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A TRO-STEP, LOW ARGON, HDP CVD OXIDE DEPOSITION

PROCESS
BACKGROUND OF THE INVENTION

{1) Field of the Invention

The invention relates to a method of Fabricating
silicon structures,’ and morefparticularly,'éo a process for
depositing silicon dioxide between features in the

manufacture of integrated circuit devices.

{2) Description of the Prior Art

As device feature size and gate oxide tﬁickness are
further scaled down, it‘becomés more difficult to form
interlayexr dielectrics. One of the techniques used to form
an jsolation oxide layer in integrated circuits with very

narrowly spaced featurés, such as metal lines, is through

the use of high density plasma, chemical vapor deposition

{HDP CVD) processfng.

In HDP CVD, a traditional CVD process for depositing

silicon dioxide is combined with a simultaneous sputtering



process. As the silicon dioxide layer is deposited, it is
also sputtered, or eﬁched'bj the high-density plasma. By
combining both a‘ deposition an& an etching action in the
same process, a ?ery;dense and higﬁ qualitylsilicon dioxide
layer may be formed} In addition, since the etching
component can be anisotropically controlled, that is, can
stch in specific directions, the HDP CVD offers a
significant advaﬁtage for deposition of silicon &ioxide
inside gaps or trenches. The etching camponent can reduce
the deposition rate on vertiéalfsidéwalls such that the gap
can be filled fro% the bﬁttOm'uﬁ wiéhout thé top of'the gap
closing or pinching off. 'Thfs‘prevents'thg formation of

voids or keyholes 1n‘the=silibon dioxide iayer.

Referring now to Fig. 1, an inéulating layer i4 is
shown formed overlying a semiconductor substrate 10. A
pair of metal traées 18 overlies the insulating layer 14.
In this situation, it is desi;able to form an oxide layer
overlying the metal traces 18 and insulating the gap
between metal traces 18. 1In édgition, the space between
the metal traces ;s:veiy narréw. at between about 0.2
microns and 0.3 micxons. 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 HDP CVD process is used as typical in the art to
form the silicon dioxide layef 22, The HDP CVD process
would typically use a gas mixture of silane (SiH,), oxygen,
and argon. The silane and oxygep components'provide the
source species foé thé'deposi%iog of the silicon dioxide.
The argon gas is ioniiea;to:fprm:the:high-density plasma to
etch the silicon dioxide layei'ZQ as this layer is

deposited.

As the silicon dioxide layer 22 is deposited, the
sputtering reaction also removes some of the material. As
shown, the greatest sputter rate is at the corner of the
gap. Here, the silicon dioxiéé iayei 22 overlaps the
contour of the metal trace 8. The combined deposition and
etching reaction éreates the angled profile 26 of
approzimately 45 degrees. This angled profile 26 aids the
deposition process by preventing the silicon dioxide layer
22 from closing or pinching off before the gap has been

filled completely:from below.

The etching rate of the reaction is directly
controlled by the partial pressure of the argon gas

component of the gas mixture and by the high frequency
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ragio frequency (HFRF) sputtér enéréy. The argon gas is
typically flowed at a rate of between about 350 sccm and
400 sccm and constitutes approximately between about 64%
and 67% of the gas pressure fn éhe réaéti&nf' The HFﬁF
energy is typically in the range 6f between about 2,500
watts and 3,000 watts. By céréfully setting the deposition
rate via the silane and oxygen ghs flows and the etching
rate via the argon gas flow and HFBF enerqy, an optimal
etch to deposition ratio can be established to guarantee

gap fills.

This process approach has'it;'fiﬁitatidns, howe;ér.
If the etching comﬁonent of the reaction is too low, the
silicon dioxide layer 22 pincﬁes off the gap before it has
completely filled from the bottom. :As a consequence, a
keyhole, or void, 30 has formed. This void causes serious
reliability problems because of the potential for trapped

contamination.

Referring now to Fig. 2, a second possible problem is
shown. Here, the etching component is too high., As a
consequence, corner clipping 34 oceurs. In corner
clipping, the plasma etches into the metal traces 18. This

problem also represents a potential reliability issue.



As the aspeét ratio of the gaps becomes larger, it is
not possible to select a single operating point for the HDP
CVD process that will bbth'eliminate the corner clipping 34
and prevent the formation of'foida 30. In addition, the
use of argon plasma poses thé additional risk of plasma
induced damage (PIsztb undefiying'gate oxide layers. PID
occurs because of charging of %hé semiconductor wafer that
occurs due to the‘piagﬁat If thié éh&rge is sufficiently
large, very thin gate oxides can be damaged due to

electrical overstress.

