11NOV2003 1 PI XEL DATA MERG NG APPARATUS AND METHOD THEREFOR TECHNI CAL
"FIELD OF THE | NVENTI ON The present invention relates in general,t \dpg'qga
processing systens, and in particular, to graphics rendering |n a data
‘processing system BACKGROUND OF THE | NVENTI ON Sophi sticated graphics
applications in nodern data processing systens require the graphics data
processi ng' hardware to generate larger and nore conplex imges. For
‘exanple, virtual reality applications may display a panoramc view of a
scene, requiring a display of a plurality of conponent images to forma
conposite image. Each inege in the conposite may, itself, be conpl ex,
requiring a dedi cated processor to conpute the conponent image. The
conposite may then be genernas qu&n%r Qﬂﬂzx@ egach_of the corponent i mages
to an end station proCessor S geTTe S A BRE
Dedi cating a data processing systemto gener ate the conposite al so adds
cost to the overall system Additionally, the display of the scene nmay
require middupheadlirSBLAYORY ¢RSemdhi VEN by a display driver associated
with the processor generating the conposite inmage to be displayed on the
correspondi ng di splay device. This increases the cost of the system even
further. Thus, threpeessgitaimsadiim reheear in fgeheta ITRE htiaSProdes GYTRY D me |

gr aphi cs c@i«nlstﬁa&aﬁr&;ﬁae fiy grgpraenPaskte - aphi C@%ﬁﬁgm i80S, Rrovi ded
to a display device and that nmay be incorporated I n ﬁr&’cessl ng
system economically and with a reduced devel opnent schedul e. AMENDED SHEET
171 NOV 2005 T3 P8 PaiTERt NEFT3™61 401 descri bes apparatus for parall el
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i mage dat @cmposite also adds cost to the cverall system. Additionally, the display

of the scene may require multiple display dev1ces, driven by a display

driver asseciated with the Processor generating the éomp051te image to be

displayed on the corresponding display device. This increases the cost of

the system even further. Thus, there is a need in the art for a mechanism

to combine graphics data streams to form a composite graphics signal to be
f provided to a display device and that may be incorporated in a data

processing system economically'and with a reduced development schedule.
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DL SCLOSURE OP THE | NVENTI ON Accordingly, the present invention provides an . .
apparatus’ fEEcRefgi ng pixel data. The apparatus includes a buffir Wﬂﬁbl e
"for receiving pixel data froma first source, and first selecti r!

-circuitry operable for receiving pixel data fromthe buffer and pixel data
froma second source. The selection cir&uitry selects for outputting the
pi xel data fromthe buffer and pixel data received fromthe second source,
and the selection circuitry is operable for outputting the pixel data to a
di spl ay devic fe tputs, the pixel data in response to a first
cl ock si gnal e%?\/@%%%bpg{i&gr ) EMEEWWWF%‘%G?PW@M 0tegy 2 5 ' 0
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sources and..loads ihe Pixgl data.fromthe second source in'a bliffer. The
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first gr , ne.. JIhe.graphics system also |ncludes a second
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graphi cs_engi ne operque. of "generating: piXeFPUdCE™ imise sippensonso 1T
gr aphi cs™85 dMgFfaIfetantd FrpRtiedetm et fbsrlelr duiite \whicpediapheyd o recei vi ng
pi xel. dathrﬁer-gﬁmemobai figragantkfihed piyx ehr ddat fndnlcQBha it Q@-&%QQE’&QEEP&&S
engi ne, whedeiaarihe selection circuitry selects for outputting the pixel
data fromthe buffer and pixel data received fromthe second graphics
engi ne, the selection circuitry being operable for outputting the pixel

ata to e : erein the buffer outputs e pixe ata in
data to B*IfiRSHFEE FeTRE SNVENRELOND the buff tputs th | dat
response to a first clock signal fromthe second graphics engine

Accordingly, the present invention provides an apparatus for merging

pixel data. The apparatus includes a buffer cperable for receiving pixel
data from a first source, and first selection circuitry operable for
receiving pixel data from the buffer and pixel data from a second source.
The selection circuitry selects for outputting the pixel data from the
buffer and pixel data received from the second source, and the selection
circuitry is operable for cutputting the pixel data to a display device.

The buffer outputs the pixel data in response to a first clock signal.
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The foregoing has outlined rather broadly the features and techni cal :
advant ages of the present invention in order that the detailed deggw{ugtlon
of the present invention that foll ows nay be better understood.

f eat ur esygh E‘Mﬂﬂ tﬁ”t ages of the present invention will be
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herei nafter formthe subject of the clains of the presen(f; |n3ent|on
BRI EF DESCRI PTI ON OF THE ] DRAW NGS The present invention wll now be
descri bed, by way of exanple only, wth reference to the préferred

enbodi nents thereof as illustrated in the follow ng draw ngs: FIGURE 1
il lustrates, in block di agram forrn a data processi ng system I n accordance
with an enmbodi pent of h lJ@reisc.le Jnvent o0 . WO Q1/ 03066
PCT/ GBOO/ 01997 5 FI ' GUR % SPt ated S“"”%l 6’612 d"l EﬁF%ﬁﬁ PBr‘Pﬁrgé“?nFs%é‘F dat a

merge apffdrat (e W%’@éo’?f&aﬁw pitd dﬂtaeﬁb@dlfm apft $dvenpreseresiandent i on;

FI GURE 3 ]daJclslSﬁHeabﬁﬁal Bied WeddhRhe dalcahd sclrdd XBla %@Eéefmr%‘e %@9@@ atus in
accordancp \%er . P etknbg I nent of _the present invention;

Fl QU
i |l ustrat'es, TagrEmTaPm B FAPERSS BﬁeaséiP’ﬁﬂ“lcsﬂ’f"é"rﬂ th%?écordance
wi%h anotther P@Fﬁdoéﬁl??emfo‘mftht He rpr exante iany etitei pikell10atd GURFebAni thleust r at es,

in furthegusdet: ai Irhe aau@kwlogﬁalta DR 9€orRAPPALAt fistal Br AGLQLLHANGE W J}ékhe

ent)odlment1 o% GL@Ef . h Billustrates a portion of a pixe ata
mer ge apparat us P hatt “Re} bE TSI an al ternative embodi nent of the pixel

data nerge apparatus 15 of FIGQURE SA; and FIGURE SC illustrates a portion

of a pixel datfhedBraea spParaidsat hata t’ﬁl‘d%r&!seaddh@a%ngglngl%gsr %ﬁt've
%r_:g]j_odl e of. the pixel data ner eueﬂpparat us_of FI QU 0 35 40
I

Al LED DEStRIPIT OO B A FERTARI RECE 8 9e PR tnd CRP X éPddait a i s
provi ded.S*APEFpRY T s yBtmehle ifnc| rdeiging giaphicd decamignsbd ia@AScdritill

i nterfaceigaend ¥esm g:lhapi‘htﬁa|'rhel & nBd 198 duf Qmﬂndﬁﬁr‘é Rk £ &F %‘5@§§A1@9fHP' L.
The graphical. Jnf o mitd S ovi ded to. a I cs_appar atus,. which may

be an applicationt€peciiic fmm eg’f’zﬁfe‘{faglf”r‘%?u?’?gl(“ﬁSI C'Zshe ?ﬁ@hﬁgﬁéﬁﬁmbe
confi gur #3Fe Hslademst escong grspiaw exgingsorersbndal aremedevirgepiddiedAG C
iwsc| udes i@l kFespchEy doOEhe graphics data signals and first selection circuitry

coperable for receiving pixel data from the buffer and the pixel data from
the second graphics engine, wherein the selection circuitry selects for
outputting the pixel data from the buffer and pixel data received from the
second graphics engine, the selection circuitry being operablé.for

20 outputting the pixel data to a display device, and wherein the buffer

outputs the pixel data in response to a first clock signal from the second
graphics engine. '

The foregoing has outlined rather breoadly the features and technical
25 advantages of the present invention in order that the detailed description |
of the present invention that follows may be better understood.
Additional features and advantages of the present invention will be

described hereinafter which form the subject of the claims of the present

invention.
30
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described, by way of example only,
with reference to the preferred embodiments thereof as illustrated in the
35 following drawings:

FIGURE 1 illustrates, in block diagram form, a data processing

system in accordance with an embodiment of the present invention;



_rasterizing the graphical information. Additionally, when configured as a
master device, the ASIC, via the digital data link, is operable for

recei ving graphics data froman ASIC configured as a slave. The ngsit&iv 7003
. confi gur %@ W1®BE6dri ves a graphi cal display device. Conversety/GBon/oiaC
configured as a slave is operable for conmuni cati ng graphical data to an
ASI C configured as a master. A master ASIC al so provides cl ocking and
control signals to a slave configured ASIC. In the follow ng description,
nunerous specific details are set forth to provide a thorough

under standi ng of the present invention. However, it will be obvi ous to

t hose skill ed FizauRthe ariusthadest hin ptesertiadrahn &a@é\ 1901;’“3%&({1,/ Q

PCT/ GB0O/, fud B :LQ H2- 20, 3 I nvent.i racti ced wi t hout
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shown in bl ock diagr am form in order not to obscure t he present invention
i n unnecessar yidetmpl illketrdidee, IDFhrRAkt dedQhaid $1¢ONGRENING LI M Ng

consi der gL 8ns h bee gmitted inasnuch as such details are
not necesis)gry F(é)m% tag:éonxjdégg% "&}{et & “Undarstandi H BFeTeRE PrEEER™ii nventi on

and are within the skills of persons of ordinary skill in the relevant
art. Refer nowrture heiMihavidi@s, Wiebeidk HeiGneeoSl, CNRALS AL D0,

necessar igl,y. Le,: ndq rein li.ke o mlar elenents are
desi gnat ngbe;:h? We]aicgfr%a%r%ef e?tencne“nﬁﬁermg?d’frﬁ%‘“éuﬁi YPREPTEETRT dPVETERE

