WD 03/ 052725 PCT/ US02/ 39859 COLOR DI SPLAY HAVI NG HORI ZONTAL SUB- PI XEL
ARRANGEMENTS AND LAYOQUTS BACKGROUND [001l] The present application rel ates
to i mprovwomabs27e® di splay | ayouts, and, nore particul arl yCTius02/89359Ved

col or pixel arrangenents. [002] Full color perception is produced in the
eye by three-color receptor nerve cell types called cones. The three types
of cones are sensitive to different wavelengths of light: |ong, nedium
and short ("red", "green", and "blue", respectively). The relative density
of the three differs significantly fromone another. There are slightly

nore red receptors €QIORTUSRLAY. HAVING HORIZONIAK SUB-PEXED| ue receptors
conpared to red or green r ABRANGEMENBS AR LAM@NES si on system processes
the informati on detected by the eye in several perceptual channels:

| um nance, chromanance, and notion. Mdttion is only inportant for flicker
threshold to the imagi ng system designer. The |um nance channel takes the
input fromonly the red and green BASIRHGROUND ot her words, the | uninance
channel is "color blind." It processes the information in such a nmanner
that the contras{Oldf @tgasecicst ephlvatien reldtee te Hmpmuemeots whdispley lameis, not

have edge co trastéﬁ.nhfa cement. Since t.he]el um nance channel uses and
enhances evétS TUGPAHGH aaP'etBrimPfaoé’SBf?)lP,rplf‘ﬁ ATPREBPM Pon of the | unminance

channel is Sever?doz}]i FRE ddI@NSdredpiah is pRRIUEET HIBRABEEDLE NIRE8ORr receptor
Consequently, the blue receptor contribution to |um nance perception is

negl i gi bl e. nditve delinfypesncalledheomas! THeuthrezctypesasf aomes st sensotiventon diffsaers
filter. Its peak response, is,at 35 cl es pe egreg (cycles/).. It Limts
t he resppns@Paﬁglenﬁﬁ%y@fi‘@t'amgatmg‘ﬁxg‘yc s/sfl‘i“ﬂ gﬁeéle'ho#ez%n’t zf%‘dan YWerti cal
axis. This ?é’s?@c’iiv% t Th@?elaﬂi%éﬁ@f_’t‘f@f &Q@B@@Hiffe@@s@ﬁ‘i&%aﬁt@ froth i aRb@ks. ve

bri ght ness between"two areas within the field of view "It cannot tell the

absol ut e br Thbteres slightlyr mbeer redirbceptoys ten airéeni ecdpitorer Thiesmare 58rycfesl blog, it

sinply blends together. The |imt in the horizontal axis is slightly
hi gher t hanT¢9sBloesoMRazgd tQrpdor SFREN 1FFAYTSi n t he di agonal axes is

significantly |0£§b’3gu‘z)f§$3§glg§%7s%ﬁl &5tbn'pe0 s%%@ﬁeginlfésrgﬁﬁbnﬁa%ctemﬂf&r@ece

channel is furth I nto"two ‘'sub-channel s,
in several perceptual channels: luminance, chromanance, and motion. Motion is only

important for flicker threshold to the imaging system designer. The luminance
channel takes the input from only the red and green receptors. In other words, the
luminance channel is "color blind." It processes the information in such a manner
that the contrast of edges is enhanced. The chromanance channel does not have edge
contrast enhancement. Since the luminance channel uses and enhances every red and
green receptor, the resolution of the luminance channel is several times higher than
the chromanance channels. Consequently, the blue receptor contribution to luminance
perception is negligible. The luminance channel thus acts as a resolution band pass
filter. Its peak response is at 35 cycles per degree (cycles/®). It limits the response at
0 cycles/° and at 50 cycles/® in the horizontal and vertical axis. This means that the
luminance channel can only tell the relative brightness between two areas within the
field of view. It cannot tell the absolute brightness. Further, if any detail is finer than
50 cycles/®, it simply blends together. The limit in the horizontal axis is slightly

higher than the vertical axis. The limit in the diagonal axes is significantly lower.



to allow us to see full color. These channels are quite different fromthe
| um nance channel, acting as |ow pass filters. One can always tell what
col or an wbjogos2725, no matter how big it is in our fiel drofi/usvEswssIThe
red/ green chromanance sub-channel resolution limt is at 8 cycles/, while
t he yel | ow bl ue chromanance sub-channel resolution limt is at 4 cycles/.
Thus, the error introduced by |lowering the red/green resolution or the

yel | ow bl ue resol ution by one octave will be barely noticeable by the nost

perceptive viewer, if at all, as experinme at .and NASA, . Ane
Research Centerl Q%éeTh%"bmmaRan“ﬁéﬁhg?Wl 1SJR'I‘E°11 jubdiv b‘%é 1050 (¥ su lﬁé‘f“@'&"ﬁsabl lity
of Reduced n T R U eﬂt@ro@l have
denonst r at egl Hl?%‘gé‘iﬁ#'see nﬁt’or%gphce adj1Q&d%f§r m@neserl mage taﬂ%ﬁ%%}

anal yzi ng t beannspatiiggd af rcﬁqpmdyltﬁuonercah rabwss gelinmdatpadoe at ®bjeBr spmsi gnal

theory, any given signal can be re resent d as the sunmati on f a series
of sine wavE®RiEr how Big agisdrmur st of Xiry. Lhgdedigrgen ?IPFQHBPB"&? a{’%eisi ng

out, et NMRLLARYimhESA §1cACrlRY Gnill AP YRILBIRS citoblalifite BB

cal I ed a Fourrer Transform dman Vi si system responds to these
si ne- wave- cedsplutientlisnit i3 dt ecyclwer diThessthe sabr intl’aglﬁ;eﬂibgria‘lverhﬁg)%]redlgfaan
perception is influenced by a process called "assjimlation" or _th

