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A- NOVEL PASSI VATI ON SCHEME FOR LCD AND OTHER APPLI CATI ONS BACKGROUND é@h?ﬁg;‘ﬁ
| NVENTI ON (1) FLELD OF THE I NVENTI ON The present invention relates to thgoy
fabrication of LCD integrated circuit devices, and nore particularly, to a

met hod of passivating the passivation |layer of an LCD integrated circuit

device in order to maintain a uniformgap hei ght between the top and bottom
substrates. Liquid crystal displays (LCD) have been used in the art for

such applications as conputer and tel evision screens. Typically, the

topnost | evel fabricated on a bottom substrate is a series of netal pixels,

19 x 19 mcrons in area. There are typicaily 1024 x 768 pixels having a
spacing of 0.7 m crons bet e ' Tae s UbBHER YAPRLICGATEONS | ayer

is built on & WNOVEds rpaﬂﬁﬁﬁvﬁlﬁe(g? %ﬁ%g&éxgél Ié&g olggd%by a top substrate '
conprising a transparent nmateri al

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION .

The present invention relates to the
fabrication of LCD integrated circuit devices, and more
particularly, to a method of passiﬁating the passivation
layer of an LCD integrated circuit device in order to
maintain a uniform gap height between the top and bottom

substrates.

Liquid crystal.displays (LCD) have been used -
in the art for such applications as computer and television
screens. Typically, the topmost level fabricated on a bottom
substrate is a series of metal pixels, 19 x 19 microns in
area. There are typically 1024 x 768 pixels having a Spacing
of 0.7 microns between each pixel. The liquid crystal
display layer is built on this array of metal pixels and

enclosed by a top substrate comprising a transparent material



-2- Fig. 1l illustrates a LCD integrated circuit device of the prior art.
Bott om sem conductor substrate 10 is illustrated. First netal lines 22 are
formed overlying a barrier/glue |ayer. An anti-reflective coating (ARC

| ayer 24 may be fornmed over the netal lines 22. An insulating |layer 26 is
deposited over the netal |ines. Tungsten plugs 28 are forned wthin

openi ngs through the insulating layer to the netal lines 22. A second | evel
of netal lines 32, usually an alum numalloy, are fornmed overlying a second
barrier layer 30. The alum numalloy is separated and protected by a
passivation | ayer, typically 1000 Angstrons of undoped silicate glass (USG
34 followed by 2500 Angstrons of siliconp nitride 36. The liquid crysta
material 52 |lies between the passivation |ayer and the top substrate 56.
For good performance, high speed, and sharp display in the LCD, it is
critical to maintain a ufigur b gidddl st weetees téh LA plrehegtatedeirdsit at e.
The crucial gap height is not maintained in the process of the prior art.
As seen i defdige Df tihe mtign artboBotinm meniconduttor sykAtiake 10

is illustrated. First metal lines 22 are formed overlying a
barrier/élue 1éyef. An énti-réflective coating (ARC) layer
24 may be formed over the metal lines 22. An insulating
layer 26 is deposited over the metal lines. Tungsten plugs
28 are formed within openings through the insulating layer to
the metal lines 22. A second level of metal lines 32,
usually an aluminum alloy, are formed overlying a second
barrier layer 30. The aluminum alloy is separated and
proteétea by-a_paséivation-layer, typically 1000 Angstroms of
undoped silicate glass (USG) 34 followed by 2500 Angstroms of
silicon nitride 36. The liquid crystal material 52 lies

between the passivation layer and the top substrate 56.

For good performance, high speed, and sharp
display in the LCD, it is critical to maintain a uniform gap
between the top and bottom substrate. The crucial gap height
is not maintained in the process of the prior art. As seen
in Fig. 1, the height A above the metal pixels is not the

same as the height B between the metal pixels.