Referring nowto FIGURE 1, there is illustrated a data processing system
100 for gener @LGURE gAa;phueeu}acdgsnhay@mth QLG0T dangs. i hftat Rergdhr esent

i nventiopy aﬁ;é%{lgrgnlgg second data processors dat a
processor PH02 and dat%argg%%egzﬁé i’ V\g Th g8ndrat® §r aphi cal imges for

di spl ay on a sel ected graphi cal dlsplay mhlch may include one of flat
panel di spl ay§1d@6& 68 inat&ndees ay pbitien( SRE) pﬁl*eslph%/asmépg% aﬁlé;aatuQrﬁﬁﬁssorS
t

102 and 194 yayhe s ;o and-al or rocessors, ernatively as
pé ocessorg1 Const%}fu?@{)gw& t§|‘|§r %([f:}%sdgor nt( ﬁ%) ttbeaflxe]pf‘iﬁrcae?ﬁ%’g PR 100.
a t

ch of GatHPFocdss 102 and 104 includes a central processing

FIGURE SCAgllustrates a2 portion of a pixel data merge apparatus that
may be used in anothe; alternative embodiment of the pixel data merge

apparatus of FIGURE SA.
20

DETAILED DESCRIPTION OF THE INVENTION

A mechanism for merging pixel data is provided. A graphics system
25 including a digital communications link interface receives graphical
information from a central processing unit. The graphical information is
provided to a graphics apparatus, which may be an application-specific
integrated circuit (ASIC). The ASIC may be configurable as a master, a
slave, or as a standalone device. The ASIC includes circuitry for
30 rasterizing the graphical information. Additionally, when configured as a
master device, the ASIC, via the digital data link, is operable for
receiving graphics data from an ASIC configured as a slave. The master
configured ASIC drives a graphical display device. Conversely, an ASIC
configured as a slave is operable for communicating graphical data to an
35 ASIC configured as a master. A master ASIC also provides clocking and

control signals to a slave configured ASIC.

In the following description, numerous specific details are set
forth to provide a thorough understanding of the present invention.

40 However, it will be obvious to those skilled in the art that the present



unit (CPU) 110 which generates the graphical inmages to be displayed, in .
accordance with a software program being executed by each of CPUs 1100V 603
woul d be understood by an artisan of ordinary skill in the art.

Addi ti onw0 91/03088) 110 i ncl udes an operating systemto contr gbridifon1947
conponents of data processors 102 and 104, which operating system
typically includes drivers for graphics hardware, such as graphics system
112. Image information is sent to graphiés system 112 which converts the
information into a formsuitable for display on the selected display
device, such as a flat panel display 106 or a CRT display 108. G aphics

I nf or mat Ilﬁﬂeh&dﬁoiﬂﬁurBeC‘_aI'&Q;Eé@ml@thps;I:J:Q deRc Q7 @RI ¢S SURLEM.112 via a
bus 114. Eggﬁ AL iy L0 an enbaodi nent of the present |nvent|on be a
hen I'n

Per i phera VP SEEEPRET Bu S e TIRECBCAD higck 312973 £9amrid bus
known i ncoFHer Maﬂ?)r@eesm nge artesefSeqvPt idnotalunBisessSpe et hoat | By theh
Revi si onmasi, a}unedelaalig%ncs.ﬁ% q eLest ich is
hereby incor por at ed her ei n re e?let%llgg )éo%qt%gira%a?gll%tg é/et% ﬁiﬁ"ﬂ% *Be an
Accel er at’8d" GFapht T8 Poft SCJ}S\ STHuS FAEPIPS NAFYARY BGsObt@isht taseplate known
in the daﬂéemfeeésfm 9§ ehret préSew, inventioAGRd ateniane thel sNifls 2003 WO

01/ 03066 pPEdéfBBO/ Q4L rp 231D 115: 8D 233033 opeci fication, Revision 2.0,
May 4, 1998, copyright Intel Corporation, hereby i ncorporated herein by
reference.) Additionally, bus 114 may communicate control information to
gr aphi cs syst &#f ¢4 iowGapthecdisypsnemwht2e e ndpiqried ol 1 eflatx £o& despl ay on one

afo fl at aaae&sardn)sm}@ynl‘gﬁsgglecggdm}%%@y ljlg%éf é %Jedellenenccordance ¥m tCIgT
: suc as-one o

the req |r3errergte . he dis agf %/%
di spl ay 1087%9%5%Se Yec 8d3*"pi RE) nl“E‘E%aémth’f%‘ﬁhoH’@p%Wraélﬁgwan anal og
RGB col or signal, analog signal 116. Pixel data for flat panel di spl ays,

such as flat mlﬂ@i'nd:lasi%ﬁ)éol%uhﬁ Br aybsedsl masflaihal Lol mntyig, digital
link 118, an, | ment of the present i1 nventron, aI Ak 198 may
be a Trandi {ll ﬁ/l SO EFRRIAE Srpdarsnge (aFM?E(at”ﬁf)WJitﬁt eref ace

adrtchi t ec?ﬁ?’eents a%‘rﬁnésoPanéh'merﬂ( goe)irDlgddaliirsup isecoddy aStd ipgoredsBRYE,

I nc. Addiata Qﬁal:éysorpllKﬁ'andaéa&anﬁyo&%sspmmbﬁﬁt:!?%epgzta%%eg % ag%h G ms St ens

ta _processor. 102 and_dat a_processor
112 in e@gp é% Y Onpa selecred grapﬁacal dlsplgy which may include one of flat

panel displays 106 or cathode ray tube (CRT) displays 108. Data
processors 102 and 104 may be embodied as stand-alcone Processors, or

20 alternatively as processors constituting a multiprocessor (MP) data

pProcessing system 100.

Each of data processors 102 and 104 includes a central processing
unit (CPU} 110 which generates the graphical images to be displayed, in
25 accordance with a software program being executed by each of CPUs 110. as
would be understood by an artisan of ordinary skill in the art.
Additionally, CPU 110 includes an operating system to control the
components of data processors 102 and 104, which operating system
typically includes drivers for graphics hardware, such as graphics

30 system 1l12. Image information is sent to graphics system 112 which
converts the information inte a form suitable for display on the selected
display device, such as a flat panel dicplay 106 or a CRT display 108.
Graphics information is communicated from a CPU 110 to a graphics
system 112 via a bus 114. Bus 114 may, in an embodiment of the present

i5 invention, be a Peripheral Component Interface {(PCI) bus. The PCI bus is
a standard bus known in the data processing art. (See PCI Local Bus
Specification, Revision 2.1, June 1, 1895, copyright PCI Special Interest
Group, which is hereby incorporated herein by reference.) Altermatively,
bus 114 may be an Accelerated Graphics Port (AGP) bus. AGP is alsoc a bus

40 architecture known in the data processing art. (See, e.g., AGP Interface



- lihk 120. For exanple, one of graphics systens 112 may be configured as a
mast er, and the ot her system 112 may be configured as a sl ave. PiAeN0VdAta

may be GREH %I ted on digital link 120 fromthe sl ave syshgﬁélg]g%ugﬁl .

- mast er system ave data may be conbined with native graphi

master system and di splayed by the naster systemon the sel ected one of
flat panel display 106 or CRT display 3.98. Digital link 120 may also be a
TMDS' ' architecture graphics link, such as Panel Link' Digital.

Addi tionally, the synchr oni zation of slave pixel data and naster pixel

data is LDt al ned by comrumggoﬁ AB%'I oad cl ock/frame reset signals 122

bet ween the master confi gurad ds 878 eTPYT 29 d tHe COrRRFET ENf i gur ed

gr aphi cs P§yskerintegporited doamimityatéizmende . pi xeidi dixdralbet wee rn dahsy

pr 0Cess0lcomE@ida@ll &ht rol BSREELIME Yoo eapalé@%kE{em&' sl ave may be further
understood by referring nowto FI GQURE 2 2 |I ustrates a portion

200 of data processing system 100, FIGURE 1, in which portion 200 includes
‘mast er  gr aphi FarbystseRr @02 12anskrehk quisel rézphi s 8ystlem &4éne kachlof panat er

syst em 2@2sandd, 1$ka&ec§¥541%5h2}040b“&lﬂn@&e§ gprafcwwa%@L %A;?' £e206. In

response to 9ren]% uralltr\{ of. control signals, ASIC may be configured as
a master device T orofalht EEBVY §%RA ce 4 T‘h‘éR'{:Sﬁf?J(ﬂY's?‘gﬁaF% oRRde% KEFr
oper at i ORiFPLaYXGAPI gur FRLpcABEC 12861 Wiakh ivesditsCussidplay deiry bnidhaloeg

conj unct ire8 dMJIcIi' sEg}z@ﬂREar@ulerJﬁhQPQHQW- pkiel""‘&HLQ e mqeﬁﬁeqogl%pqg% ASI C
iV

6 may he_inpl egent ed e chip device or, in an erna
é%bodl melr%t f,@ ‘%5’%—_ it ﬁ?%”(’:l PR iF BF‘?]’F&F? £y 6fd‘19ﬁf%]g|faf’éﬁ ¥i3 ddpitadhi ps

