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CRYSTAL- DI SPLAY DEVI CES | DNNI fI MNN~-N * 1661 66* The present invention rel ates
generally to liquid crystal display devices, such as a mcrodisplays and
nore particularly to an apparatus and nethods for gen®0aMMh@W&n 5 accurate,
visual |y appealing black frame around the inmage being displayed on either a
di spl ay sowgeiuegds for a near to the eye or binocul ar pepydol/sadsi on

m crodi spl ays. M crodisplays are a type of liquid crystal display (LCI»
LCDs are commonly used in portable tellevisions, portab e c

ut er
cel lul ar phones to display information to the user. mﬁgmwwmmllﬂmw
a light valve, i.e., they allow transm ssion to of Ilght and
bl ock the transn ggior: RivisretiouidcrasTRESISNAY sitse. Wien used assasshi gh
resolution infornmation display, as in the application of the present
I nvention, the LCDs are typically arranged in a dot-matrix configuration

wth i ndependent |y addressabl e pixels. Each individual pixel is controlled
to selectively nodulate light froma backlight (transm ssion node), froma

reflector (refl e%ﬁseﬁpﬂeanump&la{es m@uﬁé 1@9 AAisplay @vickd)such W

(transfiective nod The matrix of pixels'is laid out on a_ sem conductor
substrat e or adigodispiaye pndj morp pegtigntasly t? A pRPArRE PRACBGRAGE 05 BeRfERtiRg abr ot her

sui tabl e SUbglatSviatit)adealify Blalil £ AREEhe ik blik Gsgliysa 6RBwRLa gener at ed
froma single wafer or subs%rate %ptl)cal ly, the image generating portion

of the m crodissip sipen ordoreaneste the exe@r bipocularepplinainngcradipilasee of gl ass or

transparent nat erM?L dgﬂé)ﬁlafef}bt?}!,eee&% stﬁ'dfsﬁ]ﬂ%&gﬁbibﬁ @gorﬂﬁonlfl

semi conduct or su str te C as (llustrated in Figure
1. The gl ass usedrmt paatalsdp aelevisiony;a p@tablal copiters, haiddceﬂldatt hmnss td displaySs by a

[ I h I
Carl ant -t ype SRRl Betht k RUR Pt e Teto e o AR B BiBben the

gl ass or f{forapsg Eﬁirbfne sme Q{dlbadck@eh&ﬁﬁlﬁl@ﬂbﬂ@ﬂﬂﬂﬁ&d@bndsswhsmhﬁseais or silicon
S, and inside_t perineter seal PS, as alpi‘ ho in Fllgvure 1, The region
i nsi de of théhtﬁér"?sﬁlé?‘é’rm@ﬁ%“mi‘ displayyasyin foe gpRUEAER pftheReseR | ¢ abl e as the

view ng or  aehsVge ayRenllff arfalgd dinSp &Ymaﬂnxeeonﬁélﬁ’dtﬁn | it h}ﬂe@h&aﬂymer e the
pixels and | Iagdlilfclas(sjabferpnfetlsa Ez%}r1 E1}nd1v1dua1 pixel is controlled to selectively modulate light
from a backlight (transmission mode), from a reflector (reflective mode), or from a
15 combination of the two (transflective mode). The matrix of pixels is laid out on a
semiconductor substrate or die, which is produced from a semiconductor wafer or other
suitable substrate such as a silicon wafer. Multiple die can be generated from a single
wafer or substrate.
Typically, the image generating portion of the microdisplay, is constructed by
20 bonding a piece of glass or transparent material G to an electrical circuit fabricated on
a semiconductor or other suitable substrate chip S, as illustrated in Figure 1. The glass
or transparent material G is held to the silicon S by a perimeter seal PS, which is
generally formed of an epoxy or other similar éealant—type material. Liquid crystal LC
fills the region between the glass or transparent material G and semiconductor substrate
25 or silicon S, and inside the perimeter seal PS, as also shown in Figure 1. The region
inside of the perimeter seal is generally considered to be available as the viewing or
active area of the display, i.e., this is the area where the pixels and liquid crystal are
located.
A drawback of this construction is that when an image is displayed upon a

30  screen or viewed directly, from the microdisplay; the perimeter seal PS, and any space
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| dcat ed. A drawback of this construction is that when an image is displayed
upon a 30 screen or viewed directly, fromthe mcrodisplay; the perineter
seal PS, and any space 11 ill is IIl 11l 11 *000002* 8 O MAY 2005 WD

02/ 46832 PCT/ USQO /50906 2 between the inside of the pgQi mmt @sseal PS and
outer perineter of pixels, are visible. In a projected or viewed inage,
this regh“bggm%pe display is not visually appeal i ngecr/éSopsober dr awback of
this construc{lon is that stray |light bounces off of the perinmeter seal PS
surfaces and surfaces adjacent to the perinmeter seal PS. This can lead to a
5 reduction in the contrast ratio of £he display, which is undesirable. In
one solution to the above described 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 solution, the frame is forned by cutting a piece of nmetal coated

bl ack into thewsdesieiRillepfthé firiteted 486 PSRA lterfperiater oBpikdleire aidibr &d to the top
surface of the glass G Alternatively, %gg(}r?ne 10 i,5s orne%_by deposi ting
a bl ack ink ®Eryasied (o5 yiewsd imase. Bis TeRiEn G o189 S o vigRdy ARealinga t ern. The

bl ack col or @fthdd@raaBaHci of thiOdondthiktioR RS BatDsbrap LigHA Borlne @ UEf SPlthe gemihelehUs prevents
the image of the perineter seal PS frombeing visible as shown in Figure

2. Any ot her seal PSyburfagestand surfages @riaeat odbopyrigneler grak BF. Phigjcpn leadta &f | ect ed
back. Thus, . S ' ' : f hs nade so that the
5, SRR b B gk i R

peri meter “sea C the 15 image that are not
desired to be prdjend ebifion ® thr abbecdesalibéd problemsin dieerpriof irtylatblack frameyr ot ect ed

0 o BRI Sl R 1 YR el R o, L
| i ght. Anot hgimé B fSaRH by suttir@\i pidéa bfuhétaixoated black into the desired pattern. The
metal frame is then adhered to the top surface of the glass G. Alternatively, the frame
10 is formed by depositing a black ink on the top surface of the glass G in the desired
pattern. The black color of the coating or ink absorbs stray light SL, and thus prevents
the image of the perimeter seal PS from being visible, as shown in Figure 2. Any other
light L that is directed onto a pixel P will be reflected back. Thus, as long as the
opening in the frame is made so that the perimeter seal PS (and any other aspects of the
15  image that are not desired to be projected) is protected from incident light, the protected
image will be masked.

There are, however, a number of drawbacks to the Black Frame and Black Ink
solutions. One is the parallax of incoming light. Another is Snell's Law. Parallax
refers to the phenomenon where lightwaves which enter the glass are not perpendicular

20 to the surfaces of the glass. These light rays strike the interior and exterior faces of the
glass and the pixels on the Fabricated Semiconductor at an angle and are reflected back
out of the glass at a complementary angle.

With the phenomenon described by Snell's Law, light waves are bent as they
travel through glass to air and glass to LC fluid boundaries, in each direction, into and

25  out of the glass.

