22 2 SEP 2003 1 A NOVEL SPACER TECHNOLOGY FOR MAKI NG LI QU D-CRYSTA 3\1
SI LI CON DI SPLAYS W TH ALI GNVENT POSTS BACKGROUND OF THE | NVENTI ON (€)X SE8I d003
of the Invention This invention relates to new nethod of photolithographic

fabrication of alignnment posts directly on liquid-crystal-on-silicon
di splays. (2) Description of the Prior Art The picture quality of liquid
crystal displays fromthe sinple seven segments to millions of pixels is

determined by the structure used to control the variation of thickness and
position | eads after wafer processing. There are known processes for
creating insulated alignment posts based on preforned glass mcrospheres

or cylinders OrArﬂ§§}FLS ?A(%R%QHMM@P@O?&S wrmN@t 8166THOBRESPRD- BF-

obtained by neans o ective deposition of polysilicon and netallic 2 2

SEP 2003 2 silicide. giuitenmbtcpaaet wetal Al rtcmumer argbmontacts is a
conparatively well known processing art.) US Patent 5,498,925 to Bell et al
describes the

BACKGROUND OF THE INVENTION

(1) Field of the Invention
This invention relates to new method of
photolithographic fabrication of alignment posts directly on

liquid-crystal-on-silicon 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 leads after wafer processing. There are known
processes for creating insulated alignment posts based on
preformed glass microspheres or cylinders or rods;
relatively low series resistance posts can be obtained by

means of selective deposition of polysilicon and metallic




formati on of posts in flat panel displays using processes based on ? SEP 2003
heat-treated slurry or paste upon a glass plate. US Patent 5,597,7

teaches the function of a light-blocking |ayer deposited upon a

sem conductor substrate material 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 -alignnment posts using

phot ol i t hogr aphy onto a sem conductor substrate material used to control

the gray-1level of each pixel. The thickness of the liquid crystal is

limted to the available prefornmed spacer xsizes supplied by the

AU act ur e f; RICh (PEET LR BRLEFSLMYRY OF, THEDANVENTLQNAA 5 | gei pa

obj ect of the present 1nventionis to escri be two no ods for

building a édﬁﬁgﬂgﬁyﬂeﬂy(wglq-kQBW§t?£ogé§§&ﬁ§!éggﬂ) an integrated circuit
(1C) die. There is a controlled inter-relationship between the height of
the alignnment posts supporting the overlaying glass cover plate 2 2 SEP
2003 3 and the image quality viewed fromthe liquid-crystal- on silicon
di spl ay devi ces.USAn@atemtobj5edb8pb285hi soi r¥elt | et | salt 0 ddssaribles 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
layexr deposited upon a semiconductor substrate material that
can emit 1light. 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 photolithography onto a semiconductor
substrate material used to control the gray-level of each
pixel. The thickness of the liquid crystal is limited to the
available preformed spacer sizes supplied by the

manufacturers of such preforms.

BRIEF SUMMARY OF THE INVENTION

A principal object of the present invention is to
describe two novel methods for building a flat-panel liquid-
crystal display upon an integrated circuit (IC) Qdie. There
is a controlled inter-relationship between the height of the

alignment posts supporting the overlaying glass cover plate




effective and very manufacturabl e nethods of photolithographic fordeiSER 2003
of insulating spacers or alignnent posts (also called studs or pillars)
These methods can be used in processing nany different device types, and
are described in this application for liquid crystal display devices as a
way of illustrating their enbodinent at a pixel density beyond that

achi evable with preforned m cro-glass spheres and rods. A further object

of the present invention is to describe two nmethods of deposition for the
alignment posts that retain their desired structure during deposition of
subsequent features. The process nethods are classified into two nethod

cat egor i oo ) pAL! el | oyl ALl 0198 | lom 2dne alliGRNerpeths-barTed 10

t he perlpher seal ass cover over

l'i qui d-crystaly Qs @i Pl%gnd@biﬁbgy devices. 1. NO DI SCONTI NUI TI ES NEAR THE
SPACERS DUE TO'THERNA LUCTUATI ONS, HENCE CONTI NUOUS LI QUI D FI LMs. 2.

PREVENTI ON OF SEAL RI NG BREAKAGE AND SUBSEQUENT LEAKAGE OF THE LI QUI D
CRYSTAL. _2 2 SEP 2003 4 Two new nethods for the formation of an inproved
quuid-crystal<ﬁnanﬂenxmmbdesplapfaréhdsscanbedtlpn whschto describe

effective and very manufacturable methods of
photolithographic formation of insulating spacers or
alignment posts (also called studs or pillars). These
methods can be used in processing many different device
types, and are described in this application for liquid
crystal display devices as a way of illustrating their
embodiment at a pixel density beyond that achievable with

preformed micro-glass spheres and rods.

A further object of the present invention is to
describe two methods of deposition for the alignment posts
that retain their desired structure during deposition of
subsequent features. The process methods are classified into
two method categories: 1) patterned insulating material; 2)
alignment posts formed in the peripheral sealant of the top

glass cover over liquid-crystal-on-silicon display devices.

