Part Number 800-1377-02
Rev: 50 of 20 February 1986

Sun-3 Color Graphics Board

Hardware Reference Manual

Sun Microsystems, Inc.,
2550 Garcia Avenue,
Mountain View,
California 94043
(415) 960-1300



Credits and Trademarks

Sun Microsystems, SunStation and Sun Workstation are registered trademarks of Sun Microsystems,
Incorporated. Sun3 is a trademark of Sun Microsystems, Incorporated.

VMEbus is a trademark of Motorola Corporation.
Multibus is a trademark of Intel Corporation.
UNIX is a trademark of AT&T Bell Laboratories.

i S

This equipment generates, uses, and, can radxate le frequency energy and 1f not installed and used in
accordance?wnh the instructions: manual may cause mterfetence to radlo commumcauons. It has been

a0y h‘,.,, B it 3 C;“v\"? w-v‘) «x"‘ g

testedﬁan‘q, urnid 10°com ‘3 thh tls1e ngnxgs fora Ileglss A computmg dewce pursuant to Subpart J of Part 15

s e s S 2 S RETEC O 24 r' T AT v B D R o

gqﬁﬁgg /hich a de51 gned to proyxd sonab]e protecnon agamst such mterfenence when

Li“;o;i’efaige nwronmern h of i}ns eqmpment ina sxdenual area is likely to cause
ol b 3 o

rat
mterference in whlch case the user at his" own expense “will be reqmred {6 take ‘whatever measures may be
requxred to correct the interference.

Copyright © 1986 by Sun Microsystems, Inc.

This publication is protected by Federal Copyright Law, with all rights reserved. No part of this publica-
tion may be reproduced, stored in a retrieval system, translated, transcribed, or transmitted, in any form, or
by any means manual, electric, electronic, electro-magnetic, mechanical, chemical, optical, or otherwise,
without prior explicit written permission from Sun Microsystems.

— 11—



Contents

Chaptefitroduction , 3
L1 Usfgythis Manual 522 | ;
3

M: ’ v . - ) . . t . s
'«Bmﬁnce b O, ; .
e - N oL ‘. - " [} .
v o . N Sy . Lt v L . c
b IR “ e L. Ry B T
Nimal Orgamzanon ! N, ! 3
’“"Pm:sun Text i " .3
- .,xrt S ot -
b - L
1:2%8 ek 4
{l‘ A 4~ .r‘:u mey
py,.l 1‘,,, , g0 a) -'y;ia PR A
h3 nces.., y -z.\‘z'.wh‘f,,,, S ; L Lo 4
X n"‘ .‘»,\x@uz R S L I L A L Y R A T AP R A T R .w;ﬁ?;ﬁt:

Chaptxeﬂ”@olonBoard Ovc'"gié’\'ir e o
21 -Aﬁ?éssmg ST e G h
2.2. “RaerOps and Image Manipulation ..... :
2.3 Célr Map e

2:4: .©xonal Features ...

O O 00 00

Chapt&%“SofIware Model OISR K
. 3.1. sAdtess Space Assignment eeeeeeee + e e eonen e 13

3.2.:Cxurol Registers . 17

SEEES REGISIET oo e emamamseessessssssssmsssssssimsss s ssasss st es et sessn v oo 17
“¥¢-Plane Mask Register .18
_ila:ble Buffering Register S 18
.I¥A Window Origin Register 19
J/EA Window Width Register . w19

“¥zme Count Register e e e e v e 20

"FWIE Interrupt Vector REGISIET .. e e e e ceecce e ee e 20



Contents Conanued

3.3, Addressing ModEs ......eecooooecrevereneeeeeeens ceeessesess soreeee s 20
Pixel-Mode AdAreSSing ... ...uueeeeees coveeeemesseses sonens ceseesssssons s o+ sevesris seee 28
Word-Mode Addressing 28

Chaptér 4 Color Boé}d"F;inctions : 31
4.1 RasterOp Units .., ‘ : ‘ v 31
4 2 A angle RasterOp Umt o — ’32

§ RasterOp Op Reglster W : — . ‘,'-32

s RasterOp Source Fxfo and thft Reglsters A i 33

".< S RasterOp Desunauon and Pattern Reglsters - ,' SR : iy 34

: ) f*RasterOp Mask Wldth and Opcount Reglsters . o 34

Da k¥
?L,,f‘v Pk

- N
\‘ ‘H‘h" ';'-‘s:'\"“ ,,j-,:' ,N

Installmg 24 b1t Co]or: ’

Chapter 5 Programmmg the Color Board ‘ 43
' 5.1. Mapped VO Hardware Interface . ) . 43

. 5.2. Coordinate System ....... . .o 47
- Pixel Mode 47

Word Mode ...... o - 48

5.3. Programming Examples ... eevmmeessess e sroneon .o 48

—V}—



~Tables

Tab]e 3- 1 Frarne Buffer Addréssmg o
o Tablq 3 2 Control Space Addreséiﬁg' — 2Mby[e Decodmg .14
1 Table 3 3 Control Space Addressmg — 4 Mbyte Decogixng

,‘«».,

by e i : ST 1o e, s
; ﬂTaqu 3-4 RasterOp Umt Reg:ster Addressxng it
‘ x'; "1: “:” oA )uﬂ,,‘w‘ :{. “u‘ i Lt,)")b NS 5,., pf‘, 4. ,, ;\ ”( ~ 4 zr‘ 'mi“' .2\, (‘";;;';J i‘u, ; “‘ -

~~Table 3-5} .Bit A351gnments for' Status Reglster D 317
e 1&. »'1. 0y "Pl 1 43 s‘S“'* -\\“,ui :‘mh,‘.rcle ;s‘; by 3 S s -1'J ¥ "3‘,,'.""»‘» 2 ) ?.,. P \v«" we et LT T

14 X T £ ‘1") ’M“ ,g..).{?? m 3_\‘;)};-' ST R 2T Ty O 2t PR,

2 NaRklene R 3 V;;u ", J”"“r"l e E AR -
FLTable 36 Bit Atsignments for Double Biffering Reitert: Lotit i SIEH 18
ARSI, G 5“7-’ Afi,; «?és ‘ﬁ?‘m ?ﬂi% s S A Y ‘”"E’w

: dréss m . ﬁﬁ R A wz*. N

€y Table;3-7.3Ras rOpA g .
B S e o t?‘h;g %}nﬁmﬁ%ﬁ&%’fﬁ 3*“%*“’5;9‘*9"1 A
9T ab e;3 8«Frame. ffel‘;i‘\ smg 1m, ‘Word! Moqe,ﬁ”’""\""'“‘“’é‘i‘""‘"'f""‘"n's"’iq'qw' i

e fho by K R AT ens

14 5, "5,
P bornid :J"-,t

ﬁ.,
N I Y *}~‘; ERAL L pady % 2
k0 ’m*”ﬁ"”*p‘ g M { i *f’ﬁ“* ) 3”43*9!3?’;‘ ’ﬁ‘ ‘*‘ M’I GE W T o 3 ;‘ ,,\; f’r&rf’ﬂ ﬁ)v/
. .\w“‘, ;;“ “{ e \ " LI :",L:‘\,% »,‘; py A ',_ . :‘, »J’w‘ ,’ . Srle :.‘ H
: " ‘ " \l ) I“ . r‘ . s ot ;'l
Tab1e4 1 RasterOp ReglsterFuncnonshmw\~w S i A
SN St e
i LU -

1‘ .



Figures

Figure 2-1 : The Color Board in the System .:........... e .8

— X1 —



R RTLAY SV G Iy

P! o !ﬁ.
o Lf@%,,,

(A

A o -
" 4
. . EERN L . , ‘. A8 T v o o
-(’)n s e . - . P k s e oo .
IntrodspllOn. ol . i : : , 3

Tt Lo ; - ; .

'K . . ~ N E N v N ~
P . . ey " K .
re f [ - [ . ' , . .
. S B R
k. Esing thS Manua] - : :

e ., v - . Lot A ety A 14
o Audlence R fofaren s : A : 23
v ‘A 7 - ‘,_ ] . )'\ P » » RN Voaes, 0 ¥ r_ ¢
4 ~ A e LAY v LR e Rl "
R Ma ual Oreamzatlon P e e e S T et T e T 34
e & RN ;“ B B S A I b
o \n.a v.n ,’\,, PR AY 2 vt Ve e U o
DO “n.- ‘, 1.\,‘ = 3 v!{, A, 5‘1 G af T Y ey
23 ¥ FOnts. in: Tex‘t, R fﬁu v«;:, ,‘i.«:-»rbr XD e S i 3 A
by % pAORasat ey e B I A TR L) . H
5y vl i L l‘,y_,.A Y\ .v»x “h §E0g T e w VL Y s e (AP R AT PR sty -'}w“{l 1 5,,,. i 11 P
"'”" ‘*;ﬂ. Sl yt* ws;yu aify ,\,u.w‘i,f.«-“ BTN (o) &; pras AT

sz
T

z;_
e B
.k‘_; >
P 5
e

oo
&
ey

.','" v, U

“nn(

S
e

v 45'1" R «r\v R Y FodT WA S e e
»‘~"*""”"‘;1 z«mm.f,-g’rﬁ?”l’ '*‘r- ik tr(f“*{’“ng{ e "' }"‘,;l’;;,g.;{.
{

awiels
&l RN :‘wuswe i‘,l P

5%
2

dy ! < 2
a:ili"f’E&ferences«z‘ R e e 2 il
- oo o Mo :«"er"f’ili" :"fm‘iﬁ‘:ﬁ&z}?;:



’

Introduction

.-+ This manual descnbes the Sun- 3 color board for people who need to interact |
S Lt gmﬁcantly with this board Tt provides a funcnonal descnpnon of the board
S 7 L ', ‘and lxsts and descnbes all the addressable facﬂmes on the board e

.,u', v, Lo
. . .

v Lt - . A .

B > ! The followmg"secuons provxde mformanon to help you use [hlS manual

PRAPREN ,\.-u! . \l“A

n. S "f ' '7r : n
The mam aud:encq-fgr this manual 1s people who want to write program§ to -.

, Frrar i ink mat gl RS Ny Y s S "\g -
mteract wn.h the\coloriboard thhout usmg plxrect Note that ’you can u
Y B AN s aee T ‘Qﬂ\(& \«Ht{z«u AL
rect; which “full-acce
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T3, .\f,,,- &; ‘01}.:)‘!”*
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5 355
“board exther t& re

' , te ,’\;

Manual Orgamzatxon R . This'manual p{ruo\rr‘ldéé dxfferent types of mformaoon about the color boardf*%"‘ ~
Chapter 2 describes what the board does at a high level, and introduces sorne of
- the principles used.- Chapter 3 lists the various addressable devices in the board,
' and describes how to access them and what they do. Chapter 4 provides in-depth
descriptions of the board functions, and Chapter 5 prov:des examples of the code

that sets- up and mterfaces lh.lS board.

- ~ . o .
¢ .

" CoY e ERS O ~
e : s tee s G ”,‘,mwx‘ -,,ﬁe,uﬁ

Fonts in Text In this manual, we use fonts to make things a little clearer. The most common
fonts arz Roman, typewxriter, italic, and bold. We use them as follows:

’
z«,‘

Roman s
Roman font is the standard for normal text, just as it appears here.

- Typewriter -
Typewriter font is mostly used for information in displays.

Italic
Italic font is either used for notes, or it represents a variable for which you or
the computer must substitute some real value. For example:

This field contains a pointer to register nn
Bold

Bold font indicates that something deserves more attenoon than the sur-
rounding text.

ﬁ S un 3 Company Confidential
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4 Sui-3 Color Graphics Bourd

1.2. Glossary

.3. References

In order 10 av£¥ confusion, this manual uses standard definitions for some com-
mon words. Jze are:

Framé Buffer
The menv3;that contains a copy of the image on the video monitor.

RasterOp ‘
A.unit Wi manipulates data in the frame buffer. Also called ROPC
(Raster@:, ?np) Lo .
f"’RasterC)pr.a Lo o : SRS , = .
C *"An addredig mode that runs data through the ROPCs o
Pixel Mode . ' S . RN AT |
. 'An addvsag mode where each byte represents a ’PEL’ (plcture elemem) P
' ; onthescata' s .' T S P
’wOrdMode”‘"’m S L ETIVI DO R

- . An *addmrag mode where the enure frame buffer appears as 8 128K X 1 b1t
stackscfmmory SRR IR O ) .

