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Introduction 

" This manual desc'rire's the Sun-3 color board' for people who need to interact ':' 
,", ',t', 'sig'nificantly with this board."Itprovides'a fu~ctional descriptio'n'ofthe b~~rd, ' ' 

~, .,' , . ,": :and lists and (i"escri6es' all the. addressable facilities on the bo~rd.:: .;., ,:" r;; ';,: . , 

,; •• ::}'" .~,",,> ":,,: ~."., ',~::~'",,'~'~:' ,',::::>},~g~:~.~>~""/~'~:,.~~;,.'~ ~'~:~.',.' ,:~:;~.,':": ,;. :,:> ,:'.' "<~.': ~'-:;" ';".\:\.> .. ,','::~;,~:~;<~_. ,I I 

1.1. Us~ng this I\1anual ,~::.~ "~ '. : .. :. '"J!l~ f9110~in&;'se~ti~n$ p~6Xi~~ information to,help yoh use. tJ:is,mCl!luaL '<.f,~~;i:. \~ . > 
'~,:~~~: ~.;' ',' ~. '>: > ;:': :~: ~:' '~~,.:~)t,:;. '~- ":~'~<:>:~,' :;~:I:,,·:~.;'~~~~~~~~!l'i~~'~~~~i~(~~~~il:~~!f.(.;J~';~~:": ','~;~~L,> ': ... ~' ,/.:.' ,}. ~: . ~,~,,~' ",.( I. ~ :{:';./~i <~';~;l;~~:' ,:~'~:,~. ,': ,~: . 
:Audlence);·!,:.~. :,.' " :." ;'/:'::;-~t'-~, '.', .':-:~,(The maln'}'audlence·fOJ:·this manu'alls people who want.to,wnte programs to',,~ I.' .'J. 

hi- I~,> '~' ... ~,\~...,..~) ... ~!·~,'.~~t4f:..;;r~."~ "q~ ·: .... :~,,~~A ~ .. :!, .. ~~7,~>;"~r-:,,,..l"'~ .. ,..~it\"~~?<).-<JllJ't.~ .. ,~~ .. ;.-pJ_;:.'r} ~ I .. ,.<\. ... ~'! ....... .:1.;;,.. ... ~.,. 'f, ,,,',',,.""".'y-c.;tll' .... I_~'\l',',·, .. !'\,,l,\. .... tfl-~'.I ..... '+-

. ,~t~>~~1~;::e .. ~:,'< ~'~i~ ~,~:,t~~~~f'~)'~ .~~\ ~~:; ~<~~::.:~t;l:~)jnteract·witli the~'color, board,\without llsingpixrect.:: Note that YOl.l','caifiiSe' pii:-l' .. :.' ';,' ., 
~~¥- ~t.;!,;:~~,~~t~, .. ;-,~ ~~~t;;t'~~:k::?4J~~ ~~~.~;!£~:, .. ~·~~~~~~;ft~ ~;~{t~"1~~ ~~\1.1~~I~yhi':,J.:~?~1i~1 :~t~1~fod~~v4~141:&:.\~1"j~~'l4.~'-';1~1~.x .. ~1./\ 'th~~~;£!':''' "!::his,~ "'l~ I A. ":~b' ·l~. '~~'" t~;. Jf·<th--" .. S .. ;~ffl~~:r\'r~: .. v,~~/~~~ ~~'!: .. ~":.;.--"/ ~ 
.:~i:·!~·r"'· .. f~!F:t·.'4·!J:.,~:~ii:;..'I!t-~,>~.i~H·};::.~;; .. ,y}.:r:f;~::"'?'0:tf·rec,t,:.w C 'fp'ro;v.:1 es'.1U 1;access to e:graJ.? c capa lInes ,0 e; u,n'<wor~ta:~~,·:·::i~,;:;\'~ 
~ ~~?!;~f!}~),;-;~\ "i~~- .. ~~'"'~ ~t'1~"~~~~~ h-/. \"~~f~~< ~;rt:!-: ~~;~(~~"7~~j""..!'~) ~l~?;':~tlij; -t?;;q~ t:'1J;;?;:t:c~~r~/'i-~~: ~~~~r~t:.t;:f~;thi"''''"' ;~f~>t6~~~ ... ~~. 1\1~~<~~"~_~:-~ ~'- t~)~ ,~)J-~\I,:?":?I~~~ ,~).:;~~~~~ .. ~;~~;it::;, .. it~*~;.:l~~~~,~~: :~; ~,.l' 
'J !.:~t£,:~ .. ~~~f~~~r::-'> ~~~l~~!{,i~~ 't;~:!l~~~ ~~~~;;::l~~~"~} "'~~!ltJon,:W1 our: UJe~lJllormanon: In:. ~ trulDUa ~ s.:,~tl\~~rl~ ... ;<!J.~~~~; {~.~;r~),: .• ~;~~~J.~~~,~~~~·:t.:a+~~'~;~r;~ ;)~~l~'~'!:.~{ 

,!;~.~~ll~:i~S}~~€~~n~~~:~i~~{~7 ,-ici1y.t~~~t~f~~~]'f!:~ ~?J ~ ~~tj!~~~!?-l~;~~~W~i~~~}~1!~~~~~:~~1~~i~;:~qE~\~:~~J:~~~~W~i~~~~ ~;~~: 
~~:r<5~::;::,~t).;;~;~~,~";!<;~/~{\;V~~;~·!;~:;~)~:~:::r~~:::ii!;:~:;!jl~~The!au ience mlgliftalsoYin6Itiae~~rsoris:who:-want' iO~lrnderstand:tlie;SWi~ colort .. 'f .. ~~· 
; ~ ~~Xl~(./,") i;~~;:: .. ,. ~,t-..{t~}~~1~~L\';~ft ~~\7"'~~::f~q ;~~;,~,:>...tr;~~b~i·:;J;d~ ~ ~~;;;~ili"~;~;~f~4;i}j..x.Jt~~;:f=~'t;':~~~fi~ ~ :::~~ t,; ~;;th-oI,,;.~~!~:'~'~ :rh 

• • ~):r 1\: ~: ~/~,.: ~~~;.,~':.t Ij '( "\~~~"" ... ~~·~::J.1:~;~1?'1M..,~:~'\;f~:;:J~~~~~v~·r.~ ~~ :::~~~7~' 
, - •• <~. t~ ,-" '- .... '.,}:;.J;.),.~:-- '".:,r:'.,_. 'I;:,,<~;:-,.'r..,':' oar "·el er: to'repalr'lt'"':or or any 0 er reason.iI;,. ~-;:, ~'l!~".j.f'(f',>;;"~,~'~:Ji,';)..(I~r.,''''l·,.~.::.c1!:'t..Jf~'''''';!t~'?i''j .• ':!'4·;'~'Y)'' 

,,' .. ~~~~.~ '~': ~:.:: ."; :~'" ~ ___ ~~ _:,~ ,_' .: ,:' -.~'.,: ~,;:,~~> ~:~:~~ ':,~~:~,~~~~~~~,~~~~ ;~:;:~~~; ~~:~;l;"< ;:';' '\ :,: _ , ::.';' ': ;, .. ' ",' _' ~. ~ :',) ~,l; '?~ ~ ~ 1.~. ~r:: ,;~;,~,:~,~:'~~(::~;~y":' "~'.~'~:'_' 
1\1anual Organization" . ': _, TIlls'manual provldes;'aiff~'rent types cifinforrmition' apout"the color b·6·ara::7r.~, c, .' , 

Fonts in Text 

Chapter 2 describes ,what the board does at a high level, and introduces some of 
, the principles used.· Chapter 3 lists the various addressable devices in the board, 

and describes ho~ to access them and what they do. Chapter 4 provides in-depth 
descriptic:>lls of the'board functions, and Chapter 5 provides examples of the code 
.that sets-up and interfaces this board. '0 

, _, .. ' ..... ', "I>. ""t -, .! \' 'j,J 

In this manual, we use fonts to make things a little clearer. The most common 
fonts are Roman, typewriter) italic, and bold. We use them as foI1o~s: 

Roman 
-{'''. ' 

Roman font is tlle standard for nonnal text, just as it appears here. 

, Typewriter 
Typewri ter 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 

B01d 
Bold font indicates that somethmg deserves more attennon than the sur­
roundmg text. 

~~sun 
~ rrucrosyslt'~ 
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4 ~':·i·3 Color GraphIcs Bo:nd 

1.2. Glossar~' 

13. References 

ln order to ID".d: confusion, this manual uses standard definitions for some com­
mon words.1~~rr.e are: 

Frame' Buffer 
The men'ql}: that contains a copy of the image on the video monitor. 

.. ." .,' " '~1 I ""! • .' 

Refer to the.'iiO\\1ng documents for additiona~ infonnati6~:: , 
, " 

Principl~:r;flnteractive Computer Graphics (Ne~~an~ & Sproul),' , 

·~LSITei'1Wlogy,Inc.ICV16160Da~dShe~t.:"" }.,:'::; , - .. "":" 
t ". .. \ " • 1 \ • ~ 

Pixrect..f-,ference Manual-Part Number: 800-1254 

Sun:'3Yibi:boardEngineering Manual'- Part Number: 800-13,66 
., ' 

Sun CUijlyration Procedures - Pan Number: 813-2000 

Company ConfidentIal 



2 
Color Board Overview 

, . 
, • _ v ': ',,' • '~. ~ , 

Color Board OverVie\\,' : " ~I" 1 .. ,.. .. \ .. : .. ~ .................................................................................................. _ ........ . 7 
I ..... 

\ , 

2.1. A ~d;essi~ g .:: .. ~ .. : ................... : .... : ..... : .. : .. : .... :.::.:::.: ...... , ....... : ... :: ... _::~ .. : ............ : .. ;.:..... " 8 : :::: 

2.2; RasterOps and Image Maru pulatlon ' .... ; ....... : ......... :.: ..... : ..... _._.:.: ........ : ...... :.:...... 8' ::' 

/;:;¥;:ii~~%~£iJ~~~;~~~~;f.~~~~~ti:j;;~~:il:~l~t~4iI~i~~1~:t~~i~i:;~:~ 



Color Board Overview 
, .' ' .. I I 

~, ~I,~: l~j~'l,I' " 
)~ j , .' , 

/ , 

J , 
, • ; • , ~ I I \ ~." , • I t 

This chapter contains an ov¢iview of the architecture and function of the Sun-3 
" 'color board. l~' describes wha.t the b<?ard doe's; at a high leve,t' .,' ,'..' ',.:' '_ .... 

1/ • ..., I ~ ," J ' , • t I I I I • 

, " ·This c~teris 'i~t~nded ~o fa~illariz.e yo~ with the b~sic functions of the board, ~, 
.' v •• ,: " I 'and the basir:: concepts it uses. I Subsequent chapt~i-S go into grea~er detail. _, : :. ", 

:' ~ .. ~ .. (: •• 1" ~I I : .... :J r ,olt>" ... I J.,,~ i" ~., .. :~ ",' ':' I ~ :11' f \ ":"'/:~' ",,~:~~,'~l ;1' ~ "'; t J' "} I • I .... ~~~ .~ t:. .:'-:, t 

.-,NOTE"··,'" 'Most'programners use Piirecis'to. c'reate'gfajJhics on the Suri .. 1~ixrects ~andIe ,_ :" 

·;:~:i::,;~~~\{:;~l~';r,I~::~l!., in~~~~~Ct.~o/z ~~t~' t~e ~ fo~i~: i?1,~~~1'i ~hi~~ ~Hfi.~~)~~,~~~",ti. t~:.r~~~ ,~4~q'~f~-*,~ ,ot.;~~~·. : 
;:~f~/'~~'~:/ftt,::?~,,~:;the Sun lr..aji{ics cajJ'abilitj/~:Useis 'ofPix'rects, hav(L'rio:'n'eed to read this manual~rl .. 

~f.~l~~{~j~~*fof~;!~~(;!~~~;~~~t~ ~~~jit~~~~j'~~:~~~i~~~~~tJt~t3~~~~~(~~~~fg{~t~ft)~;t~\;{f~~~~jM~{;R~~:f~~:~J r~)'~~~]:,ti;~~'-?;j~~~:tE:;:~:: 
!i'~\:~ ~l:?; ~.;Yt~,~t:liF or'addztiiimf lTifonnatlon 'on'Purectsl see;-'~f"The,'P.ur:ectl'Re[erence M anual, .. ~:,!·"t;,P.?r-;;· 
,~'t$!;~1:?~S~?#8(j'6.:J25i11{:lh~:~ftt~~J:~y!{ft~({~1~~~~~~~n~{~t.l~~YJ~~t~~~~ ". t~:~\·:~~t~i~{(,\1ft1{~~~~~~';'l~tR:~fJhfr1$~:~t{ 
t~-/ J.'t',;,,:.r. ?t'::.'i·t ,?;)'; ~:. >.',,,, ':.5::-, t .~ ~ ~ "I~ t ~.7(:~;!. ;.'\~ ~.;~' ?~'f..:t~~,;·,~~3J'~~:Jb1"~~''f~)I'~~'1~1~ 'i~p': • ·":"I~·1:-."l:~ "'.:?'3.t'V;l~~~.- &1 1!r,\~~J> ,,' ~ ~.{4·'~1 J.\:l.,.,~ .. , 
:?l;i:,;~\::-:~:;tlf~,t""l .. ~~;lf ~l~. i~r:!~~J : J~ ~"Jr;~;A'~~~Y :r.j'.,;1:r~,t;. :"s '., r 11 ~',~fJ,j~~'r t:~!>t~~: .. :t"~I$~t;t~~II ... 'tr·;~,~~t:~: '"' , ,~¥ -1 t'tY'/I'~j.:~ t~": .l':'-~ .'.fJ·l·i~r r~ ~ '1: ';1\; '; /11'! .. f.~i.!r:r 

~:~.; \ ~~:;~_~~'\1:'>~e,'I~olor~a:rd' 15 ~'~~u.~'~l~~~; th~~~·~r~X1p~s. ~;~~~apyte, c;>f~10¥, ~~ge~ a,'X' .': 
.~: ~;.'j5.,l-r:;~i~A-)fr~~~,b:u~~~~nd ~l~CU,l~ to,~~~p:l!,:~~·,~e ,~~ta ~Pi\~~s:~~. The fr~m~,·.b~ffe ~ ~, 
"- ", ' -" ( 'contains1h.einage on the'vidf£'o'fuoruto'r; dataigoes from 'there directly to the!, ,,\,t ,i, •. 

j , '" I I \ 1 ~ ~". ' , , 

video circuis:. . . \ . , 

The follow.ng figure sho~s the ~ajor blocks ofih~ibo~~d, and its relationship to 
the rest of ti-e' system: 

: 
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2.1. Add!essing 

Figure 2-1 The Color Board in the System 

VMEbus 
t DMA 

r------- ---- ------, 
. .1 "' . 

Disk 

I' • 

, .' i ',: " 

. "-... 
fT - .., -. of -' 1'1 

r , .~ J 1 .. Y 'I _ I I \ ~'" .. ~ ....!. ~ _ I ...... ., ," ~:_ L \"', .. _. .. ~ 

p , ',-,., ', •• ' ' '/, :,.; Frame Buffer ' .', ... ... Video CircuitS ':~'-\ ~" .. '. 

, ., ~ .... ~;! ... -

, Jumpers on the'co]o!,board select the boa'rd's,base address,~ana \yhether it::-~:r_",';~< ~):. ;" , 
. decodes 2 or 4 Mbytes of space starting at that base address. The bo'ard itself con­

tains 1 Mbyte of frame buffer RAM and 1 Mbyte of control spa~, whiclJ 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 L',e base address at 4 Mbytes. This 
makes the board occupy from 4 to 8 Mbytes in VME address space. 

2.2. RasterOps and Image 
Manipulation 

RasterOp chips provide the main tool for manipulating the image in the frame' 
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. 

