Source: atarimuseum.com



CONTEMTS

TaBLE OF

1+ Geneval Descoriplion

+ Festures

3. Block Disgram

4 Friv dssianment

B Frirm Descriphion

G Functional Descriptions
GeL Dverview

& Gerneral bhlock desc

Vicieo Limirngs

ol CRT basics

Ga30d Soveen Torm

.33 Horizorntal

H.3.4  Vertical i

SG+3:5 Trterlacing

| Interrvrupt Control

.41 Interrupl o

Mz sl
Ge4.2 - Intervupt v
6l Video Datas Conmtrol
Gaeel

Friority oh

AN

GeBed Video Bus o

G&+5.8  sltatus line

Source: atarimuseum.com

i on

sl
timirg
Mmirnas

Joonirnter lacing mode

tatus and Interrupt

@ctor

sirming inpul

orrtrol

outpuats

LX)
2L

30

34

sy

wlad




T Lo L 2 TP P g A

TabBLE OF CON

TEMTS |

O o tn Acddress/Datas/Refresh

Gehel  wmuystem bhus tano-st

Hebho @ wystem bus addre

Hah:3 color map bus
.7 Line twffer and Line
G.8  Color map
.9 Miscellaneous control

cornbrol

G210 Rainbow system configuration

e FReagister Organizstion
ol it description

O Marimum Raltings

Y. Capascitance

10:. DGy Characteristics

11, A0 Characteristics

Source: atarimuseum.com

Abort memory oycle

control

ke,

corhrol

et Feay

A B W)

con b))

g control

control

cortrol

Mrigire e

interface

40

41

73



4

Figure 1

Figure @

e 3
Fiaoure 4

o

Fiouar

-

Fimures &

o e

o
.,

Fiaure 8

Fimare 9

Fiaure 11

Figure 12

Figure 13

Figure 14
Figure 19

Figure 16

Figure 17

Figure 18

Source: atarimuseum.com

TagLE OF TLLUSTRATIONSG

PR .
Mupper

The principal funchion Dlock dizsgras

Faster scannmng scehems

Interlacing mnethood

Soveen Tormat of CRT

waveform asnd bimings of the Horizonbsl

Lirme

THa
HOANMLNG

il

dizqgram of qens Lo of Cosp

ook :
arned Hordzontael Blasok

(]
Surng

Ver i

The wavelorm and bimings of the

Trame

Block disgram of gensvation of verticsl
Sy

arvd Blank

T diagram of Interroupt Control

diagram of Intecrupt conbtrol

cirowits

Elock
logic

Block disgram of Video dats control civowil

State machine of

writing

programMmanle vregister

Timing dizggram of progrvasmable register

Wl ting

State machine of memory refresh oyele

Timing disaran of memory refresh oy

State machine of color 2

map adores

Timimg disgram of colov map addresssing

desceription of reading anad

Lime bhuffer

Conceprual
writimg of

Rt s )
Ao
.
Fon s




Source: atarimuseum.com



i)
——

1. GEMERAL DES

-
)

CREFTION

The Raimbow-Gold ohip contains counters, finite state machines

Bhic 8
t.o
Tiye
T

Lo
cortrol
Color
perform

e
Map
Live

Rairbow-Gold onip

o EEATURES

# Hiah
(,] I3 ']

2iond

# Dwnamic
2 On-chip
@ Frogrs
# Prograr
@ Frogrammst]

@ Frogranmable
B REE or

Lirme
s, 4.

BLOCK DIAGRAM

Line

chidp
avaphics
Works

resolution
lLavable

MEMOrY T

HTHCAPAL v

bf fep
CRT,

bt
v

m

T

T

nac

1 araphiic

BTN

will

ciisplay
caolor from a totsl of 40%4

Esh
Tl s
orern
Hovizontal
Vertical
karoL
fer

el

which oreats

proviae
vodiosp lay

with the

ap

{(typical &40
control.

Liaming
irtervupt an
tiieplay (F
cisp e
regiater
irtter i

RRI | vipeo

LINE

SO~52  meemmt{ DATA BUS

EVI

b CONTROL
on1 3

EVDSH

RESET RESET

BUFFER
CONTROL

INTERRUPT
CONTROL

INTR
IACKN

|

ovoss

ADB/VER

L

ADZ/VE?
ADB/ VDO

LINE BUFFER

LUES CHAR~CNHA?

A1B/YD?

BKEROUND REG

PROGRAMMED

REGISTER

PR
P&w
AsSw

ADDRESS/DATA
#REFRESH

CHMUR®

YSYN®
YIDED TIMING

CSYN®

DA

CONTROL BLANKA

HDSH
RBSH

CONTROL

Source: atarimuseum.com

[T1

acLK

sltandard video

A O L
Raimnbow-%ilver

1.0

information
it
CIap s

x AED

ey

[

i Color

constraints.
Line

interrupl
to 768 pixels
H3E L

Y

it

o
TEeuLT e

i

A

(R IN

ADB/VED
AD1/VEl
AD2/VE2
AD3/VE3
AD4/VEL
ADS/VES
AD6/VE6
'‘AD7/VET
ADS8/vD@
AD9/VD1
A10/vD2
VD3

VD4

VDS

VD6

VD7

EVDS

ovD§

EVI
onl

— —
L

W @ ~N DN WA -

10

12

30 00000000000 00a3a0

I
L]

GOLD

wee
TICMAD
JCHAL
JCHA2
JCMA3
a3]JCMAY
421 JCMAS
41{JCMAG6
40{JCHA7
391 JCMIHR
3si 1S9
97:]51
3617352
3s[JRESET
341 JVSYN
331 )BLARK
32]6575
31 DKE
201 DA
29[ TDS
28{IWDS
z73ii¥
26 D_IX_C—‘\T
JGCLK

a7
a6
a5
48




Ve FEN DESCRIPTY

£

ADD/VED
$

AL AV

e VDD
§

BLUAVDE

UD3-Uh7

Source: atarimuseum.com

L/

G 11

17

cornstdtote
z s Al to f&
Lo DY sng Video BEven pi
to VEZ. The Adcr firs
bus are valid dnpubts when
Granmt pin FG is LOW, Wi L
pins S0 Lo S indicste Refr
bheing active, the &odode
s outputs to ref
The Intervupt vecoctors put o
Dats s when the Intevroplt dcknowle
pirn dis asserted Lo LOW.

Fivel datas only are 3
Ever Pixel toes Lir
pims 50 to 872 dndic
comdibion heing

s will he

the memory.

LIS @

Thie Lipms constitote
Acdcdress bus A8 Lo Al0;,
Lo DY aned Video Odod P
Lo Ua, The function and
af %t
; i e above
The function of the Yidg

bss ds desceribed in the

. PR |
IR R ]

i

Compinstions of VDD
as the Video Oodog F
data only are prese
s Lines when the 5
Lo 82 drndicste Video
e L

pirs B0

Fele
@var
input

gmer (o Locie
1 MERE: I

5oL Memory src
from Silver ohiir

o Loe video bhus Lo

e




A~

FIN DESCEIFTION (con’ )

Tspe

Fapdk

OV0DS Is0

EVI I

O I

Source: atarimuseum.com

1%

&0

21

Ervern pixel g
strobes ave 2] clahs
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Evern piwxel Friorvity Ino dnpolt EUL
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o
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ThHis pdin ds & bi-odii chonsl o snd
active LOW Laral s Ol when the
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Address Strobed This B
as an drnput Lo dndio a L
e oa valid address on Lhe

bhus, When e Gold ohip
Mmemory refreoast ovyele, it
as an output to strobe
address on Lhe systom

Composite Swynod this siang!
a composite syne waveform with Lhe
regular horizontsl swne, o : |
pulses and vertiosl rati )
both dnterleaced and noninterlsoen
formats, This ouwbput i
cornnected to the Hovrdizontal
of a URT.

