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A TWO-STEP, LOW ARGON, HOP CVD OXIDE DEPOSITION 

PROCESS 

BACKGROUND OF THE tNVENTlON 

(1) Field of the Invention 

The invention relates to a me.thod of fabricatinq 

silicon structures,' and more :particularly,· t'.o a pr:ocess for 

depositing silicon dioxide between features in the 

manufacture of integrated circuit devicea. 

(2) Oescrlption of the Prior Art 

' 
As device feature' size and gate oxide thickness are 

! 

further scaled down, it 'becomes mo~e difficult to form 

interlayer dielectrics. One of the techniques used to form 

an isolation oxide layer in integrated circuits with very 

narrowly spaced features, such as metal lines, is through 
I 

the use of high density plasma, chemical vapor deposition 

(HOP CVD) processing. 

In HOP CVD, a traditional CVD process for depositing 

silicon dioxide is combined with a simultaneous sputtering 
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process. As the· silicon di~xi~e layer is deposited, it is 

also sputtered, or et'ched by the high-density plasma. By 

combining both a· deposition 'and an etching action in the 

same process, a very;dense and high quality. silicon dioxide 

layer may be formed. In addition, since the etching 

component can be anisotropically controlled, that is, can 

etch in specific directions, the HOP CVD offers a 

significant advarltage for deposition of silicon dioxide 

inside gaps or trenches. The etching component can reduce 

the deposition rate ori vertical sidewalls such that the gap 

can be filled from the bottom up without the top of the gap 

closing or pinching off. This' prevents.th~ formation of 

voids or keyholes in' the silfcon dioxide layer. 

Referring now to Fig. 1, an insulating layer 14 i·s 

shown formed overlying a semiconductor substrate 10. A 

pair of metal t~aces 18 overlies the insulating layer 14. 

In this situation, it is desirable to form an oxide layer 
i 

overlying the metal traces 18 and insulating the gap 

between metal traces 18. In adpition, the space between 
I . . the metal traces is very narrow, at between about 0.2 

microns and 0.3 microns. The height of the metal traces is 

between about 0.55 microns and 1.0 microns such that the 

aspect ratio of the gap is about 3. 
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A HOP CVD process is used as typical in the art to 

form the silicon dioxide laye~ 22. The HOP CVD process 

would typically use a gas mixture.~f silane (SiH4), oxygen, 

and argon. The silane and oxygen components provide the 
I ' ' 

source species for the deposition of the silicon dioxide. 

The argon gas is ionized'to:form the high-density plasma to 
; 

etch the silicon dioxide layer 22 as this laye~ is 

deposited. 

As the silicon dioxide l~yer 22 is deposited, the 

sputtering reaction also removes'some of the material. As 

shown, the greatest sputter rate is at the corner of the 

qap. Here, the silicon dioxid~ laye'~ 22 overlaps the 

contour of the metal trace is·. The combined deposition and 

etching reaction 6reates the angled profile 26 of 

appro~imately 45 degrees. This angled profile 26 aids the 

deposition process by preventing the silicon dioxide layer 

22 from closinq or pinching off before the 'gap has been 

filled completely from below. 

The etching rate of the reaction is directly 

controlled by the partial pre~sure of the argon gas 

component of the gas mixture and by the hiqh frequency 

3 



... ..., .... ,, .. =-
==-

radio frequency (HFRF) sputter energy. ~he argon gas is 

typically flowed at a rate of between about 350 seem and 

400 seem and constitutes approximately between about 64% 
. . . , . . . ' , . I ~ . 

and 67% of the gas· ·pressure in the reaction.' The HFRF 

energy is typically in the range of between about 2,500 

watts and 3,000 watts. By c~refully setting the deposition 

rate via the silane and oxygen qas flows and the etching 

rate via the argon gas flow and HFRF energy, an optimal 

etch to deposition ratio.can be established to guarantee 

gap fills. 

. : - .. ' . 
This process.approach has.its limitations, however. 

!f the etching component of.the reaction is too low, the 
I 

silicon dio~ide layer 22 pinches off the gap before it has 

completely filled from the bottom. 'As a consequence, a 

keyhole, or void, 30 has formed. Th1s void ·a·auses serious 

reliability problems because of the potential for trapped 

contamination. 

