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Chapter 1|
General Description

1.1 Introduction

The YAXmate workstation is a high performance, desktop personal computer
xecates industry-standard software in an Hthernet network enviroament,
nerwork may comprise several VAXmate workstations connected by

!f* nWire Ethernet cable, and may include a VAX or MicroVAX Il computer as
a neework server, This networking enwvironment is referred vo as Digiral's

Personal Compuring Systems Architecture (PCSA).

T h(: YAXmare workstation also has a hard disk storage device provided in an
il expansion box, so the VAXmate can be configured as the network
. The VAXmate workstation with the expansion box may alsa SErve as 4

standalone personal computer.

Base System - The VAXmate workstution is comprised of three major parts:
the VAXmare system unit f‘inciuding the CPU, 1/0 module, and video dis.
playy, a keyboard, and a mouse

The system unit has the following features.
®* 8 MHz 80286 Central Processor Unit (CPU)
& | Mbye memaory

® 1.2 Mbyre, 96 tracks-per-inch, half-height diskette drive {RX33)

* Communication ports
® Tilt screen

¢ Convection cooling

I-1
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l il 51 General Lescription

The system package housing is constructed of plastic, The workswarion features
® AC power switch on back of the workstation
¢ Connectors identified with icons
& Mass storage device behind sah access panel

® Brightness and contrast conmrals for the monitor on the left side of the
workstation

& A4 mechanical intevlock with a door that opens w©

Figure i-1 VANXmate Workstation - Front View
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Figore 1-2  VAXmate Workstation - Rear View

1.2 Hardware
The VAXmate base system (Secton 1.3) consists of the following
COMPONENts.
1. VAXmate Workstation (CPU/CRT;
a. CPU/Memory Module
b, 1/G-Video Module
¢. CRY {Amber or Green)
d. RX33 1.2 Mhyte Diskerre Drive
€. Commuuication pors
f. Power Supply

2. LK250 Kevboard
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Descyiption

3. Mouse
4. ThinWire FEthernet cable kit

5. Power covd

The following paragraphs describeg the compon
workstation.

1.2.1 CPU/Memory Module

The CPU/Memory module i g
logic, including DMA C‘:‘mf;m?, mwrmpt c::mimi, bus
mand/status registers. The moduls aise has a ¢
timer. An optional 5.33 MHz B4287 numeric £opix
enhance the CPU with floating poiny and other dat

atrel, and oc

The memory portion of the module has 1 I% ibyte dynamic memory with byte
pariry. An optional 2 Mbyte memory module can be o Proy a tatal
of 3 Mbyies of usable memory.

Other circuits on the CPU/M
mouse iuterface, and the

1.2.2 /0O-Video Module

The 1/0-Video Module acc 9;’:@ the 16-bit bm sig
CPU/Memory module. The /O Viden moduie p
170, peripheral interface, and video di%p ay contrel "liﬁ‘”d NS
system. The module contains a vid g fer, a serd
a ThinWire Ethernet intert ace, & sert rions port, d
ler togic, and a conae :
options).

generawed ‘“’} the

1.2.2.1 Video Conirclier

; proces.
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General Description

Industry-Siandard Text and Graphics Features — The VAXmate video
controtier has the followiog industry-standard text and graphics features.

® X 25 and 40 X 25 wxe display
@ wr seft font

& 5 x .8 ch

racter cell {using an 8 X 16 font matrix)
@ Tne feilowing character attributes

— 19 foreground colors/intensity levels

- sround colors/intensity levels, or 8 background
wensity levels plus the capability for each color to blink
¢ Bir map graphics with industry-standard color palettes

— 324 x 280 2<colors

ke

w A28 % 200 4-colors

W

- G4 X 200 2-colors

Enbascements (o Indastey-Standard Features — The video controller has
the following enhancements to industry-standard features.

® Screen resolution is €40 horizontal pixels by 400 scan lines. The
200-line industry-standard graphics display is accomplished by display-
ing each scan line vwice.

# Character fony matrix is 8 horizontal pixels by 16 scan lines, resulting
in a higher quality font for text modes.

® Font is fully programmable for ﬂmnbxim inn terminal emulation and
mujtilingual applications.

& Dmal-port video memory eliminates annoving screen flicker, because the
screen does not have to be cleared before accessing mwemaory.

& 16-hit video memory data path, coupled with the duzl-port access
results in faster screen updates.

Dsplay Processor - The disp‘%a;gr processor includes 2 parameter transiation
BOM, 684% CRT control, text video logic, graphics video logic, a video look-
{color palette), and statys and conwrol registers,

I-5



rapzd &.ehc ion t the C{!Iwif or intens
modes.

Video Modes — The display processor converis m

& ;‘s’&s%%’,is h
wrome modes |

modes, Unst
between color and mono
nal in the composite vid
VAXmate video controlier i
is no difference in the video output for these modes.

Mode © 40 % 25 Text mode monochrome {industry-standard)

5

Mode 1 40 % Pexe v

i

Mode S0 x 257

AN H

b

Mode : B0 X 25 Texi mode color
Mode 4 320 ¥ 204 4-color graphics mode {induswy-standard)

Mode 5 320 % 200 monochrome gis -standard)

Mode 6 de (industry-standard

- . L ®
A¥mate undgue

® 230 i0-color grap mode |

Maode DO G490« 405 Zocolor graphics mode { Cmate undgue)

TR

Mode D3 540 = 404 d-color gra ¢ unicue)

1

Mode D2 800 K 250 4-calor graphics mode (VAXmate

649 ¥ 200 4-color graphics mode {YANmate unigue)”

1.2.2.2 Monitar - Aosber or Green Screen

The moniter consists of a 14 in,
and associated analog circuiuy,

Tube (CRT)
X 250 or

Noy .?.&(5331 le, h

support

s,
g

+ Limited ROA

el
e

SpPOTE
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64G x 400 raster lines. It accepts synchronization signals and digital video
signals from the video conwoller. A 4-bit digitalto-analog converter allows
video images 1o 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 from the video controller.

The CRT can be tilted downward or upward to change vour viewing angle by
pressing the bar located at the base of the sereen. Contrast and brighiness
canirols are located on the loft side of the system unit,

1.2.3 RX33 1.2 Mbyte Diskette Drive
The RX33 i5 a 5-1/4 in, double-sided, dual-speed, half-height, 96 tracks per-

R pe

inch, disketre 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
interface berween the VAXmate worksration system bus and the diskette
drive. The controller supports the RX33 5-1/4 inch, high-capacity diskette
drive with standard (250K bit) or high capacity (500K bit) media.

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

1.2.4 ThinWire Fthernet

The VAXmate workstation includes an integral ThinWire Ethernet interface, a
12-ft cable, a T-connector, and a terminator. The ThinWire Ethernet interface
enables customers to connect multiple VAXmate workstations using small sec-
tions of cable and simple connectors. No toals are needed to establish these
connections.

ThinWire Erhernet is a cost-effective means of linking desktop compurers,
such as the VAXmate, to the MicroVAX 1. The Ethernet has a 10 Mbits per
second data rave, and is compatible with IEEE standard 802.3. In addirion, ali
previous Digital Etherner devices van connect 1o the ThinWire Ethernet
through adapters.
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% H General Descripiion

The network interface, which resides on the |
Asea Nevwork Controtler (LANCES, 2 Serial imn e
Coaxial Transceiver Interface (CT1) to control dam
CPU module and other devices on the ThinWire fthen

The LANCE is a 10 Mbit per second device ¢
Erhernet protocel. The TANCE also provic
Access/Collision-Detect (CSMA/CD) nerwork access,
(on-board BMAS, error reporting, pscket handling, ;iz:‘s’:i < E’!«
functions.

The SiA provides Manchester phase encodin
stream, and interfaces the TIL output of the
of the CT1. The 514 also has a phase-lecked loop to
incoming signal from a 20 MHz crystal oscillator.

The CTT couples the network interface to the cable, The CT1 provides
collision-detect, noise-contrel, and line driver/recoiver funcuons,

1.2.5 Communications

The serial communications elements in the YAX:
asynchronous communications for the communications
and the modem port. These elements provide full mo
with 2 programmable baud rate generavor, and are re LERE
industry-standard applications. The receive data format inciudes a start bit,
five to eighe data bits, a parity bit (if programmed}, and 1, 3
bits.

C ommunicaimas P@rt - I**e m;mmmnmm(m ;’es) Tt is mwrf *(‘f:’d via a ;f; pin,

Rb-‘;az-u am:i eifcmm, iy p‘hihlﬁ Wuh an R‘»
minal Equipment (DTVE3. ¥ hrc COMMUGICEIiNNS port in
Digital Standard 52 ' '

;gu‘d as Q;mt Ter-
ce complies with

Priater Port - The printer port is a G-pin, female,
tor, located on the rear panel of the VAXmate workstation,
port communicztes with an ASCIT protocol printer that g
data and accepts receive data. It supports two modem <o
compatible with Digital Standard 052, Section 4.

rob lines md i8




General Description

1.2.6 1LK250 Keyboard

The VA

maie kevboard executes both industry-standard and Digital-

developed applications on the VAXmate workstation. It also functons on

industry-standard PC, XT, and AT-compatible computers. Use of this keyboard
with an indusiry-standard compuater reguires 2 comparibie cable for that
machine. ' ' -

The keys on the keyboard have gold labels to identify special functions of
Drgieal WPS-PLUS word processing software, and blue labels 1o identify spe-
s developed for dndustry-standard application software. The kev-
board is connecred to the system by a &-conductor cable.

1.2.7 Mouse

Amaie mouse is the standard Digital mouse. it is a hand-held pointing
device used to move the cursor around the VAXimate video display screen. As
the mouse is moved slong o flat surface, the cursor makes corresponding
movements on the screen. When the pointer is placed ac the appropriate
pasition; press one of the mouse buttons to make vour selection.

The VA

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

R
e ..,
g

N

Figure 1-3 VAXmate Mouse

1-9
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1.2.8 Power Supply

The power supply in the YAXmate workstation operates from 120V or
b ETT Y
240 V.

The powser suppiv is a high frequency, swi
delivers all the dc power requived by the s
the CPU card, 1O _;cd ( RT monite
devices such as the
unregulated do 2154

1.2.9 Hardware Options

The following hardware options for the VA¥mate workstaiion are availabie
from Digital Bquipment Corporation.

PCSOX-AA 2 Mbyte Addizicnal Memaory

The 2 Mbyvie Momory option i a Customs aliable module
provided on 2 double-sided surface mount card, The card can be
mounsed to a connecior located on the P *;mdmif This con-
nector is accessible through a door at the reac of the worksta
tion.

This oprior card conins 4 banks of dypamic memory with

memaory control circuitry. Each memory bank has sighteen 256K
X 1 RAM chips. Two of these chips are used for parity. The
remainder are us or daga. The daa stored in me
accessed as individual bytes (8 bitshy or waords (16
byte parity detection.

An error LED is illuminated when the memory option detecis a
parity error, There is a total of seventy-twe 256K RAM chips on
this module.

i-¥9



1-11

1@

[0

]

I

General Description (il

uiniuinis
| | {

Lodbd d et
A T O S .

i
i

ol _Jof
oo

10l

{00 1 R |

Ty
i

1
r 3
]
]

-
L
{
i

L
{

.1
=

0
| 17
B

(o
[

L
[
L

B

A

; ]
— [JolC

Jr—
H

AUV B B

™

= [J
)
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FP2E7

i-12

Intel 80287 Mach Coprocessor

The VAXmate w
coprocessor for inere

& E

tion is not

i, OfF t

Service is included in the list price {(MLP) of this option.

L0728

Figure 1-5 FP287 80287 Math Coprocessor



Expansion Box

Grenarai Leseription I

The expansion box includes a hard disk drive, a hard disk
controlier, a bawery back-up unit, and » card cage with
rwo slots for industry-standard bardware options.

The VAXmare workstation supports a 3-1/2 inch or ‘S L

inch, half-height hard disk drive, which resides io
p{m%f{m box. For example, the expansion box «

the RID31-A hard disk drive, which contains two double-

sided, -4 inch disks that provide the system processor
with a total of 20 Mbytes of mass storage; or it <an su;}—
port the RIA2-A hard disk drive, which contains ¢
double-sided, double-densiry 3-14 inch disks that provide
the system processor with a total of 40 Mbytes -)f mass

storage. The operating system can be booted off the havd
disk.

The YAXmate workstation hard disk controller conanects
the hard disk drive to the workstation system bus, All
comirel and data wransfers between the system processor

and the disk controller use system programmed 1/0.

Direct Memory Access (DMAY wansfers are not supported
for either conerel or data transactions.

The expansion box also provides battery back-up for the

time-of-day (reat-time) clock/event timer in the
Memory module. The expansion hox includes two

5-year Lithium batteries.

In addition, the expansion box has two slots for indusuy-
standard hardware oprions. See Chaprer 7 for information
on installing industry-standard options in the expansion
box.

L BT A&

Figure 1-6 Expansion Box
i-13



i E General Description

PC50X-MA

Integral Modem Option for North America

A user-installable, integra
the VaXmate workses
10 the CPU &-bir bus thrma
module, which is accessil
the workstation. The mode

103, Y22Z-compatible, and v )m hi‘scd}ﬁﬂ“‘tdiaﬁ e modes,

The modem medule nas two modular elep hwnr

connectors that protrude thi
VAXmate workstation ’T"hr* <
keved, modular ho
in Canaday.

L. L

— ,-V,J

[ O I»E;;JL&JMLL
] I

ERRSERAREARR R RRRERARR ALY i
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Figure 1-7 PCSOX-MA Integral Modem CGption

fine

Laniaa




DEMPR

GESTA

LNO3S

LNGAXIC

General Description 1

Digital ThinWire Ethernet Multiport Repeater

The Digital ThinWire Ethernet Multiport Repeater
(DEMPR) is a radial hub thar connects up 1o eight
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,
ar on a table.

Digital ThinWire Ethernet Station Adapter

The Digital ThinWire Ethernet Station Adapter (DESTA) is
a4 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
artachment to standard Ethernet devices; and a BNC
connector at the other end for connection to the
ThinWire Ethernet. The MicrovVAX If would use a DESTA
to communicate to the VAXmate workstation over
ThinWire Ethernet cable.

The LAT7S is a low-cost, single-user, entrv-level, dot-
matrix companion printer for the VAXmate workstation.
The LA75 features the ability to insert single sheets of
paper without removing the continuous form paper, a
separate feed for envelope addressing. and very quiet
aperation.

The LATS uses Digital printer protocoels 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 LA75, the LNO3 uses
Digital 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 INO3 Plus to use
industry-standard protocols.

I-15
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1.3 Country Specific Configurations

The following example is a typical VAXmate workstation.

PC500-BA Component

Model Number

PCS00G-B2 Building block

LK25G-A4 English language keyhoard
VEXXX-AA Mouse

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

The following tables supply country specific component information for

VAXmate base systems.

\’gixmam Screen Base System User
Modet Color

PCRO0G

-BA roern 1.5A.

-BC Green French Canada

BD reen Dienmark

-BE Green English speaking users outsicde U.5.A.
-BF Green Finland

B4 Green Germany

-BE Green ftaly

-BK Green French Swiss

-BL Green German Swiss

-BM Green Sweden

-BN {rreen Morwiay

I-16
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Green

Green

Green

f3reen

Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Amber
Ambey
Amber
Amber
Amber
Green

Amber

CGeneral Description

France

Canada

Israel

Aunstralia and New Zealand
TIRA.

French Canada

Denmark

English speaking users outside U.8.A.
Finland

Germany

Iraly

French Swiss

German Swiss

Sweden

Norway

France

Canada

Israel

Spain
Australia and New Zealand
Canada, bi-lingual

Canada, bi-lingual

il

1-¥7
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Base Systems

Base Systens  Model Component
Number

PCS006-X2 PCRGO-B2 buailding block
Vg XXX» AA mouse
o ThinWire asse Il”‘iﬁ}f kit
RX33K-01 blank RHEA35 diskeie

PCS00-X3 PC500-B3 building block
VEXXX-AA mouse
POSGXCH ThinWire zasembly kit
R¥33K-01 blank RX33 disketie

PC500-Y2 PC5G0-C2 building block
VEXXI-AA FGLuSe
PCSOX-CH ThinWire assembly kit
RE3AK-01 hlank RX33 diskeue

POAOGYS PCSG0-CH bullding block
YEXAX-AA IHOUSE
PCSOX-CB ThinWire assembly kit
REA3K-01 blank B¥33 diskeue

Power Cords

Model Lountry Part Number
Number

BNI19A-ZE UK. fIreland power cord 17-04209-08

BNI19C-2E Austria, Belgium, Brazil, Finland, France, 17-00199.12
Germany, Holland, Norway, Portugal,
Spain, Swaden power cord

BN19E-ZE Switzerland power cord 17-0G210-05
BN19H-2E Australia/New Zealand power cord 17-00198-07

BN19K-2E Denmark power cord 17-00310-0%

1-18
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BNI19M-2E {taly power cord 17-063064-08

BNI9P-1K North American, Japan, Mexico power 17-00606-02
cord

RM198.2E India/Africa power cord 17-00456-08

BN19U-2E Israel power cord 17-00457-08

Kevboards

Model Country

Number

LKZ50-AA English language keyboard

LKZ50-A0 Canadian/French language keyboard

LK2Z50-AD Danish language kevboard

TKZ50-AF Finnish language keyvboard

LEZ5G-AG German language keyhourd

LK Z505-Al ftalian language keyboard

LK250-AK Swiss/French language keyboard

LKZ5G-AL Swiss/German language keyboard

LKZ5G-AM Swedish language keyboard

LKZ50-AN Norwegian language keyvboard

LK250G-AP French language keyboard

LKZ50-AR Hebrew language kevboard

LKZ56-AS Spanish language keyhoard

LKZ50-ED Canadian bi-lingual language keyboard

YA Xmate Manual

AZ-JCATATH VAXmate Svstem Handbook (English)

Or another language manuval.

1-19
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1.4 Techuical Block Diagram

Figure 1-8 depicts the relationship of the VAXmate workstation COMPONEnts.
The optional components appear in dashed lines. The CPLU module and the
1/0 module use a common bus to communicate wich one another. and with
industry-standard peripheral devices. VAXmate workstation COMPONENts con-
necied to the bus can request (o use the bus without consuring valnable
processor tme. Such a component that qualifies as a DMA device can reguest
to become bHus ter. As b 5
quickly without using the p EOI'S services. Any option added o the sys-
em also connects to the system bus using either an 8-bit bus or a 16-bit bus.
The processor also recognizes interrupt reguests from peripheral
along the bus, suc
acknowledges
place.

(=g

standard options plogged into the expansion box card cage can also use this
bus. The expansion box has its own power controller 1o provide de valtages
to the disk drive and industry-standard options, There are alse two Lithium
batteries that provide battery-backup for the real-time clock/event timer on
the VAXmate CPU module. Notice that battery-backup is available only when
an expansicn DOX s present,

1-.20
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2.1 Introduction

The VAXmate central processor unit (CPU) module is a single-board module
that conains 2 clock generator, contral processor unit, COPrOCEssor, one
megabyte memory, bus control cCircuitry, interrupt controllers, direct memory
access {DIMA) controller, real-time clock, 3-channel counter/timer, keyboard,
and mouse control circuitry. It also contains buffers, registers, and counters,
which are used to interface various bus structures within the module.
Appendix  contains a detailed block diagram of the CPU module.

e
+
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2.2 Clock Svystem

The CPU moduele clock system is run by a 31.95 MHz osc dzafrr zing,ma
Pring Set, POSG0O CPU 286, Sheer 3) oy :
nals as follows.

is subadiy

e 1

MHz clock ~ used by mc ?! Coprocessor, and the reset logic. Also

P4y Ivis
> expansion

'y

e DMA controller {sheer 7y DMA and LAY
& wait stare generator (sheet 143

Addirional timing is provided by the following osciltators,

for the event timer

& 32768 KHz oscillaior - generates the clock
{sheet 93,

<. 318 MHz oscillator ~ generates the clock for the expansion box and
m timer logic (sheet 33,

& 50688 MHz ¢
logic (sheet

sciflator — generates the clock for the mouse inierface

2.3 Microprocessor

The VAXmate “,Gfk‘s“a‘“iﬂﬁ microprocessor is a 6B-pin VL&? 8 ) ‘h(z Centra
Process: CPUY . This CPU ds a high pefo
with a 16-bit exvernal daig pach. The ¢ 1
operation: real address mode and protecred viriual address mode. Aa.id;rmm!

X ents support Direcr Memory Addressing (DMA)Y, timing, interrupis, dasn
buffering, and bus scructures. Aa optional 80287 numeric processor extension
{COprocessor) can dded to inciude extended integer and

tlearing-p i TS processing.




Vi Xmmate CPU Mo

2.4 Coprocessor

The optional 80287 coprocessor is a high performance numeric processor that
stends CPU capability with the addition of floating-point, extended-integer

ard binary «;s)ﬁmi-df cimal (BCD) data tyvpes. The Coprocessor obtains instruc-
tions from the CPU, and processes the high-precision numeric instructicns in

aniunction with the CPU.

*

2.5 Memory

The basic VAXmate workstation coraputer memory comprises 1 Mbyte of RAM
mermory and 64 Kbyte of ROM memaory. An additional 2 Mbyte RAM memory
an be wamrwzi if needed,

2.5.1 1 Mbyte RAM Memory

The 1 Mhyte RAM memory connects to the 16-bit bus. The memaory has a
maximum data 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 wait
state), This memory coosists of two banks (bank 0 and bank 1), each contain-
ing two 256K X 9 RAMs with byte parity generation and checking (Figure
Z2-1, 1 Mbyie RAM Memaory).

A DMA-type refresh controtler refreshies the dynamic memory in the system
Two rows of dynamic memory are refreshed every 30 microseconds in a p«srirad
of six bus cycles (750 nanoseconds per refreshy, and all 256 rows of RAM aie
refreshied every 4 microseconds.

The total memory address space is 16 Mbytes in length and divided into two
access modes; real address mode (1 Mbyte) and protected address mode
(15 Mbytesy. (See Figure 2-3, Memory Address Partitioning).

Because of PC compatibility, the first megabyte of RAM is mapped inte three
m}nva@migmm‘z address spaces: 000000-09FFFF, 0DOCOG-OEFFFE, and F20000-
FSFEFE The 2 Mbyte optional EAM i3 mapped into a single address space,
1004090 - ZFFFFE
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-
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HIGH 8YTT

Figure 2-1 1 Mbyte RAM Memory
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5.2 System ROM

e

s -
IEC &

i

”’") it ha‘& a

kit bus

in

ROM opers
’(v“e Wi at ;

Kbyief syst

time

_ 58 i:an_g@ (?*‘i* (f"(ﬂf ‘;},‘1!’%[:}. !
dode, the ROM is accessed in the lower

::j ATEAS, a*:j arcas fe i video and options. are showne in Figure 2-2,

AN
£
§ ,
i
g M315-8
| %
< :
‘\;f ROM SELECT
MAYT -1 -
i H
=

L E——————— _{\ y

Figure 2-3 Svystemn HOM (UVEPROM}
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2.5.2 2 Mbyvte Memory Option

The 2 Mbyvte memory option provides the VAXmate wor kstation with addivional
dynamic memory. This option is mounted on a danghter card that connects o
the CPU meduie through a 62-pin connector. Memory riming mode is identical
te the CPU memory. Fach containg an additional wait state in the standard
80286 read;/write cycles, which results in a 375 ns memory cvele time. The
option pc*&x. ns byte parity generation and parity ercor detection.

Memory address is decoded from the Unlatched Address (UA) lines, and is
allocated as shown in Table 2-1. Figure 2-2 shows the location of the 2 Mbyte
memory addressing space.

fﬂhic i 2 \lhyte Memon Map

Hex &dilfi‘:‘sg Fanction

130G00-1TFFFF - Memory (Eytztm (hdt‘sk i1y
180000- | FFFEER Memory Option (Bank )
2H0000-27FFFF Memory Option (Bank 23
2ROCOHC-2VYFYP Tx%(*mf)n fzm:m {Bank 3)

The 80286 CPU must operate in protected mode to access the 2 Mbyte mem-
ory. During normal read/write operations, only one memory bank is enabled ar
a time. All four banks are enabled simultaneously during refresh operations.

The option board contains four banks of dynamic memory and memory control
circuits {Engineering Print Set PC500 RAM BD, sheets 4 and 5). Hach memory
hank has 18, 256K x 1 parts (16 for data, 2 for parity). Data may accessed in
8-bit bytes or 16-bit words, each with byte parity detection. When the memory
option detects a parity error, an error LED (sheet 3} is illuminated. The CPU
can enable or disable the LED using the EN RAM

PUHE H signal (PC300 CPU 286, sheet 11)

B
g
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2.5.3.1 Timing Modes

Read/Write Cycles ~ As mentioned previously,
cyele timing is scjem:u af &m t:ma of the processor b

the memory opticn ree u/ wrire
;Mui af “Vui& Cyle

(random read or early write command).
walt state added by the processor hoard |

"reshm LW TOWSE

Refresh Cyoles — The A
memory optionand CPU "{‘mdulf:
e generates and tansmits a s and re
the memory option during refresh *n-\a:if‘, fhf CPU ref
ory and optional memaory ac the same time. During ref
banks of the memory option BAM are z@:@e@z, als
signals are enabled, and Column Address Strobe (L4

conds. The CPU mod-
shoming signals o
shes its on-board mem-
mode, alf four
Address Strobe (RAS)

» signals are disabled.

2.5.3.2 Memory Option Moduale interface

The sdge connecior of the 2 Mbyte memory option moc
62-pin memory interconnect socket on the CPU module. Aiiha}ngh the connec-
tof 12 the same size as the (ndustry-standard s s ot have sinddlas
signals. The memory option connector only connects to the "z/iX mMAte Memory
optien module.

2.6 Bus Structure

rn the VA Xmamw
‘subset of the

There are two separate industry-standard bus struet i
workstation: a 16-bit bus (buifered CPU bu aﬁij bit bus
16-bit bus). These structures are defined i b OPU T
Structure.
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EYETEM DATA BUS MICH BYTE SIX 158

SYSTEM DATA BUS LOWBYTESD 70

CONVERTER

g

F

i

gure 2-4  CPU Data Bus Structure
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2.6.1 16-Bit Memory w}'“le

yus, three CPU-clock ovele bus that russ at &
112)1!3,{{ when the 146.biy memory cyvcle signal
2-5, 16-Bit Memory Timing Cycle.)

) is assereed.

The first Ll(‘i.l’\ cyele is iur holding the address from the previous bus cycle
and setx v : current hus oy cnd clock ovele s for
MEmory rs:ae;’i or mcg‘zmry write command time. 'rh:* sh*el cycle is an antomatic
wait state ¢ nd the mand time an acdivional clock cycle. The proces-
sor board hardware generares the add s 5
{'cac;é CE{%{.R CVC!!‘.‘: is 125 ns) and the wait state oreat

21 FROHCLETE .

§ ¢
13 | ?

MORY THRANSFER——=]
TG ot TV |

ZLOCK H

11 280y

T
e

ot ]

R S —

gk

Figure 2-5 16-Bit Memory Timing Cycle {Transfer Data Mode)



Table 2-2  16-Bit Memory Timing Parameters

YA Xmate CFL Modpie 11000

Retf,
Ne. Signal

Minimum
{ns}

Maxioum

(s}

1 Address set up ro ALE trailing edge

2 CMI feading edge from CLOCK rising
edge '

3 MEM16 falling edge from address (UAxx}

4 MEM 16 leading edge from address {UAxx)

¥ )

DATA valid to MEME wrailing edge

o
s

DATA bold from MEMR wailing edge

~4

CME2 disable from CLOCK rising edge
& DATA valid from MEMW trailing edge
9 DATA hold from MEMW trailing edge

1 ALE valid ro CLOCK falling edge

13 Address valid to CLOCK wrailing edge

1z CMD teading edge from CLOCK falling
edge’

14 DATA valid from MEMW leading edge’

15 CATA hold from MEMW wrailing edge®

17 CMD disable from CLOCK rising edge’

18 Address (UAxx) stable to CLOCK falling
edge

19 Addeess (UAxx} hold from CLOCK falling
edge

51.5

£}

74.5

26.%

B

* H-bit Memory

NOTE

All parameters assume total bus load of 530 pE The bus clock
(CLOCK Hy is synchronous 1 the 80286 clock, but may lead the

80286 clock by 3 ns maximum.

2-FF
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2.6.2 16-Bit 1/0 Cycle

The 16-bit /O cycle has one more wair state than the me
start of commuand is delayed one-half clock cyele, which ail
cycle for serting up the address. 170 cycles are cncﬁﬂ > f“:y a8
signal (16 L) which indicates & 15-bit 1/O ¢y :
2-G, 16-Bit 17O Timing Cycle). The
and system data bus bite (3D 13.0 H) are a
timing parametess,

HITOH

g fall cloc k
,i:"tmg the 1/0

éi’w ;hg L {3

b 16 BIT /0 CYCLE
ot Gt TCm e Y

X /m‘ /N

fg};ie Also, the

Figure 2-6  16-Bit I/0 Timing Cycle (Traasfer Data Mode)

t
g,
LW
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Table 2.3 16-Bit I/O Timing Parameters

Bef.
No.

