OF THE | NVENTI ON PCT/ USOL/ 32117 This invention relates to the field of
gr aphi cs wid sph@my+4 devi ces, and in particular to display dePCE8S003IaDbl e of
di spl ayi ng high resolution video information. Continuing advances in the

speed and ‘comput i ng_ capalilddNFRIURABI SAIECROERSPRRSET 10 15 vi deo dri ver's
S

coupled with consuner deman or ever-increasing video display resolution

has lead to the availability of a wide variety of vide m I " mats for
conput er di splays. These di splays range from conventi O:H lJ Hw m%o

gr aphi CBA@K&W%;N&@FJHE)W%ENE@X 480 picture elements (.pixel's") to SVGA
(800 x 600 pixels); XGA (1024 x 768 pixels); SXGA (1280 x 1 pi xel's); all
.t he sway t hr onigh itenf¥EAelatts @4 8hx fikldb 36 gripkies Aisplayhideticese pné de rpasticalarein- f ol d
increase in the nunber of pixels over a conventional VGA display. D splays
Wi th even o gal L b diSflasiHg RighSeSdmiah Aah @rsatgbnar e al so avail abl e
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sor proposed. nmer demands for greater resolution in

hone entertajnnent systens .h | ead .t ' i xel
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exi stence of multiple video display formats for var.ious ap&.lﬁ&) cati 0515{. has

made i tvidep dgveresonpled avithy ponsunich gemardssior Syeigwgreaging yidro digplay gesolution

accommodat e various display resolutions as well as various display aspect

rati os. hdeqeaent thenehilabiithede widy vatiby (fORIo dimpy fyrmatsafoe campatév displeyse over

flat panel display (FPD) devices in that a high resolution CRT can

acc : i k ' ' ugiBRlo$ 626 x 480
Wg Sdil)sg)‘(f:@'é rrzéltfg%cﬂ'dfﬁ .cﬁfi}feéhgﬁﬁ VEANH®Ro s aftaJFResd

di f 0S Si y changing the scan rate of the CRT. The

di sadvant ages, of T displ ay. re el ize a i RQnN,
among obiRdfe elsmsgs (RiKe S@e‘i?efy {}é @B ﬁﬂcspléglﬁg??gﬁ @QE%%L\AE%SS %gggrsggg %%

devi ces such as direct-view LCD nmonitors, mcrodisplay.projectors, an

m cr odi €8B8Ay HBAnixels); phhdhaivey teensbds QPEA2.448d0 A0 P wﬁwgdﬂiﬂ?*‘fﬁ&} . and
reduced user WO 02/511611 PCT/US01/ 32117 eye-strain. Unfortunately,
becaus ej tdnafoldmalasdinsihe aymbenappixsls oxar arcomyentibnal NiGki dispday. yDisgtiye $dtibl e

pi xel s, conversion of various video display formats for display on such

devi ces.nas g@éﬁ r CRLONEE MILA O QORTR! RAP HALORIDGABS MailtBReCr | Bfcked.

processi ng stem i ncluding a vi processor scaler, frame rate converter,

and_ i mage optim zing software as.wel |l as one. or. nor e f

conbert gltnh‘él FORVLY> § ’%%‘P}fﬁ\ﬁgp’dﬂ for gregtex rf&fpgﬁﬁ(’g)}n 30%£%tﬁr{?g¥§?@%&%%ﬁp§{léﬁl e
with the particular display device. Oten, conplex inmge sm)o,tggigl% sof t war e
nust belead dor fhersetestion rmfoa 1080 sy JR@ mixed dipplay jas the | shpdards Spryhighndglipyen |

di spl ayed on a high resolution display the image | ooks snmooth w t hout

j agged todgsiom(ERTV)Simlarly, if high resolution content is displayed on a
| ower resolution display, data interpolation nust be perforned to 10 avoid

unaccept abl eglegrRgatd 8PnRfitil1BRAR Ui TormAREoE QRibHS PlipAvdE aeoeRsdty to
performthese 1mage reformatting functions at video frane rates can be

i t | d_add significant S oG
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resolution video format to be displayed. Video information received in a
| over r edaintdgeonvérofiamipanciutidplay (FPE)| dedcesbin dhatphalighgresokitingl €Rpi & of
the | owresolution video information on nore than one display pixel.

Unf or t ugatphiodatd Terl RSoINE6H R0 GiiaRNindvordaged] signalaof fdiffrehiSaspeer radbs
integer nmultiples of each other (or nore precisely quadruple nultiples of

each ot her i splaving co r i i j b liidsd on
i spl ay STty v3BaRhBhe Rib el LT e bidTRblag: SPCRT diRai RO WG T
course resolution information directly on fine resol %i op@ﬁbspl ay . ul d
resul t isesAngnigh pamer porRERRtiORe gMORS PEheg i thiwes. A bﬁq’?ﬁ §y© $ PECHR Y ed
.is a mcrodisplay having plurality of pixels that are addressable

sepas at glgD-brsddrdigmabiladatdsomch es diestiview AEDI inmpitass, riciodisplay pueieefarse gnd
on-the-fly to display video information in its native format wth an i mage
Si ze apREieRIdisplay hénitdrs ildRidel redlRE sPacePrediiced power\dbhbubiption Al redubsdriver OF
THE | NVENTI ON"PCT/ US( 11/ 32117 The present invention conprises a flat panel
di splay, such as a liquid crystal mcrodi slﬁflma having a plurality of square

and rectangul ar pi xel el ectrodes tmmmmw ssabl e separately to produce
a fine resolution display or addre ination to create a | ower
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S resolution display. In an illustrative enbodi nent of the present
i nvention, the individual pixel electrodes are arranged in a repeating
macr o- pi we0 ozsweposed of four relatively |arger square pi x@®C3/Uuset/ghi7
rectangul ar pixels, and four relatively smaller square pixels. In a high
resol utjon node h of t | ar . [X . ea [,r gul ar
pi xel s XREUaT pdﬁ? ﬁ%l}a??lﬁ’eggcr%% 9121{1 8 glsrﬂag a%ﬁ’)% Ssgdéﬁ %nsgdg‘{r1 élg% gbqtgitnfi%ﬁg%aglg’ ps to
create the required pixels for the fine 10 resolutign display. In.the |ower
r esol utddgrespabdie pixglve CoRieHEPN SEYBIQISATIdY &‘éléi]éy i ?F%hg?rrfgﬁﬂsl%h O&FP‘H‘ ficxdces
adj acent rectangul ar el ectrodes and one adjacent small square el ectrode are
addr esSabltgpiesllyarequioedoa tampletamizroprecgssordiased immagetprodessing eysi¢rtinedndidg epl ay.
.By providing sub pixel electrodes in this precise configuration, the

