A METHOD FOR REDUCI NG ARGON DI FFUSI ON FROM HI GH

DENSI TY PLASMVA FILMS (1) FIELD OF THE | NVENTI ON The

present invention relates generally to a nmethod of

form ng a sem conductor device, and nore particularly

to formdefect-free nmetal interconnect structures with

inmproved inter-level dielectric layers. (2)

DESCRI PTION OF THE PRIOR ART Wth the increase in the

nunber of transistors on a given silicon chip, the

metal interconnect structures also are becom ng dense
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circuits (I1C. Chip size needs to be kept small to

mai ntai n the hi gh BgaePEdISITHSUACMARILEE and to

i ncrease the nunber of dies per wafer. This is

acconplished by distributing the wring over severa

netal |ayers, the structure being usually known as

mul 4§ FrevglorretialingMMioN ayers. It is not uncommon to

have upwards of six levels of netal layers with

requi red nunber of interconnecting via between two

successive netal |ayers. One conventional nethod of
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insulating dielectric materials (e.g. oxide, polyner)
diclectiip ldyetsween t he gaps; planarize the insulating film

to expose the surface of the neta

nnprgved inter-fevel

(2) DESCRIPTION OF THE PRIOR ART

With the increase in the number of transistors on a given silicon chip, the metal
interconnect structures also are becoming dense to handle the wiring requirement for these
integrated circuits (IC). Chip size needs to be kept small to maintain the high speed of the IC
device and to increase the number of dies per wafer. This is accomplished by distributing the
wiring over several metal layers, the structure being usually known as multi level metal (MLM)
layers. It is not uncommon to have upwards of six levels of metal layers with required number

of interconnecting via between two successive metal layers.

One conventional method of forming these MLM structures is: deposit first level metal on
a silicon wafer having device components (e.g. transistors, resistors); pattern the metal layer to

form metal lines using lithography; deposit insulating dielectric materials (e.g. oxide, polymer)




lines; deposit additional thickness of dielectric film
and pattern to formvia holes where electrica
connection is needed to the first |level netal; deposit

a second netal layer to fill the via holes and to
provi de necessary thickness to form second wring
level. It is critical to fill the intra-Ilevel gaps

between the wiring lines with high quality dielectric
mat eri al s. Choice of correct deposition nethod is
i mportant. Al though chem cal vapor deposition (CVD)

in bpptchn s caps phuitiabthe insplafing fijmip erpgee the perdace of dejngetal
(lieight:gap-w dth) gaps have been used, they require
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be used since the netal wring such as Alum num Al Cu

condbdtioy $s havel wrhd inglevplahabls dgjR @ stantihesd layer to fill the via holes and
tenperatures. H gh tenperature deposition also creates
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| asma- enhanced CVD has been used since plasma
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epos I on. re recen ensity plasnma
m.cal apor deposition) nethods are being used due
mdﬁg§P G@ﬁ conformal filling characteristics and

hi gh dep03|t|on rates. Plasma enhanced deposition
net hods i nherently have a sputtering conponent mhich
causes both etching and deposition at the
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temattireiadefi @e tuscd sindeebainctal wemgtshali ag@luntinurn,edl Gurnliblthave melting
films. In the prior art several such nethod are
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two step, | ow argon HDP- CVD oxi de deposition process,
dielectric films. Plasma-enhanced CVD has been used since plasma activation reduces the
required temperature for deposition. More recently HDP-CVD (high density plasma chemical
vapor deposition) methods are being used due to improved conformal filling characteristics and
high deposition rates. Plasma enhanced deposition methods inherently have a sputtering
component which causes both etching and deposition at the same time. By adjusting the
processing conditions, however, the etching-to-deposition ratio can be tailored and controlled
during the deposition cycle. These methods therefore give rise to stresses in the ILD films

causing defects in metal lines that get buried in ILD films. In the prior art several such method

are proposed and discussed.

U.S. Patent No. 6,211,040 a two step, low argon HDP-CVD oxide deposition process,




2 which prevents dielectric voids, corner clipping,
and plasma i nduced damage. In the first step, a
silicon dioxide Iiner layer is deposited, while
keepi ng the gaps open, using a gas m xture of sil ane,
oxygen, and argon. Argon gas pressure, chanber
pressure and RF power are kept lowin the first step.

