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DI SPLAY | NTERFACE AND METHODS OF USE
No. 10/726,895 {Attorney Docket No.: GENSP108), entitled “MINIMIZING
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THERECF" nam ng Kobayashi as inventor. This application is also related to
the follow ng co-pending applications: (x) U S. Patent Application No.

10/ 909, 103 (Attorney Docket No.: CGENSP112), entitled "USI NG PACKET
TRANSFER FOR DRI VI NG LCD PANEL DRI VER ELECTRONICS" filed July 29, 2004,

nam ng g? ShHo@Rp nventor; and (xi) U S. Patent Application No.
10/ 909, 08 Docket No.: CGENSP 127), entitled "PACKET BASED STREAM

TRANSPORT SCHEDULER AND METHODS OF USE THEREOF" filed July 29, 2004,

nam ng Kobayashi as inventor. 2 BACKGROUND 1. FIELD OF THE | NVENTI ON
[0002] The inventlon rEERPOE THEINISHIQN, devices. More specifically, the

i nvention describes a nethod and apparatus for using driving LCD panel
drive el eq0o®)iTde. invdibRv$1EN [(OOORLy dnticds. bt spedielllyytheavengénal | TVs in
use today rely on a device known as the cathode ray tube, or CRT, to

di spl ay t hRidrivefBaRShod dhdp ?ﬁratl.fs%ld.\sﬁlﬁ @i ePdidd @ect@RidsS € screen,
el ectronic circuits inside the TV use magne flection coils (a

hori;ontag%ﬁﬁfé%on coil to nove the beamfromleft to right and a

verti cal coil to nove the beam up and dovvn) to nove t he

el ectron beam in aster scan" pattern across and {(he screen. FIG
1 illust ra{P‘é@laUmag@(@F refe@bbﬁlr%PséaWé/ﬁtmB?Failodawbh%é F\&g}e fe an

el ectron beam paints one |ine across the screen fromleft to
cathode ray tube, or CRT, to display their images. In order to display an image on the

entire screen, electronic circuits inside the TV use magnetic deflection coils (a
horizontal deflection coil to move the beam from left to right and a vertical deflection
coil to move the beam up and down) to move the electron beam in a "raster scan”
pattern across and down the screen. FIG. 1 illustrates a raster 100 on a conventional
cathode ray tube where an electron beam paints one line across the screen from left to
right 102a and then quickly moves back to the left side 104, and paints another
horizontal line 102b, while continuously moving down slightly. When the beam
reaches the right side of the bottom line 107, it is moved back to the upper left corner
of the screen, as represented by line 106. When the beam is "painting” lines 102 it is
on, and when it is “retracing” lines 1‘504, it is off so that it does not leave a trail on the

- screen. The term horizontal retrace is used to refer to the beam moving back to the left
at the end of each line, while the term vertical retrace refers to its movement from the
bottom to the top of the raster 100.
[0004] In order to display an image on a CRT display screen, each image is
transmitted as a sequence of frames each of which includes a number of horizontal

- scan lines. Typically, time reference signals are provided in order to divide the video

signal into horizontal scan lines and frames. These reference signals include a



ri ght 102a and then quickly noves back to the left side 104, and paints
another horizontal |ine 102b, while continuously noving down slightly.
When the beam reaches the right side of the bottomline 107, it is noved
back to the upper left corner of the screen, as represented by |ine 106.
When t he WRER | retraci ng”
i nes 104b@|t I's %ﬁ?ﬁﬂ&i aﬁkﬁ@§§gégﬁw%ﬁf+gggg@%d?$g§| S%hthQEreen The
term hori zont al race.is used to refer .toth beanrnDV| o the
ort ot e RaHE O AT SCRLRG i T ol e isaied or s o
its nmovenent fromthe bottomto the top of the raster 100. [0004] In order
t o di spl ayinigrs fumkps of poimtsCriferd canbl poyntde displayedeatohpireldygeings transmitted as
a sequence of frames each of which includes a nunber of horizontal scan

| i nes. Ty pioeebpondirig pieel chick nlen epecsiigitad satantewipeh plxdBdiré peretdeat (iho di vi de
the video signal into horizontal scan lines and franes. These reference

signals | Jzé!gﬁeraseé’b t\fﬁﬁ"ﬁex@f&@% ofd&?‘%o dhEighf@fd%é daéa%h?@g L bRGurkE, & frame

and an HS NC si gnal i ndi'cates the beginning of next source scan

line. In this i nt o oi nt s. where each
point 15 debrtEEUh DD BRYE: S 6t Putpdiidly® ap?%FE Sl Rfha
specifies the rate at which pixels are generated (in pixels per second).
Ther ef or e Progeseir gart (VB it camyouts deonermmingrvidan datafagia pati foapat) tsgich as’ a
CPU, DVD pl ayer, etc., the video data is processed by a conventional video
processor uintdotda@\ﬁﬂld)viﬂdsmdis@@yrﬁmnhﬁattalﬂodh@@rﬂer@mﬂad@ aataofyatnitinttat | ve
format) to a video data at a video display fornat at a clock rate

det er m nedyiyh theMRADE Yerirhrilly RfoPed.

[0005] A cathode ray tube (CRT) controller unit then converts the display formatted
video data to CRT compatible display timing by adding timing and control signals
(such Hsync and Vsync ) regardless of whether or not the display unit is a cathode ray
tube based display or a fixed pixel display such as an LCD. In this way, the CRT
controller unit converts the video data that is read from the video source to a pixel
clock rate @pix based solely upon the assumption that the display requires CRT type
signals. It should be noted therefore, that strictly based upon CRT legacy
considerations, the incoming video signal has been converted from a native video
clock @pgiive to a pixel clock Dpixerand then sent to the display unit at a link rate LR
that must be faster than the pixel clock @y At the display, the video signal must
then be processed again by a pixel clock regenerator circuit in order for the video data
to be properly displayed.

