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RELATED APPLI CATION 5 [0001] This application is a nonprovisional of, and
clainms the benefit of the filing date of U S. Pat. Appl. No. 60/970, 884,
entitled "I NTEGRATED PROCESS MODULATION, filed Septenber 7, 2007 by Anchuan
Wang et al., the entire disclosure of which is incorporated herein by
reference for all purposes. 10 [0002] This application is also related to
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entitled "REDUCTI ON OF ETCH RATE DRI FT I N HDP PROCESSES" by Anchuan’ Wang et
al. and to U.S. Pat. Appl. No. 11/757,637, entitled "GAPFILL EXTENSI ON OF
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and/ or  pROCESSES” by Anchuan Wang e al. and to U.S. Pat. Appl. No. 11/757,637, entitled
“GAPFILL EXTENSION OF HDP-CVD INTEGRATED PROCESS MODULATION SI02
PROCESS,” filed June 4, 2007 by Anchuan Wang, the entire disclosure of each of which is

15  incorporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

20 [0003] One of the persistent challenges faced in the development of semiconductor
technology is the desire to increase the density of circuit elements and interconnections on
substrates without introducing spurious interactions between them. Unwanted interactions
are typically prevented by providing gaps or trenches that are filled with electrically
insulative material to isolate the elements both physically and electrically. As circuit

25  densities increase, however, the widths of these gaps decrease, increasing their aspect ratios
and making it progressively more difficult to fill the gaps without leaving voids. The
formation of voids when the gap is not filled completely is undesirable because they may
adversely affect operation of the completed device, such as by trapping impurities within the

insulative material.



5 dissociation of the reactant gases by the application of radio-frequency
("RF") energy to a reaction zone near the substrate surface, thereby
creating a plasma. The high reactivity of the species in the plasma reduces
the energy required for a chem cal reaction to take place, and thus |owers
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film  pressure employed in HDP-CVD systems provides active species having a long mean-free-
20  path and reduced angular distribution. These factors, in combination with the plasma density,
contribute to a significant number of constituents from the plasma reaching even the deepest
portions of closely spaced gaps, providing a film with improved gapfill capabilities compared

with films deposited in a low-density plasma CVD system.

[0006] Another factor that allows films deposited by HDP-CVD techniques to have

25  improved gapfill characteristics is the promotion of sputtering by the high density of the
plasma, simultaneous with film deposition. The sputtering component of HDP deposition
processes slows deposition on certain features, such as the corners of raised surfaces, thereby
contributing to the increased gapfill ability of HDP deposited films. Some HDP-CVD
systems introduce argon or a similar heavy inert gas to further promote the sputtering effect.

30 These HDP-CVD systems typically employ an electrode within the substrate support pedestal
that enables the creation of an electric field to bias the plasma towards the substrate. The
electric field can be applied throughout the HDP deposition process for further promotion of
sputtering and to provide better gapfill characteristics for a given film.
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[00071 It was initially thought that because of their sinultaneous
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structure 108, i.e. the second portlon of the figure fromthe top, a
convent i 6FAWHOMm bsforesthe gap it coxmielydilledposi ti on process results in direct
deposition on the horizontal surface 132 at the bottomof the gap 120 and
on the hooogjont al Elgrlfp:@@ﬁiei%e&tmverdsheecheﬂilwn@ﬁs df%slm&a&ﬁllm atal so,
however, results in _indirect deposition (referred to as "redeposition") on
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20  deposition process results in direct deposition on the horizontal surface 132 at the bottom of
the gap 120 and on the horizontal surfaces 122 above the features 124 and 128. It also,
however, results in indirect deposition (referred to as “redeposition™) on the sidewalls 140 of
the gap 120 due to recombination of material sputtered from the silicon oxide film as it
grows. In certain small-width, high-aspect-ratio applications, the continued growth of the
25  silicon oxide film results in formations 136 on the upper section of the sidewall 140 that grow
towards each other at a rate of growth exceeding the rate at which the film grows laterally on
the lower portions of the sidewall. This trend is shown in structures 108 and 112, with the
final result in structure 116 being the formation of a void 144 within the film. The
probability of forming a void is very directly related to the rate and character of the

30  redeposition.

