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SUB- PI XEL ARRANGEMENTS AND LAYOQUTS W TH REDUCED BLUE LUM NANCE WELL

VI SI Bl LI WO 0BASHE@ROUND [ 001] The present application rel 2casrSn239860

i nprovenents to display |ayouts, and, nore particularly, to inproved col or
pi xel arrangenments and neans of addressing used in displays. [002] The
present state of the art of color single plane imaging matrix, for flat
panel displays use the red-green-blue (RGB) color triad or a single color

Flgure 1 shows Iiiﬁ%ﬁ.%m&TsﬁﬁBangWEeﬂiﬂéﬁgw& SURAINIL or *pi xel
elements with red emtters Aggﬁl\é Ebﬁlﬂgﬁ R1A PV %enitters 16, and green
emtters 12. The aMWIEH)RECERBEUELUNH; BIWERL VEWBIEIENd ef fect by

separating the three colors and pl Eci ng gguzl spatial frequency wei ght on
each col or. However, this panel su G of inadequate attention to

how hurman vi si on ﬁ&jgﬁg?%ﬁeégrggaﬁghé%%g zelgt]:es R ainmgﬁg\ieﬁ eﬁﬁ@o @%ﬁéia&&%ﬁh to human

vi sion. [003] Fuﬂ on s produc rée-col or

receptor n@p¥anérelphrticRAS, ©ahpsled @ORS pixth@rdngeaents YREmeadsoradtekdihye t0
different wavel engths of "light: long, nedium and short ("red", "green",

and "bl ue", useskipabtsplayel y) . The relative density of the three differs

significantly fr ne,anot her. There ar | i ghtly,more_ r.ed eceptors than
green receptors. ?%rgrhgpéesefgtrsw? %@%f’ﬁé’%@ re%?%?él%grlﬁl)la . %n%a_m?’g or

green recepiRf sanel 8i3flhyshike the e brdenSh108 (RYB} &loiFiad 665 Singleh@ldrih @ Mat i on
detected by the eye in several per cept ual channel s: | um nance,

chr omanance verisdl sps 0.9 “BBBistipe sasghpyn in pporarkiguredr Kigurgehowheeshol d to
ne, | TR el NP s LIS R R R B0
"col or blindopr sublpiRd19CIASBRE chitfers M6 AnbABkdeARndiflers YE.NTHe FREH}RMent faRds t he
contrast of edges is enhanced. The chronanance channel does not have edge
contrast enhdvantagerif theSV orc Bezdié effentiby aeppeatmigdhadireeicobars andiplecihgeges every
red and spatial frequency weight on each color. However, this panel suffers because of

inadequate attention to how human vision operates. These types of panels are a poor

match to human vision.

[003] Full color perception is produced in the eye by three-color receptor

nerve cell types called cones. The three types are sensitive to different wavelengths of

light: long, medium, and short (“red”, “green”, and “blue”, respectively). The relative

density of the three differs significantly from one another. There are slightly more red

receptors than green receptors. There are very few blue receptors compared to red or

green receptors.

[004] The human vision system processes the information detected by the eye

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



green receptor, the resolution of the |um nance channel is several tines

hi gher than WO 03/ 053068 PCT/ US02/ 39860 the chromanance channel s.
Consequerwby3/os3ees bl ue receptor contribution to | um nance PCparsoRpiss®on i s
negligi ble. The |um nance channel thus acts as a resol ution band pass
filter. Its peak response is at 35 cycles per degree (cycles/). It limts
the response at 0 cycles/ and at 50 cycles/ in the horizontal and verti cal
axis. This means that the |umnance channel can only tell the relative

bri ght ness hetween two areas W not tell the
absol ute. br HAHaBaatee PR Comelyéntf, e Ry refipinecPhightios B itadly |
si nply bl enf!émmﬂﬁlt@%ghgm@ lmmlﬁmhamtefaﬁargieﬁaﬂ@aéts %@ﬁesbﬁmﬁh giMd psant |y

| ower. [005] The chromanance channel is further subdivided into two

sub- channel ilter.tIts pydakthpussetls) atsﬁecybws pecdsigoge. (ciitiess . Hamiteeths respensgut t e
different fromthe anc n ct ss filt One can
al ways tel | 0 WH&]FS/CGP‘g?t Y6 aﬁ Onﬁ%n alrf’ﬁaq’gwcﬁ %‘%p@“? eps tﬁﬁt B&r field
of view Thﬁnﬁﬁq{l&r&%& bs&aﬁmﬂﬁe sabive R MEless BEwO W oCRedsivitfin i at 8
cycles/, while the yell ow bl ué chromanance sub-channel resolution limt is
at 4 cycl esfieldléfusewt Ite:ammtmerll fhaabswdute bdgltpedsoWerthergiftahy déthilies fimee$hodnut i on

by one octave wi ll_he bare ot| ceab t.he st rceptive_.vi ewer,

at all, \ggﬂﬁ%lF%/ Pl OIS dRelhie hﬁ%ﬁ%ﬁm&eﬁe&%ﬁfws LAY, o g ,
R. I\/artl n lowerG 1€, J. Larimer, Detectability of Reduced Bl ue Pixel Count
in Proj ect| on Displays, SID Di gest 1993) have denonstrated. [006] The

| um nance channel[0@bgt éﬂﬁchmnaimm@@hdmteaislfarthgr sahdik/gdzd irgo the sutsgiennels,
frequency Fourier transformco From si gn 350 any given
signal can!®@leeps eswriihceler ?Fé’f?‘&‘ﬁtegi fz%?f?t np fhedpminaes es of
varyi ng anp T

mat hemat i Cqu&dh@F é‘ggda1%‘2’%%@“%o?%%ﬁ%“ﬁ%?ﬁ%ftgg“g‘?@%&gﬁnﬁ . |ls n(():al led a
Fourier Tr anmftter how bireit hvinmr fieldiod wiesy sTiemed/geeep ohrgnanandetsab-ehannel

si ne-wave- conponents in the two-di nensional image signal. [007] Col or
perception Fesofution yept st §>Py‘élef5r@%@éh"cé‘?uo@’(ﬁbh‘%%@m@%@éHb C’éﬁmﬁhe Von
Bezol d col f I
fezol ol kel AR K14 B5401ed il BRI EGS RO DIxels

m xed col or resbhition byloaederage afll e@barb@ppaa@btw@rtharrg»ismﬁmce@ngummdnsatance in

the field of view Because_of
all, as experiments at Xerox and NASA, Ames Research Center (see, €.g., R. Martin,

J. Gille, J. Larimer, Detectability of Reduced Blue Pixel Count in Projection Displays,
SID Digest 1993) have demonstrated.

[006] The luminance channel determines image details by analyzing the
spatial frequency Fourier transform components. From signal theory, any given signal
can be represented as the summation of a series of sine waves of varying amplitude
and frequency. The process of teasing out, mathematically, these sine-wave-
components of a given signal is called a Fourier Transform. The human vision system
responds to these sine-wave-components in the two-dimensional image signal.

[007] 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

2



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 bl ue,watlssobor red or 2 WO 03/ 053068 PCT/ US02/ 39860 PGTASN2/34860 S
approximately 0.12. At a view ng distance of twelve inches, 0.25 subtends
50 mls (1,270 ) on a display. Thus, if the blue pixel pitch is |less than
half (625 ) of this blending pitch, the colors will blend w thout |oss of
picture quality. This blending effect is directly related to the

chromanance sub-channel. r I on lim.ts described above 0w t he
resol ution B?Wt‘t IS gPRIOY Qé af¥e? XS &disapeR of ke 1p qlieé on linit,

one sees th qg‘!§ [0Q8 BB ripe
di splay in prl or aspt gﬂr Opfoqu %ﬁggﬂyﬁq{&%}ﬂ%‘gﬁ?ﬁg@ ﬁ?%g%reehgltgl ors
have the sag J@)&ﬂ‘klﬁk bl¥AdinEhetcHaké G@oﬁhﬁﬂ blasisuitiast 1d3abf piderd gublinance
information and the chromanance information have the sane spatial

resol uti on. Thisrhlensting eféashisrrectly ralated torhg chrﬁ@amngg sgb;ghagmgleqesqlgtiqxbt
percei ved b ?{Hgge Ecg{%{f aéove nce Cehr%snohﬁlonalnrg it o o%e SEES. s%fggrré e coﬁe afSynd! ack

dot, and re al I gne 'RAanen” Vi ewer

sees verti cadsolhiaf Kimit, |0ﬂ@§eé§mhg$wnﬁ§§d%qbras shown in Figure 2. If the imge
di spl ayed has large areas of white space, such as when displ aying bl ack

text on a white bHgEsamining ﬂ@%ntmtlknall&%stsmmdw@yan erigf ahBiguessl,a

distracting screen artif resol u i,.on r . art displays
have pi xel ieﬁigf’élgsu&esg}gat 11%;)5 ?6518?8}]1 g%ﬁ‘e SEPC AR R}@Pag‘i} 36%%& HE di st ance
of 18 i ncheggsuhidh $haf &&rlaﬁmhzse BRI BAEINE cBRRnin%SdeSinRRMa(SURRR (RS
approximately 14 cycles/, when showi ng |ines and spaces at the highest

