ENHANCED VI DEO GRAPHI CS CONT ROLLER 2195519 BACKGROUND OF THE | NVENTI ON
1. Field of the Invention: The present invention relates to the generatio
of video color signals fromdigital signals. 2. Prior Art. In the area of/ -

di gi tal gorrput er generated displays, there are many known form of such
di spl ayss” However, all such forns require fRe_conversion of conputer

generated digital signals to apy lLanal conpatible with a p I Cplar,
di spl ayi ng device. A raster sc%ﬁ#ﬂ%ﬁ £ 8 FROLLER i ew ngzirggri} i4
becormre one of a predoni nant fomatKaRolpSH f¥ BUelR@yoUt put of a conputer.

( Wth the energencg of rsonal conputers | busi ness conputers,
several popul ar nodbs Jf"gg?’g‘ﬁ Jne; ggv?'&lfe’t?%‘i gnal conversion have been

accepted as standarglsy Lababse AVeRtish fiiyied) 1l Mid FopefRersw'dl (aaBE! S

t he conposite caol or signal generation as SCri ent

4,278,972. RAbRcsigmlentron digitetneigialay of parallel control signals for
red-green-blue (ROB) di splays. The ROB di spl ays have becone nore popul ar as

their prices bave | iBrdarARt-rore i nportantly, they provide better col or

| uti ' ite f ' . ent Lof it n
opropri ate FOD conbhrbieonrdt T FETPaf Sampliise tedkacty FiRSAL Uhprdire
techni ques fualayf KEIWE LoriB’ 6 ist@hC BLEP1LFRR0! HbwevedNR11NBusd et md réluLre

di spl ays coul d be updated. G ven certain design constraints which are _
i nher ent i n thieccpaveraioh oficcompuiterpgenersdedcdipital sigoals tos anwyddeg size

and processql opPhepitabth vith WaSLERIRY BESHELy AN aBbiS). | WikEkLOTS

o scanned ¢_!1sp1;y employing a viewing screen has become one of a

predominant form of displaying the output of a computer.
¥ith the emergence of personal computers and small business

computers, several popular modes ot digitgl-to-video signal
conversion have been accepted as standards tof use on color display
devices. One such format is the composite color signal generation as
described in U.S. Patent 4,278,972. Another format is the generation
of parallel control signals for red-green-blue (RGB) displays. The
RGB displays have ﬁecOme.nore popular as their prices have declined
and more importantly, they provide better color resolution over
. composite format displays. | )
The advent of RGB monitors and appropriate RGB coanversiom of
digital signlia have led to different techaniques for further
improving color resolution and the speed at which displays could be
updated. Given certain design constraints which are.inherent in the

personal and small business computers, such as memory size and

processor speed, as well as the display raster and pixel limitations,

.
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-2- it is appreciated that, very high resolution graphics is difficult to
achi eve. Therefore, what is needed is as enhanced graphics controller for
uses Wik urrent generation of personal ad small busi ness conputers which
provi des’ &~ arger variety of colors and update the video information at a
fastgr;rate. -Such controllers woul d be used-in <€@nunction with the current
RGB ;nonitors to provi de an enhanced resol ution video display. One.resulting
advant age .of séthism spprectitest thati veryabightisvesclupionigiaphics Asdigtionlt to
novenent of an object across the screen. - 3 - The present invetion
describes a rref'ﬁbt"fﬁ_?d apparatus for converting a digital bit string
representing a col or whdggrsid)nhat O beddi o) 4 dnkldiieal EEEIn(Al Qbntrolrer
control -signal's for a color nmonitor. During |oading nenory cycles, digita
si gnal s represggri digh WitRhowrrenti géNerationade peradns) idiido sialE Bisines®uUr i Ng
di spl ay nmenory cycles, the controller reads graphics information fromthe
menory and coneomputens whichnrovides & \lagger svapiaty ¢frcalprs| snd mpdate the

screen. Colors ai l e f di spla re storedgd n,.the negqory in palettes.
B pal ort o caRpee BiotabElon st ptnsleR BAFECC suip fneFaTRedn Whulid) 6 e
the di splay, aiapesdfunethon Gifth ithe CiIT@BtSRGE noidtoid ko Providé lad efhasced
the palette are the only avail able colors for representation on that

particul ar |in&esolufdoyr yidee fispley rniGngnreqnh tdns adwantegenet sushoscol or

fields, select %0891-8{1%:-“ s "_f’té ability to provide for a more rapid movement of an
-object across the icreen. | | |
N\



‘invention provides for an interrupt schene

‘predet erm ned nunber of consecutive pixels Therefore, all the pixels of ‘a
particul ar scan |i-ne chooses colors froma presel ected col or palette,

wher ei.n each color is.determned by bits arranged into red, green.andbl ues
col~qr fields..This color .sectioning technique. involving pal ettes agngdxcol or
fiekds, allows a variety of colors tQ be chosen froma small nunber of -
controlling bits. The present anenrﬁ%h:also-provides for a color fill
nmode, VSIMMARE QF)|THE INVENFIONf or nmti on need not b -updated if the col or of
t he subsequent color field does not change on the display. -Further, the
present invention teaches a nethod of dithering pixels to provide for color
vari ations whi sk Gree8Ré shivedtios WeddPiBbs S k664 5%€ha Applratdi sFeSENt

: _ _ which ~ “permts updating of the
previ ousonveptingid digitdl bit sbring deprdaseniiag w0CElor W1addisigaall eot he new
vi deo display, the present invention is capable of providing prior art RGB.

and corffsbi gteen And blue REB) polor soatyel slgasim for & geler Mamdgovi Appl e

bue °F o SR oo RREOLy o4Ta, Y g10hs Ol okl kbbbt b hC VO

such enfiToeRItLO a2e Usided 1ate £ Mbmdepar durihg’ 6Eilayonensry ye168) or ed
t ext and background. ‘BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
gr aphi cthecgpateolkleri seads sraphicsdpfoymetionfrom the memory and.
converts it to'appropriuﬁe video_sisnulb_#br_displ:y on the pcroeh(
Colora avgilible for-disblny.are_ltbgeﬁ'ia the memory in o
palettes. Each palette §ont§1né i;prédeteininpd hunbgr of colors. ._\-j
For each line of the display, a specific palette is chosen such that
the colors stored in the jnlette afe the only available colors fot:
ropro.ontation on tb;t purtiéular'line, The graphics 1n:otu§tion,
which is iqctioned into color fields, aeipcts colors for a
predetermined aumber of conaeeutivo_pixels; !5ero£ore. ili the.
pizels of a particular'scuﬁ line chobiéa-¢p;or: from a preselected
_color pu1ette. wherein each color is determined by bitl'arr;nged.into'
red, green ;#d'ﬁlua color fields. This-eolo: sectibninz technique _
1pvolv1ng pantteoland:colpr fields, gilo'q-: iuriofy-ot colors to be
’ chénen from a sn#ll nunbergot'contrdyling-bit-. o
o Tﬁngro-eﬂt_invention also provideas for a color fill mode, </
wboroggfcbibf tioid 1ntormnfion need'not bo'updated if the color of
th§‘iﬁ§§equehffcolbr field does not change on the d;-pigy,-frurther. :
.the pipaent 1iveition teaches a method of dithering pizels to provide
for color varistiohs which'arq not within the pilette selected.

Also, the preseat iavention provides for an interrupt scheme 'hieh :
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of a single frame of the present invention. Figure 2 is a block di agram of
t.he gircuit of the present invention. Figure 3 i a nenory map representing
t he %ﬁfbr the color palettes, pointers and pixels as used in the present

inventten, as well as bit information associated with each byte of the

dat a. _*-»" J Figure 4 is a pict or'l'é'! “representation of a portion of a
scan |ine ojpefmtits RipaKtlf o2 the SPruviddsPitdt whltle dt111t L NEle val@bi N tO
the use of a fill node. Figure 5 illustrates subdivision of colors of a

col or pal et idaspIuy wodei.n dithering col ors of adjacent pixels. Figure 6
shows a bit sequen i ext/b rou reqd r. Riqure 7 shqQws a bit
sequence in:a- bor-.dgﬁ-' 881’%#"%3?5?@{%"“ Q&‘ﬁ%&?&ﬁﬂﬁ%ﬁ’%@ &‘—"T?EP”
PRESENT | NV Lﬁ\l o' Srvi a)V, i 0 o A ﬁﬁq S
for.conve;rti'iy; g;;liltgaf’?gr a-ph?égeiﬁ?tgrrrrgf?on t(lg'h-gi- ﬁeg s?gﬁa-s asagggﬁ)djn a
ROB noni t or whiéh driec we i +¥nuwagte as Gengration BEMRPPLE IIDEORputerdct aThé are
set forth, such as specific nunber of bits, nunber of colors, etc., in -
order to pr@resent, inNentiom notqjesls providesitbdgepriarsant videmt boh. is |t
wi || be obvious,, hoyev 0 i) | i Ny the t ha he .presen