11 ustragfly ﬁ’rfogi:s?&] Q¥lek, SrARP AL Sorertel, aRd AYARDpthAFINE%BARAR as XN &Y orPEsA

video data, full-size undistorted and in its native display format, 15 thus

«obvi_ati ng the nged for ex ive | processors..to. cony i dat a
Fr o orBHFTER CEBaROF AT (iR e R T R PPy SHOY it frigmblaee, ¢
invention will be better understood froma reading of the faollow n jf

det ai | eWitlydbe magiquins, displre rflevicec o MfiGRc EP1BRICYH iMpee h@%@é&p‘f?ﬁmaﬁeg r‘b‘%& ®ng
figures in which |ike references designate |ike elenents, and in which: '

Fi g. 1 ihsopopsedsipicthe gestemn awtleft ifa lovgesaluttonyistagt icidisplaysd qrambigheesoutioni ng a
plurality of pixel electrodes disposed in a rectangular array; -3 WO

02/ 50614 Q&ﬁ@&ﬁé 20h3is EinBoth?witRow jRERA Hla8¥ afdasa RARifat9NifHigh rédion
substrate of a lidquid crystal display in acCordance with the teachings of

the present .i.nvention; Fig. 3 is.a plan.view of the l.o Fig.
TR N R R R TR T e g T R
Fig. 2 in a lower resolution node; 5 Fig. 5 is a portion of the |ower

subld} r aaveidangeceptable dpgradafion of imagRqualis ol g GUERPHBEPOWET gecegsary toghpriorm
alternative enbodi ment of a |ower substrate of a liquid crystal display in
accor dafhess Whade tdfernmatngifogsiont dt hadqor Gapet ratasvesnt bormuitei gpmplex snd gsldan
view of a portion of the | ower substrate of Fig. 6 with certain pixels

sel ect egefiatki b B8k oftdlFodk B ¥R Afsydepor Li on of Lhe | ower substrate

of Fig. Itional pixels selecte rk; Fig. 9 is a further

alternative gnbodi t of.th ower, substrate of Fi.q. 2 Fi 10 i | an
vi ew of the émsggiés%o?‘gfo@ g% lhﬁl Rjob nbvlof ﬁlsggaﬂn 'Wf%?%(aé g uslg‘fagég Seé1§ % 339{2;
Fig. 11 is a plan view of a substrate conprising ,a further alterpative
enbodi nivrmatsfona gizen bEShbasgd didplay wowd baite prealy 4 ¢isplav Brdas éée%fa'(flftwntqﬁléal
present invention; Fig. 12 is a plan view of a portion of the |ower

subgs r afoethehidheg.resolution widé®formasiol hetdisplayed. Video information received in a lower

resolution format could be displayed by displaying a single pixel of the low-resolution video
information on more than one display pixel. Unfortunately, since the various current video
display formats are not integer multiples of each other (01; more precisely quadruple multiples
of each other) displaying course resolution information on a fine resolution display would
20 result in clipping of the image. Alternatively, displaying course resolution information
directly on a fine resolution display would result in significantly decreased image size.
Accordingly, what is needed is a microdisplay having plurality of pixels that are addressable
separately or in combination to permit the display to be reconfigured on-the-fly to display

video information in its native format with an image size appropriate to the particular display.



node; Fig. 13 is a plan view of a portion of the |ower substrate of Fig. 11
in an internediate resolution node; and 20 Fig. 14 is a plan view of a
portion O 92¥W6P)bwer substrate of Fig. 11 in a fine resol BETAROHBIET -4

WO 02/ SOGO~ DETAI LED DESCRI PTI ON PCT/ 1JS01/ 32117 The drawing figures are

i”te”d%ﬂnﬂﬂliﬁ ]fg@@ ral manner of construction and are not
necessarily to&;t?:%iigf. igEN? epicts a liquid crystal display panel 100
conpri si ng | ower substrate 110 and ap upper substrate 112 .A plurality of
pi xel el ect r'dfeBresay HVENBOTY CORRLIST Bnﬂ%ﬁg‘%p@?p & PHCe 218 Ih&k@r ‘D4t r at e
110, typically in a rectangular array to formthe apfropriate nunber_of

pi xel s rnr@mlwiayshawmmn plvradiy af ssaiere and|restangudps prxed eleatrodes that g addressgble

‘pi xel s for VGA, 800 x 600 pixels for SVGA, etc.). Each of pixel electrodes
120 i s sepiakeBlielprodidd aghfabiotutinn digglag oodddaespdble &l ¢onybindtiddr icreafelalayerl | nes
122 and a plurality of gate (latch) Iines 124. A single transparent

el egtr iR S PSSR iRRubE i) RRET: ADerHIAS i tRividgal
Uppgr gg%shgtrﬁ)glt gﬁli@g %dﬁfjg\;\ﬂ/{é%rﬁtgkﬁeblg@pgélg& 5ilfigfa(@?llﬁeeﬂassenlg)ll eelg sﬁc}% thét a
precisely contrqlled gap is.forned between pixel el ectrodes 0 _an

P anspaitrOtEtrs Baetaneed 7ha TERE Re WERTP el BBy e I auS Sy preer
transparent electrode 130 is filled with a [iquid crystal material such
that a squiregueelsi dighsrrestongen pisels, pidkfur s¢ladvaly gasllemwquareapixplsy dita high

el ectrode 130 causes the polarization of |ight passing through the liquid
cryst alregdMitein Mbdé, eadlbof tHedbger squaty PiR6ls] ¢a0h phid of hectarmgirtpicsds add alhdour

vol tage differential between pixel electrodes 120 and transparent el ectrode
130. Tr el h &8 Atk SERLRRACHKUS f6PHE fn¥Com)
SO thaﬁﬁ?ﬁ£§%§g§q§%§ﬁg&%£ﬁgégﬁe%%ggﬁhﬁéaagtgf%?%e&'so élyq%§ t he vol tage of
each individual. pi xe | ect rode 120. di scussed hereji nbefore he ..

odd ue S distlar g i edpue el mede. 9 HEEE A HeRgoaTe CoBTAgRat i on
of pixel electrodes 120. Accordingly, liquid 20 crystal display 100 is
capabl ewith twivowdjacens niegtangdan icthstrodéss phdiyorkopdiagenhbimealt squaze delectsadgnane
processor for resizing, reformatting and frame rate conversion of the

i ncom ngidvdsstle & &8Rup tEicgeate?ﬂl%ffﬁ)Ms orAle Iovoresolution [dipety. sSBppiovadieg 2dl® in
accordance with the teachings of the present invention. Lower substrate 210

has. Ot SARadcabd infnfl HEAL boheile 20 Bl BLREHEBATS: EnilZdliisdZingnd

226, e having a sdquar € con attron wth a si u

$ 02/ 50(0,RCT/ UM/ 32117 .1 engt h. (The actual .size of the el.ectrodes
ST1, oor e, XGA A Sl e ey RGeS e ey ot

di nensionless units wll be used herein for the purpose of the illustrative
enblddi ntbns shviaBub tternged 1 expansivhdmage ppacessets tg qomyeralthe yidsp datapfrpmyene

el ectrodes 230, 232, 234, 236, 238, 240, 242 and 244 having a rectangul ar
conf i gufoshtad awbthbr.t he short side equal 5 to one unit in length and the

