1 PHOTOLI THOGRAPHI C METHODS FOR MAKI NG LI QUI D- CRYSTAL- CN-SILICON DIiPﬂAMS
W TH ALI GNVENT POSTS AND OPTI CAL | NTERFERENCE LAYERS BACKGROUND CF THE

| NVENTI ON (1) Field of the Invention This invention relates to new nethods
of photolithographic fabrication of alignnment posts and opti cal
interference layers directly on liquid-crystal-on-silicon displays. (2)
Description of the Prior Art The picture quality of liquid crystal displays
fromthe sinple seven segnents to mllions of pixels is determ ned by the
structure used to control the variation of thickness and position |eads
after wafer proce55|ng There are known processes for creating insulated
alignment posts :based on preforned gl ass Hicro-spheres and rods:
relatively | ow sermﬁxrmesnmmmpouﬂmom mm:em@ed.r@;amea:nysml.-

sel ective deposition of polysilicon and metallic silicide. 3 NOV, 3 2 .(The
meki ng of et al |GN-SALE G DISPAAISt YITE @mtﬁmwm OPEACAA

processing art.)
INTERFERENCE LAYERS

BACKGROUND OF THE INVENTION

(1) Field of the Iﬁvention

This invention relates to new methods of
photolithographic fabrication of élignment posts and optical
interference layers directly on liquid-crystal—on—siiicon

displays.

(2) Description of the Prior Art

The picture quality of liquid crystal displays:from the
simple seven segments to millions of pixels is determined by
the structure used to control the variation of thickness and
position 1leads afﬁer wafer processing. There are known
processes for creating insulated alignment posts based on
preformed glass micro-spheres and rods; relatively low
series resistance posts can be obtained by means of

selective deposition of polysilicon and metallic silicide.



US Patent 5,498,925 to Bell et al descrlbes the formation of posts ,Nn;ﬂﬁﬂv uﬂ3

panel di spl ays using processes based on a heat-treated slurry or paste
upon a glass plate. US Patent 5,597,736 teaches the function of a :
| i ght-bl ocking [|ayer deposited upon a sem conductor substrate nateri al
that can emt light. US Patent 5,744,824 and US 5,748,828 show various
LCD structures and external optics. Until now, it has been difficult to

construct

interference |ayers simnultaneously onto a sem conduct or

al i gnnent posts using phot.ol.ithography and al so add opti cal

~used to control the gray-Ilevel of each plxel BRI EF SUMVARY OF THE
| NVENTI ON A princi pal object of the present Zinvention is to describe

vari ous new rn@hbodaking dfineliaidix Mias- padebontaqus disry staupadiatiivalyupon

an integrated circuit (1C) die wth inter-related alignment between the

posts suppor ¥RAY kneen RECFREAING @X&sd cover plate and optical interference

| ayers enpl oyed to inprove i mage qualiity. 3 Another object of this
invention is to describe effective and very manufacturabl e nmet hods of
phot ol i t hographic formati on of insulating alignment posts

US Patent 5,498,925 to Bell et al describes the
formation of posts in flat panel displays using .processes
based on a heat-treated slurry or paste upon a glass plate.
US Patent 5,597,736 teaches the function of a light-blocking
layer deposited upon a semiconductor substrate material that
can emit light., US Patent 5,744,824 and US 5,748,828 show

various LCD structures and external optics.

Until now, it has been difficult to construct
alignment posts using photelithography and also add optical
interference layers simultaneously onto a semiconductorl
substrate material uéed to control the gray-level of each

pixel,
BRIEF SUMMARY OF THE INVENTION

A principal object of the present invention is to
describe various new methods for building a flat-panel
liquid-crystal display upon an integrated circuit (IC) die
with inter-related alignment between the posts supporting-
the overlaying glass cover plate and optical interference

layers employed to improve image quality.

substrate materi al




(,al so'called studs or pillars). These methods can be used in processtirdyHlY 053
many different devi ce types, and are .described in this application for

liquid crystal -display devices as a way of illustrating their embodi ment

at a pixel density beyond that achi eévable with preformed m.cro-gl ass

spheres and rods. A further object of the present inventionis to

descri be nethods of deposition for bath t he posts and the . optical

interference |ayers that are independent: of each other and retain their
desired feature during deposition of - subsequent features. The various

met hods are classified into five nethod categories 1) silicon oxide wet
etching; 2) anorphous silicon plasma etching; and 3) nitride

filling; 4) insulfRthernacdirst | Pft - Shis 5}“Hﬁ6?b%%ns+¥|vE° p8?§?54%%s
Five new mstef s f.or the l_‘gﬁrrratlon of an

1'i qui d-cryst &5 i cof™ spl &P e dg?@ggsggur?ﬂlﬁhlchme?%%d%eV|c%ﬁ
structure ' ror gixgpg¥8§§8'%BgégﬂﬁﬂpgéprJ%u&QEPhg A?ﬁ Hﬁﬂt S g POSL S

anong t he the "mcra-display ese five

met 2028 accmaéaﬁntéh‘i daldd G i M QfrAn Opfn&A méﬁrwdser&m%@ deddV
o in processing many different device types, and are described
in this apblication for liquid crystal display devices as a
way of illustrating theif embodiment at a pixel density

beyond that achievable with preformed micro-glass spheres

and rods.

A further object of the present invention is to
describé methods of deposition for both the posts and the
optical interference layers that are independent: of each
other and retain their desired feature during deposition of
subsequent features. The various methods are classified into
five method categories: 1) silicon oxide wet etqhing; 2)
amorphous siiicon plasma etching; and 3) nitride plug
filling; 4) insulating material 1lift-off; 5) photosensitive

polyimides.