Bezol d col ofesBlusiqBioA @hee‘,feﬂ@w{bluwglupgn B are agtpvskilisheharely @otiggagle lﬁi t)bél s
(al so knowﬂm%ﬁ?esr%}b e%%%uﬁer 1rf d : ts%{( an?éntsaat@t&& Ay NAsqe Cl@%ﬁé&i@ has a

m xed col or pens over gi ven angu stance in

the field OteﬂleE‘(‘éeeB@gaRSM@ﬁn Jtlamle@ ahnmei Dmbﬁﬁywmdn@demmemelt hi s
bl endi ng ha%gens over a greater %ﬁe for blue than for red or green. This
di stance is Bpfrlaﬂr%ﬁﬁtéﬂ GPIZESSASHP Berb 199 ibpee degponsigtedr green it is

approximately O A sght ends
50 mls (1,270 ﬁoscl tThg | sp @9 éﬂh &n&%’? ﬁnegv@ égp(%e)?ag{geﬁpﬁy tag%@';ﬁngl egs t han
hal f (625 )p afal frbgr nby Ediiﬂidiigraﬁsfbﬁh cofinpenenty. @romwidnhl dheeamnyi dihaisighass of
pi cture qual |t his blending effect is directly related to the

chr omanance c&ube e¢rapssated raest,m smation phi seriasef sinchwayesisd\varyime poplitude
1290LUL1 o0 LA i 85 SCFfs SB35, 708 o RGBT O
DESCRI PTI mcgﬁpa}ﬁﬁt%\%%gnal is called a Fourier Transform. The human vision system
responds to these sine-wave-components in the two-dimensional image signal.
[006] Color perception is influenced by a process called “assimilation” or the
Von Bezold color blending effect. This is what allows separate color pixels (also
known as sub-pixels or emitters) of a display to be perceived as a mixed color. This
blending effect happens over a given angular distance in the field of view. Because of
the relatively scarce blue receptors, this blending happens over a greater angle for blue
than for red or green. This distance is approximately 0.25° for blue, while for red or
green it is approximately 0.12°. At a viewing distance of twelve inches, 0.25°
subtends 50 mils (1,270 p) on a display. Thus, if the blue pixel pitch is less than half
(625 ) of this blending pitch, the colors will blend without loss of picture quality.
This blending effect is directly related to the chromanance sub-channel resolution
limits described above. Below the resolution limit, one sees separate colors, above the

resolution limit, one sees the combined color.



[007] The acconpanyi ng draw ngs, which are incorporated in, and constitute
a part of this specification illustrate inplenentations and enbodi nents of
the invewDidnsznsl, together with the description, serve tPeTAX0/3ISH9
principles of the invention. [008] Figure 1 shows a repeat cell of six
sub- pi xel s wherein the sub-pixels are laid out |ength-w se horizontally.

[ 009] Figure 2A through 2F depicts various enbodi nents of sub-pixe
arrangenents laid out in a horizontal fashion. [010] Figure 3 shows a novel
si x sub-pixel repeat cell arrangenent for a panel display. [011] Figure 4
shows one enmbodi ment of BRIERPESCRIEIIONOF LHE DRAWIN out in a

hori zontal fashion connected to colum and {om/dtivers.g£012] Figure 5
shows one enmbodi R dhe acepmpapying dravwipgs &duchos incerperaiedhin, gpg gpnstitute
arrangenent, [013 I gures.6A an rat.e [ ent an
arrangenenta %?géﬁbﬁﬁgfgﬂéﬁ%%ﬁgrﬁ?gﬁﬁéEﬁﬁ%ﬁﬁa%%ﬁﬁgcﬁﬁoﬁgﬁgﬁﬂk g ?if@gto t he
col um dri vafventid®d bfll, FdgatieSvith ahel @s&ipion! werve apasdln eprxeibleR R sthef a
TFT connection for a novel eight sub-pixel repeat cell arrangement. [015]
Fi gure 9 showsni®e possible dot inversion scheme for one enbodi ment of an

arrangenent |aid ina horizontal {ashion. 16] .Figures 10 and 11

depi ct two di ffel[@#] Eﬁ%%%?r?éﬂ‘fvg a()ereﬁE‘fgﬁggﬁﬁ(e%:%i% %lst“%'er ‘r??\ghéersu%ﬂ%lﬁ?]}lsjt use
of crossovepg lhidlout PMOWRE heHighhtalBuUb- pi xel repeat cell arrangenent. [017]
Figures 12A, 12B, and 12C depict various enbodi nents of a system

architecture for [} eFigueo idy ithiongh ol dlegietre veoust embedipients| of |sab@ixplt in a
hori zontal fashion 13. VO, 03/ 05272%1§ l/USOZ/ 39859 DETAI LED DESCRI PTI ON
[ 018] Ref er BHEREH]S ﬁ‘&ﬁ%@%%’émfl _Y8M to i npl enent ati ons and

[010] Figure 3 shows a novel six sub-pixel repeat cell arrangement for a

panel display.

[011] Figure 4 shows one embodiment of an arrangement of sub-pixels laid
out in a horizontal fashion connected to column and row drivers.

[012] Figure 5 shows one embodiment of a set of TFT connections to a sub-
pixel arrangement.

[013] Figures 6A and 6B show two separate embodiments of an arrangement
of sub-pixels comprising unique connections of its TFTs to the column drivers.