Referring now to Fiq. 2, a sedond possi~le problem is 

shown. He~e, the etching component is too high. As a 

consequence, corner clipping 34 occurs. In corner 

clipping, the plasma etches into the metal traces ·1a. This 

problem also represents a potential reliability issue. 
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As the aspect ratio of the gaps.becomes larger, it is 

not possible to select a single operating'point for the HOP 

CVD process that will both eliminate the corner clipping 34 

and prevent the formation of 'voids 30. In addition, the 

use of arqon pla~a poses th~ additional risk of plasma 

induced damage (PIO) ·to undetlying· gate oxide layers. PID 
. ' . . 

occurs becabse of charqinq of the semiconductor wafer that 

occurs due to the: piabma'. If this c~~rge is sufficiently 

larqe, very thin gate oxides can be damaged due to 

electrical overstress. 

Several prior art approaches discldse methods to f or.m 

silicon dioxide l~yers, and 1 specifiC::a!ly, ·to' fill gaps 

between features in the fabt>ibition· ·of integrated circuits. 

u.s. Patent 5,872,058 to Van Cleemput et al=discloses a 

process to fill gaps with oxide using ~DP and CVD, A qas 

mixture comprising silicon containing, oxygen containing 

and inert gases is used. The inert gas component of this 

mixture comprisesinot more than 13 % of the total gas 

mixture. An electron_cyclotron resonance (ECR) process is 

used with high midrowave power for qas dissociation to form 

the plasma. A sin9le RF frequency is used to drive the 

argon ion bombardment. Argon is e1iminated du~~ng the 

formation of the protective layer.. Multiple steps of 

s 

.--·i 



<~~-. ~ .. = 

: 

P~-cvo and HOP are used~ o.s. Patent 5,814,564 to Yao et 
' 

al teaches a p~ocess to'gap fill with oxide and then to 

planarize with a spin.;,;on qlass layer'. · A six step etcti back 

process is used in the final planarization. U.S. Patent 

5,807,785 to Ravi discloses a process for silicon dioxide 
l 

gap fill where a plasma enhanced cVD process using T.EOS 

forms a first barrier layer overlylng metal traces. A 

subatmospheric CVD (SACVO} process using TEOS forms the gap 

filling layer. U. s. ·patent 5,"67~9, 606 to Wang et al teaches 
I 

a process to fabricate gap fills of;dxide using two steps. 

In the first step,·a protective ·layer is deposited by HOP 

CVD without any argon gas flow or sputter rf energy. In 

the second step, the qap f11l layer is deposited usinq HOP 

CVO with arqon and sputter rf energy. u.s. Patent 

5,494,854 to Jain discloses a process for gap filling and 

planarization. F~rst, a seed layer is deposited using HDP 

with no sputter rf power. Second, a gap filling layer of 
I 

approximately equal thickness is deposited using HOP with 
l . 

sputter rf power. A polishing layer and planarization step 

complete the process. 
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SUMMARY OF THE INVENTION 

A principal object of the pres·ent invention is to 

provide an effective and Very manufacturable method Of 

depositin9 silicon dioxide between features in the 

manufacture of inteqrated circuits. 

A further object of the present invention is to 

provide a method to deposit silicon dioxide between 

features using a two-step# low argon pressure, h19h-density 

plasma, chemical v~por deposition process.that prevents the 

formation of voids. 

A yet further object df the present invention is to 

use a two-step, low: argon" pressure; 
1

high-d~nsity plasma, 

chemical vapor deposition process that pre~ents corner 

clipping or etchinq of features. 

l I In accordance with the objects of this invention, a 

new method of depositing silicon dioxide between features 

has been achieved. Features, such as conductive traces, 

are provided overlying a semiconductor substrate where the 

apaces between the features foxm gaps. A silicon dioxide 

liner layer is deposited overlying the features and lining 
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the gaps, yet lea\rin9, the gaps open.' The step of 

depositing the silicon dioxide liner layer is by high 

density plasma, chemical vapor deposition (HOP CVD) ·using a 

gas mixture comp~isinq silane. oxygen, and ar9on. The 

argon qas pressure, chamber pressure, and the sputter rf 

energy are kept low. A silicon dio2d.de gap filling layer 

is deposited o~erlying the silicon dioxide liner layer to 

fill the gaps, and the integrated circuit device is 

completed. The step of depositing the silicon dioxide gap 

filling layer is by high density plasma, chemical vapor 
·. ·' 

deposition (HOP CVO) using a gas mixture comprising silane, 

oxygen, and argon~ The.argon gas pressure and chamber 

pressure are kept low while the sputter rf energy is 

increased, 

BRIEF DESCRIPTION OF THE DRAWINGS 

.j ,,' .,. 