[0006] Therefore, even in those situations where a pixel clock rate is not meaningful
(such as with fixed pixel displays, such as LCDs), conventional video processors
require that a CRT controller unit force a video signal that will not be displayed on a

CRT type display to conform to legacy CRT requirements. |



which the data is tenporarily stored. [0005] A cathode ray tube (CRT)
controller unit then converts the display formatted video data to CRT
conpati ble display timng by adding timng and control signals (such Hsync
and Vsync) regardl ess of whether or not the display unit is a cathode ray

t ube base i Lxe i i y: C Lo this way,
the CRT - SBUTCHRLcrBfe, iy bl Hhirp Y DS UFCRTRaRR, Eon bfockit, ne

vi deo sourgce to a pixel ck rate Dpixei, hased sol ely upon the assunption
that the &ﬁ@ﬁ%ﬁ@“@gﬁﬁﬂP%g %Wﬁ@¥“§?§ﬁ§ﬂ§sa$¥£§%ould be noted therefore,
that strictly based upon CRT | egacy considerations, the incom ng video
signal has been converted froma native video clock Dnative to a pi xel

cl ock bpixet and then sent to the display unit at a link rate LR that nust
be faster than the pixel clock bpixei. At the display, the video signal

must then be processed again by a pixel clock regenerator circuit in order
for the video data to be properly displayed. [0006] Therefore, even in

t hose situations where a pixel clock rate is not nmeaningful (such as with
fixed pixel displays, such as LCDs), conventional video processors require
that a CRT controller unit force a video signal that wll not be displayed
on a CRT type display to conformto | egacy CRT requirenents. 4 [0007]
Therefore, in those cases where a display is not CRT based, a video
processor that does not enforce CRT | egacy requirenents is desirable. 5



SUMMVARY CF THE | NVENTI ON [ 0008] What is provided is a video processor
architecture enbodi ed as a nethod, apparatus, and systemsuitable for

i npl enentation with digital displays, such as liquid crystal displays
(LCDs), that provides a video signal that is directly related to a nenory

cl ock rate and i ndependent ogm&'xﬁggﬁhﬁ;mﬁﬁ%ﬂ&a vi deo processor
unit, a nmethod of providing lock rate that is

i ndependent of a pixel clock rate is disclosed. The nethod i ncl udes
receiving native video data froma video source at a native clock rate,
storing the video data in a nmenory unit, reading selected portions of the
vi deo dat d0808]aWiretnis pyovidddde k video@rogeassr ardhtieigretemebodleddastagdethpdieo dat a,
packetizing the rasterized video data, and sending the packetized video

data to a #ppsiatdyarddvybteBysuivalyle Fbr inplérintaiondwith BigithdiSplaysviheistiguide |1 nk
rate is directly related to the nenory clock rate. [0010] In another

enbodi nent s@al\@i% i J: i : n- CRT type
di spl ay unc|r¥ cou F%é@ﬁgg)z?%% B{/"Q’{m%eg ﬁ&%@@%}(&@ﬁ%@?ﬁ%ﬂ%}eﬁﬁ i ncl udes a
vi deo nenory uni avi ng,an, asspcj ated. nenpry clock rate and a vi deo packet
transm ttéPXIH?ﬁytcthcgrratteragﬂ%“rﬂeP??‘%Bt? ¥Ff86 data to the non-CRT type
display in the formof video data packets at a link rate that is directly
rel at ed t dO9®MY Inanidsp mepessior ungt emethodor preiding ehvideotdata siiedmot probuséssor
does not require a CRT controller unit. [0011] In still another

enbodi mentrateahdt ¢ind gpend Bl 'dipihed click e£t8 $0disdloded p Mhe intbitlagl inGiuded ayabl e vi deo
data to a display unit coupled thereto is disclosed. The video processor

i ncludes geddRAfy fhtiveWideo SRR ARbS R £AHAG0L LISt Bhé, SiirngGRYP! €d to the

video data in a memory unit, reading selected portions of the video data at a memory
clock rate, rasterizing the selected video data, packetizing the rasterized video data,
and sending the packetized video data to a display unit by way of a link at a link rate,
wherein the link rate is directly related to the memory clock rate.

[0010] In another embodiment, a video processor for displaying video data on a non-
CRT type display unit coupled thereto by way of a link is disclosed that includes a
video memory unit having an associated memory clock rate and a video packet
transmitter unit for transmitting the video data to the non-CRT type display in the
form of video data packets at a link rate that is directly related to the memory clock
rate Qmemory Such that the video processor does not require a CRT controller unit.
[0011] In still another embodiment, a configurable video processor for providing
displayable video data to a display unit coupled thereto is disclosed. The video
processor includes a CRTC circuit, a selectable CRT controller circuit coupled to the
CRTC circuit and a raster engine coupled to the selectable CRT controller circuit.
The proéessor also includes a display interrogator unit coupled to the display unit and

the selectable CRT controller circuit for determining a display type corresponding to