Because light rays must travel through the thickness of the glass G before
striking the pixel array, the impacts of parallax and Snell's Law must be accounted for.
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



refers to the phenonenon where |ightwaves which enter the glass are not
perpendi cul ar 20 to the surfaces of the glass. These light rays strike the
interior and exterior faces of the glass and the pi er s on the Fabricated
Seni conductor at an angle and are reflected back out38f M 3‘1@ ass at a
conpl ementary angle. Wth the phenonenon descri bed by Snell's Law, |ight
waves are Qenbu@s they travel through glass to air awdvgliaessto LC fluid
boundaries, in each direction, into and 25 out of the glass. Because |ight
rays nust travel through the thickness of the glass G before  striking the
pi xel array, the inpacts of parallax ahd 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 finite distance, D between the edge of the black frame BF and the
first so I\/AYM&unMMEGBB@ tEKHiéthﬂS@ﬂ:éHi@lﬁGﬁJsttﬁavbllthmughnmgaks@x&la P due to
t he di stance the ht [ veI rou ass G ,See ure 3. By
cal cul ating tFllﬁuée% g’(&aflucé’ tmg taB‘bcsglso‘fo htflf)gcpggveéqpoaﬁ °8ﬂm}§ﬁézﬁ|“hg‘g5| ze in the
bl ack. frane Back Rade BF kHat @l anwwmapprpmameglai & theaéplR tObe Mlagingtegpl ay to be
illumnated, so that the perinmeter seal PS is covered, but the pixels are

left open. HoAdwRbibe PPrfmqt%éeatP%ﬁgqozéer@f bigt the; Reslscase 16f: opge TOMEWTADEE | i ght rays
varies, why chpjit o%&l@éﬁcm oh@ﬁl%gfslf‘ghﬂfa#daﬁes Wi Hemdh ssaskauandmk# of each

different 1ens system the region of lay that is illum nated
changes. Two lmlcfentemhtanérﬁ# off eagh fllﬁ”sr@ntljﬁnscsﬁﬁemvéhfereaewef Bpdplenthgell with this
| atter probl g %ﬁ ypl ves creating a custom bl ack frame openi ng and

| ocation for eaclﬁ P rent to optical lens system A drawback of this

sol ution is t hat ﬂ‘wodlé"qngntrpdgramglmtmmzvalteldmlooédtwmidmtlstharlattoltmd:im se standard

product. Wi of RGRRESERLRLOMNE 08 oAl ARIIh LIy 181 fiftegol ut i on to

this latter USVOEVes I'ncreasi ng e nu s on the
silicon. km tdpuéhl s ayngered drawback w$ éds' sobitise isstha d mqmm ctrsmnﬂzbﬁmpﬁrl met er
seal or black  frame _are driven ?)I agk A dra wbaclﬁﬁo t hi ution is that

it reduces th¥hisrgdthepyisesangard produck “which increases prodygt sagt iy cq“}ph) %ach waf er
because each giotHef@utidh & this 1ah&caf®&ﬁﬁdwbmes ifdreaing tﬁmhﬁtefof@rxawaﬁuié of this

latter solut Is(ljhr::orll SInt {l]naétarrléxtl)glex%gnisc" umllséde | p?xeﬁlaad%rc.:e%t Pooti-xe penme er seal or black
frame are driven black. A drawback of this solution is that it reduces the number of

15 displays that can be produced from each wafer because each silicon die is increased in
size. Another drawback of this latter solution is that "black" pixels BP are not truly
black. This is because of the contrast fatio of the display. Thus, with this latter
solution, a gray region GR is projected between the black frame BF and the projected
pixels PP. This effect is illustrated in Figure 4.

20 The major disadvantage of the solution employing a black frame or printing
black ink on the top surface of the glass is that the tolerances in the size of the opening
of the black frame. The positioning of the black frame poses additional problems of
requiring 20 or more additional pixels on each side of the display to compensate for
these inaccuracies. These additional pixels not only decrease the yield from each wafer,

25 but they also create the gray ring to be displayed in the projected or observed images
described above, depending upon the microdisplay application.

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.



bl'ack. This is because of the contrast ratio of the display. Thus, with
this latter solution, a gray region GRis projected between the black
frame BF and the projected pixels PP. This effect éb% ted in Figure
4. 20 The mgj or di sadvantage of the solution enploylﬁbb I frame or
printing black ink on the top surface of the glass is that the tol erances
in the siagoedussspe opening of the black frame. The poBUSI/EMéNg of the

bl ack frane poses additional problens of requiring 20 or nore additional

pi xel s on each side of the display to conpensate for these inaccuracies.
These additional pixels not only decr dase the yield fromeach wafer, 25 but
they also create the gray ring to be displayed in the projected or observed
i mges described above, depending upon the mcrodisplay application. Yet
anot her di sadvantage of this solution is that because the black frane is
outside of the fctathepprabien oith ukisg blpdi frees isthamal (manegemowalThpbledle is at the
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t her mal mnaﬂi@ﬁ%ﬂérgy fig@in |pﬁ)§‘dét|onf dystaias, alsing miicrodispiny g ywithamctabdingsit becomes  hot .
Renmovi ng t he ener parti rﬂ“/ in high energy |lighting projection
systens, usi ﬁﬁn%F ﬂ‘?@fWﬁ%s‘sP it causi ng it to danage the liquid
crystal, iss problgiBhbther dﬁw@ﬁdk'o'f udpOBIALR Frafes WkpHiecKorOthe wﬁlsﬂ&cbbﬂﬁk franes,

applied on the top surface of the glass, is that acturi such
devi ces i s egloesnisithab maguiachiring ﬁﬁ%d‘ﬁ’éﬁs ¥ Gxnsesiveq Feeh ﬁraé‘leqiaﬁ@ t’r"n“‘é‘i“’ggﬁ’spl ay one

at a tine. B%"Hﬂ dlﬁjlz{y%@?c'lthn{eo BELaAR GRS Q0lMhded &dbritichlth sfep @fds t hus
requires a | ot ti'me and specialized equipnment. Anot her aspect of

m cr odi spl ayrmww@éfsommmﬁmecwedmuﬁme@sent invention relates to to the
connection of wha Q 8k {é?elm Jdatish defite@ VoOI t age
that exists on a Oll%h%rL%E&Wﬁ%r?&lﬁgnsparsgﬂ%daﬁ#eta v ln( r% |8meT| n Oxide),
which is moattceﬁeOMmedtlbmoﬁwlmtldknmra’saméfC@'l\dbﬁé'Ogigsls Tt!is ispvolfagedbat age sets up

t he potentlal differe cearossthe S t he
ref erence vol?KS§an f &im 'ByF ??We{}tﬂettaéglzagﬂ%%?ﬁé% s(})?heeovl’}%@% ?o;é{eggg i mpor t ant
that the Con@mﬁm&@ﬁxﬁtwoﬁtﬁ@glfisa'@ Ikis odltabensets up thie pétamieldiffmenasactas the ovi de | ow

15 power consunption and hjg ntras
P 11q1r17113 crystal. It prov1des the re erence vo Htage forp tjle 1}( xel voltage on the silicon S. It

is important that the connections to the ITO be of low resistance so as to provide low
15 power consumption and high contrast displays.

