Overrrun PE/DLE Detect | TXEMT/DSCHG xRDY x
0 = BSH INPUT | 0 = DCD INPUT | ASYNCH: 0 = NORMAL 0 = NORMAL 0 = RECEIVE 0 = TRANSMIT
IS HIGH IS HIGH 0=NORMAL | 1=OVERRUN | ASYNCH: 1 = CHANGE HOLDING REG | HOLDING
1=D5R INPUT | 1 =DCD INPUT | ;1 _ FRAMING ERROR 0 = NORMAL IN DSR OR EMPTY REG BUSY
IS LOW S LOW ERROR 1 = PARITY DCD, OR 1 = RECEIVE 1 = TRANSMIT
ERROR TRANSMIT HOLDING REG | HOLDING
SYNCH: SHIFT REGIS- | HAS DATA REG EMPTY
0 = NORMAL SYNCH: TER 1S
1 = SYN CHAR 0 = NORMAL EMPTY
DETECTED 1 = PARITY
ERROR
OR
DLE CHAR
RECEIVED
SRO is the Transmitter Ready (TxRDY) status bit. It, and its
corresponding output, are valid only when the transmitter is enabled.
If equal to 0, it indicates that the Transmit Data Helding Register

has

Holding Register
initially

not set when

programmed.

high.

been

loaded

by the CPU and the data has not been transferred to

the Transmit Shift Register. If set equal to 1, it indicates that the

is ready to accept data from the CPU. This bit 1is

set when the transmitter 1is enabled by CRO, unless a

character has previously been loaded into the Holding Register. It is

the Automatic Echo or Remote Loop Back modes are

When this bit is set, the TxRDY output pin is low. In

the Automatic Echo and Remote Loop Back modes, the output is held
REV. ACO L=-T74
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SR1, the Receiver Ready (RxRDY) status bit, indicates the condition of
the Receive Data Holding Register. If set, it indicates that a
character has been loaded into the Holding Register from the Receive
Shift Register and is ready to be read by the CPU. If equal to zero,
there is no new character 4in the Holding Register. This bit is

cleared when the CPU reads the Receive Data Holding Register or when

the receiver is disabled by CR2. When set, RxRDY output is low.

The TxEMB/DSCHG bit, SR2, when set, indicates either a change of state
of DSR or DCD inputs or that the Transmit Shift Register has completed
transmission of a character and no new character has been loaded into
the Transmit Data Holding Register. Note that in synchronous mode
this bit will be set, even though the appropriate fill <character is
transmitted. TXEMT will not go active until at least one character
has been transmitted. It is cleared by Lloading the Transmit Data
Holding Register. The DSCHG condition is enabled when TXEN = 1 or
RxEN = 1. It is cleared when the Status Register is read by the CPU.
When SR2 is set, the TxEMT/DSCHG output is Llow.

SR3, when set, dindicates a receijved parity error when parity is
enabled by MR14. In synchronous transparent mode (MR16 = 1), with
parity disabled, it indicates that a <character matching the DLE
Register has been received. However, only the first DLE of two
successive DLEs will be SR3. This bit is cleared when the receiver is

disabled and by the Reset Error Command, CR4,

The Overrun Error status bit, SR4, dindicates that the previous
character loaded into the Receijve Holding Register was not read by the
CPU at the time a new received character was transferred dinto Jt.

This bit is cleared when the receiver is disabled and by the Reset

Error command, CR4.
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In asynchrounous mode, bit SRS signifies that the received <character
was not framed by the programmed number of stop bits. (I1f 1.5 stop
bits are programmed, only the first stop bit is checked.) If RHR = O
when SR5 = 1, a break condition is present. In synchronous
non-transparent mode (MR16 = 0), it indicates receipt of the SYN1
character is single SYN mode or the SYN1-SYNZ pair in double SYN mode.
In synchronous transparent mode (MR16 = 1), this bit is set upon
detection of the initial synchronizing characters (SYN1 or SYNT-SYN2)
and, after synchronization has been achieved, when a DLE-SYN1 pair is
received. The bit is reset when the receiver is disabled, when the
Reset Error command is given in asyncrhonous mode, and when the Status

Register is read by the CPU in the synchronous mode.