6



CRTC circuit and a raster engine coupled to the selectable CRT controller
circuit. The processor also includes a display interrogator unit coupl ed
to the display unit and the selectable CRT controller circuit for
determ ning a display type corresponding to 6 the di spI ay unit, wherein

when t he %éetsp»égtmewhafﬁtvgt%t}h 1SF)M¥%§E:F§Q chtft dfsgt Y thedpfilyr 09at or

unit sends a t signha e se con II’CUI that

di sables (.if en bI ed t the | a) e video data
is sent dffECETY" Y ’Eet’i‘gsa%?—rls%?a l[‘e?"i r]’tl"hg CHéahaaﬁd wher ei n
when t he dlé%lay i nt errogat or determnesthat the d| Ia is a CRT type

di spl ay, losiid cantdpd)he CRACeeiravifuoh thebthgslisplayeblond is sews t he

sel ectable CRT controller circuit that enables the CRTC circuit (if

di sabl ed) directly tvht dishydinstdlay s asteit @ginedmtlavlicseip et sisedisflyy t he  CRTC
circuit prior to being sent to the display unit by way of the link. 7 BRI EF

DESCRI PTI %e%gﬁﬁﬁ%ﬂéﬂ%t tF Gipiby il BRI EG5Ral AP ApycOnvent i onal

cathode ray tu 2 shovvs an e enpl ary €0 processor it (VPU) in
accordance_w t rrbod f t.he 3.sh xenpl ary
LOD di spl alttegrasttarbtea A PR apilo Hisc AT CRR coniotior @ity ?Y*%r b hovs.

hi gh-1 evel diagramof a data streamfor transm ssion over the link in

accor danc éh%\F Caircatiid ghisshled) schitha thedigpleyable video data is processed by the

CRTC circuit prior to being sent to the display unit by way of the link.



FIG 5 illustrates a systemthat can be used to inplenent the invention. 8
DETAI LED DESCRI PTI ON OF SELECTED EMBODI MENTS [0012] Reference will now be
made in detail to a particular enbodi ment of the invention an exanple of
which is illustrated in the acconpanying drawi ngs. While the invention

wi || be described in cogy ' ' ' G@*rbodirrent, it will

be understood that it ?@RﬁbFﬁggﬁz@l}&@%%ﬁ?anemi on to the

descri bed enbodinment. To the contrary, it is intended to cover
alternatives, nodifications, and equivalents as may be included within the
spirit and scope of the invention as defined by the appended cl ai ns.

[0013] Until ndd6. | éldustratep a ragterogita erojvertigmal eathsle reptidrp. rely on a devi ce
known as the cathode ray tube, or CRT, to display their imges. |In order
to display an iFTGQR sBows Reexchipilary &ide@Redtsse e i(WVOU) ¢én sddofdantSwithah de t he
TV use magnetic deflection coils (a horizontal deflection coil to nove the
beam f roménﬁioﬁirﬁ&t%ﬁ%ﬁ oft vertical deflection coil to nove the beam up
and down) to nove the eflectron beamin a "raster scan" pattern across and
down the scree I rder to displ ideo d. roma.yide source, such
as a CPU, DVD BﬁlgygF]?O"ﬁ%“.‘?XWéa i@i&gﬁg}?‘ S‘b]?”g\?‘? éHS%V’tﬁ g ﬁgy SBBWFce at a
native clock rate bnative is processed by a conventional video processor
unit (VPUInFBy-ZStoring the video data in a video nenmory unit until such
time as it is read fromthe nenory at a nenory clock rate Drenory and

processed by a Hi@s4 stiovenghigh-leVhiagtiny ef 4 8ata bir€any fdlemnstaissionatevbief ormat to
a video signal having a displayable format based upon

link in accordance with an embodiment of the invention.

FIG. 5 illustrates a system that can be used to implement the invention.



the characteristics of the display unit for which the imge wll be

di spl ayed. [0014] A cathode ray tube (CRT) controller unit then converts
the video signal using display timng by adding timng and control signals
(such Hsync and V sync ) regardless of whether or not the display unit is

a cathode ray tjybgfisssintis @g»nem BF éEﬁE@:ﬁgﬁmﬁ%%{ﬁCh as an LCD
In this way that is read
fromthe cloc rate .0 a 9 pixel clock
rate b pi :@ﬁga%%gm% il n‘ﬁ‘ﬁ Hég? ‘?B?F“P atc K‘@}“&‘ie%trﬂfégerequi res CRT
type signals. Once the CRT control | er unit has added the CRT based control
and tim ngveitignansxamnle ofivded isiildsgtatadgn theeaecpmpamingdgrawingsoWhild i nk to
the display unit at a |link rate LR Therefore, even in those situations

wher e a pitkeinvehidamkwilbbeddssribetin corpntingf with tisusdttiagarwinithdfmeg dit piilkel
di spl ays, such as LCDs), conventional video processors require that a CRT

controll erbe‘ﬂﬂd%rsfd&ﬁ‘%ﬁat@t ¥ neER ISR litltdhe Wvbhid2Ab t@f.fdesgﬁ | ayed on a CRT
type display to conformto | egacy CRT reqU| renents 0015] Accordingly, the

i nvention des r| b S t hod .St atu t hat oes not. enforce
CRT | egacy" ' é r’n:s[ﬁttge‘?odl T ésllﬁ @%ﬁ?ﬁqﬁ’ 8?1\2 \éesv?’ﬂg@cé%ﬁ“ﬁﬁa?nq s to be
di spl ayed on.a non-CRT type display unit, such as an LCD. More

speci fi calayivalopteasimiaydift ingladerd withinghe srigsed wope ohibe invsatien ardefipiedeo

signal to conformto a pixel clock but preserves the nenory clock rate by

transm t t ihygh¢ igpenidetbdadat a i n vi deo data packets at a link rate that is
directly related to the nenory clock rate. In this way, the inventive
vi deo proqeeen U efosh RiceAtB Winiddt 81 EV5 16 A8 foRbhy Rily bih eli0f KhdOS S @it uat i ons