i nvention mﬁpﬁgupr"\ggf ?%%'?Jé”\?\'n‘t Hgﬁfﬂéﬁgggn s‘g-fectlIil i @I‘%’e%"% Fg.&“ I'ﬁ & 35#“"
instances, . gothl edtiadoemsitd) WdS gk soa1eCand GFepailte BUrdees NcoXirs!,Ohhd i N
order not to unneces‘sarLlyi obscure the present invention. The present

i nvention i solgred texy |bagkgremndyart of a



comput er system nore specifically, .a personal conputer or a snall business
conputer, Because the present invention is readily adaptabl.e to nost any
such .conputer system only. the architecture of the’ present invention is v
descrlped However, it is appreciated that those skilted in the art

readiTVy practice the invention with knowsedge of prior art conputer

systems. Referring to Figure 1, a bus activity cycle of a.single video

~ frame 10 BRIEF DESCRIPTIONQF THEADRAWINGS ne of frame 10 is 65 video nenory
cycles long, having a duration of 63.5 m croseconds. There are actually 130
menory cycles in.63.5 nlcroseconds Hal f or 65 of these are reserved for

m Cr Opr ocessor agggsd 40 rlphighﬁﬁﬁ‘ehﬁﬁt@ﬁ&rﬁffﬂdﬂ Whdky (egelep) and

refresh as illustrated |n Fi.gure 1. The m croprocessor eo cycles are
interl eavegl aS8ihgbé frame /of 'tho pPeSEHts Iawentidmis al ternate with video
cycles. The 65 video nenory cycles are separated |ato three groupi ngs.

Forty cycles are used for display painting 11, at whi ch time the stored
video is di'splay Sa % r t tion of
t he di spl ay, sucﬁgm&g?ﬁ'gg %ﬁgogfﬁ% %%k?ﬁ‘] °1QHH€S§5* @sakﬁ% t he
remai ni NoyRientYehes for other use. Five cycles are used for '
random onl y-menory (RAM refresh-12, and ni-ne cycles are used to | oad col or
palettes, leaving 11 nmenry cycles for use in other nenory oper ati ons The

vertical ' mapp NOgR UGS P43 2Galmerl HES roliShBhIL ATV’ b e B iy

painting 11, and nesS are res Ses urlng Vert
ol anki 19. pd mrtswfomrt%shon&a PieEB dé rn%eaeuoa.% P8Redt'AnVRHR SN, hs.
well as bit information associated with each byte of the data. o /

Figure 4 is a piétoriul_reptesentation of a portioh of a scan
1ine of a display and also showing piiélland.bit strings relating to
the use of a £il1l mode.

?1gure 5 1l1lustrates subdivision of colors of a color palette
tor use 1n ditherinz colors of adjacent pixels. -
Figure 6 shows a bit sequéice in a text/background register.

o - _ - ~ : L
- .Migure 7 shows a bit sequence in a border color register. -/



ot her "than for display painting 11, RAMrefresh 12 'or palette | oading 14.
Al t houghtt he preforred enmbodi ment has speci fl o nunber of. scan |ines and
nénnr$\cycles for a partlcular function, such nunbers are stritly
arbltraiy, and normal |y déterm ned by a designer in-configuring a desired
system Tt is appreciated that these featurfs can be changed without
departing fromthe spirit and scope of th& ?fvention. Referring to Figure
2, a basic block diagram of. the :preferred -enbodi ment .i-s shown.. A RAM 20,

‘including a DETATEED 5ESCRIDHTON OFOTHE TRESEN® LWWENTROR 22. RAM 20 incl udes a
palr of [err] nenory divided rnto tw 8-bIt Togrcal sections 23 and 24.
Data bus 22 is a 16-blt bus prOV|d|ng an even 8-bit byte and an odd 8-bit

hyer onl Chemory. 92 e FrBubat Taenstls IRBPSE o AEHRRL R YoRbAtudgbF e
Aux (for aumdnbafvﬁngamgpfwuiﬁﬂnia fﬁbﬁﬁ@% %' ¥ideo sTRMRTH i wBdd' 6w SEC
by a RAO-7 address |1 he 25 line 26 and I'i ne 27. Data bus 22 forns

a 16-bit wi REBpmokt tord dﬁnltu; dnblolthiodunettnmﬂunglinndﬂﬁui SpeciticAdétitle
are read twi ce using page od CAB. hese two reads of a 16-bit w de nenory

provi de 32- l!l“Fs'bEr orthe r guch, ascspeqifilico gumhen; jof o biteir é%‘!'éal'l:ﬁyf ma!dr ess
“MUX  30. 30 s éﬁ?} t
signals prOV| 3e(‘.l %Eﬁwldﬁgst éagd{e%%t koﬁghﬂl@lggﬁ)ﬁiu ar Rﬁ@?l S Sh

vari ety of rimveayiciavi deswiHN becobetuls,Dhbwevsss, 23 ome wkinied imw ﬂuenim

vi deo node pipeline 31. Pipeline 31 ineludes a plurality of latches, nuxes,
sequencers Zhatsthe mregest rinyension mayg beoprastdced: wlthausuthese sPegAgie ons

for . details. In other instances, well~-known methods and structures bave
\b/ ‘=iot_ﬁeen'aet forth in order not to unnecessarily obscure fhé_pnelent
B invention. | '

The present 1nvention 13 currently retlized as pnrt of a
“cohpnter systen, more apecifically, 1 persongl computer or a small

business computer. Because the present invention 1s readily

tdupiuble fo most any such qomputer system, only the srchitec;ure of
the present 1nvenfidn is described; " However, it is uﬁpreciated that
those skilled in the art may readily practice the invention with
knovledge of prior art computer systems.
” Referring to rigure 1, & bus activity cycle of * single video
I\, ~ frame 10 is illustrated as a map. A line of frame 10 is 65 video
-; nenory cycles long. huving a duration of 63.5 microseconds. There are
uctually 130 nenory ‘eycles in 63.5 microseconds. nalt or 85 of these
'are roserved for nicroprocessor access to memory._ The other 65 are
:tor display (video) and refresh as 1llustrated in ‘Mgure 1. The

nicroprocessor and video cycles are intgrleuved so that



converting data on lines 22 to a 12-bit data on line 28 and a 4-bit address
on line 29. The paraliel 12-bits of data on-lines 28 are for wrltlng

digital RG signal 'information into 'RAM 19. which in the preferred a/
errbocT\rrent is a 16x12 RAM The si xteen addresses of ‘RAM 19 are sel ectgd by
the "4 bits on address line 29. A paral lel 12-bit output from RAM 19 is

coupl ed to 24-bit |atches 18 and the output of |atches 18 is coupl ed
t hr ough mnmvmwem mnstecatm ¥ideo toyellesi t al - t 0- anal og

converters (DACs I signal 0 rted to._an.anal og RGB
“video signal. F%ﬁ?her IPE% anar ¥é ?gﬁomé% aof‘ﬁr‘bﬂ'ﬂﬁ ®3 conposite
NTBC si gngrouptages C Mortjbeycles dea el 2R ciiﬁﬁ,ﬁﬁﬁﬁfﬁﬂh' S.@%%ﬁd to a
m croprocessor..or. other control. lines 41 and a video sync-line 42 is.

“coupl ed ttine, khe| stared-videp iaidispluyad,oBuch (s 08 asviswingceersemt {0 Sync
Circuit Agypgh ”Qﬁé’ﬂﬁnﬂoﬁﬁﬂ ' Pt gﬂﬁf?ﬁ&% ;ﬁoﬁiﬁg\ﬁ ﬁﬁgzwéa,

synchr oni zatlon signal s"to mal ntain prope .
circuits,blaskingcrihe dusstwrallotted ithe rematwing 25ucycles FoPCotlierc wsh. 43

initiali Lﬁef vi dep counter 40, as well as provides disp Iaéesync on line 47..
Vi deo coliVer cyoles are;used @'cb’ﬁ“"‘b‘f“é!&'ﬂﬂt BAMY zafreshni3pmpdcycl es

i | lustrat 1 bI \M addr
sonos ot oibhe’ CrSieH'sie’ mand 447 Bok8 (e, BrGk G T8RFSe TiLmaRoRy yotee
di spl ay. #4#Xusé L uther AeWsS Dperi tichu. OThé vertical . » 15 _alovi 202

coupl ed to address decodi ng and soft switchés circuit 4 rcuit 46 is
coupl ed tReagiines,s whereip ?%M‘t%'ﬂ fori dtspiny peiating 116 and. £2:0

coupl ed 1R Ru0khd'eutived 06l Yilled ks TuFtid Wrelodf bIRLTRL P O 32

norotoro. nctonc 13 na.p ttm periods vhon the u-ory -is available
other than for dilplay punt:lng 11, m ntruh 12 or pcl.otto loading

14. Althouch the proterred embodiment has. -pocitie number of scan.
‘1ines and memory cycles for a particulsr tunctlon. -such nulborl are
-trietly arbitrary, and nornully detorninod by 8 doﬂignor in
conttcuring & desired :ylten.._lt.ic tpprociated that thqle features
can be éhanged without departing 2ron;the spirit and lcopo;qt.t§c
invention. , f S .
Rotorrinc to Pigure 2, a hslic block dtugrsl o! thc
. preferred onbodinont is shown. A RAN 20, including & buffer 31 1s |
-ho'n eonpled to & data bus 22. RAM 20 includes a pair of 84Kx8 : &.j
BERory:. dividod into two 8-bit logical loctton- 33 and 34. Dtta bus
23 tl a lc-bit buu providing an even !-bit byto lld an odd 8~b1t byte_-
which provide a lc-bit word. Although t'o 64!:! -anory provido tho
physical memory, sections 23 and 24 uro ltrictly logica1 and ter-s

Main and Aux (tor uuxuury) are provi.dod :tor rctoronco only.