In the second step, a gap filling layer of silicon
di oxi de is deposited overlying said oxide liner to
fill the gaps. In the second step, argon gas pressure

whigh greyhifbetechicegsds eoragieclipppis, an s ingugep dampge. In the first step, a
sputter energy is increased so that etch-to-deposition

silicomtdiaxidslina trveaseldpested. vilble keei@n@ e gipreopicncusarsegas atikire of
i mproves gap filling ability w thout generating voids.
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process for formng inter-nmetal gap-filling (gaps <
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dielectric layer isS formed by an in-situ | ow
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Separ a cool -down peri ow t enper at
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the _process. The first deposition steg i s done at |ow
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waf er back pressure of 8 (inner region) and 10 (outer
region) torr. Followng the first deposition step, a
cool -clown period is allowed w thout any deposition
or Etcategt Wot A48 tieseriberer tovgtesnpetaturh @rdsgesk S dernong inter-metal
the wafer. The second deposition step then foll ows
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hel i um back pressure of 6 (inner) and 10 (outer)

by %u? M—situé‘lo@f_ teRpLaite Ny stgp 42 B8R 1SS ERIPES c&sREQEASE by a cool-down
or reducing stress induced defects in an

period. The low temperature process mitigates metal line defects such as distortion or warping

caused by heat generated during the process.  The first deposition step is done at low deposition-

to-sputtering ratio of 2 — 4 and helium wafer back pressure of 8 (inner region) and 10 (outer

region) torr. Following the first deposition step, a cool-down period is allowed without any

deposition or etching with just the inert gas at the backside of the wafer. The second deposition

step then follows with a deposition-to-sputtering ratio of 4 — 6 and helium back pressure of 6

(inner) and 10 (outer) torr.

1.S. Patent No. 6,719,885 describes a process for reducing stress induced defects in an
HDP-CVD process. In the first step of a multi-step deposition process, the deposition takes

place at temperature ranges less than about 350 C. Preferably, a temperature differential between




HDP- CVD process. In the first step of a nmulti-step
deposition process, the deposition takes place at
tenperature ranges | ess than about 350 C. Preferably,
a tenperature differential between 3 a maxi mum
deposition tenperature and a m ni nrum cool i ng
tenperature is |l ess than about 70 C. The second and
subsequent deposition steps are carried out at
relatively | ower tenperature ranges of, for exanple,
about 270 C and 340 C. Preferably, one or nore

a mapgpgi ddpositisn epwperdiot laphie mynihen £oliy tonperahee iddise then about 70 C.
hi gher deposition-to-sputter (D/S) ratio thereby

Thel gweitd agd sdiegsint idopositenpeeat sreecaraaigeut dinretaieely lower temperature
enbodi nent, the patent uses a D/S ratio of about 2.8

ranges of; Por é)d'zhﬁpﬂﬁ abbiitst7(s Ceghdapsl) @poRtef&alfly; ofic 3r duit [gposition steps
the second deposition step. Yet in another
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sition steps. The prior art patents do not

dcpgélﬁ&l 251 el%urgh 5 St &{E i%fdﬁﬁérﬁ tﬁ?ﬁﬁ@% Jib?S rati of dbout 28~-32

I'ncor po lon 0 ar gon atons ectric
n DP CEess e. de os Iti [ 0Cess uses
n %Fg%ﬁg’ P OB 137 £ 00p: BT e ont e RFTR ARG vet in another
onent needed to achi eve superior. gap-filling
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in the netal reasonably open for deposition species
to enter the gap. This is nore inportant in the
begi nning of the process sine the aspect ratio of the
gapl liesprivr ght patdtitsalol rat disclstcageliwhenthe defecfapsusad by fhid ihedporation of
and the gap aspect ratio gets reduced, higher etch
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deposition species to enter the gap. This is more important in the beginning of the process sine

the aspect ratio of the gap is high. At a later stage when the gaps are filled and the gap aspect

ratio gets reduced, higher etch component is not necessary. During this step, diffusion of argon

can cause argon incorporation in the top part of the film which later can cause delamination of

the next level metal. Such metal defect formation due to argon incorporation has been observed

by the inventors of this application. The invention aims to overcome these defects.
SUMMARY OF THE INVENTION