1. NO DISCONTINUITIES NEAR THE SPACERS DUE TO THERMAL
FLUCTUATIONS, HENCE CONTINUOUS LIQUID FILMS.
2. PREVENTION OF SEAL RING BREAKAGE AND SUBSEQUENT

LEAKAGE OF THE LIQUID CRYSTAL.




the device structure is enhanced by the photolithographic buiIdinngz SEP 2003
al i gnnent posts in the presence of the mrror pixels of the nicrodlspIaJ?
These two net hods are: 1. Photolithographic Alignment Posts Forned in
Active Area - wherein a photolithographic nmethod forns patterned oxide
spacers or alignment posts in the active area of the device structures. 2.
Phot ol i-t hographi ¢ Ali gnnent Posts Forned in Peripheral Sealant - wherein
said alignnent posts are deposited by the photolithographic process in the
area of the ring sealant/glue for the glass top cover. BRI EF DESCRI PTI ON
OF THE DRAW NGS I n the acconpanyi ng draw rigs beconing a material part of
this descriptionpwd hele®r | feshed®: fis.chk t Ebenghidnschenadrd cakiptoved
illustrate in cross- sectional representation a preferred enbodi nent of the
devi ce struriquial-afrjidwmlpioaseiticonedigplaylherbasiesidibedn swbsfrighe with
the formed netallic pixels on the display device is showmm in Fig. 4. .2 2
SEP 2003 5 fliwe geviess stirowtfive nmkiaghameedl bgnrbet postal inhadrapivie
process nmethods is shown in Figs. 5 to 9. )

building of alignment posts in the presence of the mirror

pixels of the microdisplay. These two methods are:

1. Photeolithographic Alignment Posts Formed in Active Area -
wherein a photolithographic method forms patterned oxide
spacers or alignment posts in the active area of the device

structures.

2. Photolithographic Alignment Posts Formed in Peripheral
Sealant - wherein said alignment posts are deposited by the
photolithographic process in the area of the ring

sealant/glue for the glass top cover.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings becoming a material part

of this description, there is shown:

Figs. 1 through 3 schematically 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.



Fig. ‘5 shows' the structure of the liquid-crystal -on- silicon disg 2y

device with sprayed Si02 particles used as spacers or alignnent post
which illustrates the prior art used before the invention of the two
met hods described herein. Fig. 6 shows the netallic pixels passivated with

| ayers

of silicon nitride and USG and the insulation material, such

Si02 and Si 3N4, |ocated there over. Fig. 7 shows the structure of the
| i quid-crystal-on- silicon display device with photolithographic alignnments

posts used as spacers.
| i quid-crystal-on-silicon display device with the spacers or

SEP 2003
nbvel

as

Fig. 8 shows the top view of the structure of the
al i gnnment

posts located in the ring sealant. Fig. 9 shows a cross-sectional view of
the sane structure illustrated in Fig. 8. DESCRI PTION OF THE PREFERRED

EVMBODI MENTS 2 2 ShR: 30 eds ARl FioRJmBRVNEOEBe PALI §6hdit |podts fyg.thk here
is shown a portion of a partially conpleted integrated circuit

i qui d-crysted phrepsy . metheody dss shovwar ipl 8igs105 prove des

encl osure for the external incident light to

Fig. 5 showd the structure of the liquid-crystal-on-
silicon display device with sprayed Si02 particles used as
spacers or alignment posts, which illustrates the prior art
used before the invention of the two novel methods described

herein.

Fig. 6 shows the metallic pixels passivated with layers
of silicon nitride and USG and the insulation material, such

as Si02 and Si3N4, located there over.

Fig. 7 shows the structure of the liquid-crystal-on-
silicon display device with photolithographic alignments

posts used as spacers.
Fig. 8 shows the top view of the structure of the
liquid-crystal-on-silicon display device with the spacers or

alignment posts located in the ring sealant.

Fig. 9 shows a cross-sectional view of the same

structure illustrated in Fig. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

t he transparent




be reflected back to an observer. The strength of reflected |I|ight
dependent on the |ight polarization, absorption and |ight scatter

properties of each liquid-crystal display pixel, which is controlled
the electrical field established within the liquid crystal materi al
The IC die 12, separated fromthe glass plate 10 by the alignment posts

14 generates these E-fields. The resultant .space or thickness gap between

the glass plate 10 and the silicon wafer 12 is filled with the chose
liquid crystal material 11. Incident light, either provided or anbie

enters the
fromthe underlying pixels to forma viewa
the image is viewed directly or projected through an optical

. e.

open face of the quuid-crystqb-on silicon and is reflect
| e pattern of polarized
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pol ari zed systeRefeirgidg |hdwsmbatespditel ity padFizQ ob, t heedeC dise to
which the external wires 22 are attached. The silicon wafer contains

area 24. The refractive _i ndex anisotropX of the liquid crystal is
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be reflected back to an observer. The strength of reflected
light is dependent on the light polarization, absorption and
light scattering properties of each liquid-crystal display
pixel, which i1s <controlled by the electrical field
established within the liguid crystal material 11. The IC
die 12, separated from the glass plate 10 by the alignment
posts 14 generates these E-fields. The resultant space or
thickness gap between the glass plate 10 and the silicon
wafer 12 is filled with the chosen liquid crystal material
11. Incident 1light, either provided or ambient, enters the
open face of the liquid-crystal-on silicon and is reflected
from the underlying pixels to form a viewable pattern of
polarized 1light, i.e. the image is viewed directly or

projected through an optical polarized system.

