WD 2005/ 071740 PCT/ US2005/ 000728 LI M TED THERVAL BUDGET FORMATI ON OF PMD
LAYERS CROSS- REFERENCES TO RELATED APPLI CATI ONS [0001] This application is
a continuation-in-part of and clains the benefit of co-pending, 5 conmonly
assi gned U. $vo Has/ent40Appl i cati on No. 10/247, 672, entltlegCT/'f'Ug/F{gg@QﬂgSI NG
TEOS RAVP- UP DURI NG TEQS/ QZONE CVD FOR | MPROVED GAP FI LL, " ed on
Septenber 19, 2002, by Nitin K Ingle, et al., the entire disclosure of
which is herein incorporated by reference for all purposes. BACKGROUND OF
THE |1 NVENTI ON 10 [0002] The fabrication sequence of integrated circuits
often includes several patterning processes. The patterning processes nmay
defi ne a | ayer of conductors, such as a patterned netal or polysilicon

| ayer, % define isol ation structures, such as trenches. In many cases
t he trencheL METED THERMALBURGEEHFQRMATION ©F PMD LAYERS| . Thi s
insulating material can serve several functions. For exanple, in sone
applications the material serves to both 15 electrically isolate one region
of the IC frontanot I face of the
trench. The naterlal ﬁ&?%k%iﬁﬁ¥9§¢£%?%es a §§55$§ e next |ayer of

the senjo@onduchia rappltdaticﬁ 1raccohtinbeiofin-part offnd.cldifd® ﬂ&]beﬁsﬁt&ﬁ“@b@eﬁtﬁugt or
desi gn has advanced, the feat gipe size_of sem ondu

h
dramal i c8mpoRyesuansd .S \atnt Application Noohd/ i 7213 E%tftt?ﬁ ﬂﬁg cesggn\[a aces or
trenchesyg M%ﬁb@k@dﬁ%g}bﬁﬁﬁ@nmwm#ﬂmm@&ﬁm"mefdeﬁture si ze

has al | owed higher device density, nore chips per wafer, nore conplex
ci r cui t sSentemesr 1@;@@@; bnyitpotdingleostsidinthe ewire disdlobwwef whisbgs hergimong ot her

benefits, the 0 |es have al so given rise to new problens, or
have resHP?%?Figﬁ%?B%T%ﬁ%ﬁg RUPIROPS once sol ved for |arger geometries.

[0004] An exanple of the type of nanufacturln challenge present ed by
sub-micron 25 devices is BACKBR W\%ﬁ Nill a narrowtrench in a

voi digr Sfyohz ne e fabfcdtlo 'se etlf]ee tegl\% i J@ﬂu s SRR u@ftdt@ﬁev%rtlgfr @m@f Silicon

oxrde is first deposite e pat substrate I con~ oxi de
| ayer t ypnoca#sésy le@\pettcmmgcprdqesﬁedmaydeﬁmal d lages ofledridectars)] simht as @patiérnece tr ench.

If the iS.W de and s W, is.relative letely fill
he. t 1 enti SPqFRORINER o TR ds bk oot RS S5 Bt A DY L over
and the g@pRathes afel llell Wit dndihédatiiy, dBelbdtae) GilatérRil 9ihis iduldiag '&r{aﬁﬂﬁhcaw dt h)

increases, it becones nore likely that the opening of the trench will "pinch

of f'. [ 0BRYBY SeprAkpeiprss Forae&amrrc i See apphgatigns the Malgrishseivesie bethench. Voi ds
res UH ' nglect,t{'lge{ﬁy isolate one region of the IC from another, and electrically passivate the surface of

the trench. The material also typically provides a base for the next layer of the

semiconductor structure to be built upon.

[0003] As semiconductor design has advanced, the feature size of semiconductor devices
has dramatically decreased. Many circuits now have features, such as traces or trenches, less
20  than a micron across. While the reduction in feature size has allowed higher device density,
more chips per wafer, more complex circuits, lower operating power consumption and lower
cost, among other benefits, the smaller geometries have also given rise to new problems, or

have resurrected problems that were once solved for larger geometries.

[0004] An example of the type of manufacturing challenge presented by sub-micron

25  devices is the ability to completely fill a narrow trench in a void-free manner. To fill a trench
with silicon oxide, a layer of silicon oxide is first deposited on the patterned substrate. The
silicon oxide layer typically covers the field, as well as walls and bottom of the trench. If the

trench is wide and shallow, it is relatively easy to completely fill the trench. As the trench



pi nchi ng-of f are undesirable as they can reduce the yield of good chips per
wafer and the 5 reliability of the devices. Under certain conditions, the
void will be filled during a refl ow process, for exanple where the deposited
silicon oxi &) 10956p8d and experiences viscous flow at

tenperatures. However, as the trench becones narrower, i?bﬁﬁg@ﬁg@(’%re
likely that the void will not be filled during the refl ow process.

Mor eov ergetssawewat aridthesspedt ratapfthd mtid bHihs tremdhl height tot the tdegowidih)on of undoped
silicon .oxide, .which is diffjcult.to refl ve +Onat el avat ed

t enper atlﬁ?rﬁgsef’6@%@?‘“@1‘8"%&%@#"&#‘3 tgeo?qffl’lngr??%%feﬁ&%wg?c%lcélrﬁf?s to anneal the
oxide la at_high tenperatures. Although successful in the past, this

sol utio r[zgés_] ncPingrreett aFEnetoany Ean #veid mitimthe §pRcharY YASICSHBYE Ffer i al s, such
as ni ck lla%rg-gf',f gxfe’unﬂés%qbf(ﬁr&s ALYRAC Al ATk g@%ﬁ& cﬁ’igt?i)&%afer A\ | overed

t her mal hus rendering sone tenp dur on ranges of
annedl i ngliability vfifleasyiotse . Ujded Octfaitvanditions, ¢he void will beglleddirmgtaoeievabl e t o

fill narrow S Wt ielectric.material .in void-free manner. It is also
tes! r anITBowSS 45 it e Seesirg et Ponsi P an e ¥ oF THE
| NVENTI GiNeleQR0@lenfpehdbireméevef, ab iR trenviehdcoRias hittiSvep) i Béddenes niveé fidly of
filling a g%ap defined by 20 adjacent raised features on _a substrate. The

I

met hod i thefithrieaid prlbueidierfgled duripsuhsmretiovs propessnMaoseehsaicn] e etssing gas to
a_chanbebp AOMBhIGiF PFmE Y s{tﬁ)tn%fug&cg)\éh G136 8xifd, Wil is Afric¥oHeAtb N Bven

pr ocessi 8 gas to the chanber, an roviding a flow of a
phoshoraekvatediteaipatatge. processi ng gas to the chanber. The nethod al so

i ncl udes depositing a first portion of a P- doped silicon oxide filmas a

subst antogdd]y OGROPAREBR! solu@¥ ko ik JrifleaPtoiinsA U JxiAayRackighn 25 bet ween
the silicon-containing processing gas, the phosphorous-containing processing

gas, artdmpératusssi dilthongh gucersefybinribe prst thipegiuisint is fg langer aphrdel certaifer

e eSO oM Bl Rt e Bl Med sl 00 SLAIAERDaRIBGESS! 1O
gas pl us phosphorous-cont’alni ng processrrng gas): (oxl di zi ng processi ng gas)
and mai rifaae iuweged therniad bpdgest thue rantlerinpesonehianpatterdidirativnaboges of &f{ealing
throlgghout d.%%gsi tion of the conformal |ayer. The nethod al so incl udes
deposi ti‘ﬁ’éeaél second portion of the P-doped silicon oxide filmas a bul k
| ayer. Depositing a second portion of the filmincludes naintaining the

rati o of[00¢8 (Eher¢fersnit éodesiaaiie rgbepbbie il mgoygapp il dlim@ﬁedeﬂsin@ont ai ni ng
i : i di.z] | .ant | tant 2 WO
005! 07 1R Re A o baf BEISh RS LSRR SRR AR MR OB Syer anc

mai ntai ni ng the tenperatyu rate _bhel ow about 500C t hroughout

re of the subst
deposition of the bulk I%&&ESW b YN IOM e

[0008] Embodiments of the invention thus provide a method of filling a gap defined by

20  adjacent raised features on a substrate. The method includes providing a flow of a silicon-
containing processing gas to a chamber housing the substrate, providing a flow of an
oxidizing processing gas to the chamber, and providing a flow of a phosphorous-containing
processing gas to the chamber. The method also includes depositing a first portion of a P-
doped silicon oxide film as a substantially conformal layer in the gap by causing a reaction

25  between the silicon-containing processing gas, the phosphorous-containing processing gas,
and the oxidizing processing gas. Depositing the conformal layer includes varying over time
aratio of the (silicon-containing processing gas plus phosphorous-containing processing
gas):(oxidizing processing gas) and maintaining the temperature of the substrate below about
500°C throughout deposition of the conformal layer. The method also includes depositing a

30 second portion of the P-doped silicon oxide film as a bulk layer. Depositing a second portion
of the film includes maintaining the ratio of the (silicon-containing processing gas plus

phosphorous-containing processing gas):(oxidizing processing gas) substantially constant



met hod includes patterning netal |ines on the substrate over the P-doped
silicon oxide layer and nmaintaining the tenperature of the substrate bel ow
a reflow tenperature of the P-doped 5 silicon oxide |layer froma point in
time i nmedi s@bops/efiver deposition of the bulk layer to aPC@RﬁS%s/h@7igi me
after patterning netal lines on the substrate. [0009] In other enbodi nents,

a nmethod of filling a gap defined by adjacent raised fegﬁ*res on a
subst r at rqughoui derosiione gheriylalay sraid srainfagingitheigmperatuss of the StsBassi ng gas

to a chaydgy ab&?gééd@gthfdﬁghn%g?%(fsﬁ;oﬁ orfid bQLEégl\é&é}' R9sdnd eAMb Bhed® tRX1 di Zi ng

processing gas to the ch 10 The method” al so includes depositing a
first pomtthohingiudes satlerrdugimetel ks fon ithn substeatsones theft-fededysilicon akide tegker | ayer in

t he gap by, causin eaction t ween e, silicon-contajni Q ing gas
and the ina‘f”itia‘r%‘%ptﬁ%geg?ﬁaﬁ‘ge 8@@?%&%&6}0%51 feﬁlgwctSWP%rr el 8’19‘8%9%5%‘3 udes
varying Néh oxideMBye filoat 4 Soifff in tike: ifndiddiaCedin af@ depd sitiond fplicOReIs fysidto a

gas) : (oxi di zi ng E;E}(l)cessi r]}(gjgb gasL]‘., The ~nethod al so i ncludes naintaining the

t enper atRAR iBfinepdtespatterying Begbling BRI SUOHRRE 15 t hr oughout deposi tion of
the confornal layer. The nethod al so includes depositing a second portion
of the sf0D09onnmthatenbotlimeats, amisthiol of fllmg.a gop deSnadi ypdiacercainet featutason of

the film includes i ntai nin he rat.i.o of the (silicaon-contai,ni

o ocessi iy BRETEE eRRes PRl ik ARE of fiiliSorSiontalfiot Biak SRE LR Sl

t hr oughostuski@ pRssubiteile £d frbedidglakidway®i cxitizingBiodesdingigagtd he cliaifeer at ur e of
the substrate bel ow about 500C t hroughout depgsition of the 20 bulk | ayer.