In the accomp"anyinq drawings forming a material part 

of this description, there is shown: 

Fiqs. l and 2 schematically illustrate in cross-

section a partially completed prior art integrated circuit 

device. 
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Figs. 3 through 4 schematically illust~ate in cross~ 
. 
sectional representation a pref erred embodiment of the 

present invention. 
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DESCRIPTION 'oF THE.PREFERRED EMBODIMENTS 

This embodiment discloses the application of the 

present invention to the depdsitiori·of a silicon dioxide 

layer overlying and filling gaps between metal traces. The 

present invention can easily be applied to the deposition 

of a silicon diokide layer-overlying and filling qaps 

between polysilicon traces as· weil; 1 ·In· addit.ion, the same 

technique could be used.to "fiil shallow trench isolations. 

It should be clear to those experienced in "the art that the 

present invention can be applied and extended without 

deviating from the scope of the present invention. 

Referring now more particular~y to Fig. 3, there is 

i1lustrated, in a cross 'section, a partially completed 

inteqrated circuit device. A semiconductor substrate 40 is 
I 

preferably composed of monocrystalline silicon. An 

isolation layer 4.4 is shown formed o'V"erlying the 
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semiconductor substrate 40. The purpose of the isolation 

layer 44 is to i$chate the metal traces ·48 from the 

semiconductor substrate 40. The metal traces 48 may be 

formed in any conventional metnod. · Typically, the metal 

traces would be formed by depositing an aluii\inum'alloy 

layer overlying the isolation layer 44. The metal traces 

48 would then be patterned, typicaily using a photoresist 
. I 

mask to protect the desired pattern.during· etching. 

In this example, as in the prior art, £he space 
' . 

between the ~etal traces is very narrow, at between about 

0.2 microns and 0.3 microns. The height of the metal 

traces is between about 0. 55 microns· and i. o· ·microns. The 

aspect ratio of the gap is about 3·. ·. It is difficult, 

i . i . 
therefore, to deposit• a silicon dioxide layer overlying the 

metal traces 48 to fill the gap wit~out'creating voids in 

the silicon dioxide or clipping the corners of the metal 

t.races 48. 

At this point, an important.feature of the present 

invention is described. As a first step in forming the 

insulating oxide, a silicon dioxide liner layer 52 is 

deposited overlying the ~etal traces 48 and lining the gap 

between the metal traces 48. The sjlicon dioxide liner 
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layer is deposited using a HOP, CVD process. The process 

uses a gas mixture of silane, oxygen, and argon. The 

preferred gas mixture is comprised of silane flowing at of 

between about 60 seem arid 100 SOCin,·· oxygen . flowing at 

between about 90 sccirl and 150 scan, and argon flowing at 

between about 40 
1 

scCit(and BOi ~can.' The argon gas 

constitutes between abou•t 14\ and 35% of the total pressure 

of the chamber. 
1

Note that the argon gas flow is 

dramatically lower than that of the prior art process. 

I The reduced a~gon floW results· in a very low-pressure 
; 

environment for the plasma; The:pressure; is preferably 

less than about t mflliTorr. i Th'is low plasma pressure 

reduces the silic'on ·oxide depdsltion rate on the sidewalls 

of the gaps. Because the deposition rate is reduced~ the 

sputtering or etching rate must also be redu'c:ed. 

~herefore, the hiqh frequency radio frequency (H~RF) power 

is reduced during the deposition of the silicon dioxide 

liner layer 524 The HFRF power, also called' the sputter rf 

power, establishes the energy of the argon ion plasma that 

sputters or etches the silicon dioxide layer concurrent 

with the deposition of this layer.; During the deposition 

of the silicon dioxide liner layer 52, the HFRF is set at 

between about 1600 watts and about 2200 watts. The low 
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frequency radio.frequency (~FRF) power, which is called the 

plasma ~f po~er and controls the silane and oxygen plasnia, 
' 

is maintained at between about 3500 watts and about 4500 

watts. 