| ong side equal to two units in length. The substrate 210 further conprises
sub- pi xel el ectrodes 250, 252, 254 and 25b each having a square
configuration with a side equal to two units in length. Collectively,

sub- pi r : 6, 230, 232, 234, 236, 238, 240, 242,
244, 2§§#ﬂ§§§§k§§§ﬁiﬁﬁ%2&%%§§&B§$§Qm§% array of sub-pixel electrodes
formng a macro-pixel 270 that repeats in a rectangular array to formthe
conpl et e 10 Phresenteinveniden il Be bettssordarsinedsiipay p feading of ths Riewiged,

t he sub-pi xel el ectrodes

20  detailed description, taken in conjunction with the accompanying drawing figures in which

like references designate like elements, and in which:
Fig. 1 is a perspective view of a liquid crystal display panel comprising a plurality of

pixel electrodes disposed in a rectangular array;



form ng macro-pixel 270 can be described in matrix formas follows
(dimensions in X, Y coordinates): (2x2)(1x2}(1x2)(2x2)(2x1) (2x1)(IxI)(Ixl)
(Ix) (1 xWO 2230604 2x1) (2x2) (1x2) {1x2) (2x2) 15 As shown in PCFUS8Y/321h7 a hi gh
resol uti on node, the sub-pixel electrodes 250, 252, 254 and 256 are
separately r o_f i j i 5’@9@. 1R .

el ectrodes ?gg %?\%g%}i‘ﬁl glregggg égisozld&iaaéwy%gélu?wfagyg?&lt acﬁgldgpﬁxlgl of
the displayed inage. Sinmlarl ¥ sub- pi xel . el ectrodes 234 and 236; 238 and
240; arf@cepngsivall the|teachnga 98 thePressRin¥oiol: e addressed as pairs to form
pi xel s of the displayed image. Finally, sub-pixel electrodes 220, 20 222,
224 and 226 Rige3 mddrles siew efsthe layyayspbstratef afitiig.& ioi ahjek-resoksionghodehe

.di splayed image. -G WO 02/50l (1 PCT/USQOL/ 32117 As shown in Fig. 4, the

sane substr atjg £%kG Actti6RBLIHeoWEr SbSRItaYS Fig. Rid HWhver FedAItioni Add, Mage, in
full-scal e by addressing the sub-pixel electrodes in a different manner so

»as t.o create..pixels a i 620, di spk - xanpl e,

as tsshovvn ineFI'—lE'gg.(lslﬁ polrﬁgxésp{hgaé\?exlrsgﬂs%tﬁg? ¥%lﬁi%h%gie$wélﬁgqv{)e?>r€ée$ﬁueqoeﬁc ?%ées 250,
220, 230 and_244 . are addressed as a group 5 tq form i xel of the .

di spl ayed i ntiged issphplierpativeseipbqdinegnt of| ae‘@f"’reba@?t@%‘?faazgﬁ?ﬁfwtﬂrﬁﬂspéaé'zmar e
addressed as a group to forma pixel of the displayed i nage, sub-pi xel

el ect r cotesrd2d®, willbthe teRBimgs ahf ARpregest mstehtgsed as a group to form a pi xel

of the displayed i mage and sub pixel electrodes 242, 226, 240 and 256 are
addressed aspig, YiPHPIAOVIERT IR Ppordbon OF thRwidt Sistntrof M6 willheertuih pixickel

el ectrodes in"the remaining nacro-pixels 270 are addressed in a simlar 10

manner tg Iﬁlr)dnét,he conplete image. As shown in Fig. 5, in a still courser
resol utTEREHSHES sub- pi xel el ectrodes 250, 230, 232, 222, 224, 226, 242,
244 and 220 are addressed as a group tq forma pixel, of the djsplayed. imge
havidng a squiiged sonplrg vicat Pom PR °§t1'§i16\¥e’éﬂﬂ?é‘lrat?(9?% }ﬂ;ﬁ%ﬁ??@lﬁl‘ﬁlﬁ éﬁ‘ﬁlsh.
Simlarly, sub-pixel electrodes 252, 234, 236, 542, 544 and 550 are

addr esssetbcted darlgroup to 15 form a pi xel of the displayed i mage. The
remai ni ng sub-pi xel electrodes are addressed together in groups in a

simlar fashiigho {0, fildher MiekRdtivetMmbodinifl BatlR 16R8f fubstrat odFEg. each having a
side equal to four units in length. As can be determ ned fromthe

foregoing, the partigcular confi t] f DI -1
adj acent rec lghg(&saarﬁg’il gléaﬁp%ﬂiéggor Ot glsl&grﬁgeb?fzfqg'ags‘lghtglcéﬂ P?%F‘egs;{e?%?egll (gap ‘ay
i mges 20 havi ng a one-toQ-one resol ution, one and one-half to-of

. e
resol ution ahig Tlvis @ plagyaew o 8Isubstiste COMITBIAS ¢ & alienaiiyreembndimgnt ofiggge
processing on the incom ng graphical inmage. Thus, for exanple, a single

m cr5o- diesqifiguritde imicrodisplagltit acbrdnod @iththe resantlirevehédérght of 2, 304 units
Fig. 12 is a plan view of a portion of the lower substrate of Fig. 11 in a low resolution

mode;
Fig. 13 is a plan view of a portion of the lower substrate of Fig. 11 in an intermediate

resolution mode; and
20 Fig. 14 is a plan view of a portion of the lower substrate of Fig. 11 in a fine resolution

mode.



i s capable of displaying an SVGA i mage (each pixel 4 units on a side, 768 X
576 pixels); XGA (each pixel on a side, 1,024 x 768 pixels); and SXGA+

(each pi »0o025wm ts on a side, WO 112/s060 PCT/ U SO01PCIABOVIAIB3I6 X

1,152 pixels) all in their native format without the need for any

prepro I ng image signal. Fig. 6 depicts an alternative
enbodi ﬁgﬁf%]gbréec i g@ﬂabl e liquid crystal display. The enbodi nent of

Fi 6 I bstrate 61 [ dis I f
S Sub-pi vl BCER GRS sei) SeoBIEL RS Goferei A ER Bt P gBPu B vt ng

a side equal to two units in length. Substrate 610 further conprises a
pl ur al i dry nof neeessapily ¢d sedlec Figdedepd@d a 1832] cHBH] dsphy BBE! 18U 0omBringRd 644
«of rectangular configuration having a long side equal to two units in

I engt h 134 Qusdhatd 1130 dRdeflppet QubdiRtdInid, | A gleaBiyhof Pikes ele@iredB102( ufet her
conprises a sub-pixel electrode 620 al so of square configuration with a

sid t units i L gC pi xel
ol ect r otisosgS oh tesfbe Jutre G0N A babR 1 GEMLKELY l%éﬁ&t%“%%ﬁgw S
656 comt)lrl se a nmacro-pi xel electrode 67Q ngt)'Ch isr df acr.o tg
surface éfapﬁmélﬂ‘ieaﬂ‘gn@f@ftlﬂx?léﬁlﬁﬁsf?éy SR HFPEY A B‘llré‘ﬁ‘t‘l?gé@teﬁ pHyat 5§ e ﬁxbe
determ ned froman inspection fromFig. 2 and Fig. 6, in the enbodi nent of

