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Preface

Audience

This munual provides a technical deseription of the VA Xmare workstation, The
manual describes the hardware down o0 the funciional block diagram level
The book inchudes descriptions of the CPU module, the /O - video medule,
the monitor module, the diskette drive, the expansion box w JE the hard (fiai(
the kevboard, and the power supt siy aqt&saa . This 1
technical description conventions, .
the monitor module, the descriptions congain sufficient detaii to av -:;z,d any
misunderstanding of components and (€5t poinis,

%

Classified as a reference docuas anual is writisn for Field 3ervice
depot repair personnel, Furope (mei id Service, Educational Services
instructors, and engineers. }zxgemamcd prograsuners or software engineers
shewuld refer io the VA X mf' Fecknival Kefevence Manwpad in the technical
documentation kit (Digital part number (QOZCSGZY for programming the

hardware registers. RGEKL ~G7 $fues L2y

Manual Organization

rstaiion oo i;e}(ﬁs:‘gt‘n;&

i provides an intpoduction @
its ﬂg vions, and the expansion box.
texr pi‘i}v’lfjf;‘ﬁ an overview of the internal logic

7 math coprocessor,
111 "‘ﬁlﬁt"éﬂif 4 St men

ler, a real-ume clock, a *‘c»Ll;aﬁnr;i counter/timer, and the mouse Iogw

XUEE



fe1] shc EI{E madnle

, ant

3, 4, and 5 provide information

monites bﬂa!‘d‘ Chapter ﬁ ﬁ“{:“l!bﬁd, the diskette floppy: conmolier.

Chaprers 6 s
describes

Chapter 8 describes the LK2 ‘f-s“ i ’&*A‘Xmate kevhoard logic,

ise has inf

{ hmter 9 describes the YAXmate power supply, the physical lavout, a circuit
evel technical desoription, amsd the expected inpue and outpuon volt ignm

tem specitications, Appe
< Appendix O has a block diagram of the CPU

indusiry Standardization

The VANmate workstation is an industry-srandard compatib



Chapter 1|
General Description! ||

i
i
i

1.1 Introduction

The VAXmate workstation is & high performance, desktop personal computer
secutes industry-standard software in an Ethernet network enviroament,

3rk meay comprise several VAXmate workstations connected by

e Erthernet cable, and may include a VAX or MicroVAX If computer as

a network server. This newworking environment is referred 1o as Digital’s

i camputing Systems Architecture (PCSA).

The VAXmate workstation also has a hard disk storage device provided in an
optional expansion box, so the VAXmate can be configured as the network

; ¢, The VAXmate w m}..xtmwm with the expansion box may also SErve as a
standalone personal computer,

Base %ystem -~ The VAXmate workstation is comprised of three major parts:
the VAXmate system unit (including the CPU, ;O module, and video dis-
playv), a kevboard, and a mouse.

The system unit has the following features.

MHz 80286 Central Processor Unit (CPU)

LA ?Aiz'}ze wemory

®

2 Mbyte, 26 tacks-per-inch, half-height diskete drive (RX33)

b resolution, 14-inch monochromatic monitor with industry-
fard and Digital modes for 1ext and graphics.

# {ommunication porss

® Tilt screcn

rection cooling

I-1
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il i General Description

featires

The system package housing is constwucted of plastic, The workstation
s AL power switch on back of the wosksuarion
¢ Connectors identified with icons

* Mass storage device behind an access panel

¥y
[
o

¥

& RBrighiness and contrast controls for the moniter on the lefy side of
workstation

®

A mechanical interlock with a door thar opens 1o install opticns.

Figure 1-1 VAXmate Waorkstation - Front View
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1.2

General Description i1

Figure 1-2 VAXmate Workstation - Rear View

Hardware

The VAXmate base system (Section 1.3) consists of the following
CHMPUNEHIS,

i.

b

VAXmate Workswation (CPL/CRT)

4.

CPU/Memory Module
1/O0-Video Module

CRT {Amber or Green)

RBX3% 1.2 Mbyvte Disketre Drive
Communication pors

Power Supply

LK230 Keybhoard

1-3
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l { U Gesteral Description

Mouse

Sl

4. ThinWire Ethernct cable kit

Power cord

W

The following paragraphs describe the components within the YAXmate
workstation,

1.2.1 CPU/Memory Module

The CPLU/Memory module has an 8 MH
logic, including DMA control, mfurupt Lummi, ouw Lm;tw(w
mand/status registers. The module alse has 3
timer. An optional 5.33% Mz B0287 oum

enhance the CPU with floating poiot and

other aima xpam.

Mbyte dynamic memaory with i}w
e can be added w

The memory portion of the madule has
parity. An optional 2 Mbyie memeary mode
of 2 Mbytes of usabile memory.

al

The CPFU/Memaery module also has 256 bits of nonv
accessible by che system control and status register
ROM for Basic 170 System (BIOS) firmware
module has a 32 byte Lthernet address ROM.

Other circuits on the CPU/Memory module are the keyboard inme
mouse interface, and the programmable speaker logic,

1.2.2 1/0O-Video Module

The 1/33-Video Module accepts the 16-bit bus signals gensrared by the
CPL/Memory module. The [/G-Video module provides all the non- !‘mmn“'
1/G, peripheral interface, and video display conwol funcrions of the VAXmate
system. The module contains ¢ video display con erial printer posg,
a ThinWire Ethernet interface, a serial communications port, diskens contegl-
ter logic, and a connecticn for an integral moden (or other future integrated
Oprionsy.

1.2.2.1 Videa Controller

The VAXmate video display controller resides on the ie’(“} Video ocaﬁj aiziﬁ
drives a monochrome or ca‘amr monitor. The ¥ A '
monochromae CRT subsystem. Within the ¥ er, the di
sor is capable of s;;«pidvmg up to 16 colors or l(z shades of gray.

5
El 3
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General Descripifon | I ! i

Industry-Standacd Text and Graphics Features ~ The VAXmate video
controtles has the following industry-standard text and graphics features.

® 50 0 2% and 40 % 25 wexe display
# 256-character soft font
® #X 8 chwracrer cell (using an 8 X 16 font matrix}
® The following character attributes
—- 16 foreground colors/intensity lovels

- 16 background colors/intensity fevels, or 8§ background
cotors /intensity levels plus the cupability for each color to blink

™

map graphics with industry-standard color palettes
— A2 % 200 Z.colors
- AP0 3 200 4-colors
—~ 640 x 200 2-colors

Eﬂh rcements o Industry-Standard Features ~ The video controller has
jowing enhancements to industry-standard features.

VA4

* Screen resolution is 040 borizontal pixels by 400 scan lines. The
200-Hne industry-standard graphics display is accomplished by display-
ing each scan line rwice.

® (haracter font mateix is 8 horizontal pixels by 16 scan lines, resulting
in a higher guality font for text mrsde'

® Foni is folly programmable for ﬂewbxluy in tevminal emulation and
multilingual applications,

& Dual-port video memory eliminates annoying screen flicker, because the
screen does not have to be cleared before accessing memaory.

# 16-hit video memory data path, coupled with the dual-port access,
resulis in faster screen updates.

ay Processor — The display processor includes a paramerter translation
., 5845 CRT control, text video logic, graphics video logic, a video look-
- {color palette), and status and conwrol registers,

h“'ﬁk
p
Y
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The video controller has a 4 Kbyre programmable ff"‘*”t F’»‘u\ﬁ fm’ up o 256
character patterns. The video wc; »u;; tﬁbz{ isa 10w i c allows

rapid selection of the color 15 fo

maodes.

Viciee \'Imie: ~ The d‘is;ﬁay DEOCESSOL converts

: g rhat the
able for progra

modes. Uﬁxup;’mréed rmdﬂs Eif{‘ avail:
between color and monochrome mod
nal in the composite video out ;
\’Akmare video Cvmr(}!k‘r‘ d(:af-‘; et prfwé de 2

no difference in ¢

vestandarn vj 3

Mode O 414 c mode monochrome (indy

Mode 1 - mode color (industry-standard}

Mode 2 xt mode monochrome (Industry-standard)

Made

(Y]

't mode color (industry-standard;

Mode 4 320 > 200 4-color graphi v-standard)

Maode § 329 > 200 monochrome graphics ndard)

Mode & 640 % 200 monochrome graphics mode {(industry-standard)
320 X 200 16-color graphics mode (VAXmate unique)’

Mode 1O 640 X 400 2-color graphics mode (YAXmare unique)

Mode D1 640 ¥ 400 4-color graphics mode (VAXmate unique)

Maode D2 | 800 X 250 4-color graphics mode (VAXmate unigue)t

G40 209 4-color graphics mode (VAXmate u:zéqaz@}‘

1.2.2.2 Monitor - Amber or Green Screen

gonal display Carhoe
vhich gonerates oithe

3

The monitor consists of a 14 in.
and associated analog circnitry,

Y No ROM-BIOS support

T Limited ROM-BICGE support

i-6
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G40 X 400 raster lines. It accepts synchronization signals and digital video
signals from the video controller. A 4-bit digital-to-analog converter allows
video images to be displaved in up to 16 shades of gray. The monitor
switches to 250 scan or 400 scan operation whenever it receives a control
signal fromn the video controiler.

The CET ¢an be tiited downward or upward to change your viewing angle by
pressing the bar located at the base of the screen. Conuast and brightness
controls are located on the left side of the svstem unit.

1.2.3 RX33 1.2 Mbyte Diskette Drive

The RX33 is a 5-1/4 in, doubde-sided, dual-speed, half-height, 96 tracks per-
inch, diskette drive. It has full RX50 single-sided, read/write compatibility,

and industry-standard 1.2 megabyte compatibility.

Diskette Drive Controller ~ The floppy disk drive controller provides the
inferface hetween the VAXmate workstation system bus and the disketie
drive. The controller supports the RX33 5-1/4 inch, high-capacity diskette
drive with standard (250K bit) or high capacity (500K bity media.

The controller operates in either DMA or non-DMA mode. The controller uses
DMA mode to transfer dara between itself and the svstem memory. In DMA
made, the processor issues the command to the disk controller. Then, the
contreller and system DMA controller implement the data transfer. In non-
DMA mode, the disk controller generates interrupts to the processor each
time the conwroller transfers a data byte.

1.2.4 ThinWire Fthernet

The YAXmate workstation includes an integral ThinWire Ethernet interface, a
12-fv cable, a Toeonnector, and a werminator. The ThinWire Fthernet interface
enables customers to connect multiple VAXmate workstations using small sec-
tions of cable and simple connecrors. No tools are needed to estublish these
Connections. '

ThinWire Ethernet is a cost-effective means of linking desktop computers,
such as the VAXmate, to the MicroVAX II. The Ethernet has a 10 Mbits per
second data rate, and is compatible with IEEE standard 802.3. Iy addition, all
previous Digital Ethernet devices can connect to the ThinWire Ethernet
through adapters.
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The nerwork interface. which resides on the [/O-Video modulie, uses a Local

Area Network Controller (LANCE)Y, a Serial Inresface Adapter (81a), and a

Coaxial Transcedver Interface (CT1) o contro ston between the
CPU module and other devi

The LANCE is & 10 Mbit per second devics
Bthernet protocol. The LANCE alss I:m;wae.és:?s
‘Collision-Deteoy (CSMA/CD) perwork §
{on-board DMAY, error reporting, packet ?“m
funcrions.

5 the link-level
e Midtiple-
ment

The S1A provides Manchester phase encoding and decocd
stream, and interfaces the TTL outpur of dhe 1A
of the CTL The Sia also has a phase-locked Eﬁ:)y 10 rECGVe
incoming signal from a 206 MHz crystal oscillator,

The CI1 couples the nevwork interface 1o the cable. The CTH provides
coilision-detect, noise-conirel, and line driver/receiver 1

1.2.5 Communications

The serial commusnicsiions elements in the YAXmate w
asyachronous communications for the communicatiaons
and the modem port. These elements provide full modes
with a programmable baud rate generator
industry-standard applications. ]ha receive d oing
five to eight dara bits, a parity bir (if programmed), ,mcj 1, 1-1/2, or 2 siop
bits.

tion provide
ri, the printer
control s ‘

Communications Port - The communicaticn port 15 interizoed
male, Desubminiature {DB25) connecor locaed on the rear pacel
VAXmate workstation. This connector is funcrionally compatible with
RS-232-C and ¢lectrically compatible vwif an RS-4 ui‘fl sared as &m ”Ii r-
minal Equipment (DTE). The communic
Digital Standard 52, '

Priater Port — The printer port is a H-pin, female, moduel
tor, located on the rear punel of the VAXmarg we
port communicates with an ASCIH protoent prinder g :

data and accepts receive data. [t supports two modem conirol fmca and is
compadble with Dgital Standard 052, Section 4

1.5
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1.2.6 LK250 Keyboard

The VAXmate kevhoard executes both indusiry-standard and Digital-
developed applications on the VAXmate workstation. It also functicns on
indus tandard PC, XT, and AT-comparnible computers, Use of this kevboard
with an industry-standard computer requires a compatible cable for that
maciine.

o
1

P ?’h)‘ﬂ WOF ”! ;"m; ‘slﬂi, m’xim‘are and hhm Lu.'ek 1o ﬁdcmm, spe-
cial fur‘ctffma developed for industry-standard application software. The key-
board is connected to the system by a G-vonductor cable.

1.2.7 Mous=

The VaAXmate mouse is the srandard Digital mouse. It is a4 hand-held pointing
device used to move the cursor around the VAXmate video display screen. As
the mouse is moved along a fat surface, the cursor makes corresponding
movements on the screen, When the pointer is placed at the apprepriate
position, press one of the mouse buttons to make your selection.,

The mouse has three buttons and a 7-pin, miniature circular coanectos.

Figure 1-3 VYAXmate Mouse
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1.2.8 Power Supply

The power supply in the VAXmare workstation operates from 120 YV or
240 V.

The power supply is a %ﬂf’“‘ i maode pow: . which
delivers all de : : i package. $ pOWEr gOes (o
the CPU card, 1/0 card, VRT monitor, 'm:i diskette ﬁﬂvf: as well as 1/G
devices such as the kevbeard and the mouse. T a3 provides
unregulated do (2150 V) 1o the expansion ‘b{;ef::.

¥

1.2.9 Hardware Options

o1

The following hardware opticns for the VAX mate waorkst:
from Digite! Equipment Corporation.

on are available

PCROX-AA 2 Mbyte Addidional Memory

vie Memory option is a customer-insmaliabie module
ovided on a2 doubie-sided s e mount card. The card can be
rﬁauxmé 0 a acumeum mc.s,zf.:d on mc. CPU module. This con-
nector is accessibie through g door at the rear of the worksa-
(ST

This aption card contains 4 banks of dynamic memory with
memory congrol circuitry, Each memory basnk has eighteen 256K
X 1 BAM chips. Two of these chips sre used for parity. The
remainder are used for data. The data stored in memory ma
aucae;{‘(i as individual bytes (8 bitsy or words .;16 bitsy, v“ih
byte ¢ / detection.

An ervor LED is illuminated when the memory option detecis a
parity errer. There is a total of saventy-rwo 256K RAM chips on
this moduie.

I-io
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Figure 1-4 PCS50X-AA 2 Mbyte Memory Module Option

i11



&’ General Descriftionn

FPZ87

Intel BOZR7 Math Coprocessor

The VAXimate work
CRrocessor for ine

TruCiings
Perate
<1 chip that plugs

iz not customsyr

. or the warranty

1 by Digitai Field
3% ORI,

5 al

Figure 1-53 FP287 80287 Math Joprocessos
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creneral Deseription || “ ,

The expansion box includes a bhard disk drive, a hard disk
controller, a battery back-up unit, and z caxd cage with
rwo slots for industry-standard hardware options.

The VAXmate workstation supports a 3-0%2 inch or S/
inch, half-height hard disk drive, which resides in the ex-
pansion box. For example, the expansion box can support
the REB31-A bard disk drive, which contains two double-
sided. 5-1/4 inch disks that provide the system processor
with z towl of 20 Mbytes of mass storage; or it can sup-
port the RD3AZ2-A hard disk drive, which contains two
double-sided, double-density 5-1/¢ inch disks thar provide
the system processor with a wotal of 40 Mbyees of mass
storage. The operating system can be boated off the hard
disk.

The YAXmate workstation hard disk conrolier connects
the hard disk dreive o the worksation system bus. All
control and data wansfers between the system processot
and the disk controller use system programmed [0,

 Direct Memory Access (DMA) transfers are not supporred

for elther control or data tragsacgions,

The expansion box also provides battery back-up for the
time-nf-day (real-time) clock/event timer in the
CPU/Memory module. The expansion box includes two

© Soyear Lithitun batteries.

In additicn, the expansion box tas two slos for indust
standard hardware options. See Chapter 7 for information
on installing industry-standard options in the expansion
bax. k
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PCA0X-MA Integral Modem Option for North Amerd

A user-installable, integrsl me

the VAXmate Wﬂf.l stztion, S
t; the CPLU B-bir b h* Gugh a o
module, which is accessible th

the workstation, The mf.a‘.ia':ﬁ“; will sualmst ;,e‘l: .%1 2, B«:ii

103, ¥22-compatible, and V22 bis-compa

e modem module bas twoe modoby
conne

tars that prowrude
VAXmate workstation. The
l';.{f'}"(:(f moduiar housing
in Canaday.

(LTI

T

i
[ARAESAARRARENSE) [EERR AR ARSI NNEE [N R
NN R | A
DR § S |

—r

Figure 1-7 PCS0X-MA ir;mgml Modem Option



DEMPR

DESTA

o

INO3S

LNO3X-IC

General Description |1|\}

Digital ThinWire Ethernet Multiport Repeater

The Digital ThinWire Ethernet Multiport Repeater
(DEMPR) is a radial hub that connects up to eighe
ThinWire coaxial cable segments, each up to 185 meters
in length. Up to 29 stations can be connected on each
segment, for a total 232 stations.

The DEMPR can also be used as a stand-alone hub to link
desktop systems in several offices to a resource-sharing
network. The DEMPR can be placed on a wall, in a rack,
or on a table.

Digital ThinWire Ethernet Station Adaprer

The Digital ThinWire Ethernet Station Adapter (DESTA} is
a compact Ethernet transceiver that is used to retrofit
standard Ethernet products for connection to ThinWire
Ethernet.

The DESTA has a 15-pin connector at one end for
srtachment to standard Ethernet devices, and a BNC
connector at the other end for connection to the
ThinWire Ethernet. The MicroVAX If would use a DESTA
o communicate o the VAXmate workstation over '
ThinWire Ethernet cable.

The LA75 is a low-cost, single-user, entry-level, dot-
matrix companion printer for the VAXmate workstation.
‘The LA73 features the ability to insert single sheets of
paper without removing the continuous form paper, a
separate feed for envelope addressing, and very quiet
operation.

The LA7S uses Digital printer protocols as well as
industry-standard protocols for text and bit map graphics.

The LNO3 Plus is a letter-quality laser printer that oper-
ates at 8 pages per minute. Like the LA7S, the ING3 uses
Pigital printer protocols. With the addition of a plug-in
ROM cartridge, the LNO3 provides industry-standard com-
patibility.

This plug-in ROM cartridge enables the LNO3 Plus o use
industry-standard protocaels.

1-15
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1.3 Country Specific Configurations
The: following example is 4 typical VAXmate workstation,

PC300-BA Component
Model Number

PC500-B2 Building block

LKZ50-AA English language ke?bmrd
VSXXZE-AA Mouse

PCAOX-CB ThinWire assembly kit
BN19P-1K Power cord 17-00606-02
RX33K-01 Blank RX33 diskette

The following tables supply counuy specific compopnent information for
VAXmate base systems.

VAXﬁlate Screen Base SyStem User
Model Color

PCS00

-BA Green US.A.

-BC Green French Canada

-BD Green Denmark

-BE Green English speaking users outside U.S A,
-BE: Green Finland

-BG Green Germany

-BI Green Tealy

-BK ' Green French Swiss

-BL Green German Swiss

-BM Green Sweden

-BN Green Norway



Green

Green

Green

Green

Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Asniber
Amber
Amber
Amber
Amber
Green

Amber

General Description

France

Canada

Israel

Australia and New Zealand

T.SA

French Canada

Denmark

English speaking users outside 1.S.A.

Finland

Germany
Italy

French Swiss
German Swiss
Sweden
Norway

France

Canada

_ Israel

~ Spain

Aupstralia and New Zealand
{anada, bi-lingual

Canada, bi-lingual

117
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Base Systems

Base System  Model Component
Number

PC3500-X2 PCS00-B2 Bruilding block
VHERXX L-AA MOusE
PCSOX-CH ThinWire assen i
RX33K-01 blank RE33 diskette
PC500-X3 PC500-B3 building block
VEXKX-AA MOBEe
PCSOX-CH ThinWire assembly kit
RX33K-01 blank RX33 diskeue
PCE00G-Y2 PC500-C2 building block
VHX XK -AA FIOUSE
PCS0GX-CB ThinWire assembly kit
RE33K-0¢ hiank RX33 diskeue

PC300G-Y3 PC500-C3 building block
VEXEH-AA OUSe
PCSGX-CB ThinWire assembly kit
RX33K-01 blank RX33 diskette

Power Cords

Model Country Part Number
Number

BN19A-2E UK. fireland power cord 17-00209-08

BNIOC-2E Anstria, Belgium, Brazil, Finland, France, 17-00199-12
Germany, Holland, Norway, Portugal
Spain. Swaden power cord

BNI9E-ZE Switzerlaod power cord 17-G0210-05
BN19OTI-2E Awnstralia/New Zealand p:;;wé::f cord 17-00198.07

BN19K-ZE Denmark power cord 7-00310-05

r-i18



BN19M-2E
BN12P-1K

BM198-2E

Italy power cord

North American, Japan, Mexico power
cord

India/Africa power cord

Ispaet power cord

Kevhoards

Model
Murmher

Country

General Description 1

17-00364-08
L 7-00606-02

17-00456-08
17-00457-08

LE250-A8
LEZ250-AK
LK250-AL
LK250-AM

LK250-AN
LE253-AP
LEK2%G-AR
IXK25G-AS
LK25G-FD

English language kevbeard
Canadian/French language keyboard
Danish fanguage kevboaed
gFinnish language keyboard
German language kevboard
fralian language keyboard
Swiss/French language keyhoard
Swiss /German language kevboard
Swedish language keyboard
Norwegian Linguage kevboard
French language kevboard
Hebrew language keyboard
Spanish language kevbourd

Canadian bi-lingual language kevboard

VAXmate Manual

AZJCATATH VAXmate Systerm Handbook (English)

Or another language manual.

-1y
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1.4 Technical Block Diagram

Figure 1-8 depicts the relarionship of the VAXm: workstation compongents,
The optional components appear in dashed lines. The CPU module and the
£/ maodule use a cominon bus to communicate with one another, and with
industry-standard peripbecal devices. YAXmare wor BLCOMponents <on-
nected o the bus can request o use the bus without consuming valuable
processor time. Such a component that qualifies as 2 OMA device can request
t0 become bus master. As bus master, the DMA device can acoess memory
quickly without using the processer’s services. Any option added to the sys-
tem also connedts ¢ stern bus using either an %-bit bus or a 16-bit bus.
The processor also recognizes interrupt requ i

b

ts from peripheral devices
along the bus, such as rhe serial communications port, When the processor
acknowledges the interrupt reguest, commwunication zlong the bus wakes

nlace.

The bus alse exrends into the sxpansion box, if instatled. Devices, such as
the hard disk conwroller, also place interrupt requests on the bus. Industry-
standard options plugged inro the expansion box card cage can also use this
pus. The expansion box has its own power controller to provide de voliages
1o the disk drive and industry-standard options. There are also two Lichium
batteries that provide battery-hackup for the real-time clock/event timer on
the VAXmare CPU module. Notice that batterv-backup is available only wheyg
an expansicn box is present.

g
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Figure 1-8 Block Diagram of VAXmate Components
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VA Xmate CPU Module |||

2.3 Introduction

The VA Xiate central processor unit {CPU) modale is a single-board module
that contains 2 clock generator, conural peoCessor unit, COProcessor, one
megabyte memory, bus control circuitry, interrupt controllers, direct memory
s {IDMA)Y controller, real-time clock, 3-channel counter/timer, keyboard,
and mouse controd circuitry, 3 also contains buffers, registers, and counters,

which are used to interface various bus structures within the module.
Appendix C contains a detailed block diagram of the CPU module

ATTe!
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2.2 Clock Svstem

v a 31.25 MHz oscillator (Engineering
divided to provide clock sig-

The CPL module clo :
Pring Ser, PCS00 CPU 286, Sheet 3) that is sufb
ks as follows,

>z logic. Also

&
® 8 MHz ¢ o refresh control o syhoard
fogic {shmr 11}, bus timing and the wajt state t 43 It is
suted o the memory face, 1/0 e riah, and the 1500
& IMA conirolier T

control ('sﬂ{’f:f és) and ﬂn Wait state generator (‘«lit‘it 143,
Addiional timing is provided by the following oscillators.

& 32.768 KHz oscillator — generates the clock for the event timer

sion Box and

es the clock for the exps

& 14 318 Miz
e timer ogic

5 GO8R MHz «
fogic {sheet

2.3 f‘%ﬁt%‘?@g‘siﬂiﬁ&%é}f

v Central

8 MHz microprocessor
G-k L srovides two modes of
: . real address mode and protected virrual address mode. Additional
COR ;g,{)zs«ﬂv support Direct Memory Addressing (DMAY, timng, interrupis, data
bufiering, é‘td bus “mftur*s An optional 80287 numeric processor extension
added to include exwended integer and

Cessing

{coproc
FlOATiNg- PO ar data eypes in numesic pr

e
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2.4 Cleg}mex;essnr

v u:;awc} decimal { Bf;'?)f;» data tvpf*‘a il’m C “Y)?‘(su. s80F (;%war.vs ‘mtrw
tions from the P and o Y nUMEeric instry s i
conjunction with the €PLL

o

2.5 Memory

s

ic ‘fA“*;fn;m: workstation computer memory comprises 1 Mb
cand 64 Kbyte of ROM memory, An additional 2 Mbyre RAM memory
can be supporied if needed.

Ly

23551 1 Mbyte RAM Memory

The 1 Mbyvte RAM memory connects o the 16-bit bus. The memary has a
maximum daia access time of 150 ns, a Column Address Strobe {CAS) access
time of 75 ns, and a cycle time of less than 375 ns {which includes one w
state}. This memory consists of two banks (bank 0 and bank 1}, each contain.
ina two 250K X 9 RAMs with byre parity geperation and checking (Figure

1 Mbyte RAM Memory).

A DMaaype refresh controller refreshes the dynamic memory in the system.
Two s of dynamic memory are refreshed every 30 microseconds in a penod
¢ bus cycles (750 nanoseconds per refreshy, and all 256 rows of RAM are
refreshed every 4 microseconds.

£

The toral memory address space is 16 Mbwtes in length and divided into two
access modes: real address mode (1 Mbyee) and protecrad address modks
(15 Mbytes). {See Figure 2-3, Memory Address Particoningy.

Because of PC compatibility, the first megabyte of RAM is mapped into three
n{m-cem"iguaus address spaces: 000000-G9FFFE O0DOVOOG-OEFFFE, and F20000-
he 2 Mh}f&;ﬁ optional RAM {s mapped into a single address space,
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Figure 2-1 1 Mbvte RAM Memory
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2.5.2 Bystemn ROM

- 64 Kbyte system ROM operates on the 16-bit bus {Figure 2-7
15 time (one wait state

s adldvoss spagces:

. it bas a
mapped into rwo nod-

FYEFYY (Figure 2-2).

3. T

OFOO0O-0FFFFY and ¥
iai power-up, with the s
e ROM is accessed at
n oswitches 1o Beal Ad
s rangs (GFCGO0-OFFFF

0458

steim ruaning in Protected Virtual Address

Reserved areas, and aress for video and options, are shown in Figure 2-2,
Memory Address Paz

ot 30
o

Figure 2-3 System ROM

UVEPROM)

P
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2.%.3 2 Mbyte Memory Option

The 2 Mbyte memory option provides the VAXmate workstation with additional
dynamic memory. This oprion is mounted on a daughrer card that connects
the CPU medule through a 62-pin connector. Memory timing mode 15 identigal
to the CPU memory. Each contains an additional wait state in the standard
80286 read/write oycles, which resuls fna 375 os memory ovele vime. The
option performs byte partty generation and parity error detection.

L %]

Memory addressing is decoded from the Unlatched Address (UA) lines, and s
allocated ax shown in Table 2-1. Figure 2-2 shows the location of the 2 Mbyre
memcey addressing space.

Table 2-1 2 Mbyte Memory Map

Hex Address Fanction

1000CGO- 1 7TFFEY , Memory Option {(Bank 0)
1800060-1FFFFF Memory Option (Bank 1)
200000-27FFFF Memory Option (Bank 2)
2EGOGO-2FFEFE Memory Opuion {Bank 3)

The 86286 CPU must operate in protected mode to access the 2 Mbyte mem-
ory. Daring normal read /write operations, only one memory bank is enabled at
All four banks are enabled simultaneously during refresh operations.