,’,(;4/ .~r,4<r‘

Lo Double‘Buffmg 0

ol t
e ,m.,\z“

“ Fin 1,5&».'1 NI o w

bnffermwry one fort\lre fbreground (dlspla ec%o' he,;

,\u: e W o S SO 2% i Dby
ﬂxermhfe backgroun st :

. \
’_\k," ;v \,n?&f\l?."

”‘»’«',“"13{ % : wv 3
f‘\i’%‘ w[ ,ﬁ‘;?«

A g lptd
s

ﬂ} “' ,«J

ik
v ’Ma 5 t:;

.%3’5‘1‘5.1 45

3 AL

Deasserted & % ; AR SRR PRI At
A mgna".x *;easserted when it is OFForLOW B

Referta the*ﬁomno documents for addmonal mfonnanon‘ L :

. Principlss{Interactive Computer Graphzcs (Newmann & Sproul),

'VLSI Tesiology, Inc. IC V16160 Data Sheet : T S
Pixrect&erence Manual —Part Number. 800- 1254

Sun-3'@&cboard Engineering Manual — Pant Number 800- 1366
Suri Co¥siyration Procedures — Part Number: 813-2000 .

D
&%&4 SUI Company Confidential
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‘Color Board Overview

* This chaptercontains an overvxew of the archnecture and funcnon of the Sun- 3 _
* ™ "color board. I describes what the board does ata hlgh level. Co o

Wt N

-~y This chaptens intended to farmhanze you with the basw funcuons of the board
vt and the basix concepts it uses Subsequent chapters go mto greater detall L '.

5 B

e

£ ;\ .
x/A“\’n.H' »\-:

, Most progmmmers use Plxrecrs to creafe graphlcs on the Sun. Ptxrects handle >

W ('zll mteraaum with the’ coIar; board whzle allowmg yozf 10 1ake full advantage of :

" ‘the Sun grz;ahcs capabllzty “Users of Ptxrects habe’ 3
i

no: ‘need to read’ xhzs manual 3

Ay

( \ i
ad8e by "'QRQJ:??{! "d"'

..X, 38,
addztwm[ information on PLxrect sits ? e

i“y } ““nu’

oA ki -
iiThe!l zxrectheference M anual g ;'*

o
.*.,.,-. g ;:4 "’v e'.’,, /

z"I"he color&m«rd S 3 VMEbus slave that"provxdes a mezgabyte of:; RAM y
frame buff@r and c1rcu1ts 0 mampulate the data ml thxs RAM. "The frame buffer(
A comamsihe"mage on the’ vxdeo momtor, data goes from there directly to the Com
 video circuis. " SO C ’

The following figure shows the major blocks of the board and its relauonshlp to
the rest of the system:

t4

RO s N A e o -xe‘fﬂ’,ﬁ h ¢ ;f'n.w e el XS
. bt hdayes S G Jtif i) g1 g{r g7 i ,‘g-.. -<~~~ 73,
“ - Y B o 4\: rH
(.(#800 ]254;’( - “QEW J q«a‘!‘%é’}%ﬁ}?ﬁi’,ﬁ&%{\\:? 27 J }‘:
g “f’;‘:g,, f‘ v‘:l.zl& ﬂy;;é;\r e
“

'
'

.

%' "
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8 Sun-3 Color Graphics Boz-z

Figure 2-1  The Color Board in the System
( ™

23y oy,
e
ZC8

g S I ‘”L:.r
4 Qo]or Board:;

...'

Jumpexs on the co]or board select the board 3 base address and Whether 1t’”“j’-7" HRAR
decodes 2 or 4 Mbytes of space starting at that base address. The board itself con-
’ , © tains 1 Mbyte of frame buffer RAM and 1 Mbyte of control space which con-
tains registers, the color map, and an optional DMA space. With 2 Mbyte decod-
ing, the frame buffer RAM occupies the first Mbyte, and the control space occu-
pies the second. With 4 Mbyte decoding, the first 3 Mbytes provide three dif-. ‘
' ferent methods of accessing the (same) 1 Mbyte frame buffer RAM, and the con-
trol space occupies the 4th Mbyte. '

The default is to use 4 Mbyte decoding, with the base address at 4 Mbytes. This
makes the board occupy from 4 to 8 Mbytes in VME address space.

21. Addressing X

2.2. RasterOps and Image RasterOp chips provide the main tool for manipulating the image in the frame
Manipulation buffer RAM. The RAM is organized as 8 planes of 128 Kbytes each, and each of
these has a RasterOp chip assigned to it. The RasterOp chips each have a
number of writable registers; when data is written to frame buffer RAM, it is
manipulated according to the instructions in the registers of the relevant
RasterOp chip.

The control space also contains a pseudo RasterOp unit, which acts like all 8
RasterOps in parallel. Changes directed to this unit change all the RasterOps. A
register allows you to mask any of the 8 planes, protecting them selectively from
all accesses.

& > SUInN Company Confidential
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Color Board Overvicw 9

L)
'.»J

. Color Map

!

24. Optjonal‘F,ealtures.

The color map is a 256 by 24 bit RAM circuit that uses ECL logic for fast access
but is shadowed in a TTL circuit. The 24 bit locations each contain bits which
describe a color; 8 bits of red, 8 bits of blue, and 8 bits of green. It uses a posi-
tive coloring scheme; increasing the value of the 8 bits assigned to each color
increases the intensity of that color. Turning all 24 bits OFF creates black, and
turning them all ON creates white.

The color map acts as a lookup table; 8-bit locations in the frame buffer (pixels)

. provide an index to a location in the color map. This allows each 8-bit pixel to

display a 24-bit color. The color map can contam 256 out of 16M possible color

combmanons “ o S

. oo ,'_“
,r“ \’ . w

Some oolor boards contain an extra Mbyte of RAM for double buffenng, and a:’

- DMA circuit. Double buffering creates 2 frame buffer RAMs; this provides the
o abllxty to display one on the screen whxle updanng the other. A register allows

X

you to designate one the background and the other the foreground and to toggle .
this selecnon SRS P : e

AR
o w, ’h

The DMA cn'cun allows you to take an xmage stored on dlsk and wnte n dxrectly
to the framebuffer BEERCER STt y .

SUun Company Confidental
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Software Model

Softwarc Model

vy

'.s \‘-«z?‘\; }gf&; Pg‘

. Origi n‘ Re glste

s " ,., “rL L
N N ‘% H-’;(“\ ‘Pj'
S_tatus‘Regxster S A “‘Bf;»«. e
\‘ R 4:\:’“,1 ':,‘x 4.4 ’:-,r:b’ : et P : . f '*.‘ 3 A ;:,,u,[“, ’{.
;,u Per-Plane Mask Reglster: fa ‘
e S \ s
;\Double Buffenng Reglster AR L R ‘:mm m.’wm
w4 .\K’m -u, G A’;,,,.}“p),‘:' u,., +

5 "r\:.‘;, (

.»«,p

Frame Count Reoxster

b

L koAl
5, e

\3‘«»‘*19

AR

e

VM'E Imerrupt Vector Reglster

3 3 Addressmo Modes

.

Pixel-Mode Addressing ... ...

Wp‘rd-‘Ixiode“Ad_dressing



i oo . s Software Model

able devxces on the board and descnbes what they do g ‘.:' .

. . u 1\,1',

Jumpers on the color board selecL 2 or4 Mbyte addéﬁs decodldg, and enher 24-
: blt or 32-b1t VMEbus addressmg They also select the. board’s base address. ,The

o ’r" ’t’”
S ’l'he;fol;i vy}ng“
e Py e F
;f ddref¥decoding!

RASES ’»,L*k ;}' i T

‘5colorxboard to 1gn_

f?x&wxﬂg;;,\ TR PRGN 3“,

Tl ”u‘:!n‘[,l*‘
’I:he;} Mbyte addre d cgd;‘dmg-reclalms space b
b ) '«fh‘gﬂj.(‘h‘a& QQ\,, RIS, ¢,§. CROCa N X

th N S Y -uw!x"' ““'
€. W(
L

mo e andxplxel qu spafes, as shp\jvn}
[ N FHERR G gl '=r""". S “‘.':‘ ‘?—;'L"'

& v‘v\“'—‘ .
{ A ‘Il}"

“ ) ¥ TabIe3l FrameBuﬁerAddressmg ‘ ‘. ‘ o L

. ' . ~ . .

R Offset from Base - . - Accessed Entity . " Description
0x000000 — OxOFFFFF " Word Mode Memory e S
lgnored in2 Mbyte decodmg R . -« " . Frame buffer appear)s. as a stack of eight
' ' memory planes. Each memory plane is
equivalent to 128 Kbytes of system
- o ' memory. A 32-bit word access
o "~ " - addresses 32 adjacent bits within a bit-
plane. Eight, 16 and 32-bit accesses.

. g

0x100000 — Ox1FFFFF Pixel-Mode Memory

Ignored in 2 Mbyte decoding Frame buffer appears as 1 million 8-bit-
deep pixels. Memory planes masked by
Per-Plane Mask Reg are write and read
protected. Eight, 16 and 32-bit
accesses. Multiple byte accesses access
multiple pixels.

0x200000 — Ox2FFFFF, or RasterOp Mermory

&{3 Sun 13 Company Confidential
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Sun-3 Color Graphics Board

Table 3-1

Frame Buffer Addressing— Continued

Offset from Base Accessed Entiry

Description

0x000000 — OxOFFFFF

0x300000 — Ox31FFEF, or
0x100000 — OXOIFFFF " '

0x320000— 0x3FFFFF or

. Contro! Registers arigl Color ‘Maps -

The eight RasterOp addressing modes
are specified by the ropmode field in the
status register. They are described later
in this chapter.

f PR
' N . ;
oo f

This address range coniains the color o
board control devices. .- - S

v

3

Thxs space acts smxlarly to pxxel mode \

i »,' -
s

OxIZOOOO—OxlFFFFF I

<" memory, dunng DMA accesses.

Gontrol SpacﬁAdﬁ'
51

o ru
3

N - o - . - D .
S - . X 5, < A

The fo]lowxng tables show t.he addresses in the comrol space The ﬁrst sh0ws 2
Mbyte ‘address decodmg, and the’ second shows 4 Mbyte decodmg.

M byte Decodmg

st

.,,!S‘ ~‘

A0

i

S"‘c\\“’?ﬁfﬁ R THe

w‘ﬁ’t.’* 'Ziii;'ji&?ﬁf‘f{ﬁ,‘?@
01Ey »RasterOp uniti bit-plane, 0.
0>,101000 —, Oxl 0101E "‘RasterOp umt-b1t—plane 1.
Oxl 020007 = ¥ox1 0201E - ~",Raster0p unit — bit-plane ‘2.
0x103000 — 0x10301E -RastexOpumt——blt-plane 3. @
0x104000 — Ox10401E “Raste;Op unit — bit-plane 4.
0x%10500C — O0x1G501E  RasterOp unit — bit-plane 5.
0%10600C — 0x1C601E  RasterOp unit — bit-plane 6.
0x10700C — O0x10701E  RasterOp umt——bn—plane 1.
0x108000 — O0x108C1E .. On write, Pseudo RasterOp unit — will write to all ROPC
‘ enabled by Per-Plane Mask register.
0x109000  Status Register (16-bit)
0x1CE001 Per-Plane Mask Register (8-bit)
(x10B00O Double Buffering Regisier (8-bit)
0x10C00C DMA Window Origin (A19 to A04) (16-bit)
0x10D000 DMA Window Width Register (8-bit)
0x10D001 "Frame Count Register (8-bit)
0x10F001 VME Interrupt Vector Register (8-bit)
0x110000 - 0x1101FE Red Shadow Color Map — Entries 0 to 255.
0x110200 — Ox1103FE Green Shadow Color Map — Entries 0 to 255.
0x110400 — 0x1105FE Blue Shadow Color Map — Entries 0 to 255.

Y - - . . a

@4SUH

Company Confidential
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Software Model 15

Table 3-3  Control Space Addressing—4 Mbyte Decoding

ST Ay Y, T
\v.'fv"

-
S

e
Vet

e
S TN,

.-\‘.'

g
1T

Offset from Base Accessed Enmy
0x300000 — O0x30001E  RasterOp unit — bit-plane 0. - -
0x301000 — Ox30101E  RasterOp unit — bit-plane 1 /
0x302000 — 0x30201E  RasterOp unit — bit-plane 2
0x303000 — . 0x30301E . RasterOp unit — bit-plane 3. . C
0x304000 — O0x30401E . RasterOpunit—bit-plane 4.° . " :h oo 3 .0 o nfe
0x305000.—  0x30501E ' RasterOp unit—bit-plane 5.~ - . [ . TR
0x306000 —  0%30601E , RasterOpunit—bit-plane 6. -, ., 7 o " ) "
0%307000 — 0x30701E ' RasterOp unit—bit-plane, 7. ' .. .= . IV

0x_308‘0*00 i

IR AN '

IR R

Lt A ‘."