Fi g. 6,48hpixblsufor S§BAT 808 ub 6@l pilelsefor AVGAestc20Eactpof pixel elastiodessl A hish
having a side of one unit of Iength are replaced by a 15 single square

el ectr Oﬁgaﬁ%@y haitbRabiR b3 1el8arR fof b \Wurkkty toF didin (@AY lnes TR 2ad waphiraliy cffgatehe

configuration of Fig. 67is that it reduces the nunber of el ectrode
|nterco ti.0NS Ay pver % |l e
one uni qe®r1]éﬁelsfslga a)gem@l%gfnr‘sggggt ggt%r%%ele feclils%ols‘gtj %l&?gvle%(l‘)‘%e}{u |on fqi)ﬁg]?t her
t he hi ghest or | owest resol ution nodes since, in Figs. ,

t helQuni substerigt H 2s ublnwek subwraie 1 qed lgFer ﬁéb%‘f?‘ff‘oaiar@ﬁ? aéﬁen?i?lgd.s S‘Q‘%ﬂﬁ&?cﬂi ven
20 collectively as a group in these nodes. It is only in the mddle

r esol ut presisetydenasllish@ap is Morfieg. bedwednapixtehelectmatiosi POadndy trankpresst glscodmi t
| engt h square sub-pixel electrodes are individually addressed. Accordingly,

the enbpeh MRk % b%t\geelﬁpix%l eﬁa%He@ 120 Sidspirdpirest élbeirdiegiBists filksDlvithi Hn
(two uni t-I engt pi xel s) and | owest resolution (four unit-length pixels)

with 18% | e de .
t
oo el EFLSERIPSAARIA 0, U B AT e
i ntermedi ate resol uti on nmode (three unit-1eng pi X of . sub- er
el ect r oeleetratzol 3 eavges thenpelerizapian dlight pagsie ti&m}g? 'gb@ﬁi BWta} Waﬁ\'@ll att,
the human eye will tolerate a substantial percentage of a display being
dar k&nesbtited trhpropomiondo the mhgnitudany thesroitegs diffecentiechatwsen pinek deatades 620
Driving the pixels to the dark state rather than
and transparent electrode 130. Transparent electrode 130 is maintained at a reference voltage
(Veom) SO that the gray scale of each pixel is determined solely by the voltage of each
individual pixel electrode 120. As discussed hereinbefore, the resolution of liquid crystal
display 100 is determined by the configuration of pixel electrodes 120. Accordingly, liquid
20  crystal display 100 is capable of showing only one video display format absent a video signal
processor for resizing, reformatting and frame rate conversion of the incoming video signal.
Fig. 2 shows a portion of a lower substrate 210 in accordance with the teachings of the

present invention. Lower substrate 210 has disposed on it a plurality of sub-pixel electrodes

220, 222, 224 and 226, each having a square configuration with a side equal to one unit in
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5 leaving themin the |light state avoi ds unnecessary degradation of the
contrast of the display. As shown in Fig. 8 wth sub-pixel electrodes 620
driven tovOhzms@es k state, the remaining sub pi xel el ectro®€3/UOt/MIAY each
macr o- pi xel 670 are driven in conbination to provide the appropriate pixel
size of, three.units.in | th, [ I - i 630
and adonsth” il g TR clecsRs ST TR cBors? RpBld Ghorinp sl 2% fitley,
having a side of three 10 units in length. (The pjxel is s '%gt. be .
subst am¢cgrdipglyqdimensierdess senitshwilh be 1s6€ diFEeiB dior {Be QuFRRSE Qai‘th Lﬂgl-uﬁ“ir%’ie

el ectrode 620 is not part of the aforenmentioned substantially square

pi xel ) .enfodithentk) , Suhshraei 246! fugthactomptises @3RyrabGofmnb-pssed eacsodes®s 238 as a
«group to create a substantially square pixel having a side of three units

in | engida. o&% 33892480140t Hd04 HRMRESEcEAkNL dRflutiod witcoBisher kidelequali qui d
crystal display in 15 accordance with the present invention. In the

-enmbqdi nent _of . Fi g. I L. .substrate. 9 i a I f

sub%pi >38I°n8Iu8gtl?g‘?ﬁggh @%(gﬁ\f?:é%lig ol %gqugﬁao é&&ﬁggﬁéérﬁhsaggr%&%% |1guf}1fat Ton
with a side equal to two units in length. The substrate 910 further ,
conpr i seespiisps avkrpixey e&ctrg@m-%ﬁ%&ﬂezg%ﬂﬁ@aéé agolp haying a sgyre oUFISUEAIPN 940,
942 and 944 having a rectangular configuration with the long side equal to
two uniwih aRide@qgilitoawd unheirslength. SlotlectR@lye quinpixebelectenden220,i232) ZHGRRAO, The
substrate 910 further conprises sub-pixel electrodes 920 and 922. Al so a

rectan 0?'.‘232_‘23f4i, 934, iR OM (N 24D N 422402, 51 SharRS8| cohfpris¥an dithy 5 éub-pigsgt h
and a shoft sSi'de’equal to one unit in length. Collectively, sub-pixel

el ectrodes 950, 952, 954 956 932... 934 4 920
and o2 MR L advsiPRel 270 et B sibifug” Wi BB eoitite
substrate 910 to formthe conplete el ectrode array for the -9 YI)O%/SC]C%
PCTV0USQikgl2 elevtrefes prray disnosed oA tuRsiTapiddi mevh agpngedg the sub-pixeh glagirghesst
resol uti on node, sub-pixel electrodes 930 and 932; 934 and 936; 938 and
940; anfdr#ig mackoYidelal® eadbe desetibed irgmatnps farm es Ealtows: (imemsians| ian¥s K
square pixels. Additionally, pixels 920 and 922 are addressed as a group to
create &x%&gmgglt | ength square pixel. In the |low resol ution node sub-pi xe
5 el ectrodes 0, 930, 932, 920, 922, 942 and 944 are addressed as a group
to create a four unit | ength square pixel. The remai ni ng sub-pi xe

el ectrodes are addressed in simlar groups to create additional four-uiut

length pixels to display the irmge_L_n_t_he_a.ppLaEu—at—e—f-eJ—mt—.—As—shovm in
Fig. 10,2k the i nter (Eld241&2) esol uti on node, |S@B2hi xel el ect rodeq 950,

