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LI M TED THERVAL BUDGET FORMATI ON OFPMD LAYERS
CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This
wa@ppbkiozetd on is a continuation-in-part of and BCHUAR05/000728
t he benefit of co-pending, commonly assigned U. S
Pat ent Application No. 10/247,672, entitled, "METHOD
USI NG TECS RAMP- UP DURI NG TECS/ OZONE CVD FOR | MPROVED
GAP FILL," filed on Septenber 19, 2002, by Nitin K
Ingle, et at, the entire disclosure of which is herein
i ncorporated by reference for all purposes. BACKGROUND
OF THE I NVENTI ON [ 0002] The fabrication sequenc
LIV ESD(BHIGRMAL BUDGET FORMS TIORGF BEDE AviRrs
processes. The patterning processes may define a |ayer
of conductors, such as a patterned netal or

pol ysili i S ' ctures,
Do e LR RGOl AT phob Aoy

[0001] T ITHi€shpichiibrBl al ftth@iioRdn-paFt offbed elaind the beméfirdfab-pending,
Thi s |ﬁgulat|ng material can serve several function

commofity aseigaepIJey. Dafens AppliegsioniNatl 0646/ Reentigieds TMETEGLY ®§ING

[ ' ' br

te0s RRVFLE BURING loploAgRp TRtk IASREVIED GAE FI, " i on
SeptembE£1% R00T NS WihaLi Takleabsm., thepinted diyclpsuoy bffehich ibherein

for the next |ayer of the sem conductor structure to
incorpdsated by refeigpomior pHPum)osas seni conduct or desi gn has

advanced, the feature size of sem conductor devices

has dranmati caBACKIGROERSRAOF PHEVNMENTION now have
features, such as traces or, trenches, .| §§f’e t han la ttern
[0002] v BiedAbrigation §equaRFe &f IFRErater iRttt QLPm MCO4Ies F o4t PAUHLYE

| ' ' ht ¥ Lo®rP Slichviffatterned

procesfly, PHEBarlriRE proteicl B ahs ¥ 1oyPL FociOBrsh ctlad
metal ot oBuitiodn teyesod Mayweefine cwiatioastmefuresisuch e trefi¢hes., I many cases

smal | er onetri.es have als iven ri 0.New.. .
the trengngyre IS SR B Y BCHE PEEEEA TS DUIGHE. THaT i be gipigral can
serve sS@r¥&ndtRins| PEOSIanGRO TR Edhe Bppl{cBAEHE thé\matrialreesad botte
type of manufacturing chall enge presented by

electricallp isvilate ome wgidnodshe K fie ansitiortapdielectinatly Ppesivate thejsugface of

narrow trench,in a id-free nner , [ ench
the e, {ogma AseruBosy PayEETs PRGTFY hhosiii b e
semicoH@RAS! dRELROII BeriRtupeA.Ned substrate. The silicon

oxi de layer typically covers the field, as well as

wal | s _and bott om.of ch. t ' j .
B
has draddiichlleaedieasds Magy cirenichget bavedeatanersuainds traeesas prenthes, less

ratio (the ratio of the trench hei %ht io the treﬁréch )
than 2 pierompCI: rWhide dhe redugiiondpiniyrs sige Pasaligadiyghqrylevice density,

i eitiubel, 10 ol pok QP O5dsuRiphioh aAd1
more cgﬁ)g ?’gpg? %&fclﬁ&%m%@%%&u&}%i%&%%ﬁg n%l?eo tr encsr11l. pSll/loi ds ower
cost, am@ag bihienBerfefitythe 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
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
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pi nching-off are undesirable as they can reduce the
yield of good chips per wafer and the reliability of

wo b@sdewiuces. Under certain conditions, the voPOTAS1005/000728
be filled during a reflow process, for exanple where

the deposited sili i de i s dope '
R SICI L e S
. . r e |
e R Y e i
O R R T
pinchin?—bgtfcééf H%%esfrgblE &t L}f%g 8N flugt 1Rl eMatedob®eipy pdruwefer and the

e possi solution to this problemis. to
reliabilignerab dévieesotmder tartagr canditinnghthe enisewl ke dded gyringaigHow
successful in th ast ., t.his sqluti [ (g
procss g R aanl e SERe T P S Al B B R8s cow
at eleva%?l tQﬁlEgt%{urés‘.J I 1EdvikSser, 48 Bk tréhcB BéasiaethBrNt et anbiecoites more likely
esi ghs, have | owered thermal budgets, thus r nderi?g
0

that thesro;mwﬂbtm@leaﬁll@dewdng tei reHoV eRess. JYLOERNER P types
. unfeasible. [0007] Ther rey it i e

apphcatécmSé: dox t"lﬁF fi[elﬁog} } dlgsglge\%l s?]%cd& oex:ugeé %?dgﬁﬁgéfgﬁ%dglt@?glog even
atdﬁvggyﬁ§ﬂ5&gﬁuganngr. It is also desirable to do so

\_/I_VI t h:)KK/Eexceedl ng a thermal budget. BRI EF SUMVARY OF

=NTI . : ' iy :
W EOdpt t hus

e ot oy e o
temperdtaies € AltheaitNREesofll i thepasty tisesoliiftve ivpo heger apnligalls in certain

situatioy New IR, FOETS P S16H B be B SO BRBO GO o e Sens
¢ oeT < .
have lo%ere?ilr{g%aﬁj gﬁ#g@gswﬁgug ‘igr?c%hlgg 8RS tdrRpdrt@rfRAHIAT randéithf annealing

rov _ phor ous- cont ai ni ng

unfeasiplepcessing gas to the chanber. The nethod al so
i ncludes depositing a first portion of a Pdoped

[0007] .S'fﬂeﬁé}ﬂre%'i%&esfrmhl@?téﬁe Ab1S YO Hl1aRtrow daps Gamfdisledtic heyeial in a
inthe gap by causing a reaction between the

void-fred mimemn- fdsbiad desigpble toclesssiwighayh exceediag a thermal budget.
phosphor ous-cont ai ni ng processi ng gas, and the

oxi di zi ng pr pRESE SUBINERY REPTHEIINVENTEON onf or mal
| ayer includes varying over time a ratio ?f t he
[0008] ( ﬁ&)mb@cbmems roif dqumﬁ@tmld@@s@pwge @éj%etléq)ctgf filling a gap defined by
. aspher ous- cont ai Ni.ng is - (:axidi @i i
B T T T
containtiPsiobasmighak e alautier Ho0EnE theaubiiott, pdepdisy wiftnw of an
... the confornal |ayer. The methoé:l al so incl udes "
oxidizigg pgme?si_mg‘]g@ tg él@gﬁ@n}b@;, epgpreyadipng a %pw o§p]Fc?rglésﬁconta1mn g
oxide fil]m r. iti . . i
T e e T
doped Eiﬁ@oﬁ 6xilk €0 6 aRtisstaitiatly ponfessl lagpr gathegapdy causing a reaction

betwedpy{be BSPE AL RALIEAN ) BRETARE DG cCessing 2
and th%gﬁgizl'}ﬁa% }8’?%62%%1{1& {éﬁse b%h%)ssthtr ) Iele ahhoRAINAyRY Moletek Rerying over time
a ratio 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
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
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bel ow about 500C t hroughout deposition of the bul k

| ayer. In sone enbodi nents, the nethod includes
w@aioserreng nmetal |ines on the substrate over PEEUS2005/000728

P- doped silicon oxide |ayer and mai ntaining the

tenperature_of the substrate belo ref |
througho Brpepatin of BF belFaes dORBEEPYHC Sirat Pl g s srbsate
below aﬁ%gtoobdg tﬁgb%%}lol#?%%i@ibﬁlofﬂféfﬂﬂ 18R Ol sbir@entoditents uhk

rt I'n time after patterning netal |ines
method Oitlidee patidraingaheial [jre809]thd substrate overthe Bidepad gilicgn oxide layer

et hod of fillin ap defined b | ' -doped
and maipigiping U6 GHPHLERSL PR ek Ae ok Biarabl Gk p-dove
silicon cﬁ%&ié ﬁlggr' £ L3NS tiRIcIARSRI NEy @8 ddpositiohafitierbuliolayenty 2

the sUbstrate and 1Jtpr.ow ding a flow of an oxidi zi ng
point inpinoe e ipatjenying mefak lines ondhdapstratie met hod al so

i ncl udes depositing a first portion of a silicon oxide

[0009] T T BiRSerbsdiRehRNE indttod of @ity arpdp defined biyrdjahentgaipedieatures
causing a reaction between_the siljcon-containi ngo hamb
on a sulptrateaseludes yavidimec Howe 0 SHICONHERBIRERISF Frgiga8S t© @ chambet

inc B R oS h r i MY ROhE¥RImber.
o RIS AL oL 1 et i
The me@@)aldoaxtidies dwogiting e Sisstportgmsif.a sThwnmed deofilmassspsubstantially
i ncl udes mai ntai ning the tenperat u{hlg f the tsubstrat Essin
conforriyd l&sRT SbBGEBOY CHIHLHEHEIA DRPSE] T SHICGP-CPRRIIE bideSssing
i i QohfBfthMdeyer dhenasds tvia over
gas andgtgggglgi%l‘é pBYESing BIE DELGRhARSCo de fil s 2 bul atd
time a thly of thesiiosi-tomginmgyrocessing grs)i(oxidizing precessing, gas). The
i ncl udes nmi nt ai.ni the ratio.pf t o
method(aly inelReTHARIARIR R PopeeliT afﬁ‘sﬁy‘g%f {5 bRl ghout S00°C

throucHOPEERSHRE o9 contitlap Ryl The BOMSE aRb indhidyy dBpasiting a second
ghgepo%% I