This iz an sctive LIOW signsl
TEMELIS for entive
interval iw wsed ho

the video to a CRT.

Verticel Sumed bthis sion:
LOW, will dimdtiate s verti
This ouwtpuwt is comnmected to the
Vertical swync input of g CRT.

Reset is am sctive HIGH i
is used Lo eidther reset all Gold

arnd Silver chips or dindicste s Daed
adiress Mmemory scoess by the Silwver

ohdp .

Whern the interval of this sotive
HIGH dimput d Tess than Lhye
ewele, it will mot be
av 8 wvalid drnpol by
this HMIGH interval s
to tern clocks, it indicstes
MEMOTY BOCESE, While this
ie lonaer thamn 10 clocks oy
it measrns to reset 1l Gold
chips.
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Color Map Writed when
the Color Map chip, the = ;
AL0 to AY will be decoded in the
Goald ohip to enasble the route Trom
WDES drmput o CMHR ootpol. THd =

i Wwill strobe color data dnlto
ar Map ohips

11 P 4

Color Map Oddressi when
the Color Mazp ohip, the
ALD to A% will be decg
the voute from address
to &l to the color map
to CHéAa0. Dtherwise, The
Lir are wsed for the
From the Line buffer Lo
the color map.

UGE ds the +50 power suppls.
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S FUNCTIOMAL DESCEIFTIONG

t{io 1

The Rsinbow arapnics syshem da A de. Bl
activity is sserined dn movabhle, variable-size. mullimoc
abvijects, A object dis like 8 sprite, but more gene
g comtrination of Antic’ s plawgi Lo armd plagers e
ot Limited in size, and can be reused in . .
Thus the display horizontasl complexity is Lo the mumber
of hardware objects supplied in the Silver ohdp (12 object
processors are contained im esch chip rnowy, bot o ds rob Lisdted
verticaslly.

LG

»

of asdquarse pisel
HA0 hovidozor

The screen s orgenized as an a2rrs
standard resolution for NTEC display is

L. ALl araphics and text Tonts
pivels of this size. The redocerd ook d o
5w Lurn owlh o be FTar more oftern used, bot bthis Tine
iescripbtion is chosen as & steandsrd that should cover
"standavra-video” needs, or NTSO, Fal and REE monitors,

gome Linme,

st

QO

The vidgeo system can produce up Lo 254 diffevent ocolovs From
& total palette of 40948016 levels of arayd,

The Raimbow ohiip set performs the function of trans
ital represertations of graphics into the time
areasar Lo sdodress Map ohilp which

¢ @ (ol

geter-scanned CRT.  The Color Map ohip will pieodoe
interlaced KRGE digital video outpuwbts,  Thres foour bib
converters are needed to dirnterfzce the Color Map to REGE
FRairtow caen be wsed with REE to NTSCAPAL conversion ]
@.. Nationsl LML & LHI8EY chip set, to produce oompos
video siagnals,

The wvideo suysten communicates with mePory over an

L6 it bhus as bhus master, Fovr dunamic menory refr
reqgquirements,; Reidinbow will sssert refresh reguest

agddress counter.

Eaoh object processor in the Silver ohip contains & pa
block and & poicter Lo video memory of the objeol repr i
The video system can cauvse intevrvupts Lo mein CFU Lo indicste
arror condition such as "Line YXrncowmpleted" and the NOH-grror
condition "Frogrammed Line".

—_ i
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Fawe i aes

G2 General Block Description

The Gold chip contsins seversl furctional blocks suoh as
video Lirmings & Fatl
interrupt control, prograsmsile veg bars, Lins

arid two line buffers. Fasically, these bhlocks
Limings, refresh addvess, inteveupt information,
maticon, read/weite control lines and color :

carntrol . video

The video timing block provides softuware
such as composite Sqync arndd Verticsl Suanc
standards TV system NTSC or F&aLY oy different
ol hors. The Composite Suyne sigrnal waveform
the vegular horizontal symnce, eauslization puls
sarvaticons i bhobth dinterlasced and rnorednterld
Composite Hyne is cormected to the Morizontsl
CRT. The Vertical Sync is conn Lo the
af & URT to indtiste & verticsl ret X
are Syne dnput, then the Composite
this dnput.  The Blamk siaonsl is alsc
lank the video during either horizontsl ret
- ratracse interval,

The Video dets conbtrol block tskes care of Evern s Ood
priority In chaining snd provides Even video g ownbrobe
strobe signals by obe From
thie lock pr s ghatos defoarmstion
gotive, ref iy aetive, limk 1 y
field to the Silver chip trheough bhe

top of sore
S0, S andg

The address @fresh conbrol Dlock
adcress  an reguest (Lhrooah A
aguring Refresh Active corndition. The R
g & status provided by Golad ohip and dndicated
Limes S0 to 52, See detzils in the section &:46
requests Lo acooess a programmeble register or

tine control block takes care of processor granbt, i
multiplexed sddress ared dats, aod vread write conbrols,
CRU wants to write dats to the Color Map, this block will
provicde Color Map Write sigmal Lo the Color Map.

Lok

The Frogrammatile register b
realste Wil ot can he readable; X G
Infourmnastion like charoundg colory Interrupt s
vechtor, proaramvaitle line drbterrupt, Hovizont
- Horizontal Live video extension, VYertical i
poroeht grd Vertical scbive lime extension ere s
i this hlock. (

i

5

.
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trlock provides error-condgition
irterrupt such 23 lime buffer drncompletly Filled snd nonervror
condition type such ss proagvaveaed lime intervcupl. Thie
intarrupts can iy setting the corvesponding

the Interyopl

The Intevrupt control

Rt

Huf fer block containsg 8 |
witth Lé& bhits dn widbh andg H831

pixel ils sresernted by o2 8 bits data.
buffer can cortain up Lo 981 words (id.e. L1628
hordiziontsl scan Lline is sllowed Lo progras Lo
pivels maximum. 50 this line bhuffer contains at
el horizontal Line. There Lwo pointe WOtk
tffer . The Reasd pointer poin Lo where bo or
of the tbaff 4 Lt Write poicle
into Lbhe @ You may Lihvink this
et fer concepbuslly.

poirts
Lime

control Lo move

s cortrol bhlock cotsi vinmters
B : the Line bwffee. Tt also detect the incomplets
bufrfer Filling and sel the bffer incomplete intevrvupt it in
tive Imterrupt vecktor register,

Thie

Figure | shows the primeipal forcbioms] block an the Qold ohip.
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Blook
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CONTROL

VIDEO TIMING

CONTROL
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$p~52 DATA BUS BUFFER
EV1 . CONTROL COMTROL
oDl 3 A
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QvDSk
- ADB VES
AD7/VEZ nux LINE BUFFER
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A18/vD7
' BKGROUND REG
PROGRAMMED
REGISTER
PR¥
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REFRESH
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o Timiirms

5 .y
Gaedsl

o Tihmin
s Vertid

T principal function of Lhe W
i Lo generate Horizontsl
shar scan CRT. The name, 50
aef on Lhe Tact that the
il t o wup by gener i
the screen of Lhe
Loy displaw e uppar 1
af % sl : MO E
arnd top Lo bhottom Lo put sz i af
L :

HITODVE

e dve B TE

L

. 5

Wswal Ly,

somms Lhe endd of
du o bhe Deasinmiog of bhe o Lo Lime i
i omuet Faster than was wsed to generste the ol
Lirmg,  This sction is referved Lo as "Horizontasl
During this retrace period the electron beass is blankeo

(ot ofFY so that 1t doss

Wiher: bhe beam e

i

mot appesr on e SOT@ET.