40 11 N03’12]G)0@5 VU@.’EPO@@@@IFI@W EB00¥e034¢nt ihaeiriABl @ig06aicantiailng my

gr aphi cs vengi nenshi o Moelides rﬁf%&%&ﬂl‘ Z:?gfna%@@g GMBSAT 54, %} «£10, and
col or paleLfe 212, Rasterizer 2-‘?‘ kes Ig | evel comrands fromthe

sof tware runni ng on the associ a U’“ ucTrPBY EPtY 201799 EFRIREIAS: and
gener at e§df1h%1°ﬁﬁ>¥éll’ ®ared gk diaypheFromBnPE xeids begv@ enr dtapliT tspsrreEDIR 213,

Vit$i ch Wa)incmﬁlfydab:ﬁ bﬁiﬂs&@ﬂ o0 A% aat:hopg&eggogaogov:éS fdx@g?albUf fer-

Menory 233, Y pi L | eent dra fccs) themASI 206 however, it would
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e
be understood by an artisan’o
coul d bemafﬁeranaﬁ?t"é”tena“fl?e\ifesé?\“@@d’rlr?eml’@P tdndigyredemt a slave. Pixel data

may be communicated on digital link 120 from the slave system to the
master system. Slave data may be combined with native graphics data in
20 the master system'ahd displayed by the master system on the selected one
of flat panel display 106 or CRT dispiay 108. , Digital link.lzo may also
be a TMDS™ architecture graphics link, such as PanelLink™ Digital.
Additionally, the synchronization of slave pixel data and master pixel
data is maintained by communicating load clock/frame reset signals 122

25 between the master configured graphics system 112 and the slave configured

graphics systém 112.

The communication of pixel data.between data processors configured,

respectively, as a master and slave may be further understood by referring

30 now to FIGURE 2. FIGURE 2 illustrates a portion 200 of data precessing
System 100, FIGURE 1, in which portion 200 includes master graphics
System 202 and slave graphics system 204. Each of master system 202 and
slave system 204 include a configurable ASIC 206. In response to a
plurality of control signals, ASIC 206 may be configured as a master

35 device, or as a slave device. The contrel signals and their operation in
configuring ASIC 206 will be discussed in detail in conjunction with
FIGURE 3, hereinbelow. It would be understood that ASIC 206.may be
implemented as a single chip device or, in an alternative embodiment, may

be implemented in a plurality of integrated circuit chips.
40



i nvention, be provided within the ASIC 206. Cursor |ogic 210 generates
hardware cursors and overlays, comonly referred to as "sprites"}1fNOV 2003
di splay on the selected one of flat panel display 106 and CRT display 108.
Pal ette 2XQ 03€36at es pi xel color information. The operati oRCUIGBMASYEr i zer
208, cursor logic 210, palette 212 and nenory 213 are in accordance with
principals known in the graphics processing art. Pixel data generated by
rasterizer 208, palette 212, and cursor 210 are input to nultiplexer (MJX)
214. Additionally, an input of MJX 214 receives pixel data output by
first-in-first-out (FIFO buffer 216. FIFO 216, in nmaster system 202

recei ves pi xel Egkett asgenes atcdbaiys ar gsdpBE b2 @hg 208,804 RaLaldes 212, in slave
system 20 i Lxel | C ni,cated.over digital _link 120, and received
by a1 G Lol T ol ety P lE A58 B iy Tt 2900 stk ol y
descri bed"®isgPtH P4k CITRICHEirPethe Seftwake dugntmal ohi e asuchiaasd CpU,
Panel Li nkéuati gbtaiu. 11 isuettvan 1,eahodieRBAteQf + Hehg; RI1CS SN fiogvgﬁtpilgpz

digital |jnk cecai ver. 218, 4 I'Link' receiver, ich recovers the
digital pilxell dat awt? ré%érﬁd[ ?‘5 y%% ab%cs;'/“gi’ewyf'f’%rﬁetfﬁér%%rtf’a?ssﬁ gnal

on di gi t AI¥AIENRVIESD: MUt B 6F tvrlicgiinlirblevent et et fovt 208 hsccoop) ed to
recei \éer 1RA@venhiie hwalnavies uEhEﬂ:lz&;@.byRasel Ehirf‘éeéanzgg JRYnDS, %ﬁﬁif‘tllne:}fxé)%é‘:

sWi t chingd R FL&ING trol signals for configuring the ASIC 206.
These signals are 2%11(:33 E?Tjidtcjggr altg_’e nia%tf:’f’tiﬁﬁée f”‘g%‘{mgf"frp‘? 1 SPEyPTRSMRVer

t hese wi [1PBE HEscPT BEaVides withirl thenAEHhj20ACt Corsoni 1bgid GURFgeRerktes
response tardeatd chpaimet asd el eflayd? 2oomibi 2 1ds 58L& GISad Olsp - QUPUELL NG pi Xel
data from;RELE o] Lve. pbixel data fromthe associated rasterizer
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» and received by digital link receiver

{RX}) 218, in master system 202. As previously described, digital link 120
may be a serial digital link, such as PanellLink™ digital. 1In such an
embodiment of the present invention, digital link receiver 218 is a

25 PanellLink™ receiver, which recovers the digital pixel data transmitted by
slave system 204 from the serial signal on digital link 120. An output of
digital link receiver 218 is coupled to receiver 220, which drives
FIFQC 216. Receiver 220 may be cperable for switching in response to
control signals for configuring the ASIC 206. These signals are not

30 illustrated in FIGURE 2 for simplicity, however, these will be described
in detail in conjunction with FIGURE 3.

In response to switchpoint control 222, MUX 214 selects for
outputting pixel data from FIFC 216, or, native pixel data from the
35 associated rasterizer 208 and palette 212, Switchpoint ceontrol 222 is
generated by CRT timing unit 224, also described in conjunction with
FIGURE 3, hereinbelow. Additionally, MUX 214 also receives master/slave
{M/S} signal 226. When ASIC 206 is in a master configuration, as in
master system 202, M/S 226 has a first predetermined value, and in

40 response thereto, MUX 214 adds cursor pixel data, generated by hardware



- In-an enbodi ment of the present invention in which [ink 120 is aj3Noy 2003
Panel Link' Digital link, signals on line 120 nay be formatted in

accorda | the TMDS' " specification. The pixel data output by driver
228 is P%@&%é‘%ﬁfrom an out put of. MJUX 230. MUX 230 sel ect BCHIGEM/0#§¥Ta f or
outputting fromthe output of 35 MIJX 214 and pi xel generated by rasterizer
208 and palette 212. MJX 230 selects fogr outputting in response to a
plurality of control signals, collectively, configuration control signals
232. Configuration control signals 232 include a plurality of data val ues
whi ch conf ;:9?%]2 t he <graphi cs system such as master system 202 and sl ave
syst em 204 502t PgtheBidd 459 QUEPHebY X 334 nMEX sphensysipens 204,
MUX 230 Serest pifedr dawd put tdspgnii xel swlatBoganeraiedl el ashar bzersa 208, and
pal ette 2&2,ailsB1d1845S);aVE; ) s ASLC 206, _in slave system 204. MJX
230 sel ects betB.welJ;n - r%%ufe%sﬁ?hgrté}s%g%s? %nvg5ﬁ?r| g‘t??n‘g\{ iszéﬁ‘cont rol signals
232. Additionally, driver 228 is also switchable in response to a subset
of> t he confi g&ietli dat@ucputt bl asstgnal soZ@3uredtd B £185PASEL O SW;i L, chpoi nt

control 222e EQfrem 284 MRLI Gt Yins SQ.23r & not t}Lo | n_FI GJRE 2, however,
will be descri getd i?\, ggtgaﬁ k%’?\lttégﬁj Sngt(?gﬁgwltslh | IREFT A Hddilton to

pi xel dafaYéEcét Ved  AixadriipkrdmiygT 237 grecalives 8D ditiaverz 22iveareces ves
pi xel cl ook @8dertBi ghe alacd ivoka digHeY £32uaAk6RpaARAE wikhX@lgiehDGK 2304 0

o 9ol ik, cosguer. 210 abona, i Lhhe Ll dal Tor Rl ted
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recei ver - 218 "t 8LoVaPE 3t hit ¥kpi 3¥n2ts Gek1Hed 18itysit be j formacted| ave pi xel cl ock
236. Sl awecqricrete glivekh23Bmss ssetricacidie nmaster system 35 to clock in the
pi xel data transmitted via digital Iink 120 fromdigital link driver 227,
via receiver 220 into FIFO 216. This is also described in detail in

conj unction wi th PFFEURESS “UBPYePY 13ERT 238 1% Tgendyest &xPvira phase dfock | oop
(PLL) 238Y% £330 rMERet¥neeldcrequent dateridl but}3@cisy Fupplnedodipds of

ARD. CR- | BVERT. (A padh BOM-2008 vy WRDLL0A000 I GRARLOL 947 8,510, 15 20 25

selects for outputting in response to a pPlurality of control signals,
collectively, configuration centrol signals 232. Configuration control
signals 232 include a plurality of data values which confiéure the
graphics system, such as master system 202 and slave system 204. When
20 configured as a slave device, as in slave system 204, MUX 230 selécts for
cutputting pixel data generated by rasterizer 208 and palette 212, in the
slave ASIC, such as ASIC 206 in slave System 204. MUX 230 selects between
énputs in response to configuration control signals 232. Additionally,
driver 228 is also switchable in response tco a subset of the configuratien
25 control signals 232, and in response to switchpoiﬂt control 222. For

simplicity, these are not shown in FIGURE 2, however, will be described in

detail in conjunctien with FIGURE 3.