Current video node pipeline 38 is conprised of |atches, -multipl.exers and:
shifting circuits to accept- a.RGB 8421 signal and generating a 4-bit

addr es .Signal to access-one of sixteen 12-bit color signals stored in ROV
44, ROM 44 of the preferred enbodiment is a 16z12 ROM wherein the out put
S coup¥ed to latches 18 and then to MJX 17 gtor output to DACs 35. It is

appreci ated that ot Ngjy RYTRYadiEehbed: ucmg-;, Galids ide OB, UREH 11Bp 42C

of ROM 44. A tim ng generator state nmachine accepts a system cl oc
signal and gesmd CASSItwmc @75 arDathi bus 32 ifgrms = 16+bith ewide GathCand Wvring one
Ti m ng generator 37 al socgenerat es Slsz and a 7MHz S|gnal which is

coupl ed to. VYAdes, memquy, c¥g %el'é'&?s 3 pd7AnE 24 pre repd Fwiqe pgins Mo‘?&ﬂje

i s desired angagel efbse ttb,s Folds srweia-wemmvui&%o POFfad 820664 pdr The
out put of MJUX 39 clocks latches 78 and MJX 17 to generate elther a /VHz or.

a 8VHz di gi t amema® sn;;tﬁl wm-mlﬂnddmmdup! RAMgaddrasscWUX 38 aMUEpt s
a scanline in r ' t L nt t t

fo the Syst enomashates MASRE Firel YaeRr RSty Bufask fad Yo ChB oful1E" 5
i's coupl ed i&t"dhﬂ od Gddes 02804 ﬂ'p aﬂ@ti&hihhﬁ ﬁﬁiﬁﬂlﬁ“‘iﬂ%b‘%o

transfer |nformat|on bet ween the m croprocessor ‘and the cl ock chip and |s
not essenti al varieatycof mrnrﬂmcpnecm deoussd.cuit. In Figure 2, the

rectangul ar area encbgfi(h?y r‘&egég ¢8"P p“@%e 'g%ii’t.aex\p $) are

i ncor pOI’ ated on a sing ITcurt c present-

i nvention nay phgeitws! m%cddw .vgtuantfyoamgtenﬁ J WuRes, ci-qhbeca-eiaar ed
enbodinment is to Integrate corrpl ex video circuits into a sin

senj conduct or SBHEYIRE eipquits, havingsvarious datise Fapipnlaion cﬂl‘?“&&%&:e@’and
cireurts couverting data on lizes 32 to s 13-bit dats on line 38 and a 4-bit

address on lino'zs. The ‘parallel 12-bits of data on lines 38 are for
writing digltsl RGB signal 1ntornutton into nan 19, which in the _
protorred enbodinont is & 16x12 RAI The liztoen addresses of RAM 19
| are -elected by the 4 bitc on address line 29. 4 partllel 12-bit
output from RAM 19 is coupled to 24-bit latches 18 and the output of
latches 18'15'cbupied'fhroush'lux 17 to prdv;do's 12-bit RGB sigoal .
to digital-to-analog converters (DACs) 35. The dig;talfndnllignil'il
éonierted to an sﬁulog RGB video signal. Further, the analog RGB 1is
_ conbined to provtdo a conposito NTSC. -1::;1 by circult sé.
S . A video countor ctato nlchtno 40 is coupled to .
licroprocc--or ar othor control’ 1130. 41 and a video sync. line 42 is
couplod to sync locic circuit 43. Control line 41 is also coupled to

lync c:l.rcntt 43. Lines 41 and 42 provido the neCesaATY control and
tynchronintton sigoals to maintain ‘proper timing betnen the vidoo

circuits, the lleroproconor and other system circntto. Syac circutt



ca be used to practice the present invention w thout departing fromthe

- scope of the invention.' The present invention is capable of. functioning_in
sever.al col or graphics processing environnments, two of which are well -krTqu
to the generation of popul ar personal computers known:as Apple II. The —
first nmethod utilizes an NTSC col or ('CI?roma) conposite video signal as

descri bed8i mit18l 15w ollae&lccouétﬂi&ﬂa?h w81l 88 o vides Midplay tdyaeeh | - known

anal og RSB een blgﬁ eo. _However, both of these types of video
si gnal s %‘gf%ne ‘Fhé p%‘?"él"l‘@? the gount;iqf; pach REathe Hvideo| ine
32. Ther Ghiicy opb1de ﬁie.em% Fgibe 11° Yafiad UouRtht sdogggko }w: 32

whi ch provi e ‘necessary |g| ta Vi mat 1 on. erred
enbodi MeRIM ssldsess gamerator U5, hedntiiodat BAM Rd#ress MOX, ampuahaoarmﬂr of
bits nmay be chaéged WlthOUt departing fromthe - . scope of the

i nvent i otherie

speci al col or siggado lead Ngﬁﬁia&@.ﬁfi&io*ﬁd%scu had-7] vhidnSie AR
application, entitled ' Appar at us for Geher at | ng- RG Col or

Si gnal s ﬁmﬁeﬁotpcﬁdruﬁ dpcoding mmgmuwmﬁmmﬂcﬂmuzu filed

ovenci ok Sonted o6 ARKE bue, a3 TerA0kut Ce BipAREed 3EE, uspble IEIST, o
vi deo modtwlda bme t%ﬁsévﬂ-gubet&1 Iheméuoubr RCBu$fedt GAlded wddwal

functions to address the ROM 44 whi ch stores sixteen predeterm ned 12- b|t
signal s PPeldpg 38« ches 38 for output on line 32. If text is selected for

i splay. the | Cliridieoulild dbabOps e SOTs biiiebd GPTRLERGH), DY 2

character generator (not -
' mlttploxerl and shifting circuttc to nccept s RGB 0431 n;ul snd d

nunttng s 4-bit address l:lgnl. to ;ccen one of auteen lz-bit
color signals -tored :I.n BOII 44. BOll 44 of tl:e preterrod e-bodiunt

1- a 10:12 ROM, wherein the ontnut is couplod to luteho- 18 and thcn
to NUX 17 tor output - to DACs 35. It 18 approcntod that other memory

devicon. -uch as & RAM, can be used in place of ROM 44.

A tiuing genorator state nschtuo 37 acceptl & system clock
signal snd generates necessary tining lignull tor the video oircuits.
ttning generutor 87 also generute- 1 alus.nnd a 1lna .1gnsl 'htch is
coupled to. MUX 39. MUX 39 colect- tho 1uuz lignnl 'hen curront video

'.nodo is de-tred and lolects the auuz signal 'hen new vldoo mode is -

dniz_'eq..._- The output of NUX. 39 clocks latches 78 and _Illlx 17 to - A

generate either a 7MHs or a BMHz digital RGB sigoal to DACs 35.
" An interrupt logic circuit 48 accepts s scanline interrupt
request and generates appropriate interrupt requests to the systea.

Further, s real time clock chip ut_er:uca'_lo_‘ic__ circuit 49 is coupled.

