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BACKGROUND OF THE I NVENTION (1) Field of the Invention This invention
relates: to the nethod of fabrication of alignment posts and optical
interference layers directly on silicon wafers with liquid crystal

material and to the wunique resulting device structure. (2) Description of
the Prior Art The picture quality of liquidicrystal displays froma sinple

seven segnments to nil ILIQUIDOERPSTRL SON-ss Hetc@NTDISPLAY wiira Sstructure used
to control the variation of thickness and position |eads after wafer
processi ng. There are known processes for creating insulated alignnent

posts based on pref or meshASSrHIGRASH Egegﬁineans 0?53 elatively | ow

series resistance posts can be obtai'ne ective deposition
of polysilicon and netallic silicide. (Nhklng of Repl acenent Sheet
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formati on of posts in flat panel displays using processes

BACKGROUND OF THE INVENTION
(1) Field of the Invention

This invention relates: to the method of fabrication of
alignment posts and optical interference layers directly on
silicon wafers with 1liquid c¢rystal material and to the

unique resulting device structure.

(2) Description of the Prior Art

The picture quality of liquid crystal displayé from a
simple seven segments to millions of pixels is determined by
the structure used to control the variation of thickness and
position leads after wafef processing. There are known
processes for creating insulated alignment posts based on
preformed glass microspheres and rods; relatively low series
resistance posts can be obtained by méans of selective

deposition of polysilicon and metallic silicide. (Making of



based on,a heat-treated slurry or paste upon a glass plate. gdp 1§ceuBﬂE9§Heet
5, 597, 736 teaches the function of a I'i ght - bl ocki ng | ayer depoagy@ﬂq@g@n a
sem conductor substrate material that can emit light. Until now, it has -
been difficult to construct alignnment posts using photolithography and

al so add optical interference Iayers:-sinultaneously onto a sem conduct or
substrate material. BRI EF SUMVARY OF 'THE | NVENTI ON A princi pal . obj ect of

the preseniduaianti Qdss 4 O83CALE Aoy Sécfrﬂg%tr‘é%g"w?c%jﬂl?i%%“ﬁ’. e with

flat-panel liquid- crystal display upon an integrate urt

i nter-rel atpadcissgageattbpt ween the posts supporting the overlaying glass
cover plate and optical interference layers (O L) enployed to inprove
i mge quality. The alignnent posts are made of silicon nitride, and the

QL of silicon ynitgideLexhee sTulslgl bagers, ABPEhes Ogieﬁﬁss%flblags drivention

is to describe effective and very ' manufacturable netho

phot ol i t hogoamatg ohorgmtpestHf in nﬁmhat agedl Idiryﬁ@ysmﬁél% d ed
studs or pillars). These nethods can be used Repl acenent s eet ;15/09/2003

3 in procéesiedg omp@y heiaftf-ereatedesleery ypespasts @sen desgladwedldte.t his
application for liquid crystal display devices as a way of. illustrating
their enbod-neht Eetgnpi Xol5%Te Skt redmhamdthdativachkionabde wi thightr-ef or ned
nicro-glas% spﬂeres and rods. i
locking layer dep051ted upon a semiconductor substrate
material that c¢an emit 1light. Until now, it has been
difficult to construct alignment posts' using
photolithography and also add optical interference layers

simultaneously onto a semiconductor substrate material.
BRIEF SUMMARY OF THE INVENTION

A principal object of the present invention is to
describe a new structure for building a flat-panel liguid-
crystal display upon an integrated circuit (IC) die with
inter-related alignment between the posts supporting the

£o- overlaying glass cover plate and optical interference layers
(OIL) employed to improve image quality. The alignment posts
are made of silicon nitride, and the OIL of silicon

nitride/oxide multilayers.