Fig.z illustrates the bonding pads 20 on the IC die to
which the external wires 22 are attached. The silicon wafer
contains the embedded control circuits that activate the
pixel patterns in the viewable area 24. The refractive index
anisotropy of the 1liquid crystal is influenced by the
electric fields above the IC surface. A small change in

voltage makes a large change in the optical transmission.
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Becaﬁse this invention teaches the photolithographic making
al i gnnent posts, the ratio of pixels 30 to posts 14 is often fabricated in
the range 0.25 to 0.125. As shown in Fig. 3, the photolithographic nethod

permts these alignnent posts to be constructed in the space between
adj acent pixels. The base silicon substrate with the forned netallic
pi.xel s.on the display device is showmn in Fig. 4. Atypical LCD

m crodi splay contains netallic pixels (nmeasured 19 by 19 mcrons) with 0.7

m crons thickness gap to the glass top cover, and a total pixel array

count of 1024 by 768. The

maki ng the alignment posts by neans of the various photolithographic
categori es dfs swdrnsg Nofi guigsmént opOdst&f athenganiibh dii gixeld h#0 to

conductive nmetallic (or polysilicon) layer 30 is formed over the silicon
patsiteh lids ifsorafieenoif abap cetetihenf thet rapgel 0. a§eko40.dRA5t hds | C.
Prior to formation of the silicon oxide 40, the netal 20 as bond pad is

oxi de 40,

deposi ted @f®woridedticy to riféxeamhq;wé{lt@pgrﬂpmwam@ahpﬁepﬁgrnaés| 59@?626

conposed of Ti/TiN. On to the nmetal 20 is a tun sten ug. 21 | aced
P Fekignment postg to g Aje gbetweg

there by t

be constructed in t

adjacent pixels.

The base silicon substrate with the formed metallic
pixels on the display device is shown in Fig. 4. A typical
LCD microdisplay contains metallic pixels (measured 19 by 19
microns) with 0.7 wicrons thickness gap to the glass top
cover, and a total pixel array count of 1024 by 768. The
distance between the pixels when measured in the top view of

the LCD display can be about one micron.

The process steps for making the alignment posts by
means of the various photolithographic categories is shown

in Figures 5 to 9.

Starting with Fig. 5, the conductive metallic (or
polysilicon) iayer 30 is formed over the silicon oxide 40,
which is formed on top of the first metal layer 41 on the
IC. Prior to formation of the silicon oxide 40, the metal 20
as bond pad is deposited and connected to metal layer 41
with a barrier/glue layer 26 composed of Ti/TiN. On top of
the metal 20 is a tungsten plug 21, placed there by the

method of CVD. Another barrier/glue layer 23 made of Ti/TiN

of pa@ergEp 0803

di stance between the pixels when neasured in the
top view ofgedi@el CRidl SRLAKtGRA BByt r8Re pHotladthbieaphoeenakshgps for



met hod of CVD. Another barrier/glue |ayer 23 nade of Ti/TiN L2 2 SEB 2OSEP82003

is formed on top of netal 20 and another barrier/glue |ayer 28 nade of
Ti/TiNon top of the silicon oxide 40. For all three layers (23, 26 and
28), the process of PVDis used to deposit these barrier/glue |ayers of

t hi ckness about one mcron. A silicon sem conductor substrate 15 has
active: devices therein and an insulating |ayer 16 upon which netal |ayer
41 is formed. Then a photoresist |layer is deposited over the netal 30 to
construct the pixels. The photoresist is exposed and a portion of the
metallic layer 30 is renoved so that each8 pixel retains a netallic

surface, WHisCHorseal bnatlopr®ramelfallr 20 Gabl asbéhekobatbeekjghiei Dayeent
upon the pixel. (The wunprotected barrier/glue layer 28 is also renoved in
this process ngidzp.df | Tippidh dbmesepnofeltheetsiddsont lecidiet add .0 cFopi akls 30
are not coated with either an anti-reflective coating ARC or an opti cal

i nt er f er endcdreel leyedsL.(2Aft @6 ahd pALL okbsi BYofesstef pPEl, iasuse@wiCi n
Fig. 5, the device is prepared for subsequent deposition of the

i nsul at i on GeROSALal thehn RATERCENGLUPadeysrsalQb EALFERSSEI iaident OP®st s,

will be patterned. (The purpose of this .
P micron. siﬂ%c n sem;conéuctor substrate 15 has active

devices therein and an insulating layer 16 upon which metal

layer 41 is formed.