The epticn board conains four banks of dynamic memory and memary conizol
ciecuits (Engineering Pring Set PC300 RAM BD, sheets 4 and 53 Each memory
bank has 18, 256K X 1 parts {16 for data, 2 for parity). Data may accessed in
8-bit bytes or 10-hit words, each with byte parity detection. When the memory
option detectz a parity error, an error LED (sheet 3) s iltuminated. The CPU
can enable or disable the LED using the EN RAM

PCHE M signal (PC500 CPU 286, sheer 11},




Kadiiy

oycie mm-z;, is zdumu Lo thu 0{ he, prmes;w d or miiti’ cyules
are completed in three CPU clock oye ] the first clock

cycle is for address hold time from the previc
time for the current bus cvele. The sec mi <lo *k :
{randlom read ar early write command? 3
wait state added by the processor _Em:am 3! mimmrr*

Retresh (u:les - 1he: DICCessor §3MA umim*irr refreshes mf- l‘(?‘@s 0

‘al( ﬂe Erats
the memory option :.iuz*mg :t?fimh maode. s on-board mem-
ory and opt donal memory st the same time, £ -, all four
banks of the memory option RAM are enabied, all Row Address Smobe (HAS:
signals are enabled, and C ﬁium'm Aa:;ldxfws Serobwe (CAS) x;mu% are disabled.

2.5.3.2 Memory Option Module Interiace

The edge ¢ >r of the 2 Mbyte memory « &4
G62-pin memory intercopnect socket on the C 1gh the connec-
tor is the same size as the industry-standard 8-bit 'sus;a it C%Gf‘ not have similar
signals. The memaory option connector only conne VaXimte memory
aption module

2.6 Bus Structure

There are two separate in uxtrv 5mnd§ rel S‘ms Structures wu'hnz the Vﬁxma
workstation: a 10-bit bas {buff 1 '
16-bit busy. These structurs
Structure.

™)
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2.6.1 16-Bit Memory Cycle

isa %ufdmx‘mue three CPU-clock f‘va»« bus that runs at 8
is enabled when the 16-bit memory ovele signal
c 2-%, 16-Bii Memory I;!ﬁlm}; Cyele

The 16-hit bus

¢ ; dross from the previous bus oycie
g the address for the current bus oycle. The second clock cycle is for
ate s < or memory write comunand time, ivd oycle is &
state (o nd the comm ime an Mu donal clock cyele. The proces-
sor board h;z.ﬁiwarc generates the additio staLe. ihf twao cim:k cy‘ ie%
. . " = 1( H

and settin

,_n

g
ir’i.fdi,iz_

2 lists

VT MEMORY TRANSFE

s T G ot T

X YALID ALDREES z X

13 e L el (18 e

]
i
i

Figure 2-5 16-Bit Memory Timing Cycle (Transfer Data Mode)
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Table 2-2 iﬁ'ﬁit Eienmr\ Timing i’ammvterb

Ref. , Hunmum Maximum

Nex, Sigonal (us)

1 Address ser up o ALE wailiog edge 51.5 74.5

2 CMD leading edge from CLOCK rising 3.5 26,5
edge

3 MUMIG falling edge from addreess (Udxx: O 8¢

4 MEM1éG leading edge from address (UAxx) 0 B0

5 IATA valid ro MEMR wailing edge 23 -

6 DATA Bold from MEMR trailing edge 8 -

7 CMD disabie from CLOCK rising edge 5.5 ' 2.5

8 DATA walid from MEMW trailing edge {3 20

9 DATA bold from MEMW trailing edge 40 -

10 ALE valid re CLOCK falling edge 6] 23

11 Adudress valid 1o CLOCK trailing edge 8 18

12 CMD leading edge from CLOCK falling 5.5 265
edge”

14 DATA valid from MEMW leading edge” O 5%

153 - DATA hold from MEMW trailing edge’ 23 _—

17 CMD disable from CLOCK rising edge’ 5.5 26.5

18 Address (UAxx)y stable o CLOCK falling 55 -
edge

19 Address (UAxxy hold from CLOCK falling O 65
Cugfi" :

¢ B-bit Memery

NOTE

All parameters assume total bus load of 50 pE The bus clock
(ULOCK 1D is synchronous to the 80286 clock, bt mav lead the
80286 clock by 3 ns maximum.

211
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2.6.2 16-Bit I/O Cycle

¢ for s

£itd

cyel

anst sysiem datz bos bits (5]
Liming parameters.

¥ TRANGFE R wogn

§ R

f

VALID ADDRESS X

) !
() JRN——.

LEIGR L, e st |
W LEIOW L } \

st b 7Y
; : !
i i :
g
5 ;
VALID DATA 3 o s e e s

-
i

ye 18] sted (6] o

Y VALID e o i o

Figure 2-6  16-Bit 1/0 Timing Cycie (Transfer Data Mode)



Table 2-3  16-Bit I/0 Timing Parameters

V4 Xmate CPL Module 1

Ref.
N

Signal

1

¥
e

LA

G

Maximum

(ns)

Adidress st up 1o ALE trailing edge

CMD Jeading edge from CLOCK. rising
edge

1O16 falling edge from address (SAxx)
1/O16 leading edge from address (8Axx)
DATA valid 1o JOR wailing edge

DATA hold from 1OR wailing edge

CMD disable from CLOCK rising edge
DATA valid from IOW wrailing edge
DATA hold from IOW mailing edge

ALE valid ro CLOCK falling edge
Address valid o CLOCK falling edge
CMD feading edge from CLOCK fatling

edge”

DATA valid from JOW leading edge”
DATA nold from 1OW wailing edge®
CMD disable from CLOCK rising edge’

0
23
5.5

R.bir /O

NOTE
All parameters assume total bus load of 50 pE The bus clock

{CLOCK My is svnchronous 1o the 80286 clock, but may lead the
B0ZR6 clock by 3 ns maximum.
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2.6.3 8-Bit Memory Bvte Transfer
8-

The
LR
[ §)

bit bus connects memory, 1/ u .md expansion options o the local data
bus is synchronous to hg z bus cloo is transferred
s S137-0 H. SBHE H is not used (za in the 16-bit busy,

R

Memory byte transfers cocur amtomarically whes the 16-bit memory cycle sig-
nal {MEM1& Ly is not asserted {Figure 2-7, 8-Bit Memory Timing i.’.ycie),
Address hold and address setup require 1 ciock cycles, Command o
requires 4-12 clock eycles, and includes four wait states, thus creating a u:!a

time of 75C¢ ns,

Memory word transfers use two memory byvie transfers for 2 cycle time of
1500 ns

oy TTw | oSTar> | <Te |

\,Mf N M\W.J! o Wf ﬁ\e.fl

mwi ;-d ~{100

h H
i i
! {
. i i
AlE ¥ i K i

3,

i
i
H
i
bt 1t
! {1} [ :
| . : |
)
]
|
—

-
A VALID ADDI N
e S . S
i . -
faeny 121 1
g SW
i f | { B
e P
oo oo 5] 2| n §W~ B
WRITE P ! <
Rata e JALID DATA o

!L,,;’iLJ, —

3
e ¥ vaun }_—m

Figure 2-7 8-Bit Memory Timing Cycle
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Table .ﬂ»«i 8- }.ui ‘kiemafy !immg iurametf:m

Ref. : ) ! ,,\ﬁxi N Maximum
Nes, Signal ns}y {n=)

«ﬂ«

745

>
ot
WF

H Address ser up 10 ALE wrailing edge

i1
i
)
>
w1

2 CMD leading edge from CLOCK rising
edge

fabd

MEMIG falling edge from address (UAxsy O 8¢

MEM16 lesding edge from address {(UAxsy O g

1% ;1 =N

[
p
i

(.

DATA valid 1o MEME wailing edpe

G DATA hold from MEMR wrailing edge 5 -

\~l
Wit
b
i

Jt

CMD disable from CLOCK rising edge 5.8
] DATA valit from MEMW trailing edge 0 26
9 DATA bold froms MEMW railing edge 40 , ~

10 ALE valid to CLOCK falting edge 6 '

3
o

fo s

1 Address valid w CLOCK trailing edge

17 CMD feading edge from CLOCK falling
edge’

1)
o
I
L

14 DATA valid from MEMW leading edge’ 0 55
1% DATA bold from MEMW trailing edge” 23 -

S
i
[
o
S

17 CHID disable from CLOCK rising edge”

18 Address (UAxx) suable 10 CLOCK falling
edge

4
W
i

19 Address (UAxy) hold from CLOCK falling 0 65
edge

hxe uicn 0ry

All parameters assume total bus load of 30 pF The bus clock
(CLOCK H)y is synchronous to the 80286 clock, but nwv lead the
80286 clock by 3 ns maximum.
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2.6.4 8-Bit I/0 Byte Transfer

i is not asserted {Fig-

ure 2-8). Address hold and setup requires |
time reguires G-z clock cveles, including 7 <
this process is 112% ns.

1/0 word transfers are performed as two byvte transfers in sucgession, Thus, the
cycle time is 2250 os,

PalTem b Tom b Tw > b Tw > b T 2 10 T o B Tw bl Tw e b T > 1l Ty o

b 5
P o, |
Al d i kW %
N < P

o )
]

| em—11)
X VALID ADDRESS .S

..-$n} «gwuj'p 3 F i"’*""'«]?}

14016 & mj i

WRITE , x
BATA

Figure 2-8  H-Bit I/0 Timing Cycle
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Table 2-5 8-8Bit 170 Timing Parameters

MNex.

Minimmm Maximum

17

Signal {(ns) (15)

Address set up 0 ALE mailing edge 51.3 74.5

5 26.5

i

CMD teading edge from CLOCK rising
edge

1/016 falling edge fron: address (5AxX) 0 80
17016 leading edge from address (SAxx) o 80
DATA valid to IOR grailing edge | 23 -
DATA hold from IOR wailing edge 5 -
CMD disable from CLOCK vising edge 5.5 265
DATA valid from IOW rrailing edge o 20
DATA hold é’mm TOW wrailing edge 40 -
ALE valid to CLOCK falling edge O 21
Address valid w CLOCK falling edge 8

W1
(3
el
o
i

CMD Jeading edge from CLOCK falling
edge” ' ' ’

DATA wvalid from 10OW leading edge’ 0 55

DATA hold from IOW trailing edge” 2

oY
H

CMD disable from CLOCK rising edge’ 5.5 26.5

* 8-bit 1O

NOTE

All parameters assume total bus load of 50 pE The bus clock
{CLOCK H3 is synchroaous to the 80286 clock, but may lead the
80286 clock by 3 ns maximum,

by
Py,
y
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2.7 Interrupt Controllers

The 82%0A
There are tw

srammaide intesrupt contraller (P s ¢ 24 -pin DIP cmp
interrape i?()E‘iii"Oi"‘!“‘» {a maser ;md 2 ‘»! ave) in the VAXmate

- I &
FEERES I AV

interrupe.
0 SROCOU
interrupt

Oings the
tion {0 the interd upg vector .;ad
TOUTBes.

MEITUPL request

lines is actiy PU suspends execu
i - E,Kaamh ;

i3 for two cata-
5. The PINTR s

¢ diskerte, the hard

+ for this division is
« CPU han s the inter-

ihé= clog
the way in ‘ :
rups in the following

o=

1. The NMI has higher priority than the PINTR

2. The CP

MM inpat.

¥

3. The CFL does not provide ha ing protoool during NM!E processing.

4. The NMI generates only one interrups veortor, which is fized,

= PU does not provide handshaking during NMI processing, the

J cannot communicate with an j:}tc““u}}i s samﬁimt Therefore, the NMI

sourees are connected direor] g crriin handie
5 of the

must read the us OuEpuL

interrapt,



VA Xmate CPU Module 110

The interrupt commiltr«. reduce CPU interrupt processing averhead in the
foliowing ways

1. They reso
FELUESTS.

tve the priovity of simaltaneous, or overlapping, interrupt

foud

They copcentrare multiple interrupts into one source
3. Thev provide the vector number of the interrupt handier.

As me cntioned previously, cach coutroller handles eight interrupt requesss (Fig-
ure 2-9). Although the controllers are physically identical, they have a
master/slave relationship. The output of the slave (controller 2 is connected
to the mfcrmpt request input line (JRQZ H) of the master (controller ). The
output of the master is connected to the PINTR H inpu of the 80286 CPU.
Table 2-6 lists the 82594 controller request input lines.

[rrmT—————
P58 i
g . -
- SLAVE
SONTAOLLER
CASCADE LINES )

BEADVWRITE CONTROL

NTERRUET BES “Uf"\;

|

é B |

THER INTE

RRUFT REGUEST 10) IMPUT/GUTPUT DATA

KEYBOARD INTERRUFT REQUEST (1) |MASTER Lo
CONTRGLLER]  ©
SLAVE CONTROLLER INT REQ (2)
SMTERBLPT REQUESTS 17 — 3
g
ASCADE LINES >
READSWRITE CONTROL N
i

SODRESS BIT O

RO

ELECT iC(f?viﬁOL‘ ER 1) Do
HTERRUPY ACKNGWLEDGE INTERALPT

Yigure 2-9 Interrupt Controllers

b
f

oy
e
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2.7.2 Read/Write Control

The readwrite control lagic accepts ywo types of command words from the
CPU: an Initalization Commuand Word (ICW, and an Curps Cammand Word
(OCW). The HOW registers bying the system 10 2 starting point. The OCW
registers store various contrel formars for device operation.

Although the 8259A controller has many registers, it has only two
inpursoutput {140 ports. Table 2-7 shows the smaster and slave 1/C addresses,

Pc;rt Maswr aiavf:

O (0201 30ADH

1 42800 Hx m)AE H

A brief description of the interrupt conwroller regisiers follows

Initialization Command Words ~ There ave four initialization command
words (JCW1-JCW4 )y, They establish the operating conditions of the interrupt
controller and are only written during system initializadon. The interrupt con-
trollers do not have a hasdware resee. After power is applied to the system, the
conteotlers are in an undefined state until they are initialized. The VAXmate
start-up code initalizes the interrupt controllers. From two o four initializa-
tion conmand words are required to inigalize the interrupt controller.

The ing rmpi controtler recognizes IOW 1 as the start of the inirialization
sequence. ICW1 resets the controller as follows.

1. The wigger mode is cleared to edge trigger mode and the edge sense
circuit s reset. After initialization, an interrupt request input (IRQ H}
must be made o the controlier vo generate an interrupt,

The interrupt mask register (I’MR} is cleared.

oy

Interrupt request line IRQ7 is assigned priority 7

L

{lowest].
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Sizve mode address is ser w7,

N

S, bit O in IOWT ds 0, ICW4 is cleared.

4

Hy nested 4
rity ({1
. the zont
s, the current interrug
priority interrupt as follows.

a. The higher-priority interrupt npus m ked (enabled).

musst be enabled,

The interrupt sequest input to the ©

NGTE
The 82594 interrupt controller has the
indicating whether a controller is

£y
jL e

ollowing methods of
E :u,;ﬂe’{;\

-3

inritialization sequence selects nonbuff, mode in IC
1 this mode, a I i he IN pin of the

‘r‘z"‘-ilﬁr determines whether the i"!‘!‘niﬁ“f”s“ff:' i5 & myster or a
Ve, A high level indicates 2 master (see Shect 106 of PUSH0
clguir Biy, and 3 low level indicates a slave {

1.

T L0

inn the VAXmare workstarion s
O 3 Contain 'ﬂi anes, the interrupt register
s, the l‘ﬁ‘,a,,g i i

F KRR
A e il
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2.7.3 Operation Command Words

Operadon command words command the interrupt conwoller to operate in
various interrupt modes. The Following words can be programmed into the
controller anytime after initialization as operation command wosds.

® Read or write the interrupt mask register (TMR)
# Accept specitic or nonspecific end of interrupt commands

# Enable or disable various auomstic priority rotation schemes

or reget the special mask

# Bead poll data

# Read the interrapt request register {IRR)
® Read the inservice register (ISR

Priority Rotation ~ In ponspecific or awtomatic end-of-interrupt (EOL mode,
priovity rotation assigns equal prioritv to all interrupt inputs. When the inter-
rupt conroller receives the BOI, the controller assumes that the active inter
rupt input with the highest priority is the interrupt just completed. The prior-
ity bits are then rowated until the last completed interrupe is assigned the
fowest priociey (7). If that intervapt requires further service, it must wait
until it becomes the highest priority interrupt, or until all other interrupts of
higher priority are inactive.
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For example, F!guw 2-10 shows the priority and in-service stutus Set- ””p with
interrupt request 2 having the highest, and intercupt requs
next highest priority requesting service, The priority %15% cotate s
Figure 2-11 . '

hown in

Before rotation, in-service iﬁat has the highest priorisy, and bits 5 and &

follow sequentially.

>

In-Service Hits

7 & 5 4 3 2 1 ¢
— o —
| i
g |
0 1 1 6 i 0 i ¢ | G
Priority Status
7 & 5 4 3 2 1 0

{IRRT———

Figure 2-10 Priority Interrupt Status Before Rotation

After interrupt servicing, priority rotation <a it Z 1o have the lowest pri-
ority, and bit 3 to have the highest priority. Therefore, bit 5, which requires
interrupt processing, has become the highest priority bit.
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In-Bervice Bits

7 & 5 4 3 Z | O
0 1 i G 0 0 0 G

7 6 5 4 3 2 1 0
jg
4 |+ 3 2 1 0 7 6 5

Figure 2-11 Priority Interrupt Status After Rotation

Anorher method of setting priority is with specific rotation. In this method,
the jowest g:erimity is set, thereby fixing all other priorities. For example, if
interrupt request 2 has been programined as the lowest priority, then integ-
rupt request 3 will be the hzghﬁst The Set Priority command is issued in
output control word 2 {OCW2). Low order bits 2-0 define the priority level
code of the lowest priority device.

Special Mask Mode —~ Some operations may require aa inferrupt service rou-

tine to change the priority structure during program cxecution. The

service routine might want to disable low priority requests for part of its
execution, and enable some low priority res quests at another point during exe-

cution. The Special Mask mode is issued using output control word 3
{OCW33, which aieamdx enables interrupts by loading the mask register
{IMR).




Poll Command ~ The ﬁf)si n;\ method of interrupe p;“cc‘ssmg may be used

memod may JEm bﬂ used 1o {’:?fﬁdﬁij u

' Req
from the inter
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woantersapt <
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4. U rx(m receiving the acknowledge, the interrupt controller sets the highest
priovity ISR bit and resers the corresponding TRR bic

ond acknowiedge is issued by the CPU, causing the ¢ ontroller to
olace an 8-bit painter onto the 1/0 daw bus that is read by the CPLL

2.7.6  Interrupt ?rm;:f:ﬁsing

The st of events and ﬂu flow chart that follows describe interrupt processing
(se¢ the f!‘»’%uﬁﬁi’ in Figure 2-12%. Hach iters in the lisy describes a system
state or event. Following the description of a state or event is an additional
statement pﬂiﬂifﬁg to the next state or event. In rhis section, assume that the
intersupt controllers are initialized,

1. The interrupr controller is idle uniil one or more interrupt conteolier
input lines become active. When one or more input lines are active, go to

2. if any of the newly active inputs are unmasked (enabled), go 1o 4, other-
wise, go w 3,

3. other interrupt inputs are pending, go 0 5; otherwise, go o 1.
4. When no other interrupts are pending. go o 7: otherwise, go w0 6.

3. ¥ the conwroller is waiting {or an end of interrupt (EQD) command, go to
6; otherwise, go to 7.

&, If anv interrapt has a higher priority than the one being processed by the
CPU, nest the intervupts and go to 7; otherwise, go to 8.

The controller activates its interrupt request output line
{INTR H} and waits for an acknowledge signal {INTALS L) from the
CPU.

a. I the interrupt controller input indicates a slave input, then the slave
interrupt output line (IRQ2 ) activates the master interrupt control-
fer IRQ2Z input (the master interrupt process starts at step 2. The
IROQZ input becomes the highest priority master interrupt line thac is
active, and the master controller arrives at this point. At this time,
both master and slave controllers are waiting for the CPU acknowledge
signal.



S v mare CPU Moduie

b. In either case, the master controller activares its interrupr reguest line
(INTR H), which wiggers an external latch, and drives the CPU inter-
rupt request input (PINTR H}.

€. When the CPU request input is disabled, the Interrupt controdler con-
tinues to wait. If other interrupt controller inputs become active dur-
ing this wauting period, go o 2. When the CPU o qm% uput is ena
bled, the CPU accepis the request and resg f
signal (INTA1G Ly.

d. When the interrupe controller receives the acknowledge,
highest priority bit in the in-sc (IS
corresponding bit in the interrupt regques
the centroller to accept another interrupt request,

e. Next, the CPU issues a second acknowledge signal. When the master
intorrupt controller accepes the se cnowwledge signal, fr deer-
mines whether or pot the interrupt input source is a slave interrupt
controller. If the interrupt input source is not a slave, the master
controtler places a preprogrammed 8-bit interrups vector on the
inpuat/ourput {1/0% data bus, When the interrupt source is a slave
controller, the master controlier places the slave address (master inter-
rupt input number 0-73 ou the cascade lines. This enables the stave

controller 1o place the preprogrammed 8-bit interrupt veotor on the
1/0 data bus. In either case, the CPU reads the 8-bit interrupt vector,
stacks the current state, and begins executing the interrupt Baadie

RGN,

that is specified by the contents of the interrupt vec

f. The interrupt controllers are waiting for an end of intecrupt (EGT)
command. When a slave interrupt is processed, both the slave and the
master require an BOL commanid, If an ;marrs_pt :ocurs during this
waiting period, go o step 2. When s the end
rupt command, go to step 1.

b
]
&



it

|

S
3
=
s
[
b
&
L
&
b
3
=

preygoaoll Sumssaoosg wdurrsiuy 717 sandig

—

o
HOLD3A L8

STl 2AWTS

T ACYIYD N
SETHOOY ITYOSVE
Li wR ISR

fite

s o]

o

&



Gl vt xsmare cpr Modiie

2.8 DMA Controller

permits duta
cierisal devices, such as the

©ockata travosd i
full acddress and
dedress references up o 16 Mbytes.

rite, or ve

2104 =-d pransfer, and cascade.

tr:,::ﬁf;f:;‘-g

4.8.7 Operafion

w [3MA controller receives o DMA request {DRI3-DR
he controlier responds by se g aboldr £
Rl(: m w0 the <,:PE 10 f*htea n i’i’)nlt’l! of 1214‘ s
LPU responds wit
contgoller

wing the DMA

: ddress bus, and the
sz ﬁﬂﬁ‘fi‘(}i!f‘, {hm sends 2 }(zﬁm address 10 mem-
i transfee cocurs in fwie h' #5: the ;sma; enificant

ory. The mmrzf:
eight birs (BA7 3
f:gh‘ bits (1OD7 ~I{Y30 s

on ﬂee Y!{) datz bus.
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bus. After i%w tz
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o

RESET (RESET H)

e
DMA CHIP SELECT (DMA CB U
READY [DRDY H)
GMA CLOCK [DMA CLE H) N
10 BEAD (DHGB 1 P
pe e T

YO WIAITE (DIOWY

BAST7 ACENOWLEDRCE

CATA REQUESTIDROL-O)
e - e —

4

Figure 2-13

TERMINAL COUNT (TIT Ly

ADDRESE STROBE (AD TR My

DRA MEMORY REAT [DMEMR 13

DMA MEMORY WRITE (DMEMWL

e e o 4.5 e e S o

6237 REQUEST (8237 REQ H)

DACKSE - DACKO

LA-TEAE

Programmable DMA Controlier
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N\

Pt

i G
| ADDRESS STROBE (ADSTE H) ™ | 8-BIT
LATEH

07 - 1000 oy

e o ot A w-«..v-,;,z{:u"

OMa ADDRESS ENABLE (DAENL)

| S—

w ;
VO BaThA BUS 1

t{/\k

BAT7 — BA4

L
S

INTERNAL ADDHRESS BUS

Figure 2-14 DMA Address/Data Buffers Functional Block Diagram

The DMA conteoller operates in two major cyeles: idle and aceive, Each device
cycle consists of from one o seven stares, each being one full clock geriod in
duration. Table 2-9 describes the varicns controlles 8
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’i‘;ahl& 29 IXMA ilotiifi)ii&i’ Siawa

‘%mﬂ., i}eﬂzwip tion

Mo valid DMA reqguests pending. The CPU can program the

Sogm

\f inacrive state:
M contr

S First state of DMA service: The conwrolier has reguesied g hold (8237 RE(Q Hy,
but the processor has fot retorned an acknowledge (HLDA Ly, Programming
the BMA can contnue unitl the acknowledge is received, signifying thar DMA
transfers may begin i

AA working stawes: When more time is required to complete a wansfer, waix
sgates (5Wy can be inserted betweon 82 and 53 ov 83 andt 84 by sending o
;mdv m;,mi (DRI Hi to she conroller,

2.8.1.1 Device Cycles

Idie Cycle - If there are no 1/O channels requesting DMA service, the DMA
conwoller enters the idle cyele and performs inactive states (SI states). While
in the idle oyele, the controller samples the data request lines (DRQ3-

DBROC H) every clock cvele, to determine if a channel is requesting service.
The controller also samples the chip select sigoal (see DMA C5 L in Figure
213y, to determine if the CPU is atempring to communicate with the DMA
coniroller. If DMA C8 L is gotive and the CPU has conurol of the system buses,
the CPU can program the DMA conoroller bv reading from or writiog o the
controller internal registers '

Active Cycle ~ The active ovele is entered from the idle > cvele when a
sonmasked channel requests DMA service, When this occurs, the controller
igsues a hold request (8237 REQ Hj to the CPL and enters the active cycle.
DMA service then occurs in one of the following modes.

Single Transfer Mode ~ The DMA controlier performs only one wansfer. After
the wransier, the word count is decremented, and the address is either decre-
mented or incremented. When the word count goes from 0000 to FFFF(hex), a
inal Count (T/C) signal is generated that will auto-

initialize the selected nonmasked channel to its original value if it had been
programmed to <o se. When T/ L occws, the 8237 terminates service and
reseis the fﬁf_‘ﬁilﬁgf In addition, if auto-initialize is enabled, the 8247 writes
the Base Word Count Register and Base Address Count Register to the Current
Word Count Register and Current Base Address Register of the selected chan-
ned. The mask biv and T/C bit in the Status Word Regisier are set wo the acrive
channel by the end of process signal (EOP), unless the channel is program-
med for guto-initialize,
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Word Count registers from the Base Address and Base Word Count registers.
The CPU simultaneously loads the curreny registers and base registers, which
de noer change during the DMA service, Wheo the chanogl is in auto-inirialize
made, the mask bit is not set. After aute-inirialization and a2 DMA request is
received, the channel can perform DMA service wichour CUPU ingervention.

Friority « The two types of priovity are fixed and rowaring,

s

1. Fixed Priority ~ In fixed priority, the channels are placed in order based
on the descending value of their assigned number. The assigned number
range is from zero to three {0-3%, with zero having the highest priority,

Z. Hotating ?t’ie’}fitj? ~ The channel being serviced is assigned lowest priority
value, amd 2l other channels rotate 1o the next higher valae.

Address Generation — The eight high-order address bits (15-08) are mul-
wed oo the 170 data Hoes (JOD7V-I0DO B, and are sutpnt 10 an external
latch and then placed on the system address bus (S415-5A87 at time stare S1.
The kow-order bits are ourput directly from the DPMA controller o the syster
adddress bus. For sulbriple wansfors, such as block and denuand teansiers, the
addresses are generated sequentially. The data in the external lacch (high-
order byte) can remain the same for many transfers, and only has to be
changed when a borrow or carry takes place in rhe normal sequence of
addresses. The conuoller executes 81 stares only when an update of the high
order byte s required.

2.8.2 DMA Page Registers

The DMA page registers are used 1o provide additional addresses not st :
by the 8237A DMA controller (Figure 2-15). The controller drives 5A15-8A0,
which pesmits transfers on 64 Kbyte boundaries, and the page regisiers pro-
vide address references to 16 Mbytes. Page register control is programmed
through processor 1/0 commands.
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The DMA page registers, which are write only, are as follows.

Port
081 H
082 H
083 H
887 H

DMA

Channel

>

A

— W

o

Address Lines
Bit 7-0,
Rig 7.0,
Bit 7-,
Bit 7-0

7-0, SA16,

8A106, UAZ3-UAYY
SA1G, UAZ3-UALT

BA1G, UAZA-UALT

JAZRUALT

O DATA BUS
} DACK 3, 2.0

FALEGTS

DAEN

m\

BA2 - BAD

e

DMA FAGE WRITE

10D3-0

st T e

UAZ3 - UAZD

4

4 A 4 MEM

1 7418870

Figure 2-15

UA19-17

..«.2,;; SPREUR S —

T DUA 18

AN

y

D

v

UNLATCHED ADDRESS BU

DMA Page Register Functional Block Diagram

3



He : ade. The chan-
nel then asserss the E)VL»& r::emwz imc (DRCGn Hy. When xhx; DMA controller
ecetves the acknowledge (DACK fr sn the processor, the bus has been
released w0 the bus master. Dard entire bus master oyele, ALE H and AEN
H are held in the asserted stare.

g

When the mfm er %lg‘ml {MAST
1 ,Q* UAL7,
Gto i J??f-;te”

ER L} is asserted, the bus master h*zé: control of
H1 T%ih?«iﬂ L, aned SP1S.SD0 . 1 the addyess is {rom
d, the DIOTESSer 3 o L.

¢ asserts ME]

A bus master can only 58 memory on the processor board; it canner access
170 a;kvxz s on the processos board. To pr&vz:f nt the local area nerwork (LAN)
Ot ts it fror ting & data overrun or undierrun, master should
not bus for more than 3 mior arids.

The bus is released when DREQn H is deasserted. Bus contral should be
released prior to, or at the same time as, DREQn H is deasserted.

