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The Rainbow-Gold chip contains co~nters, finite state Machines 
and a long line buffer which creets standard video tiMing signals 
to control the CRT, and gr ap hics d a ta to address the Color Map ct1ip. 
The Color Map chip will provide displ a~ inforMation to the CRT. 
To p (7!r· ·for· t·'t thr:.· <]r· <:l P hi c~:; d :i. ~;p 1 a ·::! cap <:lt.l :i. 1 :i. t~:! :i. t r ~:!qui r· f:·! ·;;:. t .t··,a t t.hi::·' 
F~ a inbow-Cold chip works with the Rainbow-Silver chip. 

r:· Et1 T Uh: c~; ... -.............. -................. . 

@High resolution displa~ (t~pical 640 x 480 pixels) . 
@ 256 displa~able color froM ~ total of 40 96 in Color Map chip. 
@ D~naMic MeMor~ refresh control. 
@ On-·c hip line b~ffer relax tiMing constraints. 
8 PrograMMable vectored interr~pt a nd line interr~pt. 
@PrograMMable Horizontal displa~ (512 to 768 pixels). 
@ PrograMMable Vertical displa~ (384 to 638 lines) 
0 PrograMMable backgro~nd register . 
@ RCB or NTSC/PAL video interface capabilit~. 
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!::: .. :!....!:L.E!i~:'!.~.u:·_.:) .... P_:!:·: .. t~;.!.U. ( c D rt .' t ) 

f::: .. L!:J._ ... U.s!tl.§:~. 
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F:• r· 0 C '"·:• ·=;:. ·:::. D r C r =: ~ I ., t . t \.-.J j· .. , (·:·! l .. t t h \·:·:· P r U .:::· E• ~:;. ·;:;. D r· 
Request PR is LOW and the Gold chip 
:i. ·=:=. no t. u ·::; :i. n ·:.:.1 t. h •::·! v :i. c:i <·:·:· o 1.-:. u •:; " -1: .. h ('·~ n 
the Gold chip can set this output 
LDW tu (:::r· ant. t.h :i. ~:; 1.-:.u•:; t.c) tt·tt:-:• CF'U .,. 

Gold Chip Clock: the clock provide s 
th!·:~ ba·:::. :i. c: t :i.1v1 :i. rt(.:.l f·o r· t. t··1E· c.::o 1 .-:.l ch :i. p .,. 

I n t f:! r· r· u p t () c k no 1,,1 1 <·:·:· t:.l <~:: \~·:· ~ :i. t . 1 •::. u ·=::. ( ... , ;::! 
as a read strobe to strobe the 
:i.1 .. 1tc·:·r· r·up t 'v'E•cto·r· ont.o th(:~ D.::>.t.a f.-...u·:=: . • 
lt is an active LOW signa l • 

It is used to interrupt CPU when 
an~ nut-Masked interrupt condition 
occured in the Gold chip. 
a n active LOW signal. 

Th:i.•:=. :i.::; 

Write Data Strobe; when it is LOW, 
:i. t ~::. t r· o t-... ;..:.:· ~::. ;::i at. a ·r r· o j· .. l thE· ~:; '::; ·:::. t <·:·! j·-'1 t.-. 1..1 ~:=. 

into the Gold chip. 

R e <:l r:.l D a 1: •• ::>. ~:; t r o b t:: ; h' h (·:·: 1 .. 1 :i. t.. :i. •:; L. U ~ · 1 ,. 
CPU reads data froM the SssteM bus 
:i. rt t o :i. t. ~:; !·:·: 1 ·f· • 

D at;:; (, c k no \•J 1 <·:·: .-:.! q E·! ~ i t.. :i. ·::; u ~:: t-:·:· ;j <:== ~:=. <:>.1 .. 1 

output to inforM CPU that data 
transfer i s coMpleted. lt is used 
as an input to indicate that a refresh 
c~cle is finished, 
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Address Strobe; This signal 1s used 
a~:; an :i. n p u t to :i. 1 .. 1 d i cat.(·::· t. h .::it t h ~;;: r· •:":! 
is a valid address on the Address 
bus. When the Gold chip perforMs 
MeMcr~ refresh c~cle, it is used 
as an output to strobe the valid 
address on the s~steM bus. 

CoMposite S~nc; this signal provides 
a c Ol''l p o ~==· i t <·:~ <;; ~:l n c ~·.J a v <·:·~ ·f o r· 1"1 1/.! :i. t h t h E· 

regular horizontal s~nc, equalization 
pulses and vertical serations in 
both interlaced and noninterlaced 
forMats. This output is t~picalls 
connected to the Horizontal input 
of a CF<T. 

Th :i ~; :i. ~:; an act i v Eo) I ... CJI; .. I '"· i <.:.1r·1 ;::: 1 ,, It. 
reMains active for entire retrace 
interval. It is used to blank 
the video to a CRT. 

Vertical S~nc; this signal when active 
LUW, will initiate a vertical retrace. 
This output is connected to the 
Vertical s~nc input of a CRT . 

R<·:~!!;r:.·:·t i ~:; an act :i. 'v'f.·' HJCH <;; i ·:.:.lr1<:'' l 1..-.Jh i ch 
is used to either reset all Cold 
and b:i.lv<:·:r chip!:; or :i.nd:i.c a t <:~ a t..-.a;:.J 
address MeMor~ access b~ the Silver 
chip. 

