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No. 10/726,895 (Attorney Docket No.: GENSPIOS), entitled “MINIMIZING
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U S Patent Application No. 10/726,794 (Attorney Docket No.: GENSPOL3),
entitled "PACKET BASED VI DEO DI SPLAY | NTERFACE'AND METHODS OF USE
THERECF" nam ng Kobayashi as inventor. GENSP1131 MIF 2 PATENT APPLI CATI ON
BACKGROUND 1. FIELD OF THE | NVENTI ON [ 0002] The invention relates to

di spl ap gvx Benpore specifically, the invention describes a method and
appar a AERGR g driving LCD panel drive electronics. OVERVIEW][0003]
Until nost recently, alnost all TVs in use today rely on a device known as

the cathode ray tube, or CRT, to display their images. In order to display
an i mage on tHe erERORERNNENEDNCtronic circuits inside the TV use

magnetic deflection coils (a horizontal deflection coil to nove the beam

f rom | Hi002} Dhe ingbiitican@latesue disphy! dedizbs. eMor®specally,lthe FR¥At&e beam up and
down) to nove the electron beamin a "raster scan" pattern across and down

the sCigefbesafctndd hid HlatAheRor Bsind 3HFine R Yndl drvR KERLLANR! _ cat hode ray

t ube ere an el ectron Beam pal nt sTone Cross the screen fromleft to

ri ght t hen qui ckly noves back to the left side 104, and paints
anothééﬁéﬁéaﬁgéntal i ne 102b, while continuously noving down slightly.

When the beam reaches the right side of the bottomline 107, it is noved
back t 900HeUnfiipnest redently,cmest af TV i use teday relyonraavésdmiosoh dsythé i ne 106.
When the beamis "painting" lines 102 it is

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 lefi 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 comer

of the screen, as represented by line 106. When the beam is "painting” lines 102 it is

on, and when it is “retracing” lines 104, 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 106.

[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
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on, *and when it is "{'-'etraci ng" lines 104, it is off so that it does not
| eave a trail on the- screen. The term hori zont retrace is used to refer
to the beam noving back to the left at the end of each Iine, while the
termvertical retrace refers to its novenent fromthe bottomto the top of

Scr con Y SSNG Anal o t9dicp(hs e i s 1l R RSN slne Batch Ot "

i ncl udes_a nunber of horizontal scan lines. Typically, time reference

si gnal @digagesthebeeianing af @ nersouige geap line. tIn ghig wagdthe imagris dividest hor i zont al
scan lines and frames. These reference signals include a GENSP113/ MJIF 3
PATENTind¢RiniiiBd1 dipoiBY Whesd guoh ipoinh &t displalfedaks apitdl dabiggianni ng of a frame and
an HSYNC signal that indicates the beginning of a next source scan |ine.

I thi SortondifipiEPABH (haflbplcHRd td et AYTIREIsGfe PRy (iior e each. poi nt

I s displayed as a pixe aving a corresponding pixel c that specifies
the rate_at which.pixels are ner at e I . xel s per, second). Therefore,
- or duireBaetienral TheideR i 00 Hsayvi B Fob PRgl RS o Do

pl ayer, etc., the video data is processed by a _conventional video

pr oces25h 234 GPUNPPD plaver, donthe vidpodata is peasssed byiasenventionalvidee nati ve
format) to a video data at a video display fornat at a clock rate

det er nproeebsdnyunit (VERTDr thatwonvensthe incohiingvidoe dalat(at 4 mative fantay folay st or ed.
[ 00051 A cathode ray tube (CRT) controller unit then converts the display

for mat yiaeh dath depvidad dispRy Foiina AP elobP kfte diteRhid¥d by Tinidndly vifidhidd tining and
control signals
which the data is temporarily stored.
[06005] 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 the 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 @iy 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 Qpasive to a pixel clock Ppixe and then sent to the display unit at a link rate LR
that must be faster than the pixel clock ©pixe. 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.
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(sueh Hsync and VSyng‘) regardl ess of the 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 fromthe video source to a pixel «clock rate Opi Xei based sol ely upon

t he as [ t.t 1SRl | ' |.S. houl d be
not ed APEPARIR, i ifectaSdt Plork BT TR Bised b WSt Ons. ¢ ne

i nconm ng Vvideo signal Eg been converted froma native video clock Dnative
to a pi Idoﬁi}%li’n%ﬁﬁg Tjﬁgﬁcyﬁwl?@??tstlﬁd?% splay unit at a link rate LR
that nmust be faster than the pixel clock Dpixel. At the display, the video
signal nmust 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 neaningful (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