[014] Figures 7 and 8 show two separate embodiments of a TFT connection
for a novel eight sub-pixel repeat cell arrangement.

[015] Figure 9 shows one possible dot inversion scheme for one embodiment
of an arrangement laid out in a horizontal fashion.

[016] Figures 10 and 11 depict two different embodiments of TFT
connections to driver without use of crossovers for the novel eight sub-pixel repeat
cell arrangement.

[017] Figures 12A, 12B, and 12C depict various embodiments of a system
architecture for panels comprising arrangements of sub-pixels laid out in a horizontal

fashion.



enbodi nents of the invention, exanples of which are illustrated in the
acconpanyi ng draw ngs. Werever possible, the sane reference nunbers wl |
be used tWomaghwet the drawings to refer to the sane or PCHASp2BY8S?
Sub- Pi xel Arrangenents [019] In Figure 1, an arrangenent of sub-pixe
emtters 100 is shown, conprising a six sub-pixel repeat cell conprised of
three colors. This six sub-pixel repeat cell was substantial shown in the
©232 application - however, the sub-pixels in Figure 1 are laid out

| engt hwi se al ong t he horrzont ) the horizontal w dth of
t he sub-pi xel s can be greater Fa=PeHs AGRIFEION ¢ cal hei ght of the
sub- pixels. In one enbodi ment, sub-pixels 106 are blue colored, while

sub-pi xel s 102 affdi8]18efesense qWHE nevs bendbrdsi ihedetaikdo o’rmI&F‘éé‘HaWSo@B‘él
t | t dth
cor o gr eenompdirRRR i1 e pSPRAG, FRBpe ALK Bndiat o ReofiRande ] o°

respectivel &ravdli\j\%syemmbh?dissﬂimaﬂd: saNé referehce minedrs willbeasud dhibeglassi gned
the color red ile sub-pixels 102 and 104 are either green or bl ue
col ored, re8isakrawings ip refarfiethesameor ks pagis ons can i npl enented as wel |,

whi ch are drffers g gur(qrgngglie gg €N and bl ue, such that the col or garrut of
the resulting a useable display froma user's

st andpoi nt. [020]018% &h@Mure N1, Firg Whendemet ofpsubepisel LOAitand 1004isagtwn,
displayed in a "checkerboard" fashion - whereby the red and green

sub- pi xel sedpPEsiBg adie suh:rplgell mwpe CE@@O@@QF@e@f codorphddis sixsabrpaxel

checkerboard ttern ha e revio 2 l.ication
o o0 a SopdeF Res B a] SRR WP 12 5BEARRS Ehd D tne SERRRR i N
entitled "A MEEM%I‘HldQﬁt (a6 A ShE B Fddkdl axiCOFGRe R, Nee E¥ridontad W TH
S| MPLI FI ED A SSING " filed on July 28, 2000, which is hereby

i ncor por at ewidthrafi the byb-perfeér@nd@ gaefer in leogthrohiy thevrestical heighhef ﬁmﬁélb-

o Car Ty aBUdls 48286 65Refeh sfEnnels 0are MEF age VISR RERTIBh el i
as n the yortideal xiarba VR0 52625 BT LSRR) 399RBvA02LIn Aot

disclosed in the 394 a cation, an entire panef constructed
embodiment, sub-plxels 106 could be assigned the color green, while sub-pixels 102

and 104 are either red or blue colored, respectively. In yet another embodiment, sub-
pixels 106 could be assigned the color red, while sub-pixels 102 and 104 are either
green or blue colored, respectively. Other color variations can implemented as well,
which are different from red, green and blue,such that the color gamut of the resulting
arrangement creates a useable display from a user’s standpoint.

[020] As shown in Figure 1, sub-pixels 102 and 104 are displayed in a
“checkerboard” fashion — whereby the red and green sub-pixel subplanes are
displayed 180 degrees out of phase. Such a checkerboard pattern has been previously
disclosed in the ‘232 application and in U.S. Patent Application No. 09/628,122 (“the
‘122 application”), entitled “ARRANGEMENT OF COLOR PIXELS FOR FULL
COLOR IMAGING DEVICES WITH SIMPLIFIED ADDRESSING,” filed on July
28, 2000, which is hereby incorporated herein by reference and is commonly owned
by the same assignee of this application — and such a checkerboard arrangement is
similarly advantageous with the sub-pixels laid out in the horizontal axis as in the

vertical axis.



with the sub-pixels lengthwise in the vertical axis (e.g., the vertical

hei ght having a greater length that the horizontal wi dth) could be enabl ed
i n sof t wawe oBo5yes f or m sub- pi xel rendering when the panelpcraisphysscal |y
rotated 90 degrees fromthe vertical - in essence, running the panel wth
all sub-pixels in the horizontal axis. This feature enabled a single panel
to perform sub-pi xel rendering while displaying images in either the

| andscape or portrait node of operati on [ 022] It nay be advant egeous,
however, to physically construct a panel wth sub- pi xel s | ai d out

| engt h-wi se al on{f3l ﬂleAﬁo‘?"iSz‘éiﬁ‘Ela%edé%tEe (%94gapphﬁﬁé’nvé?tepﬂl§l pawel @‘Pﬁsmﬁﬁ% ng a
|1 | t |
106 assi gnaith ey pRe RhuAARah dit Obilbal et BRI € eRlon) BULY BHRRLLIC.S,

noved from ghater Vedigth that the hokiasrtzomnided) caulidsbe-enhlblas in ﬁbftv@tmhﬁmrﬁgni fub-

presence of a contiguous blue structure, which is nore apparent to .the
human eye aPBshrenfenngwhen fie parelds physically rP@teda‘%O&f@rqeﬁéronb hesricl —d%is. A