Several prior art approaches discldse'ﬁethods to form
silicon dioxide 1éyers, and'sbecifiéally,'to'fill gaps
between features in the fabrifdtion of integrated circuits.
U.S. Patent 5,872,058 to Van CIeempuf et al ‘discloses a
process to fill gépé with oxide using HDP and CVD. A gas
mixture comprising silicon containing, oxygen containing
and inert gases is used. The!inert gas component of this
mixture comprises ‘not more than 13 % of the total gas
mixture., An electron cyclotron resonance (ECR) process is
used with high miérowave powei for gas dissociation to form
the plasma. A single RF frequency is used to drive the

argon ion bombardment. Argon is eliminated during the

formation of the protective layer. Multiplb-steps of



PE~CVD and HDP Sre used. 0.8, éatént 5,814,564 to Yao et
al teaches a process té‘gap-fiii with oxide and theﬁ to
planarize with a spin-on glass la&érl' A six step eécﬁ back
process is used in the final planérization. U.5. Patent
5,807,785 to Ravi discloses a proéess for silicon dioxide
gap fill where a plasma enhanced CVD process USiﬁg TEOS
forms a first barrier layer overlying metal traces. A
subatmospheric CVD (SACVD) précess using TEOS forms the gap
f£illing layer. U.S. Patent §,'67%9,606 to Wang et al teaches
a process to fabricate gap fills of?dxide using two steps.
In the first steé,'a érdtectiveflaygr-is'deposited by HDP
CVD without any argon gas flow or sputter rf energy. In
the second step, the gap fill layer is deposited using HDP
CVD with argon and sputter rf energy. U.S. Patent
5,494,854 to Jain discloses a process for gap filling and
planarization. First, a seed layer is deposited using HDP
with no sputter rf power. Seéond, a gap filling layer of
approximately equal thickness‘is deposited using HDP with
sputter rf power.3 A p§1ishing layer and plaharization step

complete the process.



SUMMARY OF THE INVENTION

A principal objeét of the présent invention is to
provide an effective and very manufacturable method of
depositing silicon dioxide between features in the

manufacture of integrated circuits.

A further object of the present invention is to
provide a method to deposit silicon dioxide between
features using a two-step, low arg;n pressure, high-density
plaéma, chemical vépof deposition process:that prevents the

formation of voids.

A yet further object 4f the present invention is to
use a two-step, low argon pressure, high-dénsity plasma,
chemical vapor deposition process that prevents corner

clipping or etching of features.

In accor&ancé with the objects of this iﬁvention, a
new method of depdsiting silicon dioxide between features
has been achieved. Féatures,.such as c&ndﬁctive traces,
are provided overlying a semiconductor substrate where the
spaces between the features form gaps. A silicon dioxide

liner layer is deposited overlying the features and lining
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the gaps, yet leaving the gaps Opeﬁ: The step of
depositing the silicoh dioxide liner layer is by high
density plasma, chemical vapor deposition (HDP CVD) using a
gas mixture comprising silane, oxygen, and argon. The
argon gas pressure, chamber pressure, and the sputter rf
enexrgy are kept low. A silicon dipxide gap filling layer
is deposited overlying 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, che@ical vapor
deposition (HDP Cﬁb) ﬁsing a gas miéture céﬁpxising silane,
oxygen, and argon. The argon gas pressure and chamber
pressure are kept low while the sputter rf energy is

3 i

increased,

BRTYEF DESCRIPTION OF THE DRAWINGS

In the accomﬁad&iﬂg'dfawings forming a material part

of this description, there is shown:

Figs. 1 and 2 schematically illustrate in cross-
section a partially completed prior art integrated circuit

device.
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Figs. 3 through 4 scheﬁatically illustrate in cross-
gectional representation a preferred embodiment of the

present invention.

o

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This embodiment discloses the application of the
present invention to the deposition of a silicon dioxide
layer overlying and fflling gaps between metal traces. The
present invention can easily be applied to the deposition
of a silicon dioxide layér -overlying and filling gaps
between polysilicon traces as well:' In'addition, the same
technique could be used to fill éhallow 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
- illustrated, in a cross section, ; partially completed
integrated circuit device. A semiconductor substrate 40 is
l

preferably composed of monocrystalline silicon. An

isolation layer 44 is shown formed overlying the



e e e T T e e

semiconductor substrate 40. The pﬁrpose of the isolation
layer 44 is to isdlate the metal traces 48 from the
semiconductor substrate 40. The metal traces 48 may be
formed in any conventional mé£ﬁod; :Typically, the metal
traces would be formed by depositing an aluminum alloy
layer overlying the isolation layer 44. The metal traces
48 would then be patterned, ﬁybibai;y using a photofesist

mask to protect the desired pattérnfdﬁrinQ'etching.

