VCBOZ2 Hardware Manual (preliminary)

Page missing from original document



CHAPTER

CHAPTER

CONTENTS

1 GENERAL DESCRIPTION

PA BN aQ S VATA T JE 4 - . . - . - - - - - . -

BASE MODULE . . . « « « « « « « « .«
FOUR-PLANE MODULE . . . . . . . . .
PRINCIPAL FEATURES . . . . . .« .« . .
OPERATIONAL DESCRIPTION . . . . . .
Multiplane Support . . . . . . . .
Viewport Support . . . . . . . . .
Rasterops . . . . e e e e e e
Programmable Modes .« e e e e e
Video Processor Data Manipulation
Performance . . . . . . . . . .
Private Memory . . . « « « « « « .

.

R e i e
. . .
W UILG L WG UGG e b N b

. .
N WwWwwwNn -
w b

Chip Interface . . . . . . . . . .
Address Processor Chip Registers
Video Processor Chip Registers

APPLICATIONS . . ¢ + ¢ « o « « + &

TEXE . ¢ v ¢ ¢ ¢ ¢ o e e e e o e .
Font Storage and Access . . . .
Normal Text . . . . . . . . . .
Character Attributes . . . . . .

Graphics e e e e e e e e e e e
Vectors . . ¢ ¢ ¢ ¢« o « ¢ « « &
Fill Mode - Polygons . . . . . .
Polygon Floed . . . . . . . . .
Objects . . . . . « « . . . .

.

L]
[ SN

.
Ul un
.

.
.
. e
w N =

o o .
AN Oy
. . . B

.
o .
.

.
NN

°

N el e el S
.
*
W N

(38 ]

CONFIGURATIONS AND INSTALLATION

GENERAL . . . . . e & 2 e e = e
SYSTEM CONFIGURATION « e e e e e
System Components . . . . . . .
BA23 System Box . . . . . . . .
BAl23 System Box e e e e e e
KA630-AA CPU e e e e e e e
MS630- Memory Expansion Module
VvCB02 video Subsystem . . . .
.1 VCB02 video Interfaces e e .
Mass Storage e e e e e e e e
Ethernet Controller (DEQNA) . .
Monitors e e e e e e e e e e s
Monitor Cables e e e e e e e
LK201 Keyboard- . . . . . . .
Mouse . . v v & ¢ e e e e e e
Options . . . .« « ¢« ¢« « « « « &
Additional Memory . . . . . .

) . L] L . .
ORI = = b b =
. L]
HEPWOWEIAUTU & WN -

.
.
.

.
.
’

.
.

.
.

. .
.
- o

NN DDNDNDNDNDNDNDNDDDDONDN

. . L[] ]

RN DNDNDNDNDNDNDNDNDND -
L[]

.
—

ii

-

MicroVAX CPU To Address/Video Processor

N el Sl N N S S S S
’

- []
OWWOWOOOOOOUTW K I~

[

—
'
[
o

1-11
1-12
1-13
1-13
1-13
1-14
1-15
1-16
1-16
1-16
1-17
1-18

s NN DD
L} 1] 1 1] L]
OOOO0OOWWWOOWO~J~JOoO Ul &N+

NENENANEN
[}
N



CHAPTER

.

. . . .
B o s D B W B W W W W W NN NN
I . . . .

RNV NNNNDRDODNDNDNDNNDNDNDODNDNDNDDND DN
. . . . . ° . .

w

. .

.
.

.

.

L] . . . L] . . . .
NN ND
. ¢« o s P P . e e e

- L[] . . .
= b = e b e e
. e

WWWWWWwWwWwwwwwwwwwwwwww
. e e . s e

.
.

w W wwww

a e s s e »

NN
.

Optional Tape Storage . - .
Di.itizing Tablet . . . . . . . .
Printers .. e e e e e e e
Communication Dev1ces e e e e e

SYSTEM SPECIFICATIONS . . v . . .« « « &

BA23 System BoXx . . . .« .+ « « « & .« .
BAl23 System Box e e e e e e e e e .
Environmental . . . . .+ .+ o . .« < . .
VCBU2 Power Requirements . . . . . . .

VCB02 INSTALLATION . . . « « « « « « « =«

Intermodule Connections . . . . . . .
Common Intermodule Connections . .
Electrical Interconnects e e e .
Mechanical Interconnects e e e e
Unique Intermodule Connections . .
Electrical Interconnects e e e e
Mechanical Interconnects e e e .

I/0 Interconnect . . . « «. ¢« « « &+ o« =
Electrical Interconnects e e e e s
Mechanical Interconnects e e e e .
Bulkhead Connector e e e e e e e e
System I/0 Interconnect . . . . . .

FUNCTIONAL DESCRIPTION

SUBSYSTEM OVERVIEW . . . . « « « + « .+ .
VCBO2 MODULES . ¢ ¢ ¢« + o « « o o o o«

—

.
PN VRN oS B

. (] L] L]
. . .
Ul Wi+

. . . )
-

. . . . . L] L] L[]
oocnooooqo\ma\mm.b.u.u.h.b.n-wwwwwwo—'t—'
« . . . . . « e s e

.
[N I o)

.
.

w o -

Base Module . . . . . . « < « .« .« .« .
Instruction/Data Interconnect . . .
Chip Select Decoding . . . . . . .
Subsystem Timing Generation . . . .
Video Output Logic . . . . . . . . .
Hardware Cursor . . .« e e
Synchronization and Blank . e e .
video Upgrade Path . . . . . . . .
"Color Map Loading . . . . . . . .

I/0 DeVicCes . . ¢ o o o o o« « o o @
LK201 Keyboard . . . . . . . . . .
Mouse . . . . . . .

Tablet Or Alternate P01nt1ng
Serial Device Protocols . . . . .
Moniktors . . . « .« .« o ¢« 4 . e
System Support . . . . . ¢ . . . . .
VCB02 Address Map . . . « . . . .
Control And Status Registers
I/O Page CSR « . « « « o « « « o«
Memory CSR . . . . + « « + « + . .
Console Emulation . . . . . . . . .
Diagnostic Support . . . . . . . .
Diagnostic ROM . e . .« e e e .
Bitmap and Template Memory Access
video Readback e e e e e e e

iii

2-10
2-11
2-11
2-11
2-11
2-11
2-12
2-12
2-13
2-13
2-17
2-17
2-17
2-17
2-19
2-19
2-20
2-20
2-20
2-20
2-21
2-21

G W W
[ T T S S SRR S TR B )
[N o I

L]
Co~N~N~N~NOONOOUVTOIUTULE BN

P WWWWWWWWwwwwwwwww
L]

w W W w
'



3.2.2 Four-Plane Module . . . . e e e e
3.2.2.1 Video Memory Structure e e . . . .
3.2 ADDRESS AND VIDEC PROCESSCR COVERVIEW . . .
3.3.1 Hardware Support . . e e e .« e e .
3.3.1.1 Buses . . . ¢ ¢ i e i e e e e e e e
3.3.1.2 Bitmap Memory . . . . . . .+ ¢ . . . . .
3.3.1.3 TIiMING & v ¢« 4 ¢ ¢ v « o « o o o o« o o .
3.3.2 M=2mory Organization . . . . . . . . . .
3.3.3 Subsystem Control . . . . . . . . . . . .
3.3.4 Viewport Support . . . . . . « . . . . . .
3.3.4.1 Scrolling . . . . . . . o . . . o . ..
3.3.4.2 Dragging . « « ¢ ¢ v 4« 4 4 e 4 e e e e .
3.3.4.3 Clearing a Region . . . . . . . . . . .
3.3.4.4 Drawing in the Scrolling Region . . . .
3.3.4.4.1 Indexing . . e e e e e e e e e e e
3.3.5 Multiplane Supoort e e e e e e e e e e e
3.3.5.1 Z Axis Addressing . . . ¢« +« ¢« « 4 . o .
3.3.6 Basic Address Calculation and Data Path
Hardware . . . . . . .« e e e e .- .
3.3.6.1 Address Processor Chlp - Addre551ng ..
3.3.6.1.1 Destination - Rotation . . . . . . . .
3.3.6.1.1.1 Holes and Duplications . . . . . . .
3.3.6.1.1.2 Bresenham Error Cemputation . . .
3.3.6.1.2 First Source - Scaling . . . . . .
3.3.6.1.3 Fast-Mode . . . . . . . . . . ..
3.3.6.1.4 Second Source - Tiles . . . ..
3.3.6.2 Video Processor Chip - Data Manlpulatlon
3.3.6.2.1 Barrel Shifter - Bit Alignment . .
3.3.6.2.2 - Logic Unit And Source/Mask Registers
3.3.6.2.3 Control Store RAM and Function
Registers . . . . . « ¢« ¢« « < . .
3.3.6.3 Processor to Bitmap and Bitmap to
Processor Transfers . . . . . . . . . .
3.3.6.4 Performance . . . « « « 4 4 4 e e . . .
3.3.7 Application to Text . . . . . . . . . . .
3.3.7.1 Font Storage and Access . . . . . . .
3.3.7.2 Normal Text . . . . . . . . . . . . .
3.3.7.3 Variable Pitch Text . . . . . . . . .
3.3.7.4 Rotated and Scaled Text . . . . . . .
3.3.7.5 Character Attributes . . . e e e e
3.3.8 Application to Graphics and Addltlonal
Graphics Support . . . . . . . . . . .
3.3.8.1 Points and Vectors . . . . . . . . . .
3.3.8.2 Shading of vVectors - Linear and Tile
Patterns . . . . . . . o . . 0 L. L
3.3.8.3 Fill Mode - Polygons . . . . . . . . . .
3.3.8.3.1 Fill with Complement Mode . . . . . .
3.3.8.3.2 Baseline Fill . . . . . . . . . . . .
3.3.8.4 Polygon Flood . . . . . . . . . . . . .
3.3.8.5 Objects . . . . e e e e e e e e
3.4 ADDRESS AND VIDEO PROCESSOR CHIP REGISTERS
AND COMMANDS . . . . . ¢ ¢ & ¢« 4 o o o o o .

iv

1] [} [} L} L] 1 1
N N U N N R e e S e el Sl ol SV I ST S

WWWwwwwwwuwwwwwwwww
'
VWUV WWwWwNO0O OO U & W

w
'

(3]

o)}

3-26
3-28
3-29
3-31
3-32
3-33
3-33
3-35
3-37
3-37

3-38



(V8]

4.1 Address Processor Chip Registers and
Commands . . . . . . . e .
Address Processor Chlp Reglsters e e .
Interface Control Registers . .
Scroll Registers . . . e e e e e e
Update Control Rnglsters e e e e
Raste op Control Registers . . .
Screen Format Control Registers
Address Processor Chip Commands . . .
Register Loading . . . . . . . . . .
Rasterop Command . . . . . . . . . .
Processor to Bitmap or Bitmap to
Processor Transfers . . . . . . . .

.
.

Ul W

.
.
.

. .
w -

W W wwwwww
N N N N
. .
NS ol e
I e e e e & &
ISESE SR SRl e

3.4.1.2.3.1 X Mode PTB and BTP . . . . . . . .
3.4.1.2.3.2 Z Mode PTB and BTP . . . . . . . .
3.4.1.2.4 Cancel Command . . . . . e e e e s
3.4.2 video Processor Chip (I/D Bus) Commands
3.4.2.1 video Processor Chip Registers . . . .
3.4.2.2 Instruction/Data Bus Instructions . .
3.4.2.2.1 I1/D Instructions Issued By The

MicroVAX CPU . . . . . . e e e .
3.4.2.2.2 Address Processor Chip I/D

Instructions . . . . « . - o . . . .
3.4.3 Physical Configuration . . . e e e
3.4.3.1 Address Processor Chip Plns e e e e e
3.4.3.1.1 Processor Interface . e e
3.4.3.1.2 Memory Address and Video Processor

Chip Interface . . . . . . . « « .« .
3:4.3.1.3 I/D Bus (Interconnect) . . . . .
3.4.3.1.4 Monitor Timing . . . . . . . .
3.4.3.1.5 Clocks e e s s e e e e e e e e
3.4.3.1.6 Power . . . . e e e e e e e e e
3.4.3.2 video Processor Chlp Pins . . . . . .
3.4.3.2.1 Bitmap Memory . . . « « ¢« « + « o .
3.4.3.2.2 I/D Bus (Interconnect) . . . . . . .
3.4.3.2.3 Video OQutput . . . « . . < .« .+ .+ . .
3.4.3.2.4 ClockS . v v v & ¢ ¢ o o o o« e e s s
3.4.3.2.5 Power . . . . e e e e e e e e
3.4.3.2.6 High Speed T1m1ng e e e e e e e e
3.4.3.2.6.1 Clock Geaeration . . . . . . . . .
3.4.3.2.6.2 System Synchronization . . . . . .
3.4.3.2.7 I/D Bus (Interconnect) . . . . . . .
3.4.3.2.7.1 External I/D Bus (Interconnect)

Devices . .« ¢« ¢ ¢ ¢ o o« « o o o

3.4.3.2.8 Chip Selects . . . . . . « « « « .« .
3.4.3.2.9 Memory Address Bus . . . . . . . . .
3.4.3.2.9.1 Memory Address Bit Assignments . .
3.4.3.2.9.2 Memory Refresh . . . . . . . . . .
3.4.3.2.9.3 Memory Configuration . . . . . . .
3.4.3.2.10 Memory Data Bus . . . . . . . < . .
3.4.3.2.11 Write Enable Circuits . . . .
3.4.3.2.12 video Bus and Video OQutput Clrcu1ts
3.4.3.3 Initialization . . .

v

3-57
3-57
3-58
3-64
3-65
3-67
3-69
3-74
3-75
3-77

3-78
3-78
3-80
3-80
3-81
3-81
3-88

3-88

3-89
3-92
3-92
3-92

3-93
3-94
3-95
3-95
3-95
3-96
3-96
3-97
3-97
3-97
3-98
3-98
3-98
3-98
3-99

3-100
3-100
3-101
3-102
3-103
3-103
3-103
3-104
3-105
3-105



3.5 DMA GATE ARRAY . . . . ¢ ¢ ¢ v & & o« o« .

3.5.1 Address Decoding . . . . . . . . . . . .

3.5.1.1 ROMENB Decode . . . . . . . . . . . .
.5.1.2 RAMOE Decode . . . . ¢ ¢ & o o o o « .
.5.1.3 Address Processor Chip Addresses . . .
.5.1.4 Gate Array Addresses . . . . . . . . .
.5.1.5 IOENB Decode . . . . . . . « « & « « .

DMA Engine . . . . .« ¢« « ¢ ¢ « o « o o .
1 Processor To Bitmap Transfers . . . .
.2 Bitmap To Processor Transfers . . . .
3 Display List Transfers . . . . . . . .
Interrupt Controller Sl
Cursor Logic . . . . e e e e e e
Display List Data And Commands .« e e e

.
ooy,
L] . L]
OO UITUVIUTU UL S WM DMNND -

. .1 Display List Data . . . . . . . . . .

.2 JMPT @ ADDRESS Command . . . . . . . .
.5.5.3 PTB NWORDS Command . . . . . . « . . .
.5.5.4 Other Display List Commands . . . .
2. Register Descriptions . . . . . .

Control Status Register (REGISTER 0)
DMA Address Counter (15:00) (REGISTER

WWWwWwwwwwwwiwwwwwwww
. L]

L]

[

.
.

)

3.5.6.3 DMA Address Counter (21:16) (REGISTER
7
3.5.6.4 DMA Byte Counter (15:00) (REGISTER 3)
3.5.6.5 DMA Byte Counter (21:16) (REGISTER 4)
3.5.6.6 FIFO Register (REGISTER 5) . . . . . .
3.5.6.7 Cursor X Position Register (REGISTER 6)
3.5.6.8 Cursor Y Position Register (REGISTER 7)
3.5.6.9 Interrupt Register (REGISTER 8) . . .
3.5.6.10 Memory Base Address Register . . . . .
3.5.7 Signal Description . . . . . . . . . . .
3.5.7.1 QBus Interface e e e e e e e e e
3.5.7.2 Address Decodes . . . . . . . . . . .
3.5.7.3 Interrupt Inputs . . . . . . . . . . .
3.5.7.4 Address Processor Chip Interface . . .
3.5.7.5 Template RAM Interface . . . . . . . .
3.5.7.6 Private Data Bus . . . . . . . . . . .
3.5.7.7 Cursor Signals . . . . . . . « . .+ . .
3.5.7.8 Miscellaneous Signals . . . . . . . .
3.5.8 Physical Description o 4 2 e e s e s
3.5.8.1 Package Pin Numbering . . . . . . .
3.5.8.2 Pin Signal Assignments . . . . . . . .
3.5.9 Input/Qutput Specifications . . . . . .
3.5.10 Timing Diagrams . . . . & ¢ ¢ « « « « &
3.5.10.1 Private Bus Timing . . . e e e e e
3.5.10.1.1 Template RAM Write Cycle e e e e
3.5.10.1.2 Template RAM Read Cycle . . . . . .
3.5.10.1.3 Template RAM Read, Address Processor
Write Cycle . . . . .. .- .
3.5.10.1.4 Address Processor ertn Cycle
3.5.10.1.5 Address Processor Read Cycle .

vi



CHAPTER

W

W wwww

o

>
B

[ S SR S N A
. e e o« e e

> e
.

IS N S S S - K S S =S
. « . « s e

N S A
.« s

.5.10.1.6 Address Processor Read, Template RAM

.5.10.
.5.10.
.5.10.
.5.10.
.5.10.

Write Cycle . . . . « « « « « « o .
QBus Timing . . . . « « « « « .+ + o .
1 Slave To Master Transition .« . .
.2 Master To Slave Transition . e .
3 Master DIN Cycle e e e e e e
4 Master DOUT Cycle . . . . . . . .

[NST oS 2 oS I oV B o8 ]

PROGRAMMING INFORMATION

PROGRAMMING THE VCB02 VIDEO SUBSYSTEM . . .
Hardware Support . . . . . « . « « .« .« . .
Bitmap Memory Organization . . . . . . . .

Overview of Scrolling . . . e e e e e
Coordinate Systems and Mapplng e e e e e .
.1 Interactions Between Rasterops and
Scrolling . . . . e e e e . . .

1

1.1

1.2

1.3 Overview of Rasterops . . . . . . . .
1.4

1.5

1.5

.1.5.1.1 The Effect of Scrolllng on Screen and

Region Mapping . . . . . « .« « .« .

.1.5.1.2 Collisions Between Rasterops and

Scrolling . . e e e e e e e e

.1.6 Additional Operatlons on Bitmap Data .

.

.« « o e .
PN DD

NN DD

.
[ NS I o8

2 video Processor and Address Processor Chip
Architecture . . . . s s s e s s e «

Address Processor Chlp Archltecture . . .
Address Processor Chip Interface to the
QBUS . « « o« e o o o s o o o o o o o o o« =
Video Processor Chip Architecture . . . .

.1 Dataflow For Scrolling And Screen

Refresh . . . . . . « ¢ ¢ ¢ ¢ « < o . .

Rasterop Data Flow . . . . . . . . ..

1 Video Processor Chip Operand Fetch

2 The Logic Unit . . . . . . . . . . . .

.3 Masking and Clipping Logic .

.4

4.

4.

NN
L] L]
[\ I o

.
w W

Video Processor Chip Control Reglsters

1 Control Store RAM Functions ..

2 Logic Unit Function Registers . . .

I/D Interconnect Protocol . . . . . .

The Rasterop Process . . . e e e e e
Raster Scanning Algorlthm .
Specification of Operands for a Rasterop

1 The Destination Operand . . . . . . .

.2 The First Source Operand . . . . . .