When the interval of this active 
HIGH input is less th a n three clocks 
c~cle, it will not be recognized 
as a valid input b~ Geld chip. When 
this HIGH interval lasts for three 
to ten clocks, it indicates a bad 
MeMor~ access. While this high 
is longer than 10 c~ccks c~cle , 

it Means to reset all Cold and Silver 
chip!:;. 
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-Ci·'ll--lF.: [) 
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vee I 

These s tatus lines prov1ae inforMation 
to the silver chip as f o llowsl 

(:' '"> 
~·l~::. i.LL 

() () 

0 () 

() :1. 
() J 
:1. () 

:l 0 
:I. :1. 

:1. :1. 

i.:LQ. 

() 

:L 
() 

J 
0 
:1. 

0 
:1. 

F: (:·! ·f f' E· ~:; h (:i c t. :i . ...,, (·::· 
No op er· <:;t :i. on 
Abort MeMor~ c~cle 
r~ <·~ ~::, (~) t 
Top of ~:; c r f:! E· r·, :i. r·, [ ·..,.· E· n ·r :i. ( ... , 1 ~;.l 
T D p o·f· ;:; c r e (·:·:· r·, :i. r·, D D D f :i. ~:·: 1 r::i 
F' :i. ;.; (~! 1 to o:::· t :i. V (·:·:· 

! ... ink l...ua;::i toct.:i.,/E· 

Color Map Write; when CPU accesses 
the CDlor Map chip, the address inputs 
(",:I. 0 to (",? ~,J:i.ll 1.-:oe ;::1!·:-:co;:.l<·:·:d :i.n thi·::· 
Gold chip tD enable the route froM 
!.-~DB :i. n p u t t CJ C 1'1 !.--! f~ u • . .o t p • . .o t .. ,. T h :i. ·=::. 

signal will strobe color data :i.nto 
the Color Map chip. 

Color Map Address; when CPU accesses 
the Color Map chip, the a ddress inputs 
A:I.O to A9 will be decoded to enable 
the route froM address lines AS 
to A:l. to the color Map addr ess CMA7 
to CMAO. Otherwise, These add ress 
lines are used for the regular video 
froM the line buffer to ad dress 
th~:! co 1 or l"t<:lP. 

VCC is the +5V power suppl~. 
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The Rainbow video graphics s~steM is object based. All displa~ 
activit~ is described in Movable, variab le-size, M~ltiMode 
objects. An object is like a sprite, b~t More general; like 
a coMbination of Antic's pla~field and pla~ers. Objects are 
not liMited in size, and can be re~sed in vertical seq~ence. 
T h ~ ·:; t h i:·: d :i. ~:; p l a '3 h or :i. :z: o n t <:l l co r·1 p 1 i·:·:· ;-: :i. t. ~:! :i. !:; 1 :i. i''l i t i·:·:· i.'.i t. o t. h (:·! r·1 ~ r···· t·.1 <·:·' r· 
of hardware objects s~pplied in the Silver chip ( 12 object 
processors are contained in each chip now), b~t is not liMited 
v E-! r t :i. c a 1 1 ~:! • 

T h t::• s c r f:~ <0~ n :i. ~:; o Y' <:.l ani :z:f:~d a~:; a r·1 a 'i' T" <:~ '::! o·f ~:;quaY' i·:·! p i >~ (·:-:• 1 <:; • Thr:· 
s tan da rd resolution for NTSC displa~ is 6qo horizontal b~ 180 
v ~:·: r t :i. ca 1 • P.1ll <]rap hi C!:; anl.'.i tE~ ;.; t for1 t·::; a r (.;: r !·:·:·p r i·::· ·::;i-::·n t.\·:·:·r:.l i r1 ti·:·:· r 1'-'1 
of pixels of this size. The reduced space-resolutiorl Modes 
Ma~ turn out to be far More often used, but this fine grained 
dE·!!:;cr :i.ptiDn i!:; cho!~t::·n a!:; a !:;tanl.'.lari.'.l that !:;ho~l;:.i CO\'i·:·:·r· <::: 11 o~r-

11 stan l.'.l a r· d .... v :i. d <0 o 11 n i!!! ~:: d s , on NT f.) C , P 1{) 1... a r·1 d F: C [: r···i on :i. t. or· !':. ,, ·fo r 
!;; C) f•j f.·) t i lVI (·:·! t 

The video _ s~steM can produce Op to 256 different colors fr-oM 
a total palette of qo96C16 levels of gra~). 

The Rainbow chip set perforMs the function of translating froM 
digital representations of graphics into the tiMe-sequenced 
signals necesar~ to address a Color Map chip which is drived 
a raster-scanned CRT. The Color Map chip will prod~ce 
interlaced RGB digital video outputs. Three four bit D/A 
converters are needed to interface the Color Map to RGB Monitors. 
Rairlbow can be used with RGB to NTSC/PAI... conversion de vices, 
e.g. National LM1886 & LM1889 chip set, to produce coMposite 
v:i.dE!O !:;:i.<;.lnal!:; • 

The video s~steM coMMunicates with MeMor~ over an as~nchronous 
16 bit bus as bus Master. For d~naMic MeMor~ refresh 
requireMents, Rainbow will assert refresh request and a row 
address counter. 