Accordingly, the main object of this invention is to describe a multiple-step HDP-CVD




by the inventors of this application. The invention
ainms to overcone these defects. SUVWARY OF THE
I NVENTI ON Accordingly, the main object of this
invention is to describe a nultiple-step HDP-CVD 4
method for filling gaps of a nmulti-Ilevel netal
i nterconnect structure. It is yet another object to
descri be a two-step HDP-CVD process for filling
inter-nmetal line gaps wth reduced netal defects.
Anot her object of this invention is to describe a
methpd fetidna-pps clonpHblaslsnetal IRCHORN%E SIYHES-ar gon
content in the top part of said gap filling inter
| evel dielectric filmin order to reduce netal
defects. In accordance with these objectives, a
t WOH $¢ @@ anDReCMoqirtociessibt & tdestep BBH-GMBrpgodess tdrdilling inter-metal
argon content in the filmis controlled by using two
lindli Ao en@nRtdRERRcOTBQAt rations in the
argon/ si |l ane/ oxygen gas m xture. The first step
deposition uses high argon concentration and | ow
sputter etch-to-deposition (E/D) ratio. In the second
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are used. é? contro ?lng argon concentration in Phe
top part of the filmto.a |ow. value -edyced, nunbe
the g onsoalontiir bEfep mrbob ] eybhllingap B rR ElrbiT B ofer to reduce
THE DRAW NGS. The obj ects, advantages, and details of
mewbpdestsi ng gap-filling inter level dielectric film
according to this invention will be nore clearly
understood fromthe followi ng detail ed

In accordance with these objectives, a two-step HDP-CVD process is described wherein
the argon content in the film is controlled by using two different argon concentrations in the
argon/silane/oxygen gas mixture. The first step deposition uses high argon concentration and
low sputter etch-to-deposition (E/D) ratio. In the second step, a lower argon concentration and
lower E/D ratio are used. By controlling argon concentration in the top part of the film to a low

value, a reduced number of metal defects are achieved.
BRIEF DESCRIPTION OF THE DRAWINGS.
The objects, advantages, and details of depositing gap-filling inter level dielectric film

according to this invention will be more clearly understood from the following detailed

description taken in conjunction with the accompanying drawings.




description taken in conjunction with the acconpanyi ng
drawings. 5 Figure 1 is a schematic cross section of
silicon substrate having device conponents, show ng
nmetal wires. Figure 2 is schematic cross section of a
one | evel netal interconnect structure after
deposition of the gap filling dielectric filmusing
the first deposition step of the invention. Figure 3
is schematic cross section of a one |evel netal
i nterconnect structure after deposition of the gap
fi [Higuwg ldiseh eciamatic fdrpsn sgstion vheiliserc swigirgle gusingi éayice components,
step of the invention. Figure 4 is a schematic cross
sho®@gtrhanl witesone | evel netal interconnect after
deposition of the gap filling dielectric film using
said two steps of the invention and planarizati on.
DETAI LED DESCRI PTI ON OF THE I NVENTION On a silicon

Waf}@% ureQ rga\{élﬁglaf?@\@é‘s? SEQCHEN R 18 <TBLALI ﬁl’téréﬂnh&:t structure after
deposSited using nethods known in prior art such
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phot o-1ithography known in prior art. The resul ting
structure is shown in Figure 1. A first HDP- CVD inter
l evel dielectric film214 is then dep03|ted W t

obj le@tre8fis FehEMakgerophsciipi e harhen! meregmps! ﬁ%%cfmc after
HDP- CVD net hod is chosen since the filmcan be _ _
depdgpos pf bd ga filling sliclechamlilaogsiCtha necond defdsitimnglealof the ipgention.
superior in ternms gap-filling characteristics,
density, and 6
Figure 4 is a schematic cross section of one level metal interconnect after deposition of

the gap filling dielectric {ilm using said two steps of the invention and planarization.
DETAILED DESCRIPTION OF THE INVENTION

On a silicon wafer 10 having device components, a metal film is deposited using methods
known in prior art such as sputtering, evaporation etc. Said metal film is then patterned to form
metal lines 12, using methods of photo-lithography known in prior art. The resulting structure 1s

shown in Figure 1.

