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LI QUI D CRYSTAL DI SPLAY DEVI CES The present invention relates generally t B

liquid cryst Lspl ay devices, such as a mcrodisplays a e

particulé%ﬁ%ﬁbgg%n appar at us and mmmMWMﬁwuﬂwmgenerating aﬁggﬂ§éﬁﬁyg e,

visual |y appealing black franme ar e being displayed on either a

di splay screen or for a near to the eyeao@Ff binocul ar application

m crodi spl ays. M crodisplays are a type of liquid crystal display (LCD).

LCDs are conmmonly used in portable tel evisions, portable conmputers, and

cel lul ar phones taouRitgphiaymEsHoanratn orysta.-blhearoerickbCDs act in effect as a

light valve, i. e. , they allowtransmssion to of light in one state and

" bl ock the transmission of light in a second state. v%enlmmmﬂ M'gh
resolution information display, as in the application of mmﬂmmm m

invention, the LCDs are typically arranged in a dot-matrix cogfd.guration

wi th i ndependent I I ixels. Each i.ndividual ..pi-xel, i.s controlled

to selectively mhzlﬁﬁ)g%gﬁﬁ%lﬁgﬁ}tﬁfl E‘!(:)l%]%a g%%%”ﬁfyi 9 I‘Hqutci/?lgﬁglrﬂlglg%ﬂevﬁf)ﬁeﬁl}&lfatsom a

reflector (aehlcesdiiplssnmdahorearddu@Mydtoldn SARINRRAIORAbIS A& JhPrating an

(transflective node). The matrix of pixels is laid out on a sem conduct or
substrat & opcelrae, vipuadly dppeadingdieckdrime moand dv iowgd beingrdisyddyed wr citicher
suitable sufstrate such.as a silicon \/\/'31)1‘.er.1 l\/ulhaj El.e di e%(ﬁar} be gener at ed
froma si ngPEPEPEIECR T [hgaepipdhe g grbmacjlar applichtionmiciedishlats ng port i on
of the mcrodisp X By L } I
Cransparent mat o ro aPL e A & Kk T, B et AhnGily

seni conduct asediin gidr@bles tal¢vadibes, spivembleatempiness, Sndaseliuldr uplidnet ad HRplalygur e

1. The glass or transparent material Gis held to the silicon S by a
perimet er s&xormagionipitheuses yehepen piteq apa dich vabye, épotbpy eHowtresmission| ar

seal ant -typer i I Qui r : LC.fills . .the reqgion between the gl ass
or trans}%ar g’gm@{lé@% 5 C?;gl Loy ocg(et?{né%%lrll%lﬁé ol O%slﬁﬁ?itu} %ts%c%%s%% s%?%ﬁ?gﬁs and
i nsi de the pefigimekelutioe alfofdSitiod Hispla0 asHANE applichi&6Lhd prebbg iheGiieR, fBST de

of the perineter seal is generally considered to be available as the
viewi ng or &&DPsyarartepicelly tamngédsghag, dot-matrix cénfiguirationhaevitr éadephiedeatly he
pi xel s and L|i,qui d. crystal .are.located.. A drawback, of this constructiqn is
t hat when aﬁd&rﬁﬁ?ﬁgl%i %D‘%}F‘s p?aﬁséwﬂﬁﬁliﬁ Bx lss‘if)ﬂlggﬁedo@ leshvglygmpddaie light, om
the m crodi $RhaY; babkRgRqihAREiS: oS 8¥de D FrorR R0 cABY 05 ive hodd)0 2
PCT/ US(1 1/ ~09( | C 2Rt Wk A8l §71de F Frod ichRehof BiRgrive \hodd) et TGS
peri net ¢ otombivetisn ofitke wsi(bimsfledtiveampda)j etlicethanix uf pisets israideoutt &l 8

region of the display is not visually, appealing. Another drawback of this
constructio ﬁeli‘l‘:?o’t"ﬁ-é?lt‘}lrssflﬁ%ﬁﬁtq pighe; ‘E@&% Eggodiced fpnt fsempispndystos waderr ofisr
surfaces ang,.: ; | 4 ek} My .. PS. _This.can l.ead to a
5 reducti ong?%@%ﬁ%%@%@?§$%§]{llgo%gsﬁg'eMﬁ%‘?éifg lloec%enlersateun %lgiz?sa%gls. In
one sol uti orvalf@ or Bebsadateve descri bed problens in the prior art, a black
frame BF is placed on the top surface of the glass G _In one enbodi nent of
this sol ution, tHA¥ricaByethe dmpgs gengrasipngertiamef he piistdisplaymis ednstoeteddybl ack
into the,degi tern. e netal fra i hen adhered.ta eto
surfaceezgf t% éﬁg ggbééc ori?llgill a;ggroﬁgfain@’ealr?}ft n{%e M?F'Iati?eanl %e‘itgc 8Fﬁ1€3%ag’§w%f8€8§i ting
a bl ack i nkaqgmiddadeasr sithaGaitstle biRublanh & dsMthardasivigde RatiRdlss The

bl ack color of the coating or ink absorbs stray light SL, and thus prevents
t he i mage ofr tiragspseent mpatenals@as el fo the HkeangS iysa pesmetes ssiloM®), whichiigur e
2. Any ot her Ii_glg; L tga is directed Ol}r‘]ﬁiag a pixel Pw]l] be reflected
back.  Thus, S8R FEhPed Ohan spes; HPthet sitpidarsealiu-tyRe matriak oLignisk crysiel LC
perineter seal ' . . i .

fosi red to Ba Ao g e B Rl rhigh o AR BhoB Sl

‘i mage wizbl loe sitizek 8 and heside the @erileteeyenl PSaasnuledehowih il FRweatk Theqesibh

Bl ack Frame and Bl ack I nk solutions. One is the parallax of incomng |ight.
Anot her i s ofsthe pRrimeigr eplds geasraly considased ihbsavailable asnibe evigwiglitaraves

9
" whi ch : . i 0 h f .th
ol ass. - Thos 2ot AER PEOR BaR PEIBRIE B vl e ifod 0 BEBR Gt ase

and the pixé&ctedn t he Fabricated Sem conductor at an angle and are

refl ected back out of the glass at a conplenentary angle. Wth the
phenonenon descr iﬁbétﬂvﬂ}ﬂdsnglthiSsCOILlsmetilohdhtthaﬁ/awml an émbgnts displeyesl upomael
through glass to air and.glass to,LC fluld, boyndaries, i ch. direction,
it o ande: SR bevER gt B Fohbine Fuicio i Plaky e apLmHRs sedl 5 @h &Y SUSH 1 he
t hi ckness of the glass G before striking the pixel array, the inpacts of
paral |l ax and Snell's Law nust be accounted for.



Figure 3 illustrates these inpacts as it travels through the display. The
primary aspect of the parallax problemresults fromthe fact that there is
30 sone f{y} i,stance, D between the edge of the black f Jand the
first ’3’(‘%’%@32 3 PCT/ USO1/ sU90G i | | umi nated pi xel P R Bl
di stance the light nust travel through the glass G See Figure 3. By
calculating this distance, it is possible to devel op an opening size in the
black frane BF that will allow the appropriate region of the display to be
illumnated, so that the perineter seal PS is covered, but the pixels are
| eft open. However, if the 5 angle of incidence of the outernost |ight rays
varies, which it often does because of the incident angle and f# of each
"different | éstwepshemsidelod theemprioretarfsedl RS atidsypleapetitater bSpiikls e nRtbee In
changes. Two different prior,art sal utions re devel oped to deal with this
| atter pr oblaemolﬁeéief’h\y ‘YFélsméargéatﬂ?l?lde%o’édg\tA%%ddﬂ&%bklsf nahEisspbhepREating
| ocation for i 141,10 {.cal - . a of this
solution is t al'?é}'%}h\&ié%lqjiedr}etg&ccggg{édﬁlﬁ%g% gﬁ%@ﬁh@??@%ﬁ%ﬁﬁﬁﬁ RS dar d
product, whisedl Phoudazesnprsathies dpptntagdckhe Qetiheier ts¥al PRIOTIMGY cH0]eHl it t O
this latter problem involves increasing the nunber of pixels on the
si |i con. 31 n Yedicion in Bggenisast ratiopd tlkesdisplpy.wdieh isdjndesitablet o t he peri met er