0
3

et

“

"

1 P
)
‘a('—

o e;;ﬁrcr % o e

“
)’r. e T SRR LM b | P

0x310400"

-0x30 80 1E ' On write, Pseudo RasterOp unit — wxll write to )all ROPC

PR ‘o enabled by Per-Plane Mask reglstcr. A
0x30 5000 - , Status Register (16-bit) e " Co
Ox3 OAO 01 Per—Plane ‘Mask Reglster (8-b1t) Ffs, )
) =+ Double Buffenng Register (8-b1[) S Lol

";vDMA Wmdow Ongm (A19 to A04) (1_6 blt)

1 4 ’warame Counta Reglster,(B-bxt)

Y teﬁ‘“ﬁi)t VectonR egi D
.,lR'c"d Shadow ColorMa “‘?"‘Bpmgs 0 t& 255H

ST S s i., e g, ‘\p“, ,u?‘ e
Ggeen Shado Co} ‘rf r,::qEntn S

#0x3105FE"" —*Blue Shadow ‘Colord Map = Bnu‘-ié‘s' 0 255

x'37103FE,fr b

\‘ 3 H,x»w |,¢

N Py s T e K , T b
. ORI

" ‘t‘*'.’,
e B L Cal H
i o d b e

"r

e

. Each RasterOp unit has founeen 16-b1t }eglsters The followmg table shows
thexr address offsets from the base address of the RasterOp ‘chip:

R
% S [¥§:61 Company Confidential
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16 Suz-2 Color Graphics Bozrd

Table 3-4  RasterOp Unit Register Addressing
ROPC . o .
Base Offset - Data Bits ~ Aceessed Entiry
0x00 D15.D0 . Destination Regxster ‘ ,
0x02 "~ D15.D0 - Source Reglster 2 — — Least-significant word of SRC. 7+ iy )
0x04 .- DlS..DO Source Regrster l — Most-51gmﬁcant word of SRC. o :,‘,f" 5
Q;{C6 ‘ D15..D0 ] Pattem Regxster f' R ; ‘{ei"‘ '
. ’0x|08 J'V . D15..D0 j Maskl Reglster——Enabled when Opcount equal to zero. L ‘
0N0A"; i

0x14 " -

0x16
0x18

Ox1A

)

D15..DO i Mask2 Reglster— Enabled when “Opcount” equals “deth M
o D15..D9 ! '

DlS..DO Width Reglster — Spec1ﬁes wxdth of Raster in wordé
- D15..D0 Opcounter — Loaded from Width Register when Opcounter
{ .

'D15..D0 o Decoder output latch'— Read- -Only. For dxagnostlc purposes.
- D15..D0 . Manual load destination — Loads destination and strobes

D15..D0 Manual load source — Loads source register and strobes

D15..D8 Write as zeros, Read as Don’t Care -
D7..D0 Flag register for applications software

BT .‘

Wnte as zeros, Read as Don t Care - " o

st \‘:, - Ay

-.

LT e

;é
Q)
3
XN
Q.
K¢l
TR
S
‘B
é’u’
0
N
T
n -
‘A
.0
' 8
Q.
)
i
“Q
o
R )
L3 = Nl
8.
3
E
V’
e
AL BN
80
5

) “
P T RN

3 ?,{;:\,«fga TS A s e 28 5
ékaRG*Shlftﬂ A‘inoun SRC data bits output to‘funcuon Unit: are”j7

fo! ‘ m@,dr;z oSt d by 3 g oA 2y 5 a8 3 3 sl e % S eyt
AT ST b IR R 0 XN " e N
;,.,»;-b "thftz‘Amodnt’hthrb ’gh ifSqut,Amount ¥ 15.“ {,""' l‘, ?{}» B

U 5 25 ) 1) R

= -\‘,,.;\,Q‘,, );"z‘w ‘,‘\, - ’tw»_y,l j; «pw:,_ - ‘

o

3 ’f

GARY

8 b
oy U TR

o
3

o,

B

ST

’Wnte as zeros*

Tom, ¢

R

. Function Reglster. 4

o he
,.*‘:-er p

equal to zero. Decremented every frame buffer write. Controls
enabling of mask regrsters

Gives output of RasterOp unit based on current register values.
., LD.DST pin. For diagnostic purposes.

LD.SRC pin. For diagnostic purposes.
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Software Model 17

. Control Registers

Status Register

This section describes the each of the control registers. Their addresses were
provided in an earlier table,

The status register contains 16 bits, and is cleared when a bus reset is issued. It
contains the following fields: . , ) , N

N ‘. ~

Table 3-5 . Bir Assignments for Status Register
' T TR e |
Bir Name 0 ien By e Vs Function e D s Y
DO - video_enab S When assened thls b1t enables the video DACs. PRV I
' v ! ‘a -vﬁ‘“ <u \‘1'1"\;'; ’n“‘ ’b," ,Lp. B ) }'\d ' '.’, .

;

D1

update ecmap

o

When both thxs bit and the bit by the same name in 'tbe A
g status reglster are deasserted the host software’ can read
. or write the 'ITL shadow color map. When either of . -
L " these bxts are asserted exther the TTL or ECL color s
.' g inap wxll be transferred to the other during vertical (" °-
B ’retrace »When cleared tlns bit. takes effect 1mmed1-»
. telj '(vs}hen set; thrs ‘bit is sampled by the Qe?drng edge ‘f‘\ .

n, ’»;

15

T

;‘,&;\.‘,
Fainy

e
N,

e

st

AR >y e h SN P P
5“5 x P t': 5 ) ,3’, Q hi « tf!
erted”anl ntmrupt i generatedat! the, sran‘ofx;g;;, o
eﬁdf“ﬂﬁﬁlﬂx’gtra“ﬁ&t{féﬂfégﬁﬂl the.;’ bt ’§ib"’s a'pending ‘\iﬁter "':'\ p
PR 5 n ‘;7%“55‘;*‘1:{5 i ‘)%3,% ! ,‘54 p pelt‘#;‘ o % 7 ',;"1;; ;}.
g b ﬁ‘%f@%; f § »& 4 rr.ﬁ' 7oA ,_m&;‘n.‘-}‘n xt b
X Bt SO

“ el

-3

BN E w SO i
VLSB of 3-b1t ﬁeld Specxfymg current RasterOp-mode. o

(\»\"

D4 ropmode} E Bllt in 3- bxt ﬁeld spec1fymg current RasterOp mode.

D5 g ropmode2 MSB of 3-bit ﬁeld specifying current RasterOp-mode.

D6 inber;d : ;-‘ Read only Asserted 1f board is mtenupttng . ‘- b Nk

D7 retrace Read- only Vemcal retrace in progress. " |

D8 Resolution . | Read-ortly 8 “0” = 1152x900 dtsplay, 17 =>
..1024x1024 dxsplay

D9 Flag09 ‘Read-only User-system definable jumper — must be 0
" to run Pixrect software.

Dlt) Flagi10 Read-only. User-system definable jumper — must be 0

to run Pixrect software.
D11 Flagll Read-only. User-system definable jumper.
D12 Flag12 Read-only. User-system definable jumper.
2¥ sun

XK
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18 Sun-3 Color Grephics Board

Table 3-5  Bir Assignments for Status Register— Continued

Bit Name Function
D13 Flag13 . Read-only. User-system definable jumper.
‘ o D14 Flagl4 T - ;,Read-oh]y‘. User-system definable jumper. | -
' :":‘ﬁ Read-bxﬂy. User-system definable jumper.

wey

glste

-

: te plane‘ zero (the low order bn of a pixel) and so on. A *:0”’ bit in the ppmask *

& ’reglster prevems ‘modlﬁcatxon of the correspondlng bxt-plane dunng wmes and

I

PINCATe:
,z,",‘ -

o ag
S e
Y
4 <

éﬂ'l‘he pﬁfﬁésk ;eglster apphes to both pxxel-rnode and parallel word mode % 7 .
/RasteIOp metﬁéry access: In parallel word-mode; data is written from" the :’, e o
A R'EsérOp chips’i to! alLb1t~planes in parallel, and the’ per-plane mask reglster selec
;nvelyj enablés’liglié}gbleéq&t- i ittén: ;

bek

A ~“rt{‘+$ e ek S
W %;wda teri %ﬂuq ehapte ra}; o
2 2 " Q::‘;‘ﬁ 'c*,g .}, a

’%‘3 ‘4..(: n,
ffenngmeglstem ‘a

"’m”é?follo&;mg ﬁelds. :

Y

- , T, L

w

'Dﬁéx’gb'lgpuﬁering Register W v NN ,

e Function
: These blLS are currently not used.

s
s

update ecmap, g&{ - When both thxs bit and the bit by the same name in the
it Y5 shats egister are deasserted, the host software can read
S fl" - -or write the TTL shadow color map. When either of

O these bits are asserted, either the TTL or ECL color map
1s transfcmed to the other during vertical retrace, depend-
. ) ing on the state of the read _ecmap bit. When cleared,
- ’ < this bit takes effect immediately; when set, this bit is
-+ sampled by the leading edge of vertical retrace.

This bit can be used to determine when a color map
update or switch of foreground/background has taken
effect. When wait is low, writing a ‘1"’ sets the bit. The
bit then remains high until a complete vertical retrace
perniod has elapsed, after which it clears itself.

Q
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Software Model 19

Table 3-6  But Assignments for Double Buffering Register— Continued
Bi: Name Function
D10 fast_read When asserted, a read access to the frame buffer
" memory returns an immediate DTACK but also returns
invalid data. Using this mode can speed operations like.
scrolling by 50%.
D1t read__ecmap . Thxs bxt specxﬁes the dlrecnon of data transfer between'

SR T

the ECL and TTL color maps 'when “update ecmap” 1s il
. acuve When cleared, the ECL map is loaded from the I
'I'I'L map, when set, the 'I'I'L map lS loaded from the '
ECL map

N '
s Cpg I P .
s N wy , / .
Ve " r, 4 a0
'J""”J'\ - N '

‘ When cIeared wntes to double—buffered memory set A i
: ’areerrabled When set wntes to double buffered- :

JTEET
e fity
SN

;
L

IR u“ ) "*

PR

XSRS

s V 9 wntes to double-buffered memory s'
n i-i‘ ‘,;,,_r. ,.,. s, NS ..,

enabled i When set; writes to- doubl ;
mﬂarr:-v-»tx“,&;rrmé*v# b ﬂ;x”“ R :

ry.ﬁs“ Blare 1 nhxbm:d..» ; r

v

gy

5

] e ARy
SR % 5", r i

d frame buffer r}ead anq ¥ ~hxdder} ,read
(»m_ A ETTey £ T 03

% ccess memory set A.‘ ‘When' set frame buffer I
e ; read and “hrdden-read” cycles access memory setB. .
e Memory sets are descnbed in the chapter Color Board

Funcnons R . L .

w

- | .

- . s '
. 1l N

' B .v,' e . o ‘y 3
, ‘4 L L . ;

ity s

v ' When thJs bxt is low the contents of memory set A are
. output to the CRT. When this bit is set, the contents of
© . U memory set B are output to the CRT. This bit is syn- |
. chronized thh the start of vertical retrace; changes do’
¢ . - not take place until the start of vertical retrace. This
‘ prevents ‘‘tearing’’, where you see one picture on top of
the display and another picture on the bottom.

DMA Window Origin
Register

DMA Window Width Register

Q/?

This register specifies the beginning of a DMA window. It represents the upper
left hand comer of the window, and it must be on a pixel boundary (mod 16).
The use of the DMA window is described in the chapter Color Board Functions.

This register holds a number representing the width of the DMA window divided
by 16. It represents the width of 2 line in the DMA window; when the number of
pixels divided by 16, minus 1 ((pixels /16) -1) is equal to the value in this win-
dow, it starts a new line.

SUil
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20 Sun-2 Color Graphice Bo. -2

.me Count Register This read-only register is incremented by the hardware each vertical retrace.
VME Interrupt Vector This register contains the 8-bit interrupt vector which the color board provides to
Register the VMEbus when it produces a vectored interrupt. Note that the color board can

also use a polled interrupt scheme implemented with the inpend bit in the status
register. \
3.3. Addressing Modes ».In‘the 4MB space, the ﬁrst megabyte is word-mode memory space, the second -

B Kmegabyte is pixel-mode memory space, the third megabyte is RasterOp memory
_space and ‘the fourth megabyte contains the control registers, the color maps and
. the optional DMA window space. However, when used in the UNIX environ-. -
ment the word and prxel-mode mMemory Spaces are never used, and this address-
:_mg space can be reclarmed Shrinking the addressing space to 2MByte is essen-
. tial for a three board 24-bit color configuration that must ﬁt into the 24 bit
addressmg sub Space of the VME.