Ititon of the bulk layer and nmaintaining the
portiontod tipeesiBtan axidd filnhes = i tlayer.e Dspositingdsasens pertion of the film
throughout deER

. osition..of the I h
e PSR RGP G R Bl sl B
B dutstdntis N capsiape il ghowhddpesinieh bf diertiutiglalybeand
processsrb%%??at e bellglg%;/]vC about 500%% t hr oughouot ee%%i tion o{.
maintainfre the perhpeyainre qfgle ibsirate Halovt Aowh O ﬁ;ofg%:ﬂ figtdepgsition of the
met hod | vi ded for_pr S| LG t d sili
vt 5L RSy ST AR BL B ion
oxide i WERSMaRiRinG itNgsubkteste elogasboubsG0°Chthrdnghottalgposiigon of the
the substrate and providing a flow of an oxidi zer
cap laypr.ocess gas to the chanber. The nethod al so includes
causing a reaction between the silicon-containing,
[0010] Pr RGEGRiopaSensbudlimbits, axiethad igprovideé & pyesessing peenricgnductor
il e. The ne

silicon oxide_ |ayer on the substr.ate. t hod
substrafgy rTmetihﬁ@ pru:élglgs pg}vg,qhﬁg agx%xf(.) ar Hﬁco&woﬁ:}%lngﬁ)r?cﬁés. gastoa
chmnb%ﬁ“dsﬁ%ﬁ%&% Fhtdlahd Pﬂﬁl?dm% Q%Wé?dn%i&i&)préée@y\ﬁﬁb toh®

he 'C er to alter a rate of deposition of the |

chambeéy, | Tieonethud digo diclidee causiieg 7 weetiorDeatween thasilispocesiginng
proces%gq?soéq%ggg r@?’h%&fg ;%];césg egasS ‘éfl)bt%}'nrq Yfiidon o%de%}?e'r 289 &lutifrate. 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.
During the process, the temperature of the substrate is maintained at or below a reflow

temperature of the silicon oxide layer.
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tenperature of the silicon oxide |ayer.[0011] In sone
enbodi nents the silicon oxide |ayer may be a pre-netal

walc@sectmo c | ayer. The substrate nay incl ude nPCR®EB2005/000728
sui cide. The nmethod may include providing a flow of a

ooty BRSO B 33 R b e E e ves

The sutRfrieSasy &é@dk SiRELYTices Tae SRSt mRiiddeditbvidihgta@ow of a
time period. The sil

I concont ai ni ng prpcess_gas ng%
phosphéoroos-voetaifli@Spraness ghetogho shrvdres during A timenasigdp lhe dow of
o as .may incl ude TEPQ.. 21.1n ' t licon-
sticon-FERHONE RiEr s ee Lreradrt 8 rah bR G RHEn S ERTHATERNCR, I siticon
containfig RHEEP B RHF it AeAEDI Sndhe pAsSpHdasustoontatng pacbergas may
The nmet hod also may include, while providing the
includesiH®equent fl ow of phosphorous-contai ni ng process gas

to the chanber, regulating a pressure of the chanber
[0012] t Gn BoRE @EHElENdDs the hvligel ihcladesthershi@(G@oviding 2 smbadsment flow

760 torr. The method al so may .i nc| ude, i e providi .
of phosp herousisRiaiIGH PIpPeREBt g RO SpBIBuL o R i B tisbidedwnite
.\ t i
prov1d1g§ géepﬁﬁgé%ﬁgﬁﬂcﬁc{o n%) gf ﬂﬁ@ﬁ&hﬂ&:&rﬁhﬁ@ ﬁgl_ {]ergQ %%st tB&€he chamber,

process gas. asma nay

regulatih@\eEprassdanss thy clgmetak ¢ a preasuraioutange fioni dresyt geftorr to about 760
0013] In stil| other enbodjpents, a nethod of h

torr. The Bieliodiaky maxexuds ks eV spdSeHiY dqecof phosphorous-

i 5 bl tH8 pREPREFETs-BBBtainin
Contam?r{cgo %Ijog%sg%ggtrof tﬁg\ggﬁ%éi %gh g ubs lggﬁée,ﬁ pr ovﬁd.i s%g a, flow &
procesfasaThexiladim may pavecatssityagretter thae abeririferionse -

providing a flow of a phosphorous-contai ni ng process
[0013] 988 stifl e calbREREENnts, RhgcthR] SQftoddssiag lanemitdaduaatsibsigata

reaction between the silicon-containing process gas,
includes ipeovastingiazAlavg opa sidiees cepiainingmioggse gas to a chamber housing the

hosphar ouss cont ai ni. ng. ga r - W

s BSBIRRELTGE DL LU LA GRSy ke o
of a ph¥ShbAE-WRkinihE FRocBss @k tdthefchbmber( Silleimethed alnd aichidey causing a

gas) : (oxi di zi ng gas): (phosphorous-cont.ai ni ng gas)
reactiop beinessn ithe GlierecariribE PTecssHgasethe £XpHEIRS BrocEES: ddhe

of the. sil.i ' i
a5 50 0745 8 SR e Pl b, T
method @& irriutRe vatyiy ovee limw axatie pphedsilicen-odntHODE gapPEki}izing

£1):(PDOTPPIBESORHES HED AoV EMEAR TIamigy bt 1o 454 O S Rion of the
silicon'B2Yde! dIcthY Yo dhlafik Shy Jﬁé Q% essNheSbihb&GaRr£ONha sibsRdte is
process gas nmy inc e and the

maintaffedsp bobelow-actlembaianiragf H005€ess gas may i ncl ude TEPo.
[0015] In still other enbodi ments the nethod includes

[0014]:J her 8afd GhodfiR¥hid| 8 PaIcPED SPEYE BLidE 188t &dmprises a pre-metal

hosphor ous-contai ni ng process gas to the chanber. The
dielectrieldyed Thy sutstrhtecesy mbluieniskehsiltiidy Theesikesnseapipipnng process

gas mafylﬁg%gé T %%%Sgnr&()t{lg Bﬁés‘ﬁﬁé’rto%is-g&ﬂ%nﬁ{goﬁgée%s %gssm'é}g ir{cﬂﬁie 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,
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-
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regul ating a pressure of the chanber to a pressure in

a range from about 200 torr to about 760 torr. The
woredosodi7ad so nay i ncl ude, whil e providing the PCT/US2005/000728

subsequent fl ow of phosphorouscontai ni ng process gas

_to the chanber, form a plasma from.th i .
containips pEySHH B4 HisiAUARP P BHYE BB Gaont [he HpgRiorosspaining
v c051 by 95624 Bénsith 3Featdh Bl HOA10'0nmbeRS. BRI EF
process DAY SHEOR by $6 6P Bndt [0016] A furt her
under st andi ng of the nature and advantages of the
present invention nmay be realized by reference to the

remai ni ng EERIHFONESCRIFTION PECTHE ORAWINGH t he
drawi ngs wherein like reference nunerals are

used .
[0016] t Wrfncthbowrtderstanding efithe netpep,dnd gd verdagesof the pyesgnivaption may
.C onents. 017 I . ' L ;
be realiA ARG ERTTHen e el P PR e[l B the dipwines
whereiniiite e &b e GRMERATs hrenakd thepadbti tha stvecdiirauiegs to Bt 89 similar
Fig. 2 shows a sinplified cross-sectional view of an
compongrisde-filled trench in accordance with enbodi nents of
the present invention. [0019] Fig. 3 illustrates a .
[0017] f Figt sepesisimplifial @ossechombriwnef & wenshiidled et exide utilizing
the invention. [0020] Fig. 4 illustrates a second
convenfsb deRIsEIPIHEHEEEESaccor di ng to enbodi ments of the
invention. [0021] Fig. 5Ais a sinplified .
[0018] r @i @sshotvatal simpbfiechcrOsseatipreal atemso dr-fled wengh in
enmbodi nent of the_.present .invention. [0022] Fig. 5B is
accordagog Wi STy od e PE@’@ RISPMIAYSFHO’he user interface for
a CVD systemin relation to a deposition chanber in a
[0019] mig.i3-itlnstrdsey 2 Syat tlepnsitjonaragesFaggordseg fosenabadimants Pfﬂ’&
.di agram of a gas panel and supply lines in relation to
1-deposi ti on chanber. [0024] Fig. 6 is a sinplified
cross section of a portion of an integrated cjrcuit
[0020] adtpradillngirates & pdsead ARIMSEIORPTRIFES W@E‘gﬂg to FpRatimghts of the
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0025]
odi nrents of the present invention provide nethods,
and devi ces .re

appar at uses, a t heni cal
10021] GaBSIA T B LGFS FOUFebRIBO P VI AT SoPIEH & o

1 h Lap. 4 -nmetal dielectric (PVD) | o
embOd%rhezltéﬁ%lg}%éfﬁgﬁ%@(’g&%?lbggsz isI 3328 trlocf(()rm ?an %S(r);ed "

002 S S S TS S BhgbE  fgPol FRRAD tom

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

invent

inventi

[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.