vertical bl ygcald afind Sparks P IP stbRELAnaNLILRZORKL xil CAHRP Y and

uniformty &as ekt I Sse vertica

advant age i gnadi&0a ¢ lphﬁelvvot;kerﬁ)nh smb:qﬁkél rkﬁ&erﬂ;gswmn@dlspr@l@oirﬁugegnﬁen
[023] Figures 2A-2F depict several alternative enbodi nents of sub-pi xel
ar r angenent sithesitke lgpdscpe enortiyt medhetopeEtios. Fi gure 2A show that the

o sub- pi xel s 100 Zha 155 b¢ EiptelhiR, hiiesh Pl hBkohdfyct SNl o
previously dilsebpsets latd bﬁtelenélﬁszéi@lbh%ﬂﬂih&{koﬁial)aﬁst(ag ,\ied Vértiadl hidhs . AI SO
shown, sub- EI xel s 106 could be of smal wi dth along the vertical axis

than sub- pi kevisg mmaaerdlewh thag b herizomisl c\édmbrmmtﬂar a’vlahs;lbrmzéeleéﬂéu cal

axis is also dis rel at 0 |cat|ons above.
[0241 i qur 8o RS el fud Rad hffimfila i Rl BP0 w158 )5 QRFed B inss T s
di scl osed i Reftidfl ©OhdiERdianaxBNd tERMHR8MY hﬁx%g?fé%ﬂ'e&én& oPal &tichBR! bieat i on
No. 10/278,328, entitled "I MPROVEMENTS T FLAT PANEL DISPLAY

SUB- PI XEL ARRANGEMERES 1Am@>rtAppmr$ touti-hREDUCEDRIBLY Jhe 'LduwahAmEhmﬂtLis

\PAC% Lleslalz;rggngglgltﬁe horlon%al ax1s Azggr%balablﬁg lét peX ﬁlus 1%nds 0 1n erfere with 0§ex952725

readability and uniformity as text is comprised mostly of vertical strokes. A similar
advantage is also possible with sub-pixels 106 assigned the color green.

[023] Figures 2A-2F depict several alternative embodiments of sub-pixel
arrangements laid out in the horizontal axis. Figure 2A show that the sub-pixels 106
are effectively twice the length along the horizontal axis of sub-pixels 102 and 104.
Such a choice of length for sub-pixel 106 was previously disclosed in the 232
application along the vertical axis. Also shown, sub-pixels 106 could be of smaller
width along the vertical axis than sub-pixels 102 and 104. Such a choice for length
along the vertical axis is also disclosed in the related co-pending applications noted
above.

[024] Figure 2C and 2D depict the addition of a “black™ pixel 108 that is
disclosed in the co-pending and commonly assigned U.S. Patent Application No.
10/278,328, entitled “IMPROVEMENTS TO COLOR FLAT PANEL DISPLAY
SUB-PIXEL ARRANGEMENTS AND LAYOUTS WITH REDUCED BLUE
LUMINANCE WELL VISIBILITY,” filed on Oct. 22, 2002. Black pixel 108 could



al so be deployed in a staggered fashion, as shown in Figure 2D. Figures 2E
and 2F depict the addition of a fourth color pixel 110 as was previously
di scl osedwpDrns3isB825 Patent Application No. 10/243,094 , entrciriusd2/39sSMPROVED
FOUR COLOR ARRANGEMENTS OF EM TTERS FOR SUB- Pl XEL RENDERI NG " filed on
Sept enber 13, 2002, which is hereby incorporated herein by reference and
comonly owned by the sane assignee of this application. [025] Figure 3
depicts an alternative arrangenent 300 of sub-pixels conprising a 3x2
colum/row repeat cell  302. One ssi bl e col or, assi nt. f or rrapngement
300 has subalspbsidsployed éf‘saﬁﬁaﬁ%":re‘g?ﬁﬁ‘ﬁpx%q OYgEpIn, glﬂrgglﬁaﬁlguw@l:;p%g? 104

as green. THLScAlEARIRNE dRrCod -&aefﬁﬂaémm%@a@hagéég%ﬂ bl ue

sub- pixel stripes on e horizontal axis, even't ub-pi xel has

its | engt hwPatent eAlgilication hidov el(r2432094axi sutitldd S TsiPROMEDe FOURIr OQEIOR

di sperses the blue stri §h<31¥ sta%%gri ng.the placenent of hl ue sub-pixels;
r

whi l e sligh RMIGLFERD FERe2WB Mdld REAVPERING ondlgdatn by
pl aci ng the r i . 0 e
Phor by st aSarrig’ | 2805 mREIREch ARk Fulck rénin BPRIESR S AhniBlF>
Circuit Arcbiwhedbytte shihd@jsidriegof ehistaphdipatidns a hi gh [ evel architecture

di agr am whereby one exenpl ary sub-pi xel arrangenent 40Q is laid out in the
horizontal fashi 60deSigudet depidsy ey ridterdiivemagruesey 4609 ahdsuboriXelsi ver s

404 | ' 40 E [
it m ¢ ranefiEhe S Elubiro R iepRR AR Tood Oue wOgite cBlornRNELRETR V! 19

to ac pi xel's, “FI gure
depi cts oneagesiRdicRERO0 ks sab-piEld HbAStblie) Eul-pigeRABD @s redl; mahgdApREIsaD4 Fi gur e
1. Each sub-pixel is connected to a colum line 502 and a row |ine 504.