Then a photoresist layer is deposited over the metal
30 to construct the pixels. The photoresist is exposed and a
portion of the metallic layer 30 is removed so that each
pixel retains a metallic surface, which. shall act as a
mirror reflector for the light incident upon the pixel. (The
unprotected barrier/glue layer 28 is also removed in this
process step.) In both these novel methods, the metallic
pixels 30 are not coated with either an anti-reflective

coating ARC or an optical interference filter OIL.

After the photoresist is stripped, as shown in Fig. §,
the device is prepared £for subsequent deposition of the
insulation material from which the spacers, also called
alignment posts, will be patterned. (The purpose of this
passivation preparation is the protection of the existing
metallic pixels 30 from any corrosion or damage from the
liquid crystal material.) At this point in the novel method,

two protective layers of passivation are formed.



passivation preparation is the protection of the existing netalljc p
30 fromany corrosion or damage fromthe liquid crystal materi ali)z

in the novel nmethod, two protective |ayers of passivation are
formed. 2 2 SEP 2003 9 1) An optically transparent coating of undoped
silicon glass USG 65 of the thickness between about 1000 and 2000

poi nt

Angstrons is formed over the netallic

by the process of CVD. 2) An optically transparent coating of silic
de 66 of thickness between about 25Q0 and 10000 Angstrons is forned
over the layer USG 65 by the process of D. (Careful attention is
required in coR§t hHChHipRYchiegereRhEpateht ABERELLH! of AYARESPEQ B51i00h
di sturb any underlying device structures.) In one formof prior art,
spacers between thgsassopid@atst bEnsyies enhipknésst beeweaperaband 106@0gl ass

nitri

t op

cover

have been fabricated by spraying Si02 glass particles 55.
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pi xel s 30 and the silicon oxide 40

process step of paanicl 208pr Ang=nmots béswefbrmedntavwsyt edthien mekadlde t he

size of the resultant particles, i.e. clusters of particles 56 can form
and cause a def ect pi¥els 30 and the silicon oxide 40 by the process

- of CVD.

2) An optically transparent coating of silicon nitride
66 of thickness between about 2500 and 10000
Angstroms is formed over the layer USG 65 by the
process of CVD. (Careful attention is required in
constructing these optical transparent layers so as

not to disturb any underlying device structures.)

In one form of prior art, the spacers between these
optical transparent protective layers and the glass top
cover have been fabricated by spraying SiO2 glass particles
55. A process step of particle spray cannot be well
controlled in terms of the size of the resultant particles,
i.e. clusters of particles 56 can form and cause a defective
deviation in the film thickness of the ligquid crystal, as

illustrated in Fig. 5.

Fig. 6 shows the insulation materiél 60 deposited onto
the silicon nitride protective layer 66 of thickness between
about two and three microns by the process of high-density
plasma oxide (HDP) undoped or HDP FSG-doped oxide, which is

then followed by a 1.2 micron plasma-enhanced tetraethyl

orthosilicate (PETEOS) glass film.



deviation in the filmthickness of the liquid crystal, as |IIustrr tzdsepn 03
Fig. 5. Fig. 6 shows the insulation naterial 60 deposited onto gﬂ

nitride protective layer 66 of thickness between about two and three
m crons by the process of high-density plasnma oxide (HDP) undoped or

PSG doped oxide, which is

t et raet-hyl

are constructed fromthe insulation naterial |ayer by the follow ng . nethods

HDP

then followed by a 1.2 mcron pl asma-enhanced

orthosilicate (PETEQS) glass film r2 2 SEP 2003 10 This film
of insulating material is then snoothed using cheni cal - mechani cal polish
CWP for two purposes: 1) to attain the desired height of the gap between
the netallic pixels and the |ower surface of the glass top cover; 2) to
pl anari ze the surface by naking the whol @0surface flat. The thickness gap
now beconmes a design paranmeter for the liquid- crystal-on-silicon display
device, and any tTmiegr &plinc obninsolhoingt yndtremgal t hEckriess sawotded
elimnated by CVMP. The resultant structure is now ready for the

phot ol i t hogusdohg cchefnzitne leatsichandtal hpoal syn@dht £ postvn PREPAsdsgnABntopost s

descri bed h%ed¥r Weehegsiredpheightt ¥gridiphi $2A PERNBRE PBSt StSlted

pixels and the lower surface of the glass top cover; 2) to
planarize the surface by making the whole surface flat. The
thickness gap now becomes a design parameter for the liquid-
crystal-on-silicon display device, and any topographic¢ non-
uniformity in gap thickness has been eliminated by CMP. The
resultant structure is now ready for the photolithographic

fabrication of the alignment posts.

The alignment posts are constructed from the insulation

material layer by the following methods described herein:

Method 1 - Photolithographic Alignment Posts Formed in

Active Area

A photomask, not shown, is formed on top of the layer
of insulating material 60. The photomask protects the
insulation material when the insulating material 60 1is
removed by a dry or wet etch process. The photomask, about 4
microns across at the location of each alignment post, is
resistant to the removal process, resulting in the formation
of the spacers or alignment posts. After the formation of

these spacers or alignment posts, the remaining photoresist

in




1

Active Area A photomask, not shown, is fornmed on top of the layer of SEP 2003
insulating material 60. The photomask protects the insulation matert 2

when the insulating material 60 is renoved by a dry or wet etch process.