Another object of this invention is to describe
effective and very :manufacturable methods of
photolithographic formation of insulating alignment posts

(also called studs or pillars). These methods cah be used




A further, object of the present invention is to describe met fapdacefent sheet
deposition for both the posts and the optical interference |d4P%/200dt are
i ndependent of each other and retain their desired feature during
deposition of - subsequent features. I'n accordance with the objects of this
I nvention, a new nethod of form ng insuI?ting material alignnment posts
associated with active device structures is achieved. A silicon wafer
havi ng pat &8 REQCEEFLDE WYY i ffinyentn devdcet hppesn anrd farerstesd belde.

i nsul ati ng ,mat nment _posts are deposited in a pattern over the-

rial ali E { .
pattern oflPhéﬁlécFPPélgégFEQ £0F LIS c{ftHe i ay devileessesudt ur e
t hat conbines insul.atin terials.for_alignnment posts and _optical
i nt erferenggyl a?%r%ﬁgggg’éggfxé% %#“Fﬁ?an? ‘%\?@n&evgtée a Biratt de@sikva
silicon bogy,hsaaGh-AYedan fosddy . isen or .wafe i patterned
active devicg structure% i-ﬁ%m ]gf?g%%%ng}%gggggés g?ﬁegl§%§ ?ﬁ%g%ﬁgle
structure wadcewased with an optical :interference | ayer; Replacenent Sheet
15/ 09/ 2003 4 BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng
drawi ngs, there is shown: Figs. |I through 3 schematically illustrate in
Cross- sectional r tation.a preferred _enbodi ment of .the .device
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structure of the present inv
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optical interference layers that are independent of each
other and retain their desired feature during deposition of

subsequent features.

In accordance with the:objects of this inventioﬁ, a new
method of forming insulating material alignment .posté
associated with active device structures is achieved. A
silicon wafer having patterned active device therein and
thereon is formed and the insulating material alignment
posts are deposited in a pattern over the pattern of the
active device structures. Furthermore a device structure
that combines insgulating materials for alignment posts and
optical interference layers associated with an active device
Bstructure in a silicon quy is achieved. A silicon
semiconductor wafer having patterned active . device
structures - and alignﬁent posts 1is formed and the whole

structure is covered with an optical interference layer;




Fig. 10 schematically illustrates in .cross-sectional represpiglatemnet Bigeet
final enbodi nent of this invention for this |iquid-crystal-ons/meyzean

di spl ay device. The 'bonding pad is 'shown. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring now nore particularly to Fig. 1, here is shown a
portion of a partially conpleted integrateg circuit [|iquid-crystal

di splay. The glass cover plate 10 provides the transparent enclosure for
the external incident |BBREFtBESGRIPEION QAR THFaORAWINGE observer. The
strength of reflected light is dependent on the |ight polarization,
absorption and Ilight scattering properties: of each |iquid-crystal display
pi xel , whi ch i sinoti¢ ddEmnganytiing arastingsal theed dis esticabli shed within the
liquid crystal material 11. The IC die 12, separated fromthe glass plate
by the alignment posts 14 generates these E-fields. The resultant space

Repl acement Shepigs 1540 mahdho 3 bbMera: iée1 B} ass1Rb ek andint e ogigli con
wafer is filled mnth the chésen liquid crystal material. Light, either

provi ded gecoibh&Dt refieentdtacepen f peefetréde dmspiimanitysiodl - @he
silicon and is reflected fromthe underlying pixels to form a viewable

pattern of dpuhaei geduttiuts ,of .the phesiemagénvent vbrwedIith memdessoif lpwoj ect ed
through an optical polarized system: Such m crodisplays nmay contain nore
t han one- ﬁﬁﬁu@ﬁhﬂnﬁthﬁnélﬁsnmﬁﬂﬁaE¢ﬁ#ﬁcﬁﬂﬂt¢hﬁuﬂ?ﬁiqaimﬂqhﬁﬂﬁﬂrﬁﬁceover

one- ﬂ]|||09 Bé%glfg éﬂbﬁhsﬂlﬂyf% su&face grea | ess the
Fig. 10 schematically illustrates in cross-sectional

representation the final embodiment of this invention for

this liquid-crystal-on-silicon display device. The bonding

-pad is shown.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1, here is
shown a portion of a partiaily completed integrated circuit -
liquid-crystal display. Thé glass cover plate 10 provides
the transgparent enclosure fqr the external incident light to
be reflected back to an obsérver. The strength of reflected
light is dependent on the light polarization, absorpﬁion and
light scattering properties of each liquid-crystal display
pixel, which 1is controlled by the electrical field
established within the liquid crystal material 11.. The IC
die 12, separated from the glass plate by the alignment