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

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

5
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foll owed by a P-doped silicon oxide (sonetines
referred to as P-doped silicate glass, "PSG')cap

wo aysn0717Buri ng a first chem cal vapor depositiBeT/(€¢D5/000728
phase, silicon-containing gas and oxi di zer gas are

fl owed while. varyjng t £ t i
cap Leyel.rOR0E F e HebroiFabr et Perdsriont CHP s Hfteah SRt gas and
oxidizer 38 Eu%f@es ; ﬁﬂ@%&fngwgé g Q@eheaR; foshiltingdn Breofoematicasof

en tormed in a subsequent CVD phase. I.n
silicon oxddessxhirithngla himhiscordosGekaagter widlh 20ed, 83r-fHmE g oREy The
. varying.a ratio of .licon-¢o L 0 Nrogce
escis g RS LR CEu R G SPELELIMRREResEsg cptoma
i L4 SETBiliS st BorR g précuiss gas):(RSphapus-
fayer1s ﬁ;\r&g?%gavgﬁh%%abe_lincl o ebogt gent s 1
containihg pencess, gash@xidigmgprerssneas)-r Bigresugh smadaents, g£SSscap layer
t. hus avoj dj st eps..t ha ' [ 1
i oy R LGBR B, B, B 002 e
process HASARi @AY sieb§ that BlagiBR @ecdedinihighérimal badgabndspécts of the present

conventional processes. L Introduction 002611i1 @g 1 os
inventicsirrsakesh usderpiopd vath refesense e e lpHEANODS BLPUYV LYy RIRSPESS:

of trench 100 filled with silicon oxide 102 deposited
L uthttdduciéh @ conventi onal process. Fig. 1 shows that

the 1 ncreased rate of deposition of oxide material on

t e nal Of crbEseLAENE PiekOSE Masaidibitieshch 100 filled
[0026] p??r%ﬁfg%g%gfasﬂg the %rrengh and creat ed uﬁl{%ant ed voi d or
with siltionlb@lde 1defdepbsitbatilizingiarconhentivasinipesss.\Bige | shawg gt the

d | f.f t, ti f '
e
resulte%ﬁlrpglgkg]?ﬁg-?ff Jdrias Picdent cldaed vhivanel vold&Zihholbdefect 104 within

Xide-Ti

ed trench 100 may formpart of a PVD = . .
the featater (\idr64 cTn adiersebnafféoy theramerntion 9h a spRiFOPARTETLCViS Y 1s
. silicate glass .(BPSG . for ' SHR- pheric
relying élﬁ%‘ﬁﬁl?&on slgat dlggﬁ%i #ﬁe%%ﬁ?)ggjf&ﬁ?depﬁg%ﬁéﬁbﬁas been
used for PMD. Such filnms, however, typicall equi re. a
[0027] hiTe cxédtepBied wenshaMRendy toramart o & PMRSUHCRE fféa@ﬂagll\‘/ :
| ass tyansition t.g - i©¥hemical
boron- GhfEResbh R0 SECHRS RELR RS doBdaiit dib oSO thomica
vapor dEBbEfibt SAC VD) Bravesghashetn sdeid dodeDar $uchridomsplew dies typically
~wth high tenperature anneal processes as ;[he|.{. emperature
requireiarti Pl SIERETa AreLARE LB BB e IR ORG§ SBT lPCTh oD
the. subsi t | Bt 1648kt The ubabr e thaiaials,
and allgys gﬁ%fe o iy %@%@r@tﬁuﬁf@?g LS5 Sh 10028] Fig. 1
such ad r_ﬁclte? _s?i;@idg%h’feriﬁﬁirﬁ;ﬁhﬁ\b_id Wit}thgh tanpwhﬁucmarsmlr/]\‘groaesses as their
sinplified cross-sectional view of a.trench, struct. -
inclusigmpm Wtqggatg(}] clgsyiy@ay g@g&re m*ﬁp&f)@aﬁtﬁwqr} V}@ﬁé tlge it is
fabric;ﬁpe:ﬁl\?ngogﬁgs nﬁ}ef[gc?ﬁ)r Aapetitbd o038 se0iedi ment of the

n sone enbodi nents, the oxide-filled
trench.is part of PMD. struct ure, The. oxi er. i .
100281 ol | 0L OSSN TOFh oo b S 8 ch B il view
of a trehQf sﬁ@&%&rmlhalvﬁ%% R0k AP 200 ¥ ddeutARin g uiproeess i acberdance
or a P-do [

ped oxide. In sone . _ )
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
entbodiments, 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
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enbodi nents, the conformal |ayer 204 may be fornmed by
varying a ratio of (siliconcontaining process
w@amp/0(1ox0 di zi ng process gas), as wll be descrtbes2005000728
nore detail hereinafter. In sone enbodi nents, the
f 1 is f ' L. - g
(silicon-;g{xl‘@%ril%ﬁg aa%%@%(ﬁﬁ%‘ilgﬁgé-gégt\é%ﬁ g' prrgceass rggg)!(8X1dlzmg process
gas). T '1hRh 9B oS QbR RE T@U‘dsfhggzd%ﬁﬁgm'eg aB)e B ingtiyzenfgrmed in
er

process gas). "The cap | a 06 may conprise PSG. as a
a SACVIRPE6rirocess, aysasmaFeghopsd GHI (BEQ‘V#}P&Q PEPCgsSsAGIED %@W
[ | asma- enhanced CVD_(. ,
ovD (GBS B BT OBt o e dehcr bR hIALERE. It
specificRinffoRfifient 38latihd o IMID] @&ohfethahlayai 20df doenprisena R-doped oxide,
specific enbodinent relating to PVD, the confornal
and the kayy Bye2iaotlmveluded a P- doped oxide, and the cap | ayer
is not be included. [0029] The oxide-filled trench 200
[0029] OfrhElog@ideiltkaaenol 200 BEFigle dues s imnfudeeakdseaeak seams
~associated with simlar features forggd utili 'n% the
associated wwidrringanfeatyresdegs ek utiipReeRpy Il ré’ﬁ?ségsi'fﬁlof g
: nch .2 ' i LR alBudecdt her mal
S e I G e b ol
Havi ng_descri hed enbodi nents of the invention
L@wmmrected to Fig. 3, which
illustrates a first deposition process 300 according
[0030] t dlzvingeddsadbaiembatimente of fhednnantian sansalpy GHeaiongs dirkegd to

) be. used to deposit a.PMD or er r
o SR BN R s B
inventiéé}% | thdiGroBlR8 80h el HRalsed RAddpeEit a PIMID pf othes kiy800The process may

nprises conformal |ayer deposition 302 and cap_| ayer
take pladepns IVID cha0oHer, pie somplepbulichenl e dagcriked ﬁ;: Bglft?ﬁ eﬁle
tterned over. the. cap,l 530k, &
procesgﬁ)&ﬁompé 158%0&5?%3211%3'6%) ﬁ%)%\éﬁop ?g% Q 1&% %%)afaglérn%épg ?ig% ess Some
embod @@t aIER1 1inesare Pttt ylarthdcmp layerat blocKEAS) ; however,
ot her silicon-containing process gases such as Si H4,

S2H6, S3 . y . : S0 i<
oost RS BRI o B it Pl eatpuiadpaianiiis
tetraetiy@hosiichid QUBOSYXictexien gtlgasitisos-uaitaininggroceds @ascpiaweh as Sity,

nay alternatively be, used., Furthetnore, this.
S3H, SaHipu-rBAY DBRSch A P HHEGHIG SO YRGBT LG CRPZIRg RIS £2s
sl bt oWdhdi ' ha}OJ May alternatively b
compr e e o B g A o e

used. Detidencrd hedehbodimend ¢fthe efventéocie dessribed .forzgapfiﬁog'm]g USG, but
Conf or nal deposi ti on,302

il SR Y B SRS L0202, T 8 RETACUTRE g v
descﬁb%gfu\é%%ér%?éf@ﬂe%@&fﬁ"g?ﬂ U.S. Patent Application No.

07" The process includes flowing a
o051 oS8 B SO S5 BB TGNt s
descritA ) rdR& Hethl & pe9ibudlyihb@paiate] U.S. Paehietb@ibation Ner Bbg47,672.
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-
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
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varying the rate at which the conformal |ayer is
deposited and possibly the conposition of the

waeoosorma | ayer. For exanple, at the start of Pees2005/000728
process the concentration of the siIiconcontaining gas

iy e e e Bl g i ML A5 ining
gas congélﬂfa%fg?ﬁn% Flt%{%[urgggggﬁgrl on 302 may conprise depOS| ting

a con ayer Ing a phase in mhlch t he

si_li con-cont ai conce [ t
00331 S e e RSB CY M S bt
durath'uEll[‘ tHab'® t]rﬁ:h!nhl%?ﬂg@tqg] hai éﬂc@&ieﬁa&egﬂlﬁﬁﬁg tHeabmperaute B imay
m xture I's higher.” [0033] The tenperature of the

take plasa dstingtenfosnaldayer d@}eﬁltmﬁ 021, mpslgmg depesdon 304 é‘flﬂ/ or patterning

metal llg;%%(gse nsgﬁgéh} Eglfif ﬂn@ts Ilflléls F%%anes rﬁgg{agj,‘irgg @19 q!&’ é&rgﬁré‘gélow

about 594)‘@ ﬁlrgﬁ’glioﬁg%l%@ésfsﬁgwlthé AP Statel € ROSInd mbdiﬁh;'ﬁents alpis kayprises
deposition 304, and/or patterning metal lines 305. In
not annealime anydaiir 96 hessubstrite, conpri ses mai nt ai ni ng t he

t enperature bel ow about 5000C t hr oughout processing of
[0034] t FEapSlupstdepégition 304500 takeipludl wemts Edmxampleprf coedrmet layer

oo A0 S SYST L e SUDSIC AL, LO03A) o e
in the Sg.lﬁln ngﬁ{ﬁér i n%{e%'iatg§ Ql?e%a{ﬁe? nc g ?&P&?&%sﬂoﬁ 304 'aﬁeﬁa@'@y may take

then cap’layer deposi may take pl ace
place ek Rirk b f@aiigg teaal myer mmxdtmt ehamhdnef e afulércha@her dyatgay or by

i SRS o BB L T B G

t tHel phloBplfbrélist doit e
phosphgwuts cg?ﬁsysgga At EIH‘sgxii/lg ?Mlggg%rgelntf?on p3 (())gp I HeEMA 1g gas

comprifdsaviethglphogihatpAdiPoyer Bidnt @iamlamgr @pgsmgm 304 alse gy include
enmbodi nents, .t he hos hor pus- nt ainin C [
ﬂowmg 2 s&@mﬁ%@@g@r@ ?s{’f'g%o dg 6ocf g@gas a ed%gé%teﬁgﬁove for

conform@iafdriRphBon 8¢ ude t flowi ng a silicon-contai ni ng
process Sas and an oxi di zi ng process gas as descri bed

o025 LS 1 Tt TR b P B pr R o

enviroh & 346 Carfortfhenide RSdskiadn tietivironnment 31381 dn same/eatbodiments,
form ng aplasma in the environment 318.