While bLh
it

besm 18 moving
also rmoving downuws
ive lime starts
Wier the beam Pinaelly resoies
corner of bhe screen, it rebrsos:
far cormer . This retrazce is
rebtirace’. Dirdrng the verticsl
Wi ll e trlanked too.

S E LI e

e Lo

The hovizontal ard verticsl sovemsent of bthe slectron
ean s shown in the Figurs 2.

Tre an ordinary CRT, Lhe Lime it takes for Lie oeam Lo
move From the top of the sorveen Lo the bolblos
susin Lo the top i mtaslly v oo ;
I b Unidt St tLalovi
acfopt HNTHEC s e e
swWeap Tregquency (&3.9 mico
srui 60 Hz

seconts per vertical

EINta

e
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Prame and the

Glthouahn the &0 Hz verti
morizontal line sre Lhe
bhroacics s Ltves omy DY o
wihich CRT s can operate.
CRT operate arounc 18 HHzx
fAs bhe hovizontal frequenoo
of horizind Lirmes i 5
the vesclution om tLhe verbi
Toy oid Loy bhe hiah density

it needs an expensive hiagh v

i Foomme Lims,

L bolai

Lt Trie

Another slternstive Lo ol
e owsing the "interlacing” ae
ammerical TV stations adoptl

ir TWs, By dividing the :
Lire rate i o the 16,67 milli
it will be 252.9% linme in
L nmallt line may
Lhe resclution on
iwodong by dnsertbing
Lweern Lhe Tirsg
gl Lines :
first all of BV E
0 $ & 3 4 IR ] THis setl
#11 the odd-rontered Lins
cacl (ol Field.  Figure

&

sl odwe
=hooof tardzont
interl i

"fielod,

L

of
TV w

—

[

et .

Slthough interlacing provi frioher resolobion,
Mas some disadvanltages. Fivrst of sll, the ol

to senerate the exbva hald horizontsl line
o aquite complex whern compared Lo a2 nonint
Mewt, Lhe overall vertical refresh rate
of @ noninterlaced displaw,

resullt when the CRT we ; e
Therefore, whather Lo wuse a2 interlacinog mebthod, Lhe
phiosphonr persistance on the CRT screen da an
important ;TR A kA

&
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Bevoeorn Format

Lobhing the Golod ohip most do o is bo
nat define the horiz
frame timireg.  This i REARE-S M RY
o mrizontal lime i e
arnd & vertical line in Lterms
scaning Lineg.

.

I general, & hovizontal lime can
visible video part srd bhe bilanking
e visible part is divided into the =
soebive vioeo extension.  The bhlanking ’
into the horvizontal fromb porch, norizontal
e horizontal back poron frorizsontal
@il ior.  Trhe Limirg et will e sxp
Lhe "Hordizontal timing” ssobion.

P

A verbical line can be divided dnto the
arvi bLihw blanbking part, too., The visibhle
composed of the sctive vid Line snd
Lime extension. The blanking part is
Lical Tromlt porohy bhe vertid

irntervel and the vertli 1
details of this vertiocs!
Live "Vertical timing”

The screen format is shown in the Figure 4.

G383 Hovizontal timing

The Liming of & horvizontsl scanrming line
the video pigel clock. The part of hor
aplavable and blanking i ;
the pixel clochk.

Fianure % shows bthe wavelfrom and btiminas of

scaning Line.

fotive Video parlt ds the period that the

Thye
i diaplaved o the CRT scereen scbivelw.

]

of this asctive video part HlE v

The Active Video extention part is
the sctive wvideo period.  The o
i3 programashle, It can be progvammed From
o 2ES video pixels long,  Thevefore, Lhe Lo
cdisplaystile dimension of Lhe scresn may
pixels Lo 768 pikels wide. \

-

Source: atarimuseum.com
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Figure 4. Soreen format of CRET.

K—;— HORizontAL (N pixels) ——
| | i;;égé////}?;%27§;Z2;%;?;{<:77222§/ | j’§§~
]\ ;://72?/ ik : lhspﬁ;; k;;ko i;:_.éé;?é T
L s 7
T Lﬁﬁé v /// P | i?/// »
S K o
] |
7 .
L /E/ S / x
N 1 7Rz
S /"(% 7 7R
l 26‘// ?/ / ~

HSN HBPX
———

HBP ' HAV

——

CHAVX
] 3

** Here notations HAVX, HLS, HBPX, VAVX, VFP and VBP
for programmable registers indicate which part of
picture they control.
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The Horizontasl Froomt Forch is the nusber of video pixmel
delaws before the Hovizontasl Syne. %o, somelisme it
yuie Delaw. The bimes of this

is called Horizontal 5
period is nobt programmable bot depends on the Lot
sean Lines on Lhe soreen which will decide the tobtsl
pivel dlocks i 8 horizoctal scaomming Line. T other words,
the duration of bhis period is eagual to the tobal

clocks mirmas the sum of pixel clocks of Lhe
and Horizontal Sqnce argd Hovizomtal baock poreoh.

active

The Horizontal Back Forcoehy is the number
celays after the Hovizontsl Syno.  This
called Horizontal Scan Delasy. This intervs :
of reqular hack porch ang s porch LT s Tive
durastion of regulsr back porch is 32 video pixel long
and the bhack porch extension can he programaed from
none o 32 pixel long.

o

The Hordizontal Syno is wsed for dmitisting the ele
beam retrace from the right taod sicde bael Lo bhe
nanid side of the screen. The duration snd Freouency
of this interval vari during & Trame Lime,

1, Vertical
dod, bLihe oo

92 pixels lorg,

GDuring the Verticel displs
and Verticel basck poroh
Horixzorntal Swyne interval

During the BEgqualizing FPulse Interval, the
the Hordizontal Sync ds onlys the half of
Hovizontal Sunc. However ., Lhe Frequency
I other words, the Syne pulse only b
widcle, ol Syne occours bwice during a
seanning Lime( 63.5 microseconds 2.

ap s oo on L. b o
dom o woub e,

Tar hordzont

clook

PRurirng Lhe Vertics Gune period, bthe dursti aft bLivis
Horizontal Swee dis 47% of novizontal Lime anod the
frequency is douwbled. So bthe Sqgne is 27.: ML T e
long andd occowrs twice a8 horvizontal line btimes

ped

4o

O

Tt combimation of these reqgulasy hovizontsl Suanc,
goualizing-pulse andg verticsl serraled horizontal Suno
is called the Composilte Suno.

The tobtsl mnumber of video pixel clocks in 2 hovizonhs!
sean Line depends on how smanyg scan lines d : i
includes both odd arnd even FTialds. The
carn bhe progravmmed in bthe Hovrzontsl Line
This rnumber is From 312 to 789 lines.