930, 940 and 944 are addressed as a group to dreate a substantiallly square
pi xel 'a&;{ a three [ q 'lti'engtn side (The ppxfl 1S substantialll y square
becausg %grti on of ;&g&%f{ el ectrode 920 e%gi;pds beyond a threge

unit-1| n(gf( square) AKX A, _sub-pixel electiodes 932 952 and 1934 are
addresged as a group to create a three unit-length substantially square

pi xel . |[(@r2) his case {lx2)ilx2) is substantial |282uare because a fortion of
the pixel correspondi hg to sub-pixel electrodeg 920 is mssing.) AY can be

determ ned froman 1 nspection of Fig. 10, in the 15 intermnedi ate resol ution
node, the fidelity and contrast is increased over the enbodinment of Fig. 6

whi still [ [, n] e - OV j : Hﬁ% chépde
i nt éraconnect :‘Kgﬁg&gbgfrﬁ?%g” g‘n%é%%ﬁgsn@&%@ IEB%&%%Q éll[!)i %151@11%1 ep?%t?gso’?g?’ ﬁa%gt her
enbodi nent _of a reconfigurable Ijquid cr al.. di splay capabl e af .displayin
gr aphi cand 23F gesgparately '%idmﬁ%t,o flP P}Xf‘iﬁ 9v<f$ fhsﬁ&ﬁlaygiax%ﬁ 'R}ﬁ%ﬁl‘?"é"r? %yzog
pi xel s. The enbodiment of Fig. 11 is capable of 4:3, 2:1, 8:3 and greater
r esol ut dhamdi23Dare addwsissegl ap adiapb ayeateen/single pixl of thealisplayed image. sSianbuly,
hei ght of 3100 units is capable of displaying

sub-pixel electrodes 234 and 236; 238 and 240; and sub-pixel electrodes 242 and 244 are

TN

T

addressed as pairs to form pixels of the displayed image. Finally, sub-pixel electrodes 220,

20 222,224 and 226 are addressed as a group to form a single pixel of the displayed image.



a VGA image (each pixel 6 units on a side 682 x 512 pixels); an XGA i mage
(each pixel 4 units on a side, 1024 x 768 pixels); and an SXGA+ i mage (each
pi xel 3 wObys@M a side, 1365 x 1024 pixels). The enbodi meat/usb1/Ba1g7 11
conprises a substrate 1110 on which is disposed -10 WO 02/ 5060. 1

PCT/ US01/ 32117 .a _pl.ural i of su I le : : nd
1126 havi ng § Sé’&l‘?&‘rl@@ .nt#,%ﬁbeusrag}q Sglkgt\'}&)ﬁgklglssﬁ héﬁgg)zgfsﬁfagqgﬁar fé)é%ﬂ'ﬁé]sgj g“ﬁ"ﬁ

| ength. Substrate 1110 further conprises a plurality of rectangul ar

sub- pi Xeige| iaciullasals by addressmegthesuhepixeljeiectrofles; 4n a1 diigrent pagnngh g0 £569
having a short side equal to one unit in length and a | ong side equal to
t hr ee whédtspixelsl appgipiateSiohtat videe displdylfdrinat. t Rer cxanybe,ias eshown ph diigl4, iy aof
-rectangul ar sub-pi xel el ectrodes 1130, 1132, 1134, 1136, 1138, 1140, 1142
and 11‘15w91ﬁ1‘rék619ti6’n BlIE! s@-ﬂﬁel%]é@:'od&@ﬁ()’,‘@zg,nﬁ(ﬁaﬁd‘ZJrllcﬁ Rt 1 daRsbdPad HBdui de

equal to three units in length. Substrate 1110 further conprises a

-plurality of rectapgular.electrodes. 116 164 1 | 3, ,
173 et Yoy DRGLPh e PG Tbhete St e diiBhes 7Ehad Zed 38
side equal to two units in |ength. Substrate 1110 further 10 conpri ses
squar e as¢ addreesgd ¢s 71 goUp 19 dorm pimxelfthe rewplaysd imegs wy-rixd; dectivdeml3%.0 one
unit in length. Finally substrate 1110 further conprises square el ectrodes
1190, 1592234 284 22Mdrd ddiftessed bs B @voupdtoafosndepiagiual tht alisgplayediinhge amd banrgt h.
As arranged, the sub-pixel electrodes form ng macro-pixel 1270 can be

descri i | %4-f b ¥ j i i 7ed15
(5n) (TSR, 2 P 20 o g o o e

(2x2) (1.x2) (3 3x2 X 3x1) (1x2).(2x2 | xL) (2 2X . .

(1) 1Pt XB syt lilodes b b i pE sy e S e poipite,
a course display node, sub-pixel electrodes 1120, 1146, 1130, 1180, 1162,
1190, mager folpamghe camplgtedpegaddr essed col lectively to forma square pixe
20 having a side equal to six units in length. The renaining sub-el ectrodes
of substr at eAd ddwratreFiaddy mssetll tdurser segvlution made) subpixet reiatreddstES0d23@ ayed
image. -11 WD 02/ sUGO~

232, 222, 224, 226, 242, 244 and 220 are addressed as a group to form a pixel of the

displayed image having a square configuration with a side equal to four umits in length.

Similarly, sub-pixel electrodes 252, 234, 236, 542, 544 and 550 are addressed as a group to

15 form a pixel of the displayed image. The remaining sub-pixel electrodes are addressed

together in groups in a similar fashion to form pixels having square configurations each
having a side equal to four units in length.

As can be determined from the foregoing, the particular configuration of square pixel

electrodes and adjacent rectangular pixel electrodes enable a single display to display images

20 having a one-to-one resolution, one and one-half-to-one resolution and two-to-one resolution

without the need to perform any image processing on the incoming graphical image. Thus,

for example, a single micro-display having a width of 3,072 units and a height of 2,304 units

is capable of displaying an SVGA image (each pixel 4 units on a side, 768 x 576 pixels);

XGA (each pixel on a side, 1,024 x 768 pixels); and SXGA+ (each pixel 2 units on a side,



PCT/ USO / 32117 As shown in Fig. 13, in a finer resolution display node,
sub- pi xel el ectrodes 1120, 1146, 1180 and 1160 are addressed collectively
to form avoowsosohi t -1 ength square pixel. Simlarly, sub-piPcaliUusel/aziy odes
1130, 1132, 1162 and 1164 are addressed collectively to create a four

unit-1len re._pi . Jhe r Sl X I ssed
' a s R el Gl SR ABRERRRP PR e R Kb PR QblaB AT

di splaying the inage. Finally, as shown in Fig. 14, |n a still finer
resoIuﬂP@HnWBdewg%ﬁBnﬁixel el ectrode 1120 is addressed individually.to
create a three unit-length pixel. Sub-pixel electrodes 1146 and 1130 are
addr essed coFige6tdepédty ah alttmativaaembodierenhiof al reogtiigusaplaliquidi srgstal Sisplayar |y,
-sub- pi xel electrodes 1132 and 1148; 1160 and 1144 are addressed

col | ectTw&érMbdcﬁmEﬁteatﬁ aglelrhbreah 18w aab Rt 61@619%@1%@@0&6@ Ap1sRisy off he

remai ni ng su -pr xe el ectro es are addressed in simlar fashion to create

T or Sgoi T PERERTHPHEC10h om0 ara0h b ahgutedy clRLRcame g4 Tucaih ] &, .