SR6 and SR7 reflect the <conditions of the ©DCD and DSR inputs
respectively. A low input sets its corresponding status bit and a

high input clears it.

Timing diagrams for the wvarious PCI operations are shown in Figure
4-15.
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Figure 4-15. PCI Tim
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TxRDY, TXEMT (Shown for 5-bit characters, no parity. 2 stop bits ! in asynchronous mode !

=€ (1X)

112131458

112431

4 | S

1721348

112 )3} 415

14021314 S

DATA 1

DATA 2

DATA 3

SYN 1

DATA 4

TxEN

TxROY

)

SYNCHRONOUS MODE

THEMT

e === | e

CE FOR
WRITE
OF THR

hid

DATA 1

- [ — A

1Y

DATA 2

112131415

L
L({()

DATA}

12,3, 4,5

S

DATA 4

1,2 ,3,4

5 B8

C w%—D—> A

2N

DATA 1

DATA 2

] DATA 3

DATA 4

TTE

ASYNCHRONOUS MODE
-
»
=
1

CE FOR

WRITE

OF THR

DATA

NOTES
A = Start bit
B8 = Stopbit?
C = Stopbit2
D = TxD marking condition

DATA 2

"

DATA 3

TxEMT goes low at the beginning of the last data bit. or. if parity is enabled. at the beginning of the parity bit.

DATA &

Figure 4-15.
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RxRDY (Shown for 5-bit characters, no parity, 2 stop bits |in asynchronous mode| )

[T
1,2 3, 4,5, 1, 2, 3,4, 5, 1,2 3 4,8, 1,2, 3, 48,1, 2,3, 4, 8,1,2,3,4,5% [
RxO SYN 1 DATA 1 DATA 2 DATA 3 DATA 4 DATA S
' i H i | -
s : , T T — =
RiEN I : : :
: = s | s
o H ' ' '
: SYNDET ; : E
2 STATUS BIT : : i
z T : :
] b H |
=
z
$ | mwnv
>
"
Ay U Y >~y ~ 8
READ Nt
READ READ READ READ READ READ
STATUS STATUS RHR AHR RHA RHA
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
o
- A v 2] 3415 B | C A 1723, 45 8| C|—| D~ A 1 2); 3)4¢;8; B C A 172 3)
RxD l DATA 1 DATA 2 DATA 3 : DATA 4
; : i
w i 1 i
o . v
9| reen I i ‘
3 i ‘
2 H 1
<} 1 :
z ! H
o f
% RxRODY :
3} R H
z
>
)
<
OVERRUN
STATUS BIT
CE FOR ‘lj \,W
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
NOTES
A = Start bit
B = Stop bit1
C = Stopbit2
D = TxD marking condition
Figure 4-15. PCI Timing (Sheet 3 of 3
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4.2.4 16K (2K x 8) UV ERASABLE PROM (U33).
This device is a 16,384 bit ultraviolet erasable and electrically

orogrammable read-only memory (EPROM). For Llogic and connections, see
Figure 4-16.

Connection Diagram

1= A’ Vee D24
2 A6 A8 23
3 t{As A9 7122
4 A4 Verfa 21
5 C]A3 &f=220
6 C]A2 At0F19
7 =3 Al E/Progr F=318
g8 CJ A0 Da7 317
g 3paQo pas 16
10 oo Das 15
11 &gpa2 DQ4A[ D14
12 E3vss pa3f3i13

Figure 4-16. 16K UV Erasable Prom

Connections

4.2.4.1 ERASURE CHARACTERISTICS.

The erasure characteristics of this device are such that erasure
begins to occur when exposed to lLight with wavelengths shorter than
approximately 4000 Angstroms. It should be noted that sunlight and
certain types of fluorescent Lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level fluorescent
Lighting could erase the typical device 1in approximately 3 vyears,
while it would take approximately 1 week to cause erasure when exposed
to direct sunlight. If the device is to be exposed to these types of
Lighting conditions for extended periods of time, opaque LlLabels are

available which should be placed over the window to prevent
unintentional erasure.
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4.2.4,2 DEVICE OPERATION.