The lock diagram in the Figure & shows bLhe logic oirowit
agerneration of the Composite Sune and Horizonbhsl Blank.

Source: atarimuseum.com



Figure %, The Wavefors and Timings of the Horizont Soanming
Lime s
*———————— HORIZONTAL DISPLAY VIDED 4 HORIZONTAL BLANKING¥ —————4
f———— ACTIVE VIDEO ~———t_ ACTIVE _4—?RDNT HOR I ZONTAL __4——BRCK —*_ _‘
512 YIDED PORCH SYNC FORCH
EXTENSION 32 BACK
G255 3z PORCH
EXTENSION
o~63
~
+——— HORIZONTAL ———+
SYNCH
*7 HORIZONTAL SCAN LINE —444
1H
+EINE_4
IEQUQLIZING PULgE—I——— ———tEELnLIZIHE PULSE l
INTERVAL YERT-SYNC PULSE INTERVAL
IHTERYVAL
BH_LINES RY 3H_LINES
3H.LINES
_ ;
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SR Verticasl timing

Thie timing of a Vertical Trame
hordzonts] scan Llime. The part of
s Dlanking periocd is prugrammahlm in
Line.

Trie wavefors aocd timings of the verticsl Frsa
it bhe Figure 7,

Thiyes n({xvv “iﬁwn Lime part is bhe perdod
ddalts is splavyed acbively in a VUPll(ul
ﬁuratiwn mf Li agotive video
Lines long.

Oivwviously, the aclive wvitde
for extending the active line peri
this intervsl csn bhe prograsmmedt rrnﬁ PO

tirizontal scarn lines.  So the totsl verli
chimer

e

Lorig.s

1 Front Forch is the

Vertiocael S4nc. Lt
The durstion of Lthis inter

from none to 379 scan lines

ing-pulse interval ds used for
forizontal & g ing this dnt

are | fieve wunifo
Live CRT : retracs. This dinterwval
hordizontsl scan Llines long.e  Also thds dnte
impediately precede and follow the vertic

Verticsl Back Fovob s bhe rooamber of
betweern the Verticasl Hunc andgd the
enTurﬁ:l|wno This dinterval is called Vert
Delay, Loo. This interval can he BT O B MM
Lo 32 scan lines. In the Qoo s v Line
Lirme is soded to Lthe prograsmable valuos
the Vertical BEasclk Povoh will be at
line long at most.

The Verticsl Syme ds wsed to L
genevator at te CRT, imitating the
besm Ffrom the bottom to the top of
erd of each Field, The duration of
34 hovizontal scen lines long.

Source: atarimuseum.com
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lacing method
oto creat
Limings
of two

The Dlock dizgram of the L
of Verticsl Syrne ard Yerti
Figure 8.

G389 dnterlescingmoninterlacing mooe

irdaow Golo will o
Full verticsl rvesolution
i 55 e Theye fs provi
Ju I the conednter

arates oven Pields omlw.

ion for
it

I otner worcds, every field is identics
alternating belwesn even andg iy, Data
is what would have besr g : o for i
in the interlsce mode. Golag obip will geners
informaticon indicating syver el only.

The Sdilver cohip must be Lo repe

hovizontal scan line twi s Tt walue L b
fioriztal line repeal req

Fainbow will operate dnitislly

ot O dL.ws wntil norinterlace
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Fipure 7. Thie Waveform and Timings of bthe Verticsl Frame.

*————————— VERTICAL DISPLAY VIDEO VERTICAL BLAMNKING# ——————*
f— ACTIVE VIDED —*__ ACTIVE 4#— —*_ _#— —*_ _#—BQCR' —T
Y1DED FRONT P verticat ¥ 7 poren

——

132 FORCH i
EXTENSION a~al S;NC a~31
g~127 ’
EQUALIZING-PULSE
INTERYAL
— a

| VERTICAL |

SYNC*

-

1 VERTICAL SCREEN FIELD

e

%% THE NUMBERS SHOWM IN THIS FIGURE IS FOR EACH FIELD AND NUMBERS IN PROGRAMMED REGISTER IS FOR A FRAME.
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Fiogure &,
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HALF H LINE
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A Trterpupl Copteol

irterr
Srcl Dach MEMoT Y

fetoh

Gold
Lrcomp e
N Trom & me
Lrvterrupt
irvberrupt

cucled .
L b
af Lihe

Sl Interrupl Status and Inbesveupl

Fairmoow Gold ohip
ialer., The Inte
sur L dnberrupl.
oposition O the .
tie Irbervapt Status
inberrupt corncition will

b

Thie status is
condition it it
three interrupl
arwl baao

i bihe Trberropt

Irtvrp .

s
priat
mot wsed

Lo
b
o
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b
b
o
oo
Lo
(-

Hhenever bthe Gold
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T

o L
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fl MEemoTy adore cartby ol
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Will ar ore Lhe specifi i the A
Lime (oY nusmberecdt, snd on thes b
(lime o shar )i {
3 L L roam
wi Ll K]

e oo fiel

Vine dinterrupt will oocour st

L,

sramecd Limne drntervupt
it for Lime A80CFor
TYU swysleom
Lo dime of

obiy

are e

e Lilne
saber Lhan visttnle i
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rigetrer of Lin i
The
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Pl
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Figurae 9,

RRI#

Viming disgram of

LACK*

—
INT*® -—-—-—-]
1

INTERRUPT

VECTOR

ValLID DATA

RDS*
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Fioure 10. ST evenle e s e e - .
aure 10, Block disgrae of Irnterrupt Control Lo mlo cdroait,
(i3]
2
~
I
—
I
=)
|
I
=z
[r's
Ld
-
=z
""" PREDEF INED VEGTOR VALUE
INTERRUPT INT
D—_J LOGIC IACK
-
INTERRUPT VECTOR REG
[N}
-
m
T
)
Lot
[
g INTERRUPT STATUS/MASK REG
o
§ STATU MASK
prn
= l { ::j BAD ADDRESS INTERRUPT
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A
PROGRAMMED LINE INTERRUPT
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H. SCAN LINE

PROG. LINE INT REG

Source: atarimuseum.com



A8 Video Dats Comtrol

af this
sianals

The principal fur :
the video bus interfasce
the Sidlver chip. Thoss o)
chairming inpubts, vicdeo bus relesse
arng status informstion outputs.

related Lo the

ity viacieo o

GBSl Prdovity ohaining drgput

Tre Golo obhip ds, in faol, the
autbive sitration. Twio dnpoat:
af tihvis adcbvatior. Ore ds Lhe
Ire dmpuwt EVI and the obth is bhe
T dnpwt ODI.,  When either or bDobh are
it m that the Gold ohip gets the priority
corntents irn the Backarouwnad 1 ieter dnto the line
bt fer dnstead of receiving La T om Gl
The Baolkground register i a 8 il v
contains information for bobth even
For imnstasnce, when the inputs BEVYIT ds
the Gold ohip will losd content in the
i into the even pizel position
waiting for Lhe Silver ohip

s

HePed Wideo s control

To svoid the comtention of bhe Vi
Lhe Gold chdp and Silver of 1. S
to the Gold chip to dndi whether the video

i@ leassed by the Silver ohip. This dnpul K
2ef Lo bthe owtput pin REOQ of Silver ohip.