the plagmd gmw*lrﬁémeslt ist ehl@glp rlalm Pé%mar@ﬁrﬁeﬂmelﬁtswgl%lﬁar%&ﬂs%_SWV1ng an

ion 1ntt$rm % SLAy Tgi kﬁosgﬁfnl ﬂﬁg r?c% ‘2&% dggg?%rdgg gayer

deposﬁ@fﬂﬁﬁﬂﬁrﬁrigtelfﬁﬁn dlbliut I‘T% toae[boha%rbyd&@g]ﬁl ih isome waypodmagps and from

from about 7% to about 9%y wej ght orre enbodi mal[l}
about 5 #0 #Yodi weisht 1n3>tlg;rteglbg%rwts,\e(:)‘glﬁq embo {nﬁgiis comprise phosphorous

concen%lmgﬁjs J?th% ra gp?‘g' tgpaﬁg)ﬁt 19908y 'w% HRh &S RBGIABS e, cap

concen range from about %to about 10%
layer dBpositdrpinky ir&&;c&tragtﬂdnmv esmymagture 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.

[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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| ayer deposition may include regulating the
tenperature of the substrate 320. [0036] Fig. 4

WO bdoastr7at es a second deposition process 400 aPCDUS:00§000728
to an enbodi nent of the invention. The process may be

used, for_exa S|t. PSG P\VD | ayer
containiBaE8ieeieh =Y R8Lp SYe Sellt-n LGB BT R £ By Fomprises ozone
(03), 024812@3 Ogrbrﬁ%zlﬂ?engrlﬁ%}fedlﬁ@ El‘ﬁg@dlﬁﬂaﬁt iRy SHosPRFO84- t:dnﬁﬁlmng gas

e“process al so" may include patterning netal
comprises TE® 04 @HthopgOBI erﬁlmd’lmmialelataye depn;pog. a P-daperhgonformal layer,

addltlon@bgogag%sg rﬁ‘é{g ﬁblge& &‘f’% g rglgl_ s taloz I§Z}g rg&%:gﬁﬁdg@ﬂuonnate

the ﬁlme ?I%W BFHSmEPHE Aditd 9h@§pﬁ61%$§th9 Fmad QowTd't‘@sz may be used to
I con-contal ni ng process may

conpris
boronate ﬁter f@et, yflooy ohls iay batueed tDE@E)ng)llﬂ eghpé and the like.
siliconcontai ni ng gases, such as Si H4, 82H6 S3H . The
[0038] O)fﬁls%eéé'zﬁ&%bdﬁﬁ 26 Jet@id vifiB¥speelierdoafsmaraner depByitio202 above,

, or the like hi a specific enb g
the ratiqphibibp lneo geses ariydierviarigd § b tooisiaiesas faf‘E@'g Pﬂﬁlﬁlﬂed{ﬁfﬁ example,
odi ment t
oy mai g P Y PSR B CRant S el b s Ope g gf

processFafl 16¥aims B canden@utic otShEéxﬂazyng)prousss aas es thie dfidmi thiwkaess
the film a flow of PH3 may be used ate. the

hosph
increasgs; Wb,ls way bewcempzishedy cither deargasing 1§ aliagéo ?fﬁt@e pridizing
a ﬁcefntﬂaﬁﬁ) sedTdh
pocs gk R R Gy oS58 AR L i
silicon-t6@piaiig &3 andfok Grendvipahteape maymntla@ﬁf@bt@b ove, the
ratio of the three gases may be varied 412 to regul ate
[0039] ¢ t hﬁaert@ﬁl eidfurd RO g'b‘a%gdméd 2XANPhSRh dBYre8BADERafbMgch that a

|Z|ng procéss gas at a higher concentration at
thermal Hil&lgb‘eg |mnexnged1:fd tAﬁaiqscrdméSﬁé’Oa@ deguating the tenprerature 414 may

e R L8 ol A A0SR 6 AP B R i

metal 18k$ 168, FEGhRAM N ih&Es,[thie Wofr@h@es%alhﬁﬁn@g( tiditemperature below
process gas and/or increasing the flow rate of the

about 5@01‘@lthrgagtwt pifeessingraddhe subsirgas Ibsompembodiments this comprises

ilicon-contalnin
not anngia]llﬁg | lﬂy?reo Iﬁlil | §L§a§§? Og(nég]ﬂ?«%% th}? la%plp@@%)f}%gﬁ é‘rpﬁﬁr&geds as
prev101{%?y &&Gfﬂ)éﬂ R4 cdl hybiidpeditionl 8 g4 eﬁFlgnBi, wihick irichules pndvuhhga
her mal budget i s not exceeded. descri bed

phOSPhpecgls’rcamtaﬂigng Bes 4 lmpralatiog éhfzmswlt% %ésw%%b%ﬁmeﬂﬁ forming
cap | ayer deposition
a plasn n%ye&u?%ﬁgglgeﬁ% Eltahﬁgélégl i nesp405y hi sgms

nbod t th t
L NN TR A———

1
a proces%%%i%g k) n@e‘r thi ep?Qfg% rﬁ{?e)lg’égfu gﬁﬁﬁegltsg his I$? Fegxgﬂsi&:i ?@%ﬁl dggfgrma
budgetl Aykéuld bF Qstetlltlgan tﬂ@@pﬁﬂlqng?é.s temds prlm/mowsduycqse@t alj iy glepr
or cap.layer deposition 304 o
tempergies AV e ABSGRGRAELeTt Hibs aﬁeﬁ*§9 despiRaiipigiy ing the

B nd QA APwar SdrReiteati
ratio (sil%%,n Jo%gﬁfrlﬁélg gfd'c%ss a@ 2 télﬁpgfgga{ B8 fntin Agwer ion

of silicon-containing process gas, as descnbed above and more fully in previously-

incorporated U.S. Patent Application No. 10/247,672. The process may be further aided by

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-
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[ 0040] The deposition steps 302, 304, 402, 404 may
conpri se an SACVD process, hi such a process, while

Wwo b@sverper at ure profile may be regul ated so aBCT/WS2005/000728
remain within a thermal budget, it should be noted

pendings SORPRDY BRI LEALE AR B RrOR> dDB 2o a R S 25

2002, & GRS BISTRIVOTEON SHOWHRIEEAD " Dih VaH ol ptardinde criinionly
I con-cont ai ni ng process gas): (oxidizin

asmgne&é@Srﬂ?ataQ Anpplicatzori NWe]rO/@Wnﬁled{moﬁrﬁp@ﬁmber%9 200)3 entitled

s SSERAON, S ENEBRBSAET? s A0uRRFE R A0 a0

1ncorpoﬁﬁ@<h b adtbRAcANOThelémdationd vIﬂ@ngDm@(}ﬁéé‘esﬂﬂg gmraﬁusr ander

ded” by di sbursing the gas uniformy across P
dlsbursmgtihe gace at yaryingditawerfiomdhe yafepraduce efir&sat ﬁﬂ?ﬁtaﬂa most
cess n the m xture increases, the gas nmay be
““esrgmggﬁﬁgé%n@ﬂgg%r to the surface of the substrate. This
techni que and an appar at us fo rac ing it are.

[0041] f (A epnalisiscsmundbmenis e REIRS U AP PRECSEERY 1o8ids more

B

perforngsidihalie 6@cpésidtiad),as doappardny toethesegukdltbdln $ae arramojxrght of the
Application No. 10/674,569, filed on Septerrber 29,

dlSClOS@@d@feﬂént itled "GAS DI STRI BUTI ON SHONERHEAD, " t he
entire disclosure of each of which are herein

. i ncwEgemataeyDepositedreSwstepe. The conbi nation of varying
the processing gas ratios and disbursing the gases at

[0042] \éaﬁéﬁlﬁ‘g d&licsibadERholis A8Botdifg WRdEBodiments O theairbent invention,

that, In npst cases, requires no annealing.
attentiqn0§ 4irpoted teeFigal Avehishilberesn asimgplifiggediagram of a CvD system 510
accordlgxg% IP,I(l) %@éﬁﬁd eeiiﬁ gf 1&@{;({) rﬁlgtclgé Snﬁl%n n%é%sag&gﬂeﬂp@ stidbte Rt performing
thermafISARIVBlrY &sebadi ae i ghafRostesnaphes asldw, d‘nﬁ/lefm,rdimhmg,
i'n the order deplcted as i s apparent to those S dlled
etching, and peftesing firecesseghMufipletstendireeqssrs fen alie/bsinsriormed omg single
r
substra% T %tgr éf(l:tggr ?ﬂﬁlé){l@g tl%/n%lﬁogmﬁé 219@‘?4&6 '_cjﬁ%ﬁe‘fﬁ%r glg%cnﬂtiéj B mponents
of the dyStéeNinchide, @hérgdthas, 4 wacdimehbmbet $l SRhat reSelyesirpeiss and other
illustrates a sinplified diagramaof a CVD s

gases feqin 81285 AgliYesY AYPIERBBYI BRI UBAYTIHE Y5Ped EROtP ﬁ\si%fﬁtﬁia%?ﬂ?lasma
system T9¥isS, 5¥ 5 E&H}dl %ﬁeﬁtﬁ?l hiRanASH R LHInBEndiRe LB RbscriBEEWEow in

protesses, as ot her processe such as refl ow,
ordertdﬁh&@sﬂaﬂdtlfellﬁmnnmverﬁtmhl ng, and getterl ng processes.
Mul tipl e-step processes can also be performed on a