Typically, connectivity to the ITO layer I on the inside surface of the glass is
accomplished by employing conductive solders or epoxies E, which connect to the
cireuit (usually by a flex citcuit or printed circuit board) C to the ITO layer I on the
exposed ledge of the glass, as shown in Figure 5. The resistance of the electrical path

20  going through the conductive epoxy E and directly into the ITO layer I is relétively
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
sblution, 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.



Typically, connectivity to the ITO layer | on the inside surface of the
glass is acconplished by enpl oyi ng conductive sol ders or epoxies E, which
connect to the <circuit (usually by a flex circuit or printed circuit
board) Cto the ITOlayer I on the exposed |edge of the glass, as shown in
Figure 5. The resistance of the electrical path 20 goi §d tM&ro2e t he

conductive epoxy E and directly into the ITOlayer | is relatively high.
This is because conductive epoxi es have marginal electrical bond :
capabilities wth the ITOlayer |I. The resistance of ITO coatings varies

with the type and thickness, but a general trend is that optically
favorable 1 TO coatings tend to have higher resistance values. As

m crodi spl ays begin using these optically favorable coatings, the 25
contact resistance will increase further. This increased contact resistance
requires higher driving voltages for the VCOM si gnal in turn leading to
nor e expenS| \f'ge el ectroni cs and/ short.ened tter lvesg for hand-held
devi ces. iree pressah 1NGHon fatireaf ‘i/) o QUSTCRIPgNT Aulrthmi 13?%3& ed for

i mprovi rtﬁa\irﬂiacs@ﬁmeﬁxaiﬂaﬂnqmcrydfwdnbﬂl@(ﬁkwée&arre of the visual display panel
not increase ont act resi.st ce b n T, nd t he
circuit inter ﬁ?ﬁﬁl}ﬁly,%‘ ¢ Rg° 6“%‘8?“ &%’?%wgéc@%ne{y d%]l\%g)é?&% B i r ect ed to
over com ng, Ofa) at iﬁhaﬁlkoﬂplmelsrﬂizpdsgidmwsﬂnawvbacks of the prior art liquid

crystal di spl dev ces... Accor prese rovi des a

ni crodli spl ay @iw cd? Y%rd’r‘}ﬁ?fisg?fﬁg %( él)dlsé’o?‘r'&tafhacenp"fo st %@fgétg:l Sgosed on a
substrate; 5 (bh) aalaweifremfecttvemmpa]rmbsememeezadamubmmdd sad acent to said
substrate; ctive t.er ) et ween said
subst r at 'éyeéﬁg“%rﬁéﬁgm F%i‘fé‘%/l f‘)af’é)]ta?‘ gﬁ’ﬁ?"é‘ﬁf mﬁgﬂ %lrpa&ﬁmedggé?%glaggdgg of reflective

“material ar@@{dttﬁdxﬂeﬁxbﬁpliaf Reharefr ame  ar ound the mat ri x of pixels, wherein

(d) a layer of,cond i teri IS, msurface of
10 the | ayer {5‘? tr%#? é’xgﬁgg%‘feéf’?t%ﬂa?lsg &%@ ‘éerrl 7ed ﬂémglfrﬁagé e) a barrier
net alio | age faybrsof dafipasdndieialyeen the | ayer of reflective material and the
| ayer of _conduct.i. vg\?mat erial. In one enbodi nent of the present invention, a

LCD havi #8"256"7593P B9kd bl ack

(e) a barrier metal layer is disposed between the layer of reflective material

and the layer of conductive material.

In one embodiment of the present invention, a LCD having an improved black
15 frame is provided. The microdisplay of the LCD according to the present invention has
a matrix of pixels disposed on the top surface of a silicon substrate. It also includes a
layer of transparent material, preferably glass, having a top, surface and a bottom
surface. The bottom surface of the layer of transparent material is disposed adjacent to
the top surface of the silicon substrate. A seal is disposed between the silicon substrate
20 and the layer of transparent material. The seal is anangéd to form a perimeter around
the matrix of pixéls. An annulus is formed by a region bounded by the top surface of
the silicon substrate, the bottom surface of the layer of transparent material, and the
area inside of the perimeter formed by the seal. The annulus is filled with a liquid
crystal. The liquid crystal which when activated (exposed to a voltage potential),

25 twists, changing the polarity of any light directed on it.

30



15 frame is provided. The m crodisplay of the LCD according to. the present
invention has a matrix of pixels disposed on the top surface of a silicon
substrate. It also includes a |ayer of transparent material, preferably

gl ass, having a top, surface and a bottom surface. The |ggtpan 2008 f ace of
the |l ayer of transparent material is disposed adjacent to the top surface
of the silicon substrate. A seal is disposed between the silicon substrate
20 and the layer of transparent material. The seal is arranged to forma
perineter- around the matrix of pixels. An annulus is forned by a region
bounded by the top surface of the silicon substrate, the bottom surface of
the layer of tranparent material, and the area inside of the perineter
formed by the seal. The annulus is filled with a liquid crystal. The
liquid crystal which when activatgd (exposed to a voltage potential), 25
tw sts, changing the polarity of any light directed onit. 30 a A MAY 2005
5a This enbduisrembbdiméntofithe presssbinvention,further dneludes 4 lagar of rrleqtiyes a | ayer of
reflective ter.j. al LLi the: e sem conduct or
subst r at BatgHal pagdiicney, ﬁ%ﬁg&aﬁ% q’\cgh;ea‘qu cﬁ%{? ?’ 5 n%glg ﬂ:&?dg%tgy f)d;bﬁtpaﬁeeaf %a?/gr of

t r anspar glade andithe bottim suiifive of thy &ayer of transpitentanaterial. Thalageriofrefleaivpat t er ned to
forma frane around e tri f_ i xal r fdeective materi al
pr ef er abPgtengld Bég?eéq%? a g(ggrémgreafog{la(gﬂels%%/%?%gkg?ﬁ a-ﬁ%nlia}ﬁﬁr%lf pl ati num

chr oni umeflectip etaterisl preéerablyr imglugjesod mstal roptmgtaloallopnt 8. ANMIREL havi ng a
reflectivity of at.least 97% This e ' t £3gNLk invention also
i ncl udesplét"x‘f“aﬁgﬁpmbup’ccgﬁpcffjc?il)vf/re rr%1 e@gﬁﬁcﬁ% r?éstald%]g%dgged 0%1 the bottom
surface gefledtiviey éfay ieast 67%. Thizrspaliremt ofithe present inveTtien dlsgyinqludgs ar ef | ecti ve
material is preferabl J : Cad material. This
enbodi rrem'erf‘@r;?’?@?nvfr%qt%arzg&gﬁgfsgr 5‘1‘ Pﬁﬂ eg%ﬁ{;!?asg{sf?ocg%%# f cggjgs di sposed in

t he annufransparéhtwaatprialir Fieilaygr afirefloctive material ispeferpbly disposedpnghede¥sit t he top

surface of the.sem conduct qr I ; ' [ agt with the
| ayer of of ©BHHYS P! #@‘ ie&b%‘gﬁa{tﬁg& ro%{lg&r% %ﬁm%r ﬁgy laflg%{sgﬁ%r t ranspar ent
mat er i al beads disposeti o the anmhdaoTheyuralitydf bietds agtrae spacdrs torpreyartitegrtopa | i ght

absorptive |layer is .placed. ove he top surf gr of
trans par%‘Fft"c‘r’ré?@FisﬁfP’.cg“Fﬁ‘gorl PURFE ea%osngr 8 'léelhl ﬁogtgérﬁlihn&?ﬁf}semeénbodi nment is
al so pat ¢opdutick thaterfabsmthabditomroéthe glass otitrankperentinateriel.of pi xel s. 8 0 UAY 20ra