CILEES g P

#nodnput

s

O
s connec

I the swystem spplication: the Lold ohip aluwags
Lhe lowe priovity. In obther words, Lf the
are Lwo Silver chips and one Golod chip i
chained together, Lhe Golo ohdip will hsve
prdarita, Where bthe hiagher priovity S5ilver
ot neecd Lo access bhe video bus, db o will
Lhe ohain conmected to the Al prio
G . IF the second prioeit i lwer
uae ar Tindlehes using bhe i v data
coopull o bhe chain to bthe Gold obidp.  UOnce
imn LOW irm bthe Gold ohip, bthe Gold ohdp car
video tws LT 0Lt needs Lo. .

BT

trre
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arwd oo

HMLGH wihen
The Line

THis chairm will bhe
pixels are strobed

Vidieo dets strobe il
Data Streobe FUDS zrod Ocded pisel Uideo [
They sre mainly vsed Tor sbrobing vide

the Lime buffer by Gold andg ITwar ohig

into bie

o

Whenever bthe video pixel dsta is valid
ards/or Silver ohiip and reoss Lo e =
Lirme buffer, Lhe video dats strobe s
Wi ll e polled to aobtive LOW.  TF bot
are LOW, an dinternal vi

anct Dottt bhe BEvern and O
Lime bt fer,

20 dats shrobe siane
are inpult or outpul in
orn the siansl Lo the P
AT @t ORI LT o
Friovrity chasin dnput dis LOW, Lhe v
related o that priorvity © irput
e an output, AFL both Steooes ave
LOW, these Strobe signals will
inputs by bhe Gold ohip.

L

<3

For exasple, 1 the BEven v d b dmput

Lhe Ocdd priority dinpul GHodn the

Golad cohip will losg the content of Lhe

igter into the linme bouffer and a :

mwhile, the Gol
M

B A P

oot
5o mahin o widen
w3 o)l e

counter for

Live LOW output,. He
Lhe OUWDS active LOW signesl.
strobes are LOW, the wvidec

Tatorned to bthe Line buffer. Thern the

Tinme buffer is incoremented for one count.

s long

{tLwo ¢

<

H.%3,3 Status line ouwbpols

The Gold chip has Lirme owubtpubs
information o the
S0, 51 ard 52 whioh

coreld b PR LY SN L L]
can parf 2 &
losding

v

La o

-~
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] 1 {1 fart memory

{ 1 1

1 0 0 Tap of

1 1] 1 Tog: of soreen dn
1 1 0 Fivwel Active

1 1 1 Lk Losd dctive

EINIRR )
divided irnto three

Active,, “Fi 4

I general, Lhe whole se
b o . L9
1

Lime of
Lime can be #

tive intar

s

fotive®

fAotive me

irmberval. THii

The
ciurimg this

starts riaht at the Falling

The dursticon of this irnterwes)

Cycles, During this dintervael,;
M0y refresh addres E
Vo (adoress Strobe) to the evternal memol

Thien the memory refreash cirouit will
Sltroe BAYS asnd respong wilth ar

Golo onde will provide five memorsy sdcdre

gsequentislly during the entive Re

oo o
@M

the

The "Fiwel Active" measns that

Live memory swsbem aoo Pelon
Vst

ive
B CHIT
orn Lhe complesity of
wihole duration is counted on how suoch
FTetohing the pixel { Lhe nusber of memors

Thevefore, the Golo ohip nas pixel counter

Lime of this intervale At pirmirg of

‘
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Lime when Dot video
shwe LOWY to Lime buffeyp
. B et
the Think
e 0 ot
WV ER Y

SR 1 N
Wi Ll

Lhie counter dls reselt, Tiier
sbrobess oocour (hoth
s counter will e dne :
senes 10, the status w‘ll
vanh Achiwvet, L e counter
tn TLE B0 Yime bas vrurn owt of Lime, 1
qwnur%l Lime buffer dincomplets intevrvupl
i s new soan line srbs and the
to Refresth Active.

The "Ldnlk Losd Active' mesns bhat the Silver ohip
g Lhe memory to losd mew Farametsr Blook
Favramelter Block is descriped in the R
Filver ohip specifics The duratior
anU|VVI nnlonﬂ" o i Liore of py
ive Joviauwsly, Uthe whole dur
1L words fetoh time or
1 odme sfPore, Lhe Silv
BE ot il
MEFOTY O

Lok

. very Lilkely thst the

Tie Aotive during L
So, bhe Gold ohap will not p
g ] urkil the Silver ohip
cuole. The Gold chip will 1o
niaby Lo do the memory relfresh

P
L

f e m

T dnput

The "Aoort Mesmory Cuole’
TECRLVES & Dad memory
by bhe externesl "bad sod
input pive This detec
regulsr Resel siansl. 3 ;
i b i Laneous lnnllu! soctiorn.  Whsn the
chip recel e owhatus, it ; S bie present
Titxh Gy 3 The adurabicorn of tihvis Abort Memorg
is ome clock long.

Tive "R al
to reset &ll
THe duration

ared Sdlver

of bhds

The "Top of screen in BEven fic ar VTop
in Udd Field" dndicstes thst the Gold ohdp i
to i ] e Evern Linss orv Odod 1ir Tivd
Refresh dctive
the dats sctusll

- ' The ouration of this inte

R ARE
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During the video pixel losding period g Trom one
sosn Line bhefore starting the displawy to one line before
encirng the displyz om CRTY, the correct seaquencs of
atatus generated by the Gold chip in orvder are Refr
Aoctive, Fixel Active and Licds Losd Active. Whern loscing
of Line bhuffer is incomplete, then status only ocours
Refresh aActive amd Pixel Active.

Duvring noloading of video pixel period  d.e. 8 whole
“Leld period minus the pixel losdine perviod?). bthe corvect
sequence in order ds Refresth dctive , then Link Load
fotive. However, &t two scarn L before AR R
displayed on CRT, the Gold ohip inserts the
i (BEvern or Odd) field status bhetwesen Ref
Logd Active staluses

Whier the Gold ohip receives either bad addre
g from outisde, it will genevate covre
status at any time doring a2 scarn Line,

WL i

The Dlock disqram of this Video Data Cortrol logic odirvouits
ig shown in the Figure 11,

Source: atarimuseum.com
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Figure

Conmtral

of Vicdeo Data
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ag

Haedh AidiressDeta/Refrash control

P o

The Golo adrire
irterf
to interd
chip will provide the refresh addre
chur- g bhe Refresh Active interval.
bus to sccess Lhe progravmatile registe
Durimg refrest, the Gold ochip
systhem.

chip has &8 btime mulbtiples
Wwith system bus and snobther B hilts wide
ace wilth the Color Map ohip. Ty sdciition. L
Lo the memoars
SR uses bhie
or Lihe [
gu anobher mashter

rke

Geolia
g

Gobe )l Guystem bus hand-shaking control

The Gold chip provides two hand-shaking control sians
The drmput dis bhe Processor Reda LR oarcd bhe owbpotl

ig the Frocessor Grant PG.

Hherever UFU wants Lo scocesss the progesmmable
in b Gold ohip or the Color M it will
Frocessor request tao the Gold chip. i
siaral i indtiated by the CPU ardd crested
s coantroller. Once the Gold ohip receives
Low PR o sigrmsl, the Gold ohdp will grant the shaem s

Lo CFU by pulling Frocess Grant (FEY Low. I the Gold
chip is in the process of a memnory refresh oyele, it will
Fimdsh the cycle then grant the bus to CHRU.