Modul ati on Faaesfasial EsniatwmnFux(hWﬂt)ee}ang oweihddyatitheblae gpb nixel isepever, what

the | um nance cha ees i.s_an 8 cycles/ s

hori zont al | ¥° r&ﬁ‘r"S@B e\j}’l’infaél IFWEEQ %('Slﬁg otb%/ﬁeﬁodes R at%aékglpﬁgngub pi xel
12 is dark %Hl@@ﬁ{eﬂuééhbtﬁiﬁelr@ﬁ’h%éd%{‘ﬁnﬁéseﬁﬁ hjdﬁlaﬁmlé\i'&rs%s @ﬁlcamaw in prior
art Figure2. This 28 cycles/ artifact Is closer to the peak | um nance

channel r espioesen thpat;neam asf slmwmenﬁygursa Hitlhd msdge didpdayed has ldesiaread of nage

ot U S BT gl A o ST BBl L L 90T e

human vi si oy stripes are viewed as a distracting screen artifact. Typical higher resolution prior
art displays have pixel densities of 90 pixels per inch. At an average viewing distance
of 18 inches, this represents approximately 28 pixels per degree or approximately 14
cycles/°, when showing lines and spaces at the highest Modulation Transfer Function
(MTF) allowed by the display. However, what the luminance channel sees is an
approximately 28 cycles/° signal horizontally across a white image when considering
that the blue sub-pixel 12 is dark compared to the red 14 and green 16 emitters, as
shown in prior art Figure2. This 28 cycles/ artifact is closer to the peak luminance
channel response spatial frequency, 35 cycles/®, than the desired image signal, 14
cycles/®, thus competing for the viewer’s attention.

[009] Thus, the above prior artarrangement of three-color emitters is a poor

match for human vision.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] The accompanying drawings, which are incorporated in, and constitute

a part of this specification illustrate various implementations and embodiments of the



BRI EF DESCRI PTI ON OF THE DRAW NGS [010] The acconpanyi ng draw ngs, which
are incorporated in, and constitute a part of this specification

i Il ustratwowansames | npl ement ati ons and enbodi nents of thePC3/0AR/BBO53068
PCT/ US02/ 39860 invention and, together with the description, server to
explain principles of the invention. [011 ] Figure 1 illustrates a prior
art RGB stripe arrangenent of three-color pixel elenments in an array for a
di splay device. [012] Figure 2 illustrates a prior art RGB stripe

RS i G A R, S

i I lustrates;fRn@éd. angenent of three-color pixel elenments in an array for a
di splay device. [014] Figure 4 illustrates the arrangement of Figure 3, as
the |uminance chélddeFigufre 1 hldustratean pripsirbRGHysinphavmngeneperfdlicegoior when a
full white im is  displayed. [01 Figure 5 illustrates a | ayout of
drive i nespa‘ﬁgg?‘flﬁﬂ@il%?‘gf%xng a{dﬁgayéire?”gﬁgenent of pixel elenents of
Figure 4. [016]_fmgzqr@i%%rébhlﬂﬁ&é@&@%ﬁ&hﬁtRmﬁwﬁ%ngeﬁleﬂegymo&dbes it
woul d be perceived by the |um nance channel of the human vision system
when a ful | peeeived by thedemimndé stpinagled the] lomydn isigu systepawhhoadulhwhide r angenent
simlar to that .of.FL‘g%e 1 with extra space between the red and green
stripes. [01B§8eHs gisp illustrates the arrangenent of Figure 7A as it

woul d be percei yedsbyidihes |i1‘lﬁ§itrﬁ’@§‘ﬁ1‘?aﬁ£}%@ﬂl%ht SfthleBRORM PRI ¥iembMR S Xt em
when a full white image is displayed. [019] Figure 7C shows an arrangenent
simlar to tahayfopfa displayrdevicewi th the red and green sub-pixels arrayed on a

"checkerboard’ pattern, [030] Fioure 7D shows the aryanqerent of Figure 7c
channel of the human vision system would perceive it when a full white image is
displayed.

[015] Figure 5 illustrates a layout of drive lines and transistors for the
arrangement of pixel elements of Figure 4.

[016] Figure 6 illustrates the arrangement of Figure 5, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed.

[017] Figure 7A shows an arrangement similar to that of Figure 1 with extra
space between the red and green stripes.

[018] Figure 7B illustrates the arrangement of Figure 7A, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed.

[019] Figure 7C shows an arrangement similar to that of Figure 1 with the
red and green sub-pixels arrayed on a “checkerboard” pattern.

[020] Figure 7D shows the arrangement of Figure 7C wherein an additional
dark spacing is placed between the two columns having red and the green sub-pixels.

[021] Figure 8A shows an arrangement of three-color pixel elements in an

array for a display device.



dark spacing is placed between the two colums having red and the green
sub-pi xel s. [021] Figure 8A shows an arrangenent of three-col or pixel

el enent s wopoans3oas ray for a display device. 4 WO 03/ 05306@CPTBOL8BR¢ 39860
[022] Figure 8B illustrates the arrangenent of Figure 8A, as it would be
percei ved by the |um nance channel of the human vision system when a ful
white image is displayed. [023] Figure 8C shows an arrangenent of
three-color pixel elenents in an array, in a single plane, for a display

device, simlar to arr ment of Figure 8A but_t he elene ts are
rotated 90. [024]Y%3 ggt @?ﬁ sfrates feurafigemelf oL Fi éﬂ%‘ it EPYERE 8C, as it

voul d be  pELEghYety I IhfifhILRARGS ARANRGE Bioh stté?l'i‘ Ribnd ARy St em

when a full rra e I's displayed. [025] Figure 9A shows an arrangement
simlar to trhagexefdlsﬁlagede 8A vvrth extra space bet ween the red and green

stripes. [026] Fr e 98 |I¢ ﬁérates t he arr t of E ure 9A, as it
woul d be percei \[, b 1§UER St § %%%@T%tgﬁlﬁﬁ’étlo e‘? ﬁ&ohm’fﬁ 8@%‘?%?\“ stem
when a ful | }(‘)i’?ﬂr tlﬁ a sin aneS fflla zcﬁé;ﬁ?/}e&levl&oaﬂla}: 104HE Grran eﬁh&vﬁgﬁﬂa 8A,

arr angenent ree- or pix ements 1n an arra I'n a sfngle’plane,
for a displ aytme\tlmnts[ﬁéﬂjtataﬂ gofe 1 OB illustrates the arrangenent of
Figure 10A, as it wou percei ved by the |unminance channel of the human

vi sion system wh@if! aFfﬁ!r‘I“F 8%“?%”@%@%“8?@&@%’&3 SCosgt weplddice | 1 A
S.hOWS an ar é@r% %@E% flurfnﬁHaﬁge &Qa!nﬂél OF 61?8% gur g %}i%é?n APhen™ ful¥hile! @

single plane, Tor a devi ce. l'ustrates the
arr angenent imﬁgdﬁsgiﬁpe;yaclA as it would be perceived by the |um nance
channel of the human vision system when a full white nmage_is di splayed.
[031] Figure 12Al%dwndiguse %ﬁﬁﬁ@@%ﬁtwmﬁt%ﬂw%@mﬁiffaure%rreﬂts in an

extra space between the red and green stripes.

[026] Figure 9B illustrates the arrangement of Figure 9A, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed.

[027] Figure 10A shows an arrangement of three-color pixel elements in an
array, in a single plane, for a display device.

[028] Figure 10B illustrates the arrangement of Figure 10A, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed.

[029] Figure 11A shows an arrangement of three-color pixel elements in an
array, in a single plane, for a display device.

[030] Figure 11B illustrates the arrangement of Figure 11A, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed.

[031] Figure 12A shows an arrangement of three-color pixel elements in an
array, in a single plane, for a display device, designed for transflective operation.