Five new methods for the formation of an improved
liquid-crystal-on-silicon digplay are described, in which
the device structure is enhanced by the photolithographic
building of alignment posts among the mirror pixels of the
micro-display. At the same time these five methods

accommodate the fabrication of an optical interference



mul til'ayer that inproves the image quality of the reflected Iight. Thds¥0V 2603
fiye nethods are: Silicon D oxide Posts by Wt Etching - wherein said :
alignnent posts are fornmed by the process of silicon dioxide wet etching
upon the said silicon substrate. Anorphous Silicon Posts by Plasnma Etching

- wherein said alignnment posts are fornmed by the process of anorphous
silicon plasma etching upon the said silicon substrate. Silicon -Nitride
Posts by Plug Filling.- wherein said  alignment posts are forned by the
process of silicon nitride plug filling upon the silicon substrate.

I nsul ation Material Posts by Lift-Of - wherein said. alignnment posts are
formed by the process of insulation material lift-off upon the said = .

opti cal inteFPSFéAéE’eFa}“bﬁt OFPYoves vile omamss taadhi thh sifo Sdies i nefide atieghi ng

- wherein saiid .alignnent _posts are fornmed by the process of polyimde,

phot osensi ti v&9BEch ﬁsﬁp’c’)ﬁ"% Heetqds |a08R) EF DESCRI PTI ON OF THE DRAW NGS 0

3 NOY 2093 .5 1In the acconpanying drawings formng a materi-al part of

Silicon Dioxide Posts by Wet ZEtching - wherein said
alignment posts are formed by the process of silicon

dioxide wet etching upon the said silicon substrate.

Amorphous Silicon Posts by Plasma Etching - wherein said
aiignment posts are formed by the process of Eamorphous

silicon plasma etching upon the said silicon substrate.

Silicon -Nitride Posts by Plug Filling.- wherein said
alignment posts are formed by the process of silicon:

nitride plug filling upon the silicon substrate.

Insulation Material Posts by Lift-Off - wherein said.
alignment posts are formed by the process of insulation
material lift-off upon the said optical interference layer I

OIL.
Polyimide Posts by Photosensitive Etching - wherein said

alignment posts are formed by the process of polyimide

photosensitive etching upon the OIL.

BRIEF DESCRIPTION OF THE DRAWINGS




this description, there is shown: Figs. 1 through 3 schematically § 3 NU% 2083
I lJustrate in cross- sectional representation a preferred enbodi nent of the
device structure of the present invention. The base silicon substrate with
the fornmed netallic pixels on the display device is shown in Fig. 4, The
process flow for nmaking the alignnment: posts and the optical interference
[ayers by the five process categories is shown in Figs.. 5 to 19. Fig. 5
shows a detail ed cross-sectional diagramof the device ready to be covered
with.the optical -interference layers. Fig. 6 shows the optical interface

| ayers deposition. Fig. 7 shows the thick silicon oxide |ayer deposit on
top of the QL. Fig. B shows the photomask after etch off of the excess
silicon oxide with wet etch. O3NOV 6 . Fig.s 9 shows the thick. anorphous

silicon deposition on top of the O L. Fig. 10 shows the resylt of pos
Shot omaski ng. and LI Eh R CSRBRBRYAESs A REbRo S SHTIge & material Part St

this description, there is shown:

Figs. 1 thrdugh 3 sghematically.illustrate in cross-
sectional representation a preferred embodiment of the
device structure of the present invention. The base silicon
substrate with the formed metallic pixels on the display

device is shown in Fig. 4.

The process flow for making the alignment posts and
the optical interference layers by the five process

categories is shown in Figs. 5 to 19.

Fig. 5 shows a detailed cross-sectional diagram of the
device ready to be covered with the optical interference

layers.

Fig. 6 shows the optical interface layers deposition.

Fig. 7 shows the thick silicon oxide layer deposit on

top of the OIL.

Fig. 8 shows the photomask after etch off of the excess

silicon oxide with wet etch.



Fig. "11 shows the thick oxide |ayer deposition of top of the QL usk@ Koy op
formng the plugs of silicon nitride. Fig. 12 shows the result of post Y
phot omaski ng, plasma oxide etching and plasma enhanced nitride chem cal--
vapor deposition. Fig. 13 shows the result of silicon nitride etch-back
with plasnma and oxi de renoval with wet etching. Fig. 14 shows the result of

t he deposition consequence of a thick photoresist, SiO by thermal
evaporation, and a thin resist layer. prior to the deposition of the

insul ation material posts. Fig. 15 shows the result of the photomasking,
plasma etching the SiO layer and another plasma etch of the bottom resist

prior to the deposition of the insulation®material. Fig. 16 shows the
cross-section af 3t e Shasisrdiheothdicsc AMGRPRERM 84Ap6PAtL HBROSHEIPR UPAL i on

material. 7 _Fiaq. Sgﬁ the cross-section after the photoresist lift-off
in an ul trasoil %’fbﬁ"r? \ﬁ?esi st renover. Fig. 18 shows the cross-section
after the photosensitive polyimde is deposited. Fig. 19 shows the
cross-section after the post photomasking and devel opnent of the

photosensitive pig. 10 shows the result ~of post photomasking and

plasma amorphous silicon etching.

Fig. 11 shows the thick oxide layer deposition of top

of the OIL used in forming the plugs of silicon nitride.

Fig. 12 shows the result of post photomasking, plasma
oxide etching and plasma:jenhanced nitride chemical vapor

deposition.

Fig. 13 shows the result of silicon nitride etch-back

with plasma and oxide removai with wet etching.

~ Fig. 14 shows the result of the deposition consequence .
of a thick photoresist, Si0O by thermal evaporation, and a
thin resist layer prior to the depoéition of the insulation

material posts.

Fig. 15 shows the result of the photomasking, plasma
etching the SiO layer and another plasma etch of the bottom

resist prior to the deposition of the insulation material.