di spl ayed on a CRT type display to conformto | egacy CRT requirenents.
GENSP1131MIF 4 PATENT APPLI CATI ON [0007] Therefore, in those cases where a
di splay is not CRT based, a video processor that does not enforce CRT

| egacy requirenents is desirable. GENSPI 131 MIF 5 PATENT APPLI CATI ON SUMMVARY
OF THE | NVENTI ON [ 00081 What is provided is a video processor architecture
enbodi ed as a net hod,
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apparatus, and systemsuitable for inplementation with digital displays,
such as liquid crystal displays (LCDs), that provides a video signal that
is directly related to a nenory clock rate and i ndependent of a pixel

rate. [0009] In a video processor unit, a nethod of providing a video data
streamat a clock rate téﬂgﬁgiﬁﬂ}p@ﬂpmm cl ock rate.

Recei ving native video d 1 a native clock rate,
storing the video data in a nmenory unit, reading selected portions of the
video data at a menory clock rate, rasterizing the selected video data,
packetizing the rasterized video data, sending the packetized video data to
a di sp[e0p8LWHat isypromidedis aavidemproatsser drchnkecthuat embodied @s amdtlod,i nk rate is
directly related to the nenory clock rate. [0010] In another enbodi nent, a

vi deo BEARAES ffd Syaterd Eﬁ&#b?éa/lfolﬁ iilﬁg]éﬂﬂﬁtaﬂaﬁ idigitd) AMspldyRTsukh BElighiap! ay uni t

coupl ed thereto by way o I's disclosed that includes a  video nenory

uni t havi.ng,.a | at | . . ' ket transmtter
uni t f‘(')l'lyst?‘frgdc‘ll gﬁﬁ’t | ngs ’tt'ﬁ‘%ejtﬂ\?l8 ﬁgéyﬁg&dgggl gﬁ ?ﬁtgatﬁgﬁl_r%g%? fE/"[{;eéﬁgi%spl ay in the
form of videg data pac,kgts at a_link rate that is directly related to the
menor ymemeskclogierate qud indensadent o PIXGL18-deo processor does not require a
CRT controller unit. [0011] In still another enbodi nent, a configurable

vi deo [@008kBsovidémpropgessor whiih @ methehofyrabidinga video datastrean at sickpkay uni t
coupled thereto is disclosed. The video processor includes a CRTC circuit,

a sel egteahiis Hidbpeieht 6ff 4 ikeldlbckiiiate, e fiadive RedeodatFrémracui t and a
raster engine coupled to the sel ectable controller circuit.

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.

[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 ®memory 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 processor also includes a display interrogator unit coupled to the display unit and

the selectable CRT controller circuit for determining a display type corresponding to
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The: processor al so i acludes a display interrogator unit coupled to the
display unit and the. selectable CRT controller (c.i rcuit for determining a
di splay type correspondi ng to GENSP113I MIF 6 PATENT APPLI CATI ON t he di spl ay
unit, wherein when the display type is a non-CRT type display, the display

i nterrggat.or, unit sends figst. sigpal .to th ect .controller

ci rcui ?ﬂ? %@glay aprEen i néﬁ%@’ﬁ@ﬂ?%ﬁés %%gf é’ﬁ?ff‘%g b&h%@éﬁp?atyhe

di spl ayabl e video data is sent directl ){) to the display unit fromthe

rast er Ieiagpgatoramdk seRds e first gigaal to tke selesibls CRIT coatreleypitspitdater mi nes t hat
the display is a CRT type display, then the display interrogator sends a
second désalea(if enabild®) tiseCRTCaditcait €hth thatthe disptayableviddotdatdiatsetnabl es  t he
CRTC circuit (if disabled) such that the displayable video data is

proces t : I i Wols i ;splay unit by
way of 1 %“W‘Pn .dlﬁ%@go%%%ﬁﬁéﬁg%&ég%%g\lheféglléEﬁg%ﬁEwSCRl PTION OF THE
DRAW NGS FIG, 1. illustrates r,ast er a_canvwenti onal ,cathode ray tube.
FIG 2 %%t%{jemgr‘%’%ﬂ %38%}5&%@?5@8&#@1%’%'%Fﬁhsg%'é'ordance with an
enbodi nent of the invention. Fig. 3 shows an exenplary LCD display suitable
for uséntesregetarsendsa sesprsdwignal fo e@elegtab]r@BT,q;ogtﬁgﬁg CHCWFQWF@P%S di agr am of
a data streamfor transm ssion over the 1link in accordance with an

enbodi #RNCROC cidoeit (ifdizabledysuch that the displayable video data is processed by the