18P1&YRRENTLY USED VI DEO MODES A et hod of generating a

'



[}

stored i.n*RAM 20. During.display node, the text data are inputted to

pkpel 38'and processed to gonerate a 4-bit ROM address signal to ROM 44.
| £ gra hlcs is desired, then graphics information is stored in RAM 20 and
then inputted into plpeliﬁe 38 using well-known circuits not-shown in.
Figure 2. Pipeline 38 is conprised of mell-ﬁ own prior art circuits which

8ﬁf2“§¥‘fh5053%3?é V58, padit emm%ooiiumdmb oA %eismsf' #1
R rri
20 i s SR8ML°.E.9;#%-E‘*§°% s b SLRRESI U phT U 1080 BB hRY 44 o0

nost signi fi esdéntidls toltke|tusbtidie o20ktRe ﬁfdéoheii@@t.and four | east-
significant bits 52 select the background color. The 8-bits. of register 50

are coupled to addre%%!%%h%g%c?%\lﬂs%! ares; ?MQ'%G viHaeclf.the
i nf or mati on | 41"? O%H%Eitp'ﬁglchn :’81“"538?'5{ b‘tﬁ ects--one |

of 16 colors. |n ackgroun one o rs I'n 44 for

text. Once Iateghetedcegipést oRipccItBbufs THeapgesent. |1ﬁ$6n£ll6ﬂ° ®agnbecol ors
are needed for background or text. On reset, the default is to white text

on a - 124splementiedc ko Tanigus Fegnms,i ngettnﬁnngupésth@ preferred, embodiment

I t f ts 5 f b 5

cohects ooy o Bistattn YopB1RF ilent 81 B0 sFES n Wpthy il cpRe BN S
accepts bits cﬁ@g@”‘hﬁ&ﬂeiatﬁs ﬁp&ﬁ%gvlﬁtted%ﬂtr Qhrﬁoﬁ‘%ﬁi&& waebw@uﬁ& to
sel ect one of 16 colors stored in reset the default.is to.

bl ack. The r esaibe nupefdo o M&tiﬁ the moen't/elmvfaoticryﬁﬂmut (ltdpwuu c!round

4

\_/ the scope nf the invention. _
‘The present 1nvent1on 1s capable ot !unctioning 1n oevorol
" color graphics processing environments. two of 'hich aro well-known
to the generation of populur personal computers knovn ss Applo 11.
The first method utilizes an NTSC color (chroma) conposite video
signal as descrided in n.s. Pltent No. 4,278,972. The second method
is the 'ellokoowo snolog'gca (red;gréen-blue)-videof However, both'
_ of these types of video signals are generoted from the parallel
. 12-bit digital RGB signal on line 32. Therefore, it 1s the
| generation of tho.dizitsl BGB signal on line 382 ihioh provides the
necoootrj'digitol video informstion.' The preterrod'ombodinent uses &
\*’ -psrullol 12-b1t digital RGB oignul, but the number of bits may ‘be
_ ehongod '1thout dep;rting from tho | scope of tho 1ovontion.

PROCESSING OP CURRENTLY USED VIDEO MODES

& netbod of generating [ special color signal known as RGB

8421 is described in & U.S. patent tpplication. entitled “"Method and



~ar'e not essential to the color functions. Video counter 40 and RAM address
generator 45 through-MJX 30 and circuit 46 maint.ain accurate count of
" lines' and pi xels. Counter 40 counts each video cycle to maintain, plxel‘i/
_ hqgé_and RAN addr ess gener at or 45|qﬂrnaJns line codnt.for each |ine of
t he™di

splay. Therefore, the present Thnvention is capable of enhancing
exi sti ng}”&!‘%ﬁ“mswwe& RGRj Colar cBignadmofron fomppeite Digital

backgro as prqvi di t t he di Yy _SCree
roLsaviie i giRit, esind pilfdh JaB0RE0, AaRg HEtotsis ' THE Ly n@ﬂu of
RAM 20 qf ﬁ n%dztgschﬁ“migﬁemw&& selfE ivedtions RN EGEr

di spl ay bu I'n the new vi deo node oftﬁmapresent I nvent1 on. ry 63
is divi deddllmlb 84i1 enimgnteteo\ﬁﬂeathotheatcarnenhrﬂfdebyMe (p‘ipealne 3s

segment s 60- 62 need not be conti Further, the-term"color field" is
used t 08cttgunge3s ey &-biti F@%&b@?“!ﬁ sigae} fungtions | o) address |, oy

bit Striggg ﬁ1 Q4! enteh -tﬁbﬂ'fzxddln?’?ﬂ edAFmit BEd 1 70 t 38 gl b0 af‘f-P'S for
a given .scan line. . For exanple ere are 320 pixels Th a sca | ne of
a displ a;teudnemaeﬂeh autipat 6nelihew|3|2l. control the color of one pi xel . -
13 - However, if there'are 640 pixels per scan line -of dlsplaﬁerthen each

color field wi i E8FE i@ selectes Lor disniag, the Yﬂ"e&éﬁ°§!&ﬁ?qﬁ The
opt i on gieﬁeﬁi%' WHich Q.'evggnw gf.péﬁa%%taﬁf.i&g Qeof ! Ql& sk g ned

y the display system use | ette segnen stor urallty of
color petaiedain RAM’ 20. During diepley mode, the text data ere inputted to

/

pipeline 38 end processed to generete 2 4-bit nou nddreee signal to .
ROM 4. It grephicn ie desired, then grnphicn intornetion is etored \_j
.'in RAI 20 and then inputted into pipeline 38 ueing well-known ' '
cireuite not shown in Pigure 2. Pipeline 38 ie comprised of _
well-known prior art circuits whieh converts RGB 8421 video eignnle
to a pnrellel 4-bit eignel tor eelecting ‘one ot the colors in ROM 44.

ENHANCING OP CURRENTLY USED VIDEO IODBS

Reterring to Figuree 2 and 6 e text/beckground regieter 50

located in RAI 20 ie shown in Pigure 6. Regieter 50 is an 8-bit
 register where the !our moet eigniticent bite 51 select the color of

the text and iour leeet eigniricent bits 53 eelect the beekground

'color.- The B-bite of register 50 ere coupled to address decoding end Sy
eo!t ewitch eircuit 48, vherein the informntion is peened to control ~/
pipeline 38. Bech four bite eelecte one of 16 colors in ROM 44 for
beckground end one of 16 colore in ROI 44 ior text. Once set the
.regieter 50 need not be ehnnged unleee difterent colors are needed '

. for. beckground or te:t._ On reeet, the defeult is to white text on a



»

whi ch provide the color information Each "color" is a bit string, when
chveM,ed to the digital RG format, generates a specific color on the
di¥spl ay. Segnment 60 of the preferred enbodi nent is capable of storing 256
dlffere® col ors organi-zed into 16 pal ettes, wherein each pal ette contains
16 colors. (ne color palette, or one set 18f 16 col or words, is |loaded into
t he RAM 19 dm*‘ﬂgbﬁﬁ!‘m"zont al- bl anki ng t| ne for each scan line. Each

color is repre_sentﬁg8 WO{ j stor e nent' 60, The col or word 65
of the preferred e g?‘r'f'&” "&'P’Gﬂd t?gR‘e Toke %rﬁ?“&nl% sigpifigant bits;
significant ggige i f)&rﬁfr R¥i6r %ﬁ%&@'éb Pa&cho nﬁﬂ”&ﬁtcbeg Tmtor to

significant four bits of byte 67 contain mat I.on east

si gni fi cant bewsedi ts lirdeyt théedgest of rtlﬁ aoipny.nf Cir@iito 46 c&'&&wﬂtc
significant. %g bits of byte 66 gre reservid for- systemuse and are no

used for col BY &N EPRSTRES APPTORTARES fontrol aiganls; topipeling 38 g t""‘“
String Stor eghd beC 2B Yo1OFaChESr e 1HCROM 6. Aoﬂarﬂettethé d qed. gb"wmwﬁ

pal ette | oad cycles of the video nenory cycles I'n the pr erre
enbodi nent, Tharepaisingafoupchitac S8sare rasecved for spstéh cToekdcdhtziojnand
so that 4096 colors can be_Chose as_the outi)ut on lines 32. The sixteen

col ors of a %78 @pt esgentinl o the.color, Synctiopsan 19 on |ines 28. Segrrent
61 is designated asyifig, RGuRtES FREE A AdakSnd %%leg.m t‘% Qﬂt&ﬁﬁf _
es. -14-" Each pol nt er

information at anytiime usling processor Menory cyc

i s conpri'sedasd cafediti4s poimtadn Rpccraie coﬁegmuiﬁaiiﬁd Padels i (Coudter
8-blt byte 70 for each line of the display. Therefore, the preferred
enbodi ment H4Q couats Aachovideo cycle to maintain pixel count and RAII address

— " generator 45 nclntalns line count tor ecch linc ot the dlcplcy.
Therefore, the preaent 1nventlon is ccpcblc of enhancing _
existing color modes by selecting sixteen colors tor thc text and
" background, as well as providing & color to border the display
screen. ' -
PROCESSING OF NE' VIDEO IODBS

Referrlng to Pigures 2 and 3 1 portlon of RAM 20 of FPigure 2
13 shown as memory 63. lenory 63 is enployed as a display buffer in
" the new video mode of the present 1nventlon. ichory 63 15 divided .
. into three segments 60-62 to retaln threo typec of data. 'chmcnt-
Yo o 60—62 need not be contiguous.