In this example, as in the prior art, the space
between the metalitracés is very narrow, at Betwéen about
0.2 microns and 0.3 microns., The height of the metal
traces is between about 0.55 microns and 1.0 microns. The
aspect ratio of the gap is about 3. It is dffficult,
therefore, to depodsit a silicon dioxide layéﬁ overlying the
metal traces 48 to £ill the gaﬁ witﬁcut’cfeating voids in
the silicon dioxide or clipping the corners of the metal

traces 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 overlyin§ the metal traces 48 and lining the gap

between the metal traces 48. The silicon dioxide liner

10
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layer is deposited using a HDP, CVD process. The process
uses a gas mixture of silane, oxygen, and argon. The
preferred gas mi;ture is comprised of silane flowing at of
between about 60 sccm and 100'sbcm} bkygén'flowing at
between about 90 sccii and 150 scom, and argon flowing at
between about 40 sccin and BO‘%cém.E'Tﬁé argon gas
constitutes between about lé%sand 35% of thé total pressure
of the chamber. Note that the érgdh gas flow is

dramatically lower than that of the prior art process.

The reducediargon flow results in a very low~pressure
environment for the plasma. Thé?pféssure?is preferably
less than about 2 milliTorr. ' This low plésﬁa pressure
reduces tﬁe silicbh'oxide deﬁdkitibn bate on the sidewalls
of the gaps. Because the deposition rate is reduced, the
sputtering or etching rate must 4lsc be reduced.
Therefore, the high frequency radio frequency (HFkF) power
is reduced during the deposition of the silicon dioxide
liner layer 52. The HFRF power, also called the sputter rf
power, establishes the energy of the argon ion plasma that
sputters or etches the silicon dibxide layer concurrent
with the depositién 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

11



frequency radio frequency (@?RF)_poWer, which is called the
plasma rf power and controls the silane and oxygen plasma,
is maintained at between about 3500 watts and about 4500

watts.

The relationship between.the}COncurrent silicon
dioxide deposition and étchihé %ﬁéﬁ occurs in the HDP CVD
process can be eﬁpreéSéa aS'En gtéh’to depoéitioﬁ ratio, or
E/B. E/D is defined by the gquation:

E/D = (UBUC - BC) / UBUC
where UBUC is the deposition rate of the proéess with no
wafer biag or clamping, and BC is the deposition rate of
the process with wafer bias ah&/br?clamping. The
deposition rate is generally bdntrdlied by the silane and
oxygen components of the plasma while the etching rate is
generally determined by the a;gon component. For the
preferrad embodiment of the present inVention, the E/D for

the deposition of the silicon dioxide liner layer 52 is

maintained at between about 0.12 and about 0.15.

The process for forming the silicon dioxide liner

layer 52 has two significant advantages over the prior art.

12



First, the combination of loweréd deposition and sputtering
rates allows the’forﬁation of a high éuality, dense,
gilicon dioxide iiner=1ayer 52 OVérlying the metal traces
48 and lining the gaps“ﬁithoht éiééind the gap spaces. An
adequate amount of spdtter e%ching also occurs to
effectively round the gdp corners 54 ﬁithout over etching
into the metal traces 48. Both voids and corner clipping
are therefore avoided. This process deposits the silicon
dioxide liner layer 52 to a thickness of between about 500
Angstroms and about 8000 Angstroms. The presence of the
silicon dioxide liner la§ér Sé will prevent damage to the
metal traces 48, such as corner5Elipbing, during the
deposition of the' gap filling layer. . This is important
since the etch rate during the gap fiiiing process is

higher than that of the liner layer pfécesé(

The second advantage of the present invention
technique is the reduction of plasma induced damage {PID}.
Lowering the chamﬁer pressure lowers the density of the
argon ion plasma. This lowered density in turn reduces the
amount of wafer chargiqg and eleétric§l stressing. By
reducing electrical stressing, thi; ieéhnique has been

shown to reduce PID to thin oxides and to improve both

yield and reliability.