~~sun ~~ ffilCrosystems 
Company ConfidentIal 



2.3. Color T\1ap 

1,':' 

• • " 't' ~ \', I I 

" 

Color Board O .. er.1Cv. 9 

The color map is a 256 by 24 bit RAM circuit that uses EeL lOgIC for fast access 
but is shadowed in a TTL circuit. The 24 bit locations each contain bIts wruch 
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 pi).el to 

display ~ 24-bit color. The ~lor fl?ap can contain 256, out ~f 16M possible color 
combinations.', ' ,.'. 1 \' , .' .... • 

"",' . ::;', :.;,> i', :"':~:';\:.':/ •• : •. ' ,(~".;,~,' ",: .,':, " ' •• ,: •• 

Some color boards contain an extra Mbyte of RAM for double buffering, and a 
DMA circuit. Double buffenng c'reate~'2 f~e buffer RAMs; this provides the " . 
ability~ to display one on, the screen ~hile ,updating the' other. A registe'r allows '. 
you to designate one the background' and the' other the foreground, and to toggle' , 

, ). , r M....' _"-
this selection. . ,.'" ,I. , , ~.' /;1 ,,' " " ,,;' ' .' '" ' , 

!, ' ' .. \ .,l.">"~' '.'::;"::'".':..;,:",:", <"'t"; ,',':' '.',,' 
, : ,The DMA circuit allows you' to)ake' an image stored on disk and write it directly' 
t."".:'to the frame buffer.: '/".~~':~.,::':,~ .-:;:,'l .. ,'" ".": '1 '. ;.'.'., ". ',' , 

~ .. ;. !:-' '; .' \ " r '., -1" OJ • ., ;" .. '\ f '; " 
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t, ' 

" 

I 

',' Offset/rom Base 

OxOOOOOO - OxOFFFFF " 
Ignored/ in 2 ~1byte decoding 

Ox 1 00000 - Ox 1 FFFFF 
Ignored in 2 Mbyte decoding 

Ox200000 - Ox2FFFFF. or 

.. ,J I I • 

Accessed Entity 
,Word-Mode Memory 

~ I. 1, 

,H 

Pixel-Mode Memory 

RasterOp Mernory 

I 

" > 
.' , 

"'-\ ~ \ ' 

I, 

Softwar,e Model 

Description 

ill ' 

I ~' 

Frame buffer apPears as a stack of eight 
memory planes. Ea~h memory plane is 
equivalent to 128 Kbytes of system 
memory. A 32-bit word access 
addresses 32 adjacent bits within a bit­
plane. Eight, 16 and 32-bit accesses. 

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. 

L-______________________________________________________________________________________________________________ J 
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1-1 Sl!n-3 Color Graphics Board 

Table 3-1 

Offset from Base 

OxOOOOOO - OxOFFFFF 

Ox300000 - Ox3IFFFF, or 
, Ox100000 ---= OxOIFFFF 

,1-:., 
.~ J) 

':: 'Ox320000 -' Ox3FFFFF, or 
.' ~Ox 120000 - O~ i FFFFF. 

.. .~~ ~: \:} , <-, " I ; L;~ J I J : (~ ~ , 

, t );' 1 ~ , I ~ \ 

Frame Buffer Addressing- Continued 

Accessed Entity Description 

The eight RasterOp addressing modes 
are specified by the ropmo~e field in' the 
status register. They are described later 
in this chapter. 

~ .. ,~ 1 

This address ~ange con~i'~ the color : >~ 
board control devices. " ' , ",': -;-' ,', 

Thl~ space acts siinihi~l~ t~ ~ixel\n~d~ : 
memory, during DMA accesses: ~'. ',:. 

~ .. ' 

. ~:~,:~~; ,: >: :.;: :':, .. ~:' ': ,:,';;, }~ ,ih~ fO;I~;i~g':~;~{~i';~6~ lb/ri~~r~~ses ~ th~ ~ri~~; 's~~~:' ~e fi~t '~~~~s ';.; 
:"!,{,:.:.:"~':'~::;:/ "~; ~; ;(~(~.-~~> ~~,t::':,}0byre:a'd~~$~~d~Cq~di~g,'anci ih{~ecopd shows 4 ,Mbyte ,decoding:,: :'J~'-J~';,':' >.: ''-