[032] Figure 12B illustrates the arrangement of Figure 12A, as it would be
perceived by the luminance channel of the human vision system, when a full white
image is displayed, using a backlight to illuminate the screen under low ambient light

conditions.



array, in a single plane, for a display device, designed for transfiective

operation. [032] Figure 12B illustrates the arrangenent of Figure 12A as
it woul d we jpesames ved by the | um nance channel of the humaTAie2/6e866ySt em
when a full white imge is displayed, using a backlight to illum nate the

screen under |ow anmbient light conditions. 5 WO 03/053068 PCT/ US02/ 39860
[033] Figure 13A shows an arrangenent of three-color pixel elenents in an
array, in a single plane, for a display device. [034] Figure 13B

illustrat th f. Fi 13A it |d b ived by th
: umy?laageezhanﬁel?(g%ﬁn? e@lér’?% ﬁhwgﬁﬁ%@%@ﬂ%ﬂ%&%@@% W‘gl ﬂ%ﬁ%rgseinlv?e}’ageyi s ©
di spl ayed. Eaﬂ%'é]in gisﬁgfﬁlgiﬁéfﬁgq@iﬁ,lw@[&angerrent of three-col or pixel

e p

elenents in an array, in a sing ane, for a display device. [036]
Figure 14B il us{6XeFigurel 3B lhsyewetic aohngingnt ef Hignre 184\, ias itwoarldbbe

Wi to | magReEnes BRI B e A0 S Son e LR SR SO TS
DESCRI PTI ON: 7 nce will now be made in detail to various

i mpl ement at in{(%%% ik dgﬁfagﬁﬁodi ments, exanples of which are illustrated in the
acconpanyi ng dr aWitds Figunh b4 A skowpasaidnigenentiod thregreoloepieksiesemtsimbar s wi | |
be used throughqut thgggrawi n%(sfjé to éefer to the sanme or |like parts. [038]
As descri bedTin 1B ASINERIRaNE, friadisnlgndeyicenel | as in co-pending and commonly
assigned U. S. F’ZE@H&T%@% £448 hiRRiras t@%%ﬁ%n?e?@of Filglife 1423%s ARRWIEBET ON) ,
entitled "ARRANGEMVE COLOR PI' XELS FOR FULL COL | MVAGI NG DEVI CES W TH
SI MPLI FI ED AENOBERSSbNGE, lufnidaade drandeil of tiREhunZ@0viisiomkystdm,i vehentefudiwhite

i ncorporated herein by reference and commonly owned by the same assignee
of this appMPegisEiPIaeGure 3 illustrates an arrangement 20 of several

t hree-col or pi xel



el ements according to one enbodi nent. A three-color pixel elenment 21
consists of a blue emtter (or sub-pixel) 22, two red emtters 24, and two
green emwOeB®53068 i n a square, which is described as fol IPORAISOZBES860
three-col or pixel elenent 21 is square shaped and is centered at the
origin of an X, Y coordinate system The blue emtter 22 1is centered at
the origin of the square and extends into the first, second, third, and
fourth quadrants of the X, Y coordinate system A pair of red emtters 24

is disposed in opposing quad;gﬁ_&mwmd and the fourth
gquadrants), and a pair of gre fsposed i n opposing
quadrants (i.e., i i : : {

&%ﬂ;ﬁ Reftnc@ W 3G 562’35(8: 1ﬂld@g.flg€b§ﬁous.1&?%%@@1}%2{%pai C of

portions of the rants not occupl y the ue emt

red emtter smbB4diatettsy exmiplesofiwldcts a26]lestratedlis thebecanppyieddrawirghe first and
third quadrants and the second and fourth quadrants, respectively. As
shown in Fi gUkeaever pogsile,he gamsgefargnce pympsrs "ﬂﬁ begised hreyghpuidhe deying

corners ali W%@eﬁ&tﬁ%‘iﬂ%oﬂﬁge afxes of the coordinate system and the
fre an

opposing pairs o reen 26 enmitters can be generally square

shaped (or trian@od&ir Ashiepaibed it BRp ipplicatidned wellwariaky-peadinggnd cor ner s

formng edges parallel to the sides of 9]. The array
i X

he bl i 22. 03
e ot o CaErauD aigasll'S Eaipiapicatan Nevp 81 SoiA( Thedads meica

resol ution. Ik ‘eﬁﬁﬁ%f@ Ngeo TPk Ao/t Q%.’rﬂ@ of
alternati nge;r[{gtgeag and gr el\g% 6 1imt %I??i%\%ﬁ?%i:@?{lﬁ@élm ttecdrﬁg&ygx istributed
evenly 7 WODE/ICEI0GRITRCIMUSIRIEBO3ODRESSING, filee of ulys, 2b@ehish isi N such
an arrangenent, the blue emtters 22 are at half the resolution of the red

24 and gr eefherzhy igprnoszted hereindly refeeensel oacthearpaonly osuesh b thensams_asgEege pi xel
| t olei . . | . . . )
onty ther edt SiSatpFRARERinES M @RaPr fblenl R it USRI 2000

of hi gh reseledidn@uctrdinpao bHetnBoditheat anfgke-coldhpisel dl@fetti2ngohdias bpgber of
blue emtters and replacing sone with red and green emtters inproves

resol uti on bjuerpsritter(opsdl-pixpl 28 Himeged amitters 24 iapd W geen eDiarsZhin @ he red
and green enitter

AU RN O S T e T
S?ng Z H It ltoglrug;ed th& if¥ehR¥edt the AMpiRbE & RaViR6rdifdie s aN ORblu®Emited 2and
is centered at the origin of the square and extends into the first, second, third, and
fourth quadrants of the X, Y coordinate system. A pair of red emitters 24 is disposed
in opposing quadrants (i.e., the second and the fourth quadrants), and a pair of green
emitters 26 is disposed in opposing quadrants (i.c., the first and the third quadrants),
occupying the portions of the quadrants not occupied by the blue emitter 22. The pair
of red emitters 24 and green emitters 26 can also be disposed in the first and third
quadrants and the second and fourth quadrants, respectively. As shown in Figure 3,
the blue emitter 22 can be square-shaped; having corners aligned at the X and Y axes
of the coordinate system, and the opposing pairs of red 24 and green 26 emitters can
be generally square shaped (or triangular shaped), having truncated inwardly-facing
corners forming edges parallel to the sides of the blue emitter 22.
[039] The array is repeated across a panel to complete a device with a desired

matrix resolution. The repeating three-color pixels form a “checker board” of

alternating red 24 and green 26 emitters with blue emitters 22 distributed evenly



al l ows the Modul ati on Transfer Function (MIF), i.e. high spatial frequency
resolution, to increase in both the horizontal and the vertical axes as was
di scl osedworns/osives 232 application, using sub-pixel renderPCmgSozadsad ques
such as that described in co-pending and commonly assigned U.S. Patent
Application No. 10/150,355, ("the "355 application"), entitled "METHODS
AND SYSTEMS FOR SUB- Pl XEL RENDERI NG W TH GAMVA ADJUSTMENT, " filed on May
17, 2002, which is hereby incorporated herein by reference. A further

advant age of thi rrangg ment over . the prior a rran shape
and Tocat i oAciOFS BRAehrRoEBNRI o Septomsmiigefiad s B SPREE Pl 8

Figure 1, t'ﬂ%x@b&ﬁﬂ&%ﬁtﬁ@?&lﬁﬁd‘@r@éﬁeﬁ dnfitte®t i pes. That is, vx/nen vi ewed,
the | um nance channel of the human vi si on system sees these blue enmitters
as bl ack stripes [M]eOmtadmgntagerdf sutti 2 thretealpragxelatenidnt aay atimgravedpr i or

art Figure 2 ri.zontal . direction the{l?ggg({e f al nt ut di scernable

.th
| i nes bet \/veéff'f'o1 '8%50?8‘?1%{ fiiselays: oT T OPRUESLTINGS| AWhe 1 e SHYES; o ¢t he
presence of c&l&ﬁbﬁ{easfg?hﬁéa‘ﬂﬁ? to B géeep@oils&%gﬁ egloﬁﬁ&yﬁrtﬁé Ritningte RhAel.

capacitors, at each ter, as is common in the art. However, with the
arrangenent Tahs Eeayucmg tBe nuﬂnber ofi bdawemimttbxrsemﬂ ueplavarr mnehaitn edd andfgmdme human
vi sion system,sees bl ack tern W t w?lite dots as illustrated in
Fi gur e4.  ThiFguftes Hﬂpliorfﬁsr’i%‘g >b‘€8 %Se 6&@' ymag Visfency, i.e. Fourier

Transform wave ;94{’120 Iiﬁ(}f'dl Hg rédkh%d FnferRfin flzh?ﬁe(hg QuReNER]sSoar € now

spread into ever Xi s, t| cal I agonal , as we as horizontal,

reduci ng t héncaeask spajﬂhadﬂreslsiftﬁhmxs gm maprovéroert peatthé caivgnadnal aﬁdcalrsmgle t he
vi sual response (i. visibility WO 03/ 05306 PCT/ Us02/ 39860 [ 043]
Figure 5 || rolor et e Rsieb 8t A )ltemep%.rhesrﬁryoar uet Tef ARG SEE BT el

el ements 32 BT £ | e several

t housand cglr% %ﬂ%ﬁ\{r/[gﬁlge na{éﬁelgﬂﬁ@ggggg{gﬁggﬁ'e?ggr@%h?? I nes 40, 42,
44, 46, andres3haiod, torlﬁarfeaasrédm Both this hotézohtah endbihe deitical axas bs 'tvvbs“ dieclosdddn pi xel
el ement 32, 34, 36, and 38. Each emtter has a transi stor and possibly

associ at ed 8§16 232 aPRlicaliorHisig subpish ENdeing teglitigyes sugh asdh o @éﬁﬁheé/l%or d
t tor/ tt
R A M R S VR R A S

emtter 26 ‘dssapplicitedid), shifle CMEFRODRANDS LS TBMS F(DR&MD@BU two row

lines 50 allows for o
RENDERING WITH GAMMA ADJUSTMENT,” filed on May 17, 2002, which is

hereby incorporated herein by reference. A further advantage of this arrangement over
the prior art arrangement is the shape and location of the blue emitter.