Mindmum Maximum
Signal {ns) (ns)

i

¥
“

L

Address set up to ALE wailing edge 51.5 74.%

CMD feading edge from CLOCK rising 5.5 26.5

/016 falling edge from address (SAxx) 0 - 80

1/(316 leading edge from address (SAXX; 0 80

DATA valid o FOR wailing edge 2% -

DATA hold from JOR wailing edge 5 -
CMD disable from CLOCK rising edge 3.5 263
DATA valid from JOW trailing edge 0 20

DATA hold from JOW trailing edge 40 -
ALE valid to CLOCK falling edge 6 21
Address valid to CLOCK falling edge 3 RS
CMD leading edge from CLOCK falling 5.5 26.5

edge”

B

DATA valid from IOW leading edge’ 0 55

i% DATA hold from TOW trailing edge” 23 -
17 MDD disable from CLOCK rising edge’ 5.5 265

T Rbit 1/O

NOTE

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

o]

2-13
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2.6.3 8-Bit Meniory Byte Iransfer

tions 1o the local daia
s pransferred

acress 2D7-0 H. S8HE ﬂ, is not :;ssffd a’;ass in th&: 16-bit bus}.

Memory byte transfers occur automatically whes the 16-bit memory cycle sig-
nal (MEMIG L) iz not asse ia:i (Figure 2-7, §-Bit Memc awy Timing Cyeie).
Address hnm and address sewup require 1-32 clock cycles. Command time
"ﬁqu clock cyeles, and includes four wait states, thus ating a oycle

time of 730 ns.

Lot 1

Memory word transfers use two memeory byie transi
150G ns.

:rs for a ovele tme of

£
1
;
1 { ;
a-d {1} i
i) i
ADDEESS i VAL'D ADDAESS ¥
: S— A
? -—»i (17}

[ S LR R —
R :;v’i\iw LEMEMW L

G L mj

Lé-—mi’l(i; — {45}

for ..bm«;

L 1BET

Figure 2-7 &-Bit Memory Timing Cycle

by
D
Mrag



VA Xmate (P Module 1111

Table 2-4 B-Bir Memory Timing Parameters

Ref. Minimum Maxiom
Ne. Signal {ns) {ns)

1 Address set up to ALE trailing edge 31.3 74.5

2 CMUD teading edge from CLOCK rising 55 2465
eilge

MI16 falling edge from address (UAxxy O 80
4 MEM16 leading edge from address (UAxx) O 8
5 DIATA valid o MEMR wailing edge 23 -

G DATA hold from MEMR rrailing edge % -

54

7 CMD disable from CLOCK rising edge 3.5 26.
B DATA valid from MEMW trailing edge 0 20
G DATA hold from MEMW trailing edge 40 -

10 ALE valid to CLOCK falling edge 6 2%
i1 Address valid o CLOCK trailing edge & - 18

12 CMD teading edge from CLOCK falling 5.5 245

14 DATA valid from MEMW leading edge’ 0 55

15 DATA botd from MEMW trailing edge”

i

17 CMD disable from CLOCE rising edge’ 5.5 26,

18 Address (Uaxxy smble w CLOCK falling 35 -
edge

19 address (UAxx) bold from CLOCK falling 0 G5
edge

© B-bit Memory

NOTE

All parameters assume total bus load of 30 pE The bus clock
(CLOCK H) is synchronous to the 80286 clock, bur may lead the
8028¢ clock by 3 ns maximum.
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2.6.4 8-Bit I/0 Byte Transfer

170 byte transfers also occur automatically whe
ure 2-8). Address hold and sctup requires 2
time requires 6-1/2 clock cycles, including 7
this process is 112% ns,

ot asserted (Fig-
¢ command

e ﬁ;}ﬂ.@lé time for

/0 word wransfers are performed as rws
C}cie time is 2250 ns.

Dl Te o Lo Ta o b T o 4 o b0 T 0 Ty o 1 T -
won / \ ;- N /1 \ \\Ms’f NWANYA (A
’ ——«», =-50) i
. | L
ALE h r!:’ Y i i/
H H

el w10

Y

A

—m “ﬂ“%i/ o] - (17

|

(‘.“'_
|
!

! ?
[FLR T3 i/— | i -
— % !
| ! 1)
R - {14} »«-pwg ?«l'
N e 3 { VALID DATA S
: 1
] K
%

|
|
§
|
1
i
|
i

Figore 2.8 8-Bit 1/0 Timing Cycle



Table 2-5  &-Bit /O Timing Paramcters

VA Xmate CPU Module 111

Ref.
Mo Sigual

Mindmam

(ns)

i Address set up o ALE wrailing edge

2 CMD leading edge from CLOCK rising
edge :

Lt

{/Q16 falling edge from address (5Axx)
4 {7016 leading edge from address (SAXX)
5 DATA valid 1o YOR wuailing edge

G DATA hold fromm JTOR wailing edge

CMD disable from CLOCK rising edge

& DATA valid from YOW trailing edge

G DATA hold from LOW trailing edge

10 ~ ALE valid o CLOCK falling edge

1i Address valid w CLOCE falling edge

1 CMD Jeading edee from CLOCK falling
edge” S )

14 DATA valid from 1OW leading edge”
i5 DATA hold from IOW trailing edge”

CME disabie from CLOCK rising edge”

51.5

Maximun
(ns}

26.5

21
(8
26.5
55
265

* Bebyie 3G

NOGTE

All parameters assume total bus load of 50 pF The bus clock
(CLOCK H) is synchronous to the 80286 clock, but may lead the

H0286 clock by 3 ns maximum.

217
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VA Xmmate CPU Module 11U

The interrupt controllers reduce CPU interrupt processing overhead in the

1. They resclve the priority of simultancous, or overlapping, iaterrupt
FEQUEsts.

2. They concentrate mulriple interrupts into 0¢ SOUrCe.
3. They provide the vector number of the intersupt handler.

As mentioned previously, ach controller handles eight interrupt request
ure 2-9). Although the controllers are physically identical, they have a
master/slave relationship. The output of the slave (controller 2) is connecred
to the interrupt fequest input line (IRQ2 H) of the master (controtler 1), The
output of the master is connected to the PINTR H input of the 80286 CPU.
Tabie 2-6 lists the RZ59A conwrofler request input lines,

FOLTPUT DATA

SLAVE
FUONTROLLER

CASTADE LINES

FEAD/WRITE CONTROL

T ADDRESS BIT 0 N

_ CHIP SELECT (CONTRGLLER 23
INTERALIPT ACKNOWLEDGE ANTERAUPT REGUEST

TIVER INTERRUPT REGUEST (0} INPUT/GUTPUT DATA

KEYBOARD INTERRUPT REQUEST {1) |MASTER o
- ; CONTROULER]  F

SLAVE CONTROLLER INT REQ i2)

HTERRUPT HECWESTS {7 - 3)

CASTADE UNES

i3

READ/VWRITE CONTROL 3
5

ADDRESS BT O
CHIP SELECT (CONTROLLER 1}

IMTERRUPT ACKNCWLEDGE IWTERRUST REGUEST |

Figure 2-9 Interrupt Controllers
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trol

¢ accepts two types of command words from the

nand Word (JCW), and an Output Command Word

bring the system to a starting point. The OCW
formars for device nperation,

tler has many vegisters, it bas only two
able 2.7 shows the master and slave 1/0 addresses.

1/ Addresses

2.7.2 Read/Write Con

The read fwrite conirol lagl
CPLU sn Initialization Comu
(OCW3. The ICW registers

TS STCRE VArious Cofng:

regise

Although the 82594 contro
input/output {1/0) ports. ]

Tablz 27  Master and Slave

Posrt Master #la
G OG20H [S18)
i Q‘J 2 i H 06,

A brief descripuion of the i

worxia (fi Wl H“‘W-”é) They e%xablhh the operaum, fondmfmi Of the inté[‘nlpi

tler and are only wri

en during system initialization. The interrupt con-
s do nor have a hardware reset. After power is applied 1o the system, the

contrallers are in an undefined state until they are inirialized. The VAXmuate
stars-up code imitinlizes the intersupt controllers. From two to four initializa-
tion command words are required to initialize the interropt controller.

The interrupt controtler recognizes ICW1 as the start of the initialization

sequence. ICW1 resets the controller as follows.

1. The trigger mode is cleared 1o edge trigger mode and the edge sense
circuit is reset, After initialization, an interrupt request input (1RQ H)
must be made to the controller to generate an interrupt.

Ind

The interrupt mask register (IMR) is cleared.

A intervupt request Hoe IRQ7 is assigoned priority 7

{lowest}.

2-21



is O, JOW4 is cleares
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mode, the intermpt inp

v (g highest, and 7 is lowes
interrupt, the controlier inhibits interru
However, the current in
priority interrupt as folls

e

:”‘;slz- l’a i il

a. The higher-pri
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The 8 zj?téA um

W oin HOW4
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dal mask mode is
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2.7.3 Operation Command Words

Gperation command words command the interrupt controller o operate in

upt modes. The following words can be programmed into the
controtier anyvtime after initialization as operation command words.

& Read or write the interrupt mask register (IMRE)
# Accept specific or nonspecific end of interrupt commands

& Prable or disable vario

¢ automatic priority rotation schemes

# Set or reset the specind mask

% Read poll data
& Read the interrupt request register (IRW)
& Read the in-service register (ISR)

Priority Rotation - In nonspecific or automatic end-of-interrupt (EOI} mode,
priority rotation assigns equal priority 1o all interrupt inputs. When the inter-
rupt controller receives the EOL the controller assumes thar the active ster-
rupt input with the highest priority is the interrupt just completed. The prior-
ity bits are then rotated until the Jast completed interrupt is assigned the
lowest priority (7). If that intercupt requires further service, it must wait
until it becomes the highest priority interrupt, or until all other interrupts of
higher priority are inacrive.

3 3
PEL



i 1 VA Xsnate €PL

For example, Figure 2-10 shows the priority and in-service status Set-Up with

interrupt request 2 having the highest, and §

CUDL QL

est 5 having the

next highest priority requesting service. The priority will rotate as shown in
Figure 2-11 .

Before rotation, in-service bit 2 has the highest prioric

follow sequentially,

In-Service Bits

7 6 5 4

o
[
.
o]

S AP——

1
M.M.mm.«.m..w,;l
!
i

1
| A
o

o | 1 | o

5 3 s R e .

Priority Status

? 6 3 4

b
2]
ot

0

~d
[=,]
W
e
L2
(3]
ery

&

et

Pigure 2-14¢  Priovity Interropt Stains Before Rotation

After interrupt servicing, priority rotation cavses bit 2 o have the lowest pri-
ority, and bit 3 10 have the highest priovity. Therefore, bit 5, which reguires
interrupt processing, has become the highest priority bis

24
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In-Service Bits

7 & 5 4 3 2 1 0

0 1 1 ¢ 0 0 ¢ 0
Priority Starus

7 6 5 A 3 2 1 G

4 3 2 1 0 7 6 5

Figure 2-11 Priority Interrupt Status After Rotaton

Another method of setting priority is with specific roration. In this method,
the lowest priority is set, thereby fixing all other priorities. For example, if
interrupt request 2 has been programmed as the lowest priority, then inter-
rupt request 3 will be the highest. The Set Priority command is issued in
output control word 2 (OCW2). Low order bits 2-G define the priority level
code of the lowest priorvity device.

Special Mask Mode ~ Some operations may require an interrupt service rou-
tine ¢ changes the priority structure during program exccution The

service routine might want to disable low priority requests for part of its
execution, and enable some low priority requests at another point during exe-
cution. The Special Mask mode is issued using output control word 3
{OCW33, which selectively enables interrupts by loading the mask register




2 P Maduie

Poli Comumand -~ 1 hc, pnhw Ta T soessing nwy be used

éju&»& i5 2 amd snrerrupt
ing Ea“”)%ﬁ space, This

i

18,

s Beyond 64,

; Y ool
: !i.ﬂ 8. The Vinterrupt fevels

all interrup i
atorrup conroiler determines
passes the informetion into <«

contraiier

A Register

AG i W, GOW2, GOW3
2i Al H IOW2, ICW3, 1ICWs, GCwW

2.7.5 Is

The intery
which slic

armed with inte ¢ routinge sirg
nmping (o the sp interrupt routing
g devices. .:xhs: normal sequence of

£5€ FOLULSIS ¢ and, i appropriate,

d respords with an acknowi-
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4. Upon receiving the acknowledge, the interrupt controller sets the highest
priority ISR bit and resets the corresponding IRR bic

5. A second acknowledge is issued by the CPU, causing the cootroller to
place an 8-bit pointer onto the [/ data bus that is read by the CPU.

2.7.6 Interrupt Pr(::{mgﬁmg

The list of events and the flow chart thar follows describe iaterrapt processing
(see the flowchart in Figure 2-12). Bach n;c:m in the list describes a system

state o event. Followiag the description of a state or event Is an additional
statement pointing (o the next state or event. In this section, assume that the
interrupt controllers are initialized.

1. The interrupt controlier is idle nntil one or more interrupt controller
input lines become active. When one or more input lines are active, go to
3

2. If any of the newly active inputs are unmasked (enabled}, go to 4: other-
wise, go 10 3.

3. If other interrupt inputs are pending, go 10 5; otherwise, go o 1.

4. When no other interrupts are pending, go to 7: otherwise, g0 6.

5. If the controller is waiting for an end of interrupt (EOI) command, go o
6, otherwise, go to 7.

6. If any interrupt has a higher priority than the one being processed by the

CPU, nest the interrupts and go to 7; otherwise, go to 8.

7. The congrobler activates its interrupt request output line
(INTR H) and waits for an acknowledge signal (INTA16 1) from the
CPUL

a. If the interrupt controller input indicares 4 slave input, then the siave
interrupt output ling (IRQ2 H) activates the master interrupt control-
ler IRQ2 input (the master interrupt process starts at step 23, The
IROZ input becomes the highest priority master inrecrupt line that is
active, and the master controller arrives at this point. At this time.
@{vh master r and slave controllers are waiting for the CPU acknowledge
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b

[p]

d.

In cither case, the master controlier activates its interrupt requesc line
(INTR H), which wriggers an external latch, and deives the CPLU inter-
rupt request input (PINTR H).

When the CPU request input is (ij‘)‘ihlf?d th»t mta:rrn;;@. comr«:}zler con-
tinues to wait. If other interrupt contre § L
ing this waiting period, go to 2. % ’hﬂn té.sc: JIJ feGUEest Inpur is ena-
bled, the CPU accepts the request and responds with an acknowledge
signal (INTALG L),

When the interrupe coneraller receives the acknowledge, it sets the
highest priority bit in the in-service register (ISR), and
corresponding bit in the interrupe roguest regis
the controller to accept another interrupt requ

Next, the CPU issues a second acknowledge signal. RXh en ‘he master
interrupt conrotler accepts the second acknowledge i
mines whether or not the interrupt input scurce glave interrug
controller. If the interrupt input source is not a slave, the master
coptroller places a preprogrammed 8-bit interrupt vector on the
input/output {I/0 data bus. When the interrupt source is a slave
controler, the master coniroller places the slave address (master inter-
rupt input number (-7) on the cascade lines. This enables the stave
controller to place the preprogrammed 8-bit interrupt vector on the
1/G data bus. In either case, the CPU reads che 8-bit interrupt vector,
stacks the current staie, and begins executing the interrupt handler
that is specified by the contents of the interrupt vector.

The interrupt controliers are waiting for an end of interrupt (EGI)
command. When a slave interrupt is processed, bath the slave and the
master require an EOI command. If an interrupt occurs during this
waiting period, go to step 2. When the CPU writes the end of intes-
mipt command, go to step 1.
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*%’zﬂit 53 L&

DMA controlior op ;
fﬁ‘h mg three types of Iﬁ‘aﬁ’i‘\ re
ngjf: Iraf

zach ¢©
) ’} he four wansfer
and cascade.

’h.i, wréw or ver

2.8.1 OCperation

When the DMA controller receives a DMA request {DRO
channel, the controiler responds by sending &

REQ H)Y to the CPU 1o r;i*m fi c:smrz)! of the s
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ROD Hyona
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4 OCTAL
DEIVER

BEAL — BAD

ed  DRIVER

</ | %
«\' -v&"

IMTERNAL ADDRESS BUS SYSVEM ADDRESS BUS

ERREE

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

The DMA controller operates in two major cycies: idle and active. Bach device
each being one full clock period in

 conteolier sra

eycie consists of from one to seven stat
duration. Table 2-9 describes the varioy
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Table 2.9 DMA Conproller States

State  Descriprios

N valid DMA reqguests pending. The CFU can program the

54 nactive stak:
DMA consraller.
SO First state of DIMA seevice: The i,(:z’mf‘ﬂu has 16@;;««“1 a hold (K’ *:7 }d'i )y,

erted betweers $2 and 83 or 83 and 54 by sending
S HY e the congaller

2.6.1.1 Device Cycles

idle Cycle — If there are no 1/0 channels requesting DMA service, the DA
conzraller enters the idle cyele and performs inactive states (81 states). While
in the idle cycle, the controller samples the data request lines (DRQ3-
DROQO H) every clock cyele, to determine if a channel s requesting secvice.
Thﬁ comiroller also samples the chip select signal (see DMA CS L in Figure
2-13). to determine if the CPU is attempting 10 communicate with the DMA
‘)mmikr if DMA C8 L is active and the CPU has coniral of the system buses,
the CPU can program the DMA controller b*/ rf*admg from or writing te the
controller ,i‘iﬁ“*rz:ﬁs registers,

Active f;}a;lé: ~ The active cvcle is entered from the idle cycle when a
nonmmasked chaanel reguests [}M.& servico. When this ocours, the conurolier
issues a hold request (8237 REQ H} to the CPU and eniers the active cycle.
DMA service then scours in one of the following modes.

Single Transfer Mode - The DMA controller performs only one transfer. After
the transfer, the word count is decremented, and the address is either decre-
mented or incremented. When the word count goes from 00060 to FFFF(hex), a
Terminal Count (T/C) signal is generzted thar will auto-

initialize the selected nonmasked channel to its original value if it had been
programmed o do so. When T/C L occurs, the 8237 terminates service and
resets the request. In addition, if auto-initialize is enabled, the 8247 writes
the Base Word Count Register and Base Address Count Register 1o the Current
Word Count Register and Current Base Address Begister of the selected chan-
ael. The mask bit and T/C bit in the Status Word Register are set to the active
channel by the end of process signal (EOPY, unless the channel is program-
med for asto-initialize,

2-33
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f %} e q 1e5 ;‘éﬂ is lml“ h iph thry
hm* (8237 }%!4) hi} will go low s,ﬁ’% -*”lf-w@ the bus to the
er 8237 ACK H is

ates rhe DM
'O {word count hczs
nal Gocurs

izlization, the trans

ce. A ;:» ; it t E e i eight transiers o
we with refres 5, {1 ] nG addit

wr Mode ~ The DMA controller pesform:
EOP ocours, or until there 32 0o DMA ¢ guezst, These transfers
| the dats Caraury of the 1/0 device is exhausred. Onee the [/O
Hoe is re-es i z.h B E)“df% redug
; éh = intermediaie vals ; word count
the current address register and current word count register

on services. At the sd of the DMA service, ﬂmi‘v an EOF

are cfmiaizwi;f i

during the

fors g’;m dg;n,&mi o pre_,uast ;z‘xim;

"% pe:, within itself, A
ier. The initial controlier does not output any add
these signals could conflict with the eutputs of

or contral sa1gma;s, singe
- controtler.

2.8.1.2 Data Transfers

The uMA controller performs read, write, or verify (z;*m,,mr;m in each gansfer
< ifpi:i’;’-‘;‘ sfer data from memory o LO, Wrie

Y device (o men 1 verify operations
iy mmh the controller ¢ ;:suazf‘ as if it were
i read or writs mode, ex the mem {
active,

Anto- Inatmiuf ~ The auo-injtialize mode restores the &cif:c‘cz DDMA chaone
‘ 'av':;l 1 zﬁf. wing an end-of-process (H "", signal. }m 18 GCCom-
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Word Count registers from the Base Address and Base Word Count registers.
The CPLU simultaneously loads the curreny registers and base registers, which
de not change during the DMA service. When the channel is in auto-initialize
mode, the mask bit is not ser. After amio-initlalizaion and a DMA request is
ived, the channel can perform DMA service without CPU intervention.

Priority — The two tvpes of priority are fixed and rotating,
¥i £ ¥

1. Fixed Priority — In fixed priority, the channels are placed in order based
on the descending value of their assigned number. The assigned numbes

range is fram zero 1o thiee (0-3), with zero having the highest priority

2. Eotating Priority — The channel being serviced is assigned lowest priority
value, and all other channels rotate to the next higher value.

Address Generation —~ The cight high-order address bits (15-08) are moul-
tiplexed on the 1/0 data lines (JOD7-1ODO H), and are output @ an exiernal
latch and then placed on the system address bus (SA15-SA8) ar time swaie 51,
The low-order bits are cutput directly from the DMA contreller to the systenm
address bus. For multiple transfers, such as block and demand transfers, the
addresses are generated sequentially. The data in the external laich (high-
order byte) can resuain the same for many transfers, and only has to be
changed when a borrow or carry takes place in the normal sequence of
addresses. The controiler executes S1 srates only when an update of the high
arder byre i3 sequired.

2.8.2 DMA Page Registers

The DMA page registers are used to provide additional addresses not supplied
by the 8237A DMA controller (Figure 2-15). The controller drives SA15-8A0,
which permits transfers on 64 Kbyte boundaries, and the page registers pro-
vide address references to 16 Mbytes. Page register control is programmed
through processor 1/0 commands. '

by
g‘&
by
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The DMA page registers, which are write only, are as follows.

Port

081 H
082 H
087 H

DMA
Channel

0

Address Lines

Bit 7-0, SAL1O, UAZ23.UAL7T
Bit 7-0, SA16, UAZ3- Y A17T
Bit 7-0, 5A16, UA23-11A17
Bit 7-0, 8A16, UAZ3-1A17

4"&}
§ g
|

<

4O DATA BUS
DACK 3, 2.0

L i)

DAEN

B e S S ———

BAZ — BAG

7T A x4 MEM
7415670

4

| DMA PAGE WRITE

3

1GD3-0

, UA 1927
4 X 4 MEM
7415670

R =

Figure 2-15

< A
N

UNLATCHED ADDRESS BUS

DMA Page Register Functional Block Diagram
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2.8.3 Bus Mastership

1 take Co iof the
king control becomes the

An option plugged ino the t':‘ip'ﬁfi’*

VaHmate 1":493 from Elx"’ 300 ”ﬁa

A channel of the B237A DIMA con t up in cascade mode. The chan-
nel then ¢ L E ‘whm ;}fu, SMA contre ilaa‘

s the b
il in the asserted state

(A,;% 1 7, ‘af\m«\.ﬁﬁ, q,lfi:i L,m;jii%im 1".3 aud f:sI} (} l‘ the address is from
1o 1 Mmr ' e 1‘.}-;.171 4 asserts MEMn L

A bus master ;:;};
£/ devices o
on the 1/0 0 swi from @\{ffi’ s data overren or underrun, a bus master should
s0t hold the bus for more thap 5 microseconds.

The bus is released when DREQn H is deasserted. Bus con
released prior to, or at the same tme a8, DRECGn H s

wrol should be

2.8.4 Bus Arbitrator

A 3-channe! bus arbitrator allows arbitration between the Local Area Network
(LAN), DRAM refresh, and the 8237A DMA controller (Fig 16). The
order of priority is LAN, refresh, and the 8237A controlier. Theretore, if all
three contend simultaneousty for the bus, the LAN request will win, and the
ather two requests will be held until they gain control. When two requests are
made simuitaneously. the hzghf&r priority request will be serviced first, and the
other request will be held. if a higher priority request oconrs before the
second request is started, the higher priority will again be serviced before the
request z:tm was hs:ié. fh@* arbztmmr uses mc} 8 VEH; clock eycies, and the
¢using hold and hold

request { LiWilEi" } Jﬂd x“ﬂ
are required for LAN usage.

2-37
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1. The bus should not be held for more thar 5 microseconds after
LANACK L 15 received. This allows other bus 5 i use the i
periods up w0 3 microseconds. Deasserting LANREQ L eeleases thf‘ bus.

2. The bus may be used as soon as LANACK L is received. Within

12% ns after LANREQ L is deasseried, the bus must be seicased.

3. When LANREG L is deasserted, the LAN should not request the bus un
125 ns after LANACK L is deasserted. This allows the 82374 controller
become bus master if it has a request pending.

REGUEST

wi ARBITRATIC
0Gie

N

tTT‘

S ——

! e ,__,,NT%\}

W’/

Figure 2-16 DMA Arbitration Functional Block DHagram

2.8.5% DMA Read Cycle

The 82374 DMA controlier allows the transfer of data from 2 specific 1/0
device o sequential addresses in memory, as nmgmmmf:d by the controlier,
The following is a basic example of data being read from an RX33 diskete.

by
kg
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Whenever the RX33% requests to have data read, it must have a byte of daw to

: .t requests service from the DMA contreller over the DRQZ B signal How

(Figure 2-17). The conuoller then issues a request (8237 REQ H) ro the

D :0r 1o gain contrel of the bus system. The processor responds by sending
ledge (8237 ACK H) to the controller, thereby releasing the

;,,,m:ru the 1/0 read (DIOR L), it generates DAEN

hich aliows the data to be read from the 1/0 data butfer, The memory

1 where the data is 10 be stored is placed on system address !mes

5) angd the conroller issues the memaory write conprol signa

Uy, which allows the data to be written to memory.

0RO ! L

satssa0 X ' X
MEMW P—— !L_W_J
L.§-1347

Figure 2-17 DMA Read Cycle Example

2.9 Real Time Clock and CMOS RAM

The VAXmate CPU board has an MC146818 real-time clock (RTC) with CMOS
(é“(}f“‘ limentary metai-oxide silicon) RAM resident on a 24-pin dual-in-ii
chip. The RTC rans on +5 Vde from the power supply when the VAXmate
workstation is powered-up, and from a battery-backup circuit in the expansion
Box when the workstation is powered-down. The battery-backup circuit uses
two lithium batteries. The RTC consists of the following major logic secti

& Bus interface (8-bit latch)
s Control and status registers (four bytes)

& Clock, alarm, and calendar RAM (10 bytes)

&

General purpose RAM (50 bytes) noet 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 2-18) functions under the control of a processor program in
the ROM BIOS (basic input-cutput syswem) .

2.9.1.1 Input/Output

The processor program communicates with the RTC using the 8-hit |,
(input/output) bus. The processor program sends control, stazns, address, and
data signals to the RTC. The bus interface, which is an 8-hit larch on the RTC,
receives addressing data from, and sends clock, atarm, and caiendar data o the
/O bus. Since the RTC functions as an on-board 1/0 peripheral, local /0 8
bit transters occur at a 1125 ns rate. This bus cycle equals the 250 ns proces-
sor cycle with seven walt states added.

2.9.1.2 Address Map

The bus interface controls all inputs from the processor program to the RTC.
Addresses from the processor program can select up to G4 bytes of RAM,
however, 50 bytes are not dedicared o the RTC. Available memory on the RTC
consists of 4 bytes for contrel and status registers A through {3, and 10 RAM
bytes for time, calendar, and alarm data. The processor pregram can write the
address of the RAM, then read/write data indirectly to all bytes except regis-
ters C and D, which are read-only. Bit 7 of register A and the seconds register
are cead-only also. Bit 7 of the second byte always reads 0.
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2.9.1.3 Control and Status

Registers A through D contain controf and status bit information. These reg
ters affecs all RTC funcuons. Seme of the fuactions inolude

LI |

¢ Binary of binary-coded
alarm

simal ¢ date, time, and

¢ Time of day clock with alarm and 100 vear calendar
# Clock and calendar updare

® Crystal oscillator-driven time base

® SQUare wWave genersion

® Programmable interrupts

, CLR L ¢{clear law) and PS (power sensc), «ffect bits in registers B

Two sig
through D.

2.9.1.4 Clocking

An external 32.768 Kz orystal oscillator generates the clock signal g
time of day functions by using a time base and divider tap logic. The time

base outputs the oscillator frequency o a series of divider taps. As the time
base presents the 32.768 KHz frequency to the divie
program configures divider control to identify the RTC time base, start or
inhibit an update cyvele, select an interrupt rate, or disable the divider.

Ctaps, the processor

b

2.9.1.5 Battery Backup

The expansion box for the VAXmate workstation provides battery backup for
the RTC. The battery-backup circuit generates power to keep the RYC running
when the workstation’s power is off. Two lithium batteries power the circuit.

The battery-backup circuit connects o the +5 V line.

2.9.2 Real-Time Clock Functional Description

2-19 illustrates the functional blocks of the RTC circuitry. The

iphs thar follow describe these blocks. See the VA Xmate Technica! Ref:
Manual (Q6ZCS-GZ) for a description of the programmabie registers
on the RTC

Crenc
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2.2.2.1 Power

T

he

RTC receives power at pins VDD (+5 V) and VSS {(ground). The foliowing
signals require 2 minimum input high voliage of 2.0V

# (B L = Chip-Enable

® 138 == Daia Strobe

€ WR L= Write

@ AS = Address Strobe

& ADT.0 = Address and Data birs 7 through O

& % = Power Sense

2.9.2.2 Bus Interface

The bus interface serves to latch the following control and status signals,
excent CE L, from the ROM BIOS oo RAM.