CRTC circuit prior to being sent to the display unit by way of the link.
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“"FIG 5 illustrates %systemthat can be used tc():Fg'r'rrpI enment the invention.
GENSP113/ MIF 8 PATENT APPLI CATI ON DETAI LED DESCRI PTI ON OF SELECTED
EMBODI MENTS 100121 Reference will now be nade in detail to a particular
enbodi mrent of the invention an exanple of which is illustrated in the

acconpanyi ng dr awi nggppthi } i ) described in
conjunction with thgﬁpartpggpgﬁgr%%mp%w be understood that it
is not intended to limt the invention to the described enbodinent. To the
contrary, it is intended to cover alternatives, nodifications, and

equi val ents as may be included within the spirit and scope of the invention
as defined HG. 1Rk sappenawermrmwve{xmmsgatﬁmmym recently, alnost all
TVs in use today rely on a device known as the cathode ray tube, or CRT,
to display tHIGI 2 shoWwg@asexehiplaydideotpfRoctssithait (FPU) TR E6codankcd YrithGt | ' e
screen, electronic circuits inside the TV use magnetic deflection coils (a

hor i ZO'&'rrﬁ)ggmgrﬁér}tgﬁﬂe%éhﬁh to nove the beamfromleft to right and a

verti cal ection coll to nove the beam up and down) to nove the

el ectron begnin.,a "raster scan’ attern across and down the screen. In
order to di ?ﬂ%‘%ﬁh\‘)’?’vaéﬁ eﬁ%‘?ﬁlsama]ggpéﬁmtl%%mag]&f%\éﬁe %‘ﬂ&ﬂ’ea‘épg sReWn  DVD

pl ayer, etc., the video data provided by a video source at a native clock

rate | FIG&.i s processed by a conventional video processor unit (VPU) by
storing the video data in a video nenory unit until such tine as it is read

fromthe nFIGs4 staiwsoa Kighdevel diageln 6£4 Gath BREND for tRMempsRAasEteby a raster
engi ne that converts

link in accordance with an embodiment of the invention.

J

FIG. 5 illustrates a system that can be used to implement the invention.
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the video data nativy (e format to a video signal Eavi ng a displ ayabl e fornmat
based upon the characteristics of the display unit for which the inage
will be displayed.. [00141 A cathode ray tube (CRT) controller unit then
converts the video signal usi ng di spI ay tim ng by add| ng timng and

contr ol als, ) ) , whet her or not
t he di spl ay=er ; H—exy fixed pixel

di splay such as an LCD In this vvay, t he CRT controller unit converts the
vi deo &l Refgrence wik aawibegnaderin datatlde p particulasembhdinkestrof thecl ock rate
brrenory to a GENSP1131MIF 9 PATENT APPLI CATI ON pi xel clock rate (Dpl7{el
based inotition anfexamipheofaskion iy illostrdtétbin thé) fcodi ﬁn desdhgLSWEITE type

signals. Once the CRT controller unit has adde e CRT based control and
timn iRl Sh Wil ' irﬁ{}ﬁf ljmk to the
di spl gﬂféumt At a B é%ﬁrggt?e un#ﬁ g?tﬂtﬂé‘ﬁ%@g%}@/% dlﬂlfengltt%]gt I ons where

a pix clock r uch as i th f d pi xel displays,
such € YnéeEsjoo d%ﬁtv‘g gﬁﬁ?nﬁaé%ﬁg“%}ﬂﬁﬁg@'&%t ?ﬁcé‘i’Fiat a CRT control ler
unit force a video si gnal that will not be di spI ayed on a CRT type display
t o corgghadiment] dgthy carmary.dtjisiintendad:to coyaaitsinativeso midifidations, land i nvent i on

descri bes a nethod, system and apparatus that does not enforce CRT | egacy

r equi reqﬂbzﬁleﬁtsfaarméymiﬁcmﬂédlwﬁ&ﬁimwﬁﬁt gndiscopd @fthieinvention as deSiddayed on a
non- CRT type display unit, such as an LCD. Mre specifically, the