Fig. 16 shows the cross-section after the thermal or

electron beam evaporation of insulation material.




pplyimide. Fig. 20 schematically illustrates in cross-sectional- %5 NW .EI]HJ‘
representation one type. of final enbodinent of this invention for t

| i quid-crystal -on-silicon display device. Fig.2la and Fig. 21b illustrate

(by means of a top view) how the display device can be constructed with

the alignnent posts between the pixels. DESCRI PTION OF THE PREFERRED ~

EMBODI MENTS Referring now nore particularly to Fig. 1, here is shown a
portion of a partially conpleted integrated circuit |iquid-crystal

di splay. The gl ass cover plate 10 provides the transparent enclosure for
the external incident. light to be reflected back to an observer. The
strength of reflected |ight is dependent on the |Iight polarization,
absorption and 8 |ight scattering properties of each |iquid-crystal

di splay pixel, which is controlled by the electrical field established-
within the I|qU|dFé9ysﬂ5IS#9W§rﬁ§ﬁ KEOosprgectioni @fter sdsamirddriesistt he

gl ass plate t he nment osts 14 enerates these E-fields. The
resul t ant spii@ ggwé%na?kﬁ;iﬁ) hapf rReigh | YemVetafer is filled

with the chosen liquid crystal naterlal. Li ght, either provided or
anbient, enters the open face of the liquid-crystal-

Fig. 18 shows the cross-section after the

photosensitive polyimide is deposited.

Fig. 19 shows the cross-section after the post
photomasking and development of the photosen81t1ve

polyimide.

Fig. 20 schematically illustrates in cross-sectional
representation one type-'of final embodiment : of this

invention for this liquid-crystal-on-silicon displéy device.

Fig.2la and Fig. 21b illustrate (by means of a top
view) how the display deV1ce can be constructed with the

alignment posts between the plxels
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more pertieularly to Fig. 1, here is
shown a portion of a partially eompleted integrated circuit
liquid-crystal display. The glass cover plate linrovides
the transparent enclosure for the external incidentflight to
be reflected back to an observer. The strength of reflected

light is dependent on the light polarizationm, absorption and




silicon and is reflected fromthe underlying pixels to forma viewath & NIV 2003
pattern of polarized light, i.e. the :imge is viewed directly or

proj ected through an optical polarized system Fig.2 illustrates the
bondi ng pads 20 on the I C die to whiich the external wires 22 are attached. .
The silicon wafer contains the enbedded control circuits that activate the
pi xel "patterns in the viewable area 24. The. optical properties of the
liquid 'crystal (e.g. the rotation of plane-polarized |ight or the

di spersion of light) are influenced by the electric fields above the IC
surface. A small change in voltage makes a | arge change in the optical
transm ssion, Because this invention teaches the_ photolithographic_ nmaking

of patterns bighil | BARRFRIIRGBIORGRELIGH 1 BRCH| AeAyidocr SRkt 9i3Blay

often fabricated in the . range 1:1 to.1:10000. shown in . Fig._3,.the
photolithogr%ﬁﬂgb ne?ﬂbﬂhpeﬁait§opﬁ§§élﬁaiggWénﬁﬁﬁbst%T% tYkFa%ongféhéted
in the space t.wee j.acent pixels. 0. 3 Ihe, pr,gce steps for
maki ng t he a.?%ﬁ%%ﬁ#“%gé¥gﬁgﬁh %%ﬁigﬁﬁu}%tgr 3%%%0@3F5§%$% é@'n@%ﬁ% g t he:

various phojl i §Bogray,G redt eﬂﬁ;n‘l e8hbS ARYWN bikdd IHpes b tleanmeant

posts 14 generates these E-fields. The resultant space

between the glass plate and the silicon wafer is filled with
the chosen liquid crystal material. Light, either provided
or ambient, enters the open face of the 1iquid-c?ystal-on
silicon and is reflected from the underlying pixelé to form
a viewable pattern of polarized light, i.e. the :image is
viewed directly or projected through an optical bolarized

system.

Fig.2 illustrates the bonding pads 20 on the IC die to
which the external wires‘22 are attached. The silicon wafer
contains the embedded coﬁtrol circuits that activate the
pixel patterns in the ;viewable area 24. The: optical
properties of the liquid%?crystal {e.g. the rotation of
plane-polarized 1light or%.the: dispersion of 1light) are
influenced by the electriélfields above the IC surface. A
small change in voltage makes a large change in thé optical
transmission. Because -ﬁhis invention teaches the
photolithographié making of patterns of alignment posts, the
ratic of pixels 30 to posté 14 is ofﬁen fabricatea in the
range 1:1 to 1:10000. As | shown in . Fig. 3, the
photolithographic method permits these alignment'posts to be

constructed in the space between adjacent pixels.



Starting with Fig. 4, the conductive netallic :(or poly) Iayer 30 |1]3 NOV 2003
fornmed over the silicon oxide 40, whicch is forned on top of the second -
metal layer 20 on the IC. Prior to formation of the silicon oxide 40, “the
metal 20 as bond pad is deposited on silicon dioxide |ayer 41. A silicon
seni conduct or substrate 09 is coated with an silicon dioxide . insulating
layer 15 and has active devices therein and an netal |ayer (netal 1) 16
upon which silicon dioxide |ayer 41 is fornmed. Then a photoresist layer is
formed over the netal 30 to construct the pixels. The photoresist is
exposed and a portion renoved to provide that each pixel retains a
netallic layer, which shall act as a mrror reflector for the |ight

i nci dent upon said pixel After the resist ?s stripped as shown in Fig..

5, the device i rea to be covered w the ti i nterference Iayers
60. Opti cal inte é?%’ec £ o ERF eg ﬁ%g 19PF“SHF POBtEC 13%hs

SRR TR A Rt

shows the r;ﬁz%%'otli'ﬂhogkéﬂﬁwréaté%ﬂbé Sd eadn’ eh Figufabricaliny, of

al i gnment posts. 03 VZk

Starting with Fig. 4, the conductive metallic (or poly)

layer 30 is formed over the silicen oxide 40, which is
formed on top of the secdnd metal layer 20 on the IC. Prior
to formation of the silicon oxide 40, the metal 20 as bond
pad is deposited on silicon dioxide layer 41. A silicon
semiconductor substrate 09 is coated with an silicon dioxide .
insulating layer 15 and has active devices therein and an
metal layer (metal 1) 16 upon which silicon dioxideglayer 41
is formed. Then a photoresist layer is formed over the
metal 30 to construct the pixels. The photoresist is exposed
and a portion removed to ﬁrovide that each pixel #etains a
metallic layer, which shall act as a mirror reflector for

the light incident upon said pixel.