0~:XI4~~!~~~;~~~J~\~ :.~.~ J.ti~:~;~~;~:~:~ji'~~~;~~i: :;~A~~~~~~Jt~I.~J;~;~r~~ti~~jl?;;'~I~;;Lt~,< -:;~-~--' ~~ .:":: ~~:E;~~:::,·;.:\{t lA::?2~:;~:!tj;~~g 
:~~"~ )&v'< f'''';;~'''>I'·'''· T 'bl" '3' 2'i.I -".!-"n'"' • '~'l~S "",,~.s~A'dd ~,- ... >< ", '>'Oi."'2-Mb' -. D'-1.·· 'd·;-- },";.~.',,-, ." .. '"'' <;fn«'r,'" ?"·-f",1>'·,~ 
::i~':~f,~f\~iJ1'HJ;{.:,f~1~:~;::J. a e~1~' ;;;fJ.tr.c,pntr:o p'ac~;.n. l'eSsnlg.~~·. ,ryt~, eco lng1i±@: .... ~:i,';'.<J:t··;:\ ':1' ,~~~:,.1<~t:~}~:lP.;:\; 

~~~f;.~{s~i~:t~~1f.E~~~5i;tt;~:~~~~ti,~?~:~~~~1?·~1~~z~i~~r~~'~~~~{i~~t~~~r~:~¥ £~~~f~~i.,~f~~~:.,~;li!1;t·?;Y.~~~~f;~~~~\~~~-J;i:1~!~ 
~~ \~~~f~~{,iWOffseifior;i'l{as£f$~~~~~~frl~~~f:itrlff}~~.&~~.~&\~~A~1.:~~~~ccessea..Entiiy· ~-~~~i::t:;f~~~~U;f.~~~~~~:f!;~~~t:~~ :~ 
2, ~ O"x:J. 0'0'00 0';<0""; ?tt.0 x'l 0 0 01:E~::'.;,.~RasteiOp' unit'/'£::. bit-plane '0' 't;'.~:;d'",_,;: ,'.: --i;?l-' ~~~'::~ '_' :::,..l'-::7~J5:"~~5i :,J~?(;~f; ~ 
~ ~ ~ .. '\, ,,, ,:,. ..... !,. t , ... I "~'''':t' t ....... ".~~ ~ I r' ... ",f,._ : " ~ - ...... -:: ;;>-c~,.. .,h ''J • • /1\\t_ .. , 't 1 ..... ,..".,o'\~ ..... --:"{."'f\. ~ tor" _ ,...)", }~ I' ~r·, .. ¥~t .... :.jt~i; ... .1y ......... ::--...... t!'~ l ~/:)"r-'" .. :.. .. "! '('~-. j~~ -r.: .... 4' ...... 1/1&! .. ~~..,Cf {}.I.r:.,..;';;r,; 

.~ 'OxIO'IOOO - OxlOl'OlE .:, '~··RasterOpun.ri·~bii':·phine L .- -~" - :--"', . :·-.t_.·<:,~, p'" .·--3:-:~:~ : 

. "0~'i02000":~ ~:~o\:i02'OlE', -··~Ras~rppu~ii~:bit-plane:2.,; . ,- '. ';, -t':. '~".l.<~ . 
. Ox'i03000 Oxl03'OlE. RasterOpurut~bit-plane 3. 'I 

Oxl04000 - Oxl0401E -Rasrefopurut-' bit-plane 4. 
Oxl0500C ,0xlOSOlE RasterOpunit-" bit-plane 5. 
Oxl06000 Oxl0601E RasterQpunit-bit-plane 6. 
9x;L 07 00 0 Oxl 07 OlE RasterOp llI~it ~ bit-plane 7. 
Ox 108000:"- 0 X 10801 E .~: On ~~te, Pseudo R.asteIop unit - will write to all ROPC 

OxllOOOO 
Oxll0200 
Oxll0400 

Oxl09000 
OxlCF.OOI 
OxlOBOOO 
OxlOCOOO 
OxlODOOO 
OxlODOOl 
OxlOFOOl 
OxllOlFE 
Oxl103FE 
OxllOSFE 

enabled by Per-Plane Mask register. 
Status Register (16-bit) 
'Per-Plane 1-1ask Register (8-bit) 
Double Buffering Register (8-bit) 
DMA Window Origin (A 19 to A04) (16-bit) 
DMA Window Width Register (8-bit) 

'Frame Count Register (8-bit) 
VME Interrupt Vector Register (8-bit) 
Red Shadow Color Map - Entries 0 to 255. 
Green Shadow Color Map - Entries 0 to 255. 
Blue Shadow Color Map - Entries 0 to 255. 
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Table 3-3 Control Space Addressing -4 Mbyte Decoding 

Offset from Base Accessed Entity 

, \ 

~ I~ , 

I 1 ~ II' 

Software Model 15 

• "I"" r, I, .. 
: ~ ~ ~'.: 

I. I~, I I 
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16 Su:-:-3 Colo~ Gr..lrh1cs Bo:!rd 

Rope 
Base Offset 

OxOO 

Oxoi' 

Table 3-4 RasterOp Unit Register Addressing 

Data Bits Accessed Entity 

D IS .. DO ,DestiI?-ation ~egister 

,DIS .. DO :-'1 :~_Sou'r~ Regist~~r~2 - Least-significant word of SRC. '",! ' •. ,' 
_." 1 ') j" l .... }·~:' :~"1 ' I ,,~ j I; ~ ~ ~ " .. .. I ~ ~ , 

Ox04 ",'. > ; D IS .. DO . :> Source Register 1 - Most-significant word ,of SRC. . ~, 
., -.. "~'"l' _J'V' ~. ~""~"" .. l" • "~t~ • ~jl ~~; ,,~ 

Ox06 D IS .. DO Pattern Register. " .' ... - . ;;;' .; , :.: "<C ,: . ." 
• I ~'t~' } ... 0" ",~:.I\.,:..,. O_f·' ~~ ~_ -, ,- " .. t'" 1 :,'1,l,., 
Ox08 DIS .. DO .. 'Maskl Register-Enabled when "Opcount"·equal to zero.,e" ' ! 

I ~. .J)o. L J I " t I ~ I ~ .' '( J. ", t, .. t.. .. I -,;, I J ~ , .... _ • ...... ,," '\. ,<~ ), ~ .. I /' 

OxOA", ~ ,,"':":' ~'D IS .. DO .< ',', Mask2 Register -.' Enabled whe'n "Opcount'.', equals "Width.,~ ~ ", .' . 
">. '." '.:; ,I", ~;:;-' '~".;~: i? ".", "', : ::' ,;" . ,_, .' ,,',:~" I " , I '. ,: ,'._I~_.,\; ~,;. ',,:";':,:/ : 

OxOC '~' .. ..: ,-:; ..... ·DlS:.D9 ~ ~ Wnte as zeros, Read as DOn t Care. " ",- 1,' .;.':', .. : , ,,,::::,:~:;~:('~' ~::--:T. '.~ ''': .. _ . - ::~' :,;' '.~ '<~:'."J ~~\;.'.'.< '~~':"~ : <~,'- ",: •• : \,'" ':-' -,' :',' '~,.':':' ';/ ,\::·hf ~1:1,:.'~> ,,~ 
, ',t',. ,~';?:;', ": ':->::""~:' -'·D8 ... ;;:' Sourcelo~d BIt -,.If zero" SRC210aded frpm sys.tem data b!JS~:\~7d::"; .: 

,-' .. , ... 1 J .... }';. __ / t ; .. ,t.~ ':"'/(""r ~,_. ~r._. t·";" I ... '11; .. A ...... ~.""J~ ... ,:~," ...... '~+ 

:' ,i~:·lJ ,~-~;Si, :',~' '. ~:~'~~ ::,~' . ,;;,\' ~··~i~J(~\ ~~~ 1~'!9~~~~ 1~~~ ~¥G~;:If- a~~e.~d, ~~.~ 1".I~~~~e~I.!j~_~.~~~~,,~~{~'! .. ~: 
-, ,,~~,.>6 ~" ·,.l.' i1 .: ~:. r,~.~ ~,'\, '. ,<.:':1: .".1: ": \.·'-data'bus'~'SRC2.10aded from'SRCI>~, ". :'~,>~::;;<. ;;i,·':J':'t·/:: :,::,,"":.?::::;..:}~~'.:,'I'J ~~, " 

~{ ~~r~;;%:~{1~fi~;~\~;';~~~fDq~~~}~~~{~0~;~~{~~$tV:t~~~:~'~ ~:~E}~i~{:~f{~t{~~,~~?ji~(~t~{;}~~~%i~t~ ~{f~~~~l¥:~~~~~~B~~ :~~ 
)~~ (~~lj ;.;~Oi'~">1~~r~ .. !~~':"!~t;~~!"~~"t .... "';-, .. 0\ ")l. !l..h'~ '{~"Ji?l~~~~--~~,:-~ .. ;·,t~\'Ar ~;:r" ~r"ji;.~ .. \~~ .• " ~·~ ... r"'1t~'l~~"l~~~--'l ~~~;,. I .... ' r" .!'>!~" r.t;.~~,.~1::~J""V1>"'.(' ~ 1 ~~~~r,,\:":f:'·~'-'\t\V"!'~~y'''lt: :~. t: :o~i:9 'Y)'~~'::-'P~~P~~;'~~~~l~~~D3:~'DO{~\s~ SRG\ShiftYrunouil't~~:':~ SRG::<Iiit,l',bitS ciiiipuflo function unit'~lI:e~ ~"~:i- ,~~ 
;~ til ,' •. r!~~rt~: ~l%~~~J~.~v.-~;;f ~~*tt~~"t,\~ .. ~~~;.ri1S~ ')-i!!~trl~~~ ~~~~ t~~(;~!tia~\~:r~';:li(J't~~'tS"'hi'fts~A"J ~~,.;!. "'1.~tJ_\.,c"'';t'"~~~1~:;''1ItJ'S~,~.,'!j~I7fi11'1~~-;;~~ ~ ~ l ~; 
"", ::'1" ~:J.·,'~:q;.f!\.'1,,>:~,)?i\~~1t'~',,').r:i-i..t·:"":-1··t~,:r.'ults".~.:.. l11lt;'nmoun ~'~UllOUg ,,' moun :T ' .. "'~J:f·:':-lt·;':"'~~~lm 1. ( •• < ;~, 
''.:.' n.~J.::?,{ :t';:J/ii1~f~~~~,~~;s~id~:~~·;f¥i~~~~~::;'4f~};t,;~~~, ~A;:~;)0r£:~'~,~~·;t"~~}~:('..1' }~'~~'fl ;l:"~!;};fr"':::';,Y \ ~i,~*,'{~-:'~·<~-'£:f~~'~-~:~l~~:;~~~1~~~~~~ •. :®~' :~~ 
'~~ '·'6xOE;t~~>{~;!'?~~~;~&}%;D·15':~D8~~ti~ ~:~.,Wnre; as~ zeros;, ltea'd .'as'iOOh'f Cari', f~'.:'{r-(~It: ;D};:{~;"::: :~:i~ ;~~1t:t:f:.\J,;;'~"ir;,s~~1f,ti~ :Y 
~ :,:~.::;:" ~~,;,(:' .. -~-:~': ~ .. ~" ;<~,,<.-., _:.' ",' /;~:,.- '-.; ;':-:-;'~,.'.,:,. ' r·'::~3·'-·.r ,> ",~~".'~":',:i:t\I~~':.:: '~ 

.' '~- ". '~-\,' , ',';' ", .. D7 .. DO -, ,- Functlon RegIster." ",' :.~,,<, " ~ ."', ~" •. <; '~~'t. ~ -' .. ' !~-' :' 
" 1 r ,.. ! , ~ , J ... .. --;.. .. ~.. .. :. I " ~... \ t ~ • .~ ,; f: j 1 ~~';.-:. 1, ~! • : 

Ox 1 0 D IS .. DO Width Register - Specifies' ~idth of Raster in words: ' , :' 

Ox 12 015 .. DO Opcounter - Loaded from Width Regist~r when OpCounter , 
equal to zero. 'Decremented every frame buffer write. Controls 
enabling of mask registers. ' 

Ox14 " 

Ox16 

OxI8 

OxIA 

DIS .. DO' 

DIS .. DO ,', 

DlS .. DO 

DIS .. D8 

D7 .. DO 

Decoder ~utpu-t Iatch·-.:.... Read-Only. For diagnostic purposes~ 
Gives output of RasterOp unit based on current register values. . " 

Manual load destination - Loads destination and strobes 
. LD.DST pin. For diagnostic purposes. 

Manual load source - Loads source register and strobes 
LD.SRC pin. For diagnostic purposes. ' 

Write as zeros, Read as Don't Care 

Flag register for applications software 

~~Slln ~ mlCrosy!>tems 
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3.1. Control Registers 

Status Register 

Table 3-5 

Bit < Name 

DO , ',' video_enab 

:. 
D5 ropmode2 

D6 inpe~d 

D7 retrace 

D8 Resolution 

D9 Aag09 

DIO FlagIO 

D11 Flag 1 1 

D12 Flag 1 ~ 

Software Model 17 

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:, . 

, I , I ' • ~ I 

" 

Bit Assignments/or. ,Status Register 
:', ,.' ': ' 'I " 

, . 
.' ': " ~I 

MSB of 3-bi,t 'fiel,d specifying cu-rrent RasterOp-mode. 
f, \ ' ~ \' I' I .. 

~;: R'ead-only:: :.\ss~rted if b~~~ is interrupting.', 
.. ' I r I ~,'. ;',. ! ") , I 

" Read~only. Ve~cal retrace in progress. 
, .... ( ... ' /' t , ') 

Read~niy. -I' &,'0:) ,s::> 1152x900 display; "1" =>,' 

,1024~1024 dis~lay~ ,', ' 

Read~nIy. User-system definable jumper - must be 0 
to run Pixrect software. 

Read-only. User-system definable jumper - must be 0 
to run Pixrect software. 

Read-only. User-system definable jumper. 

Read-only. User-system definable jumper. 
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1 S Sun-3 Color Gr.!;-r..::s. B()~lfd 

Table 3-5 

Bit Name 

D13 Flag13 

wait 
,I'. 

Bit Assignments/or Status Register- Continued 

.1 

J' ' 

Function 

. Read-only. User-system definable jumper. 

,- , 
.. ~ I', ' ..... ;,\ 

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

Compan: Confidentl.!l 
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Table 3-6 Ba Assignmentsfor Double Buffering Register- Continued 

Bit Narne Function 
DID 

Dll 

DI5 

DI\1A Window Origin 
Register 

fast read 

D~1A \Vindow Width Register 

When assened, a read access to the frame buffer 
memory returns an immediate DT ACK but also returns 
invalid data. Using this mode can speed operations like, 
scrolling by 50%. 

L"", 
" ' I,,,' , 

I ~, : f,.\ .:~ ~~,. i r- ~," I ,I) I, 

I' r, J. , I' 

\, ,: , When this bft is low, the contents of memory set A are 
:, output to the CRT. When this bit is set, the 'colltents of, 

, ", me~ory S'etJ3 are output to the CRT. This bit is syn- , 
. chroruzed with the stan 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. 

This register speci~es the beginning of a DMA window. It represents the upper 
left hand corner 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 a line in the DMA window; when the number of 
pixels divided by 16, minus 1 «pixels 116) -1) is equal to the value in this win­
dow, it starts a new line. 
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,me Counl Register 

\'1\lE Interrupt Vector 
Register 

3.3. Addressing ~lodes 

This read-only register is incremented by the hardware each venical retrace. 

This register contains the 8-bit interrupt vector which the color board provides to 
the VMEbus when it produces a vectored inteffilpt. Note that the color board can 
also use a pOlled inteffilpt scheme implemented with the inpend bit in the status 
register. ~ 

, In the 4¥B space, the first megabyte is word-mode memory space, the second ' 
" 'megabyte is pixel-mode memory space, the third megabYte is RasterOp memory 
.' 'sp'ace and'the fourth megabyte contains the control registers, the-color maps and 

:- the op~ona1 DryfA\vindow space .. However, wheri used in 'the UNIX env~ron-. :' : 
M • ment the word and pixel-mode'memory spaces are never,'Used, and this addre'ss- . 
. :, ing space can be re~laimed. Shrinking the addressing' space to 2MByte is essen- " 
.," tial for' a three board, 24-bit color configuration that must fit into the 24-bit ," '.' 

__ ;' ac!dressing su b-:sp~ce of the VME. : .' ' ;" ;~' , t:>:~:" >--,: .'~ '; -,,' , .:, - . 
... ':; ~ ~ .. :; .. /JJ~"'.~' ~,: t ... '"_ '~1 :,";~ ~,('"."', ,;'1 • ... f I.", ,,~' ~",;... "',: ,i .. 

1 
f .... ~ .. : .. ~,,~~, J~: t,r~~, 1" •• ~ .. -I "l .. ) ~I • 

. ,.~ .The t'Vo n6n~RasterOp addressing modes are: ':'.,'," ',:>':~:': !\~\~,:: ,~I", ",}::<::~ ',~. <. , :/: :~',I!" 
)F- ,::,::/~-;, ;,'i<:J,t '.o"~; :,.::~~.: ~.' .. ;i"'\ ~'::~"'<: ' _~ :",:: . ." _ ;.:/;~::::,:<'.,;:/~::\'~:~~,~:::~:~" :;,\~~<:~",:, t,:\ .' 
"," Word Mode Memory J ,.. ,~". " •• ,.. • M, " -, • "., ,"',. " I ,,- J "f • " , 

":." • ..;"'1 ..... /:,. ...... ( J-...:">", 1 \.1' ......... ~ lr' 01') \ ~ > .. I f 1.~ .. l \ .. ~I ,., (":~ ~ , ..... 'l',~~ .... ~ ... 'I r "4',:"~ ...... It r 

}~;~~."~~~t:Th¢··franle-_buff~r appears' as a'stack of eight memory' planes. ';Each',memory. '~,: 
...:.'"' ...... ~.;--~J~J;l\~!\t<~ ... \¥;':.l. .. ~"# .... ~·'~\.4;. ,~,':;1 .......... ) I" \ .... ~,~,_,..~ -; .... ~.,. .... '~ ........ ) .. , 1 .1 t., ",I(' 

tt:.\'..J1::e~?' '-,rplane'lS' equl~alent. to :128~ Kbytes of system memon'~': AIi:8/16/32-blt ,word: ~"" 
g~~~, ¥i~~tt~a~res~~i~ '8Fi6i32}~d' acen~~ oiiS '~iihi;{~)bii:: r~e~XrlIi~>m~d;'&oe~~"lt'~~f ~~~'1~~·':<;·<N·~~fT'~:;;JJ:~'''i.,~t1'fti·''':.''''~R·'7:\~···'rb'1.~'4'hl· ;;,),.'/-'.'-..:~+ ~;,;; .. -f.~';'.;-~~\~;:t?-~)~;N~~(;:<.s::~~i1-'~~;'!~;:h~~·"il'~:f-,,':tt'~, 

If'~~1~1~~~~}r~~~~r~f~~~:[~~~~1~~~~J..~~j~1~~f~~[.' 
~~: :)~?;.~-\ ,:Tq~~1!a~e buff~r'appe~~as'l mIllton 8-bn-deep plxels;:!'MemoryCplanes'~-,'~~;': : 

-' L,' ~ 'I .... ~ _ ~ l- t to J,.. ~ _ .. _, "'" 0- • I ' "Ir 

:).~ :.~. ':~l)'~ masked ,by, the per-plane mask register are read and 'Write' protected (masked . 
~, ," ',.' bitS rhrum ~eios'~~ r~ad). 8/16/32-bit~acce'ss~s tra~ie·r"il2.i4' pix~ls' simuI- :.' 
<, .' taneously. Pixel-mode doesn't use the frame buffer RasterOp chips. , 

~ '\ ' 

'.The remaining eight addressing modes, which are selected by the ropmode bits 
, in 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 Boaid 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 n1ay be loaC:ed from the data bus on a 
read or write access, the destination register may be loaded from the fr~ne 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 
perfonned 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 V1\1E 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 
MC680 1 0 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. 
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Software Model 21 

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 ROpe 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 addressing modes are'described 
in the following table: ' 

Table 3-7,' ," Raste~Op Addressing Modes 
'j. ' 

: . -::,'Ras~erOp Add~~~i~g Modes ':,. '.' ~ ',:: :}"!. I':·;\;~;-;il:(~;·:~:~.'~~: 
Addressing Mode Notatio~ ,: '. ~~ . t.::" Desc~iption" /" '~, ~ ,\\.~ ",":~. ::..: .. - '. 

',' 
i, ,~\ \ ~ 
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Table 3-7 RasterOp Addressing Modes- Continued 

Addressing Mode 

2 - Single Pixel Mode 
with RasterOp 

", 
, I ~ 

;''', 

.> 

RasterOp Addressing Modes 

Notation Description 
SRWPIX 

ThirtY-two bit bus transfers are equiviuent to; separate 16-bit 
bus transfers with an incrementing address. ,( . 

I',· ' , ..' ... ~: \ ... .. 

" 

" I 

" 

~~sun ~ mocrosyste'TlS 
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Table 3-7 

Addressing Mode 
3 - Parallel Word Mode 
with RasterOp 
and Hidden Read 

, ~ .. i ,I ~ 

t,' . ' 

:.' .... 

RasterOp Addressing Modes- Continued 

RasterOp Addressing Modes 

Notation 

PWWWRD 

\ ,\, 

Descri tion 

Software Model 23 

'. , 

, ~' 
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Table 3-7 

Addressing Mode 

4 - Single Pixel Mode 
with RasterOp 
and Hidden Read 

" . , 

c, 

RasterOp Addressing Modes- Continued 

RasterOp Addressing Modes 

Notation, 

S\\rwFlX 

Description 

I" '\ 

, This addressing mode is similar to, SRWPIX.,' Howe~er, read 
accesses have no effect on the RasterOp, chips', and write ,c' 

,', . accesses ge~erate a hidden read cycle t~ mem'ory b
l

efore the" . 
~rite cycle. . ' ' ! "< ~" ~', (,; , ';" < \, ' " 

, ? -? ~.. I ... 

. , ~ , ~,\ ,' .. " . .., .. , ~t! r .... ~ .. ~~"":~~~ .. ~r,.~;.., _\' ... , "'''', ";\_" :", l~ 

, , In a 8/16-pit \Yrite'access, the read cycle,Io~ds the RO~ , "',' 
'. ,:~,,~:,:~~ "destiTultion registers with the data in the frame l?uffer::I·~<.:.,/:,', 

::'" . ,;- ),;:: ,~,::~ -- ''memory at the address'to'be written~ an·d'ihr}vrite'CycI~r.!/ ~'<,' / 
'. '" ' ,_ . J;:': I, " loads the' J{OPC' source registers from the:'data tius as before':,: ,:; 

:. '. ,,:, :"~~ , . :-.:.:,:: /,'~:"'\:;',~):';The,~O~ output is then written to'..o~e ~rtw'o ,8~bit;pi~els,\, .::' ,:, 
.. , ,i' .. '" .... ,,"", .. ,-' I.. '" - ~ ' .. ~7' c~ .. ,', t \ ~ ,r •• , .. , '.,..,.! ..... , 1, 

:.' .' '>, ~ , ;' 'J' ~.~'-' ".~~', ><~~j,,:~:~,3',~Jn th~'frarne buffer. 32-bit acce~ses',ar(e4~i,,:,~~~ftq'~o :i,:';:: .'; 
\r .. ~~, I' .. -:.:~: \ ' .. \ ... ,,")' ; .. ",_,:."::", -"";;.,\O-:{~:..~~;:: }', . • \t r '"16' -b· .., -' ;t"../;:; ...... :.,,~\"> ... :~I;~. ~~ :~{!£\.~~:-~ '~"I"C- \:'\'" : .. 

, ' ".'. ~r \',,' , • y,',,'c \'~J\,t,consecutlve ltaccesses. <,. l .' .. P. .. :) • .Q""",-".~<"\·,,,(~,-:r..!~1 ,')xc ,--,' , 

. ~~. ; {; .. ~.r~;;:;:: .. ;~; :~:~:;~~ ':j: .: ;;t~{:t?~i~;j:~;::~'Z~i'~.~~;·:t'{~iiiF .~ . ~ i~ if :i;;~;£~%ti'$~~~~J~~ 1~i~~~ ~~ 
~ fl\f~:;t:~~I;'~<~',t~:~~{/:.:~h";,~~;{jl:)211{{~:t~~;~{;5~fft1J~:Jg~'th> ~!:~~~'~~l~~'!d~ili"'~ .·~R··~O· 0p' ce :~·~~"!.;~'~d~~,~~~~~~~~z,~~~~~.',~~.~~i ~ 