The five modes of operation of the device are listed in Table 4-20.
It should be noted that all dnputs for the five modes are at TTL
ltevels. The power supplies required are a +5V VCC and a Vpp. The Vpp
power supply must be at 25V during the three programming modes, and

must be at 5V in the other two modes.

Table 4-20. 16K UV Erasable Prom Modes

PIN NUMBER
9-1, :
Mode 13-17 12 18 20 1 2 24
pa Vss E/Progr G Vpp Vee
Read Data out Vss Vi ViL Vee Vee
Output Disable HiZ Vgs Don’t Care VIH Vee Vee
Standby Hi Z Vss ViH Don’t Care Vee Vee
Program Data in Vgs Pulsed VIH ViHpP Vee
ViLte ViH
Program Verify Data out Vgsg ViL ViL VIHP Vee
Program inhibit HiZ Vss ViL VIH VIHP Vee
Read Mode. The device has two control functions, both of which must

be logically satisfied in order to obtain data at the outputs. Chip
Enable (CE) 1is the power control and should be used for device
selection. Assuming that addresses are stable, address access time
(tACC) is equal to the delay from CE +to output (tCE). Data is
available at the outputs 120ns (tOE) after the falling edge of O0F,

assuming that CE hes been low and addresses have been stable for at

least tACC - tOE.

Standby Mode. The device has a standby mode which reduces the active
power dissipation by 75 , from 525 mW to 132 mW. The device is placed
in the standby mode by applying a TTL high signal to the CE input.
When in standby mode, the outputs are 1in a high dimpedance state,

independent of the 0OE input.

bWM-00310-00 REV. AQD
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Qutput Deselection. The outputs of two or more devices may be CR-tied
together on the same data bus. Only one should have its output
selected (0OE low) to prevent data bus contention between devices 1in
this configuration. The outputs of the others should be deselected by
reaising the 0E input to a TTL high level.

Programming. Initially, and after each erasure, all bits of the
device are in the '"1" state. Data 1is dintroduced by selectively

programming "0's" into the desired bit locations.

Although only "0's" will be programmed, both "1's" and "0's" can be
presented in the data word. The only way to change a "0" to a "1" s

by ultraviolet Llight erasure.

The device is in the programming mode when the Vpp power supply is at
25V and GE is at VIH. The data to be programmed is applied 8 bits 1in
paratlel to the data output pins. The level required for the address

and data inputs are TTL.

When the address and data are stable, a 50 msec, active high, TTL
program pulse is applied to the CE/PGM input. A program pulse must be
applied at each address location to be programmed. You can program
any location at any time -- either individually, sequentially, or at
random. The program pulse has a maximum width of 55 msec. The device

must not be programmed with a DC signal applied to the CE/PGM input.
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4.2.5 1024 x 4 BIT STATIC RANDOM ACCESS MEMORY (U34-U37).

This device is a 4096 bit static Random Access Memory organized as
1024 words by 4 bits and requires no clocks or refreshing to operate.
The data is read out non-destructively and has the same polarity as

the input data. Common input/outout pins are provided and a separate
chip select (Eg) lead allows easy selection of an individual package.

For logic and connections, see Figure 4-17.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
O ‘
A 18] JVee —la, A @ 4—@\/@
‘ A » am—— BRONAN.
A2 17 j‘7 —A 10, }— A @ .
s ol g —a, o ] Jom |, MENORY ARRAY
—Ja A X 64 COLUMNS
ST O [ ]A, 10— L ® - .
Alds 2114 i, - A:@ N
A e 13 Jio, ::: 1o, f— v l
A 12{ Jim, —|a, ", \CE COLUMN 1/0 CIRCUITS
im0} nl i, —a, o, i— "o, @ j— INPUT COLUMN SELECT
DATA
ano[ 1o 10| JWE —% .,QQ ICONTROL, Rg
10, A
| - @k,@,g, R

c
PIN NAMES
%‘ﬁa ADDRESS INPUTS Voc POWER (+5V) LU O = »m nUMBERS

WRITE ENABLE GND GROUND
[=4 CHIP SELECT
10, -1/0, DATA INPUT/OUTPUT

Figure 4-17. RAM Connections
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4.2.6 BUS COMPARATOR (U26)