2.8.4 Bas Arbiteatos

<channel bus arbivrator allows arbitration berween the Local Area Neowork

( 1, DRAM refresh, and the 8237A DMA "Oi"‘s‘;'i'{ﬁ»i“‘; (Figure 2-16%. The
order of priority is LAN, refresh, and the 82374 controlier. Therefore, if ali
three contend simmlmnecusty for the bus, the LAN request will win, and the
orher twi requests will be held until they gain conwol, When two requests are
made simultanecusly, the higher priority request will be serviced first, and the
other reguest will be held. If a higher priority request oocurs before the
second request is started, the higher priovicy will again be serviced before the
request that was held. The arbivrator uses two 8 MHz clock cycles, and the

B0 CPU uses the remaining cycies to grant the bus Jusing bold and hold

acknowledge.

The 10 int ce connecior provides the h jor the LAN 0 abtain bus con-
trol. The signals used fm this purpose are bus request (LANREQ L) and LAN
acknowledge (LANACK Ly, The following rules are required for LA usage.




i e e R -
WL vdxmmare CPU Module

1. The bus should not be held for more than 5 microseconds after
L is received, This allows other bus masters 1o use the bus fx

periods up to 3 microseconds. Deasserting LANREQ L relteases the bus,

"

i

The bus may be used as soon as LANACK L s received. ¥
12% ns after LANREQ L is deasseried. the bus must be reles

S

S

When LANRECQ L s deasserted, the LAN should not request the bus until

Figure 2-i6 DMA Arbitration Functional Block Diagram

2.85 DMA Read Cycle

The 8237A DMA controlier allows the wransfer of data from a speaific 1/0
devige to scquential addresses in memory, as programmed by the contgolier.
The following is a basic example of data being read from an RX33 diskette.

o
-5
S
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Whenever the BX %33 requests to have data read, it must have a bv*e of dawa to
send. [t reguests service from the DMA conwolley over the T ZH sigr: 31 line
(Figure 2-173 "iazsw comteoller then issues a request (8237 BEQ H) 1o the
processor o gain control of the bus svstem. The processor fﬁ‘%pmad% by sending
facknowledge (8237 ACK H) o the Ci}z}i:rr:}ﬂes‘ ‘ihf :ﬁﬁ:?:s'-' |
bus. When the coniroller recognize £
L, which allows the data to be read ﬁffim*z the 1/O {lau hm, £ !%.c mur'(xry
location where the data is to pe stored is placed on system address fines
{84155 '

(DME

MW L), which allows the data to be written to memory.

DROn = i

L}’
g7
[

—
§
SA15.SA0 X ] X

o

WS MV o - ' ; l

Flgzxré 2-17 1XMA Read Cycle Examp&ém

259 ‘&eaﬁ I‘ime C Eﬁ ii am} CM(“% RAM

The YAXmate {,J‘La bourd has an MCH »i(v'?ii& mai me clock (RTCY with € M DR
(complimentary metal-oxide silicony RAM rf:n.ﬂn.a an a Z4-pin dual-in-Boe
chip. Fhe BTC runs on +5 Vde from the power supply when the VAXmate
tation is powered-up, and from a batterv-backup circuit in the expansion
when the workstation is powered-down. The bauerv-backup circuit uses
twer lehium batteries. The RTC consists of the following major logic sections,

@ Bus interface (8-bit fatch)

* Control and status registers {four bytes)
* Clock, alarm, and calendar RAM (10 byres)

& General purposs RAM (50 bytes) not dedicated o the RTC
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® Internal time base and oscillator
¢ Programmable interrupts and square-wave generator

& Battery backup from expansion box

2.9.1 Overview

The RTC (Figure 3-18) functdons under the control of a processor

program in
the ROM BIOS (basic input-output system). '

2.9.1.1  Iaput/Output

The processor prograyp communicates with the RTC using the 8-bit 1O
(input/output) bus. The processor program sends controel, siatus, A(id’fzeﬁ, and
data signals to the RTC. The bus interface, which is an &bit latch on the RTC,
receives addressing data from, and sends clock, alarn:, and caiendar d
I/ bus. Since the RTC functions as an on-board 1/C peripheral. local 1/0O &
bit transfers occur at a 1125 ns rate. This bus cyvele equals the Z50 s proces-
sor cycle with seven wait states added.

2.9.1.2 Address Map

The bus interface conrols all inputs from the processor program to the RTC.
Addresses from the processor program can select up o G4 b} tes of iviz%i{;
however, 50 bytes are not dedicated 1o the I{’i‘”‘ :
consists of 4 bytes for control and status registers
bytes for time, calendar, and alarm data. The processor pwgmm can write the
address of the RAM, then read/write data ﬂﬂd‘fiyﬁii‘sa’ trr all bytes except regis-
ters C and D, which are read-only. Bit 7 of register A and the seconds register
are read-only also. Bir 7 of the second byte a,izva% reads €.
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£.913.3 Controel and Status

Registers A through D contain control and swatos bit information. These regis-
ters affect all RTC funcions. Some of the funciions inciude

# Binary or binary-coded-decimal (BCIx) representation of date, time, and
alarm

® Timpe of day clock with alarm and 104 vear calesdar

@ nidar update
# aror-driven time hase

& “ﬁg FArG wWave generaior

&

& Programmable moterrupis

Two signals, CLR L {cles
through D.

and PS {power sense), affect bats in

2.9.1.4 Clockiog

An external 32 768 Kz crystal o or genevates the clock signal for the

ume of day functions by using a tiroe base and divider tap logic. The time
base ourputs the oscillator frequency to a series of divider taps. As the time

base presents the 32 768 KHz frequency to the divider taps, the processar
program configures divider contrel to identify the RTC u:‘w Iase, start or

inhibit a0 update cycle, select an interrupe rate, or disable the divider.

£.9.1.5 Battery Backup

nsion box for the VAXmate works ‘ s hatiery backuap for
The battery-backup circuit generares power o keep the RTC running
when the workstation’s ;_xmwr iz off. Two i;zhium batreries power the circuit.
The bagery-backap circnit connects w the +5 3 :

2.9.2 Real-Time Clock Functional Description

Figure 2-19 illustrates the functional blocks of th::* RTC circuitry. The

{ Ref-

on the RTC.

242
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2.9.2.1 Power

© receives power at pins VDI (+5 V) and VES (ground). The following

signais reguire a mindmum inpus high wﬂmgi of 26V

® .= Chip-Enable

® = Data Strobe

* WR I = Write

® = Address Strobe

® s« Address angd Daa bits 7 through O

® = Power Sense

2.9.2.2 Hus Interface
The bus nterface serves to larch the following control and status signals,
mceg:sz CE L, from the ROM BIOS inw RAM.

i CE L signal controls all bus inputs to the RTC. When the power
source sapplies 5 ¥ o the CPU module, CE L is asserted andd remains
asserted until the power source removes +5 V. The processor program
can read/write the RTC as long as the CPU module is running on the
+5 % supply. ,

When the VAXmate workstation is powered-down, and the RT functions
by battery backup, CE L is deasserted. A pullup resistor helds CF L high.

Z. The WR L signal indicates whether the current oycle is a write or read.
When WR L and DS H are asserted, a write cycle occurs. When WR L is
deasserted and DS B s assersed, a read cycle ocours.

3. The AS signal, when asserted, serves to demultiplex the bus, When the
processor program writes to 1/O port 0070H, it activates the AS signasl
At the falling edge of A8, the bus interface tatches the address,

4. The DS signal identifies the time period when the RTC drives the bus
with read data. When the processor program wyites to or reads from
port 907 1H, it sctivates the DS signal.

5. The AD7-0 signals are multiplexed bidirectional address and daa lines to

the RTC. The 170 bus presents the addeess ro the bus interface during the
first portion of the bus cyele, and presents the data to the bus interface
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AXmais

during the second portion of the bus cycle. To address the RTC, the
processor program loads the 8-bit lar a:,h vith addresses at 1/0 port
0G70H. It sends the readwrie data ¢

NOTE

e ondy. The funcrion of the asdd
(1 ’0 port 4}0"”H‘ is to gfncmt(, the nonmaskable i
high (NMIEN ¥

‘»

The process
Time (VRI) §
without batte

a. If the VA Xmate workstatic
stays high

b. If the VAXmate workstation does pot have bawzery backup, the P5 sig-
nal changes conditions. When the workstation 18 powered-up, it holds
PS low externally for approximately 300 milliseconds, When PS 8
fow, the VRT function is cleared. This indicates that the contents of
the RAM, uime registers, andd calerwlar are not guaranteed. When the
workstation commences normal operation, P8 goes higho

2.9.2.3 Registers A through D

Registers A through D are 8-bit registers that the ;*sfr)u,ssor IrOEram Can access
g £

during the apdaie ovele, CER L and PS are twe |

Regis
rupt,

wave,

A

a.mj dd}’lagm :%JVEZagﬁ" it also md;a ates l.v-q oF ;2 4

ter € iy a read-only register. it conaing ins i,ip" regqi
alarm interrupt, and update- ﬂda i interrupt flags. A hacdws

reading register O, clears the register. Wrmzlg., 0 it:szmwr B does not modify
the register,

Regis

are

ter D) is a read-only register
function, which indicates if the RYC lost powsr o remali

contrais the valid RAM a

e (VR
A hard-

reset does not modify VRT.

2
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NOTE
Hefer to the VAXwate Techuical Reference Manial ((JOZCS-GZ) for
a dewailed description of registers A through I on the RTC.

2.9.2.4 Clock, Alarm, and Calendar RAM

The clock, alarm, and calendar RAM consists of ten bytes of data registers
(Table 2-10). These registers are used to format she date and time in either
binary or binarv-coded-decimal (BCD) format.

Table 2-10  RYC ata Register Ranges

Lawch
Value

OOH

01

O5F

OGH
G7H
08H
09y

Register

Function

Seconds

- Seconds alarm

Minutes

Minuics alarm

Heurs

Hours alarm

Day of Week

Day of month

Month
Year

All modes
Specific time
Fach second
All modes
Specific time
fach minute

24-hour mode

F2-hour mode, a.m.
£2-hour mode, pamn.

Specific time (24-hour

modey

Specific time (12-hour

mode, am)

specific tme (12-hour
mode, p.o)

Yach hour (all modes)

Binary Range

BCD Range

i) m 59
0w 59
162 w0 255
010 59
0w 59
192 w6 255
Doee 2%
Tes 12
129 1o 140

0w 23
Tuy 14

129 to 140

Tt 12

0w 9y

00H © 59H
O0H to 59H
COH 1o FFH
OOH 10 SOH
OGH 0o 59H
COH 1o FFH
O0H to 231
O1H w 121
81H to 92H

00H o 23H

Oi o 12H

" 81H o 92H

CoH v FPH
01 o O7H
O1H o 318
018 o 1231
00H o 99H

By
LN
ety
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2.9.2.5 BCD/Binacy Increment

all data vegisters must use the same format, elther binary or BCD. If ihe daw
format is changed, the data registers must be initialized i the new formas,
HRegister B conirols the format. The ROM BIOS ases the BOL

Zegister B also vonrrols the range of the bour 2nd bous alarm » :
ter O indicates the state of the alarm interrupt, which asserts ?Rﬂ L when th“
time registers match all the alorm regiseers. RO L s inverted and conneciec

o IROY.

2.9.2.6 Clock/Calendar Update

se per second, the RIC performs an update cycie. With a 32 /!r& }dlf time
e, thee update oycle requires 1948 microseconds. ) 4 <
the data registers are disconnected from the external 170 bus. ”Ek refo
eSS, attempis to read or write the data rcmaxez‘: will

produce invalid resalts,

2.9.2.7 Interaal Time Base and Oscillztor

e

ok signal for the
iliator Clock 1

n external 32.768 KHz crystal oso
time of day funciions. The ascillator ou
{O8C1; at the time base input. OS2 18 not of

The time base shapes O3C1 into 2 siream of evenly spuced clock
ing at 4 32.768 KHz frfquﬁ«? cv. The time bd&i’ mz%:ms"; rhc frf“fzu
clock cutput, and o a series of divig FLp
signal is not connected The Cio
Vde, but is nor used

As the time base presents ¢ .
ProCessor progiam i:a:.)rn;,gu es givider J}ﬁdf)' w &»ﬁifﬁ; in 'izc following tasks.

1. Start an update cycle by ()utmittiiag i Hz signal 1o the clock/calendar
update logic, ur inhibit the vpdate cycle.

= 10 use. The RO ¢ Pas

[

Identify the time ©
Select an interrupt rate or disable the divider ers enmable an
interrupt, the divider’s output intermapt request low (IR L) is inverted
to produce IR(8, which goes to the lntermupt circuit.

L

2
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2.9.2.8 Divider Control

Register A controls the divider control function. Divider control has four uses.

‘catendar

olds the

ok

Start an update ¢ycle by outputting a 1 Hz signal to the cloc
update logic, or inhibit the update cycle. The divider conteol
divider vhain in the reset srate during the update oycle. G
removing the divider reser, the first update cyele begins,

wecond afier

4. identify the time base to use. The RTC time base is 32.768 Kiiz,

St

Select an interrupt rate or disable the divider. If the registers enable an
interrupd, the dividers cutput interrupt reguest low (IRQ L) 6 invertee
o produce IROQE, which goes o the interrapt cireuit.

Test the BT,

nhoa,

2.9.2.% Square-Wave Qutpnt Selection

The square-wave (SQW) output signal is not conneced.

2.9.2.10 Intersupt Selection

The RTC can send three intermpts to the interrupt logic: alarm interropt,

periodic interrupt, and update-ended interrupt. The alarm interrupt can occur
at vates from once-per-second to once-per-day. The pe ic mterrupt may be
selected for rates from 172 s to 3.90625 ms. The update-ended interrupt may
be used to indicate to the program that an vpdate cycle is completed.

The processor program selects which interrupt, if any, it wishes to receive.
Register B enables the three interrupts. The output IRQ L is inverted to pro-
duce [RGB H {interrupt reguest § high), which goes to the imerrupt circiit,
Register B also disables the interrupts.

i

If an interrupt flag is already set when the interrupe becomes enabled, IRQ) is
activated immediately, though the interrupt initlating the event may have
oveurred much earliee,

Whets an interoupt event ocours, a flag is set in register A, Fach of the three
interrapt sources have a separate flag in register A, These flags are set, regard-
less of the state of the corresponding enable function in register B. The flag
may be used with or without enabling the corresponding enable An




2.10 Three-Channel Programmable Counter/timer

The VAXmare CPU module uses an 8254 programmable counte
{Figure 2-19), resident on a Z4-pie chip, 1o provide thres ind gpmdmz
16-bit counters for system counting or timing tas

2.10.1 Overview

Counters G, 1, and 2 function mdw}cr imsiy
They operaie ;‘*r“ ¢ }
ntermal clock,
lines th’{!’ ;vﬂ o iil{ e
bufte
bus inﬁf fer © :
The ourput r}t each cons
{ROM-BIOS) in the §

he ROM Bas

-

i. C esmm Gisag ! purpese tmer thar pi
11 the CPU module, Counter O outpues ai i
th& IRE, i(} finerrupt O} input line of the interrupt loagic

377

2. Counter 1 is programined to provide the dynamic RAM efresh v the bus
arbitraror on the CPU module. The counier is programmed for 1% micro-
seconds; then the CPU board does an addd b divide rovide a
refresh every 30 microseconds,

3. Counter 2 generaies pericdic wavetorms used

train, a square wave, or & modulated waveforsm o the spraker interiace.

2.14.2. Functional Description

¢ functions
r&ﬁz,i/‘wrizs logic,

‘the programmable
the VAXmeaie Techs

dcal k'f;ﬁrfwe 51’{:“@45?? 4\(“‘1!’“" (;,.s)

2
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. @ EPKR N TGO SPEAKER
— i i

| e
PO TN e, gA.Q.J;”
ts g

HEADS to,_i(_,_

SR—

£ e R0 H

At

Figure 2-19 Counter/Timer and Speaker Interface Block Diagram

2.16.2.1. Read/Write Logic

The read/write logic accepts address and contrel signals from the svstem bus,
and generates the same signals for the CW register and zach counter. The
vafuc on input address Jines Al and AO determines whether a read/write oper-
agion will be performed on one of the theee counters, or on the CW reyistor,
Table 2-11 lists the address of counters (0, 1, and 2, and the read-hack com-
mand word. Whea Read {RD L) is asserted, the 80286 CPU reads one of the
coniters. When Write (WR L) is asserted, the 80286 CPU writes either a
control word to the €W register. or an jnitial count to one of the counters.
Both RD L and WR L are qualified by counter select (C8 Ly, They are selected
anly by holding €8 1 low.

3. 40
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110 DATA LS
A DATA
< g > BUS
: ’ BUFEER

N

QT

ROQ O

SPKR GATEH

Figure 2-20

Tabis 2-11

Three-Channel Counter/Timer Block Diagram

Command Word Addcesses

O SPEAKER;

Register

Address

ommang W
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2.10.2.2, Control Word (CW} Register and Data Bus Buffer

The CW register is selected by the read/write logic when ALAG=11. When the
resd fwrite logic receives a binary 11, the data from lines 1O % in the data
fler goes 1o the OW register aver the internal bus, This data defines the
aston of ﬁm CW fcg\‘-ztc,r and each counter. The V4 %ﬁmm 7 i’flmzcc:ge Refer-
A 523 {“fa}‘r’zﬂts & (iimm d description of the CW register.
The CW regisier is a write-only register. The CPU cap d the status of the

CW register and gach counter by using the read-back command.

The paragraphs that follow will describe only the operation ©
(Figure 2-213%, because counters O, 1, and 2 function 1&*1:::,“1 v oand | olih
c&gmih ”Im counter has mmml mgx\,, a status register, 3 status latch, two 8-big

3, a4 <ounti )
two 8 %’m mnpm Mtf“ha‘? “f )I m and OL l} 1’7'34: moand 1o
abbreviation stand for most significant byte and least signif icant byte resped
tively. The CW register in Figure 2-21 15 not pare of counter 9, 1, o 2, but its

contents determine how the counter operates.

Cutput Laich (OLm and OL1) -~ A program can read the value of & cow

without disturbing the count in progress. While a count is in progress, d’m OL
(functioning as a unit) follows the CE Whenever the CPU wanys tu
counter, it can use three *aowahia m“m(;ds {inf me r?\cw is 1 8

by the CW register and sent 1o the selected counter. The oo
the present count uniil it is read by the ©P1, at which time it 1 s
position following the CE. Only one latch at a time is enabled by the control
logic o drive the internal bus. After Ol and OLI are read, the omyp
16-bit counter (two 8-bit latches) is sent over the 8-bit interpal bus. It is
important to note that the CPU reads the OL, not the CE.

a

Count Register {CRm and CRI) - When the CPU wanis to write w0 the
counter, 1t uses two B-bit count registers (CRo and CRY. When the CPLU
writes a pew count o the counter, the count is stored in the , and Izter
transferred to the CE. The control logic allows one CR ar a time 1o be loaded
from ihe internal bus. In the process, bath bvtes from \Jitm and CRI are trans-
ferred to the CE simultaneously. When the counter is programmed, CRm angd
CRI are cleared. If the counter has been programmed for one byvte counts

r the most significant byre or the least significant byie), the other byve
witl be zero. It is important 10 note that the CPLU cannor write inwo the CF

U writes the count into the CR

b
n
"“’m
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i

S Are all <on-

CLK, Gate, and Out Signals - The CLK, Gae
nected o control i:;gis:: on the UPU maodule. T ﬂt w0 ail coun-
ters comes from a 14.318 MHz oscillaor char i 2o provide a
1.1931816 MMz CLK pulse. A high level at the éﬂie mpm f‘i“ill counting,
and a low level at the Gate input disables © Is the G
input for Counter 2 (3PFKRE GATE M) throusg isis
The Out signal is dependent upon the mo
ounter /tiger and s hardware connection.

fmd f”ém: ﬁigm

- ks
. ?..\’\'-.E 1w
i

Vigure 2-21  Counter Block Diagram

2.10.% Mode Definitions

The pamgrapm that follow provide a brief description of the six modes in
which the thre
erence Man

modes.

] 7
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& Mode (0 Interrupt on terminal count {not used)

® Mode I Hardware retriggerable one-shot {(not used)

¢ Mode 2 Raite generator

(%)

¢ Mode Square wave mode
® Mode 4 Software triggeresd steobe
€ Mode 5 Hardware triggered sirobe (retriggerable’

Tz«zbif: 2-1 2 ’i%tfﬁ *m: ﬁffﬂi’*it *‘noﬁx‘* am‘ fawczée:m ﬁf f—*aeh counter in the

Tabi? :mz (}permmg Mndew Connters 0, 1 émé

Counter  Function }mds: ‘s)egcnptmn Cratput

& Time of 2 Rate generator IR0
Day Clock

1 , Raw generamor Refresh countey
timing

2 Speaker 3 Square wave Speaker driver

wavetform

2.16.3.1 Mede O (Interrupt oo Terainal Casgzmt}

Since mode © is used for one-shot event timing. it 15 not normally used on the
VAXmate workstation.

2.10.3.2  Mode 1 (Haridware Retriggerable One-Shot)

Siace mode 1 is used for one-shot event timing, it is not normally used on the
VAXmate workstation. Mode 1 could be used for sound generation, but it is not
novmally used on the VAXmate workstarion.

21033 Mede 2 (Rate Generator)

Counter 1 uses modd 2 10 provide the refresh vming signal,

2.10.3.4 Mode 3 {(Square Wave)

Mode 3 generates a square wave at the OUT signal,
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2.14.3.5 Mode 4 (Software Triggered Strobe)

Mode 4 provides a decremented count of 11 clack cycles. In mode 4, writing a
few count @ the counter triggers a count cycle,

2.16.3.6 Mode 5 {Hardware Triggered Strobe)

Counter 2 uses mode 5 o provide a decremented count of n clock cveles. In
mode 5, the Gate inpus wiggers another count cycle.

2.11 Mouse Information

The VA Xmate workstation mouse is a hand-held, high pedfornance pomting
device that provides XY coordinate output data 1o the VAXmare CPU for con-
trolling the cursor on the workstation display screen. You can move the mousg
unit arcund on any suitable flar surface to direct the cursor (arrow) move-
ments on the screen. The mouse has three switches o seleot functions or {tems
from a menu on the screen (Figure 2-22).

Pemm———E

Figure 2-22 VAXmate Workstation Mouse

By
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2.11.1 Operation

The mouse uses optical-mechanical technology to detect movement created by
a rubber coared ball extending from the bouom of the mouse enclosure. A pair
of plastic wheels resting on the surface of the ball, transmit the ball movemens
through shafts to a pair of slotted disks. Adjacent to these disks are optical
sensors that read the lght pulses created by the slots in the rotating disks
(Figure 2-233.

e
-
-
“\
o
[
PN
\
‘ 3
' i
i
i
;
i
- S8 TO MICROFEQUESRSOR
.

BOTATING RALL

SLOTTED DISK

Figure 2-23 Mouse Movement Detector Mechanics

This information is relayed as X-¥ pulses to & microprocessor located on the

mouse module. The microprocessor converts the X-Y pulses intoe relative XY
coordinates, and transmies these coordinates as sevial data to the dara control-
ler logic on the CPU modnle (Figure 2-24)

Az the mouse moves, the cursor on the screen moves in the corresponding
direction: right when the mouse moves to the right; left when the mouse
moves o the teft; up when the mouse moves away from the operator; and
down when it moves toward the operator. Picking up the mouse 1o reposition
it has no effect on the cursor.
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£ swi T%Mmu%

MOUSE | sw2 I bl

W TCHES o vbs
AT N E— szh
i e

SERIAL DATA F?%{'.FN'E LPL

il

] prr ]

T

OFTICAL
m\.SL

i’i?.s“‘" B

FRE RS Reion)

Figure 2-24 Maouse Module Functional Diagram

2.11.1.7  Communication Interface

The workstation mouse communicares with the CFU ;
serial interface chip (24-pin DIP SCN2661) at 4800 E aud Th
synchronous /asynchronous data communications controller (¥

REQUEST ¥

INTER BEQUEST

r——

FOR CPU

Figure 2-2%3 Mouse Controller Logic — Functional Block Diagram
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Control words supplied by the VAXmate CPU progeam the 2661 chip. These
contral words spocify asyachronous mode, baud rate, and e number of bits

;:‘iﬁag‘“‘s"tf:f ’}‘?ﬁ-"‘ & :'iesx,r *zm'fiem of the 26061

sres half-duplex communication. IF the mouse 18 tran
aborts the data being transm

rocesses the new command. §f zhf* THOUSE TECE

: characters of a multibyie repost

be transmitting and will abort the report.

, U2

2.11.1.2  Data Foromat

Fhe monse microprocessor converts the mouse movement iuto Dosition reports,
and sends the reports 10 the data controller. Daw is transferred in g 9-bit byte
[ t: 8 data birs and 1 parity bit. The mouse rransmits odd parity but
$ parisy errors when they are received. The mouse transrits &
3-byte position gepori as shown in the following section. A start bir and 2 stop
bir frame each byte {Figure 2-26). The selected formar derermines the parity
apd the number of bits per byte

- e THARACT o

%«w‘m» i £ DT R BTG e w»a-i

MARK (1) ==  pF=T=f=T=T=T=T—7T=T=TT

gii
|
i

e ——.

H H § & H i H H i {

o RN WIS U PRI S N UURN SN RSN SU R
SPACE i % »
1
|

Figure 2-26 Mouse Transmit and Receive Character Format
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2.11.1.3 Position Reports

The X and ¥ values in the mouse position report give the movement in units
of resolution since the last report,

Pasirion Report -

?

HByte [
& 5

4

Lt

o

Y 0

SIGN-X

SIGH-Y

LEFT
BUTTON

i
;
gﬂznaaﬁ
;Bﬁ?TGN

RIGHT
BUTTOH

SX,8Y

LME

Sign bit
1 = positive
0 = pegative

Left, middie, right button position
1 = button depressed

Positton Report - Byte 2

7

& 5

i’ T T i H i
i }
§ X-AXTS DISPLACEMENT
¢
| o
i ] i i - 1 ! i _
X6-X0 X displacemnent, X4 is the least significant bit
Position RHeport - BEyte 3
7 & 5 4 3 2 1 g
T H P T ¥ i
Y-AEI1S DISPLACEMENT
0
i i 1 1. ! i

Y6-Y0

2-58

Y displacernent, YO is the least significant bit
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2.11.2 Operating Modes

There are two mouse operating modes that determine when, and how often,
the mouse transmits a position report. They are prompt mode and incremensal
mide. In prompt mode, which is the power-up default, the mouse generates a
report in response 1o a Request Mouse Position command. In incremental
stredam made, rhe mouse generates a report whenever it is moved. It also
reports a change in button position since the lasy report. When the mouse is
maotionless, and no buttons have been changed, it generates no report.

2.11.2.1 Mouse Commands

Table 2-13 lisis the mouse commands. The listed modes are selected by send
ing the appropriate ASCII (or HEX) command code. A brief descripuon of the
three commands not previously described follows the table.

Table 3-13 Mouse Command Summary

ASCII HEX  Function

D 44 Select Prompt Mode
52 Select Incremental Stream Mode
S50 Request Mouse Position

T 54 Invoke Self Test

7Zx 54 xx  Vendor Reserved function

Request Mouse Position - After the command is issued, the mouse responds
with a position report. This command also switches the mouse o Promgw
made if it has not been selected.

Self Test and Identify ~ Self test leaves the mouse in the resetr or power-up
state. When a self-test conumand has been issued. data sent 1o the mouse is
imvalid until the last byte of the self test report has been received. The mouse
ignores any data received during self test. (See the section on Power-up Self
Test and Identification thar follows.)

Vendor Reserved Commands — This commund byte, followed by any single

printable character, allows vendors to add special mouse functions for their
own testing or quality control, The manufacturer deterniines these funcrions,

by
R4
3 e
W
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which may inciude transmitting spec

include new maodes, The mouse must be )
any of these commands {8 compleied.

2.11.2.2 Power-Up Belf Test and Identification

reuiis upon mouse

iE

3
k=3

H

4-byvte self-iest report, const
status code, which describes
Loy St report 18 transm:

Self-Test Heport - Byte 1
7 & 5 4 3

B
o
(=}

| FRAME SYNCHRONIZATION REVISION NUMBER
!
[ 1 o

<

7-5 Frame svnch tor, 161 s es the stare of a

ifrest report.

¥3-B0 Rewvisicn number ros for indgial released,

el
&
A
&
)
it
[
L=

| i Y - (. ;
HANUFACTURERS 1D DEVICE COBE

0 D H i 0
i ) . I B

MZ-MO Manufacturer’s 112

¥

L
Y
_}

Device code (G010 indicates mouse data)



Seif-Test Report - Byte &

7 6 5 4

i
e § i i i U B
Fo-Ei Frror code, L: = K
Loy

T(RR HEX), indicates RAM or ROM checksurn
Srror.

Mo checksum error, ASCIT “=" (3D HEX), indicates a Button error.

Seif-Test Heport - Hyte 4

i

& 5

i
i
N
[

Vnmd

LEFT MIDDLE [RIGHT
BUTTON (BUTTON (BUTTOM

P
S
o

L]

LM R Button code, O = O Indicates which buttons are dows, or have
failed.

2113 Mouse Connectors

There are two ConncoTors

ssocizted with the VAS .
connector and the module connector. The VAXmate conpecior “{‘ §
VAXmate ’s&uﬁ(»tmon, and the module connector plugs into the o nise mo;i 1«:‘:
{internaliy).