A first HDP-CVD inter level dielectric film 14 is then deposited, with the object of filling
the gaps 16 between metal lines. HDP-CVD method is chosen since the film can be deposited at

less than 400 C and the {ilm quality is superior in terms gap-filling characteristics, density, and
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pi nhol es. Since the HDP-CVD is a plasma deposition
nmet hod, it has both deposition and sputter etching
conmponents built-in. By controlling the ratio of
sputter etching (E) and deposition (D) conponents, it
is possible to tailor the properties of the filns and
gap-filling characteristics. For exanple, while
filling high aspect ratio (height-to-gap w dth) gaps
the openings of the gaps can get closed prematurely
and produce |arge voids or key holes in the deposited
pinlfdlésm SiBye ddjHIBR-CYD istah@asstadripngticompdndnit hasrbotthéeposition and sputter
process, the gap openings can be kept open to achieve
etclngTodigporRatstbaiit-p By kbiingdlinglto ratie bf gfutttheclebg (E)ngnd deposition (D)
component can result in nmetal line corner faceting

Loarﬁioﬂ&ﬁe SPMtoSibIe kRl BGIhe pRopaHES ot fiRABmEBL&bat AN cBardkBeristics. For
hown in Figure 2. The process used in the first step
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35% Al t hough sone argon_ gets incorporated at thes

botigrperiRingc dpamuchré tlmteffénqa qompeBPH GaatesEhE Betk I cgpner faceting
the gap does not contribute to netal defects. This

sin@rpuée sty @uasotdelernghitcogrps 1§ shomngn dkearadt Ehe Bropess used in the
by keeping the gaps open during this first part of

first frep pr aags sf wigbh-tdrsiginento-ek plvhng apoopiomesly abdtid:1:1.4 and an E/D ratio
resulting structure is shown in Figure 2. The second

in HPRatADos b i0SI dang, REGIweRal app@aimdtegabpar 28000 2900 watts, and
the top part of the film20 is not significant and is

chaBBlePWfcl AR & fpﬁﬁﬁ@héiel?fabgﬁf ecl nfiof Mk b@NcondOfration in the gas mixture is
paraneters o his Step are:

%f%grﬂ:at&' ﬁolu?aﬁ"/t 059%y g%;l‘th&?%pg{m?é tslmgm?or%teﬁnﬂ these process

o In the range o I oxi abou

cor\%gtotng,’ tﬁgﬁ?zxgvﬁfngoafn P Boi?om gapa(poegtnogggnquﬁute tc?%l%gal defects. This

process achieves the right gap filling characteristics by keeping the gaps open during this first

part of the process with higher etching component. The resulting structure is shown in Figure 2.

The second HDP-CVD step is done such that argon incorporation in the top part of the
film 20 is not significant and is below the. threshold of defect formation. The parameters of this
step are: argon-to-silane-to-oxygen ratio of about 1:1.5:3 and E/D ratio in the range of
approximately about 0.02 - 0.06, RF power of approximately about 2500 ~ 2900 watts, and
chamber pressure of approximately about 2 — 6 mtorr. Argon concentration in this step is in the

range of about 15% — 25%. Due to higher deposition component, the sccond step fills the gaps




chanber pressure of approximately about 2 - 6 ntorr.
Argon concentration in this step is in the range of
about 15% -- 25% Due to hi gher deposition conponent,
the second step fills the gaps 7 wi thout any voids,
the bottom part having been filled void-free fromthe
first lower EfD ratio step. The resulting structure is
shown in Figure 3. After depositing an additiona
thi ckness of the ILD film the filmis planarized
either by CMP (chem cal nechanical planarization) or
withoiasmp veitig thb hokoprrodesseg beaoviled ivopkirar framt the fiffidower E/D ratio
pl anar structure with gap-filling HDP-CVD film22 is
stepS NPWResuNingisgutireds shhvé iadvant age of this invention
over prior art is: Mniml argon incorporation and
t hereby reduction of netal defects. Although the
i nvention has been described and illustrated with