[0009] There accordingly remains a general need in the art for improving gapfill

techniques.



30 redeposition. 100091 There accordingly remains a general need in the art
for inproving gapfill techniques. 3 BRI EF SUVMWARY OF THE | NVENTI ON [ 0010]
Enbodi ments of the invention provide nethods of depositing a silicon oxide
5 filmon a substrate disposed in a substrate processing chanber. The
substrate has a gap fornmed between adjacent raised surfaces. A first
portion of the silicon oxide filmis deposited over the substrate and

w thin the gap using a hBRIEESUMMARY OFTHHPINVEMNTIONereafter, a portion
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scavenger may comprise O;. The first conduit may also be flushed with a flow of a gas

nonreactive with the halogen precursor, such as with Ar or He. In some instances, a second
gas nonreactive with the halogen precursor, such as He, is flowed through a second conduit to

20  the substrate processing chamber different from the first conduit.

[0012] The first portion of the silicon oxide film may be deposited by flowing a
silicon-containing gas, an oxygen-containing gas, and a fluent gas into the substrate
processing chamber. A first high-density plasma is formed from the silicon-containing gas,
the oxygen-containing gas, and the fluent gas. The first portion of the silicon oxide film is
25  deposited using the first high-density plasma at a deposition rate between 900 and 6000
A/min and with a deposition/sputter ratio greater than 20. The deposition/sputter ratio is
defined as a ratio of a net deposition rate and a blanket sputtering rate to the blanket
sputtering rate. The silicon-containing gas may comprise SiH, and the oxygen-containing

gas may comprise O,.

30 [0013) The high-density plasma formed from the halogen precursor may be formed
by inductively coupling a source radio-frequency power into the substrate processing

chamber, with the source radio-frequency power providing a power density on the substrate



sputtering rate. The silicon-containing gas may conprise SiH4 and the
oxygen-containing gas may conprise 02 30 [0013] The high-density plasm
formed fromthe hal ogen precursor nay be formed by inductively coupling a
source radi o-frequency power into the substrate processing chanber, with
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and the goaskingsham¥Rl EF DESCRI PTI ON OF THE DRAWNGS 15 [00151 Fig. |

provi des schematic cross-sectional drawings illustrating the formation of a
void during a prior-art gapfill process; [0016] Fig. 2 is a sinplified
cross-sectional view of a partially conpleted integrated circuit that

i ncl udes a‘ﬁlurality of shallowtrench-isolation structures; [0017] Figs. 3A

and 1B al081dchenat4 durthes ynderstanging of Bigpetire yad advpntpgestaf dheprgegnt inventiono
h i SLiCSy: as i ire:
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[00181 ram sunmar ng ne osttrng &filmin
enbodi nents of the invention; 100191 Fig. 5A is a sinplified diagram of one

enbodi nent of a high-density-plasma chem cal - vapor-deposition systemw th

whi ch net hods of the inmﬁ%%wow%@féﬁﬂwﬁésand [0020] Fig. 5B is
ng that na

a sinplified cross section of a gas ri y be usSed in

15 [0015] Fig. 1 provides schematic cross-sectional drawings illustrating the formation

of a void during a prior-art gapfill process;

[0016] Fig. 2 is a simplified cross-sectional view of a partially completed integrated

circuit that includes a plurality of shallow-trench-isolation structures;

[0017] Figs. 3A and 3B are schematic diagrams that respectively illustrate gapfill

20  characteristics of densely packed areas and open areas in a structure;

[0018] Fig. 4 is a flow diagram summarizing methods for depositing a film in

embodiments of the invention;

[0019] Fig. 5A is a simplified diagram of one embodiment of a high-density-plasma

chemical-vapor-deposition system with which methods of the invention may be implemented,;
25 and

[0020] Fig. 5B is a simplified cross section of a gas ring that may be used in

conjunction with the exemplary processing system of Fig. 5A.