The phot omask, about 4 mcrons across at the | ocation of each alignnment

post, is resistant to the renoval process, resulting in the formation of

t he spacers or alignnent posts. After the formation of these spacers or

al i gnnent posts, the renaining photoresist 2 2 SEP 2003 11 is renoved by

the conventional devel oper nmethod. The resyltant alignment posts 71 are

shown in Fig. 7. For the final step, a filmof liquid crystal placed on

the silicongi thdndsre@ OSCt ithR | RiveatdohhRe t @Bvehapercomethodl acgdedown.
The spacers (alignnment posts) hold the glass plate to a uniformthickness

of the |iqueduitpsitaklfightenabpyet$ M neteal diowrpiixelFig.ag.shown in Fig. 7.
Met hod 2 - Photolithographic Alignnment Posts Forned in Peripheral Seal ant
In this nmethod the spacers (alignnent posts) 72 are |ocated in the

peri pheral area of the |i quid-crystal-on- siliqon,displa¥ device. _In
particular this FFethgefABa: stép, a film of liquid crystal placed on

the silicon nitride protective layer and the top glass cover
placed down. The spacers (alignment posts) hold the glass
plate to a uniform thickness of the liquid crystal £film

above the metallic pixels, as shown in Fig. 7.

Method 2 - Photolithographic Alignment Posts Formed in

Peripheral Sealant

In this method the spacers (alignment posts) 72 are
located in the peripheral area of the liquid-crystal-on-
silicon display device. In particular this novel method
locates the spacers in the adhesive sealant 81 of the glass
top cover. Adhesive sealants glue the top cover to the
silicon substrate 12. There are many types of seal ring
adhesive/glue, including thermosetting epoxy resin, which
can be chosen for this novel method. The liquid crystal film
material is inserted through the orifice in the right hand
side of Fig. 8 after this seal ring adhesive is mate pressed
and cured. A cross-sectional view, taken at position 79, of

one display-device-design example is illustrated in Fig. 9.



llocates the spacers in the adhesive sealant 81 of the glass top cover. :
Adhesive seal ants glue the top cover to the silicon substrate 12. regp 2003
are many types of seal ring adhesive/glue, including thernosetting epoxy
resin, which can be chosen for this novel nethod. The liquid crystal film
material is inserted through the orifice in the right hand side of Fig. 8
after. this seal ring adhesive is mate pressed and cured. A cross-sectional
view, taken at position 79, of one display-device-design exanple is
illustrated in Fig. 9. 2 2 SEP 2003 12 The device design |layout for the

phot ol i t hography described in this nmethod ney include spacers within the
active area (in i t4 .spac r i € HHAAL; d for

the ring sealanf?ggTﬁgggé%ﬁaF@%ésPgngﬁgﬁg?CQEggpgﬂgg Jﬁ%n tfﬁ?ﬁgqﬁgﬂg ons of

the active @¢&drilfed i Asi dthidembtR8d8mayandntheast idfaress phusnigi gl of

the glass top cover 10, For the two nethods of photolithographic formation

of alignmettipost sirea LCDaoredliticon dosptlay dgaicees, fhemeéxiiat ente of
nunmerous al i gnment posts pernits the usage of an ultra-thin glass plate

or, cover olefatimn |pyyngedr foralthenatiald asealdnity i nPhenastuelodesdgm ts in

| i ght wei ght

choice depends upon the dimensions of the active area 76
inside the ring 81, and the stiffness plus weight of the

glass top cover 10,

For the two methods of photolithographic formation of
alignment posts on LCD-on-silicon display devices, the
existence of numerous alignment posts permits the usage of
an ultra-thin glass plate or cover over the liquid crystal
material. This implementation results in 1lightweight
displays for portable applications. Glass covers supported
by alignment posts are typically 0.5 millimeters in
thickness, and can range between about 0.1 millimeters to 2
millimeters.

While the invention has been particularly shown and
described with reference tb the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.




di splays for portable applications. 3 ass covers supported by aIithﬂnGEP 2003
posts are typically 0.5 mllinmeters in thickness, and can range between
about 0.1 mllinmeters to 2 mllimeters. Wiile the invention has been
particularly shown and described with reference to the preferred

enbodi ments thereof, it will he undeﬁﬁtood by those skilled in the art
that various changes in.formand detail's nay be nade w thout departing
fromthe spirit and scope of the invention. 12 2 SEP 20M 13 dCdains 1. A
met hod of form ng insulating nateri &ladmsgnment posts over active device
structures conprising: providing a silicon sem conductor wafer, said
silicon genmacaedteidoro waioamimgy iimguleen ngr asitded ali tall iaeivene

sem conductor devices in or on its surface, further having been provided

W th condygidcse RRH Sidtlv@ ldRXAlkce &ft réhicRheels’ icompialsidlgi:gn Wi th said
patterned active devices, said sem conductor water further having been

provi ded w . r.n I 1.C sl r b a@elrdN N 5 symretrically
extend ov F%glﬁggéﬁﬁa%ﬂéqg%gké%%gﬁgﬁﬁugtgﬁgng§%ﬁgts?g%pgﬁgpgéﬁ with the

surface O%e%&%%nductor wafer having been provided with active

semiconductor devices in or on its surface, further
having been provided with conductive posts in a layer