1
Yag
3
N
Bona,
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2.11.3.1 VAXmate Connector

The VAXmate plug is a 7-pin micro-DIN stvle connector (male type). The pin
assignments and functions are shown below. The connector lavour is iltustratesd
in Figure 2-27.

Pig No. Function Description

1 GND Signal and power seturn

2 TXI Serial data owt from mouse
! RXIDx Serial da o mouse

4 -12 v ~12 ¥V for RS-232 operation
5 3 Y +5 V

& 412V +12 W for wablet

7 NC N connection

SHELL GND Grpund

L4136

Figure 2-27  7-Pin DIN Connector Lavout

262
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2.11.3.2 Module Connector

A G-pin connector attaches the mouse cable to the mouse module. The mouse
enclosure must be disassembled in order to access the connection. Remove the
four screws from the bottom of the mouse enclosure. Pluce the mouse in the
normal operating position and lift the top cover off. The number 1, located on
the circuit board, is a reference designator for the number 1 on the connecwor.
The cable and conuecor can now be easily removed from the module. The pin
assignments and layour are described as follows, and are illustrated in Figure

Pin No. Function Description

1 TXD Serial data to CPU mouse controdler

2 RED Serial data from CPU to mouse

3 +5V 5 Y

4 GND/-12 V GNI for TTL made, —12 V for RS-232 opera-
tion

5 SHIELD

6 GND Lround

WIRE COLOR CORE

(6] [4]
) 1 OWHITE
@ [?j K )OB;NGE

RED
GHEEN
BLUE
6 BLACK

E SRR 6

[

Figure 2-28 Mouse Module Connector — Pin Assignments

g
J

&N
b
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Chapter 3
VAXmate |
I/0-Video Moduie

2.1 Introedaction

The ¥AXmate input/output-video (I70-Video) module (Fig
printed circait board that provides the following system func

& Video display contsoller

® Metwork inverface

® Asynchronous serial printer port interface

® Aasynchronons serial comymunications port interface

& Dijskette dri ive congroller

& Z-bit option interconnect

This g‘hap{er‘ deseribes the common logic, wd 2l 1/0-Video
module system functions except the video display controller (Chapeer 4) and
the uzskf:ttc drive controller {Chapter 5%,

A1 subsystems on the 1/0-Video module, except the 8-bit c;ptmn it teswtmsu.
share the common logic section. The common jogic selects ;

als addressed by the CPU, and controls addse a transie
microperipherals through the CPU bus interconnect.

The petwork interface, which connects to ThinWire Ethernct, operates at 10
ma:g;v‘ahiw per second using collision sense multiple ‘collision derection
{OSMA/CDY network technology. The intes i vatibie with IEEE STD,
802 4 (10 Base 2), and conforms to the D;g:tas Ethernet Specification,
Drigital 57D 134, The ce uses a BNC
ThinWire coaxial cable.

,
e
o
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‘The serial printer port is an asvnchronous, RS-423 electrically compatible
interface. The port supports two modem control signafs: Data Terminal Ready
{IXTR) and Data Ser Ready (DSR). The serial printer poct compliies with the
Local Direct Connection (no modem) for Serial Asvnchronous Terminals and
System Interfaces (Digital $TD 052-4). A 6-pin modified modular jack (MM])
connector and & 17-00721 cable connect the port 1o a serial printer. An MM]
to DB-25 passive adapter connect the port to standard DB-25 serial printer
CONNECLOrs.

The serial communications port is an asynchronous, R8-232-C funcrionally
compatible and RS-423 clecwically compatible interface. The port suppons
full modem control signals and is register compatible with industry-standard
applications. The serial communications port compiies with Local Direct Con-
nection {No Modem) for Secial Asynchronons Terminals and Svstem Interfaces
{Digital STD 052-4). A DB-25P connector connects the port to a serial com-
munications device. The counector is defined as Data Terminal Equipment
{DTEY.

The diskette drive conwoller supports one or two diskette drives. The control-
ler uses 2 5-1/ inch high-capacity (1.2 Mbwte) disk drive. It supparts 250
Kbyte per second or 500 Kbyte per second data rates. The diskette controller
can read standard capacity diskettes, and is register compatible with indusury-
standard applications.

The 8-bit option connector connects directly ro the CPU bus interconnecs. A
hardware option such as an integral modem can be installed ar this connector.
The interface is elecirically and functionally comparibie, but is mechanically
incompatible with the industry-standard 8-bit bus.
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| SOMBTN
W — LOGIG
=

Figure 3-1 1/O-Video Module Block IHagram

4.2 LPU BUS Interconnect

A 120-pin card-edge connector on the 1/0-Video module is the interconnec-
ion between the system functions on t}n I/0-Video module, and the process
ing functions on the CPU module. Table 3- ] defines the CPU bus interconanect
signais.

[l

1%
¥
i

’hbi{‘ % I CPU Rus Interrimnect ‘%lgﬁal%

ianal Name Pin Number Signa! Naine

-~12 ‘.’df‘ Bl }’1’?1 ~12Z Vg
+12 Vdc B2 A2 +12 Vde
+5 Vde B3 A3 +5% Ydc
10 CHEK L B4 A4 ST H

RESET H B5 AS SpG6 H
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Table 3-1 CPU Bus Interconnect Signals {vons )

Cideo Module

Siganal Name

Pinn Number

Signal Name

IRQY H
DRQ2 H
OWs L
GND
MEMW &,
MEMR T,
GND
EIOW 1,
FIOR L.
1OW L
1OR L
DACK3 L
1/0 RDY H
DRQ3 H
GND
DACK1 L

CLOCK H
GND
IRQ7 H
IRQE H
IRGS H
IRG4 H
RQ3 H
DACK2 L
T/C H
ALE H

4

St

B& AG

B7 A7

BH A8

BG A9

Bity ALG
Bii ALl
BL2 A12
Bi3 A3
Bi4 Al4
B15 A15
B1é A1O
B17 ALT
B1# Al
Biv A1G
B20 AZO
BZ1 AZ1

B OATRT

i Lhin i

B23 AZ3
B24 AZ4
B25 AZ5

BZG A26

B27 AZ7
B2 AZB

SDS H

ED4 H

OND
532 H
SB3LH
S0 H
LN
AEN H
SA1G H
SA18 H
T H



VA Xmaate 3700 Video Modufe il

Table 3-1  CPU Bus Interconnect Signals (cont.

Signal Name Pin Number Signal Name

GNI 535 A35 SAT H
LPSG L BAG A3G GEHD
OGN BA7 A37 SAG H
BAE A3 +% Vde
3L B35 AZL SHEE L
B4 A4 UAZ3 H
B4y A4l UAZ2 H
B2 A42 LA21 H
B43 A43% UA20 H
B44 Ad4 UAI9 H

B45 A4S Uai8 H
IRQI4 H P46 A4G VALY
DACHD L B47 A47 RS H
RO H BAB A4R GHD
NI BAG A4S EMEME L
LANACK L BS540 ASO EMEMY L
LANBRQ 1. B51 A5 GND
NI BS2 A52 SDO8 H
-9 Vg BS3 AS3 SO09 H
GND BS54 AS54 SDI0H
-9 VRET B55 AS5 Sl H
NI B56 ASH Si3i2 H
/O EMNAR L HS7 A5 SDi3 H
BASTER L BSE A58 SD14 H
NI B59 ASY SI315 H

45 Ve BGU AGG +5 Vido

ket
w



B v Xmate 170 Video Moduie

3.3 8-Bit Option Interconnect

o

A G4-pin header connecior on the I/O-Video module is the in ;s
between an 8-bit option device, and the processing fv:}ctlnﬂﬁ: (}ﬂ the CPU
moduie. Tabie 3-2 defines the 8-bir option intey

Table 3‘:_ 8-Bit Option Interconnect Stgnzis

Pm ”qui}lh{f‘ Si;,ﬂdi Name

81 Al A CHK L
B2 AZ SI37 M

ENB B9 A9 SDO H
GND B19 A0 /0 RDY H
Bit ALY AEN H

B12 ALZ $819 H
B13 Al3 S818 H

-
&
ot
Wi,
jo"8
ot

54317 H
BIS AL SAIG B

Blé Al SALS

R4 H B24

b
)
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’hble i-2 0 8-mHt uptmn lmerxonﬂeu Signals ((mzi 3

i

‘.;,5 ai N.gzﬁe Pin Number Sigual Name
125 A2S SAG H
RB26 A26 SAS H
B27 A27 SA4 H
BI85 A28 SAZ H
8I9 A2G SAZ H
BAG A30 SAL H
GND B31 A3 SAG H
B32 A32 +12 Vo

3.4 Common Logic

The Common Logic (Figure 3-2% consists of the following circuies

® Pocal Address/Ixata {LAD) bus transceiver
® Partial address bus haffer
# 1/0 address decoder

# Local Address/Data bus {LAD) wransceiver control

# Delaved IORD/IOWR generator

+
fonomd

he circuits thar make up the common Jogic interface o
,,,,, icroperipherals use the following buses.

® System Data (SD315:0 H) bus
# Local Address/Dnata (LAD15:8 H and LAD7:0 H) bus
# System Address {(5A15:0 H) bus

# Buffered Address (BA1S, 14, 12, and 4.0 H) bus
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’;4 }“.>
LAD 158 H
NP L

e SRR LNy

L&E: 70
T

AERL )
Oraf AD 2 L

COM *.:‘()L

|
i
i
I
;
i [ A (ST . |

Lated

Figure 3-2 Common Logic Block Diagram
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3.4.1 Overview

All the microperipherals on rhe 1/0-Video module share the common logic
cirenits. They rely ot the outputs of the common logic o decode addresses
and provide chip selects, data transmission conirol signals, and compatible tim-
ing. The LAD bus transceiver controls the two-way eransfer of information
berween the 16-bit 81 bus and the 16-hit LAD bus.

¥ bus s bidirectional, sod supports both word and byte wansfers. SD15
the most significant bic (M5B}, and SDO is the least significant bit (LSB).
The bus signals are active high, The LA bus is bidirecrional. LAIX15:8 is the

high byte and LADT:0 is the low byie, LADLS is the MSB and LADO is the LSB.

The microperiphecals on the [/O-Video module, which are NMOS 18I devices,
use the LAD bus 1o communicate with the 8D bus. The LAD bus transceiver
control logic generates the signals that control the enabling and direction of
the LAD bus wransceiver. The partial address bus buffer and the 1/0 address
decoder connect 1o the system address bus (SA15-0). The partial address bus
buffer drives a local address bus to provide buffered address lines for the
microperipherals. The 1/0 address decoder logic provides the chip selects for
the micraperipberals. The delayed IORD/IOWR generator creates delayved con-
trol signals, to make the 80286 CPU timing compatible with slower microper-
ipherals on the 1/O-Video module. This enables the VAXmate workstation o
operate all industry-standard applications.

3.4.2 Local Address/Data Bus Transceiver

The LAD bus transceiver consists of two 7415245 3-state ocral bus transceiv-
ers. The two transceivers combined (Figure 3-2) contain 16 3-state drivers
that provide two-way communication between the system data (SD} bus and
the LAD bus. The drivers are connected to 16 data lines from the SD bus, and
16 data lines from the LAD bus.

The signals L8245 MR and HB245 DIR (Low Byte 245 DIRection and High
Byte 245 DiRection) control the direction of data transmission using the
7415245 octal bus transceivers. LB245 DIR, HB245 DIR, and LAD EN L (local
addiess/data enable low) come from the LAD bus transceiver control circuit.
When LAD N L is asserted, the high byte and low byte from each transceiver
are transterred simultaneously between the two buses. When L3245 DIR L and
1B245 DIR L are asserted, both bytes are teansterred from the LAD bus to the
SI3 bus. When LB245 DIR L and HB245 DIR L are deasserted, both bytes are
transferred from the 8D bus to the LAD bus.

Table 3-3 defines the LAD bus transceiver inputs and outputs.

3.9
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iabie % Addr@m ‘Data Bus 'l’facheiver Signals

mgnal Mame : Defmﬁi(m

LAY EN L ‘ Local Address /I’Ja{:t Bus Enabie
HB245 DIR L ' High Byte 245 Direction
LB245 IR L Low Byte 245 Dhrection

5015 H oo 008 i Syzrem Data

507 Hae g H System Data

LADNS M 1o LADGE B, Loczal address/ata

LADY H 0 LADO H '

%.4.3 Partial Address Bus Butfer

The partial address bus buffer consists of vwo 7418244 ocual drivers. The two
chips combined {Figure 3-2) contain eighs J-swate drivers that provide one-
way fransmission from the 8A bus to the buffered address bus. The inputs o
*he drivers are eighe address lines from the SA bus {SA15 H, 14 H, 12 H, and
4 H to G HY. The outputs from the drivers are eight address lines o the BA bus
’BA* H, 14 H, 12 H, and 4 H to O H). Pins EN1 and EN2 (Enable 1 and 2)
are giways asserte

81

When the CPU asserts the Memory Read (MEMR L} si<>f!a§ {h{:
that i ,:é;sad wiill move A onte the LAD bus,
the First megabyte of address space

The CPU asserts the Reset (RESET H) signal to injtialize gl circuits during the
power on or power down sequence.

The buffer uses y stem Bus High Enable (SBHE Ly and SAD signals
together, to %?“‘ <t the proper byvtes of the $D bus word when reading or writ-
ing ro memory. 5H 13;: L may be driven by a bus master.

Table 3-4 defines the partal address/data bus buffer inpuis and cutpigs.

N}
B
D



VA Xmate F/0-Video Module 11

Table 3-4 Pariial Address/Data Bus Buffer Signals

ignal Nage Defm;tmﬂ

S

by

Reset
System Byte High Enable
td, 12 4.0 B Systern Address

Buffered Rescy

Buffered Bywe High Enable

14, 12, 4.0 1 Buffered Address
MEME L Memory Read
l ME »SB t Emfh“wc* Memory ?M

3.4.4 1/0 Address Decoder

The 1/0 address decader (Figure 3-2) consists of a 10L8 Programmable Arcay
Logic (PAL)Y. The PAL contains an array of programomable \\J and DR gates
that generate the chip selects from svstem addresses (SA11:3 HYy for the LAD
bus ransceiver control circuit (Table 3-5).

The PAL is programmed with the following equations.

o IF VOOl MODSEL=SAYI*5A1I0%/SAB*/SAR*SAT X /SAGTSARY /SA4%/AEN-
SHETI*SATU /A0 /SART/SAT*CABPSAEY/SA4* /BABR /AEN

o IF IVOC] LAMOSRGEL=-SATIMEAI0Y/SASY /BABY/SAT SAEPCATY /BASTEARY
/AEN

o IF IVCCT LANCESEL=S5A11*G8A10%/SAQ*/SAB*/SAT*LAB ALY /SA4*/SAR3Y
/e

o IF IVCCY VIDSEL= /qgi‘!*’Q‘GQU*GF‘Q*SQ{?*CJ"?*QQ@ /SAS*5A4% /BEN
IF IVOCY DISKSEL=/SATT%/5A10*CADSABTSAT*SAGYSAR*EA4® /GA3*
FHEN

o IF IVCC] COMMSEL=/54117/SA10%0ABYGAB SAT*SABPSRLTSA4RAZ*/AEN
[F IVEC] PRTLSEL=SATI*SAT0%/SAG /SABYEAT*/SAGYSAL* /5A4~% /AEN
e IF [VOC) SPREG=SAVI*SAT0F/SAR* /GARSSATY /AR /GAT* /504% /ar

o3
:
g,

P
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The product terms of the programmed AND array are fed 1o a fixed OR array,
which gates thﬁ‘ summation term (ORed result) o the outpur pin. I the
equations, # “/” is a logical NOT; an **” is a logical AND, and a “+” is &
fogical OR. Whm the CPU asserts AEN H (address enable high), it aisables the
address decoder process. The CPU uses AEN H tG indicate thar the current b
cyele is a Direct Memory Address (DMA) cve

Tabk: 3- 5 i ‘O Address Decodu: Si;,n«tih

Signa! "Jams: [}erimf,mﬁ

AEN H Address Enable

SAIL 6 3 H System Address

MOD SEL L Made Selecy

LANCSE SEL L LaX Command Statas Register Select
LANCE SEL © LANCE Chip Select

V1D SEL L Video 3elecy

DISK SEL L Disk Selece

COMM SEL L Communications Select
PRT SEL L Printer Select

SP KEG L %;.,;fua; Pm pose Register

3.12
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2.4.5 Local Address/Data Bus Transceiver Control

The LAD bus wransceiver control (Figure 3-2) consists of a 16L8 PAL. The PAL
containg an array of programmable ANLD and OR gates that generate the signals
{Tabic 2-6) w control the enabling and direction of the LAD bus transceiver.

%)

The /0 16 L signal is issued by an option o indicate rhat a 16-bit 1/0 oycle
should be performed. 1;0 16 L is a decode of the system address lines only.

The PAL is programmed with the following equations.

o IF I[VCCT LAREN=LANMSTR+/LANCEREAD+-LANCEDALC

o IF [VCCT LB245DIR=CPUSEL*/EMEMR*/SAC+/EIQR*/FDDACKVER+
JETORYMODSEL*LANMETR-/ETOR®INP 1+ /EIOR*/TNPZ+
LANCEREAD*/LLANMSTER

I¥ [VCCY HB24E5DRIR=CPUSEL*/FDDACKVER*SAQG*/EIOR+
JETOR*/MODSEL*LANMETR*I016* /SBHE+CPUSEL * /EMEMR
+/LANCEREAD® /L ANMETR

o IF IWCCY GCIOW=/INP2*/EIOWN+CPUSEL*SADY /SBHE

153

The product terms of the programmed AND areav are fed to an OR array,
which gates the summation term (ORed result) to the output pin.
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Table 3-6¢  Local Atidre&» Data Bus Transceiver ¢ aﬁirni Signals

Signal Name Definition

VER COMM sEL L Verified Communications Select Low

rnninicarions

$18C

Disable asynchronous

PPN

OMM SEL L Communications Select

ble Video Outpsn
ViD SEL L Video Sciect

LANCE DALC L LANCE Data Address Lines Output
LANCE BREAD H LANCE Read

O 16 L Input/Cutpin 16

iy DACK VE

Floppy T3isk DMA Acknowledge Ver

LAN MSTH L Log wrea NMetwork Master
WO SEL L Made Bolect

BHHE L Svstom Byie High Enable

540 B System Addres

EIOB L Exzended Input/Output Read
EMEMR L Exiended Memaory Read
CPUSEL H CPU Select

PLAD EN L Pre-Local Address/Data Enable

Exvended [nput

Ouipuat Write

Graphios Contreller inpur/Curpur Write

Low Byie 245 Dircotion

» Byte 245 Dire

3D% (Hexadecimal)y

314



/0 Read or /O Write (JORD/IOWER) generator Consi

The 74F175% (Figure 3.2) consists of four Doty
:d TORG/IOWR conural signals that synchronize
g with slower NMOS microperipherals.

An 8 MHz clock pulse synchronizes the operation of the f!égx £
CPL. “’hf’ x*ﬁcmxafi In ’m\‘;(:"*pw C-"‘!ﬁ;‘nms;! a"’l”i’b(“'-f ~;:<‘
!;hii

wirements, a i
k pul

1 s 1ramt€rrc~fz w0 thc aut{mt on tm, rmgzg mig,, 1}£ t"’:s“

The output of the firsy flip-flop, RO, becomes the input 10 the nex flip flop,
D1, until the input wo the thivd {lip flop, 2, seis the fip flop and ac
the Enable (B Hy output. £ ¥ goes w the CRT conteoller in the »mns
logic. The output of the third flip flop also becomes the input 1o the s
tia,a 1)% "tzm 123 s \C’*i ths, hagh Uutpm is not used, mlt its ;uglml cmng ©-
30 17 1 is 3 3 t
version of hi()(, icis z:l :%.aycfﬁ frsr,:a the original E1IGC bj-: four stages of % 3‘? ns
(500 ps wtal). Delayed Inpur/Output Read (DIOR Ly and Delayed
npus/Owiput Write {DIOW 1) are created by ANDing BIOR L and BIOW L
with RIOC L DIOR Loand DIOW L go to the inputs of the 8237 DMA conool-
ler. Table 3-7 defines the delayed IORD/IOWR generator inputs and outpuis.

Table 3.7 Dﬁ:ifi}’id IORD/IOWR f:em:mtm* ‘mqn,f?»

Sivmsl N;xmes i}ﬁfﬁﬂﬁtmn

(f%.{)(}a Fi Clock

BIOR L Txtended Input/Ouipur Read
EIOW L Extended Input/Ouiput Write
EXOC H, BIOC L Extended Input/Catpur Command
EH Enabie High

DIOR L Delayed fnput/Ouiput Read
DIOW 1, %L‘ml:&gvaﬂ Input/Ouiput Write
DEOC L Drelayed Topu/Outpur Command

wlad

3
T
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Notes
Command is the generic description of either a read or & wrie
operation,

iming parameters arc the same as those for Figure 2.8 and Table
T g parain the same as those for Figure 2.8 and Tabl

T L LTl Tw R Tw™> 10 Tws el Tyyor I 3 >t

\.__,f\_@/‘\_f\wfkm ,,.f\;ﬁ«, f"am,{\__w;

___,; ]-»- 100 ; |
{ R
ALEH N ; ; .
._s_!\ . ; | /L
| ! I
I ‘m,_.w} !
GRESS ] . - P
AgaEss ¥ , VALID ADDRESS ¥

\ A

b |

i !

w*iz i) —+ 0

WRITE fnd _—
DATA : AY I }‘

|

F;s;a{ (6 ba—

READ i "
DATA { K vaun e

Figure 3-3  Delaved IORID/IOWR Generator Timing Diagram

3.5 Network Interface

The network interface (Figure 3-4), which resides on the I/C-Video module,
controls data transmission between the CPL module and a {I‘di’;"“m;”‘ifiﬁ o
receiving device on the ThinWire Ethernet. The network interfnce consists of g
BNC connector, a coaxial wransceiver inverface {C17), 2 serial interface adapter
{S1A), a local area network controller (LANMCE}, a smatl number of discrete

components, angd svsters bus mz;rﬁa.mg devices, The common logic is not part

316
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of the interface. However, the network interface and other microperipherals
on the [/0-Video module use the common logic to conrrol parallet data trans-
fers berween the 16-bit system bus and the 16-bit local address/data (LAD)
hus. The controller and supporting circuits, with the exception of the coaxial
cable rragsceiver, operate from the 45 V system power supply. The transceiver
aperates from the iselated -9 V line,

5 AXD, ULKE BTATUS
v Y

NRZ BE AL DATAY

Figure 3-4  Network Interface Block Diagram
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3.5.1 Overview
The network interface provides the following functions.
1. Daa transmission to/from the network
a. Transmit
b. Receive

<. Lollision detect

2. Encoding/decoding of data transmitted /received

3. Data transmission wo/from the CPLU and svsiem memaory vsing DMA
a. Transmit
b, Receive

<. Lontrol

PN

Internai and exteroal loopback modes

W

: diagnostic LED

3.5.1.1 Physical Interconnect

A female BNC-type connector, which mounts 1o the I[/O-Video module, con-
nects the nevwork interface to the network, A BNC T-connector, mounied 10
the female BNCoype connector, connecss the 1/0-Video module to the
ThinWire Erhernet coaxial cable.

3.59.1.2 Data Transmission From/To Network

necis directly w the coaxial cable. The CT1 performs the transmii,
receive, and collision detect functions for the network interface.

57

Receive Data ~ The CTI receives the serial dara from the cable, and sends it

o the SIA.

&

Transmit Data — The CT1 ransmits data onto the coaxial cal
Eoand S1A. If the COT1 detects a collist

from the

without a collision, i transmits the datz as formaued.

318
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3.5.1.3 Encoding/Decoding

The SiA dcumais mm received from the CTI for ih{ LANCE, and encodes data

i he LANCE for the OTF The SIA runs on a 20 MH2 crystal
cilimor f,i(}i K that iz divided in hall imernally. thus p n’ecmmm, a 10 MHz
data rave. The oscillator feeds into the Manchester phase encoder section, o
internally synchronize data steams for wansmission.

&£

Decoding - Thata received from the CT1 enters g noise filter 1o determine if
the daa iz a valid signal, or noise on the network. The eceiver separates
the clock and the data in the Manchester phase dece ion. The Carrier
Derect indicates to the LANCE tha daia of sul i
¢k for the recgiver is generated by an ingernal
incoming dara streani.

i the

Encoding ~ Data to be transmitted from the LANCE o the (77 is pmw
ncoded into w standard Manchester serial bis patters by the encoder section,
. vhe encoded data iz droven onto the cosxial cable by the zzfi-zmsmis* secion
of the CT1. The clock runs at 10 MHz.

3.51.4 Data Transmission From/To CPU and System Memory

The LANCE is a Direct Memory Access (DMA)Y controdler that ope
master mode while receiving or sransmitring information. The © %?x C.
only syachroaous memory cyeles at 600 ns per oycle,

w
\
3
s

DMA Capability - The LANCE is a DMA master because it has conrol,
address, and data funcrions that allow it to gain control of the system b
I, and vransfer data directly between its internal bufier and sy

Bus Master Mode — The LANCE operares as bus master whey
command, and parameter transfers ta or from syst
ory cycles,

it initiates data,
m omemory in 16-bit mem-

Bus Slave Mode ~ The LANCE operates as bus slave when i responds w 16-

bir 1/G cyeles o sccess s internal registers.

Recelving Information -~ When the LANCE receives data from the 814, it
loads the data inwo g FIFQ The VIPG buffers ing
<~;ies‘— %nfa"; a memory bu fer u»x;‘z;ﬁ {BVA ’Eh« !A {E &tri 8

pryge darn =o

it
oy,
WD



in memory. The LANCE wssues 2o interrupt 10 the OPU, informing
fered the D fer, or that an error ocourred

the
and {j" 1. The

foand Hxi

BTH Inger
The
bgmv

ﬂﬁ‘)

Lol

ffu:wtmm; from "1»9 MW
must be connect
mode.

Internal i ,‘eovﬁna‘:ﬂ Mode ~ This mode enables vou 0 tost the LANCE, Whe
operating in this mode, daa loops or frames back within the LANCE. The dii 12

P

does not go to the 31A, €T, or cable.

’i:s*

a Fmr

3.5.0.6 L/O-Vides Modul

: that is usesd tw indicare
are Conir

The nevwork interface contai
failures in ail oircuits on the

NT 3R,

)V i(;if”i module diagnostic LED is
of the CPU module LED
» meodule, the test Hlo-
> self-test successiully,

®

CXeingis
operation.
mings the LE
the test exur
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2.5.2 Coaxial Transceiver Interface

A DPE3IGZ CTI, contained on a 16-pin dual-in-line chip, connects to the coax-
; dm w0 perforny transmit, receive, and collision derect functions for the

. Becayse of 1HEE BOZ.3 requirements, the CT1 is electrically isclated

froum ghc‘ other devices in the workstation.

3.5.3 Serial Interface Adapter

A TOREB 1A, contined on g 24-pin dual-in line chip, connecs to the 711
e:izmiagh an isolation tmmf@rmcr, and performs Manchester phase encoding and
decoding of data ansmitted and received from the nerwork.

2.5.4 Local Area Neitwork Controller

A 7990 LANCE, contained on a 48-pin dual-in-line chip, uses irs address, data,
and control fines to support its DMA capability. Ihﬁ‘%ﬁ lines are described as
W}ﬁf“tw‘)

1. Address/Daa Lines ~ The LANCE provides 24 address lines for DMA
r5. Local Address/Data bus lines {LAD15-0 H) are 3-state bidirec-
tional lines. During the address portion of a memary transfer,
LADO-1% H conains the lower 16 bits of the memory address. Address
2

lines (AZ3-16 HY, which are 3-state and one-directional, contain the
upper § birs of the memory address.

During the data portion of a memory tansfer, LAD15-0 H conmains the
read /write data, dependiog on the type of wransfer.

The LANMCE drives LADI5-0 H lines as a bus master and as a tus slave,
tat A23-1G B lines as bus master only.

[

Interrupt Reguest 10 (FRQI0 H) - When the LANCE asseris this 3-state
signal, it is interrupting the CPU. The LANCE holds IRQ 10 H high uniil
he CPU acknowledges the interrupt through the interrupt service

routine. ' '

3. LANCE Reguest (LAN REQ L) ~ This signal is an asyachropous chanacl
request generared by the LANCE to become the bus master. LAN RE( L
must be held low until the CFLU asserts the LANCE ACKnowledge
{LAM ACK) signal. LAN REQ L is 2 3-state ling that goos 1o a special
arbitrator between the CPU and DMA controller. This special arbitrator
controls three request lines, and the LANCE has higher priority than the
B237 DMA controller on the CPU module.

o
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%.5.5 LANCE Conirol Path and Control Bus Drivers

The nerwork interface provides conrol path Ifsgic which f:mhéf:s *'hc LANCE o
congol read/write fancrions berween the
control path logic is used | e
The {‘()ntroé —z;nh also geners
nize CFPU timing with /O -"Ly’(/ai timing
regisiers are im nud i microd Qs}‘:.

e
impleme ntatimi they have 2

LIRS mf; s a’irw TS L0 af
arels, stey mode. The LANCE control
are a5 fol k;wa

hen th & mast f*r‘»'“*sr i the Bus.

: Larch Enable (LANCE /
e operations. {t oocurs a
> i m,xxts; miade.