[0043]SI o @V@J%}afﬁﬁse 1n¥‘ﬁtl€sr anV\éﬂctH%er 48392 hbEsing a vacuum

strate ron1t e chanber. The mmj or conponents of
chambemsel Ssvyﬁh ergai nektictegreafithg Aogasatisiribatiomplaierh2fhiaptexided phove the

i ves rocess and ot her es fro
gas reagBpt sy 16,10 oH-BH0E T U ikoarm By e mab U s eeses
througpefreMRMeh SRR 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
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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system 555, and a control system 553. These and ot her
conponents are described below in order to understand

wo b@spresent i nvention. [0043] The CVD appar at BGT/531905/000728
i ncl udes an encl osure assenbly 512 housi ng a vacuum
chanmber 515 with a gas re ctro

[0044] dﬁnsspmemmhqglﬁngqrtgttge 5@(511§t§1 gi%g%eygbe ﬁ tﬁﬁ X%nety described
in either 0? get\ﬁ&ﬂ f{n%égflo%aﬁeé ofs. q”'a%ﬂ?AﬁbH&tlbﬁ aetihMRogasm5728d or

as purge gases, through perforated
10/674,3691 eehesmplme igpsove itlst uriifoumity f gasadleblss@nqnﬁ apthggplesirate and are

partlculaggga}d(vzrq‘rgé@%fl% ae@{fﬁfobspggcneas lfaré trvlagcyﬁ%lls coFce\ﬁﬁ% ion pﬂ%)%g €t some
examplq-ghﬁ’le Eﬁﬁ‘ése\{/o&%ﬁ c6ABiM8ok Wnﬂqrtﬁ’é b@abadlymu%hbheﬁeme 524 (or

position, where a wafer can be | oaded _ar
moveablﬂW&fﬁﬂﬁ@poftQ]ed@mi)rmcb theé P eFitEIOZAS SR §C 5§§11 farger from the

B

s1hcon-éo%a1ﬁ’1'hg Shs RUNPIBRMpabddad t@scdnénteaioatofian @klch;tee&nnhagnng gas)
A center boar d (not shown) .incl ugles sens

and are fedeaspd olosetitnhd swbsiratass be cenceprréu%glrwsfn et Vg the
44] SOE &%p IBSotfbSdahiis R
Concemfﬂtlﬁflé’fgg’ﬁoﬂﬁon g g%shnga%g{rlr tﬁ"crllcle%ﬂ@r Voo h ait n%gérs of
orifices BT ¢l 2 i yributioArdise ateadbsign&d toFia‘oelIdE nipp uifern onxigg of gie
Nos. 10/057,280 or 10/674,569. These plates inprove
gases. the uniformty of gas di sbursenent at the substrate
and are particularly advantageous in deposition
[0045] PITBE Bssess51atludas yn gaancaihoemtmaft lieating gleimsst (ot shayen)
exanpl es, the plates work at i

enclosed@n a p@rgrmg, "HeR e pnie yatsets rthaglfégfl% Ffémgﬂ‘mné)o\}:vaétﬁﬁy corrosive
chamberr g elgé]tén rfc#] o\xfsstﬂg ﬁea&&% gﬁﬁ‘?&hﬁér%r&a@e@ aBb® 800°C. In an

romthe substrate when the ratio is
exemplbh@lfb‘{rhﬂo)duﬁ&ﬁv\ﬁd surfacesef e heater 25 e(xeogad, towheevacuye chamber 515

concentration of a silicon-cont as
are madsorfigeneEnic anatpralcBigE ek EIETRVR Oiled AT Bidin) R alominum
oxi di zer-containing gas) and are rel eased closer to
‘the substrate as the concentration changes (e.g., when

trat f | - i Ni
(00461 rificaghes 04 J@?@%Sa@fgs N R
m1x1ngtb|8§ é&u of %ﬂe?ltar ROy rﬂ&&z 827 rv@héi‘@ﬁﬂ nedlpleGer i1 vhided together

orm XI ng “of e gases. 045 The  heater
and delwesed tocthe:dessdistmibetietplatec®0) JThe et mlme bRe ALY Fprefesbing dual

input e GEOLALE PHRIGR EFRG o8 BT PR LB Sy e ech &

condulpf)éi-'?" 08 kY Re 3P BI5BEated Y hdr@il . Bda$ g@ 6k ;ﬂhsln@al\ﬁomhhe basatoaduit 547 to
to attain tenperatures U{J to about 800C. hi .an
the gasewizing Wogk 52/ cBhegasconduil S47 epaivesseases Fo@ daiegral rpaote

exposed to the ch
microvGaE QTS REER 31 O ah Bt ot ey A g Gsey; Dring
deposi@étPloBaking! & supbReiMonthé plattes20 is vented toward the wafer surface (as

indicated by arrows 521), where it may be uniformly distributed radially across the wafer

nitride.

surface, typically in a laminar flow.

[0047] Purging gas may be delivered into the vacuum chamber 515 from the plate 520
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)
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[0046] Reactive and carrier gases are supplied through
the supply line 543 into a gas m xi ng box (also called
w@2@as71mikxi ng bl ock) 527, where they are pref ePebUg2005/000728

m' xed together and delivered to the gas distribution

o e o g e s B2 B Ry
588, Whlc'hriﬁcléée} Sa%‘éuﬁﬁ ﬁf‘é}fbgr/n§t Eﬁhzﬁﬂﬁ o008 énthdned p%rtlcles are

operates 'to admt "or seal gas or 5pI asma from
drawn fﬁoh&t}@aﬁmu:lanpmnpmgztﬁaml f4ethgaghrihs exigpupl el 6927 2 1atRe

gas cqnduij t §47 rece:t es gases froman integral renote
COHthll?ﬁ?X%@kﬁQ@emaV§rﬁé(St§?’s m 555, which has an inlet 557

for receiving input gases. During depositjon
[0048] prrhemmgucrga@vspbpma@mst@m %ﬁéalpp@rdéces%laﬁ@a\f@rﬁe@ﬁted

;
applicatgy Boh 65 RAPISE TP ey PSSRy R A 0 pass
wafer. PREmYSSRIcsH6diRe in thepbitaelYashta systeans 5afrorhipoevurdopOstipplied

Purgi ng. gas may be delivered into the vacu ym ch
via the 58t lnedrh/tadie Sqﬂt ytacthg pondypicfy4d fongdispsipian ﬂHBPg @gb SEO to the

ot ,sh thr % | IQ&H L
Vacuumacilglé]#@i @1\’% lPiecur:g Li’%plﬁ%sgflg% g Qfgglgrﬁk }Q@é\ﬁcaﬁfm 1 peitlet %oenne
chlorlné ah@bthepféact@@esélembﬁs hghat ssmd2 ﬁnemWaV@pkasma myaii¢ra555 also may

npi ng channel 540. An. exhaust syst.emthen.

be adaptqdéo gggosetatgaqmﬂjm@gxpgqﬁ gyDaflilpbsV@/ wiEsing, ARPTPPEA gﬂﬁqﬂsh}on
precurs§ MRLIG, GRARNGL » %}é@e ?rg\lgrom{f@ ﬁ@m@@ys@é’rﬁ%lﬁt l'ine 560 to

&acuum System ch i c udes a vacuum punp (not
Exh d ent. d ticl
[0049] 3 BeevitpBriP TR s A AR B AT e e goER B SR e

depos1tf%ﬁll3§{§ﬁ1 lTlﬁ%ré&@scﬁtS 58 e&@éu@es%%t%ﬂh@ohﬁsl doftwanrd, RucH 4d aEcomputer
e system 563 The renote m crowave

prograns yioteinn 35bemary fdrOadmpbdao Fheagmﬁsmyﬁ 58 Peafeably, ?he memory 570
appl i ¢cati.ans, h as chamber [
may be,@é}a;rq,érs]éfépa% ? EUITSR, emeg?ﬂrgg § g@é{@% o\j\ﬁg giﬁrﬁﬂ;ﬁ{f%emory, such
as read DRBFIES oRF AHEERGndoryNen heiTRbeton] B ddiskyisiver(e. 55 memayms70),
precursors supplied via the input |ine 557 argnsent
the cvm @paﬂatusddﬁdm aprefared onbeiment wrlydes hflepryhdisln dripg Hden card
Sgl o, t he vacuum chanber 515. Precursor gases for a
rack (nQ4sBGWAhg appl i cation may include fluorine, chlorine,
and ot her reactive elenents. The rermte1 mgt&,r owave
?'g°