In addition to pixel data received via driver 228, digital link
30 driver 227 receives pixel clock 234. Digital link driver 227 also sends
pixel clock 234 to digital link receiver 218, aleng with the pixel data
formatted in accordance with the specification of digital link 120.
Digital link receiver 218 recovers this pixel clock and outputs it on
slave pixel clock 236. Slave pixel clock 236 is used in the master system
35 te clock in the pixel data transmitted via digital link 120 from digital
link driver 227, via receiver 220 into FIFO 216. This is alsoc described

in detail in conjunction with FIGURE 3.

Pixel clock 234 is generated via phase lock loop (PLL) 238. A
40 reference frequency for PLL 238 is supplied via AND-OR-INVERT [(AQI)



40 | ogi ¢ 240. Wien a graphics systemis configured as a nmaster, such as
master system 202, AO 240 outputs reference clock 242 to PLL 238 N0V 2003
Conversely, when t he graphics systemis configured as a slave, such as

gr aphi csweng1e8046207, AO 240 out puts | oad cl ock 244 deri ve@®dmeBeym g4
clock 234 in the master system Load clock 244 is provided to AO 240 via
receiver 246. In an ASIC configured as a slave device, receiver 246

recei ves | oad clock 244 fromthe nmaster ®evice. Thus, when ASIC 206 is
configured as a master, as in master system 202, | oad clock 244 is
provided to the slave systemvia driver 248. Driver 248 receives MS 226

whi ch rendeis 2dpi.vermea4d aebhie |s§)s§enff&§t&5nf(igﬁhfddgﬂ£ adméRlee, LQaversely,
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devi ce, SbhelroapliSicCorO@sspriagkedwe toydlemiBOding Dk inigh 2@Qudrryagidnae When

MoS 226 ksch i atﬂ,@ Gel Sh8LR :€Q8{4 JUBLAG:! B8y Cor S as a
mast er devf Ny ﬁ?fé ereset 2158 IS recée}%\t/:ed %Qréﬁépgy gng% g%ao%%'tgput of
es fr

whi ch prov$ 1%&5905}fﬁa3662%f as a basic unlt of time for CRT timing

unit 224.

CRT timing unit 224 alsc generates horizontal and vertical
25 synchronization ("sync") signals for the video displays, such as flat
panel display 106 and CRT display 108. Horizontal and vertiecal sync
signals are included in sync 252 ocutput by CRT timing unit 224, and
provided to CRT display 108, and digital link driver 227. Digital link
driver 227 incorporates sync 252 in the signals communicated over digital
30 link 118 to flat panel display 106, and the horizontal and vertical sync
signals are recovered therefrom by digital link receiver 254, which
provides them to panel 256.
The occurrence of a vertical sync signal also indicates the start of
a video frame. CRT timing unit 224 also, at the start of a frame, asserts
s frame reset 258, which resets divide-by-N logic 250. Frame reset 258 is
also provided by a master ASIC, such as ASIC 206 in master system 202, via
driver 260 to an ASIC 206 configured as a slave device, such as ASIC 206
in slave system 204. Driver 260 is active when M/S 226 is in.a logic
state configuring the corresponding ASIC 206 as a master device. Frame

40 reset 258 is received by receiver 262, an output of which provides frame



- PCTI GB00/ 019 2003 reset 258 to CRT timng unit 224 and divide-by-N | ogic
250. In a slave ASIC, such as ASIC 206 in slave system 204, rec HJ 262
i's rendekaslol,@etd ve in response to MS 226 having a predet q;ﬁ,@ﬁﬁ"dlggizﬂﬂj
-state configuring ASIC 206 as a slave device. Conversely, 'in the naster
ASIC, 5 receiver 262 is inactive. The operation of ASIC 206, and, in
particul ar, configuration control ASIC<06 may be further understood by
referring to FIGURE 3. FIGURE 3 illustrates in further detail a portion of
graphics system 112, FIGURE 1. 10 ASIC 206 includes four registers for
receiving i cont.rol val ues. st.er/ sl ave register _302 contains a
dat a val uéeas%gv?%lgggr%Tr Ejfmmﬁrléncfgter‘;n‘iaﬁ%gg VAPt afc’gé(‘in??oguré‘é n&1*206 as
a mast er ¥ cechant AGIC A€ok Prericveren 7€d. welcaevearhas2 cionkegieres ASI C 206
ggza E{J a?/aectdeui :IiﬁrquSsg% Qgi nutssxaatvhagv&llp&edétreqrnamw?icﬁ ey T eg; ster

: a r S ontains a cqontro i gnal __having a_first
predetern‘?%‘ggS‘\J/lzi%ae}%’gx!tchaéa6r ca:%n? isgﬁ‘r’%s‘:engec Zg%"v§§sﬁfy3t AR EFEATE, and a
seéond pfEgérer fFhdE ¥mdatévehat enabl es ASIC 206 to be configured as a
master device or a slave device in accordance with the data value in
master/sl ave [register . 302, e ntrol 310 outputs the data value from
dual node 20 rébelgg %rra°§6n4.°f5%$&|%t2 egar'?ﬁg'r & g?‘étrlcg ‘hEPYS SHTTRACR SAICER! t hat
det er mi ne&FICWheh maY RE ferFhset welensyrest ey rederiad pi FEEURRRa oHIGURE ave

sourced pixektrataiDEattrer WaRl SPlpbtt {dABE J:aghsdLEy X, eont ahpgea fi st
prgdet er mj ned value . sw t.ching occurs.at the end of a conplete frane,
daring a é\}gr%?%gﬁ%ﬁ%ﬁk&ﬁt léer%}% ?ri%éolr s URderst %%dd%f’gd’t"ﬁeca?‘s%ﬁa‘iflues‘
processi MyFSaRT/s12%e (1661 §ieatt PRAICOPEaAR 2 riaspvedlve shavies td dérént erval during
whi ch t hepxtids péained Ganud ehdt enf Iqyrea At 968 @f 4 hasdiSplayed, 028 Op of

the di Spl @épn@%ek&e:%k@vgmeey:x% chQPi %irgplA%Xc n?o%hagias rQlia\§e %%BPJ&?SSEd to
prevent artifacts assocl ated wt t he can retrace ?ron1appear|ng on t he
di spl ay. WAfeR?® SHFPHEst FagnwateyifspR mashEr /EdnTairAsisresetthd Praldeeds ni ned
vafue, swidschiag 380 ecans aiddibola skgmTe hawnhigCh MBYe heregetedn@ndd valuve

presel ectgg:| LOg s BWCRs1AS06 Wsl L R85y %.@ié’e%ch,eltﬁ%gh?(%g@ogg split frame

oper ati on, %V\:itChl%? occurs during a horizonta nk 1nterval. As is
under st odd TR FHERHT JBLYY “PPT STRRYENHSHT £06 tifePARIEBFHTELS BF ankastirer val
occurs atdeyacend afslavecivictd iimezccdhurdanmmy witiclhé idmat-favdi splraycdmebanl sm

i s suppressedeaizbe. t BEaSCaRc R R Uhfh kO SLAL La9fe 06X 4ua3CRe | NE. A
dgpa val ug .0 Esgl g} fra{r_ef& regi ster 306 is output on frane select 312.

Displ ay seiPaetc308% i ncPtifeS™ ™ FEEE0RIVE BYErabI Bt orr s nHIAURE FF™SSC 206
to drive ‘giephersvatel detyeenehastdr syruayed susél dscd |aat phavel scispl 34206,

FI GURE 1,da2b dcculfd. diveph a1 Uehne 38g{RErdi&PLaN:aLA8 4 71 ELOREadrerdifgdat a

ol e s O a e el BELAY J0. 50 SOknl WhoLET 30RaL2. WLRL Q0 3P
vertical blank interval. As is understood in the display processing art,
25 the vertical blank interval is the time interval during which the display
scan returns from é bottom of the display to a top of the display, and in
which interval the display mechanism is suppressed to prevent artifacts
associated with the scan rectrace from appeariné on the display. When
split frame register 306 contains a second predetermined value, switching
30 cccurs within a frame, which may be set to a preselected line number, as
will be described below. During split frame operation, switching occurs
during 2 horizontal blank interval. As is understood in the display
processing art, the horizontal blank interval occurs at an end of a scan
line, during which time the display mechanism is suppressed while the scan
35 returns to a start of a next scan line. & data value in split frame
register 306 is output on frame select 312. Display select 308 includes a
data value operable for configuring ASIC 206 to drive either a flat panel
display, such as flat panel display 106, FIGURE 1, or a CRT display, such
as CRT display 108 in FIGURE 1. The data value contained in display

40 select register 308 is output on display control 314. Collectively,



WO 01/ 03066 PCT/ GB00/ 07947 10 M'S 226, node control 310, range sgf gggzﬁﬁz
and di splay control 314 constitute configuration control signals .