1

The“two non-RasterOp addressmg modes are:

- o .
»)4‘ ~.r ;‘*fn‘, Lo ~ 5 AR

¥ Each,memory \
eqmvalent 10’ 128 Kbytes of system memory’ ‘An 8/ 16/32~b1t word'

VR Nhoaned '

{I'hr mode doesn

2P i a2
o i?zggracéés”?addresses 8/ 16/32 adjacent bltS withi

P o ey s Ry

&3 use the frame.’buffer RasterOp chips.’
'“’W?{»‘A‘fq%*ﬁﬁm vt“-";r« 3
Xe1:Mo

O €
<k, B L ;’,’IA,‘( ke

“The- frame buffer appears ‘as’1 million 8-bit-deep pmels."l Memory’ planes
A ;masked by the per-plane mask regrster are read and write protected (masked
" bits return zeros on read). 8/16/32-bit accesses transfer 1/2/4 pixels simul-
. taneously Pixel-mode doesn’t use the frame buffer RasterOp chips.
\ The remarmng el ght addressing modes, which are selected by the ropmode bits
"1in the status register, use the RasterOp chips. There is one RasterOp chip (ROPC)
for each of the eight bit planes of the frame buffer. As described in the chapter
Color Board Functions, each RasterOp chip has source, destination and pattern
registers upon which to perform a three operand RasterOp. The source and desti-
nation registers may be automatically loaded on read or write accesses to the
frame buffer memory. The source register may be loaced {rom the data bus on a
read or write access, the destination register may be loaded from the frame buffer
memory on a read or a write access, and the pattern register is loaded by writing
directly to it. Note that reads and writes to memory and RasterOp chips are only
performed on planes not masked by the per-plane mask register.

The RasterOp chips are 16-bit devices and not all 32-bit VME bus cycles appear
software compatible with 16-bit VME bus cycles. All 32-bit bus cycles are bro-
ken down into separate 16-bit cycles on the board. Therefore, in RasterOp
modes 0,1,4,5 and 6 (see the following table), a 32-bit read followed by a 32-bit
write is not the same as a 16-bit read followed by a 16-bit write followed by a
16-bit read followed by a 16-bit write. Note that 32-bit data transfers on
MC68010 CPUs are broken into two 16-bit bus cycles and that this incompatibil-
ity between Sun-2 and Sun-3 color boards may be masked by a Sun-2 CPU.

ﬁ& S u I Company Confident:al
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Software Mode!l 21

o RasterOp Addressing Modes

The RasterOp Mode table uses the following shorthand notation for ropmode:
The first character specifies either parallel (P) or single (S) transfer. The second
character specifies either load ROPC destination registers on a read (R) or write
(W) access. The third character specifies either load ROPC source registers on a
read (R) or write (W) transfer. The last three characters specify word- (WRD) or
pixel- (PIX) mode transfer. The eight RasterOp addressmg modes are descnbed

i

in the following table: : v

'

.Table 3-7
: RasterOp Addressmg Modes . - KRN f:"l'
AddressinéMode : Notatxon . .:‘,1; ST Descnpnon AR R

.

b

P

o S RS
= G R

with RasterOp

1 — Paralle] Word Mode

PRWWRD | ., One or two 16-bit words are written 1n paralle] 1o each plane :

e X sl L e s B
o ﬁmg%tgr on eqch I}astexOp chlp (ROIlC) an » an,8/1 tw
i, ‘.w*‘*" < T SRR S Ead “m S Fead H ‘“\ 3 ! I
framé buffer write loads the bus data’intoall’ ROPG "' o il
FEANRY B SN v :‘- oot B Th"&rs»ﬂ“"ﬂ ""sf@» ¢
mgl§5q;s. They also'wn RQ G it uL»}{o W‘»&q er;*’w
memory.iffvif PR

Wy « 1‘ Kk ~

e Thmy two bn bus transfers are eqmvalent to separate 16 bxt
bus transfers with an incrementing address. /.

' - -
. ' . s

é%\\@ SUun Company Confidentia!
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Table 3-7  RasterOp Addressing Modes— Continued
RasterOp Addressing Modes
Addressing Mode Notation Description
2 — Single Pixel Mode SRWPIX . ) et

with RasterOp

A gz

’ : reglster for bn-plane zero and so on. A 16-b1t write:- loads the, o
% odd, and even bits in the ROPC source reglsters such that '

* - nation registers. A byte read returns an 8-bit pler and a 16—
' bxt read returns two adjacent pixels. , _v..-., . SN

This mode accesses one, two or four 8-bit pxxels in the frame
- buffer.” This mode is useful for pamung 8- blt/plxel datai into,
the frame buffer

.. 4

Sl .

' 2
B P
"".m

source reg15ters and on to the frame buffer memory.-, A byte &
.wnte loads all ROPC source reglsters ‘with’ the value of that
~bit in the byte which corresponds to the ROPC’s brt-plane el
eThat 1s bit zero of the data byte goes o all bxts of Lhe source A

g e

’ROPC plane 0 gets an altemaung pattern consrsung or bl_ts 1

L RES-S
LR A Sy Y

f-.’{ 08

nd &, 2 up:to R
ting-pattern. consisting of. bxts*Ii% and:Ef:Th

C i
Wt e ‘¢‘*"“x/ R T R, "55"3" s :}R‘i?;‘c

ic ROPCs s masked omé'nlyrgg,g Ay

25 @ L% L g“ R ; °€;glll ‘i _‘}‘f !
z.u'a' u‘ G «‘;‘;-‘.a-fm’."; 0 TRy o g &
ed-pxx sto. ¢;written'to'the: muask ]
Rchrs i 373 w"‘, 2 cwa@i{a 'AT:i

oo

c“ H,’s“"‘

RS xx.“,- «,,.

An 8/16-bit frame buffer read access loads the ROPC deirtz-

[N

Thxrty -two bit bus transfers are equwa]ent to separate 16-bit
bus tramfers wnh an mcrernenung addness. g

Rk .
R LT
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2

e
R

L n
ST
2

v

)

fgsr

Table 3-7  RasterOp Addressing Modes— Continued
RasterOp Addressing Modes
Addressing Mode Nozation Description

3 — Parallel Word Mode PWWWRD oo \ - W

with RasterOp '

and Hidden Read This addressing mode is similar to PRWWRD. However '
- o .....  readaccesses have no effect on the RasterOp chips, and _
YL e ' t . write accesses  generate a hxdden read cycle to memory I ‘, ;.{J

DI R tregxsters with the data in the ﬁame buffer memory atthe .’ R

R before the wnte cycle. AR R 0 )
A SRR e e . ', e E:"l' ‘\‘ :I,‘ RS 1,
. S f , Y

vt s Ina wiite access, aread cyele loads the ROPC demnatzon ‘

> .»_'f"; address to be written, and the write cycle loads the ROPC
+"" . source reglsters from the data bus as before, The ROPC | out- e
, put is then wntten to all blt-planes enabled by the per-plane\ Y

e

ey

-»-’u N
Vo

.ﬁ ay It s o n Seal) P ”:’*n '\5." "‘I““’“wﬂ"r ,>
TS All 8/ 16-b1t fr};ar‘ne bufferlwn‘te > accesses'in this) mo;ge‘»
s 43 AT e Ll R g Tyt nd ) Mgk g Ty - T s J 4R
= mory-‘cycles_:to compl ;" ¥ 2-b1r.,rpadae\cesses |
L s Faveu Rt "w:,uur,v aib b G il (74
(s "also take twoll 6-b1Lmemory cycles to complete ‘and. 32~b1taff«l s

»L\\v Fa e

2 Ees Al SRABEAL § S P TGN WK et T e B
¥

AR wme accesses take’ four 16‘-b1t memory cycles to; completeﬁ«:;;‘
S "-‘.l,,n .rul ', v “,u’,A s
e T e e T e

’

Thll’ty two bit bus transfers are equwa]ent to’ separate ‘16 'bn '
bus transfers each with an mcrernennng address N

. . e

“%j& SUun Company Confidential
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24 Sur-3 Coler Grarhucs Board
Table 3-7  RasterOp Addressing Modes— Continued
RasterOp Addressing Modes
Addressing Mode Notation . Description
4 — Single Pixel Mode SWWPIX
with RasterOp ' N
and Hidden Read *This addressing mode is similar to SRWPIX. However, read

N .

"

.ok . g N .
- ¢

3
RO 2 P N
f%«”ffers ; ’All*8/ 16-b1t frame buffer Write’ accesses inithis'm

\\ Short'and integer bus transfers in this mode are alway ;

accesses have no effect on the RasterOp clnps, and write
. accesses generate a hidden read cycle 1o memory before the R
write cycle. ‘ . f .- 'z,k IR 4

N

In a 8/ l6-b1t write access, the read cycle loads the ROPC /

* destination registers with the data in the frame buffer., N Sl
memory at the address to be written, and the wnte cycle v f
' loads the ROPC source registers from the data bus : as before. o
The ROPC output is then written to one or two 8-b1t plxels

4»-

n the frame buffer 32—b1t accesses are equrvalentito two e ,}

e

LA

i

' . i
‘:. U
\.Read accesses m tlus mode merely retirn the’acce

X
: oy SRS el B e e T

5y they do not load the ROPC -SOUICE, OT: the destmatlom'egl ﬁ,&

s e AT S S A 2 3 )
e;}‘i 1‘:4

A
o’,"é“%?ﬁ" A

S b % K R R e
Sitake two memory cycles to complete.}@32-b1t read»accessesg‘mn

»-
u\'- »{
LEg Ny i S

L’?’y‘also take two' 16-bit memory cycles to complete;’?and°32 bit vi’"
wnte accesses take four 16 bxt memory cycles to complete

SR T
o

Soa ARG
£ rl:ml’

./.' "

equwalent regardless of the mix of Sun-2'and Sun-3 color -
and CPU boards. - - SRR

Sun

microsyste™s
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Table 3-7  RasterOp Addressing Modes— Continued
RasterOp Addressing Modes
Addressing Mode Notation . Description
5 — Parallel Word Mode PRRWRD

with RasterOp

This addressing mode is useful for moving a region from
place to place in the frame buffer. A single 16-bit move
- instruction (*fba++ = *fbb++) copies 16 8-bit pixels. Smce '
l this mode does not load the destination on a write, it is not N
;' useful for ROP functions which need the desunanon (for ’
’ ©example, PIX _SRC" PIX DST) , A ol

f ~,
i - ;
‘e

A e ;4““
ST

A8 l6-bxt fmme buffer nead loads all 8 ROPC source negns- :
“ters (128 bns) in parallel from frame bufferr memory ‘Al6- |7
_ bit frame buiffer write writes the ROPC output to all memory -
planes enabled by the per-plane mask regxster thhout load-
mg exther the source or desunatxon regnsters. S *_ e

Lol e A

5 fr om,the: ﬁrst reqd.iiwmu Y S
‘biatd’ “only16-bit

oI et c\g,;’;;,-,ca. R

in-3.CPU and Susi- 3 colorw‘;gv ;
cycles, (shon data) should bg psed with: 5 e
I )p mode tWim\meﬁsun-&B CPUs this cahsés htq <
) AR - IRt AL Y el . oo R
loss in’ performance “For perfoxmance reasons;’ 32—b1t data %

. _‘ (mt) should sull be used w_hen}usmg a Sun-2 CPU o v

r
"

"
Vo

&
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Sun-3 Color Graphics Board

Table 3-7  RasterOp Addressing Modes— Continued
RasterOp Addressing Modes
Addressing Mode Notation Description
PRWPIX

6 — Parallel Pixel Mode
with RasterOp ’

7 — Parallel Word Mode
with RasterOp
and Hidden Read

.y Pt ot

5

\

"
AR
RIS AL

N

-

PWRWRD

. This addressing mode is similar to PRRWRD except that on
- .+ ' -write cycles, the frame buffer executes a read cycle to load .
the ROPC destination registers before the write cycle is exe-
cuted. As with mode PRRWRD, read accesses load the
ROPC source registers on all bit-planes, and return the |
accessed datum. This mode is used for copying within the
frame buffer when the ROP function n:qmres the destination

#¥'on'modulo’ 8 and* 16’p1xel boundaries’

On write cycles, this pixel mode is a combination of pixel-

mode SRWPIX and word-mode PRWWRD. - Read cycles

«are identical to pixel:mode SRWPIX. On writes the ROPC

* source registers are loaded as with mode SRWPIX. For

‘ review, on 8-bit write cycles, data bit zero (D0) goes to all

somce register bits for bit-plane 0, and data bit one (D1) -

- goes to all source register bits for bit-plane 1, and so on for

., .. all eight bit planes.. On 16-bit memory write cycles, datum

; .;,'u<D8DOD8DOD8DOD8DOD8DOD8DOD8DOD8 DO>

i .is transferred to the source register for bit-plane 0, “datum’” -
1‘ <D9 Dl D9 Dl D9 Dl D9,D1, D9 Dl D9 Dl D9 D1,D9 Dl>

J(\)aa .2

N Regd S G R

tten w1th a modxﬁed address m modc P

»t’(

~mode writes to 8 or 16’ adjacent pxxe

.;*,es} ,;n Sz LF Ve ey, ot

M»{,ﬁ@vwxmu-.x ‘m.rt ,} i fa .1;«8\;

to-b;ick 16-bit cycles to the same address.