posts 14 generates these E-fields. The resultant space



one inch diagonal; the pixel pitch can be nmade | ess than 10 grgpLdcRRBAEKEeet
(mcrons), and has been achieved as low as 5 microns w th anissgepaxel
gap of one micron or |less. Wen -alignnent posts are placed between

adj acent pixels, the interpixel gap has been fabricated at a typical
distance of 0.6 mcrons with a range fromO0.55 to 0.85 mcrons. The gl ass
cover has a transparent conductive coatingson its inner surface, which is
t he common kelt#eenotbef glashepbate randiithel sdddapn wafe? is| f5lled esitine
bondi ng pads 20 on the IC die to whi.ch the external wires 22 are -attached.
The sili cortifaf@1osefonkigHe 4y stitde deteTdavt-r diditnc pithemhaprenideadit e t he
pi xel patterns_i.n the viewable area 24. The refractive inpdex anisotropy of

the |iquid%r WISy | HHESRhCERR byPERe f2ER Ofr ithe | LIGLIAHeRAES ek qrC

surf ace. A3TabnoUaRaee! GertBLEBICIB oo LA g0 AhANGELA SN antlonl
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transm ssi on. ecause IS inventi on teaches

Repl acenenty sieffab1kd/ 9N 2083 6f g,tjlgg,ggganqi%ﬁitgl iig_rgr_en‘ghé)ogig%gft hg ratio

of pixels 3.0 to posts 14 is often fabricated, in the range to 50:1.

As shown iiekied. dreicdtayphnt opréiegiePht BroRghodnpIptilca it s ridddgnment

posts to be constructed in the space between adjacent pixels. The process

steps for: sygkemg t fechl i ghemedigpdstys anmdy opbntaini nherd ertdre lagsrs i s

shown in Figures 4 to 10. Starting with Fig. 4, the conductive netallic

| ayer 30 i $housand columns by more than one-thousand: rows (totally
over one-million pixels) in a square surface area less the
one inch diagonal; the pixel pitch can be made less than 10
micrometers (microns), andfhas been achieved as low as 5
microns with an interpixel gap of one micron or leés. When
alignment posts are placed between adjacent pixels, the
interpixel gap has been fabricated at a typical distance of

0.6 microns with a range from ¢.55 to 0.85 microns.

The glass cover has a transparent conductive coating on
its inner surface, which is the common electrode for the

entire pixel array.

Fig.2 illustrates the bdnding pads 20 on the IC: die to
which the external wires 22 are attached. The silicon wafer
contains the embedded cont;ol circuits that activate the
pixel patterns in the viewablé area 24. The refractive index
anisotropy of the liquid crystal is influenced by the
electric fields abdve the ,IC surface. A small change in
voltage makes a large change in the optical  transmission.

Because this invention teaches the photolithographic making




fornmed oyer the silicon oxide 40, whi ch is formed on top of J} d@eﬁlc sheet
| ayer 41 on the IC. A silicon senmiconductor substrate 15 has A6Y68/2003
devices therein and an insulating |ayer 16 upon which netal layer 41 is
formed. Then a photoresist layer is laid down over the netal 30 to
construct the pixels. The: photoresist is exposed and a portion renoved to

P ov! e LrBE, FAtReRhClod ARIRAEI. C Y Yot 6 BhRLIsSh 38 2

mrror reflec for the incifgent ’ upon sald plxel

chosen asp bBESWEEahbl@f&bhrQ&brh&&te@oinr@ﬁéeﬁhhgétﬁomﬁukg 5GRROVEg 10
near 100 wth the addition of the overlaid optica Interference |ayer. The

remai ni ng phownr eai Bigi s3st thpppHot ST HderaHild GnetiHOMC tpdrehilt s ¢R¥gked with
silicon nitride 50 by PECVD and to a thickness: of between about
fi ve- t housahdgnment epastausand Bgsonetsuasedn iF gthe. Eﬂfmmeth:ets:éandard
photore5| st and etching nethods are used to create the posts mask 60 shown
in Fig.: 62d3Rgent| - posts :14 dare Repl acenent sheet 15/09/2003 7
creat ed by selection of a: chem cal renoval process that stops at the netal
30 and the silicon oxide 40. After the resist is stripped,: as shown in
Fig. 7, the devfbe procesadystepsbefavmaleihg thie ahigopentapostseahar ence
layers 80. Optical interference |ayers are used to inprove |ight
refl ect i onSPLESRAF JNtANLEFENSA iLAYEE§ui e dshown ohBt Figureg 4 heselfptical
not to under | yi ng devices and