cathode ray tube, or CRT, to display their images. In order to display an image on the

entire screen, €lectronic circuits inside the TV use magnetic deflection coils (a

horizontal deflection coil to inove the beam from left to right and a vertical deflection

coil to move the beam up and down) to move the clectron beam in a "raster scan"

pattern across and down the screen. In order to display video data from a video

source, such as a CPU, DVD player, etc., the video data provided by a video source at

a native clock rate Qyyive is processed by a conventional video processor unit (VPU)

by storing the video data in a video memory unit until such time as it is read from the

memory at a memory clock rate ®pemory and processed by a raster engine that converts

the video data native format to a video signal having a displayable format based upon

the characteristics of the display unit for which the image will be displayed.

[0014] A cathode ray tube (CRT) controller unit then converts the video signal using

. display timing by adding timing and control signals (such Hsync and Vsync )
regardless of whether or not the display unit is a cathode ray tube based display or a

fixed pixel display such as an LCD. - In this way, the CRT controiler unit converts the

video data that is read from the memory unit at the memory clock rate Demory t0 @



where a display unit so connected is not a CRT type display. In sone

enbodi nents, the inventive processor is dedicated to a fixed pixel display
and therefore does away wth the CRT controller and associated circuitry
entirely whereas in other enbodinents, in order to maintain conpatibility

with all [ .S%)|. i I €1 r
circuit i 2‘9 ?ﬁccll?%%erg‘%es%‘fg%g%ﬁ%g\é%elﬁ)g or égsés?m@gllogc a?(lijﬂn dl% %Q%ﬁ)ﬂégm roller
and associated circuitry i ased.upon ry.of_t i splay attributes
ur i g an S T s node SRR REL a8 O p el oBr oA f es 1 he
di splay whether or not it is a CRT type displayﬁI}OOégL The invention wll
now be desEningsinals, thervideosignal sdberegrspaddy way ofGDipaioghe disployaniat ai t

shoul d be noted that any digital fixed pixel display, be it LCD, plasng,

DLP based,liriksratd ISR. Shiértfobd, @vanth thbey sfuatienstigere's pixef clack tatdispanel in the
foll owi ng 10 description should not be considered to Iimt either the scope

or the i ntgahniQiful @fch dsWANEL bixdlldisHIA shdhSs @@ﬁﬁgy&)ﬁ@élﬁoﬂﬁ vigyention is

also well suited to be used 1n" con| %%l on wth a packet based vi deo

di splay interface such a ribed in. copendi.ng U S. Patent plication
Ser {al No ProverSES e AR p O Souteler i B+ VB sttt A BBEACE AND
"METHODS OF USE THEREOF" by Kobayashi filed Decenber 3, 2003 and U. S.

Pat ent Applisriayer on adeRT sypendssplaygogonform3o legsey ERINCQUISIMBIPACKET TRANSFER
FOR DRI VI NG LCD PANEL DRI VER ELECTRONI CS" by Kobayashi filed July 29, 2004
each of wlDels]akeordinglyphe atvedtiothddsetibestymebbérsgsen, it applatatpthposes.

does not enforce CRT legacy requirements for those situations where a video signal is
to be displayed on a non-CRT type display unit, such as an LCD. More specifically,
the inventive video processor does not force the video signal to conform to a pixel
clock but preserves the memory clock rate by transmitting the video data in video data
packets at a link rate that is directly related to the memory clock rate. In this way, the
inventive video processor does not require a CRT controller unit for those situations
where a display unit so connected is not a CRT type display. In some embodiments,
the inventive processor is dedicated to a fixed pixel display and therefore does away
with the CRT controller and associated circuitry entirely whereas in other
embodiments, in order to maintain compatibility with all possible display
environments, a selectable CRT controller circuit is included. The selection (or de-

~ selection) of the CRT controller and associated circuitry is based upon a query of the
display attributes during an initialization process whereby the video processor queries
the display whether or not it is a CRT type display.
[0016] The invention will now be described in terms of a representative LCD panel.
However, .it should be noted that any digital fixed pixel display, be it LCD, plasma,

DLP based, is also suitable and therefore the use of an LCD panel in the following

10



100171 Accordingly, FIG 2 shows an exenplary video processor unit (VPU)
200 in accordance wth an enbodi nrent of the invention. The VPU 200

i ncludes an interface 202 coupled to a video source (not shown) such as a
CPU, DVD pl ayer, etc. capable of providing a video signal V 1 at a native

clock rate d@&}ptﬁiﬁdshgrlﬁgfgt b€ ﬂsﬂﬁ:?ec{ @ ?‘ﬁltt elt}cljérttheggéﬁﬂé gr éﬁ@ x?gﬁteoq‘tﬁ@at the

vi deo source can Inc elt or

digital video d/ or al.o e stl I anal og vi deo)
sogr ce. A@Xﬁatﬁ’ﬁlng %1 tﬁﬁga@gﬁr‘%‘%ﬂﬁ?‘b& a!f%’ W‘sk?‘%‘%’ﬁéo i??’ ‘El gnal s that
can have any nunber and type of well-known formats, such as conposite

vi deo, serSaajungtign with any pagket based aidgiodisplayRarfaes suchias dessribed i t al  vi deo.
The video signal can be an analog video signal provided the source

i ncl udes sapending M. R fPasemt ApalicgioniSteal Nou07e6594 bntithal FPACERFNBASEDAN