Each object processor in the Silver chip contains a par aMeter 
block and a pointer to video MeMor~ of the object T'epresentation. 
The video s~steM can cause interrupts to Main CPU to indicate 
€·! r r Ci r c o n d :i. t :i. o r·1 s; u c h a ~:; 11 1... :i. n f!: Inc o ,,.l p 1 0:· t <~: d 11 a n d t h i·'! r\1 D !· .. j .... <"' r- r- u r 
C () nd j_ t :i. CJn 11 F' J' C) (,3 Y' (;! Mf"i f:!d l.. :i. n<-:-! II t 
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The Cold c hip contains several functional blocks such as 
v i ;:.! e:• o t :i. 1'''1 :i. n (~l t a ;:.i d r <·:~ ~:; ~;; I d a t a / r c f r· .;:,~ ~:; h c on t r· o 1 , '·/ :i. d <·::· o [:.-. u ~::. c o 1""1 ·t. r o 1 :' 
interrupt control, prograMMable registers, line buffer control 
a nd two line buffers. Basicalls, these blocks provides video 
t :i. i····~ :i. n ·] ·::; t r <7~·fr <:·~·::;h addr <:-~~::.s;, :i. nt E·r· r·t . .lp t :i. rof or· t'l at :i. or·, , <;; t nt .. u·::; :i. n ·f o:::. r· · 
Mation, read/write control lines and color Map addresses. 

The video tiMing block provi0es software-adjustable s ign a ls 
s u c h <:! ~:; c o r-1 p o ~:; :i. t <·:~ !:; ~:l r·1 c a n d \..1 c: .. ~ r t i c.;:! 1 E '::i r·1 c to r:.i r i \.I <·:·:· ;::( i f· f· F: r (·:'· 1 .. 1 t. 
standards TV sssteM CNTSC or PAL) or different resolution 
Monitors. The CoMposite Ssnc signal waveforM is coMposed of 
t h f.-: r t:~ ':.lu 1 a r h o l'' :i. :;:: on t a 1 ~:; ~:l r1 c t t:·: q u a 1 i z <:l t :i. on p u 1 ~::. (·:·:· ·:::. .::1 1 .. 1 ;J \-' r::-' r t :i. c <::: 1 
serrations in both interlaced and non-interlaced forMats. This 
CoMposite S~nc is connected to the Horizontal S~nc input of a 
CRT. The Vertical Ssnc is connected to the Vertical Ssnc input 
of a CRT to initiate a vertical retrace, If the CRT onls has 
one:.-: !3'::li .. IC :i. np ut., t ho;,:n th<·~ C:Cli'1P o~:; :i. t;;.-: !:;::;r·1c i E u ~::.;;..:·;::i t.o c u1 .. 1n1:·: ct.. to 
this input. The Blank signal is a lso provided bs tl1is block to 
blank the video during either horizontal retrace or vertical 
retrace interval. 

ThE· ~) :i. r::ii·:·:·o r:.iat<::: cont r· CJ 1 b 1 ock takE·~:; car· e of [v\:·:·n a1 .. ,,.:.i Dr::ir:.i 
priCJrits In chaining and provides Ev~n videCJ data strobe 
and Odd video data strobe signals to strobe video data froM 
<;; :i. 1 '.J e r· c j· .. 1 i p ~:; • t1l ~:; o t h :i. ~:; b 1 c:o c k p r· c:o v i ci E· s; ~:; tat u·::; :i. 1 .. 1 f· or· i····~ at. :i. o 1"1 
s uch as reset, pixel active, refresh active, link load active 
top of screen in each field to the Silver chip through the 
SO, 81 and S2 lines. 

T he a d d r E·: ·::; s I r:.l a t a / r ~:! f r c-:: !:; l'l c CJ n t r o l !:J 1 o c k. p r o v :i. d c~ ~==· t h c· r· c: f r· <·:~ ~== h 
address and refresh request (through Address Strube AS pin) 
du r :i. n (:.i F~ .:.-:· f ·r' e ~:; h (~ c t :i. ~/c:-: c on1.·.! :i. t :i. on , Th i·:! F:: r: f· r· <-:-! ~:; h t1 c t :i. '·./ (.;:. co r·1 ;j :i. t :i. o 1'1 
is a status provided b~ Gold chip and indicated on the status 
lines SO to S2. See details in the section 6.6 • When CPU 
requests to access a prograMMable register or the Cc:olor Map . 
the cCJntrCJl block takes care of prc:ocessor grant, tiMe­
Multiplexed address and data, and read/write controls. If 
CPU war·,t !:; to t-Jr· :i. t<.-·! d ;:!t <:: to the·:> CCJl or- i·'l a p , th :i. ~:; i':.-.1 uc:·V t.-.J :i. 11 
provide Color Map Write signal to the Color Map. 

The PrograMMable register block contains 12 prograMMable 
registers which can be readable, wr:i.teable or l'ead/writeable. 
lnfcJr· i''lat :i. on l :i. kE· r:::a.ck':lr ound col or , · lntc·:·~r r ' .. 'P t voa~:; J.-:., ::Cnt •':·:·r r·t . .!p t. 
V<·:·:ctor , p r· oq r· av,,vl<:lb 1 <·:·: 1 :i. n<'·! :i. nt E·r r· up t, Hor· :i. zont<:l1 1 :i. n<·:: <;; :i. :t<·:·:· ;' 
H o r· i :;:: Cl n t a l a c t :i. <...J 0~ v :i. cl E• o i·:·! )< t ~:-~ n ~; :i. on , ~) <:-:· r· t :i. c <:i 1 f r- C:• r·1 t.. .::1 n d 1::. d c k 
p n r· ch and Vc:::r· t :i. ca 1 <:1ct i '·.'E·! 1 :i.n<·:·~ i·::;.;t.;:.·:·n~:; :i. on ar <·:·: .::ill :i.1 .. 1C ll..ii:.lt:·•;:.i 
:in thi!:; I:JlocV... 
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The first thing the Gold chip Must do is to generate 
pulses that define the horizontal line tiMing and the 
vertical fraMe tiMing, This is usualls done bs 
defining a horizontal line in terMs of the pixel dot 
c 1 Dck and a v~::r· t :i. ca 1 1 :i. r·1E• :i. r·1 t<,·:r 1'""1~:; of t.h\·:·:· ho "i' :i. ::-::on t. a l 
~:; c a r-1 :i. n (;!, 1 :i. n E· • 