The relationship between the: concurrent $ilicon 

dioxide deposition and etchi~q that occurs in the HDP CVD 

process can be e*pre~sed as· kn ~tch' to depositio~ ratio, or 

E/D. E/D is defined by the ~quation: 
' 

E/D = (UBUC BC) I UBUC 

where UBUC is the' deposition rate of the probess with no 

wafer bias or clampinq, and BC is the deposition rate of 

the process with wafer bias and/or'clampinq. The 

deposition rate i~ generally oontr611ed by the silane and 

oxygen components of the plasma while the etching rate is 
j 

generally determined by the a~9on component. For the 
J : 

preferred embodiment of the present invention, the E/D for 

the deposition of the silicon dioxide liner layer '.52 is 

maintained at betw.een about 0. 12 and about 0. 15. 

The process fo~ forming the kilicon dioxide liner 

layer 52 has two significant advantages over the prior art. 
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First, the combination of lowered deposition and sputtering 

rates allows the' formation of a hiqh quality, dense, 

silicon dioxide liner 'layer 52 o?erlying the metal traces 

48 and lining the gaps ··wi thoot blos'ing' the gap spaces. An 

adequate amount of sputter etching ·also Occurs to 

effectively round the gap corners 54 without over etching 

into the metal traces 48. Both voids and corner clipping 

are therefore avoided. This process deposits the silicon 

dioxide liner layer 5i to a thickness of between about 500 

Angstroms and about 8000 Angstroms. The presence of the 

silicon dioxide liner layer s2 will prevent damage to the 
,~ , i I 

metal traces 48, such· as corner ·clipping, during the 

deposition of the: gap filling layer2· . This is important 

since the etch rate during the gap f iliing process is 

higher than that 'of the line~ layer process.· 

The second advantage of the present invention 

technique is the reduction of plasma induced damaqe {PIO). 

Lowering the chamber pressure lowers the density of the 

argon ion plasma. This lowered d~nsity in turn reduces the 

amount of wafer charging and electric~l stressing. By 
I ' 

reducing electrical stressing, this technique has been 

shown to reduce PID to thin oxides and to improve both 

yieid and reliability. 

13 
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Referring now to Fig. 4, the second niajor step in 

forming the insulation o~ide is' the deposition of the 

silicon dioxide gap filling lay~r 56 overlying the silicon 

dioxide liner layer 52. The silicon dioxide gap filling 

layer 56 is also deposited using a HOP, CVD process. The 

process uses a gas mixture-of·siiane, dxygen, and argon. 

The preferred-gas mixture is comprlsed of·silane flowing at 
i 

between about 60 scC:m''and 100 seem, oxyqen flowinq at 

between about 90 seem and 150 seem, and argon f lowin9 at 

between about 40 seem and BO seem. The argon gas, 

constitutes between about 14% arid 35% of the total pi:essure 

of the chamber. 

As in the deposition of the silicon dioxide liner 

layer 52, the argon gas flow is dramatically lower than 

that of the prior art process. The reduced argon flow 

results in a very_low-pressure environment for the plasma 
l 

of less than about 2 milliTorr. By maintaining a lo~ 

plasma chamber pressure, the deposition process for the 

silicon dioxide gap filling layer 56 can be performed 

without causing da~ge to gate oxides due to electrical 

overstress. 
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The hi9h frequency radio frequency (RFRF} power is 

increased during the deipo.si tion o;f ·, the silicon diox'ide qaJ? 

filling layer s6. . . . . . . ~ i . . . . . 

By increasing'the HFRF power, a higher 

sputter etching kate'is est~bllshed. By 1ncreasing the 

etching rate, th~ E/D ratio is increased to between about 

0.15 and about 0.25. This increased E/D ratio improves the 

ability of the deposition process to fill.the gap 

completely without creating a void or keyhole. The 

presence of the previously deposited silicon dioxide liner 
I 

layer 52 pre'7'ent~ any c6rner clipping problems during the 
. . . . 

silicon dioxide gap fillinq layet·56 deposition. The 

silicon dioxide gap filling layer 56 is thus deposited to a 

thickness of between about 500 Angstroms and about 8,000 

Angstroms. 

During the deposition of the silicon dioxide qap 

filling layer 56, the HFRF is set at between about 2200 

watts and about 2800 watts. The low frequency radio 
I ; .. : . : ; . 

frequency (LFRF) power'is maintained at between about 3500 

watts and about 4500 watts. 