| bl ack f ' bl.ack., A drawback of this solution is that
SRR R o AN B A R
because eacBmidil5@a dditRe gﬁ) duraELASBE gldls & 28 onRRTHBE e ég@%c@&{og& IEHSeS

| atter solution is that "bl'ack" pixels BP are not truly bl
because of tirneisrformst by atttiog efpidchef dinedql| cayited Bhack  intei théy dedided pagtéierThe

solution, a gray.region GR is projected pet n the black frame BF and the
8_r 0j gct ed pir’%é?]sﬁj;pglﬁﬁf’% ?@?E’F%‘&O tng t9n Wigf? \éfg’& glass ﬁ'géﬂtéfn&?l;’?iﬂ Wﬁ?aﬁ? or )
i sadvanhag . C r i ack in
on"the op Surraseyr dflblR FERNEHIOG, ol aRE ol oty fuhdfl 2355, o
openi ng of tphtedal diie Hladknmlordfehdasiihg oninkdatwbrbs ReapligialSI, hadenR Y& ents

addi tional problens of requiri ng] 20 or nore additional pixels on each side
of the di splthgimagecsihepesincter spl RhEem heingdisible peshowmisddguedi tAnynather

pi xel s not decrease_th ield.frogm h fer,, 2 t they also create
the gray ri ﬁg"?% %@Eéﬁ s%‘fcéﬁ/cgaxéona PH%[ gr‘é’ﬁgﬁ? é\#?ec? edobacky vEPS AR A 3l i bed
above, depengefigg #ReR e FikiRAbIR) W ARRIUGALAINE (2X8bn @B

di sadvant ager'wof stghi s solution is that eblze}(i:)ause t he bﬁaackngr arreg{psec%gtfghlede of
the focdb plizage it akaobgesired tahsprojecietihis frotecikd floaniacidsntdight, hise protdesde of
the silicon.die .ILEe edges are slightly blurry. W O 112/-4e832 4

PCT/ USOLh09 4B #nBINBT M358t em wi th using bl ack frares is ther mal |
managenment. The bhaekybr Héwexéh%ﬁﬁlﬁﬁbe‘? %?rci?&(vti?@@tot MURIRGEATRS NGt1afRERY! NY
the energy, particularly in hi'gh energy [i1ghting projection systens, Using
m cr odi spl ayslutinhg. h@te is ghis ipagllit of incdatimg dighihe Ambihei ¢ SHialld Bhw. | Barallax

probl emat i c.%é Sti|l another drawback of using black franmes, applied on the
top surf ace "&frstadhe phenomenen phgre lighiviaves dvichnenterthn glassate @st perpendbaniani ve.
Each fr o the. m.cr.odi spl. one, at a tine. Becau

al i gnms(’rjl}t?ﬂ3 t gﬁz}ea%é%égesg&gﬁggfa Sl'cgfe,sqlgllltslggst %%E%/H §11t|98&{1"f‘t}dee§(te§1qrg?ceﬁf)? ﬁ}erre

and speci al igtd afdl tieiRes on AROLADEEAtES BeGtcofludtdiCh A lafPlk AMd dRMEABSd BARY ant
to the present invention relates 10 to the connection of what is known as

t he VOOM or outof @i glash at arprimaplemenianydinglege t hat exi sts on a thin |ayer of
transparent netalg,.. | T ndi um Tin Oxi , i i s.coated on the inside
surface of the _gl\gétb t@ gi?‘fﬂogle\%'l’tdﬁ_ﬁcgﬁ’g‘gt%g Q}%ﬂﬁﬁ@%m@ﬁﬁ%{ﬁs aerhest ah y
across the lyaql ErAlphSAas 1o hir 2B QWsHRSTENRIid BLEIRREE 1Y hdB@RcfioX ihidCaR xe!

voltage on the silicon S. It is inportant that the connections to the ITO
*be of | @ resisfthaghsso as to provide | ow 15 power consunption and high

contrast displays, Typigally, connectivity to the |ITO |layer | on _the inside
surface of the gl §‘¥$esh§3d@bﬁ)Inil%shé‘@v@ythéﬁ’ftﬂhoghferfglclfb‘?ﬁ%LR:f%/ thg eglass| Gebaforsr

epoxi es E, b6 t ' b1 Gusuall . f ci rcui
cP 3 5 SR SRNISA b, SRS R Sl BT 8 Mo
Figure 3 illustrates these impacts as it travels through the display.

The primary aspect of the parallax problem results from the fact that there is

30 some finite distance, D between the edge of the black frame BF and the first



exposed | edge of the glass, as shown in Figure 5. The resistance of the
el ectrical path 20 going through the conductive epoxy E and directly into
the I TO | iis relatively high. This is because condugt. i es have
mar gi nal gpg%#rk’f%al bond capabilities with the ITO | ayer %_E'r)ﬁﬁgﬁ@gg((i stance
of I'TO coatings varies with the type and thickness, but a general trend is
that optically favorable 1 TO coatings tend to have hi gher resistance
val ues. As m crodi splays begin using these optically favorabl e coatings,
the 25 contact resistance will increase further. This increased contact
resi stance requires higher driving voltages for the VCOM signal, in turn
| eading to nore expensive el ectronics and/ or shortened battery |lives for
" hand- hel d delimestedipix¢ls Anptr thandistatva thahghtsohd tiavel, thiduigh hhd glapy Gposed f or
i mproving the generation of the g_l ack frame of the visual display panel,
not i ncr easé #HE ScdnY SRlPUlAERY BiASRNER L ARSTPE to eyqlen @ openingisignén HE
circuit int e RE- : o PCT/ USQL/ sQ9(.| G The..presen
i nvention i gbﬁ%lﬁr ect%ggttgatavwelgg%o#l?ﬂl&]a%%%g? tellgﬁg?%%}ﬁ (Sr?rlf}g?%bo F%gﬁlm%%ﬁéc ks
of the priormsoahdt the geritleter yal B idicopdred, bietieCsisels bit RRASPRADIHWEREE, iPfhet he
present invention, a LCD having an inproved black frame is provided. The
m cr odi spl aynske afiecideape € gsraiiagrosidight eays veses whichie nfterododsdscaisa ofititer i x

of pixels di.spesed on the.top surf.ace of a silicgn substrate..It also,

i ncl udes a I" é))g?lﬁoaflg{]cr %{ﬁsgfa? eﬁ%cgréﬁgﬁﬁ}ﬁafe?s SYEF By 8’§b‘le§‘°{jl°$st£‘? dﬁgiﬁynﬁgatalst op
surface and jBulflat<dBhasddsace. The bottom surface of the |ayer of
transparent material is disposed adjacent to the top surface of the silicon
substrate. A sealTwsddicspnopedr desoletimsteee dévelaped te ddab trithttkis dandr prdldnayer

of transparent yaterial. The seal arranged to forma _ perineter around |0

i . ,
the matrix JfPINEIVES Cating A fusem Slack g penEng al osatisu A egchylifiierentt op
surface @af t il bstr { NSk - of .the | aver of
Cr anapar ont “Rara Ay s OH Lok BP SN M UAER Bl s BBl ) ofe
seal . The arwiilk is an StHerWisedtanidadd groddcgUivEich ixGbaks plodact éddtbsd esMpleddty Whi ch
when activated (exposed to a vol tage potential), tw sts, changing the
pol arity of “syharisghiionite s lageproblem, i5rolveis snasersingi thenumbdr aflpéxeby e thet
invention fukther dncludes a |ayer of reflective material position
bet ween t he &8s rl‘lpébseanoq‘ng’f %81%5 ePRUEeh cRISE!S AL Y P e{_ﬁ% p Brr‘mg’ﬁb RE3 Ioéiga‘%n d
the bottom sufdase ®fveh MadkayLldrAlbdck BTIRR BREIHBS Qlat & red]ds tllx@‘}{ﬁﬁb&]‘: of