i nvent I@ SBedbiaggssor does not force the video signal to conformto a
pi xel ¢l oc but preserves the nenory clock rate by transmtting the video

data '[801‘9] qﬁ%ﬂ mos?recently, almost all TVs in use today rely on a device known as the
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. 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 @naive 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 Qremory 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 the 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 memory unit at the memory clock rate Prremory to 2
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- packets at a |link rqte that is directly related #o the nenory 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 enbodi ments, the inventive processor is

dedi ca L ¥ed pixel di | L Wi t he CRT
contr oh’?&rl Elg)ﬁ "Izgé E)B‘é"l] g%s)ég S%'lglrf:‘ﬂ%"? %{g@%g# 3@{)@&1\%@; gg%§?}ﬁ)é§¥lﬁ%s\r,&ﬁg mbodi nent s,
in order to nmaintain comi,ati bi ity,v¥i}th al | passibl e _display.  environnments,
a sel edypsisignabrncsthe GRIgonfrplerinit hag addgd the R T hased sented@ndn (or de-
selection) of the CRT controller and associated circuitry is based upon a
query ¢inibgeigoals,ghayidao signblis dendassed dpyawvnyi ofiatlinkl to2be displapunitass wher eby
the video processor queries the display whether or not it is a CRT type

di spl a¥ink 0181 THeeerbidy ¥Hn i Thove lsltudtiis R eHespikERAsCK ftd i8meP of a
representative LCD panel. However, it should be noted that any digital

fixed pixel displ ' I s al,se.suitable and

t her ef (B)“re'éﬁf‘ﬁ‘g‘ll Tt s ‘@tﬁ‘ Ii’éﬂlp%%a%rlm dpoiySituch %ﬁ @\?\f ?éﬂ‘tseﬁgﬁaf Y9N E 10 PATENT
APPLI CATI ON descr.i ption_shoul d not be considered to |linjt either the scope
or t heProsessArs requireBat 3 GRdrontaller wnitdRrggiadigdeo sighal that M4t nehee i nvention is

al so well suited to be used in conjunction with any packet based video

di spl agisphyet éraa ERJUyhe dispbizde conforn tomleganyyeRTireqpiten®ntsPat ent Appl i cati on
Serial No.10/726,794 entitled "PACKET BASED VI DEO DI SPLAY | NTERFACE AND

NETHODﬁ)o@E‘ WebordinEREE inbantiohQiesoriteh b mdthill spRGR R apparaBRQBatand U. S.
Pat ent Application Serial No.

does not enforce CRT legacy requirements for those situations where a video 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 aﬁd associated circuitry is based upon a query of the
display attributes during an initialization process whereby the video processor queties
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
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entitled "USI NG PACKET TRANSFER FOR DRI VI NG LCD /PANEL DRI VER ELECTRONI CS"
by Kobayashi filed concurrently with this application each of which are

i ncorporated herein by reference for all purposes. [0017] Accordingly, FIG
2 shows an exenplary vi deo processor unit (VPU) 200 in accordance with an

fo a veRE %P@%f&%‘@%l‘% BB o ik A g S el S Lo o6 =

providing a video si at a native clJock _rate Dnative and a native
vi deo inyeRien. It F}ngqligﬁpﬂtcﬁéhaﬁé‘%ee'é}v?ﬂw ig glso Wellesyitedta beusedin i ncl ude ei t her
or both a digital imge (i.e. still or digital video) source and/or an
anal ogconjemptiofiwith anygpackét basedavidemdisplag dmiprfmesucieas dedeibeddnngl y, the vi deo
source provides various video signals that can have any nunber and type of

wel | - K ngydfn@rUTst Pateﬂq&ﬁblﬁan&@m N1 /728994 &ffiled! “ELOKES'BASED' 2! | €l
digital, RGB, or consumer digital video. The video signal can be an anal og

vi deo I A anal og vi deo

U1 o0 SRR DREEA BTERENCR AR08 OB ﬁiﬁ?éﬁhﬁ Banera, anal og
VCR, DVD pl ayer, . _cancorder, |aser disk Ia er,. TV tuner, set top box (wth
sat el | Kobayasid filed Daggrabes 392003 and ] $- Patent A Ellcaﬁlﬁés%ﬂrl‘@é can al so include a
digital image source such as for exanple a digital television (DTV),
digital still eattted AJSBYG PACGKET KRANSEER FR BRIVINGA.GD PANEL can be any
nunber and type of well known digital formats such as, SMPTE 274M 1995