The Het hbe maethed plse inglndes drppsitng ¢ AEpt Rowiap of aFiliFoneeHds fl6h AR substagéded sili con
oxi de fi i i Qi : L out
Gopoci t| el 5y EFth Bichalbhdalsie SHARIdh G QR HRNITDR oniafilite HOERUERON 0 i s
provi dedgdand theaxatizng groacssingigen ndepmisiting tsdogformtklayeFheclndss Wagingmieudes
providing a flowof a.silicgn-containing pyfocess gas to. a 5. chanber

housi ng FRE2 SHb<t s GiLEmRr o AR EPrF oS TE i R An e R0ar 508 9o dB8s gas to the
chanber . mdfaed Aeé Hethdad meintditihgl e IerfFdtsuth fahd RBEtHOPlOR YLV
silicon-containing  process gas and the oxidizing process gas to forma

si | i Eon §3qugkoyt dgeasition of Hie confsmablerer. Themetnod glsg inlpden depqsiigiadecondar yi ng
over ti TBorflor nﬁftthé)siﬂ@oqt Qad finl ascaoslmg&g&@'ﬁ@pegﬁggégect@ﬁ&b&!uﬁh Rtegn) f!owved

into the ¢ er to alter arate o eposrtion o e silicon oxide on the
subst r at igclud® rinfaingng the ravoad des(silichre carpaipiag atacessingf gash@xslikisg rat e i s

mai nt ai ned at, or bhel.o eflow  te rature, of e.si.ljicon oxide layer. 3
VD 2005/ B9aSPBE et PieBe DS sn hUBoH: Oripeighe Brutth et ne si |} con
oxi de | aygihtaifByYPe FerbRatiRioTthetuBitRed Bdlw bBdtR 500°CTiRR uSHAR eFIsRidMRY thenCl ude
ni ckel silicide. The method mag include providing a flow of a
20  bulk layer. The method also includes depositing a cap layer comprising a P-doped silicon
oxide film while maintaining the substrate below about 500°C throughout deposition of the

cap layer.

[0010] In additional embodiments, a method is provided for processing a semiconductor
substrate. The method includes providing a flow of a silicon-containing process gas to a

25  chamber housing the substrate and providing a flow of an oxidizer process gas to the
chamber. The method also includes causing a reaction between the silicon-containing
process gas and the oxidizing process gas to form a silicon oxide layer on the substrate. The
method further includes varying over time a ratio of the (silicon-containing gas):(oxidizing
gas) flowed into the chamber to alter a rate of deposition of the silicon oxide on the substrate.

30  During the process, the temperature of the substrate is maintained at or below a reflow

temperature of the silicon oxide layer.



phosphor ous-cont ai ni ng process gas to the chanber during a tinme period. The
flow of silicon-containing process gas is provided at |east partly during
the tine period. The silicon 5 containing process gas nay include TECS and
t he phosphoMo@g0088TI40 ni ng process gas may i nclude TEPo.pctBiidkodonssone
enbodi ments the nethod includes thereafter providing a subsequent flow of

phosphor -containin .OC to the chanber, The . .al so_may

ot ude. TOMEF o Siesk P RRERS Dot Bl B FORROR ansaBrBl U AEaE i i g
process gas sutatrith enatindthdy nickieD sitieigel Beintghal piemsubepaividilea Gbamifer to a
pressure |n range from about 200 torr to about 760  torpn. The thod al so
may i ncl B8P %P?'@%‘?‘%\Pﬂd’?‘??@sstg?éj‘%@ﬁﬁé@%}&ﬁ@mﬂ%@&f?p %gpﬂI?rMQPgont ai ni ng
process gmsod-Gorti1RinG PASTHREY gas 108rB¥ine & 184A5REy SiRIP thbEmB PeSE OTRUSGANt ai ni ng
process gas. The plasma may have a density greater than about 10" ions/cn8.
[ 0013} | omeining poedees gas miydhetede BEOS andsthe pbosphoronseersaining paoosemgag oryuct or
substrat e chfld%”liﬂ%%l udes providing a flow of a silicon-containing process gas
to a chanber housi ng the substrate, providing a flow of an oxidi zi ng
process gas to_the chapber, and provi,dilggesa flow of

phosphor W42t of 89T FEOYsTIBEYS Sregadthedgneiides aralicy PrOYiflg R EHSEERSEOY ncl udes
causi ng afphds rb@%&%‘{ﬁgﬁrotc&% gt lol tOPBMRE. aTHY HEhH ASE B2y GRPudel WRile

oxi di zi ng %ro ess gas, and the “phosphorous-containing gas'to forma P-doped
sili con pxavithng thy enbsequenhow wif phosph@ oustermt@lingproeess gas toahe pledmiges var yi ng
over .Lime a.ratio of th silicon-containin as) : (oxi di,zj

gas) P pneceiPba S-St AF HeRbEES TS £ PRNEH et ot AP0 B 1o sbab 760, at e o
deposi ti @dir.ofhdH&hod hlkd £AY ithidéewhile progidhighhd subbuetdowgf fHspHrasess, the
tenperature of the substrate is nmaintained at or bel ow a tenperature of
500C. 1063Uing PEesess gasid HerBambern foreing aqisen fiam frephodkpERis cay@iningonpr i ses
a_pre- metaloeR%adi hesibih Smb AUl a dERGHSHERLTBILHIRY1J Nohyyee® ni ckel silicide.
The silicon-contal ning process gas rmay I nclude TECS and the

phosphor zfont ai.ni [,0Cess .gas i-ncl ude TEPo.. 0015] ,In still other
brbont nedtaaf ndh FUlhB FHRRTRE BB dar S e tericoa boRobbe®ie 1 ow o
phospbor giéhirdedpodi dimggfl Bw O & SiSicEidSortininp @raebRpasto a JagbeELN\RthgtRy | ncl ude,
while providing the subsequent fl ow of phothorous-cont ai ni ng process gas

to thef c Fehshate, provpidinguilow Phip erigiriag pracessaes tonibe shamphserand proyi n&gélewle ij n a
o T ! i ,
whiTe pr ofk BRSYherptlcdRlibing BrdtBRihe il chliber i BN B0 HERIAE Yy fE L1 O

PCT/ US20o&sc@0be28eenctbe sificon-cantpniog pssegass, tthe dhdizingandvess, gabcanditig a pl asna

from the phosphorous-.cont ai pi rocess..gas. .The pla may .h a densit

great er Pﬁ%ﬁﬁ‘%ﬂgﬁfonﬁ[ ngigS%g’/f?}ﬁ% _ae’-&)ope s111gon oxu};hlaycpr onscggsubs%ate.a’\‘l?e y
20 method also includes varying over time a ratio of the (silicon-containing gas):(oxidizing

gas):(phosphorous-containing gas) flowed into the chamber to alter a rate of deposition of the
silicon oxide on the substrate. During the process, the temperature of the substrate is

maintained at or below a temperature of 500°C.

[0014] In some embodiments, the P-doped silicon oxide layer comprises a pre-metal
25  dielectric layer. The substrate may include nickel silicide. The silicon-containing process

gas may include TEOS and the phosphorous-containing process gas may include TEPo.

[0015] In still other embodiments the method includes thereafter providing a subsequent
flow of phosphorous-containing process gas to the chamber. The method may include, while
providing the subsequent flow of phosphorous-containing process gas to the chamber,

30 regulating a pressure of the chamber to a pressure in a range from about 200 torr to about 760

torr. The method also may include, while providing the subsequent flow of phosphorous-



BRI EF DESCRI PTI ON OF THE DRAW NGS 5 [0016] A further understanding of the
nat ure and advantages of the present invention may be realized by reference
to the remaining portions of the specification and the drawi ngs wherein

| 'i ke refererggddRFal S are used throughout the several s to refer to
sinilar conponeH?§}a10017] Fig. 1 shows a sinplified crg§§%% Pm%ﬁﬁﬁ Vi ew
of a trench filled with oxide utilizing 10 conventional deposition

t echni quesitaififp@ressiggs toxhe bicansbes, felimipg 2 plasda Eoosthe peasphamas-caitéwmgf  an

de-filled da naf _th
IO)I’(li/eﬁtl :)W esﬁg%gﬁ%ﬁlp&swi%{g%? ‘gf%s\és@y e?gl ge”gsllﬁt |08?'Ft/ aoggggegf:cor ding to

enbodi nents of the invention. 15 [0020] Fig. 4 |IIustrates a second
deposition process according to enbodinents of the invention. [0021] Fig.

SAis a sinplified repragept eseRPTICN OFRBPPRAAVHSGEccording to an
enbodi nent of the present |nvent|on c?%ozz FPg 55%95 asinplified

represen [0811 6]0 nAdfrtidn @ndl@euandmg ef thaostufeamnd ad@u[agsg/sﬁ therpresent 2pveni@dramayn to a

depositl - chanber 0 is asinplified
o Pos o B reSRHRS Forkin (Phd bR SEy S R pk G HonTh bl o)

chanber . wh@@i%‘h]ke It ferenée MEn&als Iafﬁlisbd th@@ilgﬁﬁlﬁ&ﬁe seerhi drawiigs fo fdrttd simiRfé an
integrated circuit according to enbodinents of the present invention. 25

DETAI LEDPTRESERIPTI ON OF THE | NVENTI ON [ 0025] Enbodi nents of the present

i nvention provide nethods, apparatuses, and devices related to chem cal
vapor de[ﬂﬁi'ﬂt i Big. b‘shcsfvda'.simpliﬁmd ctesspetidngLiviaw lof a srendhafblled With oxtifheutiloineat i on of
pre- taI di clt(£e é NQ% l.a ers. In one enbodi nent, a process is used to
f or al CpPPITEgh S(sonetines referred to a undoped silicate

gl ass, "USG conf or mal Iayer 30 followed by a P-doped silicaon oxide

(sonet i nH¥918lef Bigr 2ehaves agmplifiefhergsssiertionat @e‘gpéé%om?@@ﬂ} enchd 2005/ 071740

PCTI US20054,000% 28 GARAYAS of MGG aufehtich. cheri cal vapor deposition (CVD)

phase, I con-contal ning gas an oxi di zer gas are flowed while varying the

Lahry CIg, B AR e el Bioh Dl tring (3 P EReRs of e "haa | 00 2

then forgrehtion. @ subsequent CVD phase. |In other enbodi nents, a PSG confornal

15 [0020] Fig. 4 illustrates a second deposition process according to embodiments of the

invention.

[0021] Fig. SA is a simplified representation of a CVD apparatus according to an

embodiment of the present invention.

[0022] Fig. 5B is a simplified representation of the user interface for a CVD system in

20  relation to a deposition chamber in a multi-chamber system.

[0023] Fig. 5C is a simplified diagram of a gas panel and supply lines in relation to a

deposition chamber.