Mast er/ sl ave regi ster 302, dual node register 304, split range register
306, and ‘Hps%mé&ﬁsel ect register 308 may be addressed on bPETABN0INI dat a
val ues thereby witten 5 to the correspondi ng one of registers 302-308. As
previously discussed in conjunction wth,fl GURE 2, when data processing
system 100 in FIGURE 1, is configured as a master/slave system such as
system 200 in FI GURE 2, slave pixel data is conmunicated via 10 digital
link 120 f"(? digital link receiver 118. Slave pixel data is recovered from
the signa T EAPTRE AT it 53R9S ARIAS03Hh 4B¢ SHaRkRve conich e
correspondPWlppm oeok igwndiouicputrain ssgmale pEt.a ber/Addktinatdy aop) xel

clock 234agui] @JRE 2ediSrd NGRS p%@it.edranGetg%1§£egcngl)6 Olpg dcllg{:&al Slllnk 120, and

al so recovered by digital |ink receivér 15 out ave pi xel
cl ock 2367 %5478 %%Ft 2B PLE5EEYT FdPED nr‘ec?é‘idvé?taﬂf)l‘wm Bre by vag tEFO
216. ReceF9etrhe228-nempolxdingottiear ok | shibyerswot cdygoi nt control 222, and M'S
226. Switchpoint control 222 has a first predetermned val ue when native
pi xel data is being output to a display device, and a second predeterm ned
val ue when sl a#® FRoVaP tat S15XS6e ig SPPIGREP bt FESWESP! apededdtee. | n an
enmbodi nenpredess ey pyesentlod nire RIGUERE, 1, ti’chmﬂ’:&hréH eded eRBtasd1A Wosrgy be

Io i ¢ 110dden @ands mS n e ed. d be |0 Se 1‘;'1a however,
g h ﬁgyé §3HO Q Fﬂaﬁﬁgﬁﬁ ETLJE g %?ingﬁk n@% ﬁﬂ F?éﬁi% d

o woul d be unger st ood an artisan of
corrpl enent 53 2& nbidti f‘rﬁ?ﬂ WOtAF2bet 10 FTﬁeﬁ"F’heuécoﬁéaYﬁ PiNKel eas aift
i nvent i onfeReeetd dirof2the sigetli vermuhenat2d ewidighpai ninkcand riel a2z qh@s t he

| ogi ¢ st abecd Rk ClrirBgoHaaNE p@é&@odls 2R LY Qﬁ‘qal'r“@ Qa206,4S configured as.
0

a naster ga/lltcgnl resp correspondin iC state of MS 226.

FI FO | oad control 318°¢% ﬁtﬂﬂcg ‘E%‘e @F?‘ﬁ%@ of 1§‘F%W%rﬁeﬁe¥n d&easigied om0
FI FO 216. 9Ha! | Yadt ot prof 358 resoeeves bgldigétyl 1ohk ceoelve23B14/i and ecei ver

328. Sl aveuueeks Ghack pd3br idbek el RQLead cqonter ol 318, M0ep, valid slave
pi xel dat vaj.l abl e on_slave data 316 and ccnsequently, at an output
B SBY Yt

ich
of receiver 3d|

1 onaf1y° PO bad "ETHFDI2 28 1Y BEe‘i‘\?é§°“§\ﬂA ®Xhpoi nt
control 299 tchpEimt) ggngnpl| %)?é’de@‘ldaﬂférﬂtme Sictetpor Mot 35 wherigisna first

swi t chpoi ns&edeeehﬁ:.o:ledZQaausvwﬁe(ﬁhﬁ&1fvlé0;5f1>£ehedzfdar st wabp ok &Letko g, dl Second
at

dat a val ug.,\Men, s tchpai.nt control t oggl es fromt first a val ue
to the sec%nl\dégdgatnzi va ucg O IE% oa n%oﬁta%'fﬁ g’gi’é Séﬁ‘é%lpé§ejﬁ/wdiaf% i$pReing

CORconi t aRtIRRE ¥9 e HiBARY @GH%CFEOI 37 e peieidémenteat] t3R8presnde isiveneicpi xel
data may te snkoadeddddeaiiddd-@QREOma@d Bel 1dgiNOVH 2003 the second

predetermined value may be logic "1", however, it would be understood by
an artisan of ordinary skill that a complementary embodiment would be
within the scope of the present invention. Receiver 220 is active when
25 switchpoint contrel 222 has the logic state indicating slave data is
active, and ASIC 206 is configured as a master device in respeonse to the

corresponding logic state of M/S 226.

FIFO load control 318 controls the writing of slave pixel‘data into

30 FIFO 216. FIFO load control 318 receives slave pixel clock 236 wvia
receiver 320. Slave pixel clock 236 informs FIFO load control 318 when
valid slave pixel data is available on slave data 316 and censequently, at
an output of receiver 220. Additionally, FIFO load control 318 receives
switchpoint control 222. FIFO 216 is loaded after the switchpoint,

35 wherein switchpoint control 222 switches from the first data value to the
second data value. When switchpoint control 222 toggles from the first
data value to the second data value, FIFO load control 318 enables
write 324. Concomitantly, FIFO unload control 326 enables read 328, and
slave pixel data may be unloaded fyom FIFO 216.

40
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clock 234, native to ASIC 206 serving as the naster device. Although slave
" pixel cl ¢S frequency |ocked to pixel clock 234 vi II?}%H k 244
as descr ?g&gd%?ﬁ) conjunction with FIGURE 2, the slave pi xe i

not phase | ocked 5 to pixel clock 234 due to, inter alia, skew from path

| engt hs between the naster system and the sl ave system such as naster
system 202 and slave system 204 in FIGURE 2. Because these path | engths
may be different, in different physical enbodiments of the present
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DAC 215 ipSea@nderdh vaned.| \zgdlcaAmg Etmaliir)é, 1DAC 240 H@cehY et bbanking
i gnslef“%gg Jt{)ﬁqqﬁgelhﬁégtﬁeg?m{‘%n 0o98N854.0 352100 £l 614G, hor ! zont al
214 receives M/S 226 and mode control 310. If mode control 310 has
25 the data value configuring ASIC 206 in standalone mode, MUX 214 Suppresses
selection of pixel'data on input 330, independent of the logic state of
switchpoint control 222. MUX 214 also receives native cursor pixel data
from cursor logic 210, on input 334. If ASIC 206 is in standalone mode,
as determined by the state of mode control 310, or is configured-as a
30 master device, in accordance with the state of M/S 226, MUX 214 adds
native cursor pixel data to the ocutput data stream. In other words, if
RSIC 206 is configured as a master device in accordance with the state of
M/S 226, the mastef device provides a hardware cursor overlying both
native pixel data and slave pixel data. The output pixel data stream from
35 MUX 214 is provided to DAC 215 which supplies analog display information
to CRT display 108 via analog signal 116. Additionally, DAC 215 receive
display control 314, and if display control 314 has the data value
selecting for driving a flat panel display, DAC 215 is rendered inactive.
Additionally, DAC 215 receives blanking signals 336 from display timing

40 generator 338, which include horizontal and vertical blanking information.
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signals .336 di sabl e DAC 215 during the horizontal and verticalll$04riting

i nterval s, previously described. The output data streamfrom MJX 214 is

al so prowa@efosogs i nput 340 in MJIX 230. MIX 230 al so recei veST/aabyR4Pi xel
data fromrasterizer 208 and palette 212 on input 342. MJX 230 selects for
outputting the data on input 340 and the data on input 342 in response to
M S 226, node control 310, and display éantrol 314. MJX 230 sel ects for
outputting the data on input 342 if MS 226 configures ASIC 206 as a sl ave
device. If node control 310 and di splay control 314 have data val ues

confi gurlmgank&% G106 2838 standabne dem:48y @RMnSaleatiNAnfaf. . dilyi Ny a
flat pan ch as flat panel dlsp?ay 106 in FIGURE 1, then NMDX
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230 sel ec lan f 18%?’]3’6#?! BT SYRTE B PG 5Tpthe9340. Ot herwi se, output 344 of MUX
230 is |nact|ve That is, if ASIC 206 is driving a flat panel display in

standal one modene MibR30:QUERHLS: £h8, 13k 315t [ £ANLOMJc0pily 340 aplafe' 14 ng

cursor d 2CIhervvl se, l\/lUX 230 out puts slave data ' or is inactive
dependi n the HAra0c? ﬁerée?zeesaﬁbtﬁ P3RS’ 98ty JESPetPI6T R 28F atdnk
driver 22%alerge diiever i28& 34D | v 228seieces vBs carputgimatthe ndaeansss ol

signal s 232.@ngsswhe c:faeoama oEQ%ﬁP'ugZ?r ngS;s&%@ 2% /88dheygantrol | ed by
MS 226 and sw#tchpm ntrol 222. has the l'ogic state

confi guring ASt C'206"4s hquﬂa?Fé‘tﬁ%\/lB&é HPF Ve 228 Sts ERTaBEERYCE AR b
active whatasartighpoiR iToviErsle 2@Xibasest held a9 sshatyve ackicat i nlg sl ave

deda is aﬁ‘édeveentmg 319 8¥€ ada) B yObRYb1 DM 4 OR A ME bia il §a ) WL R AELL, Y6y,
fornattedAA)%: %I t al I in dr| er 227 in gccordance w.th the sp eC|9f|cat|on
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panel display,. Jlf 3 3 €206 L§I ?g@ gu%nvég?sl S'tftl@taﬁgpeﬁdgl gl one device or

a mast er device cORf igured pray, *Buch as flat
pahel dl%ﬁﬂ”é?l‘i%m?‘# FWGUREO Iutpytphbe diagh tedrebh e 34B1AYC Condedirat e

digital durderldsiailn dchédREe]l. mEOMELESIWs $TavBSbL22206 1S isonf:ihbgured as a

sl ave depending on the state of M/S5 226.

Output 344 is coupled to digital link driver 227 via driver 228.