square sub pi er el ectrodes permts the electrodes to be conbi ned to
i ncr easenitrin dengitle aSubsteatanrb LR fusthepgomprised psppralityef subguikeledecirgdes 63 &92a

graphical image in its 15 native display format. Al though certain
i |1 ust réa4, 686,66880 d40vesdRnd r6d4 of réovatulza confipeatiali bains e tbrigevids eyual to twid | be
apparent fromthe foregoing disclosure to those skilled in the art that

vari at i gig iaMchMPaid 4 SRIrt GRS eQial $4'6he BRPROIABIA F1BBEatTEY O PsitherBYmBEsd¥ade

W t hout departing fromthe spirit and scope of the inventi on For exanpl e,

Ith h.th || d
i spl gt 2559fa‘f“stohof%‘ér%s”‘éﬁtfsrlretﬁt%ﬁ@i@é Gl G 25 B ok,
gas plasma di splays or other displ aé icture elenments are
fixdd | Golgstivelyathe fatpgpneswl-pixeliclac Qdﬁsl @2_0, ﬂ%@cﬁﬂb 84;;636. $38, 94000 P84: t hat

the invention shall be Iimted only to the extent required by the appended
cl ai ns8 680j A5De6s4bed 656 Eopipris€ iafthatoPixal phdctrodd|680 | velvich sl PepeatddD aclisS @it . 4
PCT/ US01/ 32117 What is claimed is: A display device conprising: a first

substr ggdﬁf c8 BF Sutlstrh@lo 19UBFomR life &9@&& sieBode ArANSRAEADe BLianSnSRYoRGan

di spos ereon a transparent trode; a second substrate spaced apart

P T e g e R e e T

array of pixel elect rodes and aliquid crystal material disposed in said

gap, saflactradgsi2d0c334s 231 and22picash Beying 2 eerenibpt leagiionearmaced by

electric field between a selected one of said array of pixel electrodes and

sai i atsihglasdquareeeltcteotepslehavieg actidodd tvo enitsein dength. aflhe atdvamtage af ¢hof

| i ght passing through said
configuration of Fig. 6 is that it reduces the number of electrode interconnections by over
18%. The absence of the individually addressable one unit length square electrodes has no
effect on the resolution in either the highest or lowest resolution modes since, as shown in
Figs. 3 and 5, the unit-length sub-pixel electrodes of the embodiment of Fig. 2 are driven

20  collectively as a group in these modes. It is only in the middle resolution mode as shown in

Fig. 4 that the individually addressable unit length square sub-pixel electrodes are
individually addressed. Accordingly, the embodiment of Fig. 6 is capable of displaying the

highest resolution (two unit-length pixels) and lowest resolution (four unit-length pixels) with

18% fewer electrode interconnections and no degradation in performance.



liquid crystal material, said array of pixel electrodes conprising a
plurality of square electrodes and a plurality of rectangul ar el ectrodes
with eaciw@b2/smdH plurality of square el ectrodes di sposedPC3/Ud])/d¢ht at

| east one rectangul ar el ectrode, said plurality of square el ectrodes and
said plurali u t 1 i HRat i on
o gener ate A it SERRDT nfthe FhERAGHE SRR AN, Snld hn SOTR AR
which is a first size and selectable . in second conbi.nation .t enerate a
second rukspissl defieades 52Q&rs S‘é&‘?}ht%m?e‘iar Plaihi gﬁ %stglpga%ﬂdn 3‘“%@ » 2% The
di splay device of claim1, wherein: 20 said plurality of square pixels
conpr i sesngi eyel wilhtléraly asubstetidf peRcantrge ofiandibday being idrkeaed irpthis giagner
-plurality of rectangular pixels has a side of 2 units in length and a side
of 1 unifthdu ahP pecBptible dddreasdiis RisaMtidRy Dewirf the paiels t3 tho\igrk 8iate rasitir than
plurality of square pixels further conprises pixels each having a side of 1

of & et SR By e e o4 Bl et dpRidiaiCotinebond I8 B APU RS

having a side of _3 units in | ength and i,d pluralit f rectangul ar pixels
conpr i % siawieinsFigad, wigh &ubspléféln FCt@%ﬁﬁ@@d{l}ﬁ] t@ﬁs‘? ﬂ“!fr?gat%rt § HEPUNS SHi ¢ s
inlength. ' S 5. The display device of claim4, wherein: said plurality of
r ect angpikelr elpetxatles fhrminigesach anmordpivee] fiTelrs drivennig eomshidatiarf t@ provides then
length and a side of 1 unit in length. 6. The display device of claimS5,
wher ei rﬁpp%@ﬂéfﬁt@?ﬁcrle%iz& Yor Yhires GRS En Mngdll, SFoHELDRIle CabRIik sleslediodes 656,630

e o

havi ng a’si unit in 10 length.” 7. A display device conprising: a
first sy te, id.first S b S d t o navi ng
i sposcii ¢ g aodRaa D R kS BMRAGAl Mule RN SRGRE N ifl 8

spaced apart fromsaid fjrst substrate, said first and second 1 S.

sub r aits indepethat(The P! i s do bs Substantallysprar becansy e anaPostmed e o
havi ng di sposed thereon an array of pixel electrodes; and a liquid crystal
mat er i atordersyfeakgixed ekairddeayGdd is nai phrtiof thy afrepentisined sehstantidBy sgwnppixshng a
plurality of square electrodes and a plurality of rectangul ar el ectrodes
ar r angeginhifhy rsﬁi)?—%?:%dl NGechoded 632) 852 OindPE3Elafe Radesied sTRNEbOR o (ofeatd)a 20

as follows: (2x2) . (1x2)(1x2)(2x2)(2x1) (2x1)(I'xI)(Ixl) (I'x1)(Ixl)(2x1)
(2x1)( 2§(u s&n%%ﬁ?Q gqu%,rexpzl)(él%é%%ng_a stde of three units in length. '

Fig. 9 depicts yet another embodiment of a reconfigurable liquid crystal display in

15 accordance with the present invention. In the embodiment of Fig. 9, lower substrate 910
comprises a plurality of sub-pixel electrodes 950, 952, 954 and 956 having a square
configuration with a side equal to two units in length. The substraté 910 further comprises a
plurality of sub-pixel electrodes 930, 932, 934, 936, 938, 940, 942 and 944 having a
rectangular configuration with the long side equal to two units in length and the short side

20  equal to one unit in length. The substrate 910 further comprises sub-pixel electrodes 920 and
922. Also a rectangular configuration having a long side equal to two units in length and a

short side equal to one unit in length. Collectively, sub-pixel electrodes 950, 952, 954, 956,

930, 932, 934, 936, 938, 940, 942, 944, 920 and 922 comprise a macro-pixel 970 that is

repeated across the surface of substrate 910 to form the complete electrode array for the

-9-



WO 02/SI1GJ-1 8. A light influencing display device conprising:

PCT/ US01/ 32117 a first substrate, said first substrate conprising a

t ranspar emo opr@e havi ng di sposed thereon at | east one tr ®0H0EA2117

el ectrode; a second substrate spaced apart fromsaid first substrate, said

first a co r / at i tn, f g t id
second SUHETT s b Fie, BrBRa g YRR on B ERC pABRALACHEA MBS e®D
aliquid crystal material di sed in sajd saj rray, ,of pixel

el ect r otledraden i3 q andhg3 %F@nggéy %fa@qgg‘g)ﬁ ég‘g%%?‘?‘i)g‘é arg dEFSfffaLﬁsﬁP‘fR? of
rectangul ar el ectrodes arranged in a repeating 3 x 3 array of pixels having