[0024] Fig. 6 is a simplified cross section of a portion of an integrated circuit according to

embodiments of the present invention.

25 DETAILED DESCRIPTION OF THE INVENTION
[0025] Embodiments of the present invention provide methods, apparatuses, and devices
related to chemical vapor deposition of silicon oxide particularly suitable for the formation of
pre-metal dielectric (PMD) layers. In one embodiment, a process is used to form an undoped
silicon oxide (sometimes referred to a undoped silicate glass, “USG”) conformal layer

30 followed by a P-doped silicon oxide (sometimes referred to as P-doped silicate glass, “PSG”)

5



5 layer is fornmed by varying a ratio of (silicon-containing process

gas) : (phosphor ous- contai ning process gas): (oxidizing process gas). In sone
such enbodi nents, a PSG cap |layer may not be included. In both enbodi nents,
however, thevVPayéNstl’db not require an anneal process, t eI @e@s@igIsk St eps
that may risk exceeding a thermal budget. Aspects of the present invention

o & oot B DR YO FRIRRARS PRl CVIN AR ORRe ARG bR
Cr 0ss- seetidiperalas wiedlowet] vaiileerapyimd the edtiotafétrectivo138ulfing iretle fovntatiosof i con oxi de

102 deposijted u Lng .conventional process. Fig. shows that _the
i ncr easedl l?oétoé‘“i?f 8]i4y(‘}f’nff9?'f’%}él“ﬁﬁ‘ft‘érr‘?’ &%Hef]ul%g BoBeEsy eeof t he

trench 1P9;hagen fo%%b'& frpﬁsdbee@hMth%fef waf)th&rm%nﬁoeﬁﬂ&ns AME e AMAI Unwant ed

void or pinhol e defect 104 within 15 the feature. Void 104 can adversely
af fect t hgeroptormed by vaying asehid eﬁésdmmmnt@emg@eommaﬂ @hosphbydusg upon t he

consi stent .d tr th X e r

oxi de- f| nt%fuﬁé gl%tcélgs%@% (O%Ia%%%ocegrgasg in%% éht ruc dﬁfr‘r}lgrﬁs, r};a%g‘lggl oln_}%?l Y,

boL 0 nE amd% a&d&pimﬁn@dsi?bmﬁd@ﬁgm&eh@ms tt(ei?\/ﬁ@é dd mstrreqhﬁetr?namgeal 41
sub- at mospheri ¢ chenj.cal vapor deposition rocess has._ been used for
PMD.  SucPrOfgssius %@%ﬂﬁepstt%.%am eé%i’eii‘ééa(tl?eé’nal%déﬁ tf’ewﬁe e aressfheal

that takggelid sRVLCuRRYPI irllciGonck iihe mml@ﬂoﬂsedmsﬁ@én%ﬁal pARdgssdd. | ows it to

reflow, thus removing voids, In nost cases. The use of nod em mat eri al s,
such @ i ckel | li (%I de, are inconpatible with high tenperature anneal
procé clusion in an integrated circuit may require that the

substrate upon _which the circuit is fabricated notngge subj ecte

t enper at (1028l aBigy & shytsc simplifiehergss-septipnal vipw of an e ﬁP#fa%rtcédoﬁh%llPﬂ Fig. 2,
whi ch shoyws sfficsd 5‘39!1& i@?&’eg%&%?l%’tfh%& 'aQBﬁJenﬁblﬁT’progéssaFﬁi engbwsthpgture 200

havi ng an oxi de | ayer for nmed ilizing a process 1 n accordance wth an
enmbodi meincreasedirtfe of dspositionwf oxide sutrpiakoribel rasdedgestofi¢hedringk 100 hased trench i s

part of A D s clur The de | Iayer
04 and ouleg T RpEhnEE brine SRR PRar P i G Ae Qe PR oy R0 pe

oxi des or tha f&tﬁ@delmdﬁn aﬂ%r&ﬁ)ﬁﬁfféi@the rasbadmcrfﬁrﬂassmﬁdmmamf duvivelthdt sey er 204
may be formed by varyi ntg a ratio of gg | icon- containing process

gas) : (oxFedyng wynsheednsisteghdiplectsic sipngth pidhe axide-fifedtrepebnpr e det ai |
hereinafter. In sone enbodi nents, the conformal layer is forned by varying a
rati o of [B2Y)0 Tﬁ)@@ii@@ﬁﬂd@u&@ﬁ/l@ﬁﬁﬂ&?fbﬁ@ﬁﬂﬂ&amdtnuome::o’Fmdaijtinilaiky process

Payer  ooboRy - bhprnae e v iehaRa PRl insd A o PhR Rl 8% eated i n s
SACVD PStafer @@ﬁsﬁon S ACUDYBraRBRAAS BebnQvEd foPEWD) Sﬁﬁﬁlﬁfs OResver, &ypidaQl density
20  require a high temperature anneal that takes the oxide beyond a glass transition temperature
and allows it to reflow, thus removing voids, in most cases. The use of modern materials,
such as nickel silicide, are incompatible with high temperature anneal processes as their
inclusion in an integrated circuit may require that the substrate upon which the circuit is

fabricated not be subjected to temperatures above 500°C.

25 [0028] Fig. 1isto be contrasted with Fig. 2, which shows a simplified cross-sectional view
of a trench structure 200 having an oxide layer 202 formed utilizing a process in accordance
with an embodiment of the invention. In some embodiments, the oxide-filled trench is part of
a PMD structure. The oxide layer may comprise a conformal layer 204 and a cap layer 206.
The conformal layer 204 may comprise an undoped oxide or a P-doped oxide. In some

30  embodiments, the conformal layer 204 may be formed by varying a ratio of (silicon-
containing process gas):(oxidizing process gas), as will be described in more detail

hereinafter. In some embodiments, the conformal layer is formed by varying a ratio of



CvD (HDCVD) PSG process, or simlar process, as will be described
hereinafter. In a 5 specific enbodinent relating to PMD, the conformal |ayer
204 conprises a P-doped oxide, and the cap layer is not be included. [0029]
The oxi de-fiWQaWsAt@ch 200 of Fig. 2 does not include veicdasedsosals seans
associated with simlar features forned utilizing conventional processes.

Mor eover, ..t he xide-filled t 200 is for ] Wt . conpronisi ng a
t her mal gﬂﬁﬁlé'tc‘?ﬁ? ‘¢ lﬁpr‘g?ésn%aisga’{p% 8%)218{%1 Fic?%t%m%tgg)‘gcgcse\é!eéﬂﬁ%ﬁﬁ?ﬁgg%cﬁ% descri bed
%@oﬂi _rr:slgds; Dlie dabea}ie?gmh PoogpriseREG 35,2 ettty lager. The @'g;hmpble fo&ned;%lga_ 3,

ich i trat a first deposition C cordi ng .to_ an, enbodi ment
of the f‘g t §§G Pi§¢&ESSpR Bgé‘g‘gegwc?fja&@e(sﬁggggg §%‘tcférﬁﬁe§?’tagk&glpﬂ@sm’ ot her

| ayer. Tb@ﬂ%mm?]m_précﬁ@opiiﬁlﬁr hrBceds, eYRIIE heddaeribedeeifa@APELa Of Whi ch
wi |l be described hereinafter. The 15 process 300 conprises conformal |ayer

depost t i enecifigzmbadimeaprelatipe to BMEd dhe qogrormaljayar 304 eoraprisesis dadansa oxideret al
| i nes ar%%dotﬁ{;%ag)rlgﬁqiéjﬁ(o%%em?u&ﬁp | ayer at bl ock 305. [0031] Ina specific
nt, S

enbodi e i con-contal ning process gas conpri ses

tetraet hyl orthaosili.cat TEOCS); hqwever,, ot her_ siligcon-containing process
gases sultif?3s ﬁ%lg‘?@gf‘i&rel‘%ﬂ@po ¥ @:?dﬂﬁ;}mb’é‘c@ﬁa‘?ldﬂpgﬁ’e SCAMS peci fi c
enbodi MeRkscikiBewit isthhifd RANRECHRRSd SRR tofAdHRbhA $PocRERE EMoPedver, Blet hOugh

oxi di zi ng gases such as 02, H20, H202 may alternatively be used.

Fur t her noxide-fitled gensihi200informedwithds comprontisinga thsrmygd dudgdied for gapfill using
USG but it will be appreciated that in alternative enbodinments the film

may be dgped, Bsentplady Déosities Pracesds bel ow with reference to Fig. 4. [0032]
Conformal |ayer deposition 302 naybe performed according to the process 25

descri be 0'525 gﬁaa%g gesghbed EmPYBMERY 5%%;: Ve R, aélﬁfliy,uﬁém&rﬁfs ARtctdPR! i cation

No. 10/247, . rocess includes flow ng ae_5| i'con-cont ai ni ng process
gas 306 Bizd3avhidxilldstratesp fisbdapesitionprocd 800 Figerding togm(emboduamt ebtheai ni ng

gas): (oxi di zer - cont ai ni as), is rjed.310 —thereb ing the rate at
it th - Ve BP0 i heuBed BGRB8 of 1 ne
conf or mataké ed in FOVDEkAMPESoneéxatiple Eiwiidh willl Hellesqibed @eeidakier. Cligcent r at i on
of the silicon 30 containing gas in the mxture may be snmall, then nay be

i ncr &3s eBrosEss A Cqmprises erRRAL fayer drppaierd02 gl capiaycrdeRpfies 304 oiseiRal

| ayer - depanidiingis, e Thks GePRfkNE] ARPARIch) el bERRESR! Tayer during a
phase in which the silicon-contalining gas concentration in the 7 WO

2005/ 071 PCT/ US20Q5/ 000728 I xture is, small . then depositing a bul k
Cayer dulltRE) sl SeaTR SRR Erent s R ohte TR BIpFeen € GRPTeBhcent rat i on i n
the m xt teh@ethPohd@iliRhte (TEOS); however, other silicon-containing process gases such as SiHy,

S,Hs, SsHs, etc., may be used. Also in a specific embodiment, the oxidizing process gas

20 comprises ozone (O3), although oxidizing gases such as O, H;0, H,0O; may alternatively be
used. Furthermore, this embodiment of the invention is described for gapfill using USG, but
it will be appreciated that in alternative embodiments the film may be doped, as will be

described below with reference to Fig. 4.