20 Driver 228 receives configuration control signals 232 and switéhpoint
control 222. Driver 228 may be contrelled by M/S 226 and switchpoint
control 222. If M/S 226 has the logic state configuring ASIC 206 as a
slave device, driver 228 is enabled, and is active when switchpoint
control 222 has the logic state, indicating slave data is active. The

25 slave data output by driver 228, when active, is formatted by digital link |
driver 227 in accordance with the specification for output digital
link 346, which in an embodiment of the present invention may be a
Panellink™ Digital link. Additionally, driver 228 is active if ASIC 206
is configured as a standalone device driving a flat panel display. If

30 ASIC 206 is configured as either a standalone device or a master device
and configured to drive a flat panel display, such as flat panel
display 106 in FIGURE 1, output digital link 346 may constitute digital
link 118 in FIGURE 1. Conversely, if ASIC 206 is configured as a slave
device, output link 346 may constitute digital link 120 in FIGURE 1.

35 Digital link driver 227 also receives pixel clock 234 via driver 34B.
Pixel clock 234 is incorporated in the digital link signals on output

digital link 346 by digital link driver 227.

Switchpoint control 222 is generated in CRT timing unit 244. A

40 horizontal line number is stored in switchpoint register 350. Switchpoint



- device, output link 346 may constitute digital link 120 in FI GURE 1.
Digital link driver 227 also receives pixel clock 234 via driver 3#8.N0V 2003

Pi xel cl@ is incorporated in the digital |ink signal
di gi t al PRl Bihs by digital Iink driver 227. i Switchpoi o PeTRabtbR) ) |

generated in CRT timng unit 244. A 40 horizontal line nunber is stored in
swi tchpoint register 350. Switchpoint \W® 01/03066 1 1 NOV 2003
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out put 362 when |ine nunber count 358 reaches t ug st ore

swi t chpol AT TEHISORT 12852 GYRRARIRE” PF6f PAHE® tBE} soptairs BOMITéEpRATds to
conpl et eliraarenraydecummonpiame Wk 366t asseit provitdeguto I6Apshen | i ne nunber

count 358(:@":@3-@&@5 wﬁl@{ Qdel eehiied Q@Jegnt\éﬁLy%f E@Ncﬁé%l Qggfstegslrﬁol ine in
the frame, [The value Qn,qut put 62.is held in la 364, ~an out put of
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conpar e kedphes 3G suideC BaSredt & @uwidtnp8SRORSSsthat R . 34 herwise, if frame
select 312 corresponds to complete frame mode, compare logic‘360 asserts
output 362 when line number count 358 reaches a predetermined count value
representing a last line in the frame. The value on ocutput 362 is heid in

20 latch 364, an output of which provides'swiﬁchpoint contrel 222. Latch 364
holds the switchpoint signal after horizontal sync counter 256 advances
and the cutput of compare logic 360 switches state in response., Latch 346
is clocked by outputr 251 of dividé—by-N 250, which resets latch 346 at the
end of a frame.

25

Display timing generator 338 also provides frame reset 258 to
horizontal‘sync ctounter 356, resetting sync counter 356 at the end of che
frame. Frame reset 25B is provided to driver 280, and divide-by-N 250,
FIGURE 2. 1If ASIC 206 is configured as a slave, the frame reset signal is
30 provided by the associated master device, and is received on frame

reset 366 from receiver 262.

Refer now to FIGURE 4. illustrating a data processing system 400 in
accordance with an alternative embodiment of the present invention.
35 System 400 inciudes data processors 402, 404 and 406. Data processor 402
may have a graphics system 408 configured as mastex, and data processors
404 anc 406 may include graphics system 408 configured as a slave. Each
of slave-configured systems 408 receive load clock/frame reset signals 122
from master system 408. A first digital link 420 communicates pixel data
40 from slave system 408 in data processor 404, and a second digital link 422

provides pixel data from slave system 408 in data processor 406. The



[ out put 251 of divide-by-N 250, which resets latch 346 at the -
;zdcg?cge?rgﬁe. DPspIay timng generator 338 al so provides franeﬂé%@ﬁt é?S
to horizontal sync counter 356, resetting sync counter 356 at t N 250
the framOoFomee reset 258 is provided to driver 260, and ﬁcyxnwmmmql 25
FIGURE 2. If ASIC 206 is configured as a slave, the frane reset signa t
provided by the associated master device, and is received on franme rese

366 fromreceiver 262. Refer nowto FIGURE 4, illustrating a gata Cof the
processi ng system 400 in accordance with an alternative enbo bzen do406
present invention. System 400 includes data processors 402, 4 an .
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of receaMersecond receivers 218 form a wired-oOR legic function. In the

embodiment of FIGURE 5A, receiver 218 is controlled by enable 574 and

receiver 518 is controlled by enable 576.
20

Switchpoint control signals switch MUX 214 when slave data is

active. Switchpoint control 222 is genexated as previously described in

conjunction with FIGURE 3. A second switchpoint control signal,

switchpoint contrel 522 is generated at the output of latch 564, which
25 latches the outputr of compare 560. Switchpoint concrol 522 is generated

in response to line number count 358 and a line number data value stored

in switchpoint register 550 in analogous fashion to the generation of

switchpoint control 223, previously discussed in conjunction with FIGURE

3. MUX 214 selects for cutputting data on input 330 when either or both
30 of switchpoint controls 222 and 522 are active.

Switchpoint controls 222 and 522 are also input ro enables 574 and
$76. respectively. To ensure that both of receivers 218 and 518 are not
simultanecusly enabled, output 562 of compare 560 is provided to reset 365

35 in latch 364. Likewise, output 362 of compare 360 is input to reset 565
in latch 564. Thus, when output 562 becomes active, reset 365 resets
latch 364, rendering switchpoint control 222 inactive. On the subseguent
scan line, output 362 is negaced, however, latch 354 holds switchpoint
control 222 in the inactive state, although latch 364 may now be clocked

40 by ocutput 251 of Qivide- -by-N 250, whereby switchpoint control 2232 may
again become active in a subsequent frame. Conversely, when output 362 of
compare 360 becomes active, reset 565 resets latch 564, rendering
switchpoint control 522 inactive. When output 362 is negated on the next
scan line, latch S62 holds switchpoint control 522 inactive. However,



.and secon

. 320. The outputs of first and second receivers 218 are operable fo,(e 3
switching to an inactive, high-inpedance, state in response to an N%‘b?@

si gnal . e parallel connection of the outputs fromg
d Quflg%&eﬁ?vers 218 forma wired-OR | ogic function. %&’E@%" d| ment

of FIGURE 5A, receiver 218 is controlled by enable 574 and receiver 518 is
control | ed by enabl-e 576. Switchpoint castrol signals switch MIX 214 when
slave data is active. Swtchpoint control 222 is generated as previously
described in conjunction with FIGURE 3. A second switchpoint control

I gnal , chpoint .con nerated at the output of |atch 564,
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Tiws, whep.Qyfput 562 becomes active, reset 365 resets latch

rendering switchpoint control 222 inactive.” On the subsequent scan l'i ne,
output 362 is negated, however, latch 354 holds sw tchpoint control 222 in
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251, and $Wkt E4ASEVAT teontves aSRR rREgonding enable signal, enable 574,

enable 576, ..., and enable 578. Additionally, portion 525 includes a
20 plurality, N, of switch point registers, switchpoint register 350, 550,

.. and 551, each of which is coupled to bus 114, and receives a

corresponding scan line data value therefrom. The scan line number data

value is provided to a corresponding one of a plurality and plurality, N,

of compares 360, 560, ..., and 561. Each of compares 360, 560,

25 and 561 receives line number count 358 from horizontal Sync counter 356

-t

{horizontal sync counter 356 is not shown in FIGURE 5B, for simplicity.)
Respective outputs 362, 562, ..., and 563 of compares 360, 560,
and 561 is provided to a corresponding latch, latch 364, 564,

-

and 567, respectively. Each latch outputs one of a plurality, N, of
30 switchpoint controls, switchpeint control 222, switchpoint control 522,
» Switchpoint control 582. Each of the switchpoint controls is
provided to a corresponding one of enables 574, 576, ..., and &578.
Additionally, switchpeoint controls are coupled to reload control 318,
unload contrel 326, MUX 214, receiver 220 and driver 228.

35
Each of latches 364, 564, ..., and 567 is seguentially reset by one
of the plurality, N, of outputs 362, 562, ..., and 563. In the embodiment
of the present invention illustrated in FIGURE 5B, reset 365 in latch 364
receives ocutput 562. Similarly, reset 565 in latch 564 receives
40 output 563, and reset 56% in latch 567 receives output 362. Thus, scan

line number data values are loaded into switchpoint register 350, 550,
-» and 551 in increasing order, by the software program being executed
by a corresponding one of CPUs 110, FIGURE 1, generating the graphics

information as described in conjunction with FIGURE 1. However, it would



| i kew se becone active in a subsequent frane. Additionally, swtchpoint
controls 222 and 522 are provided to FIFO load control 318 and fhRfgyumizoad
control 326. If either switchpoint control 222 or 522 is active, signaling-
that sl aweodabsmebrom either slave systemis active, then |maricoonswet 318
and unl oad control 326 enable wite 324 and read 328, respectively.
Likewise, if either switchpoint control 222 or 522 is active, receiver
220, and driver 228 are rendered activé® G aphics system 408 in Fl GURE 5A
may, in an alternative enbodi nent of the present invention, be operable
with a plurality of slave-configured systenms. FIGURE 5B illustrates a
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conj unction with FI GURE 1. However, it would 1 1 NOV 2003

In this way, a pixel merge mechanism has been provided. An

embodiment of the present invention includes a configurable ASIC, which
may serve as a standalone graphics engine, or as a master or slave in a
master/slave configuration. In standalone mode, the mechanism drives a
display device with native pixel data. A device configured in master mode

30 is operable for receiving pixel data from a corresponding slave device,
and merging the slave pixel data with native pixel data generated by a
rasterizer within the master ASIC. Data is communicated between slave and
master using a digital data link, which may also serve to drive a flat
panel display in standalone mode. A FIFO, active in the master, mediates

35 the transfer of the slave pixel data and permits switching between native
and slave pixel data with single pixel resolution. The FIFO accommodates
slight differences in time between pixel in master device and slave pixel
tlock. Pixel data may be merged cn a frame-by-frame basis, or in spiit
frame mode wherein a first portion of the graphic shown on a display

40 device constitutes native pixels generated in the rasterizer corresponding .
to the master device, and a second portion of the displayed graphic
includes pixels generated by the rasterizer in the slave device.