(" of dielectric that align witﬁ said patterned active
devices, said semiconductor wafer further having been
provided with patterned metallic layers that align with
and symmetrically extend over a measurable distance in
a plane that is parallel with the surface of said
substrate whereby said metallic layers are optionally
provided with a barrier layer interposed between said
posts and said metallic layers; and

¢ - forming said insulating material alignment posts in a
polished layer of insulating material by creating a
photolithographic pattern over said pattern of active

device structures.



substrate whereby said netallic |ayers are optionally provided w tj;as 2003
barrier layer interposed between said posts and said netallic |ay ; gﬁd
form ng said insulating materialisal i gnnent posts in a polished |ayer of
insulating material by creating a photolithographic pattern over said

pattern of aclidodleylos: SEYCYIPai 2 SR 2005 dghq 2. A method accor ding
m

to dai erein sard photdlithographic alignnment posts inprove the

t hi ckness ni f or.m t f.aljaguid crystal film 3. The nethod of claiml
wher el n S HgrednPg al Himert Po ey Ploue S TSP oxi de,
PETECS, FSG _Doped PETECS and, Si | | yoxide, 4. The method according to Claim
1 wher ei PEHEFLEY feht 1 h3dtd GFes il h%’rjdﬁ't bet ween about 1 micron and
10 microns, wherein furthernore a cross section of said alignnent posts is
a design paraneter that is applied for the creation of

| i quid-crystal-on-silicon mcro-displays, said cross section extending
over the 3sUfHaoeetiodarll cbmimohduite xzimadard lkergramendaersis e di st ance.

are composed of the materials: HDP oxide, PETEOS, FSG

Doped PETEOS and Sillyoxide.

L 4, The method according to Claim 1 wherein said
alignment posts are of height between about 1 micron
and 10 microns, wherein furthermore a cross section of
said alignment posts is a design parameter that is
applied for the creation of liquid-crystal-on-silicon
micro-displays, said cross section extending over the
surface of said semiconductor wafer over a measurable

distance.

5. The method according placed on to Claim 1 wherein a

said alignment posts are placed on a passivation layer

deposited over metallic pixels on said silicon wafer.




5. The nethod according placed on to Claim1 wherein a said alignmgh@ SEP 2003
posts are placed on a passivation |ayer deposited over netallic pixels on
said silicon wafer. 2 2 SEP 2003 15 ,s. The nethod according to Claiml, in
addition building alignment posts over a periphery of an active area in a

vicinity o, ane iet3al dcorBinky WY lkadief 1f,0rm Beiditswati ng naterials
al i gnnment posts over active device regions in or on the surface of a

silicon b 1.§1:NG. j i i . ! or. havi ng a
attorn of I MmO Y e AL P B e g &

| ayer of i_nsul ation_aqver .the rface of ai% wafer; formng a first
nmetallic Iaé?@r I & Ve P &de 2ot 1S §°9) %I/ler' of insulation; formng a
silicon-oxide insulating | ayer over the surface of said first netallic

| ayer; form ng conductive plugs in said silicon-oxide insulation |ayer

that align with planned pixel |ocations of a |iquid-crystal-on-silicon
display 7. A method of forming insulating materilals alignment

posts over active device regions in or on the surface
of a silicon body comprising:
providing a silicon semiconductor wafer having a

- pattern of active device structures therein and
thereon;
depositing a layer of insulation over the surface of
séid wafer;
forming a first metallic layer over the surface of said
layer of insulation;
forming a silicon-oxide insulating layer over the
surface of said first metallic layer;

(;; forming conductive plugs in said silicon-oxide
insulation layer that align with planned pixel
locations of a liquid-crystal-on-silicon display
device, said conductive plugs comprising a conductive
pedestal of conductive material overlaying and in

electrical contact with said first metallic layer of

under and over which a barrier or seed layer has been




devi ce, said conductive plugs conprising a conductive pedestal of | P 2005
conductive material overlaying and in electrical contact with said zzréE v
nmetallic |ayer of wunder and over which a barrier or seed |l ayer has been 12