[0050] p| Bermaoespsarér() wgraﬁssagcquylggg sgﬂ%pg@tr a&grp grammed to
opera‘regth% gg\{li;e[e %%%r ggtoca@nfréﬂllﬁ l?s}élo%@cjl R&kinD @o‘? RRERPIe! fFof

ursor gases for use In the r enot e
mstrucﬂd)rfsrrﬁé{\ﬁ&i@ta[ﬂ S MBnigy,shixmrb bb gas[eﬁl@:h%bé’ﬂmem ehamber
controller 553 controls activit..es a er at i n% £ cular
temperplare REEIOFEVD POV Bl USSP PFIEPRAD ﬂ%é L P 2B
process, Xﬁgﬁlr }a (r?}] S]'?l}{ e@:ﬁ%&ﬁﬁt Judh 2S@HLNRERd of Wekkr %@erﬁ’or?@ﬁﬂluthﬁg, for

a nenory 570 coupled to the
examplef @ﬂ@pls}ﬂdhsﬁ b and?hefcengintey pragrampeedicl insated-inye dek drive or other

appropgg{@g}n%ig? lgag g,]lég %ﬁélg%{, gpoc]:pgc % hséeprctmessorrT%gB td con %u%e kt?fa\lD

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
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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as read-only menmory or flash nenory, hi addition to a
hard disk drive (e.g., nmenory 570), the CVD apparatus

WG @siom7ao pref erred embodi ment includes a fl oppyT/UiszKks/000728
drive and a card rack (not shown). [0050] The

types. TR endRE g R EAIeE S e RRTEEHE A Lo ey I g 241

addressﬁtfse met hods d| scl osed herein. For exanple, sets of
'nstructions may dictate the tlnlng, m xture of gases,

b
oosa SHRIRE" B GRRS SRR R Bl v B
chambef’ﬁi ¢. 1Bl @UDiRessSEs 5 1@Rend&THe ld:h&hb&fﬁgil’rﬁﬁhwhamherasstem

ose stored on other nenory includin faor exang
Wafers flagibpyradsfekred ﬁoanmmn@mmmepqu@d&maldaaass 2" In some

cases ﬂlﬁﬁ‘gﬂ?r }s g% tlffagls% dlgsutlklgg r‘lﬁa\éﬁ 2% g%@l@&te@%&r Op{d 1%6?&1@5 b#@seen a user

he "processor

-and the ?%Eés% {s&i4 RERAVR oSt ﬁma%i;@ ailighDpara§ 13busA H}ap‘lfr%)m,llmlt 575

h
provides Hletiriolp NG 257 e SERT UGS {06 VD BRPARE D10
Exemplgpglat al R&?ﬁlglﬁt/s o(%lrtngéilttﬂflg QAhdfe 111 Qﬁﬁ(/a%ogﬁﬁélg%f MV]??

rol'Ter boa rious parts of
apparat@‘/Qe %Mﬁ'&ﬁ[? Solfmeeidlgraveilabld hBEthV@RﬁﬂIS’EQINISQQO% itlep@BNTURA

(VME) standard whi ch defines board
5200™¢ grribe PRORIVGERSS BN sysiems fipasAP W@ﬁ?ﬁﬁgﬁ%@f of Santa
i nes the bus structure having a 16-bit data bus and
Clara, Zﬁ 2. addr ess bus. [ 0052] Fig. 5B is a sinplified
di agram of a user interface_in re?f%trlon to

[0053] aﬂpama@ amb@ﬁlmﬁ@é%t“mom’q% e su-t 8%@10%&’63 " gTVlf&eea& room
wall 5 7? &glht e gpord el r? : @ T thLSRaIRGhe SUR e Mo MAL 86rFiceRYChAR ans.

om one chanber to another for additiona
Both mBhi¢E 593 mgmuuwnam@m/ dlqﬂejsthb lsanmffematmbmtrcaﬁx pg gl pen

573b 1S@naéédviﬁ%ﬂé"w$ea?53§§§§%tp§ Gt Bt G BT R g

sensor ﬁ} ?ptof e/ IRy seﬁcf@gﬁftlﬁﬁ‘lﬁ?sdﬂééntorff?u%tibhoﬂﬂed@srator touches a
|ca pl unbi ng, and ot her support functions fo

designdtéiared/bf &Bpﬂmpmm&h@nd Brehep Itlrmhptmmfth%\n@l difbe gThe touched
e SR OS5 BRI R Tl 0

com EFAEN N0 ) SV S0 b0

asa keﬁmma rﬂmemr oaripodrtingzor cpmm}catlﬁn deyige éwdaﬁ %S@ﬁ ﬂ%stead of or
s SRR Yo SHoUIEE IS RN e gt

the wall 572 for the service technl CI ans 8
(00541 ot 5 S1573tes SiaenPEbAEIST P PSR ITAE o SeC VD apparaius 510

n rela‘uor}c to arghtslsggply %la{rtlel%%b%c%k% th 12 ¥ anRE8m. As discussed above, the CVD
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.

[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
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573b is enabl ed. The light pen 573b detects I|ight
emtted by the CRT display with a |ight sensor in the

wo esofi17ahe pen. To sel ect a particul ar screenP@I/US2005/000728
function, the operator touches a designated area of

t he di spl d h h :
and ozorG153 | FHE bR MR BIHGESOT s SHPERh Sl b by from the
gas suppi%pﬁ%ﬂ S%\% %@ﬁe%rg%c\?}ééﬁﬁﬁg 'é(? Flfélg%tg Lk@ppae 1iné 944.1 THE P& supply panel

i-on pen and the display
530 incliddsaRRs frbfn W Siguidaiohares 62 thatprovisledhe processkeasesdar the

nmouse, -or _other pojnting_or. commni cation L.ce: ’
selected ppligaéieni Abe %ﬁwplyowanﬂgé 80s IBW‘{goSYP%El ?%S’r\ﬁ‘?{;%‘éxﬁg%e"ted
gases beE??rg 310Wt0qilé ?%éol@%?n%ﬁg}f 530 QRIHMBIABbEINYNtd) ghrixing system 593

essor. SCillustrates a general
includesoVRquidl éxjecfonaystemifod v apenizingfreadtant GYWds SpPel 3t us 510 i n

da
S B oS AR P e 0
vepor RIS o s, 20y s bt o o

for the pOekss gt emayiinclodm( pshpit-aginaliy SP Matsan by 1iedit gltomatingly or
%57 ment i oped above, .t kX ROX (1D AiGui B AEWm:
. iD4i i
manually s}g}lﬁ-@% g}q:of\qq\% f)ggl‘tolctﬁsg g&%%% Iﬂﬁ? g%ag%l%gesg » 2l d(lgl lélg%cﬁﬂ h@e ers
S QtFRbn GRS e Ght inbirgihe floer dfigastor lighid thBgh the
(LEM) %ﬂe&%r?%eggg%i ng clrl1arrber 515. [0055] The renote
supply limesr owave pl asma system 555 is integrally |ocated and
nount ed bel ow the chanber 515 with the conduit 547 )
[0056] g%[sﬁl dﬂ%é(ﬁﬁlﬁﬂi @ﬂﬁﬁhﬂ@lrbhﬁg@%% s |51iﬁict)m (Sj@ttree way deyged with gas
and the gas m xi ng bgx ., _|locate e the -
mixing syserh 8P3 515 depasitionpioeesy K5 Paiiag aéﬁlf% 8?‘%@?}1%% ofrhes PO1sa
. ...are locat r e f ; £ BuBPlei-typet@sboxes.
liquid sgggrge gﬁg n?%%ef‘%g%&%%ieﬁ}g%b%ﬁlggﬁ&ggn gﬁj@Soéo provi o °
Howevél Q@ihhMQnﬁa?&gss%stbrm fs?rghﬂeid; apiipyovidesereua. confrel @f&ge volume of
supply panel ! includes lines fro S.Qr. -
reactant b@id guTosneed Mg e 23y e ﬁ%ﬁt?ﬂl-o%% qugé%gyp%"&lr”?’?ﬁg"ted =
fine spay l)?f ﬁlé&qnt% Rl &eg'g%ll %ﬁ'f}o-&hﬁefgﬁsoeﬁiﬁlﬁli)&e&dm@h heed hasddivery line

system at m xes selected gases before
585 to fhlke@us hixing elaghandickamberb ©neS2 More RO eRfe SUTRAS PR EFH @) or

ozone @gi flg]m)sc!p gtge %ég&)?z{n anlggh:,aglgb%gggs c%lia/%r&g.isn%séggjhl%gﬁsé inbined with
the reant(tﬁﬁltr%%gsrﬁlcg{g g&;ﬂ@& bhd @fvery([nbEE8 near drrih ehdwHandeat OF course, it is

, triethyl phosphate ("TEPQO'). Va%or from
recognizbé tHait qthierisouireesies dapanys, stliepnrrad oxyEm S ERYi| érusﬁ‘Ls,

such as helium Supply lines for the process gases may

v, | NEldolfak/ Qensibotidueiol Swabas 595 that can be used to

automati calTy or manually shut off the flow of process

gas. int I.ne 58 li.ne Cidia)y oG QI 700
w5 e e Sl
accord/fRas 4h @nibb@inhdrn@ of fife peaenninvéntpni dstshowugh Fighéd, thepplegrated

S e N R LTS, FUTE O e

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

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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m xi ng system 593 in a deposition process for formng
a silicon oxide film The TEPOis a liquid source that
woryslogiv@por i zed by conventional boil er-type BET/US2005/000728
bubbl er-type hot boxes. However, a liquid injection
rovi des greater ont r ol

stemis preferred as it f1
contact&%%l vihepremefal é@&&%%leyerrﬂ Er%ﬁy GG RSHEI N Yk ?rem@lﬁe ©
layers. 'Tlhx H@aﬁé&} o is: is dlt*fglﬂ" rﬂrﬁthlsl@éfﬁ" =l b, '7@4 efideth6amchuded in