- <;.··,,~·v~;~;·,t,t',!.. ~ :i>,',j:;.~ "',}~~~·~>~1:~r;-lfJ"'5.{:,1',<~",~:"~~<i~":::~~?'\';'; ey uO not· oa ~ e ·source,or·UJe' eStInanOn'Tegls~~":t{ ~ 
.. i~£~ !;~t.:;~~:;~~l~)~' ~~i~ \~.~~ .} ~~~~~~ .. : ~~zr· ~ ~~~~;~~~ ft'\~:-;!-S~f"~ -.::-. ~~\!':I"Y.u~-t .. ~ "'- ~.(" "';I~ )1~ "- ".~\ .... ~ ~ ~ k.~1 I .. '" ( ..... "'- .. ~ 01 i '1 ~~ .. ~ \ .;., ,0\. ~t',.~ .. ~ .. \ .... t,;t~~~i~,,~ .. ~ $t.:;'~~~'t~'~fr:,':~~~I~t ..... ~ "~I:i(~l 'fIt

i 
"'~ I "~~ 

, ~\{!~;.~;9~",:~:.,;~;df.c~:':\~~!I~4.~t;\~{.:a~~rf~·.;t;;f:~~~~)~t&~ f~ters~1:Al1'8/16'7bit'frame,buffei'write;'accessesrinriliis\rilooe A~ 
t : .. >.~~j~:?~~?- .... /~f,.~~;~ '~".:; ':i#~-:' i"~~~1'~~1.¥,;} .. ;~~·~,,-~ _:'~:;I~,\.~ .. ~t:~t;" _ J~J!f~~l'-:;';:: ~j.t.r'~;:::'i:;-,,~ \t:" .l.}',)~·' .-'~ .. .-rq.~~"'i~ : .. _ ~~-~t~ ~,."'~/\~ ~~,..~ ~,.t\ :"~~~fb:.;"~M.t'v~,~:~~"1~I:1';t;~~. ~t-!"~ ;\: 
: ~.;;.~, :,:;f';':i~I";,."l2..fl't:"i>!:,;:.-::~:7.~ l;t;·/~~\'··:''':/~,~1};'\\. f,O!~~i~~~~take'two,memory"cycles to complete:~32~Dlvread-accesseslt'!1'~~ :2,j 
.. - {il:"! ... -:.."~J·;~)·. 'J.,:..~:::-;" ':, ~~ .. :I~( ~ ,,"1,1 "- ~\.,.t!:J.~"- ~~~:; ,,~. i~l~~~i''';::;-.''';;~:Y':~''·~''~\ 't t)p'"'ti't _\}1..~~. ~ .... v, ,'," ,.- to J.. \ \:f l ,. r;~" /"H-; -'~""" I ~ ... ;:~ •• i'~:t~1It.;~;S,::~:~~/~~ ;"~~~~,;4~ r,~ ..... "'· 1" {,!~~~ t ... 

~.",:_. :':;- •• - .",:.' ','- • ": f i:~:,'" -~: :-:-",:., ",-:~ (',~ f::"r:;-:also take tw,o 16-blt memOI)'-.cyc1es,to:comple~;1ani:l~97-blt~~q ,zr 
... ,....' ~ • ; , '. ~"". _ ... _ ~: ¥ ,,, ... • ~ ,s. I ~ ~ t~... ...t:;;"" ~ "'1 ..... - Ol-t"~~' t' ... ,.. I ~... \I, 

.' .'.. : :.: ", ,:':' ,:", ',; :.!",~' __ :_ wnte acces,ses take four 16-bIt memory ,cyc~es ~o 'complete . .: . . 
, . ... . , ",.' ',\:' '.r," ? :: ,:" /,,',", -'c~, - - :.'::' / :,'~,::;~,~_:,~~.,:.~~ ~',~/; ~;v,: '. '" ~~';~>~~, '; 

.' Short -and integer bus transfers in this mode a~ always 
. ~",', equivalent regardless of the mix of Sun-2 'and Sun-3 color 
, and CPU boards. ' 

,,' 1 
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Table 3-7 

Addressing Mode 

5 - Parallel Word Mode 
with RasterOp 

" 
, ' - ," 

: " \ 

Softv.'arc Model 25 

RasterOp Addressing Modes- Continued 

RasterOp Addressing Modes 

Notation Descri !ion 
PRRWRD 

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. 'Since, 
this mode does not load -the destination on a'write t it is not '" 
useful for'ROP functions which need the destination (for:'-

, exaI?ple: PIX ~ SRC .. PIX _DST). \ ' '.', - \ , , 

(,fj~:': ::t::< ,: ,;.: ' A ~ii ~-bi~ ~~ ~bU~~~ rea~ 1~~dS all 8 ROpe source regis~ 
I~.,' ; ", . 'I : tefS (128 'bits) in i)arnllei'from 'frame buffer memory:: A 16-, ;~:, :.: :~~+":. , .• ',' ,'I ~ , .. , ' , • - ~ - , - bit 'frame buffer write \vriies the ROPC output to all memory 
~~ '~"q' I',· .' - -', .... • I '." " :~ ;,,., \ phines eriabled by the per-plime mask'register without load-· .', . 

/1 , \.~"/I'" ~ ~ ;;..... ... ). .. t 't I J J 'f t ~ "'I." ;' I ~ • \ t ~. '. ' •• • \" I ' .. ... j ') I , .... r r i ~.... ;:, 

~.;I ,,x ": '~;;, "." -: " l, ;' : '" , ' •• 1 I, ., :'. "-Ing eIther- the source or destlnatIon regIsters.', ;,: I ',' '" ' , " >,~. ',' 

~' ·~U·:i.~~t;~:~:~·;H::' (~;~;/i:~-:\}j .. : __ ~~':.:< :~,~r::; :'~ " . ~"'" <.::,:_:,--', ;.~ -. .> :r.'~':~~~~~i;f?';,~,~ .', ~ :',:;:~< j~"~-, :'. ': .-;';:,~: . :~~,' ':; 1 ~"Er': ';:l~~I,-:~,~~r~.~ ?':L;: ,'~j; ~.~ 
,\~ ~,~~:':~{.:~;:,~);~!--l),)f:~';.'J~~:,::~J:'·i> ~J.i{.;~·,I: ~i,:-- ~ ~"':' :-;:'1"," ,'.":,·:·'A ,32-bii bus read ~cle Performs two 16-bit read'cyclt~s:"':;\\:;~ ~, 
~~! i51".~Jt:;~t';"'~ .. ;,:..t'~c.lf~~' ... : ... ·:t·~J,:*~ ... ~~ .. ·~;~f,,~t~~·r,:,.~~ .. ,,1..; , ,. ... ~~~ .. , ... ;"" .... :.!; t ... t;:"., . .'~t.(t .. "" /'1!1--~r:~\t W~I.}~ ~! ... '~)k ... ~\ ... ../:I ..... ~, ~ ... .!"'. ....... ~ # .. 'I I",,:," •• ,ri :i .:~~/"'/ \~~I:.. ,. l ... l:4:"'4~': .~ .... 
qi ~1~r.~'I.!,;~~~$;:V~i:0,:",;;~kI4'f;~hZt:~\;;\V;\!"~~"'i); ~-:'~-:'[' 't~::,;;""'which"causeS,the',second 'l()':'bIt read to overwnte the aata'~l-,\)·Jrt; (t 
~ ,:,~~ ~~?-{'.~:·::)i,'-;'i~{~,~f}ih~,~:Y~~l'~t.;:::V'~~',· .i,:-~:.-;~,,~' .~ .~\;C ';~-fr\ t"'\;!;;'i1tth·i.!/ ... tr~fi~" ,!jt .. ; .. ~~ ffj;"i.~"'<rr,i;'::~:r'(~SJ( ~;~ -'3' 'tcp" 1..4, "'u'" .. :·· .. :(·:'d .. ''' ... 'S .... ~! 'r". 1

3
1
°\; ~(-\1~1·· IrJ,1~~\~r ti;~~i '1 

~~ !1-~!~ .);f~::l{f\~ t ~~:;~:l try~~~tt~r.f,,,,'j~'~~~/~·'Il'~ -'''''11' ~'I,:_',,;'\'i;( :::).~, om, e~ rst reau,J4 ... nIUl:a' un- ,'. ; an un- co or~'~''''~:l'~:!J';','"" -"/~ 
~~L "5''''rf",)t:~''.t\ l'+r~~~-;.t.t!~--'~b"'''-')r'~.,J • ... b \£~"I~t.\ ...... " ;-'j.~!.-..... ~lf.krH'!C~)2,'*£t.)~,'i'(' ...... [~ .. d ...... \_..,..~.,.,.,I' .... ).;..·~}A../I~l~ ... } do .,.~ ........ { t, )o,~ \JJ,., .... \r,,"' ... .-r ..... ,~~I~~~ 't,!" It. ;r-.,.~~{t;;1~~~:i,~~if~;~J{r.~;~}~'tZ;:,~;**~i,:~l .. i.';.!,;"1;~f_::?,,:.~~·;i·\'.ttboararoiiIy)f6~bit:¢ic1es-(shOn:'data);should be .used, \Yith~i:1,rV.' 'i~ 
i~ '" ~!{~ .. ~~'t~;~h·:,~h\i tt.?,r:-r.~:f,.d.:;,/)o~'(~l~ft.<V! .... \',!,,"" :,,' .,' ,:-,,;, ';;-'thi,.!t ~I ~r~ .. Rj'q~.;l}t;....,!.>t~.,. .. - ·~r~~~rL~~!'d .... !.!-\'~>~W~·; .. ~ .... ·:ith'>~ ); .. ;,::~("'S~·J, ... ~-t; '~3"CP'" u" '-~~!~:i'& ;::.t .. 1l}"!. ~ fl~.I!..tl" .. ~~~l/. !-.~ ;A ~1~, .' f'\O~';~<fi:-.. l~~\ ··~0o;o\.tJU,\~~t .. ~'~ r}r;"'I'(,j"'" f';:~' T,\_'~ ,',~~' r: S', aste p mo e;·~t 1 'uu;.~ un- _ Suus causes It e:1:;.f. hi 
}~j ~1",~iL;Jl;!·~l.,~\t;,: .. ~ .. l.;;:-I~~ .. ,:-{ .. ~,e'"~~ .. 1-·,.t)~./::-~'1.~ .. ~t.>t:.-:: ~}.( .. , ~ :J. .. _ .. ,~ "_ ~:_J .. .n...t-"''h~':\c.., .. ~ ...... j.I~ .. :,-;"\.\1 t ""';rl.";-I";~r" f (l" .... , " .... ~'\.:-f,"-I'1 1.1'1' ," .. .... 1 ( "\}"i!tr ".~~~r,.,,' l) 

:: '''~', :\~~;'~ .. \:~ ,.~~~.;:;,., '::::;';' /,r;<:'~;~"( ,'" .... :, ',\ -;':" i I': ~,,·h, ;·~·loss·in.'peffcirmance~~:,F6i peifomi~~'reasonS;·,32.:bittoaia ;,~%'~:. 1 

:','. -/:" ·:'.;:/·,;~<',i:::/: ;:,;,./; ,: '. , ' (iilt)'~hould stin.~ u'sed when 'using a Sun-2 CPU. . , ~, '" ' 
'It' 'pI... j I ;s..... , I ! _ , I', ,..: '. ' ~'. .. • ,;' \ .. ... I ',t ~ .. ''', ~;Ij 

, • I \ .. ~ ~ 
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26 Sun-3 Color GraphIcs Board 

Table 3-7 

Addressing Mode 

6 - Parallel Pixel Mode 
with RasterOp 

RascerOp Addressing h1odes- Continued 

RasterOp Addressing Modes 

Notation 

PR\VPIX 

Description 

On write cycles t this pixel mode is a combination of pixel­
mode SRWPIX and word-mode PRWWRD. ' Read cycles 

, '" <',"" . " ~.'.are identical to pixel7'mode SRWPIX. On writes the ROpe 
, ~"; .. ',~'" :;, ",~~ source registers are loaded as with mode SRWPIX. For 

" ~-'~;, ' ,'::' , review, on 8-bit write cycles, data bit zero (DO) goes to all 
.... ,' -' ", '::': {'-: '. sourCe register bits for bit-plan~ 0, and data bit one (Dl) :. 

",J~,- ~ : _ -, '~~' '> .' •• ~: goes to all source register bits for bit-plane 1, and so on for 
}~ ~.;",:_ .. :;: '-:. " " "., ,:,c", ;'~'" .' all eight bit planes .. On l6-bit memory write 'cycles, datum 

r: :.~\ :',: < ,< ;':;<'''~:~'' ;"~. '::. ': " ,._.:,~,:,~:,-'~:'-;," ". '<DS,DO,DS,DO,DS,DO,D8,Do,DS,DO,DS,Do,I?S,IX),D.8,DO> 
/' ~ '. '!_"J~~. '>.. ~.," -,': ~- ': :',' . -:, :J ;~'. :[..-"i!;.;<·J,'is'transferred· to the so~ice register for bit~phme O;aatUm'~ ," . 

, ",:', ;';'~ <';"~" \:: :.~- " ,-: ~~" ;" ,; .. :-:-.: '~'<'" ~>. ~?-~.~,:::1.i :,\.} .... D9'Dl D9 D' 1 'D-9 Dl D9 Dl D9 D' l' D9 Dl' D9 Dl D9 DI . 
.. ~I"" ,>,! ..... - ... \ ...... ~ ,., .. ~.r _ ......... ;' .... ~ .... ' -;"~.~ t .. ~"",,, ""},,::~ ~t. < , , , t , , , , , , , , , ,. , ? 
.,' :;. : ,.;\:: .... ,,~, ;~ .. , :-'~ ";. ,', .' "' .. ~ " ~ ~;, ',' -~ ::.' ',?:lI "::~ ~I.J-:.J~:,.:/?-;I: ".! 1/' 'fi' , ·...:.A • - 'th', " .' fi' )< b'· ~ 'I' .. ' 1 'd" > I' .-" ., 

',' "{'f'''><~':(:>.< .•• -'',' ,' .. ',.,.>,' -"~"~"""··"';':~:>~:;'!"'IJ,;I~J!tlI~s>.err~t.o.J- ,esource,reglster or .,l.tp,ane; ,~.,~~'~l1'> 
~~< ~~:;~':l:' ,"!s;'~, ;:,~, "- ;",~~ ';;~.:.~"~ ::~~'>,,-l:~,~.~~~,,~~~'Xr"~:~.H;;}it:.i,TIlls)'mode·differs-fiom SRWPIX m,'ih·at'ihe~pixels riP<iate'd '" , , 
;: U;:~:·~~~:(,>~:;~t5::, , ;~\ :'t " ~ y' :~~.~: l'~, ::::-;,'. ", .. , ~_:f~);'~~<~~ti~~f~~~~~\~~}:"<!""t,:"" .: ~ <"; I' ",-; .. :' ',-5 .• :: ,} ,',,'.,. :;' ••• " .;~ '-. - '1'"" t·'':'" r \/ .. ~~:"1..'r -

't' t'><~,(,~;-~~~-" '1',[ ~ ~,;,:\, ,,- ",;~ i,~,". '.;. ~;{; I, ;: ,.:'>''o/~l>~ ::''')'~'''';;'ok,on wnte cycles are eqUlvalent.to the pIXels that cou d be :' : '-'~ " f, :'~~~1;~ ~t~~~f2~:tt:~' ~;i)~ .. ~,~~~t ~~-'l~::;, ~.~~.-; ;~~~~::Z.:~.~~it:r·~~~~)~1~~~~~:~~~·}~;,;:1.~ i ;~\"!!~{. ,f;·th~·"\sh~i':J.'~od·n·:fi "d' ~"1'·d'd ~ ',-.~ 1''': ,: ..... -*r'd: \-P···R~inl'~n:/~llii~· :;~~ :f'~ .. 
'.~ !~~t.::f"I:!'>~·,~0l~"·,::l', .. ·.",;z~"!,:r":.:I<"·.i'.",,,~-{,~;;:"~L·" r':'if~~' "I.'! ~\i"wntten>W1 a,m 1 e a ress In rno e, ,Q..,n.l'U.J, S j.>"'~"'~" 
~:~ ~t~ ... ~\·;';~~f-J "~:/;.;,~\~.~)~t~~ff.l~J ::t.·~t~1J;~;i/ .. ;~~:::i:;~>:~~~~~) ~~~~tO;"}~~lod:: ,*~,~.;t: :/J .. '-.. ~~: ~·:""'8~r ... --r,~ 16\'<J" ~d. ..-; \i .. ..; .. 't.·; .11.(''''' ~1 .. ~tt-::~'.~J~"1-(dt ~)! 'J:. '-\ .. :~ .... "J. ;)i'~ r~~l·~~ ~\ .. ~ 
/j "!'~\ll:-~",:,;i;'!'2{): ~., ~'tr.)'~-,~~':':~, -,), ':'jJtl,~1,~,f':t_~~~~~ '-"1'f,'lI!0 e·.wntes to or~ 'a Jacent plxe s ,411gne ; res~ctl ve y;jo~~, 
t, ,~~~rll:V.~~:t;(t'~'!'-I~.:~~'~}'" 14''''}'l.~~~;.~':~ :;'"f:f-.:;.~:-.'.:}!~'t1f~a;~~t: i~t§'::~~t~"t~:'~l'd"' T:"~fr .~1 'td~"i6';"'<";; "'I 1Xj;';;''':;a ,~,!~ ~·.~.-':~""";( .... ~f,':-'~-;-&~"'·;:>f~,il;-V'<·1 :.,'>! 

1\ ~~~1~1~~~~~;!\~~:t\~~,r~~~~';,'~'~~Bt},i~thi~~~t~d;~iI\{~d7}1:I:~~'~~~bi~l~d@t~~~'8~~:'~~~~ 
" : " r", .,','" .' • _ ~<':-;. :" !/.~>'-''''·I:,: ecause s mo e proVl es a means lor roa casnng or ',: ' . 
.'. :.: ::';"- ':" :,/.:' > .', r'- .\:~1;'~_" .:,:>;~.:; t<"~~;,~.~. 16'a~JaCent pixels with the same vciI~e,:327"bit;~MEcy·~les,>:. 

7 - Parallel \Vord 1-.-1ode 
with RasterOp 
and Hidden Read 

, , -'.» ~ake no 'sense. A 32-bit cycle in this mode"~stw~ back-':, 
. ' 
. , ," ~ . , to-b~ck 16-bit cycles to the same address. 

PWRWRIi 

~s ,addressing mode is similar to PRRWRD except '~at. on 
./,' "write cycles, the frame buffer executes a read cycle to load I 

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 requires the destination 
(for example, PIX _ SRC I PIX _DST). " , 

A 32-bit bus read cycle performs two 16-bit read cycles, and 
causes the second l6-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 (shoTt data) with this RasterOp mode. 
With the Sun-3 CPUs this causes little loss in performance. 
For perfonnance reasons, 32-bit data (int) should still be 
used with a Sun-2 CPU_ 
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Table 3-7 

Addressing Mode 

8 - Parallel Pixel Mode 

ROPmode 
bits in 
Status 

000 
I,"', 001 

010 
all 
100 
101 
110 
111 

RasterOp Addressing Modes- Continued 

RasterOp Addressing Modes 

Notation Description 

PWWPlX ' 

Mode. Reads'" "" ' Writes 
Descri ption " 

" 
','DstReg' Src Reg' Dst Reg 
, loaded? loaded? loaded? 

All 8 planes: " Yes. No No , 
" .0-

1
, 1, 

1 pixel_ ' " ,", ,",Yes "" :<," No " No 
All 8 planes .' No' No Yes 
1 pixel '.'<No: No Yes 
All 8 planes Yes Yes No 
16 pixels ,,'Yes No No 
All 8 planes No Yes Yes 
16 pixels No No Yes 

Software Model 27 

Src Reg 
loaded? 

Yes 
Yes 

·Yes 
Yes 
No 
Yes 
No 
Yes 

All addressing modes specified as "word-mode t, can be further delineated by the 
address range corresponding to each bit-plane. The breakdown of address offsets 
to bit-planes follows: 
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2S Sur:-3 Color Gr~rhlCS Bo2.;-c! 

Table 3-8 Frame Buffer Addressing in Word }'lode 

Offset from \Vord-M ode Base Accessed Entity 

OxOOOOOO - OxOlFFFE Word-mode bit-plane O. 
Ox020000 -Ox03FFFE ' ,Word-mode bit-plane 1. 
Ox040000 - Ox05FFFE ~.~' . Word-mode bit-plane 2. -, I 
Ox060000-7'Ox07FFFE ~" :.~' " ,:' . 'Word-mode bit-plane 3. 

• _ <, Ox080Q90 -,'O~09FFFE' '- '.< ': Word-mode bit-plane 4.' 
.' -" 'o'xOAOqOO':::' OxOBFFFE' "':', Word-mode bit-plane 5. 
" , '. ", OxOCOOOO,:-- OxODFFFE",: ' .. '·Word-mode bit-plane 6. 
>' ,,~,,_,:;, OxOEOOOO ~.qxOFFFFFI' '"'' . ~;, 'Word-~ode,bit-plane.7., 

\Yord-l\1ode Addressing , 
! ~ I) 

, :.~ In word-mode t the frame buffer is configured as eight separate bit-pla~es. _ Each 
bit-plane oCcupies a separate 128 Kbyte block of the system 'address spacc t -and 

,_ each bit-plane is arChitecturally identical to the Sun-2 black and white frame 
". buffer. In this addressing mode t writing to the device alters 8t 16 or 32 horizon­
'-,.' rally adjaCent pixels. _ ~ord 0 is in the upper left corner of, the display, a~d each T 

~can line'is 36 32-bit words 'wide (1152/32 = 36). Th~ mosi'significant bit of a 
word appears to the left of the least significant bit of a word. Data written in 
word-'mode can be \-','ritten directly to the frame buffer, 'or it can be optionally 

, combined via the Raste~p' unit with the data currently at that address. This set 
'of addressing modes, in conjunction with the RasterOp chips, may be used for 
J?ainti~g 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 poned. 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 wrinen to the 
Sun-3 color frame buffer every 345/690 nsec. 
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Color Board Functions 
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" 

;~.. ... • l .. 1 ~ J ~ 
I ;. .. ~ 

.: . -: This cruipter describes the functions of the ~lor board in detai1. It describes 
'.' ':~J' RasterOp units, 'the color map, interrupt handli~g', double buffering, aIld DMA. 
:\·.~,The fnfonnation should help prograIlll1l~rs understand the fun~tions enough to 

,'" " ':'; _ .' . ' " ';; ,,~,:,i:' ~~~C~,~i~,t::~>',~ i.':" :), >:, :- ':, /:1' ~::::c :' ,:~: ~: >") , :,:,,::i;';~/ ;~':'; 'i:', ,,: " ' ' 
.4.1. RasterOp UnIts .. ~~ ,' ... ~.;/~~:'( t.'-' ':"The RasterOp uruts are assigned one to a bit-plane, With the pseudo-RasrerOP. " 
:I".~, '..'", ..... 1 ... ~:,' ~{r,4, " :;\ • ..::·· .. f~:-J: ... -,- .... i "ltt.l ...... ,40) .. ~\-~! ... ~ .... "'~! ."(~~ ... '.:\'; .. :", "r~I.1 I,.} ~, r" -- .. _ ,f' ... ~,~; • • .. ~~. I. ; .. I. .' . 
'!>"~?;'1:' :-;'-/1<':,:' :>·;:/-:.(.;;:,\,:,;(':~~~~.i':.:~:-~~'Z-"U:IDt,wnt1ng lq parallel to al1..The data paths connecung and coordlnaung these._ l--" " ~~'t''''", - .. , '.""""'.J..I'~"'.~"\' ~ ....... ): ... \~,.I, ~~'';;:~'''~{ 4 .. ..:-1 .. ;'f .. ·...,."i\ .. , ',,~-' •• r-.-Io , ~ ... '#..:... r .. .. "oJ' - t.., 1 ~ l. .. '0",-' ."." "I • ., J 'l ~'I'''IC'''J ; )I, h 

.~ f~~~:*~T.>· :~\; .. ~, ·~fj:.;,;~lc -,,'.:\~:.~·$tt~~{j,~.l JI,!,f.~~{;;f:¢r;p1ane.RasterOp units are" somewhat c6mplex:~, This section attempts to .', . ~ 
;t~h(~ ~~/.:K~~_!'-;·~~"\':J~;Jl"~!~~t~l~~1~{;~~·4~t-!{i~;:.i;t.i~t;l~i~ ...... 1:"\r--;"~~~1'··~th·t~J''''';~)'''.'''''?';~r...l~.)O) ..... -:... ........... , ."~ ·,~~t .. ~ :: '"''\ ..... ~""r"' .. ,J~:;. ...... ;...::.~ ... )"J ..... r~·l··f: ........ .:;~I~·.rt< :-\J);-:6~ r.'th" thl.~· "", \. .,. ~ ,I.,.. ". ,'":,,., 
r}~~.i '7:/,~+,:."F:':~~':;t.f;~·- 1~~'l.t~t,.:j~¥41~~:{~ .If::~<~%.:~~p'Jmn elr:mtetconnectIon; It assumes a genera " amllantyx,wI e concepts - ,,;r.' 

~ItffaiEE}~t~~~tl~~~tt~4ifit)~~~{~~~~~~~S?lt~~]iti'~:h~t~i~~~~~%~~f~1~t\1?~~~t:):;~;~~:::.'~i~'~;, 
';' ~:~';.!j,;~". 'i~,!,~ "':.13:::~·''l{.:,''' .. f~:,;,:~,r,h';..~t·~~~;;ftf;A;.tt:I:or,more mfonnatIon' on RasterOp uruts~\'se·e·l?nnclples·:ofilntera'ctlve. Computer, '.' 
.. ~ ~.~!o;,') I, ~ \1'" <: t ... 1"""'7 "~o-.J,""J .. .r. (.' .... '":''~1--;''' "~I: .. ..t ... it~~;"~}~\.";lJ~j:-~l~o;r.e.. ?.I!(~'f#. -"bk~" ;r.!"r.\,,\; .. \ .,.\Y,,~ } ...... ~s.: -."..... ' ,.~ '\ .... I .'"'.. ..., ~ i~' ~ \ -., )~,J ... " .,\-- ,/,-'" ,;' t-. J;"I,.' "'~ .. ~~ I!. .. :,." "," ' .. "'-...... \'" tI, 'l"t ~ "4 , .. ~ .--

:~L< ',( 'I .~r.' ~ ,;'X", ;-:.(·~'~-~,!r':r.:{~f;Y~;\~:~~':<:~fGraphics·(Ne.wmann;&tSprout);' ana-.VLStTechn%gy",: li2'C'!JGJ'16160-Daiii.,:~" ", 

, ~, ' ; " .. ' .'. »<:.,., ,:, <~~~';, ,l:~ ,:",~,\ ~ .. ~;~~~~~;~: ,,~t.:~C~~ ':, :~J,~ '. " I ;.' ,_ • ::-_,~<~~/~~~: ,~./ :,~: ',-_', ~.:,:::; :'<:{-", -.' ;'.": ,'-
>' , : . ": ~ " 'R~~rO~:c6~~0} re~~t~rs ~an bea.cCes~~d implicitl~ ;a~'~e'li a~'·expiic'i~~.' Expli-