1. The CE L signal controls all bus inputs to the RTC. When the power
source supplies +5 V to the CPU module, CE L is asserted and remains
asserted uotil the power souice remm 5 +5 V. The processor program
can read/write the RTC as long as the CPU maodule is runsing on the
+5 ¥V supply.

When the VAXmate workstation is powered-down, and the RTC functions
by bazfﬁw backup, CE L is deasserted. A pul ﬁup resistor holds CE L high.

2. The WR L signal indicates whether the currens cycle is a write ar rem
When WR L and DS H are asserted, a write cys_lc occurs, When WER L is
deasserted and DS H is asserted, a read cycle occurs.

(5]

The AS signal, when asserted, serves to dem uit;pie:i the Ei;ms. W i;errs the
processor pragram writes 10 10 port 0070H, it activates %‘5 >
At the falling edge of AS, the bus interface latches the address

4. The D5 signal identifies the time peziﬂd when the RTC drives the bus
with read data. When the processor program Writes to oF reads fromm 1/O
DL 007 1H, it activates the DS signal.

5. The AD7-0 signals are multiplexed bidirectional address and data lines to
iise RTC. The 1;0 bus presents the address to the bus interface during the
st portion of the bus cyele, and presents the data to the bus mrt riace

2.43
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during the second postion of the bus cycle. To address the RTC, the
processor program foads the 8-bit latch with addresses at 1;C pi?i’%t
GO7OH. It sends the read /write zj‘z*a %"h cough 1/ OG71H.

NOTE

The address latch is write only, The functior
(L/CG pore GOTOH) is w0 gencrate the
high (NMIEN H) sigoal.

£ the address latch

1. The processor progoa : :
Time (VET) bit. The PS signal funcdons in the followiog ways with or
without Bactery backup,

k]

a. If the VAXmate workstarion has ban
stays high.

b. If the VAXmate workstation does not have battery backup, the P8 sig-
nal che s conditions. When the workstation is powered-up, it holds
PS low ex m'ml?“ or approximately 300 millisec

2

onds, When PSs is
fow, the VRT {uszcxmﬁ is cleared. This indicates that the contents of
the RAM, time re rs, and calendar are nor suaranteed, When the
workstation commences normal operation, PS goes high.

.

2.9.2.3 Registers A through D

Registers A rhrough D are 8-bit registers that the proo PrOgram G acoess
during the update cycle. CLR L and PS zre two inputs that affect the registers.

Register A is a read/write register, except for the update in progress function.
Paragraph 2.9.1.4 describes this register.

Register B iz a read/write re it contrals update cyoles, and enabies or
disables periodic interrupt, alarm inte errupt, u p’ias::-{ndt:ej n’utzwrﬂsp* SOUATE

wave, and daylight savings. It also indicates 12- or 24-hour made.

imterrupt reguest, periodic ioter-
1pt flags. A hardware reset, o
er B does not modify

Register C s a read-only register. It conmains
rupt, alarm interrupe, and updare-es T E
reading register C, clears the register. Writing te regist
the register.

Register [3 is a tead-only 1 ser. I conrrols the valid RAM zod time (VETS
function, which xﬂéwa:se if the RTC lost power or remained stable. A hard-
ware reset does not modify VET

2.44
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Refer o the VA Xmate Technical Reference Manwal
a detailed description of registers A through D on the RTC.

2.9.2.4

Clock, Alarm, and Calendar RAM

VA Xmate CPU Modle

]
i

{(36ACR-GL for

The clock, alarm, and calendar RAM consists of ten bytes of data registers
(Table 2-10). These registers are used to format the date and time in either

binagy or binary-coded-decimal (BCD) format.

Table 2-18 RTC Data Register Ranges

L

Binary Range

BCI> Range

Latch
Value = Register - Function
O0OH Seconds All modes

GiH Seconds alarm

G2H
(30

Mimates

Minues alarm

G4 Hours

Hours alarm

O3H
QoH Day of Week

G7H Dav of month

O8H Month

G9H Year

Specific time

Fach second

Al roodes

Specific time

Bach minute
24-hour mode

1 2-hour minde, a.m.
12-hour mode, poam.

Specific time (24-hour
mode) )

Specific time (12-hour
mody, 4.0

Specific time (12-hour

mode, pan.y

Each hour (all modes)

G0

0w

59

210 255

o 59

0 99

OOH to 59H
GOH 1o 59H
COH w FFH
YOH o 59H
GOH to 55H
COH to FFH
GOH to 23H
G1H o 12H
811w 92H

OUH 1o 23H

G1H wo 12H

" 81H 0 92H

COH 1o FFH
G1H 1o O7H
G1H o 210
GiH to 12H

GO to 99H
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2.9.2.% BCD/Binary Increment

L the dam
- new formas,
‘mat.

AL datx registers must use the same format, either bzmn or B
format s changed, the daw registers must be in i
Register B controls the format. The ROM BIOGS uses rhs' BOLr fo

Register B alse controls the range of the hour and hﬁur alarm rgas«ir rs, Prs'w«
ter £ indicates the state of the alarm interrupt, which asserss ; :
time registers match all the alarm registers, '!KQ 5, iz inverted ;m
o TROE.

2.9.2.6 Clack/Calendar Update

Once per second, the RTC performs ¢

buse, the update oyele requires 1948 oseconds. uzuraug an update
the data registers are disconnected from the exreraal 1/G bus. Therefore,

while an update is in pmgi@ss attempts ¢ read or write the data registers will
produce invalid re

2.89.2.7 Inideranzal Time Base and Oscillator

An external 32.768 KHz crystal oscillator generates the clock signal for the

tirne of day fuactions. The osciliator output conn

(O8C 1) ar the time base input. OSC2 is not connected.

The time base shapes OSCl into a stream of evenly spaced ¢f C-ck tise
ing at 2 32.768 Kz fiequency. The time base oup he frequency
clock cutpur, and to
ignal is not o Ef:z;zt:f;.
V/‘” but is rot used

a series of 4

As the time base presants the 32 2 Kz frequency o the divider tag
processor program configures divider control te perform the followi

1. Swart an update cycle by outputting a 1 Hz signal to the clock/calendar
update logic, or inhibit the update cycle.

2. Identify the time hase o use. The BTC ¢ e §s 32 768 KHz.

3. Sclect an interrupt rate or dis 41*543 the divides. if ¢
interrupt, the divider’s
o produce IRQE, which

) 12“ ’nr (ul ] i.;;«‘
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2.9.2.8 Divider Control

the divider control function. Divider control has four uses.

fare cvele by ourputiing a1 He nal 1o the «©
gic, or inhibit the update cycle. The divider cor
divider chain in the reser state during the update cycle.
removing the divider reset, the ficst vpdate cycle begi

Identify the thme base to use. The RYC time base is 32.7 &8 Kz,

3. Select an interrupt rate or disable the dividec. If the registers enable an
interrupt, the dividers output interrupt request low (IRQ 1) is inverted
to produce [RQSB, which goes to the intersupt olrcitit.

4. Tesy the RTC.

2.9.2.9 Square-Wave Output Selection

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

2.9.2.10 Interrupt Selection

The RTIC can send three interrupts o the interrupt fogic: alarm interrupt,
periodic interrupt, and qpsidw-mﬁfﬁ interrupt. The alarm interrupt can oceur
at rates from once-per-second te once-per-day. The periodic interrupt may be
selected for rates from 1/2 s to 3.90625 ms. The update-ended interrupt may
be used to indicate to the program that an update cycle is completed,

The processor program selects which interrupr, if any, it wishes to receive.
Begister B enables the three interrupts. The outrput !RQ l is inverted 16 pro-
duce IRGE H (interrupe rrqm:;f & high), which goes o the nterrupt circuic

Register B also disables the intermupts.

If an interrapt flag is already set when the interrupt becomes enabled, 1RO is
activated immediately, though the interrupt initiating the event may have
cupred mouch earties.

When an lerrupt event oocurs, a flag is ser in register A, Fach of
mtfi"*fvpt sources have a separate flag in register A These ‘Luza are
less of the state of the corresponding enable function in reg

may be used with or without enabling the correspondi




2.10 Three-Channel Programmable Counter/timer

The VAXmare CPU module uses an 8254 program ablf& counzer, ‘*tgmw
(Figure 2-193%, resident on a 24-pia ¢
16-bit counters for system counting or ¢

2301 Overview

Counters ¢, 1, and 2 function indeps
They operate tv*crn the same ﬁnxtsi
internal clock. Fa
lines thar go o the ,
buffer. The read/write in
bus buffer connects o the
The output of each counter is used by :
(ROM-BIOS; in the following way.

ATIEET.
DUuNter ?'iac its ﬁWf‘s

1. Counter 9 i3 2 genera! purpoese timer that
on the CPU module, Cou

b

Counter 1 s programmed ¢
arbimraor oo the CPU module. The oo :
seconds; then the CPU board does an addit
refresh every

ramming ¢
o 1o the speaker ot

2 gene

3. Counter

2.160.2. Functional Description

The three-channgd ia:aum 1/ én W operaes using ircuitry in the functional
blocks in Figure 2 tiopal blocks consist of the read/write ic:’gii:

the Control Word ({,:‘Xf) f{*glsggr the data bus buffer, md couniers G, 1, and 2.
The programmabl the three-channel ¢ Sy Are {ii flﬁﬁi‘ in
rence Manial (QGZCS
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Figure 2-19 Counter/Timer and Speaker Interface Block Diagram

2.19.2.1. Read/Write Logic

The read/write logic accepts address and control signals from the system bus,
and generates the same signals for the CW register and cach counger. The
value on input address lines Al and AO determises whether a read/write oper-
ation will be performed on one of the three counters, or on the CW register.
Table 2-11 lists the address of counters 1, and 2, and the read-back com-
mand word. When Read (RD L) is asserted, the 80286 CPU reads one of the
counters. When Write (WR 1) is asserted, the 80286 CPU writes cither a
control word to the OW register, or an initial count 1o one of the counters.
Both RD L and WR L are qualified by counter select (C8 1), They are selected
anly by holding C3 L Jow.
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YO DATABUS

'L...wf‘\_

)

KETOR L o]

KELDWE L oot

BAL e

e TIMER CLIC #

LeTRh

Figure 2-20 Three-Chanael Counter/Timer Block Disgram

Table 2-11

Command Word Addresses

Hegister

Agddress

Lounter O

LUnTer 3

Counter 2

Command Word

OG40H




VA Xpgie CPE Mod

2.10.2.2. Control Word (CW} Register and Data Bus Buffer

ster is selected by the read/write iu%,; s when A1:AO0=11. When the
/ sgic receives a binary 11, the dara from lines 1OD7 3 in che data
bus hs?iﬁr goes o the:-‘ CW register over the internal bus. This data defines the
013 ach counter, The VA Xmate Technical Kefer
erCe ; . A @ dr:c'“zalm;i descriprion of the CW regisier.
The CW register is & w riw»uraiv register. The CPU can read the smatus of the
OW register and each counter by using the read-back command.

The OW regi

TER

216,23, Counters O, 1, and 2

The par :1gmphs that follow will di,s(,i)h?: anly the operation of a single counter
(Figure 2-21), because cou s (0, 1, and 2 function desntically and lndepen-
dently, }?w counter has control lﬁgm a status register, a status latch, two 8-bit
inpur latches/count registers (CRm and CRI, 4 counting element {(CF), and
two 8-bit output latches (OLm and OLD). The m and | f@iiawmg the fatch
abbreviation stand for most significant byte and least signif i byte respoc-

ty. The CW register in Figure 2-21 is not part of counter U, 1, or 2, but s

without fimuszwg the count in pmgrccs m hile wocount s in progress, i
(functioning as a unit) follows the CE. Whenever the CPU wants i¢ read the
counter, it can use three possible methods. One method is (0 send a €0
latch command o the three-channel counter/timer. The command is received
by the CW register and sent to the selected counter. The counter’s OL tatches
the present count until it is read by the CPU, at which time it returns o its
position following the CE. Only one latrch at a time is enabled by the conirol
logic to drive the internal bus. Afrer OLm and OLI are read, the output ut a
16-bit counter (two 8-bit latebes) is sent over the 8-bit internal bus. It
important 1o note that the CPU reads the OLl, not the CIL.

Count Register (CRm and CRI) - When the CPU wants 0 write 1o the
counter, it uses two 8-bit count registers (CRm and CRLy. When the CPU
writes a new count to the counter, the count is stored in the CR, ang |
transferred to the CE. The control logic allows one CR at a time o be m‘tdﬁ;
from the internal bus. In the process, both bytes from CRm and CRI are trans-
ferred to the CE simultaneously. When the counter is programmed, CRim and
CRI are cleared. If the counter has been programmed f e byte counes
{either the mosy significant byre or the least significant byte, the other byie
will be zere. It is important to note that the CPU cannot write into the CE.
The CPL writes the count inio the TR
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CLK, Gate, and Gut Signals - 71
necied o contral logic on the O
ters comes from a4 14.318 MHz
11931816 MHz CLK
and a low level at ihr ( ate
input for Counter 2
Thv (}ut -;iﬁn:‘ ! i%

<.: - WTE 5 o - J\V"‘n

Ea = Vel
ik e

CONTROL
LOGIC

Figoure 2-21 Counter Block Dagram

2.186.3 Mode Definitions

m@dxﬁs in

The paragraphs that follow pi:wsda a brief description of the
which the three ‘ ooun 3 ¢ :
erence Manuai ( Q!*Zf S-5%0 g;‘ar{:swd{t% a Jﬂ.& !cﬂ
mndes

escription of the fol x}wrg
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& Mode 0 Interrupt on terminal count (not used)
# Mode 1 Hardware retriggerable one-shot (not used)

= Mode

o

Rate generator

# Maode Sguare wave mode

& Mode 4 . Software wiggered strobe

o

# Mode 3 Hardware triggered strobe (retriggerable

2.37 lists the defsult mode and function of each gounter in the

\"*X\m'%tt‘ workstation (as established by the ROM BIOS).

Tabie 2-12  Operating Modes: Connters 0, 1 and 2

Cownter  Fanction Mode  Description

O Time of 2 Rate generator TRQG

Tui

Rage generaior Refresh counter

timing

2 Speaker Square wiave Spesker driver
waveform

2.19.3.1 Mode 0 (Interrupt on Terminal Count})
Since mode © is used for one-shot event timing, it is not normally used on the

YA K mare worksiation,

2.10.3.2 Maode 1 (Hardware Retriggerable One-Shot}

5

Since mode 1 is used for one-shot event timing, it is not normatly used on the
VA Xrnare workstation. Mode 1 could be used for sound geseration, but it is not
normally used on the VAXmate workstation.

2.10.%.% Mode 2 (Rate Generstor)

Ceunter 1 uses mode 2 to provide the refresh timing signal.

2.10.3.4 Mode 3 (Square Wave}

Mode 3 penerates a square wave at the OUT signal.

bho
L
L
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2.16.3.5 Mode 4 (Software Triggered Strobe)

Mode 4 provides a decremented count of n clock cyeles. In mode 4, writing a
W Count o e counter wiggess a count ovele,

2.10.3.6 Mode 5 (Hardware Triggered Strobe)

Counter 2 uses mode 5 to provide a decremented count of u clock eycles. In
mode 5, the Gate input riggers another count cycle.

2.11 Mouse Information

The VAXmate workstation mouse is a hand-held, high performance pointing
device that provides XY coordinate cutput data to the VAXmate CPL for con-
trolling the cursor on the workstation display screen. You can move the mouse
unit arcund on any suitable flat surface to direct the cursor (arrow’ move-
ments on the screen. The mouse has three switches o select functions or items
from a menu on the screen (Figure 2.22).

Figure 2-22 VA Xwmate Workstation Mouse



i
i

VA Kmente CPU Module [

2.11.1 Operation

The mouse uses optical-mechanical technology to detect movement created by
a rubber coared ball extending from the bottom of the mouse enclosure. A pair
of plastic wheels resting on the surface of the ball, transmit the ball movement
through shafts to a pair of slotted disks. Adjacent o these disks are optical
sensors that read the light pulses created by the slots in the rotating disks
(Figure 2-23).

OPTICAL SEMEGRS

ROTATING BALL

SLOTTED DIg<

Figure 2-23 Mouse Movement Detector Mechanics

This information is relaved as XY pulscs to a microprocessor located on the
mouse module. The microprocessor converts the X-Y pulses into relative X-Y
coordinares, and transmits these coordinares as scrial data o the dawa control
fer jogic on the CPU module (Figure 2-24).

As 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 to the left; up when the mouse moves away from the operator: and
down when it moves toward the operator. Picking up the mouse to reposition
it has no effect on the cursor.

Sy

14
1

3
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PROCESSDRA

—
SW1 Eﬁ .....%i R

QUSE | sw2 b
SWITCHES § o

Sw3 § L :“"’”'W“"M*ﬁ‘ SERIAL DATA TO CPU

FROM CPU
[ E?A. —

H

. B

1 E ]
S HES =

B

Figure 2-24 Monse Module Functions

2.11.1.1 Communication Interface
The workstation mouse communicates with the CPU the ough an asvnchronous
serial interface chip (24-pin DIP SCHN2661) at é‘ ¢ ba ;
syachroneus/asynchronous data communications conwoller ¢

MOUSE SELECT

= MCUSE
- Aemm \ 1
5.0688 5, i
MHZ S
o s
h® bl H

QUEST YO SEND

BEADY e

[ CHARAD
| T FOR CRU

Lk 1353
Figure 2-2% Mouse Controller Logic ~ Functional Block Diagram

2-36
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Controd wngds %npﬂﬂ (i by the VAXmate CPU program the 264 21 chip. These
; 4 & whronons mode, baud rate, #m c
> ATACIET. .z,‘nc receiver portion of the 2661 performs serial to parallel
conversion of data vecely oin the mouse {MS RY DATA, POSG0 CPLU 285,
et 167y, -cuit converts CPU parallel data to serial
{MS RXE DATAG, w?;u(ﬁ iz then sens to the mouse,

j\iil} ex commmnyceation, F the mos
ita, the mwouse abors
es the new command. 1f the mous eives a byte

rs of a multibyte report, the monse is still considered ©
witl abort the report

o

Data Format

The mouse microprocessor converts the mouse movement into POSION reports,
and sends the reports to the data controlier. Data is transferred in a 9-bit byre
format: % data bits and 1 parity bit. The mouse transmits odd parity but
ignores parity errors when they are received. The mouse transmits a

3.byte position report as shown in the following section. A start bit and 2 stop
bit frame each byte {Figure ;3~26} The selected formar determines the parity
and the number of bits per byte,

-

CHARAUTER

€ DATA BITS -w»»g
MARK (1) e o pompom T o— T T T
T T T A R
I TORU SRUUIOT RO TSNS SUPURDS S NI MU S

]
L]
5
3

SPAL

£
u._m;,.,a

START FAF;:

—_—
;
H
i
it f et |

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

The X and

of resolution since the last report.

Posirion Report - Byte I

7

6 5 4 3 Z

¥ values in the mouse position report give the movement in units

0 0

SIGN-X ! SIGH-Y 1LEFT MIDDLE
E BUTTON |BUTTON
i

RIGHY
BUTTON

Position

Sign bit
i = positive
0 == negative

Left, middle, right button position
1 = burtton depressed

Report - Byte 2

7 § 5 4 3 2 1 9
T T T J ;
F-AXIS DISPLACENERT
{ i I i i

X6-X0

X displacement, X0 is the least significant bit

Position Report - Byte §

7 & 5 4 4 b i g
T T 1 i ¥
¥-AXIS DISPLACEMENT
O
i . i I ) i i

YG-Y(

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

There are ewo mouse operating modes that determine when, and how often,
the mouse transmits a position report. They are prompt mode and inceemental
made. In prompt mode, which is the power-up default, the mouse generates 4
report in response to a Request Mouse Position command. In incremenial
stream mode, the mouse generates a report whenever it is moved. It also
reports a change in burton position since the last report. Whetn the mouse s
moticnless, and no buttons have been changed, 1t generates 1o, report.

2.11.2.1 Mouse Comumands

Table 2-13 lists the mouse commands. The listed modes are selected by send-

ing the appropriate ASCIE (or HEX} command code. A brief description of the
three commands not previously described follows the table.

Table 2-13 Mouse Command Summary

ASCHl HEX Function

D 44 Select Prompt Mode

R 52 Select Incremental Steeam Mode
50 Request Mouse Position

T 54 invoke Self Test

Z% 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 Prompt
mode if it has not heen selected.

Self Test and Identify ~ Self test leaves the mouse in the reset or power-up
srate. When a self-test command has been issued, data sent 10 the mouse is
invalid 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 fdentification that follows.)

Vensior Reserved Commands — This command byte, followed by any single
prinzable character, allows vendors to add special mouse funcrions for their
own testing or quality control. The manufacturer determines these funcrions,
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ands may not

!'f?“"‘{ . These comy
o 5 when

inciude new 3 its previcus siate

2.10.2.2 Power-Up Self Test and Identifics

celes its

The n

4-byre seifs
status f‘(\fic.,
d-byte seifs

mouse auromatically
power-up, or upon ﬁdnim’iﬁéj fram: ii‘:c ""i

7

intornal 3: ‘fh

57 5)

FRAME
1

e

SYNCERONIZAT

IOH
G i

s

e

T

T

REVISION NUMBER

Frame s

Revision

oy for

L 10 indicates of

initial reles

S @
s

)

art ¢

a self-test report,

R —

7 6 5 4 E 2 1 ¢
T Y T H T
MANUFACTURERE 1D DEVICE CODE
0 0 0 i 0
1 i i A
M2Z-30 Manufacturer’s I
3.0 Device code (0010 indicates mouse data)

2-60
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Self-Test Report - Byte 3

7 & 5 b

(a2
]
o
=

i i H i

ERROR COBE

o
oonid

b AT

L6-EO Error code, O = OK
Error code ASCID “>7 (3E HEX), indicates RAM or ROM checksum
CIVGE,

No checksum error, ASCH “=" {313 HEX), indicates a buiton error.
Self-Tesr Report - Byte 4

7 6

LA
¥

[
P
o
fo]

LEFT MIDDLE |RIGHT
BUTTON |BUTTON |[BUTTON
0 G 0 g 0

MR Button code, 0 = OK. Indicares which butions are down, or bave
failed.

2.11.% Mouse Connectors

There are two connectors associated with the VAXmare mouse: the VAXmare
connector and the module connector. The VAXmate connector plugs into the
¥

VA ¥mate workstation, and the module connector plugs into the mouse module
finrernallyy.
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Module

2.11.3.1 VAXmate Connector

The VAXmate plug is a 7-pin micro-DIN stvle connector {male typey. The pin
assignments and functions are shown below. The connecror layout is illustrated

in Figure 2-27.

Pin No.

M W

[#))

o
o
b

Function
GINID
THD

GND

Figure 2-27

Description

Signal and power return
Serial data ot from mouse
Serial data to mouse

=12V for RS-232 operation

+12 ¥V for tablet

Na connection

Ground

7-Pin DIN Connector Lavout
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2.11.3.2 Module Connector

A 6-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. Place 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 conpector
The cable and connector can now be easily removed from the module. The pin

assignments and layour are described as follows, and are illustrated in Figure
2-28.
Pin Mo. Function Description
1 TXD Serial data to CPU mouse coniroller
2 RXD Serial data from CPU © mouse
3 +5V SV
4 GND/-12 WV GND for TTL mode, —12 V for R8-232 opera-
Tion
5 SHIELD
GNID Ground

WIRE COLOR CODE

WHITE
ORANGE
RED
GREEN
BLUE
BLACK

[=] [=]
Ewi §&k

W -

oy

Figure 2-28 Mouse Module Connector ~ Pin Assignments

VA Xanate CPU Madule 11111






Chapier 3|
VA Xmate
I/0-Video Module

3.1 Introduction

The YVAXmate input/ourpur-video (1/0-Video) module iingz re 3-1) is a single
nrinted circuit board that provides the following system fu

s Video display controlles

2 Network ioterface

i

Asvnchronous senial printer port interface

i

Asyachronous serial communications port in
2 Diskette drive controlier
+ H-hit option interconnect

This chapter describes the common logic, the connectorss, and all /‘(“)_‘v"idfﬁ
maduie syvstem functions except the video display contr olier (Chapter 43 and
the di sif'-*tﬂ'r' drive controller (Chaprer 5).

{ /C-Video module. except the B-bit option inigrconnect.
8 common logic section. The common logic selecis th p

als addressed by the CPU, and controls address /data
micraperipherals ar,hra_mgh the P bus interconnect,

The network interface, which connects 1o ThinWire Hthernet, of
ihitw per second using collision scnse multiple access/collision detecrion
{ A/CD) nerwork technology. The interface is ¢ sle wich TBEE 8T,
8023 (10 Base 23, and conforms to the Digiwl i e‘zg;n ;;pé;s':iéizcmﬁn

Yigital 3TD 134, The mrerface uses a BNCAYDE Cconnecion (O Cnnes
inWire coaxial cable.
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The serial printer port is an asynchronous, RS-423 electrically compatible
interface. The port supports two modem contrel signals: Data Terminal Ready
(DTR) and Data Set Ready (DSR). The serial printer port complies with the
Local Direct Connection {(no modem) for Serial Asynchronous Terminals and
system Interfaces (Digital STD 052-4). A 6-pin modified modular jack (MM])
connector and a 17-00721 cable connect the port to a serial printer. An MM]
to DB-25 passive adaprer connect the port to standard 1XB-2% serial printer
CONNECLOrs.

The serial communications port is an asynchronous, RS-232-C functionally
compatible and RS-423 electrically compatible interface. The [rore supports
tull modem control signals and is register compatible with industry-standard
applications. The serial communications port complies with Local Direct Con-
nection (Mo Madem) for Serial Asynchronous Terminals and System Interfaces
(Digital STD 052-4). A DB-25P connector connects the port to a serial com-
munications device. The connector is defined as Data Terminal Equipment

The disketre drive contraller supports one or two diskeite drives. The control-
ler uses a 3-1/4 inch high-capacity (1.2 Mbyte) disk drive. It supporis 250
Kbyte per second or 500 Kbyie per second data rates, The diskette controlier
can read standard capacity disketies, and is register compatible with industry-
standard applications

The 8-bit option connector connects directly to the CPU bus interconnect. A
hardware option such as an integral nwodem can be installed at this connec
The interface is electrically and functionally compatible. but is mechanic
incompatible with the induscry-standard 8-hic bus.
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Figure 31 L/O-Video Module Block Diagrams

3.2 CPU BUS Interconnect

A 120-pin card-edge connector on the 1/0-Video module is the interconnec-
tion L&tmm_n the system functions on the [/O-Video n te, and the proce
ing functions on the CPU module. Table 3-1 defines rhe CPU bus Interconnect
signals,

’5"%h§ez 31 C f‘“{.i Ruos mwrcvmsegi %131}&2*:,

%igm&% I‘sam@ Pén ”\iumher %zgn*l ’% e
~12 Vdg “ ’ ' EE Al | ~12 Ydo V
+12 Vdc BZ A2 +12 ¥do
45 Ydo B3 A3 +% Ve
O CHK L B4 A4 87 H
T H BS A%




Table 3-1

A VAXmate 1/0-Video Module

CPU Bus Interconnect Signals dcont)

Signal Name Pin Number

Signal Name

IRQO H
DDRQ2 H
OWS I
GND
MEMW L
MEMR 1.
GND
EIOW L,
EIOR L
IOW L
IOR L
DACK3 L

;0 RDY |

DRQ3 H
SN
DACK1 L
DRQ1 H
REFRESH
GND
CLOCK H
GND
IRQ7 H
IROQE H
JRQS H
IRO4 H
IRQ3 H
DACK2 L
T/CH

ALE H

34

L

BE Af
07 A7
BB AR
BY AQ
B1O AL1G
Bil Aall
B12 A1z
B13 AlA
Bi4 A14
B15 Al5
B16 Al1G
B17 Al7
BIB AlR

Blg Alg

B20 A20

LGN

ALN T
SA19 H
SAIS H
SALT H
SAIOH
SA15 H
5A14 H
SAI3 H
SAIZ H
SALTH
SAL0 H
N
SA9 H
SA8 H
SAT H
SAG H
SAS H
GND
A4 H

SA3 H



Table 3-1  CFL Sus Interconnest Signals {(cont )

VA Xmate § /6 Video Modufe (11

Sigrat Mame

Fin Number

Signal Name

L3NNI B35 A3S Sati H
LPRG L BAG ARD G
NIy SA0H
+5 Vo B3g A58 +45 Vdc
YMEMIG L B39 A39 SEHE L
/G 1G L BaG A4D UA23 H
RO H Bal Aal Uazz H
PROGGLY H B4Z Ag2 UAZY B
NI B43 A43 UA2G H
PROQLIZH B44 Add UVAl9 H
RIS H B45 A45 UAlS H
Rpla H B4G A4D ALY
DACHD 1 B47T AaT IRQ&8 H
DROG AR A4B GNI3
GND B4G A%9 EMEME L
LAMACK L 350 AS0 EMEMW 1.
LANREQ L B51 A%1 G
GND BSZ AS2 SPGB H
-G Ve BS3 ASHE S H
Gy BS54 A54 Sp1oH
-G YRET B55 A35 SD1T H
GND BS5G ASG S H
BT AT 51313 H
BSR ASS S04 B
GND LS9 ASQ SDHS H
+5 Ve BOO AGO +5 Vde

%
A
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3.3 8-Bit Option Interconnect

A 64-pin header connector on the 1/G-Video fnociuie is the interconnection
berween zn 8-bit option device, and the proc <
maodule, Tabie 3.2 defines the & hit option mw’v.m wect signals,

Tabls 3.2 8 Bzi Og){ff)ﬁr Interconnect Signals

Bignal ‘\!a’ne Piny Numsbes Bignal Nams
GND o W:ﬁxi A,; o PO CHK L
B2 A2 SO7TH
53 A% Sh6 H
B4 A4 5135 H
OXD 55 AS S04 8
DRQZ H 36 AG S o
GND B7 A7 502 H

OWS L 85 A8 S0 H

EiG ALD 10 ROLY i
Bil ALY AEN T

DROT H
REFRESH L

CLOCK H
IRO7 H
RG6 H
IRGS H

1RG4 H

Bi2 AL2
B12 A13
B14 Al4
BIS ALS
BI1G ALG
3T ALY
B18 A8
B19 A9
B2G AZD
B21 AZ1

ot

Sale B

SAlE H

SA17T H
SA1G 1
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Table 3.2 8Bt Option Interconnect Signals (coni

Sigreal Muawme Pin Number signal Name
1RO B B25 A2% SA6 H
BEG AL EAS M
B27T A2T SAE M
ALE H B28 A28 SA3 H
+5 Ve B29 A29
RESERYIL? B30 A3G
(xIN13 B31 A31
-3 & Vo BA2Z AZ2

3.4 Common Logic
The Common Logic (Figure 3-2) consists of the following circuits.
¢ Local Address/Data (LAD)Y bus transceiver
& Parrial address bus buffer
® 1/(C addsress decoder
& local Address/Data bus (LAD) transceiver controt
# (elayed IORD/EOWR gencrator

The circuits that make up the common logic interface to the CPU and the
croperipherals use the following buses.