(for example, PIX SRC | PIX DST).

A 32-bit bus read cycle performs two 16-bit read cycles, and
causes the second 16-bit read to overwrite the data from the
first read. With a Sun-3 CPU and Sun-3 color board, use
only 16-bit cycles (short data) with this RasterOp mode.
With the Sun-3 CPUs this causes little loss in performance.
For performance reasons, 32-bit data (int) should still be

used with a Sun-2 CPU.

Th‘is"mpde dlffers from SRWPIX in that the’ plxels updated :
on'write cycles are equldyalem to_ the plxels that could be s\
RWWRD tln S

& Because this mode prcwdes a means for broadcasnng 8 or
i 16 adjacent pixels with the same value,‘32-b1t YME cycles
‘ rnake no sense. A 32-bit cycle in this mode runs two back- .

.

eed
Ry

i
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Table 3-7  RasterOp Addressing Modes— Continued

RasterOp Addressing Modes

Addressing Mode Notation Description
8 — Parallel Pixel Mode PWWPIX. . - '
with RasterOp o ' Tyt
and Hidden Read . . o This addressmg mode 1s sxrmlar to PRWPIX. However, read
oo v o ., . accesses have no effect on the RasterOp chips, and write
R TIPS accesses generate ahxdden read cycle to memory before the
o 0T o Tl write cycle. In a write access, the read cycle loads the "
VT e . -t 4 ROPC destination registers with the data in the frame’ buffer 1.

‘memory at the address wntten to and the write cyc]e loads )
+ ' the ROPC source registers from the data bus as before. The
1oy ROPC output is then broadcast to 8 or 16’ adjacent ptxels.
Wnte’abcesses take two memory cycles to complete uSmg

.

ERY

Because tlns mode provndes a means for broadcastmg 8 op '
4 ~‘l 6 adjacent plxe]s w1th the same value, 32-b1t VME cycles

;{} e tm;“l;take:hols" n ”e. ‘Af32-bxt cycle in, this mode’ Tuns two ‘backsy:
iﬁi i (.%3}; td-t')éf:k 106-'63 '*éycles o the same address A :
gt‘} i ;.,tw; '3-!;‘ 'M\{[‘?! R N g‘ e 1 uE A 'E‘,~
“" o “{ i i The tqulowmg table*shows the ‘51332951‘,19 between the RasterOp moc_le ,ptt§ ‘in;"
the statis regtster, the type of acce'ss ‘and whether the LD DST and LD SRC
, , g regtsters get loaded:‘t“,». t‘r',*:?t S e o N B g g ; ;‘5(".,«.‘
* | ROPmode Mode o . Reads.".~ . Writes o .
: bits in L Descnpnon « . 'DstReg’ SrcReg: DstReg ." SrcReg [ .
.| Staws ' - : . loaded? = loaded?  loaded?  loaded?
| 000 All8planes: . - Yes,. . No No Yes .|
ral - 001 © 1pixel. - .. b "Yes .. No . .No .  Yes .| ...
010 " Al8planes - "No' ' No " Yes - -Yes ‘
011 1 pixel "“'No | No Yes Yes
100 All 8 planes "Yes . - Yes ' No No ..
: 101 16 pixels ~Yes . No No - Yes
110 All 8 planes No .- Yes Yes No
111 16 pixels " No No Yes Yes

All addressing modes specified as ‘‘word-mode’’ can be further delineated by the
address range comresponding to each bit-plane. The breakdown of address offsets
to bit-planes follows:

X
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28 Su~-3 Color Graphics Board

Table 3-8  Frame Buffer Addressing in Word Mode

Offset from Word-Mode Base Accessed Entity
0x000000 — 0x01FFFE ‘Word-mode bit-plane 0.
0x020000 —- O0x03FFFE © “Word-mode bit-plane 1.
v 0x040000 — O0xOSFFFE '.' .+ + Word-mode bit-plane 2. | ..,
-~ | 0x060000~0x07FFFE + “'Word-mode bit-plane 3. | .
co 0x080000 0x09FFFE' ’ 4_‘, Word—modc bit-plane 4.
L ‘OXOAOOOO - 0xOBFFFE ' Word-mode bit-plane 5. | *
L -+ | 0x0C0000 — 0xODFFFE.: - . Word-mode bit-plane 6.
R OxOEOOOO OXOFFFFF Word-rnode ‘Dbit-plane 7. |

;v-.-.‘

‘ﬁ?.me buffér i
"ah; wntt n

XL i B o R S [ /
to the?dev:ce 1s modlﬁed as*descnbed m the prevnous secno N FRe‘éa&dle s of s
!vg“{, r, A5 S A T R, Dt g o RS Yl
53&9@3 SUppOIL;.2 ‘an arbxtrary selcctxon of blt-planes cgn bg»maslged fro reads
."' “‘c-v,\’\ 24 Sy AN - DN Rt »{Ag b

y.the'P r-Plane Mask Reg:ster. Pxxel-x_node acEesses can be

S b 2 o

r 32-b1ts The 16- and 32-b1t accesses assume that two or four pxxels are packed

. ta v

mtoeachdatum (D v

Word-Mode Addressing . » In word-mode, the frame bufferis configured as eight separate bit- p]anes Each
‘ ' - bit-plane occupies a separate 128 Kbyte block of the system address s space, and
- each bit-plane is architecturally identical to the Sun-2 black and whlte frame
-, buffer. In this addressing mode, writing to the device alters 8, 16 or 32 horizon-
T tally adjacent pixels. Word 0 is in the upper left comer of, the display, and each - |
scan line is 36 32-bit words wide (1152/32 = 36). The most 51gmﬁcant bit of a
word appears to the left of the least significant bit of a word. Data written in
word-mode can be written directly to the frame buffer, or it can be optionally
*combined via the RasterOp unit with the data currently at that address. This set
of addressing modes, in conjunction with the RasterOp chips, may be used for
painting raster font text.

A word-mode memory access may only address one of the eight memory planes
of the frame buffer. However, all RasterOp word-modes (PRWWRD,
PWWWRD, PRRWRD, and PWRWRD) access all eight memory planes in
parallel.

The color frame buffer memory is dual ported. One port connects to the synchro-
nous system bus and the second is dedicated to video refresh, which has priority
over system bus accesses. A new 16/32-bit datum can be read or written to the
Sun-3 color frame buffer every 345/690 nsec.
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T Color Board Functions

’ . - . .
. L '
‘

~ v

ThlS chapter descnbes the functions of the color board in detail. lt descnbes ~
. RasterOp units, ‘the color map, lnterrupt handhng, double buffering, and DMA.
The information should help programmers understand the functxons enough to

iy
ks . € W '

:' interact thh them.v S,
*‘ AT

L T Legood A .

i
Y o b"*‘

e r;‘;l

TI‘he RasterOp umts are a551gned onetoa b1t-plane, thh t.he pseudo RttsterOP <
umt wrmng in parallel to all. The data paths connectmg and coordmanng these

0

‘plane RasterOp umts are, somewhat complex., Thxs secnon attempts to

2 xfﬂam thexr mterconnecuon, 1t assumes a general famxhantyxthth the concepts
17 st ke ;zl ;, 5 s ,,

Ly P XY
S 30 TN, L e -: <’f~" ,;vm
g

and$ termmology of
g Aﬁ“wg“‘

¥
’afl‘g,;, ‘m“(,f,..g .t,

s RastexOp contro] reglsters can be accessed 1mphcn1y as well as exphcn]y Explt-
o _ cit reads include, for example, reads to the RasterOp chips’ registers. Implicit
;o ' reads take place when the source and destination registers are loaded implicitly
’ . on certain read and write operations to RasterOp frame buffer memory.

ek f ' _ Reads and writes to the pseudo RasterOp unit access all RasterOp units in paral-
"lel by writing to ‘ropcomrol[CG3_ALLROP]. Only those ROPC units on bit-
.- ‘planes enabled by the per-plane mask register are actually modified. A read
- from the ALLROP unit reads the value of ROPC plane 0 registers.

Implicit writes to the RasterOp units only occur to the source and destination
Tegisters. All implicit writes occur to afl RasterOp units in parallel with no per-
formance penalty. The males regasding implicit writes to the source and destina-
tion registers depend on the addressing mode used (addressing modes are
described in the chapter Software Model):

All explicit writes occur during RasterOp mode writes. During addressing
modes PRWWRD, SRWPIX, or PRWPIX, frame buffer reads implicitly
load the destination registers on all ROPC chips, frame buffer writes actually
load the system bus data to the ROPC source registers, and the ROPC output
is written to the frame buffer. The destination registers of the ROPC chips
must be loaded any time the output of the ROPC depends on the existing
frame buffer contents at the output address. This is true if the RasterOp
function is a logical operanon involving the destination (for example,

Q% SUUn 3] Company Confidential
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32 Sun-3 Colo- Graphics Board

4.2. ASingle RalsterOp Unit

PIX_NOT(PIX_DST)). Itis also true when masking the first and last word
of a raster line.

With the addressing modes PWWWRD, SWWPIX, or PWWPIX, frame
buffer reads have no effect on the ROPC chips, but frame buffer writes load

~ the system bus data to the ROPC source registers. A hidden read cycle.
loads the destination registers in the RasterOp chips, and writes ROPC out-
put to the frame buffer. -

With addnessmg mode PWRWRD a frame buffer read tmphcxtly loads the
source and a wnte 1mphc1tly loads the destmanon of the ROPC.\.‘ g .} .

.. Wxth addnessmg mode PRRWRD a frame buffer read 1mbhcxtly loads both -
« +".  the source and destination ROPC registérs. ‘A write loads nexther, but the

H
i

o ROPCoutputxswnttentotheframebuffer ~? oot

: [ o
v ,f" ‘tt W;‘ AI“I. M = d {

When usmg the RasterOp chxps with pxxel-mode accesses, ROPC source regxster
' bits are loaded based on ‘the address and data on the system busl"I’he ROPC o
’ source regrster “for frame buffer brt-plane n Ioads every other bit thh ‘the walue of
blt n in the data byte J If the address iseven the even blts of the’ source regtster
lare loaded otherw1se the odd btts are loaded On a word transfer (to an even -

'address) the low o;der daga b)l()tet }oa\ds the even btts’and tlrte htgh order byte Toads:
hils aiword transfer t aﬁ even addfé' causes ithe etght ROPG.

S mwww b Fug s S e P ki e pe gy 0
ded'andithelontput of the ROPCare acked 5o that ol

i rt',:«:tr W nRehy Ny R S

: %Wcmd jacent blts m tlteietgh‘t'source-regtst%rsﬁaxetvynt-

i i Pt S LR 5L T v A & he b e LPERIA, ama K

Ifthe, transfer is'a byte a smg]e pxxel 1s,wnttefx 1o the; i’ .

w”' rw, 2L enE SIRE Akl “r (

the ROPC output m ptxel-mode is wntten through
g wnte enable so that only the addressed prxels get wntten e L

"t.

The rtghr mask and Ieft mask regtsters in the RasterOp c}ups can be used to prop-
“erly chp the ends of the raster lmes of aregion to be painted., :

A RasterOp chxp (ROPC) exists for each of the eight planes of frame buf‘fer
memory. The complete state of a ROPC may be read or written. "Each ROPC
“unit consists of a desunauon register, 32-bit source regtster, pattern register,’
mask]1 register, mask2 reglster, shiftcount register, function register, width regis-

" ter, opcount register, decoder output latch, and an opcontrol register. This section
describes the functton of aROPC and the regrsters whtch control it.