anal og television, still canera, analog VCR DVD player, cantorder, |aser
di sk pl aerIDﬁ(VDISPEAY ﬁﬁtﬁr&m@%ﬁwﬁ’ﬁﬂ@@s‘?&)k'ﬁ PRERYPOPAR) e signal)
and the like. The source can al so include a dlglt | mage source such as

| e o or el HidRoes B g 003 ah DL bR abbrSigho e S5 foad oo

di gi tal formats‘such as, SMPTE 274M 1995 (1920 x 1080 resol ution,
pr ogr essi v@tiged [ HEBYE RACKEE ARANSIVER ECRBRIYBYF LLD PADEI. RRYYER; esol ut i on,

progressive scan), as well as standard 480 progressive scan video. [00181
Once r eceiEAQECTR@NI@S’dprdha)asM,ﬁlbé Tulpén, 30dreach ¢Hyhivhyroicarporatéde/ nodi fy
operation) in a video nenory unit 204 coupled to the interface 202 at a
Menory Spdfefein by reference for all purposes.

[0017} Accordingly, FIG. 2 shows an exemplary video processor unit (VPU) 200 in

accordance with an embodiment of the invention. The VPU 200 includes an interface

202 coupled to a video source {not shown) such as a CPU, DVD player, etc. capable

of providing a video signal V| at a native clock rate @pnive 2nd a native video format.

It should be noted that the video source can include either or both a digital image (i.c.

still or digital video) source and/or an analog image (i.e., still or analog video) source.

Accordingly, the video source provides various video signals that can have any

~ number and type of well-known formats, such as composite video, serial digital,

parallel digital, RGB, or consumer digital video. The video signal can be an analog

video signal provided the source includes some form of an analog video source such

as for example, an analog television, still camera, analog VCR, DVD player,

camcorder, laser disk player, TV tuner, set top box (with satellite DSS or cable signal)

and the like. The source can also include a digital image source such as for example a

digital television (DTV), digital still camera, and the like. The digital video signal

can be any number and type of well known digital formats such as, SMPTE 274M-

1995 (1920 x 1080 resolution, progressive or interlaced scan), SMPTE 296M-1997
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| ocation corresponding to the video wi ndow being displayed. In nost cases,
the nmenory unit 204 is of a size sufficient to store at least a full frame
of video data In order to display the video data stored in the nmenory unit
204, selected portions of the video data VI are read fromthe nenory 204

at a menory)gh QCEO"r Bﬁxt%ﬁ?ﬂﬁ%éﬁé scaftf, 85 6RAGY Mdﬁdﬁ%ﬁﬁ&g@@ﬁr‘e@@a&w that

converts the. VI ata ornat fo'a vid

di spl ayabl edfornat based upon the characteristics of a display unit 208.
For exanpl%% ®df the native format is 8 bit video data and the display unit
208 requires 24 bit video data, then the raster engine 206 has the option
of utilizil4§1¥ Qmedﬁcelvf@oﬂ‘lq}pd‘t%!ﬂt@/( Gt stekd (by wakief e smite/meiddin pr ocess.

[ 0019) Once the video signal V2 has been properly formatted for display on
the di splapgratioh) in2D¥dec@mpaokeiniz 204 Solplddas Kied infefact D2 ¥i Oeemshyddpate V2 into
a nunber of data packets 214 in the forn1of a data stream 215. The data

stream 21510!:21?1051%%{}@ 0513 bR 4il& \9 art?ggcﬁslﬁéreﬁayln%os@ cﬁéézg knel6 at a

B
transm ssion rate r ferr to as a IS in ependent of the

e AL c«eﬁqgsﬁ@qr LT

descri bed enbodi ment, the speed, or link rate, of the link 216 can be

confi gur ecPrdes to displaydie wdeu et stosed inghe mamogeenit 30k selestsd pasions pbA) t hat
can be adjusted to conpensate for link conditions. For exanple, at 2.5
Gops per ofidaondzty Vi e reddnfroid the mearors 2(ppatratm SXewk bédkzawi @ hnay @@ or dept h of
18 bits per pixel over a single channel. It should be noted that a

reducti on grieekf@ HYURGEr &Tg it ERNB S oh PG GRS viaRb d%lrﬁu{r@ﬁ)rﬁﬁﬁo a Alico

i nt er connéct, but al so reduces the power consunption which 1s an | nportant

signal V3 having a displayable format based upon the characteristics of a display unit
208. For example, if the native format is 8 bit video data and the display unit 208
requires 24 bit video data, then the raster engine 206 has the option of utilizing a color
look up table (CLUT) 210 in the conversion process.

[0019] Once the video signal V3 has been properly formatted for display on the
display unit 208, a packetizer 212 packetizes the video signal \G into a number of
data packets 214 in the form of a data stream 215. The data stream 215 is transmitted
to the display 208 by way of a link 216 at a transmission rate referred to as a link rate
LR that is independent of the native stream rate @pasve of the video data but is,
however, directly related to the memory clock rate ®memory (i-€., LR = a0 X ®memory). In
the described embodiment, the speed, or link rate, of the link 216 can be configured to
include a number of logical data channels (not shown) that can be adjusted to
compensate for link conditions. For example, at 2.5 Gbps per channel, the link 216
can support SXGA 60Hz with a color depth of 18 bits per pixel over a single channel.
It should be noted that a reduction in the number of channels reduces not only the cost

of interconnect, but also reduces the power consumption which is an important

12



12 consideration (and desirable) for power sensitive applications such as
portable devices and the |ike. However, by increasing the nunber of
channels to four, the link 216 can support WXSXGA (3200 x 2048 i mage
resolution) with a color depth of 24-bits per pixel at 60Hz, or QSXGA