, " Cit reads include, for example, reads to the RasterOp chips' regi'sters'. Implicit 
.,- reads take place when the source and destination registers are loaded implicitly 
. on certain read and write operations to RasterOp frame buffer memory. 

• I ~ , 1 

,>",.'; _, ,Reads and writes to the pseudo RasterOp unit access all RasterOp units in paral­
.. ; ""',, 'leI by \\7iting to'ropcontr01ICG3_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 occu.r to the source and destination 
registers. All implicit writes occur to an RasterOp units in paralle1 with no per­
formance penalty. The mks regaroing implicit writes to the source and destina­
tion registers depend on the addressing mode used (addressing modes are 
described in the chapter Software Mode!): 

All explicit writes occur during RasterOp mode writes. During addressing 
modes PRWWRD t SRWPIXt 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 ROpe output 
is written to the frame buffer. The destination registers of the ROpe chi ps 
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 RasrerOp 
function is a logicaJ operanon involvlllg the destination (for example. 
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4.2. A Singl~ RasterOp Unit 

, " 

PIX_NOT( PIX_DST». It is 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 addressing mode ~WR~Dt a 'fram~ ,buff~r ~~d impi~citly loads the 
source and a write impli~itiy loads the destin~tion'of ihe ROPC.'",;,,:,-.' /':. 

• J M 'I' I, • It' '/'""I~" , .. ,Il~ J t~!~ '\~,ll '\,' ..... l,.,~t·.: ~~I' I~" .', .... 1' .... :' 

With addressing mode PRRWRD, a frame- buffer. read implicitly loads both ' 
the sour~ and desti~ation ROPC registers:', 'A ~ii~'lbads rieither;" but 'the, . 

';, ROPC output is ~ritten to:the frame buffer .. ~ ':':.';, ::, :"",'. ",' : ': ,,: ,<:, "'" ' 
~ I, I.' It, /I' '~~:I ~lt~"~:~('_'i,~,"}~:'I"~j~J'~'/',:,I, :', ,'~: l:r~" I~f'~,' \1', ',' ' I,,,~; "\;~: 'l I. ~ 

',' When using the RasterOp chips.with pixel-mode access'es, RO~C source register 
",- , bits are loaded based 'on-the address 'and' data on,lh~ system bus::rThe 'Rope, I" , 

,!', ." ... \' • , i . oJ' .. : I , " ... ... • .. 11. ,.,' ~ ... I I .. { J \ ~ • \ ;" .. ."';"'. I) ~ • ! , \ 

;,',: ,source ~giste(f~~,ffc1JI1.~ ~u~~~r:,b!t~plan'~ n I~ad.s;e~~ry; other: bIt ,~Ith the ;value of, ... ' 
", .'. bit n in the dat~ byte::, If the address is' even the even"bits of the 'sou'rce register, ',' 
!1~·'i·I ..... "',,,r I' )1 .... ,'\:ll;lr .. "...,J .. ~·~"l~)o~-' ... ' ~, .'\ .. ' /," .. " ~.!(. .. ,' ~ ~!~ r-

I 
....... , .. \l~~" .. ' 

,>,~are loaded~ otherwise:the odd bits'are 10aded.:,Ori a: word transferY(to~an even,~~''.·;-~ .. ::{, 
t!~"" • .1"""~' .. I ,t~~~~ -'\~ .. ~ , .. 1.\ .. .Ij~a~ ........ t' l~,k'~~'::,,, ,i''' .. t) L' 'rf ... .:. ,,,It!', I\/~"- ~llo("lt,},:,,\,! r- f' .... I , 1~1·1 '/1 / ", .~j'/( .... ' • .., ' .. l,~'x'Ol .. J ...... I -l,"" 

;~t'~;,;(Jiddress) theJovlorder'.datil byietloads the, even bitS ( and the bigli' order-byte;'Ioads' ~,;~ :,\ " 
;~·~r~.t ~~.- ~~1'':d'-'d' b· .... ~ {I "';<~~1lf~(~~)5t,f.·~~.:0lf· ]!')o ~l;.ft~',~t ~\ ;1.' ~d~4~ ~~lJ :-.. , ~\I'd~ '!i!!i;'~ Il,,'!~~'::7~.,~f-~ t~"!:~th· "':·!/:'·"·~~;'hd~t, i}R" 0' ~~ ':·~~~.T\:'if .p ... I':~~ 
~~'~U.le.o Its::\:'A.UuS"'a!,WO.l,U'transle(to an',even·a wcss'causes'r e elg t .c;,\j.J·f;.~~~fJ,·-j!';~~ 

~~;~~(g6~jf,i;t~gi~¥~~l~rti#lJid~a.fJHclflli~r~~tp~t:of:~t{Ore~i1e\i1~kea\~ci:ili~11,~wi.?~(~1!: 
~r:~~t~,&~p.{k~ls~:~&Iii~~2d'iBffiW~:t~ajilt~rir~bi~ !i~?thf:~~)1f·~{ifb~:&W~ig~t~~~':$H-i':1~~;~~:-'~: 
~;J{:f.~ te1lftC;fili~;fciffi61i1iffg1i~~ff.lli~;:tri{ns'f~f'is:: bi

. te':~'~~~lri'[ 'l'e!,~" 'ii~(i~: wrirf~W i~ "ili~}~~F J : 7~ 
::I:"'fr'am~~b~ffetI:;~Iri:~Bih~rW(j;dt;';~ffi~fR6pctgiI~iit'i~'~~i~ei~k'8cI~'~ii'~ritte~rthn;'~gh'" . ( 

• ~ r ..' :., ,;..' t}U* 1 , ~...' I ! ,j ~ , I J • \ "f' • j. .. I A f ...'~ I 

': 'a wnte enable, so'that oruY,the'addressed pIxels get, wntten.' , , " .~. ;"::-'",: < ";/:~" " 

~ ,,~,-, I -~'f'I ... " ',1.', J t' ", t:,., , ,~~" t' \ ',; ~f.~ "";'t" , ... .,1 'l~'}.', ~ , I. r~ .. ',1/1 4
,",'\/"" 

The right mask and left 'maSk registers in the Ras't~rop chips 'can be used to prop-
, erly clip the ends of the raster lines of a region to be' painted., " ' 

( . ~ ) 

l " 

, ,I' r 

, ' 

A RasterOp chip (ROpe) exists for each of the eight planes of frame buffer 

, r .' 

memory. The complete state of a ROpe may be read or written.' Each Rope 
'unit consists of a destination register, 32~bit sOu~ce register,' pattern register,' , 
mask 1 register, mask2 re~ster, shiftcount regisrer, function register, width regis­
ter, opcount'register, deCoder output latch, and an opcontrol register. This section 
describes the function'or'a ROPC and the re~sters'which control it. 

NOTE 

RasterOp Op Register 

, ~ I ~'.." '~ I I \ 

" The addresses of these re~ste~ are listed in the chapter Software Model. 

The rasterop chips are 16-bit devices and 32-bit frame buffer accesses are bro­
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 ROpe 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 ROpe pattern regis­
ter. The ROpe 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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RasterOp Source Fifo and 
Shift Registers 

Color Board FunctIOns 33 

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 '(Ost OR Src), ignoring the value of the pattern. The function 
may be expressed in tabular form as follows: ," . , . 

'y -p. \ .. ! 

",:-, ,'r,.')'~ ~), 

:': ~AT :,;;" SRC:: / DST' :':, DSr ,= SRC OR 'OSf', ,-' 
;= U .. r..........), I", t.. r I \. j I - ","I .. .. ~~;.. ~. 

~ /:,~y' ;,t,~ g;: ;i.;i~ ',' ~, ,;<:;t~: ~:':', ' .~ , ': ,<':J:~, : 
:1' ' ,,0 - > ,1, ,~;" r 0 " ,'. , , 1 ,.' ",,:., 

l ilit~~ll~;iii,li).i.if~~:j;':),i~jII ~ 
fr~-I~{'~;' ~~li. '\r.~J:'-iki~Wi~~;~i.?:i~~~o>~';~'~'};~~)f/. ",'>1, ~':),l ~\:l ~\ '~~.\ >", "'?"0~~:~(i-~;~~:'I~ 
~r ~~~Ar~1~! ~JtM~~~.::'4 ""~~ ~;-:ljl~7.i;J,~\-~ .. ~.?~~jt~"\~;;;)L :~;t~Y~ ~ l,;t,~~:c;\~1 *~~~~f¥;l_-:ri?~*·~.,.'~.t"l&~l .. " .1."~ .. ~ .. 0,1 •• ;. *"1"; 4- ; .J~,tff;; ~\ '~vt" 1'0" ~ .- v·~w~" "~ .~ ",~ 0:' ~' 

, ,trfieiPA~~tSR~i;'and:JjSF ~ooluriiliS~iii, tlie'7tilbl~fo'riri: an!index~~ruilriin' frOm· iero~~; 1\~f:; ~,., tr~~~tf~h ~"=\ ... ~-:; .. ,;",~,,~~.:-''''~\~''~~'''~i.,, .. t, ... ;'~t)'(~ ..... J...'..{?~~ .~"~/ .. ~~t"'.:>:t1 ... ~r.I~ "'tJ."~!:1"jtl:o.r~~'·O:~/~~.~ ,('",~"'f.;\"i.~"t:'1<j.l°" ~.~> .tr.~";l,:,t':r:.~.~~" •. ",:, .t ";t,.·'t7..~ /1' .. '","' ..l,": 
, ~((OOO)Yilifuu liYSeveil'(lJlp;1!Thifeiw(bits~ofrilie~resultl:coliimn',ti'ni 'u'er "s 'dfy:~t~';~~~ ~~ ~~ .. .;-1\""~L ... .,. ....... " ... ....,c .. "\J.i~"" .gj .... ~'.l.~ .~,~ ~ 1 • ..,.,.tG.~.~ "!I'l:t~~\¥. .ft '" ~\~;,. ~,,,,,,-~,,"·.n~_~·i~ ... ~'(·t">_~<f-.ry .. ~.$).CI~~<;'';.''''~ $; .... ~\ ..... ~ ... r .. --i~!.\~t-.~';."\~ ... 9 'Il ... .,. .. yl .... ·~-.r (r"~ ~ ... ,,J._:, 
~Jt/\·. me"oesirecroo'oIean fiiiictionraiid~these,jare~'preciselY:' the! 'e ighi: bi tS';'which ?are· to'~~.1i;!·~: 
~I": • .!r,~~i- .. ..... 'I~ ~ .. " .1... r .. ~ r..r I' " ........ ~' ..... -,;J....... ~ $>~'" j.4 (r~~ .. ,.""~" y' .. 'J, >II .. ' .. "f, .'!..,",:·,,"u ........... / 

';~\,,~~be' loaded irito the frame buffer's function register":' B'y cciD.ventidn;'the least· '-" :, 
.:Jt; .. ",~l",l'''···~ .. ".-') ,.~,.tJ~4. ' ... t.,,:¥ .. ";" , j. ~J.. .. ~!" ... J'~ ~ , it .. , ......... " .. tf"'# .. .t....,.~:'I-.;. .. I..,,~' .... ~ ............... J .\ ..... '" :-:: .. ,!..I{.~ ... ... ~(, .. ~ •• II... • ' ' '} 

?;:-;':f"signifjc~t bit of the ~pctioii~appears'aftheto'p:ofthel'table~ henee'this function '.:: ' 
: <;,,:-,~'(Src'bR Dst)~is represented by the eight~bit value 1 i 10'11 io (OxEE) .. This' -, 
:',:::!",~r;RasieiOp.fu~ction applies equally to e?ch bit of a' pi'~el;' if bit n of the source is 1 
".' :.: "and bit ri,oiihe' destination is '0, then bit n, of the output to the frame buffer will 
:~: '" " be 1. Examples qf other function encOdings)u-e OxO (clear destination bits), OxFF 
~::"~ (set destination b'its): ~d'OxCC (copy'source to destination). To 'clear the entire 
,: ... ~. : sc-reeii; ih~ constant'function '0 is applied'to the viewable rectangle. ,To flash 

',' '-(invert) a window, the function NOT Dst is perfoirned on that ~indow. The 
functiop SRC writes a character, the function NOT SRC ~rites the character 
invened (black on white). Dst OR Src overstrikes (paints) the c~aracter, and Src 
OR Pat writes the character with a background pattern. Thus the Sun-3 Color 
Graphics -bOard allows all 256 possible R2SterOp functions, although in practice 
only a few are used. 

A ROPC has a 32-bit source FIFO called source} (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 Rope op 
function is extracted from the FIFO as any contiguous 16-bit field in the 32-bit (2 
word) FIFO. The ROPC shift register detennines 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 cetennines 
the dIrection. Conuguous addressing may proceed either to the right or to tile left 
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, " 

\ ", 

',- RasterOp Destinat'ion and 
Pattern Register,s 

, . 
RastcrOp l\1ask, \\'idth, and 

, Opc~unt Registers 

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 source 1 to source2 and moves the syste'm data bus value to 
source!. If the shift is non-zero then the FIFO may require priming (pre-load of 
the source 1 register) at the start of a raster line. If the direction bit is 0, a load 
source oPeration moves'source2 to sourCe 1 and moves the bus value to source2,. 
In this case priming is done by pre-loading the source2 register~ If me shift is', " 
zero then the source operand is taken from the end of the FIFO; if the direction 

bit is 1 ~e~ ~ur~; ~pe~d, ~ s~urce2 else sou~ q~rand ,= ~u~~~ . .' ( ",~" :>,",.:~': ';'" ' 
" , '.',!.::"~;:':~::~<"'Y'i~~/:',:<\)I:'''-:i'' ":,:",," ...... , ,',<',,-'., .'~f:::t:(l":,,, . .\,::·":'<I,<,.,:<, 

. " : The destination o~rand 'is the 16-bit ROPC 'dest're~ter ~hich may be impIi-:, ,,' ,,:: 
r t.. , J r \ I r til" ., j, " ... f , ' _ I' • ~ \ " ~ J ,I.' • I ,,, , 

" .' citly'loaded bn'a,frame'buffer'read or write de~nQing on the ropmooe'field of- :',~~" . 
I , ' .,. f. I ~ • J) '. , l ~ .,., I ~ • ; .. I .. ~ I ." ttl ". I • 

. " the status·.register:~<The·destination,o~ran~ is aligne(t~th ~6:~!t word~.i.J.l the,' ,: . 
'.'~fr" . b ffil " T,"; 1\, .. \~\~!.I~.t ~t."'·':r:~(II·I:')~)' ·..; .. · ... 1 .. 'T " '.II:: .. ~rr •• ~ /"<'4.,!'-I .... ~1 .... ,~·I~I~~t .• '. .. ( ~ . 

I, arne u et,memory.;r: t : ,,,'If'''~ '~:'''l,,;; " '''~ ';,,~ ,',,' ," '.~,i"" :'>:"1 ,'.'\(1: ""~""I' 'J';-I,-.\ '~, ,. "ri 'f'.:' 
~~ ~ '~I,,,'I I \ l'r ... .;::~ .. ;~:I~.'; .... ;'t tl: '''~';'':t'~~?''10 f.~I/\',tfi.J":,,~j;·':h' ':'{~I": .',~:~":~I""/,~ 1\·/t.1,))",,\~:'~·'J')~I .. t\')."?r:~ .. 1f'~~~/}~t'r'/'~~~"i;f""_;~'~":' 
" ~ The'pattem'O'pernnlis'the:l6~bitROPC paiter~'regi"steI\vhichrmusi be:explicjtlY.·.; 
• ~, , J( .. ,"'J~ I ~I ( ........ ,'1 .. ' .i

r
',,' f .'0; :' .... I ~ I I ,; '~"''''I'' ')0. I' ...... j.I.\: ... .I .. r~}1 ,):\,( I),. l.~_,r,~,\. ,~ .. 

" loaded by >writing'~irectly to it:\It is always aligned on;,16~bi(frame buffer
l
bourl7;f . 

. .. ::.d~~~~i '. ;;;\,'rir:t'i;,i;i~~',;\:d~~:~:1M;;:~;:S:·: .:';'; '')i/: ~K!~:y~>;i:trJ;~,\~~::,~::Kf::~,l;1,~jlJf;j{;:: 
:::~~·Wlien',a'write tolthe"frame:buffer.OccuIS the'tl1ree

r

'o" rands' are' rocessed"b" ihet~IX 
:~:·~;R6pC.~:,'.d~~d~~.~\'1ic~irli~g~t3·'th~"·op,ftiiicti6iil~~~~ce·5g~11;6~bJi:Rb~d·rfiipfit7~ 
.1t';:~Thil r·1·.r:·.J~~;/,J"'I\J:·~;"~\:~: \.t~~~t(l'''~-::l~f ... f dtit.,f7i~(./' 1;''' I .:.~.,,~~t,'-« ':(d" 'b' J~~~ •• ~-' 1.;:f ~"i~~~r~,") ,.:l\!~,11v-, ~Id,q/~~ l~;·~tjh).'''.t1\~';S~'-tF!!~1;'~l~~~li ( )d("'~!~l!J~ '';f~ .• ! ~~·.I;;; ~ ~,­
'l:~l"" S'OUqJUt.lS,\maSA.e ,'as';~wre ': y; Ul~'OP"COunt'an 'Wlut ;regtsteIS'"an ,IS ,l~,:.~;r.':c',.l~~(. 
~; !~~''5~'::.' ;}.;J~d··"~:' 'l"th" \~~;~'~!I";~~~!,!,t.'i;itt:A-'~'~'d~}"".")l,l~'t~·'·I"'f' ').r ••• I""~·I">~;:;"'¥d-':.";.'~tSlii~'.l!(')~·~\~\~edr,:;.;>, ,t.J::.Y~((I':;'''~ ~ft"I'·'h:,c:~~:t:'f~·;rjf·J~:.'l'!. ~ 
:.It'; store 'In' el:uc=couel;out.reglster~t ,plXe 7mo e"lS' uclng'us 'ule:,plxe ~ls':~~i~~tBl,;':rt:~ 
lti'\,' ..... ~:~'<!.'i .. ;,J. '(Jd' 1,~~,';I~~'\·(}i~1'1~&r~8-'·~R'·~·;\O\\I' ... ~ ~'"\:tfr~' ;:~'Il ';-i:"<>'~~"*.I,':'f/i;l~ i-:la·-,!~l'tn-,1{~;-~.lI. ,;., ~¥j:~'l'ili-\'I(frJ "~)f;l,l~'i~b1~'-;~f' -,;'f/"'R~~,~'~..: 
J..~t'extracte Uom.Ulet ~ 'F~iue\,;UUeroutputs an :ls:wntten,to~ule;\ arne;", u ler.at<;.{}:: 
\1)41 ... ! .. "J.t·'t .. ,~!', ...... - tt ... 7~"~ ",.~~~s:~ ~...l~-f~1fh"(ilt?ifoj1:\"f/1.~fM-~r.·'t~ .. rh;-t.rt't' ~J rc'~.'~~< .~rr....'o:t(i; '~'it .. ,~;'l].t5\t 1;::' ~ .;~~.fl···;"{,d;h';~.~11';t'k~tJ-·I..1 '~~"j'o..~J~~1\1:~~_\'jI'';.j.f ..... ;j ... t 
~-f;;~ the b ' relaaaressf.-s" " ·'Cifiec1iolftlle!s "steiri!'addiess~DrlsJ~':If w6'rd~mc)"delis~.1jeiri 'rusedt~ ~·!t:~~"',\· ,t;'" !~'-' .. '. ,""";,', -:ro·'.!'4,J~~'1:~,,,, .. ~,~.,.l;".!~~' ~'f'i;;;:\J,;; ... l~,,·w,.,i:;,;;J<j!('j,l'~!;-;!'t I~l~l,,;\,~::, ~"1:j_I;""~J.;(, >,",( ·~:t"''')~;~!\'I~t::1"I~JJ.J. t)'~\):;i::' ~'.~~ 
, . the' 8'ROPC decoder,'outputs1'are wntten·to tlie s~cdieo woril~address In' the'i: Jt;".,\··· " 

;. ,; fi~~ b~~~i{1f~:);i ;::::.p\ :::k Y'h/·:'~."-:": ;{ i';; )~~'.:' ::~,: :,,;:;: ·;?";i\J./;~;i h~:;;':;;:','~!1;:;, :::, '. 
.. The portion of a raster.1irie to be written does not always begin and end on 16-bit 

, boundarie's: Therefo~dt the first ~d last portion of the raster line must be masked 
so th~lt q~y '~e appr~priate bits get written into the fram~ b'uffe( ..1pe ROPCs : . 
perform 'this maski~g via the maskl, mask2,. width, and opcount registers. _ -' 

I. '\, ;'-;!~~~,f<;, ~"f:'I·/ ... \;~~i ... "',\~ ... f;I~:'.lr~, : ~ ... , _... ..': f. 1/' ",":" r'l, '''",', 

NOTE' The first ana last ! 6-bit 'l!'ord may be the same ~ bl(th mas~ are t~en, applied .. 
The width and opcount registers control the application of the masks to the first 

NOTE 

and last 16-bit words of the raster line.' , ' ,t " 

, ! I ~ r \0 j It:, ' 

To use the masks~'software mus't determine the width (in 16-bit words) ofthe,ras­
ter. The width register ~~st be set to the number of 16-bit boundaries crossed by 
the raster. If the raster is ennrely ~contained in 16-bits the width is zero. If the 
raster is only three bits wide but spans a 16-bit boundary, then the width of the 
raster is one. 

, 
The opco'uni is a variable register. At the stan 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 loaded. 

This is probably a design flaw in the ROpe. In some cases the opcount should 
auto-decrement when we are not loading the destination onframe buffer 
accesses. 
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When the value of the opcount equals the value of the width registert (that iSt the 
first l6-bit word of the raster)t the maskl register is used to mask bits in the des­
tination from modification. A 1 bit in the maskl 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 implicitly 
loaded from the frame buffer memory on writes which need masking! ,~O bit in 
the maskl register causes the corresponding bit in the deCoder output to be given 

. -, the value of the corresponding bit in the three operand RasterOp function output. 
;:,,: When the opco~nt is zero-and a destination load occurs, (that is, on th~ last l6-bit 
~~~',word ofthe'r~terlirie 'to be written); the mask2 register is used to mask' d~stina- . 
:: ',' "tion data bits 'from.modification. Also, on ibis last word the opcount is automati-' 
,~:""'cally loaded ~i'th· the _value of the- Width register 'and fue cycle repe'ats'. This " 
';r."mechanism'improves·grnphics'performance bY,allowing the software to set up . 
. '~·='the'end mas'ki'ng and source"shifting once f01:an enti~ rectaD~lar~RastitOp. An 
:t, .;,~~mp~d inner loop ~aD. moye all the, words:o{the're~tangle ... ~1p.e~ is ~o need. . 
,,;~, to 'e'xiplicitI)/ lo~d any ROPC' registerS ,when ni~vi~i f~oni' one s~ari line; to the". -. " , 
"'1 .. -" i' '1 ',' I I ~ ... ~ 1 .... -·" ,\; i~ ... ~ .. ' .. ~ j f"';'. ,1','............ .. .. ,' I' ; I" ... ,.. • 