reflective material is patterned to forma franme around the natrix o

pi xel s. IFhe displays thdt carbegreduced fratesachiwaberdfeerusalehsh silicdnudiess mereateal inor
metal alloys, e. g., alumnym 20 platinum chronm um copper. silver or any
ot her netal S n%goathera‘ilrla%%c %(ﬁﬁ”?gﬁ&err %ﬁr‘f‘}‘t&’t isvipgty bé%g(atpl"le%aEP k7 oot trRlys
embodi ment  gfj,d.he eg I, AV 1.0 A1 0G] . ay f UGt L ve

mat eri al thg{ac:k's nggspose a%s‘ré]‘ (?kr}&ekb%%j ?(L)%qg%él% afgtgg?)jfls%g%e ﬁglﬁ%rwgl?q@?g%%eﬁarent
mat eri al . Thelutiayes gofy regioha@R iy projmetedrbeabednsthp biick fableyBHias d dgeprofatddhe

| ayer of conductive material., This enbodinment further includes a plurality
of "t r anspar éw¥els PBsThs sdlscids dhsyaigd imfigHe annul us. The plurality of beads

act as acers t r ty: f f the sem cgnductor substrate
from co%Bng in cgrrﬁga@%ﬁ% \EI]VI I%Gg%ntet%% a@fgﬁlegﬁ Elé@ﬁacﬁncq R0 r?‘gl? 3&? PSP YRSt ¢ om
of the gl aslek ihk snsiRetopRurbE Eth@blasd 8 112 M @lerMFBORH (KB REze OF e theRi@s ent
invention, a |ight absorptive layer is placed over the top surface of the
| ayer of traishablnak frameer The posiening ghthediadt fiame @o86 dddytienal probleins of
enbodi ment i s al.so,patterned .to for.mla fra adgo%n the matrix of pixels.
WO 02/ G832 "I £V 089 gtiopplopixpls g fack side ¢ itgﬁldlSQ%’oth“toﬂlu’én?fg‘i/ Ijs
conpri sed Ofyhéke$hdchflabics ?ﬁes%&&ﬁbﬁ% geemobe bﬁ@l&ieeﬁagynlygield REmUcbaRE,
suitable coating. In yet another e 8 I ment of the presént i1nvention, a
" 1i ght absor put veyl dscecreats th grgdingntot eedibppyesiuinfthe projeuted treobisefvied dinayes

| ayer is placed, 03 Ehe ottom surface of fhe transparent material. 5 The
_present inv Grihed @peYS AePenduig UPRB the misrodisNlaysaiPYedtiis i n a number of

Yet another disadvantage of this solution is that because the black frame is
outside of the focal plane of the optics system (the focal plane is at the surface of the

silicon die), the edges are slightly blurry.



respects. First, in the preferred enbodinent, it places the franme at the
surface of the liquid crystal, which is at the focal plane of the optical
system TR i.gi nat es paral |l ax, which neans that a sing i.Spl can be
created t gﬁna%$#1mork in many different optical systens.kﬁyﬂgﬁg%ﬁ%Educes
t he nunber of required pixels, and allows the 10 die size to be m nim zed,
whi ch decreases the cost of the display. 4Furthernore, because the
reflective frame utilized in the present invention reflects light rather
than absorbs it, it does not generate heat in the device, thus elimnating
t hermal managenent as an issue. Furthernore, with the present invention,
since the frane is placed on the inside 15 surface of the glass, it enables
" a phot ol i t hogr aphnopharqesidemowitie using dldch frmestie thdimal man®yemehi. s Tak bowg f or
much tighter tolerances than can be attained with a netal or pad Frinted
frame, whi ciTA0F IRSPHSCHRTEYe 484 BUSDIRRIH diot. diRemsiving, tha epereyd pritieglarly in

manuf act uri 0.t esent inveption to.formthe .

reflective glg%ht gﬁgﬁ%ﬁ}lg%&gﬁ%&é’t %B%Ef%g SR AR ISPl S athg e famsdttdn

nul tiple di shhaysthetliqaid drysal, A mbblgmatisheet of glass 20 can be used to nake

50 to 100 displays_screens. This has a significant inprovenent on

t hroughp@t and t sl aneghcs deavebagh niitising itdck ravwst applidi be thotpentfacaofithe

advant ages of the . nvention will becane .apparent n_readi ng the foll ow ng

detail ed desttipt ha %%a&ggwgrsgfl_éﬁg\qgeg 1p SQR%@VBT i%ﬁofh&émFgla  Bhaddsddare 1

IS a cross- SECHiQEALpINY 64 Afa fmb! BREmAL Eli%ﬁq‘féh@@lé&}g@é’ al%%\ﬂél%a fid W8S btk no
d I a I'gure 's7a

25 the basic conmponent’s of the display apparatus.

cross- sect i oeqlirey b éov afftimehandppeaalizdtequipmienidi spl ay devi ce. shown in Figure 1
with a black frang, which is_disposed on the top surface of the glass
conponent of t he ‘1oL a5Peshphmiarodisplpy dewiees selpvans to thedgessaicinveniion rolates of

th i ! Lspl i i Fi 2 l.ustrat,
phenonend o e SRR RREK 168815 e MEONLT T st L i 4 %ad ol
cross-sect i @rits on £uiiwtaybhef @irsparedt thetl, CTO NIRRT ICOXIdEE v cbRefiogure 3

with an additional pixel driven black. Figure 5 is a cross-sectional view
of a prior &heingidepedacspifale glassi@eThisivakageaeismg thopetentmd diffecdrice acrepothy

connects a flex circuif or. board to the |TO conductive 5 netal . Fjgure
6 is a di agl SHE] it %ﬁov{(ggﬁﬁafgﬂ%benﬁ%mﬁ?%tgﬁplxﬁfb‘ﬁ@ﬁ%é’?iﬂEFr?ﬂé‘EPrﬁ‘e%eItusi ng
a liquid crystdborfhhnd Ma@¥hed&¥hERiohd WMhe ITO BTy refis@HEEs aétﬁ) rovide low
cross-sectional view of a m crodi splay device accorgl ng tot eppresent

i nventi dh. DOower cunsem@tions aml kighssatsmtdisplagd. vi ew of the gl ass | ayer and

m ar o spl ay deviIGBGHBEPT R RGP aRe TTRiTaier & oo T I SEERPRIAS Hesiplt t orn
of the mask §(gﬁlp 1 : i LRthvel aver usgd in
generati ng taEe I r%%?%é\i/g(d/ mgﬁlg(o:iﬁg rcg)ﬁé&?ﬁ'gts\é?dse %?%F@@\leé%dtbﬁhi%e&iég%}i tg p gy

screen of achrGit Gevilie bacchedtingit or piv@edteasNbodrdVE RS it ITHilGer g ok0theS a
cross-sectional view of another enbodi nent of the glass |ayer and

associ at ed E¥PPsEdiszstafvle plageeps shovanin Fighieck t Theereiatpaeq of the sfsicticatipath t he
m crodi 528' a%oﬂx%\/ﬁfo%gﬁqﬁmoin@ucﬁiv %}ragxy7E and directly into the ITO layer I is relatively
high. This is because conductive epoxies have marginal electrical bond capabilities
with the ITO layer I. The resistance of ITO coatings varies with the type and thickness,
but a general trend is that optically favorable ITO coatings tend to have higher
resistance values. As microdisplays begin using these optically favorable coatings, the
25  contact resistance will increase further. This increased contact resistance requires
higher driving voltages for the VCOM signal, in turn leading to more expensive
electronics and/or shortened battery lives for hand-held devices. It is important that any
solution, which is proposed for improving the generation of the black frame of the
visual display panel, not increase the contact resistance between the ITO layer I and the

30  circuit interconnect C.