_ Further, the term "color tleld“ 1s used to. dcccrlbc S
predctornincd nunbcr ot pixels controlled by each four bit trlng of
byte 71. 81nply. in 320 mode thero cro 320 color fields tor a given
scan line. For cxcmplc. it there are 320 plxol- in a scan line of a -

display, _then each color t:leld wlll control tho color of one pizel.



al though the nunber can vary depending on a particular system For each
scan |line of the displ'ay, the | east significant four bits select one of :he
16 colo®r palettes in segnment 60. Bit ‘5 of byte 70 is used to set the fi'N¢
nmode,~vherein a value of one for this bit position set’s the fill node. 14t
.6 of byte 70-is used to set the interr~um -status and bit-7 of byte 70 is.
used to g& Pi ' b 1ine’ Vﬁ(lpf] St M Usage.
The func?f‘o-en;s.l}gf- f)@s”gogg‘ aﬁ'?ié?f%y@g ?82.\9\/ihiob§§§iescrl bgg'l-ater . Pixel
segnent ' éikhcolerriela3willlicontrol htweiconsecutiivenpizels iof sadh iscump f or mat .
Pi xel information for a conplete frane -of a.-display is | oaded into segnent

62. Theldfi®aphTea ontien et i%‘Pﬁ*%%M%F°BZ‘@‘§F 9¥e21‘-!!¥'a?85r&‘8&!’t ive byte
format tg QoY dfetarRithed™y fthe 'ai&%ﬂ;eﬂhw%ﬂhip' ay. Byte 71

iI'lustrates the arrangenent of graphiCcs Tnfornmation as stored in segnent
62.. Byte 71 i sCelunwpalattd Gegndnt 60\utorsf(a miaralitylcwt collor lpslettes bhyte
70 of pointer segnent 61 is set -to zero. 1n 320 node, byte 71 is separated
i nt ot wo"hieli previie- the colordaformafion; Eachk Jeplert dem bit stringie used
to sel ect,_ one of 16 col ors from a predeternined -pal ette which has been

| oaded i¥heD BpRTerFef fo the #F%?’?’c&"gr formaty SPReratas & gpeeificc galorour

bits arcod/t88 dfkpIAySC! séfifent’ 6050€f U@ préférPea Snbidihent! €4 GagaBie! bF
second color field. ~The next adjacent .pyte (not shown) to byte 71 in the

| i near | ystomipgd25s dilt ferente €168 Smigantised dlnto 16f paYetites) $srdihcesent two
sets of cc’ii&gr fields fromthe .gal.et't-'*e | oaded i n RAM 19. - 15 - The

sel ect i Fte cantatan 13,00ARF e Qe caler Amlgtte; A one set of 16

color words, is loaded into the RAM 19 during the horizontal blanking |
time for gach.écun line. Each color is fepresented as a word 65 W
stored in segment 60. The'colbr'word:éslo:fthc-pieteired'enbodinont
bas an odd byte 66 and an even byte 67. Least significant four bits
of byte 67 contain thé ﬁ.caior 1n£5rmati6ﬂ, most significant four
. bits of byfe 87 éoﬁtgin_ﬁ'color information and lesst significant
four bits Qtlbyféféé“copfdin hjeolof-ihféfﬁiiion. The most . '
: significsnt“tour bits df_byte Gsiire'réséivéd for system use and are
-not;uéed tdr_éolpf;détpfmiﬁdtibh.' Théré!org;ﬂeuch color word is a
lz-b;t.-tring stor§q in_éolor psléfte'ségmentfeb; R | |
A paletfé 1s loaded during. the palette load cycles of the
video;nﬁhqu.cyqlag,'ln the preferred embodiment, four bits have been C
chose@ﬁﬁgtlggcﬁ:oz th ﬁ. G and B'signgié'so that 4096 colors can be ~
'*éholéﬁj;agﬁpgzoufpnt om_iinei 32; 'The'siitoei'célof- of a'particulu:
"pllette,urp.1onde§ 1ntO-R§i”19.6n'11n65 28;" ) B
| .Snggpt Gj-ia d§§ignaf6d as the pointer segment and 1s loaded

with 'potntér information i.t anytime usin'g"broeéssb'r_nemry qycles.



continues an address line 29 until the end of the scan line at which tine
t he NQ§,3O and circuit 46 select the next pointer byte within segnent 61,
which'Tn+turn sel ects one _of 16 avai |l abl e col or palettes frompalette
segnenL “B0 and | oads it-into RAN 19 for use in the following scan line. .
Data i n~renory. 63 i s .changed or updated qgégqytlne by the processor using.

| - Rdef 14
Funct ) on of S he PP Torr Acootm e 06 300 §-n1Y jRiReds, bybel 18! Spenet of 18

di spl ay’ 75 kiaded wittolanc8+bit/ byswi TQ) nrdescmmmdozotu disppey. a backgr ound
76 having a designated color X. "A'given scan line 78 which transcends from

col or X to Thergfore -arﬂ%@%ﬂ#ﬂﬂ!‘&ékﬂ'&%ﬁ bag 200, pointer hytes nid,

OPorali on: FASRRL 4P plltbls S4a"Vity WopRaBlAg Wb hOPaSATNINP! Satantl “rgP
read and thqahcs6dn QAne’ ofléte QLaPpIdyS ThE mmmeﬁﬁufnﬁcew&r bitkbeidet

for each pixel, a color field information nmust be read fromnmenory and its
respecti ve onsl of thes 16hcolan psdetitesdnc segment @9.c 0Bk & of| bytaiJ0 48 used

tilized b etting bit.5 of byte 70 of Figure 3 to_one, co]or" f
o ot ol 8ebrfiip Fsbachsdn. FhEretn M mabis ik, ope 18 %a bt poxizien,

field stri tHﬁZﬁqll ﬁout'ue Buk! 6 P Byies ‘Ib'ﬂﬂxi@{!f ' gggﬁt%%rgﬁso

Her e, color selecte transition point 81
fields do rantuhangb biite7cat dytenTOrimused, to et therpisel modeceditos efich

col or - fleld to_access the | ette as tho col or i s bei
ot oduced BYEPZP b ReeRrd, 10| BYean.4a6e; o TheoRuaskions oF Bite B § and

change is dptogc% bu, 91??'“‘%93&1&&! %thrrepeat the 4-bit address
—

. Pixel segnent 62 of memory 63 contains the pixel 1n£orlation
..1n . bit map formut. Pixel 1n£ornntion tor a conplote frame of a
ditplgy 1slloadod:1oto segment Qz. tho graphios information in -
~ segment 62 is stored in a-conseoutive h&telfornot“to provide a bit
map for a frame of the display. .Byté'71 11lustrates the arrangement
ot ¢raph1cs 1n£ornntion as stored in segment 62. Byte 71 is -hovn in
| 320 mode. lhen 320 mode 1s desired. bit 7 of byte 70 of potntor
~ segment 61 is set to zero. In 320 node, byte 71 is -oporstod 1nto
two 4-bit segnentn. A nost significnnt four bits of bwte 71 are used
,to -oloct one of 16 colors from a predetornined pnlotto which has
— been loaded into uu 19 for the first color field. The least
- signiticant !our bits are used to select one ot 16 colors from the
| same paletto 1or the second color tiold.  The next adjacent byte (not
shown) to byte 71 in tho line;rly mapped pixol segnont 62 selects

color 1ntormation for the next two sets of color tiold- from the

polotto louded in BAH 19.



to A 19. This repetition of RAM 19 address is performed until another
color is detected at'transition point 82. After the new color Y read from.
the palette in RAM 19, subsequent color fields will be filledin until
ano{her transition is detected at transition poi nt 83. The color fill node
r edtreés menmory cycles to display a color, because RAM 19 address need not
be rewitten unless-the color changes- 1'-’Pr'pel ine 31 need not wite a new

address on | i nesmd sebééticn ansutcmrprmhW198£oﬁmle83eewrneha the
preferred enbodi nent, the fill.nbde i's sel ected when bit 5,0f byte 70 of