Jn (J~"!!nr~: r· <:~ 1 , a ho r :i. zont a 1 l i 1""1<·:·: c <:~ r·1 t") r::: ~:.1 :i. 'v' :i. i.-:it:·: ;:j :i. r·,t .. o -1:. h\·:·: 
visible videCJ part and the blanking part. Further Mol· e, 
the visible part is divided into the active video and 
act :i. '..-'<·:: v :i. ci<;:o <:·::-:t[·:n~:; :i. on. T t··1ra t-:. l <:~nl.-:. :i. r·,q p;::: r· t i ·::: ;J i '-/ :i. ;:J\::·;::i 
intD the horizontal front porch, horizontal s~nc, 

the horizontal back porch and horizontal back porch 
extension. The tiMing details will be explained in 
th<':.· 11 Hor· :i.:r.:ontal t:i_,v, :i.n(] 11 <::.\·:->ction. 

t, ,,.. <:-:· r t :i. c <:11 1 :i. r·, <·:·: can t") <''! t:.i i v i ;:.J <·:'· d i r·, to t h \·:·:· ·...-· :i. "'· :i. t.·:· 1 r::·:· p .;::: r· -1:. 

a n .-:.l t h <~! b l a , .. , k :i. n q p <:i Y' t ~ t o u ,. T h <·:·: v i <;; :i. t.-. 1 !·:·:· p <::: r· t :i. ·:::. 
coMposed of the active video line and the active video 
line extension. The blanking part i s coMposed of the 
v<-::· r· t. :i. ca 1 front porch~ t .h<·:·:· V!·:·' r t :i. ca 1 ~:; ~:Jnc r the t.:· q_ 1..1a 1 :i. :;-:: :i. , .. , .:.:_:: 
p u l ~:; <-:-: i nt<,~I·· •;a 1 and t.h(·:' vr:r t :i. ca 1 t.-.ack p or· ch .,. Tho:-:-:· ·L i i .... , i 1""19 
details of this vertical fraMe will be explained in 
t h E-: 

11 '.J E· r t i c a 1 t i "".' :i. n q II ~:; f£· c t . i u '""' • 

The screen forMat is shown in the Figure 4. 

The tiMing of a horizontal 
bs the video pixel clock. 

scanning line is Measured 
The part of horizontalls 

displasable and blanking area is prograMMable in terM 
of the pixel cluck. 

Figure 5 shows the wavefroM and tiMings of the horizontal 
scan :i. n (.:.l 1 :i. n <·::· • 

The Active Video part is the period that the video data 
i ~:; ;:J :i. ~:; p 1 a~:! <:-:• r::i on t h <':! C Fi: T ~:; c r· <·:: c n a c t :i. 'v' f) 1 ~:i , T h \::· i.'.i 1..1 r· a t :i. o n 
of .this active videu part is 512 video pixels long . 

The Active Video extention part is used for extending 
the active video period. The duration of this period 
is prograMMable. It can be prograMMed froM zero tu 
256 video pixels long. Therefore, the tutal horizontal].~ 
displasable diMension of the screen Mas be froM 512 
pixels to 768 pixels wide, 
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The Horizontal Front Porch is the nuMber of video pixel 
dela~s before the Horizontal S~nc. So, soMetiMes, it 
is called Horizontal S~nc Dela~. The tiMes of this 
period is not prograMMable but depend s on the total video 
~:;can l:i.nE·!~; on th(::! ~:;cr·<·:·)~:~n ,,..Jh:i.ch t.-J:i.ll df•c:i.;::il·:·? th.:::.· tot.::::l 
pixel dlocks in a horizontal scanning line . In other words, 
the duration of this period is equal to the total pixel 
clocks Minus the suM of pixel clocks of the active video 
and Horizontal S~nc and Horizontal back porch. 

The Horizontal Back Porch is the nuMber of video pixel 
dela~s after the Horizontal S~nc. This interval is also 
called Horizontal Scan Dela~ . This interval consists 
Cl f· r E·) <.:.l u 1 a r t:.1 a c 1~. p or c h and t.-:. a c k p or c h f::o ;.; t . E· n ·::; :i. u n ., T h ('~ 
duration of regular b ack pe>rch is 32 video pixel lung 
and the back porch extension can be prograMMed froM 
none to 32 pixel long. 

T h F:) H o r· i z o, .. , t a 1 !:> ::1 n c :i. !:; u ~:; \~! cl ·f o Y' :i. n i t i a t. i r1 (.:.\ t h c·:· f! 1 \·::· c t .. r· u n 
beaM retrace froM the right hand side back to the left 
hand side of the screen. The duratiun and frequenc~ 
of this interval varies during a fraMe tiMe . 

D u r· i n (:.l t h c-:· ~) <7) r t :i. c a 1 d i ~:; p 1 <:~ ~::: , 1) <·:·! r· t :i. c a 1 ·r· ·r c:o , .. I t p () r· c h 
anci l)E·rt:i.cal back po ·f'c h pi·:·:·r:i.o r:.i, t .. h~::·:· dur·.::;. t .. iur, uf thi~:;. 

Horizontal Ssnc interval is 52 pixels long. 