DETAILED DESCRIPTION OF THE INVENTION
30



conjunction with the exenplary processing systemof Fig. 5A DETAILED
DESCRI PTION OF THE | NVENTION 30 5 [00211 Enbodi nents of the invention are
directed to nethods of depositing a silicon oxide layer to fill a gap in a
surface of a substrate using a high-density-plasma CVD process. Silicon
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and may comprise open areas 212 that are relatively isolated. Active devices in the open
areas 212 may be separated from each other by more than an order of magnitude than
20  separations in the densely packed areas 208, but as used herein “open areas” are considered to

be areas in which gaps have a width at least five times a width of a gap in a “dense area.”

[0023] Embodiments of the invention provide methods for filling the trenches 224
with an electrically insulating material such as silicon dioxide using a deposition process that
has good gapfill properties. In some instances, prior to the gapfill process, an initial lining
25  layeris deposited over the substrate as an in situ steam generation (“ISSG”) or other thermal
oxide layer, or perhaps a silicon nitride layer. One benefit to depositing such a liner prior to
filling the trenches 224 is to provide appropriate corner rounding, which may aid in avoiding

such effects as early gate breakdown in transistors that are formed.

[0024] As used herein, a high-density-plasma process is a plasma CVD process that
30  includes simultaneous deposition and sputtering components and that employs a plasma
having an ion density on the order of 10'! ions/cm® or greater. The relative levels of the

combined deposition and sputtering characteristics of the high-density plasma may depend on



oxi de layer, or perhaps a silicon nitride |layer. One benefit to depositing
such a liner prior to filling the trenches 224 is to provide appropriate
cormer roundi ng, which may aid in avoiding such effects as early gate
breakdown in transistors that are formed. [00241 As used herein, a
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oasur e o ARISE0 iTog SSRARY OF A 10 et GRpoRERBSrE BHeraRihe SSPRIARY or | ng
contyi bubieqfs iOheddifeddhePdpe8iasn aﬁéseﬂu&eﬁﬁw@ &&&iﬁﬁ&@ﬂ‘@&hlj T the art.
A comon alternative ratio is the "etching/deposition ratio,™ E

( sour ce-‘irdnietcipptdarirbicd ns thaspytter rqteateaghe@behéri tha prakss) recipe (smnrvaithoan| y
deposit&gp tateé@ZQ whi ch increases wth 'ncreas%f sgyttﬁrin and decreases
wi th i ncteRaEUERn gpspt dhe prassuraw tiindhe progess gRargRerihpdipeRd 1oy thePrsssyrh duringet

deposi ti @BofibPinABB LIk LAE ehQurbdén HBRRRL hedhal Bli.measur ed  when

deposi ti sputtering are occurring simu taneousT'y. The "source-only

deposi ti . . . oy
P [%825] Other equivalent measures may be used to quantify the relative deposition and
15  sputtering contributions of the HDP process, as is known to those of skill in the art. A

common alternative ratio is the “etching/deposition ratio,”

(source-only deposition rate) — (net deposition rate)

2

E
D (source-only deposition rate)

20  which increases with increased sputtering and decreases with increased deposition. As used
in the definition of E/D, the “net deposition rate” again refers to the deposition rate measured
when deposition and sputtering are occurring simultaneously. The “source-only deposition
rate,” however, refers to the deposition rate that is measured when the process recipe is run
with no sputtering. Embodiments of the invention are described herein in terms of D/S ratios.

25  'While D/S and E/D are not precise reciprocals, they are inversely related and conversion

between them will be understood to those of skill in the art.

[0026] The desired D/S ratios for a given step in the HDP-CVD processes are
generally achieved by including flows of precursor gases and, in some instances, flows of a

7



rate," however, refers to the deposition rate that is measured when the

process recipe is run wth no sputtering. Enbodinents of the invention are
described herein in terns of 'S ratios, 25 Wile DS and E/D are not precise
reciprocals, they are inversely related and conversion between themw || be

under st Cﬂifén{ Sast WARE nely 4340 dck ad A spuiRriAL hgenk. Oﬁlgéélleﬂi@ﬁs ggﬁbﬁ% g theratios for a

given step inh the HDP-CVD processes are generally achieved By including

flows ofprmuemgs@s repaswsfoandhe film wathnghe Mtredmmposftiom@oof:xanpla,tbldamt gas

whi ch | so _act..as utterln ent. . The..el enents. th

bt eour s Bty SR i PR e A S GEE B AR B Sl Fo

exanpl e,SiHg, dﬂl@@ﬁ%bddmﬁg ghd re6@ntAYEKIS thblebilar HEgh ©G.UDSPINtY AR DeABIedithC! ude a

silicon-containi n ‘6& such as silane SiH4, and an oxidi zing gas reactant
V@éﬁ

such Sas thefibs ibvam regRrsonggsaiths thewlgsired degaigdsuch as by irclddingre ﬂywlolf cl udi ng