(2560 x 2Q %ﬁ);ld&da{l&teanﬁ%egﬁ'e%bq%%Mer%gné?ﬁ\yes ?Eegﬂfégﬁchaats rpo@t%ﬁ% ’de]w Ega'gglt

dat a conpr essi on ven at rate O anne

two channel required tao su DTV (4 1080i or
790p) dat bbb TOBOGE PSRN e SUADER BNyt oo i T et dt b
of the link 216 nust be reater than the aggregate bandW| dth of all data
stream(s) oy WQAKSH &3t28@I XPPE$ impge r€$qllﬂﬂk0r3 »ath a eplotdeptinel24-biffepedat a
packets 214 are received by and appropriately processed by a properly
conf i gur echixkl apbeiyz, 20 ISHNGAX25G €2048)whitchcdlsr digpsicof IBbits fxelpowwl wi t hout t he
need to generate a pixel clock at either the VPU 200 or the display 208.

In one e”tﬁb@lz”%ﬂhoutt&&% nirhreQfy C%eﬁl%% RGN rét@%f 'E'@GG tﬁ)‘é‘f Lighngoupl ed to a

CRT controllef unit that provides the necessary si gnal s and

timng onl n thos s cases re the dis t ype displ ay.
In this wSAY { rfe%lﬁv%ggaquﬁﬁa&n P Eesﬁqﬁ%bisﬁf %@%@E O}ﬁll G 3 shows
an exenpl ar LCD di spl ay 300 suitable for use with the VPU 200.

Accor di ngl At P} ¢pda ptepITY | splay 300 includes an LCD panel 302 having a nunber
of picture elenents 304 (pixels) that are arranged in a matrix connected to
a data drbeza] I8dwublybenoted, haweler thiat thy bafdwldtieof thetisk 308masdhbeaa plural ity
of gate lines 310. In

greater than the aggregate bandwidth of all data stream(s) being transmitted over the

link 216. In this way, the data packets 214 are received by and appropriately

processed by a properly configured display 208 an example of which is described

below without the need to generate a pixel clock at either the VPU 200 or the display

208. In one embodiment, the VPU 200 can optionally include a switch coupled to a

CRT controller unit that provides the necessary CRT control signals and timing only

in those cases where the display is a legacy CRT type display. In this way, the VPU

can be used for any type display.

[0021] FIG. 3 shows an exemplary LCD display 300 suitable for use with the VPU

200. Accordingly, the LCD display 300 includes an LCD panel 302 having a number

of picture elements 304 (pixels) that are arranged in a matrix connected to a data

driver 306 by way of a plurality of data lines 308 and a plurality of gate lines 310. In

the described embodiment, these picture elements 304 take the form of a plurality of

thin film transistors (TFTs) 312 that are connected between the data lines 308 and the

gate lines 310. During operation, each of a number of data latches 314 into which

video data is stored, outputs digital data signals to an associated digital to analog

converter (DAC) 316 by way of the data lines 308. Concurrently, each of a number of

13



t he descri bed enbodi nent, these picture elenents 304 take the formof a
plurality of thin filmtransistors (TFTs) 312 that are connected between
the data lines 308 and the gate lines 310. During operation, each of a
nunber of data |atches 314 into which video data is stored, outputs

digital d . Sk ' hl DAC
9,982 99 BeRhanal 16 Qe GRSPE AR AT Lo dialioa MBI e (A0
o0 ol regLLe S18 LASLICEL L0 8 gaLe diver, 320 SUpa, 8 predcter ned

sync with a horizontal synchronizing signal. In this way, the TFTs 312 are
turned ON sxhdmonigmemigabt brthis way, hedilisid 2srgwaned @Nghepithed to the gate
lines 310 to transmt the analog data signals supplied by the DACs 316 by
way of thepreddta@nliheibsadife bilgail isikippliied &l the gdfeilitRs S &) RCEAEmAIAS aflog he
picture elenents 304. [0022] In order to transmt the video data, the VPU

200 forns ] : ' [H(ilmg I . packet s
214 whi ch &g?ﬁslﬁ%ﬁﬂﬁs%gg?%ﬁ&%ﬁéggg%ggg)gggggjfadg |spl3g§ft}|1atrtlp glr aclg 322. In

t he descri bed togi mantf,t t he dat]]aﬂjpac %ts 214 are then forwarded directly
to the dat®'esPieRsd 089%0f the PGl cleN P00l urm driver 306 in such a way
that all the video data (in the formof pixel data) used for the display of
a parti cUP82lf leerder toriepsisit thanedeo date the Xitb) 2@ formy iheaiata Breeme? 1dat a

| atches 314 within a |ine period c. Therefore, once each data latch 314
has appr ophatahctugdsxaiunttat af icdatacackdte? i whidhhee theh accdivied and pceded ves
appropriate ones of the TFTs 312 in the LCD array 302.

by a display interface 322. In the described embodiment, the data packets 214 are

then forwarded directly to the data latches 314 included in the column driver 306 in
such a way that all the video data (in the form of pixel data) used for the display of a
particular frame line n of the video frame is provided to the data latches 314 within a
line period t. Therefore, once each data latch 314 has appropriate pixel data stored
therein, the data driver 306 drives appropriate ones of the TFTs 312 in the LCD array
302.
[0023] FIG. 4 shows a high-level diagram of a data stream 400 for transmission over
the link 216 formed of a number of video data packets 402 and audio data packets 404
multiplexed into the single data stream 400. In this example the video data packets
402 are consistent with UXGA graphics 1280x720p video (Stream ID = 1) having an
associated audio in the form of the audio packets 404 (Stream ID =2). In this
example, each frame line is formed of at least 1280 pixels (or 3840 sub-pixels)
therefore requiring 3840 data [atches be used to store a single frame line of video data
-within the line period 1. For example, in one embodiment, when the data stream 400
is received at the display interface 322, a group of 3840 data packets (as defined by

corresponding packet headers 406) are stored in a memory that takes the form of a