Figure 11 is a cross-sectional view of yet another enbodi nent of the gl ass
| ayer 20 and associ ated | TO conductive |ayer(s) and reflective |ayer{s)
enpl oyed | 24331 crodi splay shown in Figure 10. Turning LW ngs,
t he prefeygggngﬁggdinents of the present invention wll n%%Fggﬁgggqubed.
Referring first to Figure 6, the conponents of a known nonochrone
projection systemw || be discussed as way of background and incorporation
into the 25 present invention. The nonochrome projection systemw || be
referred to generally by reference nuneral 10. The system 10, includes a
| ight source 12, a beamsplitter cube 14, a mcrodisplay 16, and a
projection lens 18. The light source 12 is a conventional Hal ogen Tungsten
~lanp that projectgha dre@ht ibRaNA & UREHET 1 BverB@Vingd 0Pk heztsmﬁﬁm%m the
pol ari zation, z. e., Type-A and Type-B 30 Pol ari zation, onto eanlsglltter
cube 14. Thedmmﬁtﬁceﬁoméqhmdcry@ml displey Heghds. of one WD 112/.11832 s

" PCT/US(11 /S(190( .type of polarization, e.g.,. Type- and transmts _|ight
of t he( ot her ( t yp(ehb¥8'?)81nhp&f 1{ 8§, creent 1?@%351-083/5) Edéhlcla‘ﬂ?g #) papgved black

ol ari zati on fiaSel; i fiie e G "A i . .| i,ght of
'FI)'ype- B pol ar iﬁzaﬁlatei 1§61§fbfvécfe:dd§“rlll\té’:n§1i@rg ﬁ%a? %@Elﬁeﬁgﬁgﬁ é:%(thgig t&BgEHrg%egteﬂn@%glqnsl%g hown

in Figures6 asmatrk ofi@ixets dieposed od theatog stifase ¢fef diBednssubk@die. of aldy BRtues a
pol ari zation, without 5 changing its polarization, back to the |ight source
12. Pixel 24layer ofigimmsparei gaicaals niafersblynglasse| havingda tapdurfhes auhanbekomhe

pol ari zati on h - A | Laht e-B. Pixel 34 reflects the.light now
of Type B po[slggrf?ctz‘:atefihg#%?[ﬂ@osu{ %ge %%@ﬁm%%f PE?%}SP%%énitﬁlfﬁ\%ggﬁoste. zfﬁ!ﬁ‘??‘% 0 t
to the proj egid 0P sinfite ckdhe ¥t subBA A dehlaRathbeditettnthesiHbSPhdbtEr €en
(not shown). 10 The mi crodisplay device 16', which generates an I nproved

bl ack frane fod therleyescifittanspanens materiali ik agal 9 peanped de fordi agetimetenarqundsent
invention, w.ll now he.described jnitially with reference to Figure 7. The
m cr odi SBP ay ﬂ]fe’i’)?%‘é‘ (%331)«%% f"é‘r%ﬂfuéfs 1@5%@}’ a&Fglﬁ}lé’an ,bX/\PX‘F dpp swtace of
preferably appr QrtsRLfsafd; BIEBHE 1 shrfAEE 107 thd} 951“??’&2111 1hp Hﬂt&r%ﬁmzlnldetgse.
geonetric di nensions nmay be posmg e as mcrodi splay devices reduce 157in
size over ti ema isitlé bénhoperimesr tdiakd tyf thersdilnalle siulls isrfillddewahta Wil
appreciate, the layer of glass 26 may be forned of another transparent

mat erial . Th&WE3sr oblies bﬂ%eg erpstalapish] when aevatedsenpessddaca apliage potentath

substrate | axei2Bhunfihe 0L BOLALSS ] HEH firekBp3fiown) 18 Tormed on the top

surface of the silicBn®su rate using deposition and etching

techni quas wel | kmbw dribddi@edts df. thd PResé iRenabE turdRr SdlGdés b 19QM A rBfe@ive
matri x of el ectrodes, which form%xel s used in generating the visual

di spl ay. Whemaierjghpobitighed betowan ithe tapnsurfaee dif ghe agmisondetori substeate rezcback be
i1lum nated, an in i\%dﬁquf ixetJ in tﬂ!;ue integrated circuit. corresponding to
that |ocati oR g At Fape nE)SSéng%e[ &fthq, davisy n%%ﬁ%@?fr@éﬁ”ﬁét EhrGed . A
seal ant 30, psRLBIARIaterfaP s RbteRed 30 FEROX TraffR affun@! the hditpl @P@Qfl@.l qid é?’h&The

outer 25 edge of the | ayer of glass 26 and silicon substrat ayer
seal ant 30 f of meflartiveahatbeslvpreferdtly ihdydrs ofimagilass n2@l alidys, b5 ahugliest,r at e

| ayer 28, and around the matrix of pixels. The regi on bounded by the |ayer
of gl ass 286, PlABULy |cChiQinivgy, eappeh silvely 8F any, othergmstl i eremstal wlleya havingr s an
annul us 32, y i QX IgFBt : i I . nylus 32 1S
filled with [] qeg?‘é‘l“i ?@gtﬂg?gf % pftglél%ﬂ%;?mé‘gngggﬁ‘%mé%é%tr Iét’%?fg"c'ﬁeaﬁé%g’fﬁ%‘gﬁa

|l ayer 30 of @Hyasof 26nduntiveithategd) thabBtdigiosed @) &he DBttb@ FRFA0E R rthé ey e RACI NG
bet ween these two WO 02/ ~(~832 9 PCT/US(11/S119U1) Ig]?/er s. The beads 34
y

are pref er abfgngpgrantmagsriah Ghalggerar refiaclise mateoial ivwprefetably dispdsed en the layer
of conductive material. This embodiment further includes a plurality of transparent
25  beads disposed in the annulus. The plurality of beads act as spacers to prevent the top
surface of the semiconductor substrate from coming in contact with the layer of
conductive material on the bottom of the glass or transparent material.
In another embodiment of the present invention, a light absorptive layer is
placed over the top surface of the layer of transparent material. The light absorptive

30 layer in this embodiment is also patterned to form a frame around the matrix of pixels.



preferably between 3 and 4 microns in thickness. The details of the |ayers
of material fornmed on the |ayer of glass 26, which make up the I TO
conduct i g ol @4&ls, and the reflective layer(s) used in geng&@hjsﬁg;(;)&e
i mproved blfack frame according to the present invention, Wl now be
di scussed with reference to Figure 8. First, the I TO conductive |ayer is
formed by depositing a polysilicon |ayer 436, preferably an SiQ2 |ayer, on
the bottom surface of the glass |ayer 26. A conductive netal |ayer 3 8,
preferably a transparent netal such as IndiumTin Oxide (1 TO, is then
deposited over the first polysilicon layer 36. In one alternate enbodi nent,
a second polysilicon 10 | ayer 40, preferably an SiQ2 | ayer, is deposited
" over the coffdifetablye thietight dbayptiv8Biyermindompsiesiosith gardie bi Watemal aithIbkeer 42,
preferably forned of ITO is deposited over the second polysilicon |layer to
Cform a two- FRYEFER d2h GPEKRT SYiie yattinec ol i crneBie warbpdiendng of thavareseiital |
The pol ysili 1 ay, 4Q . th nduct i ye al layers 3 8 and
42 are depoglf\{%gté&gr?qi%lz ag%)t th‘,r%]qg%e?f[ Sg]gigcegfo%t tﬁg tQ %E%IC Eélirfr‘gtflleﬁ%delf FhgYRhBwn
deposi tion peebdbsteshottbn sits€of @Y GhdspafentBagiiapl are al so deposited in
thi cknesses wel|l known in the art. The conductive netal |ayers 3 8 and 42
formin &ffect oddepprgsant dhventipnidiffefs fibat 8% prioraant apdianerin £animter exft r ode
of each pixel and the associ ated ,adj.agent region gn the conductjve | ayers
forma pi xeFeSBS%%cﬁféﬁe 10 FiePE ﬁr&dé‘f%?g” Lt %:la&%ﬁ’f %@%ﬁb&ﬁf‘lﬁjﬁ‘éﬁm Bt he
reference vohios 81, Vil | d Endi yi.dual ect
formng t hegg%ﬁpﬁ%’gﬁag’.‘;’Hrlﬁgy@t%ﬁgggffg% ﬁslgl?: Eg ﬂyggttl%gtsygt?&di f’[? gsr glallci:lgﬁgegr 0SS
the |iquid peplaglwhishiméansnthatua pinghd disglal rean espansted tthatt Wil PoHe M ngdny
di ff erence. xt, a reflective |layer 44 is formed. In particular, the
reflective PH{rEsntoptical syipms; dietisoirdpcesplae papabqr £ apquiref @ixeds; ped ellams thayer