*. The addresses of these regtsters are listed in the chapter Software Model.

NOTE  The rasterop chips are 16-bit devices and 32-bit frame buffer accesses are bro-

Raster Op Op Register

ken into separate 16-bit memory cycles to the RasterOp chips.

Each RasterOp has three operands; the source, destination, and pattern. The
source is typically loaded into the ROPC source FIFO from the system data bus.
The destination is typically loaded into the ROPC destination register from the
frame buffer memory. The pattern is written directly to the ROPC pattern regis-
ter. The ROPC generates an output to the frame buffer by performing a bitwise
logical operation on these three operands. The particular logical operation is
specified by the op register.
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Color Board Functions 33

,‘._ Table_-'4‘-_l:\f; . RasterOp Regzster F unctxons

RasterOp Source Fifo and
Shift Registers

The RasterOps support 256 possible functions, mapping three boolean operands

into a boolean result. The frame buffer’s 8-bit function register specifies one of

these by acting as a three-bits-in, one-bit-out lookup table for corresponding bits

of the destination, source, and pattern. For example, suppose you want to set

destination equal to (Dst OR Src), ignoring the value of the pattern. The function
‘ may.be‘e'xpresscd in tabular form as follows: "~

(“'“ Ce

.| PAT i; SRC!/ DST i, DST" .= 'SRCORDST|.

tab]qf

T ,sﬂ*r’ !?\ﬁ’fh

sigmﬁcant bxt of the funcnon appears at the’ top ‘of the table hence’ ths funcuon
%%, (Src OR Dst) is represemed by the elght-blt va]ue 11 101 110 (OxEE)._This - )
; nRasterOp funcnon apphes equally to each bit of a pxxel if bit n of the source is 1
2 -and bitn of the desunatlon is 0, then bit n of the output to the frame buffer will

L bel. Examples of other function encodmgs are 0x0 (clear destination bits), 0xFF

(set desnnanon blts), and OxCC (copy source to destination). To cléar the entire

L screen, the constant ‘function 0 is applied to the viewable rectangle. -To flash

(mvert) a window, the function NOT Dst is performed on that window. The
funcnop SRC writes a character, the function NOT SRC writes the character
inverted (black on white). Dst OR Src overstrikes (paints) the character, and Src
OR Pat writes the character with a background pattern. Thus the Sun-3 Color
Graphics board allows all 256 possible RasterOp functions, although in practice
only a few are used.

-

A ROPC has a 32-bit source FIFO called sourcel (right hand 16-bits) and
source2 (left hand 16-bits). This FIFO is for aligning source data with arbitrary
pixel locations in the frame buffer. Recall that word-mode writes to the frame
buffer are written to fixed boundaries. The source operand used by the ROPC op
function is extracted from the FIFO as any contiguous 16-bit field in the 32-bit (2
word) FIFO. The ROPC shift register determines which 16 bits to extract by giv-
ing an offset from the right end of the FIFO.

The FIFO may be run in either direction. Bit 8 of the shift register cetermines
the direction. Conuguocus addressing may proceed either to the right or to the left
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34 Sun-3 Color Graphics Bourd

as needed in order to avoid overwriting the source rectangle when copying from
location to location within the frame buffer. If the direction bit is 1 (right) a
source load moves sourcel to source2 and moves the system data bus value to
sourcel. If the shift is non-zero then the FIFO may require priming (pre-load of
the sourcel reglster) at the start of a raster line. If the direction bit is 0, a load
source operation moves source? to sourcel and moves the bus value to source2,
In this case priming is done by pre-loading the source2 register, If the shift is -
zero then the source operand is taken from the end of the FIFO; if the dlrecuon
N bit is l then source operand souree2 else source operand sourcel oy
.o oo o N are ' '.. ‘L;‘\‘-i,".k:"‘ﬂ . ]
‘_RasterOp Destination and . The destmauon operand is the 16-b1t ROPC dest regmer whleh may be lmplx- %
’ Pattern Registers A o cxtly loaded ona, frame buffer read or wnte dependmg on the mpmode ﬁeld of .
o the status regxster*_ 'I‘he destmauon operand is ahgned wnh 16-bxt words m Lhe

N . . . -
oo e, ¢ " -*

loaded by wntmg dlrectly ro n. i{

.;),;

iy

When a wme to the frame buff er, occurs the three ope

A T
rands axe processed by the'
V8O, »“J, AN Snltazi )!,lt s XPRG

oA :
PC. ‘,‘deeoderr according to the op'f funcu 'to“*produce a*16—bxt ROPC" outpu
v {,W” s g i 2 f:-l\gkf’ll'“{‘:*f- B (gl s S Fod iy, St o mh e S MR (UL 5

Th:s output,}s k d( ;Tequire ;by‘th unt;ag‘d u;xdt[ﬂpg tﬁers\ar}rd

S e R T oty e PR R e i W e, R

e ggc?d éﬁ{re gister If pixel-mode m;‘byemg‘used‘ ‘thes igt?},l Vs

"4 OrL A LTk . "u"f‘?‘ﬂ.ﬁ ‘ i L b e T AT s 1

m e fg/;}z‘opc decode outpu:ts and is writien'fo the frame; bui;'fenatv*’;
: o - G 3y Moty B e T h‘ G ,'5, e u».kmwa’,;u g, fryeprer 2 DR

yte"addre;ss ‘spect d d'on ' the:! gysté’ni "address-bus 1If word mode! 1s;bemg\used"f,

’ »«,m S "~U‘ PR ¢ b asvagiar gl e r.- - ,f: Sy g Ly ,‘;,.J PE Y .‘,.

r.h g ROPC decoder outputs‘ are wntten 10 the spec ﬁed word'address g
«¢ frame buffer: Vit Uy o

v‘r‘
\""v:_,»'{ :t:‘ 8

RasterOp Masl\ “ ldth and . The pomon of a raster hne to be wntten does not always begm and end o on 16 bxt )

Opc0unt Registers - | ' boundanes Therefore the first and last portion of the raster line must be masked
so that only the appropnate bits get written into the frame buffer The ROPCs
perform th]S maskmg vra the mask] maskZ w1dth and opcount regxsters

'NOTE' The ﬁrst and Iast ] 6-b1t word may be the same and both masks dre then applred
The width and opcount regzsters control the applzcanon of the masks 10 the first
and last I 6-bit words of the raster line. B o Lo ‘

To use the masks, software musr determme the wxdth (in 16—b1t words) of the Tras-
ter. The width register must be set to the number of 16-bit boundaries crossed by
the raster. If the raster is entirely contained in 16-bits the width is zero. If the
raster is only three bns wide but spans a 16-bit boundary, then the width of the
raster is one.

The opcoimi is a variable register. At the start of a raster line it must be expli-
citly loaded with the same value as the width register. It is automatically decre-
mented by the ROPC hardware every time the destination is implicitly or expli-
citly Joaded.

NOTE  This is probably a design flaw in the ROPC. In some cases the opcount should
auto-decremens when we are not loading the destination on frame buffer
1 accesses.
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Coler Board Functions 35

When the value of the opcount equals the value of the width register, (that is, the
first 16-bit word of the raster), the mask]1 register is used to mask bits in the des-
tination from modification. A 1 bit in the mask]1 register causes the correspond-
ing bit in the decoder output to be given the value of the corresponding bit in the
ROPC destination register. Therefore, the destination register must be implicidy
loaded from the frame buffer memory on writes which need masking! A 0 bit in
the mask1 register causes the corresponding bit in the decoder output t0 be given
—,the value of the correspondmg bit in the three operand RasterOp function output.
> When the opcount is zero and a destination load occurs, (that is, on the last 16-bit
v word of the raster lirie to be written), the mask2 regtster is used to mask destina-
tron data brts from modrﬁcatmn. Also, on Llns Jast word the opcount 1s automati-+
cally loaded wrth the value of the width regtster ‘and the cycle repeats This
s mechamsm 1mproves graphxcs performance by allowing the software to setup .
the end maskmg and source shrfung once foran enune rectangular RasterOp An
2, unwrapped inner loop can move all the words of the rectangle There isnoneed . -
i~ to exphcrtly load any | ROPC regxsters when movmg from one scan llne to the

_.z

3 mask2 are srmultaneously enabled‘ g

ST SN

o g 3 R

: Theazligcodg‘rqx‘{tmregrster)\s pnmanly‘ for dtagnostrc purposes lt holdssthe value
tputifn Value'is, the ‘result; of. applyxng ithe thiree
%

“th ’putput:from thetROPC esuty

R PR g R 1

2 operand(l}as,tg&rg and the, ng” f ff%,
X av\.: a‘;gﬁ‘}}% 7 :\ s ,‘ - i b 1.
s i R AN ORI S P -u.;"?f
,N;xl .g ,regtster, IS an8 brt read/wnte e glste for any 'user-deﬁned purpo
PR AN ¢ el A Lndr 7 i

as'no effect on the funcuon of the RasterOp chrp or, Color board

To drsplay the 1mage in the Sun 3 color frame buffer memory, each 8-b1t plxel 1s '
- used s an index into a 256 element color lookup table. Each element of the"
“table is 24 bits; 8 bits drive the red DAC, 8 drive the green, and 8 drive the blue.
(For 24-bit color configurations, only the red DAC is used on each board). The
. color lookup tables consist of a high-speed ECL lookup table used during video
- display, and a TTL shadow color lookup table that can be accessed at any time
"by the host software. The TTL shadow mask eliminates the software problems
_associated with allowing updates of the color map only during vertical blanking.

*. The map acts like a 256 X 24 RAM bank: the values stored there represent

' colors. The low-order 8 bytes of each map entry represent red, the medium order
byte represents green, and the low-order byte represents blue. The value of the
color is proportional to the value in the byte: the higher the value, the higher the
color density. No value (24 zeroes) creates black, and all colors (24 ones) creates
white.
The ORed value of the update _ecmap control bit in the status register and
update_ecmap control bit in the double buffering register defines the coupling
between the host software and the color maps. When the ORed value is zero, the
TTL color map can be read or written. When the ORed value is one, the TTL
color map cannot be read or written and instead is used to load or unload the
ECL color map during vertical retrace.

The read_ecmap control bit in the double buffering register controls the transfer
direction between the maps. When updare_ecrmap and read_ecmap are set, the

Q
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36 Sun-3 Color Graphics Bourd

'

44 -fn‘té-rr'ppt Handling

ECL color map is transferred to the TTL color map. When update_ecmap is set
and read_ecmap is cleared, the ECL color map is loaded from the TTL color
map.

All entries to the color map are on 16-bit boundaries, and are stored consecu-
tively by entry number (0 to 255) and by color (red, green, blue). On]y data bns
0O through 7 are used . For example:

5

'
+

color map red, entry.io is at address 0x110001 (data bits D7- DO)," e .
color map red, entry #1 is at. address 0x110003 (data bits m 1) T
color map red. entry 32 is at’ address 0x110005 {data bits D7-DO)' S et o .
color map red entry 13 is at address 0x110007 (data‘bits p1- DO) j?ﬂ "?,b75' _::;
color maﬁired,.entry 8255 is at addr\ 0x1101FF (data bits D? DO)'ﬂ"
colé* map‘cru, en:ry #? 1s at address 0x110201 (data bits D7 DO)
cclor map grﬁ, entry #1 is at address 0x110203 (data;bits D7 DO) .~

At ey N \vu . ,‘rr
ARTH .: PRSI )

T - P o

‘ R ; ,“-~_,|l“ ,

oy h I ‘[,.«*g u:L el
1

v ‘qus

,;colﬁo‘r map gxn, entry 3255 is a£ addr 0x1103FE‘ (data b:.t.s D7-D0)'

.;map,blnu'ggt};\#i 15 atxaddress 0x110403 (data blts D7-D0)«"

u’t NSl Y

i~ The, bits 'updatg__g map.an _lhearea’;%;:h-_
“chronbusly but ’arebs‘et synchronously ‘with the'start 'of vertical retrace S’)"% ’"‘fl’r’&i’- :
-izing the assemon of update _ecmap ensures that the enme color map lS updated
in a single vertical retrace period, and making deassertion of the, update bits : asyn-
chronous allows programs to deassert the bit, immediately load the TTL map and
then reassert update_ecmap without requiring any busy-wait pollmg loops.' The

status bit read_ecmap 1S always synchronized with the start of vertical retrace.

|

Interrupts can be generated at the start of vertical retrace.. Interrupts are useful w
for preventing tearing during mouse and pOp-up menu activity. They arealso -’
very useful for double-buffering applications that wish to toggle , L
foreground/background every N frames. - C

Enable interrupts by setting bit inten in the status register. At the start of a vem- o
cal retrace period, an intermupt is generated at VME interrupt level 4. Durmg the
VME interrupt acknowledge cycle, the board returns the VME interrupt vector
stored in the interrupt vector register. The host software can use a unique vector

for the color board or it can share that interrupt vector and determine the source

of the interrupt by polling the status register bit inpend.