There are a number of patents in the field of

ILCD's. For example, U.S. Patents 5,696,386 to Yamazaki,



. 7

sane as the height B between the netal pixels. There are a nunber of
patents in the field of LCDs. For exanple, U S. Patents 5,696,386 to
Yamazaki , -3- 5,708,486 to Myakawaki et al, and 5,868,790 to Curtain et
al discuss LCD formations in which the gap width is non- constant. U S

Pat ent 5, 056,895 to Kahn teaches an insulating |leveling |ayer of polyner or
spin-on-glass. U S. Patent 5,721,601 to Yamaji et al discloses a

spi n-on-glass planarizing film U S. Patent 5,592,318 to Majima et al
teaches planarizing with a polyimde resin. SUMWARY OF THE | NVENTI ON
Accordingly, a primary object of the invention is to provide a process for
mai nt ai ni ng a uni form gap between the-p&ssivation | ayer of a bottom

subst 12t e ahd e 9 YRAIEALA' o€ LD L0k o8I 860506 EusltifCeran
discuss LCD formations in which the gap width is non-
constant. U.S. Patent 5,056,895 to Kahn teaches an
insulating leveling layer of polymer or spin-on-glass. U.S.
Patent 5,721,601 to Yamaji et al discloses a spin-on-glass
planarizing film. U.S. Patent 5,592,318 to Majima et al

teaches planarizing with a polyimide resin.
SUMMARY OF THE INVENTION

Accordingly, a primary object of the invention
is to provide a process for maintaining a uniform gap between
the passivation layer of a bottom substrate and the top

substrate of a LCD integrated circuit device.

A further object of the invention is to
provide a process for planarizing a passivation layer in the

fabrication of an integrated circuit device.

Another object is to provide a process for
planérizing a passivation layer in order to maintain a
ﬁniform gap between the passivatibn layer of a bottom
substrate and the top substrate of a LCD integrated circuit

device.



provi de a process for planarizing a passivation layer in the fabrication of
an integrated circuit device. Another object is to provide a process for

pl anari zing a passivation layer in order to nmaintain a uniform gap between
t he passivation |ayer of a bottom substrate and the top substrate of a LCD
integrated circuit device. -4- Yet another object of the inventionis to
provi de a process for planarizing a passivation |ayer using HDP oxide in
order to maintain a uni form gap between the passivation | ayer of a bottom
substrate and the top substrate of a LCD integrated circuit device. In
accordance with the objects of the invention, a process for planarizing a
passivation layer in order to maintain-=a%*uniformgap between the

passivation layer of a bojlom subsliaig;and LeechePssybatighesd’ 1 LD

provide a process for planarizing a passivation layer using
HDP oxide in order to maintain a uniform gap between the
passivation layer of a bottom substrate and the top substrate

of a LCD integrated circuit device.

In accordance with the objects of the
invention, a process for planarizing a passivation layer in
order to maintain a uniform gap between-the passivation layer
of a bottom substrate and the top substrate of a LCD
integrated éircuit device is achieved. A metal layer is

-ﬁeposited over an iﬁsuléting_;ayer on a semiconductor
substrate and patterned fo formzmetal lines wherein there is
a gap between two of the metal lines. A passivation layer is
deposited overlying the metal lines wherein the gap is not
filled by the passivation layer. A layer of high density
plasma oxide is deposited overlying the passivation layer and
polished to leave the high density plasma oxide within the
gap and to leave a planarized passivation layer surface.

This will allow a precise gap to be maintained in which to
build the liquid crystal display material between the top

substrate and the passivation layer of the bottom substrate.



integrated circuit device is achieved. A netal layer is deposited over an

I nsul ating | ayer on a sem conductor substrate and patterned to form netal

| ines wherein there is a gap between two of the netal lines. A passivation
| ayer is deposited overlying the netal |ines wherein the gap is not filled
by the passivation layer. A layer of high density plasma oxide is deposited
overlying the passivation |ayer and polished to | eave the high density

pl asma oxide within the gap and to | eave a planari zed passivation | ayer
surface. This will allow a precise gap to be nmaintained in which to build
the liquid crystal display material betawsen the top substrate and the

passivation layer of the bgts ﬁt@éﬁff‘ff%ﬁ OF"?FIE% I%SQ;CRI PTI ON OF THE
or

DRAW NGS I n the acconpanyi ng draw nhgs ng a nmaterial part of this
description, there is shown: Fig. 1 is a cross-sectional representation of

In the accompanying drawings forming a

. material part of this description, there is shown:

Fig. 1 is a cross-sectional representation of

an LCD device of the prior art.

Figs. 2-4 are cross-sectional representations

of a preferred embodiment of the present invention.