2 SEP 20L 16 created, said conductéve plug further corrpri sing a pedestal

ext ensi O’EE.J:EJ‘E c@vegé g & { ‘émhf :.a&}ﬁe p@cg?psg d, has a cross
section in a ane t%t I'S par‘g(?IS‘E)a:W5 ‘E e sur ace o sal d wafer that is
smal | er tha éee a‘ié:#osstsesctlrtl)nt}?f sai d gdsesta b]yl s MBE urs%pi(s: amount, the
pl ane of R SRR PP RET AT A Bt TS i D T W e P Wt h the pl ane
of the surface of said silicon-oxide jnsu]ation |ayer; formng a second
met al | i c ReERFLIY AN AT B CEPFTF CIRL TG de? i hhah otipaffayje? forming a
photoresist. mask over said second netallic |layer having a covering over
pl anned aadllekarithstlt surfacpief cryzidlwatesithabonis display device;
removi ng said second netallic |layer not covered by said photoresist nmask,
creati ng smglklderiieat seconossretattion dbysridgeaestaaklry axe, | eaving said
second netallic layer in place in regions surrounding and aligned with

measurable amount, the plane of the surface of said

pedestal extension coinciding with the plane of the

surface of said silicon-oxide insulation layer;

. forming a second metallic layer over the said silicon-

oxide insulation layer;

forming a photdresist mask over said second metallic

layer having a covering over planned pixel locations of

a liquid-crystal-on-silicon display device;

removing said second metallic layer not covered by said

photoresist mask, creating a patterned second metallic

layer having a surface, leaving said second metallic

( : layer in place in regions surrounding and aligned with

said surface of said conductive pedestal extension;

removing said photoresist mask to provide that each

said planned pixel retains said second metallic layer

having a surface over planned pixel locations of a

liquid-crystal-on-silicon display device, which shall

act as a mirror reflector for the light incident upon



said surface of said conductive pedestal extension; renoving said izz SEP 2003
phot oresi st nmask to provide that each said planned pixel retains sai

second netallic |ayer having a g rface over planned pixel |ocations of a

l'i quid-crystal -on-silicon displ t device, which shall act as a mrror

reflector shog hﬁ%u1bg%&fs%%ud%ﬂLSHEQQO% él§EEa§OQ§v§zesa'd

l'i quid-crystal -on-silicon display eV|ce partially exposing the surface

of said !g&%Elgﬁl e&b%%ﬁpgﬁkﬂ% %G%% sgﬁgoi' Lo g first fayer of

passi vati on over e of pat s8d6hd et al li ¢ | ayer and

sai d partla lé expos% sur&& 25 .Of sald |l ayer of silicon-oxide insulation
over whi cfitatS8BoRE &yl =82 p&%Si vation is deposited; depositing a thick
| ayer of insulation over the surface of the second |ayer of passivation;

pl anari zi A§PPR& tdngr ac&isFtsdryedefds PREGLVAFEPNoPVEENERRAL i On usi ng
met hods of Chem cal Mechanical Polishing; patterning and etching said
thi ck | ayenrdtacensdl spiidnpatéarned saicendayeradfiicndalyari endin pl ace where
pl anned
said partially exposed surface of said layer of
silicon-oxide insulation over which a second layer of
passivation is deposited;
depositing a thick layer of insulation over the surface
of the second layer of passivation;
planarizing the surface of said deposited layer of
insulation using methods of Chemical Mechanical
Polishing;
patterning and etching said thick layer of insulation
leaving said layer of insulation in place where planned
alignment posts locations of a liquid-crystal-on-
(;f silicon display device are located, creating openings
in said thick layer of insulation;
filling said openings created in said thick layer of
insulation with a layer of liquid crystal material; and

depositing a glass cover plate having a lower surface

over the surface of said liquid crystal in which

alignment posts have been provided.




al i gnnment posts locations of a liquid-crystal-on- silicon display dexz 2003
are | ocated, creating openings in said thick layer of insulation; f%™ ﬁ#& j
said openings created in said thick |ayer of insulation with a |ayer of

liquid crystal material; and deposjging a glass cover plate having a |ower
surface over the surface of said liquid crystal in which alignnment posts
have been provided. 1. 2,2 SEP 2WB 18 8. The nethod of claim7 wherein

said thick layer of jnsulation.jn which said,ali. nt posts are created
are depodit Jd’%ﬁ“%d c%# ‘ia/]:fp‘d‘i‘ ’dé’ﬂbesﬁ‘?lirbrﬁaléi. %ﬁf'gem?rnétar?/oe?f oqfscl aims8
wherein said thick layer of insulation conprises a silicon dioxide |ayer
with a tinsskdsdsoniimphiich il @UEneHe RS (S FFSIEH hei ght of the
al i gnment posts. 10. The method of claim7, additional alignment posts
bei ng cr eateedidpo sl tptbthny | ¢heogrephi VRPD s igEiat - addi ti onal al i gnment
posts being located in a ring seaiant/glue area of said device structure
provided for a glass top cover, said additional alignnment posts

9. The method of claim 8 wherein said thick layer of

insulation comprises a silicon dioxide layer with a

thickness of about one micron to achieve the desired

height of the alignment posts.

10. The method of claim 7, additional alignment posts
being created by a photolithographic process, said
additional alignment posts being located in a ring
sealant/glue area of said device structure provided for
a glass top cover, said additional alignment posts
being in addition to said alignment posts over active

( device regions of a silicon body.