5 Fa’t o SrLis st tnt O OUERE ARG el Fhomt i b e B8 e

film i rtﬁlmm(, m@b@oﬁét@me flfn, Exi’dﬂﬁidlﬁ%)alﬂ@waﬂﬁo ttegbhdtethel ﬁlﬁl dAld B 1kef Taw of N2
to nitrogenate the film and the Tike. The fluent gas may bec[)rowded W th

a flow ofueHpgasrmay bpravidedvyidia Bew ioflle or yﬁbaﬂon‘wﬁm 1ngtgas, linphuding a Hew or
even a f| a heawtz%\ﬁanert such ,as

sputteri elﬁrﬁYeél\)ai Wa‘fl naﬁmg"flsermé%’tasf]{}\leéxﬁ gfg%eghﬁ% %h%@?{??nfgel ated to

theiry at@ovided By te(dfferent ﬂi?dﬁ't éises BERcilyrdldied ©ABEr Aondi nas\iok tdtétupir oduci ng
even | ess sputtering than Enbodi ments of the invention generally

pr ovi de ma&&emheg@se of Iéxbsthhéb predpreingrevay tessignuittaong thah &fe. fimlsodimerts pﬁdﬂn 5

b d. le |

ath & iR SRR HRVI R R RS Ao Bo i E ot s B TRE Re S e A o e
He. Al t espat Tbﬁ@hﬂ‘&y el aeMie vEEdy &ﬁn@ﬂﬁﬁ& bf@ﬁn@l@ 1&&%&@@@% Qhchadl wikiph BoWdIES,
such as by providing both a flow of H2 and a flow of He, which mx in the

HDP- CVD wﬂo@t@etsélymmﬁe er withtadlavaof sz@styntlally@ugeaﬁe néytemhmlb'nﬁ@ws wey pr eni xed
so that % flow HZI(%—% @ ov ided in xed (gt aht glthe roccg chanber.
It i ?é‘%?l&?é FIBFOe“ Ofr‘% iplg gs?%e&a?‘%??és Y BrRY e potgrdionath: gakalovs, o

i ncl ude §¥ g QiR MABE FIDH-CVIDSroBEs8 Bhathbr e, AlﬁMﬂaﬂv&lPethE Shafnay §orﬁét%ésf ates
and/ or concentrations of the prem xture bein 20 selected to maintain an

aver age bropreminedrsoriat ¢ flovsef HifHa igpramded mmmdl statmtOgtlhe awe@tdmnbmo Itis

structur use of..relativ hj ow rates | uent gases

has. beentRoROEYE e aing Soedtt ks Bt Banrrrits ehiekortp i MW ERG whesk Biven t 1
in the premixture, with the relative flow rates and/or concentrations of the premixture being

20  selected to maintain an average molecular mass less than 5 amu.

[0027] In high-aspect-ratio structures, the use of relatively high flow rates of low-
mass fluent gases has been found generally to improve gapfill capability when compared with
the more traditional use of fluent gases such as Ar. This is believed to be a consequence of
the reduction in redeposition that is achieved by using He or H; as a fluent gas so that closure

25  of the gap occurs less quickly. But even with the use of such low-mass fluent gases, there is
a risk of corner clipping during deposition. This effect may be understood with reference to
Figs. 3A and 3B, which show the effect of the sputtering component of an HDP process

respectively for a gap in a densely packed area and for a gap in an open area.