# Sysrem Data (SD15:0 Hy bus
& [ocal Address/Data (LAD15:8 W and LAD7:0 H) bus
¢ System Address (SA15:0 H) bus

& puffered Address (BALS, 14, 12, and 4:0 H) bus

o
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N

LAD %

’:/\hmns miR '“C{.»,M.__ [ —
ks [N

e BRESET H

g )},M’. DI0W L

Figure 3-2 Common Logic Block Diagram
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3.4.1 Overview

All the microperipherals on the 1;0-Video module share the common logic
circuirs. They rely on the outputs ui the common logic to decode addresses
and provide chip selects, data transmission control signals, and compatible tim-
ing. The LAD bus transceiver controls the two-way transfer of information
between the 16-bit SD bus and the 16-bit LAD bus.

The SD bus is bidirectional, and supports both word and byte transfers. SD15
is the most significant bit (MSB), and $DO is the least significant bir (L5B}.
The bus signals are active high. The LAD bus is bidirectional. LAD1 5:8 is the
high byte and LAD7:0 is the low byte. LAD1S5 is the MSB and LADO is the LEB.

The microperipherals on the 1/0-Video module, which are NMOS 18I devices,
use the LAD bus to communicare with the 8D bus. The LAD bus transceiver
conrol Jogic generates the signals that control the enabling and direction of
the LAD bus transceiver. The partial addreess bus buffer and the 1/0 address
decoder connect 1o the system address bus (SA15-0). The partial address bus
bufter 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 microperipherals. The delayed IORD/IOWR generator creates delayed con-
tro} signals, to make the 80286 CPU timing comparible with slower micropes-
ipherals on the 1/0-Video module. This enables the VAXmate workstation to
operate all industry-standard applications.

3.4.2 Local Address/Data Bus Transceiver

The LA bus transceiver consists of two 4L534‘) 3-state octal bus transceiv-
ers. The two transceivers combined (Figure 3-2) contain 16 3-state drivers
thar provide rwo-way commuunication between rhc system dara (5D) 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 LB245 DIR and HB245 DIR (Low Byte 245 DIRection and High
Byte 245 f}ﬁ{fi{‘tuﬁﬂ} control the direction of data transmission using the
7415245 octal bus transceivers. LB24% DIR, HB245 DIR, and LAD EN L (local
address/dara enable low) come from the LAD bus transceiver control circuit.
When LAD EN 1 is asserted, the high byte and low byte from each transceiver
are transferred simulraneously between the two buses. When LBE245 DIR L and
HEZ245 DIR L are asserted, both bytes are transferred from the LAD bus to the
SD bus. When LB245 DIR L and HB245 DIR L are deasserted, both bytes are
transferred from the $D bus 1o the LAD bus.

Table 3-%4 defines the LAD bus transceiver inputs and outputs.
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:"7)&%@ 3#3\.!‘3 FTrausceiver Signais

3 Addres

Signzal Name Definition

LAD EN L Lowval Address/Deta Bus Enable

S DIRL High Byie 245 Direction
LB245S DIE L Low Byte 245 Direction
SIS Hw SDOEH Sysiem Data
SR7 HwED G H Sysrem Daig
LADLS ) H o LADOS K, Local Address/

LAD7 H 1o Li\i‘)"‘f 51

3.4.% Partial Address Bus Bufier

The partial address bus buffer consists of two 7415244 octal drivers. The two
chips combined (Figure 3-2) contain eight 3-state drivers thar provide one-

way transmission from the SA bus to the buffered address bus. The mp uts to

the drivers are eight address lines from the SA bus (8A15 H, 14 H, 12 H, and
4 H to 0 H). The outputs from the drivers are eight address lines to the BA bus
(BAIS H, 14 1, 12 H, and 4 H to 0 H). Pins EN1 and EN2 (Enable 1 and 2y
are always asserted.

When the CPU asserts the mory Read (MEMR Ly signal, the microperinphera
that is accessed will move its data onto the LAD bus. MEMR L is active only fo

the first megabyte of address space

The CPU asserts the Reser (RESET H) signal o initialize all circuits d aring the

DOWET On Or power down se quence.

-

The buffer uses the System Bus High Enable (SBHE L) and SAQ signals
together, o select the proper byres of the 5D bus werd when reading or writ-
ing to memaory. SHBE L may be driven by a bus master.

Table 3-4 defines the partial address/data bus buffer inputs and outpus.

3-16
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Fable 3-4 Partial Address/Data Bus Buffer Siguals

Signal Naome Definition

Reset

System Byte High Enable

12, 4-0 3 System Address
BRESET H Buffered Resex
BEHE L Buffered Byte High Enable
i, 12, 40 H Buffered Address

Memory Read

BMYRE L Buffered Memory Bead

3.4.4 §/0 Address Decoder

The 170 address decoder (Figure 3-2) consists of a 1GLS
Logic {PAL}. The PAL contains an array of programmable
that generate the chip selects from system addresses (SA11:
bus transceiver control circuit (Table 3-5).

The PAL is programmed with the following equations.

s If IVECT MODSEL-S&11*SA10T/5AB%/5AB*GRT*/SAG*SALT /RA4R/AEN
& 10+ /EAGH /GARY/SATHEABH AL X /SA4 2 /SAZT /AEN
o 1 EVQG] LANCERSEL=8A11*SA10*/SA9* /SAB* /SAT*SAB*SAST/GA4TEAR?
FAEH
o LANCESEL=GA11*SAI0/SAGY /CABY /SATYGACTGABY /5A4Y/5AZF
o VIDGEL=/5611%/SA10*CADTGABTSAT? ~€§{
a DISKSEL=/SAT1*/SAT0*SATXEABTEAT 6 545
o IF 1% COMMSEL = 1% /GAT0*SABKSABFSATYRAGYSASYCA4YGAT* /ALY
¢ IF {VCC1] ?QYSEL SHT**Bﬁi@s/3&3*55%8*5&7‘/3%%*“@3* ‘SHA®FHTN
s IF IVOCY SPREG=GATIZSAINF/OAG* /SABYGATH/SABR/3ART /548 /AES
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The product terms of the programmed AND array are fed o a fixed OR a ray,
which gates the summation term (ORed result} o the output pin. in the
equdtions, a “/” is a logical NOT, an “*” is 1 logical AND, and a “4” is a
logical OR. When the CPU asserts AEN H (address enable high), iv disables the
address decoder process. The CPU uses AEN H to indicate vhat rthe current bus
cycle is a Direct Memory Address (DMA) cycle.

Table 3-3 1/0G Address Decoder Signals

Signal Name Definition

AEN H Address Enable

Saliw i3 System Address

MOD SEL L Mode Selecr

LANCSH SEL L LAN Command Status Register Selegt

LANCE SFL L LANCE
ViD SEL L Video select
DISK SEL L Disk Select

Chip Sclecr

COMM SEL L Communications Select
PET SEL L Printer Selecy

SP REG L Special Purpose Register

3-12
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3.4.5 Local Address/Data Bus Transceiver Control

‘The LAD bus transcetver control (Figure 3-2) consists of a 16L8 PAL. The PAL
conmains an array of programmable AND and OR gates that genevate the signals

{Table 3-6) to control the enabling and direction of the LAD bus transceiver.

The 170 16 L signal is issued by an option to indicate that a 16-bit I/O cycle
should be performed. /O 16 L ix a decode of the system address lines only.

The PAL is programmed with the following cquations.

o IF IWCG] LADEN=LANMSTR+/LANCEREAD-LANCEDRALQD

¢ IF [VOC] LB245DIR=CPUSEL*/EMEMR*/SAQN+/EIOR* /FDDACKVER+
FETOR*MODSEL*LANMSTR+/EIOR*¥INP 1= /EIOR* /INP2+
LANCEREADY /LANMETR

o IF [¥YCC1 HER45DIR=CPUSEL*/FDDACKVER*SAC*/ETOR+
JEIOR*/MODSEL*LANMSTR? 1018%/SBHE+CPUSEL* /EMEMR

«/LANCEREAD® /LANMSTR
o IF INCOD GOIGW=/INP2*/EIOW+CPUSEL*SAC*/SBHE

The product terms of the programmed AND array are fed w an OR array,
which gates the summation term (ORed resulr) to the output pin.
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Table 3-0 Local Address/Data Bas Transceiver Control i ignals

deo Module

Signal Mame

Drefinition

VER COMBM SEL L
DISCOMM H
LOMM SEL L
FIXO BEL L
PVID L

DIEVID

Vi SEL L

LANCE DALC L
LANCE READ H
OO0 L

FIy DaCK VIR L
LAN MSTR L
MOD SEL L
SBHE L

SALD H

EIGR L

EMEMR L
CPLSEL H
PLAD EN L

EIGW L
GOIOW L

LAT} EN L

Verificd Communics g Belect Low

Disable asynchronous Communications

Communications Select

Floppy Diisk Controller Select

¥

Pre-Video

Disabie Video Owp

Yideo Seiocy
LANCE Data Address |
LANCE Read

Input/Ouiput 16

Sloppy sk DMA Acknowledge Verd

Local Area WNetwork Mastes

Maode selecr

Systern Byie High Enable
Svstem Address O

Extended lnput/Cutput Read
Extenged Momory Read

CPL Select

Pre-Logcal Address/Data Er
Extended Inpug/Cuiput Write

Graphics Controlier Input/Curput Write

Low Byie 245 Dis

305 (Hexadecimal) /O addre

-l Address/Data Bus g
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ﬁ;ﬁi,f;‘;} Drelaved IORD/IOWR Generator

0 Read or 1,0 Write (JORD/IOW
/:«s}* 75 chip. The 74¥F175 (Figure 3-2} Consists ¢
generate delayed 1ORD/IOWER control signals that f,}mhwm « ﬁm‘f 8¢
timing with slower NMOS microperipherals

An # MHz clock pulse synchronizes ehe operation of the lip flops with the
(;E’IE . “‘h{* I;:gtmm:d Lipliti;%)!ii puL i’wmmfmd (Liu( 3 (.umrei si rnai i"(}f}iiéj(;iﬁ to

When ahx mmmami s;g,mi at pm 4 meets ihz; se ze‘,p time f‘cﬂgu, 3 s, the

data s ransferred ge of the clock §

The output of the firss flip-flop, RO, becomes the input
D1, until the input to the third flip flop, D2, sets the §

3

the next fHp flop,
lip flop and activates
e {E Hy outpur £ H goes to the CRT controlier in the vid
. The outpur of the ﬁhx‘u flip flop also becomes the input
fioa D3, When D3 is set, the high output is not used. but its logical co
ment, Delaved Tnput/Outpat Command (DIOC Ly is used. 1 o Lois a delayed
version m‘ FiOC Ia: is de ayed frf)m zhe ongm‘zi ¥ b‘; four smgfis of 125 ns

ﬁpmjf)asi;}m. "\Xam. g‘{){i)‘%‘f” L.) are cr *:zzf:(} h}? Ai&.)z,, 2
with DIOC L. DIOR L and DIOW L go to the inputs of tft‘
fer. Table 3-7 defines the delayed IORD/IOWER gen

#2 ‘{; 7 f/fﬂu

ongrel-
e inputs and ouLpuis.

‘Table 37 i}eim ed IQRI? /FOWR Generator Signals

Sigoa ,\:&mr:: Definition
CLOE B Clock
ri Bxtended Input/Oueput Bead
10 L Extended Input/Ouiput Write
BIOGO H, LIOC L Extended Laput/Output Command
Enabie High
Delaved Tnput/Ourpur Bead
DIOW L Delayed Toput/Oueput Write
DIOC L Zelaved Input/Ouepot O
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Notes

Command is the generic description of either 4 read or a wrire
Gperation.

Timing parameters are the same as those for Figure 2-8 and Table
25

62 8 CTe™ <0 Tw> 1< Tw 19 T 1< Tw 3 1 Tw (< Tw > (<€ Tud 1< Ts
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e |
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i i
! }wt&s-ﬁ i€ o
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( X -

Figure 3-3 Delaved IORD/IOWR Generator Timing Diagram

3.5 Nerwork Interface

The network interface (Figure 3-4), which resides on the 1/0-Vides module,
controls data transmission between the CPU moduie and a transmiting or
receiving device on the ThinWire Lthernet. The network interface consists of a
BMNC coanector, 4 coasial transceiver interface (€171), a serial interface agapter
{S1A}, & local ares network controller (LANCE), a small number of discrete
components, and syscem bus n:e.tcrf,tcmg devices. The common logic is not part
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of the interface. However, the network interface and other microperipherals
on the 1/0-Video module use the common logic 1o control parallel duta trans-
fers between the 16-bit system bus and the 16-bit local address/data (LAD)
bus. The controlfer and supporting circuis, with the exception of the coaxial
cable transceiver, operate from the 45 V system power supply. The transceiver
operates from the isolated -9 V line.

e LA RES L

. | {\\3ﬁ,_{‘;;.‘:}"(31@ "
p— s
=
E)
B3l W
=
“\ ,}? BED, CLKS STATUS
v
INAY SERVAL DATEY
Figure 3-4 Network Interface Biock Diagram
317
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3.5.1 Overview
The nerwork interfac € prov wdes the following funetios
L. Data transmission to/from the nerwork
a. Transmit
b, Beceive

. Collision detect

2. Encoding/de ing of data transmittedrece
3. Dara transmission to/from the CPU and system memary using DMA

<. Control
4. Internal and externzl loopback maodes

5. 1/O-Video nu

e diagnostic LED

3.5.1.1 Physical Interconnect

¢ -
nnted o

A female BNCotype connector, which mounis to the 1/O-Video maode
nects the network wm*iﬁ:zfzc to the "“th‘Wf‘rk A BNC T-connecior, m
%b‘f" ﬁ’e’fm;ﬂr‘f E"J{,wt‘ nector, conne the 1/0-Video module o the
axi 3 cable.

3.5.1.2 Daia Transmission From/To Netwosk

The CTI connects divectly to the coaxial c;%ble::, The C
receive, and ool

T pertorms the transmit,
lisien dertect functions for the network interface.

¥

Receive Data - The CT1 receives the serial data from the cable, and
o the SIA

Transmit Data - The CTT transmis data onto the cos

.3

! cable from the
LANCE and 51A. 17 the O detects o collision wi a;r;;:af,ﬁ'uui‘ g on the cabile
it generates a collision derect signal for the SIA. If the €11 accesses the cabie
without a collision, it wansmits the data as formaried,

3-I&
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3.5.1.3 Encoding/Decoding

4 decodes data received from vhe CTI for the LANCE, and ¢ les data
smdtted from the LANCE for the €71, The SIA runs on g 20 MHz crysia
Hator clock that is divided in half internally, thus pm&ucmg a 10 MHz
dais rate. The oscillaior feeds into the Manchester phase cocodey section,
internal if; synchronize data streams for transmission.

Decoding ~ Data received from the CT1 enters a noise filter to determine if
the dawa s 2 valid signal, or poise on the nerwork. The

O The Carrier
is available.

incoming data steam

Encoding — Data to be transmitted from the LANCE to the C11 is phase
encoded into # standard Manchester serial bit patiern by the encoder section.
Then, the encoded data is driven onto the coaxial cable by the transmit secion
of the CTL The clock runs ar 10 MBz.

3.5.1.4 Data Transmission From/Te CPU and System Memory

The LANCE is a Direct Memory Access {DMA) controller that operates in bus
ruster mode while receiving or transmitting information. The LANCE supporis
only syachronous memory eyeles ar 600 ns per oycle.

DMA Capability ~ The LANCE is a DMA master because it has control,
m{} data functions that allow it to gain control of rhe system bus from
, ard gransier data divectly between its internal butfer and system

memory.

Bus Master Mode ~ The LANCE operates as bus master when it initiates data,
command, and parameter transfers to or from sysiem memory 10 16-bit mem-
ory oyele

Bus Slave Maode — The LANCE operates as bus slave when it responds o 16-
Bit 1/0 cycles to access its internal registers.

Receiving iﬁfnrmatimz - W‘hﬁn zhe Lai‘é(‘i‘i rﬁc"iw:ﬁ d;m from the SIA, it

50 the ’:Et‘i{t. LA

i
Torug
e
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be stored in :;;c:—s
> P ghar i has
uurmg receiving.

3.5.1.5 Ioternal and Externs

5 For tese-
: 1l network
vies and the LANCE
woeik interiace

A loophack conpecor

the external loopback

£ 8 im
s*n{tmnﬁ from ¢

Internal Loopback Maods ~ : VOU
cperating in this mode, dam %ne—g}*— or frames back mthm the inﬁl i ’Im: d)ta
does not goe to the 1A

U0 est e hardware
pm wing in this mode, the

3.5.1.6 I/D-Viden Module E}iagm stic LED

The network interface ¢
failures i

from a bit in the

ostic LED is
cdule LE

ilﬂgd

(};‘;e,ratftm : the test illo-
successiully,
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3.8 2 Coaxial Transceiver Interface

wlmm Lr;mwms*, receive, :md mﬁimvrz aicmu tunc*t;fmw for ii’lﬁf
% requirements, the CT1 is elecyrically isolated
25 in ;,ha: workstation

3.5.3 Serial Interface Adapier

A 79925 S{A, contained on a Z4-pin doal-in-line chip, conaects o the OT1

3 A

thraugh an isolation ansformer, and performs Manchester phase encoding and
decoding of data transmitted and received from the nerwork.

=]

3

% 4 Local srea Network Controller

4 700 LANCE, contained on a 48-pin deal-in-line chip, uses i1 address, data,
and control lines to support its DMA capability. These lines are described as
follows,

Pad

Address/Data Lines ~ The LANCE provides 24 address lines for DMA
transfers. Local Address/Datz bus lines (LAD15-0 H) are 3-state bidisec-
tional lines. bu‘m;; the address portion of a memory transfer,

LADG-1% H eontalns the kamr 16 bits of the memory address, Address
lines {A23-16 H), which are 3-state and one-directional, mmain the
upper & bits of the memory address.

During the data portion of o memory transfer, LADIS-0 1 contains the
read /write data, depending on the type of transfer.

The LANCE drives LAD15-0 H lines as a bus master and as a bus slave,
but A23-16 H lines ss bus master only,

Tnterrupt Request 10 (FRQ10 H) ~ When the LANCE assers this 3-state
signal, it is interrupting the CPU. The LANCE holds IRQ10 H high unsil
the CPU acknowledges the interrupt through the interrupt service
routine,

LANCE Request (AN REQ L) - This signal is an asynchronous channel
request generated by the LANCE to become the bus master. LAN REQ L
must be held low until the CPU asserts the LANCE ACKnowiedge

{LAN ACK) signal. LAN REQ L is a 3-state line that goes to a special
arbitrator berween the CPU and DMA controller. This special arbitraror
controls three request lines, and the LANCE has higher priovity than the
£237 DMA contraller on the CPU module.
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2.5.5 LANCE Control Path and Control Bus Drivers

The nerwork interface provides control gxﬁi logic which enables the LANCE «
control read fwrite functions berween the rem bus and systemn memory, The
control path logic is used for slave mu("* i‘; O access o the LANCE by the CPUL
The conrol § tsh alw“; EENEranes 3v~ 1/ 170 RDY HDY sipnal, to s

5

the LS

tion, have
cycle timing. The LANCE use:
mangds, wh i bus master mode. The
are as {ollows,

1. LANCE ter (LAN MSTR Ly and MASTEE |, ~

e LANCE bus obiains mastership of the bus,

-h Enable (LANCE

DNCCNE read wrice

ects internal LANCE I‘égii‘;«*
E'mz "?"1‘1%3 j"% ¢ i

d on the 5y

Sserting ‘/t: ;d)

4. 1/916 L - This signal in i:uﬁa that a 16-bit 1/0 cycle should be per-
formed. 1/G16 L is 2 decode of the svsiem 2 5

wd

Tlgre

Hxtended Memory Read 3 Lot

systemn memory to drive (‘uufi anio the 10 hz da;ax ‘mﬁ ¥1 is aciive ff-r the
entire 16 megabytes of address space. EMEMR 1 may be driven when the
LANCE is bus master,

4. Extended Me , this signal
ISTIUCES 5y 5 present on the 16-bhic
data bus. it is active for the entire 16 megabytes of address ¢

EMEMR L may be driven when the LANCE is bus master.

7. LANCE EARLY Read (LANCE EARLY RD L)
frew L memory in master mode, e ge

- When the LANCE is reading
nerates the LANCE EARLY

.

W
by
2\4
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RI» L signal. This signal causﬁ% the memory read cycie ¢ ooy
earlier than standard LANCE memory timing, thereby creating more
access time for read cycit:s, This logic optimizes read/write memory

timing.

8. System Bus High Enable (SBHE L) ~ The LANCE uses 8BHE L and
Address @ (5A0) to select the proper bytes of the data huq word when
reading from or writing to system memaory. SBHE L inay be driven w hen
the LANCE is bus master.

3.6 Asynchronous Serial Printer Port Interface

The asynchronous serial printer port interface (Figure 3-5) resides on the 1/0-
VIDEC module. This port controls asynchronous data transmission between the
CPU module and a serial printer. The interface consists of a prmgramm&hk

asynchronous communications controller, an EIA driver and re &
modified modalar jack (MM]3 conpector. The common logic is not parst ‘»1 the
interface. However, the serial printer port interface and other microper ;phz,r-
als on the /G-VIDEO module use the common logic hlock 1o control parailel
duta transfers between the 16-bit system bus and the 8-bit local address/ dhm
(LAD) bus. '
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3.6.1 Overview
The asynchronous serial printer port interface performs the following major
fanctions,

1. $2apn fransmission
2. Transmis
. Receive

Control

o

Tt

Eia interface signal levels

3. Physical Interconnect

3.6.2 Data Transmission

A WDH250 programmable Asynchronous Communications Element (ACE), a
40-pin dual-in-line chip, contains several registers (Figure 3-6) that control
the transmit, receive, and control functions for the asynchronous scrial printer
port interface. The paragraphs that follow provide a brief functional descrip-
tion of the registers. Refer to volumes 1 and 2 of the VA Xwmate

Fechnicul Refevence Manual (QG6ZCS-GZ) for more information on the hard-
WArE registers.

3-25
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‘he ACE transmitter performs parallel-ro-serial data conversions. [t accepts par
aliet iﬁ;ﬁui datz, adds the start, paritx; and swop 1;»%1‘5‘ and oupars the formatted

vé transmission and wupnu 3 is as fol imv@m
1. Srart bit

Z. Five to cight daa bits

3, j‘f»"g«;ﬁiy bit (if programmed)

4

(e, one and a half, or two stop bie

The ACE receiver performs the opposite conversion of the transmiteer sec
Whenever the receiver detects a suart bit at the secial input, it copverts the
stream of bits to a pacailel output. During this data conversion, ihe receive:
removes the start and stop bits from the incoming character. If the optional
paricy bit accompanies the data, the receiver uses it to check for p
TrANSMISSion errors. '

The internal aperations of the trapsmitter and receiver are synchronized by an
external clock signal. The clock signal, MB COMM CLK H, is supplied 10 an
internal programmabie baud rate generator. The ourput frequency of the clock
signal is 16 times the serial baud rate. The ACE will operate in either o
polling or interrupt driven system, which is programmed by writing to the
internal x

The failowing is a brief descripaion of the internal reg
the sransmit and receive functions of the ACE.

ers that implement

Data Bus and Data Bus Buffer ~ The data bus consists of eight 3
fines. The bus provides bidirectional communicarions berween the ACT and 5 ;hf
common logic. The bus handles data, control words, and status information.
This Z-state, bidirectonal, 8-bit buffer connects the ACE to the conunon logic.
The buffer does double buffering by providing separate 8-bit registers for com-
marnd status, input data, and output daia.

et
-~
e

Receive Buffer Register ~ This read-only regisier holds input daa bies 7
w6,
Reveive Shift Register — This register receives the serial fnput

from the communications link. This register determines if the data is properky
formarted, and then shifts our 2 parailel 8-bit word.

Transmitter Holding Register - This wrire-ondy register holds out
bits 7 1o ¢
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Transmitter Shift Register ~ This register receives the compaosite serial out-
put (SOUT) data from the CPU. It determines if the data is properly formarted,
and then shifts out serial data. The SOUT signal is set to the marking state
during @ master yeser opesation.

Line Status Register ~ This 8-bit register provides status information o the
CPU concerning the dats iransfer

Programmable Baud Rate Generator — The baud rate gencrator takes the
clock inpui, M& COMM CiLK, which is ¢ .
and divides it by any divisor from 1 ro 27 cutput freguencs
baud ratc generaror is 16 times the baud rate. Two 8-bit latches store the
divisor in 2 binary format. These divisor latches must be loaded during inirial-
ization, in order to ensure desired operation of the baud rate generater. When
cither of the latches 15 Joaded, a 16-bit baud counter s immediately loaded.
The signal sevial printer receive clock (8P 2OV CLK H) goes to both the
receiver and transmitter sections to provide the baud rate clocking. Table 3-8
lists the divisors used to obtain the desired baud rate, and the specified per-
cent of error. Note that the ACE does oot support 200 baud.

Table 3-8 Asvachronous Communications Flement Baud Rates for Printer Port

Divisor Used ¢ Percent Error Between
Desired Band Rate Generate 16X Clock resired and Actual

S0 2304

75 1536 -
ie 1047 G.026

1345 257 ¢.058
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Yabie 3-8 Asynchronous Communications Element Baud Rates for Printer Port
ot}

)
Divisor Used 10 - Percent Error Between

Desired Baud Rate Generate 16X Clack Desired and Actual

GO0 12 ’ —

1OZO0 G -

38400 2 -

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

& PRT SEL L — When this signal is asserted, the ACE is selected. ACE selec-
tion is complete when the decoded chip select signal is latched 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 information or data from a selecred
register.

# ACE L and DIOW L - If 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 buiffer, the transmitter holding register,
and the divisor latches. Also, an sctive BRESET H signal affects the states
of the SP TX DATA H, TRQ11 H, OUT2 L, and SP DTR H output signals,

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

® BAZ2-0 H - Buffered address bits 2 o § select the read or write register as
indicated in Table 3-9. '

Tahble 3-9 Printer Control Register Addresses

Printer
Addr DILAB A2 Al A0 Register
CAD 0 (b G G Receive buffer (ready or Transmiy

holding register (write)
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ubie 3 ‘:} i’rimer Control }kgmwr Addresses ( cani. )

Frinter

Addr DLAB AZ A1 A0 Register

CAl i o i 0 i Interrupe enable

CAQ i 0 9 () Divisor fatch (LS

CAl 1 & 0 i Divisor latch (MsB)

CAZ S & 1 4] Interrapy identification (read
only)

Ca3 X e B i Line congrol

a4 X 0 G Modem control

CAS ¥ 3 O 1 Ling states

CAG ® H { Modem status

CAT B 1 1 Nong

The madem control logic determines the state of the communicarions link and
wransfer data. The moder signals arc as follows.

ACE L at CF8 L ~ Whenever the CT8 function of the moduem status regis-
ter changes state, an interrupt is generated if the modem status interrupt
is enabled. At this input, ACE L is a modem control funceion input. The
CPU can rest the input condition by reading the CT8 function o the
maderm status register.