[0032] Conformal layer deposition 302 may be performed according to the process

25  described in more detail in previously-incorporated U.S. Patent Application No. 10/247,672.
The process includes flowing a silicon-containing process gas 306 and an oxidizing process
gas 308. The ratio (silicon-containing gas):(oxidizer-containing gas) is varied 310, thereby
varying the rate at which the conformal layer is deposited and possibly the composition of the
conformal layer. For example, at the start of the process the concentration of the silicon-

30  containing gas in the mixture may be small, then may be increased as the film thickness
increases. In such examples, conformal layer deposition 302 may comprise depositing a

conformal layer during a phase in which the silicon-containing gas concentration in the

7



[ 0033] The tenperature of the substrate is regulated 312, in sonme cases in
both degree and duration, such that a thermal budget is not exceeded.
Regul ating the tenperature 312 nmay 5 take place during conformal |ayer
deposi ti on 302200883 740ayer depositi on 304, and/or patter nipog/uspmsado7isi nes
305. In sone enbodi nents, this conprises maintaining the tenperature bel ow
about 500C .t hr.ou t pr.ocessi the substrat.e. .ln sone enbodi.nents this
conpr i seB s SFHIE Herie ST {uf layp B a bR S R BE B SERR TR

deposi t i pay cdentrayort iakke plii:ane is highdrt u. For exanple, if conformal layer 10
deposition 302 takes place in a CVD chamber, then cap |ayer deposition 304
may 1ake gmbg]gem Rrifdfinie OBtHe RastRatc il FIgRMIcARED Yin SORE 8RS § botfraBurbtaMRr
deposition 304 alternatively may take “place ex situ by formng the cap

| ayer i ndumierhenchdhatragbermsd bedgetis npt exiesadodr Regudatgity temperatwe fAlhgapt in a
di ffegent . chanber . syst | ayer.. d sitibon 302 c. Lses, flow ng a
phosphor B PRgn T ais e e By AR I b dorosEOTRRS Bor bR
phosphor gietd Hadst305 nimgngaantidiineny this esmpriseeinajntqiiag fHeatmpérifiRodelow PH3. Cap
| ayer deposition 304 also may,include flow ng a sili.con-containing process
gas and abpua@‘efﬁztﬁwglb%e@sssg&ofahf Yesfrats: B qomp sPRoqigents s LOMREISS | ayer

deposi ti Qg a%ﬂ@alin%%ﬁ])rel%ﬁhé aXstratdeposi tion 304 al so may include regul ating
the pressure of the déposition environnent 316, and/or formng a plasm in

t he envi nt. 318. L n sone odiments,. 20 the pla enyironment is a

i h denbitBaT plas e dtpoR B a TR Rlafe g FECPRRETr BB ot onoi oy
great@r Hu&ReitibA 382 tavSHladsin a UMD phashhahetiCapl e eeiosRion B04 ehiyitile tae | ayer
deposition may range from about 7% to about 9% by.wei ght in some enbodi nents
and f r onin g simee dambepimmedigielydheseafter.(Cen Ingr deppsstnmdiadicrmetively meikgi nent s
COMPY | 5., AROSPARIBEmRE R g%em ofhBr SRRbEANGEN AU ABO L sk dr@yabout  10%

by weight. As stat'ed above, 25 layer deposition may include regul ating
t he t enpérming itinof diffeeensciambensyste8R (Cap[lays ¢poFitign 342 comprgsas dlowsnga second

depositio ocess 400 accordi t o an, epbodi nent, of, the invention. The
o Poess MiesBhaSEetianyl Sl M ot ARnahRpah Tk b foprigRe &
subst s at @emprikes Bi shitd AEPS) SOPHOrTHpl layedM@fosHi@AGSY hise tndQrcladyd may

i ncl ude cap_ layer eposi.tion 404. The process al so may include patterning
net al | i Aewingessilicpn-oREr)e meeiss erend|ag pridizigRrerass 82 Wotzsrived gbrys % ovi di ng

a sili CO@G&&%@I@EP&RB&B%§@.935 406, an oxidi zing process gas 408, and a
taini

phosphor ous-con g process gas 410. The silicon-containing process gas
may conpt| traethyl ar.t hgsjlicate. (TEOQS) or. ot.her silicgn VD.

20051 07 PHBS bR RSB BReBh e LRl iRy e Blin LifreSregtilp adiiion 31
The oxi demlifogmRhOIEs snddstSoiidg & PRk € the @AERARAmMent 318. In some embodiments,

20  the plasma environment is a high density plasma environment, which is defined as having an

ion intensity greater than 10'! ions/cm’. The phosphorous concentration during cap layer
deposition may range from about 7% to about 9% by weight in some embodiments and from
about 3.5 to 4% by weight in other embodiments. Other embodiments comprise phosphorous
concentrations in the range from about 1% to about 10% by weight. As stated above, cap

25 layer deposition may include regulating the temperature of the substrate 320.

[0036] Fig. 4 illustrates a second deposition process 400 according to an embodiment of the
invention. The process may be used, for example, to deposit a PSG PMD layer on a
substrate. The process includes conformal layer deposition 402 and may include cap layer

deposition 404. The process also may include patterning metal lines 405.

30 [0037] Conformal layer deposition 402 includes providing a silicon-containing process gas
406, an oxidizing process gas 408, and a phosphorous-containing process gas 410. The

silicon-containing process gas may comprises tetraethylorthosilicate (TEOS) or other silicon-
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(03), 02, H2O, H2™2, or the like. In a specific enbodinent, the

phosphor ous-contai ni ng gas conprises TEPo. Although this enbodi nent rel ates
to depositing a P-doped confornal |ayer, additional dopants also may be
used. For eXeorpl08071340f | ow of Si F4 may be used to fluori naice/Uz2608@0d M a
flow of PH3 may be used to phosphorate the film a flow of B2H6 may be used

to boronate the fil a f. be .used to nitrogenate the film and
he 1| keSO BHBEeSRE e B PEbe o Sthro LT n P frerRede 809 OBPESTHGIIR | ayer
deposi ti@lj%,?@gHa@pHmz, of the likat in PhcifibembbdifRng aRehoSFNYrdds-coRtaingth 2 t o
regul ate the rate of deposition, for exanple, by maintaining the oxidizing
process @UBPHES QER?'Q%P?%ﬁE‘éﬁ{nba‘ilpﬁﬁt rgtates fredepegiiing 2 Aodaped coomeel ivsbess and
| over i nga&mn%p&tgﬁﬁfsra%lm Wustd1erdpeksdh e &Y BFSiFS Irag%e%e&thquohhé&

shed by eit

t hi ckness 1 ncreases. This may be acconpli er decreasing the flow
rate bf thediloxa dowiofdHs praybesisedfaphaspiivnate thefitezsilaw) of Ba1lf hawbe wsed tof t he

ot her gases. .The goncentrations .of t .Si licon-cantai njng.,gas and/ or the
dopant gg%roﬂaéﬁl%efﬁ@i’ ﬁgpgrq%yzrnéadmealksggt%_n[‘tﬁ%?@i‘te %etﬂ%%@{‘hgg%f?e al so maybe
regul ated 414 in both degree and duration such that a_ 15 thernal budget is

not excelWd8l As dewsibed manorslstad withagenest:tp senformaldasepdenositior 342 2bavgy  t ake
| Cosre Fes o A
pl ace dupl.ngi COM OfR %&%ﬁﬁ%@&%@{ih}% ré%éatgggegaée%\fﬁépd!ﬁfb Shok kA0

and/or patterning net n so iment’s, thi's conpri’ses
mai nt ai nbygrainitesning theerddizing plrebswwas athachighes 0QCentmtmnghthetbepmoimgssiheg of t he

Ssubstrate. In s enbadi nents t.his.conprises not annealding,any |ayer of
Che. HibsPiPgEE an fouReR s onceryaiot o BERpGE e P R08 gt Jiee LBoh sy

previ ousingred@sC mhkiefay B aceaRplisA¥Eby EiEHP 8édréaRingIRAION rdté Of thd oxitidigd | ncl udes
provi ding a phosphorous-containing gas 416, regulating the pressure 418, in

sone enbPWcHs Basandmringeasing the Bawmata ofthe afer gasgu| Brg soycemtationsifdhaat ure 422.
00401 T it i SACVD
E)r oce]ss. Bﬁﬁggﬁﬁﬁdﬂg@%ﬁ%@?@tﬁ%@%%ﬂgég éﬁﬁ%ﬁ%{lg? %g“gér%qu: Zemig be regul at ed

so as to_[r inwthin a thernmal, 25 budget,. it  shoul d nat ed at the
copr 11 HOGUE Tug et e b6 mip e et eO i in pbtiegie nd fudRot b ot e w it
hi gh] 8is p@fetmdl Bl et IPdt @UEBARE AL RY aBoreCRBBlatiSg e ByeRstuRy4 14aha ng t he

ratio (silicon-containing 1process gas): &om dizing gas), beginningwith a
| oner cotikenlaeadigg cogforsial lapesepestiion) 40 negp pavse Beppsigian 404 ndes patfapeibg above

and nore_fubl:y. ifp ' i . i : i ' :

107 247, ot lifes DTSR Anb A BBRL G B bt kR ER B LERE B0

uni f or m ybaut FGFE thivagbalid ptacatsing oAshet substratn dasdme embodiafentsithis campdsent ai ni ng
process ] Xture increas may be. di rsed closer to the

inth ,. th
T oee Bt Sallab et i ne fBLERE TRaetid, SR T BR dendSinon AL bREFe oot | ci ng 11
are JPr epfaviohily AESILORE chilager RpNRiRON AT A0wRGTABRR05LANET2S

phosphorous-containing gas 416, regulating the pressure 418, in some embodiments forming

a plasma 420, and regulating the temperature 422.

[0040] The deposition steps 302, 304, 402, 404 may comprise an SACVD process. In such
a process, while the temperature profile may be regulated so as to remain within a thermal

25  budget, it should be noted that the gapfill process tends to be more successful at higher
temperatures. With high aspect ratio narrow gaps, greater success is achieved by varying the
ratio (silicon-containing process gas):(oxidizing gas), beginning with a lower concentration
of silicon-containing process gas, as described above and more fully in previously-
incorporated U.S. Patent Application No. 10/247,672. The process may be further aided by

30  disbursing the gas uniformly across the substrate. As the concentration of silicon-containing
process gas in the mixture increases, the gas may be disbursed closer to the surface of the

substrate. This technique and an apparatus for practicing it are more fully described in co-



pendi ng, commonly assigned U S. Patent Application No. 10/057,280, filed on
January 25, 2002, entitled "GAS DI STRI BUTI ON SHONERHEAD, " and/ or

co- pendi ng, conmonly assigned U. S. Patent Application No. 10/674,569, filed
on Sept enbeW®BOS/FODB, entitled "GAS DI STRI BUTI ON SHONEREEAR0bs/0do®seNnt i re
di scl osure of each of. which are herein 5 incorporated by reference. The