2.1 Mapping and Scaling the Source l
Operand . . . . . « & ¢« ¢ ¢ + « o

2.2.2 Linear Pattern Generation . . . . .

.2.3 The Second Source Operand . .

2.3

3

°
mmwmmm.ﬁwwwwwww
. o e

.1 Tiling . . ¢« « ¢ ¢ ¢« ¢ « <« e . . .
Model of Raster Operations . . . .

Polygon Fill . . . . . . . « . « « « « . .

.1 Polygon Fill Model . . . . . . . . . . .

vii

3-157
3-158
3-159
3-159
3-160
3-161



CHAPTER

.

\l \J ~J

.1
.2

L S s A N - - -
. . . .

wwwwwwwmww
. ¢ 8 .

Side Effects of the Fill Algorithm . . .
Processor/Bitmap Transfers . . . . . . . .
Single-Plane Bitmap to Processor
Transfers . . e e e e e e e e
Processor to Bltmap Single Plane
Transfers . . . . . . . . . . .. ..
Z-Axis Processor ‘Bitmap Transfers . . .
Z-Axis Bitmap to Processor Transfers .
Z-Axis Processor to Bitmap Transfers .

Address Processor Chip Description . . .

Coordinate Systems . . . . . S
Address Processor Chip Commands . e e
Rasterop Command . . . . . . . . . .
Rasterop Protocol . . . . . . . .
Processor/Bitmap Transfers . . . .
Processor To Bitmap Single Plane
Command . . . . . . . - e
Bitmap to Processor slngle Plane
Command . . . . . e e e e e e e e
Z-Axis Processor To Bltmap Command . .
Z-Axis Bitmap To Processor Command . .

ideo Processor Chip Description . . . . . .

Z-Axis Addressing Mode . . . . . . . . . .
Z2-Axis Register Loads . . . . . . . . .

5 DIAGNOSTICS

. e
VI UT UL U U UL U W W W
. « e 4 e . e
w o=

goviovuoiuvivnnuiuiaooutuvu o
« e o e .
.

NN N
. .

.
.
[ 2NN 2 Y - V% -\ I ]

U u;n
L]
ur o

OVERVIEW . . . . . . . © « v v v v v o .
OPERATION . . . . . .+ v v v v v v v v w o
IMPLEMENTATION . . . . . . ¢ ¢« v v o o « . .

Performance . . . . . . . . . . . . .
Compatibility . . . . . . . . . . . .
Error Processing . . . . . . . . . . .

OPERATIONAL REQUIREMENTS . . . . . . .
FUNCTIONAL DESCRIPTION . . . . . . . .

Assumptions . . v e e e e e e e e
Power Up Self- test e e e .« ..
Parameters Passed And Returned ..
VCBG2 Lights . e e e e e e
Register Access And Data C e e e e e
Template RAM .. e e e e e e e e
Address Processor Chlp . e . e e e .
Update Video Processor Enable Chlp Select
Bitmap Memory . . . . . . . . . .
Update Video Processor Scroll Enable
Chip Select . . . .
FIFO, DMA Operatlons, And DMA Interrupts
Video Synchronization Pulses ..

Videc Signal Level s . s s . .

viii

4-54

A-.84

=TT s

4-54
4-55

-55
4-56
4-57
4-58

4-59
4-60
4-61
4-61
4-61
4-63

' ' v ) . [

O 00~~~ W W NN

Uiy oyl Uyl O Uy Oy O UYUYUY UV U

U un
1 .
O WO



5.5.2.12 Dual Universal Asynchronous Receiver
Transmitter (DUART) e e e .

5.5.2.13 Manual Input Devices e e e e e e
5.5.2.14 Calling Sequence e e e e e e e e
5.6 CONSOLE INPUT/OUTPUT SUPPORT . . . . . .
5.6.1 Put Character Poll e e e e e e e e
5.6.1.1 Calling Sequence e e e e e e e e
5.6.2 Put Character . . . . . . . . . . . .
5.6.2.1 Calling Sequence e e e e e e e
5.6.3 Get Character . . . . . ¢ ¢« ¢ « « + &
5.6.3.1 Calling Sequence .« e e e e e e e
5.6.4 Console Reset . . . . . .+ ¢« ¢ ¢« « . .
5.6.4.1 Calling Sequence e e e e e e e e
5.6.5 Console Bus Reset . . . . . . . . . .
5.6.5.1 Calling Sequence e e e .
APPENDIX A Q22 BUS SPECIFICATION

GENERAL DESCRIPTION . . ¢ .« « « « « « &
Master/Slave Relationship . . . . . .
Q22 BUS SIGNAL ASSIGNMENTS . . . . . . .
DATA TRANSFER BUS CYCLES « e e e e e .
Bus Cycle Protocol . . . . . . . .
Device Addressing . . . . . . . . . .
DIRECT MEMORY ACCESS .

. 0 . .
[t

.
.

.
[ oS N o

.
LUl U U DD DD WW W
. . . .

.

BPREDDBRDP BB PP PP

1 DMA Protocol e e e e e e e e e e e
.2 Block Mode DMA . . . . . « « ¢ « o« « &
.4.2.1 DATBI . . . ¢ v v ¢« & ¢ o o o o o &
.4.2.2 DATBO . . . .« ¢ « o « o« « o « &
.4.3 DMA Guidelines e e e e e e e
INTERRUPTS e e e e e e e e e e e e e
.5.1 Device Priority . . . . . . « . « . .
2 Interrupt Protocol e e .
.5.3 Q22 Bus Four-Level Interrupt
Configurations e e e e e e e e
A.6 CONTROL FUNCTIONS . . . . . . « ¢« « .« .
A.6.1 Memory Refresh . . . . . . . . . . . .
A.6.2 Halt e e e e e e e e e e e e e e
A.6.3 Initialization e e e e e e e e e e
A.6.4 Power Status e e e e e e e e e e e
A.6.5 BDCORK H . . .+ ¢ v ¢ ¢« ¢ ¢ o o o o o @
A.6.6 BPOK H « . . e e e e e e e
A.6.7 Power-Up/Down Protocol .. . . .o
A.7 Q22 BUS ELECTRICAL CHARACTERISTICS . .
A.7.1 Load Definition . . . . . . . . . . .
A.7.2 120 Ohm Q22 BUS . . + « « ¢ o « o« « &
A.7.3 Bus Drivers . . . . . . . .« .+ . .+ . .
A.7.4 Bus Receivers . . . . . . . .+ . . . .
A.7.5 Bus Termination . . . . . . . . . . .
A.7.6 Bus Interconnecting Wiring c e e e
A.7.6.1 Backplane Wiring e e e e e e e
A.7.6.2 Intra-Backplane Bus Wiring e e .

ix

and

5-14
5-15
5-15
5-16
5-16
5-16
5-16
5-16
5-17
5-17
5-18
5-18
5-18
5-18

A-26
A-27
A-27
A-27
A-27
A-28
A-28
A-28

. A-28

A-29

. A-29
. A-29

A-30
A-30
A-31
a-32
A-32
A-32



A.7.6.3 Power and Ground e s+ e 4 « + « < « « . A-33
A.8 SYSTEM CONFIGURATIONS . . . . . . . . . . . A-33
A.8.1 Power Supply Loading . .« « <« « « . A-36
A.9 MODULE CONTACT FINGER IDEVTIFICATION . . . A-37

APPENDIX B LK201 KEYBOARD SPECIFICATION

B.1 GENERAL DESCRIPTION . . . . . . . . . . . . B-1
B.2 PHYSICAL DESCRIPTION . . . . . . . . . . . . B-1
B.3 BLOCK DIAGRAM DESCRIPTION . . . . . . . . . B-4
B.3.1 Keyboard Scanning . . . ., . e e . . B-5
B.3.2 Control of Audio Transducer and Indlcators B-5
B.3.3 Keyboard Firmware Functions . . . . . B-5
B.3.3.1 Functions Not Changed by System Central

Processor Instructions « « + « « « . . B-5
B.3.3.2 Functions Changed by System Central

Processor Instructions . . s e . W B-6
B.3.3.3 Firmware Functions That Can be Changed B-6
B.4 DETAILED KEYBOARD CIRCUIT DESCRIPTION . . . B-6
B.4.1 Keyboard Matrix Scanning . . . . . . . . . B-6
B.4.2 Audio Transducer Control Circuit . . . . B-10
B.4.3 Indicator (LED) Control Circuit . B-11
B.4.4 Keyboard Communication . . . . . . . . . . B-12
B.4.4.1 Keyboard Transmit Mode « + + <« « .+ . . B-12
B.4.4.2 Keyboard Receive Mode . . . . . . . . B-12
B.4.5 Reset Signal for 8051 Microprocessor . . B-12
B.4.6 Hardware Keyboard Identlflcatlon (ID) . . B-13
B.4.7 Voltage Supplies . . . . . . .- . . . .. B-13
B.5 KEYBOARD PROGRAMMING . . . . . . . . . .« « . B-13
B.5.1 Keyboard Layout and Key Identification . . B-13
B.5.2 Modes . . . . . . . .o . . B-19
B.5.2.1 Special Con51derat10ns Regardlng

Auto-Repeat . . . . . . . . . . .. . .B-19
B.5.2.2 Special Considerations Regarding Down,/Up

Mode . e . e+ « e 4 4« 4 e e e + . B-21

B.5.2.3 Auto-Repeat Rates « + 4+« v « e 4 . . .B-21
B.5.3 - Keyboard Peripherals . . . . . . . . . . . B-21
B.5.3.1 Audio . . . « e e+« « « « <« . . .B-21
B.5.3.2 Indicators (LEDs . e e . . « « « . B-22
B.5.4 Keyboard-to-System Module Protocol < « .« . B-22
B.5.4.1 Keycode Transmission c + « « « « + . . B-22
B.5.4.2 Special Code Transmission . . . . . . . B-23
B.5.4.3 Power-Up Transmission . . « « . . B-24
B.5.5 System Module to Keyboard Protocol « « . . B-25
B.5.5.1 Commands © + + + e ¢« « « 4« « 4« . . . B-25
B.5.5.2 Parameters . . <« + « « « <« . . . . B-26
B.5.5.3 Peripheral Ccmmands « + « +« « « < . . . B-26
B.5.5.4 Mode Set Commands . . . . . . . . . . . B-31
B.5.6 Special Considerations . . . . . . . . . . B-33
B.5.6.1 Error Handllng - . . « + + <« <« . . . B-33
B.5.6.2 Keyboard Locked Condltlon « « « « .+« . . B-33
B.5.6.3 Reserved Code . . . . . . . . . . . . B-34

X



B.5.6.4 Test Mode . . . . . . . « ¢« + ¢« « « « . B-34
B.5.6.5 Future Expansion « + « + « « « « . . . B-34
B.5.7 Default Conditions . . . . . . . . . . . . B-34
B.6 SPECIFICATIONS . . . . + +« « & &« « « « « . . B-35
B.7 CHARACTER SETS . . . . + « ¢« + « +« « « « . . B-36
B.7.1 Description . . . « « + +« +« 4 « « .+ . . B-36
B.8 CHARACTER SET SELECTION . e s e« 4 +« « « <« . B-41
B.9 DISPLAYING CHARACTERS . . . . . . « . . . . B-42
APPENDIX C MOUSE SPECIFICATION
c.1 GENERAL DESCRIPTION . . . ¢« ¢ ¢« &« « « « « . C-1
c.1l.1 Switches . . . B o
c.1l.2 Signal/Power Cable e e e e e e e e e . c-2
c.1l.3 Connector . . . . ¢ ¢ . 4 4 e e e e . c-2
C.1l.4 Connector Wiring e e+ e« e 4 e 4 & & . . C-2
C.2 INSTALLATION . . . &4 &+ « &+ o o o o« o o« « « « C-3
c.2.1 System Hookup . . . . . . . c-3
c.2.2 Installing/Removing The Mouse Ball . « +» . C-3
c.3 MOUSE USAGE . . ¢ +« & 4 e s s o o o« o « « . C-4
c.4 MOUSE SPECIFICATIONS . . . . +« « « & + « « « C-5
c.5 ELECTRICAL INTERFACE . . . « « « ¢« ¢« « « « . (-6
C.5.1 Interface Signal Levels . . . . . . . . . C-6
C.6 MOUSE OPERATION . . . ¢ &+ & & « o o« o « « « C-7
c.6.1 Serial Interface Operation . . . . . . . c-7
C.6.2 Data Format . . . . . . . ¢« « ¢ « « . . . C-7
c.6.3 Operating Modes . . . c + + + +« + . . . C-8
C.6.4 Summary of Mouse Commands e + + « « +« . . C-8
c.6.5 Power Up Self Test And Identification . c-9
C.6.6 Report Synchronization e e e e c-11
c.6.7 Response Time . . . . . e e e e Cc-11
c.7 COMPATIBILITY CONSIDERATIONS e e e e e e s Cc-12
c.7.1 Spurious Outputs e e e e e e e e e e c-12
c.8 PROGRAMMING GUIDELINES . . . . . . . . . . Cc-12
c.8.1 Initialization .o e e e . . C-12
c.8.2 Incremental Stream Versus Prompt Mode . . C-13
c.8.3 Button Use . . . . . . . . . . .+ . « . . . C-13
c.8.4 Tablet Support . . . . . . . . . . . . . . C-14
APPENDIX D TABLET SPECIFICATION
D.1 GENERAL DESCRIPTION . . . ¢« « &« « « « « . . D-1
D.2 ELECTRICAL SPECIFICATIONS (POWER RATING) . . D-2
D.3 COMMUNICATION SPECIFICATIONS e « o « +« « . D-2
D.3.1 Serial Interface e e e e e e e e e D-2
D.3.2 Electrical Signals e e e e e e e e e D-3
D.3.3 Tablet Position Report e« « « « « « « « D-3
D.4 TABLET OPERATION AND COMMANDS . . . . . . . D-4
D.4.1 Report Rate . . . . . . . . . ¢« .+ +«+ . « . D-4
D.4.2 Baud Rate Command . . . . . . . . . . . . D-4
D.4.3 Request Point Mode « + « v« +« + e« +« .« . D-4

xi



.
.

L] . .
. . . . L]
O O ~} O UV

. . . .
Ul s W~

UODOUDUOUDUVVUDUDUODUUODUOUOD OO
OOy U U U U B s B S
w N

GLOSSARY

INDEX

Incremental Stream e e e e e e
Self-Test . . . . . . . . . . . . .
Default Conditions . . . . . . . . .

Report Synchronization . . . . ., .
Recovery From Invalid Commands . .
Summary of Digitizing Tablet Commands

PERFORMANCE SPECIFICATIONS e e e
Resolution . . . . . . . . . . . . .
ACCUTACY « «v & & & v e e o e v v v .

Spurious Outputs . . . . . . . . . .
Response Time . . . . . . . . . . .
Initialization . . . . . . . . . .

ENVIRONMENTAL SPECIFICATIONS e e e
Temperature Range . . . . . . . . .
Humidity . . . . . . . . . . . . ..
Altitude . . . . . . . L o L. L 0.

xii

OOU0DUUDULUDUDUDUVUUDUYOUDU
L}
WOOWOMO~INd~JTOANOO WU N



Figure

= e e
L] [} [] [ [}
Ul ks W

NN
[ T T [ S T
~) oY U > W DN

]
= WO 00 - O U W

'
-
N =O

WWWWwwWwwWwWwwwwwwww
L] .

—

)

3-15
3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26
3-27
3-28

FIGURES

VCB02 Base Module (M7169) ...t iieneneneceannnnannns
VCB02 Base Module Block Diagram....eeeeeeeeceeeeneannns
VCB02 Four-Plane Module (M7168)....citiinecenrcnnnnnnnn
VCBO2 Four-Plane Module Block Diagram....... ctesecaaaan
VCB02 Video Subsystem Block Diagram.......ceeeeeeeeann.
VCBO2 Video Subsystem 4-Plane Configquration............
VCB02 Video Subsystem 8-Plane Configuration............
BA23 System Box Configuration........cciiveieinecannn..
BAl23 System Box Configuration...........iieeiieennnn..
VCB02-B Cable Interconnections.........c..o0un s
VCB02-C Cable Interconnections.............. e aaenn
Interconnected VCB02 In BAl23 System BOX.eeeeeeoeonann.
Scroll Chip Select Load Format-Command 140H...... .o
Scroll Chip Select Load Format-Data......cevveeeeaaaann
Update Chip Select Load Format-Command 160H............
Jpdate Chip Select Load Format-Data........ceveeeieanens
Color Map Data Format....iieeiieinineennennncnennannns
QBUS I/0 PAGC .. eeeeeessscsessssssososcsccassnsanonnacasas
OBUS MEMOTLY SPACE ..t e teteeenaesancenesecesosnssanannaes
Register MapPiNg...ceeeeeeieeeneeeesssaceosasensoaasnens
I/0 Page CSR Read VCB02 ID Code Format........ccoeeuuen.
Write Memory Base Register Format........ ettt eaeaaaa
Memory CSR Read Video Readback Register Format.........
Memory CSR Write Format For The Control Write Register..
VCB02 Video Subsystem Block Diagram.......eeceeeneanansn
Memory Cycles DUFing OnNe SCaMN...ceestcentososeeeeennnnns
Region Configuration Example......iiiiitiietennnnnnnnn.
Address Processor Chip Data Path Diagram...............
Example Destination RaAaSterS...iieieeeeeeeeannaanennnnns
Example Of Fast And Slow Vectors That Duplicate Pixels..
Example Of Fast And Slow Vectors That Leave Holes......
Tiled AreaS..uieeeeeteeeeeseeseceeaneecssaoasenncansanes
Video Processor Rasterop Block Diagram............c.....
Text Scaling And Rotation ExamplesS.......ccieeieeeceana.
VeCtOr TYPeS .ttt teiieeeeeceesennnenonnaacnonnannns e
Vector Shading.....iiieiitiiineinieieeneecancaenaannnas
Polygon Fill Example......vetieieierneeenanceencananens
Command Register FOIMat.....ieeeeireeeeecanaocaaanaannas

I/D Bus Video Processor Register Load Command Format...