_ 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

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



WO 02/ 46832 PCT[ US01/ 50906 6 Preferably, this |ight absorptive |ayer is
conprised of a structure or material with black chromum ink or other
suitable coating. In yet another enbodi mrent of the present invention, a

| i ght absorptive layer is placed on the top surface Qensef | ective

| ayer is placed on the bottom surface of the transparent material. 5 The
present i Lgn differs fromthe prior art soluti { ut nber of
respects.ﬂéﬁgg%g in the preferred enbodi nent, it plggzgg?ﬁgm?rane at the
surface of the |liquid crystal, which is at the focal plane of the optical
system This elimnates parallax, wfich neans that a single display can be
created that will work, in many different optical systens. It al so reduces
t he nunber of required pixels, and allows the 10 die size to be mnim zed,
whi ch decreases the cost of the display. Furthernore, because the

reflective Premlyythid lighebsdirfive e mﬁgedio@u_@t%mrgﬁie&ﬁ%ﬁl Hldeght rather

than absorbs it, it cfoes not generate heat in the device, thus elimnating
t her mal manSGeFERy nkor ofher suitable coafing.; Foygtwpather wiobodimens of thesisesenti nvent i on,

since the f{Refioh,% 1IRhOSERR 1y0Ss j1ed Bfihe g s%ﬁ&é &ﬁ%quﬂehlg\ﬁ ISeASS: 1L
enabl es a photolithography process to be uSed to create e frame. This

al | ons for BlaeeH onthyhotéam susfeerofthe ransparentmeterielbe attained with a metal or pad
printed frane, i LN . ) C a. |l er. die size. Al.so, during
nmanuf act Eri ng, t ens%ﬂglg}s%ég%ld%lﬁﬁljste%gl %h%epglé)flggi SH\F}%I?\ 5 Bri PAPe 9 t he

refl ective pagetter Firstsindhd prefgeaiomdbdiment, it blacds ltachanferaa e saddee bethpl aced on

mul tiple displays at a.ti.me, A Si e sheet aqf gl ass .can . be used to nake
.50 to 100 dﬁ‘@’b‘fé’iygt%sé‘&@éﬁ& at ﬁkﬁi@“ﬂ% %°€§6n‘ipﬁfa&§¥ﬁen?-n§'g{§ &S on
t hr oughput  parallak hwhicld eeansabaee e simleudiaey Wwah bE cRaEd Shat KihRbrkaRjReys and
advant ages gf t he {.%nfgentlon |1 .becone a‘gfgent pon reading the
fol I owi ng dSFEReRteptcsl §ysiems; It glso wrvee '8‘6?%“1’? reqveed pigels ard dllowiibags i n whi ch:
Figure loi Sdiasies @8 nfiize@Mlch Mbctitked the BosDbf Y digdlay, Pheeithrs Blasedevi ce
illustrati ng]%%]g?the basi c conponents of the display a-gparat us. Figure 2 is

a Cross-sec tivg fate Bilizedia thsrmresent dpvention eaflents Lght mshontban abeorkstibun i n
Figure 1 w fiho& Mt%@&rafter RiBin B0 4Gk ke] ﬁiuéjélﬁlﬂf?a%ﬁg tl%ﬂnagt}rﬁn&ggﬂcrﬁ%g lgce of the
gl ass conponent of the display apparatus. Figure s a cross-sectional
vi ew of theld$®i or art m crodi splay device shown in

Furthermore, with the present invention, since the frame is placed on the inside
15 surface of the glass, it enables a photolithography process to be used to create the
frame. This allows for much tighter tolerances than can be attained with a metal or pad
printed frame, which in turn can lead to a smaller die size. Also, during manufacturing,
the masks used in the present invention to form the reflective pattern used in generating
the black frame can be placed on multiple displays at a time. A single sheet of glass
20 can be used to make 50 to 100 displays screens. This has a significant improvement on
throughput and thus decreases manufacturing costs.
Other objects and advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the drawings in which:
Figure 1 is a cross-sectional view of a prior art microdisplay device illustrating
25  the basic components of the display apparatus.
Figure 2 is a cross-sectional view of the prior art microdisplay device shown in
Figure 1 with a black frame, which is disposed on the top surface of the glass
component of the display apparatus. '
Figure 3 is a cross-sectional view of the prior art microdisplay device shown in

30  Figure 2 illustrating the phenomena of parallax.



30 Figure 2 illustrating the phenonena of parallax. 3 0 MAY 2005 WD

02/ 46832 PCTI USO /50906 7 Figure 4 is a cross-sectional view of the prior
art mcrodisplay device shown in Figure 3 with an additional pixel driven
bl ack. Figure 5 is a cross-sectional view of a pri ora__ Qr%%odi spl ay
device illustrating how a conductive epoxy connects e ircuit or PCB
board to {Rfnphésd conductive S5 netal. Figure 6 is a mijragoooexanpl e of the
basi ¢ conmponents of a projection scheme wusing a liquid crystal display
devi-ce known in the art. Figure 7 is gross-sectional view of a mcrodisplay
device according to the present invention. 10 Figure 8 is a
cross-sectional view of the glass |ayer and associated | TO conductive

| ayer(s) and reflective |ayer(s) enployed in the mcrodi splay device shown
in Figure 7. Figure 9 is a diagramof the pattern of the mask used in
form ng the refl Bighievids atrossabgiong viewof thaydor(ag)micredisplayriegiensbowant iong t he

i nproved black frape that, i s pr.qj.ec on the 15 display screen of a LCD
devi ce accor%ﬁ‘ﬁ@ﬁWgﬁ?hﬁjﬂﬁ?%azgﬁfl%hﬁe\?%ﬁa?lfon. Figure 10 is a cross-sectional
vi ew of anot her ephRd iFeBiosskctioha vigvas s phiareermiendisplaysiveics BtiweltidgTO

conductive layer(s) and reflective_layer.(s | oyed, i i.{ he,n.crodi spl ay
devi ce shownhd"he Fugurtixe gRoXErpes 4 fex °‘él£ %'ZPO %aé%ttoﬂg%@'lo ??P%'&}%ef yet

anot her epbogjgent of the glass layer 20 and associated | TO conductive
| ayer (s) and refl ective layer(s) enployed in the mcradispl gg/ shown in
Figure 10. Tur ni Figued islaaliagramaxampple ofithrcbapie epranopents of HRSUTHNICERT t he

present inventli %E-delc{ystmggﬁpge‘g&%gmﬁem@eferri ng first to Figure 6, the

conmponent s ol & Kifown “ono ome projection systemw |l be discussed as
way of backgr oundigared?iincosssectiandl otew off » mitredisphy plesise aecoidingatthon. The

nmonochr ome pr o%ecti on systemw || be referred to generally by reference
numeral 10. BREUESPEM " 10, includes a light source 12, a beam sputter cube
14, a migrodi splFarel 8, is an cko@-spatioab oiemonf the nglasd 8ayer and associated 1TO

conductive layer(s) and reflective layer(s) employed in the microdisplay device shown
in Figure 7.