S Ot ( _ . . Y el
ot varyi Pk ponth Bt Akl SARAL AdpBARoA Ry, RS i0, MU iy o3¢, Dabes
cases, r 2@ eiled FGASRETRIBUTIONASHOWEREIR D, vwad/erbmopiénting, somfrohlye

i ously:-d i hed ' d f i.ons.
BLrt her - aSraed fet BereahARTiF et NPr e e othbst Pheneembreneethettletar sy 10
per f or nedgAR DIRERBUEION SPICWERHERD,? the JRHRI@Roshi® drRagFo it £ herint he art

in light of the disclosure herein. 111. An Exenplary Deposition System
[0042] Hingpmpgratrddurrefseancae Thoesutisaion of My yis thaproessanages wHot W present

i mgr am 07500k B LS ot Sarlehiled Ao it el ARGkl TEC

i nvent i obases] éqmirsysd amenlngsui t abl e for perform ng thermal, SACVD processes,
as well as other processes, such as reflow, drive-in, cleaning, etching,
and gett oY AIBSREFESIbALEAPbEME bRRIREIPRESB pRReRESRaPcRAE hdreed on a
single substrate or wafer w thout renoving the substrate Tromthe chanber.
The naj oer Ewrpenteaiions. birthendhsgperations moligaativaembeiments are nohngcgssguily chanber
515 at _r Lyes.,nr . s her . . i system 589,
R R S S E R g S S TRt
syst em 58i3clodi€k@eidnd ot her conponents are described belowin order to
understand the present invention. [0043] The CVD apparatus 510 includes an

encl osur g assenlpkerbfar? DdsbiorsyRaum chanber 515 with a gas reaction
area 5167 A gas distripbution plate 520 is provided above the 25 gas

reaction 16. f or di spersi reactive _gases and..ot her gases. such as
horae onlBAEP, Paving AesdbBR Fl o OadsP ARt o S8t R A R M R R ony 02000 o
waf er ( naftensib@WiretiRato FRSEA, Which dlusgdttd £ehplifieddiafrag dfaal D sHstém Gabh so
referred to as a wafer support pedestal). The _ heater, 525 cfgn b ]

cont ol | aBPRGP erbodmasnt af the pessery Jwichtinn Thihpistemsis waitable éHergQé'mPI&Eaded or

unl oaded el SXETP) B%o%e%gé&l & \Pélpa%%%lgair gﬂucé’éééé, "sﬁé?irhs%ﬂb%@'&iv@%,%‘}‘e%ﬂih%t o the gas

distribution plate , Indicate y a dashed Iine 513, or to other

posi t i onstching, aptl lgeitermgrpyosssses. Mndtiplestep processes @natsode petfermiday qingless. A
center boar %not ho é i ncl udes sensors. for. providi i nformation on the
posi ti on s%bfsg'?t ar W&%& P}V\{\@l removing ﬁle s%bs%ra[e from the c%am & e major components

of the system include, among others, a vacuum chamber 515 that receives process and other

20  gases from a gas delivery system 589, a vacuum system 588, a remote microwave plasma
system 555, and a control system 553. These and other components are described below in

order to understand the present invention.

[0043] The CVD apparatus 510 includes an enclosure assembly 512 housing a vacuum
chamber 515 with a gas reaction area 516. A gas distribution plate 520 is provided above the

25 gasreaction area 516 for dispersing reactive gases and other gases, such as purge gases,
through perforated holes in the gas distribution plate 520 to a wafer (not shown) that rests on
a vertically movable heater 525 (also referred to as a wafer support pedestal). The heater 525
can be controllably moved between a lower position, where a wafer can be loaded or
unloaded, for example, and a processing position closely adjacent to the gas distribution plate

30 520, indicated by a dashed line 513, or to other positions for other purposes, such as for an
etch or cleaning process. A center board (not shown) includes sensors for providing

information on the position of the wafer.
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WO 2005/ 071740 PCT/ US2005/ 000728 [0044] In sone enbodi nents, the gas
distribution plate 520 nmaybe of the variety described in either of

previ ously-incorporated U. S. Patent Application Serial Nos. 10/057,280 or
10/ 674, 569. WMhgW§0Hr#t es i nprove the uniformty of gas dipghriss@eBhbsat the
substrate and are particularl y advant ageous in deposition processes that

trati t t K,
conbi nat ORI BiogRsRhef Fieafy o s RRBHEriaE 8e0 ok bFaf Moty bre bl or
support jpedestofdblevivusiy-ihdrpordRP RS tHatht YPSIEGtiOH seﬁaemgsmbmm)rwr fromthe

substrate when the ratio is heavily skewed in one direction (e.g., when the
concent rleQ(67&r§68f Taesegqlqtrs(:lawr%rrh%rrﬂf%@%a&gars@%sﬁéﬁerne&ﬂ%ﬁ&f%a trade aere

concent r to the
subst rat e as e&ld %ﬁ%hﬁ%ﬁ% rfgéeeg& gﬁ?%w%ﬁgc&{cﬁgfa%gﬁgﬁﬁge%%ﬁ on of

si li con- mmpbs rthmgla@aworlnmtdmmhmmbmmthltm \rnrtgméy)novbablc)hm Bféompl es, the

orifices of as di s r t,e are desi nedto vi de re uni form
o e opStepi Sy dE 3us R e R RO

resi sti v@bfieed whh tht eIt héaﬁﬂ slséwama on@diedcB6e (k. . 'wherCtBE Bbcentratda of gr am ¢
protects the heating element frompotentially corrosive 15 chanber

envi r onndkRoB-capginiNg gands stadl ¢roanagsd te theponegnifatiamefanaxidiad-coplatninggssit  800C,
I'n an e@%@{eyea&g@%b%%e sxaalsr:;aé He %@E&?cef?&atﬂoh%h%f‘g%& g{l% SgRefposed to the

vacuum ¢ er 515 "are made of a ceramc naterli h as al um num oxi de
(A120B osonadntratioradf splicoataoniaiming gasiin thedexuf06 hfgheRe dir viheecxamplasathe i er gases

are suppl d t up linpe 543 into,a S m Xi.n X (al so
ol | ed” cories b e iraBuiorEluY aineBenitio gt piEreltn pnpE el oget ner
and del I%ﬁ@éﬁd to the gas distribution plate 520. The gas m xi ng box 527 is
preferably a dual input m xing block coupled to a process gas supply line

543 and [89453} %&%&géﬁ %&uﬁﬁian SO reré“s?lg @éa‘ﬁﬁlg\éf‘eﬁéﬁ g%?ﬁ{o%zs to adm t

seal gas or plasna gas conduit S m Xxi hg bl ock 527.
The gas awohded in aséramiec €hy esamgmpestedts mmhaatmgreﬂemganafronmm&manﬁcmasmwave

pl as S m 555, whic an inlet 557 for receiving jn ses. During
Gepod t .%ﬁmgr:ro%gglrrﬂﬁl @fg@@&ﬁm Regief 9 H7H BIPRETBNES D) 1§ halteba ¥ Shana t he
waf er SubkRBeir aﬁbodlﬁelrtcai @ﬂfaws FihONGter 519 expdb& 16 thd vdth¥m laﬁmﬂrsur fspsm y
distributed radially across the wafer surface, typically in a [amnar flow.

[ 0047] Fare giadeyofyaceraraiglsatetasdli sueh exkliminomt dxéde/ad10ror eharib@or BlLG DM t he

pl ate 520, 30 and/or an inlet port or tube (not shown) through the bottom
wal | of BAtfosure assenbly 512. The purging gas flows upward fromthe inlet
port past the heater 525 and to an annul ar channel 540. An exhaust

syst em t [984f]exihergdYsandrarmips gages 1o sHpp! @étﬂéreuﬁythaﬁmﬁx ligp»43 into a gas

20 mixing box (also called a gas mixing block) 527, where they are preferably mixed together
and delivered to the gas distribution plate 520. The gas mixing box 527 is preferably a dual
input mixing block coupled to a process gas supply line 543 and to a cleaning/etch gas
conduit 547. A valve 528 operates to admit or seal gas or plasma from the gas conduit 547 to
the gas mixing block 527. The gas conduit 547 receives gases from an integral remote

25 microwave plasma system 555, which has an inlet 557 for receiving input gases. During
deposition processing, gas supplied to the plate 520 is vented toward the wafer surface (as
indicated by arrows 521), where it may be uniformly distributed radially across the wafer

surface, typically in a laminar flow.

[0047] Purging gas may be delivered into the vacuum chamber 515 from the plate 520

30 and/or an inlet port or tube (not shown) through the bottom wall of enclosure assembly 512.
The purging gas flows upward from the inlet port past the heater 525 and to an annular
pumping channel 540. An exhaust system then exhausts the gas (as indicated by arrows 522)

11



11 WD 2005/ 071740 PCT/ US2005/ 000728 into the annul ar punpi ng channel 540
and t hrough an exhaust |ine 560 to a vacuum system 588, which includes a
vacuum punp (not shown). Exhaust gases and entrained particles are drawn
from the anud 2005/pumi ng channel 540 through the exhaust ptirig:fehedds a rate
controlled by a throttle val ve system 563. 5 [0048] The renote m crowave

pl asma s m 55 can oduce for selec plicatio such as
chanber %‘ g g’ﬁ ﬁ ??(5@%6%%3@13}6 é‘éﬁtﬁﬂ}%s? rﬁ%?cb%éﬁszén waf er .

Pl asma smcwaﬁhmmdiégsdaduant lblﬁn5157@169§}ﬁm&b ABXf S )%?:5@%5515&511‘1 PHREGURSOr S
supplied via the input line 5 are sent via the conduit 7 for dispersion

t hrough drawn fpgythe gg@lqr@ummglg G&%@&M%ﬂh&%@ﬁh@'ﬂ@ausﬂl%ﬁﬁ%@rﬁrgtﬁses for a
cl eani ng, ‘iﬁiﬁllé 4 BRHABYald sféﬁ??&l uorine, 10 chlorine, and other reactive

el enent s. note m crowdve plasma system 555 al so may be adapted to

deposj I -enhanced. CVD f| sel in iate d ition

o boch sl Lo IO A S B GVLSTh  CHRR R EF 2 STAey/Gt STCRd5. | [ 0049]
The syst gipiefiahs, dhdteds chRRb&UManRlgor 8 Emﬁm@%ﬁd%rqeﬁd@ﬁ&ﬂ a@?dc@@ée'f ers of
the depoSition system The rocessor 550 executes system control software,

such as Walgh e spedics mrpélgcredhm Hheapraefe plasma systes S Siromaueqrsos Juprkide
b f
processo 1aﬁ§q lﬁ’ﬁlﬁégﬁﬁ%ée ity Othﬁgzr;ﬁ%fg}é g??or E?Onaclﬂ?ﬁgﬁﬁfé'p‘fﬁe 50 éé%e ut o

course t as rea
menor y OVacfllllIashmmtEmSll §.. Pdeourasidgatésdor 4 ciemﬂmp@hchtroh nehyi iueudeflgprinepenor y 570),

th 510 f d t | ud f di sk d
i D caftegd o ferhstPines Torar TR prAE SLSTR Shen Jge b eV accor di ng
to syst epe efd@ﬁ't%d{ &) depbdit M1adRa-BERGERTTRY lfs bP REEAhE aﬁﬂ@pﬂﬁ! dgRsgording to

t he net hods di scl osed herein. For exanple, sets of instructions nmay dictate
the ti ni PREOUISAr £a39B TEAC Helbe semethavigsevaysiasmarsystemidfber  t enper at ur e,

m crowave power |evels, susceptor position, and other paraneters of a

parti cul Hm49]pr”ﬁlmstcm(dohﬂollardﬁﬁmbﬁrolapmﬁgrtasmncbmpetat'mg palaostersdthed on ot her

menory includin for exa di sk or .anot her, conput ey program
b oguLt SRRSOt o R oa IS0 SFectiEh BRterbsiiaE o . dnoh & POl o e
used|§ 0 pRERALfrbdR a%@;ﬁs@sm ceapled B 166 Plokeds s SN Prdidiablys e n@mory 970 Nt 0

vari ous appar at us 0051] "The processor 550 has a card fack (not” shown) t hat

cont ai nsmay k¢ m@arédmgsinde b apeavete thexmeammory HAdnadi byi atlagr kinds of msoopsudioar ds,
interfac arts of
t he CvD %ys mqgﬁf%&gf érgﬂ?ér%qﬁ é{%&'g @ear%ggﬁﬁ/b &Jd% llflr?%?’gggg(%(ﬁp?] dard
whi ch dethe A& fpparaths Sdariﬂaq)eajaredaambodmmmenicmﬁeﬁa fiemsi disisdravecind a card

rack (not shown).