I/D Bus Z-Axis Video Processor Register Load Command

o 11T 1 ol

xiii

[,
'
~1

to
1]
= b OV YT B

O U b

[
'
.—l

(V8]
A
WO 00~ O W W W

~1

w
)
~i ~1 N

[0}

w
)

~4

[ée]



Figure

3-29
3-30
3-31
3-32
3-33
3-34
3-35
3-36
3-37

3-38
3-39
3-40
3-41
3-42
3-43
3-44
3-45
3-46
3-47

3-48
3-49
3-50
3-51
3-52
3-53
3-54
3-55
3-56
3-57
3-58
3-59
3-60
3-61
3-62

3-63 7

3-64
3-65
3-66

3-67
3-68
3-69
3-70

FIGURES (Continued)

Page
I/D Bus External Register Load Command Format........... 3-79
Rasterop Command FOIMAEL. .. et eeeneeeoocaaacsaaeaneenns 3-39
Processor To Bitmap X Mode Command Format........ceueuu.. 3-81
Bitmap To Processor X Mode Command Format........c.uoen.. 3-82
Processor To Bitmap Z Mode Command Format..........c.c... 3-83
Bitmap To Processor Z Mode Command Format............... 3-83
Cancel Command FOIMAt.... .ot eeeennneeecaccaannsennanns 3-83

Video Processor Chip Register Load Instruction Format...3-91
Video Processor Chip 2 Axis Register Load Instruction

0 o = 3-92

External Register Load Instruction Format............... 3-92

No Operation Instruction Format......... £ttt aeaceceaaaas 3-93

Z Axis Write (Two Interleaved Instructions) Format...... 3-93

Z Axis Read Instruction Format.....c..ceieceennceoeaanens 3-94

Active Cycle For Memory Read Instruction Format......... 3-94

Active Cycle For Read-Modify-Write Instruction Format...3-95

Address MapP...ceeeceoaanan R et essecenaann ceresans 3-112
Display List Data...ceeeveeerencnanans ceeenn ceeeeesaaas 3-121
JMPT @ ADDRESS (Jump To Template @ Address).....ceeeeeu.. 3-121
PTB NWORDS (Processor To Bitmap Transfer Number Of

WOLAS . ittt it ieteenenenecseneeesesesescsssasannsannnns 3-122
Other Display List Commands.......ccouieeeuuenn Ceeeseenaan 3-123
CSR Register BitmaApP...:veieeeiriiieeeorencoconcanennanans 3-124
DMA Address Counter Register 1 Bitmap.......c.vveevueann. 3-128
DMA Address Counter Register 2 Bitmap.....eeeeeeeeuennn. 3-128
DMA Byte Counter Register 3 BitmMap..cceeeneeoneeenannenn 3-129
DMA Byte Counter Register 4 Bitmap....eveeeneeeeenaenann 3-130
FIFO Register.....ceeeieinnnnnnnns e s eecenssseeensasenns 3-131
Cursor X POsSition Register. ... ittt eienneennnnnennn 3-132
Cursor Y Position Register.....iiveinerineceeenenennnnnn 3-133
Interrupt RegisSter.i. . it ii e iieseenncanscannennnnn 3-134
Memory Base Register Bitmap.....iiiieeneeteeeeennanenannn 3-137
DMA Gate Array Pin Diagram (TOP VieW)...cieeeereeneennn. 3-152
DMA Gate Array Pin Diagram (Bottom View)........eeuveen.. 3-154
Template RAM Write Cycle Timing Diagram............c.... 3-158
Template RAM Read Cycle Timing Diagram...........coeee... 3-156
Template RAM Read-Address Processor Write Cycle

Timing DiagramM. ..ot ioeeeeneenensesososooanennennnaas 3-160
Address Processor Write Cycle Timing Diagram............ 3-1561
Address Processor Read Cycle Timing Diagram............. 3-162
Address Processor Read-Template RAM Write Cycle

Timing Diagram......cooeveneeeanss Cerecesececenaeansenas 3-163
QBus Timing Diagram-Slave To Master Transition.......... 3-164
QBus Timing Diagram-Master To Slave Transition.......... 3-164
QBus Timing Diagram-Master DIN Cycle.....c.viiiieneinnn.. 3-165
QBus Timing Diagram-Master DOUT Cycle......cvvivenennn.. 3-166

xiv



Loy

W0 00U W 0

-

[
o

L = ~ S S N O - TN S S

-
PN

FIGURES (Continued)

Page
VCBOZ2 vVideo Subsystem Block Diagram..........eeeeewunn.. 4-3
Multiplane Bitmap Memory Organization......eeeeeeneonn... d4-4
Offscreen And Visible MemMOIY .. e .uueeeneenoenonnmnnnnnn.. -5
Rasterop Functional Model.....u.inn e nennnnnn.. 4-6
Rasterop Operand FloW....uiiieieeeeneineeneoennnenennnnn. 4-7
Viewports And Scrolling Regions............ ettt 1-1
Screen To MemOry MappPing...o.veeeeeeeeennnnn. et 4-10
Scrolling Region.....ieivennennnnnnan. e e eee et 4-11
Address IndexXing. ... iiiinnnnneetiennnneeennnnnennn. 1-12
Address Translation......i.eeiieniiiiineonenmannnnnnnn.. <-13
Source 2 Address Computation (Tiling Disabled).......... 4-14
Index Registers For Two Pixel Down Scroll............... 4-15
Address And Video Processor Chips Functional Diagram....4-18
Address Processor Chip Data FloW...e..eeeeeoeneneeeenn.. 4-19
Video Processor Data Flow (Screen Refresh/Scrolling)....4-20
Dataflow FOI RASEEIOPS . e uueeeennneeeeeeencnnnsenennnennn. 4-21
Operand Routing FUNCEioNS. ... i enennennnnn. 4-23
Logic Unit Block Di@gram...cccueenneetennnnreeseennnnnn, 4-24
Masking And Clipping..e.eeee e nenneeeeesanennnnnnnns 4-25
Raster Scanning.......... S e e e ettt 4-29
Simple RASteIOP. .t iiieeeennnneeeennnnnnn. Cececartesenans 4-32
Rasterop With Rotation.....iiiiiiniineiiineenenennennn. 4-33
Scaling Up The SoUILCE BY TWO . uuuuiunwenenneenennnenennnens 4-34
Source Scaled Down By A FACtOr Of TWO.uuewnennennennnnn. 4-35
Linear Pattern. ... . ...iitininieeneceeeneenennnnnnnnn. 4-36
Mapping Of Source 2 To Destination........eveeeeeeennnn.. 4-37
Simplified Rasterop Model....uue'eiineenoeenennnnnnnnnn. 4-39
POlygon Fill...uiiiiiiii it ieeeeeneeeeeeeeeesaenennnnenn. 4-40
Polygon Fill Model. ...t iiinmeeeeeeeeeeeeeeneennannn. 4-42
Edge Vectors Before Fill......iuiuieiivinnneeennnnnnnnnn. 4-43
Filled Area.....cciiiiiiiinennnennnn. e teeecesceecaeenaen i-44
Filled Area Continuation To Show Doubling............... i-44
Diverging Edge VeCtOrS . ueeeeeeeeeeseeennnneneennnenns 4£-45
Filled Area With Diverging EAQeS....uevieeeeeennnnnnnn. 4-45
Source To Destination Alignment...........ouuveunennnn.. 4-47
Bitmap To Processor Mapping (Simple Case)............... 4-48
Bitmap To Processor Mapping (General Case).............. 4-45
Processor To Bitmap MappPing. ..ot ie et ne s, 4-51
Alignment Error Example..... et e e recesc ettt 4-52
Z AX1s AdAresSSing..uiiiiieiteeeneeeennnnnennonnnnnennns 4-62
Memory Configuration Before Power Up Self-Test.......... 5-5
DATI Bus CyCle. .. .iiiiiitiiiiitinitanieeeeenneaneoaannas A8
DATI Bus Cycle Timing.....iiieiiieenenenneeeeannennennnns A-9
DATO Or DATOB BUS CYCle..viiiieeeneeeieeeeeeneenoennnna A1l
DATO Or DATOB Bus Cycle Timing.....ceiiueiinennnunnnnn. 12

XV



Figure

b S R R R
' : e D b= WO 0~ U
CW®-NO U & WD HO

1
RO WM

[

o

[
o
[ - VY

PO DO OWE®

FIGURES (Continued)

Page
DATIO Or DATIOB Bus Cycle..... Cecesencctesassasesaenanes A-13
DATIO Or DATIOB Bus Cycle Timing.......cceceeueeececane. A-14
DMA Protocol.....ceeeeeennn et csesesaans Cereeeccaee e A-16
DMA Request Grant Timing...........cccccevenn ceecteeaeen A-17
DATBI Bus Cycle Timing...... et escccsiesesesaaaananenare A-19
DATBQ Bus Cycle Timing.......... ceeseeans ceeeann ceeaeae ..A-20
Interrupt Request/Acknowledge Sequence...........ccccev.n A-23
Interrupt Protocol Timing............e0.n.. cessansesesane A-25
Position-Independent Configuration............ ceeeceenn A-26
Position-Dependent Configuration..........ccooiceceaannns A-27
Power-Up. Power-Down Timing..........c.oitiiineieeaccennnn A-29
Bus Line Terminations..... Ceerenceccccc s anaeratenannnns A-32
Single Backplane Configuration........i..coiiieeeieecnns A-35
Multiple Backplane Configuration...........cccceeccannnn A-36
Typical Pin Identification System...............ccveeenn A-37
Quad-Height Module Contact Finger Identification........ A-38
LK201 Keyboard............ e seeececsssaasaassesenaaannns B-2
Keyboard Cable Connections.......... cecsccassenstessaven B-3
Simplified Block Diagram Of LK20l Keyboard Circuitry....B-4
Simplified Block Diagram Of Matrix Scanning Circuit..... B-7
Example Of Ghost Key Generation........ Ceeecsesesans ....B-8
LK201 Keyboard Layout....ceceeeceeccceanonccocccancnnces B-10
Audio Transducer (Beeper) Control Circuit......... Ceeenn B-11
Indicator (LED) Control Circuit........... cteeesecececns B-11
Keyboard Transmit And Receive Character Format..... e B-12
System Module To Keyboard Protocol............conneeeen. B-26
Indicator (LED) PAramMeterl...eeeeeeececsccascassosansanns B-30
Indicator (LED) LaAyouUb....ceeeieeeeeeencoascccanannnonns B-30
Audio Volume Parameterl.....ceeeeseeeceaccssoscsannccoacas B-31
Setting Key Transmission Mode........c.cieeiniinnenannnn B-32
Setting Auto-Repeat Rate Buffer Association............. B-33
Setting Auto-Repeat Rate Buffer Values.................. B-33
DEC Multinational Character Set......... ..ot B-39
Special Graphics Character Set............civneninennnn B-40
Character Set Designations.........c.cecierecceccennenan. B-41
Character Set Selection.....c.ivierieeneeenerreeccannnes B-42
Character Generator ROM Displayable Characters.......... B-44
Keyboard Output Processing...........cccceueeenncacnccns. B-45
Three-BULLON MOUSE...ceeeeeosaconoanccoassssoscoccoscss cee..C-1
Mouse Connector Pin Numbering..........ccceieceoccneennn c-3
Mouse Ball Removal.....ceeiieiiiiiiiiiinnnesncenenonenns c-4
Three Byte Position Report Format..........ccceeveaecan. c-7
Four Byte Self-Test Report Format.........c.ceeeeeennen. c-9
ID Code FOIMAL...ueieeeeeoecasenocnanassoanssssssnanssns c-9

xvi



O oovo
WM

Mo N

[T T S S T S '
~N U S W N

Wwwwwiwwwww
W Ooo -~ U Wb

urontumt o,

~SNOY U s W~

>
=W N -

W w
N

FIGURES (Continued)

Page
Digitizing Tablet. ... unnunee el D-1
Tablet Cable Connector Numbering Diagram................ D-2
Tablet Position Report Binary FOIMAt........ewuewonn..... D-3
ID Code FOImal.u.uiuenenennenennenaeneneennnen e, D-5

TABLES

Page
BA23/BAl23 System Box Workstation Configuration......... 2-3
H9278-a Backplane Slot AssignmentsS..............ooouo.... 2-4
Switchpack Function Settings..........uuuuueunonnnnnn.. 2-17
Common Intermodule CONNECtiOoNS.....vvvenennenenennnnn... 2-18
Intermodule Connections (First 4-Plane Modulej).......... 2-19
Intermodule Connections (Second 4-Plane Medule)......... 2-19
Input/Output Interconnect SignalsS.............oeewounn... 2-21
Multiplexed MEMAD<K10:0> BitS.uuuueuerenensnernsnen e, 3-106
Memory Address BitS........iiiviiiiiiiniiiie ... 3-106
Gate Array Address DeCOding...uveueve v e ennen e, 3-113
Interrupt Register Vector Bits 02,03. ... 0 nnnnnn .. 3-119
CSR Bits 8, 9, And 10...uuuiununin i, 3-12
Interrupt Vector 3 Determination..............wwuoun..... 3-136
DMA Gate Array Signals...ie.eeievineeeeeesnuuno i, 3-138
DMA Interrupt Priority Encoding..........oeuue'ounennnn.. 3-148
DMA Gate Array Pin Signal Assignments................... 3-154
Input,/OQutput Specifications.........eeuesunounnounnnn. .. 3-157
Console Page Configuration......eeeeeeeenoenssnonnnnnn.. 5-6
VCBO2 Light Definitions..........ooon .. 5-8
Bitmap Memory Addresses...... Sttt aeecec et 5-11
Color Map Register Pixel ValueS.......uuovuevmonomnnnnn... 5-13
Color Map Register Loading (First Test) .o iiinannaa., 5-13
Color Map Register Loading (Second Test) it iiiinnnnn.. 5-14
Color Map Register Loading (Third Test)....oviia....3-14
Signal Assignments........... e et ettt A-3
Data Transfer OperationsS......vee'eeeenen e, A-5
Bus Signals For Data TransSfersS........eeeeenoneoonnn. .. A-6
Bus Pin Identifiers....c.ieuiunun e, A-39
Keyboard Matrix (LK20L1-AA) ... uie s s e, B-9
Keyboard Functional DivisSions...........uuueoeouonnnn. .. B-14

Xxvii



=)
[s)
o
—
(1]

L]
HHEPEWOWO O U s W

N - O

TWwWwWwOwwwww

a0
[

v w]
[N

TABLES (Continued)

Page
Keycode Translation Table......iiiiiniiiiiiiiiiennnnnnn 3-15
Special Codes Above 64 Decimal.......cieiiiiiniennnnnn B-23
Special Codes Below 64 Decimal.........cciiiieinnennnn B-24
COMMANA TYPES . et evsesessenacasesasassssoasacasscansosass B-25
Peripheral Commands In Hexadecimal........covtvevnennnn B-29
Command Function R:presentation...........cceeeeeans ....B-30
Mode Representation......cieiiiiiiiiiiiieeeenencaansnnnns 3-32
Keyboard Division Default Modes.............. Ceesese e B-36
Default Rates In Auto-Repeat Buffers..........ceieenen. B-36
Multinational Character Set Keyboards.........coeeeeennn B-33
Mouse Connector Pin ASSLQnmentS/Functlons ............... Cc-3
Mouse COmMMANG SUMMALY e e o eaeceesocsocsssonssosasonssesosns Cc-9
Tablet Cable Connector Signal Assignments........cccece.. D-2
Summary Of Tablet Commands.......coviieienenienecnceannns D-7

xviii



PREFACE

This VCB02 VIDEO SUBSYSTEM TECHNICAL MANUAL provides detailed
technical information on the features, specifications,
configurations, installation, functions, logic, programming, and
diagnostics of the VCB02 video subsystem in a MicroVAx
Workstation system environment and is intended for use by
Original Equipment Manufacturers (OEMs) and internal/external
corporate end users.

The VCB02 video subsystem consists of a Base Module and one or
two 4-Plane Modules (dependent on 4 or 8-plane subsysten
selected) for use in black/white or <color graphics workstation
configurations. This technical manual contains a comprehensive
description of the logical, physical, functional, and programming
characteristics of the VCB02 video subsystem implementation.

This technical manual is organized into a preface, five chapters,

four appendixes, a glossary, and an index which are briefly
described below. ‘

PREFACE Contains the purpose of the manual, its targeted
audience, the manual’s content, related
supplementary documentation, and a documentation
procurement source.

Chapter 1 GENERAL DESCRIPTION provides an overview of the
VCB02 video subsystem, including its features and
specifications.

Chapter 2 CONFIGURATIONS AND INSTALLATION describes the
VCB02 video subsystem implementation in a MicroVax
color graphics workstation configuration and
includes an installation section.

Chapter 3 FUNCTIONAL DESCRIPTION contains the functional
characteristics of major logic elements in the
VCB02 video subsystem. Descriptions of the
Address/Video Processor chips, timing generator,
bitmap memory, DMA gate array (CMOS), Template
RAM, keyboard/mouse/tablet input circuitry, QBus
interface, and video output path. System block
diagrams and other illustrations are included.

Chapter 4 PROGRAMMING INFORMATION describes the
implementation of common drawing operations using
the VCB02 video subsystem (e.g. text, graphics,
functions, and windowing). ZIxamples are included
wherever needed. Also, the VCB02 drawing modes,
DMA use, and program input (mouse/tablet support)

Xix



Chapter 5

Appendix

Appendix

Appendix

Appendix

Glossary

Index

(@)

are discussed.

DIAGNOSTICS describes the applicable diagnostic
programs for VCB02 video subsystem fault isolation,
a summary of error types, indicator locations,
display message, and suggested remedial actions.

Q22 BUS SPECIFICATION profiles the Q22 Bus which
interfaces the VCB02 video subsystem.

LK201 KEYBOARD SPECIFICATION supplies information
on the device, characteristics, and programming the
keyboard.

MOUSE SPECIFICATION provides characteristics of the
supplied 3-button circular mouse.

TABLET SPECIFICATION provides the characteristics
of the optional 11 inch square digitizing tablet
accompanied by the 2-button stylus and 4-button
cursor.

Important terms used in this guide are defined.

List of terms and topics with their page
location(s).

RELATED DOCUMENTATION

The following documents provide additional information which may
be of interest to VCB02 module set users.

DOCUMENT DOCUMENT NUMBER
HARDWARE
BAl123 PREPARATICON AND VERIFICATICN EX-BAQ23-SP
GUIDE

Contains planning information for
system installation. The guide
includes space, power, and
environmental suggestions.

VAXstation XX OWNER’S MANUAL, AZ -GNGAA-MN
BAl123 ENCLOSURE

Describes operational, installation,

hardware options, troubleshooting,

and diagnostic information related

to the BAl23 enclosure.

VAXstation XX OWNER’S MANUAL, AZ-GNIAA-MN
BA23 ENCLOSURE

Provides operational, installation,

hardware options, troubleshooting,

XX



and diagnostic information related

to the BA23 enclesur
VAXstation XX TECHNICAL MANUAL, AZ -GNHAA-MN
BA23 ENCLOSURE

Supplies detailed information

AW ot

on the VAXstation XX hardware.

VAXstation XX TECHNICAL MANUAL, AZ -GNFAA-MN
BAl23 ENCLOSURE

Contains detailed information

on the VAXstation XX hardware.

VR290 COLOR VIDEO MONITOR EK-VR290-IN
INSTALLATION/OWNER’S GUIDE

Describes color monitor

installation, operating

instructions, troubleshooting

procedures, and specifications.

VR260 INSTALLATION/OWNER’S GUIDE EK-VR260-IN
Provides monochrome monitor
installation instructiens,
cperating information,
troubleshooting techniques,
and specifications.

MOUSE INSTALLATION SHEET EK-VSXXA-IN
Describes device set up. ’

TABLET INSTALLATION GUIDE EK-VSXXB-IN
Describes device set up.

KA630-A CPU MODULE USER’S GUIDE EK-RKA630-UG
Contains internal operation
details of MicroVAX KA630-A CPU.

MicroVAX II MAINTENANCE AZ-GM3AA-MN (part
INFORMATION KIT of ZNA3X-C3)
Provides maintenance procedures
for self-servicing system users.