This device compares two binary words of two to six bits in length and
indicates matching (bit-for-bit) of the two words. Inputs for one
word are TTL inputs, whereas dnputs of the second word are high
impedance receivers driven by a terminated data bus. The information

to the output occurs when the STROBE input goes from a logical 1 to a

logical O state. Inputs may be changed while the STROBE 1is at the
logical 1 Llevel, without affecting the state of the output. For logic

and connections, see Figure 4-18.

Logic Diagram Connection Diagram

Vec 8§ 15 [ 13 Ts B4 T4 ouTPuT

a2 16 1 10 13 12 1l 10 [

191 ouTPuY

{DM7131}

" [ 7 3 [] s 5 |7 0
1 T [} 12 3 T3 IYROEE  GNO
Ll 19 ouveyr (BUS PUT, (TTL INPUT)
(D97136)
15 12
5 U2 D
i : Truth Table
i) D
S—— OUTPUT
CONDITION| STROBE
DM71/8131| DM71/8136
R = Mugh lmpodence - . .
Bus Aesewer n T=BT#8 H Qn Qn s
b T=8 L L H
T+8 t H L

* Latched in previous state

Figure 4-18. Bus Comparator Connections

DWM=00310-00 REV. AQO 84

B~
I



4.2.7 DECODER (U116, U1T7)

These are Schottky-clamped <circuits designed for memory-decoding or
data-routing applicatins requiring very short propagation delay times.
This DIP decodes one of eight lines, based on the conditions at the

three binary select inputs and the three enable inputs. For Logic and

connections, see Figure 4-19.

Logic and Connections Truth Table
DATA QuUTPUTS
INPUTS -
] vo ¥ "2 vy ve ¥ e QUTPUTS
lvs Ls lu lu | 5 Iu- lu ‘g ENABLE SELECT
Gl @g2*| C [ ] Al YD YT Y2 Y3 Y4 Y5 Y68 V7
X H X X X H H H H H H H H
L X X X X H H H H H H H H
H L L L L L H H H H H H H
H L L L H H L H H H H H H
H L L H L H H L H H H H H
H L L H H H H H L H H H H
T T H L H L L H H H H L H H H
H L H L H H H H H H § H H
1 4 Is . ' ]
H L H H L H H H H H H L H
A ] C GZA c2e [} vy GND
outryr H L H H H H H H H H H H L
SELELT EMANLE

°G2 =~ G2A + G28
H = High level, L = fow level, X = don’t care

T s
— 1
¢
> f A2 v
tNABLE )
LTSN
T ah
- | ¥:
DaTA
ouIPYTS
T BRI
» | va

Dot-H>-
s w2 o TS
A 13 D

:
,J__)DL."

. .
=Bl
3 v

Figure 4-19. pecoder Connections
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4.2.8 DECODER/DEMULTIPLEXER (U&4)

These Schottky-clamped <circuits are designed to be used in high
performance memory decoding or data routing applications requiring
very short propagation delay times. This device contains two separate
two-line to four-line decoders in one package. The active-low enable
input can be used as a data line in demultiplexing applications. The
device features fully buffered inputs, presenting only one normalized
load to its driving circuit. ALL inputs are clamped with high
performance Schottky diodes to suppress line-ringing. For logic and

connections, see Figure 4-20.

Connection Diagram

SELECT DATA BUTPUTS
ENABLE
Vec &2 A2 ” m m m r
ln Iu % u ln ln ln ly . .
P! [J Logic Diagram
—:::::::EEEZ}pﬁnJ
& linuil% D)_im
|—q | [ e
T 1 1 71 £ o>
Al
I| F] f] ll ls r ]’1 ]T‘ “-::5; . i -
1
ERABLE At " we w2 v eme "—Do_*’*b_'" oara
8 SELECT . BATA QUTPETS an ouTreTS
~::=:==Ei:)*'“
unuu% D"ﬂ'"
. |
Truth Table
e
-4 m
. (1)
INPUTS stisct "——‘DG =
OUTPUTS el >__TiD:).__m
ENABLE | SELECT "
G 8 A|YD YI Y2 Vv3
H X X|H H H H
L L L]t H H OH
L L H|lH L H H
L H L|H H L H
L H H H H H L

Figure 4-20. Decoder/Demultiplexer
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4.2.9 D POSITIVE-EDGE~TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR (US)

For logic and connections see Figure 4-21.

