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A NOVEL PASSIVATION SCHEME FOR L~ OTHER APPLICATIONS 

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 passivating 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 

- .,,..... . 
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Fig. 1 illustrates a LCD integrated circuit 

device of the prior art. Bottom semiconductor substrate 10 

is illustrated. First metal lines 22 are formed overlying a 

barrier/glue layer. An anti-reflective 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 

protecte·a by a ):fassivation 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 

LCD's. For example, U.S. Patents 5,696,386 to Yamazaki, 
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5,708,486 to Miyakawaki et al, and· 5,868,790 to Curtain et al 

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 iiiven.tion 

is to .provide a process for maintaining a uni~orm 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 laye~ in the 

fabrication of an integrated circuit device. 

Another object is to provide a process for 

p.lanarizing 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 circuit 

device. 



- 4 -

Yet another object of the invention is to 

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 circuit device is achieved. A metal layer is 
. -

·deposited over an insulating layer on a semiconductor 

substrate and patterned to 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 is not 

filled by the passivation layer. A layer of high density 

plasma oxide is deposited overlying the passivation ~ayer 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

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 alternatives 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 invention 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 
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application in which the passivation layer is to be 

planarized. 

Referring now more particularly to Fig. 2, 

there is shown a semiconductor· substrate 10, preferably 

composed of monocrystalline silicon. Semiconductor device 

structures which may include polysilicon gate electrodes 14 

and source and drain regions 16 are shown. An insulating 

layer 18 is formed overlying the semiconductor device 

structures. In a simple application such as an on/off 

operation, semiconductor device structures are unn~cessary. 

How.ever~ for precise control., .spe~d, etc. ,. 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 barrier/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 

as 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 
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deposited over the insulating layer and within the opening 

and then etched back to form tungsten plugs 28~ A second 

barrier layer 30 and metal layer 32 is deposited over the 

insulating layer 26. The metal layer is typically aluminum 
... 

or an aluminum··a.11oy. The metai layer is patterned to form 

the metal pixels 32. An ARC coating, not shown, may 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 thickness 

··of between about 500 and 1000 Angstroms. A silicon nitride 

layer 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 high 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 
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the characteristics of the HDPCVD deposition, the oxide 

overlying the metal pixels is thicker toward the middle of 

the metal pixels and thinner toward the edge of the metal 

pixels and .ov~x: .. the gap between the metal pixe-ls. . 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 HDP 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 
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the process of the present invention. 

Alternatively, the PE-TEOS depositi~n step may 
' 

be eliminated. The CMP step may be performed imme~iately 

following the HDP oxide deposition. This will sti.ll 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 so that the gap fill is 

continuous and flat after CMP. The PE-TEOS 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 illustrated in Fig. 3B, or at the DSG 

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 
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between the two substrates. The process of the present 

invention may also be used to planarize the surf ace of the 

top substrate in the same way. 

The process of the present invention uses HDP 

oxide deposition and chemical mechanical 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 

shown and described with reference 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. 
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1. A method of fabricating an integrated circuit device 

comprising: 

providing an insulating layer overlying a 

semiconductor substrate; 

depositing 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 wherein said gap is not filled by said passivation 

layer;· 

depositing a layer of high density plasma oxide 

overlyinq said passivation layer; and 

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 to 

complete the fabrication of said integratad 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. 
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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 conformal·tayer of undoped 

silicate glass overlying said metal lines; and 

depositing as second layer of silicon nitride 

overlying said undoped silicate glass layer. 

5. The method according 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. 
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7. The method according to Claim 1 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 l~yer. 

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 l wherein said.step of 

polishing said ·high density plasma oxide !"ayer· ·has a 

polish stop within said high density p·lasma 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. 
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13. The method according to Claim 4 wherein said step of 

polishing said high density plasma oxide layer has a 

polish stop at said undoped silicate glass layer. 

14. A method 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 passivation layer; and 

attaching a second semiconductor substrate 

overlying said liquid crys~al ~a~e~ial layer to complete 

the fabrication of said liquid crystal display 
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integrated circuit device. 

15. The method according to Claim'·' 14 .wherein ··said 
. ~ ~- . . . . . ... .. : . " .. 

semiconductor device structures .inC:~~d~ ga~~ ·electrodes 
.. 

and associated source and drain regions and multiple 

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 metal lines; and 

depositing as second layer of silicon nitride 

overlying said undoped silicate glass layer. 

17. The method according to Claim 14 further comprising 

depositing a layer of tetraethoxysilane (TEOS) oxide 

overlying said high density plasma oxide and wh~rein 

said polishing step polishes both said TEOS 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. 
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19. A method 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 a...~d 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 

O 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 oxide 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 

~o said planarized passivation layer; a..~d 

attaching a second semiconductor substrate 

overlying said liquid crystal material layer to complete 

the fabrication of said liquid crystal display 

integrated circuit device. 
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20. The method according to Claim 19 wherein said 

semiconductor device structures include gate electrodes 

and associated source and drain regions and _multiple 

layers of metal lines and intermetal dielectric. 

21. The method according to Claim 19 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 s·aid 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 
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polish stop at said silicon nitride layer. 

26. The method according to Claim 19 wherein said step 

of polishing said high density plasma oxide layer h~s a 

polish stop at said undoped silicate glass iayer~· 