(1920 pRIVER EISKOTRONIOS™ By ¥ob hlvme@ corduirRhtIRGAM tREAPPlicaBVRTE 296M 1997

GENSP113/ MJF 11 PATENT APPLI CATI
each of which are incorporated herein 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 ®,.sive and a native video format.
It should be noted that the video source can include either or both a digital image (i.e.
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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(1280 x 720 resol uti(on, progressive scan), as t1 as standard 480
progressive scan video. [00181 Once received, the video data V, is then
stored (by way of a wite/nodify operation) in a video nenory unit 204
coupled to the interface 202 at a nenory space |ocation corresponding to

2 o vo AP HROSEOIFUOR eh)abesPEREu, S RER SERERL A ProefBE el n “Order o
di splay, the video data stored in the nmenory unit 204, selected portions of

the vVHE® data Vt are read fromthe menory 204 at a nmenory clock rate
(D', ry and processed by a raster engine 206 that converts the vi.deo data

nat i ve[(i0d8@ncé¢ recaived,dhe video daial ViR thea\storgd bydvapdaywiitedmbdifyrat based upon
the characteristics of a display unit 208. For exanple, if the native

f or mat o%e?atﬁ)rﬁ i a Vide6 RS AR D0l REusled B &Y ittBifhceZD at E?ﬂéﬂl&g%&% bit video
I'Tzin

data, then the raster engine 206 has the option of uti color | ook
up table (CLUT) 210.in the conversion.pracess. ,[00191 Once the video signal
VB hasloBaion shPsseoing o REriERh et Pale A5PRYeq 1 48 TR REy it ¢ 205, o
packetizer 212 Eac_ketiz,es t he vi deo ;Lagnal V2 into a _nunber of data

packet Bemony unit 20fbisof asizgrsufficient o storeci deast s fullifemel af widee detamiip15 i s
transmtted to the display 208 by way of a link 216 at a transm ssion rate

r ef er radet to display the widepatatr stdrBd iththe memonydajt@ideselectdd gomomsatfithe st ream
rate Dnative of the video data but is, however, directly related to the

MeNI Yyided@dta Vqlafe Rhd fronPth¥ ntémdty 204 Bt # nmbry Hock tate ..., A8ddescr i bed
enbodi nent, the speed, or link rate, of the 1ink 216 can be configured to

processed by a raster engine 206 that converts the video data native format to a video

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 V; has been properly formatted for display on the

display unit 208, a packetizer 212 packetizes the ﬁdeo signal V; 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 @pasive Of the video data but is,

however, directly related to the memory clock rate @memery (i.€., LR = & X Omemory). 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
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I ncl ude a nunber of {ogical data channel s (not ?homn) that can be adjusted
to conpensate for link conditions. For exanple, at 2.5 Gops 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 nunber

of cha ; tt : reduces
The. posdiderdiRAERF IR bIAN I phie: Gsiive pll B ERR 0 S b b YRR\

APPLI CAT onsgj deratjon (and sirabl e or r sensiti appl i cations
Such aBBFUES; Hogayf Y et Rame s ningher ShshieP W e Atk ifeihhe nonber
of channels to four, the link 216 can A support WXSXGA (3200 x 2048 image

r esol usuppayt WIRSKGA (H308rx 8timage resalusipalswih g coler depthent 24ehits peor QSXGA
(2560 x 2048) with a color depth of 18-bits per pixel at 60Hz, wthout

dat a cpixpr#$9HaNor QSKGAN (2560 KkI204Bpwith ta colvr deph of 18-Uisper prel sthannel ,  only
two channels are required to support an unconpressed HDTV (i.e., 1080i or

720p) g@]ﬁ%iﬁg{fgﬁﬁn%tg t[:@@gf&sibﬁ., EhattdhdRwWRe G omm\ssf)g%ﬂ(fm%he bandwi dt h

of the _ e greater than the aggregate b of all data
oL 2 o b 3 ol B apk B eRa Ao o 2,
configured display 208 an exanple of which is described below w thout the
need tG2Upddatpgtream. pi xel clock at either the VPU 200 or the display 208.
I n one enbodi nent, the VPU 200 can optionally include a switch coupled to a
ﬂ?;; ﬁgl‘gﬁﬂlylt slhiould bé nded] hawever, dies thidieandeddth efithe HBRT? 16antstde si gnal s and

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 controlier 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 {o analog

converter (DAC) 316 by way of the data lines 308. Concurrently, each of a number of
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in those cases where/the display is a | egacy “type display. In this way,
the VPU can be used-for any type display. [002}} Fig. 3 shows an exenpl ary
LCD di splay 300 suitable for use with the VPU 200. Accordingly, the LCD

di splay 300 includes an LCD panel 302 having a nunber of picture elenents

304 ( pt : r ' | g,lilé]ﬁ ﬁngﬁéa driver 306
by Way!dﬁégi}%l}xtg?gFﬁcguc%P%g'%géldirﬁg?%fgésﬁtgﬁtgﬁ pl Eetrngllqile{d&cof gate lines 3 10.