TFT 506, | osxeksnat Thin@raegerept may beaeangidered somenhpl as placwgifhpiblis sub-
ool 09 PP B RSBl Pl Ml 0 OEEL A e PEp

line. [028] PRe epi'c ernativere I men

| ayouts 603d@Ndn Gl veRsiaPakisVelTlis dpmBethanofikthal HRp&rséthel BGatsudE B t he
third colum Tine differently fromthat of Fl_Igure 5. In Figures 6A and 6B,
>

the third cetaggaring the placement ®f blue sub-pixels; while slightly altering the red/green
checkerboard pattern somewhat by placing the red and green subplanes partially 45

degrees out of phase thereby staggering the red and the green sub-pixels in a novel
manner.

Circuit Architecture

[026] Figure 4 depicts a high level architecture diagram whereby one
exemplary sub-pixel arrangement 400 is laid out in the horizontal fashion described
above and column drivers 402 and row drivers 404 are electrically mated to
arrangement 400.

[027] For panels employing thin film transistors (TFTs) to actuate or drive
sub-pixels, Figure 5 depicts one embodiment of a TFT layout for the basic
arrangement of Figure 1. Each sub-pixel is connected to a column line 502 and a row
line 504. TFT 506, located at each sub-pixel, actuates or drives a sub-pixel according
to signals that are resident on its connected row and column line.

[028] Figures 6A and 6B depict two alternative embodiments of TFT layouts
602 and 604 respectively. Each layout alters the location of the third column line
differently from that of Figure 5. In Figures 6A and 6B, the third column line is on



WO 03/ 052725 PCT/ US02/39859 the right or left of the second col um of
sub- pi xel s respectively. In Figure 6A there is a crossover of the third
colum | iwe obys27ke bl ue data going to the bl ue sub-pixel iPaTiUse2/386T0Nd
row. In Figure 6B, there are no data crossovers, which may mnimze
crosstalk. In either case, aperture ratio may decrease to allow for the

extra colum line. [029] Figures 7 and 8 depict a |layout for an
arrangenent 700 of sub-pixels conprising a repeat cell 702 of eight
sub-pi xel s. This reioeat cell - with its various color assignpents for

sub- pi xel s ﬁwzig { onlefipf thogscond galump of phbyPigels sespecityelyn Ta&iggseffi hsredsd

commonl y as R t

No. 10/ 278, 3 GRG0 P e b it 3 h0Re dota B gL pIRRI-GREL B the

SUB- Pl XEL AE%RAM‘ENEA\IT SnAIN@uﬂeABmJﬂfﬁrd:@R BoBidRl Xdssoweis\DERICNGnYY Thinfkize T BULE
SUB- PI XELS, " fil ed on Oct , 2002, and U.S. Patent pI i cation

No. 10/ 278, 3erpsstalkt i n| ither pwmmm\rﬁsommmse £ Ao AREfhersdya Goumn

SUB- Pl XEL ARRANCGEMENTS AND LAYOQUTS FOR SUB- Pl XEL RENDERI NG W TH | NCREASED
MODULATI ON NSFER FUNCTI ON RESPONSE, " filed on Cct. 22, 2002,
respectively. Fi (009% Figufeawh ahdiBslepiet admgantsrt andsrdngetheaT00 of subhsikelzont al
fashion. This octal grouping is unique in that it presents _an extra stripe
of sub- pi xefemposng "FHéPeFFW?QQ%@f efgéF sythpixelyy 'Ry eapesf collay WithatcEus uct ed

h ddi.ng. TEIS.4 h
o, <005 LSRR PO TS, RS 4 5 o

sub- pi xel s B&ding aﬂd ssuanmmeh@lgi;e@ (B9 dPatgrite2pplEsdtomy: XBBSPﬂi@ﬂt Abplication be
seen in Figure 7 that the blue data is sent to two bl ue |xels t hr ough
one TFT. Th&oel WA7835% osamifled of IMIROVENIENE2NT@alOLPRe ﬁhﬁifﬁ Prfé‘y}ELead to

SONE Crosst ﬁt}%ﬁl hQ[?EﬁI %mp

Crossovers. ﬂ[I%%IIAQ Ebﬁg i“ous arc’r%g\gglgig ag“&ggﬁgogbgdtsﬁé gn %@L
panel, a "¢EINDERENGIWITH SPLEMBUNEYSUB-FRXBILSYefilell @ndD&r 22, e00bearfde.. Both
a | xI and 2x1 dot inversion schenme have been revi ously discussed as

sui tabl e. | Rateatr tpplitation NoJQL278368, i evtisledi oAMEPR(EYE TS edte CENERt al k
in some of these, SMROdNENt Sy dB $2REE ARRANGEMENTS AND LAYOUTS FOR

SUB-PIXEL RENDERING WITH INCREASED MODULATION TRANSFER
FUNCTION RESPONSE,” filed on Oct. 22, 2002, respectively. Figure 7 shows this
arrangement as laid out in a horizontal fashion. This octal grouping is unique in that it
presents an extra stripe of sub-pixels 102. The TFT layout for this arrangement may
be constructed without adding TFTs (704) or without adding extra drivers (706), as
shown in Figures 7 and 8 respectively.

[030] With a color assignment of blue sub-pixels 106, red sub-pixels 102 and
green sub-pixels 104, it can be seen in Figure 7 that the blue data is sent to two blue
sub-pixels through one TFT. There is a crossover of the red/green data line which
may lead to some crosstalk. In Figure 8, there are additional TFTs, but there are no
Crossovers.