44 pr ef gpabl : n.SEs: 1.1 Lse.other.reflective netal s,
Such as 51 atiiee B s Rl M o thbasCitte SRR BRI Rill Tifrisite Wiolter
nore of the td fitctblierfeghetilpRdiin tHeqt@nbavaaRd rel&gs ﬁ%ft'r@t‘ﬁéﬂ tHEn hEoeds it 1S
preferably deposited to a thickness of approximately 500 to 1600 angstrons.
The refl ect itvdoes Aypéreenaraisaheaban alipeder. tthus léminetiol) thermel menadenicayes ad2 by
any one of a nunber of processes, including, e.g., a sputtering process, a
PVD, Physi cal’"%apor Deposition process, a spin coating process, a

l'i thographic pr O‘Fﬁr"'tﬁernﬁ)r@,m?ittlpth%gﬁ&ehﬂ fnbeRidh, BhOCHES aﬂ@@gﬂ 89 off Yhd {rieO"

| aser scribed process, or an el ectrodeposition or ef ectr p? ating process.
V1' O U2/15 4GB®ZaceCYly the Stlhys5@OdihGlet (2 Phaibkthaplaphy arqzbat @ bé tusal tea pleyiteothe
photo-etch Lift S}It 'gﬁoce s is used. In an alternate enbodiment of the
present i nv&ifieorhis ‘%Fdﬁ('of sk tightey tleragces Hhapsan pe gitained giith aimetel orgag. |

Si 2, may be.: | { Ve I r.42 he
reflective ?gggreq%ﬁe?gvn alﬁgt ec%ﬁf?%?ggggg]?‘ta%rl Ci}gl?l%?cél}l&yhg?rél}% lggglﬁ%%tu%%i n,
e.g., SiQ2, theayadks udebinstht presant diiveition b foehlteeteileetivea@tritked ENEiesdtngt i NY
the reflective |layer 44 in a _sandw ch o{ms)ol ysilicon layer s has the

benefit of MHceklack fragetogn bsidsrsAwnankitiplendisplayseatal tine s ide singlechedt. of | glasss

hocor i A1 v B e eaR muE o DEHRRIY el d S A el iunfiiet Rl
conducti ve ﬁﬁb@éhﬂu@yﬁgﬁls ae(ﬁeaségzmaﬁihg&gﬁﬁg tqtd he pixels, should be renoved,

prefer ably by an etching 10 process. A mask 50 preferably having the
pattern shown i n(fheuelieds shnduddvahiagess efl theinvehiion puitl posemeHywaveat , upag

t hose of ordinary,skill .in.th t wi|l appreciagte a sk havi ng ot her
patterns nafzeﬂ@@%’s%g‘?ﬂw& Q?tﬁﬁ?@éesi’rﬁ@% upen %"e‘écegtg%be drawgres im@hiedt t er n
shown in Figure $; gL 20 i l.i.gni . on the
silicon wafer usg(llg Llﬂqur%g icg%ét% %detﬁ)lnﬁl{jﬁg{lwgﬁgl ﬂrg{rea?t %P%ﬂ%#%r%q{eﬁgﬁsstﬁqﬁn on

" subst rate 2&he asicicongloaents vpthe déuplaytdpparatils. any non-conducti ve | ayers

deposited on the _conductive netal |ayers 38 and 42 be etched away in the
regi on adj acent FeSUrpe 1gASESsSEtionaluRy of e pror e micsedisnlpedeviesshommdni t  or

"PCB to th ti | Ty i.S 1.S [ t i ni i St .
Tho rof | oct ToReY gy ol Papf e, % if EBRET S0Vl doll TR Gy e

light is refcb@pbisht onile didpta BrafRl i tter cube 14, which in turn reflects
it back to the light source 20 12. The area where the reflective |ayer 44
is deposited is fhawegrippetasededsional Vit of itlgppriey ssiomeeedisdaidevageeshowin in
conpl et e _darkness.., | ars to the viewer as a black frane. In an

al ter nagg eﬁ%ﬁ? Zélrk‘fsftmﬁﬁgﬁ}ﬁeﬁ’ﬁ%‘%}wlwflpé f%44 is placed between the gl ass
| ayer 26 and the first polysilicon |ayer 36, as shown in Figure 10. This
enbodi ment is preferred because it is a configuration that avoids having
the al um num netal |ayer 44




25 cone in contact with the ITO layer 42. In sone cases, the Al um num netal
| ayer can have an adverse, electrolytic reaction with the ITO layer. A form
of corrosR¥es,d devel op, rendering the ITO | ayer el ect bir¢lshYsoos
nonfunctional. It may al so worsen the optical characteristics IT It occurs
i nside the aperture, and hence be displayed as a rough, nmulti-col ored
inside edge. If the Alum num netal |ayer 7is deposited directly on the gl ass
wo 02/.~cs32 11 PCT/ LI SO 1/50911G | ayer, prior to the deposition of the
first SiIQ2 |ayer, then the first SiQ2 |layer will seal the A um num net al
away fromthe first layer of 1TO In yet another enbodi nment, a barrier
netal |ayer 43 may be forned between the ITO | ayer 42 and the al um num
"reflective |ayer FAgure 4sis argovsisactimngliyiewof therpuoriagt micspdisplay tiericd shomm i3 i s
preferably Tl J: . e )yther simlar alloy. The advant age
PP 8 RGO, TR ok

. of using a bagL?fl ér e _ : tal or metal alloy that does not
react with 1TO Thguelsegstar @eRasbisdnhy viet cﬁ‘%ﬁ[ﬂridr]th@tt micﬁ‘@di?ﬂlﬁ}cfléﬁée{i}l}lﬁ&raﬁﬁ%ct' on
n ot her

is nuch | ess or nonexistent conpared to that of Al um num
enbodi nent s e & kendnciize gpoxsheanmestoa, lexncieiti ari RER bobwyter thefiT@ coaflb@diei ve
10 or an absorgltive material 54 is deposited, in this case, over the top

surface of the gl ass layer 26. It should be noted, that the additional

| ayer of reflectip G ; LV, d 4 C osi ted
over an anti-ref Irg trie\siel@tc&z%%%}%% e%%mf\fﬁﬂgﬁé P%l%%%@@“t%gﬁ Oétlléraﬂeréié Fg&o%&gﬂl top
surface of tusmggllamid tyytat dizglay dbvdceldtbivin iankd ait.ayer of absorptive nmateri al
54 would .preferably be fornmed of a black chrom um material, although other
15 absorptive natfégirals it sipsaserdionaleviewTh aauitredisnal dedgeracefrdingf loethei ve
materi al 54 bly be formed of an Al um num Chrone or ot her
sui tabl e rretpg?sgléﬁng{q?%g' as reflective layer 44. The | ayer of reflective or
absor ptirge mat er iFagurd48 ieW drqes-eéstioalll Viehe ofaRO S48 dagitdakd Ghediakdd &0
process simlar to that used in formng the reflective |ayer 44. Al so, as
t hose of or diopduofive layer(s) and tedeetivie laydi(s) epploged at the mictalspldysdevide shown
pol ysi | i con.rr?t eri;tl may be 20 applied to and between the layer s formed on
the top surfAcEYT the glass |ayer 26. The nmicrodisplay 16' is preferably
constructed as f g g F ' : .
reflective | ayer ((ﬁslélgﬁ?,ls glg{%raén %or ﬁégt%éﬁ%? ﬁgqgésg?gé%%%lﬁ%‘éﬁi rr?ﬁgc@e%goér ate
step, the i mbsgpaveldyais)ansed in genéatingthedmptdved dldck C@mestiftsit pavtj&td Potethe 28.
Then, both the glass |ayer_ 26 and the silicon substrate |ayer 28 are coated
with a rdn- damaYceresa 028 LGy devicesarsprding tg thioprgsant twentigier .~ The pol yi mi de
| ayer is preferaly: l. i ) AL e | mat 1000 _angst.r ons
Fidp @00 Gk el RAREBlyPBRbRIIR! & e ek e TR