3. [/O Ready (170 ROY H) ~ When the CPU
ters, 1/O BDY H is deasserted on the system %. 1S
wilr states intg C MI O iLu té;wir*? 1«.;)
control lines stable on '

s

. ﬁw ,Ipiﬁ res

16 L~

e por-

5. Extended Memory Read (FMEMR L) - Whe‘n asserted) this sig
system: merory to drive data onto the it data bus. It ks

N4l instrucs

entire 16 megabytes of address space. i* MEMR L may be driven when the
LANCE is bus maste

gl

> (EMEMW L) — When asserted, this
) > the datn that is present on vhe 16-bit

ati tsw Ir is active for the entire 16 megabyies of addiess

EMEME L mav be driven v Eefz the LANCE is bus master.

MHCE EARLY Read (LANCE FARLY BD L) ~ When the LANCE is reading
a‘n,m systein niemaory in master made, it g—vns rates thoe LANCE EARLY

=,

~4
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RD L signal. This signal causes the memory read cycle to occur

Her than standard LANCE memaory tming, thereby creating morg
access time for read cycles. This logic optimizes read fwrite memory
timing.

£

System Bus High Enable (SBHE L) ~ The LANCE uses SBHE L and System
Addgess U (5A0) 1o select the proper bytes of the da bus word when
reading from or writing 10 system memaory. SBHE L may be driven when
the LANCE is bus master.

3.0 Asynchronous Serial Printer Port Interface

The :%:%;}?as:.hmﬁ&u?% serial printer porc interface (Figure 3-%) resides on the 1/0-
O module. This port controls asynchronous data vransmission botween the
CPU module and a serial printer. The interface consists of a programmable
asynchropous communications controller, an EIA driver snd recelver, and a
madified modular jack (MMI connector The comraen logic is not pare of the
interface. However, the serial printer port interface and other micropesipher-
als on the I/G-VIDEC module use the common logic block w control paraliel
data ransfers between the 16-bic system bus and the 8-hit local address/dara
(LAD) bus.
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‘{‘5 e PRT BEL L ety

N » I o] I TEE—————————

"""“; e DHOW L e o]
1.2 1
H

P ] Eemoagge {HOTT H

Figure 3-%  Serial Printer Port Interface Block Diagram
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3.6.1 Overview
The asynchronous serial printer port interface performs the following major

fEncsions.

1. D2amn transmission

b Eeceive

. Control

™~

EIA interface signal levels

3. Physical Inicrconnect

3.6.2 Data Transmission

AWDEZS0 programumable Asynchronous Communications Element (ACE), a
40-pin dual-in-line chip, conrains several registers (Figure 3-6) that control
the transmit, receive. and control functions for the asynchronous serial printer
port mnterface. The paragraphs that follow provide a brief funcuonal descrip-
tion of the registers. Refer to volumes 1 and 2 of the VA Xmate

Tecknical Reference Mannal (QGZCS-GZ) for more information on the hard-
ware reglsters.

N
S
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The ACE wransmitter performs parallel-to-serial data conversions. It accepts par-

atlel inpur daga, adds the stary, parity, and swop bits, and © s the formatted
character, one bit at a time, over the serial ontput lne. The serial formar (in
order of transmission and reception} is as follows, '

1. Start big

2. Five ro eight data bits

3. Parity bit (if programmed)

4. Ome, one and a half, or two stop bies
The ACE receiver performs the opposite conversion of the transimitier section.
aever the receiver detects a start bit at the serial input, it converts the
m of hits 0 2 pacallel output. During this data conversion, the receiver
removes the start and stop bits from the incoming character. If the opt
parity bit accompanies the data, the receiver uses it o check for pos
tzansmission errars,

ST

The ioternal operations of the transmitter and receiver are sy d
exterhal clock signal. The clock signal, MB COMM CLK H| is uunpizf:d to an
internal programymable baud rate gx aerator. The output frequency of the clock
signal is 16 imes the sertal baud rate. The ACE will operate in either 2
polling or interrupt driven system, wiuth is programmed by writing to the
internal registers.

The following is a brief description of the internal registers rhat implement
the transmit and receive luncitions of the ACE.

Datz Bus and Data Bus Buffer — The data bus consisis of gight 3.state 170
lines. The bus provides bidirectional communications berween the ACE and the
common logic. The bus handles data. control words, and status wmarion,
This 3-stare, bidirectional, 8-bit buffer connects the ACE to
The buffer does double buffering by providing separate 8-hit registers for com-
mand status, inpuy daa, and output data,

Receive Buffer Register — This read-only regis
w0

er holds inpur da

Recetve Shift Register - This register receives the serial mpur (SIN) daw
from the communications link. This register determines if the data is properly
formatted, and then shifts our a parailel 8-bit d.

Transmitter Holding Register - This writc-only register holds ourpur dama
bits 7 g0 &

3-27
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Transmitter Shift Register ~ This register receives the composite serial out-
put (SOUT) dawa from the CPU. It dcu‘rmmt“ if ;;he aata is properly formatted,
and then shifts out serial data, The SGUT signal is ser 1o the marking state
during a master reset operation.

Line Status Register — This 8-bit registee provides status information to the
CPU concerning the data iranster

Programmable Bauwd Rate {;Pn&ra‘wr ~ The yarer takes the
clock input, M8 COMM CLK, whict 32 MHz orysal,
and divides it by any divisor i‘mm tro 2 L 215 1. The output frequency of the
baud rute generator is 16 dmes the baud e, Two 8-bit i s arore the
divisor in 2 binury format. These divisor latches muast be Lt)znir;:ci during initial-
ization, in order to ensure desired operation of the baud rate generator. When
either of the latches is loaded, a 16-bit baud ¢ mwer is immediately loaded.
The signal serial printer reced lock (SP ROV CLK ¥ es 1o both the
receiver and transmitters se(:tiam w provide the ..::aild rate clocking. Table 3-8
lists the divisors used w obtain the desived baud sate, and the specified per-
cerit of ercow. MNote that the ACE does not suppors 204 baud.

I‘abie 3-8 &synchz’mmmxs Commuosications Elfk;lt"‘ﬂ iﬁ and Rates for Printer Port

Divisor Used to Percent Error Between
meeé B@md Rate Generate 16X Clock Dresived and Actual
50 2304 _
75 -

15¢ -
300 -
H00 192

1200 -
1844 —
2008 5% 4.68
24G0 4R -
3600 372 _
4800 24 -
T2G0 16 —
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Table 3-8 Asynchronous Communications Element Baud Rates for Printer Port
foont. )

Divisor Used to Percent Error Between
Desired Baud Raie Generate 16X Clock Desired and Actual
GHOG 12 -
16260 4 -

3 —

The ACE control section inputs control signals that determine how the ACE
will format the serial data. Congrol signals are input to the select and conirol
fogic, modem control logic, interrupt control logic, receiver timing and con-
trol, and transmitter timing and control. The select and coptrol logic imple-
ments the following signals.

& PR SEL L -~ When this signal is asserted, the ACE is selected. ACE sclec-
tion is complete when the decoded chip select signal is larched with an
active ACE L at the ADS input

& ACE L and DIOR L -~ If both of these signals are asserted while the ACE is
selected, the CPU can read status informadon or data from a selected
register,

# ACE L and THOW L -~ IFf both of these signals are asserted while the ACE
is selected. the CPU can write data or control words into a selected
register. '

® BRESET H —~ When this signal is high, it clears the ACE control logic and
all registers except the receiver buffer, the transmitter holding register,
and the divisor latches. Also, an active BRESET H signal affects the states
of the 5P TX DATA H, IRQ11 H, OUT2 L, and SP DTR H output signals,

& ACE L at ADS - When ACE L is low, it provides latching for the register
select (BA2-H), and PRT SEL L signal.

® BAZ-0 H -~ Buffered address bits 2 wo 0 select the read or write register as
indicated in Table 3-9.

Tabie 3-0  Printer Control Register Addresses

Printer
Addr DLAB A2 Al A0 Register
CAO & { 0 i Receive buifer (read) or Transmit

hodding register (write)
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Table 3-9 i’rmter Umtrul Reglﬁh@i’ Addresw« {coni. }

Printer
Addr DLAB AZ Al A0 Register
Az o 0 G i Trserrupt enable
AL 1 {) i o Privisor lasoh (181
LA 1 O { i Dvisor lacch {MSE)
A2 X 0 1 0 Intersapt ddenification
orilyy

X 0 i b Line congal

X i ¥ 4/ Modem control

x i O 1 Lipe smatus
AL X 1 : 0 Maoden st
CA7 x 1 ] I None

The modem control logic determines the state of the comununications link and
ransfer data. The modem signals are as follows,

&

ACE L at CTS L ~ Whenever the CTS funcrion of the modem status regis-
ter changes state, an faterrupt is gencrate zé if ;hf’ modem stams intesrugt
is enabled. At this input, ACE L is a modem control function mput. The
CPU can test the input condition by reading the CT8 function in the
madem status register.

SPT SR L — Whesn this signal is low. the ACE is ready to establish the
communications link and transfer data. The CPU can test the condition of
this signal by reading the modem status register.

ACE L at ELSD L ~ When this signal is low, the ACE has been detected as
the daia cacrier. The CPU can test the condition of this signal by reading
the maodem status register, Whenever the RLSD function changes state,

and the modem status interrupt is enabled, an interrupt is sent © the
f*;}{
LS A

SPDTR H ~ When this signal is asserted. the ACE is ready o communi
cate with the printe '

OUT2 - This signal is a vser-designated cutput to enable /dizable the
3-state drmr that gencrates the IRQ11 H signal.
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The interrapt conrrol fogic uses IR ¥ to interrupt the CPU when the
printer daia is available, the transmitter holding register is cmpey, the pringer
encounters an ervor, or the modem reports its status, The IR LI H signal goes
h whenever the interrupt conditions are active high, and are enabled by che
rrupt enable register. IRGT H is reset low during the approg
YU SEEVICE OF 4 TRASIET (8SCL Operation.

ir
fil‘;

The control registers for the recerver section generats the following ourput.

1

Line Control Register — The system programmer specifies vhe format of the
asynchronous data communications exchange using the line control register. In

addition to contro! Hing the formar, the programrmer nmy retoeve the ¢
i the register for inspection

Reveiver ”i‘immgg and Control Register ~ This register contains the
printer receive clock (8P RCY CLK ) signal bits, which define the 16 times
baud rate clock for the receiver section of the ACE. §

vides the timing for the ransmitter section.

Tb? ifail%fﬁiﬂu timing and rrsmzm j‘ﬂi?\'?cié‘« asmmg and oont =0§

ning um:za? f s the fm;f xf’c) «ez*aimx,

ttﬁ"

2.6.53 FEiA Interface

A 9636 line driver (Figure 3-6) and the quad receivers shared with the asyn-

s communications port interface provide the Ela standard interface for
ticn to a compatible serial printer. These © OUENES
fotiows.

Line Driver — One 9636 drives the signals 3P TX DATA H zm(i SP DXIR H. The
signals PLUSY H (+12 V) and MINUSY B (12 V) ¢ /

Quad Regeiver ~ The quad receiver shared with 11"1:.
cation port interface gocepts the 8P DER W, SP RECY COM L, and 5P RO
L data and control signals from the serial printer. A 45 ¥ hr; powers the
receiver.
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3.6.4 Physical Interconnect

A G-pin MMJ connector (J33 on the 1/0-Video module provides the connection
berween the ACE and the serial printer. Table 310 lists the pin assignments
for J3. Figure 3-7 is the EIA interface and interconnect biock diagram. Compo-
nents on the transmit Hnes provide radiated emission filtering. Components on
the receive lines provide elecwrostatic discharge protection. The Local Direct
Connection (No Modem) For Serial Asynchronous Termimals And System Inter
faces, DEC STD 052-4, specifies the connector configuration. To connect to a
standard DB-25 serial prinrer connector, vou must attsch a

DB-25 passive adapicr o the MM connector, Cable munber 17-0GG8721 con-
nects the prinier to the port.

Table 3-10. Connector ¥3 Pin Assignments

Pin Number Signal Name

i Serial Princer Data Terminal Ready

2 Sevial Printer Transmit Data (5P TX DATA H)

s

Serial Privter Transmit Common {signal ground)

o,

Serial Printer Receive Common (8P RECYV COM Ly

)

Serial Printer Receive Data (5P RCV DATA L)

& Serial Prineer Daca Set Ready (SP DSR H)
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3.7 Asynchronous Communications Port Interface

/

ssides on thoe

‘The Asyuchronous Conununications Porg Interface {3 '
1/G-Video module. This port contrels asynchronous daza transmission between
the CPU module and another computer, a nodem, or 2 peripheral device. The
interface consists of a prograrmomabie asyvachronous communications contrailer,
a split baud counter and multiplexer, a special purpose regisier, an E1A driver
and receiver, and a DB-25 connector. The common logic is not part of the

interface. However, the communicarions port wnterface and other
ipherals on the 1/0O-Video module use the common logic block to format and
< ol parailel data wransfers hetween the 16-Bic system s and the 8-biz
incal address/data (LAD) bus. The controller and supporting circnits, _
the drivers, operate from the +5% V system power supplyv. The drivers operate
from the +12 3

Voand ~12 V lines.

b
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3.7.1 Overview
The asynchronous communications port inverface provides the fellowing

functions.

1. Data rransmission
a. Transmit
Ir. Receive

¢. Control

Maodem controd

L

Split baud counter and multiplexer

ElA interface

s

5. Physical Interconnect

3.7.2 Data Transmission

A WDEZ50 programmuable asyuchronous communications port element (ACEY,
a 40-pin dual-in-line chip, performs the data ransmission functions for the
interface. The programmakble ACE contains several registers (¥igure

3-9% that control the trunsmit, receive, and control funcrions. The paragraphs
that follow provide a brief functional description of the registers. Refer o
volumes 1 and 2 of the VA Xmate Technical Reference Manual (Q6ZCS-GZ)
for more informativn on the hardware registers, '
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The ACE transmitter logic performs parallel-to-serial data conve
accepts parallel bnpat qata, adds the 5%&*‘1, parity, and stop b

smatted characier, - bit av g tume, over the serial ow
suvsi format (in order of transmission and reception) is as follows,

1. Start bir

2. Five to eight data bits
5. Parity bit {if programmed)
4. One, one and 2 half, or two stop bits

The ACE receiver logic ﬁa*ormx the opposite o
section. Whenever i
e stream of bits o a p . I °hh ai&ua CONRVEsio
receiver removes the stant anJ stop bits from the incoming character. 11 the
aptional parity bit sccompanies the dara, the receiver ases it wo check for
ble data transmission orro

o

itter and req
ihf OST ilawr pulse is ANDed w xzb +% 'm!:s 176}
ad counter
£HNES ttw

and ;ﬂ(;i%lpie‘?‘({‘ . The it ff‘,
serial band rate. The A(.J Eowill operate in {tthcr a pol
systein, which is programmed by writing o internal s

the internat registers
[z AL FEa

a brief description of
i receive fupctions of

Data Bus and Data Bus Beffer ~ The dat
tines. The bus provides bidirectional
cormmon logic. The bus conurols daw, vont rol SOrds, ;,ud SEALL

This 3-state, bidirecrional, 8-bit buller conneors the ACE o wgif
The buffer provides separate 8-bit registers for command status, input data,
and suiput data.

Receive Buffer Register - s read-only register holds inpue data bits

7ot 43,

determines if the daa iz
by word,

5 itter Holding Register ~ This wrize-only #
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Trans mxtter ‘f-hiﬁ Regz%er - i?’us rengsmr receives rln COMPOSIte ‘et‘xi;ﬂ aut-

Line Status Register — This 8-bit register ps‘{,widﬁ:a status information o the
CPU concerning the data transfer,

rogramgnabile Baud Rate Generator ~ The baud rate gene
clock input, M8 COMM CILK H, which is the output of 3 1. I
tor, and cE.smdf:.s it hv any divi:@or from 1 to 2'° — 3 lh(, r)umen frequency of

bt' 3&'5{%@*&1 fiu;r' ng mm&lh ation. When *‘irimr fatch is 'i~)*1w d :
C ter is immediately loaded. Then, the M8 COMM CLE H and ?3
H ~1waiq go w the split baud counter and multtgﬂexu simuitaneously m ;ﬁrz-
erare the zmn:mm;fc eive clock signal M8 RCLK H. Tabie 311 &

divisor used o obiain the desired baud rate, and the speoified peres
error. Note that the ACE does not support a 200 baud data transmission

rae.

Table 211 Asynchronows Communications Flement Band Rates £

ivisor Used to Percent Error Between
Desired Baud Rate Generate 16X Clack Desired and Actual
50 2304 -
75 1536 -
11 1047 0.026
154.% 857 0.058
154 FO8 -
360 ip4 -
GGG 192
1260 a6
1800 G4 -
2000 58 0.69
24600 48 -
3600 32 .

339
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Table 3-11 Asynchrooous Communications Element Baud Rates for COMM Port
{ CoRé. )

Divizor Used to Pere em Error Between
Desired Baud Rate Generate 16X Clock Desired and Actual
4800 24 -
7200 16 -
G600 12 -
192060 & -
38400 3 -

The ACE control secrion inpuss control signals that determioe bow ACE will
format the serial data, Control signals are input o the select and conurs logic,
the modem control logic. the interrapt control logic, the receiver timing and
control, and the wransmister timiog and conwol. The select and conwrol logic
implements the following signals.

e PLUS A H ~ When the decoded PLUS A H signal is larched with an active
ACE L at the ADS input, the ACE is selected.

® ACE L and DIOR L - When these signals are low and the ACE s selected,
the CPU can read siatus information or data from a selocred register

s are fow and the ACE is selected,

s 1 4 selected register

# ACE L and DNOW L -
the CPU can write dats «

® BRESET H = Wh
all registers {except the receiver buffer, transmitter holdin

en this signal is high, it clears the ACE control logic and
g register, and

divisor latches). Also, an active BRESET H signal affects the sttes of the
IRQ4 T, M8 SOUT H, M8 RTS L, and M8 DTR H output signais.

® ACH L at ADS L ~ When ACE L s asserted, it provides larching for the
register select PLUS A H signals (BA2 1o 0 H).

® BAZ to O H - Buffered address bits 2 o 0 select the read or write
register as indicated in Table 3-172.

3-44)
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Table 3-12  Asypchronous Communications Element Register Addresses

Comm Addr DLAB A2 A1 A0 Register
X X x

368 O 3 0 (O Receive buffer {read) or Trans-
mit holding register (write)

309 ] G G 1 Interrupt enable

3EA X a 1 Q Interrupt identification {read on-
vy

5 it : i Line control

IFC X 1 0 Ry Maoden: consrol

A¥D X 1 0 1 Line status

AFE X ! 1 0 Modem status

3FF X 1 1 i None

3F8 1 0 0 0 Divisor latch (15B)

3¥9 1 0 0 i Divisor latch (MSB)

The modem control logic determines the state of the communications link and
rransfer data. The modem control signals are as follows.

& M8 CT8 L ~ Whenever the 1% function of the modem starus register
-changes state, the LANCE generates an interrupt if the modem control
logic enables the modem status interrupt. M8 CTS L is a modem conirol
function input. The CPU can 1est the input condition by reading the CT8
function in the modem status register. o

® M8 DSR L ~ When this sigoal is low, the ACE is ready to establish the
communications link, and vansfer data, The CPU can test the condition
of this signal by reading the modem status register.

® M8 RLSD L — When this signal is low, the ACE detected the data carrier.
The CPU can test the condition of this signal by reading the modem
status regisier. Whenever the RESD fundtion changes state, and the
modem conirol Jogic enables the modem status interrapt. the LANCE
generates an interrupt,

3.41
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& MB DTR L ~ When asserted, rmzs si

) weral de that the /

bie the

® OLT2 ~ This signal i wer-designaced o :q,JL oy enable/d
Jestare driver W4 H signs

Y

gon

U

e, ang thf* miGden e
assere & > intes ‘Jg”“ "é‘f‘JL
the interrupt enable register.
£UPE SESVIce Or 4

The conmrol reg

& Line Contrnd ‘M::am,vﬂr - I irner
the asyn nous data commuaications exchar ;_,,
register. In :ad(iiii{m. oo s:emmslin;‘:: the format, the pregrammer may

the contents of the register for inspection.

ater and
the ransmiiter section. This
sigémi ﬁm d‘u: receiver sectiofn.

H it seciion
n‘umx)fm;ef 3 3{
sutpat i also the tu;m‘%
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4l (h;gm to 1/(C address C80, data bit 2 of the special mzvmiq resz!ste
sey the ciock baud rate o 1200 baud. The baud raic OF COn-

trols she rransmitter clock baud rate, which allows the ACK wmerate in split
bas;d r“;w mogde, Bgf writing 2 0 {Jow} to 1/ ad_dr«:& C80, data bit 2 of mc:
5 puzpt; , vou return the recetver koo e baud
. iz can read chis bic ar tizh

g

7.5 Special Purpose Register

purpose register {Figure 3-8) (:;:sﬂsi
> flip flops, and 13 L8244 nc
iste iocated at 170 address €80 (hexy.
tiens port, the diskete controller, and the v;dec; imgiay ii‘(‘:}fs,a.i‘()ﬁé:r wuse the

chronous communications port uses the following signgl
Eﬁigimi emem;&d features.

® Specd Select (SPSL L) ~ The asynchronous communications port
read fwrite signal to select the modem baud rate.

® Disable Asynchronous Communications (DISCOMM H) - The asy
nous communications port uses this readfwrite signal o ::x;ﬁ 1/
reads angd writes to this section.

® Solit Baud Hate (SPLIT H) - The asvachronous communicatic
this read/write signal o emhk the split band rate mode.

W port uses

¢ Speed Indicator (M8 81 Ly — The CPU uses this read-only signal to read
the status of the moedem baud cate.

ttal extended

diskerte controller uses vhe following signals 1o prowide D
diagnostic features.

# Floppy Dskette Index Pulse (F13 DX H) -~ The di
this read-only signal, which is the real time status of the index puisc ‘;}
the selected disketre drive, for diagnostic purposcs 1o test the motor

specd of the disketwe drives.

:?1@. idcued iﬂhl‘&‘lh dhif: for (ild},ﬁ&)&iiﬁ o

oy Hskewe Write Protwor (FD WR PR
+ uses this read-only signal, which is the wri
from the selected diskeite drive, for diagnostic purposes.

wng* %! cutput

L



[ER RN . oy v N -
FI vaxmaze I0-Video Modnle

The video display conuroller uses the special purpose register to provide the
following signal.

& Disable Video Ouiput (DISVID Ly — The video contralier uses this
read fwrite signal to enable/disable the video controller sutput o the
CRT. '

3.7.6 FIA Interface

A pair of 9636 ling drivers, and a pair of 201532 ceivers (Figure
3-10) provide the EIA standard interface for com -t another computer, a
modem, or a peripheral device, These components are described as follows

Line Drivers — One 9636 drives the M8 RTS L and M8 DR L signals. The
other 9636 drives the SPSL L and M8 5OUT H signals, which amit the
serial data, The signals PLUSV H (+12 V) and MINUSY L {14 V3 power the
drivers.

Quad Receivers — Both receivers accept data and conurel signals from the
input device, The asynchronous communicatioas port shares one of the receiy
ers with the serial printer port. A -5 V line powers the receivers,
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3.7.7 Physica! Interconnact

of }h I/ Vz 4eo mnd ala P %atw.,ez zhg;
nd the input device. The port is 2200 8 : mpatible,

23 electrically compatible, and configured as Data Terminal Equipment

(D). Components o the mansmit lines provide radiated emuission filtering,

snd components on the receive lines prov iectrostatic dischage protection,

Table 3-13 iists the pin assignments for J2.

H Prowective Ground (FROYT GRD 1L

2 Transmit Data (XMIT DATA 1)
3 RBeceive Data (M8 ROV D2ATA H)

4 Reqguest To Send (RIS H3

5 Clear To Send (M8 ¢

S

& Daiz Set Ready (M8 DSRE L)

B Receive Li

1)

¥

oAl 14 Now connpeo

g

il Noz u

12 specd Indicator {

13 therough 9 Not connecied
20 Datz Termipal Beady (DTR H3

21 Not connected

22 Ring Indicator (M8 BRI 1)
z3 Speed Select (SPEL

™
i
e
pond
Tt
Ji

Nest ¢




4.7 Introduction

This chapter provides a functional description of the video conoroller, the
monitor board, and the CRT circwir. The video controlier resides on the 1/0
board and drives a monochrome or a color monitor. Within the video subsys-
tem, the display processor displays up to 16 colors or 16 shades of gray. In
this chapter, the term “color” also means “shades of gray” or “ingensity
levels.” The monochrome VAXmate can display 16 levels of gray.

4.2 Video Controller Functional Description

The VAXmate workstation video controller (Figure 4-1) consists of translation
logic, 2 CET controller, video memory address Jogic, 16 Kbyies of swatic video
memory, 48 Kbytes of dynamic video memory, a 4 Kbyte static vides font
memory, decoding and arbitration logic, and a 144-pin video gate array.

bz,
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4.2.1 Translation Logic

The wransiation logic (Figure 4-2) translates industry-standard bardware data
into YAXmate hardware-compatible data. The supporting circuits include an
additional 170 decoder, to provide enable signals for the translation ROM and
four D-type multiplexers.

Certain parameters in the 6845 are implementation-specific for some industry-
standard applications that go directly to the video. The trapslation logic forces
the values written for the indusiry-standard application into the correct values
in our svster, so that the CRT timing can match the monitor timings and
generate appropriate controls to the video gate arrav,

An 170 write at 3D4 (hex) into the index register of 6845, larches the lower
four bits of data into D-flops (12). An 1/O write at location 305 (hex) acti-
vates the wranslation ROM. The data (SD7-0) and the previously latched
address {(LA3-0) form an address into the ROM. The corresponding contents of
the ROM, at LAD7-0, is written into the CRT controller.

IDAVWER L i
: |
N D-TYPE i
i FLGPS L
D
1 T
|

FROM P*'\
1 v’> -
e R £ |
Figure 4-2 Translation Logic Block Diagram
4-3
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4.2.2 CRT Controller

The CRT controller logic (Figure 4-3) addresses the internal registers of the
video gate array. The data lines (LAD7-0 H are bidirectional between the
e84% CRYT conwroller and the video gare array. The memory address lines

{CNMA12-¢ H) go through three address muldiplexers to direcely address the
video memary. The interpal i i

DOSINon-

ing, synchronizacion, video sees, and widih of video

display.

Ah

W

LATIOHN

CNMATZ-OH

]
, EN H
;‘“”"}megm/! TCI ;:‘E DEG
A ¥
=T -}
i oA

Figure 4-3 CRYT Controlier Block IMagram
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4.2.3 Video Memorv Address Logic

Both the COPU and the CRT controller can address the video memory by using
the video memory address logic (Figure 4-43. The controller memory address
(CNMALZAO B and the CPU address (SAB-3 H) are multiplexed in three 4 % 2
multiplexers. The output of these multiplexers is the video address

(¥A1Z-1 M)y, which goes 1o two 8K ¥ 8 static RAMs. The VAG H and VAL3 H
signals come directly from the video gate array. The 14 video address lines are
multiplexed with each other to provide an 8-bit data address (DA7-0 H),

: e input to 16K X 4 dynamic video display memory (six DRAMS).

WA 18

FROB CPU

i 1 X
i SAUX
SO 1”..‘//"& . F . e 5,
Y DAT-4 H 2
5 by

VAI2H
J— 2
! e 112
I
; VAT D o

FROM VIDEG GATE ARRAY

HELE

Figure 4-4 Videc Memory Address Logic Block Diagram

Ly
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4.2.4 Videc Display Memory

The video memory (Figure 4-5) has 64 Ki‘wtf’% 2 16 Kbvie sratic RAM and 3
48 Ebyvte dynamic RAM. bath memories o either CR
e‘:ovfsnm‘%i:r o §’z’s)m the CPU h* su,,h th I

che: -J}n&mxe.,. 'vgdeu me moz; are row addre:

strobe {CAS). These inputs come from the video gate s
memory RAS/CAS drivers. These inputs determine the position of the data on
the video screen.

The data enable signal
the dynamic video memory on lh z
from the video gate areay tristaces the ouputs ﬁf the 53“2 AN
used.

STATI W EMGHY £ AN W

Figure 4-% Video Display Memory Block Diagram
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4.2.5 Video Font RAM

The video subsysten: has a 4 Kbyte programmable font RAM (rwo 2K % 8
RAMsY for up to 256 character patterns. The font RAM select signal (FRS L)
enables the octal driver o send 5A11-5 signals from the CPU bus w the font
MEemory.

The video font memory (Figure 4-0% contains two 2K % 8 bit RAMs, each with
256 characters contained in an 8 X 16 Digital-enhanced font mateix for texe
mode. The video gate array conwrols the video font memory using the font
RAM select (FRS L and FRS H), buffered memory write (BMEMW Ly, font
charactes set selections (FCS1 L oand FCs2 1y, and font output coable (FOE Ly
signals. This latter signal enables the bidirectional lines between the video
font memory and the video gate array.

The octal D-type flip-flop stores the next character that is to be shipped to
the screen.

VIDEG FONT MEMORY

¢ i MW.,@ B j-‘-—-1

 S————————

Figure 4-6 Video Font Mewwory Block Diagram
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4.2.6 Video Decoder and Arbitration Logic

The video memory decoder (Figure 4-7) enables addresses BOOOH — COODH 1o
be decoded. System address lines {SAT%-15% Hy are monitored o enabile video
memory (VMEM L) Thiz decocer also monitors the refresh signal {(REVRESH L
w disable VMEM L, which goes to the video memory arbitration logic.