Fi gure 3 coptizues ononédreq!b\léner% |m$ﬂbathaafendon$>athmgcpnel/lmatcrhmh wor ds
referred enbodi-nent perforns.the fill

fﬁ \(/j\ﬁteﬁr %r&ﬁ gugr Bé IB;'?’et EA} 3EE°%'EtthPo“§€$ Jointer ‘b’i’e“Fh&! ead of
meki ng a g g.gundlat agfwfzt..atapl cu.xf.hekdo&.f ;\h' f)g.ut.}iagw for %1&#9&" y

needs to r the "va Zeéro I n the:co such as a
mul ti pl exeon(pakettieossgnentc B0 dmd aoedhott fmﬂlodluw 12 forvhee ih thbue of a
color field of’(&qzte 71 i's nop-zero. * Wien the value is a zero, the

mul ti pl e XOR1OWARH Scan ling., Data mepory (4% g ehanged OF cupdated; at

I f |1
eV o1 nkr 4B RS iolellnoPSGrliRCpCaLEY SOEREe' Sl OHALRE L 112 7

node. Refpe-aeomrt.o Figure 5, a pixel byte 90 in 640 node is shown. Pixel
byte 90 is equivalent to byi’e 71 excegt t hat bgte 90 is operating in the

640 node. A palRefPEFiRE tonFigvres; 2,808 foks fuactighiiofi she fiklymode, 1s
oot sikpkiigdS! °Lg M RipousHIIED oheif] aRAG I8 Byt pn3 s
cont ai ns objesx SI?ChEvind Ii Bbﬁi@lﬂ&ed color Y upon L background 76 having a \J
_ 'deelguted color x. A g:l.ven eca.n l:l.ne 78 vhich trnnecends tron color o
X to color Y cnd ngn:l.n back to color x 18 ehovn. " in normal
operation, a color 1netruction met be provided for ea.ch color tleld '
as shown :I.n color :I.':I.eld etring 79. In etring 79 each color field
must be rea.d and then ench color nust be ncceeeed by the color
fields. That is, tor each pixel, [ 1 color fleld ln!orutlon must be
read zrom memory ‘and :lts respectlve color must be ncceeeed.
However. rhen color ﬁll mode :I.s utlllzed by eettins blt 5-of
byte 70 ot Figure 3 to one, color r:l.eld 1n£ormt1on is only needed nt
' transition polnte 81. 82 a.nd 83. A color :lleld string utillzed in Sy
the tlll mode is illustrated 1n field etrlng 80. nere. color X is \/
o oelected nt trane:lt:lon point 81. | It enbeequent color ﬁelde do not
chnnce the color 1n:lormntion. then there 13 no need for each color~
field " to. ccceee the palette as though a new color 1- belng ' _
introduced. Therefore, when color ﬁelde nre ree.d cnd no color ﬁeld

change 1is detected by plpel:l.ne 31, it '111 repect the 4-b:|.t nddreee



-17- .ypode, each byte 90.contains information for four cblor fields, as
conpared to two color fields.for byte 71 in the 320 node. - In the 320 node,
fsour BYts Wwere allocated per ‘color field al | owi ng each color field to

sel ect. ghe of 16 colors froma color palette. However, in the 640 node,
only tWb bits are allocated to each color fleld allomnng each color field
to sel ect fromone of four colors. There2f8r®, when in the 640 node, bits 2

and 3 of bykg Rby ¥e Sthad Gepet LERSd 2! b S AT e Yopterdd uitspegTeNt

91. Bits 0 an sel ect colors 4-7 for the second color field, bits 7 and
8 select frQunemdP©co18rBid WetbBed Mt' drambiviohi pbfat B3] bAt€ert thadnéw sel ect

fromcolors CGF for the fourth color field. The advantage of the 640 color

pal et 1ae Lrapapohgr rﬂl)d-o I'sl%imm@cth? anrlgtte in RAM 19, syheeguent clorafield '
f
O Treront oouotcoe FLysacts saehy, apens. Hibhsiabt ool dissy %‘?’e'f‘ﬁr"g“?ﬂw%‘m

col or s pepgehy 8h.Dinb eo16rewel1 ki veaaded Mmprp iysles ©6 dsupluyospi xel s
in referencé to each other.. The 640 node in this instance uses the

dithering temnerqmm:ermjda sddressaneed ok be\/rewritsenunlnsss the eRlon,
the preferred enbodi nent flel traols r | S,
i he 640 AhaBOREnn FIBPLFaY 1 fodd At rErEE K BuSpddinsloh 1ilied 4D Gutfl

sone p1 Xe rring agalnto

Figure 3, bideg§ fhdwrpeiz& Qanebsteﬁ:m bBé®¥J UPt when set to one. \Wen
operating nornar (tnterrupt status - 0), the pixel blt map of segnent 62

i.s updated at. the Bm thef peetdrrddsptlzgdimaﬁe the$idl apode) A8 80}e ighen
o ?i Finb'cén'tétﬁﬁhgi GroniosSt TRSHRR? Op P8P 15U o RENDVES  sibtedile
ated dur'é&ﬁpl?fhé“ﬁiﬁbeue color words to determine & color tramsition, the
preferred embodiment performs the fill in when color field bits of
byte 71 are set to zero. Therefore, 1netead of making &
deternination of a dolof field treneition. the pipeline 31 only needs
‘to reed the value of zero in the color field. A device, such as 'Y
nultiplexer (not ehown). permits a color field to paee when & value
. of & color field of byte 71 is non-zero. When the value is & zZero,
the'mnlfipiexer blocks the zero valued color field and recirculates
the previoully used color field. Because zero color is used for

eignalling a "f£il1-in", only 15 colore are ectually available when

\ - opereting in the 1111 mode.
Reterring to Figure 5, a pixel byte 90 in 640 mode 1is ehown. |

Pizel byte 90 1e ‘equivalent to byte 71 except that byte 90 1s
'opereting 1n the '640 mode. A palette 85 contuining 16 colors is
eubdivided 1nto four segments of four colors epiece. Segment 21
contains ‘colors 0-3, segment 92 contalne colors 4-7, segment 93

-'eontaine colore‘A-B. and segment 94 contains colors C~-F. In the 640



. . : . &
- 18 - node. By using the interrupt status bit, segnent 62 need not be_
updated conpletely-at the end of each frane, rather noan |ines y be

updat ed during the: di splay. Therefore, by using t he i nterrupt status bﬁTJof ¢
byte 70, once an object is displayed on the screen, it can be updated prior
to the end of the frane, allow ng for. gpch nore tlne for the processor to

--"update the display. Referring to Figures 2 and pi pel i ne?31 processes the

new vi deodmdengh bxte: 90 eeptaiassintonmtionhfqr é@PSrW‘tﬁinﬂ'ee&m pal ette

[ om nenirepegas 7 g ol S Rk e, Y S chad R 18 ke 6™

address mife, OEoimu%l f65e W120e8téd peVedfor TﬁmWﬂ&ﬁﬁdsﬁﬁ dorgrepeat ed
if a value of zero is detected during the color fill rnode.- Pipeline 31

al so segﬂ"ﬂiﬂstomwegcﬂgf 36 polorm imanamlmepswmdemmu idang
cycle of cap line ¢ IS cont.r, Ile y. the video c r 40 which .
provi de Tt %\gpoﬁﬁp Sy %Tﬂ]ﬁ’i% Hﬁ)(—ﬂ Hﬁ‘gﬁ';)été’ fach %Pslqro i;address
generat ofy irring Wnﬁ%ﬂi@f% °48' d1ebt rfoil Y BF o W31bpg. di spl ay of
each scan Iine'to generate%ggresses for- segment érhe new poi.nter

i nf or mat Tiereforé pawhed intthei@dOumodelS bitki 3hn¢hanctohutejlao abe satationg of
one of the Ealettes into s well as control 'i ng .the setting of

SW tches"¥ tieally splee Wﬁ&d&“ﬁ&éﬁ""nsﬁme& PLn Bigs; Aiand
stat us. VI ot 8 gﬁ{aq‘iu?ef’o ﬁosgcéﬂ"&ioroﬁ%ﬂ ! Bgtﬁai’%[%'cea &Y di ng

sever al i'ncluding-a new and -enhanced -di git al nmode has
been dest¥dnbeflors 8-B for the ‘third color field, and bits 4 and 5 cclect
| from colore C~F for the rourth color tield.:. - . : .._\'j
_ The cdvcntcge ot the 640 color pclette nupping node ie
appreciated vhen used in R dithering operction to provlde higher
- color resolution. Dithering is the proceee of providlng two
different colors to tvc,coneecutiveaplxele on a dleplcy 'hereln a
. third color is perceived bﬁ the vierer beccueefot the proximity of
the two pixels in reference to ecch other.e The_q49 ncde-in_thle'
instance uses the dithering technique tq_prodnce1c_var1cnt color.
 Wheress in the 320 mode of the preterred embodiment each color field
controls the color ot tvo pixzels, in the 640 mode ecch color tield
‘controls one pixel. o - )
- Reterring again to figure 3, bit'e'or byre 7q_geherctee an . N
1nterruﬁrﬁrhen-eet to one.. When operating normcllyr(interrupt'ltctus
= 0), the pixel blt map of segment 62 1is updcted ct the end o! each
display frame. Bowever, when interrupt status bit lc let to l !or
particular scan 1ine, the pixel bit nnp portion contcinlng graphlcc |