SPY DSR L — When this signal is low, the ACE is ready to establish the
communications jink and tansfer data. The COPU can test the mml ion of
this signal by reading the modem status register,

ACE L at RESD L ~ When this signal is low, the ACE has been detected as
the data carrier. The CPU can test the condition of this signal by reading
the modem status register, Whenever the RLSD function changes state,
and the modem status incerrupt is enabled, an interrupt is sent (0 the
CrUL

SP DTE H ~ When this sigmal is asseried, the ACE is e 4(2*: T COmmuni-
cate with the printer.

OUTZ - This signal is a user-designared output to enable /disable the
J-state driver that generates the RO H signal.
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The interrupt control logic uses IRQ11 H to interrupt the CPU when the
prinrer data is available, the transmitter holding register is empty, the prinses
encounters an error, or the modem reports its status. The TRQ 11 H signal goes
high whenever the Interrupt conditions are active high, and are enal by the
invercupt enable register. IRQ11 B is reset low during the app
rupt service or a master reset e)pt:mtigﬁ.,

]

The control registers for the receiver section generate the follow:
Line Control Register — The system programuer specifies the
asynchronous data communications exchange using the line

addition to controlling the format, the programmer may retrieve the contents
of the register for mspection.

Receiver Timiog and Control Register — This register contains the
printer receive clock {SP RCY CLK H) signal bits, which defioe the 16 times
baud rate clock for the receiver section of the ACE. 3P ROV CLK H also pro-
vides the timing for the wansmitter section.

The transmirter timing and control provides tming and o
transmeitter section of the ACE. The ocutput from the baud rate g
ROV CLK H, is the timing signal for the transmitter section. 71
the timing signal for the receiver section.

3.6.3 Fla Interface

A 9630 Ling or {Figure 3.0y and ithe guad ared with the asyn-
fard interface for

= described ag

(hruﬂmm wmmumr.atmm pcm uwm*fauf ﬂrcsviﬁL the E1A stin

5

als 8P TX DATA H and 5P DIR H. The
iNEm‘v’ H {(~12 V) power the driver.

CGuad Receiver ~ The w.;u{sd receiver shared with
cation port interface acceps the 8P DSRH, 5P RECV
L daia and control signals from the serial printer. A +5 ¥
receiver.

(S
Lo
S,
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3.6.4 Physical Interconnect

A G-pin MM]J connector (J3) on the I/C-Video module provides the connection
betwesn the ACE and the serial printer. Table 3-10 lists the pin assigaments
for 3. Figure 3-7 is the ElA interface am’i interconnect block diagram. Compo-
nents on the wansmit lines provide radiated emission filtering. Coraponents on
the receive lines provide electrostatic discharge provection. The Local Direct
Connection (No Modem) For Serial Asynchronous Terminals And System Intes-
faces, DEC $TD 052-4, specifies the connecior configuration. To connect to a
standard DB-25 serial printer connector, you must actach a

DB-25 passive adapter to the MMJ connector. Cable number 17-G0721 COfi-
nects the printer to the port

Table 3-10. Congector 13 Pin Assigoments

Pin Number Sigral Name
1 Serial Printer Data Terminal Ready (5P DTR 1)
2 Serial Printer Transmit Data (3P TX DATA H)

3 Serial Printer Transmit Common (signal ground)

4 ial Printer Receive Common (SP RECY COM L
ial Printer Receive Dat (8P ROV DATA 1

6 i Printer Datz Set Ready (5P BSRHD
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il VA Xmaie 1A Video Module

3.7 Asynchronous Communications Port Interface

The Asynchronous Communications Port Intesface (Figure 3-8) resides on the
[/O-Video moduie. This port controls asynchronous daia transmission beiweer
the CPU module and another computer, a modem, or @ peripheral device. The
interface consists of a programmablie asynchronous communications conerotler,
a split baud counter and muliiplexer, a special purs 3
and receiver, and a DB-25 connecror. The common logic is not part of the
interface. However, the communications port interface and other micr
ipherais on the 1/0-Video module use the common Jogic block o forma
control parallel data transfers between the 16-bit system bus and the 8-bit
local address/data (LAD) bus. The conteolier and suppo ui
the drivers, operate from the +5 V system power supply.
from the +12 Vand ~12 V lines.

t and

A E

Phe drivers operaie
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H VAXmzie §1/0-Video Moduie

32.7.1 Overview

The asynchronous communications port interface provides the follo g

functions.

1. Data rransmission
Z. Fransmis
. Receive

. Control

2. Modem contral
3. Split baud counter and multiplexer

4. EIA interface
5

Physical Interconnect

3.7.2 Data Transmission

A WD8B250 programmable asynchronous communications port elemens (ACE},
a 40- p;n dual-in-tine chip, performs the dam transmission functions for the
interface. The programmable ACE contains several registers (Figure

3-9) that control the wansmit, receive, and control functions. The paragraphs
that follow provide a brief functional description of the registers. Refer to
volumes 1 and 2 of the VA Xmate Technical Reference Manual ( '}@”{35 GL)
for more information on the hardware registers.

3-36
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catlel inpat daza, adds the stacg, pa
the formartted character, one bit at a time, over im seria
format {(in order of transmiss znd reception is 28

2. Five 1o eight dats bis

3. Parity Bir (3f programn

4. One, one and 2 hald

ACE 1 f
section. Whenever the receiver detects 3 st
the s of Mh o @ psmlie' 1553 3("“1:? *
rt:z‘(:** €1 FEmove

aiter
T Convers

LEREY L1

\u

iver arg s ized by a
%ﬁ\i%‘)c—d w ith +5 volts o

generate the M8 COMM CLK
and multiplexer. The outpu freguency fat zlh CTIES
serial baud rare. The AC ] i utih—:g a }_){"i of interrupt driven

T
the transmirt

e following is a brief description of the |
nd receive funcuions of the Ai,{i:

Data Bus aond Data Bus Buffer — The data bus o
lines, The bus provides hidirectional communicatior “tevesn th
common logic. The bus conerols dara, conrrol words, and status informs
This 3 frectional, buffer connects the ACE 1o the common logic.
The buffe ies separate 3-bit registers for command status, ioput dasa,
andd suipur data.

Receive Buffer Register — This read-only register holds input data bits

T oo 9,

: ‘«ﬁ ;t Reﬂvs»tv" - ] - the serial i*’—;}*
he communic «Jtmns nmg

mareed
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Transmitter Shift Register ~ This register receives the composite serial out-
put (SGUT) data froms the CPU over the M8 SCGUT H line T istes :
mines if the data is property formaited, and then shifts out serial data. The Mﬁ%
53 £ signal is set 1o the marking state during 2 mASICr TOSCT QPEXALION.

Line Staius Ff&gaawr ~ This B m: register provides stztus information o the
CPU concerning the data tmmﬁ

clock input, I& 8 COMM CLK #, which is the (:utgs tola ;
516

tor, and divides it by any divisor from 1 w0 277 ~ 1. The i‘zui'pﬁé frequency ¢
the baud rate generator 15 16 times the baud rawe. \x ithin the mud rare genera-

m 8 it I.sfuxu thar store the d;gn or i A

tor there

counter is vr%tmea.h.ueh itaduﬁ § ‘H;m the \4’% € {}H?«s C H» E* and 3 L
H signals go to the split baud counter and muhm!e‘zer simultaneously w gen-
erate the wansmit/receive clock signal MB RCIK H. Table 3-11 shows the

divizor used 1o obtain the desived baud rate, and the \‘f-;}fbi:,ifis:{’s pers
errar. Mote that the ACE does not support a 200 baud data transmis

Table 3-11  Asyachronous -f‘ﬁmmumcatiow; Flement Baud R:m for QﬁMW Pm‘t

Dh isor Used to Percent ﬁrrar iletweeﬂ
Desired Baund Rate Geaerate 16X Clock Desived and Actual
50 ' 2304 .
75 1536 -
110 1047 G020
857 : 3.058
TG8 -
384 -
192 -
1200 96
184G 04
2604 58

2404 45
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Table 3-11 Asynchroncas Communications Element Baud Rates for COMM Port
{cont

Divisor Used w0 Pervcent Hrror Between
Dresired Baud Rate Generate 16X Clock Desired and Actual
4830 4 -
T200 16 -~
G660 12 -
19200 G —
38400 3 -

e

The ACE contvol section inputs conmol signals that determine how ACE will
format the serial data. Control signals are input to the select and control logic,
the modem control logic, the interrupt control logic, the receiver timing and
control, andt the transmitter siming and control. The select and control logic

implements the following signals

® PLUS A H - When the decoded PLUS A H signal is larched with an active
ACE L ar the ADS inpuat, the ACE is selected.

# ACE L and DIOR L — When these signals are low and the ACE is selectedd,
the CPU can read starus information or data from a selecred register

¢ ACE L and DIOW L — When these signals are low the ACE is selected,

the CPU can write data or control words to a .fa;,iwam register.

@ BRESET H = When this signal is high, it clears the ACE control logic and
all registers (except the receiver buffer, transmitter holding register, and

isor latches). Also, an active BRESET H signal affects the states of the
IRQ4 H, M8 SOUT H, M8 RTS L, and M8 TR H out pat signals.

% ACE L at ADS L - When ATE L is asserted, it provides latching for the
register select PLUS A H signals (BAZ w0 O H).

® PBAZ to 0 H — Buffered address bits 2 to ¢ select the read or write
register as indicated in Table 3-12.
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Table 312 Asynchronous Communications Element Register Addresses

Comm Addy DLAB A2 Al A0 Register
x %

38 G & 0 4 Receive buffer {read) or Trans-
mit holding register (write}

Y9 O G 0 1 Integrupt enable

3¥A. X O i 0 Interrupt dentification {read on-
Iy

3FB X 0 ¥ i Line control

3¥C % 1 O 4] Modem control

A¥D X 1 0 1 Line stazus

AFE by 1 i ' ) Modem status

3¥F % 1 1 1 Nong

3F8 1 G O 0 Divisor latch (138}

3F9 1 ¢ 4] i Divisor latch (MSB)

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

e M8 CTS L - Whenever the CTS function of the modem status register
changes state, the LANCE generates an intevrupet if the modem cootrol
fogic enables the modem status interrupt. M8 CTS L is a modem controel
function taput. The CPU can test the input condition by reading the CT8
function io the modem status register.

# M8 DSR L ~ When this signal is low, the ACE is ready o establish the
communications link, and transfer 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 register. Whenever the RLSD funduion changes state, and the
modem control logic enables the modem status interrupt, the LANCE
generates an interrupt.
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a 1 {highy o 1/0 address €80, dawa bit 2 of the xpu,ui ;,t;rgtm% re gmu, ou
sey ibe receiver clock baud rate wo 1200 baud. The :
tyols the transmirter clock baud rate, whic 31 ‘ﬂlfms fhf: f‘i{} o uf;u :
baued vate mode. By v»xmmr a0 :Eﬂw} ts
pecial pu e ¢

generator on the
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ACE, Ye}u Can rcas;i t'am I:-n" at the same 1 ;(,z E

3.7.5% Special Purpose Register

The special p sister (Figure 3-8) consist
four D ;ygm f;;p ﬂ(;’;‘}& d{&(i t*m) 7418244 octal dr The special purp:
s locate 5 080 (hex)y, The asynchronons o HCa-

r, and the video -:,%,xzi:play controlier us

s of 2 7418175 containing

The asynchronons communications port uses the following signa:
Idigiral extended features.

¢ Speed Select (SPSL Ly — The asynchronous communications port uses this
read fwrite signal select the modem band rate.

& 0

H) - Th

ihie Asynchronous Communications (DISC
nous communications port uses this read/write
reads and writes to this section.

& Split Bavd Rate (SPLIT H) ~ The asynchronous connmunicat
this read/write signal o enable the split baud rate mode.

DOIT uses

s Speed Indicator (M8 81 Ly — The CPU uses this read-only o read

the status of the modem baud rate.

The diskette controller uses the following signals to provide Digital exwended

diagnostic Teatuses.

e Yioppy Diskette Index Pulse (FD IDX H) — The « WISTIC enginesy uses
this read-only signal, which is the real time status of the index puise of
the selected diskette drive, for diagnostic purposes 1o test the motor
speed of the diskette drives.

& Floppy Diskette Track 0 (FD TRKO H} - The diag
this read-only signal, which is the track ¢ 1;;.(3;&.1*:0
the selecied diskewe drive, for diagnostic pur

= Floppy Diskette Write Protect (FI WE PROT H3 ZROstic
neer uses this read-only signal, which is the write protect signat output
from the sclected diskewe deive, for diagnostio purposes
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The video display controller uses the special purpose register te provide the
following signal,
# Disable Video Outpur (DISVID L) — The video controlier uses this
read/write signal to enable/disable the video controller outpur 10 the
CRT. '

3.7.6 FIA Interface

A pair of 9636 line drivers, and a pair of 261832 qu u receivers (Yigure
3-10) provide the EIA standard interface for connection 1o another compuger, a
modem, or a peripheral device. These components are Eﬂsamhfd as follows

Line Drivers — One 9(: 36 drives the M8 RTS L and M8 DIR L b?g{l(ﬂ’; The
other 8636 drives the SPSL L and M8§ SOUT H signals, which rran 3%
serial dara. The signals ‘PUJ& Y H {412 V) and MI Ji.‘a’% L {(~12 V) power the
drivers.

Quad Receivers — Both receivers accept dara and conirol sigaals from the
input device. The asvochronous communications port shares one of the receiv-
ers with the serial printer port. A +3 V line powers the receivers.

b
sl
i,
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3.7.7 PFhvsical Interconnect

25-pin D-subminiature connector (§23
Pof the I/O-Video mo:
ACE and the mput device. The pmt is BS-2
R3-423% elecrrically compatible, and configured as Lvﬂ‘t* Te :hrm? %.‘ﬁumx et
(DTR). Components on the transmit fines provide radiss
components on the receive lines provide elecorostatic discharge pm* ’f(,i.l(,s
A-13 Lists the pin assignments {(or J2 '

adule o

Tabile 4 Lonnector J2 Pin 4

ssigniments

Pin Number Signal Name

1 Protective Geound (P

b

Tranemir Daga (

L

Reccive Data (M8 ROV D2ATA H)

e

Request To Send (RTS Hy

LA

Clear To Send (M8 CTS L)
dv {M& DER Ly

9and 14 Not connected

I3 Coniecte
26 rata Terminal Beady (DTR H
23 Net connected

22 Ring Indicator (M8 Ri L

23 Speed Select {SPSL H

24 and 45 New ¢




Chapter 4
Video Subsystem

4.1 Introduction

This chapter provides a functional description of the video controlier, the
moniter board, and the CRT cireuit. The video controller resides on the 1/0
hoard and drives a monochrome or a color monitor. Within the video subsys-
tem, the display processor displays up to 16 colors or 16 wmdcs of grav. In
this chapter, the term “color” also means “shades of gray’ Tt umwg
levels.” The monochrome VAXmate can display 16 levels of ;,x.ay.

4.2 Video Controller Functional Description

The ’W&Xmaw workstation video controller (Figure 4-1) consists of transiation
logic, a CRT conwroller, video memory address logic, 16 Kbytes of static video
memory, 48 Kbytes of dymmm video memory, a 4 Kbyte static video font

&y
memory, decoding and arbitration fogic, and a 144-pin video gate array.
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4.2.1 Translation Logic

The translation fogic (Figure 4-2) translates industry-standard hardware data
e ¥ ate hardwarc-compatible data. The supporting circuits inciude an
additional 1/O decoder. to provide enable signals for the translation ROM and
four Dovpe multiplexers.

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

An 1/0 write at 304 (hex) into the index register of 6845, latches the lower
four bits of data into D-flops (123, An 1/0 write at locagion 3D5 (hex) acti-
vates the translation 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 CRY controller,

{12

i |
Sh3.G H ™ " , TETTTON
T ™V T cat
i i CONTROLLER
i |
A
; >C""*Q CiK *;'2—‘ §
i
1
-
Loofeno S

Figure 4-2 Translation Logic Block Diagram
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CRY Controller

B

4.2.

¥

e CRT controller logic (Figure 4-3) wddresses the inrernal registers of th
ideo gate arvay. The daw Hoes (LAD7-0 F) are bidirectiona! berween the
( 43 CRT controller and the video gate array. The memory address lines
CNMATZ-0 H) go thuough thees address multiplex
@zrff. » memory. The internal registers control horiz:
ing, synchronization, video and cursor starting ;zd:ﬂgwssc&, and w
display

md; (:ci v .JLu

FROM
TRANSLATION
LOosnC

- ARRBAY

TO VIDED MEMORY ADDRESS LOGIC

GATE ARRAY

|
i
CPU SELH oo

Figure 4-3 CRT Controller Block Diagram
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4.2.% Video Memorv Address Logic

Both the OPU and the CRT controller can address the video memory by using
the video memory address logic (Figure 4-43. The conrroller memory address
(CNMA12-0 H) and the CPU address (SA8-5 H) are multipiexed in three 4 X 2
multiplexers. The ouiput of these multiplexers is the video address

H3, which goes to two 8K X 8 static RAMs. The VAO H and VA13 H

, The 14 video address lines are
triplexed with each other 1o provide an 8-bit data address (DAT-0 H},
which is the input 10 16K X 4 dynamic video display memory (six DRAMs).

RSSO b5

4% 2
ALY

r

VIDED GATE ARBAY
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4.2.4 Video Display Memory

The video memory (Figare 4-5) has 64 Kbytes: 2 16 Kbyte seatic RAM and a
48 Khyte dynamic RAM. Both memories receive inputs from either the CRT
controller, or from the CPU, through the video memory address | The
memory address space maps into vhe address space of the € Oiner inpuots
the dynamic video memory are row address st A48} asd column address
sirobe (CAS). These inputs come from the video gate array through the video
memory RAS/CAS drivers. These inputs determineg che data on
the video screen,

The dara enable signal (DATAEN L) determines if the data will be written ino
the dynamic video memory on the data lines : : i
from the video gate array tristates
used.

STATIC M0y L AR MEMGEY

TATA EN L
e

Figure 4-5 Video Display Memory Biock Diagram

46
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4.2.5 Video Font RAM

The video subsystem has a 4 Kbyre programmable font RAM (two 2K % 8
RAMSs) for up to 256 character patterns. The font RAM select signal (FRS L)
enables the octal driver to send SA11-5 signals from the CPU bus to the font
MEMOTY.

The video font memory (Figure 4-6) contains two 2K X 8 bit RAMs, cach with
256 characters contained in an 8 X 16 Digital-enhanced font matrix for text
mode. The video gate array controls the video font memory using the fone
RAM select (FRS L and FRS H), buffered memory write (BMEMW L), font
character set selections (FCS1 L and FCS2 L), and font output enable (FOE L)
signals. This laizer 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 o
the screen.

FO6E-O R

[
%
d

MEMORY

)
¥in

LR

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

The video memory decoder (Figure 4-77 enables addresses BODUH ~ COGOH w
be decoded. System address lines (84319415 #) are mogi

sed 10 enable video
memory (VMEM L). This decoder also monitors the refresh signal (REFRESH 1)
t¢ disable VMEM L, which goss 1o the vi

o memory asbliurarion fogic.

The video memory arbitration logic determines priovity levels
the display processor 1o access memory. The refresh controlle
CHmMINAe a sHowy

for the CFL and
v has prioriy to

dition that may result on the screen.

VIEED MEMOCRY
ARBITRAY L0

Figure 47 Video Memory Decoder and Arbitraiion Block Diagram
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4.2.77 Video Gate Array

The video gate array (Figure 4-8) is g 144-pin, CMOS, Digital-proprictary gate
rav circuit thar provides high reliability. The video gate array uses two exter-

nal crystals for internal timing. The 27.977244 MHz crystal is used for Digital

} emuiator mode; the 22,367 195 MHz orystal is used for ail other

ies. The gate array provides many of the control signals and hidirectional

for the various compenents of the video subsystem, and also provides the

4% and CAS gsignals {or the video memaory.

Within the video gate array is a video look-up table. This table is a 16-word
RAM that allows vou to rapidly select the color or intensity levels for the
various modes of operation.

Alsc in the video gate array is a display processor that converts memory dama
inte various raster formats, depending on the mode of operation. The display
pro or provides the outpus to the video ocutpur circuit.

144 PN

™,
D7D M y

&
TO/FROM GRT CONTAOLLER €

2 M A MR

U0 VIDEG QUTRUT

CRET o mmeeeipd 15

i

Figure 4-8 Video Gate Array Block Diagram
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4.2.8 Video Output Circuit

The video vutpur circuit (Figure 5-9) can drive either a monochrome or 2
color monitor. This circuit has an octal outpur driver, which provides the
vertical and horizontal synchronization, the intensity, and the red, green, and
Blue (IRGB) signals to the monitor. The VA Xmate m madale contai
the D/A circuits needed to convert the IRGH signals to up to 16 shades of
gray. The series resistors and capacitors on the video output Hnes provide FCO
filtering.

LER)

DOTAL ey
DRIVER

]

Mmoo e e
iLBG H .
oo = N

LBR H
LBiH

REDH

INTENSITY B

4 VE H
L IHORZ DRIVE H
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4.3 Monitor Interface
Table 4-1 lists the monitor interface signals. These signals are applicable to

¢ither a monochrome or a color monitor. See Figure 4-180 for the monitor
connector pin assignments on the monitor board.

Tahle 4-1  Monitor Interface Signals

Pin No. Signal Description

Horizonwal/Line syne (active low)

2 vertical /Field sync (active low)
3 Intensity ¥Video (active high)

Red Video (active high)

z Green Video (active high)
& Blue Video (active high)
7 4007250 select (low for 400 scans, high for 250 scans) Mode signal
3 (reserved}
G Signal ground
10 +35 return
it 5 Wde (204 mA max.y
12 {spare}
HORIZ Y L— 4007250 SELECT
VERT S b HESERVED
PSTEMSITY rene i
RED VIDED —— = I
GREEN VIDED e B
BLUE VIDEQ — L SPARE
& 7
43
ON MONITOR BOARD
L1282
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4.4 Monitor Board Technical Description

The PCSG0-M is a monitor sub-assembly for me M&*{n’mw vmrksmtmrx I*zh
subassembly (Figure 4-11) consists of a 34( er {14 lnch )i { and
yvoke assembly, and a mon
sig Halb from the wne n il
(428 %, +12V az «:i~
mode, and 45
iguals)y go t’f zula the j4 Wiy
: through 11 /P connecror o *ha‘ de
provide a strain relief when i noving
The maonizor board containg the §

v : pa;:w&zfr
ies;‘ a;;t ity w@ g;m;n, and blue sige

¢ Phase-locked loop (PLLY live oscillasor

® Voluge smabilizer

® Line sweep cironit with flvback trs

& Ficld deflection svstem I

® Video amplitier with 4-bit digiml-to-analog converter (DAC)

sOnal nrf*f‘*re
> 250 and

user can adjust the CRT brighiness and conirast f
through software, ca iwch the height berweoen ¢

modes.

JEFON
The componenss | i aar*pﬂm are for the monochrome monitor
circuin schemaric {(54-16: in the POCS0O Feld Maintesance
Print Set {MPO2252-G1). A new monito
circuitry on both ‘»*e.,it’s of t
crenitiy. Rer

Board will have etch
he board, and may have compoenents
ber thar bigh volisges are presens in the

A

h
g
b
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,} tine oscillawor IC (E1y. The cir
Y osupply, for case in v.:rwn
$ an in te:"ml ﬁhami re gu!a*oz‘ s thar al

e at the reg
and €2 pr

{irne c;mu;t The uevuf i
nenes berwoen sin & and
the shunt regulator; R14, €1,

The line sync pulse is at a TTL voltage level and is
the line, C3 provides leved shifring, and i
nizing input of £1

The timing components for the oso
and C6. RG, R7, and R8 determine the hmp
the dynamic response of the loop, RS
generaie the ramp,

id control RG, B7,
gaén. C4, RS, and C5 determine
' 3 FCSPOnSE. R 14 and C8&

R14 is the external ramp generator for the PLL. R14 is connected to the high
voltage flyback pulse, aud acts as a current source for C8, ih;,*? I <sdzmwg a
linear ramp. €7 is a coupling capacitor between the ramp and and
R3 control the duty cycle of the output pulse and set the Gii time at 15 HS.

MGRIZ
HOLD

- H
i g’,.‘ i
TRe
LINE
SCILLATCR e
et § 1
N B B
S T RivE
| CIRCUIT
‘ i

nio e OB G14
120 A "

103383

H

Figure 4-12  Line Oscillator Clrouit

4-14
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4.4.2 Drive Circuit

The purpose of the drive circuit is to properly switch Q6 in the line output
stage. f"éwfi; is shown in Figure 4-13 for clarity.) The drive circuit uses the
stable +9.4 V to 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 o pulse width

changes, inductance changes, or small voltage changes.
The base current necessary for Q6 saturation is 50 ma for abour 23 ws. The

reverse curreat to turn off Q6 is much larger, but this current lasts for a
shorter duration. Worst case values are 1 A for 1 us. Typical current pulses

will be about 600 mA. Q3 is capable of handling this surge.

Assume the protection circuit with Q1 is on. When pin 1 of E1 is high. Q2 is
on and receives base current from R11. R12 sets the drive current to the base
of 6. Because of the accuracy of this arrangement, the drive current can be
close w an ideal value, This reduces ovegdrive, provides shorier storage time,
and creates lower dissipation in Q6.

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

Q1 and its associated circuitry provide protection for E1 and 6, and act as a
gate to remove drive power in case the +12 'V or the ~12 'V supply is not
working. If this circuit was ot present when the ~12 V supply was low or
missing, Q6 (a Darlington transistor) would be turned on and draw ¢XCess
power from the +28 V line. D2 sets the operating voltage for the gate. R16
sets the base cusrent to Q1. R1S ensures that Q1 will stay off when the 12V

if the +12 V goes low, the drive would be removed, bur the emitter base

voliage of Q{} would exceed the specification. R17, in combination with R13,
prevents excess reverse voltage across the base emitter of Q6. This is necessary
if the +12 V line is low, or ducing turn on amd wirn off transient conditions.
®13 also limits the peak current that E1 must sink.

RGY and R71, along with C46, decouple the +28 V line for the flyback trans-
former, and provide sotne regulation,

4-15
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Figure 4-13  Drive Circuit

4.4.3 Line Sweep and Auxiliary Power Circuit

The line sweep circuait (Figure 4-14) is a conventional type that uses a third
harmonic tuned flyback transformer (FBT). The main requirement of the line
sweep circuit 8 w produce 2 6 A (pealito-peak) saw-tooth current in the
deflection yakf: (14}, The circuit’s secondary requirement is te produce auxil-
inry voltages for the monitor.
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4.4.3.1 Line Sweep Clrcuit

gion  transistor $30), which
4 setrace time »—':f 5%
H the acti

BE

Lt equals the ¢
noniinear coil (L2 (¥Fi
through Lt Q6
sweep time, the yoke feceives a cons:
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diode, and €47
fiyback pulse.
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Figure 4-15 Simplified Line Sweep Circuit

4.4.%.2 Auxiliary Power Circuit

The fivback wransformer produces auxiliary voltages as follows.

Yoliage Destination

1 KV @85 pA max CRY anode (EHT)

Q30 V @200 uA G2 and G3 (Curoff and Foous gridsy
+45 ¥ @73 mA max Video ontput

~100 YV @1.2 mA €31 (Brighinessy; G2 and &

The fliyback transformer includes the rectifier and the bleeder resister for the
extremely high tension (EHT) lead. Also, there is a resistor in \U‘iLS with the
EHT fead that helps suppress peak current when the CRT has a flashover.

& and CAR are the rectifier and filter for the +950 V supply, and D12 and
} pravide the same function for the —100 V supply. The 10060 V is divided
in m: by R&3 and R76, which supply the bias voltage to the CRT for cutoft
and focus. R78. RBS, €54 and C56 provide decoupling and protection. (On
new circuit boards, T2 adds dynamic focus.)
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4.4.%.4 Blanking Circuit

(38 blanks the field retrace lines by neg?at ively shifting the G1 grid by about
26 ¥ When Q% is on, it shunts R81. A pulse from the field deflection circuit
turns off 8 and adds 47 K ohuns o the G 1 divider chain, thus moving &1
more negative, cutting off the CRT during field rerrace. Because the curoft
control limits the maximum brightness to abowt 5 (fi-Lamberts), you cannit
advance the brightness control far enough to make the retrace lines visibi
ic components around Q8 change for new revision boards, but the func
of the circuit remains unchanged. See Figure 4-17.)

4.4.%.5 MWew Blanking Circuit

When Q8 is off, the botrom of €59 is almost at ground. A pulse from the tield
deflection circuit turns Q% on and pulls the bottom of C59 to —-12 V. Because
C59 is large, the top also moves 12 V and pulls G1 more negative by 12 V)
bianking the screen during retrace. R81 keeps €59 near ground, and ni4
protects the circuit during CRT flashover. €55 provides : addivional decoupling.
5

314 prevents the base emitter junction of QB from being reversed biased. RS
and €55 provide decoupling and protection; however, the time constant is
much shorter than the other grids, so the blanking pulse is not distorted.

A3l the bias mitages go to the CRT through 14, P4 and P3. 3 also contains
spark gaps for projecuion.
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4.4.4 Field Deflection

A specially packaged 1C (E2, Figure 4-18) provides all operations for field
deflecrion, including direct driving of the yoke. The device uses both the
stable +9 4 V and the —12 V supply. The external components are used for
setring bias, gain, Hoearity, and free cun frequency.