VMS SOFTWARE

O MicroVMS Workstation Release (insert number)
Notes

O MicroVMS Workstation User’s (AV-EZ24C-TN)
Guide

O MicroVMS User’s Primer (AA-Z210B-TE)

O MicroVMS User’'s Manual (AA-Z209B-TE)

O MicroVMS User’s Pocket Reference (AA-Z211B-TE)

O MicroVMS Workstation Graphics (AA-G110A-TN)
Programming Guide

O MicroVMS Workstation Video {AV-DY65C-TE)
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Device Driver Manual

0 MicroVMS FORTRAN Programmer’s (AA-Z213A-TE)
Primer

0 MicroVMS FORTRAN Programmer’s (AA-Z212A-TE)
Manual

O MicroVMS Programming Support (AA-DC87B-TE)
Manual

0 MicroVMS Programming Pocket (AA-Z214A-TE)
Reference

0o VAXstation XX Documentation (insert number)
Guide

ULTRIX-32w SOFTWARE

0 VAXstation XX Documentation (insert number)
Guide, ULTRIX

0 ULTRIX wWorkstation Software (insert number)
Technical Summary

0 ULTRIX Workstation Software (insert number)
Installation and Management
Guide

o Using and Customizing the (insert number)

ULTRIX Workstation Software
Window System

o ULTRIX QDSS/VCB0Z2 Device {insert number)
Driver Programming

o ULTRIX QDSS Interface Library (insert number)
Programming Guide

0 ULTRIX Workstation Client (insert number)
Application Programming
Reference

o ULTRIX GKS/0b Programming Guide (insert number)

o ULTRIX Workstation Services (insert number)
Reference

0 ULTRIX Workstation Software (insert number)

Master Index
The above listed related docu-entation can be ordered from:

Digital Equipment Corporation
Accessories and Supplies Group
Cotton Road

P.0. Box CS2008

Nashua, NH 03061

Attn: Documentation Products
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CHAPTER 1

GENERAL DESCRIPTION

1.1 INTRODUCTION

The VCB02 Video Subsystem consists of a Base Module and one or two
4-Plane Modules which provide a high performance, high resolution,
full page DMA color video subsystem based on the Q22 bus. This raster
scan video subsystem is capable of four or eight plane color video
memory display on a MicroVAX workstation. Both MicrovMs and
ULTRIX-32w operating systems support is provided.

. The MicroVAX workstation is a single-user, stand alone, 32-bit
workstation. A standard system includes 1 megabyte of memory, a
19-inch color or monochrome monitor, a mouse, a keyboard, a loading
device, and a fixed disk drive. Each of two versions {BA23 or Bal23
system box) of the MicrovAX workstation includes a VCB02 video
subsystem of either 4-plane (2 boards) or 8-plane (3 boards) which
provides 1024 Horizontal by 864 Vertical pixel resolution of displayed
graphics and text. The two-module 4-plane VCB02 video subsystem
allows 16 simultaneous colors or shades of gray. The three-mcdule

8-plane VCB02 video subsystem allows 256 simultaneous colors or shades
of gray. :

The Base Module and 4-Plane Module communicate through a cabling
scheme to provide a basic configuration of 4-planes (16 colors from a
palette of 16.7 million) with an upgrade path to 8-planes (256 colors
from a palette of 16.7 million).

1.2 BASE MODULE

The Base Module (DEC Part Number M7169) shown in Figure 1-1 provides
the hardware for the system interface, the user I,0 interface, and the
full page color video support for 4- or 8-planes of video memory.

Figure 1-2 shows a block diagram of the Base Module’s major hardware
components which are listed below:
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. Address Processor (DC323) chip

DMA Gate Array

Template RAM for Display List and Cursor support
QBus Interface Tranceivers

Serial I,/0 Bus and Address Interface

Console Emr:lation/Diagnostic ROM

Subsystem Timing Generator

. Color Bitmap 8-plane video output path

. Digital to Analog (D/A) Converters

10.video Shifter and Cursor Multiplexer

11.Cable Connector for I1/0 interface and Memory Upgrade
12.Communications input (keyboard/mouse/tablet)
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Figure 1-1 VCB02 Base Module (M7169)
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Figure 1-2 VCB02 Base Module Block Diagram

1.3 FOUR-PLANE MODULE

The 4-plane Module (DEC Part Number M7168) shown in Figure 1-3
provides the hardware for 4-planes of full page video memory which is
connected to the Base Module by a 50-pin flat ribbon cable. There are
two versions of this cable to allow the base module to be connected to
one or two 4-plane modules for a 4-plane or 8-plane color MicroVAX
workstation using the BAl23 system box. Figure 1-4 shows a block
diagram of the 4-plane module’s major hardware components which are
listed below:

Four Video Processor (DC322) chips

4-planes of video memory with 2 pages per plane
Subsystem support logic '

Video Shifter

. Cable Connector for Base Module interface

(1IN VI S B
.

1-3



GENERAL DESCRIPTION

TO BASE MODUVLE

To BASE

4-PLANE - J |
umyutﬁ(34) 8-PLANE-JL
T | ]\ Jl— =7

r——r—‘]

1 mbYl1e TOVAL

¥-PLANES OF
BITMAP MEMORY

TI000G

| T
= =
L|”” I . B I _ [

Figure 1-3 VCB02 Four-Plane Module (M7168)

CoreECToR
) TADDRCSSY ]
". 37 N 1 ] A @ DO
 ad l 1y 14 tv
viDEo vio%D© L5411 4 - vib&O
PROCESSOR PROCESSOR PROCESSOR. PROCESSOR
(4,114 CHIP [ X 1Y 4 C®
(pc1122) (pe32) (pc322) (oe321)
ik
8 towne & 8 OnTRe 8 «OnTAY p 18 COATAs
roony ooy "roey reroey
— & SURSONTF 8 R=on? & SPEORT & |smnY
wete - woete weore Loute

Figure 1-4 VCB02 Four-Plane Module Block Diagram

1-4



GENERAL DESCRIPTION

PRINCIPAL FEATURES

1.

10.

11.

A bitmap display provides variable character size or
positioning and inherent graphics capability.

The display provides about 850 thousand pixels refreshed on
the screen at 60 Hertz, avoiding flicker and smear of an
interlaced display.

Arbitrary rectangular regions support multiple viewports on
the screen. Each region can be smooth scrolled both
vertically and horizontally at various speeds. Incoming data
is clipped to the region boundaries. New data can be added
to a region even though scrolling is in progress.

Return of clipping results can be used by the local processor
to assist editing, windowing and picking algorithms.

The interface with the local processor supports either direct
local processor access to the video system or passing of
commands through a DMA controller.

Multiple bitmap planes (4 or 8) support applications
requiring gray scale, color or control planes. All planes
can be manipulated simultaneously.

Z axis addressing allows an alternate form of memory access
that transfers ‘the bits from each plane (or sub-plane) that
correspond to one pixel, instead of adjacent X bits from one
plane. This can also be used to easily program all planes
for a color to be written.

Text attributes may be extended with additions like:
arbitrary character size, arbitrary angle, italics,
sub/superscript and variable pitch fonts.

Rasterops are provided that transform a rectangular source to
a parallelogram destination of any size or orientation.
Halftone tiles or another image may be combined with any
destination. Scaled or rotated rasterops (single source)
operate at about 0.5 million pixels/sec; normal rasterops

operate at about 8 million pixels/sec.

Rasterop mode allows creation of two-dimensional linear
patterns of any cell size. Linear patterns orient to follow
the drawing path.

Rasterop mode also allows the area between a series of vector
pairs to be filled with a solid color, tile pattern or an
image at about 8 million pixels/sec.
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1.5 OPERATIONAL DESCRIPTION

The VCB02 video subsystem contains operational elements which are
diagrammed in Figure 1-5 and described as follows:

o Address Processor - Responsible for functions that are common to
Chip (DC323) all planes, such as: local processor

interaction, all rasterop computations,
bitmap address generation, clipping, screen
refresh, scroll control and monitor
synchronization generation. The address
processor chip controls the bitmap address bus
(providing all addresses for screen refresh,
scrolling and updates) and the Instruction,s/Data
(I/D) interconnect to configure and control the
Video Processor chips.

o Video Processor - Provide the data path and control elements
Chip (DC322) that are unique to each plane, such as: data

FIFOs for refresh and scrolling, a barrel
shifter for bit alignment, a logic unit with
data and mask registers for memory
modification, Z axis address logic, and a
control store RAM to define Video Processor
chip operations during rasterops. The Video
Processor chips are controlled by the I/D
interconnect, exchange data with the bitmap
memories on the memory bus and provide screen
refresh data on the video output bus.

(o]

Bitmap Memory . Each plane consists of 1Kx1Kx2 pixels. This
allows both on-screen and off-screen drawing
to occur.

o Video Output - Provide a color map, video shift circuits
registers and digital to analog converters for
driving the monitor.

o

Timing Circuits - Provide required system and memory clocks.

1.5.1 Multiplane Support

The VCB02 video subsystem uses the multiple Video Processor chips ™ and
bitmap memories to provide multiple memory planes for color without
any performance penalty for additional planes. It also has several
other provisions to support manipulation of multiple planes.

1. A chip select mechanism controls which Video Processor chips

(planes) will participate in bitmap update operations; a
related mechanism controls participation in scrolling.

1-6
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2. Z-axis (color variations) data transfers are provided to
allow data to be exchanged between the CPU and the bitmap on

the bacis of a color value for each pixel, rather than
exchanging the data for each plane separately. This form of
data transfer can also be used to simultaneously 1load the
color registers in all video Processor chips. Z-axis

transfers accommodate the use of low resolution planes.
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Figqure 1-5 VCB02 Video Subsystem Block Diagram
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1.5.2 Viewport Support

The VCB02 video subsystem provides scrolling and clipping support for
rectangular viewports. Scrolling is coupled to screen refresh and
moves all of the data in an arbitrary rectangle (limited to four pixel
boundaries, horizontally) up, down, left or right by 1 to 15 pixels,
or more, in a single frame time. The incoming edge of the scrolled
region is filled with a programmable color; or a mode is available
that clears the entire region to a color. Scrolling wuses memory
cycles that would otherwise be available for updating the bitmap;
therefore, the speed of rasterops drops to about a third of its
non-scrolling value when the whole screen is being scrolled. Down
scrolling actually moves all of the non-scrolling image (which is
outside of the scrolling rectangle) up, followed by offsetting of the
entire screen to compensate; when down scrolling of any region 1is in
progress, rasterops are slowed to one third speed, as if the whole
screen were scrolling.

Clipping prevents updates from writing outside of an arbitrary
rectangle (same horizontal limitation as above pending pass 3 Address
Processor results). This rectangle may be the same as or different
from the scrolling rectangle. Updates may occur concurrently with
scrolling; this is facilitated by the addition of an index wvalue to
all update addresses. Indexes are changed with scrolling to represent
where data has moved to in the bitmap which allows new updates to
follow the scrolling image already in the bitmap.

1.5.3 Rasterops

All updates to the bitmap memory are performed by basic rasterops or

various special rasterop modes. During rasterops the Address
Processor chip provides all memory address calculation and the Video
Processor chips provide all data modification. If no scaling,

rotation or reflection of the horizontal axis of the source is
required in a rasterop, the VCB02 video subsystem will automatically
operate in fast mode. In fast mode, multiple pixels along the X
direction are operated on simultaneously. Otherwise, the VCB02 video
subsystem will operate in slow mode, processing only one pixel at a
time. Fast mode operates 16 times faster than slow mode.

1.5.3.1 Programmable Modes

Processor/bitmap transfers (not actually modes, but commands) transfer
images between the MicroVAX CPU bus and the bitmap. These transfers
work very much like rasterops, except that there is either a source or
a destination in the bitmap, but not both; and the data transferred
to/from the MicroVAX CPU bus is a stream of words through a read/write
I/0 register which may be accessed by the MicroVAX CPU or DMA. There
are two transfer modes:

1. X-mode transfers each word (size  depends on  memory
configuration) to/from a single plane with the adjacent bits

1-8
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in a word representing adjacent pixels in the X direction.
This type of transfer a;ways GpcfaLES in fast mode. ull
indexing and shifting are available when transierring £from

a
the bitmap; but, data must already be aligned with bitmap
memory words when data is transferred to the bitmap from the
CPU bus, because there is no shifter in the Address Processor
chip.

2. Z-mode (color variation) transfers each word containing the
bits representing the color of each pixel to/from the bitmap.
This type of transfer always operates in slow mode, but
writes all planes at the same time. Indexing is always
available in this mode.

- 1.5.3.2 Video Processor Data Manipulation

The Video Processor chips contain the data path for each plane of
bitmap. During source reads from the bitmap, a shifter aligns the
data with the pixels in the destination. This shifter 1is controlled
automatically by the Address Processor chip. Data read during source
reads may be broadcast to other Video Processor chips or the Address
Processor chip on the 1I/D interconnect (one Video Processor may
broadcast), or the data may be retained in the Video Processor chip.

Data retained in the Video Processor chip or received from the 1I/D
interconnect may be stored in any of three registers for use during a
destination cycle. The source register provides one input to a 16
function logic unit; the other input is the old destination data. The
output of the logic unit selects, on a pixel for pixel basis, a
foreground or background cclor to form new destination data. The new
destination data is masked by the combined outputs of the two mask
registers, which, like the source register, are loaded with a constant
or during a source read. Masked bits return the old destination data
to the bitmap instead of the new data. Either of the masks can be
complemented; and the combined outputs are adjusted so that only
complete groups of bits are changed in low resolution planes. A
complementer and resolution 1logic are available for the source
register.

Data manipulations are controlled by two sets of indirect registers
that are selectable from the Address Processor chip. The control
store RAM specifies the data transfers that occur on each source or

destination cycle. There are four logic function registers that
specify the logic and mask operation to be performed during the
destination cycle. Four function registers allows two orthogonal

functions to be preprogrammed in the Video Processor chips.

1.5.3.3 Performance

Destination only and single source/destination rasterops are compute
bound at one cycle every 2 usec. A cycle writes either one pixel (if
in slow mode) or a word (in fast mode, a word is 16 bits; therefore,
500K pix/sec are written in slow mode and 8M pix/sec are written in
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fast mode.

1.5.4 Private Memory

To achieve rasterop performance, parallel multiplane operation and to
support scrolling, the bitmapped memory operated upon by the VCBO2
video subsystem must be on a private bus accessible to the processor
only through the chipset. As much off screen memory as displayable
memory in the VCB02 video subsystem address space is provided in each
plane to support occluding viewports. With DMA assisted processor to
bitmap and bitmap to processor transfers in either X or Z mode; the
need for direct processor-access to the bitmap is diminished.

1.5.5 MicroVAX CPU To Address/Video Processor Chip Interface

The MicroVAX CPU controls the Address/vVideo Processor chips through
the MicroVAX CPU bus on the Address Processor chip. This bus consists
of 16 bi-directional data lines, 6 address lines and some control
lines. The Address Processor chip has 58 registers (mostly write
only) that can be accessed directly by the MicroVAX CPU.
Alternatively, the registers can be loaded through an indirect
register address counter. Address Processor chip registers are
manipulated directly. The following operations are also provided:

1. video Processor chip registers are loaded with explicit 1I/D
interconnect instructions. The chip select register must be
loaded to select the Vvideo Processor chips that are to
receive the data; this register is the I/D interconnect.

2. To invoke a rasterop, the MicroVAX CPU 1loads the required
video Processor and Address Processor chip registers (unless
unchanged from previous use) and starts the update with a
rasterop command.

3. Processor/bitmap transfers are similar to rasterops, except
that the data to, or acceptance of data from, the Address
Processor chip.

4. The cancel command will terminate any update operation in
progress and clear all rasterop status.

5. Scrolling is started by loading the Address Processor chip
scroll constant register. All Address Processor and Video
Processor scroll parameter registers must have been
previously loaded. Separate I/D command, data and chip
select registers are provided for loading scroll parameters
in the vVideo Processor chips without disturbing any update
that might be in progress.

A status register reports the progress of various processes 1in the
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Address Processor chip. Any or all of the status bits can be enabled
to generate a request on either of two pins (one pin is reserved for a
DMA requests and the second is used for interrupts). Scroll status
provides a top of frame flag to load scroll parameters, a programmable
flag that will be set when the refresh/scroll process passes any point
on the screen to synchronize region updates, and a bottom of frame
flag to start any vertical blank activities. Rasterop and I/D status
indicate when various parameters and data may be loaded to minimize
waiting. Clipping status will report when some rasterops are clipped
or when some rasterops are not clipped.

'1.5.5.1 Address Processor Chip Registers
The following control, scroll, rasterop parameter, and configuration
registers of the Address Processor Chip are listed below:

1. CONTROL REGISTERS
Address Counter - Indirect access to Address Processor
registers used during DMA

Status - Readable scroll, rasterop, I/D and
clipping status

Request Enable - Status bit masks for interrupt outputs
Interrupt Enable

1/D Data - Data transfer register
' Command - Update command register

2. SCROLL REGISTERS :
Most of the scroll parameter registers are double buffered to
allow a whole frame time to load new scroll data.

Scroll X Min
Scroll X Max
Scroll ¥ Min
Scroll Y Max

Scroll region boundaries

Pause - Programmable frame position status return
Y Scroll Constant - Vertical scroll control
Y Offset

I/D Scroll Data
I/D Scroll Command

1/D path for scroll control

3. RASTEROP PARAMETER REGISTERS
Pending X Index - Index values for update control
Pending Y Index while scrolling
New X Index
New Y Index
0ld X Index
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0ld Y Index

Clip X Min - Update region boundaries
Clip X Max

Clip Y Min

Clip Y Max

Mode - Rasterop mode control

Fast Source 1 DX - Source 1 rectangular extent

Slow Source 1 DY

Source 1 X Origin - Source 1 origin
Source 1 Y Origin

Destination X Origin
Destination Y Origin

Destination origin

Fast Destination DX - Destination parallelogram extent
Fast Destination DY
Slow Destination DX
Slow Destination DY

Fast Scale - Source 1 destination scale factors
Slow Scale

Source 2 X Origin - Source 2 origin
Source 2 Y Origin

Source 2 Height and - Source 2 rectangular extent (powers of
width two, only)
Error 1 - Optional error control for vector

~ Error 2 generators

4. CONFIGURATION REGISTERS
X Scan Configuration - (8) frame timing and memory configuration
Y Scan Configuration - (4) frame timing and memory configuration

X Limit - Limit of visible (scrollable) screen
Y Limit

1.5.5.2 video Processor Chip Registers
The following scroll, rasterop, and confiqguration registers of the
Video Processor Chip are listed below: :

1. SCROLL REGISTERS
All of the scroll parameter registers are double buffered to allow
a whole frame time to load new scroll data.

- Scroll Constant - Horizontal scroll control
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Fill - Background fill color for scrolling

Left Scroll Boundary - Subword scroll edges
Right Scroll Boundary

2. RASTEROP REGISTERS

Logic Unit Function - 4 Indirect selection of logic function
Control Store RAM - 6 Indirect selection of data transfers
Mask 1 - Rasterop data masks

Mask 2

Source - Data input to logic unit

Foreground Color - Writing colors selected by logic function
Background Color unit

3. CONFIGURATION REGISTERS

Bus Width - Memory bus width (screen size)
Plane Address - 2 mode bit address
Resolution Mode - Subplane mode

1.6 APPLICATIONS

The following applications prdvide examples of implementing common
drawing operations using the VCB02 video subsystem.

1.6.1 Text

Normal rasterops are used to write characters. Common text procedures
are described below.

1 Z 1 1 } —~ I By O i o w —~
i.6.1.1 Font Storage and Access

Fonts are stored in an undisplayed portion of the bitmap. Ordinarily,
a font is stored only in one plane and is transmitted from that plane
to itself and others when a character is written. This will result in
writing characters 1in the bitmap that are monochromatic (all of cne
foreground color and one background color), as is normally desired.
If multi-colored or gray-scale (for anti-aliasing) characters are
desired, then the fonts can be stored across many planes. Fonts will
normally be stored in the off screen portion of the VCB02 bitmap.
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1.6.1.2 Normal Text

The display of unrotated, unscaled, fixed-pitch text could wuse the
following example settings in the Address Processor and Video
Processor chips; only those settings actually changing between
characters need to be updated following initialization:

1. The wupdate region 1is initialized with clipping limits,
indexes and resolution mode.

2. The Video Processor chip control store RAMs are set to enable
broadcast of the character data from the plane containing the
font to all other planes.