G d Suystem bue address/dets interfaoe

The Gold chip provides sleven addre lin
arnd ten dats lines DO to D to interface bhe
These lines are wused by CFU Lo access the prg
registers or the Color Map chips The Golod of
memory with Lhese lines.

ff)

[ B N

ir
PR

Loy

Whern GFU wants to sccess any progrsmmable regis
Live Gold ohip, 4t will serd the Processor Regquest
to the Gold ohip. Afler the Gola ohip sends bhack
Frocessor Grant FE signal to CPU, it will wait for
the Address Strobe A5 Lo active LOW thern latoh bhe
ancress HNerxt, the Goldad ohip will wailt for the Weites
Dats Strobe WRS to e LOW Lthern strobe the dats dinto
the register. Finally, the Gold chip sssert 1 [
Ackrnowlaedge D& to High to iofors CPU that o i
stored in the register. Figure 12 shows the state
maching of writing the Programmsble register and
13 shows the timings disgrsoms

Source: atarimuseum.com
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Fiaure 12, The state machine of Programmable register writing.
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L

stem ourimg
20 to sl
Lo Mk
51+t

o Ltie s

Whern the Gold chip refreshes bthe memnorsy
Lihe Refresh Active period (i.e. status
irndicaste the Refrest Actived, the Gold
gure bhat bhe inpub pin RRID is LOW arnd
Lhe Address Strobe AL and place Lhe sodody
Orne half clock later, Lhe Dats Strobe i
azserted LOW, Nemxt, the Gold chip waits
Aiokinowl e Dd siansl bhack, Once the Db
Hiah, the Gold chip will start snother
The refrest at fFive

&

L

1 owele will be
Live Gold chip change iLbts status to pixel

3

The state machine of the memory refresh cycle ig sthoun
i bthe Figure 14 and Lthe timing disqram of this ogols
ig shown in the Figure 15,

b3 Coalor map adodresa/dste interface

Wi e Color Map is adodvessed b CRUS Lhe
SGtrobhe A% ig asserted LOW, the irmpoul addes

- be decoded and enable the route from inpot sdiress
Tines (AL to ARY Lo the Color Map 6Addre output Lines

(CMAal to CHMAZ)Y. HNHexb, bthwe Golod ohip weit
Write Dets Strobhe WDE Lo bhe LOW Lhen i
map write CMWR to LOW. One clock lster L
fiocknowledge DA will be ssserted to LOW.
e route from inpol address Lo the color
address will be dissbled.

the
Lhe color

{3z

a3
KR

EERIRERT A A

output

The state machine of color map sccess s shown dn bhe
Figure 1& and the timing disgram is shown dn the Figure

17
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Figure 14. The stste machine of memory refresn ogols,
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Figure 195, Timimg disaram of MEMOry refroash cwuele
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" Fiagure 16. The state machine of color map addressing.
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&7 Line buffer sred Line bhuffer corcbrol

st

Thie lLine tbwuffer ds the place to store the video pisels
From the Hilver cohips ared ship oul to Lhe Color Map ohip
by one i the 19 MHz colock rate.

This linme buffer can be thought as 3 long line bhuffer wit
146 biats in widbh sod 581 bits in lemgbth dr oan e
I reality, this long lime buffer esianed :
Fam array which is 32 bits in colunn and 291 words

b e

e

i
artd s

L

However, it is easy Lo explain Lhe opevatiorn by usicng 2 long

buffer instead of a Rem srray.e  There are two pointe:
to the starting positions of operation in the lime buffi
Orme dis the "Resd FPointer', the obther is the "Write Fointe
Al the beginning,; both pointers point to the poilstion 0.

HWiigr Lhe video pixel dats of Lhe first displasy

ir the lime buffee, the Write pointer staets Lo
position. Whenever a pair of pixels is stored

Mmove upwardg one position. If the Gold ohip
display 640 pixels (which is the 1 4 rwamber
value in the MHorizormtal dctive Video Extension ¢
orne line, bhe Write Foirmter will stop at position Wiy
ore whole line is firmdshed. Thern the Gold ohip shie bthe

dats oult one by ome and the PResd pointer moves upwsrod Fro
position 0 to position 320, Measmnwhile, the Lo ohip oon
to Fill data in the Lime buffer From position &40 g
it reaches to the end of the Line buffer, the Hrite
switches Lo the pogition 0 and cormtinue Lo move upws
This Line buffer can e thought s o cwelic lime baf

-

B
iy

i

[N

Figure 18 demonstrates thisg Line buffer im conceptusl waw,

There is 8 chance that within 8 Lline time thsat the Silver
carn not Fill pivels i bhe Line boffer as progr
This could be the case thalt too many objects overls "
& one lirne.  Thervefore, the Gold ochip provicdes s courd
to count how many picels have been stored in the Line bof
L o bthe cowber reaches Lhe number as programmedd, ¢ &40,
g lirme Lime, Lt Gold chip will think & line is Tata]
stove i the Line buffer andgd the stastus Lirnes 57 Lo
would change From "Fidel active' to "Link Load
If the counter has nob resch &40  gust an exsmpls Y at
grcd of a8 line ( Video timing corntrol will provide thiis
thern the Line bhuffer comtrol block generastes s "Line
incomplete” sigrnal to the Trtervoplt comtrol block sndg
corﬁmﬁpmndimg it i the Intervupt Status register.

P

Source: atarimuseum.com
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D O SO N

Figure 18, Conceptusl descriptions of Reading sod Heiting

of Limg baffer,

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

1 —— WRITE POINTER
2 1 326 3g4

EYEN PIXEL -—

0DD  PIXEL ——

| reEAD POINTER

2. START TO DISPLAY THE FIRST LINE AND FILL THE SECONRD LIKE.

l —— WRITE POINTER
9 1 3z@ 384

» even eixee — VYV /S LSS LSS
~ oo erxer — VAL L

1 —— READ POINTER

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

l —» WRITE POINTER
P 1 229 39+

even pivet — R\ 77/ /7 /A
oop prxec — MWW (/AN

T —— READ POINTER

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

i J — uRITE POINTER
™ : a1 256 30 384

even PIKEL — [N ALY
oo prxer — RAIMTIWIWWN AR

1 ~—— READ POINTER

<
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50
-

Tre the line buffer dncomplelte case, bhe Gold ondp
dats From this irncomplete Line boffer wurtil the b
stops at the position where the lsast two wvaliag pi
After that pogsition the Golod chip will send "Blank
to the GColor Mep onip wntil the totsl shipped out
ozl Lo bihe raaber s programmed. Meoarwhnile, bLtie
e Filled for newt line dala.

CIMTEM L
inpuat of
Lirme buffer arnd s two-pixel lstoeh locsted in the oubput of

In terms of hardware desiqgn, the Lime huffer E
BET &Y There is a four-pixel latoch locsted in the

Lime bhuffar. Every tLime the Silver ohip write a pair
into this input laton. Wher there asre Four pi 1 dm the
lateh, these pilxels then gre stored in the buf
time Gold cohip rvesds two pixels irto the outpol latob but

of piwe

Py, Every

irpat

s s

oul one pixel i the one clock period. The whole opervation
tras Lo synohorize with olock. The resding asmd writing operaltion

are motusl exelusive,

Figure 1% stiows the the bDhasio lowio disgram of linme buffer
ared Figure 20 gives the block disaram of Line huf st

lLinme bwffer comtrol.
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6.8

Colors to be generated by rainbow are stored in 3
2u6-location memory called the "Color Map" whioch i
gseparate ohip im the Rainbow system. Thuos &
Rainbow screenful can bave up Lo 256 distinet colors
(unless the CFU relosds the color map wibthin a fField).