interferen ers so I sturb_an
posts: . §%6’-E Bgvé’rlltﬁgspllg cé‘nsﬁ%?ﬁ efonductive metallic layer 30 is
formed over the silicon oxide 40, which is formed on top of

the metal layer 41 on the IC. A silicon semiconductor
substrate 15 has active devices therein and.an insulating
layer 16 upon which metal layer 41 is formed. Then a
photoresist layer is laid down over the metal 30 to
construct the pixels. The- photoresiét ié exposed and a
portion removed to provide. that each pixel reﬁains a
metallic layer, which shali.act as a mirror reflector for
the light incident upon'said:pixel. If aluminum were:chosen
as the metallic mirror, its 90% reflectivity'would improve
to near 100% with the addition of the overlaid optical
interference layer. The remaining photoresist is stripped
and the entire structure is:aqvered with silicon nitride 50
by PECVD and to a thickness: of between about five-thousand
to ten-thousand Angstroms as in Fig. 5. Then the sﬁandard
photoresist and etching methods are used to create the

posts mask 60 shown in Fig. 6. The alignment posts 14 are




to be an, optional addition. The added expense of the O L coReplangmenmy sheet
avoi ded in some cases of |ower image  quality. The LCD- on-sil 12®9/2e@vi ce
could be conpleted and wused functionally w thout adding the OL after the
formation of the alignnment posts. The optional optical interference |ayer
coating is conposed of nmultiple layers of insulating material with
properties of varying optical indices of mefraction, as shown in Fig. 8.
Oxi des and arettedesoyhaselbeehompplfi cal ichemtibalf ataniovalll oprefeddeshat
multilayer stacks. It is critical to have SiOx as the bottomlayer to

mat ch the istéps et thefwatal o030 dnd Hdieswhidticancoxdeadde, uni form and

r epr oduci bl e anorphous silicon nitride nmultilayer coatings deposited by
PECVD are known optical interference filters in the near infrared. Optical
i nterferenaetepathegsed it tike stiribbka, Sasciiown Maderiflg om, Replageiyent sheet
15/09/ 2003 8 four or nore |layers of oxide/nitride/oxide/nitride forned
for this appl readyohoabe coveredreith cire opnielalancthvsorferygnckolaybis pat ent
application. To attach the wires to the I C via bonding pads, a photoresist
mask i s foPffedORFiRadpdmtagiesoneet RaYPEEaRrEn ussd the BBRECYRd3ight t he

material is moved to talljc layer 41, Then {he_photonask is renoved,
| eavi ng thEEEféﬁﬁﬂﬂgﬁ‘dgg?%%P%t?E&ﬁ%ﬁ%ﬁ%hb%nr?ﬂuF¥§@piB.cPH@FE%FE%Eﬁce'of

numerous a&ﬁgQQEgﬁthQiSiﬁ%ﬁf@é§%&égalayers so as not to disturb any
underlying devices and posts. The OIL covering is considered
to be an opticnal addition;'The added expense of Ehe OIL
covering may be avoided in some cases of lower image
quality. The LCD-on-silico@ device could be completed and
used functicnally without adding the OIL after the formation

of the alignment posts.

The optional optical interference layer coaﬁing is
composed of multiple layeré of insulating lmateriél' with
properties of wvarying optical indices of refraction, as
shown in Fig. 8. Oxides andlnitrides have been appiied in
the fabrication of these multilayer stacks. It is critical
to have Si0Ox as the bottom layer to match the index of

refraction of the substrate.