[042] In the prior art arrangement of Figure 1, the blue emitters are viewed in
stripes. That is, when viewed, the luminance channel of the human vision system sees
these blue emitters as black stripes alternating with white stripes, as illustrated in prior
art Figure 2. In the horizontal direction, there are faint, but discernable lines between
rows of three-color pixel elements, largely due to the presence of the transistors,
and/or associated structures, such as capacitors, at each emitter, as is common in the
art. However, with the arrangement of Figure 3, when viewed, the luminance channel
of the human vision system sees black dots alternating with white dots as illustrated in
Figure4. This is an improvement because the spatial frequency, i.e. Fourier Transform
wave component, and the energies of these components are now spread into every
axis, vertical, diagonal, as well as horizontal, reducing the amplitude of the original

horizontal signal, and thus, the visual response (i.e., visibility).
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the transistors, and/or associated structures, for the red emtters and
green emtters to be gathered together into the interstitial corners

bet ween tWe oBlsaes col or pi xel elenments 32, 34, 36, and 3@CTrESar/39860

conbi ned transistor groups 58 [044] The grouping of the transistors and/or
associ ated structures, such as capacitors, in the interstitial corners
appears to be counter to good design practice, t, since collecting them

t oget her makes them a bigger, and thus nore visible dark spot, as shown in
Figure 6. However, in_this_circunmstance these dark spots are exact.l

e Tvay bet ween 145 FERTS Sl eEion 8t Fbadiglin WPaE™ oo up Moot itk

whi ch provi gﬁﬁlen@ $engfic had 3@£rfeg§6upe§ it 8P4t Rest 38 Whre séfandiRind NSt ance,
in this enbodi nent, 'the spatial frequency ofg the conbined transistor
groups and/ oan bssoaigad edarsamayc tColesn addessrbtive Himeb A et 2ehd, td6eand4B arsl

doubl ed, pushing. them alove the 50 cycles/ resolution |imj of e

| uni nance cKAKAEYres n"f?ﬁ}?&ﬁo\f{]rg’?(ﬁﬁc.h%’éﬁﬁc@(@éﬁﬁﬁeg?lqnﬁn&@é‘l’p%t@(é‘i‘d %)gr i nch

di spl ay panel . ], & & i i st ors,

woul d creat ga%ﬁ lt%g%efﬁshﬁrhgﬁc%&gﬁ%aﬁge#%? %ﬁgluﬂésg%te ﬁ%%?i@}giﬁ?}él ly and
verti cal | y. whichohhgbe awsamisle/hbhistrdnsistorieapaciter arowmty Therefore,siablh bluasmatterext ur e
on solid whi t%éareas.of di ﬁ_‘pl ay. .Ho er, the '%I ot be as visible as
the stripes?2¢inas rangisior e A 16 coter heHARH t‘?rV% &’6‘?6%1? ESHEHEET t o t he
prior art a FER; [ : | : ARsdast : get her,

t he conbi neggglrggﬁp tr%ﬁé?it%%ﬁ%éyoanéﬁéaﬂglggﬁ %J{,‘ em ttrg@lnfgggg?ﬁgs Eogcorre

| ess vi si bl ¢heattarsiBtory,ahést assecitted atrhgtunes,fosthic megd Emivterssang lpreenlcpmgersemt i r el y.

In other words, the grouping of the transistors and the blue emtters
conbi ne to Peeatiesd tagetherintp dhegntessitinbicarpsre betyeam thedhreg-caios pixal elemgnisi ne

for the hu i PCT/ US02/ 39860 In using
this enbodr%ngh%q,’%E%d:%%s%rgm\ﬂtgi%f%%giregzrsa}{\g%tgg%gﬁgg%zm)ot h | ooki ng as a sheet
of paper. [047] [044)CcabeGadipingréfithe Rnaisias andbodssmattd sthiogues sidh gshows an

arrangenment of three color pixels, three sub-pixels red 74, green 72, and
bl ue 76, r &prastien, indhemiepiitia) comersaRBearhiofte uBler toggaod desigpPrEgticgtni | ar to

that of the sﬁl% %llle%ﬁﬁ %h%é{ %g?@\g}g Iﬁ&ke?fthelrzljl gﬂfg%elj; anftha§ pr}oré Wsibtléqc?arﬁ)élsgtfi space

70 that has”beéninse
as shown in Figure 6. However, in this circumstance these dark spots are exactly

halfway between the blue emitter 22 in each three-color pixel element, which provides
a beneficial effect as described below.

[045] For instance, in this embodiment, the spatial frequency of the
combined transistor groups and/or associated structures, 58 and the blue emitter 22 is
doubled, pushing them above the 50 cycles/° resolution limit of the luminance channel
of human vision. For example, in a 90 pixel per inch display panel the blue emitter
pitch, without the grouped transistors, would create a 28 cycles/° luminance channel
signal, both horizontally and vertically. In other words, the blue emitters may be
visible as a texture on solid white areas of a display. However, they will not be as
visible as the stripes visible in the prior art arrangement.

[046] In contrast to the prior art arrangement of Figure 1, with the transistors
grouped together, the combined group transistors 58 and the blue emitters 22 both
become less visible at 56 cycles/®, virtually vanishing from sight almost entirely. In
other words, the grouping of the transistors and the blue emitters combine to produce

a texture on solid white areas of a display too fine for the human visual system to see.
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the red 74 and green 72 stripes. The red 74 and green 72 stripes are al so
i nt erchangeabl e by interchanging the red 74 and green 72 sub-pixels. As

i Il ustratwo 03053068 gure 7B, the |um nance channel percei ve®Crhesosseo 76
stripes to be dark stripes that are substantially 180 out of phase with
the dark stripes caused by the extra space 70. The extra space 70 creates
the sanme spatial frequency doubling effect as described earlier for the
arrangenment of Figure 5. Siml arly, the extra space may be di sposed where

Thin Fil T t ted st It | t
ve "posi ti o gs%g\ggg ety U DR GE o Pedpas GO BooRna B et

mat eri al , gﬁb the art, to fill the extra space. [048] The techni ques
di scl osed her can apply to any sub-pixel groupings - repeated on a
di splay - wher ei fi046%mdn denokdanod with dnethér-quibedimens igumritA stidws anor m a

ertical line down th t he .di.scl d te t onl
Cont enpl at o STERILP LSRG pute S D S i HR G EBroet PPt o
i mprovenent g, p)’%gféd‘?ﬁ Qx‘?&rraf&%él&l{fp%'e@&tx%ﬁ&f&@?ay':hlﬁﬁfa?toqtﬁat &‘{Beﬁﬁl e r?/pe on

repeat sub-pi groupi ng that conprises a dark col or sub-pi
t he di spl ay arrduighinienoofiFigyre I, krcept for thesexdra spanetiifi thatdms bemtmsqnﬂedﬂaetveaey col or

- blue or bstantially bl ye or so dar k _col or reavertical
stri pe woul gheoré Jﬁ@?ﬁlgﬁﬁepggtsﬁé’eéygggﬁéﬂ fagpggpepaﬁﬁgtpeéﬁre al$4 ght  benefit

fromthe adgjdt,ipmRho 'B?hnt@rcﬁﬁr{ggr%% e P 4 A {aérﬁy 2 4Bl dar Ks fihis &th&?rgl d be

used in conjunction w ed vertl ne - as di scusse
connecti on Wigure FBgtl]neélﬂnmﬁka, chafiiz] pdrééivesnitie LB 76 satiysbs ampe darkatripes that
configuration wherein the dark col ored sub- pixel line is possible

st agger ed adAts ¥Pstaptialbyelded Ouﬁ?fé’héi?a‘&ﬂh@eéiﬁﬁiﬂtﬂpefféagiﬁifhyéhf‘e?ﬁ“al SﬁaceaTQ of

t hese cases He%qm d
sub- pi xel STP g:égtég E}galc BZB\?{% Iy %%Jht% Sﬁ@%% g&én\(%f hg&lﬁgeesf%g{:#r%g&%gm
03/ 053068 PedrieiSor ti2O8tdhgemnOrt A Frduge! esﬂﬁil@lwm catta bt nadytbedivpobade
enbodi ment wherein the traditional RGB stripe arrangenent is altered by

changi ng t h&hess Bbmanlm dramgistoss JFFTY pred asse@atgd stopse SAPASIIPL ¢Jpments may be