~~ ~next in a raster operation:~ ,When the width register is set to zero;both maskl and .~ ... 
{;'..t't\~'7""''' • \'.'''I;>-.!:;~'''''.I.: , 1...,"t":~I""''''''·''i.'''~··:''r .. ·f; I, ~I:'''',.~·:_-..! ... ~· .... /"!- ltc--::".: ':''':/ljl''~~'''''~1'J"t-'i (' • ..::., .. -

:~\ mask2 are sImultaneously enabled: ,;.:j.. ,'" I f;::'/~: ":;, :'~" ~>,,:"_:':: >'0 '," ,'l I, ";:!'.,'" ,~' '- ',; : " 

, -" ,., - '" ,-,',' """" -" .. ,,~ -.".,c,~~ji~!;,;,(j:~~:i~J1rt;JJ-i.{~;i;:£~1~F" :,,::,':;',:;'31:(i~1~{:~r~~t'~~;::i,\;;,~::::>/0i:S>r '~;'--;::': ~ " 
,:Other. RasterOp~egistet:s·~0~~ti~:r.The'dec'dder,ou(register.is 'primarily .for diagnostic,pufpqses:~Jt holds the value ,: - ,,' 
~ ~ .... . ~~.t:-t.'1:~ ~~ .. ,. - L,",-:: .. I ,..-4~: ',' ~ .. ~_ ~ ,' .. ~ • ~)I ;lr~:~.r~i~~~~'r·$"·~'~" i .;00: .Jr;~ll1~ .. 1. .... ~.!~r.~~~ --'lL"f'-"i>~h" , '1~:;':" ,.--:; .: :"T""~ ........... l.~; ~- ~:F~l:, ..... 'do 'r/;, ....... ;tJ;';:. .... '~. !.~~t: ..... ~-;i .. lJ \ ..... ,!J .. ,,"I; :t..' <~:! ..... ~ ~' .. ;' .. ~ -(. \~~:, . 
I:~~~~.derout·a~~ xl!),Reg!stE;r$A~v<;~t..o~th~:o~tp.~~!frpl!l,.t1Je~RQP.~ .. ~~~lJii$:,yalu~'!S Ql~:result,;ofappIYI!1g;the, three,:I.~y.,.{"~':~f'~,:.r 
'fw:"~';l",:~:,' -,~ ,.,t::~:;~:;"iol-//.~ ll~ ;.r. \..::. .. ·A.i ,~~~~~~~"t',~" ~1~'·'"CI'Ri''''''>-~~~·.~,.fu·\''' '1'.:,x.:J,j.v>'(ftl{~':!.\'·'J'd·!P~';'/"kif"~~(·'l.'~i:.~'~''';'';'';:':-''''''~l;:~ ~'J'< (,~'~"~'~1.:(f;·'·".;·<~r"r..··, -'~""'/~:~',,·~/· 