3. The Address Processor chip mode register and the Video
Processor chip logic functions, foreground, and background
and registers are set for some of the desired character
attributes.

4. The source 1 origin (X and Y) is set to the start of the
first character to be transferred.

5. The destination origin (X and Y) is set to the desired screen
location for the first character. The destination edge
vectors are set parallel to the X and Y axes.

6. The scale registers are set for scale factors of one.

The following operations can now be performed to write each character
in a string:

1. The MicroVAX CPU loads the command register in the Address
Processor chip to start a source l/destination rasterop.

2. After waiting for the Address Processor chip to finish the
initialization phase of the rasterop (but while the character
is still being written), the local processor can reload the
source and destination origins and the command so that the
next character can start immediately upon completion of the
first.

3. This process is repeated until the text is exhausted or an

attribute change is required.

Adjusting the destination position (and possibly width) will produce
variable pitch text (proportional spacing).
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1.6.1.3 Character Attributes

To set the character attributes, appropriate Address and Video
Processor chip registers are loaded; only the registers for those
attributes that actually change between strings need to be loaded.
The following list describes the 1intended implementation of

SLva s

1. Reverse - Reverse is a specific case of a more general class
of attributes that modifies the 1logic function being
performed on the destination data. Two bits are provided in
the Address Processor chip command word to address one of the
four logic unit function registers in the Video Processor
chips.

2. Underline - Underlines can be drawn as a vector of the
desired thickness, and linear pattern mode can be used if a
dashed or other patterned underline is desired.

3. Overstrike - Overstrike may be accomplished by appropriate
loading (or not loading) of the destination origin and the
use of "OR" logic functions.

4., 1Invisible - The pen up bit in the Address Processor chip mode
register may be wused to disable writing, or the local
processor can just skip any text strings that are invisible.
If erasure of the invisible area is desired, this must be
performed explicitly.

5. 1Intensity, Color and Blink - These are 2Z axis (color
variation) parameters and are implemented through the color
map. To enable writing the appropriate color in the bitmap
planes, a Z axis load of the Video Processor chip foreground
and/or background registers would be performed. Source data
would then be passed through a Video Processor chip mask
register to accomplish overstrike writing, or through the
source register to accomplish replace mode writing.
Alternately, blink may be performed by periodic writing to
the bitmap.

6. Subscript and Superscript - These character offsets are
obtained by appropriate loading of the destination origin
registers.

7. Size, Italics and Rotation - Any size, 1italic slope or
rotation is available by setting the destination edge vectors
and the scale factors, and providing appropriate destinatiocn
origin update.
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1.6.2 Graphics

Most graphics functions use basic rasterops. Linear patterns, polygon
fill and flood use the additional rasterop modes.

1.6.2.1 Vectors

Solid color vectors are plotted as specific parallelograms, without
any source operations. The foreground/background registers in the
vVideo Processor chips are loaded with constants according to the
desired color. The start point is liaded into the destination origin
registers, one edge vector is set to .he DX and DY of the desired
vector, the other edge vector 1is set to the width of the desired
vector (and perpendicular to the first edge), and the rasterop command
is loaded. Curves must be formed from a string of straight vectors or
points.

Vectors may be shaded in one of two ways:

1. 1Inclusion of a first source set for linear pattern mode will
provide linear patterns (like dashed 1lines, bullets or
stripes) that align themselves with the direction of a
vector.

2. Inclusion of a second source set for tile mode will provide
tile patterns that are "uncovered" wunder the path of the
vector.

1.6.2.2 Fill Mode - Polygons

In general, a fill operation places a solid or textured object on the
screen whose shape is described mathematically, such as by a list of
vertices. This is contrasted to a flood operation which is described
below.

To fill polygons, the various £fill modes are used. Polygons may only
be filled with solid colors (destination only), or with tile patterns
or images from off screen (source 2 and destination). To fill a whole
polygon:

1. It may need to be subdivided into pieces that will be
intersected by any 1line that is parallel to the £ill axis
exactly twice; this is less restrictive than simply requiring
a convex polygon.

2. The Address and Video Processor chips are configured for fill
mode with the appropriate source and destination operations

3. The vertices of the polygon are divided 1into two "sides"

(such as "left" and "right", from the upper most point to the
lower most point).
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4. The rasterop origin registers are loaded with the top of the
polygon,

S. The first pair of edge vectors (starting at the first vertex
from each side) is loaded into the rasterop extent registers.

6. The Address Processor chip command register is then loaded
with a rasterop command, including a source 2 if needed.

7. The space between the two vectors is filled by the hardware
parallel to the X (or Y) a¢is as the vectors are advanced
synchronously in Y (or X).

8. When the Address Processor chip signals for more data, the
MicroVAX CPU loads the vector associated with the next vertex
in the list of vertices and then loads the Address Processor
chip command register again, continuing with the previous
step until all required vectors are plotted,

A simplified fill mode is provided that fills from a single vector to
either a horizontal or vertical baseline. Only a single vector path
is required and the path is allowed to reverse the direction of its
component that is parallel to the baseline (not allowed with two-line
mode). This mode is provided for compatibility; however, the space
between two lines that converge on a point from the same quadrant is
difficult to £ill in this mode.

1.6.2.3 Polygon Flood
A flood operation colors or textures the interior of an area whose
outline 1is previously described in the bitmap. This is contrasted to
a fill operation described in the previous section. No explicit
support for a polygon flood function is provided by the Address
Processor chip. This function requires the path of writing in the
bitmap to be conditional on the previous contents of the bitmap. In
the hardware, the path of writing is controlled by the Address
Processor chip, but only the Video Processor chips see the memory
data. Flood can be implemented using the following commands:

1. The local processor/bitmap transfer facility is used to read

a scan of the bitmap.

2. Each returned pixel value is checked for a match with a set
of boundary colors and a count is maintained of the pixels
received.

3. When a match 1is found, the processor/bitmap transfer is
terminated by loading a cancel command to the Address
Processor chip.

4. A vector is commanded to write the desired pixels on.the scan
with a color or pattern in the normal fashion.
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5. The flood algorithm would then step o a point on the next
scan or continue at a previous seed point, in the normal
manner.

1.6.2.4 Objects

Ordinary rasterops can be used to move objects or windows on the
screen. In a multiplane environment, rectangles can be copied by
moving the pixels in all planes, in parallel, to new locations in the
same planes.

To move just an object, that is, to alter only the destination pixels
within the boundary of the object, it is necessary for the hardware to
distinguish between object and background. This can be done by
defining the foreground of the object in one plane. The area of this
plane within the rasterop rectangle is then transmitted to the other
planes during the rasterop for wuse as a mask that prevents the
alteration of background pixels. Alternatively, the second source
{(with £ill mode, 1f desired) can be used tc cocpy an object from off
screen, with "clipping" to the destination shape.

The previous two paragraphs assumed the movement of color objects
(objects defined in more than one plane). It is also possible to move
monochromatic objects (ones specified by just a foreground shape),
assigning a color to them at the time that they are moved. This type
of operation has already been described for the writing of text.



CHAPTER 2

CONFIGURATIONS AND INSTALLATION

2.1 GENERAL

This chapter describes the configuration and installation of the VCBO2
video subsystem installed in a MicroVAaX workstation. With the VCBO0Z,
the workstation can display graphics and text with 1024 Horizontal x
864 Vertical pixel resolution on a 19-inch monitor in color or in
shades of gray. The VCB02 video subsystem consists of two modules:
the Base Module and the 4-Plane Module which are shown interconnected
in Figure 2-1. The open end modular design of. the VCB02 allows
expansion to an 8-plane video subsystem by adding another 4-plane
module as shown in Fiqure 2-2.

......... seee-tesess-cee-------->[] VIDEO OUT
e . T + COMM OUT
BASE MODULE --

1

1. Address Chip Lommmmm e e >
2. DMA Gate Array ;50 WIRE CABLE | 1. video Chip 1
(CMOS) ' | 2. Video Chip 2
3. Template RAM R >| 3. video Chip 3
4. Color Map 20 WIRE CABLE | 4. Video Chip 4

Figure 2-1 VCB02 Video Subsystem 4-Plane Configuration
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--------------------------------- >[] VIDEO OUT

COMM OUT
50 WIRE CABLE

R + R + I +

BASE MODULE - - Y 4-PLANE MODULE i ! 4-PLANE MODULZ

1. Address Chip R Fem-e > i - !
+ 2., DMA Gate Array 50 WIRE CABLE 1. video Chip 1 | { 1. video Chip 1!
' 3. Template RAM 20 WIRE CABLE ' 3. Video Chip 3 | -->1 3. video Chip 3

4. Color Map R R > 4. video Chip 4 | i+ 4. Video Chip 4l
R +<------- R + R R +

Figure 2-2 VCB02 Video Subsystem 8-Plane Configuration

2.2 SYSTEM CONFIGURATION

The VCB02 video subsystem 1is 1installed a MicroVAX graphics
workstation which wuses either a BA23 or BAl123 system box. The
two systems boxes have some common features. Both wuse the
MicroVAX II CPU module that includes the Flointing Point Unit
(FPU) and one megabyte of memory. Each system 1is capable of
using the MS630 series of memory which allows up to 9 megabytes
of memory to be configured. The RQDX3 controller interfaces
various diskette and hard disk storage devices and a VR260
Black/White monitor or a 19-inch VR290 color monitor is supplied
with either workstation system that includes the LK20l keyboard
and VSXX-AA serial mouse.

The BAl23 system box will include one of the following versions
of the VCB02 video subsystem: the 4-plane VCB02-B or the 8-plane
VCB02-C. The BAl23 system box offers a 12-slot H9278-a backplane
that allows for additional system options. 1In the BA23, only the
4-plane VCB02-B is supplied because of power limitations. 1In the
BAl123, there is storage device cavity capacity for four 5.25 inch
full height disk drives. '

Table 2-1 lists the configuration elements of a BA23/BAl23 system
box <color graphics workstation system. However, refer to the
PREFACE for the appropriate system technical manual for complete
configuration rules and procedures. : '
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Table 2-1 BA23/BAl23 System Box Workstation Configuration

............................................................

............................................................

MicrovAX II FPU/1 MB
MEMORY EXPANSION MOD
vCB02 BASE MODULE
vCB02 4-PLANE MODULE
VvCB02 4-PLANE MODULE
ETHERNET INTERFACE
DRIVE CONTROLLER
FLOPPY DISKETTE

HARD DISK

SERIAL MOUSE

KA630-AA
MS630-AA(1 MB)
s,

M7169 3749
n71eg 72=%
Unavailable
DEQNA-KP
RODX3-AA
RX50Q-AA
RD53Q-AA

VSXXX-AA £ 7S

KA630-AA

MS630-AA(1l MB)Supplied
MS630-BA(2 MB)Optional
MS630-CA(4 MB)Optional
M7169 (see Note 1)
M7168

M7168

DEQNA-KP

RQDX3-BA
RX50Q-BA
RD53Q-BA

VSXXX-AA

LK201-AA

VR290 (see Note 2)
BCl18Z-10 (see Note 2)

KEYBOARD LK201-AA 9200

MONITOR VR260/VR290

MONITOR CABLE Cétsx_~ BC18Z-10/ -
BC18P-10
NOTES

1. Both systems shown have

color video

capability. The

VS265 has 4-plane VCB02-B option, while the VS270 has an
8-plane VCB02-C option.

2. The VR260 and BC18P-10 cables can be substituted. When
used with the 4-plane or 8-plane VCB02 options, the VR260
will display shades of gray.

..............................................................
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2.2.1 System Components

The BA23 and BAl23 system boxes contain the system board
components within the H9278-a backplane which are slot-assigned
as indicated in Table 2-2.

Table 2-2 H9278-a Backplane Slot Assignments

SLOT MODULE DESCRIPTION ROWS TYPE
1 M7606-AA MicroVvAX II CPU (KA630-aa) A-D Quad
2 M9047 Grant Card A-B Dual

M7608 -aA 1 MByte Memory (MS630-AA) C-D Dual
3 M9047 Grant Card A-B Dual
4 M7504 DEQNA Ethernet Interface A-B Dual
5 M7169 VCB02 Base Module (see Note 3) A-D Quad
6 M7168 VCB02 4-Plane Module (see Note 3)A-D Quad
7 M7168 VCB02 4-Plane Module (see Note 3)A-D Quad
8 M7513 RQDX3 Disk Controller C-D Dual
8-12 Option Slots Dual /Quad
13 M9058 Signal Distribution Board C-D Dual
Reserved for Future Use A-B Dual

The following configuration NOTES apply equally to the BA23 and
BAl23 system boxes.

NOTES

1. KA630-AA - The KA630-AA (MicroVAX II with FPU and
1 MByte of memory) is a quad height board which
requires the first slot in the backplane with QBus
in A/B sections and CD interconnect in the C/D
sections.

2. MS630-AA - The MS630-AA (1 MByte memory) is a quad
height board which requires a full slot in the
backplane. The slot must have the CD interconnect
available and be adjacent to the MicroVAX CPU which
limits the memory module to slot 2 .

3. VCB02 - The video subsystem modules can be inserted
in slots 5 through 8 (12 slots in the BAl23
backplane), but must be placed in adjacent slots
because of intermodule cable length.

4. RQDX3 - The RQDX3 interface module is a dual height
board which requires a QBus slot in the backplane.

~
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2.2.1.1 BA23 System Box
The BA23 system box supports the monochrome/4-plane color
graphics MicroVAX workstation and is described as follows:

H7864 230 Watt power supply

H9278-a 8-slot Backplane

Supports two full height 5.25 storage units
Rear I/0 distribution panel

Front control panel and assembly

0O00O0O0

The BA23 backplane of 8-slots accommodates the configuration
shown in Fiqure 2-3 (see Table 2-2 NOTES above):

H9278-a Backplane

D c B g A
M?éOéAA‘Z'KAééo‘AA‘5“"""‘7 slot 1
”ﬁ?édéAA'iMé63b’AAi'iMé """ . slot 2
' 'M9047 Grant | Empty = slot 3
‘M7165 VCBO2 Base Module slot 4
i'ﬁ?iéé'Qéébé'&'éiéﬁé‘ﬁbaﬁie - slot S
"ﬁiéb&'bé@&é'"'i‘ﬁ?éié‘éébxa ~ slot 6
______________ ;'___--_"__‘-—-f slot 7
! ______________ AR 1 slot 8
R i I R I I +

Figure 2-3 BA23 System Box Configuration
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2.2.1.2 BAl23 System Box
The BAl23 system box supports the 4- or 8-plane monochrome/color
graphics MicroVAX workstation and is described as follows:

Hx*x* 460 Watt power supply

H9278- 12-slot Backplane

Supports four full height 5.25 inch storage units
Rear I/0 distribution panel

Front control panel and assembly

O0O0O0O0

The BAl23 backplane of 12-slots accommodates the configuration
show in Figure 2-4 (see Table 2-2 NOTES above):

H9278-a Backplane

D C B : A
WI606AA (KAG30°AA) | slot 1
M7608AA" FHSE30 AR Quad 1 #B. | slot 2
T hS0dT Giant | TEmpEy T ' slot 3
iS4 BRGEA T ot 4
7169 VeBO2 Base moduie slot 5
:ﬁ?iSS'Véédi'&‘éiéﬁé'ﬁééﬁié ‘‘‘‘ slot 6
7166 VCBO2 4 Plane Moduie | slot 7
e 7513 RGBK3 | slot 8
------ | slot 9
"""" slot 10
----------- slot 11
;-'- S . slot 12
| (1000
Tmooss . Reserved slot 13
R R PP +

Figure 2-4 BAl23 System Box Configuration
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2.2.1.3 Ra630-aA CPU
The KA630-AA Processor module is summarized

)

wn

h
o)
-
o
D
£
n

waa WS .

o A Single Quad height module

o MicroVAX II Processor chip

o Floating Point Unit ;hip

o 022 bus interface (see Appendix A)

o Q22 Map for DMA transfers

o 1 MB of on-board memory

o Addresses up to 16 megabytes of physical memory
o 1 serial line unit

o 64 kilobytes boot PROM

o 10 ms interval timer interrupts enabled by Internal
Processor Register

The KA630-AA supports the following subset of the VAX data types:
byte, word, longword, gquadword, character string, and variable
length bit field. A floating point unit will support ffloating,
dfloating, and gfloating. Support for the remaining VAX data
types can be provided via macrocode emulation.

The KA630-AA implements the following subset of the VAX
instruction set: integer and logical, address, variable length
bit field, control, procedure call, miscellaneous, gueue,
MOVC3,/MOVC5, and operating system support. Floating point is
implemented with an optional floating point chip. The remaining
VAX instructions implemented via macrocode emulation (the
MicroVAX CPU chip provides microcode assists for the emulation of
the character string, decimal string, EDITPC and CRC
instructicns). A demand paged memory management unit is provided
in the KA630-AA which is fully compatible with VAX memory
management.

2.2.1.4 MS630- Memory Expansion Module

The MS630- series of memory modules use the local memory
interconnect which consists of the CD interconnect and a cable to
create a direct path with the MicroVaxXx II CPU. This allows much
faster memory access, since the memory responds directly to the
CPU instead of routing through the QBus. These modules contain
parity control and self identification logic. The MSé30-
requires the next slot (CD interconnect required) after the CPU
or other MS630 option in the backplane. A maximum of two MS630-
modules are allowed. For detailed information, refer to the
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system manual (AZ-GNFAA-MN).

The MS630- comes in 3 variations which are wused in various
combinations on each systenm.

1) MsS630-aA 1 MByte dual height board
2) MS630-BA 2 MByte quad height board
3) Ms630-Cca 4 MByte quad height board

2.2.1.5 VCB02 video Subsystem

The VCB02 video subsystem is available in two versions: 4-plane
and 8-plane. Both versions are capable of monochrome and color
operation. The BA23 system box workstation system will support
the 4-plane VCB02 video subsystem. The BAl23 system box
workstation system will support both the 4- and 8-plane versions.
Each video subsystem supports two RS232 serial ports. One port
is used by the LK201 keyboard and the other port is used by the
VSXXX-AA mouse or the optional VSXXX-AB digitizing tablet.

The VCB02-B module set option uses a Base Module and 4-Plane
Module (two quad height boards). The BC18Z-10 cable is used for
color operation and connects the system box to the VR290 color
monitor. The BCl8P-10 cable is used for gray shade operation and
connects the system box to the VR260 monochrome monitor.

The VCB02-C module set option contains the Base Module and two
4-Plane Modules (3 quad modules total). The BC18Z-10 cable is
used for ‘color operation and connects the system box to the VR290
color monitor. The BCl8P-10 cable is wused for gray shade
operation and connects the system box to the VR260 monochrome
monitor.

2.2.1.5.1 vCB02 video Interfaces - The VCB02 subsystems are QBus
options. Performance 1is enhanced by the use of the VCB02 DMA
Gate Array which allows data to be transferred quickly between
the host system and the VCB02 bitmap.

o Base Module - The VCB02 Base Module supports the
system/user interface and either 4 or
8-planes of full page video memory.