2l ter nat] g o inac SRR FRLBH BBl A5k ot ane” S8l PpRBh P! o 72

are now on gosl eCkerpoar previ ou'sT

checker boar ¢hepat, k@ hill thé bawssphed. hi gh spatial frequency to increase in both

the [048] The techniques disclosed herein can apply to any sub-pixel groupings —
repeated on a display — wherein some dark colored sub-pixels substantially form a
vertical line down the display. Thus, the disclosed techniques not only contemplate
configurations such as traditional RGB striping and its improvements and other
configuration such as Figure 9A; but also any repeat sub-pixel grouping that
comprises a dark color sub-pixel stripe on the display. Additionally, the disclosed
techniques contemplate any color — blue or substantially blue or some other dark color
where a vertical stripe would be visible to the eye when fully turned on — might
benefit from the addition of such a stripe. Additionally, this dark strip could be used
in conjunction with a staggered vertical line — as discussed in connection with Figures
13A, 13B, 14A and 14B - and any other configuration wherein the dark colored sub-
pixel line is possible staggered and/or scattered. The spacing should be sufficient in

all of these cases such that the human eye would perceive the dark colored sub-pixel

stripe to be visibly out of phase with the spacing.
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hori zontal and vertical axes. The installed base of TFT back pl anes, that
conventionally use sub-pixels with a 3:1 aspect ratio, nay be used to
advant agewby3/osaaefi ning the color filter only by swappi ng@Crhisoraseand
green col or assignnments every other row as shown. The TCON nay handl e the
reordering of the color data to allow for sub-pixel rendering, and

sub pi xel rendering may be acconplished in the manner described in the
355 application, in another sui tabl e manner known in the art.

Sub- pi xels with t.to w ct_ rati cont i guous
groupi ng of a E%%]gf ggﬁlaowgs moﬂgr %rfvxe %dfrﬁeng Wélereg’i}va’r?ay be
addressed agaaitioM1HEB @rﬁpelanang&}rerﬁ lsvrm@fee byick dglﬁ@mereelo@tasslgr&neﬁm%e ratio.
An array of such whole pixels nay be addressed using conventional whol e

pi xel addr essiang gresarsubaixelsen hloatsating raws ovgo thairﬁlpmnedl,s,uwvgﬁlsamr@cgnrmal ent

characteristics. rior art »di s, but allow erior

sub- pi xel ré%@ﬁxaﬁggﬁé‘??%‘?ﬁﬁﬁcé eﬁ%ﬁ’e’ﬂgrglda?@%ge% S RIgVIoRRIY disguss F@L{ d and
green CheCkeﬁ&qz@ﬂb@!ardgattenlaﬂoa@rféﬂﬁgﬁ Shtitd frdhubh& BIRG6dsc bt ugf 3: 2 (hei ght
to width) shown in ure 8A, described in the 232 application. In that

case, a grobprimgtajfand wxrtlcslm:xepr bk snstalled baseiof Tdleback wlaanng) tlnehr ee in the

next, directly belo ove, Wl _collectivel xhi spect
ratio [050] € ?%/"&H?%n L@ﬁﬁ'\?%p‘txﬁ]é Vﬁh}%géﬁ%ﬁﬁ{”&o lﬁgbg‘ﬂésea é{n extra
space 70 '§edeﬂﬁ§1$ttﬁéjcc§?&tﬂ\ﬁ&%ni iﬁ@%hé‘ﬁﬂ'aﬂ@ ghedef cbRd aergqm%es%e

sub- pi xel s only he | um nancé chann woul d then perceive the blue

stripes 76 bthebmwlasshostr iThe TCQN rmydlanélab]ﬁmntdeahg yf th8@outlatafto plhage with

the dark stripe caused by the extra 70 - S|mlar o.that shown in
Figure 7B. [o5¥b-Pex Endene. SRd A aweirgpiér@&m CHACCPRP eém@rf%aalﬁ%i xel s

as was desgpl clﬁ gd {mnk h%g ;\?Fgﬁfﬁf%gebﬁﬁtah&ﬁer Qgﬁtgﬁlé ?rha%ﬁfﬂ RrdoWlih & Est how the

ar rangenent o |gure perceive um nance channel of
the human viSsboixetywitk m3vingieight tof \uidlth)\m;nchratmmganga cdhsgiomy gchupgtod at hat
the blue 86 sub-pixels formdark stripes 11 WO 03/ 053068 PCT/ US02/ 39860
agai nst t he ISthtesn AR et sHp-Pikel Wiia acgr maydeqddressieg aﬁrax}éfp(’(eéﬁ‘f@érr ng on

e e o TR e M or R RS e 0 ol o
stripes creat@sssad nEiak condyeatigmawhohagixel addressing means and methods to allow
compatibility and equivalent characteristics as prior art RGB stripe displays, but allow
superior sub-pixel rendering performance, when addressed so, due to the red and
green checkerboard. This is contrasted with the aspect ratio of 3:2 (height to width)
shown in Figure 8A, described in the ‘232 application. In that case, a grouping of six
sub-pixels, three in one row and three in the next, directly below or above, will
collectively exhibit a 1:1 aspect ratio
[050] Figure 7D shows the arrangement of Figure 7C wherein an extra space
70 is inserted between the columns having the red and green sub-pixels only. The
luminance channel would then perceive the blue stripes 76 to be dark strips that are
substantially 180° out of phase with the dark stripe caused by the extra space 70 —
similar to that shown in Figure 7B.
[051] Figure 8A shows an arrangement of three-color sub-pixels as was
described in the ‘232 application. Figure 8B illustrates how the arrangement of Figure
8 A would be perceived by the luminance channel of the human vision system when a

full white image is displayed. Note that the blue 86 sub-pixels form dark stripes
11



interferes with the desired sub-pixel rendered i mage. [052] Since the human
vi sion system has slighter higher sensitivity to contrast nodulation in

t he hori zeotmalosaes ecti on, rotating the dark blue stripes @€Tais0WBIS6H N

Fi gures 8C and 8D may redyce the visibility. Further, since the dark blue
stripes 88 and white stripes 89 are in the sane plane as the binocul ar

pl acenment of eyes in the human face, the horizontal stripes do not induce
a signal in the stereoopsis, depth perception, pathways in the brain,

reducing their visibjli A fyrther reduction nma be caused by | ong
exposur e toa&%’llﬁtilé?n‘f'féllte_ é%*gﬁ)élggl t?‘é?ﬁa%er’ SINES éﬂxéﬁ%‘?%&ﬁmé er Sner ci al
tel evision 4hd b £ 82 2hd ROrtBailah sREREhideS dt ELERP LRI ﬁb%&eﬁ& hdtnt REhuman
vi si on system Fat~i's to say, those viewers |ong accust med to View ng
el ectroni ¢ btliesRol sarypsesyiht findiger’ iof dretdatk slue B etsipss crphtys & emsking sighgirtbate t hem

Thi s horizontal arrangepent far sub-pixe]. |ayout - wherein each said
sub- pi xel i éntFr(g‘?rﬁ%HltgﬁhetCng“e‘af‘éprlé? IGRASHFd i@8F-engt h-wi se si de on the

hori zontal axis i e K1k RE, COz: Yo Ap-ToTc RN olo) S5 d US
Pat ent Applicati g(?lszﬂlo%)ﬁ{c entit 'gawﬁlg%?%t?&gD@ﬁ_gAY %ﬁ\%m%{t@ AL
SUB- Pl XEL ARbifiNcEMGUITIStND the AYGXdh$] 'dirkdtioadrovating@bSflark thhetuotipped albehown
appreci ated that nore than one of the disclaosed techniques @can be used

si mul t aneoud! Yigpess S&candi8Ly may aeduce the visbility diwsther, siics thyelarighlug saipg 33 ¢