20  [0050] The processor 550 operates according to system control software programmed to
operate the device according to the methods disclosed herein. For example, sets of
instructions may dictate the timing, mixture of gases, chamber pressure, chamber
temperature, microwave power levels, susceptor position, and other parameters of a particular
process. Other computer programs such as those stored on other memory including, for

25  example, a floppy disk or another computer program product inserted in a disk drive or other
appropriate drive, may also be used to operate the processor 550 to configure the CVD

system 510 into various apparatus.

{0051] The processor 550 has a card rack (not shown) that contains a single-board
computer, analog and digital input/output boards, interface boards and stepper motor
30  controller boards. Various parts of the CVD system 510 conform to the Versa Modular

European (VME) standard which defines board, card cage, and connector dimensions and
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12 WD 2005/ 071740 PCT/ US2005/ 000728 types. The VME standard al so defines
the bus structure having a 16-bit data bus and 24-bit address bus. [0052]
Fig. 5Bis a sinplified diagramof a user interface in relation to the CVD

apparatus woanis717a80. The CVD apparatus 510 incl udes %/ﬁg}% 5572 f a

mul ti chanber system 5 Wafers may be transferred from one chanber t'0 anot her
for additional processing. In some cases the wafers are transferred under
vacuum dypea. Eeg @MEeﬁaIgiggigalqm@eﬁnm Bebasdngbrakainge Usbit datadng and4-pit ocessor
is via 3 papni tor 573a and a light pen 573b. A mainframe unit 575

provi des electrical, plunbing, and other support functions for the CVD

appar at 0. enpl ary. )minfranme_units conpatiple wth e illustrative
b od rlORS3ht it SECRBe P LB g8 oo Wt i B Ty B BF S SBREA e e e
t he PREGh2hEMN 536 0PHTM vD@paaaE YR inch@Pditd chaber dte Aitbhdatt’r Sfslem. Sy st ens
from APPLI ED MATERI ALS, I'NC. of Santa Clara, California. [0053] In sone

embodi meMaferstyay bedransipred Eom-png chambss ip another fayaddisansl pradessing. dasomeom wal |

571 f_or .cm?tlfm’gﬂ’f%g e%ran@fég'e(tl Gﬁ%e?%gﬁﬁnpoq'ql s@féct%g'g?swc]'le iéﬁé?faéeor{?t\%&% asu%ér\/i ce
technicians. 1 oth nmonitors a sinmultaneouSl'y display the sane
i nf or matandthe patessonisyiona ERTI goutitgpSA3a mdAighsperd3b e d mdinéaine ghit Spen 573b

detects light emtted by.the di spl a ith.a li sensor_.in the tip of
t he pen.pr"f‘ggeééﬁ’é alag]ﬁ Hie BP QP %rcs}lggcﬁt %‘P&}%ﬁ&rid&ﬁg%@pﬁﬁaﬁéﬁ r touches a

desi gnatmdmplafPmeh ki udits indatibrVaRNtha NisPHIRMbbiRn Y b @B CWD t he pen 573b.
The touched area changes its highlighted color, or a new menu or screen is

di spPay egparelbhite crirenjlyzomansreially aveilpblp apibe REECISIGN POYRY. he #EANI Rhe di spl ay
screen. [Way) , , t her
poi nt i ngs%@gﬁg%{%%Fgg)ﬁ?%%ﬂg\eé\% cséi,SteﬁrlggJa Fe@g@gﬁ%@@(@ (t)i?é‘ c|’f(n§arallt dition to

the |iglflaipstal®oidta. to al l ow the user to comunicate with the processor.
[0054] Fig. 5Cillustrates a general overview of an enbodi nent of the CVD

appar at ygod }Omge égrb%diﬂem&gv%ﬁﬁ%@@m e %a,eéneﬁ%)ulﬂt Rltee1kdh Boia! €an

room As diScuss ove, th 5 system 510 i ncludes a chanber 515 with

a heat erwadli25] fer thagperatgisngnddbx otheirbehindithé wpllif g2 for the servi¢entegmidiaise 543 and a

i 7 d ' e pl 555 with i line 557. As
rentbondb et tFENRuTrb TSR B3 Tn iR aipg bul b g Rk g
deposi t i598b is@agdles ) Tiarltkhe b&asT Ipake(ces light ensittbEby Qe RS display Gutlifa lighe i nl et

tube 543 to the processi ng? chanber 515. 30 [00Q55] The renote m crowave
pl asma S§Rspeimthap pithe pem gFafglsret p paticwar serrgn AbHREBeR. Bha graterieucheséber 515

Wi th T hQeGRne dreadth & REHINY sttPernf BasHed Bretbll ot SR fHRPen 3350 .1 Prd BcHIAt € val ve
area changes its highlighted color, or a new menu or screen is displayed, confirming
20 communication between the light pen and the display screen. Of course, other devices, such
as a keyboard, mouse, or other pointing or communication device, may be used instead of or

in addition to the light pen 573b to allow the user to communicate with the processor.

[0054] Fig. 5C illustrates a general overview of an embodiment of the CVD apparatus 510
in relation to a gas supply panel 580 located in a clean room. As discussed above, the CVD

25  system 510 includes a chamber 515 with a heater 525, a gas mixing box 527 with inputs from
an inlet tube 543 and a conduit 547, and remote microwave plasma system 555 with input
line 557. As mentioned above, the gas mixing box 527 is for mixing and injecting deposition
gas(es) and clean gas(es) or other gas(es) through the inlet tube 543 to the processing
chamber 515.

30 [0055] The remote microwave plasma system 555 is integrally located and mounted below
the chamber 515 with the conduit 547 coming up alongside the chamber 515 to the gate valve

528 and the gas mixing box 527, located above the chamber 515. Microwave generator 511

13



528 and the gas m xi ng box 527, |ocated above the chanber 515. M crowave
generator 511 13 WO 2005/071740 PCT/ US2005/000728 and ozonator 551 are

| ocated renote fromthe clean room Supply lines 583 and 585 fromthe gas
suppl y paneW&BOSNHWi de reactive gases to the gas suppl ycrigR&eDd3dngThe gas
supply panel 580 includes lines from gas or liquid sources 590 that provide

h h | d | | 580
has & ?n%ié%o% B Sh s s Ao e e fisen Leioea Bips iroboinsRgs and PEVEDS e gas
i xing bg \@?Vy pah8l 530 BIPRHLIVR M Ses tIRS gﬁ@ Py 1§ﬁé$f49m1‘§9§as duBﬁl'y%qﬁé a

liquid injection systemfor vaporizing reactant |iquids such

t et r aet HBP droludss hmrsCfeqr@ g¢s'orti@sd) sources Qtpatha@eethe 'PIRERSS) gasesrfdr the

triethyl f [ ned with
" carr; GPeSEN A Raton; Tk ghe supdRBRlhcl S8t ik s 55 HALALY sa0R T

i ncl gde g(ase)s befoud flok to thalguemixbiRAdbdnsa7. c ansdate ammduhmtsalghmmlng@g}stemm 0
manual | y iyﬁj 3\51{1 t.he fl ow of rocess gas |nt10 lj ne h585 or line 557, and
(i) |idogedes pigriddugetion S(yEtPM OB PRPORFING RNt KAYIS SiSh &ont r ol | ers t hat

measur e bRty fyi&moﬁﬁcaq@fa TEOS"), Gkt Og,mha@te@mg"l)l%dMﬁwhésbﬂﬁé ("TEPEPP] As an

exanple, a mxture includin as a silicon source may be used with gas

m xi ng SYeppefivsdE IIICWI@ ig B§Hs: Vtcpmhmpd vith gsanrigr g4sosuehag heliwn| Sepply bydsde fil m
The TEP
poi 1 er - (R BooBsat I D SUEhT Rl o tR e 58 feeto BABKERANNE o1 e i
pr ef €r r aghnaslly ihupofﬁmwmﬁw of mrates gavintorlive 585 ot hige ST, umﬁa(u)fliqurd&amt mstersl i qui d
i ntroduced as mxing system The liqguid is typi, ly injected as a
fine spiky Nfé35ﬁ%@tﬁ?rﬁmshﬁe%fg%ﬂﬁrsetfwtg%e@swBwf@ fr&as Bémug@m&}uﬁl%d to a
heat ed gagpiflghésvery line 585 to the gas mxing block and chanmber. One or
nor e sources such as oxygen (02) or 20 ozone (03) flow to the chanber
through egct ant
gases fro gas 5é¥?{})\ét}% ?H‘Zﬁ%ggbﬁgggsg@gﬂ&?ﬁe %Q%&H%Ig‘ %gourse
it is rmmgrsys'ftad 5phat a déposition ptocesJoforminpanileon sxide dikh, TanTEPKYigen al so
sed npl Sem ¢onductor S ructure 057] Fig illustrates
a sﬂ%pl [ ﬁu@oGOB?CS tg@&%?%ﬁ%ﬂnz\?&g%ﬁ%"e%tﬁm? Rallst-bpeq g?ﬁé%}‘ %%OW accordi ng
to an eft—b&@éveieath& 1%1'3@(109(3?@@1%'[15 bfé‘f&féﬁ'a?ﬁpm%dé rlcBntFd19f tﬂe’voh{?ﬁ'e of

integrated circ I n¢l udes NMOS an ransi stors 703 and 706,
whi ch arreackaphqud admémbd leﬂoéln gasauiking sm@naﬁ"wllcﬂm@m ta'al@hlbonmwdtaya

oxi de-fi d tren Lon st ure ,720. Leld OXIde
i sol ati oﬂﬁl eggrayh)e usgé | so f &% debf“ ((:)reesbmn&rdehvef,I (ﬁ)l hat a’Yeedrg/ani ehve?b i on

t echni qus8s torehy gb)@mbﬁ@giblo&am diamble Qren siosé usced Back agloxigen (:omor ises a
source 30 regiop 712, a gate ion 715, a a drain region

ozone (O3 How to the chambert ggh another gas (ﬂeﬂvery ?ine 583, to %e comblned with

the reactant gases from heated gas delivery line 585 near or in the chamber. Of course, it is

recognized that other sources of dopants, silicon, and oxygen also may be used.