Figs. 3A through 3C are cross-sectional
representations of three a2lternatives in a preferred

embodiment of the present invention.
DESCRIPTION OF_THE PREFERRED EMBODIMENTS

The process of the present invention can be
used in any application in which a planarized passivation
layer is critical. An example of an application in which a
planarized passivation layer is crucial is in making a liquid
crystal display (LCD) device. The inventién will be
described in connection with an LCD device application.
However, it is to be understood that the invention is not

limited to the LCD device application, but may be used in any



an LCD device of the prior art. Figs. 2-4 are cross-sectional
representations of a preferred enbodi nent of the present invention. Figs.
3A through 3C are cross-sectional representations of three alternatives in
a preferred enbodi nent of the present invention. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The process of the present invention can be used in
any application in which a planarized passivation layer is critical. An
exanpl e of an application in which a planarized passivation |ayer is
crucial is in making a liquid crystal display (LCD) device. The invention
wi |l be described in connection with an CD device application. However, it
is to be understood that the invention is not limted to the LCD device
appl i cat i oappldcakipnpdny ¥dd oy the passigatdnn ila¥eH s EWReh t he
passivation |layer is to be

planarized.

Referring now more particularly to Fig. 2,
there is Shown a semiconductor substrate 10; pfeferably
composed of monocrystalline silicon. Sémiconductof device
structures which may include polysilicon gate electrodes 14
and source and drain regions 16 are shown. BAn insulating
layer 18 is formed overlying the semiconductor device
'structures. In a simple application such as an on/off
ope?ation, semiconductor device structures are unnecessary.
HoweQer; for precise coﬁtrol, speed; et;.} such as in

required for television, these structures are necessary.

A barrier/glue layer 20, comprising
titanium/titanium nitride is deposited over the insulating
layer 18. A layer of conducting material, such as aluminum
or an aluminum alloy, is deposited over the barrie;/glue
layer and patterned to form metal lines 22. An anti-
reflective coating (ARC) layer 24 may be deposited over the
metal layer before patterning. An insulating layer 26, such
és silicon dioxide, undoped silicate glass (USG), a
tetraethoxysilane (TEOS) oxide, or the like, is deposited
over the-metal lines. Openings are etched through the

insulating layer 26 to the metal lines. A tungsten layer is



pl anari zed. Referring now nore particularly to Fig. 2, there is shown a
sem conductor substrate 10, preferably conposed of nonocrystalline silicon.
Sem conduct or device structures which may include polysilicon gate

el ectrodes 14 and source and drain regions 16 are shown. An insul ating

| ayer 18 is formed overlying the sem conductor device structures. In a
sinple application such as an on/off operation, sem conductor device
structures are unnecessary. However, for precise control, speed, etc., such
as in required for television, these structures are necessary. A _
barrier/glue |ayer 20, conprising titaniumfitaniumnitride is deposited

over the in ulatlg%fi é? %gﬁ A | ayer of conducting material, such as
al unmi num or “&ROFFGRPNETRA i &5d &g d@Y&Fe &ifdn &hegqrenigiger and
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insulating layer 26. The metal layer is typically aluminum
or an aluminum alloy. The metal layer isrﬁeiierned to form
the metal pixels 32. An ARC coating, net shown, ﬁay also be

used, but for applications involving a highly reflective

surface, an ARC is not needed.

The passivation layer is formed as is
conventional in the art. For example, undoped silicate glass
(USG) 34 is deposited over the metal pixels 32 to a thlckness

"of between about 500 and 1000 Angstroms. A silicon nltrlde
}ayer 36 is deposited over the USG layer to a thickness of

2000 and 3000 Angstroms.

Now the novel passivation scheme of the
present invention will be described. A layer of hiéﬁ density
plasma (HDP) oxide 40 is deposited by chemical vapor
deposition (HDPCVD) to a thickness of between about 6000 and
8000 Angstroms over the passivation layer and filling the gap

between the metal pixels.