14



[0023] FIG 4 shows a high-level diagramof a data stream 400 for

transm ssion over the link 216 forned of a nunber of video data packets
402 and audi o data packets 404 nultiplexed into the single data stream
400. In this exanple the video data packets 402 are consistent w th UXGA

gr aphi cs %ﬁﬁéﬁ&ﬁ&o\f' AFR L e@g@&@m% px@%:l%v@&eﬁl ARl AbadnAugi o Tn Lhe

formof the au ack exanp each frane

line is f d of _at as 280 els 40 su i xel.s) _.therefore
requiring oS 3t P fnpa e B ST arier g}tgcuﬁrﬁé esie of vi deo
data wthin the line period T. For exanple, |n one enbodi nent, when the
dat a st r eaf024I0F1G. § iHetteates@dystemt 8 thatxgh &y uiedt lerimptemedpthe laveg;lrtloup of 3840
data packets (as defined by corresponding packet headers 406) are stored

in a nmenorphd dystent SUES ohRanfamphf ofa %zépﬁiemehuwvaﬁcwmeq)résﬁeme buffer. It
shoul d al so be noted, however, that the nmenory can be bypassed or be

absent al LR0INTcsh be fn Itemeﬁ%yspﬁg@'sgggﬂ%%égme FAER: dapteeg)  [0024]

FIG 5 |IIustrates tenl e use |np e

i nvention._.. The s sten1500 i S e of stemin which
e pr esoril0! FgRIeGHs Btnass RANDRD el m@ﬁ?@%&%@ﬁhﬁi&@% SLBAT al
processing unit (CPU) 510, random access nenory (RAM 520, read only
menory ( ROWyiPBesls SAegrephigpeantrofer $¢fherialasy gg@ge dedphi 8 avdaPoimder 560,
primary storage devices 540 and 550, and digital display unit 570. CPU 510

i s al so calipksdidptayamét 570, @PES 1 hisulldoaisluplet] t6leid SrBoreSAPut/ocX@R devises
controll er 560 generates inmage data and correspondi ng reference signals,

and provi dgg RehphitCodhtBIEAS60H Rt iMAhd dad Gnd dHReshoRES: Adlen&an be

signals, and provides both to digital display unit 570. The image data can be
generated, for example, based on pixel data received from CPU 510 or from an
external circuitry.

[0025} Although only a few embodiments of the present invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
be modified within the scope of the appended claims along with their full scope of
equivalents.

- [0026] While this invention has been described in terms of a preferred embodiment,
there are alterations, permutations, and equivalents that fall within the scope of this
invention. It should also be noted that there are many alternative ways of
implementing both the process and apparatus of the present invention. It is therefore

- intended that the invention be interpreted as including all such alterations,
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generated, for exanple, based on pixel data received from CPU 510 or from
an external circuitry. [0025] Although only a few enbodi nents of the
present invention have been described, it should be understood that the
present invention nay be enbodied in nany other specific fornms w thout
depar i ng o QMalibi, S bddivilens BEERCORA Ale FREREGHALopd SPRTBIO The
present exanples are to be considered as i1llTustrative and no restrictive,
and the invention is not to be limted to the details given herein, but may
be modifi d8VHMYOHi n the scope of the appended clains along with their ful
scope of equivalents. [0026] Wiile this invention has been described in
ternms of a preferred enbodinent, there are alterations, pernutations, and
equi valents that fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenmenting both the
process and apparatus of the present invention. It is therefore intended
that the invention be interpreted as including all such alterations, 15
pernutations, and equivalents as fall within the true spirit and scope of
the present invention. 16 Wat is claimed is 1. In a video processor unit,
a net hod of providing a packet-based digital video data streamto a

di splay unit, conprising:
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receiving native video data froma video source at a native clock rate;
storing the video data in a nenory unit; reading selected portions of the
video data in the nenory unit at a nenory clock rate; rasterizing the

sel ected video data; packetizing the rasterized video data into a nunber of

digital video . ; and sending the digital video data packets to
t he di spl ay unﬁtﬁhgtfsgx/%&h%#ga link at a link rate that is directly related

to the nmenory clock rate. 2. A nmethod as recited in claiml wherein the
menory unit is aline buffer arranged to store at |east a quantity of
video data consistent with a single frane |ine. 3. A nethod as recited in
claim1, whereiln eadh acfidaohygoctisgirtumft, ¥ mpwdddipeovigiag kerskdthesaddbgitadd packet
header and a packet payl oad, the packet header includes a packet ID and

t he packetﬁ&h’@)ﬂa@e&dr&ﬂﬂbl&dﬁ@l?ﬁiﬁ@cdmpﬂsigglj table for driving a correspondi ng
pixel. 4. A method as recited in claim1l1l, wherein a rasterizer that

berforms the rgsiehi bl ided MIPhEH 4 008 SOKOYar0Bi UBLERLE. 17 5. A

vi deo processor tor displaying video data on non- ype display unit

) of | i.nk, ri sing:
coupl ed theret Osto%g\,@g VI%GO atalm ame%?o u}u’%;l g

reading selected portions of the video data in the memory unit at a memory
clock rate;

rasterizing the selected video data;

packetizing the rasterized video data into a number of digital video data
packets; and

sending the digital video data packets to the display unit by way of a link at a

link rate that is directly related to the memory clock rate.