After the resist is stripped, as shown in Fig. 5, the
device is ready to be covered with the optical interference
layers 60. Optical interference layers are used to improve
light reflections. Careful attention is required in
constructing these optical interference layers so as not to
disturb any underlying devices and/or posts. Fig.EG shows

the resultant structure, which is ready for the fabrication

of alignment posts.




The optical interference layer coating .(OL) is conposed of OX|des dhd NV 63
ni-trides, coated into nultiple |ayers of I nsulating material wth.
properties of varying optical indices of refraction. The alignnent posts
are constructed after the OL is nade by one of the five process nethods
descri bed herein; Method 1 - Silicon .Di oxide Posts by Wet Etching A silicon
oxi de layer 70, about 1 micron thick, is deposited on top of the QL 60,
as shown in Fig.. 7. The photomask 80, about 4 microns across, is forned at
the |location of each alignnent post, and a wet etch, such as hydrogen
fluoride or buffered HF, is applied to renove the excess silicon oxide.
The resul tant alignnment posts 71 are shown in Fig. 8 (in this.

illustration on the peripheral) After renmpying the alignnment post

photoresist, a p tonask d to ma e the nmet al, bondj pad 20
and the said pa S"1 ‘%‘ e}Fé"eeﬁeE‘ (o) Tsi 198k d{eoﬁd
fol | owed by I | a r n ads
20. Met hod f; ﬁ%@gﬁgugggdkpcgﬁg 0S %% PF%?%% n?hﬁgngﬂiFlgnDrp grQ :
silicon |ayes 99ms_@mng1r fh€&Plal hwsish, b¥opetEPEE! 3d ViR Oépwé'ap' L
60, as shown in Fig: 9. The 11 '

, indices of refraction. The alignment posts are constructed

after the OIL is made by one of the five process methods

described herein:
Method 1 - Silicon Dioxide Posts by Wet Etching

A silicon oxide 1ayér 70, about 1 micron thck, is
deposited on top of the O0IL 60, as shown in Fié. 7. The :
photomask 80, about 4 microns across, is formea at the
location of each alignment post, and a wet etch, such as:
hydrogen fluoride or buffered HF, is applied to rémove the
excess sSilicon oxide. The resultant alignment posts 71 are
shown in Fig. 8 (in this . illustration on the péripheral).
After removing the alignment post photoresist, a photomask
is deposited to make the metal bonding pad 20, and the said .
pad is etched into the EQIL 60 plus silicon oxide 40,
followed by the removal of this photomask and formation of

the bond pads 20.
Method 2 - Amorphous Silicon Posts by Plasma Eﬁching

An amorphous silicon layer 90, about 1 micron thick, is

deposited on top of the OIL 60, as shown in Fig:. 9. The




photdﬁask 100, about 2 microns across, is forned at the Iocatlon of” @étmﬂv

alikgnnment post, and a plasma silicon etch such as CF4/02 or. SF6, is
applied to renove the excess anorphous silicon.. This pl asma etch has a
hi gh selectivity in the presence of silicon nltrlde and wi |l not -damage.
the silicon nitride top layer in the OL 60. The resultant alignnent
posts 101 are shown in Fig. 10 (in this illustration between the pixels).
This process nethod is conpleted as described :in Method 1, by renoving
the photoresist 80 and formation of the bond pads 20. Method 3 - Silicon
Nitride Posts by Pl ug FiIIing A silicon oxj,de |ayer 110, about 1 mcron
thick, is 03|teq% the Al . 60, as shown in Fig. 11. The

phot omask | s V%P B%Fdez E‘%Egﬁ’f‘st RETOFEat |5b-°n SPmGQCWtaI Faenent

t d hi d L th 1 d t
Cover ed by t R BRYDT eacag q—i“ﬂﬁ e 2 Foetes 5503 Biera, ngione SOl | o
the AL at é‘;@l b?%e @ilt 4 }d¥E BPSig % i% (??S,lﬂggu I¥.e]t“g§epq:sﬁt cay e%ées

120 are filled w I'’con nitri osited asnma enhanc

cheni cal vapsiiodarasd t400 ddiECNis [Phasnd asien magcgmsﬂt seie&%ﬂl ow
t enperature deposition (about 200 degrees centigrade) during the

deposi tion ouverthégpreduraienad sdiltilvont mlhelakusaﬁﬂcelmi hbe phass®. ¥t hout

the plasnma, the
silicon nitride top layer in the OIL 60. The resultant

alignment posts 101 are shown in Fig. 10 {in this
illustration between the pixels). This process method is
completed as described in Method 1, by removing the

photoresist 80 and formation of the bond pads 20.
Method 3 - Silicon Nitride Posts by Plug Filling

A silicon oxide layer 110, about 1 micron thick, is
deposited on top of the OIL 60, as shown in Fig. 11; The
photomask is formed over the oxide, except the location of
each alignment post, and a plasma oxide etching ié used to
remove the silicon oxide 'not covered by the photomask,
creating cavities 120, inclﬁding gome -or all of the QIL at
the base of the post cavit?ﬂ Subsequently the post cavities
120 are filled with silicon nitride 121 deposited Ey plasma
enhanced chemical vapor deposition (PECVD). [Thé plasma
enhancement provides low Eemperature deposition (about 200
degrees centigrade) during the deposition over thatlobtained
without the existeénce of the plasma. Without the plésma, the

nitride deposition is in the range of 700 - degrees

centigrade.]