In the, descri be nmbagdiment . these. pi cture elenments 304 take.the formof a
ol ur &l PR3P e e FReS 11 OFR et inbo P s TR el e bt ween
the data |Iines 308 and the ogate |ines 310. During operation, each of a
nunber syfchepmizang sigadle dn Hiswpyitthe WATeB12 gredemed @Niwhen theor ed, out put s

digital data signals to an associated digital to analog converter (DAC)

316 Dbypisdptetthintd ecanding sigmei sapfliedGonkaigatelindsy310cacinahit theamatogy of
GENSP113/ MIF 13 PATENT APPLI CATION logic circuits 318 included in a gate

driver 332 QiR Bifplied by tREDIAR S 16 ﬁ@%f’lh' Hata $h 8408 tat diifagdy € | 1 nes 310
in sequée?tncgﬂat i#p?r% ng}’?r tﬁat are ?ﬁ sync V\Ilé]t:fi'l a ﬁs"oﬂ zont af] g’%chr oni zi ng
signal ,.In this way, .t.he.TFTs. 312 are turned ON when the predeterm ned
scanni ﬂ'@vﬁe&ﬁ‘fﬁd qnfggﬁb'ﬁlﬂ"gﬂret%m?%s g@ﬁ‘e lines 310 to transnmit the anal og
data signals su({;gl ied by the DACs 316 b vvaé of the data |ines 408 that
ul ti maf0823] Inprdes tosaanspiitihe yifies dgta, th%V%U@Q derms thedafe stragn 215 00221 I n
order to transmt the video data, the VPU 200 forns the data stream 215
t hat i that indidesa nunbearofdke ddie pabkiets 21dokltls a2 tHenvecehedarel proesgssedcei ved and
processed

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

then forwarded to 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 ofa

particular frame line » 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 drive 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 504 (Stream ID = 2). In this

example, each frame line is formed of at least 1280 pixels (or 3840 sub-pixels)

therefore requiring 3840 data latches be used to store a single frame line of video data

within the line period 7. 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
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" by a display interface 322. In the described enhodi nent, the data packets
214 are then forwarded to directly to the data‘“.atches 314 included in the
colum driver 306 in such a way that all the video data (in the form of

pi xel data) used for the display of a particular frane line n of the video

frame iss, suEseHa iiﬁe gﬁ‘ﬁet‘?' 3 houfif AOSEe fokéd, HoWVEr, fhat h‘jeriﬁ?ﬁﬁgj[cggs tz o ed

Theref ore, once eac ata latch 314 has appropriate pixe

therein, ,the data driver, 306, dr..ve approp.iate pnes of fthe JFTs 312 in the
Leo ar P pypasssfothsibad wiideetheritd Sl ppRlndt Seblihue s desfied - 'S 02 6 Meam
400 for transm ssion over the link 216 formed of a nunber of video data

packet $0023} FiGdS dingiratesia systeyn SRO that gambe wagi d¢ prplement the dnventior ngl e dat a
stream 400. In this exanple the video data packets 402 are consistent with

UXGA gmapystém 506 &xoidP an exdfsle 0Bk ipfaplics Bysterh in Rbvdh e preselgssoci at ed audi o
in the formof the audio packets 504 (StreamID = 2). In this exanple,

each feaneali | S f | - pi xel s)
t herefore ?Jgéq%lﬁlrl?ersllg{pg A%Hggit%%regbgﬂgs c@%ﬁ%&‘?kﬁg%%pl a singl’e frane line
of vid dat within the |j i od, r.. For ex enleN_ONe enbodi nment,
ohen 1 A50-datdom Bhcesh ey (RANTL S20.7688 Gy ey LD 52 el ieBo802. o gt oup
of 3840 data packets (as defined by corresponding packet headers 406) are
st or edpeniphgraleddfd, wraphios contrellertShe, primany storageenirs $40 pud-530 amRATENT
APPLI CATION frane buffer or a line buffer. It should al so be noted,
howev edigitahdisplinenicsPhr GPUS10 ibalsbypadabn ok dp enaab ipit/onlpuodetideer if a
strictly pipelined architecture is desired.