Color HMap is a8 high speed static Ram with eight ad =3
limes and twelve datas inputZoutpurt limes. Fach location
contains twelve bits of color icnformstion so thasl the
totsl range of the accessible colors is 4096,
datas in the color map specify the level of :
graen and blue. Shades of gray will bhe genera
values for each color, giving 16 gray levels
black and white levels),

The color map holds, besides the color values,

in each locatiorn for Flsgs. One of the flag il

Lo e iy external cirewibtry to be enable B L
vicieo dsta, so thalt Ralnbow-gerner and extermal

— images (From 8 video disk, for instsnce) can be combined
on 8 pldel-by-pixel bad Other Tlags maey be usadg Lo
ensthle external texture-genervation siaeraels or smoothiding

filters.

B
LN

sitile, snd

choioe of

Other encodings of color values are poss
Rainbow doe mot prevent Lhedir wse,  Tr
color and Tlag encoding will bhe wms
: igrmer, will be b el o bhe relstid
ercocing (performancs, e 0f manipuls
compatibilityl).

v b
Lior, anc

Ve

The color map bhil allocaltions ared

% 14 13 12 W 10 09 8 7 4 05 4 3 2 1 0

b b e b L

Flag Rl Grean Brloae

Figure 21 shows the system conmections among bthe Gold
ctilps Color Map and CR
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Figure 21.
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Map

CHAB~CHMA?

System

arwt CRT.

conmections among the Gola chip, Color

COLOR_MaP

(INCLUDE DrA?

DATA LINES

SYSTEM BUS l




JEgEn

.9 Miscellaneouws conbtrol

H.90 Beselt control

The Gold chdp provides a pin K
o ool Foall o counters s dndt

registers dn bhoth silver ohips.

it i .
Lerminste Lhe
I R HIGH for
Moasrwnile, the Wi ll
Lo the Silver chip bthrowah the

87 The code ds described bLhe

Wier
tio

2

el e

Figure 18 shows the irmtermnasl bimisg ailesgrse.

.97 dbort mepors owoele corcbrol

prwal e bhe
Lo fetob
Lol

ehip

LT,

During Lhe pidel asobtive int
sus one Meas of byt M
memory system contains
Lhan one Megs bybes and the S5il
nonexistent or Thad ]
will mever get 8 Dats g D6 s
Memory system.  IF a2 DA 5PV e saert
chip will e held in 8 msmory oyoele inde

e

I order Lo bres ouwt. of this situstion, the

o Lomeed arn exbternel tiserlogioc ocivrouidl
this prozlesn srd send s signasl Lo infors the
g oshnort palase (3 Lo 10 olock owceles?) on the
Wwill cause an dbort stetus Lo occour,

=

fafter the Gold ohip receives this
pire it mMess the pevriod of

irberval i aer bhan 3 clock
ten ol . ¢ bl Golo chip
Lo bhe Iver chip, Once the 5i
stus, 4L will i o the pr
proceed next operation, Meanwhdle, this bed sodor
contral bhlook will infors the Intervupt Control lock
block to intervruplt CFU L7 this condition is

&

INTUR
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Ty omemory ounle, the
e dgrit t'-w'i h*; 1. hr' ﬁf"si'iT‘
anit Ler
sya @, IF an llmcr T LT G U”fﬂﬂ“m
timelwhiict ds assigned by bhe system o
thiis logic cirvewit will gernerate the uhuvl
Lamals

: .l.’ o
Btrobe AS

v

Figure 22 shows the biming diszgram.  The
betwesn chips and the external
inthe Figuye 23

conmection

logio civouit

BT
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Figure 22, Timing Disgran for Resel aoed dbovt Contrenls

Ao LML UL L LT

- fi ——— ”H”I”HI
?—————- 18 CLOCKS f

osorr ——— T
?— 3 CLOCKS ——f
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Figura 3.

Guaten cormection batwean chips

SILVER

ABORT MEMORY

TIMER-LOGIC

AR

RESET

gty sl

ol e

SYSTEM BUS
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A, 10 Rainbow swaten contiogueation

The wmininsl Rsinbow systesm is made from Lwo ohdes
Gold. The SBilver cohip corntaing circouibvry Lo resd
FroMm memorss Rroce the information arnd bthern send
I SRR R L

B

Lo whe Golad chdp.  The Golod chip provides | §
o biminmgy dntercuplt, prograsmabhle r e ety

BT @0

armg GRFLUL

01 s Ty addition, several logico oiroud
Raintow system Lo interface with systes bhus

Fiagure 4% sthows the relstionstiip of the Silver cohip snd
Gold ohip wilth the Color Map, CRT and Syst

G LIS

The "“Interface Loglic’” in the figure 24 ds & logic oivrouit

that balkes czre of System Bus reqguest and arant For the

Fairmaow sustam,

for interfs: LR AN

Fros s sy

Timer" is @ Li o
aee s This btimer can bhe designed Lo
Strobe AS Lo start couwnting snd Deltas Acknowled:
cooarrl dra e IF the counlting exceeds a cerbtain v
i desioned by owser), then the Limer will gens
Lo bhe Gold chip.

or Regquest Lo Rainbow suystem. flao it performs
Bug avbilreation bheltwesern CFU and Bsinbow sus

A 2

How o dmplement these Logic civowit depends on what ki
of swysten Lhalt the Rainbow sysltem wii it din.

Source: atarimuseum.com
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B L RERTY SRR I

-

e RECIETER ORGANIZATION

The Gold chip contains twelve programmable registers which ocoupies
brwte addre : from 512 to S93%. These registers o i bt e e o
writeable or resd/writesble. Figure 29 shows the orgesnizaltion

of these programmasble registers.

ol Bil descriplicn

Backorournd reaoiater

Rainbow generates a backarouvnd color iF no obje
This reqister contains 8 bits dat wihiich acts
into the Color Map. The adidres of this rea
arnd FH7 for low asndgd hiagh bhyltle date respective
register i resd/writezible,

TM" mi MWTWMMMTMMwml Mwamwwamwm ‘ MWMTwwwWTMMWWT
! { BT BR&T BRSD BEKHY I OBKEZD BRI BEOY
| [SUOUSINY (SFRURPRE VOO N e b i b b D L |

Mnemonic Doccrintion

Qg3 not, used,

70 B EBED Backaround register it 7 (BEETY
is the most si HLf' 1k it
EHD dis the lese i
i the reaister.

Interrupt Status/ask Register

Farl of this register i wsed for masking the interrvupt condition.
B sett ltaniTicant position in

cvimm s bit i any three leasth
raegister, the corresponding intervuplt condition will not
gt o

orn the interrupt pite Fart of this registeris u
the interrupt status 4F the ocouring irmbevrvuplt concdition
~ not masked This 1 ister is resdlwriteshle. e ™
Litds register are ZHB and 299 fTor low s hiagoh bate
respectively.
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Organdzation Disgram