[031] In the various arrangements above embodied in an AMLCD panel, a
“dot inversion” scheme may be employed to operate the panel. Both a 1x1 and 2x1
dot inversion scheme have been previously discussed as suitable. In particular, a 2x1

dot inversion scheme may reduce crosstalk in some of these embodiments. In cases



7 WD 03/ 052725 PCT/ US02/ 39859 where there are two colum |ines adjacent,
there may be two pixels that have the sane polarity next to each other.
However, wbeasiosd7es veni ng data line is of opposite pol arit pCT/(502/593%9
crosstalk may still be achieved. As one exanple, Figure 9 depicts a dot

i nversi on schene for AMLCD panel s having the arrangenent of Figures 6A and
6B. [032] To achi eve substantially the sanme nunber of drivers with the
display wutilizing octal repeat cell 702 as a display with a repeat cell

shown in Figure 1, it is ossi.ble to interconnect the two blue_ col ums
106. In a TRhemgtherp arg ioscolunn Hngserdiagept BpErdmay bhtvmixels thas barmthasemap
lines. In a j i o] 0 i i L only
the i t ani unPERRg e fifkBtherciohgFerp Mg Hhuc AR ask1fioSs bPobkRIE Bblatns
Theref ore, theowr@ssaliemdysstithde achievée oal omeectmpler Figureod depiztsTARlot Thi s
m ght add sonme cost and conplexity to the display. [033] To achieve a
similar resinversign sebeme &ravdbiE} panelsihguingdhe grangament of dgghres 6A wd PByout s -

1000 and 1100 tivel y. - i - 51,00 th
octal ‘repeat cel 1o Fogetipkg sUBfRRF HEORRTRME T et HPALFRE | 1°

such a nmanngfilidfg loetabrdpeatnRIETRNS Ldigplapweth. a tepedti @Urshodd,in tFigurauireis of
| eads on right and left are in the ratio of 2:1. The advantage of this
connect i on pessithato tinfercorseghiieztka biyegolumrsal 06 &pp il arpydps ¢oyld bss

conpl exd. The.connection pattern . repeal e t e LCD.
[034] In Fi ﬁﬁ}‘%ve?l‘fvg{’ ﬁ%wndg }eugn%fn rEF%ah ggorﬁ %a@aﬁgg? gfeéplfag’ Blg?ﬁaengggal%ﬁdé or der
of data may tiRee WP iHDiPFRlE e dtahil/U bR oxi@f (TOI R &Rt 8o Gasy Magceesticas

follows: Gl/R1, /4, R4/ A, etc., and the right side data cad‘ﬁ)roceed as

fol | ows: Bltmssover/ Txrefosy, e, cressever Thingdgi the eelupmadriyer ereqrethe ddhH.oThife
bottom of the display. 35] Thus,..i i splays where there are el ectrode
connect i onsnﬂg\k_ﬂ@aﬁﬁ‘)‘g‘lﬁﬁé@aﬁ%?o ﬁ%"wg’&ﬂségﬁ e nunber of connections to the
col um driver isoduqgdachitdet HQimitinReuI Hithoat 'éfB@sdiirefs\,/Qﬁ%;réﬁqw sRd1is the
sane as for a display based on the repeat cell shown in Figure 1. For

nmobi | e phonde8dNtwie dptoatss— MAD canddbl Moteshentizelany for @p savamgemendt similarly

ggf :|bi lr ie';)g agénﬂbﬁﬂgg rtllflocgz?ﬁ rép%atc geﬁlt of 'fO%ucrl“hg QorIn%EtigI{ssa elz fthde Iorr1] GRE gt%asg .ers]g
in such a manner as to eliminate the crossover. In Figure 10, the number of leads on
right and left are in the ratio of 2:1. The advantage of this connection is that the
organization of data in column drivers is less complexd. The connection pattern may
be repeated to the bottom of the LCD.

[034] In Figure 11, the number of leads on each side in balanced. The order
of data may be more complicated though. Left side data can proceed as follows:
G1/R1, B3/4, R4/G4, etc., and the right side data can proceed as follows: B1/2,
R2/G2, G3/R3, etc. This pattern may be repeated to the bottom of the display.

[035] Thus, in displays where there are electrode connections on both sides
of the display, the number of connections to the column driver is reduced and the
number of column drivers required is the same as for a display based on the repeat cell
shown in Figure 1. For mobile phone STN displays, which do not have any crossover
metal capability, this can lead to cost reduction for displays incorporating octal repeat

group 702.



8 WO 03/052725 PCT/ US02/ 39859 System Architecture [036] Figures 12A, 12B
and 12C depict various system architectures 1210, 1220, and 1230,

respecti vwioy3/ositas may vary dependi ng upon the driving schremaisofsssaay be
seen, these various enbodinents differ in the |ocation of the sub-pixel
rendering (SPR) logic location wthin the system The system architectures
1210, 1220, and 1230 of Figures 12A, 12B, and 12C, respectively, may apply
to the various |ayouts shown in Figures 6-8. The conponents described in
Figures 12A, 12B, and  12C can operate in a manner described in U S. Patent

Appl i cation No. t ectugetitled "METHODS AND SYSTEMS FOR SUB- PI XEL
RENDERI NG W TH YR ERISSIENDS' add 180 dfic]iics syeldiarctiilctifted 22118" DY
i ncorporated herel ref erence and combnly owned by the sanme assi ghee

of this apph2zitandn230aesyeetivay, thauhayvareldependaey upoy the dliningselsernvd. t Ast he
sub- pi xel arrangenents disclosed herein. [037] Wiile the inventjon has
been descri @Y O See: dhescerarious srahodipenst yifferniio themingation 04 rthe syb-pixel

nodi ficatio . W ARG ,vakept Y. pfut ed
for el ement géltdgélrl%g Iﬁou%locgtgopartlh@@r%@#ﬁe@goszsetg%fmt teecﬁﬁ%z%%lltd(;n. In
addi tion, nmap30,rndilP3caf iIFonsesn A, HeBrade] 2@ respetivedy, paaytapplyl tathesvdrioati on or

material to the teachings w thout departing fromthe_essential scope
t her eof . Foleyew&sppwn indigusesé-8t nhessAmmpnaptadgscahsd én Kigiresel 24hpi2&ehted in

ot her di spl t ech i.e . i j VL L i D),

El ectr oLurreig ecnfi O%Eta)?? m %I%%#gg%%g?gd?@wﬁéﬁa&gt Iég)ﬂllg%(d()@%g ﬁgg({lgsgl )