Dur :L n<.:.l th(·:· Equa 1 :i. :?.: in<] F'ul ~::.f) lr 1t\·:·:·r· '·./ al • t . he·:· .-:.l• . .1r· .::l t i u r·1 u l·. 
the Horizontal S~nc is onls the half of the regular 
Horizontal Ssnc. However, the frequenc~ is duubled . 
In other words, the Ssnc pulse onl~ has 26 pixel cluck 
\.-.J i d Fl! t l::•u t !:; :1 n c o c c: u r !:; t 14 i c:· \·:·: ci u r :i. n q a r •::·:· !.:!. u 1 a r h u r i :z: o r-1 t .. ::;. 1 
scanning tiMe( 63.5 Micro seco nds ). 

During the Vertical Ssnc period, the duration of this 
Horizontal Ssnc is 47% of a horizontal tiMe and the 
f·r C·)quenc ~:i :i. !:; r:.ioub 1 C·)d. E)o th~? !:;·:;~nc :i. ~:; 7.7. :3 :1. 1"1 i c r o ~::-E·CU I .. I c.i !:; 
long and occurs twice a horizontal line tiMe . 

The ce>Mbination of these regular horizontal Sync, 
equalizing-pulse and vertical serrated horizontal Ssnc 
is called the CoMposite Ssnc. 

The total nuMber of video pixel clocks in a hurizontal 
scan line depends on how Many scan lines in a fr aMe which 
includes both odd and even fields. The total scan line 
can be progra~Med in the Horzontal L1ne Size register. 
This nuMber is froM 5:1.2 to 725 lines. 

T h f:~ t1 1 D c 1~ . c.! :i. a<:.! T' <:1 1''1 :i. n t, 1·1 <·:: F :i. <J '·-' r f:·~ 6 ~:; h o t·J ~:; , ·t. t··, <·:·:· 1 u 'J :i. c c :i. r c '··' :i. t. 

generation of the CoMposite Sync and Horizontal Blank. 
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1 :i. 1"1 i·:·:1 :i. ~;; E·! \' E• 1"1 .... ( D ci Ci .... ) 1"11..! i''i t) E1 f' F~ C.) , .::~ 1'1 i'.i D 1·1 1. .. 1 .. 1 (·:· I. .. II C·:• I! f·C\ ;: t 1 :i. i 1 C• 

(line nuMber one greater) in the odd (even) Field, 
Fur :i. n •:; t ... :;;: , .. , c ra t :i. -r· t .. r··, (·:·: , .. , u j··'i Ll C· r· :i. ~:; :1. ;;;:: 0 :i. n t .. h ;.;;· r c:· •.:.:: :i. ·::.1: .. o::·:· r 1:. ~·! C·:· 

C r:· l.J ~·.) :i. 11 t:O <::·:• :i. I" It. (:::• f' f' Up t (·:·: ;::j .;::: t . 1 :i. I" I(·;' J :~':': (j :i. I .. I t. r ., <:-::• (··:• '·./ •:• I I f i. (·• l !."i 
and line :1.21 in the odd field. 

T h r:;: r:. r o·::.; r ai·-',nE· ;::i 1 :i. n~:: :i. r,t.E· r r·up t. ,_,.J :i. 11 oc c1..1 r· .::it.. t .. ht:-c.· t.-:. c· .:.::: .i. r1 r; :i. :·, .. :.:: of· 
t. h a t ~::. p E·:· c :i. f :i. c l :i. n r:·:·:~ • 

Tho::·:· F' r o '".l r· .;:~ i''l i''l i·:·:· i.'.i 1 :i. , .. , e :i. , .. , t. c·:: r r 1 . .1 p t. can b r:·:·' 1..1 ·::: r:·:·:· ~::i a ·::: .:;:: 1 1 f i o:·:·:· l~o.i :i. 1·1 t o:;:· r r· '··' p . t I' 

t:o·::i ~:;o::::·tt:i., .. ,,~l :i.t, ·ror l:i.nc·:·: -<'tf::O(f·ur· f·-.!T~:;c ~:;·j~:;l:. i:i·, ; ~.·.i:i.f fc:·r.::·:·r iL 1'1l..li '1 f .. ·i:r 
t · 0:::1 r· o thE· r· ·r ~) ~:; ~:i ~:; t E· i"l ~:; u c h a •:; :::· (:·1 1... ~:; ':) •:; t. c:·:· 1···1 ) , T h :i. '''· 1 ... .1 :i. 11 :i. r·, 1:. ;;.:.:· ·;· f up 1.. 

on the last line of ever~ field, 

T h (·:·: p r· 0 (.:_{ r· i!i j·!l i''l E· d 1 :i. 1"1 (·:·:· :i. , .. , t E· r r up t. j·/1.;::; '::! d 1 ~::. D i'::l c:· ·::: 0:·::· 1. . r· u (· . . 1 i r : \.• 

1'1 u 1"'1 r.._., c·:·' r· q r· r:·:·:· at t:·: r t h a 1"1 t h F:: 1 <:i ·:: :. t .. './ i •:; :i. f.-:. 1 ;::·' 1 :i. 1 .. 1 o:·:• ,,. .::i r ·1 <:.i 1 .. -..1 :i. ll t. i , o: :·:· , .. , o;_, c c·u i 