13



Referring now to Fig. 4, the second méjor step in
forming the insulation oxide is’ the depoSition of the
silicon dioxide gap f£illing layer 56 overlying the silicon
dioxide liner layer 52, The silicon dioxide gap filling
layer 56 is also deposited using a HDP, CVD process. The
process uses a gas mixture-of'Siiané, oxygen, and argon.
The preferred gas mixtufe is comﬁtiSed of silane flowing at
between about 60 séém"and 100 sécé, oxygen flowing at
‘between about 90 scem and 150 scem, and argon flowing at
between about 40‘sccm and 80 sccm. ' The argon gas
constitutes between about 14% and 35% of the'totai pressure

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'lowwpressuré environment for the plasma
of less than aboué 2 milliTorrx. By maintaining a low
plasma chamber pressure, the dépésition process for the
silicon dioxide gap filling léyer 56 can be performed
without causing daﬁage to gate oxides due io electrical

overstress,

14
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The high frequency radio frequency (HFRF} power is
increased during the deposition of ‘the silicon dioxide gap
filling layer 56. By indréésihg‘fhe BFﬁF power, a higher
sputter etching &été;is established. By increasing the
etching rate, the E/D ratio is increased to between about
0.15 and about 0.25. This increased E/D'iatio improves the
ability of the dgposition pfocess to fill'tﬁe gap
completely without creating a void'or keyhdle. The
presence of the previously deposited silicon dio#ide liner
layer 52 prevents any corner élippihg problems during the
silicon dioxide éap'filiix{é layer ‘56 deposition. The
silicon dioxide éab £filling layer 56 is thus deposited to a
thickness of between about 500 Angstroms gnd about 8,000

Angstroms.

During the deposition of the silicon dioxide gap
filling layer 56, the HFRF is set at between about 2200
watts and about 2800 watts. The low frequency radio
frequency (LFRF) Eower{ié maintained at beéwéen about 3500

watts and about 4500 watts.

Following the deposition of the silicon dioxide gap
filling layer 56, the- integrated circuit may be completed

as typical in the art.

15



The novel approach of ti.he .'preéent in'fvention can easily
be modified to form:doped-siliéon dioxide layers for the
liner layer or the gap filling layér. By adding suitable
dopants, such as fluorine, boron, ﬁhosphOrous, boron, or
arsenic, to the HDP CVD'gas mixfuré, dopéd silicon dioxide
layers can be depqsited for éitﬁer the liner layer, the gap
filling layer or'both. In addition{ by makibhlg moderate
changes to the silane to oxygen ratio or ‘ta the HFRF power,
the process of the present invention can be optimized for
use in other gap filling process. This novel two-step
process could then be applied.tdéthé fsrmation of
intermetal dielectrics (IMD), interlevel dielectrics (ILD),
and shallow trencﬁ isolations (QTI)L '

As shown in ﬁhe preferred embodiment, the present
invention provides a very manufacturable process for
depositing silicon dioxide between features in the
manufacture of integrated circuit devices. The qﬁique two
step process makes possible the deposition.of silicon
dioxide dielectrié layers bet;een even very c¢losely spaced
features while préventiﬁg the adverse effects of void

formation, corner bligping,:add plasma induced damage.

16



While the invention has been particularly shown and
described with reference to the preferred embodimentsg
thereof, it will ?e undersfodd by those skilled in the art
that various changes in form and détails may be made
without departing from the spirit and scope of the

invention.

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

manufacture of an integrated circuit device comprisings;
providing a semiconductor substrate;
providing features overlying said semiconductor

substrate wherein spaces between said features are termed

!
H

gaps;

depositing a silicon dioxide liner layer overlying
said features and lining said gaps while ‘leaving said gaps
open, wherein said depositing is by HDP CVD using a gas
mixture comprising silane, oxygen, and argon, and wherein a
first sputter.rf eﬁergy is applied;

'depositing'a silicon dioxide gap filling layer
overlying said silicon dioxide liner layer and filling said
gaps, wherein said depri?ing iseby'HDP CVD using a gas
mixture comprising silane, oxygen, and argon, and wherein a
second sputter rf energy 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 milliTozxr.

3. The method:according to Claim 1 wherein said gas mixture

18
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used to deposit said silicon dioxide liner layer comprises
silane flowing at between about 60 sccm and 100 sccm,
oxygen flowing at between about 90 sccm and 150 scem, and

argon flowing at between about 40 sccm and 80 scom.

4. The method according to Claim 1 wherein said step of
depositing said silicon dioxide liner layer uses said first
sputter rf energy of between about 1600 watts and about

2200 watts.

5. The method according to Claim 1 wherein said step of
depositing said silicon dioxide liner layer further
comprises adding a dopant gas to said gas mixture wherein

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

fluorine, boron, phosphorous, boron, and arsenic.