Fioure 5. Register
ACCESSIBILITY
9 7 6 5 4 3 2 a
T T T T T T T
R/W BACKGROUND
A T T T T T T
R-W INTERRUPT STATUS-MASK
T T T T T ki T
R<H INTERRUPT YECTOR
T T T T T T h T
R/H PROGRAMMED LINE INTERRUPT
T T T T T T T T
R CURRENT LINE
-~ ki T T T T T hi
R MARGIN YALUE
T T T T A T T
u I HORIZONTAL ACTIYE YIDEOD EXTEMSIOH
T A T 1 T T T T
u MORIZONTAL LINE SIZE
T h T h 4 T hd T
u I HOR. BACK PORCH EXTENSION
T T A T b
u 1 YERT. ACTIVE YIDEOD EXTENSION
T T 1 T T T T
u YERT. FROMT PORCH
T T T T T T T
u YERT. BACK PORCH

*¥% R-H

*¥ R
*% L
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= READ-HRITEAEBLE
READARELE
URITEABLE

BYTE
ADDRESS

512~513
514~515
516~517
518~519
S5ge~521
5228~523
S524~585
S26~527
528~529
538~031
532~533

534~535
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pRER

.{’{. e 0

G

Interrupt vector reaister

The intercupt vector reagister
programaed by the dser to
gernerate Lhe intevvupt vector
interrupr condition oocours,

are 316 and S17.  This

Source: atarimuseum.com
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3
€
T
P

A & 1 1

T

WTM WTW
I | OINFD VAL TVE] Tua] Twa] TUED TV 1Tve
[N IS [ N IS DO BSOS

- SN ISR ORI DS

i gl o

L

o i
i

ot wssd.

Fel TVF -1V Intervupt Vecloe
Al ¥ i

e

Frooramaed Line Interruypt reais

The CFRU can be interrupterd i g
Frogrammed Line irmterrupl reqgister. The maxismum
Lhis register deperdcs on the sus of i e Lines
vl aetive video interval and adrg Lines
lardiimg irnterval.  This mumber ds dr Uthe vange of
Gl to 700 lirnes,

iy kvl om
RIRTRINT 3 S
i b

Live

Becsuse of intevlace, the progrs:

on Lhe spec i

seam@d Line drdereopt
Lime in bhe even (ood) flela of G

wiltl ooour
lime

L

i e
s evern- (odo-d rusber

acky sl on the nest Cline pos
) Lime drm bhe odd (even) Tield. This i

reast/uriteshle and dbts sddressss are BLE sno

Rres

¥4 & 7 & ] 4 3 & 1 (i

g LES-LT0

Yime inteser

et sdandfdosnt

‘ gl .
it The

drcharrupt

o irrning
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Current line reoister

Rainbow maintsions & read-only locebtion thaet s
mumber when resd,. The line number counts
A AT iamy even number on even Filelds, odod noeb
ardg continues courting thvouaty bie blanking
resael only when field is about Lo begirm).
provicde 5 E fFlmare w such s 4l Lells
Limes vemairn i bhe blanking Lime. THis

anc its addre s ogre 9ol and H21,

K4 & 7 & bW 4 3 o 4 i

L | | | a I |
POoLe CLa] CLZY CLal CLSD CL4) CL3) CLZ) o1y chid
. | | x

R T T T

g

- 9 ) CLS (L0 Cuyvent,

T GL2

s 0T
Lhwver v

Lines

Marain Value register

fre an adjunct to Lhe incomplets inher
arly location that te
clocks ) was lefl when Lhe previous Lime buffer
This can e used s advence warning of dapsncid
irt rupts, or EBOME ure of b apr 1 (RS
This locstion will be ] follo ]

an irncomplete dnterrupt. This reogis

R ok L S R )
SV E Dl HBINCY Sl e

-

Llas how much time (messurso

sonresse
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Thoe poaminer coula be From 0 Lo
‘:J on

Hovizontal Active video exbtension reoister

PUL UL P

i VL CiED
I other

plm@i
0 b

won e mod
S

! | I !
'{HﬁKétHﬁXﬁ{HﬁY€{HﬁYi

7l MAXF -HaX0 Horizontal sotive video s Lo
. The HAET

-
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Horizontal line size veaister

Laontsl
orntal

L

FIETY

P
N T

thorizontal

LMt e

5
4

& o 4 3 & 1 {1

-~
FEn]
i

| ! l i
HLE] HMLZT HL& HLES HL4

S [ e T D

[ROURRNREPRRN
3 " i
2

G LS~ HL G Moe dzarmt
L HLY
bt
the

T
L
HILO
sod it

Horizontal beaok porch exlension regisher

porch iz bhe nosber
S . Tr irmter GOl
poren sno bhack poroeh o exbtension. The durstion
POTCh 32 oviaen pixel long anag back poron
carn be programaecd From none Lo 31 piwel long.  Tho

i writeshle andg ilts sddresses are D24 anc 525,

froarizontal b
< Lhe norizontbsl

Tz Interval of Horizontal Sqnce in the NTSE TV sustes i
to e a velue eoguivalent to (.070H (W ds the Line Trom
of omne lineg Lo start of mext line
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Mo Descriplicn

7o ot used.

'Fﬁﬁﬂt) Movizontsl basok povon e
RV The HEXES 1
mificeant il andg

S S I S e LN A
sianiticant it

Live

Vartical sotive video extension & Interlsce sele PRCICTE T g

2
t

ive Lir
dc of

v ] oay

frame contains Fided
Vicleo @ z on part. Thie e
ke B MEME stiort & o ldme or
Im other worcds, total horizontzl scarming Lin
Lines to &40 limes,. Bt is always zero.

<

Rainbow Golod will generste interl
vertical resolution on novmal OMT
There dis provision for use in non- ;nlu1 amwd %ﬁ
ig s il dm this register for this purpose, Thi
ia writeastble and Lts addresses are 330 and 531,

|
| | HIMIVAXZ TVAXS | VAEXG VAT TVAXITVAXE VAL T VaXT
P b e Vi L [ DU T RS S {

N
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ooy betdon

¥4 ot use

IH Horer-dnter laced mods
at MNIN i L.
Will aensrate evern

o b

7o) UAKT - UAX(

4, e

always zTero,

FTront poroh regisler

Front poreh
g bmfore bhe Vertiosl The dure
e programaed Trom none Lo &2
iw odrm terms of Frasme not the Fie
woricks s Livis nusber
iy bwo Tor each Tiel

of e

e I ool

5 @ luWaEys an even nupber sno o will e
ifa
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; alue of 3H (M is U L
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nr ”3 oy gre, oo My
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3
R
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md
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Verticsl baock porch reaister

The .
Lime tret e
informestion.  Th
from none Lo 62 s

FoMper i

JU N AT

@t

SBOHAT @

i ation
; Tines
Lways arn ever ramk
3 This register

sl HAE,

gek poreh is the number of the horizo
Lical Suyne anc e
ot i ;

Tomw in
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-
i
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G- MEFO
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10 0.0, CHARACTERTSTICS

Aririent Temperaturs Paramneters: Tﬁm 0ot 70 GOV = SNy w0

trt vase vess svae mass sure sens sere vere aeve tine sass BESS saee sebh ibe bebe eiS were 208 Aebe bals aSES bete ed Sape reet 440 ereF 4ORS ware erer 40%s Aaeh 4490 trre PAPS S0ns Guns R4LS aars WP Sues TESL SSe peas Tabe Aaie eise SMbr Sber BUSE mers seat ners

FSymibol ] Farameter Poddre | P fUnmditl Test Condd,s |
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] UT' I Triput Low Volltage I o~0.5] +0.8 | Vo
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