11. The method of Claim 10 with the addition of
reducing by methods of chemical mechanical polish (CMP)
the thickness of the insulation material layer to a
controlled thickness between about one and ten microns

in the area of the ring sealant.




being in addition to said alignnent posts over active device regions of a
silicon body. 11. The method of Claim 10 with the addition of reducig@ SEP 2003
nmet hods of chem cal nechani cal polish (CWP) t he thickness of the

insulation material layer to a controlled thickness between about one and

ten mcrons in the area of the ring,gealant. 2 2 SEP 2003 19 12. The

nmet hod of C aim 10 whereby a uniformthickness gap is created between the

surface of ,th e I f; a i.ch  f uncti : lli ¢ pi xel s,
to the I(:)L\%/e'r%g%r ?‘%@gm’o )é’t%Lglg lg{sY?Ot %’89\3%\%? %%gtfkfggl %&tl%hggfg Cl ai m 10,

wherein said patternin n etching said thick,layer of .Jinsulation being
adj ust ed g?@bﬁstﬁéﬁﬁﬁéﬁ iﬁgﬁfsnbéhﬁegHrESF& 8geﬁ%ﬁg§e§ﬁﬁda98¥8§s section
of said openings created in said thick Ia{en of . insulation are design
par amet er &t Fgtadn e WAdGh d¢ncsione pgafebldticl PdiedSer 8t &P€on-sili con
m cro-di spl ays, said cross section extending over the surface of said
silicon séwwesndwaifacenwsifetheyv@dagsntapucales -di st ance. 14. The met hod of

claim 10 whereby said patterning and etching said thick |ayer of
i nsul ati on uses a

13. The method of Claim 10, wherein said patterning and
etching said thick layer of insulation being adjusted
such that a distance between said openings and a cross
section of said openings created in said thick layer of
insulation are design parameters that are applied for
creation of liquid-crystal-on-silicon micro-displays,
said cross section extending over the surface of said

silicon semiconductor wafer over a measurable distance.

14. The method of claim 10 whereby said patterning and
(ﬁ_ etching said thick layer of insulation uses a

photoresist mask over said thick insulation material in

a vicinity of a ring sealant of a glass top cover for a

location of each planned alignment post.



phot oresi st nmask over said thick insulation material in a vicinity dﬁ@SEp 2003
t

ring sealant of a glass top cover for_a |location of each planned alignnmen
post. 20 15. The nmethod of claim 10 erein said patterning and etching
said insulation material is perforned by etching to formthe said

all gnmenty POsiie Alenoh! ansgéiﬂ%bswﬁ@fefndgé(i&eg%wfm& 4hat conbines

insul ating materi a r alrgnnent posts assocla wth an active device
structure igwa sili a siI%con éegiconductor waf er
r

con, bogg conprggedioi:. son.

having a PEEREr? BFL9abPPUeaHaOP cRAEPF Rt ut2sPThePEMR  aRd t her eon;
metallic pixels on said sem conductor wafer; bonding pads on said silicon
body havi®chirestat faehetihewadidpylLIPBENF rBeSEFe connected to exter nal
contacts through which control |ogic and power is supplied; alignnent
posts having been nade by nmeans of photolithography rather than. pre-forned
gl ass beads or rods; liquid crystal material |located in the valleys bel ow
t he surfate. oAlifemehtgpoents post 8; dgbass sbpucbwee phated upon and
supported by the
combines insulating materials for alignment posts
associated with an active device structure in a silicon
body comprised of:
a silicoh semiconductor wafer having a pattern of
active device structures therein and thereon;
metallic pixels on said semiconductor wafer;
bonding pads on said silicon body having wires attached
whereby said wires are connected to external contacts
through which control logic and power is supplied;
alignment posts having been made by means of
photolithography rather than pre-formed glass beads or
(-; rods;

liquid crystal material located in the valleys below

the surface of the alignment posts;

glass top cover placed upon and supported by the

alignment posts to encapsulate said liquid crystal

material while not encapsulating the area outside the

liquid- crystal material, further not encapsulating the



al i gnment posts to encapsulate said liquid crystal material while @@ SEP 2002
encapsul ating the area outside the liquid- crystal material, further not
encapsul ating the 2 2 SEP 2003 21 areg outside the liquid crystal nateri al
where bonding pads are |located. 17. A device structure according to Caim

16 that conbines_t Lpsu [0 Lal - ' .pQsts conbi nes
W th pass?gg?iSH%Féggrkgéoég&Pﬁe §§&?§é§dg§?%55§?|?h%%@g§§§dgﬁ ucture in a
silicon body. 18. A device structure according to Caim 16 that conbines
the i nsul Bef'fig@k8t éPFaFefor the alignment posts with a sealant ring for

the glass top cover.

17. A device structure according to Claim 16 that
combines the insulating material for the alignment
posts combines with passivation layer above the active

device silicon body structure in a silicon body.

18. A device structure according to Claim 16 that
combines the insulating material for the alignment

posts with a sealant ring for the glass top cover.
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