The vides memory arbitration logic determines priority levels for the CPU and
the display processor to access memory. The refresh controller has priority o
climinate a snowy condition that may cesuli on the s

e e

e 4 MER L

Figure 47 Video Memory Decoder and Arbitration Block Diagram

sk,
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4.2.7 Video Gate Arrayv

The video gate array (Figure 4-8) is a 144-pin, CMOS, Digiwal-proprietary gate

array circuit that provides high reliability f}fﬂse video gate array uses two exter-
nal crystals for internal tming. The 27.977244 MHz crystal is used for Digital

‘z 1248 empulator mode; the 22367195 MHz u'yam! is used for ail other

. The gate array provides smany of the control signals and bidirectional

£s for the variops components of the video subsystem, and also provides the

R&w and CAS signals for the video memory.

Within the video gate array is a video look-up table. This table is a 16-word

RAM that allows vou to rapidiyv select the color or intensity fevels for the
varions modes of operation.

Ao in the video gate array is a display processor that eonverts memory dain
into various raster formats, depending on the mode of operation. The display
processor provides the outpu to the video ourpur circuit

MHZ 2 XA MUK

‘} TOOSTATIO MERMDAY

ey

VO DG DUTRL




U video Subs

4.2.8 Video Output Circuit

The video output circuit (Figure 4.9 can drive eicher a monochrome or 2
color monitor. This circuit has an octal cupet driver m.,h vrovides the
vertical and horizontal synchronizadion, the iniensity. ¢ red, green, and
blue (ARGE) signals to the monitor. The VA Xmate manitor module contains
the D/A circuits needed o \nt;\%«»e;f the IRGE signals 1 u ]

gray. The series resisters and capacitors on the video o
filtering.

VOSYNGC
o e {f}:}_..,
L

H QVN";\X' B
1o YL o S N
. P j

b sk e

BT ——— -

o0

—

Figure 4-9 ¥Video Output Block Diagram
g P £
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4.3 Monitor Interface

Table 4-1 lists the monitor interface signals. These %igmfs are applicable w
either a monochrome or a color monitor. See Figure 4-10 for the monitor
connector pin assignments on the monitor board,

lahk 4- 1 Msmimr Iuaeriacx, mgnals

Pin No. Signal I)escrxptmn
Horizontal/Line sync {active low)
2 Vertical/Field syne (active low)
3 trrensity Video (active high)
% Red Video (active highy
& Green Video {active hight
& Hue Video (active high)
7 £00/7250 select (low for 400 scans, high for 250 scans) Mode signal
> {reserved’
G Signal ground
JLE +5 rewarn
11 £5 Vde (200 mA max.) '
{&pare)
1 7

HORIZ EYNC - 4007250 SELECT

VERT 3YNC -~ e RESERVED

INTENSITY Summa———

RED VIDE(Q -~ ’“‘”""‘""‘“"‘.:i_,

GREEN VIDEQ = ) -
BLUE VIDEQ = o SPARE
12

J3
ON MONITOR BOARD

[ES et el

Figure 4-10 CRT Connector Pin Assignments

4-11
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4.4 Monitor Board Techoical Description

kstation. This
submssernbly (Figure 4-11} consists of 2 340 millimeter (14 inchy CRT and
yoke assembly, und & mu mitor board. The board receiv

operating voiiages aod
signals from the system h; /ilgia ¢ connections: 2 for power

The PCSOG-M is a monicor sub-assermably for the VAXmate wor

(+28V +12V aud —~12 %Wy, and I3 for intensity, red, E!f(‘t:i‘i, .md irfue signals,
mode, and +5 ¥ The ou ip ut signals of the board tGEE,

nector o PA o fhi’ CRYT The scan

df-'* signal ~.) 0 s%mu;“ ;
ion yoke. These connectons

2 J1 /P4 Co

g}rﬂ zdr,
The monit

= Phase-locked Inon

® Voltage stabild

& Dipive Tirciit

® Ling

® Ficld

¢ Video smpdificr with 4-bir dig

> user can adiust the LRT b i
and chrough software, can switch the height beoween the 250 and 400 line

CAUTION
mponents in this description are
smatic {54-106828-4-1 g in ?‘w ?(ﬁfi@ Tield M
APO2252-31). A nev (1 have etch
ﬂi‘ board, ;md i COMPONENLSs
hos re present in the

-

5}’ SEem.

¥ <y
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4.4.1 Line Oscillator

The monitor uses a2 phase-locked ‘?ﬁog} {PLL) line oscillator I€ (E1). The cir

cuir (Figuse 4-12) operates from g —12 ¥V sunply, for ease i’ connecting w the
drive circuit, The deviee has as i ator so that &t
nents between pin & md R1 seis the current for
fator. R10,

. B3 terminates
rent o the synchro-

The line sync pulse i
the ling, C3 provides

nizing input of £1

and C6 Ré : e the leop
the dynam DO lop. RE also
generate thg r‘{mp

R14 is the external ramp generator for the PLL. K14 is connected 10 {%\6 high
voltage flyback pulse, and acts as 2 current source for C8, thus produc a
lincar ramp. C7 is a coupling capacitor berween the ramgpe agdd pin 4 R4 and
R3 vonirol the duty cycle of the output pulse and set the off time at 15 us.

=
e
B -5
; [ i
| P !
Tho(p & HE g HH L L i
T~ 4 I RE
| & 5

OSCILLATOR
E

.
3
il

210 ; 114
H IR
Figure 4-12  Line Oscillator Circuit
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4.4.2 Drive Circuit

The purpose of the drive circuit is to properly switch Q6 in the line curpue
stage. (Q6 is shown in Figure 4-13 for clarity.) The drive circuit uses the
stable +9 4 ¥ 1o drive the line sweep circuit, The line sweep circuit uses a
push-pull transistor circuit for accuracy in setting drive current. This circuit is

used instead of a wansformer, which would have variations due 1o pulse width
changes, inductance changes, or small voltage changes.

The base current necessary for Q0 saturation is 30 mA for about 23 us. The
reverse carrent o tura off Q6 is much larger, but this current lases for a
shoreer duration. Worst case values are 1 A for 1 ups. Typical current pulses
will be abour 6040 maA. 3 is capable of handling this surge.

Assume the protection circuit with Q1 is on. When pin 1 of E1 is high, Q2 is
on asd receives base curcent from R11. R12 sets the drive current to the base
of (36, Because of the accuracy of this arrangement, the drive current can be
ciose 1o an ideal valoe. This reduces overdrive, provides shorter storage tite,
and creates lower dissipation in QG.

When E1 pin 1 goes low, Q2 turns off and Q3 turns on, pulling the Q6 base
charge out very quickly because of the very low resistance path to the ~12 'V
supply. At this time, the base of QG is a few volts below grouad level.

1 and iss associated circuitry provide protection for ¥1 and QO, and act as a
gate to remove drive power in case the +12 V or the ~12 ¥V supply is not
working. I this circuit was not present when the ~12 ¥ supply was low or
missing, Q6 {(a Darlington transistor) would be turned on and draw excess
power from the +28 V line. D2 sets the operating voltage for the gate. R16G
sets the base current to Q1. R13 ensures that Q1 will stay off when the -12 'V
is low,

i the +12 V goes low, the deive would be removed, but the emitter base
voltage of Q6 would exceed the specification. R17, in combination with R13,
prevents excess reverse voltage across the base eminter of Q6. This is necessary
if the +12 V line is low, or during turn on and turn off fransient conditions.
#13 also limits the peak current that E1 must sink.

R69 and R71, along with C46, decouple the +28 V line for the flyback trans-
ormer, and provide some regulation.
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Figure 4-13 Drive Cirenit

4.4.3 Line Sweep and Auxiliary Power Circuit

The line sweep circuit {Figure 4-14) is a conventional type that uses a third
srmer (FBTY. The main requirement of the line

harmonic tuned flyback trans
sweep circuit is o produce a 6 A {peak-to-peak) saw-tooth current in the
s secundary requirement is e produce auxil-
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4.4.3.1 Line Sweep Clrouit

VA nonlinear
ii p?u)flliuw widin

kce;ﬁung t
provide

and an S-capacitor

it LU
noniinge f
through L, ’)u
sweep iime, the
which moves
06 is turned e)fi
fesanates ‘fsi-
"‘iim‘i::, and €

HS maximunm o
beam from the ¢
collector tries o turn lsrg
o its long time constanm
center, The ©
on anytime before the ¢
the diade s the transistor.

IIent 18 no

R72 and CS1 provide damping of

ringing from appearing on th
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Figure 4-15 Simplified Line Sweep Circuit

4.4.2.2 Auxiliary Power Circuit

The fivback transformer produces auxiliary voltages as follows,

Yoltage Destination

+13.1 kV (@85 1A max CRT anode (EHT)

+950 V (@200 pA G2 and G3 (Curolf and Focus grids)
+45 ¥V (@75 mA max Video output

~100 V @1.2 ma 1 (Brightness); G2 and G3

The fivback transformer includes the rectifier and the bleeder resister for the
extremely high tension (EHT) lead. Also, there is a resistor in series with the
EHT lead thar belps suppress peak current when the CRT has a flashover.

D10 and C48 are the rectifier and filter for the 4950 V supply, and D12 and
C50 provide the same function for the —100 V supply. The 1000 V is divided
inn half by RE3 and R76, which supply the bias voliage o the URT for cuoff
and focus. R78, R85, C%4 and €56 provide decoupling and protection. ((Gn
new circuit boards, T2 adds dypamic focus.)



s conirol
3¢ BCE S0P §L

4.4.2.3 Dyaamic Yocus

Y

€ SAWTO

ision !:'C;z' d
~uit. Th
s f,ia ’1,.‘ inverts and i
: and applies es with the static
fneus control aliows the fixed " parabola @ be mo
’iO[* V. R84 uari 35 any ringing from showing up on tho
g CEHN :

pro{imu a xmln e ;)ahitl{)le acs

-

Figure 4-16  Simplified Dynamic Focus Cire
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4.3.4  Blanking Circuit

28 blanks the field retrace lines by negatively shifting the G1 grid by about
28V When (B is on, it shums K81, A pulse from the figid deflection circuit
turns off Q8 and adds 47 K ohms to the G1 divider chain, thus moving 61
more negarive, cutting off the CRT during field retrace. Because the curoff

contrel lmits vhe maximum brightness to abour 5 (fe-Lambertsy, you cannot
advance the brighiness contrel far eoough to make the reirace lines visible,

(Specitic fompoﬂf:m:\, around Q8 change for new revision boards, bur the func-
tion of the civcufs remains unchanged. See Figure 4-17 %

4.4.3.5 HNew Blanking Circuit

When Q8 is off, the bouom of C59 is almost at ground. A pulse from the field
deflection circuit turns (28 on and pulls the bottom of €59 w0 - 12 ¥V Because
€59 is large, the top also moves 12 ¥ and pulls G1 more negarive by 12 \f
blanking the screen during retrace. B81 keeps €39 near ground, and D14

protects the circuit during CRT flashover. C35 provides additional decoupling.

-

D14 prevents the base emitter juncrion of Q8 from being reversed biased. R82
and (55 provide decoupling and protection, however, the time constant is
much shorter than the other grids, so the blanking pulse is not distorted.

All the bias voltages go to the CRT through J4, P4 and P3. §3 also contains
spark gaps for protection.
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4.%4.4 Field Deflection

A specially packaged IC (E2, Figure 4-18) provides all operations for field
deflection, including direct driving of the voke. The device uses both the
stable +9 4 V and the -12 V supply. The externzl components are used for
setring bias, gain, linearity, and free run frequency.

| S

m

Lo

Figure 4-18 Field Deflection Circuit

In addition, the circuit has an electronic switch for software selection between
400 and 250 line video display modes. When the mode signal is on, the
switch changes t0 another height control and correcs linearity. Adjustable
resistor R27 (Height 400} controls the amplitude of the display in 400 line
mode; R29 (Height 250) controls the amplitude of the display in 250 fine
mode., CZ8 decouples any noise coming from the height controls.

R24 and €19 conirol the internal oscillaor frequency. 8ince the monitor oper-
ates at a4 refresh frequency of only 60 Hz, no adjustment control is necessary.
The oscillator controls a ramp generator, which provides a linear rasop ourput

{pin 12} and a buffered ramp (pin 1),

4-23
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£33 gives the lnear ramp a slight curve :
sors {20 and C W produce a © curve. K39 wdds this curve 10 the ramp at
pin 1, which produces an § curve necessary for proper liscarity op the CRT
E38 applies this § curve to :he mftput stage. The 250 line mode switches R33
in paralie t2 enzsure the
correct 1

The ou
inveri

which goes to the linearity ¢a

SLing input is
ih s circuiy and

Lrreng

42 samples the current through the voke (L6} i}f{‘(ius ing a voltage,
R4l {the Si}?'ﬂfi}iﬂg o piie ‘ 1 @;;«'
parcs this voeltage o the other input at pin M
?hﬁ i!fxmﬂw circuit thx mg? R*S T ‘ma ﬂ*@ fwdbad\ z:auf«nt a:arr*ob ﬂlt“

cup of BAG, RA7, K41, and R42
angd 300 my
it 26 filiers o

v

ar pin 4 is set ¢

o bBianking. Pin 11 ensun

Pin 3 connedis w1 3
224, and €25 sewing the amount of

circuit, with R;_%«l,
compensation.

< 10 pin 5 as the supply voliage for the curpur stage.
sitage from the flyback gencraror from g Dack.
s the "fxlrwc ﬁm** er capacitor for the flivback generawor within the IC,

oviding a faster retrace time.

g g
4. 24
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d sync signai is at TTL voltage levels. R23 terminates thfs signal. C16
rovides level shifting of the synchronization sigoal o a -12 V level, aild B22
; s current Hmiting RZ5 provi s de rezurn path, as 'Wefi% 4% S0MmMe noise
ﬁ“mvmt CR21, €22, R26, and €17 provide decoupling from the power sup-

iy, {New monitor 1?i‘df%,,;‘ have an inverter and a Cal%}d(i!:wr ar the field syno
ceduce screen bounce while swirching video

4.4.% Video amplifier

The video amplifier (Figure 4-19) consists of a power output stage and a four
Lio-anzlog converter (DACH in one circuit. This arrangement provides
rate control of biasing and drive levels for the output transistor, as well as
TTL interface and do gain control for the video signals.

The DAC s a weighted-current, mulaplying converter. It is built our of dis-
crete ansistors 0n owo 10s, B4 and ES. ¥ach bit contains an aciive currens
source and a differenrial switch, Each current source is set by a resistor and is
adiustable by the contrast conrol.

RE4, R63, RE7, BS6, and R34 set the maximum current for each bit. R63 and
Rérd are paraliel, w reduce the power in the resistors, The maximtm current
for green. red, blue, and intensity is 40, 20, 10, and 5 mA respectively. RG2
keeps the output stage conducting when there is no video signal,

EG baffers and inverts the video signal, and conerols the differential switch.
When the input o Bo is high, indicating there should be light on the screen,
the differential switch sinks current from Q10. The current also flows through
L1 and R61, and generates the video voltage that goes to the cathode of the
CRT M the input 0 E

¥

s low, the switch sioks current from the 45 V supply

«

149 controls & de velage, which varies the current of each bit sinmiltaneousty,
tp.‘a LOnt i:‘liﬁlg LCONLTASL.

425
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Video Swubsvsters |1

38 and RGO, on the collector of Q10, protect the monitor from any damage
from 2 tube flashover. Video compensation L1, a variable inducror, compen-
sates for the capacitance of the wibe and its feads.

R406 and R47 eliminate glitches by setting the reference voltage on the differ-
ential switch to accommodate for the nonsymmetrical slew rate of E6.

R49 is the contrast control. RS0, R51, R52, R53, and RS8 are used to prevent
high frequency oscillations. R65, RGG, RG7, and RG8 terminate the TTL lines.
R48, €33, C32, and {C36 on new boards) provide decoupling of the DAC.

¥

The substrate of E4 and E5 connects o the ~12 ¥V supply.

4.4.6 Voltage Stabilizer

The stabilizer Q12 (Figure 4-20) and its associated circuitry use the +12 V
line w0 provide a stable +9 .4 voltage. This circuit is an emiter follower tha
uses 2 10V Zener diode (D15) as a reference. The current source for the
Zener comes from the +28 V line, C60 and €61 provide decoupling.

The stabilizer output goes to the drive circuit and the field deflection circuit.

12

i
i _i
% g TC DRIVE CIRCUIT
Frm— e AN
= +G A4V STAB  FIELD DEFLECTION CIRCUIT

L3139

Figure 4-20 Voltage Stabilizer Circuit






Chapter 5
Diskette Drwe
Controller

5.1 Iniroduction

The diskewte drive controiler logic provides the interface between the
VaXsmate system bus and the VAXmate diskette drives. The controller converts
binary data from the CPL module inio modified frequency modulated (MEA)
seriai data thar is transmitted 1o a diskeute drive and recorded on the diskette.
MFM is a magnetic recording method for diskene drives that encodes a clock
signal into the MPM flux transitions recorded on the diskette. When dara is
read from the diskette, the controller recovers the clock and data signals by
using a1 clock separator and data separator.

Figure 5-1 illustrates the controller position in the VAXmate system. The dis-
kette drive controtler logic contains a floppy disk controller (FDC). three
internal registers, timing logic, address logic, data and conwrol logic that con-
o the diskette drive, and common logic that connects o the CTPU mod-
ule (Figure 5-2). The PC500 I/C board drawings on sheets 3 through 8 of the
Engineering Print Set illustrate the diskerte drive controller logic.

i
3
g
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i:“! Disketts Drive Controller

AN

=

CPu

DATA
DMA ACKNOWLEDGE
COMTROGLLER TERMISAL GNT R
COUNT CONTROL
CUTPUT
ADDRESS CONTRO!

H
Data f
o s e :
£

e CPU MODBULE et | oo /G MO G L e

L5392

Figure 5-1 Diskette Controller - CPU Interconnect Block Diagram

5.2 Operation

The contreller supports 5-14 ioch, high-capacity diskette drives with standard
{800 Kbvte) or high capacity (1.2 Mbytey media. The disketre contreiler
operates in either DIMA

Loor non-DMA mode. It ases DMA mode o transfer dara
1o and from the system memory. In DMA mode, the processor ssues ihe com-
mand to the disketie controller, and the diskette controller and systemn DMA

ot
ko
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controller implement the data transfer. In non-DMA mode, the diskette control-
ler generates interrupts 1o the processor each time the controller transfers a

data byte,

5.2.%

Diskette Drive Controller Connector

The Disketwe Drive Controller Connecroy (PCA06G 170 Board in the Enginecering
Print Sct, Sheet 4% connects the diskewe drive controller 1o the diskerte drive.

Th{“ -1

nals associated with the connector arc used for motor control, reading

data, and writing data. Table 5-1 lists the functions of these signals.

Table -1 Diskette Drive Connector Signalks

Signal Function

FI HO SEL 1 H

FPU H
DOWEEN H
WR DATA §

Fi> STEP H
FIr DIRECTION H

FI MOTOR A ON L
FD MOTOR B ON L
FD DRIVE B SEL L
FI> DRIVE A SEL L
SEL 5G40 L

FIr DCH

Fir RAW DATA H
FO WR PROT H
FI» TRKO H

Fipx H

Selecrs disketre drive Head 1 or Head 0. Head i==(1), Head

2y

The enable gate for conwrol signals 1o the diskerte drive.
Enables write datz o the disketie drive.

Prata w0y be written on the disketce,

Stepping pulses that step the head o the nest or previous track
based on FD DIRECTION 1

Provides the stepping direction of the read/write heads. When
this signai is bigh, the heads step in (towards the centery,

Selects diskette motor drive A,

Selecis diskette motor drive B.

Selects diskette drive B logic.

Sclects diskette drive A logic.

Frovides data transfer rate as determined by 3D0 and 8D 1.

Signal from drive logic indicating that the diskette drive door
has been opened.
Data and clock information read from the diskete.
Write protect status in read/write mode

Indicates that the read/write head i= on track 0 {zero) of the
diskerte.

Index pulse signal indicating the beginning of a twack on the
disketre.

53
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5.2.2 Drskette Clock Generator

The 8 MHz clock signal from the VAXmate CPU timing logic is issued to the
fleppy clock genceator (Sheer 6, E73), where the required timing signals for
the disketre logic are generared. Quiputs from the clock generator are fed o
the floppy clock multiplexer (Sheet &, E67).

5.2.53 Diskeite Clock Multiplexer

¥ outputs from the floppy clock muliiplexer select the clock signals
d for tdming by the data separator, DMA request logic, delay data logic,
compensation logic, and the floppy disk controller.

5.2.4 Address Decoder

iffered Address BAZ-0 provides the address for the diskeue drive congrol-
i*zc, DISK SEL command decodes the 1/0 address. The addresses are as

Function
G0  Select control register
1GO Select floppy disk controller
143 Select floppy disk controller
il Write: Data transfer rate register

Read: Diskette change register

5.2.5 Floppy Disk Controller

The floppy disk controller (FDC) is a 40-pin LSI chip (Sheet 5, 8272A). The
FDO provides the control functions and circuits 1o connect the RX33 diskette
drives o the VAXmare CPU module, Write data (FI2 WER DATA H) is developed
from data bus inputs (LAD7-0). Inpur control signals include wack informa-
tion, read and write commands, clock, chip sclect, and other parameters. Ouat-
put signals include write data, write enable, step controd, pre-compensation
starus (early, normal, late), and head select. A complete descriprion of the
G272A can be found in the Intel data sheets.
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5.2.6 Write Pre-Compensation Logic

MFM recording produces undesirable shifting of the peaks of adjaceny flux

transitions on the diskette This causes the MEM flux transitions o move from
where they had been written. YWEFM en
mp) logic o

kJS‘C
The write pre-cong
be delaved The de
written.

5.2.7 DHQI

The DRQ delay o cet 5 conpensarss for diming mismarches within the
controlier fogic. 1 CSE ¢ he DR delay
clock signal DRO ;;L‘z WL.& }i am} is enabled onue the bus by the diskete
DMA enable signal FD OGMA EN L.

5.2.8 Data Separator

The purposc

of the daia separator is to exiract the ¢ f‘§( &sgnﬁi ﬁgnm e znput
data, and ¢

a. It does th
between the existing data &ud gec Ahazmg this ph
or decreasing the ¢l
ence between data and ;:h,»' K. ii“m vmmg gm‘ixmﬂ:, imdbmk to the ufliag’i
control oscillator in a closed leop system. The leve] of th ; .
the freguency of the VOO clock, 1 tzzm the phase relatl Cm!*sp fn‘ data
and clock. {Ses Engincerin {(PCS0G 1/0 Bosrd, Sheet 8.))

5.2.9 Disketie Countroller Registers

There are five H-bit registers associated with the diskerte controllor. Three of
the registers are conwained In the diskette control Eagiig, and two registers are
sside the controlier chip. The processor can acc ¥ 5. The
three contrel legic vegisters include the Contig si Eu gam . Dats Transfer Rate
R(’;.,iﬁt{:‘it andd Change Regiseer,

5.6
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5.2.9.1 Control Register

The control register is a write only register that selects diskette drives, wurns
on the drive motars, enables and resets the diskerte controller chip, enables
diskeite DMA mode, and enables intercupts o the sysiem processor. The speci-
fmd watem ciara bus signals (8D 5-2, U) are latched in the r&*gz‘s'r’i’ flip-flops
e reset {BRESEY H) clears sl conirol register bits, The

¢ descriptions are as follows.

Control Register (03F2H}

7 6 3 4 3 2 1 0
| 1 " T ,é
H i , ] ; \ J—
| | MOTOR B|MOTOR A|DMA  |RESET DRIVE |
! | ENABLE SELECT
0 | O G
1 !
Bit Description
76 Not used
5 1 = Turn on motor of Drive B
G = Turn off motor of Drive B,
4 v on motar of Drive A,
off motwr of Drive A
3 1 = Enable DMA request, DMA acknowledge, and interrupt request 1o
system Mmicroprovessor.
2 1 = Enable FDC chip.
0 = Reset FDC chip.
1 Not used
G O = Selecy Drive A
1 = Select Drive B
5.2.2.2 Dats Transfer Rate Register
Az mentioned previously, the diskette controller supports a 5-1/4 inch diskeue
drive and media. The 5-1/4 inch drive has a data rate based on two different
mistor speeds (low aﬁd high). Low speed uses srandard media, and operates at
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2 data wansfer rate
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7 6 5 4 3 2 i 0
e ey S
| 1 E
%f‘:ﬁéﬁﬁf? i i
{STATUS !

i ¢ 6 | 0 0 0 o l 0

Bit Descripiion

7 G = no "%‘ﬂrzgf—*

i = door has been opened, diskette possibly rf:mmui or changed

5.2.1¢ FDC Chip Internal Regisiers

The FLC chip contams two registers: the main status register, and the data
register. The main status registers holds FDC status and may ba accessed at any
time. Only the status register is used for the transfer of data between the
processor and the diskeue controller.

tata register consists of several stacked registers. Only one register has
access to the data bus at a time. This register stores data, commands, pamxng
rs, and giskette drive status information. The iaformation written into, o
read from this register is used to program or obtain results after a p&ﬁﬁl&.
command.

A

5.2.10.1 Main Status Register

ster containsg the disketre controller status. The CPL muy access this

This
i at any time 1o transfer data between the CPU and controller.

5.9
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Main Statns Regiater 108
7 & 5 & 3

o
st
«

REGQUEST | BATA {
FOR /o RON-DMA | CONTROL (| DRIVE 3 GRIVE ZDRIVE 1[DRIVE O
MASTER |[DIR HODE BUSY * BUSY BUSY BUSY BUSY

P

i
— S5 SRP—

Bit Description
7 is ready wo zend daia
o §n:iifzzw=; direc

I = datz transt data register (o fbr"zf‘i%i’ﬂ

O = daty tras oy 10 daza
3 ria,zri!‘ig nen-DMA mode.

nded; resuls phase has stareed.
4 Ca read or write of sinl’?*lﬁJ is i
oot accept any other commarnd.

3-0  Disk drive 11 is in seek mode; the controlier will not accept a read or

write command,

5.2.10.2 Datz Register

This register stores data, comma
sists of several ﬁ,gmux ACTANGEL
presented 1o the dama bus,

nds, parameters, and disk drive status. It con-
- a stack, with only one register ar a time

Data Regizster 93F5H}

7 6

A
.
St
P
ot
o

STATUS OR DATA




Bit Description
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71} Diata

5.2.18.3 Status Registers

The foliowing four registers store status informavion after a command has been
executed. The storage occurs during the result phase, and is relevant to the
speciiic command.

Internai Register -

Status Hegister 0

7 6 5 4 3 2 1 0
T
INTERRUPT SEEK EC NOT BEAD UNIT SELECT
CODE ERD READY |ADDRESS
3 - L
Bit Description

70 G0
G i
10

113

ft

i

I

I

Command was complered and terminated properly.

Command was started but was unsuccessiul.

Command issued was never started.

Abnormal termination: the disk drive ready signal changed suate
during command execution.

Internal Register - Status Register ]

7 6

5 4 3 2 1 0
MISSING
EN DATA OVERRUN NO DATA| NV ADDRESS
ERROR MARK
o 0




Bit

Dsgeile Drive

Corirolier

Description

~4

o

e,

Lohd

O

i

M
[

‘3‘5’? E%VL " O13
sector of a ui.nd

Er atempis 10 a

Not used, always zera,

Ser when the controlier detects a oyole redundancy

LGRS | i

Net used, ziwavs z

e,
Sc¢r when the following conditions ocour,

‘The conrrolior canpot find the speaified sector during execwion of
4 read data, a write-deleted data, or 2 scan command.

b, The conwroiler
cution of the

cannot yead the 1D Feld without an ersror during
d 1D conmand.

The starting sector cannot be
Hinder command,

ound during exscution of the Read A

a write-protect signal from the i
. write-delered duta, or format cvlinder

Ser when the conreolier detects
drive during a write data
command.

Set under the following conditions.

a. The conirclier does not derect the address mark after soeir

index hole twice,

mé
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Diskette Drive Controdler ini

Indernal Register - Stotus Regisrer 2
7 1] 5 & 3 2z 1 0
DATA SCAN
CONTROL | BRROR WG HHIT SR BC M
HARK IN DATA EQUAL

G FIELD

Bit Description

7 Mot used, always zero.

G Set when the conrroller finds a delered addeess mark during a read
data or scan command.

5 Drata evror in error field. Set when the u‘mzmikr detects a f_wk,
redundancy Lh(’:i k ervor {CRC) in the daa field

4 Ser when the comtents of the current oviinder differs from the contents
stored in the daca register.

3 Set when the "eqgual” condition is satdstied during execution of a scan
command.

2 Set if the controlier cannot find a sector on the cylinder that meets
the condition during 2 scan command.

i Set when the ovlinder conternts is different than the conterns siored in
the data register, and the cylinder contents s FE(HEX).

0 Set when the comroller cannot find a dara address mark or deleted

data address mark during a read operation.
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FAULT

PROTELCYT §SI0E ADDEESS

i
1 ,

WRITE |BEADY ETKAC‘? GT‘«?E HEAD URIT SELECY
|

H

iy

[N

)

Yy
Y

Sy,

aa,

t signal siatos from the

Indicates the write protected signal status from the diskernte drive

ready signal status from the diskette drive

+ 3

Track O sigral starus from the diskente drive,

o two side signal status from the diskente drive.