nitride deposition is in the range of 700 degrees centlgrade ] OSNCﬁ‘a?NﬂV i
12. Subsequently a silicon nitride etch-back (also using a plasm etch)
renoves all the PECVD nitride except the cavity plugs 122. The plug
filling of silicon nitride is not totally etched away by the plasma:
because the plasna etching is stopped after the nitride at the surface is
removed. The remaining oxide 110 is renmoved with a wet etch, such as HF or
buffered HF, as shown in Fig. 13. The wet etch does not renove the silicon
nitride plugs because the selectivity between SiQ2 and the nitride is
infinite for HF etching, nor the OL top |ayer because it is also a
nitride. This process nethod is conpleted by formation of the exposed bond
pads 20, as shown previously via a top segtional vieW/in Fig. 2, and again

later in a cross-sectional iewi 20. .Met hod. 4. - ulatlon Mat eri al
Posts by Lift- off%R% RELETF ¥ ’2} 1&5}Idiecef:ﬁ§‘epa§}&0 alspnsing a

m crons thi 3}(} f o_.{ Qba éU"P con noxi d.e Iayer
141 is plac 5@%Te? e pﬁ§@8§§€IS L& h@fﬁﬁ?dgvﬁﬁ%ﬁ%& {§%
steps are fllhguediby. f opmBt L90g Oflmw%fphﬁﬁ@ai shik@yge 142, n%*%out 1
m cron thick, upon
totally etched away by the plasma because the plasma etching
is stopped after the nitride at the surface is removed. The ,
remaining oxide 110 is removed with a wet etch, such as HF
or buffered HF, as shown in Fig. 13. The wet etch does not
remove the silicon nitride plugs because the selectivity
between Si0O2 and the nitride is infinite for HF etcﬁing, nor
the OIL top layer because it is also a nitride. This procesé
method is completed by formation of the exposed bond pads
20, as shown previously via a top sectional view in Fig. 2,

and again later in a cross-sectional view in Fig. 26.
Method 4 - Insulation Material Posts by Lift-off

A photo resist or PMMA acylic layer 140, about two
microns thick, is formed oﬁ top of the OIL, and a silicen
monoxide layer 141 is placed over the photore51st 140 by
thermal evaporation. Theseasteps are followed by formation
of another photoresist layer 142, about 1 micron thfck, upon
the silicon monoxide 141, as shown in Fig. 14.. After
photomasking the'photoresiét 142 is developed to expose the
location of the plugs 150, .the SiO layer 141 is etched with

a CF4 plasma and the bottom photoresist 140 is etched with

an oxygen plasma, as shown in Fig 15. The cavities 150 in




the silicon nonoxide 141, as shown in Fig. 14'. After photomasking thd NOV gy
phot oresi st 142 is devel oped to expose the . location of the plugs 150, the |
SiOlayer 141 i's etched with a CF4 plasna and the bottom photoresist 140

Is etched with an oxygen plasma, as 'shown in Fig 15. The cavities 150 in 3
NOV a' u;# 13 the bottomthicker photoresist are then filled with

I nsul ation material 152, (calciumfluoride, silicon nonoxide, yttrium

oxi de,: alum num oxide) by thermal or- el ectron beam evaporat.ion; E-beam
evaporation is shown in fig. 16. The el eqgron beam 160 i s devi ated by

a: magnetic  fiel trike on the.: materi.al squrce, .which.'.is {hen,
evapor at ed ang d%ﬁ%&oﬁed t&ﬁc%elrhe EFESE8ht r BFCof TR %ﬁ}l}.‘r‘ﬁdtof“”t%
material ev S 1 dope,by a . A Lckne itor.
The bot;onlgﬁg%%%ggfgt ?ﬁ%, %ﬁqi c2§2ﬁ0n0§?%%¥§h@, ggggkggéfytﬁgﬁﬁﬂ%%{top
of SIO s I awRvRdaly 3 SEAIRNGAiAe, S| Ablhuk! |Ga%)! Cphal thefifaph In

Fig. 17. The resist renoval processing step does not affect the Insulation
mat eri al posilechecaudeanheseapmtariicn;s BEdsediwt eSSt Nigacehona. iand
stick well to the substrate. The posts nmade of insulation material are |eft
anong the piigel sléas B@waleotranobedm tUe® pis | pireiatedsbyescmdmprbiit a
field to strike on the .material source, which '‘'is then
evaporated and deposited .onto the wafer. Contrcl of the
amount of the material evaporated is normally déne by a
crystal film thickness monitor. The bottom photoresist 140,
silicon wmonoxide 141, and.'everything on top of 8i0 is
removed by an acetone (or similar) ultrasonic bath,;as shown
in Fig. 17. The resist rqmoval processing step does not
affect the insulation mate#ial posts because these materials
do not dissolve in acetone and stick well to the sﬁbstrate.
The posts made of insulation material are left aﬁong the
pixels as shown, or around;the peripheral as described in a

prior method of this application. The process method is

completed by formation of the bond pads 20.
Method 5 - Polyimide Posts by Photosensitive Etching

A photosensitive polyimide layer 180, about i micron
thick, is formed on top of ‘the OIL 60, as shown in ?ig. 18.
The photosensitive polyimide is deposited by spinniﬁg. This
layer 180 is exposed to an ﬁv light pattern so as to develop

the polyimide to be used as;the alignment post material. The

unexposed photosensitive opolyimide is then removed by




prior nmethod of this application. The process nmethod is conpleted: bﬂs{ EMB-
formati on of the bond pads 20. Method 5 - Polyimde Posts by Photose éﬁﬁmye
Etching A photosen5|t|ve pol yi m de - Iayer 180, about 1 micron thick, is

formed on top of :the OL 60, as shown in Fig. 18. The photosen3|t|ve
polyimde, is dep05|ted by spinning. This |ayer 180.is exposed to an W