r ef}?ﬁc?rﬁ%ﬁos‘iigigsﬂle&fdmo%ai inld Jkg&t; ro@&ﬁcvﬁﬁﬂp]thhgﬁﬂﬁ s piandn?cd cither by

t here _|n ende hat the I nvention
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include wthin the invention all such variations and
nodi fications which fall within the scope of the
appended cl ai ns and equi val ents thereof. 8 What is

cl ailwedvirgagelof thAs metiou ofr pighriphbasma density

chem cal vapor deposition (HDP-CVD) of a

1. Minimal argon incorporation and thereby reduction of metal defects.

Although the invention has been described and illustrated with reference to specific
illustrative embodiments thereof, it is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will recognize that variations and modifications

can be made without departing from the spirit of the mvention. It is therefore intended to include
within the invention all such variations and modifications which fall within the scope of the

appended claims and equivalents thereof.




dielectric film the steps conprising: providing a
sem conduct or substrate having device el enents and
netal wiring pattern wth gaps overlying said

sem conductor substrate; formng a dielectric filmto
fill said gaps using nultiple I-1D -CVD steps; and

pl anarizing said dielectric film 2. The nmethod of

hi gh plasna density chem cal vapor deposition
(I-1DP-CVD) of a dielectric filmaccording to claim
1, wherein said netal wring pattern conprises

al uni nun'hatas efainidris:copper al l oy, and or copper, 3.
The net hod of high plasna density chem cal vapor
deposition (HDP-CVD) of a dielectric filmaccording
to claim1l1, wherein said dielectric filmconprises

si 1. camethoddfthézh plidnuatdnsiat @dnsdd vaon ddieitiod€HDIPelV D) of a
di el ectric constant inorganic materials, |ow

dicibiBL @Gh! the sepNSd@isingdr 9ani ¢ materials, and/or porous
inorganic and organic materials. 4. The nethod of high

| D : it - n |
g %&H'gflfglgn? Eélﬂlfclé}lfkrﬁlnmo‘f ALY ARORAEPLASiLd getn@ﬁép%n@{@tap\gumg pattern

tric according to claim1l1, wherein sai

Wi@?!@%isf’?"e%yiﬁé ggﬂg%%%agg%gﬁﬂa onprises two deposition

> pl asma density chem cal
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di el ectric deposition steps are done using argon,

si | Rinarizigdaighdjeenrigasnn xt ur e.

2. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
dielectric film according to claim 1, wherein said metal wiring pattern comprises aluminum,

aluminum-copper alloy, and or copper.

3. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
dielectric film according to claim 1, wherein said diclectric film comprises silicon dioxide,
fluorinated silicon dioxide, low dielectric constant inorganic materials, low dielectric constant

_organic materials, and/or porous inorganic and organic materials.
4. The method of high plasma density chemical vapor deposition (HDP-CVD) of a

dielectric film according to claim 1, wherein said multiple step HDP-CVD method comprises

two deposition steps.
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6. The nmethod of high plasma density chem cal vapor

deposition (HDP-CVD) of a dielectric filmaccording

to claim5, wherein said gas mxture ratio in said

first dielectric deposition step is approximtely

about 1:1:1.4 of argon:silane:oxygen respectively and

havi ng argon concentration in the range of

approxi mately about 25% - 35 % by volune. 7. The

met hod of high plasma density chem cal vapor

deposition (HDP-CVD) of a dielectric filmacco rdiQ%

t o el diemashodpidrigh plaged ¢eopity hemyead yappr depesitignd HDP-CVD) of a

deposition is done with a process such that
diclsguit fin vetcrting teposn # wherciorspuiniant andaetandrdiglgari¢ deposition steps are

approxi mately about 0.1 - 0.3. 8. The nethod of high
donplgiggargdenslabey achexyeealgavapouredeposi ti on (HDP- CVD) of

a dielectric filmaccording to claimb5, wherein said

gas mxture ratio in said second dielectric

deposition step is approximately about 1:1.5:3 of

ar gon gk | ARRPXY gfgglef;lgaﬁmtem\@ cheRRdh1 RAYINEoBLGORHDP-CVD) of a

concentration in range of “approxi mately about 15%

d;elg%t %nf{gab&co(r) g 1o c?dlm-rgewﬂ%r}tgﬁpga@@ap ‘?&tu% fﬁau{jgﬁlﬁ'c Mt dielectric