Connection Diagram
Truth Table <

Nee  CIR2 [1] cxz ez a a2
INPUTS OUTPUTS
PR CLR CLK D a a ]
L H X b3 H oL
R L X X L H
L L X X H® H® b
H H . H H L
H H f L L H LY
H H L X | oo Qo
{l J I1

o ”" cikt MRt o i) 1]

Figure 4-21. D Flip~-Flop Connections
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4.,2.10 TRI-STATE D FLIP-FLOPS (U321, UZ8-U41).

These 8-bit registers contain D-type flip-flops with totem-pole
tri-state outputs capable of driving highly capacitive or Llow
impedance loads. When the output control is taken to a bhigh Llogic
level, the outputs go into the high impedance state. When a Low logic
level is applied to the output control, data at the D inputs are
loaded into their respective flip-flops on the next positive-going

transition of the clock. For logic and connections, see Figure 4-22.

Connection Diagram Logic Diagram

or a2 a3 a4

3 ™ i m
sz e o0e 0 a7 06 06 DS us cm:u
n lu N 1% ls %u | ‘A
SRR ‘h T
T T

]
L

1

v | ves | ven] e u
[_H I——LT m [_L—? . o sl cLock ul cuock g, coek 4 |
SETTRG T Tl e e g )

3 ls ,s 7 Io I g ]

QuTPy? @1 O D2 02 G5 Cl D& Q4 GND m °. .-
T

ED.‘ﬂﬂl ayTRUT

coNTROL &

i 1

a s
as as

Truth Table

OUTPUT
CONTROL CLOCK D | OUTPUT
t * H H
L t L L
L L X Qo
H X X z

Figure 4-22. Tri-State D Flip-Flop Connections
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4.2.11 OCTAL THREE-STATE BIDIRECTIONAL TRANSCEIVER (U24)
This device is an 8-bit, three-state Schottky transceiver that
provides bidirectional drive for bus-oriented microprocessor and

digital communications systems.

One input, Transmit/Receive, determines the direction of logic signals
through the bidirectional transceiver. The <chip disable idinput
disables both A and B ports by placing them in a three-state

condition. For logic and connections, see Figure 4-23.

Logic Diagram Connection Diagram
1
i '\ | Top V ew
I !
Auo_-I'_+~ l/ /1 }—r—«)au A= ~ 20— vee
| N | Al — 2 19— 80
— - a2 =—3 18 p=mm 81
5 o e S +——— > A3 —d4 17 p— 82
S G | N D S i
2 o8 4 — s 6 pb— 83
APORT ———————t———— B PORT APORT 8 PORT
MO— e OB as—f6 15— Ba
smo— N
26 O B AB mmed 7 14— g5
vo— T I TI TTTThow 1 —s =g
ey CHIP DISABLE —={ 9 12 p— g7
TRANSMIT/RECEIVE
(T R} GND 10 N p—— TRAN REC
CHIP DISABLE FIL |

(co:

Logic Table

inputs Resutting Conditions
__Chxp Disable [ Transmit/Receive A Port B Port
o] i 0 ouT IN
0 ! i IN ourT
1 B x TRISTATE | TRISTATE
X Dont Care

Figure 4-23%. Bidirectional Transceiver Connections
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4.2.12 TRI-STATE OCTAL BUFFERS (U15)
This device provides eight 2-input buffers in each package and employs

Schottky TTL Technology. One of the two inputs to each buffer is used
as a control Lline to gate the output to the high-impedance state,

while the other input passes the data through the buffer. The outputs
are placed in the tri-state condition by applying a high Llogic Llevel

to the enable pins. For logic and connections, see Figure 4-24.