1;,1 :i. t.h :i. r·1 t.i··lr:·:·:· \..'\:·: r t. :i. ca 1 t.'.ll ank. :i. r1·:::: :i.nt.t::! r· ·._..· d 1 .,. (tl .. l':::: 1 i r1(-:·: 11 u t''! ! .. ·· I.? r 1 . .1 p 
t u t h c·: ·1:, cd .. <::: 1 1"1' .. 1 r· ... , t.-;, <·:·: r cd· 1 :i. r, (·:·: '"· :i. r1 d f' r a i''l O:·::· ;· './ :i. :::. :i. 1.;. 1 o:·: :· o::n · t.·· 1 <:: rd c:· ,.-.; ;· 
j·/1 .;:;: '::) b E· u ·::; f:! i.'.i • T h <·:·) i .... , a ;-:: :i. ,v11..1 1·11 1 :i. n (·::• · n 1..1 i .... , L1 C·' r- :i. ·:::. p r u ·:.:.{ r· .::: 1··'1 i -'J a i'.:• 1 .;.;.• :i. r: 
the Horizontal l...ine Size register. 
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COMPARATOR f-----~ 

H. SCAN LINE CNTR 
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During the video pixel loading period ( i.e. froM one 
sca n line before starting the displas to one line before 
ending the displsa on CRT), the correct sequence of 
status generated bs the Gold chip in order are Refresh 
{) c t i v E· ~ F' i ~< E· 1 r:~ c t :i. v fi! a n d 1... :i. n k L o a o:.l f:t c t :i. v 1::·: • H h i~: n 1 o <::: ci :i. r·t q 
of l...ine buffer is incoMplete, then status onls occurs 
Refresh Active and Pixel Active. 

During noloading of video pixel period 1.e. a whole 
field period Minus the pixel loadi~e period), the correct 
sequence in order is Refresh Active , then Link Load 
Active. However, at two scan l ines before data ac tually 
displased on CRT, the Gold chip inserts the Top of Screen 
in <Even or Odd) field status between Refresh and Link 
Load Active statuses. 

When the Gold ch ip receives either bad address or Reset 
~:; :i. ~.in a 1 f r o l"i o u t i s r:.l i·:) , i t 1--! :i. 1 1 (:.; 1::~ n f:) r a t E· c o r· r i-:-' ~::. p c;. n d i 1"1 (J 

status at ans t:i.Me during a scan line. 

The block diagraM of this Video Data Control logic circuits 
is show n in the Figure 11. 
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The block diagraM of Video Data Control circuits. 

REFRESH ACTIVE 

PI XEL ACTIVE 
VIDEO TIMING 

STATUS 

LINES LINK LOAD ACTIVE CONTROL 

ENCODER 
TOP SCREEN EVEN-FLD BLOCK 
TOP SCREEN ODDJLD 

RESET RESET 

ABORT MEMORY CYCLE LOGIC 

PRIORITY CHAIN 

LOGIC 

VIDEO BUS 

CONTROL 

LOGIC 

LATCH 

ENABLE BACKGROUND REG. 

MUX 

SYSTEM BUS 
AVAILABLE 

ADDRESS / DATA 

REFRESH 
CONTROL BLOCK 

LINE BUFFER 
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F i <:.ll..l"i' E-) :1.?. The state Machine of Prog ra MMable register writin g, 
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Figure 13. TiMing diagraM of PrograMMable Register writing. 
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Figure 14. The state Machine of MeMor~ refresh c~cle. 
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Figure 15. TiMing diagraM of MeMor~ refresh c~cle 
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· r·· jt The state Machine of color Map ad dre ss ing. · 1 •:.l ur e . <.>. 
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The line buffer 1s the place to store the video pixels strobed 
froM the Silver chips and ship out to the Color Map chip one 
b~ one in the 12 MHz colock rate. 

This line buffer can be thought as a long line buffer with 
16 bits in width and 581 bits in length in an conceptual wa~. 

In realit~t this long line buffer is designed as an d~naMic 
RaM arra~ which is 32 bits in coluMn and 291 words in row . 

Howevert it is eas~ to explain the operation bs using a long 
b u f f <·:~ r· :i. 1 .. 1 ~; t <·::·ad o f a F~ a 1"1 a T' r· a ~:l • T h <·:·~ 'i' ~:·~ a r· i7~ t l•J o p o :i. 1"1 t. i·:·:· r ·::; p o :i. 1 .. 1 t . ~:; 
to the starting positions of operation in the line buffeT' • 
OnE· :i. ~:; th~:·~ 11 F~<·:~ad Po :i. ntet' 11 t th<0 othi·:·:··i' :i. ~:; th~:~ 11 Hr' :i. tE· F'o :i. ntPr· '' , 
At the beginning, both pointers point to the poistior1 0. 
When the video pixel data of the first displas line is stored 
in the line buffert the Write pointPr starts to Move to higher 
PDS:i.t:i.Dno Whenever a pair of pixels is stored, the Pointer 
Move upward one position. If the Gold chip is prograMMed to 
displa~ 6qo pixels <which is the fixed nuMber 512 plus the 
value in the Horizontal Active Video Extension register) in 
Dne line, the Write Pointer will stop at position 320 when 
o n e t-.J h c> 1 £·! 1 :i. n <:·: :i. ~:; f :i. n i !:; h <·:: d • ThE·! n t h ~:~ G o l ;:.l c h :i. p ~:; h :i. p t i'"1 c·:· p :i. ::-:: .:·:'! 1 
data out one b~ one and the Read pointer Moves upward froM 
position 0 to position 320. Meanwhile, the Cold chip continue 
to fill data :i.n the Line buffpr froM position 6qo upward. When 
it r·;; .. ~achE·~:; to th~:~ <7~nd of t.h<·:: Lin~:: buff~:!l''t th<·?! Hr:i.tt-::· Po:i.nt~:·:r· 

switches to the PDsition 0 and continue to Move upward. 
This Line buffer can be thought as a c~clic line buffer. 

Figure 18 deMonstrates this Line buffer :i.n conceptual was. 