HDP oxide is deposited as a result of

simultaneous sequenced deposition and sputtering. Because of



over the nmetal lines. Openings are etched through the insulating |ayer 26
to the netal lines. A tungsten |layer is -7- deposited over the
insulating layer and within the opening and then etched back to form
tungsten plugs 28. A second barrier layer 30 and netal layer 32 is
deposited over the insulating |ayer 26. The netal layer is typically
al um numor an alum numalloy. The netal layer is patterned to formthe
nmetal pixels 32. An ARC coating, not shown, nay al so be used, but for
applications involving a highly reflective surface, an ARC i s not needed.
The passivation layer is fornmed as is conventional in the art. For exanple,
undoped silicate glass (USG 34 is deposited over the netal pixels 32 to a
t hi ckness of between about 500 and 1000 Aﬁﬁ§trons. A silicon nitride |ayer
36 i s deposthedcharacterisfixsagér the HDPOVDkdepesdtid000 thed o3Gde
Angst rons.
overlying the metal pixels is thicker toward the middle of
the metal pixels and thinner toward the edge of the metal
. pixels and over .the gap between the metal pixels. This.
results in the filling of the gap between the pixels and an
almost triangular dome formed above the pixels. For example,
the thickness of the BDP oxide over the gap may be 0 to 500
Angstroms, measured from the level of the top of the metal
pixels, and the thickness.of the HDP oxide over the middle of

the metal pixels may be 6000 to 8000 Angstroms.

Next, a layer of tetraethoxysilane (TEOS)
oxide 42 is deposited over the HDP oxide layer by plasma
enhanced chemical vapor deposition (PECVD) to a thickness

of between about 10,000 and 12,000 Angstroms.

Referring to Fig. 3A, the PE-TEOS layer 42 and
HDP oxide layer 40 are planarized and removed using chemical
mechanical polishing (CMP). This leaves the HDP oxide 40

within the gap between the pixels, as shown.

Since the top surface of the bottom electrode
is planarized, the gap between the'top and bottom electrodes
which is to be filled with the liquid crystal material will

be uniform. The top electrode may be planarized as well by



Now t he novel passi vation scheme of the present invention will be
descri bed. A layer of high density plasma (HDP) oxide 40 is deposited by
chem cal vapor deposition (HDPCVD) to a thickness of between about 6000 and

8000 Angstrons over the passivation layer and filling the gap between the
nmetal pixels. HDP oxide is deposited as a result of simultaneous sequenced
deposition and sputtering. Because of -8- the characteristics of the

HDPCVD deposition, the oxide overlying the nmetal pixels is thicker toward
the mddle of the netal pixels and thinner toward the edge of the netal
pi xel s and over the gap between the netal gixels. This results in the
filling of the gap between the pixels and an al nost triangul ar done forned

above the pixels. For qﬁgnple, t he t hi ckness, of the HDP oxi de over the gap
may be 0 to*RBPEAGRET o RIIPTE  RYeMELPRvel of the top of the netal

Alternatively, the PE-TEOS depositioP step may
be eliminated. The CMP step may be performed imméﬁiately
following the HDP oxide deposition. This will still result
in the filling of the gap with the HDP oxide 40 as shown in

Fig. 3A.

The PE-TEOS layer gives a smooth surface to be
planarized before the CMP step sc that the gap fill is
continuous and flat after CMP. The PE-TEQOS layer also helps

‘to fill any voids or seams.

Figs. 3B and 3C illustrate polish stop
alternatives. The CMP polish stop is at the silicon
nitride layer in Fig. 3A. The CMP polish stop may be in the
PE~-TEOS layer, as illustratéd in Fig. 3B, or at the IUSG
layer, as shown in Fig. 3C. The new passivation film may
comprise any combination of PE-TEOS oxide, HDP oxide, silicon

nitride, and USG.

Referring now to Fig. 4, since the surface of
the bottom substrate has been planarized, the top substrate
52 lies at a precise distance from the top of the bottom

substrate. The liquid crystal material 50 fills the gap



pi xel s, and the thickness of the HDP oxi de over the m ddle of the netal
pi xel s may be 6000 to 8000 Angstrons. Next, a |ayer of tetraethoxysilane
(TECS) oxide 42 is deposited over the HDP oxide |ayer by plasma enhanced
chem cal vapor deposition (PECVD) to a thickness of between about 10, 000
and 12, 000 Angstrons. Referring to Fig. 3A, the PE-TECS | ayer 42 and HDP
oxi de layer 40 are planarized and renoved using chem cal mechani cal
polishing (CWP). This | eaves the HDP oxide 40 within the gap between the
pi xel s, as shown. Since the top surface of the bottomelectrode is
pl anari zed, the gap between the top and bawtem el ectrodes which is to be
filled wwth the liquid crystal material wll be uniform The top el ectrode
may be pl andetmegnatheeltiwdsubstiatase e aoasss of the presentnt i on.
Al ternatively, the PE-TECS deposition step may

invention may also be used to planarize the surface of the

top substrate in the same way.