light pattern so as to. develop the ‘polyinide to be used as, the alignment
post material. The unexposed photosensitive polyimde is then renoved by 14
devel opment, as shown .in, Fig. 19, |eaving,the polyinde posts 191. This
process nethod is conpleted by the farmation of_ the bond pads 20. To

conpl et e t hdeVElPRPRASI n@S t ﬁéom i nBigt ed%nt beavingadhei IWWW@& es

22) are bonded fromt legs of the lead film e. net al ad 20, as
ghO\)Nn in Fi & %Fre ?ﬁfbs SE%\F%?S JRRF RS JiSp CoME; §EF§ bHeW%e ?E%E&On

shown in Fig F b, illustrates the location of the alignnent
posts, for exan%% %ggg bgﬂFI%&thls drawi ng shows the posts 191 to be

| ocated anong the netallic pixels 30, an alternative design would have
some or all the alignnent posts interm xed with the bonding pads 20 on the

peri pheral . To complete the IC packaging, the IC is mounted onto a
lead film and wires (22) 'are bonded from the leges of the

lead film to the metal pad 20, as shown in Fig. 20.

The top-view of one possible display device layout,
shown in Fig. 2l1a and PFig. 21b, illustrates the location of
the alignment posts, for éxample 191. While this drawing
shows the posts 191 to be located among the metallic pixels
30, an alternative design would have some or :all the

alignment posts intermixed with the bonding pads 20 on the

peripheral.

For all five methods of photolithographic formation of
alignment posts on LCD-on-silicon display devides, the
existence of numerous alignment posts permits the usage df
an ultra-thin glass plate dr cover over the liquid.crystal.
Both the worbpage of the wafer and the glass plate do not
affect the thickness of the LCD material, This
implementation results in lightweight displays for portable
applications. Glass covers supported by alignment posts are
typically 0.5 millimeters in thickness, and can rahge from

0.1 mm to 2 mm.



For all five methods of photolithographic formation of alignnent podk3 KoV 2003
LCD-on-silicon display devices, the .existence of numerous alignnent posts —
permts the.usage of an ultra-thin glass plate. or cover over the liquid: . .
crystal. Both the worbpage of the wafer and the glass plate do not * affect

the thickness of the LCD naterial. This inplenentation results in

| i ght wei ght displays for portable applications. 3 ass covers. supported by

al i gnnent posts are typically 0.5 mllineters in thickness, .and can range
from 0.1 mMimto 2 nmm 0 3 NOV. 203 15 Wkile the invention has been

particularly sh and_descri St f c , f g A
enbodi nent s th%&ﬁ ¥ emlﬁ"%ﬁglﬁﬁdg}i{(ﬁé@@yﬁtz‘hbﬂ‘?‘caﬂ H an

ose skilTed in the art
that vario s i r Pt etiledi It Mihebe prederwehogiibodepantsng
fromthe sg?erslc{}'alan scd(}péerpof the 1nvention. 0 3:- NOV ZD0O3 CLAIMS 1. A

met hod of foididuE a2 TEeVWLEL Shé UshaeEstdad ' b othosesskilledulmtthg axterial s
for alignment posts and optical %nterference |ayers associated with an
active devigitat wiriusisurchanges s$nl foom andydetadys glayybe made without

departing from the spirit and scope of the invention.




providing a silicon sem conductor wafer having a pattern of active BeliNW Z003
structures therein.and thereon; formng a first nmetallic |ayer there over;
formng a silicon-oxide insulation |ayer over the said first nmetallic

| ayer;” form ng a second netallic |ayer over the said silicon oxide |ayer,
which is used both for connections and for bonding pads; formng a silicon

di oxi de insulation over :the said second®netal layer; formng a third
nmetallic | ayer thereover; form ng a photoresis mask over the said third
nmetallic layer having a covering over 4YH&M5 anned pixel locations of the

said liquid-grystal-pn-gilicon displa evice; renoving the said third
netallic | aygf n%oﬁjn%gf\j‘/%‘rﬁe ff)ygmfrh]er?%a% ST e3F K thafoiambites sai d

phot or esi st : DOV ea sai i xel retains said netallic
| ayer, whi chﬂgﬁg eégé Qg%EE%Q§P or %lr%é:f I g"c]‘tq FIEgE tﬁ’é’sltisghtangci%i‘tca}poh

said Nov %interference layers associated with an active device
‘structure in a silicon body comprising:

providing a silicon semiconductor wafer having a
pattern of active device structures therein énd
thereon;

{ forming a first metallic layer there over;
forming a silicon-oxide insulation layer over the said.
first metallic layer;
forming a secona metallic:layer over the said silicon
oxide layer, which is used both for connections and for
bonding pads;
forming a silicon dioxide insulation over ' the said
gecond metal layer; | |
forming a third metallic layer thereover;
forming a photoresis mask over the said third metallic
layer having a covering over the planned pixel
locations of the said liquid—crystal—on;silicon display
device;
removing the said third metallic layer not-covered by
the said photoresiet mask; | |
removing the said photoresist mask to provide that each
said pixel retains said metallic layer, which shall act

as a mirror'reflector,for the light incident upon said




17 liquid-crystal-on-silicon display device; depositing thefsaid;;odlﬂcﬁmw 003
interference layers of silicon oxide/silicon nitride/silicon oxide/silicon
nitride over said third metallic layer. and said silicon oxide layer. 2." A
met hod' according to claim 1 wherein said optical interference |ayer

I nproves the reflectivity of the said . netallic mrror. 3. The nethod of
claiml| :wherein said optical interferencer nmultilayer stack is forned by

t he process of plasma-enhanced chem cal vapor deposition:. 4. The nethod of
claim 1 wherein saifudgtriceastiodtrenf-eidicenndlitplayerestack i s conposed of
the materials fo;ggd by the process of plasma-enhanced chemnical vapor
deposition. 5. AnEFREF14&dEEr dthg twmicl appticaherigitersairdmpt | tabers of

i nterference Iayer.&s bet ween a?out,looo Angstronms and 10000 . Angstrons in
total thickness. BXASHEt hBYLIELSAALRERt cnttnlde Asivhbrai n aidk Al lgnmmnt

posts atre placed aid silican wafer, realizing mcro-display
pixel's. 0 3 Nov 283%%88 896t Sa1d “hird merallic layer and said silicon

oxide layer.