To ensure compatibility with Muldbus device drivers, the VME interrupt remains
pending until the inten bit is cleared.

%C\\
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Color Board Functions 37

4.5. Optional Double

. Some color boards are manufactured with an extra megabyte of frame buffer
Buffering

RAM. This is used as an extra frame buffer, which shares its inputs and outputs
with the original, and which is used for double-buffering images. While the con-
tents of one frame buffer is being dxsplayed on the video monitor, the other can

. be updated k

Bits in double-buffering register control the function of the double buffer. The
buffers are designated buffer a and buffer b, or the foreground RAM and the
background RAM. By changing the bits in the double buffering reglster, the pro-,
grammer can toggle the definition of foreground and background and select ,

. whrch buffer to write to or read from. -, . «

The relevant neglsrer bns ane'

'» }' '\ x 2o h; 4 N

,%‘ ,,}%;tl;nmgr, 4L PERY e P S

qt causes the’ contems of,buf]er:b to, be chspl y don‘the 4=
".‘t LAEER 4

a0 akog .;.*:u 22 uf; v\«

"screen. Otherwrse the coments of buﬁ’er a are drsplayed.,

When this bit is cleared frame buffer read and “lndden—read” cyc]es access
‘- memory set A. When this bit is set, frarne buffer read and “thden read’’
cycles access memory set B. - -

NOTE ' ., The programming model of the color board assurnes that pr:ograms not using
¥ double buffering write 10 both buffers. These program.s’ can read from either set,
and can display either set, without being affected by programs using double
" buffering. The Suntools default is to write both sets of RAM and to read from the
foreground ‘ :

When writing to the backgronnd frame buffer only, a process should lock using a
null rectangle so that the cursor and menu do not have to be lifted. (Recall that
the kernel only lifts the cursor if it is inside the rectangle specified in the call to
pw_lock.) This prevents the cursor from flickering when it is in a portion of the
screen to which background writes are being made.

Transient objects such as cursors and menus should also only be written to the
foreground buffer. In this manner, only the foreground buffer will need to be
saved for replacement. This convention applies everywhere on the screen and
serves to prevent damage to the background of double buffered windows.

i Company Confidential
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38 Sun-3 Color Grephics Board

6. Optional DMA Window Double buffered boards come with a circuit to map read and write accesses in the
and Frame Count offset range 0x32000-Ox3FFFFE to an address defined by a pixel-mode address
counter. The pixel-mode address counter is set to an initial value by writing to
the DMA base register. This counter holds the starting pixel address of the win-
dow (upper-left comner) in 16-pixel increments. In other words, the DMA window
base equals 16 times the value written to the register. o (

Read or write accesses into the offset range 0x320000-0x3FFFFF are remapped
“into the frame buffer' address bits A03 to A01 and LDS and UDS from the VMB
 bus are appended to A19 to A04 from the DMA address counter. ‘The data is '
then written dtrectly to, or read from the frame buffer. The DMA window"’ ;
transfers are not mapped through the RasterOp chxps they function like the
pixel-mode accesses described in the chapter Software Model. Y o

A
"t \'
.»(,m‘;-. \u/r s ! !

After the number of DMA wmdow data uansfers equals the value of the wrlte— ,
_only DMA w1dth reglster mult1phed by 16, the DMA base 1s mcremented by
- CG3_ VVIDTH mmus DMA w1dth reg*16 Th1s way, consecutxve accesses mto

'I'he verucal he:ght of the DMA wmdow is 1mphcxtly set by tbe number of bytes 4 )
transferred mto or, out of the wmdoyy space. Itis the responsrbxhty of the user . ; o

-ul\ -t"(";’,yy‘,v. aLF’ i1 ML ; IR N‘ E ;‘ o PR b EERE t! 'rgt, :!;Z
,,,24, bit Co Jo i z 3 Colorboards an be conﬁg”ﬁredfo 24-b1t colorb mstalhng three lonboargs in.
TR TR i o 5 T S R S AR
Conﬁguratlon i system “"!Thts opuon Wthh requlres addmonal hardware from Sun; allows the:&

system to dtsplay all 16 mﬂhon possxble color combmanons, mstead of the 256
stored i m a single color map T . Lo

1 o ;
The three boards in a 24-bit color configuration act independently, resxde at dif-
ferent addresses, and must be configured in the UNIX config file. Only the red
DACs and color map entries are used; the 8-bits from the first board generate the
red, the 8 bits from the red map in the second board generate green, and the 8 bits

" from the red map in the third board generate blue. The first board also generates
the video sync, vertical reset, a 92.94 MHz master clock; and a 5.81 MHz master
clock to the ot.her boards. '

In all other aspects these boards work as described in thts manual.

NOTE  The 3-board 24-bit color option requires 8 Amp at -5 Volt even with depopulated
DACs and hence may not be a legal configuration in some systems.

Installing 24-bit Color The simplest addressing scheme is to place the boards in the 16MByte addressing
space, with the first at 0x400000, the second at 0x800000, and the third at
0xC00000. On a Sun-2 with limited addressing space, they can also be
configured to occupy only 2MBytes of space each, but this will cause the diag-
nostic to generate spurrious errors. On a Sun-3, they can be placed in the 4
Gbyte addressing space, but this requires modifying the existing UNIX drniver.
For more detail, see the ‘‘Engineering Manual’’ (#800-1366).

The *‘Sun Configuration Procedures’’ (#813-2C00) show the jumpering required
on each board in the single-board (standard) configuration, and in the 3-board,

‘f%‘&i Sun Company Confidential
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Color Board Functions 39

24-bit color configuration. Note that the 24-bit color configuration requires
adding a 5 nsec delay line to the first board, and a 3 nsec delay line to the second
board. These are simple LC circuits provided in 3-pin SIPs; stuff pin 3 of the
delay line into pin 6 of J100, stuff pin 2 of the delay line into a pad 0.1 inches

- below pad 8 on J100, and stuff pin #1 of the delay line into a pad 0.2 mches

" below pad 8 on J100. .

& 7 Sun Company Confidential
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‘Programming the Color Board .

N

.. This section provides detailed information about the functioxis and the registérs S
+ /of the Sun-3 Color Graplncs board. These mclude the color map, the status reg15-
»': ~ter and the per-plane RasterOp umts : e

o

5. 1. Mapped I/O Hardwaré
- Inlerface ’

4&:”$~n
$0meR Ao
| N

3

-t -
I
1

#define CG3_LINEBYTES ¢ (GG3 WIDTH/B) = ° 7 ,'3 i

#define CG3_HEIGHT - % 910 = -'x’- | 1. R O . D s
#define CG3_DEPFTE - : g ) . ) < ot ‘ .
struct cg3memib { ' o /* non RasterOp frame buffer access */

Word mode accesses ‘
union bitplane { . - /* word-mode memory */
long word|[CG3_HEIGHT] [CG3_WIDTH/ (8*sizeof (long))]; .
char pad[128%1024]; ‘ \ .

} merplane[8];
union byteplane { /* pixel-mode memory */

u_cher pixel[CG3_HEIGHT]} [CG3_WIDTE];
" char pad[1024*1D24];
} pixplane;

.
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Sun-3 Color Graphics Board

/*
* Details of the status register.
*/
struct cg3statusreg { K
unsigned flagl5 ' : 1; /* User/system defineable jumper *x/
unsigned flagl4d . ': 1; /* User/system defineable jumper */
unsigned flagl3: ' ': 1} /* User/system defineable jumper */

o unsigned flagl2 - .: 1; /* User/system defineable Jjumper */ .
. ., .unsigned flagll -, .: * User/system defineable. jumper */
"< ™ _ unsigned flaglO-.. %" : ;'[f'User/system‘deflneable Jumper */.

" User/system deflneable jumper x)
* sc;een‘resolutlon */ el ‘
. /* 0 = 900 x-1152 */ ' st
. /* 1 1024§x 1024 */w A L
9 -'/* read—only monltornln ‘retrace */ I
1,“[* read-only 1nterrupt pendlng */ R .

/* RasterOp—mode */ ’Q§<'

5 unsigned flag09 ' :"
unszgned resolutlon :

B e
o ve-we

N~~~

T % *

~e

: .-un51gned lnpendx
" Ty,

un51gned ropmode:

1/ AEnable transfer othTﬁ and‘ECL,cmaps */\-
'v/ :durlng<vertlcal retracewﬂAsyncronous‘*/’ ~“.

i+ k R R R

/* clear,iagqertlon,syncionlze 'to\start */

“'of,verﬁicélgfetrace?qSllently dlsables */
) o A ,“'-x P Gy,

iritingstSiTTLY e "“‘“ﬁ"" ORédiw by YA
e

a3 AT B ;("‘,10"‘
ame;lnﬂcg3doublebuﬁa

L ) e
Y ou s Eromt]

. Detalls of double’ bufferlnc realster. .
. : Including bzt assignments ' ‘
‘ */ ‘ \ ' : <
. struct cchoublebuf {. , Ce o
’ /* Display memory set B or A., Syncronized */

‘ un51gned dlsplay b : 1;
M g G /* to.start of vertical retrace */
i unSJgned read b : 1; /* Read memory set B or A */°
' unsigned nowrite b : 1; /* Do not update memory set B'on writes */
unsigned nowrite_a : 1; /* Do not update memory set A on writes */
unsigned read ecmap : 1; /* ECL to TTL cmap transfer 'direction */.
‘ ' /* Syncronized to start of Vretrace. */
+ unsigned fast_read : 1; /* Return invalid data but fast Dtack on rd */
unsigned wait : 1; /* Write a “‘1’’ to set. Bit will remain */

/* high until a full vertical retrace period */
/* has elapsed. The bit clears itself */
unsigned update ecmap : 1; /* ORed with cg3statusreg.update_ecmap */

/* Bit duplicated to allow easier */

/* syncronization of color map updates */

/* with double buffering frame toggles */
reserved’ :
reserved6 :
reserved5b :
reserved4 :
reserveds :

~

~.

o s
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Programming the Color Board 45

reserved? : 1;
reservedl : 1;
reserved0 : 1;
}; : ,
* RasterOp hardware reglsters. .
. ./ . , : ‘ s )

struct memropc { ne S A s . ,

PP ' PR

S, W;fél u short mrc: destph-f;:fn‘]w‘§e~ WA destlnatlon reglster T o .
"‘nlnﬁ,:“w:u short mrc source2; . ”:‘\ﬂ“/* source2“reglster (left) " */ _"Q:f,rl~
e&ﬁf.EKHEQ* u_ short mré sourcel,,;“,{;;;““ a2 sourcelfreglster (rlght) o AN

' T short mrc_pattern,,3“‘7:ufﬁ:»x/* pattern reglster."'..'t, */ ‘"Z:PU —

Peaiu short«er'maskl-ggx '/* maskl: reglster * 'f’,'%y,*/"‘ ‘ffi.,»
*#}ﬁ@uvshort mrcwmask2;;,w '“";n ? mask2 reglster~, “,,v*/ NP
oAk Tere O] AT . d SV e
ngg"short\x\mrc shlft,b “} Rl /* blt~0..3 shlft count forwsource */ L

.f%ﬁm/*,functlon’UQMM‘

Wt oA

“*1* word«wldth“;_
~Y*X¢ounts“dowu€th

DR

T

e A §'1R§Elﬁh§gc. 1 “L{ fi' 3 degéderﬁohﬁput‘ A %
A 43 prwelt) Y et S - <,
S :aw,,r-?sm‘*“f;‘ari?zil* = f:«*‘/w,,r..@&e,%szlgad:’2%3@193&%,sf:t;fgglag)v_«,
e f‘r‘.“w‘e::ﬂwf» 3» f‘:c* Ay ._I:f”. 'f»;.if\ﬁ”g} i,?“?s{%f’y?l'” A *’ =
PR LG hé’ S xfi’é‘«;ﬁ‘;.i”{’?&tb"’ 4‘: Bt
RS 2 RS w/fwf{agsgregls

T o AR ST
1{TQ‘ ,f ? 5fiﬁ:‘égy3”um,j,fj.hg:; T . :

T I£ Only RdP—mode accesses' are required, cg3fb is the only struct whlch must oo
';M.f-bé\mapped\in order, to"use, all Color board-features. : L .
\,«“‘.**/(““-.K"‘};" - v . S K ‘. r\,‘--ﬁ‘:‘i" B ng r . -

R Corresponds to RasterOp memory and control registers o ST
struct cg3fb { - R L L o L RN

' ‘h,unlon Aol C . . /* ROP-mode" memory */‘W S
S T el o+ . union bltplane ropplane[B],swu.»/* word—mode memory ‘with ROP */
: . R union byteplane roppixel; i plxel—mode memory with ROP */

. '} ropio; . . RasterOp memorjy-—0x200000 to OrZFFFFFF S ‘ ,
SCU ' wndont{ T . © <. . J%=e—— RasterOp chip registers */
e -, struct memropc ropregs; /* normal register access */
oL - struct { -
e ’ char pad[2048]; /* for pixmode src reg prime */
struct memropc ropregs; /* byte xfer loads alternate */
} prime; /* src register bits */
char pad[4096];
} ropcontrol[8]; RasterOp control regs
union { [ F e status register */

struct cg3statusreg reg;
short word:;
char pad[4096];

} status;
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Sun-3 Color Graphics Board

13 "l .
union’ { .