FIELD SYRE

bty
Shed ®

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 to another height control and corrects linearity Adjustable
cesistor R27 (Height 400) controls the amplitude of the display in 400 line
mode; R29 (Height 250) controls the amplitude of the display in 250 line
made, C28 decouples any noise coming from the height controls.

B24 and C19 control the imernal oscillator frequency. Since the monitor oper-
ates at a refresh frequency of only 60 Hz, no adjustment control is necessary.
The oscillator controls a ramp generator, which provides a linear ramp output
{pin 12} and a buffered ramp (pin 1},

4-23



Wil Video Subsysier

K33 gives the umar Yamp & a.ngm curve, whxf i.;;)c&- to the linearity capaci-
wirs T20 and C21 w produce a © cusve, § ' v the ramy at
pin 1, which preduces an 5 curve necessary for rsf(;- nearity on the CRT
R38 applies this § curve o the output stage. The - e e switches B33
in parailel to R32 and switches R29 in parallel t¢ R40 and R43 @ ensure the
correct lineariy.

The output ,(mge resembles a power operal
inverting inpur connects ioternzily 1o 2 2.2 ¥ reference. The it
pin 10, and he Gutpur is p%’ﬁ 4. The main difference between this circuit and
a conventional inverting op-amp circuit is thar this circuit uses current
feedback.

tional amplitier (op-ampy. The non-
sreing input is

.mmmu% p(;;n«,, app il‘”, 0 gu; h) Ut the u»am;} The Ufi’,a! com-
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Pin 3 connects 1o the ‘“wsc* a-f € )b h:)r itl.;:mmg Pin 11 ensures stability of the
cirouit, with R34 g = An
compensagion.

"i’E* kza‘“ie +0.4LV CONNECES 10 pin 5 as the sw!‘miy Vi

: capacitor for the f
fsrm'rdmg a faster retrace fimne.
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The field sync signal is at TTL volrage levels. R23 terminates s this »ugxaai C1i6
provides level shifting of the synchronization signal o a - 12 ¥ level, and R22
provides current limiting. R25 provides a d¢ return path, as well as some noise
Ii.if"éﬂﬁ;t} R21, €22, R26, and C17 provide deconpling from the power sup-
ply. {(MNew monitor bourds have an inverter and a capacitor at the field syne
mpaf: 10 reduce screen bounce while switching video modes. )

4.4.5 Viden Amplifier

(Figure 4-19) consists of a power output stage and a four
Leo-analog converter (DAC) in one circuit. This arrangement pr{)i“i les
accurate contiol of biasing and drive levels for the outpur transistor, as well as
TTL interface and dc gain control for the video signals.

The DAC is a weighted-current, multiplying converter. It is buily out of dis-
crete wansistors on two 1Cs, B4 and ES. Bach bit contains an active current
source and a differenial tch. Bach current source is ser by a resistor and is
adjustzble by the contrast control.

K64, R63, R57, R36, and RS54 set the maximum current for each b CRE3 and
®H4 are ,)ar-zi‘iﬁ o reduce the power in the resistors. The m;mmmm Current

for green, red, blue, and intensity is 40, 20, 10, and 5 mA respectively. RO2Z
keeps the ourput stage conducting when there is ne video sigaal

£6 buffers and inverts the video signal, and controls the differentizl switch.
When the input to E6 is high, indicating there should be light on the screen,
the differential switch sinks current from Q10. The current also flows through
and ‘i” 1, and generates the video voltage that goes o the cathode of the
nput to £6 is low, the switch sinks current from the +5 V supply.

R49 controls a dc voltage, which varies the current of each bit simnultanecusiy,
thus coniroll {ﬂg CONLTAST.
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D8 and R0, on the collector of Q10, protect the monitor from any damage
from a tube flashover, Video compensation L1, a vaciable inductor, compen-
sates for the capacitance of the tube and its leads.

R46 and R47 eliminate glitches by setting the reference volrage on the differ-
ential switch o accommodate for the nonsymmetrical slew rate of EG.

R49 is the contrast control. R50, R51, R532, R53, and R58 are used 1o prevent
high frequency oscillations. R6S, RGG, RG7, and RGS terminate the TTL lines.
Ri8, , €32, and (C36 on new boards) provide decoupling of the DAC,

The substrate of £4 and £5 conpects to the 12 V supply.

4.4.6 Voltage Stabilizer

The stabilizer Q12 (Figure 4-20) and its associated circuitry use the +12 V
line 1o provide a stable +9.4 voltage. This circuit is an emitter follower that
uses a 10V Zener diode (D15) as a reference. The current source for the
Zener comes from the +28 V line. C60 and C61 provide decoupling.

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

+28 +12
RA0
’A/""
T )Q‘m
I
aF ot i nl 5
e = cal
| ZENER |, )
i i€ L TODRIVE SIRCLT
R— N AND
'%5:' 9.4 V STAB IELD DEFLECTIGN CIRCLHT
[EE

Figure 4-20 Voltage Stabilizer Circuit

e
N

Bl






Chapter 5’
Diskette Drive
Controller

5.1 Introduction

The diskette drive controller logic provides the interface berween the
VAXmate svstemn bus and the VAXmate diskette drives. The controller converrs
hinary data from the CPU module inio madified frequency modulated (MFM)
serizl data thar is transmitted 1o a diskette drive and recorded on the diskette.
MFM is & magnedce recording method for diskevte drives that encodes a clock
signal into the MFM flux transitions recorded on the diskette. When data is
read from the diskette, the controller recovers the clock and data signals by
using 4 clock sepacator and data separator.

Figure 5-1 illustrates the controller position in the VAXmate system. The dis-
kette drive controller logic contains a floppy disk controller (FIXC), three
internal registers, timing logic, address logic, data and contrel logic rhar con-
nects 1o the diskette drive, and commeoen logic that connects o the CPU mod-
ule {Figure 3.25. The PCS00 170 board drawings on sheets 3 through 8 of the
Enginecring Print Set illustrate the diskerte drive controller logic.

».‘i!
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Figure 5-1 Diskette Controller ~ CPFU Interconnect Block Diagram

5.2 Operation

The controller supports 5-1

Cinch, high-capacity diskette drives with standard
(800G Kbvte) or high gapautv (1.2 Mbyte) media. The diskerte conereiler
operates in either DMA or non-DMA miode. It uses DMA mode o wransfer daa
to and from the system memory. In DMA mode, the processor issues the com-
mand w the disketie controller, and the diskette controller and sysrem DMA

5.2
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controlier implement the data transfer. In non-DMA mode, the diskette control-
fer generares tnrerrupts o the processor each time the controller transfers a

data byie.

4.2.1 Diskette Drive Controller Connector

The Diskerte Drive Controller Connector (PCS00 1/0 Board in the Engineering
Print Set, Sheet 4) connects the disketre drive controller to the diskette drive.
The signals associated with the connector are used for motor contrel, reading
data, and writing data. Table 5-1 lists the functions of these signals,

Table %-1 Diskette Drive Connector Signals

Signal

Funotion

FIp D SEL 1T H

FPU H
B OWR BN B
WR DATA H

Fi STEP H

FO IRECTION H

FO MOTOR A ON L
FOMOTOR BONL

FO GRIVE B SEL L
FDDDRIVEASEL L
SEL 500 L
F 2O H

FI3 RAW DATA H
FD WR PROT H
F» TRKO H

FD IDX H

Selects diskette drive Head 1 oor Head 0. Head 1=={1), Head
2=(0)

The enable gate for comrol signals 10 the diskerte drive,
Enables write data to the diskere deive,
Dats to be written on the diskete

Stepping pulses that step the head 1o the next or previous track
based on FD DIRECTION H.

Provides the stepping direction of the read /write heads. When
this signal is high, the heads step in {(towards the center).

Selects diskette motor drive A
Selects diskerte motor drive 1.
Selects diskette drive B logic.
Selects diskette drive A Jogic.
Provides data transfer rate as determined by SDO and SD1.

Signal from drive logic indicating that the diskete drive door
has been opened.

Data and clock information read from the diskene.
Write provect statas jn read/write mode.

Indicates that the read/write head is on track 9 {ze¢yo) of the
diskette.

Index pulse signal indicating the beginning of a wrack on the
diskette.
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Diskette Dvive Controller l

%.2.2 Diskette Clock Generator

The 8 Mz clock signal from the VAXmate CPU timing logic is issued 10 the
floppy clock generator (Sheet 6, E73), where the required timing signals for
the diskette loagic are generated. OGutputs from the clock generator are fed to
ppy clock multiplexer (Sheer 6, E67).

5.2.3 Diskette Clock Multiplexer

Clock outputs from the floppy clock multiplexer select the clock signals
required for tming by the data separator, DMA request logic, delay data logic,
pre-compensation logic, and the floppy disk controlier,

2.2.4 Address Decoder

-

The Buffered Address BA2-0 provides the address for the diskette drive control-
fer. The DISK SEL command decodes the 1/0 address. The addresses are as
foliows,

BAZ-O Function

G310 Select congrol register

106 Select Floppy disk controller
101 Select floppy disk controller
111 Write: Data transfer rate register

Read: Diskerte change register

5.2.5 Floppy Disk Controller

The floppy disk controller (FDC) is a 40-pin LSI chip (Sheet 5, 8272A). The
FOC provides the control functions and circuits to connect the RX33 diskette
drives o the YAXmate CPU module. Write data (FD WR DATA H) is developed
from data bus inpuws (LAD7-0), Input control signals include track informa-
tion, read and write commands, clock, chip select, and other parameters. Out-
put wls include write data, write enable. step control, pre-compensation
status {early, normal, late), and head select. A complete description of the
82724 can be found in the Intel data sheets.




5.2.0 Write Pre-Compensation Logic

MFM recording produces undesirable shifring of the peaks of adjacent flux

transitions oo the diskege: Th 190 the MEM flux fransitions o ¢ from
where they had been . MEM e:pcmzmg causes write pre- x,ofr?mmm ion
{(pre-comp) Ic ; ¥ i 3 et
expacied by

The write pre-cor
be delayed. The
wWiitien.

g being

5.2.7 DRQ Delay

The DR delay O
controlier logi est signal DR
clock signal LFRQ *ai F i;g E‘ii m«i is enabded onto the bus
WA enable s UE, nal Fix GMA BN L.

:lw diskette

@

J

5.2.8 Data Separator

"t the ciock signal from the inpu
o5 this by taking the phase difference
g this phase relationship by increasing
or decreas funciion of this phase differ-
ence betwes f% clock, This valiage prov ;c‘ s sack to the voliage
conurol oscillator in a closed loop sy«stcm The level of this voltage determines
the frequency of the VOO i
and clock. {(See i J

5.2.9 Disketie Controller Registers
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%.2.2.1 Control Register

The control register is a write only register thae selects diskette drives, rurns
on the drive motors, enables and resers the disketre controller chip, enables
diskette DMA maode, and enables interrupts to the svstem processor. The speci-
fied system data bus signals {SId 5-2,0% are fatched in the register flip-fiop
(Zheet 3, E96G}, System reset (BRESET ¥ clears all control register hits. The
contol regl bit descriptions are as follows.

Controf Kegister (0(3F2H)

7 6 5 4 3 2 1 G

MOTOR BIMOTOR A|DMA RESET DRIVE
ENABLE , SELECY

L)
o
[

Bit Drescription

-5 Mot used

5 1 = Turn on mator of Drive B.
Turn off motor of Drive B.

4 1 = Turn on motor of Drive AL
3 = Turn off mortor of Drive A,

3 1 = Enable DMA request, DMA acknowledge, and interrupt request 1o
SYStEm MiCIoNrocessor.

2 1 == Enable FDC chip.
G = Reset ¥DUO chip.

1 Mot used
E (+ = Select Drive A
i = Select Drive B
5.2,.8.2 Data Transfer Rate Register

As mentioned previously, the diskette controller suppaorts a 5-1/4 inch diskette
drive and media. The 3-1/4 inch drive has a data rate based on two different
moter speeds (low and highy Low speed uses standard media, and operates at

5-7
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i3 tredl

a daga transier rate of 250 KBic. High speed mo
wedia, and @p : ta SO0 Kt « ¢ . ) ang
SO, when written to the daa ‘“”’lE‘Sff’r rate register, aleterm ne the data raze,
The bit descriptions ace as follows.

de Y\in!lﬁf‘*} hh;i“ CHPEs mf

Data Tras

7 & 5 4 3 2 1 ¢+

‘er Rate Register (03F6H)

— . A — N - -

|
0 o ¢ | 0 0 0 A
BIT DATA TEANSFER RATE

61 250 KBix

il Not used (defauit 1o 250

fv’ﬁfé“'
} KBit is the power-up def

aule date transfer rate.

5.2.9.3 Disketze Change Regist

Y

The change register is a rmd only regi
the diskeste cnangr irput srom the
3 i 3’75 H‘: DCH {fr the drive lo

ter that pre
Aiskete dri

T (ED 7,
e door has been
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han
7 6 5 4 3 2 1 G
CHANGE
STATHS
G G U o 0 0 G
Bit Description
7 Q4 = no change

i = door has been opened, diskette possibly removed or changed

5.2.1¢ FDC Chip Internal Registers

The FOC chip contains two registers: the main status register, and the data
regls The main status registers holds FDC status and may be accessed at any
time. Only the statas register is used for the wransfer of data berween the
processor and the diskeite conwroller.

Fa

The data register consists of several stacked registers. Only one register has
access 1o the data bus ar 2 time. This regisier stores dara, commands, parame-
ters, and diskette drive starus information. The information written into, or
read from, this register 5 used 1o program or obtain results after a specific
comamand,

5.2.16.1 Main Status Register

This register contains the diskete mmmiiu status. The CPU may access this
register ay any time o ransfer data between the CPU and contreller,
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FOR

REQUEST

DATA
I/a

NON-DHA

CONTROL

{DRIVE

BRIVE

DRIVE

DRIVE O

MASTER |[DIR MGDE BYSY , BUSY BUSY BUSY BURY

Descriprion

4 When set,
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Data a.pst‘i:
7

i

Disk drive 1148 §
command,

Data Hegis

the dama b

v (0355H)
6

dutz xn&f er E;‘f)‘

execurion phas
execation }? 1a8g

EE Et

s data, commar

1%,

b1

Tegn

3L

during non-BMA mod
ended; resulr rh ha

he controiler \:x:f;'l: not u_ug

the

K omede;

iaia §"*gmi~,

controller will not ac

o




r‘

Disketie Drive Controlier ;H;

Bit Description
70 Data

5.2.10.3 Status Registers

The following four registers store status information after a command has been
executed. The storage occurs during the result phase, and is relevant wo the
specific command.

Internal Register - Status Register §

7 6 5 4 3 Z 1 0
I T
INTERRUPT SEEK EC NOT HEAD INIT SELECT
CGDE END READY |ADDRESS
i I
Bit Description
7-6 0 ¢ = Command was coz}’xplexea? and terminated properly.

G 1 = Command was started but was unsuccessful.
1 0 = Command issued was pever started,

1 1 = Abnormal termination: the disk drive ready signal changed state
during command execudion.

Internal Register - Status Register 1

7 6 5 4 3 2 1 Y
MISSING
EN DATA OVERRUN NO DATA| RNV ADDRESS
ERROR MARK
0 0

41
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Bit

Diskeile Dvive Controller

Description

set when the controlier atterpts to access a sector beyond the jast
cror of a ovlinder.

i used, alw

when the controller deweots a oycle redundancy o
£rror,

k (CRC)

Set when the processor does pot service the conirolier within a cortain
time nrorval during dama iransfers.

Mot used, alw

et when the foilowing conditions oocur

a. The cons cannet find the sproifisd sector during ¢xeou
a read data, a write-deleted data, or a scan oo mmmad

5. The controller cannot vead the (D field without a
excoution of the read 1D command.

ATX ¢

cution of

wrting sector cannoy be fd
cylinder command.

1 during ¢

Set when the controller detects a write-protect signal from the disk
drive during a write d?'i!a, write-deleted data, or format cylinder
command

Ser under the fellowing conditions,

The contraller does not detect the 1D address mark after sceing the
%;1-:1:;:& yale twice.
y. The ¢

sf;u a %dr

L OF ‘*;, kieiuu
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Internal Hegister - Stortus Register 2

7 6 5 4 3 2 1 o
{DATA SCAN
CONTROL|ERROR | we |mIT | SN BC MD
MARK  |IN DATA EQUAL
0 FIELD

Description

L

s,

Mot used, albways zero.

Set when the controller finds a delered address mark during 2 read
data or scan commuand.

ata error in error ficld. Set when the controlier detects a cyele
redundancy check ervor (CRCY in the data field

Ser when the contents of the curreny cvlinder differs from the contents
stored in the data register.

Set when the "equal” condition is satisfied during execution of a scan
command.

Set if the contraller cannot find 4 sector on the oylinder that meets
the condition during a scan comimand,

Set when the cylinder contents is different than the contents stored in
the data register, and the oyvlinder contents is FF{HEX).

Set when the centroller cannot find a data adds
data address mark during a read operation.

c35 mark or deleted

2,‘;‘

I3
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Interngl Register - Status Kegister 3
& &

7 6 5 & 3 2 1 it

FAULT |WRITE |[RFADY TRACK O THC HEAD UNIT SELECY
PROTECY SIDE ADDRESE '

Bit Deseripticn

!

-

Indicas nal siatus from the diskewte drive,

i
3

o

Indicates the write protecied signal status from the diskette drive.

(%11

Indicates the ready signsl status from the diskette drive.

W

Indicates the Track O signal status from the diskette drive.

(9]

Indicates the twa side sigoal status from the disketie drive.
2 Indicates the side select signal status for the diskette drive.
1 Indicares the unit selecr 1 signal status for the disketie drive.

0 Indicates the unit select 0 signal status for the disketie drive,



- Chapter 6
Hard Disk Comntroller

6.1 Introduction

The VAXmate hard disk controller connects the VAXmate CPU o an RD31-A
(or equivalent)y hard disk drive. The controller subsystem, including the harcd
disk drive, is located in the RCD31 expansion box (Figure 6-13. It consists of
a Wi1003-WAH controller module with cabling to connect it to the hard disk
drive. This chapter describes only the hard disk controller. The hard disk
drive technical description (RD31-A Disk Drive Manual, EX-RD31A-TD) con-
tains details of the RD31-A

Wi, r‘tl,r

LAGR9E

Figure 6-1  Hard Disk Subsystem Location
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6.2 General Description

S ;”aac%f“y of the

adulated

The VAXmate hard disk sul
systern with an asdditional 24
{MFM) formaned data.

nodule plugs into a ¢
wplane, and 5 conne

The 34-pin cable prov sd 'S CONTECT
: %lso a Z0-pin cable connection for each :mmiiz*'i drive.

veical Descripticn

long by

{ cengimerer {19 108
centimeter (4.25 inch) wide mul printed cirouit board. !; has rwo edge
connectors {fingers cn bodh sides of ﬂ:‘. i}éh_;(w 3, 11%3*& right-angie male phlug
connectors 31, 12 and 35, ang ' ping, all o5 the compogent
side of the board (Figure 6-2). i

The hard disk conrolier module

iip circuits on the board. They are a WD20 1A
1/write “hemnfz device, RAM seoior buffer {1 = 8),
.J:U?s host bus inter-

There are iwe:’ ﬁldjﬂl «

igure 6-2  Havd Disk Controlier Module -~ Component Side
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Hard Disk Controfler 1]

6.3.1 Module Cabling

Three cables conneoy the hard disk drive o the VA Xmate disk controller mod-
V connect @ the WD1003 controlieor board (Figure 6-3%, and &
pin cable connects to the expansion box power supply maodule (Fig-

LA-GR20A

Figure 6-3 Hard Disk/Control Module Cabling

6-3
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Figure 6-4

1002480

Hard Disk/Power Module Cabling

EXFANSION

| — H
H Pl
é'!li’"i s i"g.ﬁ!

ey
BACKPILANE

e

Figure 6-3

L1050

Hard sk Subsystem Interconnections
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Appendix B lists the edge connector signals. The pin references are as follows,

1.

[

6.3

P1 - 62-pin card edge connector

Component side —~ pins 41 through A31

Conductar side -~ pins B1 through B31

P2~ Ah-pin card edge connector

Component side - pins C1 through €18

Conductor side — pins I+l through D18

.
2

Module Jumper Settings

Table 6-1 lists the module jumper settings.

Jumgper Position Function
Wi no jumper” Status read is not larched. Dynamic drive select
{select=drive busy)
jumper Sratus read latched. Static drive select (select asserted
except during reset)
W2 ne jumper” Primary addresses selected
jumper Secondary addresses selected
W3 not used” No jumper pins installed on hoard
W 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.
R Jumper 1-2° Standard configuration
Jumper 2-3 Internal power-up circuit signal
W6 Jumper 2-3° Ties input high. The 33 ws step rate is selected (step

Jumper 2-3

rate 0.

Ties input low. The 16 us step rate is selected (step
rate 15).

" These positions are normal jnmper setrings.

6-5
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6.4 Functional Description

The WD 003-WAH hacd disk controlier is a PC-AT bus compatible printed
circuic module thar connects a hard disk drive to the ;
The hard disk controller includes vhe following Iogic,

e WID1I1CG0A-22 host interface device

® 2K X 8 RAM secror buffer memory

€ WI1613 buffer manager control processor
& WH2010 Winchester disk controller

& WDI10CZ0 read/write channel device

® Read data

eparation logic

Write 1 on logic

The following parag

6-6
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HiH Hard Disk Conirolie

6.4.1 System Bus Interface

iht: controller is connected o the host CPU thz*a’-ugéa : system daa bus

; . system address m‘ﬁ* {(onty lines : G oare decoded o access control-

If‘i‘ rf:g,ssterxa ancl nmgmmm“g {/m con ms[ '-1;;23@55 Conirol, status, and ECC
ines 807-0.

6.4.2 Host Bus Interface (WDI11C004)

The WD 1 1C0CA host bus interface is an L8] 103,1(: array that contains bi_is
drivers/receivers, commznd and staros re
buffer address registers, and module control circuits.

6.4.3  Sector Buffer

The sector buffer is a 2K x 8§ RAM device that buffers one secior of data
between the disk deive and the system bus. This buffer is used to convert
16-bit dara words 10 8-biv data bytes.

6.4.4 Buffer Manager Control Processor (WD1015)

The WDI1015 control processor includes internmal RAM and ROM memory. It is
usged in ifﬂi’;}ﬂii@ii(}z‘: with the WD 1 1C00A host bus interface, and WD2010
disk controil 255 disk comvands, aid in error recovery and error
correction, and gs form module diagnostics.

6.4.5 Disk Controller (WD2010)

The WDZ010 disk controlier controls all data transfers to the disk. {t pecforms
multiple sector read/write commands, and impiied and buffered seek com-
mands. This conrroller alse provides ECC generation and ertos
detection/correction,

6.4.6 Read/Write Control Logic

The read/write conuol logic consists of two major companents: the WD2010
disk controlier and the WD10CZ0 read/write channel device and data
separaior (Figure 627,

G-8
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10 MHZ
XTAalL
4
g
MEM WD SOWE
WELK IR . -
wWeo WIFM W BlLIF .
EARLY. DIWD b
LATE =4
w010 L HBWC L wDiocso =
' RG a
_ DRUN MFET R :
MEM RD LiE
RCLK BU:
[
¥
VLo
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). The disk controller converts 8-bit
parallel data bytes into modified frequency modulated (MFM) pulse serial
data, for storage on the disk surface. Early/late pre-compensation control sig-
nals are provided by the controller.

6-9
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n the die state, the disk controller £WD20

Controller status is reg
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s the fellowing

ommand p eters o the ©

& the operation command (seek, read, write, 10

e command sirributes (Jong mode, retry contral, eto)

NOTE
The CPU also issues the sector formar or data sequence for write
operat

The host bus mterface
used later by the buffer manager.

1f a read operatios Poormand setg the maodule wake

latch, which causes t:‘f?.{f controller starus fo go busy, and asserts the WI}i(‘* 5
wakeup signal, Write and formar comm 5 set the o , i
(DRQ), which initates the host data transfer. When the data wansier is com-
pleted, the wakeup signal and busy status are

st

Tae buffer me
and passes
The dizsk con i
Grive congral signals, and determining status.

pnager examines the comm
he comimand to the disk contn

When the commanda is ¢
IGAT i
agditic

S, i ;‘w‘ﬁs :
g,hkftﬁ;n is r{*(guirﬁ:é the buffer manager sets
interrupis the host
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The WE1003-WAH returns to idle, and the host can examine conrrotler and
drive states, read inpur dara, and other parameters o complete the aperation.

6.4.8 Data Registers

All system bus data rransactions berween the system CPU and the hard disk
controller are in 16-bit word wansfer bus mode. The controller reserves system
1/0 addeess 1F0 (hex) for the programmed data wransfers. The controlier mod-
ule logic has an 8-bit RAM sector buffer and a byte register, 10 place the
16G-bit system data bus words on the conuroller 8-bic Jocal dawa bus (Figure
6-8).

&

Vi
‘: SL

‘ W F N

e T

g
i
7

T
]
’

4

HIET

Figure 6-8 Read/Write Data Transfer Path
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Figure -9 shows the disk track and sector formar.

4{ i INDEX MARK

THADK FORMAY

BOY,

DAR

h by N -
552 DATAL gars
15

HOODFE g
aYTES “

OF 7%

Figure 6-9 Track and Sector Format (Inierleave of 4)

6.4.9 Interface Bus Timing
igures 6-10 and 611 iflustrate the interface bus timing. Additional timing
ameters are shown in Tables 2-3 and 2-4.

s Trangher | {

5% (MR j o4

L ] S B
t I L 260 08 s Wicth =4

ot /7

T TR g T

oY

ftb e e Gl

L1400

Figure 6-10 16-Bit 1/O Cycle Timing - Transfer Data Mode

bk T 308



P Ta mden T bt T oot Ty o Ty o

-+ !m\f

5ng
M!«v«-

Flawed Dsk Controiley

i M Ty toest Tt Ty o T i

!Lf \”\,/ \.JP‘u N\k_/ Jf \f \, Y

wod e {111

el e

sovmess XX

VALID ADDREES

lqs,...w“.wi o T— W«i

\x\'

Wﬂs-wr\w“w«.@i

bt - {1ah-

VAL

D BATA

fe- (163

Ld-140%

Figure 6-11 8-Bit I/O Cycle Timing ~ Transfer Data Mode
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he hand disk controller and system CPU
mory Access (DMA) is not sup-
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nese registers into
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Table G-2  1/0 Port Address Map

Sgcondary
Address Register Funcer

Sits

sl disk data regiser, 1

17 WeC Write Precompensation Cylinder

a9y

i73 ERH Bryor Hegi
172 S5CT Secor Count

174 S sector Namber

{LL {_l},é?«rse;c.r Numsher, Low Dyte
175 <L viinder Nunrbee, High Dyvie

PTG SIFH secier Size, Drive Head Select

15 Register

30 (WD) 376 sk Regisier

3F5 (RO 274 Alreroate
277 tal Tnput

G- 14
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Trata transfers are word-length transfers, excepr for ECC bytes during Read
Long and Write Long comumands (BCC byvtes are waosforred in byte mode).
There are eight task file registers, six of which have read/write capability. The
remaining two registers have different definitions for read and write opera-
tions. Table 6-3 provides a summary of these registers. :

Tuble 6-3  Task File Register Summary

)
B
o]

Register 7 & 5 %

WP { :j?m:ﬁer number/4

ERR BED ECC G INF ¢ AL TEO [NF
SCT Number of sectors

S Sector number

CLL Cylinder number low

CLH & O o o G ;;_:, Cyiinder
anumber high

SDH BCC/, O DS HE3 HSZ HE: HSG

CRO

CMD Command

ST . BSY ROY WFT SKC DRO CRD X ERR

6.5.1.1 Data Register (1F0/170)

This read/write register provides a 16-bit data path 1o the sector buffer for
norroal read and write commands in the programmed 1/C mode. Access this
register only while executing a read or write command. After a Head Long or
Write Long command s dssued, four ECC byves are ransferred byte-by-byvtg,
with at least 1.6 microseconds between transfers. The Data Request status bit
(ORG, bir 3 of the Starus Registery must be valid before eransferring each HOH
byte,

6.5.1.2 Write Pre-compensation Register (1F1/171)

The write pre-compensation register is 2 write only register that contzins the
starting oylinder number thar needs pre-compensation. This number is the
value of the cylinder divided by four.



6.5.1.3 Error Register {(1F1/171)

may appear aftsr a

This register conrains specific error starus information tha
i ig set in *hb Status

(‘fsﬁi*‘ﬁ{ini is Cé‘ﬁ‘pi*%’-’i ’i”“‘w o alid when thﬁ ereor

”11* CTRICECR ln md 15¢ (f‘xi:gn-:ss:c
E.-if':gi*:zf&f is pe;;}{mﬁ mgﬂréi&, of the error bit

: or in f.!ﬂp:, stic mode, the Error
> Technical Reference

6.5.1.4 Sector Count Register (1F2/172}

This read/ wrszc register containg the number of seciors to be ransferred to the
SECOr 1 o , Read Yerify, or Pormat Track command.
During a ¢ (!fw*r cach sector is wransferred to the sector
buffer, the controlier deg neremenis the secor
nuntber. Leading the re 1 256 sector transfer.