[0028] In particular, the gap 304 in Fig. 3A is a high-aspect-ratio gap, with the
30  material deposited using an HDP-CVD process forming a characteristic cusp structure 308
over the horizontal surfaces. Redeposition occurs as material 312 is sputtered from the cusp
308 in response to the impact of plasma ions along path 316. The sputtered material 312
follows a path 320 that encounters the sidewall 324 on the opposite side of the gap 304. This
8



the nore traditional use of fluent gases such as Ar. This is believed to be
a consequence of the reduction in redeposition that is achieved by using He
or H2 as a fluent gas so that closure 25 of the gap occurs |ess quickly. But
even with the use of such |lowmass fluent gases, there is a risk of corner

clippin i § L Thi.s. . af: Y, t W r nce to
i oo RS AERR d f asHilnAic SRy IR SIaK S el b BRENC0 ' P
process th¢ figiteidd, wrterial Bralsd Panered awayl &omethy rightcsidcbfahe gapaordo tiarlefi sgiap i n an
open area. [00281 In partjcular, the gap 304 in Fig. 3Ajis a .

hi gh- aspe¥tredeposifiop g mafriah Profeetsxigaingt @Crss SPHEE S ERUIRBINFYPRIREIABMCYD
process cfoprk@ ng a characteristic cusp structure 308 over the horizontal
surfaces. Redeposition occurs as material 312 is sputtered fromthe cusp

308 in respanse tq_the inpact of plasnma_ions along path 316. The sputtered
mat e al (0839 f ol | B SEMPBAYK 153309 PEaseRt 1 e apRe roas, an d sraledaith Boapdh ¢ he
opposi t | / i : i netr

ot ori al ekt 3G RAM il JET, B s TedtEl, hoaUTRBhCHERL (RToflon T2

si de, nudimilaradusp 08 s veputrh e 3aday sputteradtaengrpagh2 (® irtkespdnse leethgap ont o
the left side.. The redepositiqn of material protects agaj nst excess

sput t er i Mparifplasmigonsaleng mﬂl g0 ot CRROSIE §ifle 10 .thegapowg]aflarﬁw §9ﬁwet ry is
not pre [ " L i - - Shpucture
330 ShonlmssBob tERERRIRIERTh Bapls Rt SRR MR, IS e e Ao o
of a0 siofirhaeria us do&0BE cotmat ofithe struretrein Big. 3A 2Withsut$ipatdnependatalgaffgcpat h 320

in response to the. .inpact of p]asma jons along path 316", the opposite side
of the graﬁew@gﬂ%?mé?%% Fom t{l%%ppozﬁ% ool tﬁpgﬁp-t_ sséor&ee?%?itﬁae ITF% corer
0 e s el : : material as does
t he correlﬁl&lc%?getuﬁgkso?%bcgﬂge ic%y%gﬁégk %ﬁgﬁg&l@%ﬁ%%@gati ng effect of

receivin terial sputtered . fromthe opposite sjde of the gap,_ _As a
consequeﬁ@é‘,’ t her Mg OQﬁOf&ﬁé?@ég%miSE‘WZ Wﬁbi‘ W diagie Pt Bigg4danagi ng

t he und i f j . L zed

i th T nel Fsien Bk ier psbbele OiESAEIoRL ab Ly LKERHLE AR ETR 1 2

begi s aprobdse ckamditet. Mie sndatiateas typiplly haesidoatuadrewafat, eueh asldR2(xmaess
chanber._The sybstrate .is _typi cfal |y a sem conduct.or fer, such as a 200-nm

or 300- mf PReteRatadiT: FROSHAT RIFCUSTO8 8AT<S ge yauided t e Shimbaliblogk Ah%
chamber @tiBl3HNADEEa siiPoh BteRdos aldo@bih dygéd el BRH A% ord oV OF an

oxygen precur and a uent
gas. Table I provides exemplary flow rates for deposition of an undoped silicate glass

(“USG”) film using flows of monosilane SiHy, molecular oxygen O,, and H,, although it
20  should be understood that other precursor gases, including dopant sources, and other fluent

gases may be used as discussed above.