Durable, uniform and reproducible amorphous silicon nitride
multilayer coatings deposited by PECVD are known optical
interference filters in the near infrared. Optical

interference coatings for the visible spectrum made from




usage of uItra thin glass plate or cover over the liquid cr}@?h#cem?m sheet
i npl ementation results in |ightweight displays for portable 48/#9/2893 ons.

d ass covers supported by alignnent posts are typically 0.5 mllimeters in
~thickness, and can range fromO0.2 to 0.8 mllineters. Wile the invention
has been partlcul arly shown.and descri bed W|th reference to the preferred

enbodi nents thereof, it_wll be undersbp t hose ?kLIIed |n the art
that vari oEQuEhé’Pr’ge‘Emf% fayarsand Rtide/aith dﬁé"ﬁ'ﬁé@ BiERbYR TAEPSAti ng
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optical in f r ed with active devices conprisin
; 6L PhEE e S brATRAE BhCC, TRctive

provi ding a si having patterned said active
devi ces therein and thereon; formng said insulating material' alignnent
posts in a pattern over said pattern of active devices; and form ng said

optical int erfe.f.‘g %t%kt 'tlhh er%%gcl%o O‘\'{%ef@: ﬁ %I g}gg{ﬁ %ﬁﬁgpfﬁtdss ang sai d

active devices posts are
conposed o [ d

al i gnnment %%éit:ésfég%at?/ rFléé]ﬁel ghfoéhgmﬁ%@%boﬁ%ng%%%éeﬁeggo&Rngg Prci)ms 4.
The methodegf thkaigbnh Wed$! dndakfedladRFRBY, ROSESMEFEY to metallic

layer 41. Then the photomask is removed; leaving the

finished device structure shown in Fig. 10.

The existence of numerous alignment posts permits the
usage of ultra-thin glass plate or cover over the liquid
crystal. This implementation results in lightweight displays
for portable applications:-.Glass covers supported by
alignment posts are typically 0.5 millimeters in thickness,

and can range from 0.2 to 0.8 millimeters.

While the invention has been particularly shc.l':wn and
described with reference to the preferred embadiments
thereof, it will be understood by those skilled in the art
that various changes in formfand details may be made Qithout

departing from the spirit and scope of the invention.




formed by a process of photolithographic formation. 5. A net reghRce645ishget

to claiml1l wherein said optical interference |ayers have a tosalo/bboxkness
of between 3000. and 3500 Angstrons. 6. The nethod of claim-1 wherein said
optical interference nmultilayer stack is forned by the process of PECVD.

7. A nethod of formi ng. a device structgre that conbines insulating
materials for silicon nitride alignnment”posts and optical interference
| ayers associated with active devices in a silicon body conprising:
provi ding a silicon.seniconductor waferi&ing a Repl acenent sheet

15/ 09/ 2003 101pattgrnn@Eh§alQ, C ViGes, repn d_thereon, forming a
first netalllc I %aere ové? tb%ﬁﬁgﬁ a m%%giﬁ§cm gsrﬂﬁim 1He Ry er
over the saidf 18 taq’?tr{:c?%yérnteﬁj%rﬁwea dayemd nesabtiatédyerigwer
the said S|I|eon1vexdd91ba;eeomﬁﬁﬁﬁhﬁg :a photoresist mask over the said
second netallic layer having a covering over the |ocation of° each pl anned
pi xel of the device structure; renoving the said second netallic | ayer not
covered by the saPHOHh@FDQeQ|snlmask sewiowhdgctbe safdr phatorgsi st nmask

to provide that epgbr&ph8dPkXeh 58E§033d39i9eg9£ﬁerefnlgﬁgrtheregg

forming said insulating material alignment posts in a
pattern over said pattern of active devices; and

forming said optical interference multilayer stack
over said alignmentgposts and said active devices.

2. The method of clalm 1 wherein said alignment posts are
composed of silicon nitride.

3. The method of claim 1 wherein said alignment posts.
have a height between about 5000 to 10,000 Angstroms.

4. The method of cléim:l wherein said alignment posts are
formed by a process of photolithographic formation.

5. A method according to claim 1 wherein saia optical
interference layers have a total thickness of between 3000.
and 3500 Angstroms.