Logic and Connections

Truth Table

INPUTS | OUTPUT
G A ¥
H X z
L H H
i L L

Figure 4-24. Tri-State Octal Buffer
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4.2.13 TRI-STATE HEX BUFFERS (U25)

For logic and connections, see Figure 4-25.

Logic and Connections Truth Table
Vee &2 I ve as vy M va
lu 13 Iu Iu ||z ln I,. I, INPUTS | OUTPUT
G A Y
H X V4
L H H
L L L

I| 'x l: In It Il Ir t
At} A v Y.

[} At

Figure 4-25. Tri-State Hex Buffer Logic and Connections

DWM-0C310-00 REV. AQO 4~91






SECTION V
MAINTENANCE AND TROUBLESHOOTING

5.0 INTRODUCTION.
The AM-310 circuit board performs to full capability with a minimum of

maintenance. This section describes maintenance and troubleshooting

procedures for handling warranty returns.

5.1 CIRCUIT BOARD CHECKOUT.

The AM-310 circuit board was fully tested before it left Alpha
Microsystems and will operate satisfactorily in the system if the
hardware and software requirements of Sections II and III of this
manual are met. Should a problem arise after the circuit card has
been in operation, use the following procedures to identify and Llocate
the fault.

1. Check all cabling for proper seating of connectors.

2. Check the circuit board for proper seating in the slot.

3. Check all power connections for correct voltages.

4, Check jumper options to ensure correctness of application.

5. Verify that the fault is in the AM=310 and not either in the
system or 1in the peripherals. This can best be accomplished

with substitution of a known good circuit board.

6. Perform the diagnostic tests. These tests may be obtained

from the Alpha Micro International Support Services Group.
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5.2 WARRANTY PROCEDURES.

This circuit board is covered by warranty dissued by Alpha
Microsystems, Inc., Irvine, California. Complete details of the
warranty are included with the circuit board. Should a problem arise
with this circuit board, call your dealer or the Alpha Micro

International Support Services Group for information.

5.3 TROUBLESHOOTING PROCEDURES.

Diagnostic testing software should be used for troubleshooting and to
verify proper operation of your of your AM=-310. See Section III
(Paragraph 3.5.7) for testing procedures. The diagnostic tests may be

obtained from the Alpha Micro International Support/Services Group.
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SECTION VI

SCHEMATIC AND PARTS LIST

Table 6-1. AM-3210 Component Cross—-Reference List
REF MFG PAR. REF MFG PAR
DESIG TYPE NO. NO . DESIG TYPE NO. NO.
u1 4 MHz Osc. = Uz4 8304 4.2.11
uz2 74LS04 - uz5s 7T4LLS367 4,.2.13
U3 741832 - u26 8131 4,2.6
Us 7415139 . 218 uz27 2651 4.2.3
us T4LLST4 .2.9 uz8 2651 4$.,2.3
ué 74LS08 - uz9 2651 4.2.3
uv 1488 - Uz30 2651 4.2.3
ueé 5.0688 MHz - U31 T4LS374 4.2.3
u9 1488 - u3z2 75451 -
u10 1488 - U3z DWB-00311-01) 4.2.4
ut1 1488 - U34 2114 4.2.5
u12 1488 - Uz5 2114 4,2.5
u13 780 4,2.1 u3é 2114 4.2.5
u14 95LS817 .2.2 u37 2114 4.2.5
U1s 81LS897 -.2.12 u3g 7T4LS374 4.2.10
u1é 74L5138 2. u3g T4LLSZ7 4 4,2.10
u1v 74L.S138 -2. U40 T4LS374 4,2.10
u18 1489 - Us1 74LS374 4.2.10
u19 1489 =
u20 1489 -
uz21 1489 -
uz22 1489
uz23 1489
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ALPHA MICROSYSTEMS, INC. UNEXPLODED BILL OF MATERIALS LISTING DATE 11/12/81 PAGE |

...... ASSEMBLY .. vviv i veerverarenn e COMPONENT s i e ASSY.
NUMBER DESCRIPTION RECE  NUMBER DESCRIPTION BiN$ QUANTITY