Figure 8C - i - t r : iL.he wn in

Fi gure 9A,rr§>v{\(/i1 ?ﬁltg gtggte ?ggﬁéﬂs} é#}esﬂglr?gf%’se g%?%g)ﬁg%f%%@?%g%e@a%ae {%ﬁg?@&cr eating

the space, Hamah€aceCtheBorgshtaistrdpet de nopihdwe!d sigradii the ereopsit,idepih vi as

descri bed and shown in Figure 12A, also perhaps. with a narrower, but

hi gher | uni Reisertiony pyEwayhHinghs hrain, Feiging theindsibiidanddutheredustionaray

enbodi nent, , Fi gure, 9 [ Sim j gure 8A,
IS bX gb@%g(ﬁlgs& to Iﬁ)rfzgﬂtgles{@@és 1% é{gtme}égéankgd tlf@f& sﬁéh gé

b .
save that extra Spa as been Inser e red/'green stripes
92 and 94. AsmhleldigtteiRbigidnivhitEciutigy H®ell Ehﬁti&dﬂfﬂe a1l fithaianed hpsdrcei ves
the blue stripes 96 to be dark stripes that are substantially 180 out of
phase wit h visoondwstiens t Thap essto say: shase mievwerrdobs agcastopigd do yBwingledsanica space
90 creates g12 03@8@306% 1PQT/ U8802/13 e860 1 h(()—‘-,r ane Nfﬁ)lathiogl Oﬂ‘tglequency
doubl i ng ef B3t CEPBRGTARE STy P35 o gngte ang‘emaﬁt of

arrangement for sub-pixel layout — wherein each said sub-pixel is formed on the

s

display with its length-wise side on the horizontal axis is described in co-pending and

commonly assigned U.S. Patent Application No. , entitled “COLOR
DISPLAY HAVING HORIZONTAL SUB-PIXEL ARRANGEMENTS AND
LAYOUTS,” filed on

[053] It should be appreciated that more than one of the disclosed techniques
can be used simultaneously for additive benefit; For example, stripes 88 and 89 of
Figure 8C may be combined with the extra space 90 described and shown in Figure
9A, with the transistors and associated storage capacitors creating the space, may be
combined with the optimally positioned optical vias described and shown in Figure
12A, also perhaps with a narrower, but higher luminance, blue sub-pixel.

[054] In accordance with another embodiment, Figure 9A shows an
arrangement similar to that of Figure 8A, save that extra space 90 has been inserted
between the red/green stripes 92 and 94. As illustrated in Figure 9B, the luminance
channel perceives the blue stripes 96 to be dark stripes that are substantially 180° out

of phase with the dark stripes caused by the extra space 90. The extra space 90 creates
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Figure 7A. Simlarly, the extra space may be where Thin Film Transistors
(TFT) and associ ated storage capacitor elenents nay be positioned.
Addi t i onawioy3/os3o6sray be desirable to use " black matrix' matrarSoaB9seknown in

the art, to fill the extra space. [055] In Figures 7A, 7D and 9A, the extra
space width is calculated to conpensate and double the effective spati al
frequency of the blue stripe lumnance well. Wiile a first order analysis

of the blue stripe is to assune that it has zero |um nance because the

bl ue receptqrs of the e doe t copnect. to.the lLum.nance channel. of the
unan vi o ofpecyBiehnip e ERE ot SREFS dehiosd fan IRk oG “have
i deal blue e 8AS SithD&l g @k SMRYsphRYMBELESWhdrE TR Fild Mrardsi@drs (PFPRIngei ved
in part by the green receptors V\AEI)I ch do feed the |luni nance channel. Thus,
a careful amsdoyigied stdragecaphcitorigtedientsrmay bsfpositioneg afdditighalpl, iymayt bkkes i nt o

account the ;sl.ight, but asur.abl e, . m nance of, t ubstantially blue
emtters. TI‘?_@SlﬁgpaetoI“ﬁ?ﬁmgf%cr@atpﬁem&feﬁléij gﬂ‘?‘i’? glrt%eﬁﬁst,or}ﬁh_ AP SREF- the extra
space is designefosspl $9FiduR 77D LR R MLt phleusidaMsichRllatdaas, the
narrower the blue emtter nmay be and still have the sanme white bal ance on

t he di spl agompérissteiandtdonbie teaeffective spatialrframmencyexithablepatpel@yinaned t o

bal ance the blue _stripe. Thus, it e advant ageous_to. use a backl i ght
and/ or bl ue Vi e‘l‘ﬁg‘(mm%anarhﬁ?%oﬁgébﬁﬁﬁﬁ@eéﬁo SERe 3t U NAKTET nar r ower

bl ue sub- pi XGhinaRRhIRIE th MEs BcBRBrs oF @ﬂ&éybégpest ot cBfiRARAME Afninidenance and

thus allow an even narrower extra space. cul ating the optinmum
di rensi ons ohartnekofatké hemsapaseoncysteinereatenpglimsite df Byt paseindjsplaysonay not
di mensi onal nodel (r%fl t he di splay, with each col ? emtiters | 51 nance,

I u
appl yi ng ahg¥idead blug epistersy imstcad they gnaybs cayifimg skt thahigprresived mePdRPY/ | i ght
Vo] B L P ki reDdbrors Wit & Rad e 1hfifafed RpAA% Tl kil S b BFS

enbodi ment , ré¢absmbadinzhtsarfdht pagl displagciakésdatolaceound thet dhight bapiassupdie! , it

is possible to split the blue sub-pixel to_ increase the spatial . frequency.
It may al solyBingess;ofdes wibstgniiplhciue eraittery jThepnere luminapsedde Slue\dHIt acr oss

ar'r angeren; LA R ML TIONAUED, ALEP G R AR s amiter e the
bl ue sub- pi xed, tisd idrfaeves fe Hlué ehitet way bt andaH] ha@che sdned Whitdealimodton thé ong a
hori zont al %?si})lsay?tl’htishig tlrlr%dlej(lig(%o zgirngr?g]wesrterxitrg ggéce ?Qq%ir%ld ?c(): gglar?c%ttﬁ\gglr&e 13
stripe. Thus, it may be advantageous to use a backlight and/or blue emitter that has
more deep blue emission to allow a narrower blue sub-pixel, and more blue-green
emission to increase the luminance and thus allow an even narrower extra space.
Calculating the optimum dimensions of the extra space can be accomplished by using
a one dimensional model of the display, with each color emitters luminance, applying
a Fourier Transform, noting the signal strength of the dark/light variations, adjusting
the widths of the extra space vs. the emitters, until the signal strength is minimized.
[056] According to another embodiment, instead of creating a black feature
on the display panel, it is possible to split the blue sub-pixel to increase the spatial
frequency. It may also be desirable to place the split blue sub-pixels evenly across the
panel. Figures 10A and 11A show such a modification to the arrangements of Figures
8A and 3, respectively.
[057] Figure 10A shows the blue sub-pixel stripe split into two stripes, each

half the width along a horizontal axis of the red and green stripes, and placed between
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WO 03/ 053068 PCT/ US02/ 39860 each colum of red 104 and green 102
alternating sub-pixels. As illustrated in Figure 10B, the |um nance
channel p@&oogiosmsst he bl ue 106 stripes to be dark stri pes PCTAISOABEG0
substantially 180 out of phase with each other. The extra split blue 106
stripes create the sanme spatial frequency doubling effect as descri bed
earlier for the arrangenent of Figure 9A [058] Figure 11A shows the bl ue
sub- pi xel dots split into two sub-pixel dots, each half the area of the

139 and o cempreohintn pEred 0t A BrBR I AR PSS HsRe itFiate oo
the | um nanggpCHanifinaR& GHEhYE Delcbf et 8lubiBodRpes t@bOEarR AL legﬁfa§ hat are

substantiall'y 180 out of phase with each other. The extra split blue 116
dot's cr eat e sutistentisByrib8Gpaut o&phdse eqthemacly ottien BIherey tre fspletdilua $0@e s pesi doexde

earlier for the arrangenment of, Figure 6. J]05 It should be noted that the
above. enbodiHSAEE REHA ﬂge%&wblm%aqffeecwér?léﬁqrt%]eeﬁaﬁm R he HEmgemenid gr een

sub- pi xel s gtpsesato being on a regular, evenly spaced, checkerboard. This
i nproves su -%‘?xel rendering performance. In accordance with this aspect,
Fi gures 12A and [28]sFoguraihl &shod tie btuefsob-pixel tioanplit iatt twoesublipsxa] dytst hat

pl ace optical vias 1212, 1214, apd 1216 i.n positions that increase
sub- pi xel r &deialidge B@Pf’ég}}ﬁﬁ@éﬂ HaeBrisgs %ﬁ@%ﬁ@é@@t@fﬂ%@hﬁoleqnw ity.

Fi gure 12A iqar ref. 4, . | ue
1206 sub- piagrargfiefiFaneRRa T Bl B obEHC A0l R L e B OB, Lt
| i ght towar ¢he lamindnesveliannelnpestdias ek tiye 1 edals spbeadarkldiscigatiarec or por at ed
therein. Such a device may be Liquid Crystal or Iridescent in operation,

or ot her supthseatiedBHan gy phase ithgarh gheranBieira sphighite Ehdate FsMs, such a
Syarem on-LAEHERERLA R UM PREES RO i e Bt S

condi ti ons, Fgeu@ekl i ght may illum nate the display, primarily through the
red 1214, green 1212, and blue 1216 optical vias. A simlar use of optical

vias coul d al so b&9udiedonld beroted) thettheratres embedigeents ke e addsional n Fi gure
150 P Bond R RIS S SR SO0 858 Froure

spaced, checkerboard. This improves sub-pixel rendering performance. In

accordance with this aspect, Figures 12A and 12B show an embodiment for a

transflective display that place optical vias 1212, 1214, and 1216 in positions that

increase sub-pixel rendering performance and decrease the blue stripe visibility.