0 4-Plane Module - The VCB02 4-Plane Module contains
4-planes of video memory which is
connected to the Base Module with a
50-pin flat ribbon cable. There are
two versions of this cable to allow the
Base Module to be connected to one or
two 4-Plane Modules for 4- or 8-plane
color systems. A separate 20-pin cable
is used for control signals between the
4-Plane Module and the Base Module.
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2.2.1.6 Mass Storage
The following mass storage devices can be used in configuring the
color graphics workstation system.

o RQDX3 Controller

The RQDX3 controller is a dual height module

and is the interface to the RX floppy diskette
and RD Winchester disk drives. The controller
is a Direct Memory Access (DMA) interface and
uses the Mass Storage Control Protocol (MSCP).

o RX50-M - The RX50-M is a dual 5 1/4 inch floppy diskette

drive. Each diskette is capable of storing
400KByte of data. For further information,
refer to the system technical manual
(AZ-GNFAA-MN).

o RD53 Disk Drive

71 MByte formatted capacity. For further
information, refer to the system technical
manual (AZ-GNFAA-MN).

o TK50 Tape Drive - The TK50 is a streaming tape system with
approximately 100 MByte formatted density.

2.2.1.7 Ethernet Controller (DEQNA)

The DEQNA is a dual height module which provides an interface
between the Print Station and the Ethernet network. This allows
data packets (ranging from 46 to 1500 bytes) to be transferred
over the Ethernet at a rate of 10 MBytes per second.

2.2.1.8 Monitors
There are two types of system monitors offered with the MicrovVaX
workstations: the VR260 monochrome and the VR290 color monitors.

o VR260 Monochrome Monitor - The VR260 monitor is a 19 inch

diagonally measured monitor which is
makhla ~AF A

trarmey 1024 hAars -

The RD53 is a 5.25 inch Winchester drive with

~a T armla Antal
\.uyau.l.c W ode u&at}&qx&ll\j = Vo liVieL LA ovilLAa L

by 864 vertical pixels on the screen.
The monochrome video BNC input is

connected via the BC18P-10 monitor cable

to the VCBO0Z patch panel in the BAZ3

system box. The VR260 is available as
100-120/220-240 volt 50/60 Hz AC unit

and should need less than 65 watts of
power. :

0 VR290 Color Monitor - The VR290 monitor is a 19 inch
diagonally measured monitor which is

capable of displaying 1024 horizontal by

864 vertical pixels on the screen.
red, green and blue BNC inputs are
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connected to the BAl23 system box by the
BC18Z-10 color cable. The VR290 is
available as a 100-120,/220-240 volt 50-6G
Hz AC unit. The VR290 should use less
than 150 watts of power.

2.2.1.9 Monitor Cables

There are two cables which can be used in configuring the two
versions of the MicroVAX workstations (using BA23 or BAl23 system
boxes) which are:

o BCl8P-10 Monochrome Video Monitor Cable is 10 feet long and connects
the system box to the VR260 monochrome monitor.

o BCl8z-10 Color video Monitor Cable is 10 feet long and connects the
system box to the VR290 color monitor.

2.2.1.10 LK201 Keyboard

The LK201 keyboard uses the full duplex RS232 serial port on the
VCB02 option. The 105-keys of the entire keyboard contains four
groupings of keys (typing, editing, numeric keypad, and special
function keys), a small speaker, four Light Emitting Dicdes
(LEDs), and associated electronic circuitry. A 1.9 m (6-foot)
coiled cable connects the keyboard to a dedicated 4-pin MICRO-DIN
connector on the monitor’s rear panel. Refer to Appendix B for
keyboard specifications.

2.2.1.11 Mouse

The VSXXX-AA 3-button circular mouse is a hand held,
ergonomically designed input device that 1is connected to the
monitor by a 5-foot cable. The mouse signals are passed to the
RS232 serial port on the VCB02 Base Module for display on the
monitor screen. Refer to Appendix C for mouse specifications.

2.2.2 Options

2.2.2.1 Additional Memory

Additional memory can be added to the system by using a
combination of the MS630 series of memory option modules. The
MS630-AA, BA, BB offer respectively 1 MBytes, 2 MBytes, and 4
MBytes of memory.

2.2.2.2 Optional Tape Storage

The TK50 allows a removable streaming tape with a capacity of 100
MBytes to be wused on the MicroVAX workstation systems. On the
BA23 system box workstation, the TK50 can be subsituted for the
RX50, with Digital Software/Diagnostics available to support the
system. The BAl23 system box workstation may wuse the TKS50 in

2-10



CONFIGURATIONS AND INSTALLATION

addition to the RXS50, allowing the system to use both methods of
removable media.

2.2.2.3 Digitizing Tablet

The VSXXX-AB digitizing tablet option consists of an 11 inch
square tablet, a 4-button cursor, and a 2-button stylus. The
tablet is connected by its 5-foot power/signal cable to the
monitor’s RS232 serial port, replacing the mouse cable
connection. Refer to Appendix D for tablet specifications.

2.2.2.4 Printers
There are three types of printers offered as options for the
MicroVAX workstation, which are:

o The LAS50 is a 50 character per second impact printer.
o The LA210 is a 100 character per second impact printer.

o The LNO3-AA is a 333 character per second 8 page per minute laser
printer.

Refer to the system technical manual (AZ-GNFAA-IMN) for
configuration procedures to be followed in interfacing the above
printers.

2.2.2.5 Communication Devices

o DzQll Asynchronous Multiplexer - This dual height module has
four asynchronous serial lines
which conform to RS232 and
RS423-A interface standards.
The DZQll can be used to support
printer options and full duplex
modem operations.

¢ DMV1l Synchronous Controller - The DMV1l is a quad height
module which supports full and
half duplex operations,
point-to-point, multipoint

communications, and DMA.
2.3 SYSTEM SPECIFICATIONS
2.3.1 BA23 System Box
ELECTRICAL
Input voltage 88 - 128 VAC
176 - 256 VAC

2-11



CONFIGURATIONS AND INSTALLATION

Frequency

Power consumption

2.3.2 BAl23 System Box

ELECTRICAL
Input voltage

Frequency

Power consumption

2.3.3 Environmental

DEC Std 102 class a

Temperature range

Humidity

Altitude

DEC Sstd 103
EMI

2-12

47 - 63 Hz.

320 watts (max.)
4.4 A @ 120 vAC.
2.2 A @ 240 vacC.

87 - 128 VAC
174 - 256 VAC

640 watts(max.)
8.8 A @ 120 VAC.
4.2 A @ 240 vAC.

15 - 32 degrees C (59 - 90
degrees F) .

20 - 80 % non condensing
with a maximum wet bulb of
25 degrees C (77 degrees F)
and a minimum dewpoint of
-26 degrees C (6 degrees F)

Note

The recommended operating
range is 18 - 24 degrees C
(65 - 75 degrees F),

40 - 60% RH.

0 - 3 kilometers
(0 - 10,000 feet).

Radiation limits will be
within FCC class "A"
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2.3.4 vVvCB02 Power Requirements

Supply Typical

Voltage Operating
Current

Base Module 5V (+/- 5%) 5.8 amps
12v (+/- 10%) 0.7 amps

4-Plane Module 5V (+/- 5%) 3.4 amps

2.4 vVvCB02 INSTALLATION

The VCB02 video subsystem is shipped as an integral part of the
assembled MicroVAX workstation system and therefore requires no
customer installation procedure. However, in the event the VCB02
is an add-on to an existing workstation system or requires
servicing or replacement, the specific disassembly/reassembly
procedures for accommplishing either task should be consulted in
the appropriate BA23 or BAl23 Enclosure Maintenance Guide. The
VCB02 interconnections, backplane slot insertion, and switchpack
(M7169 on VCB02 Base Module) settings are provided in this
section to augument the previously referenced maintenance
procedures.

The cable interconnections for the VCB02-B video subsystem
(4-planes) are shown in Figure 2-5. ’
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Figure 2-5 VCB02-B Cable Interconnections

The cable interconnections for the VCB02-C video subsystem
(8-planes) are shown in Figure 2-6.
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Figure 2-6 VCB02-C Cable Interconnections

Fig
system when installe
box.

ure 2-7 shows the interconnections for an 8-plane configured

d in the H9278-a backplane of a BAl23 system

NOTE

Consult the disassembly/reassembly procedures

in the appropriate System Maintenance Guide

prior to attempting servicing or replacement
of the VCB02 video subsystem.
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Figure 2-7 Interconnected VCB02 In BAl23 System Box

The VCB02 Base Module switchpack (see Figure 1-1) functions are
set as indicated in Table 2-3.

2-16



CONFIGURATIONS AND INSTALLATION

Table 2-3 Switchpack Function Settings

Switch Function Switch Setting
S1 Selects Address Line 3 On=0 Off=1
S2 Selects Address Line 2 On=0 Off=1
S3 Selects Address Line 1 Oon=0 Off=1
sS4 Selects size of Template RAM On=8K Off=2K
""""""""""""" vore T

S1 through S3 selects address lines
for the I/0 Page CSR

...........................................................

2.4.1 Intermodule Connections

The VCB02 Base Module and the VCB02 4-Plane Module are conne:iéé
by a cabling scheme that attaches to the top of the modules. The

interconnect signals are sorted into two categories:

o Interconnect signals common to both 4-Plane Modules in an
8-plane system ' :

o Interconnect signals unique to each of the 4-Plane Mocdules
in an 8-plane system

2.4.1.1 Common Intermodule Connections
These interconnect signal subsets are listed in Table 2-4.

2.4.1.1.1 Electrical Interconnects - There will be two versiocns
of a b50-signal flat ribbon cable with ground plane which are:
one to support 4-plane systems and one to support 8-plane systems

with daisy chaining capability between the three modules.

2.4.1.1.2 Mechanical Interconnects - There are 50-pin Berg
headers mounted on the edge of the quad modules and aligned in
the same location on each module.



Table 2-4
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Common Intermodule Connections

............................................................

MEMOE

LATCH CNTROL
WSTB
MWEO:MWE3
MADO :MAD7
MAD9

ADDCLK

SYNC

CLK30

128/-16
RD/-WR
LTCLK
ID0:ID7
SCROLL
FORCE
IDCTL
WRSCR
WRUCS

(4)

Memory row address strobe

Memory column address strobe

Memory output enable

External memory latch controller

Memory write from Timing Generator

Memory write enables from Address Processor

(8) Memory addresses from Address Processor
(1) Memory address from Address Processor
(1) Address pipeline strobe
19 Total
(1) VCB02 video subsystem clock
(1) VCB02 video subsystem clock
(1) Video output clock
(1) System synchronization
(1) Video synchronizer
(1) Control synchronizer
6 Total
CONTROL
(1) Cycle control
(1) Cycle control
(L) Video Processor latch clock
(8) Instruction/Data Bus
(1) Scroll Control
(1) Scroll Control
(1) Chip Select Control
(1) Scroll chip select write strobe
(1) Update chip select write strobe
16 Total
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2.4.1.2 Unique Intermodule Connections
Signals between the VCB02 Base Module and the first VCB0Z 4-Plane
Module are shown in Table 2-5.

Table 2-5 1Intermodule Connections (First 4-Plane Module)

P1VIDO, PlVIDl {2)

P2VIDO, P2VIDl (2)

P3VIDO, P3VID1 (2)

P4VIDO, P4VIDL (2)

STATUS

OPT1 PRES (1) - Option 1 present

SELECT (1) - Defines 4-Plane Module Video

Processors to be low order

10 Total

Intermodule signals between the Base Module and the second
4-Plane Module are shown in Table 2-6.

Table 2-6 Intermodule Connections (Second 4-Plane Module)

......................................................

PS5VIDO, P5VIDI (2)

P6VIDO, P6VIDI (2)

P7VID0O, P7VID1 (2)

P7vID0, P7VID1l (2)

STATUS

OPT2 PRES (1) - COption 2 present

SELECT (1) - Defines 4-Plane Module Video

Processors to be high order

10 Total

......................................................

2.4.1.2.1 Electrical Interconnects - Two different lengths of 20
signal flat ribbon cable with alternating signals and grounds are
provided. The shorter cable is for the low order 4-Plane Module
which will be confiqured adjacent to the Base Module, but on the
opposite side from the QBus arbitrator (CPU Board). The longer
cable will connect to the high order 4-Plane Module which is
configured in the QBus backplane (next to the low order 4-Plane
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Module). This scheme allows the two identical 4-Plane Modules to
appear electrically unique.

2.4.1.2.2 Mechanical Interconnects - The 4-Plane Module has one
20-pin Berg header located on the upper edge of the quad module.
The Base Module has two 20-pin Berg headers; each aligned with
the 4-Plane Modules, but with the low order connector on the edge
of the quad module and the high order header 1located directly
below it. This configuration supports the electrical
interconnect described above.

2.4.2 1I/0 Interconnect

An I/0 interconnect is provided on the Base Module to route the

user T/(\ interface sianals to a bulkhead on the systam box Tha

2 LT L aAVE Sagithao S S L2108} LI SySLetin UUA . LT

cabling scheme will connect to the top of the VCB02 module and
terminate at the system box bulkhead. The path of the cable
within the system box must be known before the 1length of the
cable can be determined. The I/0 signals are listed in Table
2-7.

2.4.2.1 Electrical Interconnects
The electrical characteristics of the I/0 cable are currently
undetermined and will be supplied at a later date.

2.4.2.2 Mechanical Interconnects

The 26-pin Berg header is located at the upper edge of the Base
Module. The Dbulkhead side of the cable will terminate into a
15-pin D-Sub connector.

De2s S mese

= TRy

Yy vl

=
i B L‘J 7 |

Hoo45 = = ety — 5
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Table 2-7

+ e e @@ o 55 0o e em . %™ e am®m=mac ===t = ===3=3532==525%3=T===========2=««

................................

Tfansmit 4 kg) (l) f‘ [F,t’ ¢ :H%aef -(:o D’A{'ﬁnr f"‘J '?’
Receive 777 (1) Lwmqy e a0 gl I
Power  ti- (1) LI )
Ground (1)
AUXILIARY PORT 2 Wone oo o Drmc
Transmit f o0 (1) a4 (eemesdtose D fed [-' P
Receive fuwe 2™ (1) GHWT*M”wr T A piv S T
Power NG (1) (AT paeT 15 o e
Ground (1) ST e s a7 8y
-12 v (1) 5 \'\‘ q w» N o1z 13 'Y /5///
e e e e e e e eaaeaeesesseccaccccaesaceeacemmaaaaee o 7
VIDEO SIGNALS
Red Video (1) le A LA
Red Ground (1) 15 s
Green Video (1) 16 ~L
Green Ground (1) 7 i
Blue Video (1) v L &
Blue Ground (1) 19
15 Total
Mg G635 bzafnn t@iver
: (et FerlFD)
2.4.2.3 Bulkhead Connector
The 15-pin D-Sub to D-Sub connector mounted on the system box 1is
currently undetermined and will be supplied at a later date.
2.4.2.4 System I/0 Interconnect
The system I,/0 cable is currently being defined and will be
supplied at a later date.
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CHAPTER 3

FUNCTIONAL DESCRIPTICN

3.1 SUBSYSTEM OVERVIEW

This chapter describes the hardware functions of the VCB02 wvideo
subsystem. The VCB02 video subsystem is a Q-22 bus compatible, full
page bitmapped graphics video subsystem designed to support either the
VR260 monochrome or VR290 color monitors. A DMA Gate Array chip
(DC7035) provides the VCB02 with a specialized DMA engine that
interfaces the Q-22 bus with the VCB02’s video logic. The video logic
is based on the Address Processor (DC 323) and Video Processor (DC322)
chipset. The Address Processor chip is responsible for all bitmap
memory address calculations, CRT control, and video datapath control.
The Video Processor chip is responsible for all data manipulations to
and from bitmap memory and data output to the video refresh stream.
Each VCB02 video subsystem has one Address Processor chip and one DMA
Gate Array. One Video Processor chip is used for each plane of bitmap
memory in the VCB02 video subsystem. The VCB02 video subsystem is
designed to support either 4 or 8 planes of bitmap memory. With a
color monitior a 4 plane system can display 16 colors (shades of gray
for a black and white monochrome monitor) from a palette of 16.7
million colors. An 8 plane VCB02 video subsystem can display 256
colors (shades of gray) from a palette of 16.7 million colors. A
resolution of 1024 horizontal by 864 vertical pixels is provided by
both the 4 and 8 plane versions of the VCB02 video subsystem.

Each VCB02 video subsystem has a Base Module that provides the Q-22
bus interface, diagnostic ROM, two asyhnchronous communication ports,
the Address Processor, color maps, and video timing and output logic.
A 4 plane VCB02 video subsystem also has one 4-Plane Module that
provides four Video Processor chips, four planes of bitmap memory, and
chip select registers for the Video Processors. In addition to the
Base Module, an 8 plane VCB02 has two 4-Plane Modules for a total of 8
planes of bitmap memory and 8 Video Processor chips. An 8 plane VCBO02
video subsystem is a three module set, while a 4-plane VCB02 video
subsystem is a two module set. The Base Module communicates with the
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4-Plane Module(s) over cables. A 4-plane VCB02 video subsystem can be
upgraded to an 8-plane system by adding a second 4-Plane Module and
changing the module communication cables.

3.2 VCBO2 MODULES
3.2.1 Base Module

The Base Module (M7169) contains the hardware which processes address
calculations, interfaces the DMA to the QBus, accesses display lists
using the Template RAM, controls cursor movement, accepts serial 1I/0
bus input from attached keyboard/mouse/tablet devices, self
test/diagnose malfunctioning module components using LED indicators,
emulate consoles, supply subsystem timing generation, and provides an
8-plane video output path for its color bitmaps.

The Base Module is shown in Figure 1-1 and a block diagram of the
module is presented in Figure 1-2. In Chapter 2, additional
information is supplied on: configuring the Base Module and 4-Plane
Module in a workstation system box, a tabulation of each module’s
power requirements, the various intermodule connections, and
instructions on module installation/servicing.

3.2.1.1 Instruction/Data Interconnect

The I/D interconnect is a byte wide synchronous interconnect between
the Address Processor, Video Processor, and Chip Select Registers.
The I/D interconnect is synchronized to the system PHI1 and PHI2
clocks which are further divided into PHIlA, PHI1B, PHI2A, and PHIZ2B.
Instructions are transferred on the A clocks and data 1is transferred
on the B clocks.

3.2.1.1.1 Chip Select Decoding - The Base Module generates either a
scroll or wupdate chip select strobe when a chipselect instruction is
decoded. The Video Processor chip selects are decoded from the 1I/D
interconnect. To accomplish this, A and B clocks and decode logic
provided on the Base Module and either a scroll chip select write
strobe (WRSCR) or an wupdate chip select write strobe (WRUCS) are
generated if a chip select instruction is decoded. These two signals
are cabled to the 4-Plane Module through the module interconnect and
strobe the data into registers on the I/D interconnect. The external
chip select load commands are shown in Figures 3-1 through 3-4.°
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B T I s R I Y Il e
P - ~ ~ . n n P 1 . n H b} ! n : e | : '
X i X . & u U Y U i+ 6 1 U X X1 X X .4

B N R R s e T I R
X - don’t care

Figure 3-1 Scroll Chip Select Load Format - Command 140H

15 8 7 0
e R e R i L L LI R R R
X X X X X X . X i X, 8 11 6 5 4 + 312 .1
R R R R A et TR T LR R LR ERERE it

<8:1> - Video Processor plane that will be chip selected by this
bit (’'l’ = asserted)
X - don't care

Figure 3-2 Scroll Chip Select Load Format - Data

15 8 7 0
L s R R R it R LI E LI
| X | XxX{xXx1010¢t0}0f071:+0.:.1:1 XX }{X: X X

T T LT T A e R s TR DL R R

15 8 7 0
s Tt R TR Y PR TR EEEE EEEE SEEE AR ik
X XX X X X X X . 8 7.6 5 4 ; 3 2 1
B T L EE T EE R R A TR TR R L DERE Sl I

<8:1> - video Processor plane that will be chip selected by this
bit (’1’ = asserted)

X - don’'t care

Figure 3-4 Update Chip Select Load Format - Data
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3.2.1.2 Subsystem Timing Generation

The timing needed to run the VCB02 video subsystem £fall 1into three
categories which are system clocks, memory strobes, and video clocks.
The pixel clock (69.1968 MHz) 1is wused as the main divide down
frequency. The 1inputs and the outputs of the timing generator are
listed below.