The process of the present invention uses HDP
oxide deposition and chemical mechanic51 polishing to
planarize the passivation layer of a substrate. The
LCD is built on this surface which allows a precise gap

between the top and bottom substrates.

While the invention has been particularly
shcﬁn and described with referepce to 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.



be elimnated. The CVP step may be performed i mediately follow ng the HDP
oxi de deposition. This will still result in the filling of the gap with the
HDP oxide 40 as shown in Fig. 3A. The PE-TECS | ayer gives a snooth surface

to be ' the CMP step so that the gap fill is continuous and
flat amﬂmwmlﬁmTE@ | ayer also helps to fill any voids or seans.
Figs. 3B and BCn llsustrate polish stop alternatives. The CWP polish stop is
at the silicon nitride layer in Fig. 3A. The CWP polish stop may be in the
PE- TECS | ayer, as illustrated in Fig. 3B, or at the USG | ayer, as shown in
Fig. 3C. The new passivation filmnmay conprise any conbi nati on of PE-TECS
oxi de, HDP oxi deCLAIMSi con nitride, and USG-1Referring nowto Fig. 4, since

the surface of {hey haliRgy substaple-Lebesl BLACGLLEEY. 1 D8yl LPaYRALY at e

52 lies at a precise distance from p of 't om su ra
liquid crystal semgrising?® fills the gap

providing an insulating'layer overlying a
semiconductor substrate;

depoéiting and patterning a metal layer overlying
said insulating layer to form metal lines wherein there
is a gap between two of said metal lines;

depositing a passivation layer overlying said metal
lines Qherein said gap is not filled by said passivation
layer;

depositing a layer of high density plasma okide
6vgr1ying said passivation layer; and

polishing said high density plasma oxide layer to
leave said high density plasma cxide filling said gap
and to leave a planarized passivation layer surface to
complete the fabrication of said integrated circuit

device.

2. The method according to Claim 1 wherein said
semiconductor device structures including gate
electrodes and associated source and drain regions and
multiple layers of metal lines and intermetal
dielectric are formed in and on said semiconductor

substrate underlying said insulating layer.



- 10 - between the two substrates. The process of the present invention may
al so be used to planarize the surface of the top substrate in the sane way.

The proces 'lwllm m i nvention uses HDP oxi de deposition and chemi cal
mechani cal !' [“Hﬂarize t he passivation | ayer of a substrate. The
LCD is bU|It oh t'hi & sdrf#ce which allows a preci se gap between the top and
bottom substrates. Wile the invention has been particularly shown and
described with reference to the preferred enbodi ments thereof, it will be
understood by those skilled in the art that various changes in form and

details may be nmade w thout departing fromyhe spirit and scope of the

| nventi on. 3. The method according to Claim 1 wherein said.

integrated circuit device is a liquid crystal display
and wherein said metal lines are pixels and further
comprising:

forming a liquid crystal material layer overlying
said planarized passivation layer; and

attaching a second semiconductor substrate

overlying said liquid crystal material layer.

4. The method according to Claim 1 wherein said step of
depositing said passivation layer comprises:
depositing a first confo;ﬁal'tayer of undoped
silicate glass overlying said metal 1inesi and
depositing as second layer of silicon nitride

overlying said undoped silicate glass layer.

5. The method acccrding to Claim 4 wherein said undoped
silicate glass layer has a thickness of between about

500 and 1000 Angstroms.