Spr e carrier gas flow before
the mte@@tdd@lﬁ&it |709r Edclt me’aﬂ tayat 8 dem&edi &Iom/@h gcenf metab syersdy

1ntermetgthgl egzzmb ?o’% c{] 2%90 nzgdjegirgbt me \A%Eeasn%)rrﬁe ﬁ:ﬁe%%%?
selectec%M %eﬁﬂ%% b 'W&shﬁ% Q’@élaﬁ%éd }? : EXafibRy&8 330 e dpositatuves the metal

e’reactant gases om heat ed gas delivery line
layer 74885 near or in the chanber. O course, it is

recogni zed that other sources of dopants, silicon, and

[0059] OW Qiﬁeorﬁl)ﬁﬁe [%!}ér @%o‘dﬁ&ﬁaccbﬁdmgibelmﬂnﬂfoﬂuﬁa[ﬂdf dmjmeﬂent invention

Structure aﬁ illustrates a srnpllfrg
may bemsawfgemom namow elihe tlickestiiqlazefs shewn & méggrateq pigcuit 700. For
accar.din an enb
examplg.a %1{\6%&? a Epfar mgy 8? iﬁlg%r% tcgefa’?ea?&rgﬂ ('i:sl%?egtblfn étﬁ\éﬁ% 789 A silicon
oxide 14y2¢ bsjsipaed\Mordang td:’rM%réséﬁﬁﬁvamon snafQlscelriusea 6o cmhtred’rMD
are separated and el ectri call ? ?Eﬁg frome
layer 72>1t mtheﬁyglmulwr frtpeaialidielsrare B oROE RO n2g20
; ef %H er, field oxide isolation can be used to
n1mcop%8 &vi ces, or a conbination of isolation
chni ques, may be use the t

[0060] arfy siigen e@ﬁlﬁ e Qoo icar g ogh ST A Ghg g invention
may al%mll?ei r 0 8 rﬁ%%l\/%% Iﬁr Z&Js QPhifh 8re ihOBE& m%oﬁfefiﬁﬁtg?dted circuits. In

yer 721 separates the transistors
damascEﬁé%lmﬂ; ZBBtnketdaydrmsedemslaEtd dvay esubrirete, oflediivebneielad thipygh to

e RSS! P 4R P L IS B SR g gpc

724. AGRIRL rﬁ@calala%rrig h6pdsR¥Era seEoritlinkRt egositdnds pélﬂfrﬁm‘ﬁtaﬁﬂ
ayer (40 is one of four netal |ayers, 740,

selectivehyl etma Thecdtelwddireas arhiben iilled rathaaetal amelmtctherl@@ck earacrllshed to
92% | ayer is separated from adjacent netal |ayers by
form via§/éPret al  diel ectric |ayers 727, 728, and 729
Adj acent netal |ayers are connect ed at .selecte

[0061] opreahm@@ bbynddretgo st oISk Fod<gERse] SR PO Lustrative
urposg§ ?r?lx o ng)? dlrlagg sgl\ﬁeﬁ tltrehﬁtt gﬁhac Cfal%%féﬁt thé gres[aﬂtqggtllod\for

epos
fabrica@iBR 0dbiieRintéprated eirQiiBs aRrh ak MiewbicoassoEsy aﬂqﬂlca‘sen}spamﬁc
formone or nore of the, diel ctrl c layers shown in

integratqsh citghis ASIGs).cuemoryutsviceh And fhgdiliee 2 silicon oxi de
| ayer may be used to create trench isolation structure
[0062]7 2B avifig Bedcribed severa endbaytnents posill edeeagmizedibyghess afiskill in the

resent invention may.also be used to cre
at thabpgionpmor e AP BHOTAY Bt AT G EE P GAGH e e g G ithout
departifig Fofi? the¥pirli st 1RYRVEMIAI 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
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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i nterconnect structure. [0060] A silicon oxide |ayer
deposited according to an enbodi nent of the present
w0 pwsorizan nay al so be used i n danascene | ayer BCT/WB20051000728
are included in sone integrated circuits, hi danmascene
anket |ayer is deposited over a substrate,

Y,
WHAII S tched through to the substrate, and then

filled with metal and etched back or polished to form

met al 1cont aChiethodof AfAES i @eMRH By ddfMeit rhiSed features on a

deposi ted, a second bl anket deposifion is perforned
substrajg §OBIIERE | vel y et ched. The etched areas are then

ST PO R L g i

the substratg] i fied integrated circuit 700 is for illustrative
pur poses .only. One_of ordinary skill in the art could
i npl ePEMIdng@ finve ek oxdizigrPesssingigpy odbe shamherot her
i nt egr, AN E NI iy IS, .
appl | Gy g aiol bEa pilEllBe BbRERRIENARAM T ens fo the chamber;
menor Yepesitinges firsh portionef laiPkéope 80fzah okialei fiim deswmbstamtilly
several, enbodinments, it w.ll_ be recognized by . .those of
confongp(]i lpyeriip, theygap gxrytcapﬁgg ayeaction betwsan fheéélgqogr@p aining processing
thépi b Sorfif) | xy@L; u i
o, EAROR AT SLEOEE o2 AR IAL o BI B 98
depositkrgrthe xemipireal laydr lkonghsesmaodhgenirdingd a tdtie qfitks@ilicon-containing

L.nvention_have been described with spect to .
procesig SR FOSPBEHT SO/ G RS BE O LR FoRssing gas) and
maintafhifgQ6é &g cPNaFChARP AfstrhB GeRMEout SYPCSthrABHbEd RPB4iliYa of the

a number ‘of well known processes and el enents have not

conformpeldayedeansk i bed in order to avoid unnecessarily

b ' h t ] tion. di ngl.y., th
above MR HePBHOER 8 TP BorBE o SReraqbe silfber pgds flm ase
bulk lageOWBerefn depBsitiny @REdoRd poydtinCdt th@ﬁﬂﬁﬁbrﬁﬁﬁsésﬁniiﬁt@irﬁn the ratio of

_followng clainms, WHAT I'S CLAIMED IS: 1. A nethod o
the (silicpp-cppigingn gpecessingrias PRy Phajphetas-copiageng PWseHings on a

(oS | SERG. .- B OV| f .
00D S STD) M SR L Bl oy e
and mairhsiniighd teatperatpre@fitith substBaté betowadboans @ Cdhiiuglout deposition of
processing gas to the chanber; providing a flow of a
the bullp layebhor ous- cont ai ni ng processing gas to the chanber:
depositing a first portion of a P-doped silicon oxide
filmas a SWisiantd of dinf PHRIRLrRYRE: | N the gap by
causing a reactlon between the silrcon-containing
pr oc e $lsirerdteg gmitetngz mios hinsranthe substraienivegtherfodesdisiion
oxide f&%_sém?nd t he oxi di zi ng processing gas, 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 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 metal lines

on the substrate comprises not annealing any portion of the substrate.
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depositing the conformal |ayer conprises varying over
time a ratio of the (silicon-containing processing gas
W@ bkas/opitas phor ous- cont ai ni ng processi ng gas) : ( BXRI/US20510p0728
processi ng gas) and nmaintaining the tenperature of the
substrate bel ow about 500C t hr oughout deposition of
the conforpml |ayer; and thereafter eposi tin . i
secontt por Eﬁ% Hleg%/(’dtorfé?mdo E’i’ﬁreér? fl\e Bhéj%% g ?Iilﬁ%rsn%%%i elasmmde
connectpfél éﬁdltﬂé’ﬂd’og@@ SiiieboLiaP afth bMPridessaHeRsetatitleatic ¢dyet.he
I'l'm conprises maintaining the ratio of the
(silicon-containing processing gas plus )
phosphor oug- methiodion fiflings LA pd by adipcqub xaisrdlepiyres on a
rocessing gas) substantially constant throughout
Sm”“”%éﬁﬁ@???ﬁ% of the bulk layer and maintaining the '
t enpepaividife affldwher Sehsdn-edneaibiak proceluing g&0@ chamber housing
t hroughout deposition of the bulk layer. 2. The nethod
the subgifate|l ai m 1, further conprising: thereafter, patterning
netal |ines ubsk: 3¢ -HOBSfnsd | con
oxi dePFTIGHe %n%é)wngfar?} %ﬁ%‘%ﬁ%ﬁr ﬁéeégiué gsrtgttﬁt?e of@tr’he
subst gapeithel Ditsapoeivh ofva sipe zida fdmais atsbstmatipdlyegnformal
~silicon oxide filmfroma Qﬁin..in tine.innediatelg%ésandthe
layer ingthe ap e poAsing dFFaghon PRWERR ke F@%}F“’Pﬁa}é“%ﬁ’rﬁ?eﬁsﬂlgt e
... .after_npattern; BY&SdohdrBes varythg@ver
oxidizi e e T s Sroar 1 &
time a @fio i theysitisbn-abrtamihoproeessiagizos: (Psidinapracessyig gagband

P- doped silicon ide fil roma i in ti "
mintainiagoE SURISETG & RSP It L8 o gy algepogition of the
confonBQile eri ntime after patterning netal lines on the

subs

rate conprises not annealing any portion of th%
subst rtitreafter, déPositing aisechndfporica ofithe Silipes exide fifg as a bulk layer,
.Substrate co I ses ni.ck Suj Ci I 2
e ARV RS S a B RSB, SOLRAS g, A o
(silicortlb&@ltSifie! frol RVIRE gas): (oxibizNed frockssingigab)l subgtantighpronstant
defined © y adjacent raised features on a sub trat%,
througlomrndepsitionsas the julk: laysr evd apyaiping) thefegipegature o the substrate

il - cont ai ni [ ' chanber housi ng
belo ot S P B R S By e G2 g
pr oceshbRef&a8ejoRitinge cap ddyle complésing b Prduped silicos bxide film
_portion of a silicon oxide filmas a SlégSt ant i aﬂ}hg 1
while roainfaining the supetrate heloweabguin’19°( throyghery dsposiiqn pighe cap layer.
bet ween the silicon-containing processing gas and the

oxi di 24 NG PYACHRAA% ORI SARRHE! SorfiGResE.LI ng the

conforral |ayer conprises varying over »
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.