10 di netosdreats twouniy)lermsh qaropiscels( 2&@jifiorallypixels 920)andhxO22( g addressedxas B ) ( 2x
1) (2x2) (2x1) (2x2) (1 x2) (1 x2) (2x2) 9. A display device conprising: a first

subst r af@yup S8i Gedib I two st [AkH § ipiclg B tHeAlsPaeeNtic aiddehaibipigel
di sposed thereon at 15 | east one transparent electrode; a second substrate

-spaced [t i ighatqsU i LLSt 0 ;25
coopor AT R D a 2Pt il s R dalchlcl oy TR B RACHpH Tl €
di sposed thereon an array of  pixel, e|lectyodes; and | i qui d, cryst al

mat er i alengisiIBaEPFH- sHcreggng sukRIXE giepggffe@far%pg}%pssgﬂégtspg LRI si ng
a plurality of square electrodes and a plurality of rectangul ar el ectrodes
ar r angecteats additiopalfourmmiBlength paxelaio display thelimagini the apiirapnale fermat.X, Y) as
follows: -15 WD 02/50C0 PCT/ USOL/ 32117

(2x2) (1x2) (1 52)che¥R)ik Pad) (0L %2 kel iRdrin@itadd R¥olhlibr xokie) Eilbxixel MadttddeR)058x2)

10. A display device conprising: a first substrate, said first substrate
£ anspar S 2araE PR Bl B8 TR P B SRS Rl SRR ree
* helbboumiimglssde( BepGabisubSPIAE SAUT BEaurep oot dredinelearod T
pi xel electrodes; and a liquid crystal material disposed in said gap, said
array oéxtpndscieyehda threelesitdanggr sqiare). Sipllantyglsib-pixsl elequedas 9BL£81% aue®dhnd a
10 plurality of rectangular electrodes arranged in a repeating 4 x 4 array
of pixeh3 JABMs®Y as a group to create a three unit-length substantially square pixel. (In this case
the pixel is substantially square because a portion of the pixel corresponding to sub-pixel
electrode 920 is missing.) As can be determined from an inspection of Fig. 10, in the
15  intermediate resolution mode, the fidelity and contrast is increased over the embodiment of
Fig. 6 while still maintaining a decrease of over 12% in the number of electrode
interconnections over the embodiment of Fig. 2.
Fig. 11 depicts yet another embodiment of a reconfigurable liquid crystal display
capable of displaying graphical information in three, four, six, eight and larger unit-length
20  pixels. The embodiment of Fig. 11 is capable of 4:3, 2:1, 8:3 and greater resolution ratios. A
single display having a width of 4100 units and a height of 3100 units is capable of displaying
a VGA image (each pixel 6 units on a side 682 x 512 pixels); an XGA image (each pixel 4

units on a side, 1024 x 768 pixels); and an SXGA+ image (each pixel 3 units on a side, 1365

x 1024 pixels). The embodiment of Fig. 11 comprises a substrate 1110 on which is disposed

-10 -



di mensions (X, Y) as follows: (3x3)(lx3)(2x3)(2x3)(Ix3)(3x3)(3xl)
(3x2) (I'xlI)(2x1) (1x2)(2x2)(2x1) (I xlI) (2x2)(Ix2)(3x1) (3x2)(3x2)
(3x1) (| x3O 20 1x1) (2x1) (2x2) (I x2) (2x1) (I xI') (3x2) PCT/US01/32117
(3x1) (3x3}(1x3) (2x3) (2x3) (1 x3)(3x3) -16

.Asl . A ) L y : . 4 ; * :

i—|O] }/SP]zaf?bl]é#@D&?féﬁaﬁbééféa%gﬁi cg (lza églﬁf@iﬁ 1?51] ac\ﬁgftggf@laaﬁ%%‘%tér/a] C afaélg]nc al ca
ca] ca] cal calca]ca]calcalcT ! " CIJMWeFHET A

cafca ]cvgﬁi; a]%:%i %f&ﬁléq hg{% Ao Y o SOTTo Al L et AP o & A/ Ga K iflea] ca
ca] ca] ca] ca] ca] ca! SUj

N #Mt&&mar'sub-géxp(lJ(ele)zyrgacpwllléé,] NEBchlOal 2, d a84.ddPeal 108 and]ld P bayisgpca] ca

‘] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] ca]caJca]cal))C*Y++, h, v,

, | - - - D.shott/sld¢/ dgh§I08 Bhé LARAR 1ehedi Advalldllsidd aphrn] thrdeanlie dh tabtn] Swstrajeca] ca

]5§a] gg] (7:a] cay g:?U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!:4445u

EC. _ + IRETe .

7 3Co TG bl (BHEERS pfalie of reptongulag sub-pixl loctipdey 1130, 1132 1134 )
DokrEo by Gt 1146, 1132 GRh GTAF RARL S RhGR MR eg0a (o TR Lo T R it o ™
I} 1| wrnmgb] X] ] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal_ca] ca] ca]ca]ca]c
a] ca] calidedqual toahfee aipiiajrc kehgth] Caibstagte 4110 figthgy eapseia plurality of rectangular
NPNNGCbh OOPv PPPPQQOR] RR! SSSATTTI UU| wr mhc”™Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

| ca] caldigdonad crdcall 64l ciabs 2l 65]1gad calea] 7 e tHIChIViRG & 3hed kitie] egahlddUVVIW
VWANNNGXXX] YY" ZuZZi[ [[\Ve\\\3]]]="""Q__|wnhc”Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]l

B o L PG P A o SRR L A S
B L C ek

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca
] ca] ca!igq&eugiios Fiwally*ssbstsae tl3hh fiotoo op@ppeasrqusnarai¢ntiotpd d;lLaiq, dap2al G4 ad] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]]ca]ca] ca]ca]ca]ca]calca]ca]calca]cal
ca] ca(*H9dl diel haviHE® dide equal to two units in length. As arranged, the sub-pixel electrodes

| 109%&' ()-"*10%& ()-h" 109%& ()- @10%& ()-sfl0%& ()-910% ()- GIMobhl*'

avc e byt A0 ot UeRekagh il e (GO Y
5}[9YNC 1!; "&10%' ()-@!N "&10%& ()-@! @ &10%& () - @ ‘

Py 94 090 dingiospog | & ()- & ! 109& ()-wHLMNO uj _@ 1!s109% ()- 10 10
10&<109& () - 1#109%& ()-P &L0% ()-@!\ " &L0% ()- @] v5dE @
- o/R'

10, 15109& () - 4#109%& () - y#10%& ()- S 10%& ()- "10%&' (. -Pn#dE] @
1! #10%%‘(3;)3) LI 9409 (])Ex3)(2x3) (2x3)(1x3) (3x3)

(3x1) (1x1)(2x1) (2x1)(1x1) (3x1)