2. A method according to claim 1 wherein said optical

interference layer improves the reflectivity of the sgaid

L . metallic mirror.

3. The method of claim 1 wherein said optical interference

multilayer stack is formed by the process of plasma-enhanced

- chemical vapor deposition.

4. The method of claim 1 wherein said optical interference
multilayer stack is composed of the materials formed by the -

process of plasma-enhanced chemical vapor deposition.

5. Amethod according to claim 1 wherein said optical
interference layer is between about 1000 Angstroms and 10000

Angstroms in total thickness.

5. A method according to claim 1 wherein said élignment

posts atre placed on the said silicon wafer, realizing

micro-display pixels,




7. A method according to claim1 incliuding, building the said ali gnn’ErS NEW 7003
posts to a height fromO0.3 mcrons to 5 mcrons on the resulting LIl
li-qui d-crystal -on-silicon micro-displiay. 8_ The nethod of claim1 wherein

sai d-gl i gnnent posts are formed by the process of silicon dioxide by wet
etching upon the said silicon substrate. 9. The nethod of clai m 8including
formng a silicon dioxide |ayer of thickness between 0.1 to 5 mcrons to
achieve the desired height of the alignhnt posts. 10. The nmethod of claim

8 including_formn phot oresi st mask over the said silicon oxide |ayer

to cover thé-l o%af“fgﬁﬁogf A idleinked @laghndrimcpeding. buildipe thetdgg; of
claim8 i nc!ﬂdi naﬂe{r]ﬁm)vi ng the said silicon oxide |layer to formthe said

al i gnment pdst g™ RREURt T IR HE S Ddf MéEEBRS HRY, 5 anterenmwing t he
said photo i k. 12. The nethod.of claim 1l wherein_said alignnment
posts are %ggnggsggﬁﬁﬁg %% cégsC5P’S§ﬁﬁr_ﬁﬁdﬁéaéi’??d&h¢’ﬁf?"B’rﬁE#ﬁYetchi ng
upon the said silicon substrate. 19 13 - The nethod of claim 12 including
form ng an anor phous silicon |layer of thickness between about 0.1 and 5

m crons 8. The method of claim 1 wherein said alignment posts are

formed by the process of silicon dioxide by wet etching upon

the said silicon substrate.

9. The method of claim Bincluding forming a silicon dioxide layer
of thickness between 0.1 to 5 microns to achieve the desired |

height of the alignment posts.

10. The wethod of claim 8 including forming a photoresist mask

over the gaid silicon oxide layer to éover the location of

each planned alignment post.

11. The method of claim 8 including removing the said silicon

( oxide layer to form the said alignment posts with wet etch
{such as HF or buffered HF), and removing the said

photoresist mask.

12. The method of claim 1 ‘wherein said alignment pbsts are

formed by the process of amorphous silicon by plasma etching

upon the said silicon substrate.




achei eve the desired height of the al:ignnent posts. to 14. The hetho&lgfﬂﬂvﬁm&i
claim12; including fornm ng a photoresist nmask over the said anorphous
siIich | ayer to cover the |ocation 'of each planned alignment post. 15..

The n€thod of claim 12 including removing the said anorphous ; silicon to
formthe said alignnent posts by plasma etch, and renoving the said

phot oresi st mask. 16. The nmethod of claim 1l wherein said alignnent posts

are fornmed by the process of silicon nitxide by plug. filling upon the’
silicon substrate. 17. The nethod of claim 16, including form ng a PECVD.

oxi de | ayer }3of Thfj ekHeed detmkrim 0l ikdddgTEcting 4D an6#pheue difl€con

desired height of the alignnment posts. 18. The nethod of claim 16 including
fornming a p28¥8fe§?§ttﬁﬁ§%ne§§ér EhE¥eghi RIPREVD R dend aper mi orex9ose t he

| ocati on ofacgggh Iggne ali%nnent ost, 19. The nethod of claim16

i ncl udi ng forn1n§vgo e cde7iTed ByiopFaskatbechi hgneent heosts d PECVD oxi de
| ayer. 20 20. The nethod of claim 16 including plasnma enhanced chem cal
vapor deposition of silicon nitride into the. said post cavities and over
S?' d PECVD;gXi gl Mthod of claim 12'including forming a photoresist mask
over the said amorphous silicon layer to cover the location

of each planned alignment post.

15. The method of claim 12 ‘including removing ‘the said amorphous

silicon to form the said alignment posts by plasma etch, and

removing the said photoresist mask.

:16. The method of claim 1 wherein said alignment pbsts are

formed by the process of silicon nitride by plug: filling

upon the silicon substrate.
17. The method of claim 16 including forming a PECVD ox:ide layer
of thickness between 0.1 and 5 microns to achieve the

desired height of the alignment posts.
18. The method of claim 16 including forming a photoresist mask .
over the said PECVD oxide layer to expose the location of

each planned alignment post,

19, The method of claim 16 including forming post cavities by

pPlasma etching of the said’ PECVD oxide laver.




21. The nethod of claim 16 |nclud|ng et ch-back removal of sald silig ﬂ N v Zﬁ“‘
nitride, except the silicon nitride dep05|ted in the said post cavities.