6. The method of <claim 1 wherein said optical
interference multllayer stack is formed by the process of
PECVD.

7. A method of forming a device structure that'combines

insulating materials for .silicon nitride alignment posts
and optical interference’ layers associated with active
devices in a silicon body comprising:

providing a silicon semiconductor wafer having a




shall .act as a mirror reflector for the light incident uponmgghgmgﬁylgget
structure; formng a silicon nitride layer of thickness 5000 ts3092£0800
Angstroms to achieve desired height of the alignnent posts; formng a
phot or esi st mask over the said siIich nitride layer to cover the location
of each planned nitride post; etching said silicon nitride layer to form
said posts of silicon nitride and stoppiﬂ@ said etch at the netallic

i xel s and:the said |I|con oxi de |l ayer; renoving the said photoresist
gask and form ng 86? EXP oft 8pfer drtdVEagevd cop sheredn Rogl sbemenn;sheet
15/ 09/ 2003 11 oxi de/silicon nltrlde/5|llcon oxide/silicon nitride over

d silicon n|tr| d sec et I|c er and said silicon
zi:de | ayer . ?%fﬁqg accor g gﬂél YﬁﬁngFﬁ ©sQVEXial i gnment
posts have a helght of between about 5000 to 10, 000 Angstrons 9. A netho?
accor ding 0 cl al meg-uaAkehNa SEL L RLLSA 1dhElTioLeAcE Laxers E@%?%% ot a

t hi ckness of between 300 and Angst rons.
claim7 wherein safd 3F|&ﬁﬁ§5910p6§Y§rare forned by a process of
phot ol i t hogr aphi c

forming a second metallic layer over the said silicon
oxide layer;

forming a photoresist mask over the said second
metallic layer having a covering over the location of
(- each planned pixel of the device structure; '

removing the said second metallic layer not covered by
the said photoresist mask;

removing the said photoresist mask to provide that
each said pixel retains said metaliic layer, which
shall act as a mirrdr reflector for the light incident
upon said device structure;

forming a silicon nitride layer of thickness 5000 to
10,000 Angstroms to achieve desired height of the
alignment posts;

forming a photoresist mask over the said silicon

nitride layer to cover the location of each planned

nitride post; '

etching said silicon nitride layer to form said posts
- of silicon nitride and stopping said etch at the

metallic pixels andéthe said silicon oxide layer;

removing the said photoresist mask; and

forming optical interference layers of gilicon



formation. 11. The nmethod of claim7 wherein said optical iRdfALE&siHRCEheet
mul tilayer stack is formed by the process of PECVD. 12. A deys/ge/=jo3uct ure
having a pattern of active devices conprising: a silicon seniconductor
substrate having active devices therein and thereon; insulating material:
al ignment posts in a pattern over said pgytern of active devices; and
optical interference nultilayer stack over said alignnment posts and said
pattern of active | : The . ' cture .o |.ai.m12 wherein
said alignment pog:tﬁés/lcglereﬁés?'cl(])lfrbpoor}seglgﬁx.!g%??g%%gﬁ?t 9 ec{.efﬁe%lfé’é}reﬁf"tﬂgét
15/ 09/ 2003 12 14. W¥eniSrise sdtigeonunatofidel ppats2 shddesaceaddmeakilyhaent
posts have a: hei ghtayafr haidves @hauti RPQxtide 1Q,AQ0 Angstroms. 15. The
device structure of claim 12 wherein said alignnent posts are. forned by.
the process of photolithographic formation. 16. A nethod according to
claim12 wherein said optical interference |ayers have a total thickness
of between 30 and 0 _An rons. 17. The. deyice structure of ,claim12
3 et aaééoré?rf%glse‘? S in- N %r‘?@%lr%’gptﬂ%l‘grﬁ Ltgemgnt

wherein said optica I nterference

PECVD. . posts have a height of between about 5000 to 10,000
Angstroms. '
9. A method according to claim 7 wherein said optical

interference layers have a total thickness of between 3000
and 3500 Angstroms.

10. A methed according to claim 7 wherein said alignment

posts are formed by ia process of photolithographic
formation. | '

11. The method of claim 7 wherein said optical

interference multilayer:étack is formed by the process of
PECVD,

12. A device structure having a pattern of active deviceé
comprising:

a silicon semiconductor substrate having active
; devices therein and thereon; |

insulating material: alignment posts in a pattern over
sald pattern of active devices; and

optical interferen@e multilayer stack over said

alignment posts and said pattern of active devices.

13. The device structure of claim 312 wherein said

alignment posts are composed of silicon nitride.