Figure 9 is a diagram of the pattern of the mask used in forming the reflective or

absorptive layer(s) used in generating the improved black frame that is projected on the
15 display screen of a LCD device according to the present invention.

Figure 10 is a cross-sectional view of another embodiment of the glass layer and
associated ITO conductive layer(s) and reflective layer(s) employed in the microdisplay
device shown in Figure 7.

Figure 11 is a cross-sectional view of yet another embodiment of the glass layer

20 and associated ITO conductive layer(s) and reflective layer(s) employed in the
microdisplay shown in Figure 10,

Turning to the drawings, the preferred embodiments of the present invention will
now be described. Referring first to Figure 6, the components of a known monochrome
projection system \ﬁll be discussed as way of background and incorporation jmto the

25  present invention. The monochrome projection system will be referred to generally by
reference numeral 10. The system, 10, includes a light source 12, a beam splitter cube 14,
a microdisplay 16, and a projection lens 18.

The light source 12 is a conventional Halogen Tungsten lamp that projects a light

beam/reflector 20, having both types of polarization, ie, Type-A and Type-B
30  Polarization, onto beam splitter cube 14.. The beam splitier cube 14 reflects light of one



The light source 12 is a conventional Hal ogen Tungsten |lanp that projects a
light beam reflector 20, having both types of polarization, i.e., Type-A
and Type-B 30 Pol arization, onto beamsplitter cube 14. The beam splitter
cube 14 reflects light of one 3 0 MAY 2005 WO 02/ 46832 MAY/20801/ 50906 8
type of polarization, e.g., Type-A and transmts |light of the other type
of pol ari zgbiofdessz €. 9., Type-B. Light of Type-A pol ar¢wesovsos s | dentified
with the character "A" in Figure 6, and |ight of Type-B polarization is
identified wwth the character "B." Pixel 22 is shown in Figure 6 as not
bei ng selected, and thus reflects light of Type-A polarization, without 5
changing its polarization, back to the light source 12. Pixel 24 is shown
in Figure 6 as being selected, and thus changes the polarization of the
Type-A light to Type-B. Pixel 24 reflects the |ight now of Type B

pol ari zat i ontypmofpolaization g, Jppe-A.tand trangmyiss light of e ether tyne o golirizalions t o t he
projection |lens.18 i h D U g E LS ad Lo ng P reen (not
shown). 10 Thié’ ’H}{pg-r’B om@‘gqua@?@% f)lcgz‘%ga ﬁ@‘%ﬁ\%ﬁlﬁg &ngltetﬁee%hgl'?cetés} g‘n]n?ﬁ{n%?%ved bl ack
frame for pesehélght of TypeB polurdweticdiisipdntiffedsdthéterchaasteotRIT Rixelt2d isshewrpr esent

invention, wll now be  described .initiall | ref er jgure 7. The
m cr odi spl ay mollé%”rr?:gaﬁ%’t being SFIS?%EH‘d&uS fefle waﬁ%%ﬂpegggglsa%%&’ éﬁ?@h is
preferabl ¥ apphgxd MefoRliyation, Baonts the light sonrder1 2t Rixellddes shown Al FipweiGlas smal | er

geonetric di nensi ons, may, be possi bl e, as n.cradi spl evi uce 15 in
size over ti K@g W?@%mé},“’g%ﬁ?H@%‘@H‘P%&ﬁ?’f?ﬁ?@@%’l P'pefll’r;ie@ﬁiggrt will
appreci ate, tdfges tidght ffw 6f B8 B2 foldiitioh entd @enbaim aplitedn odbb ek, whislispar ent
material. The mcrodisplay 16 also includes a sem copductor or silicon
substrat e | ajransmitsit to thyprpiagtierylens Sgwhicl ia girp trimsgis IEWMSP 2y SCF"GPZ‘@H on the top
surface of the silicon substrate |ayer 28, using deposition and etching

t echni ques we (now in the art. The integrated 20 circuit contains a
matri x of 10el ect r cEhesticrotisnldy feyicen1p whick ecenceatesian improugdablack oframeefoyi sual

di splay. Wien_ a parfti A i O i eqil Sovdlgsi red to be
i || um nated, PAHC 0N |t(\¥/i éﬁcgfp lagfsgx’g%n '?:ﬁ glﬁée%?ﬁltgepaérgg@é%écﬁ:tifog’c&nt &(ygf&?es pondi ng
to that | ocatdesotibetl $nitiatly withtefecknce(ts Bigare 7 e The mistodisplayrdovige 18 dstomesdiofigy

techni ques. A se nt .30...areferahly forne , 1's placed
al ong the out®fr 31'12@“&&3@‘8@“ ’tsﬁ’éef‘fr%\%?f’f’é l"{:jalgggés@g tgﬁa)%} i CO{I’(lﬁngl:IbSt rate
| ayer 28. Therim6igh3mblledGeofmetfieBimansionsinay be possible as microdisplay devices reduce

15 in size over time. Furthermore, as those of ordinary skill in the art will appreciate, the

layer of glass 26 may be formed of another transparent material.
The microdisplay 16' also includes a semiconductor or silicon substrate layer 28.
An integrated circuit (not shown) is formed on the top surface of the silicon substrate
layer 28, using deposition and etching techniques well know in the art. The integrated
20  circuit contains a matrix of electrodes, which form pixels used in generating the visual
display. When a particular location on the display screen is desired to be illuminated, an
individual pixel 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 tl.1e 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



bet ween the | ayer of glass 26 and silicon substrate |ayer 28, and around
the matrix of pixels. The region bounded by the | ayer of glass 26, the
silicon substrate layer 28, and perineter sealant forns an annul us 32,
which is approximately 3.7 mcrons thick. The annul ug Béﬁ\} illed with
liquid crystal. A plurality of beads 34 are placed be \pe mer 30 of

gl ass 26 amgoaudsscon substrate |ayer 28 to naintain tHOF/USP&HEIOg bet ween
these two 3 0 MAY 2005 WD 02/46832 PCTI US01/ 50906 9 | ayers. The beads 34
are preferably formed of a glass or polysilicon material and are
preferably between 3 and 4 microns in t’hickness. The details of the |ayers
of material fornmed on the |ayer of glass 26, which make wup the ITO
conductive layer, and the reflective layer(s) used in- generating the
improved 5. black franme according to the present invention, will now be
di scussed wi t hy&ef Fhebeads 340a:&=b1gfefablysonn5d pi4 gladshve polFedicom nehtadd] iavdkak ayer i s
formed by depositi a po i.licon 36 preferably an Si02 | ayer, on
t he bottom suIPH“’QFE‘%?R%waegf’e4 %‘ﬁég‘é"r‘?“éimﬁ& " A conductive netal |ayer 38,
preferably a transpardeis dfﬁie@dyeﬁbﬁrhat&ﬁlfoﬂﬁyd'dmﬂlldyel(bﬂgﬁ& 2%) Wiidh mdks t hen
deposited over the first polysilico one al ternate