6.5.1.5 Sector Number Hegister {1F3/17

¥,

wlds a sector number anywhere fromw G e 255

, sector command, the nmamber in the register specifies the
first sector in ;he transfer. The controlier increments this number after each
il sector data wansfer o the sector buffer.

6.5.1.6 Cvlinder Number Low Register {1F4/174}

This register holds the eight least signiticans bits of the 10-bir cylinder num-
ber. The Cylinder Number High register providey the rwo most significant bigs
of the number.

6.5.1.7 a’l‘g*%izzés;f Number High Register (31F3/17%)

&r 5 igh register is a vead/write register that holds the two
most S1gmf icant birs of the desired cylinder number. The Cylinder Namber
Low register holds the eight least significant bits of the number.

G-I6
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6.5.1.8 Fixed Size/Drive/Head Register (1F6/176)

The data in this cegister selects the drive parameters.

6.5.1.9 Status Register (1F7/177)

This register indicates the result of a previous operation. The program must
read the register to determine the result, 1f Write Fault or Error s active, or
Seek Complete or Ready is inactive, 2 multiple sectar operation is aborted.

6.5.2 Command Register (1F7/177)

This write-only register begins command execution immediately upon receipt
of macro commands from the system. The system loads the Command Register
with the information required for the command. The Command Register
should not he written to while the controller is busy. 1f Write Fault is active,
or Drive Ready or Seek Complete are inactive, the controller does not execute
any command, and an Aborted Command Error results. Also, any illegal com-
mand results in an Aborted Command Error. When any command is written o
this register, the controller interrupt is reset,

6.5.2.1  Restore Command (10-1F)

The restore command moves the read/write heads to the outermost track posi-
tion {(track 000). This command is usually used during a power-up condition.
The controtler issues step pulses ro the selected drive uniil the Track 00
signal from the drive becomes true. The drive Seck Complete signal governs
the step rate. If the Track 00 signal is not asserted after 2047 step pulses, the
command aborts with the error bit set in the Status Register, and TK 00 Error
set in the Error Register. This command sets the implied seek step rate. The
tower four bits of the command select one of 16 possible siep rates. The
comemand terminates when Drive Ready is deasserted, or Write Fault is
asserted. When these conditions cecur, the error bit in the Status Register seis,
and the Error Register reports an aborted command

6.5.2.2 Seek Command {70-7F)

The Seek Command moves the read/write heads to the cylinder specified in
the task file cvlinder select registers. The four low order bits set the implied
seek rate. At the completion of this command, the controller generates an
interrupt. It 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.

6-17
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¢ number of sectors (1 10

gzﬁﬂ%" Cy l-m;ﬁs . The ‘ﬂi‘e"’;”) LA 1RES ! i
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5.5.2.4  Write Sector Command (36-32)

of cominand writes the

2
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ately after the control
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6.5.2.5. Formai Track Command (50)
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mast recently used Restore or Seck command, Iﬁultiple s&c&or i‘f;‘aij"; May Criss
ead and oylingder boundaries. I the Drive Ready s
Fauly is active, the command ierminates, and th
Register. This command continuously monitors these signals. The contro
irzerrupts upon complerion of the command or when an £rror ooouss.

6.5.2.7 Diagnose Command {90)

commund aliow
%cpxsrr tife e

controiler w execute self teses, and i 4 p rols
iles, Tests are run on zmvmxi ROM and BAM, ECC
hoeircuioy, When a failure occours, sh cmgm.slu foz Lds
:»Qﬁinﬁr error eode ingo the Breor Register,
upon complietion of this command.

6.5.:

This command sets the deive parameters for the maximum sumber of beads
per drive and sectors per track. Prior to issuing this command, the drive 5@!(:%
thon st be *‘;;‘%("-*ii‘é‘*w'i i;* e *wf tor ‘m.z,j! srive ‘ssie,.;rie ad Selec

This coms g
mmm an}’ mmng:k SeCtor uptmm,m are i:)ﬁzs(if:ﬁi =, An interru pa is %gm rated
upon completion of this commasad

Set Parameters Conumand (911

6.5.3 Control and Status Registers

6.5.3,1 Alernate Statas Register (376}

This register is a duplicate of the Task File Status Regist

6.5.3.2 Fixed Disk Register {376}

This cegister resets the controller under program control, and cnables and
disables the controller interrupt,

6.5.5.3 Digital Input Register {3F7)

“the

The digital input register contains the complomented current suate
Write Gate, Head Select, and Drive Select signals.







Chapter 7
Expansion Box

7.1 Introduction

The expansion box (Figure 7-1) converts the VAXmate workstation into a
Digitai network server. The expansion box has a hard disk storage device and a
bus interface. The hard disk uses the MS-DOS operating system and
MS-Windows application programs. The expansion box attaches to the botwom
of the VA Xmate workstation,

The expansion box is available in the following configurations:

RCDA2-FA 40 Mbyte VAXmate Expansion Box (non-U S A ver-
sion}

RCDAZYC 40 Mbyte VAXmate Expansion Box (U.5.A. version)

RCOD31-FA 20 Mbyte VAXmate Expansion Box (non-U.8.A. ver-
$ion)

RCDR31-FC 20 Mbyte VAXmate Expansion Box (11.5A: version)



cpansion Box

The expansion box has the following components.

A power regulator

oot

Z. A lithivm battery backap for reaj-ti

A hard disk drive

b

A ansd B0 models of the

[re

. Ade fan (The de fan 15 not in early BCE
expansion box)

5. A card cage with b

a. Cption siot — 1

b. Option slot - 2

. Hard disk contreller

Each option slot is compatible with the indusiry-
hus o aceept nardware options. The backpiane
slot maximum power capacity. A CPU clock signal of

the backplane.

LATCH

Figure 7-1 VAXmate Expansion Box
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7.2 Expansion Box Battery

-:‘i)f fhs If“'im, v, toggle the power switch 0 reser a bit in a register in
workstation. Then, run the extended self-rest 1o configure the

; ;] ami see if the battery, hard disk, m;d expansion box are displaved in
the configuration list,

Run the Extended Self-Test as follows,
1. Turn the power on and let the power-up test complete.

2. Tura the power off and wait 15 seconds for the drive 1o spin down. Turn
the power on again o clear the power fail bit in the event timer, and
aliow the power-up test to complete. The power fail bit indicates if the
1y i present in the expansion hox

Extended Seif-:
; gmi BA ";%“(3

t:rf baz:mz;:s i ‘Eeazm;{m the zwd Jtak is connected to th
troller, and the expansion box connection is good.

4. If error numbers 83 or 87 are f‘iiqp]aved during the Extended Self-Test,

disk drive 0 or § (identified as C or D} bas not been formatted. One of
isk drives must be formatte d before completing the test using spe-
cific formarting sofiware. See the VAXmate Expansion Box instailation
Gruide and Cwer’s Manua! (BK-RCDA 1.0M) for instructions,

4
N
(%



ve all exter

Separate the ¢
iatches and I




. . IERE T
Expansion Box i

POWER CONTROLLER

/HAHD DISK CONTHOLLER

-

Figure 7-3 Expansion Box Components

7.4 Expansion Box Functional Description

Figure 7-4 is a block diagram of the expansion box components. The remain-
der of this chaprer features a hardware technical description of these compo-
nenzs, except for the hard disk drive and hard disk controller, which are
described in Chapter 6.

E){?ANS%OM BOX
D SRR U AT S S ST G TR IO R AT

POWER BUPPLY MODULE HARD D18K CONTRBOLLER

H
i
H
%

CONTROLLER
LOGC

RN TR STSRST RETENE MR WA AV SR

Figure 7-4 Expansion Box Block Diagram
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7.4.1 H7271 Expansion Box Power Regulator Module

PO Boarc E
ticn power sup z green LED o indicate thay
of the box.

isk drive, the b

The reguiator provides 72 watts of power and provides avec-current protec-
tion for the +5.1 Vand +12.1 ¥ suis, The reguia Lot
circuit protection for all cutpus,

ar also provid

ROLNT
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7.4.2 Power Regulator Functional Description

Fioys

Fi ¢ a block diagram of the expansion box power regulator. The
power regulator receives noregulated 2150 Vdo dnput from the worksta
The input pin assignments are as follows.

Pin Yoltage

i +150 Ve

2 Key

3 Safery Ground
4 MC

5 - 1530 Vdo

The high voltage do toput goes to line filter L1 B4 conural pulse width
modulater and E3 CMOS timer wurn the Q1 Field Effect Transistor on and off
ar a 100 kMz rate, o switch the voleage across the primary side of the T1

+12.1 ¥, »«5} V} and -1 ;; ‘f} i(ﬁ: the hizm (%«,oi.a.
and the fan,

HYRHID VAT

P AN

|
iFvas

N

[t ]

N e
Of NK!;/ xj

i ‘ll‘._.‘s,,‘f\/‘mm.,uw” e

Figure 7-6 Expansion Box Power Regulator Block Diagram
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ftage regulator,

voltages o groun

power for nor-
ignal amplifi-

i securs, the Q4
Y ooutpues, which then

A voltzge monitor senses

7.4.3 Power Regula
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b
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i
vl
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to

Nominal Input Voltage 300 YVde (from +150 ¥ and ~150 V input)
Minimum Inpur Voltage 245 ¥de {ar minimum ac loe volage)

Maximum Inpat Veltage ‘ar i

cimum 4 line voliage)

o

Poseg
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7.4.3.2 Expansion Box Power Supply Guiput

he VaXmate workstation power supply and the expansion box power regu-
lator provide a total of 285 wans of power to the expansion box card cage
(9.% watts per oprion sloth. The hard disk controller occupies the top option
slot. A total of 19 waus is available for any industry-standard options yvou
install in the remaining two slots

CAUTION

Mever install oprion boards that exceed the available expansion
box wattage. A single option or a combination of options that
needs more than 19 wans can damage the expansion box circuiury,
biow the fuse in the workstation, or damage cthe VAXmarte
workstation power supply. See your option documentation or sales
represeniative to determine vhe wattage requirements for the
industry-standard options you wish ro install,

Table 7-1 is a swmmary of the output voltage and current ranges 10 be con-
sidered when you design g module for the option backplane,

Table 7-1 Ourput Voltage Summary

Vaoltage Yoltage Current Current Ripple (max pk-
OQutput {min) {max) {min) {max} kil
+51V +4.85 ¥V +5.35V 0.8 A 4.5 A 75 mV
+12.1V +11.53V +12.7 ¥ 0.6 A 1.2 A 50 mV

~10.8V ~13.2V 0.0 A 02 A 100 mVv

~4.5V ~5.5 ¥ 4.0 A 024 P00 mY




7.5 Expansion Box Backplane
Figure 7-7 is the expansion box backplane. The slots labeled J1 and 12 are
available for installion of industry-standard options. The wop sl 13 is
reservad for the hard disk controller.

The expansion backplane has two buses:
buses ure availabie for use with industry

the signals on these buses.

an 8-bit bus and a2 16-bit bus. These
anndard coti

o

3 for

Mgare 727 Expansion Box Backplane



Expansion Box fild

7.5.1 Installing Options in the Backplane

1. Remove the expansion hox cover (Section

2. Disconnect the hard disk deive cables from the controdler bosrd, and tip
the card cage on its back (Figure 7-8).

LI-0B204
Figure 7-8 Accessing Option Slots in Backplane

3. Install the industry-standard option board into either option slot (Figuye
7-9%. Use the bowom slot if you have one board mounted on top of
another board.

4. Make sure the option connectors are frmly instailed.

7-1i
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. SCREW

e

D A S A

Figure 7-@ Instailing Opdons in Backplase

0. Tip the card cage back into place.
7. Connect the hard dis
8.

drive cables 1o the contreller board.

Make sure the cable connectors are seated correctly on the pins,

~uf
o
T
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9. Connect the cable for vour option, if presenmt (Figure 7-10). Follow the
instructions provided with vour option to install the cable and any
peripheral device.

Figure 7-10 Connecting Cable to Option in Backplane

7-13
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10, If you instailed an option cable, remove the cable access plate from the
top cover (Figare T-11)0

L-nEZA

Figure 7-11 Removing Cable Access Plate
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Replace the expansion hox cover as follows.

a. Lower the back corners of the cover inte the groove on the back of
the base.

Is. Make sure thar the cornees ave seated corre

tiv, and thar all wires are

inside the tahs on the perimeter of the base, o they do not interfere
with closing the cover.

C.

Figure 7-12 Reoplacing Expansion Box Cover

7-I5






Chapter 8
Keyboard and
Keyboard Controller

&1 Introduction

This chapter describes the LE250 keyboard and the keyboard controiler
locared on the YAXmate CPU board The keyboard is the user interface to the
system with its own internal congroller, an 8051, The 8051 controller detects
and encodes kevstrokes, and transmits the information o the keybouard intes-
face controller, an 8442 on the CPU board. The 8042 sends the information
to the central processor. The keyboard also receives information from the
central processor threugh the kevboard interfuce conroller. The kevbeoard
supporis both industry-standard applications and Digital-developed applica-
tions on the VAXmate network.
The LK250 kevhoard supports host conurol of keyboard LEDs, keyclicks,
autorepeat, and owo scan code modes for identifving the keys, These modes
are

L. VAXmate worksmation mocde

2. Industry-standard AT-compatible mode.

8.2 Keyboard Physical Description

The keyboard (Figure 81% has 1065 keys arranged in che following groups.
s Main kevpad {57 kevs)
e Ediring kevpad {18 keys)
& Special fancuon keypad (20 keys)

& Arrow keypad (10 keys)

%
P
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s

The k.evhmard circuitry is contained within a low-profile piastic shell thar
VOUu can open w,:h a hex-nut driver. Keyeaps require 2 spec
!.'Pmi,eVdi

Lol for

The kevboard has a label strip holder and four LEDs Incate
edge of the keyboard above the special function keys. The label swrips are
used to idemtity these keys and the LEDs for different application programs.

A coiled cable, with a G-pin modular connectar on one end and a H-pin
rectanguiar connecior on the other, connects the keyvboard o the worksta-
von. The modular connector fitg into J4, the keyvbeard juck. Yoo oan routs
the cable in the slot in the bottom of the kevhoard 1o extend out of either
side of the kevboard.




TOP VIEW

SQTTOM Vigw

Figure 8-1

Kevboard and Keyboard Contvotler [

KEYPAD

LK250 Keyboard



The signals on the keyhoard cable are as follows,

Fin Signal

ak

Ground (connected 1o pin 5)

Pl

N

vioard

5 Ground o ke

G CTRL {(no conneciion in UPL hosr

8.3 Functional Description

shown in
: ne Kevhoard
g‘atférrac“ Controller. The fy‘bﬁard MALrix
vs. The keyboard interfs !
o unis

Figure 8-2 13 2 block diagrany of the keyboard cf *ams;i y AA& Ty
this figure s contzined on the
Matrix ¢
circui o i
en the CPU boasd in the

The kevboar
7.373 MHz ¢
a binary-to-deoi
key clicksand a ¢

The kevboard intert:

HECTORIO0esser Wit
vides hoth
and the VAS

ace ¢ Uut"-)iz{:‘ £ is an 8442 peripheral interface
By : ¢ inrernal firmware. The contraller pro-
criace berween the LK ”"‘f‘r-" wevboard

The keyboar
bidirection:
Power ( ’)




whoard and Kevboard Conivoller W5

The interface at J6 provides standard TTL signal levels und consmunicates
with the kevboard using bidirectional protocol. The interface transfers char
acter information in groups of 8-bit patterns.

G 2804
_‘?i‘ - r &
R —— u i Lo e
|4 i 03
S b
8 b ok b e
o R
L 3 rEvoLOK
1 ., s
& i - A K
T 4 T ——
i Lo : g H 1 BELL
3t Y 3 COENECTOR oy . . - !BL,
- . 128 8
ARES 8 oy
: % § DAYA e 34
Co§ o ! o R LY
g o] r o fE 8 {
) S . [ el
l
1 ND
| B o
i A
| ,
|-
+5
|
1
H
E RESET !
}
¥
TREE BYTE BAM o NE

Figure 8-2 Kevboard Block Diagram
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832 i@gicai interface

riace on the 8051 g wes sean codes 1o send (o the 5042,
ode means a stream of e or maore bvie value
cssed or released state of a key. The act of pressing or f‘fii asing El

b

iﬁ.‘f ouput buffer without modif i
iranslated (o an indusory-standard value,
Bit & of the command byte contrals this mode of {T);p(fféiii{}?.z. ‘
mode 5 ransiate.

The kevboard has
Ta support th kt‘}s th(: k
ry-standard mode and 5

:xvh){i?d maAy ira (£ - ¢ :
¢ modes that are in effect. In Digital inu-iqf the kwn:mra ransmits a
unigue scan cade for cach key

s kevboards.
sration: indus-
i mode, the

8.3.3 Kevboard Interface Controller itﬂgis’;

The kevboard inte

ace conuroller a‘hg,hﬁ: 8-3
§§z§"w‘3—d£ Jm'rﬁ e It

control Is?é,s"', and } 3CHenN
and the keyboard. The conr maEte
CPU (30I¥7-0 H) inte serial dats for transmission to the 1 {KBD
DATA). It also converss serial data from the keyvboard, as Imt ,i input to the
controlier, imn P raléfrl data that goes back o the CPY. When the
in the contra inge

The keyboard interfacs conwroller also provid
ixiiacuoas that are unrelated o the iu_yi}ma:

8-6
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e EXP PSNT 2,

b BAROP PENT L

e AR

PERRL
rm— TEST 1
s TL
el KTHL J
i KTHL
i
S ST R SR

< AA0%

Figure 8-3 Kevboard Controller Block Diagram
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8.3.4 Kevboard Interface Controller Input Signals

The input signals that contres the kevboard inierface controlier are as

follows.

Sigial Funotion

BaZ H Bus Ad
the transfer is & command or - data

&

P o inslicate whether

XEIOwW L /0 éﬁ-‘ta L Enebles ©FL o write data or command words t¢ the

XEIOKE L 170 Read L. command words in the
controller’s dara bus i"»um“ oF status register

iz connected using KB

h

8.3.5 Other Control and Status Functions

I t’zmctinnc that are unre-
late kevhaare H on to the CPU for
options present in Core ﬂL{” the state of the
k»}’bﬂa; (s‘mfwiic tines. The st tim fe,ilcw‘ describes these control and
stutus § 1 ' : ssly for use by diagnostics, and
are 'm!v ACCESS

The keyboard inter

Signal Function
256 RESET L 286 feset L. Resst the VAN mate 80286 CpPU
GA20 H Gate 20 H: Gare address line 20

EXF PENT L asion Box Present L. VAXmate expansion box

RAMOT PSNT L RAM C Expansion memory option
present
RAMOP ERR L RAM Option Error L EXpansion memory error

&8
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8.4 ILK250 Keyboard Logic

The following paragraphs describe the logic on the keyboard circuit board.

8.4.1 Kevboard Matrix Scanning

The kev locations bave an 18 2 8 line mainx. Bach key switch connects
across a marrix interseciion. This gives a fixed posivien for each key in the
matrix The matrx accommodates all 105 keyy on the kevhoard.

Figure 8-4 is a simplified block diagram of the mairix soanning circuit. Eight
lines from port 1 of the 8051 microprocessor go to the input lines of two
7415145 BCDwo-decimal decoders. Ten outputs from one decoder and eight
outputs from the other decoder provide the drive lines {KB DRIVE 17.0) for
the matrix,

The other axis of the matrix vonsist of eight lines at 45 V through pull-up
resistors. These lines *,I&E% DATA 7-0% go to port ¢ of the 8051 micro-
processor.

The 8G51 scans the 18 drive lines and reads the 8 data lines for key closures.
Afrer veritying that the key closure occurred by scanning the Hoes again, the
8051 firmware translates the posivion information into a scan code, and trans-
mits it to the system central processor through the kevboard interface
controlier

S AN ¥ A8 A
i

VNI Y Y

Figure 8-4 Matrix Scanning Circuit Block Diagram

89
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8.4.2 Kevboard Speaker Control Circuit

Figure 8-% is the speaker control circuin. The 8031 mscw processor contrels
three ouiput lines o an octal bafier/lin e { T4LE s, which drive the

base of the drive transistor. The 8051 sews up the mrf e imm by ‘uidm one

of eight binary combinazior s the input The
firmware in the 8051 generates a 0*1{* by
speaker through the driv
if a bell aor click scund is
determines the volume,

PR — BLFFER/

LINE DRIVER

LT

™, A

.,

T

B saisaggin e -

Sot-
e

LJ-A0T

¥Figure 8-3 Keyboard Speaker Control Circuit

8.4.3 Indicator (LED} Control Circuit

Ggure 8-6 iy the LED indicator conmrol cirenie. The consrel signal for each
LED is generat Ld from pore 2 of the BG51 to cne of four if;p"a; ta the nceal

. The +5 V supply comes from the CPU moduie through the
E‘ s val is then filrered o elim inﬁtaﬁ any noise

ﬁucmatkms.

A high signal out of the 805! turns on a driver in xm, 7418240, and makes iis
atpui low. This action provides 2 path 1 an the +5
LuD and current limiting resistor, and wurns the LED on.

& 14
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s LEDS yy +5 v
>°*~"“""""“““ B

Nl
8051 t/>) RN
PORT 2 : :

RIGH SIGNAL FROM 8087 PROVIDES
PATH THROUGH LAST STAGE

OPEN COLLECTOR INVERTER TO TURN
ON LEE.

Lt adE

Figure 8-6 Keyboard Indicator Control Circuit

8.4.4 Kevboard Communications Circuit

The keyhoard scan codes and other special codes go from the 8051, through
741805 line drivers and the kcylﬁmm’d cable to the kevboard interface control-
ler on the CPU board (Figure 8-7). The lines are bidirectional, meaning that

either the sysiem or the keyboard can drive the lines.

The 8051 firmware contains features that the system central processor can
enable, such as kevboard transmission characteristics and control signals for
the LED indicators and the speaker. These commands come from the CPU,
through the keyboard interface controller on the DATA and CLOCK/REQ
lines. A 741805 line receiver inverts the signal and places it at the port 3
input to the 8051,

817
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Figure 27 Keyboard Communications Cirouit

8 conform o a specific format, The first bis
is ti‘i(’ a jogical O a'apsa t‘:)‘ The next eighs bits
rfi)?uzfm the dm;\ 3%*&" ts is an odd ich either the
LK230 or i—:s:yb@; 1531?“%:::’*6 x:am::oi%w adids : ont which module is
sending (,é;n:fa i !

Figure 8-5 f
first. Separate
col, Section 8.6

The ¢ Loeive « L,;m

STER - |

CHin

L L R ——— J

VTP p— r.mm«,.r T‘ T”vm”*ww*mw
! [

|
SPACE (D) _...m_é_.n*.«....i_ ,.L IS ..,Lm._l. ke ,..gm_.f

PARITY

—t

L1410

Yigure 8-8 Kevboeard Transmit and Receive Character Format

&1

b



8.4.5 Kevbourd Heset Signal

Whenever vou %2;!‘*& the system o, the B
v tor STArE Of . % reset ges er’tiar

8.5 Keyboard Contrelier Diagnostics

ower-up, the kevboard conroller executes a diagnostc
5 the kevboard controlier’s ROM and RAM. If an error oo
power-up testing, the keyboard controiler wili oot respond o any input and
must be reser (powered-down’,

The keyboard controlier completes the test within ns atier power-up.
During the power-up test, the controller ignores from the kevboard
keys. At the completion of testing, the f:%%:agm}%i:; sends an error or ok indica-
tion 1o the keyboard interface comroller, if possibie. The creor indication is
ERROR; the G.K. indication is AAH.

fo

8.6 Keyboard Protocol

Because the keyboard has two modes, and both the keyboard interface con-
trolier on the CPU board and the 8051 micronrocess Levboard can
control the data and clock lines, the kevbhoard needs some pre otocol to
exchange data. The prowocol is as follows,

1. The keyboard-always Mmphf, clock signal during data sransfers,

e

The system can override the kevboard any vime,

bzt

The system must request ase of the dat Hoe,

S ¥

An error automatically results in a Resend.

kY 1]

Crther command specific protecol corditions may apply.

8.6.1 VAXmate and Industry-Standard AT-Compatible Protocol

Normally, both the KB DATA and the KBD CLOCK lines are high, and the
driving circuit pulls them low. As you press a key, the 8031 pulls the clock
and the data circuit low, and sends the data o the kevboard controller. ¥ the
kevloard interface controller holds the clock lize low, it aborts any output

813
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from the kevboard {except during a stop bity. The keyboard interface con-
trolier any additional s i m the
keyboard contraller nrod cent data.
1f the e{eCts an £rror in t 1 from the
kevbozrd, the vt‘biraf» fuce conualize turmns the }nisah;t sig
quue~c to send and Bﬁ‘*«t‘fﬁd commands to the z&é?\’bf)d’f‘d if the ik{"vi)(}d"d
an'er ace controlier receaves da for the OP1J 13 :
] rupts the CPU (IRG1 H), and waits for f]3€~ e PP 0 acmmm:m‘ﬂr the
interrupt and u:;a;;i the data, before enabliz

he kevboard must complete sending & dard bywe within 2 ms, o Hneoat
error will cocur. The kevboard must respond to g keyboard interface control-

1

ler aummand within 20 ms.

8.6.2 Kevboard Interface Controlier to Keyboard Transmission

d valuss are similar to those
90 degree phase shift

The kevbe o controller comunands
that the kevhoard tansmits, except they have =
between the clock and daw puises. This
cates the clock pulses for the ke
ierface coatroller must request ©
3L

shase shift occurs because the key-
nar;i §“ltf;"€'f91=’." Cfmtrc%le*r T

keyboar
using the feilowing pre

kevboard interface controller lowers the «
keyboard.
2. The kevbourd inrerface controller lowers the data line,
3. AMiter us fming, the keyboard interface contr
line.
4. The kRevboard interface contraller wais for the k

f Ce m*x(ﬂhw {Exa‘ the

bis, wr*ds anufﬁa *h(: sevhoard i

keyboard received the data.

8- 14
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8.7 Kevyboard Scan Codes

When a key is pressed, the keyhoard sends a scan code that identifies the
key. if the key is held down for a time that excecds the auto-repear delay
time, the scan code is sent repeatedly at the auto-repeat rate. When a key is
released, a release code of FOH is sent, followed by the scan code of the
relessed kev,

If bit 6 of the kevboard interface controlier command byte is set, the key-
board interface controlier converts the keyhoard scan code value 10 an
industry-standard one byvte value, Wich this value, a released key is indicared
by adding 80H to the one byte value of the pressed key.

No conversion is performed if bit 6 of the keyboard interface controller com-
raand byte ks clear, This is the default value ar power-up. The power-up
firnyware changes the value so the default is Translate

See the VAXmate Technical Reference Manual {Q6ZCS-GZ) for the LK230
scans cades.,

P,

4
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Chapter 9|
VA Xmate Workstation | |
Power Supply (H7270)

.1 Introduction

The VAXmate power supply receives ac input (either 100 to 120 Vac or 200
to 240 Vacy, and generates five regulated output de voltages, an upregulated
300 V (2150 Vdc) output for the VAXmate expansion box, and a svstem con-
trol signal indicating that there is sufficient energy to allow system operation.
To provide the required efficiency. the power supply operates in a switchiog
mode at 100 kHz, To protect against overvoltage and overcurrent congditions,
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 svstern box.
A beard-mounted jumper plug sets the input voltage range, with the following
aption number variations.

Option Input Voltage OQutput Power
H7270-AA 100 — 120 Vac rms nominal 90 watts
H7270¢-AB 220 ~ 240 Vac rms nominal 90 wates”

Curput power does not include the 300 V power for the expansion box, which is
LD W (maximurg).

)
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Line Voltage and Current

H7270-A4

ge ~ 100 w0 126 Vac pominal, single-phase, two wire

Yoliag

grousd, 90V rms 10,128 V ims {255 Vo 362

pe R ,,(-tf‘;}z zarth
Y, peak o peaky.

Current - 4.4 A (yms) maximum at 88 Vac input. Noaminal is 3.9 A a1 109
Vac, 2.6 A at 120 Vac

reat — 2.2 A
Yac, 1.6 A Jt 240 VYac.

Line Frequency

The line frequency can be 47 Hlz minimum o 63 Hz MEXII,

Fuse

An externatly replaceable fuse prowects the inpus wiring. The fuse is either
of the following:

e HA, 250 V AGC normal blow fuse for 100 - 128 Vac
& 3A, 250 V Ul-approved for 220 — 240 Vac
Real Input Power

ocurput load of 89 wates, plus 111 watts o the anxilia
for the YAXmate expansion box,

put maximum real power is 236 wats at full-rated, regulated de
wer converter

iy ;)k‘

Power Supply Connectors ~ The power supply board, which receives a
voltage on input connecior 71, has the pin outputs shown in Table -1,




VA Xmate Workstation Power Supply (H7270) [

Table -1 Power Supply Output

Connects To

Pin MNo. Outpot

1 +HV DC (left pin on
component side}

Key

12 HV DC {300 V) o the expansion bog

[

3 Safery ground
4 NG
~HY DC

»

1 +12 W 13 1 the disk drives
2 Rewurn

3 Rewuen

N

Lhd

+5 ¥

Kev
+2I8 W

Return

14 1o the monitor

& -12V
5 Return
6 +12.1 Y
Return

& Key

9.3



Ul VA Xmate Workstation Power Supply (H7270)

Table 9-1 Power Supply Gutpur (cont j

Pin No. Cutpuar Connects To
1 AT OK H 15 w the CPU board
2 Key
A ~12V
4 Return
5 +12Y
G Return
7 +5 Y
+5 W
+5 VY
1¢ +5 vV
1114 Return
1% -GV
16 -9V reouin

9.2 Physical Lavout
Figure 9-1 i¢ the layout of the major componenis on the power supply board
WARNING

The heat sink for transistor Q1 carries hazardous voltage. It is
connected to the 300 V (+HV DC).
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9.3 Functional Description

Figure 9-2 is a simplified block diagram of the H7270 power supply. The line
voltage comes in at J1, either at 120 Vac or - The emi line filiers
keep main power line noiss out of the workstation. The filters also prevent
workstation-generated noise from: the main power line.