590. Graphics controller 560 generates image data and corresponding reference

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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[0024] FIG 5 iIIust(ates a system 500 that can/be used to inplenment the

i nvention. The system 500 is only an exanpl e of*-a graphics systemin which
the present invention can be inplenented. System 500 includes central
processing unit (CPU) 510, random access nenory (RAM 520, read only
Menmory deRlations and® B§ui Pt ELIalIRGERIR MR #heSspdrdCanddc frhie pRAEALO! | er 560,
primary storage devices 540 and 550, and igital display unit 570. CPU 510
is alsqg.coupled to one or nore input/output devices 590. G aphics
controﬂ?@?ﬁﬁgO generates i mage data and correspondi ng reference signals,
and provides both to digital display unit 570. The inage data can be
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 nmay be enbodied in nany other specific fornms w thout
departing fromthe spirit or the scope of the present invention. The
present exanples are to be considered as illustrative and not restrictive,
and the invention is not to be limted to the details given herein, but my
be nodified within the scope of the appended clains along with their ful
scope of equivalents. [00261 While this invention has been described in
terms of a preferred enbodinment, there are alterations, pernutations, and
equi valents that fall within the scope of this invention. It should al so
be noted that there are nmany alternative ways of
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| npl ementing both t process and apparatus of the present invention. It is
therefore intendedhat the invention be interpreted as including all such
alterations, CGENSPI 131MJF 15 PATENT APPLI CATI ON pernut ati ons, and

equi valents as fall within the true spirit and scope of the present

I nventi on. g&gﬁP&#ﬁ/ F 16 PATENT APPLI CATION What is clained is 1. In a

vi deo proce a1 et hod of providing a video data streamat a clock
rate that is independent of a pixel clock rate, conprising: 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 video data in

a menory unjt atInea vidempiocessboukit, mahethod efprevidmgwvidee datelstreamedt vi deo dat a;
packeti zi ng the rasteri zed video data into a nunber of video data packets;

sendi ngclba?r | ﬁeﬂdeﬁygf g ix%l élgcl@ra@é %@nﬁﬁsﬁ’l@‘t by way of a link at a

i nk ratet ect related to the nenory clock rate. 2. A nethod

as recited in.cl al e deyj ce_ i s buf fer arranged
to store atf F@g'ggn&%%%? ?‘?‘%ﬁ"‘%?&b‘{&r“)’&é&’” o?‘lg?tg’eéi?cwm h a single frame
i ne.

storing the video data in a memory unit;

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

clock rate;
rasterizing the selected video data;

packetizing the rasterized video data into a number of video data packets;
sending the packetized video data to a 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 device 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 video data packets
includes a packet header and a packet payload, wherein the packet header includes a

packet ID and wherein the packet payload includes video data suitable for driving a

corresponding pixel.

4, A method as recited in claim 1, wherein the rasterizer is coupled to a

color look up table.
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3. Anethod as recited in claim1l, wherein each of the video data packets
I ncl udes a packet header and a packet payl oad, erein the packet header
i ncludes a packet 1D and wherein the packet payl oad includes video data
suitable for driving a corresponding pixel. 4. A nethod as recited in

claim1, wherein REdng ii ; r | e.
GENSP113/ MIE 17 A?%ﬁ#iiéﬁp rcgﬁdb%l@.ﬂl‘% ‘9?%2%%?%34823%1'%"?’?}%3?@ ayi ng

vi deo data o non- type . display..unit coupled thereto by way of a

li nk, &‘BHﬁP\‘é}F‘iH‘.e“gog?-Hr’é‘goﬁérpﬁ:ky&lfﬂgrfs‘%vi ng an associ ated menory cl ock
rate; a video packet transmtter unit for transmtting the video data to

t he non-CRTthltgqm'n@lepdlalythﬂlﬂﬁ@ﬁsm%t@dmmeocbd{wgackets at alink rate

that is directly related to the nmenory clock rate (Derry such that the

vi deo pr ocegasideodneket t@hsthiiéy uhie for tedimitting tHeolide ddidid the GonALRT deo
processor as recited in claim5, wherein the non-CRT type display is an LCD

i disnl _ : . . | ai
cgﬁgri ?ﬁ%éﬁé%aﬂflr@er#agdgvg%é&gﬁegi tcgétgagiggg%?@%gﬁéfeg chter@gﬁaeel%tgé %&S; ovi de a

id ' |V, [ I ' Dnat i d [ i deo f ;
2 oot gt oy Preme T dB e THE PREGISPLGRS ARt aHES 3K menory uni

controller unit.