enbodi ment, auB&edhd CERS‘PWF W?f(ﬂ‘?dil@r?fﬁf}ﬁfy?%@é) W%F‘eﬁcﬁﬁt‘?gg‘ﬁ“@rﬁ‘f layer, is
deposi t ed %Veg)latﬂbﬁaf Hiﬁé M%ﬁﬁéséﬂt ilvenigh, Wil nowt BéldistusseEwRINRfefeRttgct | ve
metal layer 4 era forned | TO, is deposited over the second

pol ysilicon | me& &uismhnm) em@mhw}weafosemdewsmg pealysificon laysh 3&ind
conducti ve 'net al t he
conductive matpreIfe bﬁraaél?éb’g& a%-lgﬁi &ngér{léhﬂf ée:&(}%e: é;lﬁ%ﬁ%h%&%dé}:? ‘eﬁﬁgﬁrface of
the gl ass | ayauye2, ptsﬂena‘giy kumparedewaﬂ Buch mrincllen fini Qyide ITO), {Bhehildeppsitadayer s of
material are al so, d 05|t in cknes The
conduct i ve met3f tpeasrg Rolyy c%lnlﬁy eﬁg fiélronr%e ;%ﬁe%n#%e%bf) lﬁ&%ﬂa %e@?ntdrb%ﬁgéoaal

plates inj@a d@pe4n, peferablzas moelagems dqmsued ox&aﬂ:hcqndmﬁire ram:l laybre38amdaci at ed

adj acent region on the. conduc i,xel. ca itor.. The
conduct i ve metsgiond %‘?@Wg"eé'getai?j?ﬂe% Fyaénneg ﬂg‘rﬁeggepgs tg‘g J%”?‘ ¢35%% or t he
vol tage appl i ggiykifconnByet Bforth dwd-lapér@c&wmwpmpmag ahd) ondRtia mahls They
therefore set 'up a potential difference across the I| wdgmés which in
turn twists imeterie Jbnaeysilion keersisead il s thapendagiyprgal g &l ecti ve

layer 44 is fof E&ﬁied QI.FQhe%{:t G @lof thE BssigEd Z%ngxh%’ Eno'wﬁﬁ@ﬂosﬁtﬂl thchniqebgPOsi t ed

over the ITO la he re ectl ve layer preferab conpri ses al um num
but 15  These layers of material are also deposited in thlcknesses well known in the art.

The conductive metal layers 38 and 42 form in effect one plate of a pair of plates
in a capacitor. Each electrode of each pixel and the associated adjacent region on the
conductive layers form a pixel capacitor. The conductive metal layers 38 and 42 provide
the reference voltage for the voltage applied to the individual electrodes forming the

20  pixels. They therefore set up a potential difference across the liquid crystal, which in turn
twists in response to the potential difference.

Next, a reflective layer 44 is formed. In particular, the reflective layer 44 is
deposited over the ITO layer. The reflective layer 44 preferably comprises aluminum, but
may comprise other reflective metals, such as platinum, copper, and silver. Any metal

25  that reflects 97% or more of the light directed on it could be used. The reflective layer 44
is preferably deposited to a thickness of approximately 500 to 1600 angstroms. The
reflective layer 44 can be applied to the conductive metal layer 42 by any one of a number
of processes, including, e.g, a sputtering process, a PVD, Physical Vapor Deposition
process, a spin coating process, a lithographic process, a photo-etch lift off process, laser

30 cutting or laser scribed process, or an electrodeposition or electroplating process.



may conprise other reflective nmetals, such as platinum copper, and silver.
Any netal 25 that reflects 97%or nore of the light directed on it could be
used. The reflective layer 44 is preferably deposited to a thickness of
approximately 500 to 1600 angstronms. The reflective §QYﬂR(Q&5ca” be
applied to the conductive netal |ayer 42 by any one of a nunber of
processes, wowhdssh Nng, e.g., a sputtering process, a R¢musisyss cal Vapor
Deposition process, a spin coating process, a lithographic process, a
photo-etch Iift off process, |laser 30 cutting or |aser scribed process, or
an el ectrodeposition or el ectroplating®rocess. 3 0 MAY 2005 WO 02/ 46832
PCT/ 1JS01/ 50906 10 Preferably, a photo-Ilithography or photo-etch lift off
process is used. In an alternate enbodi nent of the present invention, an
addi tional |ayer of polysilicon material 46, e.g., Si02, nay be deposited

between the capgal & shofitRdgrabBY & phdid-e@R diftt dFepro@bs i Gddy €n lad ¥iRdmated,  and
anot her | ayer of polysilicon material 48, agai Si 021 may b

8 n, e.d., e

deposi t ed ovesmhopimest of & peeant ipgentioqy ary adgigiona Y,‘éﬁgﬁ?ﬂyé‘gi’wattq’ﬂél Petfect i ve

| ayer 44 in ag; \ f i iVeaXe®dl Byd) a3 addt® BRBBk Idyerafs, pPreventing
t he phenonena&éﬁgﬁﬁkggmﬁgga k%?gétﬁgmfgtﬁh. Ig'is necéssary %ﬁat t he
reflective | agndranatier tayer of patysilicerynaterial 48, reaif e.pi Si@) may bendepesiteiavgnthe t he
reflective_nmatgri.a Si [ BElLMISStieEn et a

| ayer (s) 3§, rfgecé“é% laagegﬁg' ;Eéﬁgﬁggg%%F@?@%%Wy%{ea%%%gg, H&iseﬁ‘ erably by an
etching 10 plagasiss the Benafitsk pro@nngtiephenomynalaavinag metlsvipker gr shown in
Figure 9 should be, used for .this I POSE. r hos .ardi nary
skill in the art j} N neaﬁm&agflg %H?’?g‘éekﬁ %\%\rll\%o\{ecg‘{eﬁ??eqa tgorf slxe%iay be used.
Preferably, tRagormiply, B0 réiR&iva n@tetisl dopbsiel olvérahepmition rofi the lvandnctive mefal gur e 9.
The grid 52 is provided for aligning the. qglass 26 o e silicaon wafer used
in nmaking t hBYHSHPYi thadacat & ﬂWﬂ”@ﬁ’ ?hﬁ’r’lprg’etrf*l’éwg =|Pf32%#?yshpb§1} Ftﬁﬁﬂg 28. It is
al so i npor fpangthats &ésm?r&&mmow% MR HNGH 8 FREROShbRdbRed foe
conductive netal layers 38 and 42 be etched away in the region adjacent to
the cross- ovethisyrese. Haweveh axbeps eberdingry gkilf indhe atiwillappiecigl 2 I t he

conductive IT bSuded® MGERRS HednabO0Ha8} $HIB of BS patbiaBko™n i he
reflective Ia?%llf5 tﬁe}[}se eclf‘s any iyahte tahat str?qkes th,ebl ayer. Such light

is reflectedFgned. (The gtibshis provided for alignipethe glass2fiior oisionaRr v _et s it
back to the |1 g RO R R S, diich tigth?s i af BB iehido Gabdrii thaayer 44 is
deposited is S°projected onto the dis Pay screen as an area of conplete
dar kness. {5t appeaicendudivt hgerydeposited asthacopdustive nietad tagers 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. [t 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