- WO 01/ 03066 PCT/ GBOQ 01947 16 be understood by an artisan of ordinary skil
~that resets 365, 565, .. , and 569 may be coupled to other pernu‘qqlg ﬁH
out put s ¥od0966, 563, with a correspondi ng pernutation of P&Qﬁ;ﬂﬁ,ﬁgﬁ rg)
-scan line nunber data values stored in switchpoint registers 350, 0,

.., and 551. It 5 would be further understood that such alternatlve
enbodi nents would be within the spirit+and scope of the present invention.
FIGURE SC illustrates a portion 555 in accordance with an alternative
enbodi nent in which scan |ine data val ues need not be stored 10. in
swi t chpoi Nt r egkstehstBb@rebhld, invent i8dn85k si MG 05 ANEE: Webh a
predet er e D@ REABI 1406a 3 1RESE:n30R %Q%Aa%&g&oéﬁéhdt VRN d&danEX an output

of OR gat i.ncl udes a each of
which is g”?‘ §“ tosqgltr’fg aﬁgmmn $286F %eéﬁ%‘ 6’6§h°“§| ik 1“99 frE¥et 565
inlatch® % C|°§ec‘ifupr’§dmt"8“°aﬁ?noiﬁ ﬁﬁtf“tﬁd HQ‘@&t%P@WEd FReims-1 15 inputs of
OR gate 577 are coupled to outputs 362, .. , and 562. Latch 567 1is reset
by. reset 569, which is coupled to an output of OR gate 579. The N3
inputs of OR gate 579 are coupled to outputs 362, .. , and 562. In other
wor ds, each of the plurality, N, of OR gates 575, 577, .. , and 579 is

coupled to an N1 nenber subset of the set of N conpare outputs and 20 each
such subset excludes the one of the N conpare outputs coupled to the latch
that is reset by the output of the corresponding OR gate. Oherw se, the
operation of portion 555 is the sane as portion 525 previously described
in conjunction with FIGURE 5B. 25 In this way, a pixel nerge nechani sm has
been provided. An enbodi nent of the present invention includes a
configurable ASIC, which nmay serve as a standal one graphi cs engine, or as
a master or slave in a naster/slave configuration. In standal one node, the
mechani smdrives a display device with native pixel data. A device
configured in nmaster node 30 is operable for receiving pixel data froma
correspondi ng sl ave. device, and nerging the slave pixel data with native
pi xel data generated by a rasterizer within the master ASIC. Data is
communi cated between slave and naster using a digital data |link, which may
al so serve to drive a flat panel display in standal one node. A FIFQ
active in the master, nediates 35 the transfer of the slave pixel data and
permts swi tching between native and slave pixel data with single pixel
resol ution. The FI FO acconmpdates slight differences in tinme between pixel
in master device and slave pixel clock. Pixel data may be nerged cn a
frame-by-frame basis, or in split frame node wherein a first portion of

t he, graphic shown on a display 40 device constitutes native pixels
generated in the rasterizer corresponding to the nmaster device, and a
second portion of the displayed graphic




i ncludes pixels generated by the rasterizer in the slave device. WO

© 01103066 17 | | NOvV2003 PCT/ GB06/01947 Al though the present invention and
" its advantages have been described in detail, it should be underkt NO¥ 2iihat
vari ous changes, substitutions and alterations can be nade herein w thout
departing fromthe scope of the invention as defined by the appended cl ai ns
11 NOv 2003 la CLAIMS 1. An apparatus (100) for nerging pixel

- data-conprising: a buffer (213,216) operable for receiving first pixel data
froma first source (102); first sel eglarge circuitry (214) operable for
receiving said first pixel data fromsaid buffer (213,216) and second

pi xel data froma second Soﬁ rée §ﬂ104,), wherei.n said selection circuitry
(214) select s “FoPPPGarpat th E Fi B2F93P61 PHIRe P2 a8 5 5iPEai d buf f er

(213, 216) and second pixel data received fromsaid second source (104),
sai d sel ecti o beifegui(ely, 2(121Hrebeblyy foperaielieidnfioet pukel ngesafbnf kr St
and secoddrgd xehrceatazfo a di splay device (106), and wherein said buffer
(213, 216) outputs said first pixel data in response to a first clock

signal characterised,Ln. that, 1ha appasal U Luriher, commtl ses..sec0nd,
sel ecti on.cir gula;r g‘]z a%ﬁgﬁ I a Ig fQr {e FVing .sajd.secord pi xel “dat a _
from sai 8§ 358cSAd" sETc& § And“ T RePe P i ot th T8Nt EEHE sai d
first seFBRTG0N* &t cUPEFSAR( 2239 s=iehtd BTG s® déttloselesycdPEry being
oper abl ecterutsépectiidgl fxmt pinpPubtindroniisepdifdrpikel 21 atkadf saomwndai d
second spixele dgéfiHdecahved Eirdm thilddsqrioxe| scakata fival Salid saldcpudni N response
to a set cﬁ)f‘mﬁ@lﬂ‘}l’ 1451 galgSopdiGbuei Mg &Jﬂuﬁ:ﬁ_ﬂngﬁ@ﬁicﬁ Hirs8l ke ORE m& for
sel ecti ngada oSSR kph ¥PCevacS€GRBH, GARL N 3h WAk LaRetapls Lok, §%Es&éé N9
betveen g,mRsiet. GAGLL QWA 1oN.B00A shave CONGLGUrALLon Of Sd
apparatus, an hgrgctlerrgsé:o%r Ia S }gnal oper aﬁfe_t or sgf‘ect ing a standal one
mode of said SPPETATHS "D P A EppRT APERT US4 REE SHPEFSiSh | wherein said
buf fer conpri S85°%F SFFLEOP NP o URIYFPREj 26T f&r Tepab)insarridvier®ich
sai d Fl FE-¥ Pefz | fgaassaigapecanpdceenicpi ¥6l4) dard thard espehsiateof woms@gond
cl ock signedut 8f sidappatatel=cador |diromitxyn (z14ai, nsdianhet@idn sep et ibhr St
sel ecti onirmiikeyideiyig(dkdrbBelreet Selfeot iEPHt dutpEt d fhgl ESROREEAD pAxaynamni ¢
SWi tch  8h@ghakom4aiBNsaRpar Musse af oah AldPdat & ol 2k Pike NBLETI B SRId: 1 1St
SeleCt|OQutput in response to a set of control signals including a first control
signal operable for selecting a display type, a second control signal
coperable for selecting between a master conficquration and a slave
configuration of said apparatus, and a third control signal operable for
selecting a standalone mode of said apparatus.

2. An apparatus as claimed in claim 1 wherein said buffer comprises a
first-in-first-out (FIFO) buffer (216), and wherein said FIFO buffer leads
said second pixel data in respense to a second clock signal.

3. An apparatus as claimed in claim 1 wherein said first selection
circuitry (214) selects for outputting in response te a dynamic switch
signal.

4. An apparatus as claimed in claim 1 wherein said first selection
circuitry comprises a multiplexer (MUX) (214). '

5. An apparatus as claimed in claim 1 further comprising a digital data
link receiver (220) operable for receiving said first pixel data from said
first source (102} and cutputting said first pixel data to said buffer
(216,214).

6. An apparatus as clzimed in claim 2 wherein said second clock signal
is derived from a pixel clock generated by said first source {102).
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cirrcuitry conprises a multiplexer (MJ) (214) 5. An apparatus as claimed in
claim1 further conprising.a digital data |ink receiver (220) oper1ap~§v 50%
"receiving said first. pixel data fromsaid first source (102) and

- outputting said first pixel data to said buffer (216,214). 6. An apparatus
as clainmed in claim2 wherein said secoAl clock signal is derived froma
pi xel clock generated by said first source (102) AMENDED SHEET | 1 NO V
2003 19 7. An apparatus as claimed in claim1l wherein said first source
(102) conprises raphics gngine (1 aLd second s
(104) cgrrprl ges ?fasr(aaéonﬁg alpal |§smecﬁlh|a:hme f’lﬂligfem?al%\% Ea?%‘ﬁﬁ 3502 Ia| med
in cl ai eFRRABTFRI 5 f43FY SFF ngF%t%"ﬁ'ie 112e]ngF’?ﬂa SFH?:ISGEI%%d é”f"r"f%t“%}st ezi zer
(208) opwrBEees gr sgerrst ariphy cSafebinpi ¥€Y2)dat a and said second graphics
engi ne includes a second rasterizer (208) operable for generating said

pi xel daga. 9Anﬁgpnapaarsatausclasmaehadnrredainn 7ChiRdiraEd JauBt AfseC kiséng a
first drdyghe fr?&?z)de?paerfﬁ?é@ QEe:F:Fz%?' V4 dag 8;5'&1—95:!1 %rfﬁé}%‘é?% S §§§c9nd

ata i nk

sel ectlon %Idgé“le!tr ]d ;ec g u'&;ln .
(120). 1 % as al?re cl 9m ur eﬁer ceézr?ﬁrlrsaisng & Second
driver ) Fe Cfr ?e?eeré‘ér‘@? rf@léa?’d“%uﬁﬁir from sai d second sel ection

circuitry (214) and outputting said signal to said first driver (227),
wher ei n &n oukpuErpefatseE ds sdedneld dmi vbrin 2283rther opspaidiegforfibecairingr
i nacti ve(aam) r esfrense fdr fe@diednd enToagshts eto0asaisdcphdisabédnacal control

signal s.ciklui R, ARRAY alddS o@dpuet BhdTRAsi ghaGl 84 M &1 44460 NeJe COMU 1(50AQ;
circuitry (238) operable for generating sal d first clock signal; and