6. The method according to Claim 4 wherein said silicon
nitride layer has a thickness of between about 2000 and

3000 Angstroms.



CLAI M5 -11- 1. A nethod of fabricating an integrated
circuit devi sing: providing an insulating |layer overlying a

sem conduc trate; depositing and patterning a netal |ayer overlying
sai d insul ;ﬂmﬂﬂgm lmnmarm nmetal lines wherein there is a gap between
two of saidw L 4 positing a passivation |ayer overlying said
metal |ines wherein said Jap is not filled by said passivation |ayer;
depositing a layer of high density plasm oxi de overlying said passivation
| ayer; and polishing said high density plasnma oxide |ayer to | eave said
hi gh density plasma oxide filling said gap and to | eave a planarized
passi vation | ayer surface to conplete the rab¥rcation of said I nt egrated

Cemt conduct or eue HePHRY FeESFRiMEGR 1518’ I Fubbhf! BodPkising

depositing a layer of tetraethoxysilane (TEOS) oxide

overlying said high density plasma oxide and wherein
said polishing step polishes both said TEOS oxide layer

and said high density plasma oxide layer.

8. The method according to Claim 1 wherein said step of
polishing said high density plasma oxide layer is

performed by chemical mechanical polishing.

9. The method according to Claim 1 wherein said step of
polishing said high density plasma oxide layer has a

polish stop within said high density plasma oxide layer.

10. The method according to Claim 7 wherein said step of
polishing said high density plasma oxide layer has a

polish stop within said TEOS oxide layer.

11. The method according to Claim 1 wherein said step of
polishing said high density plasma oxide layer has a

polish stop at said passivation layer.

12. The method according to Claim 4 wherein said step of
polishing said high density plasma oxide layer has a

polish stop at said silicon nitride layer.



el ectrodes and associated source and drain regions and nultiple |ayers of

metal Tines and imterwetal dielectric are formed in and on said
senicon underlying said insulating |ayer. - 12 - 3. The
met hod ﬂ“ﬂ!m M@iﬂm 1 wherein said integrated circuit device is a
liquid cryst nd wherein said netal lines are pixels and further

conprising: forming a liquid crystal material |ayer overlying said

pl anari zed passivation |ayer; and attaching a second sem conduct or
substrate overlying said liquid crystal material |ayer. 4. The nethod
according to Caiml1 wherein said step ot gepositing said passivation |ayer

conprises: dep g t conf rnal of undoped sili cat | ass
over | yi ng saidgﬁettﬁngﬁ goaaﬁacor ing to éfalm 4 whegeln sal s%eg 3
polishing said high density plasma oxide layer has a

polish stop at said undoped silicate glass layer.

14. A methoéd of fabricating a liquid crystal display
integrated circuit device comprising{

providing semiconductor device structures in and on
a semiconductor substrate wherein said semiconductor
device structures are covered by an insulating layer;

depositing and patterning a metal layer overlying
said insulating layer to form pixels wherein there is a
gap between two of said pixels;

depositing a passivation layer overlying said-
pixels wherein said gap is not filled by said
passivation layer;

depositing a layer of high density plasma oxide
overlying said passivation layer;

polishing said high density plasma oxide layer to
leave said high density plasma oxide filling said gap
and to leave a planarized passivation layer surface;

forming a liquid crystal material layer overlying
said planarized passivatioh layer; and

attaching a second semiconductor substrate
overlying said liquid crystal material layer to complete

the fabrication of said liquid crystal display



déposfting as second | ayer of silicon nitride overlying said Uhdoped

silicategtass tayer—5—The nethod according to C aim4 wherein said
undoped si er has a thickness of between about 500 and 1000
Angstromsﬂ'lmm mg ai Hc'cordi ng to daim4 wherein said silicon nitride
| ayer has et ween about 2000 and 3000 Angstrons. - 13 -

7. The nethod according to Claim1l further conprising depositing a | ayer of
t etraet hoxysil ane (TEQS) oxide overlying said high density plasna oxi de and
wherein said polishing step polishes both said TECS oxi de |ayer and said

hi gh density plasma oxide |ayer. 8. The nethod according to aim1l wherein

said step of polishing sald hi gh density plﬂsaa oxi de layer i s-performed by

chem cal nechanj cal poli 9
integrate c1 cuit device.

15. The method accordlng to Clalm 14 whereln sald
semlconductor device structures 1nc1ude gate electrodes
and associated source and drain regions and multlple

layers of metal lines and intermetal dielectric.

16. The method according to Claim 14 wherein said step
of depositing said passivation layer comprises:
depositing a first conformal layer of undoped
silicate glass overlying said me#al.lines; and
) | _deposifing as second layer of siliﬁgn.ﬁitride_

overlying said undoped silicate gléss layer.