Di spl ay (AVefidled PRESTHODNBANDX SYSTENMS EORStSAUB-#6PL aRENAURING WITH

I ncandescent, solid state Light Emtting Diode (LED), Plasma Display Panel
(PDP), and GAM%A;e%DJU&TMEé?Fo’F diled pniMay A7 A wikght it hereby ageomaraisdnot be

L2910 BRIk TORRI ok PRSI NSER Rt B RSEn ,
%053?852?2 e%@éﬂ%?%gg?/m??g é%rgiethGedMﬁdﬂbﬁ withe tHeCapepieél i ganpendneisseai ms. 9
herein.

[037] While the invention has been described with reference to exemplary
embodiments, various modifications or changes may be made and equivalents may be
substituted for elements thereof without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material
to the teachings without departing from the essential scope thereof. For example,
some of the embodiments above may be implemented in other display technologies
such as Organic Light Emitting Diode (OLED), ElectroLumenscent (EL),
Electrophoretic, Active Matrix Liquid Crystal Display (AMLCD), Passive Matrix
Liquid Crystal display (AMLCD), Incandescent, solid state Light Emitting Diode
(LED), Plasma Display Panel (PDP), and Iridescent. Therefore, it is intended that the
invention not be limited to the particular embodiments disclosed herein as the best

mode contemplated for carrying out this invention, but that the invention will include

all embodiments falling within the scope of the appended claims.



CLAIMS What is clained is: 1 Adisplay conprising: a plurality of a
sub- pi xel group; said sub-pixel group conprising a plurality of sub-pixels
wher ei n eaoh3msds2pi xel having a hei ght along a vertical arc3/sozizesn dt h

al ong a horizontal axis, the width being greater in |length than the height;
a colum driver coupled to each said sub-pixel in a colum of the sub-pixe
group; a row driver coupled to each said sub-pixel in a row of the
sub- pi xel group; and wherein each said sub-pixel of the sub-pixel group is
coupled to said row driver along saig wi dt h of said sub-pixel. 2. The
display as recited in Caim1 wherei ub- pi xel group conprises
substantially a red sub-pixel and a green sub-pi xel checkerboard pattern.

3. The display adVhabaselamedps:g ai m 2 wherein said sub-pi xel group conprises

bl ue sub- pi xel s, ,each ,of. [ ub-pi xel s is aligned substantially
along a hori zontlal aﬁé@%%ﬁﬁ?@pl ay. 4. The display as recited in

G ai m 1 wherein gahgalstybf pstebixgl gopp; sadigubipiad grupstanirising ¥ pardlagof

sub- pi xel and a bl ue sub-pi xel checkerboard pattern. = 5. The display as
recited in Sitapiels witrssin pachssabpixal baying aheigholpngdrgitica axisgnd @widiih- pi xel s,
each of said, green _.sub-pi xe j I: / j ng a plurality
of hori zont &° %)?egn(%)%%%%laﬁxl gli%s%lﬁgl)a/ﬁélfg"& gﬁgﬁg‘iﬁé&%{;ﬁggﬁ%}gﬁéd in Cdaiml

wherein said di spleainiidriveetouptadpreasiesaid subpinelah alcylugin sfame birgixennd
wherein said plurality of a sub-pixel group further conprises a plurality
of rows of gedp;and green sub-pixels and a plurality of rows of bl ue

TRURSTBIEA LS ey EE AR TR e
PCT/ US02/ 39859

wherein each said sub-pixel of the sub-pixel group is coupled to said row
driver along said width of said sub-pixel.

2. The display as recited in Claim 1 wherein said sub-pixel group
comprises substantially a red sub-pixel and a green sub-pixel checkerboard pattern.

3. The display as recited in Claim 2 wherein said sub-pixel group
comprises blue sub-pixels, each of said blue sub-pixels is aligned substantially along a
horizontal axis on said display.

4. The display as recited in Claim 1 wherein said sub-pixel group
comprises substantially a red sub-pixel and a blue sub-pixel checkerboard pattern.

5. The display as recited in Claim 4 wherein said sub-pixel group
comprises green sub-pixels, each of said green sub-pixels is aligned substantially
along a plurality of horizontal axes on said display.

6. The display as recited in Claim 1 wherein said display further
comprises:

a plurality of row lines,and wherein

said plurality of a sub-pixel group further comprises a plurality of rows of red
and green sub-pixels and a plurality of rows of blue sub-pixels, wherein said red sub-

pixels and said green sub-pixels substantially comprising a checkerboard pattern and