or less. The gl ass raye using
sprayi ng or adepisddITOncdRiabivedagar(sh Bhidregettherlajdi@) empRged ay@e nﬁ@-o@i’spfa?e

silicon substrate |ayer_ 28. The epoxy ring 30 is placed around the outer
edge of t he dgvig8 §hqvayByFigareok silicon substrate |ayer 28 using a screen

rinting or jettimn rocess. The .gl ass | ayer 26,30 and.the silicon

gubst ra'? e Ialyer féﬂggé ﬂ%%ﬁmﬁﬁtg%&gnﬁlé&“fo Y& anethen ed’gbc@?mf“%t $it1Fq BSSIPYE ¢ he
W O 02/ G3832md 22T hthd SO / i B\ CENE Aok n i i ch
i's then plugged. As i Fooo o%gg%élivha&?/}b@i hePleciDE O e %"SB%%E%%“%, t he

exact order naftrodfsplayeshbenimigereol0.t hese steps is not critical. For exanple,

the step of applying the epoxy. ring 30 coul d be perfqorned before the step
of spraying the é#"&ggg Héﬁ’&éir@%‘.ng%%ﬂﬁ@%mf gmpeimenp O?Hlﬁéﬂ?ﬁebtﬂni"%“tlon will

suscepti bl e J ef 1 i I i f i £
enbodi nent s I%Bﬁ]elsr/eg%éfs aﬁ[’;e\(} gqgé géé{nlﬁgz%%n% E%Ul\c/\é/ad';il %{5@5 rlr%ﬁé o?n @R‘éﬁ grfogl\?\flhrégleand
are herein gegestioneystem deil dk|disclifsedhoway bebathgietsd andl inddeveain, infohak t he

description herein of specific enbodinents is not intended to limt the
“inventi dA t FresA ip¥enticay| Hie mepaskromesprpisetian sysigm will bt ecfermask toageperatindy

intention i 0 al Lficati ival ents,, and alternatjves
falling wi t%?fﬁl%{lﬁeeﬁ/lglléﬁl?li ]tjo ﬁ%&ggsg% S ncfilEs o s e 12,2 neltinf ft?i)get t,
appended cl aifi®rodispM¥ 19, 4 aprofdonlidns 18.

The light source 12 is a conventional Halogen Tungsten lamp that projects a light
beam/reflector 20, having both types of polarization, i.e, Type-A and Type-B

30  Polarization, onto beam splitter cube 14, The beam spliﬁer cube 14 reflects light of one



CLAIM5 1. A mcrodisplay device, conprising: PCT/USU h(19U(i (a) a matrix
of pixels disposed on the top surface of a substrate; 5 (b) a | ayer of
transpare ial having a top surface and a bottom sur LJae. bottom
surface o?kga|5§?ayer of transparent material being dispogggﬁgayégg%t to
the top surface of said substrate; (c) a seal disposed between the
substrate and the layer of transparent material, said seal arranged to form
a perinmeter around the matrix of pixels; 10 (d) an annulus fornmed by a
regi on bounded by the top surface of the substrate, the bottom surface of
the layer of transparent material, and an inside of the perinmeter formed by
the seal, said annulus being filled with a liquid crystal; and (e) a |ayer

" of refl ecti VEreneft Ralrigation. o EYPehdt msetransméts tight eflithe atler dfpet dfepcdarbatiomt e

and the bottom.surface. e layer .of transpacent. material , sgjd | ayer of
i5 reflecti \?Eg"ri‘ftp i 'a_filgglgf’{ Jg}r'l??é%%f)%”%‘roﬁlﬁldéﬁﬁﬁr@n‘é{mgﬁﬁc?ﬁlﬁlﬁ‘étehz‘?rian gjre
pi xel's. 2. Bgndligft QU TSH-BYholevafR i@ feRtisldngid f?le%ilﬁla(gélj g, T ilngs iSCS?lH?’[lI sing
a layer of reflective or absorptive naterial disposed on the top surface of
the | ayer ofin Figunspas ant baimg sidctdd, apbthteraflects ighf of Type-4 pakEzabauwdhdle

matrix of pixels. 3. The m crodjsplay, device according . to claim1, further
conpri si Ag &ﬁ?‘% “‘E)POIEBZ%‘BH{R?E% itq ghe pQuipe B%sB%ba‘?t?\/@PWPH@ Figytre 6ras

surface of I erial .4 e, m cr.odi splay,.devi ce
accordi ng ttgggllgg?%@%?’%\%\lﬁglgﬁgﬁaﬁ?gm%gggbg%‘&roefft lfee%ﬁgﬂ%wﬁ@ttgﬁ:yggbi ?lﬁ?éﬁos ed
over the | ayeflecaf theolight Glolw 6f MebE€MW Pblarizution NatoMminer RdinS flawr dedd ¢£ REAr di ng
to claim3, wherein the |layer of conductive 25 material is disposed over
the |ayer offapgniteid e {he migiediondens 18, witieh initern dnspitsiy talthei displaaccmen(mg t o
claimb5, whr%%i r; a layer of polysilicon material is disposed between the

| ayer of co }¥th ve material and the | ayer of reflective material. V1' O

12/ 418 14 PCTis SELIAL G e JH; j i a '
E:I aim 3,318f urt her ngn%?({l%%lgé}a@g‘lzaer glai’ t‘{;ﬂl% %??ﬁﬂgﬁﬁgﬁ%ﬂl(g\%gdgﬁg{ ?S%%egﬂi n

sai d annul ugrojedtionhomitot thaslisyeyc ewrsent eccprddvend thdierdsep muerftmae will dohe be

substrate from. ogi n& jn contact wwth the |ayer of conducti ve mat erial. 8.
The ni crodi SpFEediEviially with piRencg te Bigureal- nihe migsedisnlay denice 16+ dumed of a

material 5 ri & e f , r consi-sting of
Al Ui nam pl et Ko nary e SCRETRRy Saap YRt AT IRk A Bhinsye
devi ce accorAdiboggl smeallaigeb@etrit Wih&isfons amprieiosgbla abatitro@ispla® Hedicdsa¥@ice

di sposed between the |ayer of reflective material and the |ayer of
conduct ilfe AneEeoxer time Forthemeres es thosp phgrdieyy sl in drepart siithgpprecteatheat ri x

of pixels dispos on@a substrate:. (b | ayer of transparent materi al

di sposed adjlag?@greﬂfg?%@gﬁadl euéﬂg??dg?f@?“)%ﬁgm(’éé’m%{“In}ﬂt?eé}aﬁof reflective materi al
di sposed bet ween T3Ridicfodplayalcealdn thefbda kaNi@bndilktol LARRRH &ibktrARISEI 7.,
said | ayer of reflective naterial patterned to forma frame 15 around the

matri x of pideinsegrated cifeuit (riot slowiryph dyrmwd cwr thiertgp swrfack aif rthd Gijicdru sutseate
conpri sing | ayer of reflective or, absorptive teri.al disposed on the top
surface of ?qygﬁ)é T dﬂ’é’ﬁ‘é@?é{l& el é?%@glu%wlegﬁﬁ‘?‘f’%[ i thgarta T he Apegated
matri x of picxeh ; Al ' . [ r.di aj )

Furt hor “Bomorrar soeing Elfalfy Sf SECERIE BN K PRERIELTH fhefilh Ad D

mat eri al andispley. SWhat 4 particulselbchinaah tiey dispige seréan it desied t bé imtigdtedhaund

the matrix %di\eiidﬁa?ll Si'xel in the integrated circuit corresponding to that location is activated
(selected) using known addressing techniques.