:~i~:~~~i~~;:ri¥~j{~~};;~~r~~~r1i:~~~~ti~1~2rr~i~~~~~~A~~it~;~f~~\i~~~M~1~~~~~~?;v}!ij~~:;~~~,~~fl;~4~~~¥fi~~~~:~t~{:tft~~:~~~i~~~~f;i.~;~~1.r;~~';':~~~1~: 
~; ~~~~~~tK~ ··;'(:"';~\f~,,S:J)i~/\~~~~:S~~·;';.K:..f;>A~Y)~bThe:.i15~regt-· stet is' an~8::'bit- readlwrite'regisref.:fotJa:n~. iJser;defined:'p'uTnnse::~'i It >:.~"'~ ";;~~,-
::-'s: .... !~~~ .. T , ... ~~; .. ~~.,'; ... r.";' ~f.,: ":;':.~ .. , .. "'~&,,,:-r}J':; ~l'::~"'t~ ':-j:r~t~~" .. ';\"~itp-,'~~\""~'; 't-t~-!/'...f·~~;I"/~~": J.,,.~'I. .... ~ ... ~;l':... .... ~;;J,,"1~ ~"':'''':;''t-\~~\~';SJ~ -t..T---.. .... ~.>~'I I~ rl \. ~'\i;;liv So "\~~ ".,.~:~,.~ .. ,I", t ~ I • '}'~ ~,,~ 1";" "~.; -,f7'-"j\ l~ ~'" ,'" • - ·"s,[" ~s~(..­
> .. ·~'t~~t .:~.\~[ ~~ '?"i'!~'''-(')~':~,';;;''',~,~}"2 ';:'1''i.f\;.;'t~,!:-rf~'iI~his'>no effect1)n~-the'ftinction of.the=R-asteiOp 'chip ·or.Color'board '~'~:~I'~:"1)~ i~::!jJ.'::\-~f::"~:_ '.-;-'-'. 

"< ',;':, ,~. ". :':~'<"~:.~ :'."~,~; ~~#): :~\L:~lji.i~S1~~~~;~';:'/,:/J;':"I·'''-'~:'; .>.: ~~i; !.~'~ ~6< ~' ; -~;':' ,~.:~:' -::: \ ::,-:.');' ~~- .:. :~~~~-:~ \~ <, ' .. :. ":.""y~',, ~ -~ ,,~,~ ~ ,~',;/, -::" .~: ' 
4.3: Color i\lap v. ,. "'.\ "" ::,1 ',iTo display the image in the Sun-3 color frame buffer'memory, each 8-:oit pixel is . , 

,> -,: used as an index into a 256 element color lookup table. E,a.ch element 'of th~· .' . 
. ,,'table is 24 bits; 8,bits-drive the red DAC, 8 ~rive the green, an.d 8 drive the blue. 
. (For 24-bit color configurationst only the red DAC is used on each board). The 
" color lookup ta~les consist of a rugh-speed EeL lookup table used during video 
:"', display, and, ~.~ shadow color lookup tab~~ ,~t c~~ be ~ccesse9, at any time 

'by the host software. The TIL shadow mask elimiriates the software problems 
. associated with allowing updates of the color map only during vertical blanking. 

1 The map acts lik~ a 256 X 24 RA..\1 bank: the values st~red there represent ' 
cOlors. The low-oroer 8 bytes of each map enny represent red, the medium order 
byte represents gree~ 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) c~tes 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 t the 
TIL color map can be read or written. When the ORed value is onet the TIL 
color map cannot be read or written and instead is used to load or unload the 
EeL color map during vertical retrace. 

The read _ ecmap control bit in the double buffering register controls the transfer 
direction between the maps. \\'hen update _ eo-nap and read _ ecmap are set, the 
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EeL color map is transferred to the TIL color map. \\'hen update _ ecmap is set 
and read _ ecmap is cleared, the EeL 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). Only data bits 
o through 7 are used .. For example: , ... 

I 

color map red, entry; to is at address OxllOOOl (data bits D1-DO)". , . 

color map red, entry .~ is a~: address Oxll0003 (data b'its 107~DO) , ',', 1 r> \ '; . 
color map r~d;" ~nt.rr,:12 ~s" at/a~dres,s Oxll0005 (data, bi~s 07-~O) .,:; •. ': .... ~.~:::.,.,: :~;,'.", ,J,,;; ,,' 

color map red" entry 13 is,at:address Oxll0007 (data bits D1-DO) , 
• 1 • I • ,I I' • ,~ ~ ~.. -, 

color ma~' ~e'd;< ~~t'~y':"25i is at..' addr Oxl101FF (data bit'~ :D;~'D~) 1."1'.,:,: ,':., ',::': , I. 
colcir'map: grr:,.:~·~~'~1:i6 i; at.add~~ss Oxl1020i ~data blts'D7,2DO')~,:::' I '!',~;, .. ',:~,.: ", ... :~ c· 

• .. • ~., , !' • ' ~ , ~ , ... I .. I ~, , \'" 

ccl~r ma'p"g'rn~' '~nt'rY::ii.is at,addr~ss·Oxl10203'(data.bits D?-'DO).,.'·"\J,.',.;:-';'.:, :.-' 

" I,: ~':;." ,'- ':',.{~~<}:·::':'{:·~::~/:<::~:~<'I'\,;i·;; : .... ':". ::,> <::::~"' .. >~,;,',: \:';I:':'~</~~~::)'·':(~"·\\~~!(t.~··:<-\~~:I::~;'\~:·~· 
~'color, map grn;". entry" '255' is at/addr .. Oxll03FF, (data bits' D7,-00) ,\);.~jJ:.:';\'",.;t,<~,.;:~,~;,:,~ 

" ~I::' i& I ,~'~.~ .. ~I,) I} ,~·"''':'~''t··l.I \ .\' .. ,' ~"'I "'t ~,. ,. _ >I \"'."" 1, "{' ,~"',', I .. ~l·~t .. ~,. ... ~ t'J}I "-:"·'~1.jJt.I~~, .... :'~.!.:~ .... ; \'! .. _ .. ~ 
. color map blu,··.lentry t la, ·~s,· at 'address Oxl1040L (data bits 01-00). -,>' ""~',"i;\:~\" .: ' .... ';';' 
". I ~. I ~l .. {;:,J1\'::" "',:' ~ ..... ,,..t ':;I'~! J .1,.1, ... ~,~I ,'. ,,' .. , ~,' I " c. ," L .. , ~ •• ~' .: .. tl~"~r"'~l/ll~ ,.('~ .. '", I 

.", color, map ~bl\;;~·~eritry-'. 'l/.is~. ,a't.~Jiddress. Oxll0403 (data-~bits, D7·-DO) ~'lt·~':i::';~.JI}.~I; l<·.···" .' 
,/'':,:,:<~ ~:,~::~'.~ ~~' ;};;~~~~1)~<)f:i\~~~},,~0~~;i.,~'i~;~~~~~X:~f',:~~: .:.: ;~~:'~~l ~~':~: ~0l~~' ;1':'~:;{~,'i;~~~i:~ii;f~~{';~Z:~~~~~~~1!~)i?i~\ ;j;;;~~,~, 
S~'r ;'c'olor:"map ·'blu)~~e'ntrY/f25.5\' is: at'~'addr '! 'Oxl'105FF : (data}, hi ts;~D,7-DO) t'.l "·ltJt'1:~q~~~'(;A,;~/~~!'\.:;"I~~· 

·,n:;';:' . ::< ~"::"~\~:,::-{.!.{:~~.~1~~L~~~\ !~:~~;~t~:t~~~;,~t !:t~~~~i~~Vf'~~ :::::"11:' :,~i/~~;'·,~":~' :!,r ,; ;J.\~ff 11;,h)S·;~~\{if:'~Jft;~~. i;~~t;~'~:~~Jf{~ttll~t}~il;;~~~ 
"1-' ~ :;~~' \f:rt~.!./~ ~ .. t ... \\'~ «""~'f';\St-:d.'i1',jJ·~"';i! rr J~,.:-,·,-;:t, ,',; .• ;:'"'" r: ,- , > ,"r" ~}~ {' t"",.'· ~.I, ... , .t., 'l~~'~'~{ '1~'~'?c'~~Jl(r(t hi ~ ..... ,~;~I 7'~3'~ 
"\'~Th:~:~i:':~;~~!,;:,;!ii:~~~~;~~q:'~;*~~\:I~~d;~'J21;,'~/~Z1~~~ili~ihfY!S~~~~;'~i~5b~;:r(;*~';'~:~;'diz5'~:{~;~I~9~;I~:~:-l·J1f;~~i!$1~1(~~;~1id~~~{e\:~1~~~:.}:~~!'i~': 
';:'01', e programmer'snou note ulat e'staOls Its'up te., ecmap),are.c eare 'asyn-~::'\.\'~,~'~!/: 

': ,1.~ c~Jn6usfy 'b~i ifeT~~f~h~hf6;;~it~iy 'V;ith the\~mrt '~~f.~~;ti2~i~ ~~fia~~~;~~h~ffi(}ri~t~~i~'_? 
,izing the assertion of update ~c~p ens~res that the entire c~loi. m'ap:is~~pqa~d' -, \. 
i~ a single ~e'rtic'at' retrace period; and making deasseni'6n~i,ih~.'tip(hlte·bits)lsy~~'· '.> 
chronous allows programs to deassen the bit, immediately load the TIL map and 
then reassert update _ecmap without requiring any busy-wait Polli~g loops.' The 
status bit read _ecmap is always synchronized with the start of vertical retrace. 

Interrupts can Ix: generated.at the start ofv~rtical retrace., ~nterrupts ~~ us~fu,l 
for preventing tearing during mouse and pop-up menu activity. They are also -
very useful for double-buffering applications that wish to toggle 
foregroundlbackgro~nd every N ~mes. 

Enable interrupts by setting bit inren in the status register. At the stan of a :veni­
cal retrace period, an intenupt is generated at VME interrupt level 4. During 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 Multibus device drivers, the VME interrupt remains 
pending until the inten bit is cleared. 
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Buffering 
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Some color boards are manufactured with an extra megabyte of frame buffer 
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 displayed on the video monitor, the other can 
be updated. ' , 

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 ~uffering regi~t~r., the pro­
\ 'gnhnmer can toggle the definition of foreground and background, and select: ' 

.~: w~ch ~uff,:rto write ~o or~~d ~rom .. <',' .. ~.::; ':'" ~ , ,], ~',~: i,:»<, J:' '~'·,.r;~:· ';,,', ' 
:<Ip~, ~~~v~nt ~&iste~ bi~ a,re': ,'~ .. ~',~I"~""f"':':;:':":'<: ,: ~'.',',;">' "", " ';> ' 
'i".t~o\\r~'he"a.:~·\,:~".' ,,~ < ',~' " .. ;, ,,~ ~ ,:",.~ !'-,,' : "'t' .J,)' ,:"/0',.<" " -"::"" . 

:,{i~~. r\.::~n this"bit is' clea~d, wri~es '~ double'..buff~~d'·~emory set 'A ~~: ;, 
,!.~>'it:~. e'nabled~';,when this bit .is'·set,' writes to do~ble~buffered ~emorY se't A are ; ::, . 

~,~~¥~~;,t;;,t:f;~S;:!t~/:{: :.f,.:, ,; ,~\,::~: :;~::~A\~1l.~.,\t~f~?i~tii(: frXi~(:::;\:,i'~·;:',~,·)~:; : 
,~~Yt~:~'i:wnen this blt'lS' cleared;'Vlltes to do'uble::'~uffercil niem9rtset,B ·a~:>~-:',',~"':~':~'.~' ',~,~ ;" . 
~-:tt).: ... or'7t..)' ~ ... l1';'<"''t''''l''''' ~,.\ .. ~ ... 1- .. ' ~'-I f';)'" ~.r ")..' ,\".l ... ..ll.~.' ~ ...... ~ ... ) .. :~ -: .. : i ~:" ... • ':,,' .. ti" "l .. ,~'ftl .. .:s" I\~':. J":~..)( - "~;I"{J\.. ~ .. r.J,~:: .... ~". I '!!ttl:' \.: '." '!'.:. ... ~ • - , ..... : r .... , .-; ..... ' ... t 