6. A video processor as recited in claim 5, wherein the non-CRT type

display 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 @4y 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 is then stored by way of a
write/modify operation in the video memory unit at a memory space location
corresponding to a video window being displayed; and

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

format based upon the characteristics of the display unit.
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- arranged to receive and then store the video data“is then stored by way of

a wite/nodify operation in the video nenory unit at a nenory space

| ocation corresponding to a video w ndow bei ng di spl ayed; and a raster
engi ne coupled to the nmenory controller wherein in order to display the
video data gtored j. [ £: ' of the stored video
data are rgad f%)%B?%Q%&F%ggwﬁﬁgér{}nﬁiﬁ%ﬁg%ﬁg?{’/ﬁlbg%fl Fol | er by way of a
read operation at. the penory clock rate (Dmenf,ory. and passed to the
raster engi Adaskedizercoupledta thy rawer engingaranged torpacketizg dbs Videq/sigad f or mat
Dnative to a video signal V2 having a displayable format based upon the
char acWeintetthewded ddthpacketspl ay unit. GENSP1131 MIF 18 PATENT APPLI CATI ON 8.
A video processor as recited in claim?7, further conprising: a packetizer

coupl ed to §ingkhmeiffde c%aﬁiiﬁgeﬂl%laaweelrtb%@wﬁ%@edwmﬁitﬁeombgnal V2

into the video data packets; a link interface coupling the packetizer to

the Ii arnanged to . formt lkdeo . dat ckets i.ntp a video data stream
that 1 Cotp PACIBIRARO.A s il SiFark HES B Rl e Bwy By BV gt R o o' LR
that is independent_of the native streamrate bnative wherein the |ink
rate Lok at ahinkaatq LR that i ndepepdentof tharatiye strepng rate Paaigervhereinghs, 9. A vi deo
processor as recited in claim8 wherein the link is configurable to

i ncl udinkaratebRas diodctlydplattidb ke meagogallodatte Bhanpel s that can be adj usted
to conpensate for any of a nunber of link conditions.

9. 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.

10. A configurable video processor for providing displayable video data to

a display unit coupled thereto, comprising:

a CRTC circuit;

a selectable CRT controller circuit coupled to the CRTC circuit;

a raster engine coupled to the selectable CRT controller circuit;
a display interrogator unit coupled to the display unit and the selectable CRT
controller circuit for determining a display type corresponding to the display unit,
wherein when the display type is a non-CRT type display, the display interrogator unit
sends a first signal to the selectable CRT controller circuit that disables (if enabled)
the CRTC circuit such that the displayable videc data is sent directly to the display
unit from the raster engine and wherein when the display interrogator determines that
the display is é CRT type display, then the display interrogator sends a second signal

to the selectable CRT controller circuit that enables the CRTC circuit (if disabled)
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10. A configurabl e video processor for providigg&displayable video data to
a display unit coupled thereto, conprising: a TC circuit; a selectable
CRT controller circuit coupled to the CRTC circuit; a raster engine
coupled to the selectable CRT controller circuit; a display interrogator

uni t cueh o 10 didpnbRRid i Is prossded by SAY ERITENL Rl PRior 40BLiRg! | er ci reui

for determning a di'splay type corresponding to the display unTt, wherein
when t i is.a nan- type di splay, the display interrogator
uni t Iség?ﬁgﬁgé$|¥?lé¥8§|dgmglayt°gﬁle% el ectabl e CRT controller circuit that

di sables (if enabled) the CRTC circuit such that the displayable video
data is sent directly to the display wunit fromthe raster engi ne and
wherein when the display interrogator determnes that the display is a CRT
type display, then the display interrogator sends a second signal to the
sel ectable CRT controller circuit that enables the CRTC circuit (if

di sabl ed) GENSP1131M)' F 19 PATENT APPLI CATI ON such that the displ ayabl e
video data is processed by the CRTC circuit prior to being sent to the

di splay unit by way of the |ink. GENSP113/MIF 20 PATENT APPLI CATI ON
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