A sealant 30, preferably formed of an epoxy material, is placed along the outer

25  edge of the layer of glass 26 and silicon substrate layer 28. The sealant 30 forms a seal

between the layer of glass 26 and silicon substrate layer 28, and around the matrix of

pixels. The region bounded by the layer of glass 26, the silicon substrate layer 28, and

perimeter sealant forms an annulus 32, which is approximately 3.7 microns thick. The

annulus 32 is filled with liquid crystal. A plurality of beads 34 are placed between layer

30 of glass 26 and silicon substrate layer 28 to maintain the spacing between these two



13. The m crodi splay device according to claim 12, wherein an annulus is
formed in a region bounded by the substrate, the | ayer of transparent
material, w@dnd b seal. 14. The m crodisplay device accor aim 13,
further conprfggﬁg a liquid 25 crystal, which fills the aggﬁﬁﬁgﬂﬂﬁgé The

m cr odi spl ay device according to cIa|n114 further conprising a |ayer of
conductive material conprising indiumtingoxide, said |ayer of conductive
mat eri al di sposed over the |ayer of transparent material. V1i-' O
(12/-4C832 15 PCT/ LI SULl/ ~09f 11~ 16. The m crodi spl ay device according to
claim15, further conprising a plurality of transparent beads di sposed in
sai d annul us, which act as spacers to prevent the substrate fromcomng in
~contact wi thldyess. | Apebedals 3doarel pedferully feinesd off a glads off pelysilicsroghatBhramdigei ce
according to claim 10, wherein the |ayer of reflective 5 material conprises
a netal sel ecreferablydeiwase 3gnddpnietons insthickeessf  al umi num  pl ati num chroni um
'copper and silver

pi xel s di sposed or;[hg 5?%159 ]rcg;[ gy%dsﬁ lhﬁ%(résg?mceﬁ Of)rtggg%lgf I rﬁq Sﬁ&‘? Wﬁﬁgatmrlgex °

di sposed adj %?Qﬂé 1TO coahititdIRGE abPiheadlectiVe (ir(d Usay BT pdbratiff HRChHIpr&var
absorptive erial disposed on'a top surface of said |ayer of transpar ent

mat eri al , Ssaibthckefjeane aﬂcondafgl todhé presematirventon, patl tremnesidisansfedr witlardferane to

around t he rix of 19.. The m crodi s devj ce ac ordin | ai m
TEOU Tt e Mt somRt, 158 i corno e reE engfjagiﬁ?poﬂsmag é‘rR? SHiopB {RgEAO he
llayer of tra n&?&@faﬁ tan@bef k@lj oﬁﬁg ﬁoﬂ@m%‘d?ﬁéer cﬁ{tﬁe I:clig &Jrndl%t ve metal
reflective terial pattérned to forma frane ar o marlx of pi xel s

20. The m cr gglies P8 gircféLblycaracsosd mb@nltsm:hczisandmﬂa%n Uxﬁdehﬂrc)g QT &dpogited
| ayer of conductive material disposed between a bottom surface of the |ayer
of "t r anspar efveniedipstapolanliconhayar e r Inopner elfaraie prabodimenl; jazfecongipolyilicon

m crodi s aydeV| e a d|n cl aj V\/nerlnthelae refl ective
20 or abglgrptlle:r n‘alfrgfr%fag’yanﬂg?a S 15 gﬂ %vﬁf or%cl?nducuve Eﬁl?aé/ﬁ ?E% 8I ayer

of reflecti veestd@ohdlctiv® MRtal &§6r 42, [f&lf@hbw ebraet 0 ITO AR UERBItET S1eP tHeQR&IHat | Ng
of alum num platinum chrom um copper and silver. 22. The m crodispl ay

deV|d ce accor giofygilicon dayser o I@m ﬁgwoﬂafemdosaprlwmh:*@f Iaolxﬂfllmloalanﬂycoodudtlayena?lpf
25 mat er | al | Beriand iepeoira ey doorel Bk bR apidjelts wRihen s ARbFEms ¢ ne
! 23' ig AOfAYC 2\2%&&1‘{%\8 Og%k?{dtﬁ %\9%95 b@tﬁ%ﬁla&dfa %L@l&%&%ﬂ deﬁbsli_"udai techniques.

Cl ui! L| wsmhcThébelajas bE mhesihlcad sled dapbsisdddalideldnessee abll &hoal maheat.cal ca] cal ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] e&alﬁca] cRa] ca! LSTBn-1j Q w mhc”Y] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] | woatiecale &) }%’ﬁﬂscﬁ]%lé]@@%}rb%t{f@&%ecﬂf@éﬂf aFpE I PHea) ca
B
}:?ﬂ 3@}#;?$$$§W¢Hm‘7 (I%{: e trczd(e(?%eia)cg_ﬁ eé reﬁlc(lj ﬂ?] 1sso 1ate acgfcen] re on l] cal c
a] ca] ca] ca] capaajdtiat wkﬁ&bmhqa&]ecad ahﬂa]rhab@lﬁiu@aw}ecmb@m]a ke&hﬁcah:z }@adeca' Y
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embodiment of the present invention, an additional layer of polysilicon material 46, e.g.,
Si0,, may be deposited between the conductive metal layer 42 and the reflective layer 44,
and another layer of polysilicon material 48, again, e.g., SiO,, may be deposited over the

5  reflective layer 44. Encapsulating the reflective layer 44 in a sandwich of polysilicon
layers has the benefit of preventing the phenomena known as metal wisker growth.

It is necessary that the reflective layer 44 not cover the matrix of pixels.
Accordingly, the reflective material deposited over the portion of the conductive metal
layer(s) 38, 42 adjacent to the pixels, should be removed, preferably by an etching

10  process. A mask 50 preferably having the pattern shown in Figure 9 should be used for
this purpose. However, as those of ordinary skill in the art will appreciate a mask having
other paiterns may be used. Preferably, the mask 50 has a grid 52 of the pattern shown in
Figure 9. The grid 52 is provided for aligning the glass 26 on the silicon wafer used in
making the individual die, which forms the silicon substrate 28. It is also important that

15 any non-conductive layers deposited on the conductive metal layers 38 and 42 be etched
away in the region adjacent to the cross-over epoxy, which connects the flex circuit or
PCB to the conductive ITO layer. This is necessary to minimize resistance.

The reflective layer 44 reflects any light that strikes the layer. Such light is
reflected onto the bean splitter cube 14, which in turn reflects it back to the light source

20  12. The area where the reflective layer 44 is déposited is thus projected onto the display
screen as an area of complete darkness. It appears to the viewer as a black frame.

In an alternate embodiment, the reflective layer 44 is placed between the glass
layer 26 and the first polysilicon layer 36, as shown in Figure 10. This embodiment is
preferred because it is a configuration that avoids having the aluminum metal layer 44

25  come in contact with the ITO layer 42. In some cases, the Aluminum metal layer can
have an adverse, electrolytic reaction with the ITO layer. A form of corrosion would
develop, rendering the ITO layer electrically nonfunctional. It may also worsen the
optical characteristics if it occurs inside the aperture, and hence be displayed as a rough,

multi-colored inside edge. If the Aluminum metal layer is deposited directly on the glass