There is a chance that within a line tiMe that the Silver chip 
can not fill pixels in the Line buffer as prograMMed nuMber. 
This could be the case that too Mans objects overlap together 
in a one ltne. Thereforet the Gold chip provides a counter 
to count how Man~ pixels have been stored in the Line buffpr. 
If the cCJuntPr reaches the nuMbPr as prograMMed, sas 640, within 
a line tiMe, the GDld chip will think a line is coMplete].~ 
store in the Line buffer and the status lines ( S2 to SO ) 
vJould chan<~\E· fl"D1"1 ' 1 F':i.l·:t:l P1ctiv<·:·~ 1 ' to 11 1...:i.nk Load {:·1ct:i.'.JE· 1

', 

If the counter has not reach 6qo ( just an exaMple ) at the 
end of a line ( Video tiMing control will provide this signal 
then the Lin~ buffer control block generates a ''Line buffer 
incoMpletP'' signal to the Interrupt control block and set the 
C, t" r·· 1 ... "·' ;:· 1:) ... 1 .. I'! ·1· 1 .. <:l !·, ·1· ~. J. 1.. ·t· '·1 <'·' ·r·1 .. ·t· ..... r·· ., .. 1 11:) ·t <:' ·t· '" t 1 1 .,. r·· P c· ·i "'· t ........ . . .J i t ... ) l} I .... I.. .. . . \.- . I tl .. . . I .. t. ' I .. , ,,) , ... J I •• •• } .... \ ••••• ,l., I 0' 
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Conceptual descriptions of Reading and Writing 

Cl f L :lt"J..U .' U f ·f" <-::· Y' + ·-·-- ---- ---·- -

1. AT BEGINNING, NO DISPLAY AND START TO FILL THE FIRST LINE. 

EVEN PIXEL 

ODD PIXEL 

EVEN PIXEL 

ODD PIXEL 

l- ~RITE POINTER 

0 1 320 384 

=Ill !I !l 
I READ POINTER 

2. START TO DISPLAY THE FIRST LINE AND FILL THE SECOND LINE. 

l- ~RITE POINTER 

384 

II 
t - READ PO INTER 

3. IN THE MIDDLE OF DISPLAYING THE FIRST LINE AND WRITING THE SECOND LINE. 

EVEN PIXEL 

ODD PIXEL 

EVEN PIXEL 

ODD PIXEL 

l -~RITE POINTER 

l - READ PO INTER 

4. START TO DISPLAY THE SECOND LINE AND FILL THE THIRD LINE. 

J - 1-lRITE POINTER 

320 384 

t -READ POINTER 
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In the line buffer incoMplete case, the Gold chip still read 
data froM this incoMplete line buffer until the Read Pointer 
stops at the position where the last two valid pixels stored. 
(.:1ft(·) r that p o !:; :i. t :i. on t h (·:) Go 1 ci c h :i. p ,,,J :i. l J. !:; (·:~ n l.".i 11 

[: 1 d n k ;::J '"' -1: .. <:> 
11 to 

to the Color Map chip until the total shipped out data is 
(~) q u a l t o t h E· n u i"'i b e r· a !:; p r o <~l y·· a,,~~~ e ;:.i • r--1 E) a n "'' h i 1 ~:\ ~ -1:, h (·:~ l :i. n (·:·:· 
buffer is filled for next line data. 

In terMs of hardware design, the Line buffer is a dsnaMic 
arras. There is a four-pixel latch located in the input of 
Line buffer and a two-pixel latch located in the output of 
Line buffer. Evers tiMe the Silver chip write a pair of pixels 
:i. r·, t. o t h :i. ~; :i. n p u t 1 at c h • W h c-:~ n the r f:) a r· <") four· p i ~< <·:~ 1 !:; :i. n t h c::.· :i. r , p u t 
latch, these pixels then are stored in the buffer. Evers 
tiMe Gold chip reads two pixels into the output latch but ships 
out one pixel in the one clock period. The whole operation 
has to ssnchorize with clock. The reading and writing operation 
are Mutual exclusive. 

F i <;.l u r· t:·) :l '? ~; h o t.J !:; t h (·:·) t h (:~ !:.1 a!:; :1. c l D <.,l :i. c d :i. a \.:.l r <:! 1·~ o-r· 1 :i. r, C:! i·::• u -r:· -r:· F:~ r 
and Figure 20 gives the block diagraM of Line buffer and 
line buffer control. 
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basic logic diagraM of line buffer. 
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Figure 20. The block diagraM of the Line buffer and Line buffer 
ce>ntr·c>l• 
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) 

Colors to be generated b~ rainbow are stored in a 
2 ~.'i 6 ···· 1 Cl c a t :i. on t'• (;~ fvl o T' ~j c a 11 <·:·: d t h <·:: 11 C Co 1 or· t·i a p 11 

l·l h :i. c h :i. ~: :. i:i 

separate chip in the Rainbow s~steM. Thus a 
Rainbow screenful can have up to 256 distinct colors 
(unless the CPU reloads the color Map within a field). 

Color Map is a high spe~d static RaM with eight address 
lines and twelve data input/output lines. Each location 
contains twelve bits of color inforMation so that the 
total range of the accessible colors is qo96. Four bits 
data in the color Map specif~ the level of each of read, 
green and blue. Shades of gra~ will be generated b~ equal 
values for each color, giving 16 gra~ levels (including 
black and white levels). 