18. A device structure that conbines :insulating naterlals fiRb1addr@ R aibket
posts ‘and optical interference layers associated with activasdeyizes in a
silicon body conprised of: a silicon sem conductor wafer having a pattern
of said active devices therein and t:hereon; said alignment posts |ocated
bet ween the said pixels on said sen1condé§;or waf er and the whol e
structure being covered with:optical int erence layers; liquid crystal
material | ocated i vaII S, bel o eaks of the f|l nment posts; bonding
pads on the sait sPJTf}%o %Y)’cﬁ/e ot ERTE Y Fe ©hreG |i §8i d¥Beyein said
mat eri al , havialgignmentat pagshed haard sahéighte abnbecwednt aXdters@o to

contacts for t c and power; glass cover laid upon and
supported by ﬁR?(HﬁPgnﬁﬁ%?!%%%sts to encapsulate the said liquid crysta

material, but not over the area outside the liquid crystal Replacement
sheet 15/ 09/ 2003 halémt&éwéem@ﬁ@uéwr@ongfngcpg% aig | gratedn 13a1§he
devi ce structure of claim 18 wherein said aljgnnent posts are conposed of

silicon nitri figmente RRAE st et ut@XIR | aibh 18 thker ePEOS8EE  of

al i gnment  postghdtale thdtptapiideiovweit iadrout 5000 to 10, 000 Angstroms 21.

The device structure of claim 18 mhereln sai d
16. A method according to claim 12 wherein said optical
interference layers have a total thickness of between 3000
and 3500 Angstroms.

(. 17. The device structure of claim 12 wherein said optical
interference layers are formed by the process of PECVD.

18. A device structure that combines insulating materials
for alignment posts and optical interference layers
associated with active devices in a silicon body comprised
of:

a silicon semiconductor wafer having a pattern of said

active devices thereln and thereon;

said alignment posts located between the séid pixels
on gaid semiconductor wafer and the whole structure

being covered with:optical interference layers;

liquid crystal material located in valleys below peaks
of the alignment posts;

bonding pads on the said silicon body, outside the
area of liquid crystal material, having wire attached
and said wire connected to external contacts for the

control logic and power;

glass cover laid upon and supported by the alignment
posts to encapsulate the said liquid crystal material;
but not over the area outside the liquid crystal



alignnent posts are: forned by the process of photolithograpéplactesmmthent.
22. A nethod according to claim 18 wherein said optical inter¥dp8Mae3

| ayers have a total thickness of between 3000 and 3500 Angstroms. 23. The
device structure of claim 18 wherein said optical -interference |layers are
formed by the process of PECVD. . 24.° The ngice structure according to
claim 18 conprising said optical interference |ayers over said alignnent
posts and active devices., 25. The device, structure of claim24 wherein
said optical int er“faefree%’caell"ii/%‘iei%h%ﬁ%ﬂ‘&?&ﬁ &2ads 13180 BatRd si | i con
nitride/silicon oxide/silicon nitride. 26. The device structure of claim24

wherein said I C i en previ t he vant ages of: 1)
better fiel dq%: v?f‘ele/? i gég‘?)Ir%]g ec%‘?%‘lfllé%g%fécs‘?gm gg?égt er%gdi P"’é e1R oG
angl e; 3) bet tkigHt RAAYRRATS fomesehtafll &ilicoromifatialee from a

pi xel : '

20. The device structure of claim 18 wherein said
alignment posts have a height between about 5000 to 10, 000
Angstroms. '

21. The device structure of claim 18 wherein said

alignment posts are. formed by the pfocess of
photolithographic formation.

22. A method according to claim 18 wherein said optical
interference layers have a total thickness of between 3000
and 3500 Angstroms.

23. The device structure of claim 18 wherein said optical
interference layers are formed by the process of PECVD.

24. The device structure according to claim 18 comprising
said optical interference layers over said alignment posté
and active devices. '

25. The device structure of claim 24 wherein said optical
interference layer is composed of silicon oxiﬁe/silicon
nitride/=silicon oxide/silicon nitride.

26. The device structure of claim 24 wherein said optical
interference layers provide the advantages of: 1) better
field of view for projection optics; 2) greater direct
viewing angle; 3) betterzcolor contrast ratios, saturation

or balance from a pixel,;
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