Vapor- ositi’on ectr
filmaccordin |d second st i
depgEpT AR it a@ﬁé%sgaaﬁsbﬁb%qdloﬁg e o SESE Tgvely and having

that sputter-eteh:deposition conmponent ratio range is
argeippeItirtipR [ ha FEge Ogamomm@te%ab%bz% Frha by B of

hi gh plasnma density chem cal vapor deposition

(HDP-CVD) of a dielectric filmaccording to claimb5,

wherein said first deposited filmthickness range is

appt.oxdiheahehyd abbith g@Ona dBO@ynchemical vapor deposition (HDP-CVD) of a

diclectric film according to claim 5, wherein said first step dielectric deposition i1s done with a

process such that sputter-etch:deposition component ratio range is approximately about 0.1 — 0.3,

8. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
diclectric film according to claim 5, wherein said gas mixture ratio in said second dielectric
deposition step is approximately about 1:1.5:3 of argon:silane:oxygen respectively and having

argon concentration in the range of approximately about 15% — 25 % by volume.

9. The method of high plasma density chemical vapor deposition (HDP-CVD} of a
dielectric film according to claim 5, wherein said second step dielectric deposition is done with a
process such that sputter-etch:deposition component ratio range is approximately about 0.02 —

0.00.
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11. The method of high plasma density chem cal vapor
deposition (HDP-CVD) of a dielectric filmaccording
to claim5, wherein said second deposited film
thi ckness range is approxi mately about 300 -- 500 nm
12. A nmethod of high plasma density chem cal vapor
deposition (HDP-CVD) of a dielectric filmwth steps
conprising: formng a netal pattern having gaps on a
silicon substrate having device elenents; depositing
a gap-filling dielectric filmwith a two step HDP-CVD
pr b¢esEe maidod pif dvglr plebing deaiiy dicalied vepes dgpopiion 3HDP-CVD) of a
The net hod of high plasna density chem cal vapor
dietteiosiiln aocgriibR- ©VOpinofS, avhatiel ot firg ddposifedabbordichgess range is
to claim12, wherein said netal wiring pattern
appEOPEicseMoal 30W-nsoMnmal um num copper al I oy, and or
copper. 14. The nethod of high plasma density cheni cal
vapor deposition (HDP-CVD) of a dielectric film
according to claim 12, wherein said gap-filling
di ol e Py . A e >
ﬂ .Gfl{e ﬁcelthg!li M qgﬁpgla@%ﬁ a%%lélbggrv[é Ilé(:%l g)é?&edeposmon (HDP-CVD) of a

fl uorinate i co I OXI ctri c const ant

.Jnorganic materials, |pwdielectric onst ant Qrgani;c e
i PP oG oF Bimotien PEr o cSoqnf GPUERY ARFRRIGess range i
materials. 11 15, The nethod of high plasma density
apreprd ety 2B’ defb¥nt i on (HDP-CVD) of a dielectric
filmaccording to claim 12, wherein said gas m xture
ratio in said first dielectric deposition step is
approxi mately about 1:1:1.4 of argon:silane: oxygen
r espechi methpd arfdhiplavilasgna density chemical vapor deposition (HDP-CVD) of a

diclectric film with steps comprising:
forming a metal pattern having gaps on a silicon substrate having device elements;
depositing a gap-filling dielectric film with a two step HDP-CVD process; and

planarizing said dielectric film.

13. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
dielectric film according to claim 12, wherein said metal wiring pattern comprises aluminum,

aluminum-copper alloy, and or copper.

14. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
dielectric film according to claim 12, wherein said gap-filling dielectric film comprises silicon
dioxide, fluorinated silicon dioxide, low diclectric constant inorganic materials, low dielectric

constant organic materials, and/or porous inorganic and organic materials.
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argon concentration in the range of approximtely

about 25% - 35 % by volune. 16. The nethod of high

pl asma density chenical vapor deposition (HDP-CVD) of

a dielectric filmaccording to claim 12, wherein said

first dielectric deposition is done with a process

such that sputter-etch: deposition conponent ratio

range i s approxi mately about 0.1 - 0.3. 17. The nethod

of high plasma density chem cal vapor deposition

(HDP-CVD) of a dielectric filmaccording to claim12,

whigr. éihe nedthall efdignplaghedlensity Flendeg asparidepesgtaag HDP-CVD) of a

approxi mately about 1: 1.5:3 of argon:sil ane: oxygen
dicle@gpdtni acebilirand Haiwi 12, amgorircend gas mattiienratip nn tshigd first dielectric

range of approxi mately about 15%-- 25 % by vol une.
depddtion” Bep netipekiafatdl ghouplias M tensintylathegeaespepioely and having

deposition (HDP-CVD) of a dielectric filmaccording
arg&pco‘ﬁlzéitmiég in (WRIgk Br 8ékisaeANhoti BlogCliBing blep@gict i on

I's done wth a process such that

sputter-etch: deposition conponent ratio range is

approxi mately about 0.02 -- 0.06. 19. The nethod of

hi | as ens, .t hem cal . vapor. depositjon...

(v BB Pt el B S0y ARGl iRy 8 fp5OVD) of &
~wherein said first, and second ga }fiILing_di | ectric .
dielpgtyipn HPhacoRITAS 1 aﬁg%suaw@%abﬁ%g i sl GElFCUE gtposlen 1s done with a

500 non and 300 - 500 nmrespectively. 12 20, A nethod
progfss hichiha spig e cdiTsPesjiaHompeRtn L yajsorngsdp aairexigytely about 0.1 - 0.3.

(HDP-CVD) of a dielectric filmwth steps conpri sing:

formng a netal pattern having gaps on a silicon

substrate having device el enents;

17. The method of high plasma density chemical vapor deposition (HDP-CVD) of a

diclectric film according to claim 12, wherein said second diclectric deposition step 1s
approximately about 1:1.5:3 of argon:silane:oxygen respectively and having argon concentration

in the range of approximately about 15% — 25 % by volume.

{8. The method of high plasma density chemical vapor deposition (HDP-CVD) of a
diclectric film according to claim 17, wherein said sccond dielectric deposition is done with a
process such that sputter-ctch:deposition component ratio range is approximately about 0.02 -

0.06.
19. The method of high plasma density chemical vapor deposition (HDP-CVD) of a

dielectric film according to claim 12, wherein said first and second gap-filling dielectric film

thickness ranges are approximately about 300 - 500 nm and 300 — 500 nm respectively.
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depositing a gap-filling dielectric filmwith a two

step HDP-CVD process; first dielectric filmwth

t hi ckness in the range of approxi mtely about 300 ---

500 rim deposited using a argon: sil ane: oxygen gas

mxture wwth a ratio of approximately about 1:1: 1.4

and with sputter- etch:deposition ratio of

approxi mately about 0.1 - 0.3; and second dielectric

filmw th thickness in the range of approxinately

about 300 -- 500 rim deposited using argon. Si

ox¥yenr wadod mixhigheprlpyng Klensiyngenysal aﬁ\@pbﬂeﬂ%@t&w (HDP -CVD) of a

about 1:1.5:3 and with sputter-etch:deposition ratio
dieloftric dypraii stgtsebypabogt 0. 02 - 0.06; and pl anari zi ng

said dielectric film 13

forming a metal pattern having gaps on a silicon substrate having device elements;

depositing a gap-filling dielectric film with a two step HDP-CVD process; first dielectric
film with thickness in the range of approximately about 300 - 500 nm, deposited using a
argon:silane:oxygen gas mixture with a ratio of approximately about 1:1: 1.4 and with sputter-
etch:deposition ratio of approximately about 0.1 — 0.3; and second dielectric filim with thickness
in the range of approximately about 300 — 500 nm, deposited using argon:silaneioxygen gas
mixture in the range of approximately about 1:1.5:3 and with sputter-etch:deposition ratio of
approximately about .02 — 0.06; and

planarizing said dielectric film.
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