2. A method as recited in claim 1 wherein the memory unit is a line
buffer arranged to store at least a quantity of video data consistent with a single frame

line,

3. A method as recited in claim 1, wherein each of the digital video data
packets includes a packet header and a packet payload, the packet header includes a
packet ID and the packet payload includes video data suitable for driving a

corresponding pixel.

4. A method as recited in claim 1, wherein a rasterizer that performs the

rasterizing is coupled to a color look up table.
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a video nenory unit having an associ ated nenory clock rate Dnenory; and a
vi deo packet transmtter unit for transmtting the video data fromthe
video nmenory unit to the display unit in the formof digital video data
packets at a link rate that is directly related to the nmenory clock rate
bmenory, such that the video processor does not require a CRT controller
unit. 6. A video processor as recited in claimb5, wherein the display unit

is an LCD type. disp]a 7. A video, processqr as recited in.clajmb,

fur cher compt g e piadcsts KEGIRIERTE vt draet assnrkT g « o
provide a video signal V1 at a native clock rate Dnative and a native

vi deo f or it conpled hsrsio by ntaysifladmkyedmaprisiugsl ed to the interface and the
video nenory unit arranged to receive and then store the video data by way
of a write/ nodidvyidapaeabiyomit haviigeh assote@edBivRioyy otk raé O B @Idy space

| ocation corresponding to a video w ndow being displayed on the display

unit; and a rashaleRkaqraQuRle dnft Sol iRARIRE AR @ik BomiRE Lidtherein [ 1

order to display the vi ata store nt eo nenory unit, selected

portions of the stored ..video .dat re read fromthe video nengry unit by
t he menor F%WPB}tﬁ%ﬁletﬂﬁﬂmb@m e gqnnao r‘@@&’l Hﬁgf)é]ﬂeadﬁc ‘%S f‘tt?elq‘ﬂ%%ﬁery cl ock
rate Dmenory and passed to the raster engine that converts the video
si gnal VI thatig ¢ieectxreloted fo theanememrglookaats Rricdeosush gah theidedpipresgora
di spl ayabl e format based upon characteristics of the display unit. 18

does not require a CRT controller unit.

6. A video processor as recited in claim 5, wherein the display unit is an
LCD type display.
7. A video processor as recited in claim 5, further comprising:

an interface coupled to a video source arranged to provide a video signal V| at
a native clock rate ®p,ve and a native video format;

a memory controller unit coupled to the interface and the video memory unit
arranged to receive and then store the video data by way of a write/modify operation
in the video memory unit at a memory space location corresponding to a video
window being displayed on the display unit; and

a raster engine coupled to the memory controller unit wherein in order to
display the video data stored in the video memory unit, selected portions of the stored
video data are read from the video memory unit by the memory controller unit by way
of a read operation at the memory clock rate ®memory and passed to the raster engine
that converts the video signal V| at the native video format to a video signal V;

having a displayable format based upon characteristics of the display unit.

18



8. A video processor as recited in claim7, further conprising: a
packeti zer coupled to the raster engine arranged to packetize the video
signal V2 into the digital video data packets; and a |link interface
coupling the packetizer to the link arranged to formthe digital video
data packets into a video data streamthat is transmtted to the display
unit by way of the link at a link rate LR that is independent of the
native cl ock r%ie C%Qat've wherein the. |ink zgﬁe LRis directly related to
the menory clock rat® Vi48° REFFSFSPT 85 ToAIGT Hedaipt bABERG OB S ted in claim 8
wherein the link is configurable to include a nunber of adjustable |ogical
dat a channel s tadrackelizsr peupied todhemstes enginpreansad & pasketgpthevidgo signbler of
link conditions. 19 ABSTRACT OF THE DI SCLOSURE BYPASSI NG PI XEL CLOCK
GENERATI OV-AlD {ERAlgita]l Wdkd difa pbbkdts; GAPHI CS CONTROLLER CHIP I n a video
processor unit, a nethod of providing a video data streamat a clock rate
that is i ndepengntinghide Blupbhe Olaiekiedier o MRSk 1hrithd1ab iy iedpdrglat a from
a video source at a native clock rate, storing the video data 1'h a nenory
uni t, readi. el ected portions, of the,vi.deo data.at.a menmory.clock rate,
rast eri zi N xRk e A e iy RS FROTRY S FuE SR PR deo
data, sending the packetized video data to a display unit by way of a |ink
at a |ink Waned thediel &fiadinkyate [ khat i iadepgndent of theynatize gloekirate Poive menory
clock rate.

wherein the link rate LR is directly related to the memory clock rate Ompemory-

0. A video processor as recited in claim 8 wherein the link is configurable

to include a number of adjustable logical data channels that can be adjusted to

compensate for any of a number of link conditions.

19



Fig. 3

ABSTRACT OF THE DISCLOSURE

BYPASSING PIXEL CLOCK GENERATION AND CRTC CIRCUITS IN A
GRAPHICS CONTROLLER CHIP
In a video processor unit, a method of providing a video data stream at a clock

rate that is independent of a pixel clock rate. Receiving native video data from a
video source at a native clock rate, storing the video data in a memory unit, reading
selected portions of the video data at a memory clock rate, rasterizing the selected
video data, packetizing the rasterized video data, sending the packetized video data to
a display unit by way of a link at a link rate, wherein the link rate is directly related to

the memory clock rate.

Fig, 3
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