C|rCU|try (25 bIe for Jout uttl cond cl ock. si naI havi a
predet er M nedg% é’oaxa % PRLG6TE {;gt e il r"?f"‘”c‘lsdt?g ﬁ‘éﬁ’ al d

en
‘second FO¢RTsiff ee‘%/aﬁ’ oﬁi’érﬁ%‘?eé‘vfﬁ? sraéﬁe‘?i’érp‘d'flfﬁ@masarlﬁir F'EFCE‘l %1%5’1@%
oper abl ézJTrGPl'F@adPﬁ@) AnfePutPat Bing oAt d #iignel ot ssiguf besy ArdvesailezBuf f er .
12. An affjsaeat st ytpltaicfeskidnsedcmidnddivieyr {3980 tonrpeirshilegfct keubhing ( 306)
oper abl eifaerieaitiputtsmegsa ty Rapt lesetdizRidngetS bgnalid Yhekel 6y 93 dontdypnam c
swi tchi nggekgeal 1s operable for selecting for outputting a portion of
sai d second pixel data generated by said second source. 13.. An apparatus as

clai ned j;n C'%&@p%;aiéﬁsh% SQ0RLd sing; . i ES% r%rc%lo;tnr ((3306) operabl e for
[

out putti ng a rst dynamc swiching si and °s “ircui try (306)

operabl e for outputtin second dynami c svvr t chi ng sr gnal wherein said
first and secd 1-151'%:‘(;"1,'1 &ésb(ﬂ?ﬁﬁ%}ee 's"af dgeneratn.ng said first clock sigmal; and

circuitry (250) operable for outputting a second clock signal having
a predetermined frequency ratio relative to said first clock signal, said
second clock signal being operable for regenerating a third clock signal
operable for loading pixel data from said first source into said buffer.

1z2. An apparatus as claimed in claim 1 further comprising circuitry
' {306) operable for outputting a dynamic switching signal, wherein said

dynamic switching signal is operable for selecting for outputting a

portion of said second pixel data generated by said second source.

13. An apparatus as claimed in claim 1 further comprising:

first circuitry (306) operable for outputting a first dynaﬁic
switching signal; and .

second circuitry (306) operable for outputting a second dynamic
switching signal, wherein said first and second signals comprise said
first and second dynamic switching sigmals, respectively, and wherein said
first selection circuitry {214) selects for outputting in response to said
first and second dynamic switching signals.

14. An apparatus as claimed in c¢laim 1 wherein said first pixel data is
received in &n encoded, serial format at an input of a digital link
L}
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first and second dynam c switching signals, respectively, and wherein said
“first selection circuitry (214) selects for outputting in responsgy Wov #d
first and second dynanmic switching signals. 14. An apparatus as claine n
-claiml wherein said first pixel data is received in an encoded, serial
format at an input of a digital link AVEBRDED SHEET 1 1 N O V 2003 20

recei ver (218), said receiver being operable for decodi ng said encoded
format for outputting to said buffer. 15. A nethod of . rrergi ng pi xel data
conprising the stesof ecelvmgflrst atafr m,first
and secorfFc&otiFtds “'16?”%6’&?3”865 B BT aglf’ "r’\%“%éigfl 228 oFFpriel data
from sai é%@eb@rs@ﬁﬁ%‘ét{@ﬂy §4abuf§ffer (213,216); and sel ecti ng for
outputting said first pixel data fromsaid first source (102) and said
second pixel datm@rBéDedndraisqind xbufden ¢&13;246) tha stepspanse to a dynanic
switch signal, and wherein said buffer outputs said stored second pi xel
data in response to..a Q i da terise ; step
of sel ect] ng f for COUt i %h n g%r%%m% %q%%rldsgga{%g‘ E{es% Q?d iet ctsloﬁg%% n
response t£8%a %ét‘ 5? p@Sﬁ’t‘? ‘signals, between said second pi xel data from
sai d second source (104) and third pixel data selected in response to said
dynani ¢ swi t chicsidigmmlsaidmecsnd dpiget dfackiom otidEgerlds SPyrcleu s JaifiF st
control gsicgped @pera)e adfdor sel ecting a display type, a. second control
signal operable for selecting between a master configuration and a sl ave

configuration é%fleéé‘irg £EPRALALUS ng M a1l §1,6ANGLQ] r8bnaka opgabl e for
sel ect' | D3 aa‘aai s E;Egdge%rf S 52’%6)199?‘{ atYsea 18- saﬁanﬁsé}eg fzis%?é)m_q in

cla rises a LN

(FIFO . GiFPRrEe shd oLl praghy, SRS B LRl
in respor‘F§€r‘F‘6 SECS%‘%é’ﬁHEJcIdGE'R i gﬁ%t‘-f"nsi?“ ,3\ Fr’e"fsl’roiﬂ o Ef%}%d in cI ai m 15
wherei n sai d sthepaeferigediip Heptsaid first pixel data fromsaid first
source (102) faaithereprc ofipreilgeisinighé&orstogppuiafing oiwrthe &bmprgissai the skesteipi xel
dat a fromesatthing,r st reepsce over sar oi goitaloldatgmal $ nbefdB) saidB.sehomet hod
as clai ngdxkDd &lrai Mckbsiid thesnL aBRFdeSiiNEr)t BEs Shepa Yixedata¥i S0 czaLE iecond
clock si gnal.fLom aigx aggpcgg,lggpesrl Lef Rygsaid first source (102). 19.
o method as cl Alaeg,J @f g%llé é@ sellﬁ g {igi8Lle SQUELH %9@1 cblfhdides a

first gr %phl se ec ?rtlgeral :Lspl ! sse%!:nd C%IC.IQIDO 'S.s:?éJI{a cperab

selecting between a master conflguratlon and a slave configuration of said -
apparatus, and a third control signal operable for selecting a standalone

e for

mode of said apparatus.

le. A method as claimed in claim 15 wherein said buffex (213,216)
comprises a first-in-first-out (FIF0O) buffer, and wherein said FIFO buffer

inputs said second pixel data in response to a second clock signal.

17. A method as claimed in claim 15 wherein said step of receiving said
first pixel data from said first source (102) further comprises the step
of communicating said first pixel data from said first source over a
digital da%a link (120).

- 18. A method as claimed in claim 16 further comprising the step of
deriving said second clock signal from a pixel clock generated by said
first source (lp?}.

19. A method as claimed in claim 15 wherein said first scurce (102)

includes a first graphics rasterizer (208) and said second scurce (104)
includes a second graphics rasterizer (208}).

20. A method as claimed in claim 15 further comprising the steps of:

generating said first clock signal; and

AMENDED SHEET



i ncl udes a second graphics rasterizer (208). 20. A nethod as clained in
- claim15-further conprising the steps of: generating said first cltkpy 2[](]]]
~signal; and AMENDED SHEET 1 1 NOV 2003 21 generating a second cl ock signa
having a predeterm ned frequency ratio relative to a frequency of said
first clock signal, said second clock sijgnal being operable for
regenerating a third clock signal operable for loading first pixel data
fromsaid first source into said buffer. 21. A nethod as clainmed in claim
15 further conprising the steps of; receiving third pixel data froma
third source; $V%dPherSal deqdndr el qrkxelcrddt bavimpoa gaiede batffiesd faBguency
sel ecti velagienatllaichige Sai d fregsenanditddikdspisekidat a16041,1 0ad Agecdt 0 sai d
Mot ot a5l Lt Pk o e o e e GRS 1S Rahh, Shefarag
Sd loi fy - iSI S ;
first and second ay%al%ﬁtcbisng o 1::Hng grﬁgs?\ag ST g%‘f)rc‘fﬁslenttogsa*:{ P8 %nd second
presel ected |ine nunbers, respectively; and providing said first and second
enabl e si‘gnal & MiSPEEFSnSE G GLa¥% 1§t urtdes ceymdishnvabhe sswb4 cifi:ng
signals, said first and second dynam c sw tching signals being operable
for sel ecting fegericugpubithgipar thonsroh a saidasecepd; and third pixel data.
23. A nmethod as clainmed in claim2l1 wherein said step of comrunicati ng
said first pixebadaf gaggrmlriﬁeﬁxg@edas%egzgmofs' .grgb(%ggpg_as?i d first pixel
data using a predetermined format; and seria fy transmtting encoded first

i xel data AMENDED SHEET . .
p seEE%tzve§§ enabling said first and third pixel data for lecading

into said buffer in response to first and second enable signals,
respectively.

22. A method as claimed in claim 21 further comprising the steps cf:

generating fi;st and second. dynamic switching signals in response to
first and second preselected line numbers, respectively; and

providing said first and second enable signals in respense to said

first and second dynamic switching signals, said first and second dynamic

switching signals being operable for selecting for outputting portions of
said second and third pixel data. . ’

23. A method as claimed in claim 21 wherein said step of communicating
said first pixel data comprises the steps of:

encoding said first pixel data using a predetermined format; and

serially transmitting encoded first pixel data.
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