Figure 12 A uses a similar arrangement of red 1204, green 1202, and blue 1206 sub-

pixels as that of Figure 8A. These sub-pixels reflect ambient light toward the viewer,

modulated by the display device incorporated therein. Such a device may be Liquid

Crystal or Iridescent in operation, or other suitable technology. During high ambient

light conditions, such a display may be perceived by the luminance channel of the

human vision system as shown in Figure 8B. However, during low ambient light

conditions, a backlight may illuminate the display, primarily through the red 1214,

green 1212, and blue 1216 optical vias. A similar use of optical vias could also be

used on the altered RGB stripe display shown in Figure 7C to similar effect for

purposes of the present invention.

[060] Figure 12B illustrates how the arrangement of Figure 12A would be

perceived by the luminance channel of the human vision system when a full white
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percei ved by the | um nance channel of the human vision system when a ful
white 14 WO 03/053068 PCT/ US02/ 39860 image is displayed under |ow anbi ent
| i ght comalDtoBos®68 Not e that the red 1214 and green 1212 epriusat/398b@s are
arranged such that they approach being a regular, evenly spaced,
checkerboard, inproving the sub-pixel rendering performnce. Al so note that
the blue 1216 optical vias are placed such that they break up the stripe
appearance, in both horizontal and vertical axis, when they are backlit

and vi ewed under. l.ow anmbi ent ., |ight it tio of, the bl ue
1216 opti caI?m%ea@ d’ssvﬁap'?%{l?#é kb‘?ﬁlﬁ'gglsengﬁgq} h%ﬁfﬁ?ﬁewg%glﬁi IFIJS‘? ‘gﬂ‘ ng nts, )
reduci ng t hejden\b$2 Bptidal VlasWé'drﬁn%é@suBﬁ)ﬂiat R appbadEeiNPs tegalar, NbA§ are
shown in the illustration 0 be appreciated that the nunber - of

possi bl e pepaced, ahecketzoard, hapraving thaklé)-plselumndanmg@@rfoanmcal IAlsmrrmte that

contenpl ate o ed by.th Lnvent | | n accordance
W th This ads i Fae SEpRCae e P Heo b ATty S PR SrIDE 4Pbeai g i 4n, - and
14B show howogohizbfdl &Jaeve?tlf@%@x@fwﬁéa%gl &@b&k@i’t aﬁmleﬁea GH&EE@&N aboBfent
visibility o? the dark |um nance wells. "Figure 13A shows an arrangenent of
sub- pi xel lhghmbndmopar Thoposi thmisg mﬁhgbheﬂﬂl@bptﬁm wias Ishlﬁvdrewhassdwrf theow
copied from i one above and%(fhl ft one pixel to th Thi s

creates an RMCARPEREYRIOFPOINS. %‘&15151&&1% 1W£V°tpé’ﬁ’é’§nf hﬁﬁg icd out
of a three &%%ﬁ%ﬂhﬁ%ﬁmugkgﬂaﬁ% i]s*?t@be ir)]ﬂn’é&‘éfe@tﬂ?ﬁ tﬂbq‘{ﬁrﬁﬂk‘?o %65@1?)9@ ment  of

Fi gure 13A e perceived by t he ance channel of the human vision
syst em when pasifioid thutthéyemayreye is mlM1£qu mcb-r]l arblobetemphited dndendanpassdd i pes
1310 have been reduced in anplitude but increased in width, when allow ng
for sone IuWM@SGBFg’I’{E‘i‘t%‘ while the white stripes 1320 have been

reduced in both I orm
signal energy, %s t ﬁdéﬂﬁ"’!g% tﬂ?‘? g@ﬂlﬁ?ﬂa?ﬁ%%gﬁfftgigﬁﬂ?{g%%ns g&r%ga 14A
shows an ar ﬂaAgBE,rlMAQfands U8B phowe howakfting the pasde afthd iee sw- plaalgeemmt:s of 13A

with every third rowis shifted by one sub-pixel to the right. This
creates an & visiditent thedary lu@lqaye%vvﬁ% Figyis|13 A shays pR REaNgoRIeaEO R es out

o L (ROFRE: . pleaghe FHRUerd PoA batnhsl e pRapigtgerert of
syst em when oae fitdvle antlishifted by one sub-pixel to the right. This creates an arrangement of

blue 1306 sub-pixels that takes two phases out of a three possible phases. Figure 13B

illustrates how the arrangement of Figure 13A would be perceived by the luminance

channel of the human vision system when a full white image is displayed. Note that

the dark stripes 1310 have been reduced in amplitude but increased in width, when

allowing for some luminance blending, while the white stripes 1320 have been

reduced in both amplitude and width. This reduces the Fourier Transform signal

energy, and thus the visibility of the stripes.

[062] Figure 14A shows an arrangement of sub-pixel based in part on the
arrangement of 13A with every third row is shifted by one sub-pixel to the right. This
creates an arrangement of blue 1306 sub-pixels that takes three phases out of a three
possible phases. Figure 14B illustrates how the arrangement of Figure 14A would be
perceived by the luminance channel of the human vision system when a full white
image is displayed. The various phases and angles scatter the Fourier Transform

signal energy, and thus reduce the visibility of the blue sub-pixel caused luminance

wells.
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i mage i s displayed. The various phases and angl es scatter the Fourier
Transform signal energy, and thus reduce the visibility of the blue

sub- pi xelwoanssmes um nance wells. 15 WO 03/ 053068 PCT/ US@Rras8589s86§ 063]
Wil e the invention has been described with reference to exenpl ary

enbodi nents, various changes may be nade and equival ents may be substituted
for elenents thereof wthout departing fromthe scope of the invention. In
addi tion, many nodifications may be nade to adapt a particular situation

or material tot ie n ho N rt| he essenti scope
t hereof . For exaﬁgﬁ; neet%gfmveﬁé bc?F ?ﬁcgg‘gjo‘gbtg r#ﬁfn%ﬂ%e ]InB ted in
ot her di spl @bbEickHARS, OBiRME chbedes afay bOEARIaAd bl MilefEhial beGubdtidged fPLED)

El ectroLunenscent (EL), Elect rophoretic, Active Matrix Liquid Crystal

Di spl ay (Al\/l@ten)eptsnh@soﬁ/\éltmt udﬁp(aanatwm ti seopabf tlmus‘mnayn ( hvddition, many

| ncandescent |i.d stat n ode Di ay Panel
(PDP), and mdﬂfg%a&lem may_-ﬁ; P’H‘gF %‘P P‘Hﬁﬁu rtigiion ?Re[h gglbeot ‘?‘B@ﬁni ques
can be used \ainai &%aﬁﬁfg%tafnwes@éﬂﬁme&se tl%fb%f'For eli%pﬁ:x%ﬂ% §fthbhe extra

space descri bed and shown in Figure 9A; with the transistors and associ at ed

st or age capaﬂabdmemtsca’oeacmgbmmepk:pmumi 1mraghebésnlayttnChmdogm suchhe optimally
posi tioned tica S . desg ho in al so_perhaps
with a narr ?'mCL Frfn@trtﬂé‘g% Efeﬁ?%ﬁ“@%"f)‘ﬁi%f) ]1'21‘1 F%#IBWE it is

i ntended th : t odi nment
for carryi n?cgttj?g/{ %*/‘ggtr){ggdtrll D@%GISA}JV@ME?D%B%%%O%BCA%?{ USIG /U 13%% CLAI M5