IV. Exemplary Semiconductor Structure

[0057] Fig. 6 illustrates a simplified cross-sectional view of an integrated circuit 700
25  according to an embodiment of the present invention. As shown in Fig. 7, the integrated
circuit 700 includes NMOS and PMOS transistors 703 and 706, which are separated and
electrically isolated from each other by oxide-filled trench isolation structure 720.
Alternatively, field oxide isolation can be used to isolate devices, or a combination of
isolation techniques may be used. Each of the transistors 703 and 706 comprises a source

30 region 712, a gate region 715, and a drain region 718.

[0058] A premetal dielectric (PMD) layer 721 separates the transistors 703 and 706 from

the metal layer 740, with connections between metal layer 740 and the transistors made by
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[0058] A prenetal dielectric (PVD) |ayer 721 separates the transistors 703
and 706 from the netal |ayer 740, with connections between netal |ayer 740
and the transistors made by 14 WD 2005/ 071740 PCT/ US2005/ 000728 contacts
724. The prefBe@o7geel ectric | ayer 721 nmay conprise a simgyesbaywes729r
multiple layers. The netal layer 740 is one of four netal |ayers, 740, 742,

744, and 746, uded in .the .inte ted circuit 70 Each t | layer is
separ at &QUIRF Bﬁégdﬁé?cgwe%‘?lﬁeCtFl&)l/aé'FgJ}@ymaX e ggqléyeé@g Pt q%yers 727,
728, andayédd Thdhaaesfer MBS Blonk aY B¥ub mdta1ag6RTR0! B4b, 3h4,2n8 gUeGhaadeangni ngs by
vias 726. Planarjzed gasm vation |layers 730 are dep05| ted over_ the netal

| ayer 74be infegratagiicinguid 7pQ cgwlﬁﬁ?tﬂléayea}seﬁepﬁétﬁéﬁiotr’e%ﬁ%&Wﬁ%l@y@% %n enbodi nent
of the R ﬁx?é?&ldﬁé"%%%ll svwmbemu%é A@ at:&ftﬁle@f"fa fs ﬂ@&&me&eme dielectric

| ayers own in Integr dircuit or exa a silicon oxide |ayer
may Be ssleded openingaby Vtasgﬁéh Plagatfizet lpasslvstwrulaym é3(721@ ‘depositell brarihaetoki de

| ayer dﬁ%%f”%§d according to the present invention may al so be used to
Create ayer 721, or the higher layer internmetal dielectric |ayers
727-729 of the overlying interconnect structure. [0060] A silicon oxide

| ayer ddpelt elsitieerpdinlgyerslenesitefperardiamio aprembedimané abthe prosend dveation nay
al so be a%%dfgd AIRS 6806r hE%Drhe dﬁ‘@%cﬁ.lgnﬁag% FWIP%Htegﬁte%Oéﬁ%u*é%@gﬁ&t ed

circuits. amascene | ayers, ayer eposi ted over
s u bst r atezample) zemhmneixydeelayﬂn amhytﬁemsugﬂo ctaate trdmeh solasibn atregtumy@0t Aesnhobnl | ed

t al et hed b | i shed to. .f t tact s 4. Aft
the Wt A4 S R er Lt B R R BUAR B AEB RSP RO TRV P07 mod and

sel ecti vgfey 721, R 81 highke IS tciiesnat Edsleafie ld/aem217kd edthaidvbriyieg al and et ched
back or poli shed to formvias 726. 20 [0061] It should be understood that

t he si nphiefcorect Weehirated circuit 700 is for illustrative purposes only.
One of ordinary skill in the art could inplenment the present nethod for
fabri cat{pego] ofA eifibar oxidd hgeratepokited acordisg tosmembadinmnt o Hile posserd gmeention

appllcatlon spec integrated circuit.s [.Cs nor dew ce and the
e, T Gt e ey Bhish SRt dhe FEeRTA SHFelibgn zed by
t hosig ofdafilsbdehe iaferbEblad®t Bifbr ik Qafosit@T dver g supR@ith] s‘éﬁch@é]? etcRéd @Fdugh ko/e
constructions, and equivalents may be used wt hout arting fromthe

spirit dhe %ubétrtha@atheerﬁllerlthéR%tﬁlmné etched m&ghp@wb@at Hugnedl coMactypr esent

i nventi h I | ayer, other
enbodi rrle(jilr%'flsgm%1 &gg&tg?aﬁgf:%Sgﬁg?ggﬂ&g:hdgegoz%%g%n#ﬁdgegg?ﬁ&{S gg%’?ré I\@gdl tionally, a
nunber ctleviilely dtctmdn Thp eohebaes anther filedwits nietal endetthdideack depdishdietd i n

or der tofogl\l/‘gljag,]%?necessarl | y obscuring the

20  [0061] It should be understood that the simplified integrated circuit 700 is for illustrative
purposes only. One of ordinary skill in the art could implement the present method for
fabrication of other integrated circuits, such as microprocessors, application-specific

integrated circuits (ASICs), memory devices, and the like.

[0062] Having described several embodiments, it will be recognized by those of skill in the
25  art that various modifications, alternative constructions, and equivalents may be used without

departing from the spirit of the invention. For example, although embodiments of the present

invention have been described with respect to depositing a PMD layer, other embodiments

may be directed toward depositing other layers. Additionally, a number of well known

processes and elements have not been described in order to avoid unnecessarily obscuring the
30  present invention. Accordingly, the above description should not be taken as limiting the

scope of the invention, which is defined in the following claims.
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30 present invention. Accordingly, the above description should not be taken
as limting the scope of the invention, which is defined in the foll ow ng
claims. 15 WHAT IS CLAIMED IS: 1. A nethod of filling a gap defined by

adj acent raised features on a substrate, conprising: providing a flow of a
silicon-containing processing gas to a chanber housing the substrate;

provi di ng \ﬁ%%kﬂg&AMEﬁ)f% di zing processing gas to the chanber; providing a

flow of a ai ni ng processing gas to the chanber; depositing
a first portion of a P-doped silicon oxide filmas a substantially

conformal layer in the gap b i.ng a reaction between the
si | i con-cont ai ni ng Hprocgﬂ?tﬁbdcéuﬁl!‘n ﬁgapp(ﬁ%%ﬂgll 6‘839%%%93?%@'%?'6%%& ng

gas, and theuawl ikdrRthgPr ocessing gas, wherein depositing the confornal

| ayer conprises varying between a beginning and end of the depositing of

t he confornal | ayer proarting hflowghegilicomeoipingiproagsping gashiea chamlfesr mal | ayer a
rati o of thQSsiS SM is&bos?éféont ai ni ng processi ng gas plus phosphorous- containing
processi ng gas): fom drzt ng processing gas) and maintaining the tenperature
of the substrate bptawiaboflbw20n Cxidizvetgdeedlihg gaposhiddhambed. t he conf or mal

| ayer; and thereafter, depositing a second portjon of the P-doped silicon
oxide filmas a buPVvidiygs flowedr enespheiosEFeNtging PEREHHRE $751? fsn of the film
conprises JBLkai ning the ratio of the (silicon-containing processing gas

pl us phosphor ous- cont ai ni ng processing gas): (oxidizing processing gas)
substanti al | y const degositingeugktgottiaiepadl-dipsd sidion heidb Gl as b aybstanaalty

mai nt ai ni ng he terrEert%ture of the su%gtrgte be ovv.labout t5.00 C. throughout
deposi t i ofPMPTFHdANsH D FeRPY CayisingaleaelpR BErween e S11iEPR-COREINM8er conpri si ng:

t her eaf t efprodeaiigegan] the phdbRbrolii-B@faifing pRReSMpStaE alnd tRV@lidikitg phhedepad silicon
oxide film and maintalning the tenperature of the substrate bel ow a reflow
t enper at urges,ofhereimdeppsigiop e eonfarmahlayseica@prisds YRFYIREReAW gsl aneginging and

i rmedi at el r (A u . At ime after
patt er ni ng gl F 9pRRRER SR oRborkPlayeti e hAdYRlod BeichRie othnd | 0® Sherei n
mai nt ai ni rgnfohRaltigyepe tatowfehofsiliche-combiniigrpad@sdigd gay phus Hokghordwgaper at ur e of

the P- dopecgntginlirigcp?gcegéilg gas :i((l)xqgiifz{ng%qro%e scl)nigngtas)I zpnd maintaining the temperature of

the substrate below about 500° C. throughout deposition of the conformal layer; and

thereafter, depositing a second portion of the P-doped silicon oxide film as
a bulk layer, wherein depositing a second portion of the film comprises maintaining the
ratio of the (silicon-containing processing gas plus phosphorous-containing processing
gas):(oxidizing processing gas) substantially constant throughout deposition of the bulk
layer and maintaining the temperature of the substrate below about 500° C. throughout
deposition of the bulk layer.

2. The method of claim 1, further comprising:

thereafter, patterning metal lines on the substrate over the P-doped silicon
oxide film; and

maintaining the temperature of the substrate below a reflow temperature of
the P-doped silicon oxide film from a point in time immediately after deposition of the
bulk layer to a point in time after patterning metal lines on the substrate.

3. The method of claim 2, wherein maintaining the temperature of the

substrate below a reflow temperature of the P-doped silicon oxide film from a point in

time immediately after deposition of the bulk layer to a point in time after patterning
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time imediately after deposition of the bulk layer to a point in tinme after
patterning 16 netal |ines on the substrate conprises not annealing any
portion of the substrate. 4. The nethod of claim1l, wherein the substrate
conprises nickel silicide connectors and the P-doped silicon oxide film
conprises a pre-netal dielectric layer. 5. A nmethod of filling a gap

def db 4
fleo:/vngf a%s?aqth Osﬁo@litg%] @b%ﬁ?tﬁ cgﬁnge%%opﬁn@alm?%?gﬁ)&qfo of 2R %ﬁawg providing a

ocessi n anber ousi ng the
substrate; providing.a memmemoanfdxmﬁlzmmmm@ﬂmsebgnmgxgq3wé@mthﬁ chanber;

depositin a first ortlo i con de filmas a su nti.al

confor mal g conseRRe R BytoBeliutiond Side kBt eaie B Mg e H g et
silicon-ceptaining processing gas and the oxidizing processing gas, wherein
depositing'the conformal |ayer conPrlses varyi ng between a begi nning and end
of the dep05|t|ng of. t heAauihat ofdillingy eap, definpdiby hdjeesghtnised f¢ngurdegrosi ting of
t he conforq%} ) ratio of the (silicon-containing processing
gas):(oxi&? Iﬁaﬁ%W%EE§§|ng gas) and mai ntaining the tenperature of the

substrate bel ow abopiovhidy Slow bf @uilibeutoridniag iptdcossinf gds iea chanies nal | ayer;
thereafter, depositing a second portion of the silicon oxide filmas a bulk

| ayer, mh@?@?W%@@E@§P?an a second portion of the film conprises naintaining
the ratio of the ( gﬂolvla@rpgﬂa ﬁ@»oto%mb,ﬂelzm 6384 q&;he(c%nﬁaz' ng processing

gas) substantially constant throughout “deposit n of the bulk | ayer and
mai nt ai ni ng t he tenﬁ@xmﬁmgefbﬁpbh@nsmbsﬂmaMexmbﬁhnwwabdumnﬁ@@/C t hr oughout
deposi tion