In an alternate enbodi nent, the reflective layer 44 is placed between the
glass layer 26 and the first polysilicon |ayer 36, as shown in Figure 10.
This enbodinment is preferred because it is a configuration that avoids
having the al umi num netal |ayer 44 25 cone in cont actagli tllhﬁ | TO | ayer
42. In sone cases, the Alum num netal |ayer can have” an adver se,

el ectrol ytwgoyssscti on with the 1TO | ayer. A form of EGHPWHFSE woul d

devel op, rendering the ITO | ayer electrically nonfunctional. It may al so
worsen the optical characteristics if_ it occurs inside the aperture, and
hence be di splayed as a rough, mul ti - Hol ored i nsi de edge. If the Al um num
nmetal |ayer is deposited directly on the glass 3 0 M 20a3 WD 02/46832
PCTI US01/ 50906 11 |ayer, prior to the deposition of the first Si02 |ayer,
then the first Si02 layer will seal the Alum numnetal away fromthe first
| ayer of | TO. lajen priet todirodepasitios obthe firseBif, layar, tham the &irst §ibs layer Wéﬁ/liﬂlthﬁa may be
formed between the [1TO | ayer 42.and t |l um numreflective |ayer 44, as
show i n Fi gur &l B‘ﬁaryyrffoﬁﬂleﬁggﬁ%’fréﬁ?ﬁ(gyer 43 is preferably Tungsten,
Titani um Chrone g4 yéhfdier smbbdinght, & bdriet mefhhiayendy may begfornefl betseenghe barri er
metal is that it is a nmetal or netal  alloy that do noﬁ rﬁlat .Wth I TO
The el ect r ochBiQ leyer 2 pad the alymingnyre eFRé’eéarYEéc/‘Frﬁl ?W@eﬁ%‘ﬁ% b ot ch less or

nonexi stent, coupaRed 48 Gs HBRLbIP roflstéi] THdim,| Chréthd @ otiRfrbiatlanaioy.s TR the
present invention,” an additional ,aégr, of a refletﬁt ve #0 or. an absorptive
material 54 i sdvawsssf nsing a haprier mptal i thatelt ISG\PEP_IE’%"' &ﬁoystm‘ 3 @otypact he gl ass

| ayer 26. It %ﬁf?!ﬁ(ﬁ. ng Ql%%@ﬁe fshfts LB mAdal Lb@BRtic feaieR isthuchaék @€t i ve or
absorptive materia 4, wou ﬁ’ actually be deposited over an

anti -refl ect i venexigtertt congpafsd o thdt pAlumisurtdeposi ted directly on the top surface
of the glass layer, 26. The.addi td o fan ARSRER IdviGr 2 FEEGHRE @l 54

woul d, preferably Iﬂg&roeﬂrgc&mglgggt%ﬁrbg%ﬁAtﬁ%%glﬁnm mai'(taer iagl , gl t holugh ot her 15
absor pt i vejomabein kgptive watkrikiesd isdeositddy én thid dise,i averahe topywfaceodf theeglasect i ve

material 54 would probaply b rred. of an Al.umi nu 1 .ot her

sui tabl e net allayﬁfr%aﬁ)tl Sg?’?ggy‘}"gg’l t&"(c?fqe@gdm 33%’? oiﬂegl“flﬁeg}’rl agpf Si%?gt%réail ective or
absorptive Natgry@id ataPd aeppsited evenll ntireflecp esdting d6, veidl ietlglosiidi n - a
process simlar to that usedinfor%Fi th flective |ayer 44, Also, as
those of or di Slpofly $rithe top gurferg ohthe giFss) yeéﬁgr é-g’f 5‘%&‘?‘“’; aryéﬂ/éfre"(b&m of a

pol ysilicon myf; ?la§4 WY REferailf b Ridhédest af lacR BitorRiin\vRAdtial, Aitholgtyethes f or med on
the top surface of the glass |ayer 26. . .
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-cpnducﬁve
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 layer26 or the silicon
substrate layer 28. The epoxy ring 30 is placed around the outer edge of the glass layer 26
or silicon substra'te 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



The m crodisplay 16" is preferably constructed as follows. First, the ITO
conductive layer(s) 38, 42 and reflective layer(s) 44, 54 are forned on the
glass layer 26. In a separate step, the integrated circuit is formed on
the silicon substrate |ayer 28. Then, both the glas i?%@r and the
silicon substrate | ayer 28 are coated with a non-condu e | ayer, such
as a polyi odsudssayer. The polyimde layer is preferalyusiBloed to a

t hi ckness of approximately 1000 angstrons or |ess. The gl ass beads 34' are
then sprayed, using an electrostatic spraying or deposition technique,
onto either the glass |ayer-26 or thel%ilicon substrate layer 28. The
epoxy ring 30 is placed around the outer edge of the glass |ayer 26 or
silicon substrate | ayer 28 using a screen printing or jetting process. The
gl ass layer 26 30 and the silicon substrate |ayer 28 are then mated. Next,

t he annul us 3iguid &ydtal kir@ugh wi dpenifid) ehiclBis thedfivgged Ofs thikk FatdaB3RIIBCHRS USO / 50906

12 liquid cryst t hr ough an opgni.ng, ich is. the | ugged. t hose of
ordinary ski it aRPFFélatea‘BT °th££ﬁﬁnﬁ€quﬁq”€?°epﬁg’es§f§%{}s 8‘%%8?“’01&%5 he
performance Qfanphe&e seh Qf)tg)plyﬁxgiﬁﬁte iyl rin B8 lcouldBY perfoxRIBESre tHeltepfep of
appl ying the epoxy ring 30 could lge performed before the step of spraying
t he gl ass b e &prayingthe glasipgadsd4; he present invention is susceptible to various

modi fications andypid tey BatdnY SnvkRIHSis SR8RIHE © AR Rbiaidbengof have
been shown by way of exafple in the drawings and are herein described in

detail. It shiuhativbferonesrific eepdineotathprsef haydheen showe bineaycafexamplerin her ei n of
specific embag ﬂﬁﬂﬁ% ahc?arggéreih ﬁ%s@ﬂﬂ&?-h&eﬂiﬂ it@h&ulcfﬂ%%n%e%{&ﬁtﬂo%v&,%att he
particul ar forns disclosed, buf on the contrary, the intention Is to cover

all 10 nodi f itizatesopintion lecpini afapeeific smbadimlents| is wot ideniedds lifnétlthel imgniontthi n t he
spirit and s e of . t i aventd on as .defined 1.h nded aims. 30
VAY 2005 13 169 RFRalar ?gmﬁ ‘ﬁf"@’?%‘di?’%‘pf’“a;t/hed%’\‘}?“é%, 3%%@9@?%39 g‘(“% %Jé matrix of
pi xel s di sposedifizations, eqhisdlénas end 4liagnatives Ajlidp withint thasydnteané séoperaf e al