The color Map holds, besides the color values, 1 bits 
in each location for flags. One of the fl ag bits is 
to b •::: 1..11:> 0:· r::i b ':l 0:· )-\ t <"· ·r' n a 1 c :i. r-- c u i t P '::! to r:J <-:' t~ n <'l b 1 E·! E· ;.; to:-:·:· r r, <'i 1 
video datat so that Rainbow-generated and extePnal 
iMages (froM a video disk, for instance> can be coMbined 
on a p i )·~ <;-: l····l::o~l ····p :i. )<<·:·: 1 1.-:r a :i. ~:; , D thE~ r· f· l a(:!.~==· 1"1 a ~J 1::•<-:' u·::; o:-:: ci t . o 
enable external texture-generation signals or sMoothing 
f i 1 t<·::r· !:; • 

Other encodings of color values are posssible, and 
Rainbow does not prevent their use. The choice of 
color and flag encoding will be Made b~ s~steMs 
designer, will be based on the relative virtues of each 
encoding (perforMance, ease of Manipulation, and 
COf·/,p at i b i 1 :i. t•;J) • 

The color Map bit allocations are: 

15 14 13 12 11 10 9 

I ............ ··- __ __ : ····.···· I I ·-· .... ·-· ·-· ·- ·- .... ·- I 

f~<-:-:d 

7 r.:· 
,.) 

I -·· -·· ........................ I 

''.} ... :1. 0 

I -·· -·· ........................ I 

Figure 21 shows the s~steM connections aMong the Gold 
chip, Color Map and CRT. 
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F i <:.l u r f:) ~-?. :1. • S~ s teM connections a Mong the Gold chip , Color 
~1ap and Cf~T. 

CMA0"-CMA7 
I R I 

I 
COLOR-MAP 

G I 
CRT 

CMWR I 

I B 
I <INCLUDE D/A ) I 

SOLD 

(f) 
1&.1 
:z: ..... 
..J 

<I 
1-
<I 
1:1 

I SYSTEM BUS I 
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For each MeMor~ c~cle, the external logic circuit will 
be ignited b~ the Address Strobe AS froM the Silver cl1ip 
and terMinated b~ the Data Acknowledge DA froM the MeMors 
s~steM. · If the tiMer running excedes a certain aMount 
tiMe<which is assigned b~ the s~steM designer), then 
this logic circuit will generate the Abort MeMors c~cle 
signal. 

Figure 22 shows the tiMing o1agraM.• The s~steM connection 
between chips and the external logic circuit is shown 
inthe Figure 23. 
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SYSTEM --"" 
CLOCK H 

RESET ____ _. 

t 10 CLOCKS 

ABORT-----
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r- 3 CLOCKS --t 
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S~steM connection betwe e n chips and external tiMer 

S0 S0 

Sl Sl 

S2 S2 

SILVER GOLD 

AS* 

DA f.--

RESET 

~ ABORT MEMORY J= 
TIMER / LOGIC 

1-
UJ 
(f) 

UJ 
l:t: 

I SYSTEM BUS I 
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:1. 

Tt1e Cold chip contains twelve prograMMable registers which occupies 
b~te addresses froM 5:1.2 to 535. These registers can either be readable, 
writeable or read/writeable. Figure 25 shows the organization 
of these prograMMable registers. 

Rainbow generates a background color if no object is displa~ed 
This register contains 8 bits data which acts as an indice 
into th(7) Color t'lap. Th<c) ar:.l;:.lrf::~:;~:;<·:·:··::; o·f th:i.~:; r•:::,;~,i~::.tr'r ar· ;;,: ?~::.;(, 

and 257 for low and high b~te data respectivels. This 
register is read/writeable. 

l 

I 

r::· 

'"' 
,., 
.<:. :1. 0 

I I I BK71 BK61 BK51 BK41 BK31 BK21 BK:I.I BKOI 
, ____ , ____ , ____ , ____ 1 ____ , ____ , ____ , ____ , ____ , ____ 1 

<j .•.. tl 

7 ····0 DI<7····E::I<O 

D-~~.~!.!.r:.r..J .. E~ .. :!::.;.lgJ::!. 

not u~:;t:~;J. 

Dackground register bit 7 C8K7) 
is the Most significant bit and 
81<0 is the least significant bit 
in thE· I'fC:'~.li~:;ter. 

Part of this register is used for Masking the interrupt condition. 
D~ setting a bit in an~ three least significant position in 
register, the corresponding interrupt condition will not occur 
on the interrupt pin. Part of this registeris used for storing 
the interrupt status if the occuring interrupt condition is 
not ·Masked. This register is read/writeable. the addressesof 
this register are 258 and 259 for low and high bste data 
T' ('·!S;p <-:·!Cl i V<'~]. ::l• 
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ACCESSIBILITY BYTE 
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9 8 7 6 5 4 3 e 
T T 

BACKGROUND 

T T T T T 

INTERRUPT STATUS/MASK 

T T T T T T I T 

INTERRUPT VECTOR 

T T T T T T T T T 

PROGRAMMED LINE INTERRUPT 

I 

CURRENT LINE 

T T T T T T T T 

MARGIN VALUE 

t 
r 

t t t t t t t 
HORIZONTAL ACTIVE VIDEO EXTENSION 

T T T T T 

HORIZONTAL LINE SIZE 
y f f f y f f y 

1 HOR. BACK PORCH EXTENSION 

f f f f 

r r VERT. ACTIVE VIDEO EXTENSION 

T T T 

I I I 

liEliE R/ W z READ/WRITEABLE 

!lel!E R "' READABLE 

** W WRITEABLE 

VERT. FRONT PORCH 

T I I T 

VERT. BACK PORCH 

f 

T 

ADDRESS 

522"-523 
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bits ; The VAX/ is the Mo st 
significant bit and the VVXO is 
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