The board has a jumper w0 select either 120 V or 240 Vac
selection, the bridge rectificr ouiput 18 300 Yde, which
winding of the T1 wansformer. The primary winding
switch, (31, which conuols the current flow througt
transformer.

nput. With either
$OCE (0 the primary
also goes to an electronic

ne primary of the

This high voltage de (215G V) also goes io 12 for unreguiated power 1o the
expansion box.

e SRV

ey = 12V T
e (I O— J3 4, s
LINE
(IR N g

LINE
FILTERS

! g #1217
H :
H

:
C
b
.

- ) b

Jz 15y

VOLTAGE

URRENT :
i MONITOR

AC T 1]

"7 CROWBAS SCR

oo

Figure 9-2 VAXmate Power Supply Block DHagram
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A current-mode control pulse width modulator turns Q1 off and onat a 100
¥HMz sare, o switch the voltages across the primary side of the wansformer.

The rranstormer nas four secondury windings that produce the required volt-
ages *cr the CPU board, the disk drives, and the monitor. They are +5.1 V,
ey «12 % and +28 V The isolated -9 V for the nerwork interface comes
from ts::: 3‘~s irglector,

ze monitor senses the wansformer output and generates the AC OK H
ig mi 10 et the CPU pmuamr kmm that sufficient power s present for
3 power sunply ope

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 (phase) goes to the fuse, emi line
filters, and an on/off switch. The ac ‘vC&ii’a;{L goes 1o a full-wave bridge rectifier
(15 thar converts the ac voltage into do voltage.

The otier side of the ac input line (ﬁ:em:rm} conneces to the emi filters, the
on/off switch, and a board-mounted plug selectable jumper for ac input volt-
age range selection If the pin labeled 120 on the erch is connected, the ac
voltage uses a voltage doubler circuit. f the othey pin is connected, the 240
Vac circuit is a full-wave bridge rectifier. The bridge rectifier output is the
same +150 Vdc), and goes to the primary winding of the Ti transformer,
regardless of the ac line selected.

When the input voltage is applied, the specified peak current is reached every
half cvcle. Following this inrush of cureent, there may be repetitive peaks for
up o ten cyeles before a steady state of operation is reached. The L1 and L2
inductors provide line filtering, using opposite phased voltages to impede the
transmission of emi spikes and poise, both from the main power line o the
workstation. and from workstation wo the main power line.

The secondary of the wansformer has four separate windings for each of the dc
voltages. They are 5.1V, +12.1 ¥V ~12 V and +28 V. The -9 Vdc output is
generated from the L9 forward inductos. Filtering of common-moede switching
wise on this output is affected by the L19 inductor. [odes in each circuit
pmx ide half-wave rectifying, filtering, and shunt regulation. The 7912 is a

2 ¥, three terminal, linear regulator. The LM317 is an adjusiable posivive
voltage regularor set for +28 V.
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9.4.1 Control Pulse Width Maodulator Circuit

The Conerol Pulse Width Modulator circuit uses an NE355 *imer An RC cir-
cuit af its input sets the ourput pulses for whatever frequency you need. In

this circuit, it is set for 100 kHz. The output of the timer goes to the clock
input on the UC3842, a current-mode control pulse width modulator,

E2 (H11AVIA)Y is an opo-coupler that senses current and is used in the feed
back loop. The current thar goes through this device generates a current in the
primary side of the power supply. This current is used to set the current ir
the switching transformer,

E3 devermines the time that the switching transistor Q1 is on. Bias voluge for
E3 (}urmg power up comes through resistors R2 and R1¢. Once transformer
T1 i3 in operation, a primary windiog { pm‘: 1 and 2), operated in flyback
mode, provides the bias voltage to the pulse width modulator. The ourput ¢ of
E3 goes to the gate input on the swirching trausistor. Q1 is a metal oxide
semiconductor field-effect transistor (MOSFETY. Q1 wurns oo and off, sets the
current in the primary of the transformer, and switches the 300 V across the
cransformer at 100 kHz.

9.4.2 Voltage Monitor

‘The voltage monitor has two circuits: 4 voltage comparator crowbar circuit for
rurning off the power supply it an over-veltage occurs;, and an AC OK circuit
to let the CPU processor know that sufficient mains power is 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 wansformer and Q1, the power switch figld effect wansistor
When R13 detects an overcurrent condition, a silicon controlied 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 Vic line, and the 12V sense
signal {12 VSEN)Y on the +12.1 V line from the secondaries of the transformer,
monitor the voltage levels. These signals go to the operational amplifies, B4
{324y, which is used as a comparator. It sends the ervor through an opto-
coupler H11AVIA to feed this crror back 1o the primary side of the pulse
width modulator for voltage regulation.

Ead
h
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nare Worksiabtion Power Supply (5

32 shoms the +5 Y
aﬁfj +1 ‘3 ’s CUEDLILS. ] dg creates an overousrent condition, which then trips
D19, the %xikc‘ﬁue;%uohcé rectifier g;rm ary )! tdown cipcuit. In the event
thut the tolerance of either +5%.1 Voor +12.1 4 ed. the power supply

shuts down. Again, toggling t‘"e on/aff -ﬁmtch restores normal operation,

9. 4.2.2 AC O Cironit

The AC OK circuit use:s rational amplifiers

AL OK H. when asserted, indicares o the OFU nrocessor ¢ ufficient mains
power is present, and implies that the workstation and s“aé)ansum l“ux power
supplies are ready for nermal operation. AU OK H goes hig A5 asd
l 15 sz.umm after d(’ﬁzctmn of th mains power, This s
3 15 ms befy Lt v 3t
ailure ar iv;:ii}?&pi"j/ f?“\zzs,_ﬂiﬂg the

g

The rise time {18% o 90%) and fall time (0% 1o 10%
(rmaximum}.

The CFU pro :
poOwWer up, or @ I war :g ¢hat the power supp) DULPLLS
are about 1o go out 1)t np@uh@atmz due 1o the removal of the main power.
Note that under the condition of a load faule (for example, g short circuit) or
power supply failue zample, a component failure), this circuit does not
guaraniee that AC OK H vml orovide any warning of the power supply cuipuis
going cur of specification.

Table 9-2 shows the characreristics of the AC GE H ourput.

Table 9-2  AC OR H Sigoal Characteristics

State (AC OK) Yoltage Output {VOLY Carrent Ouipug (IOL)

Low (negated) (3.4 +10.G mA
s =240 pA

9.1
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AC OK H remains asserted when

® AC input voltage > or = nominal line voltage for at least 200 ms (see

Secrion 9.5 1)

® Input power is remmoved for one half cycle (at 530 or 60 Hz at an arbitrary
point in the waveform)

: > 2
T ) ; o,
0C DUTPUTS - N
oy
' i LG5S (M
AC G ' - s -
s T1 T2 T3 T4 T3 T8
' Loig
Figure 9-4 AC OK H Timing Diagram
Event Definition
T AC power applied
Ti DC output voltages begin to rise
T2 DC output voltages in regulation
T3 AC OK H asserted
T4 AC power removed
T5 AC OK H negated immediately upon detection of no ac power
TS DC output voltage regulation guaranteed until this time

9-11
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sppiy (HT2703

Interval Duration Specification

TO-T1 Not specified

-T2 1OG ms maximum (5.1 V output only)
T2-T3 350 ms minirmum, 1150 ms maximuom
4T3 1% ms minimum
T5~Th .5 ms minioum

9.5 Electrical Specifications

9.5.1 Input Specifications

For the two variations (H7270-AA and H7270-/

selectable jumper sets the inpur voltage range. |
marked.

H7270-A4

Voltage — 100 w0 120 Vac nomical, single-phase. two wire plus safety varth
ground, 20V rms to 128 V rms (255 V to 362 ¥, peak w© peak).

Current — 4.4 A (rms) maximum ai 88 Vac input. Nominal is 3.9 A at 100
Vac, 2.0 A at 120 Vac,

H7270-AR

Voitage — 220 to 240 Vac nominal, single-phase, twe wire plus safery earth
ground, 180 V rms to 256 V rms (5309 V to 724 V, peak to peak).

Current — 2.2 A (rms} maximum at 176 Vac input. Nominal is 1.8 A at
220 Vac, 1.6 A ar 240 Vac.

Line Frequency

Ao

The line frequency can be 47 He minimum o 63 He maxioom,
3 J

1o



Xmete Workatation Power Supply (H7270)

Fuse
An externally replaceable fuse protects the input wiring. The fuse is either
of the following:
s GA 250 ¥V AGC normal blow fuse for 100 to 120 Vac
#  3A, 250 V ULapproved for 220 to 240 Vac
Real Input Power

The input maximum real power is 236 watts ar full-rated, regulated dc
ourput toad of 89 wans, plus 111 warts to the auxiliary power converier
for the VAXmate ¢xpansion box

9.5.2 Output Specifications

.

Tabie 9-3 sunumarizes the ourput voltage and current ranges.

Tabie 9-3 Ouwviput Voltage Summary

Outpot Yoltage Voltage Current Current Ripple
(V) {min} {max) (A min) (A max) {max pk-pk)

+
LS

1 + 4.85 4+ 5.3% 6.40 10,24 100 my

+ 121 + 11.50 + 0.17 .37 E00 mY
- 120 - 11,40 - 0.12 .33 50 mV (@ <

500 Hz, 104
mV @ > 500
Tz,

+ 28.0 + 2660 + 29.4G 0.45 4.5

(¥

30 mV (@ <
S0 Hz, 100
mV @ > 500

- g - B85 - Q.45 .18 100 mY

240.00 275 0 0.00

MNOTE

The ~9 ¥ owput is pominally isolated from both primary and
secondary windings of the power supply. A smali value of
conductance is included betwesn the rerurns of the ~9 ¥ suiput and
the power supply secondary rerurn, to keep the -2 V portion of the
system circuit from acquiring a significant static charge.

I3
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YA Xmate Workstation Power Supply (H7276)

9.5.3 Temperature

System ambient temperature is 15 ~ 32° C (59 — 90° F). System shutdown
oreurs {or wemperatures above 32° C (90° F),

9.5.4 Safety

The power supply specified is Underwriters Laboratories (UL) recognized,
Canadian Standards Associazion Ay cerrified, and in compliance with Inter
national Electrotechnical Commission IEC 380 and {EC 435 (verified by an
independent testing firm)y, The s an IEC Class One product,




Appendix A
VA Xmate
Workstation Specifications ||

VA Xmate Workstation

The VAXmate workstation consists of a base system unit that includes a TP,
170 video module, power supply and diskette drive, a kevboard, and a mouse
Swvstem Undt

Physical Dimensions

Heiglt 28.57 com {11.25 in) (at highest point)
Wigith 40.64 cm (16 in) (at widest point)
Depth 38.1 cm (15 in)
Footprint 609.6 sq cm (240 sq in)
Weight 15 kg (35 Ibs)
CPU
Processor : 80286 processor
Memory t Mbyte RAM
Power Supply
Ciype 100 KHz
AC input {120V or 22{) ¥y
120 V (nominal) 90 to 128 V rms
220V (nominal) 180 o 256 V rms

A7
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M vaxemare Workstation Specifications
Line current
120 ¥ {nominal) £2.7 Vac nominal
220V {nominal) 21.8 Vac sominal

AC power - 312 watts nominal
consumpeion

Regulated voltages +5.1, +12.1, ~12. +28 and ~% Vdc
Uanregulated voltages 4150 Vdce
Circuit proteciion fuse

Over-temperature thermister control
PEOLECHon

Environment — Class /

Ambient operating
temperatnre

15°C (39°F) to 327C (90°F;

bN

Relative humidity 8% 1o 80%

Maxim:im wet bulb 25°C (77°F)
{non-conde '

)]
Aldtude (maximum:
Operating up ¢ 8,000 fect
Non-operating up te 30,000 feet
Workstation System Expansion
PCSOX-AA memory 2 Mbytes customer-installable cacd

FP287 math 80287 numeric data coprocessor for {loating

COPIOCessor PO Operations

Expansion box 20- or 40-Mbyte hard disk deive and vwo industey
standard option slots (See Chapter 7))

PC50X-MA integral Hayes compatibie 300/1200,/2400 baud

modem
{North America)
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VA Xmate Workstatson Specifications s

The foilowing are specifications for the monochrome monitor on the VAXmarte

workstation.

CRY

Active Display

Resolution

Horizontal scan rate
(Line syng)

Vertical scan rate
(Feld syncy

Video pixel clock

Average power
1/0-Video Module

Text display:

Soft font (loadable)

Soft font {matrix)

Video input

CGA-compatible
modes

Additional modes

340 mm (14 in.) diagonal, 13-inch viewahle, am-
ber or green phosphor; 20 mm (0.78% in) neck
dameter; 90 degree deflection 770 mm (30 iny
front curvature.

240 mm horizontal by 150 mm vertical (9.5 X 6
in)

640 pixels horizontal by 400 pixels vertical

800 pixels horizontal by 250 pizels vertical

26.40 kHz (640 X 400) / 26.49 kHz (800 X

250)

60 Hz noninteriaced

22.384 MHz (640 > 400)
27.984 MHz (800 x 250)
16 W

256 characters
8 pixels horizontal by 16 pixels vertical
4-bit TYL, 16 intensity levels

80 column x 25 row text
40 column X 25 row text
640 ¥ 200 % 2 color bit map graphics
320 % 200 x 4 color bit map graphics

640 X 400 ¥ 2 color bit map graphics
640 ¥ 400 % 4 color bit map graphics
800 X 250 ¥ 4 color bit map graphics
320 x 200 » 16 color bit map graphics

k2
ity
n
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Wil VAXmate Workstation Specifivations

Diskette Drive Read/Write Capability

Read Write
Read /Write
Read-only

Kevboard

Physical Descriprion ¢

Hesghi
L i iglﬁ'{
Wigth

Weight

Audio and visual

indicators

Cord

Kevpad
Home row
key heighe

Powes

Mouse

Physical Description
Size

Wel

o

Switches

Cable

Connector

1.2 Mbytes IBM PC-AT 3-14 diskettes

0.4 Mbytes Digital RXS50 3.1/ diskettes

(.35 Mbytes IBM PCXT S-14 disketies

Low-prafiie, detachabie)

5 om {2 in) at highest poing

53.53 om (21 ing
17.1 am (6.75 in}
2 kg (4.5 Ibsy

4 lights and bell tone generator

1.9 m (& iy cotled cord; & pin, modular connec-
tar on keyboard end; 6 pin, shiclded connector on
rorkstation end; plugs into right side of worksta-

tHon

Sculprured key array

3 om £1.2 in} above deskiop

+5 V £5% @ 27% mA, 1.4 W maximum

i

8.8 cm (3.5 in) diameter, 4.0 em (1.6 in)
176G grams .{’(i oz including cable

Three wactile feel switches
nEwtons {_f& oz) T25%

actuating force 6.8

L5 m (5 fi} round, .37% cm (0.15 in) diamete
six Lx)l;ajdafﬂfi #F326 nf‘:zli.mlkd, shieided, flexik
cable

7-pin miniature circular type (soale)



VA Xmate Workstotion Specifications il

Electrical Specifications

Power -5 volts +5 % at 130 mA, ~8 1o ~13 volts at 20
' mA (RS-232 mode)

inteviace igital ThinWize

Ethernet Pony CIncludes a T-connector, terminator, and 3.6 m (12
ft)y cable

Serial Communica- Includes a modem conirol
sions Port

Serial Printer Port Gopin modilar jack

Table A-1 lists the power copsumption of the VAXmate system unit.

Table A-1 System Unit Power Comsumption (Maximurm Amps and Power)

Comsponent FREV O 4121V -IZ20V 0 4280V 58V Watts

CPU board {max) Amps Atnips A Amps Amps 23,192
4486 0.013 6.013 G.000 4.0006

FAOwvideo bouard 3400 0.060 0.029 (.000

i

1R.8006

Mondtor board (max) 4,200 0250 (250 (550 2Z.445

Start-up (400 ms) 0.630  1.000 (.060 ¢.000 0.000 15313
Read fwrite 1.550  0.600 0.900 0.000 00006 10.065

Z Mbyte memory 2.600  0.000 0.000 :.000 0.000

b

o
&
o

Integral modem 0.750  0.040 0.030 3.G00 4.60G 4608

220 0.000 G000 3,000 .00 )

]

LEK250 (external)
Mouse (external) 0.250  0.000 Q.060 G.000 0000 1.278%

TOTAL

steady-state 10,156 0.963 (G.332 0.550 0.200
peak 19.236 1.363 6.332 4.550 0.200

The VAXmate workstation power supply and the expansion box power regula-
wr provide a rotal of 28.5 wats of power to the expansion box card cage (4.5
watss per option slot}. The hard disk controller occupies the top option siot
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esiation S

(when installed). 4 total of

cptions

an 8-bit and/or 16-hit

imng two slots
industry-standard bus

cifivationg

Angd

Table A-2 lists power consumption in the expansion box.

bis, A-Z

(,E}m_pﬁﬂfﬂt +5.3V

RI331 (max)
Start-up {2

Operaing:
idle
random seek

RI¥32 (max)
?ﬁtul’t"up {\sl,

Uperating:
idle

random seek

RCDA1/32 conirolisr

Cption-
Option-2
TOTAL
RCDAL
steady state

-
preak

RCD31-FA, -FC
steady-state
penk

RCD32Z-E
SLEA *13
peak

+f§2{§ ¥ ~12.(} Y

cwock frequenc

Fxapansion Box Power ( {»xwvm;; ion { M a x;t’-‘ﬂﬁ‘)

19 wartts is available for any industre-standard
fach api

& that use
of 8 Mhz,

-3.0V

Amps

oo

RS

4]

i

2.00¢

Amps
3.0

¥
F4

At Jei

0.0

0.

0

a.0

P b

t b

CAUTION

Never install option boards that excecd the available expansion box

w;zttage A single option or a ¢
r damage the expansion boy

meare then 19 wants can

fuse in thf: workstation, or damage the VAXmate wor

Y

ombination of opticns that needs
roudry, blow a
kstation power



Appendix B |||
Expansion Box
Bus Connectors

Figure B-1 is the Expansion Box bus connectors. Vigure B-2 shows the signals
on these connectors.

LaUBAT S

Figure B-1 Expansion Box Backplane

B



Expansion Box Bus O

D

&Bit Bus Connector

GROUNT
RESET H
+5V
TROG% B
-5V
DRG2 H
~12v
S L
+12¥
GROUND
MEMY 1,
HEMB L
1oy L
I0R L
DACER 1,
DRO3 B
DACKL L
DRYI B
REFRESH L
CLOCK 8
I8Q7 B
IBQE B
IRgS H
IRg4 B
IRQ: B
DACKZ L
T/0 8
ALR H
+5Y
O5C H
GROURI:

Figure B-2
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R
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Appendix C
VA Xmate CPU Module
Block Diagram

Figure C-1 is the VAXmate CPU block diagram.

C-1






VA Xmate CPU Module Block Diagram H’H

CPU HOLD/HOLD ACKNOWLEDGE l— m— — —
REFRESH REQ/ACK BUS LAN REQ/ACK -
-—
CONTROL BUS ARBITRATOR
ROY & Ll L LT 5 I
1/0 RDY WAIT STATE RDY 286 CPU_STATUS LINES 82288 & l
LOGIC BUS CONTROL
& - E
B CONTROL BUS
4.0 MHZ CLK I
8.0 MHZ CLK BoMHz O ) I
osc CLOCK 16.0 MHZ CLK CPU STATUS
GENERATOR
5 CIRCUIT CPU RESET I
5 80287 UA 23:16 L
PU A R
FOMHZ 5 51 COPROCESSOR ey 3 "8 UAZ2316 > l
]151 OPTION I
TR D15:00 > 51 I
8 o
POWER-UP—9 RESET ‘J N l
CIRCUIT 07:0 L i UAZ3: 17
RESET 286 — = HIGH BYTE LOW BYTE i e A15:0 CPU ADDR
53] CPUDATA CPUDATA LATCHES I
BUFFER BUFFER
[52] 52 |
» PARITY o 1
e oy s : i 16 TO8-BIT SYSTEM DATA BUS
PARITY ERROR—m CIRCUIT 1 | L__]
%, 515
b
—] 8
R Tl | ,r BUS CONVERTER ]
oy
B S (R SR ST ot PR SER R b Sl Dbl L St
U AR R B T TR R e l
|
|
| |
1 TO CONNECTORS:
———————— e T i J3, EXPANSION
i 5 i Rl o 1 R RO R PR 2 | % ioeus
________ R - { ’ J8, MEMORY
I ‘- [4 | i g! MEG JPRs 4 P
| i sas0] 8y e Iy I
i Iy . 1 Sl 1 1 af lsaro
2 1
<k > 3o ! ‘J\ &7 1 | I [ rernesw I |
i
b Lol : ETHERNET #5357 DMA iﬁ;:!‘sg T ! / ADDR COUNTER
MEMORY MEMORY MEMORY SYSTEM ADDRESS SYSTEM STS ADDRESS R
ADDR BUFFERS DATA BUFFER DATA BUFFER : ADDR BUFFER PROM & CNTRL REGs BUFFER BUFFER BUFFER : : ,_aa_l
1 |
HIGH BYTE W BYTE 57 575 REF ACK
&l e G 5] Lo ! [57.15] - L5 BT 51113 571 - : : [} l I
8 & LN NMI ENAB b s B
8 : BAS:0 ¢ 1 Batod p Pl e T
e | ML S e 184 R
______________ H Isa18
] 1 TO ' -] 1
L] : e g e = SPEAKER |1 | UAZ23:17
1 INTERNAL ADDRESS BUS g 8237 DMA
MD15: 8 1 i
RAM I I II_ 4x8 PAGE REG
B i 1/0 DEVICE TO DEVICE | i
. DECODE SELECTS | |
RAM DATA BUS !
’ r . | |
1
1 - i 1 e 1 BATTERY
yr B8 ] I
sl T 7, BECIERR, . [__vooatasus : g e et = I BACKUP I
1MEG g uvePROMK | BAZ U EVENT TIMER
ol Bigi b i) i *71 s 1808
56 i £
: ‘J\ / : ,IrB 1
BANK1 ™ W { i 8237A L. |
HIGH LO EETE 27256 i, (SRR =1 INTR INTR 2661 | beea{ 8BITDMA DMA ACK BUS 4 DMA ACK 3:0
4 e Al oL # 1RQD p8 ! gar CONTROLLER T
i e cs kel b b tehy A " . o $oianneL E SRt ng‘sce e L i l
56] H 82594 82594 Q1 TIMER i et [57] DMA CHAN BUS ' 4 DMA REQ 3:0 <
]
I 510
Eﬁj @ PARITY - [z] e 5‘{ 4.0MHZ CLK 1 T 8BIT DMA REQ ACK |
i L—» RESET 286 |
nificis ; ol REFRESH REQ £ |
BANKO | WITH PARITY |WITH PARITY! 1 N TO KEYBOARD I
=512x8 =512X9 2] i ! r ] MOUSE y
Y PARITY ERROR : _i NTH REG BIE . 5 mara_ <
i 7 ; |
MEMORY g
CONTROL & INTR REQ BUS i RQ158 £
RAS, CAS| & WR SIGNALS 1 Betecy oo i _I
54 SA23:16, SAD I

Li132

Figure C-1 VAXmate CPU Block Diagram
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287 coprocessor 2-3

=

AC OX circuit
Adjustments
brighiness

3-18, 4-23
conitrast  4-27, 4-28
cutoff  4-18
focus  4-18

video compensation  4-27

width coil  4-18

Asynchronous communications element

g‘\i“?i;
Ccommunications port
baud rates 3-40
block diagram  3-39
description 3-37, 3-
registers  3-39, 3.
signals-  3-47
printer port
baud rates 3-28
block diagram  3-27
description 325
rcg,isrcva,

B

Battery backup 113, 1-21

Blanking circuir 421

Bl;ghiﬂ(’% adjustment
G2

4-14, 4-18,

Index

Bus
arbitrator 2237
mastership  1-21, 2-37

i
structure 2.8
C
Cathode Ray ‘Tube {CRT}
connector  4-132
controller description 4-4
description 1.4

specifications  A-3
Central Processor Usis (f Py
block diagram -3

description 1-1, :J 2-2
fearures  1-4

Character fong 1-%

Clock

calendar updare  2-45, 2-4¢

counter/timer  2-48
CPU module 221, 2
diskette 5.5
kevboard  8-13
real-time  2-39
Coasial transceiver interface (O
1-8, 3-16, 3-21
Color palerte 1-5
Communications port
description 1.8, 3-2
EIA interface '
interface o CPU
pin assignments
Communications
format  1-8
register addresses  3-29

‘

SRR
1)

Index- 1




Frdex

Connectors priority  2-35
communicanons pors 347 read oyele 238
CRT  4-12 Dynamic focus 418, 4-2¢
disketie drive 3
expansion box bus B E
kevhoard 8.2, A5 FiA interface
mouse  2-G2, A-4 communications port  3-4%, 3-47
power supply 97 printer 332,
printer port 1-8, 333 8G287 coprocessor 1-4,
TroonnEcior 7 iy

Contrast  4-27, 4-2 BO286 processor (See Central

Conirals e :or Ui ) 4

17 Environment

: FENE RS V3 2, 2-3 fithernet nery

Counter/timer envire
bBlock diagram Z Expar By

description  2-48, 2-5( accessing components  7-4

modes :

o

A-2

CPU (See Conteal Proce
C-3
Crowbar ciroud 9.10
CTI {See coaxial ransceiver intgrface.)
306 tin
Cutoff adiustment 4-18 models
Cutoff  4-14 option

af
option s
L po
DEMPR  1-17 vol
Device cveles :
Digital-to-anzlog £
Dsiskerts Extended s
address decoder 3-5
1.7 F
tor Field deflect :
Flyback wansformer  4.10
: Focus  4-14, 4 18, 4.2¢
drive controil Font memory  1-6, 4-7
drive signals 5 ; ption 2
drive  1-7 Fuse  9-1, 98, 9-14, A-1
STt : ¢ <
types H
Display processor 1-5 H7270 power su
DMA Hard disk

7.9

74

thator

;- 4 oy .
4-20, 4-27 7€ ~ i1

diagnostic

controiler  2-30, 2-32 controller
Gpera : 16-bi iming 6-15
page register 2-35, 2-37 -bit cycle timing  6-16

Index-2



6-19
6-12

command registers
command sequence
data registers  6-13
descripsion 6-1, 6.7
17O port address map
jumpess 66
status registers 619
track and secror format  G-14
Hardware

6-16

options 110

I
170 addressess  2-21
10 cycle  2-12
I/O timing
16-bit 2-12
8-bhiz 217
I/O-¥ideo module
address decoder
block diagram = 3-3
bus interconnect 3.3
common logic 3.1, 3-7, 3.9
communications port  3-2
control signals  3-13
descriprion A1
diagnostic LED  3-20
drive controlier  3-2
features  1-4
Option conne\tm 2.
printer port  3-2, 3-25
specifications A3
Industry-standard
enhancement o 125
graphics 1.5, 1-6
keyboard  8-1
option slots  1-13, 7-2
et 125, 1.6
Instailing options

7-11, 7-12

Interrupt
addressing 2-26
cenweolier  2-18, 2-20
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protocol 8- i” 8-14
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Read /write conyrel 2-21
Real-time clock
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description
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interrupt 2
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ROM-BIOS 1-0
RX 33 diskette drive 1.7
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Scresn resolution 1.5

Serial interface adapter (STAY 1.8
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Speakef intecface  2-48
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Specifications
epvironment  A-2
1/Owideo module A3
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mouse A4
power supply A1
system unit A-l
temperature . 215, A2
video A4

Split baud rme  3-44
nmodem 3-43

System
memory  2-3
ROM 2.6
shurdown  9-15
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Temperature  9-15
Thin¥Wite ¥therner 1.7
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block diagram 121, 1.23
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amplifier  4-14, 4.26, 4-27
arbitration logic  4-8
auxiliary power circuit  4-14
blanking 4-14. 4-21, 4-23
brightness  4-14, 4-18, 4-23
compensation 7, 4
coptrast 427
gm}tx:mllm‘ 1-4
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DAL 426, 4
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display size A3
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focus  4-14, 4-18
font RAM  4-7
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output circuic  4-10
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block diagram 4-3
description 41
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Vottage stabilizer  4-28
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Width coil  4-18
Workstation
power supply  9-1, Al
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hard disk  6-17
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Yoke 4-14

Index-5