Following the deposition of tbe silicon dioxide qap 

filling layer 56, the· integrated circuit may_be C<?JDPleted 

as typical in the art. 
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The novel approach of the present in~ention can easiiy 

be modified to form doped silicon dioxide layers for the 

liner layer or the gap fill~ng layer. By adding suitable 

dopants, such as' fluoririe,· boron, phosphorous, boron, or 
·. . 

arsenic, to the HOP cvo·9as mixture, doped silicon dioxide 

layers can be deposited for ~ither the liner layer, the gap 

filling layer or' .both. In addition,· by making modera:te 

changes to the silane to oxygen ratio or :to the HFRF power, 

the process of the present invention can be opttmized for 

use in other gap filling process. 1'his novel two-step 

process could thmi be applied ·to' the formation of 

intennetal dielectrics (IMO),·· irtte.rievel dielectrics (ILD), 

' and shallow trench isolations (STI)~ 

~ • I 

As shown in the preferred embodiment, the p~esent 

invention provides a ~ery manufacturable process tor 

depositing silicon dioxide between features in the 

manufacture of infegrated circuit devices. The ~nique t~o 

step process makes possible the deposition of silicon 
' 

dioxide dielectric layers between even very closely spaced 

features while preventing the adverse effects of ~oid 

formation, corner clipping, and plasma induced damage, 
• f 
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While the invention has been particularly shown and 

described with refe~ence to the preferred embodiments 

thereof, it will be understood by those skilled in the art 

that various changes in form and det~ils may be made 

without departing from the spirit and scope of the 

invention. 

'' 
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CLAIMS 
1. A method to fill 9aps with silicon dioxide in the 

manufacture of an integrated circuit device comprising; 

providing a $emiconductor substrate; 

providing features overlying sa'id semiconductor 

5 substrate wherein spaces between' said ·features are termed 

gaps; 

d~positing a silicon dioxide liner layer overlying 

said features and tining said gaps while'leaving 'said gaps 

open, wherein said depositing is by HOP CVD usinq a gas 

10 mixture comprising silane) oxygen, and argon, .and wherein a 

first sputter rf energy is applied; 
. . 

depo~iting a silicon dioxide gap filling layer 

overlying said silicon dioxide liner layer and tilling said 

' ' : gaps, wherein said depositing ifj'by HOP CVD using a gas 
' 

15 mixture comprising silan&, oxygen, and argon, and wherein a 

second sputter rf ·enerqy higher than said first sputter rf 

energy is applied; and 

completing said integrated circuit device. 

2. The method according to Claim 1 wherein said step of 

depositing said silicon dioxide liner layer is performed in 

at.a chamber pressure of less than 2 milliTorr. 

3. The method according to Claim 1 wherein said gas mixture 
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used to deposit said silicon dioxide liner layer comprises 

silane flowing at between about 60 seem and 100 seem, 

oxygen flowing at between 'about· ·go· seem and 150 seem, and 

5 argon flowing at between about 40 seem and 80 seem. 

4. The method according to Claim 1 wher~in $aid step of 

depositing said silicon dioxide liner layer uses said first 

sputter rf energy of between about 1600 watts and about 

2200 watts. 

s. The method ~d~ordinq to Claim 1 wherein said step of 

depositing said silicon dioxide.liner layer further 

' comprises adding a dopant qas to said gas mixture wherein 
I , 

said dopant gas is a source of one of the group of: 

S fluorine, boron, phosphorous, boron, and arsenic. 

6. The method according to Claim 1 wherein said step of 

depositing said silicon dioxide gap fil1inq layer is 

performed at a lch•amber pressure of less than 2 milli'l'orr. 

7. The method according to Claim l ~herein said gas mixture 
i 

used to deposit said silicon dioxide gap filling layer 

:19 
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comprises silane flowing at between about 60 seem and 100 

seem, oxygen flowing at;betwe&ri about 90 seem.and 150 scan, 

5 and argon flowing at between about 40 seem and 80 seem. 

8. The method =accorofng ·to ci~im'l·~heX:ein said step of 

depositing sai~ si:licon didxide' gap filling 1ayei: uses said 

second sputter rf energy of between about 2200 watts and 

about 2800 watts. 

9. The method ~ccord.ing to Claim 1 wherein said step of 
i 

depositing said silicon dioxide qap filling layer further 

comprises adding a dopant gas to-said gas mixture wherein 
! . . ,. 

said dopant gas is a source of one of the group of: 

5 fluorine, borori, phospho~~~s, boron, and -~rsenic • 
.. , , 

! i . i . : 

10. The method according to Claim l wherein said gaps 

comprise nne of the qroup of: spaces between metal lines, 

spaces between polysilicon lines, and shallow trenches in 
I . 

said semiconductor substrate. 