Indicates al status {or the diskeue drive.

Indicates the unit select 1 signal statos for the diskeste drive.

Indicates atus for the diskette drive,

= unit select O signal 3




Chapte?" 6 %;
Hard Disk Controller |

6.1 Introduction

The VAXmate hard disk controller conpects the VAXmate CPU to an RD31-A
(or equivalenty hard disk drive. The controller subsystem, including the hard
disk drive, is located in the RCD31 expansion box (Figure 0-1). It consists of
a WD1003-WAH controller module with cabling to connect it to the bard disk
drive. This chapter describes only the hard disk controlier. The hard disk
drive technical description (RD3 1A Disk Drive Manual, EK-RD3 1A-TD) con-
tains details of the RD31-A

i

Rl

L0BIGE

Figure 6-1 Hard Disk Subsystem Location

G- 1
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6.2 General Description

The VAXmate hard disk subsystem ex §the
system with an additional 20 megabytes of Moditied Fregues

{M¥M) formaned data.

expansion box backplane, and is conm ) tiw hiapd
and 2{%‘91%1 cabs !hc 34-pin (difﬁlt prm adﬁ COn
There 15 also a J} nin cable connection for cach i i drive,

The hard disk convrol oduie 2 a 254 cer
centimeter {4.25 inch)y wide multilayer prine i;l circuit board. It hzzé W e
connectors {fingers on bodh sides of the board), chree right- m.gig male plug
CONNECLOrs {J 10l )5 ,and six sews of jumper pins, all o

BrOCessor, and & WD 1500
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6.3.1 Module Cabling

Three cables conpect the hard disk drive 10 the VAXmare disk coniroller mod-

8302 controller board (Figure 6-3), and o
sion box power supply moduale {(Fig-

LAGR20A

Figure 6-3 Hard Disk/Control Module Cabling

6-3
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VD Hard Disk Conteoller

POWER CONHECTOR
-

1-EARE

Figure 6-4  Hard Disk/Power Module Cabling

DRIVE

IS/

LA ans

Figure 6-5 Hard Disk Subsystem Interconnectious

6-4



Hard Disk Controfler |1}

Appendix B lists the edge connector signals. The pin references are as follows.
1. P1 — 62-pin card edge connector
Component side — pins Al through A31

Conductor side ~ pins B1 through B31

2]

P2 — 36-pin card edge conpector
Component side - pins C1 through C18

Conductor side ~ pions D1 through D18
6.3.2 Module Jumper Settings
Table 6-1 lists the module jumper settings.

Table 6-1 WD1003-WAH Jumper Settings

Jumper Position Function
Wi no jumper® Sratus read is not latched. Dynamic drive select
{select=drive busy}
jumper Status read latched. Static drive select (select asserted
except during reser)
w2 no jumper’ Primary addresses selected
jumper Secondary addresses selected
W3 not used” Mo jumper pins installed oo board
W4 Jumper 2.3° Ties firmware sense bit high
Jumper 1.2 Supports two head, 612 cyclinder second drive, with
standard system Set-Up for four head, 306 cylinder
drive,
W Jumper 1-2° Stundard configuration
Jumper 2-3 Internal power-up circuit signal
W6 Jumper 2-3° Ties joput high. The 33 us step rate is selected (step
rate ).
Jumper 2-3 Ties input low. The 16 us step rate is selected (step

rare 13).

* These positions are pormal jumper settings.

. 6-5
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6.4.1 System Bus Interface

!he ::.nmmﬁﬂr is connected o the host CPU through the system data bus
ystem address lines {only lines \H 0 are decoded to access control-

ler registers), and programuned /O control iz, Control, status, and BCC
check byte wransfers ars eight hits wide and use data 7+

6.4.2 Host Bus Interface (WD ICH0A)
The Wi 1€0C
drivers/receivers, i S

bufier address u‘gi«i(’rb, and n.u(i e control circures.

6.4.3 Sector Buffer

The sector buffer i a 2K 8 RAM device thar buffers one secyor of data
berween the disk drive and the sy&{m bus. This buffer is used to convert
16-bit data words o &-bit datz bytes.

6.4.4 Buffer Manager Control Processor (WD1015)

The WE1015 conteol processor includes internal RAM and ROM memory. It is

used in conjunction with the W1 1CH0A host bus interface, and WD2010

zii«k contraiier. 1o process disk commands, aid in error recovery and error
orrection, and perform module diagnostics.

6.4.5 Disk Controller (WD20316)

The WD20190 disk conwolier controls ail data transfers to the disk. Ir performs
multipie sector read/write commands, and im*ﬁigfd and buffered seek com-
marids. This controller alse provides ECC generation and error
detection/correction.,

6.4.6 Read/Write Conirol Logic

I s
i &

20

The read/write coptro!
disk controtler and the Wﬁi(}id
separatsr (Figure 6-7).

ts of two major components: the WD2014
read /write channel device and data




Herd Disk Controller 1

) M
CXTAL

MM WD S— .\1\.
WG MEM WD | BUF "
. N DIWO 1
wD1010 TRWEC 1 wpioc2o .
RG 2
DRUN MEM RD T
NWEW RD I
BOLR STE \I\_ ,
VCO
CONTROL

¥Figure 6-7 Controller Read/Write Logic — Block Diagram

The WD10C20 performs write data pre-compensation, and read data separation
(phase-locked loop data synchronization)y. The disk concroller converts 8-bit
parallel data bytes into medified frequency modulated (MFM) pulse serial
data, for storage on the disk surface. Early/late pre-compensation control sig-
nals are provided by the conwroller,

0-9
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For read operations. the Wi

with the veitage conurolled os AL;* Or \

formed clock py

bit cell w

The WHZG10 locate:

A 1S when a Continuous strexm of ones or
ZOrOs GUOurs, andd the i

5.4.7 Command Sequence

i between

al command execution sequence.

The followiag 1 aphs iusivats the relati

ler components during a tyni

y drive L,(Hi erol signals are off.
valid, The boffer man

in the wdle stare, the disk conaoller (WDZ0107%
Controlier & uil. 1% 8 ac(sc,v, and che drive sigtus i3
sup signal,

Jowing Commg

ers oo the o

oy cormmand ¢

NOTE
The CPU alsc issues the
operations.

write

ecnives and holds
ffer manager.

The host
nsedd late

:mse;w téz\ c; raziim staiyus

\X hen the sﬁat transfer is com-

¢ buffer manager examines the <
! passes the pommand o the disk

- command parane
» 2CRLion,

¢ interrupts the buffer
Ef PATRMISIErS f{“

EH

Li3,

wired, the




Fawd i3isk dlontroller

The WD OG3-WAH returns to idle, and the host can examine controlier and
i is, read topur data, and other paramerers to complete the aperation.

6.4.8 Data Registers

All system bus data rransactions between the system CPU and the hard disk
controfler are in 16-bit word transfer bus mode. The controller reserves system
/O addreess 170 (hex) for the programmed data tsansfers. The contraller mad-
ule fogic has an 8-bit RAM sector buffer and a byre register, o place the
16-bit syseemn data bus words on the controller 8-bit local dara bus (Figure
H-87

L R SN,
P

™o
D7 A La7F
, v

N WW‘MW»..J\\}
v

ek S o ot T S S o "

e
-

BUFFER SECTOR

[

S

Figure 6-8 Read/Write Data Transfer Path



disk track and sector format,
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4 % (R e g
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gt s .
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13 7 45

Figure 59 Track and Sector Formai (Interleave of 4)

6.4.9 Interface Bus Timing

(33

Figures 6-10 and 611 illustrate the interface bus timing. Additional timing

sarameters are shown in Tables 2-3 aud 2-4.

-y
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16-Bi /O Cycle Timing —~ Transfer Data Mode
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Figure 6-11 8-Bit 1/O Cycle Timing - Transfer Data Mode




< {’(}ﬂ;u(s;’ >r £
rask Hif@ registe

A1 conts K apers
*écse i 1ht_ VA Xmmate ;’%bmaa?

3, conirod, and

iiers. The con
O address. Prooman
ses begin ar 1/€

3 port address s

Tabls 6-2 I ’() Port ‘%dé’!“t g5 Map

Secondary

&ddﬁ“ Address

cor Beglsver

174 ST Sector Count

- Numbers

viinder Mumber, Low Byte

PFS (R/W 175 Cylinder Number, High Byte

IFG (RS 174 Sector Size, Drive Head Select
TE7 (Wi 177 CHD Command Hegister
FET {RGH 177 5t Status Register

(WO 376 FIR

A6 {RGS 374 ASR

7 {RCH A7
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Dta transfers are word-lengih transfers, except for BCC bytes during Read
Long and © Long comumands (ECC bytes are wansferred in byte mode).
There are cight task file registers, six of which bave read/write capability. The
remaining two !‘ﬁ“;{ibtf‘f& have different definitions for read and write opera-
tions, fable 6-% § provides 2 summary of these eg SLETE.

Tabie- b~3 Task File R@giﬁter Sununary

Rﬂ;i ster 7 6 5 4 3 2 1 0
WL (i‘fiiﬂde: number/4
ERR BB ECE 0 [NE ¢ AL TR DK
5CY Nunsber of sectors
S Bector number
CEL Cvlinder nusaber low
CiH o 0 0 [ &  Cytinder
: : mef}xt\ct‘ high
SDH ECC/ 0 512 /’ 5 HE3 HS2 HS1 HSG
CRC 256
CMD Conmnand
ST ~ BSY  RDY  WFT  SKC  DRQ  CRD  IDX  ERR

6.5.1.1 Data Register (1F¢/170)

This read/write register provides a 16-bit dara path w the scctor buffer for
normal read and write commands in the programmed 1/C mode. Access this
register only while executing a read or write command. After a Bead Long o
Write Tong command is issued, four ECC bytes are transferred byte-by-byte,
with at least 1.6 microseconds berween transfers. The Data Request status bit
(IR, bir 3 of the Status Register) must be valid before wansferring each BCC
byte.

6.5.1.2 Write Pre-compensation Register (1F1/171)

The write pre-compensation register is a write only register thae contains the
§!

starting cylinder sumber that needs pre-compensation. This number is the
vaiue of the cylinder divided by four.

a“'n
v
ey
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6.5.1.3 Error Register {(1F1/171)

ins specific error statuz informadon that may appear after a
<. The data is valid when the ervor bit is set in the Status
iots conand was the diagnose command. The con-
v execuies i"ze diagniose command upon powes-up, and the

: case (diagnostic
é.%ﬁ:»;ﬁ £

of the error bit
m:;de th;} Ermr

stic

6.5.1.4 Sector Coun: Register U}; /172)

This ff',id/ﬁ?'lix TEISTET ©

ar count, and increments the sector
number. Loat a2 250 seoror transfor,

5.5.1.5 Sector Nomber Register (1F3/173)

The sector number register holds a sector number anywhere from 0 to 255.
During s multiple SECLST O smisiand, the number in the register specifies the
firse sector in the war

r. The controller increments this number after each
full sector data wransfer to the sector baffer.

£.5.1.6 Cvlinder Number Low Register (1F4/174}

This register biolds the eight least significant bits of the 10-hit eylinder nume
ber. The Cylinder Number High register provides the two maost significant birs
of the number.

5.5.1.7 Cylinder Number High Register {(1F5/1758)

%

he cyvlinder number high register is 4 read/write register that holds the we
most significant bits of the df:ﬁar.ed cvlinder number. The Cylinder Number
Low register hoids the gighn least significant bits of the number.

oo

£
'

iy
¥

P
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6.5.1.8 Fixed Size/Drive/Head Register (1F6/176)

The dara in this register selects the drive parameters.

6.5.1.9 Status Register (1¥7/177)

This register indicates the rcrnuli of a previous operation. The program must
read the register to determine the result. If Write Fault or Error is active, ot
Seek Complete or Ready is inactive, a multiple sector operadion is aborted.

6.5.2 Command Register (1F7/177)

This write-onty register begins command execution immediately upon receipt
of marro commands from the system, The system loads the Command Register
[ith the information required for the command. The Command Register
hould not be written to while the controller is | usy. I Write Fauly is active,
ot Drive Ready or Seek Complete are inactive, the controller does not execute
any command, and an Aborted Command Error resulis. Also, any illegal com-
mand rgmhs in an Aborted Command Error. When any comunand is written 1o
this register, the controller interrupt is reset

6.5.2.1  Bestore Commuand (18-1F)

The sestore command maves the read/write heads to the outermost track posi-
tion {track 000). This command is vsually used during a power-up condition.
The controller issues step pulses to the selected drive until the Track 00
signal from the drive becomes troe. The drive Seck Complete signal governs
the step rate. If the Track 00 signal is not asserted after 2047 step pulses, the
command aborts thh the error bit sct in the Status Register, and TK 00 Error
set in the Error Register. This command sets the implied seck step rate. The
lower four bits of the command select one of 16 possible step rates. The
command terminates when Drive Ready is deasserted, or Write Fault is
asserted. When these conditions occur, the error bit in the Status Register sets,
and the Error Register reports an aborted command.

6.5.2.2 Seek (Zc;mm,ami {(7G6-7F)

The Seek Command moves the read/write haada to the cylinder specified in
the task file cvlinder select registers, The four low order bits set the ineplied
seek rage. At the completion of this command, the controller generates an
interrupt. If Drive Ready is inactive, or Write Fault is active, the command
terminates, the error hit in the Status Register is set, and the Error Register
shows an aborted command.
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mast gecently used Restore or Seek command, Mualtiple s
head and cylinder boundaries. If the Drive Ready signal {5 inac
Hy is active, the command wrminares, and the error bit s ser in
mmand continuously monitors > signals. The controlier
inrerrupts upon completion of the command ©

e miatis

noan orray GOOurs,

6.5.2.7 Diagnose Command (90)

This command aliows the controter w execute self wests, and if a problem
exits, 10 u.z:::ﬂrz zhr rrfmlm T::».u aze n,m un mm ndi ROM agui RaM, L(A
Cirgad
the ap G;Wi::r-’* €r
upon compietion of this comg m-:i

6,3.2.8 Set Parameiers Command {91

&

This comeand sers the drive parameters for the maximum number of heads
pee uing *i‘ns command, the drive seiec-
tion must be specified in the Sector Size/Drive Select/Head Select “;\E«: x:vs.r,w
ter, and the Sector Count Register must be set. This command must be issug
before any multiple sector operations are performed. An interrupt is gmsamﬁ*d
upon completion of this command

6.5.3 Control and Status Registers

6.5.3.1  Alternate Status Register {376)

This register is a douplicate of the Task File Swrus Register

X

' i’ais—z f{gx ar 1esets xh': contredier under progran: conirol, and enables and
=

[
fi‘
i?i
"
5%
Q
8
~
é’i
AL
4
Z-S
e
%
g
3 £
2
H

6.5.3.2 Ddigital Input Register {3F7)

The digitat input register wontains the complemented current suue of
Write Gate, Head Select, and Drive Select signals







Chapter 7
Expansion Box

7.1 Introduction

The expagpsion box (Figure 7-1) converts the VA Xmate workstation into a
Digizai network server. The expansion box has 2 hard disk storage device and a
bus interface. The hard disk uses the MS-DOS operating system and
MS8-Windows application programs. The expansion box attaches to the bottom
of the VAXmate workstation.

The expansion box is available in the following configurations:

RCDA2-Fa 40 Mbvie VAXmate Expansion Box (non-US A ver-
sion)

RCDAZ-FC 40 Mbyte VAXmate Expansion Box (.58 A version)

RCI31-FA 20 Mbyte VAXmate Expansion Box (non-US8.A, ver-
sion)

RCI31-FOC 20 Mbyte VAXmate Expansion Box (U.8.A. version}



xpmnsion box has the following components.

E?T
ﬁ;
b

1. A power regulator

2. A lithium bawery backup for real-time clock

A hard disk drive

4. A de {an (The de fan is not in early BUDALEA and -EC models of the

L

expansion box.)

A%

A gard cage with backplang f
a. Opiion slor ~ 1

b. Option slot — 2

¢. Hard disk controlicr

slot maxzimum o
the backplane.

LATCH

/

COVER LOCK

Figure 7-1 VAXmate Expansion Box

LW
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7.2 Expansion Box Battery

The expansion box battery provides power for the VAXmate workstation time
of day clock and event timer. For the VAXmate workswation 1o recognize the
o the t‘»ut(‘ wggie the powes switch o reser a it in a register in
ron. Thf:n run rhf: r‘xtﬂmdfa 4 mﬂ?? tvr 1o configure the

rrn the power on and et the

2. Turn the power off and wait 1% seconds for the drive © spdn down, Tarn
the power o6 again o clear the power fall bit in the ev 3-1“ rimer, aad

aliow the power-up test to complete. The power fail bir indicates if the
battery is present in the expansion hox.

Observe the cor figuration list upon compledon of the Extended Self-Test

o determine that Lt (lithium battery), BD (hard disky, andd BAS0O
{;:x;zﬁnsz«n box} appear in the configuration lizt. This verifies thar bas-
tery Backup is available, the hard disk is connected to the hard disk con-
teoller, and the expansion box connection is good.

Las

if error numbers 83 or 87 are displayed during the Extended beli
disk drive 0 or 1 (identified as C or DY has not been formatted. One of
the %*ak jna *s 1nust be %«z)rsmctui sefore completing rhe rest using sy

g oftw ¢ the VAXmalte Expansion Box fastallat;
fruidw asid (;zwmr Memzm{ (EK-RCDA1-0OM) for instructi




mpanents

ox card cage for option in
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Expansion Box |||

POWER COMTROLLER

HARD DISK CONTROLLER
e

CARD CAGE

LUE2GE

Figure 7-3 Ezpansion Box Components

7.4 Expansion Box Functional Description

Figure 7-4 is a block diagram of the expansion box componenis. The remain-
der of this chapter features a hardware technical description of these compo-
nents, except for the hard disk drive and hard disk controller, which are
described in Chapter 6.

EK?&N:‘E%QN BOX
A D A - WIS, TR

CWER SUPPLY MODULE

& % S W) IR GG QR
r-"ifiﬁﬁ (HSK CONTROLLER

W SN TSI WA AN JDI DR S

Figure 7-4 Expansion Box Block Diagram



7.4.1 H7271 Expaosion Box Power Begulator Module

The expansion box power regul H4-10843-01) s as
PC board (Figure 7-5%. The expansion bex uses 300 volis from :
n power supply. it has & green LED to indicate that power is on, w

cugh the louverz on the left side of the boax. The regula
wire cables and connectors for the hacd disk drive. the backplang,
(if insiailed).

€

d
fan

The regulaior pr es 72 watg
tion for the +5.1 Vand +12.1 Y
circuit proection for

of power and providss SYer-curyent proec.
nitpats, The regulator also provid

Figure 7-5 Ezxpansion Box Powser Regulalor
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7.£.2 Power Regulator Functional Description
Figure 7
power
The input pin assignments are as

-6 is a block diagram of the expansion box power regulator. The

follows.

Pisy Voltage

Zz Key
% Safety Ground
e

4
5 -150 Vdo

igh voltage do input goes o line filter L1, B4 conuro! pulse width
madulator and E3 CMOS timer turn the Q1 Field Effect Transistor on and off
at g 100 kHz rate, to switch the voluage across the primary side of the T1
ranstormer,

The wansformer gutput s rectified, filwered, and regulated to produce four
de output voltages (3.1 V, 121V, -5 V, and ~12 V) for the hard disk
drive, the option backplene, and the fan.

1B

%1? T

| |1§VU§

-
FORMER

*;{1"%~>
oy L

ODULATOH
R

1ovuE BViF =

VOLTAGE §
1 gL

L a0

Figure 7-6 Expansion Box Power Regulator Block Diagram
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7.4.3 Power Regulator Specifications

The p‘ @gmg% 5 iL.ti m }c@% pi specifications for

the exp

+15G Vand ~150 V inp




7.4.3.2 Expansion Box Power Supply Output

The vaXmate workstation power supply and the expansion box power regu-
lator provide a total of 285 wans of power 1o the expansion box card cage
(9.5 watts per option slot). The hard disk conwoller ooccupies the top option
slot. A total of 19 waits is available for 2ay industrv-standard options you
inseall in the remaining rwo slow

CAUTION

Mever insial

i oprion boards thar exceed the available expansion
box wattage. A single option or a combination of options that
needs more than 19 watrs can damage the expansion box circuitry,
blow the fuse in the workstation, or damage the VAXmate
workstation power supply. See your option documentation oy sales
represenrative to delermine the wattage requirements for the
industry-standard options vou wish to install.

Table 7-1 is a summary of the output veltage and current ranges to be con-
sidered when vou design a module for the option backplane.

Table 7-1  Output Voltage Summary

Voltage Voltage Current Current Ripple {(max pk-
Output {min) (maxy (ruin) {max} ok)
+ELV +4 85 Y +3.35 ¥V 08 A 4.5 A A mV
4121 ¥ +11.5 Y +13.7 Y G.6 A 1.2 A 20 my
-12Y ~138 Y -13 2V 0.0 A 0.2 A 100 mV
~-5.0V ~4.5V ~-55V 0.0 A 1.2 A 100 mvy
¥Yao 12V .25 4

.
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7.5 Expansion Box Backplane

availabie for inswition of indusiry-standard options. T
veserved for the hard disk co

wroller.

it bug, Thes
ppendix B for

Figure 7-7 Expansion Box Backplane

§
Yong,
S
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7.5.1 Installing Options in the Backplane

Use the following procedure 1o install indusory-standard options in the
backplane.

1. Hemove the expansion box cover (Section 7.33.

Drisconnect the hard disk drive cables from the controller board, and

tip
the card cage on its back (Figuse 7-8).

Figure 7-8 Accessing Uption Slots io Backplane

Instadl the indusuy-sandard oprion board intoe either option slot {Figure

7-93. Use the bottom slot if vou have one board mounted on 1op of
another board.

Make sure the option connectors are firmly instalied.
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shansion Box

ecure the option with the grounding screw, as shown in

iy

g

sure 7-9.

UNDING

SCREW

inv’
9
&
24
&
4
N

[ Rt
instaliing Options in Ba

wckplane

controiler board.
Make sure the cable conneciors are seated correctly on the pins
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Pl

Expansion Box | HE

Connecr the cable for vour option, if present (Figure 7-14). Follow the
instructions provided with your option to install the cable and any

peripheral device.

Figure 7-10 Connecting Cable to Ogption in Backplane

i
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10. If you insmalled an option cable, remove the cable access plate from the
top cover {Figure 7-11).

LB ZA

Figure 7-11 Removing Cable Access Flate

-4
ey
"

g,
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RKeplace the expansion bos cover as follows,

a. Lower the back corners of the cover into the groove on the back of
the base.

b, Make sure thar the corness are seated correctly, and that all wires are
inside the tabs on the perimeter of the base, so they do not inte

with closing the cover.

fere

<. Lower the cover inta place and make sure the cover lock latches

LAOR1%A

Figure 7-12 Replacing Expansion Box Cover
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Chapter 8
Keyboard and |
Keyboard Controller|

8.1 Introduction

This chapter describes the LK250 keyboard and the keyﬁmrd conuolier
located on the VaXmate UPU board The kevboard is the user interface to the
system with its own internal congrotier, an ﬁi;w . The 80 ‘iéi controller derects
and encodes keystrokes, and transmits the information o the keyboard inger-
face conwoller, an 8042 on the CPU board. The 80042 ._«,x.n,!.!:a the information
ta the ceneral processor. The kevboard alse receives information from the
central processor through the keyboard interface controller. The keyboard
supports both industry-standard applicarions and Digital-developed applica-
tions on the VAXmate neiwork.

The LK 250 keyboard supports host control of keyboard LEDs, keyclicks,

autorepeat, and two scan code modes for identifying the keys. These modes
are

1. VaXmate worksiation mode
Z. Industry-standard AT-comparible mode

8.2 Kevboard Physical Description

The keyboard (Figure 8-1) has 105 keys arranged in the following groups.
* Main kevpad (57 kevs)
® Editing keypad (18 kevs)
* special functon kevpad (20 keysy

® Arrow keypad (10 kevs)



i\m bogrd and Reyboard Coniroiler

ic shell thar
scial ool for

The kevhoard circuitry is contained within a low-profile plas
you can open with a hex-nut driver. keyeaps require a spe
removal,

The kevboard has g label swip holder and four LEDs locared slong the top
edge of the kevboard above the special funciion keys. The label strips are
used to identify these keys and the LEDs for different application programs.

A coiled cable, with a 6-pin moduiar connector on one end and 2 G-pin
recranguiar connector on the ather, connects the kevboard 1o the worksoa-
rion. The modualar connector fits inte 14, the keyboard jack. You can rouie

the cable in the slot in the bottom of the kevhboard o exzend out of either
side of the keyboard.

by
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The signals on the kevhoard cable are as follow

Pin Signal

1 Ground (connecied to pin 53

2 Keybourd ciock / Request L

3 Kevbeard dats

4 +5 ¥V o kevboard

5 Ground te keyhoard

o5 CTRL {no conneciion in CPU board}

!lgni’ e B2 sz
this i”lsgs.zrc: i

ine keyboard circuis 137 All fogic shown in
board circuit board evcemm the ‘

circuit :;ppuir‘s ‘bﬁ W ihe,, kevboard kevs. The k
on the CPU bowrd in the YAXmaie sysiem uni

s & logic matsix

frgial-develope ”zl firmware. The asmmlifr pro-
sical and z legical interface between the LK250 kevboard
iwe £2PL moduls

MICTOPrOCEss
vides both a pt
nd the ¥

8.3.1 Kaybf}aré Interface

Power i;'%,ﬁ— '»J} and ground alss bave liaes o the kevboars
coptained in the coiled cable that connects the kevboard and the VAXmarte

wWorks

The VAXnmuie (i
through bidi




Keyboard and Kevhoard Controller |1

The interface at J& provides standard TTT signal levels and communmnicates
with the keyboard using bidirectional protocol. The interface wansfers char-
acter information in groups of 8-bit patterns, '

S A

HRT 2

b,
Y conviseToR
" ..,\.a"‘

L TONNESTOR

il
e s 1
1 i -
o i ]
Z TR AT T L
i
NS
. i RBL
P, | DATA
€5y —nd
" ®BD
i LK
& S

s B

Laaane

Figure 8-2 Kevboard Block THagram



The logical ii’lii’fffﬁi:i’: on the 8351 gcﬂ*‘mte S scan “Udi:: 1o send 1o the 8042,
T OBCHN ¢ MRS o & of ones of Mo o vak gt
senis the pf'i"i‘if“ﬂi or rele e of a kev. The act of

key generates the scan code,

sard interface controller has

The keyh rwo mades of operation: pass

a il 5’&73-;.1 o0

”zt & of the (Wﬂmmd byte controls this mode of .;pc’*
mode iz translace.

The keybozid has i
To support these kcms
ary-srandard maode and 1
kevhoard may trans "‘zia A series '71 md**tﬁ- : .
other modes that are in effect. In Digital mode, the keyboard wransmits a
unigue scan code for Lét‘i‘?} key.

8.3.3 Kevboard Interface Controller Logic

et
H
H

ihe kevboare

interface conwroller (Fi

ire 8-31 is a 4C-pin, dualin-line 80472

conirol logic, and
and the keyboard. 7§
p;, {(IED7-0 Effx

serial daia for
serial data fm
inta par&ilu data that goes back to the C
oller is ready, i gg;,_ac;sstc:a an ing

Corate CPLF that daa is E‘ﬁﬁé‘; in its int

bsazxm as Test i *”pf‘* tG the
‘%hwa tik PrOCcEssor

i’uniiimﬁs that are ums:ated [R¢ théf ke




H H
i

Keyboard and Keyboard Controller I

T
[Sfia ¥ 1T
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ot EXP PSNT | i
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L - R R
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Figure 8-3 Keyboard Controller Block Diagram




8.3.4 ’K.szg;hﬁaré Interface Controlier Input Signals

Bignal Funciion

7 to indicate whether

BAZ H Bus Address 2 H: “'ié.i 088 J]}}iii from the
she transfor is & coming T Or

ned words o the

wand words in the
§ register

S inpz;; pé

to C!“A.E\ if keyboard is connecied using KBD
(Jia 1 and 34T

v s

tinput from the

decodar

le Sten (not used)

sions that are unre-
ation to the CPU for
¢ reflects the suate of the
describes these conerol and
use by diagnostics, and

am s

are only acce ib'ia ihli AL A sp cotal commmand.

Signal Fanction

o

CPU

o
]
=

s Beset the VAXmate 5802

: Gate address line 20

EXE PaNT L Expansgion Box Present L VAXmate expansion box
prosent

P
RAMOP ERE L RAM Qption Error L EXpansion memory error
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8.4 LK250 Keyboard Logic

The following paragraphs describe the logic on the kevboard cirenit board,

8.4.1 Keyboard Matrix Scanning

The key Incations have an 18 X 8 line matrix. Each key switch connects
across & matrix inversection, This gives a fixed position for each key in the
matriz. The matriz accommodates ali 105 keys on the kevhoard.

Figure 8-4 is a simplified block diageam of the marrix scanning circuic. Eight
lines from pore 1 of the 8051 microprocessor go te the inpat lines of two
741 BCDo-decimal decoders, Ten outputs from one decoder and eight
outputs fram the other decoder provide the drive lines (KB DRIVE 17-0) for
the marrix.