~~f~~}':t?;;f~~~~,l,eg,~.-;' ~~Jl'Jps.:~~ ~ ~s _ se~;: ~t7~:y:??OQl!~1.~~t!ff~~.~~~~ry~~{:;!~~:'~~;~'.~: .. ~j.~'l -i 
:~~~~~~·~~~1~~~~1*~~S~l~~~1~YA~~tf/j::.~~.~·~~?~:~~~~~~~:~~~~tt!.1~f.f~~}~:'~t~1i1~~;11~:'~~/~~~~:~~~~:." 
8? di~l~~b~:~~i~~~l~~~~~:i~·!~~~~~~t~:f~~~~~~it~~~~*~~~fi· '~;~¥&~R~~~~~~'~~rftl~~~;~t~;1;~~ft~~~;~ ;~t· . 
~i~~:\ ~ 1 ~,-... ,"!::,,,~: "\,!F1~~ .. ~;!-:A;t;i ;',:;:,A r ~'~ "3~t:.ff1~!.~t.~ I~;;~ .. ~~ l! ~~.rt~. ,~?-15J;J,.~ft7;\;) ~~"rf~ .. "~~~1~"l~Ut: '.~.:?~~ .. ~';l;t( )I':~)}:""I :"-t;-:ft:fi';.~~-'-~ 

~~~~.J~~~·.~~.r~~~:,1~,Y:9;Yf~~~~:~~~~~~~,~~:'£,9!;t~~~!~fJ.~y![t1J;~~f~~,~g~,\~~~~!~,~~,~~?!J:,:,~~~/~<~::::-
.~ ,t""". screen.' Otherwlse,°the contents of bufier:.a,are dispI?yed.~', ,,'; ~,i,. ::-,:., -; " 

t'~'ar;; ~' " ,'0", ,."',, ' .. ' , ' .. ,;' ~":;:"{ :>',;:'::~:!v'tF' '~':L: /:: -.: '-;"" ;-
When this bit is cleared, frame buffer read and "hidden-read'~ cycles access 

>, <, memory set A. When this bit is set, frame buffer read and '''hidden-read'' 
cycles a~ss memory set B.. " :.' , ',,) ',.." 

NOTE ' .' The programming model of the color board as~wnes ~h~t'p;ograms not,Using 
, :< double buffering write to both buffers. These programs, can, r:ead from either set, 
. a'mi can displ"«y either set, without being affected by'pri/gra'ms using double 

buffering. The SuntooIs default is to write both sets of RAM and to read from the 
foreground 

When writing to the background 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 _locL) 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. 
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6. Optional Dl\1A ""indo" 
and Frame Count 

NOTE 

Installing 24-bit Color 

Double buffered boards come with a circuit to map read and write accesses in the 
offset range Ox32000-0x3FFFFE 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 comer) in 16-pixel increments. In other words, the DMA window 
base equals 16 times the value written to the register. 

Read or write accesses into the offset range Ox3200DO-Ox3FFFFF are remapPed 
into the frame buffer: address bits A03 to AD 1 and LDS and UDS from the ~ME 

, bus are append~d 'to A'19 to A04 fro~ the DMA address counter.' ~The data is, " 
then written di'rectly to, or read from the frame buffer. The DMA Window'; ,.'. '. ' 
transfers are n~t mapPed through the RasterOp 'chips; they function like the ,:.' . 
pixel-I?ode ~ccesses describ~d in 'the chapter Software !r1 ode I., " "0" <. \: \', _ 

to ,l,,'- ,'1~",;·\l~'\~~~"I~~ ... ~j"f"'/ r./.~\\! ~tf~J~"~~.: ~'/' ~r, " .. '.',... ;,\ ~. t-l~ ,~, ,',., ,~.'~~ '\ r •• /rl\~/ ... ~ 

After the number of DMA'window data transfers' equals the value of the write-;" . ' 
• • '" I , ..,. ,~ , Ii\. f... • .. "... ., 1. i...' J J ~n J~ r 1 ' .. 

": : only' DMA width 'register multiplied by 16, the DMA base is incremented'by:" ,', , 
.. '. "" I It ,. ", , '_ \'' , I.' , I • t' • r', i, • .. \t' ~, ' I 

. CG3 :WIDTH minus DMA I width 'reg*16. This:\.vay, consecUtive acCesses into' .. 
I .. - '. \ ' .. I', r I ' " ,"I • .. •• , ,- '.... .. ~ - .. I ~ ." 'I ... I I.. ,,"~. I ~ / .. .. r I ) " i 

" the DMA,windo,w space'~ap properly into a rast~i on"the display:.'>~.'" ':r' :~, \'~" ,:,:,,:/,/~\~~, 
-,- ", .. ", ... :"1.1>1' ,. ... '~ .. J(;,II\~'I= .. ,· (t!.'J',~IJJ' J\):"~I:_"JI}'r r', .I/~~~~l~· ~ I .. j ..... ,~',,-~,'~ot'\.J.:)" .. :'t ?,-',f~"f.~I· .~·'!::I,J ... r\;.t 
. .' The vertical h:eighi'of the DMA window is implicitly set by the number of. bytes II:' '. 
,!~r,"triinSferred into;o'r,"out 'o{the 'Windo~ space. It'is 'the nisPorisibility,'~fihe:usei,<S:",: 

~. It.' r, I~. \ "+~t- ~.~; ... , ... ~ ,/1'''/, ... , r I ;:"". "I ,-, ,I " ... \..~ • I ••• 1~ ";<1'~~': ':..,. ,,-::' ... 'lIt " t.. 

.::~Jsoft}'lare'\td stop\the;DMA:transfer at'the 'end of the DMA Window,'and'reload,tllt~:f 

~~~~,~a~~~~~~~~i~~~~Z~&t.~/l;y1~},;:\;i0:l~~i:;ii;~\~;l.ti11Xt~J{~~)!~ltf~~ff1j~J;V:~ 
(, ~( .[ :.d:;~~ ~:r;'\r ~ J~~JP~ t¥,~5~if.l:~ttt~~;M\;A\i',~~1!~t},~;f;t~{:/~~'l ~~c ~r: ~}; -: ~~~~ .. ~~~:~~~i£.i~ \ .~~::~-' ~,~:I~~J~\~u~~,~;~ \1r'~";1~~~j~!~{)~;fi;(i!!f..!~:~: It "$lflry~~f~:/~~ffJ:J 
n:'iColorb6ards:caril.oe~corifr'; "red\~'for,24,-bifcolorb·'.instaIlin'· :three:,colofboaro~iii~:i 
f ;::)\~' • .. ,,'r) '~'~';d:" "~,'::'_'~~-: .. ,;,',~'~J/;;.'>",.,< ~".: ~~ .. :,,,,,,, ~ '()' 'rl-f t' ':' • .- ~:'<," ,Yr;"~' ". ::<, , g ,.''1;,<;' ~'\ h'l:;f', '~'~I::':;l~' ;(,J:j 4/,.' .,::?,~ 
IF' a system;~1rrrus ,0ptIon¥:which ~qUlres addltIonaIjhardware from.'Suni,aIlowsjhe\f~~ 

, sysreril to"display ~I 16 millio~'po~sibh~ color·c~mbinatio~~'·instea'd'~f'th~''256···t; 
, sto~~din'hs'ingt'eColormap:' "",," '<, • I'~' '" ,I.:"'" '::;·".~:I' :~'{!:\<;;<_, 

, '" " j .. 

, ,! ~ 1 • 

The three boards in a 24-bit color configuration act independently, reside 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 cIock~ and a 5.81 MHz ~aster 
clock to the other boards. 

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

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. 

The simplest addressing scheme is to place the boards in the 16MByte addressing 
space, with the first at Ox400000, the second at Ox800000, and the third at 
OxCOOOOD. 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 driver. 
For more detail, see the "Engineering Manual" (#800-1366). 

The "Sun Configuration Procedures9t (#813-2000) show thejumpering required 
on each board in the single-board (standard) configuration, 2nd in the 3-board, 
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Color Board FunctIOns 39 

24-blt 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 J 100, stuff pin 2 of the delay line into a pad 0.1 inches 

. below pad 8 on JI00, and stuff pin #1 of the delay line into a pad 0.2 inches 
. ~elow pad 8 on J 100. ' , 

~Slln 
'S n1lCrosyslems 
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"Progra~ming the ~olor Board 
~ ~ .. ~ , " 

" ' + 
" 

~ , : This s~ction provides detailed infonnation' about the fun~tions and the regist~rs .,' 
, : of the Sun-3 Color Graphi~s board. These include the color map, the status regis-', : " 
. :: ;~ ter, and the per-plane RasterOp units.- -:' " .. ~ ,·r" t-" • ' ·:i: ~'. ::' ;" '. ' - ,~,,',".: 

.,t,. '. ,';: "."" " _ ,." \ /'d~'~::<'> ~._,""::':':':,,( :-:.~, ~ ,t .. /<1:~': ,", /.:':, "::':.~~\~~'.~;'.,'," ',,~,.:::, ::j:.' ::,~ .. ~~ ';,: ',,", ",' 
5.1.:' 1\1apped IJO Hard,,;are j ):-:,: rhe, files 'cg3reg.h and memreg.h contain'tlle following"description of the address " 
" . ,', ~'.Interface: ,: ~ ,; ,:' ,-.": ,It'. '':J~,,~~~~iid~w 'to the' S~~~3' C~ior board~ -:This"struc~e defines the way in\vhlch the- ( ~ ", ~", " 
} ''',t .. :. I "" ... ~ .. ~~I r ''''~'}''.J. "'~"~'J' .~·~I \)r:\~"-;;"'~/"'· , ..... "It ",I, ....... ~ ~'{1<"'" II .. , ...... 0::..... I~/'~ _ .. _ . ' ." • t ..... ~ .. \ .,j .... ~_;::-.~ 

'; ,'~:~"(" :-:: " "~:~:-\'!-" ;::"-'i~'. ~~::',"" ;;: :::-:l:,:'~,!~'~iddress bits to, the,Sun:3 color-frame buffer are decoded.,:Once these structs have ';'; .. , . 
'''~''~-4,''i".·j. '\.:. .. ~ ..... .,.~ .. 1(~ ~~.l~~ .. ,L')...': .... , ... ~ .. \·.,Io!. ... l rf"O;\1 \ '-'~,"',&.~ .II·J"" ,; " '''".~~~' ,· .. ~, ... ;.~rLr " • ~ \I'fl. ,--"';" ..... 

-.-, ~~·1f~·:;.~,':1 ~.';,~:; ,.'/(·:~;'~'~~!~~~·;Sf~1i/~i;'::::~t:S;f\b~,ri IpetAPry mapped to,.,a us~r's v~al sp~ce~';th~yrmay:b~ us~~ to,ac~ess~th~~~: :-:~ i~~ 

:::f:t~~~~~;~i:;~r.~~~~;p,~l~t~~!~~~;n~f:~~~}(~\~{\~:~~:~,;~t:;jf~~i~;il~·~~~W~~!}t~~~0r¥~~~h:llfi:·:;;*~ID~i,~:'ifg!.)iJ!:: 
! \l.~:i:,-~~\.,?~)/·:,;:<t'~·;}_\i';{\f. ~~~:~.?if~::-::~NOTE·V.{·:',Th'e·comments·zn ztalzcs arelnot p'art o[the~Jcoder>.·r;.,·:"'!..>1t)'~f~"}}:'~~~~:<'.~::"'~~~·"~'~:"~:~1;{:i~<;;;:~.,~y;t~~ ·~·~: .. 1: 

.~~~~i~~;'~Jtl#~~~ljfrt¥!~}-\~t{:iJ~~~;M::;~Y:~::X;Nf~:::!!;:~;?~::"t%):;:~~~~~~t;(~~~~r~~~~t~~~~7J~~~~~~5.!~~~~~t;~}t~;~1t.:@;;~ 
'#define CG3 LINEBYTES ',~ (CG3' WIDTH/B) " . , ," , ", ',' ',~ " ' ,'. 
:#de::ine CG3=HEIGHT ,,:'; 910 ,;. ~ ,: " ~ ',': ~;" ,~" d • ,,' ':', -,'r;'" 

#de~ine CG3 DEPTH . 8 

struc~ cg3memfb 
H'ord nwde accesses 

/* non RasterOp frame buffer access */ 

} ; 

union bitplane { , /* word-mode memory */ 
long word [CG3_HEIGHT] [CG3_WIDTH/(~*sizeof(long))]; 
char pad[12B*1024]; 

merrplane[8)i 
un~on byteplane /* pixel-mode memory */ 

u_char pixel [CG3_HEIGHT] [CG3_WIDTE)i 
, char pad[1024*1024]i 

pixplane; 
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44 Sun-3 Color GraphIcs Board 

/* 
* Detalls of the status register. 
*/ 

struct 

*/ 
t , 

struct 'cg3doublebuf {, 

" , 

unsigned display_b 

unsigned 
unsigned 
unsigned 
unsigned 

read 'b : 
nowrite b 
nowrite a 
read_ec~ap 

unsigned fast read 
unsigned wait 

unsigned update_ecmap 

reserved7 
reserved6 
reservedS 
reserved4 
rese!:"ved3 

~~sun ~ mICroSY6tems 

1; 

1; 
1; 
1; 
1; 

1; 
1; 

1; 
1 ; 
1; 
1 ; 
1 ; 

", 
>' , 

/* Display memory set B or A., Sy~cronized */ 
1* to -start of vertical Teirace */ 
/* Read memory set B or A *1 . ~' 
/* Do not update memory set B'on writes */ 
/* Do not update memory set A on writes */ 
1* EeL to TTL cmap transfer 'direction * / " 
1* Syncronized'to start of Vretrace. */ 
/* Return invalid data but fast Dtack on rd */ 
/* Write a "1" to set. Bit will remain */ 
/* high until a full vertical retrace period */ 
/* has elapsed. The bit clears itself */ 

1; /* ORed wi~h cg3statusreg.update_ecmap */ 
/* Bit duplicated to allow easier */ 
/* syncronization of color map updates */ 
/* with double buffering frame toggles */ 
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} ; 

. -
" , 

reserved2 
reservedl 
reservedO 

1; 
1; 
1; 

Corresponds to RasterOp'memory and contrQI re'gisters 

Programming the Color Board 45 

,', 

'-', struct' cg3£b { 
, " ", .. , ' _," /*' RO~,-mode"me~ory ;j', ': " _ ,:~.> ;'_"",' "/;~:;',:< .. >u~,~on .{ 

union 
union 

ropio; " 

bitpla'ne ropplane [Sf/:" ~:>, ,~:,/1c word~m6de . memory 'with 'ROP~"* / 
byteplane roppixel; .. /*'pixel-mode memory with ROP'*/ 

union' 

RasterOpmemory-q~~toOx2FFFFFF ' ' 

struct memropc ropregs; 
struct { 

char pad[204S]; 

'/*-~--~ RasterOp chip registers *1 
/* normal register access */ 

struct memropc ropregs; 
/* for pixmode src reg prime 
/* byte xfer loads alternate 
/* src register bits */ prime; 

char pad[4096]; 
ropcontrol [9] ; RasterOp control regs 

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

status; 

/*----- status register */ 

*/ 
*/ 
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4() Sun-3 Color Graphics Board 

,1 

} ; 

/* 
* 
* 

-#define 
=#define 
#define 
#define 
#defJ..ne 
fdefine 
=ltdefine 
4:define 

unsigned short reg; 
char pad[4096]; 

pprnask; 
, , 

.... ~, I.,' 

union -?F' : ~, • "J, ;~ ~ ~ t ' I" 

... ' : ,unsigri'ed 'short reg'; 
: ,char, 

int~p,tvec; 

pa.ct [ 4 0 96) ; 

.' 
unsigned short redIDap[256]; 
unsigned short greenmap[256]; 
u~signed short 'bluemap[256]; 

ROPMODE PARALLEL 

PRWWRD 0 /* parallel 8 
SRWPIX 1 /* single 
PWWWRD 2 /* parallel 8 
SWWPIX 3 /* single 
PRRWRD 4 /* parallel 8 
PRWPIX 5 /* parallel16 
PWR~'IRD 6 /* parallel 8 
P\'TwPIX 7 /* parallel16 

~~~~,,~ 

/*----- per-plane mask register */ 
/* 8 bit. 1 bit -> wr to plane*/ 
/* D07 .. DOO */ 

, " 
,. ,. " I \ \ ,'. r ~ I, 1 • 

/*-.:---- 'inte'rrupt' ve~t'~r':r~gist'er 
" .' ',,!* 'line ,n'ilmbe'rJ'O:.;-i024/4 

• r ,u..... I,'''' ) 

plane, 
pixel, 
plane, 
pixel, 
plane, 
pixel, 
plane, 
pJ..y.el, 

I 

/* shadow' color, maps */ 
/* shado~,color maps */ 
/* shadow color.maps */ 

LD DST LD SRC Description 
ON ON */ 

read write, wrdmode */ 
read write, pixmode */ 
write write, wrdmode */ 
write write, pixmode */ 
read read, wrdrnode */ 
read write, pixmode '*/ 
write read, wrdrnode */ 
W1:J..te wrlte, pixmode */ 

*/ 
*} 

, ' 
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/7< 
* ROP control unit 
*/ 

#define CG3 ROPO -
#define CG3 ROPI 
#define CG3 ROP2' 
#define CG3 ROP3 

S.2. Coordinate System 

Pixel ~Iode 

numbers 

0 
1 
2 

'3 

Programrrung the Color Board 47 

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

/' .".. r' ,{: • 

Th~ fra~e hu~~~'m'~~~~ is '~nfigured as a ~t~mory image and is not"directly 
x,y addressable .. The coordinate system stam at the upper left, with y increasing 
down\v2rd and;{ increasi~g to the right. In pixel-mode, the Sun-3 color frame 
buffer appears as one million 8-bit pixels via cg3memfb.pixplane.pixel[y][xJ. 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][xJ32]). Writes to 
the frame buffer can be optionally mapped through the RasterOp units via 
cg3fb.ropio.roppixe1.pixel[y][x] or cg3fb.ropio.ropplane [n].word [y ][x]. 

In pixel-mode, pixel number 0 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+l)*CG3 WIDTH - l. - -
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48 Sun-3 Color GraphIcs Board 

brd I\lode 

,I 

/* 
* The source load hit is 1 so the FIFO is moving sourcel to sour'ce2. 
* Therefore, the s'rc 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)i 
fb->ropcontrol[CG3~LROP].ropregs.mrc_shift ~ 

(1 * 256) I «dstskew-srcskew) & OxF); 
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/* 

* 
* 

L 
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The sou~ce FIFO must be primed under certain conditions. 
Width is the number of word boundaries crossed by a raster line. 
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