22. "The nethod of claim 16 including renoving the PECVD oxide | ayer by wet
etch (such as HF or buffered HF) to fiormthe said silicon nitride

al i gnnment posts, and renoving the said photoresist mask. '23. The nethod of
claim1 wherein said alignnent posts are fornmed by the process of

insul ation material by lift-off upon the said optical. interference |ayer
O L. 24. The nethod of claim 23 wherein a photoresist or PMVA acylic |ayer
of thickness between about | and 5 Z2@crons is deposited upon the OL and
covered by silicon nonoxide via thermal evaporation, followed by another
phot or esi st Iayer of thickness between about 0.1 and 1 micron. 25 The

met hod of 23 ei.n. a is.used to for he. s cavities
'n the sa 9£.céraén§>13 fekud 'pe fiinge ehetdehpidilLhadtoy

nonoxi de, fter V\/m he on, non Serves a _mask, for an
oxygen pl SGRPSIUPRA r%lﬁ‘fmm i%}rgotﬂsms %ﬁ ﬁc@&ltﬂ ‘i&t"SFé@%dst 26. The
met hod of 2 n ng formng an insul ation rraterlal by pl ug
filling tﬁt@é@t%&é‘ ?‘8&%& in the silicon nonoxide and two-m cron bottom
phot oresi st |ayer; several insulation materials are: available from which
to choose, including calciumfluoride, silicon nonoxide, yttrium oxide,

21. The method of claim 16 including etch-back removal of said silicon

nitride, except the silicon nitride deposited in the said post cavities.

22. The method of claim 16 including removing the PECVD oxide layer
by wet etch (such as HF or buffered HF) to form the said silicon nitride

alignment posts, and removing the said photoresist mask.

23. The method of claim 1 wherein said alignment posts are formed by
the process of insulation material by lift-off upon the said optical .

interference layer OIL.

24. The method of claim 23 wherein a photoresist or PMMA acylic layer
of thickness between about 1 and 5 microns is deposited upon the OIL
and covered by silicon monoxide via thermal gvaporation, followed by

another photoresist layer of thickness between about 0.1 and 1 micron.

25. The method of claim 23 wherein a photomask is used to form the said
cavities in the said silicon monoxide by a CF4 plasma etching of the

silicon monoxide, after which the r



and al uni ni um oxi de, and the like. 27. The nethod of claim 23 includi§g NO¥ 7y
renoving said bottom photoresist layer by lift-off with an ultrasonic

bat h, u | eaving the said alignment posts. 28. The nethod of claiml' wherein
said alignnent posts are formed by the process of polyimde by

phot osensitive etching wupon the OL. 29. The nmethod of claim28 including
formi ng a photosensitive polyinde |aye2lof thickness netween about 0.1
and 5 mcrons,.to achi eve the desired height of the alignnment posts. 30.
The method of >t @Ph FOToRdIdsdi AETERBosihgat esdai for phot osepséi i Y8 asma
pol yi m de at é&([lail oca i% of each (gl anned alignment post. NOV23 22 31.
The nethod of - clarth 2% FiAe| TR Aot Hevet BpPh el arstiore i . sai d

phot osensitive polyinmde to | eave the said alignnment: posts in the

| ocation of the exposed polyimde described herein, and renoving the said

phot or esi st s@sk.p132. fdew cgest ure, that cqonbines insulating materials
for alignment posts arﬁtog’t\ﬁi c(gF ién %%irg;f ?gnégc*"%’é?smrﬂ%%@a’cwlﬁﬁ an

active devi agatsdr it We g1 (316N IR¥avities formed in the silicon
monoxide and two-micron bottom photoresist layer; several
insulation materials are. available from which to chooge

including calcium fluoride, =ilicon monoxide, yttrium oxide
. r

{ and aluminium oxide, and the like.

27. The method of Clailm 23 including removing said bottom
photoresist layer by lift-off with an ultrasonic bath

leaving the said alignment posts.

28. The wethod of claim 1! wherein said alignment posts are

formed by the process of polyimide by photosensitive etching

upon the OQIL.

-29. The method of c¢laim .28 including forming a photosensitive
polyimide layer of thickness netween about 0.1 and 5 microns

to achieve the desired height of the alignment posfs.

.30. The wmethod of c¢laim 28 including exposing the said

photosensitive polyimide at the location of each planned

alignment post.




33. A device structure that conbines insulating materials for alignnlid KOV 243
posts and optical interefrence | ayers - associated with an active device | '
structure in a silicon body conprised of: a silicon seniconductor wafer
haV|ng a pattern of said active device structures therein and thereon;

pi xel's, on sai d sem conductor wafer and the whole structure being cover ed

with an optical interference |ayer; bonding pads on the said silicon body
having wire attached and said wire conrnerted to external contacts for the
control logic and power; U 3 liar 2003 23 1liquid crystal material |ocated

in the vall eps micowerHiel peaksl ofm t I iabi wyiing devebsping sidasemaxdvigrthel aced
upon and supported by the alignnent posts to encapsulate the said liquid
crystal nmaterdial ,phdutserctitoingr phiy arnede obpsildavieheHe qga 1l caysgmtent

mat eri al where the bondi ng pads are:located. 34. A structure :according to

cl ai m 33 wharcsitF t be: shigdmestt ioposes &he magheasy rﬁ%hsl‘@qu)h‘é@@dirllbmgraphy
rat her than pre-

herein, and removing the said photoresist mask.

32. A device structure that combines insulating materials
for alignment posts and optical interefrence " layers

{ associated with an active device structure in a silicon

body.

i33, A device structure that combines insulating materialsg
for alignment posts and optical interefrence layers
associated with an active device structure in a siiicon body

comprised of:
a silicon semiconductor wafer having a pattern of said

active device structures therein and thereon;

pixels on said semidonductor wafer and the whole
structure being covered with an optical interference

layer;

bonding pads on the said silicon body haﬁing' wire

attached and said wire connected to external contacts

for the contreol logic and power;




fornmed gl ass beads. : o N ‘»
- - 8 v 8
i ) : .
23
liguid crystal material located in the valleys below

the peaks of the alﬂgnment posts;

glass cover placed upon and supported by the alignment
posts to encapsulate: the said liguid crystal material,
but not over the area outside the ligquid-crystal

material where the bonding pads are located.

34. A structure according to claim 23 wherein the ;alignment

posts are made by means of photolithography rather.than pre-.

formed glass beads.
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