information for the,prevloue lines will be updated durlng the display -



.. [

- 19 -,%ﬁf In a conputer system which includes a host

m c¥ opr 0@essor and provides :@a video display, a videa graphics

control leryfor receiving informati on from sai d host m croprocessor and for
generatihg’a video color signal for said display conprising: a first nenory
for ‘storing a plurality of color palettes, each color palette having a -
predet ermi ned number of .col or control word3 which control generation of
said video color signal for said display; said first nenory further

i ncl udi ng a PAdfeal BY jusing sheiintexsupt statns bit, segsent)i62 peed mut becr
words inclu redet.erm ne nber. of, bit or selecting at |east one of
said palette §P3e§°ﬂ ok8 I'ranB:HBf ond,iof 8n€ Iéﬁ*,”SaFﬁt?ﬁ’r apclines may: b,
 ncl uding 2 uhadtal i durid S8 Alapths's TUISEEHS, 1ClnDie e 10PbArdpt biRtun
provi des display infaormation for a predeterm ned nunber of piIXxels;, a.second

menory for dhidr ofgbrtd J0atoneman object isadisplayetit os the wereemiit)chn be

current scan ljne.of ,said djsplay, .such that said data fields for each
scan |ine a&tﬁd@&%s"@&'o?ocg’rﬂpr’&# e Irgpey silowing forcmigh mone $ime

control neangpeC e g,ofaégiﬁ,hgﬁ fiﬂddiﬁﬁ | nenories for addressing
said nenories and -also for providing synchronizing signals to said
di spl ay; _sai d .cont rBéterrang telPiguresg 2 deeapifpﬂ&ildnscm processes the new -
video node bj accepting_the.sixteén'lszit_colot-words‘!or each
palette from memory 63 and writing it in nAﬁ 19. When piiel.
\_;. ) information is read from memory 63, pipelineJSI processes each four
bits onto i&ne 20 to address one of the colors stored in RAM 19. The
RAM 18 iddreés is repeated 1f & value oi gero is detected during the
color £i11 m@de. Pipeline 31 ilso.segments:the sccéQsingrét RAM 19
,  vhén in the 640 mode. : o _
| The timing cycle of each géln 1ine cycle is controlled by the
video counter 40'ih1ch provide the video'cycle count to pipeline'SI
a8 well a§ to RAM address generator 45. RAM address generator 45 is
enabled dnfing.the digﬁlay qt euch:Scanlline to generate addresses
for segment 62. The iew poiﬁter 1n£ornntion ii loaded into circuit
_ " 46, which then controls the loading of one of the paiettés into RAM
~ 18, ss well ;s- controlling the setting of switches for the color 2111

mode, pixellibde ie1ect1on and interrupt status. -

Thus, ihfenhgnced video graphicé controller capable of
providing several iideo signals, 1nglud1p¢ a new and enhanced digital

'RGB mode has been desctibed;



line of said dlsplay a correspoﬂdTng—pUaner—mhrth then selects said at

| east one of said palettes det edetern1hed nunber ofy
bits, loading said selected sai “ﬂminu n said palettes into sai’d
second menory, readlng correspon atan fron1sa|d first menory, .
wherein sai d galsiss e+ds address sald color control words. of said at |east
one of said parerres stored in said second nenory to provi'de col or for sald
current scan line; said control neans fuggher al I owi ng | oadi ng of - 20 -

sai d predetern1ned nunber “of bits of sail”pointer words wi-th pointer
I nformati on anytime using processor nmenory cycl es, such that different said

pal ettes nayybe sel ecte ang I tg jgﬁ & SRR ngﬁPr fQr- t|
e n ‘The:. Vi éP graphi cs contr l&de% éefﬁgs

said scan lines. 2. . ...-Th I ne
claim 1 mheFéFﬁ°E§PGe§§ﬁFroPnﬁeaH§°V$GFFheP |ﬁ§¢88esd&396ﬁ¥ar|§onvﬁéaﬂs

for conpari ngrsshﬂcdat@oriwémén socierfaeaiwﬁgletﬁmmtm ue*rowdsaben :
sai d conpari son reiults I n_a. nmat ald controg nmeans 5 i greV|oust
B PRsCLBht

sel ect ed col BPEEMEFEPPRBFESS9T. Sha 25r gAReTALLRS. Brgﬁﬂ benat

defined in fori said dhsp2ay eemprdomngol nmeans further includes a
partitioning means for gugq&%%dh@& g} égi gggggfeébfgr
stored in said -secon nemnor ‘o |éerr on i viding each
data field ipabettes, each color palette having a predetermined number
of color control words which control - generation of said
video color signal for said display; - _
- said first memory further including a plurality
of pointer words, wherein each of said pointer words
,includes a predetermined number of bits for selecting at
least one of said palettes for each scan line of said
display, ' '

R

- said first memory'further_including a plurality
' of data fields, wherein each of said data fields provides
"displayfinformation for a predetermined number'of pixels,

a second memory for. storing said at 1east one of
said palettes corresponding to a current scan l;ne of said
display, such  that said data fields for each scan ‘line
addresses color control words stored in said second memory,

- control means coupled to 'said first and second
' memories ~for addressing said memories and also for ﬂ./
providing synchronizing signals to said display,
- said control means selecting for each said scan
_line of said display a corresponding pointer which then
selects said at least one of said palettes determined by
said predetermined number of bits, loading said selected -
said at least one of said palettes into said'secondimemOry,
-readingrcorresponding data fields from said first memory,
wherein said data fields address said color control words
of said at least one of said palettes stored“in said second
emory to provide color for said current scan line,
said control means further alloWing loading of



grouplﬁggs of bits, such.that each said groupings of bits selects color

cont rol, wor ds froma different section of said second nenory. 4.

The vidleo graphics control 'er as d lm 2 or 3 wher ei n sai d
pi xel s are bit- mapped by “sai d data flﬂ ﬁ"lll"l"lmﬁlmThe vi deo graphics
controller as defined in claim 4, *wherdin® sdid" first and second
nmenories are programuable. 6. The video graphics controller as
defined in claimb5, wherein said control #€zms-further incl udes a first
counter, and.a second counter; said first counter maintaining a count of
each scan |line of said dlsplay and = -21- said second counter nmaintaining
a count of each pai@| priedietesminest nuhber ofi bits dofdman:l.dypoin&ml' words
wherei n'“said smora&mslaa%ﬁ%;&dea@f oWy OBrBELURER Siddbry
counters and said dlspla / he vi rap I C ntro er as
defined in clai f¥%¢ %erﬁpﬁhséhétdaﬂjafﬁ#@% 23 sPBlEEteéan&%I%lm
that said bit rmémngoeaerdesmts Baidegécénd N iedor9 Ldr ceORs2eatIVe Haid
pi xel . 8. The, yideo graphics controller as defined in claim 7,
wherein said fPFeR 1¥’éﬁﬁfy contains  sixteen palettes and each said
palette stores 5|xteen col or control words.

2. ) The video graphics controller as defined in
‘claim 1 wherein said control means further includes a
comparison means for comparing said data field to a certain
"predetermined value; and when said comparison results in a
o match, said control means repeats a previously selected
o color control word. ' |

-3. The video graphics controller as defined in
claim - 1, wherein said control means further includes a
partitioning means for subdividing said at least one of
‘said palettes stored in said’ second memory into
{subsections) sections and subdividing each data field into
groupings of bits, such that each said groupings of bits
‘selects color control words from a different section of
said second memory. '

v | _' 4. 'l‘he video graphics controller as defined in
) claims 2 or 3, wherein said pixels are bit mapped by said
. data fields, T S

5. ‘The video graphics controller as defined in
claim 4, wherein said first and second memories are

programmable. - '

6. The video graphics controller' as defined in

claim’ 5,". wherein said control means further includes a
first counter, and a second counter, said first counter
maintaining a count of each scan line of said display and



9. The vi deo graphlcs controller as defined in claim8, wherein _
each sai d eoter—eentrol word provides’a d|g|ta||y coded fred-green- blngf
(RGB) V|de for controlllng red, green and_bl ue colors of sai

di spl ay. wnﬂﬂﬂﬁm nput er- system which i ncl'udes a host
n1croproces a col or video display, a video graphics
controller for rece|V|ng |nfornat|on from sai d host mcroprocessor and for
generatlng a. red-green-blue (RGB) vided %%gnal for said col or display
conprising: a first nemory for storlng a plurallty of col or palettes,

wherein | eachsasd! fecoRhOboufigbe! hE1nBin: AaPL CISLEL LRCda INIBEL 0T (0Lt 2

color control words, each sal con

i ncl udi ng f ouPE bi €@k chldpe coﬂfrolﬁﬁ% réﬂspgaren eanﬂbl uhecrelinrs saidaid

Ri

RGB Vi deo i Ggphenpohilsingsb1Gaule) droviiy d dhdggsdata
I‘ESSES one (0]

fields, mhereln each of é &g ata flel sard CO
control wordsCPERters an eﬂ%f gRl@¥eanber of plxels,.sald first menory
further including a plurality of pointer words, wherein each of said

poi nt er wor ds.i ncl udes o] col alett | ection

sel ecting one’ df sai d pa?h%tgg %és éh% |ﬁ§ﬁ%§f e®éh 8%5§“P9ne18f
sai d di spl ay; Chaimeéonuhensinrﬁaiﬂbdata(ﬁieiyssaxeistnrenteonEIguoedlﬁy
Sald p0|nter Siéh that said bit mapping represents a linear translation

of each succeeding pixel.