3 &10%@ & 109%6& () - +@10%6& () -
QS$! 1096& ()-9"#1096& ()- @ 1096& ()-9, - #1096& ()-j QJYNC 3 &10% 105 105

105S3: " 10%&, ().c:58! 109B&' ()-, 6" 109%B&' () - S, 5109%&' () - &s3-#1,09 '8 - aBYNC
3 &10‘V@%§2é‘}§3.§3 (109%& ()- ' 109%& ()- ! 109%& ()-s 10% () PEERE ooy
FI'T1TWHEAEYNC 3 &10% ! 109&' () - &&@*#10%&' () - &10%&' ()- @& 109%& ()-@ 10%& () -
S"109&' ()- WH##) $$$2960EYNC 3 &10% +#10%& ()-@)! 109%&' ()- @!109%& ()- @&
109%& () -  $&I0Y&R ()-&" 109 ()-2990&&/ ' ' aBYNC 3 &10%®D 109& ()- @D
109 ()-!'F3"109%& ()- , &0 109 ()-,.!'10%& ()-,,!'2109%& ()- "' 7(R(S(T(Wd(f(bC
3 &10% 109%&' ()-10%& ()- 10 10 10; 10%&k ()-@:!'10%& ()- @B
10%& ()-f(v(((H)))dEbC 3 &10% 10%& ()-3!109& ()- :10%& () -
S 109 () -, - 10%@¥ef, )prior 1OUR' depogitiontof?the MBI Jaykel Obnt t1#é Q3BSi0) layer will seal the
$& 109" () -"#10%&k' ()- !109& ()-f-#109& ()- !109%& ()- & <000113 11dEbC 3
- &10% ! 109 ( Plemingogmetpl avwag) oo tie) firstdgyer 05&FQ.) -
S Y3Z(10%&' ()--& 10%& () - &1/ 2021222>2 2bC 3
&10((%) ! 10%%.) ()-110 }%L.y%t;eg Tb%})?z%mfﬁy%%(%?lel metal layer 43 may be formed between the
ITO layer 42 and the aluminum reflective layer 44, as show in Figure 11. The barrier
5 metal layer 43 is preferably Tungsten, Titanium, Chrome or other similar alloy. The
advantage of using a barrier metal is that it is a metal or metal alloy that does not react
with ITO. The electrochemistry is such that the electrolytic reaction is much less or
nonexistent compared to that of Aluminum.
In other embodiments of the present invention, an additional layer of a reflective
10  or an absorptive material 54 is deposited, in this case, over the top surface of the glass
layer 26. It should be noted, that the additional layer of reflective or absorptive material
54, would actually be deposited over an anti-reflective coating 56, which is deposited
directly on the top surface of the glass layer 26. The additional layer of absorptive
material 54 would preferably be formed of a black chromium material, although other
15 absorptive materials could be used. The additional layer of reflective material 54 would
probably be formed of an Aluminum, Chrome or other suitable metal or alloy as reflective
layer 44. The layer of reflective or absorptive material 54 would preferably be deposited
and etched in a process similar to that used in forming the reflective layer 44. Also, as
those of ordinary skill in the art will appreciate, a layer(s) of a polysilicon material may be
20  applied to and between the layers formed on the top surface of the glass layer 26.
The microdisplay 16' is preferably constructed as follows. First, the ITO
conductive layer(s) 38, 42 and reflective layer(s) 44, 54 are formed on the glass layer 26.
In a separate step, the integrated circuit is formed on the silicon substrate layer 28. Then,
both the glass layer 26 and the silicon substrate layer 28 are coated with a non-conductive
25 layer, such as a polyimide layer. The polyimide layer is preferably applied to a thickness
of approximately 1000 angstroms or less. The glass beads 34 are then sprayed, using an
electrostatic spraying or deposition technique, onto either the glass layer 26 or the silicon
substrate layer 28. The epoxy ring 30 is placed around the outer edge of the glass layer 26

or silicon substrate layer 28 using a screen printing or jetting process. The glass layer 26

30  and the silicon substrate layer 28 are then mated. Next, the annulus 32 is filled with the



10 10 10&<#109%& ()- 223394475dEbC 3 &10% ! 109%& () -, & 109%& () -

,U109& ()- " 109& ()- ,f!109%& ()-,!109% ()- 7555CBJ666dELC 3 &109%6 #109%& () -
19109 (Vo - 109 ()-, ! 109& ()- ,!109%& ()- @109%& ()-6T888§) G,3 &10%
19109%&' ()WO,‘ég(’/%%&' (Y- . MOY% ()- ,,Z10% ()-3+@109%& ( CHAR S
,SPI10% ()-9: X ::;P,QRAE:/ 10 10<10%& ()-VY::10% ()- @B

109& ()-, 6! 109%& ()- S5: 10%& ()-F3 10%& (>R S; ;b:r:;::<xY7/ 10'S

10965& ()-S S1096& ()- :1096& ()- "1096& ()- 1096& ()- 1096& ()-
10<<<&=q===dE7/ 10'S &#109%6& ()- @Q1096& ()-' 1096& () -

@0%B& ()-3' 1098 ()- sy 109B& ()-=&>3>>>%@v?dE7/ 10'S $' 10968 ()-

& "1098& ()-S 109%B& ()- ' 109B& ()- SSF109%B& ()-S 109B& ()- v???9aamiE?/
" 10! S 3.' 109%@iguid)crystal through an opening, which is then plugged. As those of ordinary skill in the

art will appreciate, the exact order of the performance of these steps is not critical. For
example, the step of applying the epoxy ring 30 could be performed before the step of
spraying the glass beads 34.

5 While the present invention is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in
the drawings and are herein described in detail. It should be understood, however, that
the description herein of specific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the intention is to cover all

10  modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.
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1. A microdisplay device, comprising:

(a) a matrix of pixels disposed on the top surface of a substrate;

5 (b) a layer of transparent material having a top surface and a bottom surface,
the bottom surface of said layer of transparent material being disposed adjacent to the
top surface of said substrate;

(c) a seal disposed between the substrate and the layer of transparent
material, said seal arranged to form a perimeter around the matrix of pixels;

10 (d) an annulus formed by a region bounded by the top surface of the
substrate, the bottom surface of the layer of transparent material, and an inside of the
perimeter formed by the seal, said annulus being filled with a liquid crystal; and

(e) a layer of reflective material disposed between the top surface of the
substrate and the bottom surface of the layer of transparent material, said layer of

15 reflective material patterned to form a frame around the matrix of pixels.

2. The microdisplay device according to claim 1, further comprising a layer of
reflective or absorptive material disposed on the top surface of the layer of transparent
material, patterned to form a frame around the matrix of pixels.

3. The microdisplay device according to claim 1, further comprising a layer of

20  conductive material disposed over the bottom surface of the layer of transparent
material.

4. The microdisplay device according to claim 3, wherein the layer of reflective
material is disposed over the layer of conductive material.
5. The microdisplay device according to claim 3, wherein the layer of conductive

25  material is disposed over the layer of reflective material.

6. The microdisplay device according to claim 5, wherein a layer of polysilicon

material is disposed between the layer of conductive material and the layer of reflective

material.
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metal layer disposed between the layer of reflective material and the layer of conductive
material.

10 10. A microdisplay device, comprising:
(a) a matrix of pixels disposed on a substrate;
(b) a layer of transparent material disposed adjacent to said substrate; and
(c) a layer of reflective material disposed between said substrate and said
layer of transparent material, said layer of reflective material patterned to form a frame
15 around the matrix of pixels.
11. The microdisplay according to claim 10, further comprising a layer of reflective
or absorptive material disposed on the top surface of transparent material, patterned to
form a frame around the matrix of pixels.
12. The microdisplay device according to claim 10, further comprising a seal
20  disposed between the layer of transparent material and the substrate, said seal arranged
to form a perimeter around the matrix of pixels.
13, The microdisplay device according to claim 12, wherein an annulus is formed in
a region bounded by the substrate, the layer of transparent material, and the seal.
14.  The microdisplay device according to claim 13, further comprising a liquid
25  crystal, which fills the annulus.
15.  The microdisplay device according to claim 14, further comprising a layer of
conductive material comprising indium tin oxide, said layer of conductive material

disposed over the layer of transparent material.
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(b) a layer of transparent material

10 (c) a layer of reflective or absorptive material disposed on a top surface of

said layer of transparent material, said layer of reflective material patterned to form a

frame around the matrix of pixels.

19.  The microdisplay device according to claim 18, further comprising a layer of

reflective material disposed between the layer of transparent material and the substrate,
15  said layer of reflective material patterned to form a frame around the matrix of pixels.

20.  The microdisplay device according to claim 19, further comprising a layer of

conductive material disposed between a bottom surface of the layer of transparent

material and the layer of reflective material.

21.  The microdisplay device according to claim 19, wherein the layer of reflective
20 or absorptive material comprises a black chromium material and the layer of reflective

material comprises a metal selected from the group consisting of aluminum, platinum,

chromium, copper, and silver.

22, The microdisplay device according to claim 20, further comprising a plurality of

layers of conductive material sandwiched between a plurality of layers of polysilicon
25  material.

23.  The microdisplay device according to claim 20, wherein the layer of conductive

material comprises indium tin oxide.