(3x2) (1x2)(2x2) (2x2)(1x2) (3x2)

(3x2) (1x2)(2x2) (2x2)(1x2) (3x2)

(3x1) (1x1)(2x1) (2x1)(1x1) (3x1)

(3x3) (1x3)(2x3) (2x3)(1x3) (3x3)

As shown in Fig. 12, in a course display mode, sub-pixel electrodes 1120, 1146, 1130,
1180, 1162, 1190, 1176, 1144 and 1160 are addressed collectively to form a square pixel
20  having a side equal to six units in length. The remaining sub-electrodes of substrate 1110 are

addressed in a similar manner to create the displayed image.
-11-



 HL109& () - #109& ()- #10%&' ()-y#109%&' () - #AdE @

1! F+f 1098 () - &L0%&' () - $9409%& ()- Y'#10%& ()- #10%&' ()- #10%& ()-" CGHaB7@
10<109& (WOLSEPLOYE () - 4(109& ()- 1-109& ()- /&LOY&E ()- YCI/US01/32117

10% () - HI JVeFmN S8S10% ()- S10% ()- 10% ()- Sy! 10% ()-

" 8109& E 9 1096k

100& () (]2 1 O&g,&lﬁ\kf? ﬂ%&éﬂ?j %?E%%g #@éﬁig&{/gﬂ&) ndde fobt ElediRVaks (1)120
109%& 1 109%& 109 {

10&<1(02’/]e§4%) %@%@@y{ o0 7‘1&1%56%/‘1 0011%{&61%)”@/9“?0%/&% 9)(@4@8%/&‘1‘4( Frxely .
108#109& () - #10%&' ()- f 109& ()- "10%& ()--10%& ()- &10%& ﬁ

10! r ! " : SiglasiplEub-igel angidey 1 1305 002, (162 anchbigi4(are eddressgd cpllcctively to create
H#109%&' ()- S0 ()- | &' ' L(P(QR(AE:/ 10 10&<10%&' ()-y8#109%&' () -

L6#10%& fohr ufit-1&Hseh é?uaréplk@f’/&fl{e) renfafibO/ibt PixelRll Exproides ax)e)a)dnféséedhﬁ &HLanae () -
f910%m& ()- MELO%IR ()- #10%&' ()- y#10%m& ()- & ! 10%m& ()- 10) C*Y++, h, dE:/

e e BB B ORaR mdtl
e () 11 Mdbal mebresohiiapianoge poo-pixebelqde 120 1 plOSTE ab e (0
Il#lo%&() @#10% & () -
- 9%4.09% &redte P :thaeeosrsit(1yngth | ker: . | Subopigel( plertrasles, 114G /qndbLA30 are addressed
S910%%&' () - #10' 10" 10" 9<10% & () - 8#10% & ()- S#I0% & ()- 3#10% & ()-
collectively to form a three-unit length square pixel. Similarly, sub-pixel electrodes 1132 and
1148; 1160 and 1144 are addressed collectively to create additional three-unit length square
10  pixels. The remaining sub-pixel electrodes are addressed in similar fashion to create three
unit-length pixels for displaying the image.

As can be seen from the foregoing, the unique layout of rectangular sub-pixel
electrodes adjacent square sub-pixel electrodes permits the electrodes to be combined to
increase or decrease resolution of the display as required to display a graphical image in its |

15  native display format.

Although certain illustrative embodiments and methods have been disclosed herein, it
will be apparent from the foregoing disclosure to those skilled in the art that variations and
modifications of such embodiments and methods may be made without departing from the
spirit and scope of the invention. For example, although the illustrative embodiments

20  contemplate a liquid crystal display the teachings of the present invention are equally
applicable to gas plasma displays or other displays in which the picture elements are fixed in
space and addressed individually. Accordingly, it is intended that the invention shall be

limited only to the extent required by the appended claims and the rules and principles of

applicable law.
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said at least one transparent electrode to alter a polarization state of light passing through said
liquid crystal material,
said array of pixel electrodes comprising a plurality of square electrodes and a
plurality of rectangular electrodes with each of said plurality of square elect’rodes disposed
15  adjacent at least one rectangular electrode, said plurality of square electrodes and said
plurality of rectangular electrodes selectable in a first combination to generate a first array of
substantially square pixels each pixel of which is a first size and selectable in a second
combination to generate a second array of square pixels each pixel of which is a second size.
2, The display device of claim 1, wherein:
20 said. plurality of square pixels comprises pixels having a side of 2 units in length and
* each of said plurality of rectangular pixels has a side of 2 units in length and a side of 1 unit
in length.
3. The display device of claim 2, wherein:

said plurality of square pixels further comprises pixels each having a side of 1 unit in

25  length.
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length and a side of 1 unit in length.
6. The display device of claim 5, wherein:
said plurality of square pixels further comprises pixels each having a side of 1 unit in
10  length.
7. A display device comprising:
a first substrate, said first substrate comprising a transparent plate having disposed
thereon at least one transparent electrode;
a second substrate spaced apart from said first substrate, said first and second
15  substrates cooperating to form a gap therebetween, said second substrate having disposed
thereon an array of pixel electrodes; and
a liquid crystal material disposed in said gap,
said array of pixel electrodes coniprising a plurality of square electrodes and a plurality of

rectangular electrodes arranged in a repeating 3 x 3 array of pixels having dimensions (X, Y)

20 as follows:

(2x2) . (1x2)(1x2) (2x2)
(2x1) (1x1)(1x1) (2x1)
(2x1) (1x1)(1x1) (2x1)
(2x2) (1x2)(1x2) (2x2)
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a first substrate, said first substrate comprising a transparent plate having disposed thereon at
15  least one transparent electrode;
a second substrate spaced apart from said first substrate, said first and second substrates
cooperating to form a gap therebetween, said second substrate having disposed thereon an
array of pixel electrodes; and
a liquid crystal material disposed in said gap,
20  said array of pixel electrodes comprising a plurality of square electrodes and a plurality of
rectangular electrodes arranged in a repeating 3 x 3 array of pixels having dimensions (X, Y)

as follows:
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10.

A display device comprising:

a first substrate, said first substrate comprising a transparent plate having disposed

thereon at least one transparent electrode;

a second substrate spaced apart from said first substrate, said first and second

substrates cooperating to form a gap therebetween, said second substrate having disposed

thereon an array of pixel electrodes; and

a liquid crystal material disposed in said gap,

said array of pixel electrodes comprising a plurality of square electrodes and a

plurality of rectangular electrodes arranged in a repeating 4 x 4 array of pixels having

dimensions (X, Y) as follows:

(3x3) (1x3)(2x3) (2x3)(1x3) (3x3)
(3x1) (1x1)(2x1) (2x1)(1x1) (3x1)
(3x2) (1x2)(2x2) (2x2)(1x2) (3x2)
(3x2) (1x2)(2x2) (2x2)(1x2) (3x2)
(3x1) (1x1)(2x1) (2x1)(1x1) (3x1)
(3x3) (1x3)(2x3) (2x3)(1x3) (3x3)
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