What is cl aidimthyl(AMIlCDA Indangéseyntcedjdrstasé hight Bmyptting mwdey(IED)slBlbsma xel
groupi ngs, each said ?ub pi xel . grouping further conpris lurality of

col or sub- pilXgniay Papsbt)R), apcblrigesceny &:%Pbm%%ﬁlaﬁlo%P tlhﬁlél?%&ﬁﬁ‘gt antially a

g:lr ‘é ﬁfj's&r ayé&?%ﬁhéseéan BRNRELLithuF@h Sty Tordddalve DR POScxLAITE, Bk &thay across

space described and shown in Figure 9A, with the transistors and associated storage
capacitors creating the space, may be combined with the optimally positioned optical
vias described and shown in Figure 12A, also perhaps with a narrower, but higher
luminance, blue sub-pixel. Therefore, it is intended that the invention not be limited

to any particular embodiment for carrying out this invention.
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plurality of rows and colums and wherein said dark col or sub-pixels form
substantially a vertical |ine down said display; and wherein a spacing is
di sposed wetmwsnosad] acent col uims of said sub-pi xel groupcCagsonssssei n sai d
spacing forns a dark stripe substantially out of phase with said
substantially vertical Iine of said dark col or sub-pixels. 2. The display
as recited in Cdaim1l wherein further said dark color sub- pixel is
substantially a blue color sub-pixel. 3. The display as recited in Caiml
wherein said sub-pixel grouping conpri n RGB stripe. 4. The display as
recited in Caim1 wherein said sub- ouping conprises a red and
green sub- pi xel Wﬁzﬁlf 5IQ dq pattern. 5. The display as recited in daim1l
further conprisinga blac Tatrix material di sposed about said spacing. 6.
A RGB stripe display eodplagct@prisingl urality of RGB stripe sub-pixe

groupi ngs; wherein color assignnents for the red sub-pixels and the green
sub- pi xel s are @wnlwehy®fsub-pixckgioupingsy cpdvigid sub-prrel greying furtper di spl ay as
recited in Claim.6 wherein said red .sub- pixels apd _sai reen sub-pi xels
Form subst akPTRITGE A PEREIY o Bl HECRRHE werdf b B el Ul HERReBIR ) ae
recited in gha&amﬁuy@g&ghmkgsﬁg@@&mg is placed between adjacent colums of
red and green sub-pixels. 9. The RGB stripe display as recited in Claim8

further conprisi mdeceibbaid Rub-prel greuprmgseiormlanditap acress isbdisplenink spaci ng. 17
WO 03/ 053068, PCT/ US02/ 39860, 10. t.ransreflectivye displ conprising: a

ol ural ity of MEHY ST RErS BRcaTRer R 5 8ol b SRR B R 1 ur ¢ hor
compr i S1 1o ubkatfial h¥elteaiplcRlovtdhiigakys anther ei n one such said col or

sub-pixel is a substantially a dark col or sub-pi xel and wherein each said
col or sub-pi xel odwpmin s epacingis disppssd|betwezn adjacent columns of said sub-pixel

groupings wherein said spacing forms a dark stripe substantially out of phase with
said substantially vertical line of said dark color sub-pixels.

2. The display as recited in Claim 1 wherein further said dark color sub-
pixel is substantially a blue color sub-pixel.

3. The display as recited in Claim 1 wherein said sub-pixel grouping
comprises an RGB stripe.

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

5. The display as recited in Claim 1 further comprisinga black matrix
material disposed about said spacing.

6. A RGB stripe display comprising:

a plurality of RGB stripe sub-pixel groupings;

wherein color assignments for the red sub-pixels and the green sub-pixels are
switched on alternating rows.

7. The RGB stripe display as recited in Claim 6 wherein said red sub-
pixels and said green sub-pixels form substantially a checkerboard pattern.

8. The RGB stripe display as recited in Claim 6 wherein a spacing is
placed between adjacent columns of red and green sub-pixels.

9. The RGB stripe display as recited in Claim 8 further comprisinga black

matrix material disposed about said spacing.
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wherein said sub-pixel groupings forman array across said display in a
plurality of rows and colums and wherein said dark col or sub-pixels form
subst ant iablog/ossogerti cal |ine down said display; wherein ardsopsiseal vias
are formed upon said dark sub-pixels such that shift the phase of the
reconstruction points of said dark sub-pixels. 11. The display as recited
in Caim1l0 wherein said optical vias are fornmed upon said dark sub-pixels
such that the phases of the reconstruction points are shifted in the
vertical axis. 1% Th%stdi spl@pas .reiciéoed in Claim10 wherein said optical
vias are formed fpon?SEIRASFUVSHRY CORISNEch that the phases of the
reconstruction pgipiirglitgio® seflpixePstoupigd, BE&NNAId siBIHiRd] gfotiptng fidherA di Spl ay
conprising: a plurality of sub-pixel groupings, each said grouping further
conpri si ng eomptisingh ptuyalsy of odlor subcix¢ls, waiesein whe sushrsaglt cola@sgb-powebissuch sai d

color conprises .substantially a.dark color; erein sai.d sup-pixel
o7 oupi nge. coRpRRLElY SERRasexsi> Biveaed cEfineadt “adisoiof AP Tet ner
wher ei n sai ¢, gispi el grouping conprises a first dark sub-pixel and a

second dark sub-pixel; further wherein said first dark sub-pixel is forned
on the first rowwhkreiasaid sulbpixpl gretipiggsciopn negn aragt asmissisasd dopblydaa k sub- pi xel

is forned on the second row of sai,d, sub-pixe oupi ng; , and further
wherei n sai BI“FQF}éP?H‘éNW&B%‘P‘}@@ndMT%FEE‘!} é@&fé’ﬁ[ﬂ’rd t?'Rg‘s"lf‘b-0;5'i“xeI are
formed on d ﬁs%ﬁﬂﬁ%%x’t‘i%ﬁi&fdg%iQid%fﬁﬂ’}kxe' grouping. 14. The display as

recited in arm 1 Wherein said sub-piXxel's are formed on said display with
its | ength-w se edgeirosaidoptical ziap bl foaxdédsupoh 8ald@afl3sub5iES8 siRGEThaISaHEt 39860

15. The display as recited in Caiml erein sai d sub-pixels are forned
on said dis%ea%aw?fﬁh?f%covﬁwgflﬂnm@t@ogag@da %‘bﬁ’é’ﬁq%ontal axis. 16. The

display as reciteg i nﬂﬁisﬂa&%sm‘%@iﬂbﬁﬂhqomfe% b 5p9cfa‘?vfa95f§ef9nned

upon said dark sub-pixels such that the phases of the reconstruction points are shifted

in the vertical axis.

12.  The display as recited in Claim 10 wherein said optical vias are formed
upon said dark sub-pixels such that the phases of the reconstruction points are shifted
in the horizontal axis.

13. A display comprising:

a plurality of sub-pixel groupings, each said grouping further comprising a
plurality of color sub-pixels, wherein at least one such said color comprises
substantially a dark color;

wherein said sub-pixel groupings comprise two row and three columns of sub-
pixels and further wherein said sub-pixel grouping comprises a first dark sub-pixel
and a second dark sub-pixel;

further wherein said first dark sub-pixel is formed on the first row of said sub-
pixel grouping and said second dark sub-pixel is formed on the second row of said
sub-pixel grouping; and

further wherein said first dark sub-pixel and said second dark sub-pixel are
formed on different columns of said sub-pixel grouping.

14.  The display as recited in Claim 1 wherein said sub-pixels are formed

on said display with its length-wise edge on a horizontal axis.
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on said display with its | ength-wi se edge on a horizontal axis. 17. A

di splay conprising: a plurality of rows and col ums of sub-pi xel

ar r angenmewb3/osemedh sub- pi xel arrangenent econprising: firsr/usezemsad, and
third col or sub-pixels, and wherein one of the color sub-pixels is
substantially a dark col or sub-pixel, and wherein a spacing is forned

bet ween adj acent colums of the first and second col or sub-pixels in the
sub- pi xel arrangenents that fornms a dark stripe substanitally out of phase

with a dark strl t he or, .S i xe in.t e
arrangenent s. Ther[gegﬁpga}'a%ec 8@?"[(2@ ﬂoﬁfq‘ﬁff’ﬁ? iafcll SYthRE r‘i“et Bgrk

col or sub- pbﬁgjudld%p]agv&lﬂ{ td 1B piR-WisX Bl gcUnCARH-BAtal HES area than the ot her
sub-pi xels. 19. The display as recited in Claim17, wherein the first and
third col or sub-lﬁl xelThe display as eetitod ng€hem1§umemnx&1d s@ppixtsaralfospedy as
recited in d ai e first and third calor sub-pixels in the
sub- pi xel aPPéﬁg@hsB}ﬁys lﬁbﬁ?r{é& RESR BT AP PLPREL 859521, The displ ay as
recited in G ai m20, wWhgLRLPcdgridihg:st. second, and third color-sub-pixels
are oriented along a horizontal axis such that the substantially dark

col or sub-pi xel s f or maghivality 26 néved andaokungrtsrafjgeb-pix@l arrangements, each sub-

pixel arrangement ecomprising:
first, second, and third color sub-pixels, and wherein one of the color
sub-pixels is substantially a dark color sub-pixel, and
wherein a spacing is formed between adjacent columns of the first and
second color sub-pixels in the sub-pixel arrangements that forms a dark stripe
substanitally out of phase with a dark stripe formed by the dark color sub-pixels in the
sub-pixel arrangements.
18.  The display as recited in Claim 17, wherein the dark color sub-pixel is
a split sub-pixel occupying less area than the other sub-pixels.
19. The display as recited in Claim 17, wherein the first and third color
sub-pixels are a red or green sub-pixel.
20. The display as recited in Claim 19, wherein the first and third color
sub-pixels in the sub-pixel arrangements form a checkerboard pattern.
21. The display as recited in Claim 20, wherein the first, second, and third
color-sub-pixels are oriented along a horizontal axis such that the substantially dark

color sub-pixels form a horizontal dark stripe.

19