L

. :' oyt M‘,] : . bt A v,
,,5} doublebuf;uu’ ! KOTSRS ST o .
. RUNT AT W = AN . , B L . .
Coal i 4 Yot ol e LI K , o S, o
N A “““:n&“?w"ﬁ fo o ih - MG
., 'uni n x~'”m. vgwme%#$, T '/*7-—-- dma w1ndow orlgn reglster */
, , e BT
g; m:p‘~ ; /* Blts A19—A4 of DMA wlndow */
e g !
i, n. = . 16
; . /* orl 1 erte onl 16 blt */

s : ‘*
N’ﬁz *a: ,;m?
(:1‘;( ; F rt_' ;r .‘A( n" - :x' r
P - "’2"“9}3\%5 .}z'r"g”‘r""ﬁfeqﬁ.:?
/% iB-BiTI Even byteni
& /* DlS..DOB Read—only.,“/
/* frame number" modulo 256"
; . /* Increments on- Vretrace.‘*/
' ‘char’ pad[4096]"’” S I R ~
) framecnt,,‘ f‘“ " CAJ . :‘ N ‘ R '.b*f s N
\ union‘{fv;j ‘ﬁ<§lT7' e K 1nterrupt vectbr"reglster */
" ":'unsigned short reg’; Y A llne number 0. 102474 *)r
., . char pad[4096]; ‘ ; " L )
..} intrptvec; . . ’ e ' f y )
unsigned short redmap[256]; ' /* shadow color.maps */
. unsigned short greenmap[256]; /* shadow color maps */
‘unsigned short 'bluemap[256]; /* shadow color.maps */
}; : '
/*
* ROPMODE PARALLEL LD DST 1LD_SRC Description
* ON ON */
#define PRWWRD 0 /* parallel 8 plane, read write, wrdmode */
#define SRWPIX 1 /* single pixel, read write, pixmode */
#define PWWWRD 2 /* parallel 8 plane, write write, wrdmode */
#define SWWPIX 3 /* single pixel, write write, pixmode */
#define PRRWRD 4 /* parallel 8 plane, read read, wrdmode */
#define PRWPIX 5 /* parallell6 pixel, read write, pixmode */
fdefine PWRWRD € /* parallel 8 plane, write read, wrdmode */
#define PWWPIX 7 /* parallell6 pixel, write write, pixmode */

unsigned short reg;
char pad([4096};
} ppmask;

[ *————— double bufferlng reglster */

struct cg3doublebuf reg,
short word;,

'I.?.ﬂchar pad[4096] 8 13
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/*
* ROP control unit numbers

*/
#define CG3_ROPO
#define CG3_ROP1
#define CG3_ROP2'
#define CG3_ROP3
#define CG3_ROP4
‘#deflne CG3_ROP5
i#define, CG3_ROPE" '°," .7,
. “#défine. cg3_rop7 ¥
‘3{#def1ne CG3 ALLROP '

/* RasterOp unit for bit-plane 0 */
/* RasterOp unit for bit-plane 1 */

o~
«

o daUls WN H O

’Mw’w« k ~
p:L'xplane"~
TR e '-‘.‘
yorsiadd_:c,(fb‘” plane, e
—_ -, .‘,.xzw.’m-,

y ) ALt Y X
&(fb)->memplane[(plane)] word[(y

i:u

(&(fb) >roplo ropplxel plxel[(y)][(x)])

opwordaddr(fb, plane, x,.y) TN -
' (& (fb) —->ropio. ropplane[(plane)] word[(y)][(x)>>4]) . "
#def1ne cg3 prskew( x) . < oo\
: (x) & 15) KT - ' ‘
5.2." Coordinate System' The frame buffer memoxy is conﬁgured as a memory image and is not d]!‘ecﬂy

. X,y addressable. The coordinate system starts at the upper left, with y increasing
downward and x increasipg to the right. In pixel-mode, the Sun-3 color frame
buffer appears as one million §-bit pixels via cg3memfb.pixplane.pixei[y][x]. In

. word-mode, the Sun-3 color frame buffer appears as a stack of eight 128 Kbyte
monochrome frame buffers (cg3memfb.memplane[n].word[y][x/32]). Writes to
the frame buffer can be optionally mapped through the RasterOp units via
cg3fb.ropio.roppixel.pixel[y][x] or cg3fb.ropio.ropplane[n].word[y][x].

Pixel Mode In pixel-mode, pixel number O is in the upper-left comer of the frame buffer and
pixel number 1151 is in the upper-right comer of the display. Scan line y in the
frame buffer (0 <y < CG3_HEIGHT) always begins at pixel number
y*CG3_WIDTH and ends at pixel number (y+1)*CG3_WIDTH - 1.

Q\
QY SUun Company Confidential

mecrosystems

oS
ES



48 Sun-3 Color Graphics Board

ord Mode In word-mode, each scan line in the frame buffer is 36 32-bit words wide (1152
pixels/line divided by 32 pixels/word gives 36 long words/line). The MSB of R
word number zero for each bit-plane is located in the upper left corner of the

- frame buffer, and the LSB of word 35 for each bit-plane is located in the upper
' W ‘: nght comer of the frame buffer. Each successxve scan lmc in the frame buffer |,
-7 occupies another 36 32-bit words. . bt Y o G

5.3. Programmmg Examples‘ i - ,'(I'tie followmg code sets up the Color board rcglsters in preparauon for copymg a.
R .;-', ’; ’pxxel rectangle havmg 1 bit per pxxel (packed 16 pxxcls per short word) from-

L. - Aha ' NS i N IELPIA o
cooan s mam memory to the; colorframe buffer o :‘:ma», *.,n;l,..\,.w(\‘.;.,-.5.,; Wi
AR SRS SO N TR MO B P B T T L
/* - ’ TN N uf‘,v KRR ey .m:'-‘:,,« EARRCATHEE Co
,1,‘ GUIVIRE RN ,.,..;,kf,.- ,{,..v\'mnw' Y LR

. Al g ' N A PR
LTk Srcskew 1s" plxelnaddress mod 16"~,1e'. . offset 1nto’ a{,sougqe ‘word R L
TR poa e W ol :“3"}':*’7' oy ,' PR Tt B !
}*,_ “for the upper. left cornerA of,. thewsource rectangl e
L * L"Ma topf. ls‘“'theuaddress of the flrst.‘ word‘lof the
. n l k] N ’r o

e b

ke I} 7 g
,x;,g:‘} n”\:‘f;‘n",i‘:',f ECEP R
‘source rreetangle~.=; AT
1A ,(»‘ mf._\, *e A, g TS
”. P '-] font r K o

]

mprs ske"'w"&i'src) )
hprt“,)mprs addr(src)

e b m RN
< 'f oh ""'ww:‘v“"'rt TR 4 J:‘ &

e a
‘011" B NG R TR
¢

iy

‘ g "\'.,m"({l“ t'-‘~n ke v
dir i L ’“’,‘é‘;*”x' A
n“sn'ng:\?f{xf."ﬁué' ?_QQ:JAA‘ZK‘MJ‘b G ',\, ".‘f‘.'.m r,v, e (
st 5% A RN R S
,Set;~t espersplan e}.‘,mask“g‘re 1ster*:(to, K]
ORI \»". n-v‘id‘“" i B aﬁSﬂvgﬂm m(;u' ISy .4—", i XA ,‘
Set l OPCLO pi sters:.;to., e;des redw rOp fu c
VA ».af,;;‘- g‘;‘ﬂ&'}«ﬁg.luk L5 , e n")( -4,-;-1)5". N <-':~iq;<‘¢:~u:' iy .,(Qg, by \'\.»m g ”‘ z,,{ ey ngil'x
5t ,,Ze; or'ally ROPCspattern regl-s er S avﬁgv;..mg' “ Sl

N r‘;*:;: wﬁ 0 a3 e
;

Ay "51»\“:7;"}’; ‘w'*”‘*w‘f, B v‘: n?‘?{,-;;}
L2 PN .

i R Sretim 2 ) el i
Lo S ‘.;‘i\:’mh: {f,&«v,‘, ) ._t‘,?ggxd"“p{‘ : >.¢1,«:,},"6:,-;“}k,‘;!2 ot ';‘,;‘;'* “"‘:3“.41 5\" 2 ) "ﬂ 1‘
Brred i 13
fb—>ppmask reg Ox E‘ i REIR i‘\*“ ,J‘:, B s/

fb->ropcontrol[CG3 ALLROP],.ropregs .mrc op = CG SRC

\4:

‘fb- >ropcontrol‘[CG3 ALLROP] ropregs mrc_pattern =

_w . . K
.'r,,w - ,‘

/* e o
* Set the'end mask reglsters 1n all ROPCs. The ' left mask 15xbased
* on the left destlnatlon pos.Ltlon skew .(the left: end of. the ,,raster),

* and the rlght mask J.S based on the- rlght destlnatlon pos;\.tlon~skew. - ‘

[

= ' - sy

.ox/ R N TR P PR P VSO S R " L
fb- >ropconbrol[CG3 ALLROP] ropregs mrc maskl = o5
mrc_lmasktable[dst. pos.x & OXF); ' ' '
fb- >ropcontrol[CGB ALLROP] ropregs mrc_mask2 = o . .- , ‘
mrc rmasktable[(dst pos.x+dst size.x-1) & OxF1; v ", o
/o R 3 ‘
* The source load bit is 1 so the FIFO is moving sourcel to source2. :

* Therefore, the src and dst addressing will increment left to right.
* Set the shift and the sourceload bit in all ROPC shift registers.
*/ ,
dstskew = cg3_prskew( dst.pos.x); .
fb->ropcontrol {CG3_ALLROP] .ropregs.mrc_shift =
(1 * 256) | ((dstskew-srcskew) & O0xF);
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Programming the Color Board 49

/*
* The source FIFO must be primed under certain conditions.
* Width is the number of word boundaries crossed by a raster line.
\*/‘,,, . ,ﬂ: . . ,
7”priﬁé =_(srcskew >= dstskew) ‘ﬁ;\“?{"’-,.ﬁanﬁ ' K o K
_’width =7 (dst'.size.x + dstskew -1)<i/.16; .. % ' " el CoL
w,fb—>ropcontrol[CG3 ‘ALLROP]. ropregs mrc width =”w1dth-\~ . .

3 ALLROP]”ropregs mrc opcount ’Wldth

“”fb7>ropcontrol[CG

W owr e, N , Tovs sl

, ." 'x ' K ~"’v"’) :3 LRE MR
- . VYR T,

e A

b s
~

g

v ~.J» ;

3 4 A W
he? framégbufferﬁmemory to bemﬁ

Wl

A
H

dehene

MERNLZERYS

ﬁ(short*r(&fb->roplo; 9 LT

Ty ETAD o RO o

% Wﬁ&f;(,w rd[dst pos y][dst .pos . X o
i K SRR P .

501
o }ut LA A
’1oop%macrgéﬁ. _
B3 L Byt T a sy & g-t&}f@q{
ertlcallyqd
c’-’:”;‘

.\A\ H

Pk e fb—>ropcontrol[CG3 ALLROP] ropregs mrc_. sourcel =,

‘35-':3b 3 ) addr++- RN
‘rop_ fastloop(W1dth *dx++ -;*src addr++ )
“*dY++ *src_addr; F:*;“ YL o

.‘dst adar +—‘CG3 LINEBYTES

e}

(char *)ma top “+= ma vert,;:
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"+ width register, 34
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