17. The method according to Claim 14 further comprising
depositing a layer'of tetraethoxysilane (TEQOS) oxide
6ver1ying said high density plasma oxide and wherein
said polishing step polishes both said TEQOS oxide layer

) and said high density plasma oxide layer.

18. The method according to Claim 14 wherein said step
of polishing said high density plasma oxide layer is

performed by chemical mechanical polishing.



9. The met hod according to Caim1l wherein said step of polishing said high
denS|f‘“Tﬂ7ﬁﬁﬁr%ya4ﬁiJJx¢er has a polish stop within said high density

pl a 10. The method according to Claim7 wherein said step
of poI [ @' g y ﬂulmmdeny ty plasma oxide |layer has a polish stop within
sai d T 11. The method according to Claim1 wherein said

step of polishing Sai d hi gh density plasma oxi de | ayer has a polish stop at
sai d passivation layer. 12. The nethod according to Caim4 wherein said
step of polishing said high density plasnma oxide | ayer has a polish stop at
said silicon nitride |ayer. - 14 - 13. TH? met hod according to Claim4
wherein sai'd step of polishing said high densitTy plasna oxide | ayer has a

o et o o %, 00 e ainge o 215 byl o Wilelay
1ntegrated circuit device comprising:
providing semiconductor device structures An and on
a semlconductor substrate wherein sa1d semlconductor
device structures are covered by an 1nsu1at1ng layer;
depcsiting and patterning a metal layer overlying
said insulating layer to form pixels wharein there is a
gap between two of said pixels;
depositing a passivation layer cverlying said
e pixels wherein said passivation layer comprises a
first layer of undoped silicate glass and a second
layer of silicon nitride and wherein said gap is not
filled by said passivation layer;
depositing a layer of high density plasma oxide
.5 overlying said passivation layer;
polishing said high density plasma coxide layer to
leave said high density plasma oxide within said_gap and
to leave a planarized passivation layer surface;
forming a liquid crystal material layer overlying
0 said planarized passivation layer; and
attaching a second semiconductor substrate
ocverlying said liquid crystal nater1a1 layer to complete

the fabrication of said liquid crystal display

‘integrated circuit device.



I'nt egrated—ei+rcuit device conprising: providing semi conduct or devi ce
str ghmﬂgﬂ in and on a sem conductor substrate wherein said sem conduct or

devi 'ﬂﬂﬁﬂ,ﬂ" covered by an insulating |ayer; depositing and
pat t er overlying said insulating layer to form pixels

wherein there s a dap between two of said pi xel's; depositing a passivation
| ayer overlying said pixels wherein said gap is not filled by said
passivation | ayer; depositing a |layer of high density plasna oxide
overlying said passivation |ayer; polishing said high density plasnma oxide
| ayer to | eave said high density plasma oxiyde filling said gap and to | eave
a planarized passivation |ayer surface; formng a.liquid crystal materi al
| ayer overlyi n2GaiThe|method cacposdingt tonClaimrl awberneincddbd a second
sem conductor substrate overlying said liquid crystal material |ayer to
conpl ete the fabemicanductor sdevicte getructysesl incipdaygate electrodes .
and associated source and drain regions and multiple

layers of metal lines and intermetal dielectric.

21. The method according to Claim lé further comprising
depositing a layer of tetraethoxysilane (TEOS) oxide
overlying said high density plasma oxide and wherein
said polishing step polishes both said TEOS oxide layer

and said high density plasma oxide layer.

22. The method according to Claim 19 wherein said 'step
of polishing said high density plasma oxide layer is

performed by chemical mechanical polishing.

23. The method according to Claim 19 wherein said step
of polishing said high density plasma oxide layer has a

polish stop within said high density plasma oxide layer.

24. The method according to Claim 21 wherein said step
of polishing said high density plasma oxide layer has a

polish stop within said TEOS oxide layer.