11. A method to'.f~ll gaps with silicon dioxide in the 

manufacture of an integrated circuit device comprising: 

providinq a ~e~iconductor.subst~at~; . 

pro~idin9 features over1yin~ said semiconductor 
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substrate wher~in spaces b~tween said features are tenned 
i . ; ; gaps; 

depositing a silicon dioxide liner layer overlying 

said features and linin~r said gap~s while leaving said gaps 

open, wherein said depositinq'i~ by HDP·CVD using a gas 

10 mixture comprising silane, oxygen, and argon, wherein said 

deposition is at a· chamber· pressure of less than 2 

milliTorr, and.wherein a fltst sputter rf energy is 

applied; 

depositing a silicon dioxide gap filling layer 
! . . . . 

15 overlying said silicon dioxide liner layer and filling said 

gaps, wherein said
0

depositinq is by HOP CVD using a gas 
. . ; . i 

mixture compri~ing silane, oxygen, and argon, wherein said 

deposition is at a chamber pressure of less than 2 

milliTorr, and wherein a second sputter rf energy higher 
I 

20 than said first rf energy is applied; 

completing said inteqrated circuit device. 

12. The method!accoiding to Claim 11 wherein said step of 

depositing said silicon dioxide liner layer uses said first 

sputter rf ene~gy of between about 1600 watts and about 

2200 watts. 

i3. The method according to Claim 11 wherein said step of 
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depositing said silicon dioxide liner layer further 

comprises adding a dopant gas to said gas mixture wherein 

said dopant qas is a source of one of the group of: 

5 fluorine, boro~, pbosphorou~, ··boron, and arsenic • 
. ! 

14. The inethod:accordiriq to Claim· 11 wherein said step of 

depositinq said silicon dioxide qap fi!lin9 layer uses said 

second sputter rf energy of between about 2200 watts and 

about 2800 watts. 

15. The methoa'according'to ciaim ll wherein said step of 

depositing said silloon dioxide gap filling layer further 

comprises addiqq a dopant gas to said 9as mixture wherein 
. i ' . . .. , . 

said dopant gas is a source of one.of the qroup of: 

5 fluorine, borori, phosphorO\lS, boron, and arsenic. 
:· i 

16. ~he method according to Claim 11 wherein said gaps 

comprise one of the group of: spaces between metal lines, 

spaces between !polysilicon lines, and shailow trenches in 

said semiconductor substrate. 

17. A method to fill gaps with silicon dioxide in the 

manufacture of an integrated circuit device comprising: 

providing a semiconductor substrate; 
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' . 
providing '·features dverlyintj said semiconductor 

5 substrate wherein spaces between said features are tenned 

gaps; 

depositing a silicon· dioxide liner layer overlying 

said features and lining s~id gaps while leaving said gaps 

open, wherein ·said depositing·is by HOP CVD using a gas 

10 mixture compri!sing silane,. '.oxygen, and argon, 'wherein said 

deposition is at a ch~mber pr~ssure of iess than 2 

mil1iTo.r:r, and wnerein a fi.r:st 'sputt~r r~ energy of between 

about 1600 watts and about 2200.watts is applied; 

depositing a silicon dioxide gap fillinq layer 

15 overlying said silicon dioxide liner layer and.filling said 

gaps, wherein said depositinq is by HOP CVD using a gas 

mixture comprising silane, oxygen, and argon, wherein said 
' . 

deposition is at a 'chamber pressure of less than 2 
I t • I : ' • . ~ 

milliTorr, and wherein a second sputter rf energy of 

20 between about 2200 watts aJl.d 2800 watts is applied; 

coinpleting said integrated circuit device. 

18. The method according to Claim 17 wherein said step of 

depositing said silicon dioxide liner layer further 

comprises adding a dopant qas to said qas mixture wherein 

said dopant gas is a source of one of the qroup of: 
• 

5 fluorine, boron, phosphorous, boron, and ar$enic. 
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19. The method according to Claim 17 wherein said step of 

depositing said silicon dioxide gap filling layer further 

comprises adding a dopant gas to said gas mixture wherein 

said dopant gas is a source of one of the group of: 

S fluorine, boron, phosphorous, boron, and arsenic. 

20. The method according to Claim 17 wherein said gaps 

comprise one of the qroup of: spaces between metal lines, 

spaces between polysilicon lines, and shallow trenches in 

said semiconductor substrate. 

,: :· 
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