Table I: Exemplary Flow Rates for USG Deposition

Flow Rates for 200-mm Wafer Process Flow Rates for 300-mm Wafer Process
F(SiHy) 10 — 200 sccm F(SiHy) 10 — 200 sccm
F(Oy) 20 - 300 sccm F(O)) 20300 sccm
F(Hy) 50 —400 scem F(Hy) 50 — 600 sccm
F(He) 50 - 400 scem F(He) 50 - 600 sccm




gas. Table | provides exenplary flow rates for deposition of an undoped
silicate glass ("USG') filmusing flows of nonosilane Si H4, nol ecul ar
oxygen 02, and H2, although it 20 should be understood that other precursor
gases, including dopant sources, and other fluent gases may be used as

di scusse . . . b4l l,ow Rat es
f or 200-’%% ol mgf&g!@g’st{sle gﬁgﬁg%@e%@ﬂﬁggf‘% {}@5' 3?\?&1{% Hg5id0-Ahd ) 10 -
200 sccra0bifonkéiamater waf2o€) bacthmflok(@i2)of2he Auehd Qassic geherA(PRghet0 - 300 sccm ~L
(H2) 50 - 400 sccm T(H2) 50 - 600 sccm .F(He) 50 - 400 sccm T(He) 50 - 600
sccm 9 fihe tabl e: hni ¢ f ses may be
ci i1 ar 200" m S RGE) FRem) Mo b e ol TR S ENER 29T, 1

fl uent gmaplisg gengriatd e khghsr. A &0@hdn fchnigite fbe gendryting alsigh-dessifyor med from
t he gasequs flows at bl ock 412 by coupling energy into the chanber. A
common tRIesHH g tRcqupte YepaneRdndugtivelni dhe HEhetip ys detemungdngt ondyobycthg flow r f
energy | | t1Q,d ] f rates
or the ‘Boag thEekes BIEEL by B ich e Be By B FAREY o Ahe Bl diior e e
chanber , stigyigthlo€ a bidsitenaidy of applibd sthé bebistramybothe appperadrd withinghschagibent e, by
the tenperature within the chanber, by the pressure within the chanber, and
ot her suBhihe Resswre Withgpths thambery andptbarsuchhiacrs. t ne deposition, the flows of
the deposition precursors are 10 term nated at bl ock 420 and a check nade
at bl ock[0022] whet heftertdoenpdetonrofdhd deposities shoflowhef the idepositis freansoreached.
Enbodi ments, i f the inyention include at |east two depgsition st ages

sepailat dgmpipatsd abblesk fe adaeheck madealblpckedrdarhatierihs desired thicknganefdthe i on
stages o 14 : end] |

char act el PEHR e i aPaaTbod AlnS AP I RGN e B S RERCH stgpey
process gepyrated@iyrnatchingstkped 2k iy frlequéntlg havariil- d§elepositiorpstegasios @ven mbrdec h
typically conprises a fluorine precursor such as NF3 or a

chl orof | 5@98@% pages depending ere Hisispocifie eharacteristienotbe 2ap being fidetal ogen
precursor at block 430. In sone enbodi nents, the source power density is
bet ween @I033jt 80, 0Af ehithglphdsdGhe Wooess nmvdyi belinca bicek pid8 dy floviag hbkkdgersour ce

power between about 6000Q and 10,00Q Wfor a
15  precursor, which typically comprises a fluorine precursor such as NF; or a

chlorofluorocarbon. A high-density plasma is formed from the halogen precursor at block
430. In some embodiments, the source power density is between about 80,000 and 140,000
W/m?, which corresponds to a total source power between about 6000 and 10,000 W for a
300-mm-diameter wafer and to a total source power between about 2500 and 4500 W for a
20  200-mm-diameter wafer. The inventors have found that the use of a high source power
causes the deposition profile to be more symmetric than the use of lower source powers. In
some embodiments, the total source power is distributed among top and side sources so that a
majority of the source power is provided from side sources. For instance, the side source
power may be 1 — 5 times the top source power, with it being three times the top source

25  power in a particular embodiment.