8. The video graphics controller as defined in\_)

claim 7, wherein said first memory contains sixteen'

palettes and each said palette stores sixteen color control
words.

- 9. ) The video graphics controller as defined in
i_claim 8, wherein each said color control word provides a
digitally coded red-green-blue (RGB) video signal for

l controlling red, green and blue colorsfof'seid.display.

10. In a computer system ‘which includes a host
microprocessor and provides a color video display, a video .
_.graphics controller for receiving information from said J
host. microprocessor and for generating' a red-green-blue\\/

(RGB) video signal tor said color display comprising-

o a first memory for storing a plurality of color
palettes, ~wherein = each said color ' palette has a
predetermined number of digital color control words, each
said color control ~word having :ixteen_bits, including four'
bits each for controlling red, green and blue colors of

' said RGB video signal; _ :

_ " said first memory further including bit mapped'
v1deo data fields, wherein each of said video data fields
addresses one of said colour controluwords.tor_a |

our.



~N

a vi des generation circuit for convertlnﬂlsald -color ntrol words to

prow\gg said color display; control m,,ﬂmﬁmnﬁ"ral d- first alnd tsecond
nmeans sel ecting a

menorf™es and sai d vi deo generatlon CI
- respective pointer fromsaid menory for éach slans|ine of said di spl ay,

'l oadi ng said selected palette into said second nmenory; reading
corresponding data fields fromsaid first nenory, wherein said data fields
address said color control words of said sel42ted palette stored in said
second menory-to provide a bit napped col or representation of data fields
for each said scan line; saJ%y?ontrol means al | owi ng | oading of said four.

bit color pal et tRF€ISEXPIRed Aumbes £ PIXSIS: nfor mation anytine Using
processor nemory cycles sw&idhﬂirsarmeuoryafdrnhbet Hﬁ&lmnbeasqiMﬁQty

d | oaded int t d
'?'Re wogeg glrgp(r)n%fgl S%éﬁf‘?%d rIFoas cfefl Snﬁcgﬁl )(‘% %Sﬂ Si&e@f’@ﬁ? d(,ﬂo&:ds_
fieldis conpri stmchides gla aqur it saﬂor cpalette neebsctiaemt ibytms for
said selected pglpiieihgadad '&osaipdﬁagm\fk "6dil CE{ AU RERPEY For
sel ect

such that fist two bits Of said da ron1co|ors In a
section of sai d 9RFRcEEN phing Qs s RLSRIAYI ts of said data field select

fromcolors in asecond secii ogeebnaai GhemI8E L efopal gu,ginghl is&i@wo 1&@
sai d- data fleld se ec{eér891§gi8ursinge§.éﬁgrd section of said - - '
. a video generation circuit for converting said

'~color control words to provide said color display,

\_ l - - control means coupled to said first and second
memories and said video generation circuit, said control
means selecting a respective pointer'from said memory for
each. scan line of said display, loading' said' selected
palette into said second memory, ‘'reading corresponding data
-fields from said first memory, wherein said data fields -
address said color control words of said selected palette
stored in said second memory to provide a bit mapped color
representation of data fields’ for each said scan line;

said control means allowing loading of said four
bit color palette selection byte with pointer information
anytime using processor memory cycles, such that various

\ | : said palettes may be selected and loaded into said second

_K,/ _"- .' memory for consecutive said scan lines.

_ ll; - ﬂ;: The video graphics controller as defined in

'-claim'lo; wherein said data field is comprised of eight
bits and said control means partitions said selected
,palette loaded into said second memory into four sections,
such that fist two bits of said data field select from
_colors in a first section of'said_selected palette, second
two. bits of said'data'field.select from colors in a second
section of said selected palette, third two bits of said
data field select from colours in a third section of said



selected pal ette and | ast I ts of sal dat a

controll er

el ect fron1co|ors

I n

a fourth section of said sel u "ﬂ ﬁ ""HZ , The vi deo graphlcs
as defined in- clai cludlng a conpari son nmeansy

wherein when a fill node is progranned in said poi iter, said conparis
. means -conpar es Said_color control word for a predeterm ned value, and
occurs, - causes a preV|oust di spl ayed color to be repeated. 1
The video’ graphlcs control l'er as defined 441 claim 12, further including

a mat ch

third circuit nemory for stori.ng predeterm ned color control words and a

regi ster coupled to said third nenory, said register controls
sel ection of gaNecedaipdletede! #4801 NRELEORWY BLBET B Weadd odatai Eidid d

menmory for di
of said pred

[ spl a1y| ngrtegi(tﬁﬂ %ﬂs]? gl reg S{ﬁg al Soté;gnt ro hFPgI ect%n‘g}ofq

di spl ayi ng quﬂgnnund col or, and register and.third menory are coupl ed t
said contro
claim 11, wherein said nenory is updated by said host microprocessor .

during a bllé@king ‘perThel wideo wgnephics ncontupllers agr cdefimed im
said pointer
during a dis

conput er

sig

nmeans: 14. - -The :video graphics controller as defined

pﬁ la il <i1,h0fgrehe£0m&awgouadaé@m°pm&ﬁ . h&EnEEWl'Ye:?’éﬁP

ay cycl for _ convertin gital

on
i f:
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a

one
or
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I n

when r & £iddst mpder o{)?oma'ﬂﬁ% da oPavpdeBgaFEﬁFay 834fhal
conprising tf&xqsaeﬁss&i medhs OEGhPErés glsha.ld CEdDor Webhtrolli OfordpEesed

predetermined value, and if a match occurs,' causes  a
previously displayed color to be repeated.

13. - | The video graphics controller as defined in

claim 12, further including a third circuit memory for
storing predetermined color control words and a register.
coupled to said third memory,_'said register controls

_selection of one of said predetermined colour control words
of said third memory for displaying text and said register_
also controls selection of one of said predetermined colour

'M14, o The video graphics controller as defined in\\/

control words of said_ third memory for displaying
background color, and register and third memory are coupled
to said control means. '

/

u .

;

claim 11, wherein said memory is updated by said host -

microprocessor during a blanking period but when an

_interrupt 'is programmed in 'said pointer,' said host
microprocessor updates said first. memory also during a
_ display cycle. o

-15.' - A method for' converting a digital computer
signal from a host microprocessor to a color video display'
_y81gna1 comprising the steps of' ' '

(a) loading digital color words which represent
colours into a first memory; '

é



dolours into a first nenory; - 24— (b)y —sectioning—said digital. color
wordg Tnto a pluralerty of color palett di-gital pointer words
vehi Cf}\{)row de instructions for each g mllmﬂglmaﬂ ;ﬂtpl ay; (d) Il oading
digital data words which Tepresent pixe tion for -each pixel _
of a frane of said display; (e) selecting a pointerfor a correspondi ng scan
line of said display; (f) selecting one of said palettes determ ned by said -
sel ected pointer of step (e); (g) selectiagdone of said colors from
sai d sel ected palette for each pixel determ ned by said data field, each
data field addressing one of said colors fromsaid sel ected palette (h)
repeating step (g) for all PPkeBscsioning soideshigitialy celer| wazds( iipto a

optionally repeaﬁlagaﬁiey 6£)céﬁ69uﬁalétte§0r each said scan |line: (j) _
repeating steps - (e) through la&?%& dggi 2?'%% nEL%m%JE%‘*‘ﬂi ﬁ/provide
instructions for each scan line of a display;

(d) loading digital data words which represent
pixel color information for each pixel of a frame of said
display; ) '

(e) selecting a pointer for a corresponding scan
1ine of said display; : :

T - (£) selecting one of said palettes determined by'
\_ said selected pointer of step (e);

(g) selecting. one of said colors from said
selected palette for each pixel determined by said data'
field, each data field addressing one of said colors from

said selected palette;

(h) repeating step (g) for all pixels of said
corresponding scan line;

(i) optionally repeating step (c) through (£f)
for each said scan line: : S

(j) repeating steps (e) through (i) until a
complete frane is displayed.