t bul k., | a d th af , d i ti |
conpri si néoﬁ%ﬁlagi%@gmls(tp?g OW %a)%?l&g afr%rcﬁ? @\ﬁ{vfz%n ﬁgpﬁ‘icaﬁ'ﬁgﬁg‘“fﬁ%g s%g[ rate
bel ow abo?ﬂoc@@ﬂlg%aﬁ Bﬁd)ﬂhg%QL&Zl?%ﬁ@Séstsin@@a@fwhtefb% &pRsitih@nRrconformdingyeret hod of

claimb5 urt her conprising ereafter, patterning netal |lines on the
subst r at e comprises arymedhspeerng hegnpme avd |ea@0f ihp depas it ed theccantirmg! leyes,

ey B PP LS e BN SRR oBUHE L
i mredi at eIpyocajsi@rgad)e@aﬁiizhhg)prooéssmggasbmh&t maéyaning cheste pPemture af theme after
patterni n%ukgg?rgt%lbelow a out ?(Q) té]?hr?)llljg out geposmon of the conformal layer;
thereafter, depositing a second portion of the silicon oxide film as a bulk
layer, wherein depositing a second portion of the film comprises maintaining the ratio of
the (silicon-containing processing gas):(oxidizing processing gas) substantially constant
throughout deposition of the bulk layer and maintaining the temperature of the substrate
below about 500° C. throughout deposition of the bulk layer; and
thereafter, depositing a cap layer comprising a P-doped silicon oxide film
while maintaining the substrate below about 500° C throughout deposition of the cap
layer.
6. The method of claim 5, further comprising:
thereafter, patterning metal lines on the substrate over the P-doped silicon
oxide film; and
maintaining the temperature of the substrate below a reflow temperature of
either the silicon oxide film or the P-doped silicon oxide film from a point in time
immediately after deposition of the bulk layer to a point in time after patterning metal

lines on the substrate.
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17 7. The method of claim®6, wherein maintaining the tenperature of the
substrate below a refl ow tenperature of either the silicon oxide filmor the
P-doped silicon oxide filmfroma point in tine inrediately after
deposition of the hulk layer to a point in tinme after patterning netal
lines on the substrate conprises not annealing any portion of the o
substrate. 8. A metfod of,ddhARES S d%inPo, TGO RENELifihg SRS hb&h&re SAAPT | SI NG:
providing a flow of a silicon-containing process ‘(%gs to a chanber housing

t he subst satstrate helowi aliefigwaerhpeyeiursf ofgitherxihelsiiemm qridectlosorghe Ptdopeche chanber ;
causing a _r.eacti.on.between the sili.con-containin Foc and the

oxt d 21 ng Ft g g AE G a Bl RGN Bl oS TR AR BP e
varying t Boiaumhing aftdh @atepiag intetaNined oroths sltstraticoAbliyesaonimeatlg dngyer a

ratio of the (silicon-containing gas):(oxidizing gas) flowed into the
chamber t gotion of thg spbgtiate. of deposition of the silicon oxide on the substrate
bet ween a begi nni nggand gng @y §fiocedGROS LdliOhdQtiol ABsRMEbLMRrAL! ¥
confornmal |ayer; and nmi n?lgei n(lj ngtjq)t%cee s@gst re{t e at Oor Be#o’w g@rlelﬁléow

t enperature of the piokidigmr floxiofe silliayecortdiniop ghwais gas ocessimigr béustrige

sem conductor substrate. 9. The nethod of claim8, wherein maintaining the
subst r at eﬂ};ﬁsuB?”at%gl ow a reflow tenperature of the silicon oxide |ayer

t hroughout processi p@vRind NBow SEM SABLUCHBesSpdRITS IRt BamOBPr | SES NOt

anneal ing the substrate. 10. The nethod of claim8, wherein the silicon

oxi de | ayer conpri sesisiag apgeastigpbeiveen Biesdicpi-eontaipig pracess gsandichod of cl ai m
8, wherein t S £ Ls . jacent surfaces, and
wherein t éld%?q% %fgﬁes%%;s 8%@%%3%@ (?(el%allg%er?ﬁtetwéga%%ﬁ% . The nethod of claim
8, wherein the substdrging tioougouses dapakein of aislibstandielly déhforhied layet hiod of cl ai m
8, further conprising providing a f]ow of a hosphor ous- cont ai ni ng process
gas to théat@rﬁgﬁ&feﬁsllﬂwwgalamtgia%@r(aé&diw s brhinRriBe SRR o é?l_terarae _

si |i con- copya-BkiBe oPHRGARSn B2 bR tﬂérs%it{%?é%e%eénea%}g_irﬂﬁ{gtdnﬁ eflybrpg the tine
period. 14. The method of claim 13, wherein the silicon-containing process
gas conpr ds@sitibEObthersdbsthréradly nonfhenphsphod ous- cont ai ni ng process gas
conprises 18 maintaining the substrate at or below a reflow temperature of the silicon
oxide layer throughout processing of the semiconductor substrate.

9. The method of claim 8, wherein maintaining the substrate at or
below a reflow temperature of the silicon oxide layer throughout processing of the
semiconductor substrate comprises not annealing the substrate.

10. The method of claim 8, wherein the silicon oxide layer comprises a
pre-metal dielectric layer.

11.  The method of claim 8, wherein the substrate comprises a gap
between adjacent surfaces, and wherein the silicon oxide is deposited in the gap.

12.  The method of claim 8, wherein the substrate comprises nickel
silicide.

13. The method of claim 8, further comprising providing a flow of a
phosphorous-containing process gas to the chamber during a time period, wherein the
flow of silicon-containing process gas is provided at least partly during the time period.

14. The method of claim 13, wherein the silicon-containing process

gas comprises TEOS and wherein the phosphorous-containing process gas comprises
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TEPO. 15. The method of claim 13, further conprising: thereafter providing a
subsequent fl ow of phosphorous-containing process gas to the chanber. 16.
The net hod of claim 15, further conprising, while providing the subsequent
fl ow of phosphorous-contai ning process gas to the chanber, regulating a
pressure of the chanber to a pressure in a range from about 200 torr to
about 7601%@ r. 17. The nmethod of claim 15, further conprising, while

provi di ng €' subsequent flow of phosphorous-containing process gas to the
chanmber, formng a 1p|asﬁm:memndbhﬂamhﬁﬁﬁhﬂﬁmuaﬂp@ﬁmgjning process gas. 18.
The method of claim 17 wherein the Ias nsity reater t han about
1011 ions/cnB. 19. 5&6%?%&%@%@&&%@%% sozﬁﬁwﬁaﬁ?ef -SPntRifHEAregess
conpri si Ngxe (oRECMHibBY a flow of a silicon-containing process gas to a
chanber housing the substrate; providing a flow of an oxidizing process gas
to the chanber; prob@dln@h@mwﬂwmmﬁﬂamlhhd@ﬁhmc@ugnﬂmgwﬁuhum@n¢n@dess gas to
t he chanber in reaction between con ntal rocess gas,
e A S Py R RSN S kcatle b S TGRS D form a

P- doped  sipkds§iR@of B¥ichienbeayes pRBsukd i aslubgetf&@h @bo@@do Yoif i dbgut Teoawghout t he
deposition of a substantlally conformal | ayer ratio of the

(silicon-containing bas)TWbWF@PQPﬁﬂaﬁbb§fY%M%§®ﬁB$%E&‘@bhﬂ%@%ﬁ%%ﬂyas) f1 owed
into the ¢ E&g@%ﬂt ﬂ&v%géﬁ& Rorb@d- 90n3§1mquR)?lssts'ﬁgg' to%he bRt |t‘oﬁ1‘?1'ﬂﬁ‘ax' de on the

substrate nlng an ep05|t|on 0
substantl@kkma@mnfmephkmhawescmﬁﬂmﬁyummmﬁgmd of claim 19, further

conpri si ng nalntalnl gt t bel ow at refl ow tenperature of
the P-doped silicon! X|d£h?5§é 3 ﬁamTﬁ%‘ﬁ?ﬁ%%ﬁmd$“ﬁpipﬁ?f9“‘ W t he

substr at e ycAMBLLSIHT 1 HrgRM3. bet ween adj acent surfaces, and wherein the
silicon oxide is deposited in the gap. 22. The nethod of claim 19, wherein
t he P-doped S|I|conl%X|déih@?@imﬁU@h@&ngQSﬂmC@KbcmeSdﬁﬂdﬁekmmnﬁng | ayer. 23.

The net hod of claim19 eﬁeln t he. substr.at e conPrls S nlch) silicide. 19
providing a’tlow of a sificon-containing process gas to a chamber housing

the substrate;

providing a flow of an oxidizing process gas to the chamber;

providing a flow of a phosphorous-containing process gas to the chamber;

causing a reaction between the silicon-containing process gas, the
oxidizing process gas, and the phosphorous-containing gas to form a P-doped silicon
oxide layer on the substrate; and

varying throughout the deposition of a substantially conformal layer a
ratio of the (silicon-containing gas):(oxidizing gas):(phosphorous-containing gas) flowed
into the chamber to alter a rate of deposition of the silicon oxide on the substrate between
a beginning and end of the deposition of the substantially conformal layer.

20. The method of claim 19, further comprising maintaining the

substrate at or below at reflow temperature of the P-doped silicon oxide layer.

21.  The method of claim 19, wherein the substrate comprises a gap
between adjacent surfaces, and wherein the silicon oxide is deposited in the gap.

22, The method of claim 19, wherein the P;doped silicon oxide layer
comprises a pre-metal dielectric layer.

23.  The method of claim 19, wherein the substrate comprises nickel

silicide.
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24. The nethod of claim 19, wherein the silicon-containing process gas
conpri ses TECS and wherein the phosphorous-contai ning process gas conprises
TEPO. 25. The method of claim24, further conprising: thereafter providing a
subsequent fl ow of phosphorous-containing process gas to the chanber. 26.
The nethod of claim 25, further conprising, while providing the subsequent

fl ow of phosphoroussgont #idhBBo®bPASHS | Fahelcth (R &iIDABRAniHEIN A 1 Ng a
pressure of the chanber to a pressure in a range from about 200 torr to

about 760 gesovomprzgs THRS andwherginghe phesphorgss-cdntgining prasesspgas sdémpyiseahi | e

provi di ngﬁ;?% subsequent flow of phosphorous-containing process gas to the
chanber, f ‘'ng a plasnma fromthe phosphorous-containing process gas. 28.

The nethod of clai m27, Wwheneithod bheaipl 268 Matiasodpdansgi ty greater than about

10" ions/cnB. 20 o
thereafter providing a subsequent flow of phosphorous-containing process gas to the
chamber.
26.  The method of claim 25, further comprising, while providing the
subsequent flow of phosphorous-containing process gas to the chamber, regulating a
pressure of the chamber to a pressure in a range from about 200 torr to about 760 torr.
27.  The method of claim 25, further comprising, while providing the
subsequent flow of phosphorous-containing process gas to the chamber, forming a
plasma from the phosphorous-containing process gas.

28.  The method of claim 27, wherein the plasma has a density greater

than about 10" ions/cm”.
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