6. The method according to Claim 1 wherein said step of
depositing said silicon dioxide gap filling layer is
performed at a lchamber pressure of less than 2 milliTorr,
7. The method according to Claim 1 wherein 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 sccm and 100
sccm, oxygen flowing at between abdut‘SO sccm and 150 scom,

and argon flosinq at between about 40 sccm and 80 sccm. |
8. The method?accofdfng~téfciéfm‘1'§hefeih said sfep of
depositing sai? siiicbnfdidxide'gap fiiling layer uses said
second sputter.rf energy ;f betﬁéén about 2200 watts and

about 2800 watts.

9. The method according to Claim 1 wheréin said step of

depositing saié silicon dioxide.gap filling layerlfurther

comprises adding a dopant gas to said gas mixture wherein

said dopant gas is.a source!ofiéne of tﬂe'group of:

ﬂmﬁm,Mm&p&@mgﬁg&ﬁmkﬁémmm.
e ;;-g SERRtE

10. The method according to Claim 1 wherein said gaps

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

spaces between polysilicon lines, and shallow trenches in

. P -
said semiconductor substrate.

1i. A method to'!fill gaps with silicon dioxide in the
manufacture of an integrated circuit device comprising:
providing a %emiconductcr.substrata;.

providing features overlying said semiconductor

20
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substrate wherein spaces between said features are termed
gaps; s

depositiné a silicon dioxidé liner layer overlying
said features and iining?shid.géﬁs while leaving said gaps
open, wherein said depositing is by HDP' CVD using a gas
mixture compri$ing silane, oxygen, and argon, wherein said
deposition is at a chamber pressure of less than 2
milliTorr, and wherein é Fiest éﬁutter rf enexgy is
applied; i

depositing a silicon dioxide gap filling layer
overlying saidésiliéon dioxide liner lafef and'filling said
gaps, wherein éaid:depositing is'by HDP CVD using a gas
mixture comprising siléne,'éngén; and érgon, éherein said
deposition is at a chamber pressure of less than 2
milliTorr, and wherein a seconq sputter rf energy higher
than said first rf energy is aﬁpliea}

completing said integrated circuit device.

12. The method 'according to Claim 11 wherein said step of
depositing said silicon dioxide liner layer uses said first
sputter rf energy of between about 1600 watts and about

2200 watts.

13. The method according to Claim 11 wherein said step of

21
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depositing said silicon dioxide liner 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 T : ' .
fluorine, borxon, phosphorous, boron, and arsenic.

14. The method according to Claim 11 wherein said step of
depositing said silicon dioxide gap filling layer uses said
second sputter rf energy of between about 2200 watts and

about 2800 watts.

15. The method according to Claim 11 wherein said step of
depositing said silicon dioxide gap filling layer further
comprises addiqg a dopant gas to said gas mixture wherein

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

fluorine, boron, phosphorous, boron, and arsenic,

16. The method according to Claim 11 wherein said gaps
comprise one of the group of: spaces between metal lines,
spaces between polysilicon lines, and shallow trenches in

said semiconductor substrate.

17. A method to f£ill gaps with silicon dioxide in the
manufacture of an integrated circuit device comprising:

providing a semiconductor substrate;

22
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providing features overlying said semiconductor
subgtrate wherein spaces between said features are termed

gaps;

depositing a silicon dioxide liner layer overlying
said features and lining séid'gaps while leaving said gaps
open, wherein said depositing'ié by HDP CVD using a gas
mixture comprising Silane,7oxjgen, and éfgon,:wherein said
deposition is at a chambér pféssﬁré of iéss than 2
milliTorr, and wherein a first sputtér rf energy of between
about 1600 watts and about 2200 watts is applied;

depositing a silicon dioxide gap filling layer
overlying said silicon dioxide liner 1ayer and:filling said
gaps, wherein said depositinghig by HDP CVD using a gas
mixture comprising silane, oxygeh, and argon, wherein said
deposition is at a;chamber_ﬁreésure of less than 2
milliTorr, and wherein a'sécoﬁdléputter rf energy of
between about 2200 watts and 2800 watts is applied;

completing said integrated circuit device.

18. The method according to Claim 17 wherein said step of
depositing said.silicon dioxide liner laye¥ further
comprises adding a dopant gas to.said gas mixture wherein
said dopant gas is a sourge.of one of the group of:

fluorine, boron, phosphorous, boron, and arsenic.

23
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19. The method according té €laim 17 wherein said step of
depositing said siiicon-dioxide gap filling layer further
comprises adding a dopantlgas to said gas mixture wherein
said dopant gas is-a sourée of one of the group of:

5 fluorine, boron, phosphorous, boron, and arsenic.

20. The method according to Claim 17 wherein said gaps
comprise one of the group of: spaces between metal lines,
spaces between polysilicon lines, and shallow trenches in

said semiconductor substrate.
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