7. The method of claim 6, wherein 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
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time a ratio of the (silicon-containing processing
gas): (oxidizing processing gas) and nai ntaining the

wo eowperature o f the substrate bel ow about 500BCT/US2005/000728
t hr oughout deposition of the conformal | ayer;

: t hereafte'r I 1] . ' . .
time atly phEorng i RRT o de Wofrf FEREERRnhl AheRile horion of tre
substraf®. second portion o f the filmconprises maintaining

the ratio of the (silicon-containing processing gas):

(oxi di zi ng processing gas) substangially constant ..

t hr oudhout ZeBIsBWAf GFPCESINS hEFTHGP chyéﬁb%‘i%@ COMPIISINg:

mai nt aj.nj .at 1 t { DaRBEOMSusing th

about P e R R s the
substragfd thereafter, depositing a cap |ayer conprising a

P- doped silicon oxjde filmwhile maj rﬁlai ni t he

subst PRCAAIBEARE™E BEH OEBiBE RIRFSE §RD: _ BRI on o f

the capdifyteacfion bdth@ed Bl @Qi%oﬁ-_cﬁnfélrﬁh@?ﬁ»cesfstg'ab agd the

a

conprising: thereafter, patterning net lines on the
oxidizisg pscesstgas v Gt heilicondayidalagér dnctba sebstigte; f i | m and

mai ntai ni.ng the. tenperature 0. f the subs .

T Rl A TR RSB BB 49 tovea
into théhahltRr B SRR adaidridemuditni otehd dilivad ¢:ade on i@ sabstidte; tande

I mredi ately after deposition of the bulk layer to

poi nt maintainieg thctsabstiséa ater APIRY westlaw tempestyR of He silicon oxide
substrate. 7.. T .ho ' ,
layer thfRughow H&Cﬁﬁsﬁgn?ﬂge %T%Aelc?ngiﬁl%ﬂé?g i ?Pg@bf the substrate

bel ow a refl ow tenperature of either the silicon oxide
fihn or thelR depedostlhine Bywhettiendintamifg the sabguiteiet dripelow a
time inmedi ately after_ deposition o f the ? | k Iaé/er
reflow tenpergisra Rt the siligen axide faypath el NPT RETSEPE (O ﬁé@sse iidyetor
u rl eal ing any portion of the
substrazeugoﬁérgsiegpS@%ﬁxﬁlmggﬁbg?r ElI%'rocessi ng a seni conduct or
substrate, conprising: providing a flow of a )
si | i coi: corTlad methgd pf dems §, wheretnghe sidihembride hayigs Pegprises a
et&ge,%ubst ate; providing a flow of an oxidi zer process
pre-mefg diglertie BYehanber : causing a reaction between the
silicon-containing process gas and the oxidi zi ng

pr ocesg  gasThOmESbALACKIh BC@herei tHe shitayate dimprizes a gap between
substrate; varying over tine a ratio of the

adjacerftsiutfacesnansbwherieh thg sigiget) oxidg isddeppsitpdgadhe £3owed i nt o
the chanber to alter a rate of deposition of the

silic . OXi f‘ﬁe ﬁ)lnclthtoﬁ%f BT t8,r FhEeirfR 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 TEPo.

15.  The method of claim 13, further comprising:
thereafter providing a subsequent flow of phosphorous-containing process gas

to the chamber.
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mai ntai ning the substrate at or below a refl ow

tenperature of the silicon oxide |ayer throughout
w@e@s®ssiung of the sem conductor substrate. 9.Pdhes2005/000728

nmet hod of claim8, wherein maintaining the substrate

at or below a reflow tenperature of the silicon oxide

| ayer. t hr oughou r i,Ag 1 £ QR i

subst }éat e Jgg%?fhsogso?%gaf a%g’nea F%}%b%tl@gﬂé%bst r gf:rg\.ﬁ(.hfg.the
subsequéRterl R bhgkbsphoebisicsmtiningrodss gadte thé thandrer,oxgdatin gy pressure

conprises a pre-netal dielectr'& | ayer . lé The nmet hod
of the clegfmbysir 40 APESSURER & FNLE FOTS YL 20 B’%%W&’PP% 0 QTyapn

bet ween adj acent surfaces, and wherein the silicon

oxi dejys. dTBg et diiiia s9aRther domphngRItIRGDrevidigahen

8, wherein e substrate conprises nickel suicide. 13.
subsequbheflow bii phosphoriuaicomBinirig probess gepiephe shangbqyr SumingRgplasma

flow of a phosPhor ous- cont ai ni ng process gas to the
from the RERRBPTOYSCPHGIIANE FIRESSH 8T 0d, wherein the flow of

silicon-containing process gas is provided at | east

part lM{&d ur iRg mtddSod d MBBiRErT, Qherehdthe Presnitid adienfitycgraatar than
13, erein the silicon-containing process gas

about 100 ripus/@e’s TEOS and wherein the phosphor ous- cont ai ni ng
process gas conprises TEPo. 15. The nethod of cl ai m 13,
furth conpri sy ng. .t i &Mb?ta?té‘%ﬁﬂ#ﬁ .
flow Z? . phg%%%%‘ﬁ%f-pgg%{sglﬁ%%Eémgogg%cgs gasrt o the ﬁfg
chambgfoviéing B wiet heitlcdf-cattahimg Phocebuigdsitera chamber housing the
conprising, while providing the subsequent fl ow of
substraighosphor ous- cont ai ni ng process gas to the chanber,
regul ating el ShRTBSS ol ehaRMIRESUr € i N
a ran@gﬂggggfacgiﬁyéﬁ%ﬁ%gr q?o a uto760 torr. 17. The
met ho%r@éidi@gai ftowl 6f a plurspherous-oompaingiguyocask ghsto the chamber;
provi di ng the subsequent fl qqw of ..
phos pleBYBIE 2 ESFRHAR B ﬁerb}hgéggzgn-dzggtapgng RIOCET P oxidizing
A T -8Ralm Qs BhaK 8 PSdoped bidichh Bide layer on the
processf pfagggéﬂ;&gthg ggbﬁilgﬁ)ug Bl PR

The nethod of claim 17, wherein the
substrafd; @agda has a density greater than about 1011 ions/cnSB.

19. A method of ing A seni cond , |
corr NOTHES OBTGURGH OO AR P oS S S
gas):(pgésg)?}ls _ s%ﬁta?rﬁné‘gé‘s kRl ih1e vsd danibRetosalies hira@t ef deposition of the

Ing a ow of an oxidizing process gas to the
silicon olsaletvarthe substrate.

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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providing a flow of a phosphorous-containing process
gas to the chanber; causing a reaction between the
W@ RdosODIT4€oNt ai ni Nng process gas, the oxidi zi ngPET/OSEET000728
gas, and the phosphorous-containing gas to forma
P- doped silicon oxide |ayer on the substrate; and
Va1 B OV Pl OISRy (1R AR Biohess g
gas): (oxi di"zi'ng gas(i: phosphor ous- cont ai ni ng gas
comprifes WS amtt Whédkd b phtiphotons-abiteming pratess ghs depprsies ifg#Fo.
of the silicon oxide on the substrate. 20. The nethod

of claim19, further_ canprj Si mai nt.ai ni ng the

subst Pat e ér_{heé’ileﬂé‘é} ‘%ﬁlﬁﬁfn y&é%‘lnﬂ%rtcgmgﬁlﬁgur e of the

P- dopggh Sl ?Ecﬂli(ﬁﬁ deubRY &t f18%- of Ph8spREdRCtontaitihabiicess gas
19, whereln e substrate conprises a gap between

to the chginbeaent surfaces, and wherein the silicon oxide is
deposited in the gap. 22. The nmethod of claim 19,

wher ein t he.P-dgpe il.ic j : j :
pre- mbal  ereahed ot yErS b Fpl Bl Sher R bOTRif te
subseqicht AWRESAIHBspHROELELFEh e Fmamgas &s thei cbkmber, regulating a pressure
silicide. 24.” The nethod of claim 19, erein the
of the obpibente-apressrninrgapeoienabgus?(04aE e sRt FEMOTENJ
wher ei n t he phosphorous-contai ning process gas
conpri,sses - f iR 2dhilE YFdviBhe the
conpr i2§r ngﬁ%rel%g?tég? ?g@%%%rfgﬁﬁg Cao éjalks){gﬂeghﬁ]gﬁ iEjf | ow %f
subseqidin Sohos o spltod-cintgnipe poesss grado the dihmbet deipang a psma
The nmethod of claim25, further conprising, while
from the b sRIORRIS IR ANHE BERFERY 31 ow of
phosphor ous-cont ai ni ng process gas to the chanber,

regul afgl Ng P dHLEHSH bEcI9Hm bNewkdiainiies plasmahiy £8&1site ghdater than
a range from about 200 torr to about 760 torr. 27. The

about 198t foasfcf. cl ai m 25, further conprising, while
provi di ng the subsequent fl ow of
phosphor ous-cont ai ni ng process gas to the chanber,
formng a plasma fromthe phosphorous-containi ng
process gas. 28. The nethod of claim 27, wherein the
pl asma has a density greater than about 1011 ions/cnB.
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