25. The method according to Claim 19 wherein said step

of polishing said high density plasma oxide layer has a



- 15 - integrated circuit device. 15. The nethod according to Caim14
wher ei T said—semecenductor device structures include gate el ectrodes and
associ at nd drain regions and multiple |ayers of nmetal lines and
i nt er met EM’H"@ ﬂu l . The nethod according to Claim 14 wherein said
step of assivation | ayer conprises: depositing a first
conformal | ayer of undoped silicate glass overlying said netal |ines; and
depositing as second | ayer of silicon nitride overlying said undoped
silicate glass layer. 17. The nethod according to Caim 14 further

conprising depositing a |ayer of tetraethox%5|lane (TECS) oxide overlying
said high density plasnma oxi de and wher ein'&a d pol i shing step polishes

both sai d TECS gxi fiéh | s46p @0ds&2ddsii gbosleibtEva®! Bagaroxi de | ayer.

26. The method according to Claim 19 wherein said step
of polishing sa1d high density plasma oxlde 1ayer has a.

polish stop at sald undoped silicate glass layer.



18. The nethod according to Caim 14 wherein said step of polishing said ™ ™

hi gh density plasma oxide |ayer is performed by chem cal nechani cal

pol i shi ng. - 16 - 19. A nethod of fabricating a liquid crystal display
integrated circuit device conprising: providing sem conductor device
structures in and on a sem conductor substrate wherein said sem conductor
device structures are covered by an insulating |ayer; depositing and
patterning a nmetal |ayer overlying said insulating |ayer to form pixels
wherein there is a gap between two of said pixels; depositing a passivation
| ayer overlying said O pi xel s wherein sai-dipassi vation | ayer conprises a
first layer of undoped silicate glass and a second |ayer of silicon nitride
and wherein said gap is not filled by B8FERPGEsi vation |ayer;

- A NOVEL PASSIVATION SCHEME FOR LCD AND OTHER APPLICATIONS
A process for planarizing a passivation layer in order
to maintain a uniform gap between the passivation lafér of“a.
. bottom substrate and the top substrate of a LCD integrﬁﬁeéz .
circuit device is described. Semiconduétcr device structures
in and on a semiconductor substrate wherein the semiconductor
device structures are covered by an insulating layer. A metal
layer is deposited and patterned tc form metal lines wherein
there is a gap between two of the metal lines. A passivation
layer is deposited overlying the metal lines wherein the gap
iz nct filled by the passivation layer. A layer of high
density plasma oxide is deposited overlying the paséivation
layer and polished to leave the high density plasma oxide
within the gap and to leave a planarized passivation layer
surface. This will also a precises gap +o be maintained in
which to build the liquid crystal display material between
the top substrate and the passivation layer of the bottom

substrate.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



depositing a | ayer of high den5|ty plasna OXIde .5 overlying said
passivation | ayer; polishing said high density plasnma oxide |ayer to |eave
said high density plasma oxide within said gap and to | eave a planarized
passivation |ayer surface; formng a liquid crystal material |ayer
overlying 20 said planarized passivation |ayer; and attaching a second

- sem conduct or substrate overlying said liquid crystal material |ayer to
conplete the fabrication of said liquid crystal. display integrated circuit
devi ce. - 17 - 20. The nethod according #/8 C ai m 19 wherein said
sem conduct or device structures i ncl ude qate electrodes and aSSOCIated
source and drain |

dielectric. 21. T ,’

._J

32—
30 '

10
FIG. 1 Prior Art

42

36 . 40

34 — 32

e f AN A

30 7777 7L TI77 o F b 26

28— N N %;

Erlrts | 20

. 18 .

16— — At =16

10

14



depositing a | ayer of tetraethoxysilane (TEOS) oxide overlyfﬁawéafamﬁTﬁﬁmm“”"'”

density plasna oxide and wherein said polishing step polishes both said

TECS oxide |ayer and said high density plasma oxide |ayer.

22. The

nmet hod

according to Claim19 wherein said step of polishing said high density
polishing. 23. The

met hod according to Caim19 wherein said step of polishing said high
has a polish stop within said high density

24. The nethod accor@/dg to O aim21 wherein said step

pl asma oxi de | ayer

density plasma oxide | ayer
pl asma oxi de | ayer.

I's perfornmed by chem ca

said TECS oxi de | ayer.

of polishing said high density plasm ox;2$/44zpr
step of polishing sald high density

:nnn n|+r|rln

polish stop at sai d s
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26.” The met hod" accordlng to daim 19 mhereln sald step of pollshlng sald

hi gh density plasma oxide | ayer has a polish stop at said undoped silicate
gl ass | ayer.
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