INPUTS - all sourced by the Address Processor
Sync Request
Next Cycle
Next Rd/-Wr
Force

SYSTEM CLOCKS -

PHI1

PHI2

PHI3

PHI4

ALPHA

128/-16
RD/-WR

SYNC

LTCLK

MEMORY STROBES
RAS
cas
WSTB
MEMOE
LATCH CNTRL
ADDCLK

VIDEO
TTL/ECL 15 H
TTL/ECL 30 H
TTL/ECL 30 L
CONV H
CONV L

Note that on power-up, memory and system clocking will not begin until
POK has been received so that the system will power on in a consistent
manner.

3.2.1.3 video Output Logic

The devices that source data for the video output are the Video
Processors, with bitmap data, and the DMA Gate Array, with cursor
data. video data from all sources is presented to the video output
logic in 4 bit nibbles. The four main functions provided by the video
logic are hardware cursor support, mapping of the video data through a
color 1look wup table (LUT), converting the digital video information
into RS-170 voltage levels (not timing) for output to the monitor, and
looping back the video output for diagnostic readback and self test.
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The following subsections described the operation of the hardware
cursor, the color map loading, and the video loopback regi r. The
digital to analog conversion 1is not accessible to the prog £

3.2.1.3.1 Hardware Cursor - The two plane hardware cursor will be
used to multiplex the video information to the pixel level in the
following way:

Cursor plane A data is "0" - The cursor is transparent and bitmap data
will appear on the screen. Note that this
will be the general case any time the
cursor positioning logic is not outputing
cursor data.

Cursor plane A data is "1" - This can occurr only when the positioning
logic is outputing cursor data. In this
case, cursor plane B data will control
data to the screen in the screen in the
following way:

Cursor plane B data is "1" - Location [255] of the color map will be
accessed. This location will always be
considered foreground cursor color, but
may be accessed by bitmap data as well.

Cursor plane B data is "0" - Location [254] of the color map will be
accessed. This location will always be
considered background cursor color, but
may be accessed by bitmap data as well.

3.2.1.3.2 Synchronization and Blank - Video synchronization and blank
are programmable by the Address Processor on any rising PHI3 or PHI4
clock (57 ns interval nominal). They must then be synchronized to the
video timing and shifted, so that their pipeline is equivalent to that
of the video output path. Video blank can also be enabled by setting
a bit in the Memory CSR.

3.2.1.3.3 vVvideo Upgrade Path - When only one 4-Plane Module 1is
installed, the upper 4 bits of the video data path are disabled.

3.2.1.3.4 Color Map Loading - Color Map Loading pertains only to the
Base Module. In a 4-plane configuration, only the low 16 addresses
need to be loaded in each map, except for locations (254] and ([255]
(used by the hardware cursor). In an 8-plane configuration, all 256
locations should be loaded. The Red, Green, and Blue color maps are
accessed independently (256 locations for each map). Figure 3-5 shows



FUNCTIONAL DESCRIPTION

15 8 7 0
LRI R i ch T L R

X X X X X X X X MSB: COLOR MAP DATA BYTE LSB’
R R it R R R S I R s LT L O prip e pripi s

X - not loaded
Figure 3-5 Color Map Data Format

Color maps should be loaded only during vertical blank time, so that
no glitches are noticed on the screen. If that is not possible, a bit
is provided in the CSR which will force the video to a blank state
while the maps are being loaded.

3.2.1.4 1I/0 Devices

The VCB02 video subsystem will have two serial, EIA RS-232 compatible
ports that can be addressed. One port will always be reserved for the
LK201 keyboard and the other port can be used for any other serial
device, but will probably be used for either a mouse or a tablet. For
programming information concerning these ports consult Appendix B, C,
and D, respectively.

NOTE

The serial ports are RS-232 voltage compatible only.

3.2.1.4.1 LK201 .Keyboard - The LK201 keyboard is  the keyboard
interface to the VCB02 video subsystem. A double buffered UART in the
QBus I/O space provides the send/receive port to the 4800 baud serial
device. A switch closure on the keyboard causes an interrupt to the
QBus to be serviced by reading the value of the UART receive register
at the CSR address specified in the map. The LK201 keyboard is
described in Appendix B.

3.2.1.4.2 Mouse - The 3-button circular mouse is supplied with the
MicroVAX workstation and 1is RS-232 compatible using standard serial
input device protocols. The mouse is described in Appendix C.

3.2.1.4.3 Tablet Or Alternate Pointing Device - The optional
digitizing tablet will respond at the address found in the CSR map.
It is capable of interrupting the MicroVAX workstation to service
either position changes or external events. The tablet is described
in Appendix D. An alternate pointing device, such as a plotter can be
substituted.
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3.2.1.4.4 Serial Device Protocols - The protocols for serial devices
are discussed in the respectiv appendix for the device herein:
Appendix B - LK201 keyboard, Appendix C - 3-button circular mouse, and
appendix D - optional digitizing tablet.

3.2.1.4.5 Monitors - The monitors specified for the VvCBO
are the VR260 for monochrome applications and the VR
applications.

[ OIS ]
(Vo]
o

3.2.1.5 System Support

The system support provided by the vCB02 module set will include
console emulation, multiple VvCB02 terminal support, and full
diagnostic support. .

3.2.1.5.1 VCB02 Address Map - Each VCB02 video subsystem has one
register in the QBUS I/0 Page (see Figure 3-6). Switches on the Base
Module will select one of eight possible addresses for this register
as listed below. When read, this register will provide an
Identification Code for VCB02. Data written to this register selects
the VCB02 Memory Base Address (on a 64 kb boundryj. Figure 3-7 shows
the QBus memory space.

QBUS I,/0 PAGE

VAX ADDRESS = |
QBUS I/0 PAGE BASE + lE8x T +

Figure 3-6 QBus I/O0 Page

VCB02 Terminal Mapping scheme:

QBUS I/0 PAGE BASE + 1F00H - Alternate Console: A VCB02 module assigned
QBUS I,/0 PAGE BASE + 1F02H this address will be
QBUS I/0 PAGE BASE + 1F04H ' the System Alternate
OBUS 1I,/0 PAGE BASE + 1F06H Console device.

QBUS 1I/0 PAGE BASE + 1F08H

QBUS I,/0 PAGE BASE + 1F0AH

QBUS I,/0 PAGE BASE + 1FOCH

QBUS I/0 PAGE BASE + 1FO0EH
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R R L +
8 kb
VAX ADDRESS = ‘ Not Used by VCB02
QBUS MEMORY SPACE BASE + ’
VCB02 MEMORY BASE + E0QOH i I I +
8 kb |
VAX ADDRESS = Register Space '
QBUS MEMORY SPACE BASE + .
VCB02 MEMORY BASE + COOOH LR L +
% RAM
up to 16 kb
VAX ADDRESS = i
QBUS MEMORY SPACE BASE + ! ,
VCB02 MEMORY BASE + 8000H R I +
i
i ?
i o
| ROM i
I |
} up to 32 kb !
| :
l E
I E
VAX ADDRESS = |
QBUS MEMORY SPACE BASE + | - i
VCB02 MEMORY BASE + 0000H R I +

(on any 64 kb Boundry)

Figure 3-7 QBus Memory Space
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in next section

2
2

2
2
2
2

- 2kx8 RAMS
- B8kx8 RAI1S

- 2kx8 EPROM
- 4kx8 EPROM
- 8kx8 EPROM
- 16kx8 EPRO



Register
accessed

BASE

BASE

BASE

BASE

BASE

BASE

BASE

BASE

BASE

BASE

Mapping
on word

+ E000

+ D0QOO

+ CEQO

+ CCO00

+ CAQQ

+ C800

+ C600

+ C400

+ C200

+ C000

FUNCTIONAL

is diagrammed in Figure 3-8.
boundaries.

(Hex)

(Hex)

(Hex)

(Hex)

{Hex)

{Hex)

(Hex)

(Hex)

feccmmeeececeeaaeaaaaann

| Reserved

e ecceeeeacecee e aaan

; Green Color Map

e e
Blue Color Map

e e e e aeaaaan
Red Color Map

hecaceceecamacceceacaaaan
CSR Registers

focccmeecccecececcaaanaan

fmme e e e e

’ Gate Array (DGA)

e e seeeeeeececaeaaaanaa
Address Processor

fecemceeceacceaaceacaanan

Figure 3-8 Register Mapping
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3.2.1.6 Control And Status Registers (CSRs)

The VCB02 video subsystem has two control and status registers, one is
located in the QBUS I/0 Page and the other is located in QBUS memory
space. Both registers are read and write and their bit assignments
are as follows:

3.2.1.6.1 I/0 Page CSR - The format for the I/O page CSR read VCBO02
identification code is shown in Figure 3-9.

15 8 7 ? 0
L T R R e e R i T T
X X . X X . X X X X X 6 !5 X X:2.110
R TEEE R R At R EE TR PN IR SRS EEEE SREE TRRE LREE R i
Bit 6 : Option 2 Present (’0’ = asserted)
Bit 5 : Option 1 Present (’0’ = asserted)

Bit 2 : Full Page System Configuration (’1’ = asserted)

Bit 1

Half Page System Configuration (7’1’ = asserted)
Bit 0 : Quarter Page System Configuration (’l’ = asserted)

X : not defined
Figure 3-9 1I/0 Page CSR Read VCB02 ID Code Format

The value written into the Memory Base register selects the starting
address or base address of a 56 kb block of addresses that will be
decoded by the VCB02 DMA Gate Array. The base address is always on a
64 kb boundary in the QBUS memory address space as selected by bits 00
through 05 of the Memory Base Register. Bits 05 through 00 are
compared with the signal pins A(21:16) H during the address portion of
QBUS memory cycles. The Write Memory Base format is shown in Figure
3-10.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T L r T e S R R IR R Rt i LI
A21 A20 Al9 Al8 Al7 Al6

S T L T R I R R et T TR T I

Figure 3-10 Write Memory Base Register Format
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3.2.1.6.2 Memory CSR - The Memory CSR Read Video Readback Register
format is shown in Figure 3-11.

15 8 7 0
R it D R e R R it Rt TS DR R Y Tt o
X X . X X X X X X X X X . X 3.2 i1l :0
R el I R R R e I e e et I T I e
Bit 3 : Sync Detect (’0’ = asserted)
Bit 2 : Blue > Red (0’ = asserted)
Bit 1 : Green > Blue ('0’ = asserted)
Bit 0 : Red > Green (’0’ = asserted)

Figure 3-11 Memory CSR Read Video Readback Register Format

The Memory CSR Write format for the Control Write Register is shown in
Figure 3-12.

15 8 7 0

R et R R R R R e S I e R ik I PR
X! X | X | X|X:X XiX|]XiX|5:{4,;3:2]17]0
R R e e R D T i I e e S s
Bit 5 : CSR Blank (’0' = asserted)
Bit 4 : CSR Video Readback (’'l’ = asserted)
Bit 3 : CSR Sync Enable (’l’ = asserted)
Bit 2 : LED for high order Memory Upgrade failure (’0’ = asserted)
Bit 1 : LED for low order Memory Upgrade failure (’0’ = asserted)
Bit 0 : LED for Base Subsystem failure (’0’ = asserted)

Figure 3-12 Memory CSR Write Format for the Control Write Register

3.2.1.7 Console Emulation

The VCB02 video subsystem supports console emulation through
interactions of the MicrovaX CPU, the MicroVAX Boot ROM, and :the VCBO02
ROM which will be mapped in the VCB02 address space.

The VCB0Z2 video subsystem is the Alternate Console device and will
support Micro/ODT by providing an ASCII interface to the system when
in console mode. The VCB02 ROM will be word addressable to allow
direct MicroVAX CPU reads. For a more detailed discussion of the

VCB0Z Diagnostic requirements, refer to Chapter 5.
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3.2.1.8 Diagnostic Support

3.2.1.8.1 Diagnostic ROM - The VCB02 ROM will provide code for both
diagnostics and console emulation. For further information on the
VCB02 ROM, consult Chapter 5.

3.2.1.8.2 Bitmap and Template Memory Access - The memory on the vCB02
4-Plane Module can be divided into 3 categories:

1. Bitmap memory
2. Template RAM
3. Video Look Up Table (LUT)

aAll bitmap memory can be accessed through Processor to Bitmap and
Bitmap to Processor transfers which are executed through the Address
Processor and Video Processor chips. Template RAM memory is directly
accessible through QBus transfers. The LUT which can be written
directly is read back indirectly through the Memory CSR as described
in the following subsection.

3.2.1.8.3 video Readback - The Video Readback path is accessed
through the Memory CSR. There are three readable bits that correspond
to comparisons of the outputs of the video digital to analog
converters. By comparing the three outputs to each other and
incrementing through the different voltage levels, a high degree of
confidence can be gained in the integrity of the video output data
path. The resolution of this comparison is expected to be 20 mV.

A fourth CSR bit is provided that shows the comparison of the
synchronization pulse voltage level on the green gun to a known
reference voltage. This test will help diagnostics determine if there
is an error on the VCB02 module or if it is a monitor/cabling problem.
The reference voltage will be set at 0.1 V and the comparison
resolution is expected to be 20 mV.

3.2.2 Four-Plane Module

The 4-Plane Module (M7168) contains the hardware which provides the
4-plane, full page memory to the Base Module. Chapter 1 lists the
4-plane module’s hardware and includes an 1illustration and block
diagram. For configuration, power requirements, intermodule
connections, and installation information, refer to Chapter 2.

3.2.2.1 Video Memory Structure

The VCB02 video subsystem provides for each ‘onscreen’ page of memory
within a plane an equal amount of ‘offscreen’ memory. 'Onscreen’
refers to the memory that is used for screen refresh. The VCB02 video
subsystem presents to the programmer a block of memory that is (1024H"
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3.3 ADDRESS AND VIDEO PROCESSOR OVERVIEW

This section presents an overview of the features and operation of the
Address and Video Processor chips as implemented on the VCB02 Video
Subsystem, '

The Address Processor chip (DC323) is the controller for all wvideo
operations the VCB02 video subsystem. The DMA gate array on the vCB02
Base Module controls the register interface of the Address Processor
using a 16-bit private data bus, a 6-bit address bus, and control
signals. Internal to the Address Processor is a register structure
through which all commands to, and information to and from, the video
chips must pass. Communication between the Address Processor and
video Processor chips occurs on a byte wide Instruction/Data bus (I/D
bus). The Address Processor chip registers can be classified into -
four . categories: control, scroll, rasterop parameter, and
configuration registers. Once these registers have been properly
loaded, the Address Processor chip will synchronize all internal
address calculations, CRT control, and external memory cycles with the
video Processor chip’s data manipulations using control signals and
the I/D bus.

The Video Processor chip (DC322) is the bitmap datapath for all VCBO2
video subsystem transactions. The Video Processor chip is controlled
by signals from the Address Processor chip and by 20 programmable
registers that can be loaded from the I/D bus. These registers can be
classified into three categories: scroll, rasterop, and configuration
registers. Once properly loaded, the Videc Processor is capable of
sourcing and receiving data on the I/D bus, logical operations on
bitmap data, barrel shifting, and sourcing data to the output video
bus.

The I/D bus is a byte wide synchronous interconnect between the
Address Processor, Video Processor and chip select registers. The I/D
bus is sychronized to the system PHI1, and PHI2 clocks which are
further divided into PHIl1A, PHI1B, PHI2A, and PHI2B. Instructions are

transferred on the A clocks and data is transferred on the B clocks.
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3.3.1 Hardware Support
‘A block diagram for the VCB02 Video Subsystem is shown in Figure 3-13.

The Address Processor chip 1is responsible for functions that are
common to all bitmap planes, such as: all rasterop computations,
bitmap address generation, clipping, screen refresh, scroll control
and monitor synchronization generation. The Video Processor chip
(DC322) provides the data path and control data FIFOs for refresh and
scrolling, a barrel shifter for bit alignment, a logic unit with data
and mask registers for memory modification, Z-axis address logic, and
a control store RAM to define Video Processor chip operations during
rasterops.
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Figure 3-13 VCB02 Video Subsystem Block Diagram

3-14



FUNCTIONAL DESCRIPTION

3.3.1.1 Buses

The

1.

Address Processor chip communicates on .three buses:

The private data bus is controlled by six control and six
address lines and has 16 bi-directional data lines that
transfer data to/from internal registers in the Address
Processor chip. These registers may be addressed in two
ways:

a. The six address lines are provided for direct access by
the MicroVAX CPU through its normal memory or I/0
addressing modes

b. An address counter in the Address Processor chip allows
the DMA logic in the DMA gate array to pass data and
control words to sequential Address Processor chip
registers via a single register (address).

The bitmap address bus provides 11 bits each of multiplexed
row and column address to the bitmap RAM. The VCB02 uses 8
row and 9 column addresses to access 128 Kwords (2 Mbits)
of bitmap memory. All addresses for screen refresh, scroll
write back, .and bitmap read and update are provided on this
bus.

The instruction/data (I/D) bus (interconnect) controls the
video Processor chips and provides for all data flow between
video Processor chips and the MicroVAX CPU (via the Address
Processor chip). Each cycle of the 8 bit I/D bus has four
states that provide a 16 bit instruction from the Address
Processor chip to the video Processor chips and 16 bits of
data from one I/D bus device to the others. These cycles
are used to configure the Video Processor chip registers,

to regulate data transfers during rasterops, and to load

the chip select registers on the I/D interconnect. The chip
select registers external to the Video Processor chips and
controlled by the I/D bus are used to enable one or more
video Processor chips to perform a transfer.

video Processor chips use three buses:
The I/D bus (interconnect) described above.

The 16 bit memory data bus is used in the transfer of all
data into or out of the memories during screen refresh,
scroll write back and memory update.

The video output bus supplies the bit stream for each
plane as successive 4 bit nibbles. These nibbles are
externally processed by the color map, video shift
registers and D/As to provide the video signal to the
monitor.
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3.3.1.2 Bitmap Memory

Each plane of bitmap memory is configqured as eight 64K x 4 dynamic
RAMs. A total of 2 Mbits is provided for each plane with 864 Kbits
used for screen refresh (1024 horizontal by 864 vertical pixels). The
remainder is used for offscreen storage of fonts and bitmap data.

3.3.1.3 Timing

Hardware timing refers to a nominal pixel period of 15 nsec (14.45
nsec actual). All bus timing, with the exception of the video output
bus, and is ‘based on multiples of a 30 nsec clock. The 4 bit wide
video bus operates at 60 nsec.

The register interface on the Address Processor chip 1is asynchronous
to the rest of the video hardware because its timing is controlled by
the DMA gate array.

There are two kinds of bitmap memory cycles. A major cycle (960 nsec
nominal) 1is wused to read or write 8 words (128 bits) to or from the
Video Processor chip for screen refresh or scrolling. Any unused
major cycle 1is subdivided into two minor cycles (also called update
cycles, 480 nsec nominal) during any of which either a read or a
read-modify-write of a word may occur to accomplish bitmap update.
Refresh of the dynamic bitmap memory is accomplished every 593 usec
(except during vertical retrace, which is less than 677 usec) by the
screen refresh reads (worst case refresh time = 1.263 msec).