The cther axis of the matrix consist of eight lines at +3 V through pullup
resistors. These lives (KB DATA 7-0) go to port 0 of the 8051 micro-
ProCessor.

The 8051 scans the 18 drive lines and recads the 8 data lines for key closures.
Afrer yerifying that the key closure occurred by scanning the lines again, the
8051 firmware trunsiates the position information inte 2 scan code, and wans-
mits it to the system central processor through the kevhoard interface
controtier.

A T
. . S ;
I et

16 LINES
KB DRIVE &

Figure 8-4 - Matrix Scanning Circuit Block Diagram
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8.4.2 Kevboard Speaker Control Circuit

it. The 8051 micropracessor conrols
three cuiput lines o an octal buffer/line driver {7415 , which drive the
Base of the drive vansisier. The 8051 sews up the th v adding one
of eight 5)m<1rv cont i“)m’nm% o t?‘f—‘ mmxf w0 fhe Gotal b!sﬁerf‘zm? driver. The
firmaware in the 8651 3 are \ﬁ'a‘w:; G th:
spezker thraugh the drive trapsistor. The time
if a bell or click sound is used. The number of buﬂ"&;, lmv d?iVC 5 uwd
determines the volume.

Figure #-5 i3 the speaker control cir

+5V

| BPEAKER
!

LINE DR V!:'"

B S N

L1407

Figure &35 Kevboard Speaker Control Jircuit

w

4.3 Indicator (LED} Control C ircuit

Figure #-6 iz the LD Indicator control circuit. The contvol signal for each
LED is generated from port 2 of the 8051 w0 one of four inputs to rhe octal
buifer/line driver. The +5 V ply comes from the CPU module through the
kevboaed cable. This volus filtered 1o eliminate any noise
fluctuations,

A bhigh signal cut of the 8051 turns on a driver i the: “f@igsz«zo 'ma makes 1S
output low. Th tion provides 1 path < ¢ ¥ through the
LED and current limiting resistor, and turns

e
¥
Sy
o,
oy
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Cevboard awd Keyboard Controller HiH

BUFFER
LINE DRIVER

8051
PUAT 2

HIGH

e e

% HIGH SiG
PATH THRC
OFEN &'J{‘}LLECT‘;;", t
ON LED,

L1408

Figure 8-6 Keyboard Indicator Control Circuit

8.4.4 Keyboard Communications Circuit

The keyboard scan codes and other special codes go from the 8051, through

741805 line drivers and the keyboard cable o the keyboard interface control-
ler on the CPU board (Figure 8-7). The lines are bidirectional, meaning that

either the system or the keyvboard can drive the lines.

The 3051 firmware contains features that the systems contral processor can
enable, such as keyboard transmission characteristics and control signals for
the LED indicators and the speaker. These commands come from the € ?I
through the kevboard interface controller an the DATA and CLOCK/RE
lines. A 741805 line receiver inverts the signal and places it at the pors 3
input to the 8051,

&-1F
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!? »
5 e

J1ang

Figure 87 EKevboard Communications Circuit

The transmit or receive raciers conform 1o a spe
is the START hig, which is al s Iavgcs* 0
represent the data, The next |
LKZ50 or keyvhoard in

ic format. The firsy biv
acey. The next eight bis
g vich {«:u%r he

Figure -8 is the char .
firs:. Separste clocy line signeis svachroniz
col, Section 8.6.)

CHARACTER —

'«-—-«-mé% DATA BITS s {

r”T“?“T“T“T“ “?“?”TWT
{ § i 1 1 i

b d e b 3 b o

L1290

Figure 8-8 Keyboard Transn

n}
j
i
]
o
i

d Heceive Character Format
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8.4.5 Kevyboard Reset Signal

Whenever your turn 1‘%‘3@ system on, the *ﬂh iin ihQ i«:ﬁm;m} ig reset aiiﬁw
it 1o start operati sw. - 4

]

u‘mw to the H0O51

8.5 Kevboard Controller Diagnostics

)
T
8
g

Ar power-up. the kevboard controller executes 3 diag
s the kevbeard conwolier’s ROM and BAM. Ifan sirer ocours during
power-up testing, the keybeard controller will not respond to any input and
must be reset (powered-<down).

The keyboard controller completes the test withi HIWET-UE,
During the power-up test) the controller dgnores inputs from the kevhboard
keys. At the completion of testing, the diagrostic sends an error or ok indica-
tien to the kevboard interface conwroller, if possible. The error indication is
EBROER; the O K. indication s AATL

8.6 Kevboard Protocol

Because the kevboard has two 1 i
troller on the CPU board and the 8031 microproces
controel the data and clock Hpes, zhi keyboard ne
exchange daza. The protocol

1. The keyboard always su g‘fﬂ’cﬁ clock signal during dars vansives.

2. The svs e the keyboard any time, e

pt during the swop

¥

bic.
3. The system must request use of the data line.
4. An error automatically results in a Resend.
3. Other command specific protocol conditons may apply.

8.6.1 VAXmate and Industry-Standard AT-Compatible Protocol

Newmumlly, beoth the KBD DATA and the EBD CLOCK lines are high, and the
viving circuit pulls them low. As yvou press a koy, the 80% 1 pulls the clock
and the data circuit low, and sends ihe data ro the kevhoard contraller. If the

keyboard tnterface controller holds the clock line low, it aborts any eutput

& I3



i Doniraller

¢ during 2 stop bity. The kevboard intesface con-
zrmmr uses {hw msmm signal to stop any additional ansmission from the
Kevix el interface controlior processe ﬁ; rrent data.
t,rf:.lia:-r de CLeCis an error in | transmission from the

)ard, the keyboard inse
st to send and Re

”51-‘3» ,

The keyboard must complete sending 3 data byte within 2 ms, o2 a timeaat
error will occur. The ke yhoard must respond to a kevboard interface control-

ter copunand within 246 ms.

8.6.2 Keyboard Interface Controlier 1o Keyboard Transmission

The kevboard interface conwoller commands aad values are similar o those
that the keyboard transmits, t’:fsi,epl thw have a (w degree phase shift
between the clock and data
. T clock ¢ t
key poard interface i()ﬂd(}lii‘r must request the kevboard to provide the clock
] y the following protocol.

r lowers the ¢l

2. 'The kevboard ioterface contealler lowers the dara Line.

controiler releases the clock

3. Afrer 60 ps (miny. the kevboard int

S

The keyboard intecface contraller waits for the kevboard to drive the
clock line.

e kevboard i1
e stop b,
i;syho;:rd received the d‘m

S
o
o
'i

i, the kevboard
ce controlier that the




Keytoard and Keyboard Costroller

8.7 Keyboard Scan Codes

When a key is pressed, the keybeoard sends a scan code thar identifies the
key. If the key is held down for a time that excecds the auto-repear defay
time, the scan code is sent repeatedly at the antorepeat rate. When a key is
released, a release code of FOH is sent, followed by the scan code of the

released key,

If bit & of the keyboard interface controller command byte is set, the key-
board interface controller converts the keyboard scan code value (o an

i try-standard one byte value. With this value, a veleased kev is indicated
by adding 80H to the one bvte value of the pressed key.

No conversion is performed if bir 6 of the keyboard interface controlier com-
mand byte is clear, This is the defauls value at power-un. The powsee-ap
firmware changes the value so the default is Translate.

See the VAXmate Technival Reference Marnwal {QOZCS-GZ)y for the LK250
scan oodes.






Chapter 9 |
VA Xmate Workstation |
Power Supply (H7270)

9.1 Introduction

s

The VaXmate power supply receives ac inpur (either 100 to 128 Vac or 260
to 240 Vac), and generates five regulated output de voltages, an unregulaved
3060 ¥V (2150 Vdo) ourput for the VAXmate expansion box, and a systetn con-
trol signal indicating that there is sufficient energy w allow system operation.
Ter provide the required elficiency, the power supply operites in a switching
mode at 100 kHz. To protect against overvolrage and overcurrent conditions,
the power supply has a sensing circuit. To protect against electrical hazards,
the power supply has an externally-replaceable fuse.

The power supply is on a single printed circuit board within the system box.
A hoard-mounted jumper plug sets the input voltage range, with the following
option number variations.

Cption Input Voltage Output Power
H7270-AA 100 ~ 120 Vac rms nominal 90 watts’
H727G-AB 220 ~ 240 Vac rms pominal 90 watts’

Output power does not include the 300 V power for the expansion box, which &
THE W (maximum)

9- £




HERE ] A
H %‘i VA Xmnaic Work

tics Posver Supply §F

Line Voltage and {Zurmm
H7270-AA

Voltage — 140 to 120 Vac nominal. single-phase, two wire plus safety earth
cgroand, 90 YV rms w 128 V orms (255 V1o 362V, peak 1o peak).

A {rms) maximum at 88 Vac input. Nominagl is 3.9 A ar 1060
A at 1/%5 S

ey

fr 240 Vac pominal, single-phas
grou ﬁd 180V ems to 250 YV rms (309 Vg 724

Current — 2.2 A (rms) maximum az 176 Vac inpus, Nominal is 1.8 A at
220 Vac, 1.6 A at 240 Vac,

The line frequency can be 47 Hz mintmum to 63 Hz maximum.

> the input wiring. The

e for 100 ~ 126 Vao

s 34, 250 V Ul-approved f - 241 Vac

Real Inpui Power

The input maximusy real powes is 236 watess at gulated 4
cuiput load of 89 watrs, plus 111 watts to the auxilian ;www converter
for the YAXmate expansion hox,

Power Supply Connectors — The power supply board, whick receives ac
voltage on inputr connector 1, has the pin ourputs shown in Table 9-1

.
22



VA Xwate Workstation Power Supply (#H7270) i
Tah}e 9 l P{mzer ‘iupply ()utput
Pin Iﬁeix CGrutpt Lonnects ’I‘u
1 +HV DO (Jeft pin on 2 H‘v DC (300 V) to the expansion ho:&
component side)
2 Key
3 Safety ground
4 N,
5 -HY DC
i +12V 13 10 the disk drives
2 Rewurn
3 Return
4 % 3V
1 Key J4 ta the monitor
2 +Z8V
3 Return
4 -12 WV
5 Retuen
6 +12.1 ¥
7 Return
8 Key



M vAxmate Workstation Power Supply (H7276)

Table 9-3 Power Supply Gutpur {coni)

Pin No. Output Connects To
1 AC OK H I3 1o the CPU board
2 Key

3 12V

4 Reriirn

5 +12V

] Return

7 +5 ¥

8 +3 Y

9 +5 Y

10 +5V

11-14 Return

15 -9y

i ~9 Y return

9.2 Physical Layout
Figure 9-1 is the layout of the major components on the power supply board.
WARNING

The heat sink for transistor Q1 carries hazardous voluage. It is
connected to the 300V (+HV DOy,
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aH VA Kmate Waorkstatfon FPower Supply (H72701

9.3 Functional Description

Figure ©-2 is g simplifiod block diggram of the H7274 power supply, The line
voliage comes in at J1, cither at 120 Vac or at 240 Vac. The ami line filters
kweep main power line noise out of the workstation. The filtees als
workstarion-generated noise from the main power line,

H

The board has 2 jumper o select gither 120 V or 240 Vac input. Wirh either
selection, the bridge rectifier output is 300 Vde, which goes to the primary
winding of the T1 transformer. The primary winding also goes w an slectronic
switch, Q 1, which controls the current flow threou he prisnary of
transformer.

This high voltage de (£150 V) alsc goes io J2 for untegulated power o the
expansion box.

Figure 9-2 VA Xmate Power Supply Biock Diagram

9-6



Vi Xanate Workstation Power Supply (H7270)

A current-mode contred pulse width modulatsr tens Q1 off and on ar a 100
kifz rate, 1o switch the voltage across the primary side of the transformer,

The transformer has four secondary windings thar produce the re qu-zmi VOlit-
ages for the CPU board, the disk drives, and the monitor. They are 45,1 Y
41200V =12 % and 428 VY The isolated -9 V for the netwc:rk irerface comes
from the LY imducior,

sleage moniior senses the transformer output and generates the AC OK H
signial 1o ot the CPU processas know thar sufficient power is preseny for
normal power supply operations.

9.4 Power Supply Circuit

Figure 9-3 is a simplified illustration of the power supply circuit. The ac line
input goes to 1. One side of the ac line {phasey goes to the fuse, emi Hne
filrers, and an on/off switch. The ac voltage goes to a full-wave bridge rectifier
(D1) that converts the ac voluage inte d¢ voltage.

The otber side of the ac input line (neutral) connects to the emi filters, the
/off switch, and a board-mounted plug selectable jumper for ac input voli-
age range selection. If the pin labeled 120 on the etch is connected, the ac
voltage uses a voliage doubler circuit. If the other pin is connected, the 2430
Vao circuit is a full-waye bridge cectifier. The bridge rectificr oatpur is the
same *+150 Vdo), and goes to the primary winding of the T1 transformer,
regardless of the ac line selected. :

When the input voltage is applied, the specified peak current is reached every
half cycle. Following this inrush of current, there may be repetitive peaks
up to ten cvcles before a steady seate of operation is reached. The L1 and L2
inductors provide line filtering, using opposire phased voltages o impede the
wransmission of emi spikes and noise, both fromi the main power line to the
workstation, and from workstation to the main power line.

far

The secondary of the transformer has four separate windings for each of the dc
voltages. They are +5.1 ¥ +12.1 ¥ ~12 ¥ and +28 ¥V The -9 Vdo ourput is
generated from the 19 forward inductor. Filtering of common-mode switching
noise on this output js affected by the L10 inductor. Diedes in each cironit
provide half-wave rectifying, filtering, and shunt regulation. The 7912 isa

-1 ¥ three terminal, linear regudator. The LM317 is an adjustable positive
voedtage regulator set for +28 %

w
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9,47 Control Pulse Width Modulator Circuit

The Control Pulse Width Modulator circuit uses an ME355 rimer. An RC cir-
cuit at its input sets the outpat pulses for whatever frequency you need. In

this circuis, it s set for 100 kHz, The outpur of the timer goes o the clock

input on the UC3R42, a currentnode control pulse width modulator.

E2 (H11AV1A)Y is an opto-coupler that senses cusrent and is used in the feed-
back loop. The current that goes through this device generates a current in the
primary side of the power supply. This current is used 9 set the current in
the switching transformer

E3 determines the time that the switching transistor Q1 is on. Bias voltage for
E3 during power up comes through resistors RS and R10. Once transformer
T1 is in operation, a primary winding (pins 1 and 25, operated in fivback
mode, provides the bias voltage to the pulse widch modulator. The output of
E3 goes to the gate input on the swirching transistor. Q1 is a metal oxide
semicondoctor field-effect transistor (MOSFET). Q1 turns on and off, sets the
current in the primary of the transformer, and switches the 308 V across the
transformer 4t 100 kHz,

9.4.2 Voltage Monitor

The voltage monitor bas two circuits: a voltage compararor crowbar circuit for
turning off the power supply if an over-voltage occurs, and an AC OK circuit
o ler the CPU processor know that sufficiers mains power ks present for
normal power supply operation.

9.4.2.1 Crowbar Circuit

The crowbar circuit senses overvoltage conditions, and it provides protection
against this condition. R13, a current sense resistor, monitors the current
through the T1 tansformer and 1, the power switch field effect transistor.
When R13 detects an overcurrent condition, a silicon controlled rectifier
(SCR} D19 fires, shutting down the power supply. Toggling the on/off switch
restores normal operation

The 5 V sense signal (SVCONTR) on the +5 Vde line, and the 12 V sense
signal {12 VSEN7; on the +12.1 ¥ line from rhe secondaries of the transformer,
monitor the voltage Ievels. These signals go o the opesational ampiifier, E4
(324%. which is used as a comparator. It sends the ¢eror through an opto-
coupler H11AVIA to feed this error back o the primary side of the pulse
widih modulator for volrage regoiation,

& Y
MR
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When the B4 comparator detects an overvadtage condition, or an over tempera-
ure condition vhrough temperature resistor RG2, wansistor Q2 shorts the +5 Y
and 12V eutputs This creates an overcurrent condition, which then wrips
D19, the silicon-conurolied rectifier pri mary shutdown circuit. In the event
that the tolerance of either +5.71 V or +12.1 is exceeded, the no supply
shuts down, Again, roggling the on/off switch restores normal aposation.

$.4.2.2 AL OK Circuit

%

The AC OK circuit uses operational amplifiers {op-amps) 48 COMPAraLnrs.
1289 :

AC OK H, when asserted, indicates 1o the CPU
power 15 present, and impiies that the work 3
nx; plies are ready for normal coeration. AC OK H goes high berween 0.3

1% seconds afier detection of the mains ;:mw&r Eim signal stays hi
minimum of (} 5 ms before de surput voloag at
ing a mains failure or simply switching the :sy

pram,wsr that sufficient mains
LANG CXAnsSOon Sox ji) ¢

The rise time {10% o 20%) and fall time

g\ma:{mmm i

The CPUJ processor may use AC OK H either as an asvochronois system reset at
power up, or as a 8.5 ms 4 : Iy outpues
are about to go out of specificaton due to the reroval of the main piwer,
Mote that under the c(ma;iit on of a load fanlt (for example, a short circuit) or
power supply failure (for example, a component failure), this circuit does not
guaranice that AC H will provide any warging of the powers supply cutpuis
going out of specification.

Table 9-2 shows the characteristics of the AC OK H cutput.

Table 9-3 AT OK H Signal Characteristics

Srate (AL GK) Voltage Cuipad (VOL) Cureent Outpat ( i()? 3
Low (negated) + 16,40 A




VA Xemate Workstation Power Supply (H7270) ”

AC OK H remains asserted when

* AC input voltage > or = pominal line voltage for at leasr 200 ms (sz¢
Section 9.5.1)

1
H
H
i

# Input power is removed for one half cycle ¢at 50 or 60 Hz at an arbitrary
point in the wavefoom)

AC POWER

LOOUTPUTS

Figure 9-4 AC OK H Timing Diagram
Definition
AC power applied
DC output voltages begin to rise
DC output volrages in regulation
AC OK H asserted
AC power removed
AC OK H negat}ed immediately upon detection of no ac power

D ourpur voltage regulation guaranteed until this tme

H [
S
SV
N
5 i
t». ‘Zw
[ H
. .
. . i
e H
- o - ”? { 1
S S —
a . N . B B
* * = . a *
- & “ - .
i 1 12 T3 T4 T5TH
R R
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interval Duration Specification

T0-T1 Not specified

T1-T2 1060 ms maximum (5.1 V ourput only}
T2-T3 350 ms minimurn, 1150 ms maximum
T4-T5 15 ms minimum
T5-TG 0.5 ms minimum

9.5 Electrical Specifications

9.5.1 Input Specifications

For the two variations {H72783-AA and H7270-AB) a board-mounted plug
selectable jumper sets the input voltage range. Each variation is externally
marked.

H7270-AA

Voltage ~ 100 to 120 Vac nominal, siagle-ph:

. two wire plus safety earth
ground, 90 V rms o0 128 ¥V rms (295 V o 362 V, pe;

C tr peak).

Current — 4.4 4 (rins) mazionum ar 88 Vac input. Nominal is 3.9 A ar 1060
Vac, 2 6 A at 120 Vac

H72706-AB

Voltage — 220 o 240 Vac nominal, single-phase, two wire plus safety earth
ground, 180 V rms to 256 V rms (509 V to 724 ¥, peak to peak).

Current ~ 2.2 A (1ms) maximum at 176 Vac input. Nominal is 1.8 A at
220 Vac, 1.6 A ar 240 Vac.

Line Frequency

o]

Phrag,

i)
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VA Xmnate Workstation Power Supply {HT27

Fuse
An externally replaceable fuse protects the input wiring. The fuse is cither
of the following:
8 HA 250 V AGC normal blow fuse for 100 o 120 Vac
s 3A 250V UL-approved for 220 to 240 Vae

Real Input Power

5

The input maxiosum real power 18 236 wans at fulbrated, regulated do
surput load of 89 warts plus 13F watts o the suxillary power converter
for the VAXmate expansion box.

9.5.2 Output Specifications
Table 9-3 summarizes the ourput voltage and current ranges.

Table -3  Outpui Voltage Suminary

Ouatpast Voltage Voltage Current Curremt Ripple
{V} {min) {max} {A min} {A max} (max pk-pk)

5.1 -85 4+ 5.3% &40 10,249 160 mv

B

i + 1150 + 12.70 .17 1587 POMG oV

i
ok
[
o

1
s
.
—
o

i

12.60 .12 .33 5¢ mY (@ <
ESHURSER
wmY @ > 300
Hz

- 280 v 26,60 + 2940 $5.45 G.55 A0 mV (@ <
SG0 Hz; 100
m¥ @ > 300
Hz,

-~ 9.4 £.55 - 945 .18 G.20 100 mV

b
i
g
o
S

0.00 0.406

300G.0

NOTE

The -9V ouwtpur is nominally isolaied from both primary and
secondary windings of the power supply. A small value of
conductance is included between the returns of the -4 V output an
the power supply secondary return, o keep the -9 V portion of the
system circuit from acquiring 4 significant static charge.

9-13



i” Kmate Worksiation Power Supply (H7270)

Temperature

% ambient temperature is 15 ~ 32° C (59 — 90° Fy. System shurdown
occurs for temperatures above 32° O (907 1),

.54 Safety

The power supply specified is Underwriters Laboraiories (UL} nized,
Canadian Standards Associarion (CSA) certified, and in z;mnglmma with Inter-
national Electrotechnical Cemmission (EC 380 and 1EC 435 {verified by an
independent testing firm). The system is an IEC Class One praduci.

Y4
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VAXmate ||
Workstation Specifications

VA Xmate Workstation

e VAXmate workstation consises of a base system unit that includes a CPU,
1/ video module, power supply and diskette drive, a kevbourd, and a mouse.
Svstem Unit

Physical Dimensions

Heigly 2BAT om (11 ‘.,‘S in) (at highest point)
Width £0.64 cm (16 in) (ar widess poing}
Diepth 38.1 cm {15 in)
Foatprint G09.6 sq cm (240 sq i)
Weight 15 kg (35 Ibs)
CruU
Processor §0286 processor
Memory t Mbyte RAM

Power Supply
Trpe 100 KHz
AC input {128 V or 220V)

120V (pominal) 90 w0 128 ¥ rms
220 ¥V {nominaly L8O to 256 V rms

A




i”i: VA Xmuie Warkstation 53

Line cugrremnt

120 V (nominaly +2.7 Vac nominal
220V (nominal} 1.8 Yac nominal
AC power 312 watts nominal
CONsumption
Regulated volrages +5.1, 4+12.1, =12, +28 and -9 Vdc

Unregulated ages *i50 Vdo
Circuit protecdon fuse

Over-temperatare
protection

Environment - {jass A

Ambient operating
temperaure

Relative bumidity

Maximuom wet bulb 25°C (77°F)
{non-condensing

Aldtude (maximum)

Cperating up to 8,000 feer
MNon-operating up to 30,000 feer

Waorkstation System: Expansion

PC50X-AA memory 2 Mbwytes customer-instaliable card

FP287 math BO287 numeric data coprocessor for floating
CORLOCLssHr o n ypf“‘as:. £ 1

Expansion box 28 or 40-Mbyte hard disk drive and swo indusiy

standard option slots {See Chapter 7))

PCROX-MA integral Hayes compatible 300/1200,2400 baud
modens
{Narth America)
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Monitor

The following are specifications for the monochrome monitor on the VaXmate
workstation.

CRT

Active Display

Hesolution

Horizontal scan rate
{Line syne)

Yertical scan rate
{Field sync)

Video pixel clock

Average power

1/0-Video Module

Text display:

Soft font (loadable)
Soft font (marrix)
Video input

CGA-compatible
modes

Addidonal modes

540 mm (14 in,) diagonal, 13-inch viewable, am-
her or green phosphor, 20 mm {0.788 in} neck
diameter; 90 degree deflection 770 mm (30 in)
fromt curvature.

240 mm horizontal by 150 mm vertical (2.5 % 6
in)

640 pixels horizontal by 400 pixels vertical
800 pixels borizontal by 250 pixels vertical

26.40 EHz (640 X 400} / 26,49 kHz (800 X

250)

60 Hz noninteriaced

22384 MHz (640 ¥ 400)
27.984 MHz (800 x 230)

16w

256 characters
8 pixels horizontal by 16 pixels vertical
4-bit TTL, 16 intensity levels

80 column X 25 row text
40 column > 2% row text
040 X 200 ¥ 2 color hit map graphics
320 X 200 X 4 color bit map graphics

640 X 400 X 2 color bit map graphics
640 X 400 X 4 color bit map graphics
800 X 250 % 4 color bit map graphics
320 ® 200 = 16 color bit map graphics

A-3
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sialion Speci

Diskette Drive Read/Write Capability
Read /Write ; 1.2 Mbytes IBM PC-AT 514 diskettes
Read/Write 0.2 Mbyres Digital RES0 5-1/4 diskettes
Read-only 0.36 Mbytes IBM PC-XT S-1/4 diskettes
Keyboard
Physical Description (Low-profile, detachable’
Height 5 em {2 in) at highest poing
Length 53.3 cm {21 in)
Wikith : 17.1 em {6.7% in)
Weight 2 kg (4.5 lbsy

Audio and visual 4 lights and bell sone generator
indicarors

Cord 1.9 m (6 ft) coiled cord; & pin, modular connec-
tor on keyboard end; & shielded connecior on
waorkstation end; plugs into right side of worksta-
tion

Keypad Sculprured kev agray

Home row 3 em (1.2 in) above deskiop
key height

27% ma, 1.4 W maximom

Power

8.8 om (3.5 In) diameter, 4.9 cin (1.6 i) high

176 grams {6 ozy including wable

Switches Three tactile feel switches acmating force 0.8
newtons (3 oz) £25%

{able 1.5 m {5 ) round, 375 cm €0.15 in) diameter,
six conducior, #26 stranded, shicided, {1
cable

Connector 7-oin miniature circular type (maie)

o
A-4
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Elecirical Specifications

Power - +5 volts 5 % ar 130 mA, ~8 to ~13 volts at 20
mA {RE&2Z3Z mode)

Imerface Digital ThinWire

Erhernet Port ~tachades a T-connector, terminator, and 3.6 m {12

{t) cablg

Serial Communica- Includes a modem control
tions Port

Serial Printer Port 6-pin modular jack

Table A-1 lists the power consumption of the VAXnuate system unit,

Table 4-1 System Unit Power Comsumption (Maximum Amps and Power)

Component +5.31 V¥ 124V 120V 4ZB0Y 9.0V Watts
S beard {max) Amps Amps Amps Amps Amypw 22192
4.486 0013 0.013% 0.300 0.060
I/0-video board 3100 9.060 0.039 0.000 6.200 18.80¢6
Maonitor board {max) G200 4.250 G250 0.550 0.000 22 44%
RX32%
Stast-up (400 ms) 0.630 1.006 [ER e 0.G00 3.000 18313
Read/write .550  $5.6000 0.000 0.000 4000 1G.065
2 Mbarte memory 0.600 3000 0400 0000 AR 3.060
Istegral modem G.75G 0.040 G030 0.000 0,080 4. 66
LK 250 {external) 0226 0.000 G.006 0.600 0.G00 1,122
Mouse {exiernal) 0250 G000 0000 0.G040 3,004 1278
TOTAL
steady-state 10156 0.963 0.332 D 550 4,200 84633
peak 10.236  1.363 0.332 }).530 . 200 89 881

The VAXmate workstation power supply and the expansion box power regula-
tor provide a total of 28.5 watts of power to the expansion box card cage (9.5
watts per option slot). The bard disk controlier occupies the top option slot

A-5
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{when installed). A towal of 19 wans | stancdard
options in the remais 1iag t:w: slots. Hach option slot awepis *;31“1(1 1§ that ase
an A-bit and/or 16-bit indusuryv-standard bus and a cloc {8 Mhz.

Tahle A2 liszs power consumpiion in the cxpansion bo

Tabie A-2 ikpaﬁsxsxﬂ Bi}X Fower i.,uﬂ'&dmpill)u il’uaxt; Tre103 }

Component ?§.§_ Y ~12.0 ¥ Far Watts

RD3E (max) 38.80

Starc-up (20

Operating:
wdle

3.6 0.900 0. 0.8
; 1100 0.0 0.0

IR
oo

RD3Z (max)
Start-ugp (21 seg)

2000 00 0.4

,m

Operating:
idle 1
random scek i

RCDA1/32 conraller

0.6

-
o {A.!x
i
o)

@
k!

fua?

e

oo Wi
Lo

Option-1 1 100 0.1 0.1

L
o)

TOTAL
RCD31-EA, -EC
state

1.300 A 21,44
2.800 0.2 0.2 6314

€0 W

(.25 44 .4
.25 66,14

0.
Q.

Faut

sready- &“m, 4.3 1.300 .
peak £.8 2.800 0.

RCD32Z-FA, Ff

Fad owd
b

0.7 0.2 .25
0.2 0.2 0.25

tary, blow 4
§ i“‘g(}‘i‘{ Ah

fuse in the workswation, or dama

supply.

A6



Appendix B
Expansion Box |
Bus Connectors |

Figure B-1 is the Expansion Box bus connectors. Figure -2 shows the signals
on these connectors.

Figure B-1 Expansion Box Backplane
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Appendix C
VAXmate CPU Module
Block Diagram |

Figure C-1 is the VAXmate CPU block diagram.

-

7







VA Xmate CPU Module Block Diagram ” “
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Figure C-1 VAXmate CPU Block Diagram
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AC OK circuit 9-11
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