DNBOO31000 ASSY 4 PORT COMM CONT AM-310  CO6 630

00001 DWF0031000 PCR 4 PORT COMM CONT AN-310 1,000
00002 150265100 1IC PROG COMKUNICATIONS 1/F 4,000
00003 DNBOO31101 ASSY PROM COMH CONT AN-310 1,000
00004 1CI0148900 IC CONV/LINE DRIVER RE-232 6.000
00005 1CI10148800 IC CONV/LINE DRIVER RS-232 5,000
00004 1C10B30400 IC TRANSCEIVER OCTAL 1,000
00007 1C10819701 IC BUFFER OCTAL 1,000
00008 ICMO211404 RAM 1K X & BIT STATIC 4,000
00009 IC17436700 IC HEX BUFFER 1,000
00010 IC17413801 IC DBECODER 3 7D 8 LINE 2,000
00011 1IC10740401 1IC HEX IRVERTER 1,000
00012 IC17437401 1IC OCTAL D FLIPFLOP 3.000
00013 1C17413901 IC DECOBER 2 TO 4 LINE DUAL 1,000
00014 1C10747401 1IC DUAL B FLIPFLOP 1,000
00015 IC10740801 1IC QUAD 2 INPUT AND GATE 1,000
00016 1C10743201 1IC QUAD 2 INPUT OR GATE 1,000
00017 1ICI7545100 1IC DUAL INTERFACE DRIVER NI OC 1,000
00018 1IC10813100 IC COMPARATOR & BIT 1,000
00019 1C50008000 IC MICROPROCESSOR Z-80 1.000
00020 10509517201 IC CHIP DMA 1,000
00021 1050000300 1IC OSCILLATOR AMHZ 1.000
00022 1CL0780500 IC REGULATOR + SV 2,000
00023 1CLO781200 1IC REGULATOR +12V 1,000
00024 1ICLO791200 IC REGULATOR -12V 1,000
00025 CNFO000401 HEABER 26PIN W/0 EJCT RT ANGLE UL 4,000
00026 CNSO000800 SOCKET 8 PIN DIP 1,000
00027 CNS0001400 SOCKET 14 PIN DIP 15,000
00028 (CNS0001600 SOCKET 14 PIN DIF 3,000
00029 CNS0001800 SOCKET 18 PIN DIP 4,000
00030 CNS0002000 SOCKET 20 PIN DIP 7,000
00031 CNS0002400 SOCKET 24 PIN DIP 1,000
00032 CNS0002800 SOCKET 28 PIN DIP 4,000
00033 CN50004000 SOCKET 40 PIN DIP 2,000
00034 CPNOO10301 CAPACITOR 01 UF 20,000
00035 CPPO015401 CAPACITOR 15 UF 20V 8.000
00036 RS20022100 RESISTOR 220 OHM 1/4R 5V CAR 1.000
00037 RS20033100 RESISTOR 330  OHM 1/4R 54 CAR 2.000
00038 RSNO00O?00 RES PACK SIF 4.7 KX 3,000
00039 HDMO000700 HEAT SINK .750MI .J7GHT .750LG 4,000
00040 HDB51050606 SCREW:PHMS,SS/PH RECESS, 6-32X3/8 F/S§ 4,000
00041 HDN1000006 NUT HEX 6-32 KEP INT/EXT CAD §TL F/S 4,000
00043 HDMO001200 THERMAL GREASE F/5 4.000
00044 ICS0000500 IC OSCILLATOR 5.0688 WHZ 1,000
00046 CNFO000401 HEADER 8 PIN STRAIGHT 16,000

i 00047 DNT0031000 TEST SPEC AN-310 0.000
' 00048 CNAO002100 14 PIN IC SPACER ’ 1,000
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USER COM M ENTS TECHNICAL PUBLICATIONS FILE REFERENCE

FROM: NAME

NOTE: Use this form to communicate any errors,
ADDRESS suggested changes, or general comments
about this document.

If necessary, call us at:
CITY

(714) 957-6076

STATE Z1p

DOCUMENT: TITLE/NUMBER/REVISION
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