Figure 3-14 shows an example of a scan which has been divided into 16
major cycles, 7 of which are used for screen refresh, 7 may be used
for scroll writeback, if any of their words are contained in a
scrolling region, and the remaining 2, plus any unused scroll cycles,
are divided into minor cycles for updates or NOPs. The address bus
provides one row and eight column addresses during a major cycle, and
one row and one column address during a minor cycle. The data bus to
the Video Processor chips operates concurrently to transfer 8 words
(128 bits) during a major cycle, and to read and return a modified
word (16 bits) during a minor cycle.

APPROX. 19.4 US
I¥ UPDATE THEMs
I

APPROX. ©80 NS 480 S 1 480 N3
v | e || e e | o | i | e | o et o | e | e

Figure 3-14 Memory Cycles During One Scan
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In the VCBO2 each scan is programmed to last 10 major cycles (8
used for screen refresh). The positioning and width of horizon
blank and synchronization are programmable with respect to memory
cycles (they are set to those required by the VR260 and VR290
monitors). The number of scans per frame is programmed to 901
(including vertical retrace time); the number of displayable scans is
864. The position and width of vertical blank and synchronization are
programmable (they are set to those required by the VR260 and VR290
monitors).

The I/D bus operates continually at the minor cycle rate (480 nsec
nominal), whether major or minor cycles are in progress and in sync
with the memory cycles, during which two instruction bytes and: - two
data bytes are transferred.

The computation cycle of the Address Processor chip is two major
cycles (1920 nsec, nominal). During this time, all source and
destination address computations occur for one step of a rasterop.
This step may be either one pixel or, if the rasterop is progressing
parallel to the X axis and is not scaling the source, a whole bitmap
bus word. Four additional compute cycles are required to initialize a
rasterop. Computation can occur with or without available wupdate
cycles and there is a small amount of buffering of results (6
addresses, e.g.: 3 sources and 3 destinations, & destinations, etc.j.
This allows optimum use of update cycles. No source and one source
operations are compute bound, when no scrolling is in progress; any
other operations may be memory cycle bound. In general, the time to
load data and start the next rasterop is in addition-to the rasterop
execution time, although the rasterop origins may be loaded during
rasterop execution, so that sequential text characters may be written
to the bitmap without wasting time between characters.

3.3.2 Memory Organization

The Address Processor chip provides one large rectangular bitmap
memory of fixed dimensions for the storage of data. Any address to
this memory consists of an X and a ¥ component. All bit map space
must be allocated two dimensionally.

The bitmap memory is not directly accessible by the MicroVax CPU, and
the Address Processor chip does not perform rasterop manipulations in
the MicroVAX CPU’s memory; but, reguests may be made for data exchange

between processor memory and the bitmap. The DMA gate array can be
used to DMA bitmap data to/from the MicroVAX CPU’s memory.

The memory is divided into an on screen and an off screen portion.
The on screen memory is a rectangle starting at the address [0,0] to
(but not including) the address [X limit = 1024, Y limit = 864] (these
limits are programmable in the Address Processor chip); this includes
all memory that is read (but not necessarily displayed) by the screen
refresh process. ’
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3.3.3 Subsystem Control

The hardware is controlled by the MicroVAX CPU through the loading of
command and data registers in the Address Processor chip. Registers
control the confiquration of the Address Processor and Video Processor
chips for: screen format, video synchronization, scrolling, and
rasterops.

The MicroVAX CPU can load any of the writable registers directly.
Several status bits can be read by the MicroVAX CPU to verify the
readiness of the Address Processor chip to accept (or provide) data;
these include: rasterop initialization complete, rasterop computation
complete, address buffer empty, pause complete (programmable frame
synchronization), scroll service required, and vertical blank (fixed
frame synchronizations), I/D bus data ready, and various clipping
occurrences. Any of these status bits may be enabled to assert an
interrupt request pin on the Address Processor chip (connected to the
interrrupt logic in the DMA gate array). :

To allow decoupling of the MicroVAX CPU from Address Processor chip
execution, an interface to a DMA controller (in the DMA gate array)
has been provided. A request pin may be programmed to assert, on any
of the same conditions, that are available as flags or interrupts to
the MicroVAX CPU. This pin will request the next data word from the
DMA gat array. When loading data and command registers, the DMA gate
array writes to a special address in the Address Processor chip that
is associated with an 1internal address counter. If the MSB of the
data word is clear, the counter addresses the Address Processor chip
register to which data is to be transferred; the counter 1is
incremented after each word is transferred. If the MSB of the data
word is set, the address counter is loaded with the low six bits of
the data word. Only the I/D bus data registers contain 16 significant
bits of data; to allow arbitrary data to be loaded to these addresses.
The MSB does not cause the address counter to be loaded, if it is
pointing to either of the I/D data registers (the addresses of these
registers are preceded by reserved register addresses, so that no
register load will cause the address counter to be inadvertently left
pointing to an 1I/D data register). The register addresses are
assigned, such that common repetitive functions only need access one
group of consecutive registers, in addition to the command register.
A group of special instructions have also been implemented in the DMA
gate array to futher assist in the execution of commands.

3.3.4 vViewport Support

To assist the implementation of multiple viewports on the screen, the
VCBO02 chips provide clipping to and scrolling or dragging of
rectangular regions (the term "region", refers to the implementation
of viewports in the hardware). The top and bottom of a region may be
set to any pixel, the left and right edges must lie on a multiple of 4
pixels from the left side of the screen. Figure 3-15 shows examples
of possible region configurations. There 1is one clipping  (update)
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region and one scrolling region at any instant, but the two are
independent of each other, so that writing and scrolling may be active
in different regions at the same time. Any part of the screen not

susay = < LTl 22

currently contained, in either the clipping or scrolling region,
cannot be modified and will continue to contain any data placed in it,

when it was previously contained in a region. The whole update region
: + Wi+ 1l13d nat ted if

& =4 mcmrallsmes Ar

may be either scrolling or not, but region should not be updated
only part of it is scrolling (eg. region 11 should not be updated 1if
region 5 is being scrolled).

When updating a region, clipping allows the image outside of the
region to still be computed, but with writing disabled. The Address
Processor chip provides status to the MicroVAX CPU to indicate if any
rasterop was completely or partially clipped while writing or whether
any rasterop was not completely clipped (to aid a picking algorithm).
These <clipping status bits are accumulated as rasterops progress and
may be read or cleared at any time, but the results are only
predictable if they are read or cleared between rasterops.

To the greatest extent possible, the regions are allowed to be
independent. In some ways, this 1is not possible. The scrolling
resource must be allocated to only one region per frame time (and an
additional frame time 1is normally required to change regicns). All
regions must share one color map and agree on the resolution mode
settings. Unless large amounts of extra bitmap are provided, regions
share the off screen areas used for symbol and data storage.
Obviously, overlapping regions cannot be independent of each other.



FUNCTIONAL DESCRIPTION
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Figure 3-15 Region Configuration Example

3.3.4.1 scrolling

Scrolling movement can be up, down, left or right (not diagonally) at
a rate from O to 15 pixels/frame (or faster for vertical scrolls).
The part of the region vacated by the moving image i3 simultaneously
filled with any solid color. Scrolling uses part of the memory time
that would otherwise be available for writing; but, even when the
whole screen is in motion, about 30-40 percent of the non-scrolling
update time is still available for source/destination operations,
depending on screen format (50-80 percent of non-scrolling time is
available for destination only or source only operations because these
operations are primarily compute bound, when not scrolling).
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NOTE
Actually, the distance that may be moved durin
upward scroll is limited only by the number of scan
times allowed for vertical retrace, as this time is
used to write the fill color back into the vacated
memory (if the region extended to the bottom of the
screen). The distance of a downward scroll is
subject to the memory limitation described below.

0

an

Vo]

Scrolling is accomplished by moving all of the scrolling data from its
old position in memory to a new position. The normal screen refresh
process reads and displays the existing memory data; and additional
memory write cycles are used where necessary to return scrolling data
to new locations. This is the only technique that allows any size
region, including the whole screen, to be scrolled in one frame time;
but there are two unpleasant side effects. First, only one region can
be in motion during a frame time, because two regions might want to
write portions of the same word to more than one memory location.
Second, down scrolling cannot be accomplished 1in the obvious way
because this would require writing data into memory locations not vyet
read by the refresh/scrolling process, thereby destroying screen data.

Instead, down scrolling moves all of the data out ide the scrolling
region up, and then offsets the memory address at which screen refresh
starts reading the bitmap, thereby creating the 1illusion that the
scroll region moved down. (Proper synchronization is maintained so
that the data outside the region does not move). This creates four
bad effects: : '

1. Some scans of memory must be reserved (and not displayed) to
prevent data at the bottom of the screen from being
overwritten by data from the top. The number of scans
required 1is equal to the maximum distance, in pixels, to be
down scrolled in one frame time.

2. The consumption of writing time is as if the whole screen
were up scrolling. Scroll writing must occur throughout the
frame so that all data can be moved up in planes where
scrolling is "disabled".

3. Diagonal scrolling is not possible because different data
must be moved for the downward and sideways motion of a
region.

4. Management of the Y Offset adds extra work for the MicroVAX
CPU.

To synchronize scrolling commands with screen refresh, most of the
scroll related registers in both the address Processor and Video
Processor chips are double buffered. In the Address Processor chip,
the index registers are only buffered to the extent required for the
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continuation of scrolling in one region (see NOTE below). The pending
half (top 1level) of any of the buffered registers is addressable by
the MicroVAX CPU and is loaded at any time during a frame; between
frames, the Address processor chip transfers the data from all pending
registers to the active registers and then sets the flag that requests
more scroll data.

To prevent interference between the loading of Video Processor chip
registers for scrolling and for update, a separate I/D command and
data path (including chip select control for the Video Processor
chips) is provided for scrolling; this allows a scroll servicé routine
to act without regard to the state of update service. The scroll and
update services must avoid using each other’s registers.

. NOTE

To conserve die area in the Address Processor chip,
scroll registers are only buffered to the extent
required to sustain scrolling or dragging of a
single region. Extra buffering of the index
registers would be needed to scroll different
regions in successive frames. This function is not
considered important because its only use would be
in trying to simulate simultaneous scrolling of two
separate regions; however, a smooth effect cannot
be achieved by this technique, anyway, so it should
not matter if the abruptness of jump scrolling of
the two regions is increased. If the MicroVAX CPU
can service an interrupt request to load four
registers in 200-500 usec then it will be possible
to scroll different regions in successive frames
without the extra buffering of the index registers.
(Normally, the MicroVAX CPU may take an entire
frame time to load any buffered register.)

3.3.4.2 Dragging

The scroll function can be wused to smoothly drag a region to a
different place on the screen. For each increment of motion, the
scroll boundary registers are set for the current region location, but
with the region size increased in the direction of motion by the
distance to be moved; this allows the whole region to be moved,
without the normal truncation, and leaves the fill color in the "wake"
of the region. Because the region boundaries can only be defined on
four pixel increments in the horizontal direction, horizontal dragging
must stop on four pixel boundaries; however, it is possible to move
the region at any valid scroll speed during the drag. 1If desired, the
area to be covered by the moving region may be saved prior to each
movement; and the area vacated may be restored following each
movement. A region cannot be updated, while it is scrolling, because
there is no way to synchronously change the clipping boundaries; the

clipping boundaries are NOT double buffered like the scroll
boundaries.
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3.3.4.3 Clearing a Region

The Address Processor chip has a provision to allow a r
cleared to the fill color in one frame time, using the bul! g
hardware. This action will be linked to one frame time in the same
way that scrolling is. While small regions (less than one sixth of
the screen) can be cleared more quickly with a rasterop and without
waiting for the next frame time, use of the erase mechanism will
provide a very clean appearance, because it is synchronized to occur
between two display frames.

3.3.4.4 Drawing in the Scrolling Region

The blank space that is created by scrolling needs to be filled with
new data. It is desirable to draw while scrolling continues, so that
the smooth effect of the scroll 1is not ‘disturbed. The indexing
mechanism of the Address Processor chip allows data to be drawn to the
correct screen location without regard to how scrolling is moving the
screen. Typically, the wupdate process draws the display list (or
selected portions of it) repeatedly to keep filling in the scroll
region as more blank space is created. The clipping region stands
still during scrolling to prevent data from being written outside the
region. However, this means that the clipping region cannot be used
as a "drawing function" to control the shape or extent of objects
being drawn into a moving region, because the clipping region does not
move with the objects as they are drawn. Also, clipping cannot be
used to prevent. multiple writes of data when the same display list
segments are repeated during scrolling; this would require the
clipping region to follow a particular set of blank pixels as they
move on the screen. Multiple writes will create problems for display
lists that contain segments drawn in complement mode or drawn with the
painter’s algorithm (in which successive elements replace previous
elements).

To enable synchronizing the update process with scroll commands, (to
£ill the blank areas created by scrolling), the pause register and the
interrupt or request enable bits can be set to interrupt the MicroVAX
CPU or request further data from the DMA gate array (during DMA) when
a specific point on the screen has been passed by screen refresh.
Normally, the pause would be set, by the scroll service routine to
allow the update process to continue after the top or bottom of the
scroll region has been displayed; this allows a full frame time to
£i1l the top or bottom edge of a region that is up or down scrolling,

| W . [ P N i i
before the blank space would become visible.

3.3.4.4.1 Indexing - To allow updating from the MicroVAX CPU or DMA
gate array 1into a region that is scrolling (or has scrolled) without
requiring the MicroVAX CPU to change the coordinate wvalues in 1its
display list, there are index registers in the Address Processor chip
that are added to the first source and destination coordinates to
match the new position of data that has been moved in the memory by
scrolling.
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There are six index registers: old X and Y, new X and Y, and pending
X and Y. The old values are the indexes that apply to data that has
not yet moved during the current frame; the new values are the indexes
that apply to data that has already been moved; the pending values
will become the new values at the start of the next frame. Between
frames, the Address Processor chip transfers the value stored in the
new register to the old register, and from the pending register to the
new register, thus starting the new frame with the correct indexes.
The index values apply to the region that is being updated.
Ordinarily, if the update region is also being scrolled, the new and
old indexes will differ by the scroll constant (X or Y) for the
current frame (loaded in the previous frame); and if the update region
is not being scrolled the new and old values are the same.

The index values must be changed by the update process between updates
to different regions. Also, if the update region is being scrolled,
the scroll process must update the index values between frames, so
that wupdates will stay locked to the scroll movement when they extend
beyond the end of one frame time. Because both the update and scroll
processes modify the index registers and the update process must use
the most recent values provided by the scroll process, a very tight
interlock must be maintained between these two processes.

This interlock is maintained by the MicrovAX CPU, if the DMA driven
update process has not changed the wupdate region to one that is
scrolling; because a frame may end between the time that the MicroVax
CPU 1index values in the data list for the DMA controller and the time
that these values are loaded into the Address Processor chip. It is
best not to send region changes via DMA.

When the MicroVAX CPU changes the update region, the following
interlock with the scroll process is recommended:

1. The MicroVAX CPU always executes the scroll process and the
part of the update process that changes regions (no DMA
controller).

2. The update process must be interruptable by the scroll
process when the wupdate process is changing regions (note
exception below), unless the latency caused by disabling
interrupts during index loading is acceptable to the system.

3. During a region change, the update process loads a memory
location that tells the scroll process what region is now
being updated.

4. The update process copies the correct index values for that
‘region from a table maintained by the scroll process to the
Address Processor chip registers. The index registers must
be loaded 1in the order: pending, new and then old. If the
instruction(s) that is used to move each index value to the
Address Processor chip is interruptable, it is necessary to
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disable interrupts (at least for the priority of the scroll
service interrupt) while each index value is copied.

5. If a new frame is started, the scroll process will be
awakened by the scroll service interrupt from the Address
Processor chip. The scroll process must run to completion
before returning to the update process. The scroll process
updates the index table entries for the region being
SCROLLED, so that new values will be available to the update
process.

6. The scroll process should load all six index registers in the
Address Processor chip with the new values for the region
being UPDATED. If the update region is NOT the same as the
scroll region, the registers need not be loaded. If the
scroll process is certain that the index values 1in the
Address Processor chip corresponded to the region being
scrolled BEFORE the end of the frame that caused the scroll
interrupt (perhaps there is only“one region on the screen or
only the scroll region has been updated since the last
scroll), then only the pending index registers need to be
loaded.

7. Update processing may now continue.

3.3.5 Multiplane Support

"The use of multiple Video Processor chips (data path chips) allows the
simultaneous manipulation of data in many planes of memory. The Video
Processor chips are controlled by and exchange data on the I/D bus as
previously above. The registers for data transfers and the logic
functions to be performed may be independently programmed £for each
video Processor chip in a system.

3.3.5.1 2 Axis Addressing
7 axis operations allow the exchange of data between the Address
Processor and Video Processor chips on the I/D bus by using the 16

bits of a data word to transfer one bit to/from each of 16 planes.
This can be wused for both the exchange of data between the MicroVAX
CPU and the bitmap, and the loading of appropriate Video Processor
chip data registers.

Each Video Processor chip can be programmed with a six bit plane
address; the 1lower four bits specify the bit within an I/D bus data
word to which a Video Processor chip will respond during a 2 axis
operation; and the upper two bits specify the Z block (should be set

to 00 for the VCB02). No two planes may have the same address (this
must be ensured by the MicroVAX CPU).

During processor to bitmap (PTB) or bitmap to processor (BTP) data
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exchanges, data 1in a normal rectangle from the bitmap is transferred
from/to the MicroVAX CPU memory by the DMA logic in the DMA gate array
or the MicroVAX CPU. If Z mode transfers are requested, each word
transferred will be the color of one pixel. Since a VCB02 vVideo
Subsytem can have a maximum of 8 planes, the DMA gate array can be
used to pack/ unpack data as it is transferred to/from the Microvax
CPU memory. Compressing the data reduces the memory required to store
and image and reduces the bus bandwidth required to transfer the data.
A Z axis I/D bus cycle can be commanded directly, with an I/D command,
to load either the source, foreground, background or scroll £ill data
" registers in the- Video Processor chips. The source register is one
input to the logic units in the Video Processor chip, the foreground
and background registers are selected on a bit-for-bit basis by the
output of the logic unit and loading them with a 2 axis command can
program the Video Processor chips for the colors with which subsequent
elements will be drawn. The fill registers in the Video Processor
chips define the <color that will be written into the new areas of
scrolled regions.

3.3.6 Basic Address Calculation and Data Path Hardware

The Address Processor and Video Processor chips contain bitmap
manipulation hardware to execute the commands provided by the MicroVAX
CPU. All manipulations are based on rasterops, which can select
pixels from an area of the screen (a source) and combine them with
pixels selected from another area (a destination). The Address
Processor chip handles all word and bit addressing, clipping, and
control. The Video Processor chip provides bit alignment, data
exchange and logical combinations. There are three rasterop modes:
normal, linear pattern, and £fill. The contents of the Aaddress
Processor and Video Processor chip rasterop parameter registers are
NOT modified or destroyed by any operation of the system. Only those
registers whose values are to be changed need to be loaded between
operations. Of course, the content of data registers may be changed
by rasterops.

3.3.6.1 Address Processor Chip - Addressing

Every rasterop has a destination and may have zero one or two sources;
a zero source implies a constant source. The destination generator
selects pixels to be modified and the source generators select pixels
being combined with the destination. No curve algorithms are
- implemented because all of the useful ones require multiplications and
there is no "best" algorithm for all applications; curves may be
handled by passing a series of straight vectors to the Address
Processor chip.

The destination is a parallelogram and may be a different size or
orientation than the first source rectangle with the data scaled or
rotated to fit the destination. Rotation and scaling are wused more
for transforming picture elements such as characters and patterns than
for transforming whole pictures. However, scal