10



sai d blue sub-pixels are aligned substantially along a plurality of

hori zontal axes on said display; wherein every row of sub-pixels are
connect edwbD®3@s27ev | i ne on alternating sides of said panelCr/izaz3dsas t her
wherein each two adjacent rows of blue sub-pixels are coupled to one row
line. 7. The display as recited in Caim6 wherein said each two adj acent
rows of blue sub-pixels are coupled to one row line on a single side of
said panel. 8. The display as recited in Caim®6 wherein said each two

adj acent rows  _ of blue sub-pj.xels are cquple to a row_line on alternating
sides of saf¥d S&We"lub'%’?e?%arﬂia @Wugﬁﬁ%@ﬁ&a{%‘g aplyp tryéHfihPE*Z‘B\iﬂé‘X%‘B‘l pi xel
group; sai dszgglaisgi%,el group conprising a plurality of sub-pixels, wherein
each sai d sub- el”’ conpri ses one of a group, said group conprising a
first col or sub- pikésdin everg amoofkubglixels srelcomnecedd tandow linbion dltsmbtigg xel ; and
wherein said sub-pixel group fruther conprises two rows and four col ums;
wherein a f§§d§$°%@!d6¢neg\%dnon-adj acent columms conprise four sub-pixels of

a first color a F : - ad] t.: i t wo
Sub- pi xel 5 of o HRsARERRreRRnEhal R AUIREGRLIEH, WENUERTRI bEE
wher ei n furtdetingai d sub-pi xel s of said second col or and sai d sub-pi xel s of

said third color conprise a checkerboard pattern. 10. The djsplay as
recited in O ai m’9 whdhedisplayiagrecited in Clgjm o whsrsin said each tworadiacertgods and
each said s ] [ I i : group, said
o oup: compr Sorng sFERMelARpr B s 3ot Forf BhPbn i OMFRle ik FMeiciland, TPLE

recited in C ai mg9 whaheididpkgiadrdcitedin Clalrb witmh ssieach twoedjehtaowand each
said second color and said third color conprise one of a_groug, said group
y

conpri si ng @f blag salritixsisirse e@ipds 1o, a rowslinecn; altempting sidespfessaii pAgERyY as recit ed
in Caim?9 wherei,n sai,d ifsi rst0 sets. of two non- adjacent columms further
conprise four sulgl pi xé% %l]ayg YRI8YE col or wherein said four 11 WO

03/ 052725 PCT/ USQ%]IL%Q@@%f a sub-pixel group; said sub-pixel group comprising a plurality of
sub-pixels, wherein each said sub-pixel comprises one of a group, said group
comprising a first color sub-pixel, a second color sub-pixel and a third sub-pixel; and

wherein said sub-pixel group fruther comprises two rows and four columns;
wherein a first set of two non-adjacent columns comprise four sub-pixels of a first
color and a second set of two non-adjacent columns comprise two sub-pixels of a
second color and two sub-pixels of a third color; and

wherein further said sub-pixels of said second color and said sub-pixels of said
third color comprise a checkerboard pattern.

10.  The display as recited in Claim 9 wherein said first color comprises a
green color and each said second color and said third color comprise one of a group,
said group comprising red and blue colors, respectively.

11.  The display as recited in Claim 9 wherein said first color comprises a
red color and each said second color and said third color comprise one of a group, said
group comprising green and blue colors, respectively.

12.  The display as recited in Claim 9 wherein said first set of two non-

adjacent columns further comprise four sub-pixels of a first color wherein said four

11



sub-pixels of a first color conprising a smaller area than said sub-pixels
of second color and said sub-pixels of said third color. 13. The display
as recitedoiod/ot7as m 9 wherein said display conprises an AUGRogsmpd ay and
said display applies a dot inversion schene for driving the sub- pixels.

14. The display as recited in Caim13 wherein said dot inversion schene

is Ix1 dot inversion. 15. The display as recited in Caim1l3 wherein said
dot inversion scheme is 2x1 dot inversion. 16. A display conprising: a
plurality of sub-pixel_ arrangenents, each sub}Bier arrangenment conpri sing

a pl ural i t ys@Fpagls-ghiadasteolar cAMPHEPE @ sbwllgiakea thpnsaid suhpisgls 9h seaveddi spl ay
wth a w dt ri. - Al ater in length than a hei ght al ong
a vertical Q%ll%%g@@ g‘?’rﬁéﬁ‘gpég%aé@mé@‘%@l m 16, wherein at |east two of the
sub-pi xel s in eagB. sThe@issRly agfdcitadan@laim Dederaie sad displaggenptiseyyposi t e
polarity. 18. The display of claim 16, wherein each sub-pixel arrangenent

i ncl udes aXMEGRidisniay a9 sailisplaeiprdgn? getipyasion schemefoxdivype thegybt sing: a
plurality o})ix%'isxel s, each pixel is oriented on the display with a width
along a hofirzontal axis greater in length than a height along a vertical

axis; and a contnal | erht displa9Qe sited Fi/Clafhh X 8 whddilsad dottiavéEsion Btbedhe r ender
the pixel data for output on the plurality of pixels on the display. 20.
The di spl ayiokxldajintiersion.wherein the plurality of pixels include a red and

green sub-pixel gheckgqs 9%%fa9 B ALAe8E i chfin 13 wherein said dot inversion scheme

is 2x1 dot inversion.
16. A display comprising:

a plurality of sub-pixel arrangements, each sub-pixel arrangement
comprising a plurality of sub-pixels such that each pixel is oriented on the display
with a width along a horizontal axis greater in length than a height along a vertical
axis.

17.  The display of claim 16, wherein at least two of the sub-pixels in each
sub-pixel arrangement receive a voltage of opposite polarity.

18.  The display of claim 16, wherein each sub-pixel arrangement includes
alternating red and green sub-pixels.

19. A display comprising:

a plurality of pixels, each pixel is oriented on the display with a width along a
horizontal axis greater in length than a height along a vertical axis; and

a controller to process input pixel data and to sub-pixel render the pixel data
for output on the plurality of pixels on the display.

20.  The display of claim 19, wherein the plurality of pixels include a red

and green sub-pixel checker-board pattern.
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