di sposed adj acent to ifd substrate; .and 5 (c) a layer of reflective
materi al di sﬁ%@%@“ﬁé?&@é‘ﬂb@g‘?ﬂpﬁ’aﬁ@@ﬁ%e and said | ayer of



transparent material, said |ayer of reflective material patterned to forma
frame around the matrix of pixels, wherein (d) a | ayer of conductive
material is disposed over the bottom surface of the |layer of transparent
material; 10 characterized in that (e) a barrier netal |ayer3gsme gdsed
between the layer of reflective material;and the |ayer of conductive
material. 2. The m crodi splay device according to claim1l, wherein - the
matri x of pixels is disposed on the t face of a substrate; 15 - the

| ayer of transparent material has a tg%‘@ ace and a bottom surface, the

bottom surface of said |ayer of transparent material being disposed
adj acent tod-the ‘%Hbcrg‘i]?ﬂaaé'éé"‘(‘i?’cg‘EPrbsmgSUbstrate; - a seal is disposed

bet vveendt[le fSUbS(ia)” at ey anex bhgixdlagigfosalfontarsabesp@r ent material, said seal is
arrange o forma perjneter around the matrix,of pixelks:; and 20 - an
annul us is forne® by "ala}"’éﬁfgﬂ‘s%ﬂ}tlﬁ’éﬁnﬁfmﬁ’ﬂ%d?@ﬁcegﬁf’fs%{%%ubé?at?’ﬁré(?subst rate,
me botst oln su][f@pedq{) 1apéaﬁf+eﬁy@fvie eatetiflaispped betvesrpsairsiatrate andlsaihlayansof de  of
e perinmeter forne t se ai d annul us i fiolled with a liquid
crystal . 3.7TepARGH @P@H?ﬁssa}digl/yeag@ﬁcﬂ%%&%‘@%@ qﬁ ef‘%’fggfi fzgl’l p frame aroung the oy |
;’JOITDI’I s:c ng Iaat]bﬁlysﬁﬂsixfli, whelefdf ective or absorptive material disposed on the
op surface of the |ayer of. transparent terial 25 patterne rma
frane around the(réPnat r%/ﬁy?ff"f ﬁf’?(‘g‘f'é\.% nla?erlfhg%}?f’%sf‘gﬂ% tphleg’?/@o e\S/lfr%ge gfé%%lra %ﬁ?ng to
one of the gneegdicAgmab@lms, wherein the layer of reflective material is
di sposed ov‘glr t he | a%/ﬁrgt of conductive material. 5. The m crodisplay device
accor di H’g t g1é téf‘ ! preceding clains 1-3, wherein the |ayer of
gon?ﬁctl ve mdat eriepl i sbatiaposathyeviedispdsel bewyeen tieflayeed reltactiveemareriad padthe 30
: e mcrodisplay device according to claimb5, wherein a layer of Si02
material is@di ﬁ%é@ﬂ‘vﬁmgln the layer of conductive material and the
| ayer of refl ect ThemitRid@piaplevict.acdirdingrioctaidil spheasin devi ce according to one
ranspar ent beads

O e 1 T = Sy L SRR 050 BL ULt lgionoper ent Dende
of the substrat e- fhe (ijerCdfaiigarieiit neriables avapt sorfadeend apetonodurfacen the bottare
material. 3su9faw oYf sgig(?aSyerl élf transparent material being disposed adjacent to the top surface of said
substrate;
- a seal is disposed between the substrate and the layer of transparent material, said seal
is arranged to form a perimeter around the matrix of pixels; and
20 - an annulus is 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.
3. The microdisplay device according to claim 1 or 2, further comprising a layer of
reflective or absorptive material disposed on the top surface of the layer of transparent material,
25  patterned to form a frame around the matrix of pixels.
4, The microdisplay device according to one of the preceding claims, wherein the layer of
reflective material is disposed over the layer of conductive material.
5. The microdisplay device according to one of the preceding claims 1-3, wherein the
layer of conductive material is disposed over the layer of reflective material.
30 6. The microdisplay device according to claim 5, wherein a layer of SiO, material is
disposed between the layer of conductive material and the layer of reflective material.
7. The microdisplay device according to one of the claims 5-6, further comprising a
plurality of transparent beads disposed in said annulus, which act as spacers to prevent the top

surface of the substrate from coming in contact with the layer of conductive material.



8. The microdisplay device according to one of the preceding clains,
wherein the reflective material conprises a netal selected fromthe group
consisting of alum num platinum chrom um copper, and silggjy sThe

m crodi spl ay device according to claim1l, wherein an annulus 1s forned in a
region 5 bounded by the substrate, the,ayer of transparent material, and
a seal disposed between the substrate and the |ayer of transparent

material, said seal is arranged to forma perineter around the matrix of
bixel s, 10.5-The THCPERASHPAI e oo ke grefit iy wiredne TS, Vet sy

conpri si ng rafldctithinsletdl ¥ohpises a mbialdalebted from ttiearrauprahdising d0aldrinumhhgatinum,

m crodi spl ay device accor,ding to claim 10, further conprising a | ayer of
conducti ve %ﬁf‘@?rf‘a“l"pﬁ%rﬁ?fliwe ig indiumtin oxide, said |ayer of conductive
mat eri al di%sposeThe miviedisplneddviry eccoafing to alagip hrvarteimatapnilad is fokped ifpgegion

m cr odi spl devi ce accordi to aim1l r i her LS ralit
of trar‘?spgié’é*ﬂ edl?églfssu ?rgfbtgggy?rr??graaqs rgn%rﬁnljaieglgl,’ l‘;h\/(\}nal S%ﬂrﬁgsé{)&gg&gg%@g%s to g
prevent theubsthstandtie 4yeoof rahéparonmaterial,said ocel atranged ko fotne a peryregterafound
conductive Hat erial.. ]]3. The m crodi splay device according to claim 3,
wher ei n t hehf BB OPXF1yt | ective or absorptive material conprises a bl ack
chrom um mateer i alheanidrotiisplay deyee acdordigsf th etatnh 9.untheet eom@ising@diqpidicss®l,a net al
sel ected from t{;lz%grou consi sting of alumnum platinum chrom um
copper, and"Veft the . The m crodi splay device according to one of the
precedi g cliai neThefrmiciodBplay devieiasdondingto clainu i Glfirther afmpriaipe p ayef ofconduct i ve

The' i or odi GBIy GE0FEY “aeEsrH R snseR s T e Sl Ko Bl B0Rg. T2 |
t he | ayer odver the fegercdfitrasspambtendtadal.conpri ses i ndiumtin oxide. 25

12. The microdisplay device according to claim 11, further comprising a plurality of

transparent beads disposed in said annulus, which act as spacers to prevent the substrate from

15  coming in contact with the layer of conductive material.

13. The microdisplay device according to claim 3, wherein the layer of reflective 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.

20 14, The microdisplay device according to one of the preceding claims, further comprising a
plurality of layers of conductive material sandwiched between a plurality of layers of SiO,
material.

15. The microdisplay device according to one of the preceding claims, wherein the layer of

conductive material comprises indium tin oxide.

25