[0034] The resulting halogen plasma is used at block 432 to etch back the deposited
film. While the specific amount of material that may be etched is relatively dependent on the
specific configuration of the substrate structure, it is generally true that the amount of
material etched may be greater in later etching cycles than in earlier etching cycles. Thisis a
30  general consequence of the fact that the overall topology of the substrate changes as a result

of the sequence of deposition and etching steps. The general trend with the sequence of steps
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300-m di aneter wafer and to a total source power between about 2500 and
4500 Wfor a 20 200-m di aneter wafer. The inventors have found that the use
of a high source power causes the deposition profile to be nore synmetric
than the use of |ower source powers. In sone enbodi nents, the total source
power is distributed.anong top and side sources so that .a .majqrity, of the
our e Fofiarhr RS R BRfRrBlsif eagtt BEP FfubdHucte pREMSnd Ml co
power ”%Ytﬂé&;g&le: A Hiddke 6t 1he HaRiges Prc@RoPBNVe Is teMhihited! being three tines the
top source 25 power in a particular enbodinment. [00341 The resulting hal ogen
pl asma i ed at bl ock .432 .etch h ife Llm [ t he
speci fi (!6% unt ofﬂrﬁsa%lé}lflgph%sgést tt}l(rér%{/oqf)é@(egb%ﬁ]e%g?ag%re}étlpg’talsgvtlgflg/m%}z%l iﬁl &nt on

the spegi bt 811 60ME ipediestel @Bschibed thecorHOSioh 3kith H1bEKICMOS £44, bhd/bS44BeRUCRLFY true
that the anpbunt of material etched mag be greater in later etching cycles
v

t hanSi n teese prasesses adis toglimit dnaesporgtignsofithe halggengatedha filraoAs aefliestedatdiodkhe f act

that the,gverall topolo of, t he substate changes._as resul. of the
sequencd B b SRR mAL oL Ao Y R R ok Stge om0 il e
sequencgafges HRPFemalts wihiniig prob&singRAAMABY. DESRABR sIBfeRga T8 MBblIRIohigh Or eat er
etch amount's during the etching phase of the cycle. At block 436, the

hal ogen othes scavsngers mebe sisedoinraltameativie ethoeRBENtTh Ag black Hdhghe halogen contlhign

fol | owe ith a trea nt .pRase.that may include .any.or. all of the

br oces g Mectaftstig S E IS e ARl BN Ges PR htohag” Each of
5 these RERERSSRAMPLE Df Whidh iftlhdé AE BRPHEABL& mmémvs?mﬁyﬂ alsBbe flohedfil m
As indicated at bl ock 440, a hal ogen scavenger nay be tlowed into the

pr ocessiavgnditeerhasblack 448athroughtathas xordigts thtleqygesessing changhenitprewérntthi n t he
processi.n ha r sui tabl e scavenger is 02, although other scavengers
may be L}?glﬁﬁqvﬁo ﬁ’?&‘?ﬁ&??%o ‘f?g‘d’&flﬁ]é‘ﬁ% s. At block 444, the hal ogen conduit

to the processing chanber is flushed with a gas that is nonreactive with the
hal ogen [003¢]r ecur dbis,geasralip Expectsd thdiithdsameqireciesonry wilhbe kied fSuddposition of

tive. ) | be fl.owed i ndi cated at bl ock 448 th h oth
Comaens il AR b Gt ind Sertos R BhodS b Faf e S breuSrp i Bt T en i e
such scongmbling A@afliutibg the GONEY Hasy, LKOEHUET i§ htla (bh@reaTR oPfRCUr Sors Wil |

be used for déposition of material during each of the deposition phases and
t hat t hanventienpilbe amount afinhdterivd depastied duringeack nbthicdgpesatiay phasesdia typaepllyhe

etching l;)e%ese%’ 3O%|aFanU%1 At, r\;vlit?l thé oxll’]ecr)gll grozees% %({u?rrirr?gn%ew%]; C)t/crfgs when larger
deposition amounts are used per cycle. When each cycle deposits 300 A, it may be necessary
to use about six times as many cycles to deposit the same amount of material as when each

20  cycle deposits 1000 A.

[0037] Once the film has been grown to the desired thickness, the substrate is

transferred out of the processing chamber as indicated at block 452.

Exemplary Substrate Processing System

25

[0038] The inventors have implemented embodiments of the invention with the
ULTIMA™ system manufactured by APPLIED MATERIALS, INC., of Santa Clara,
California, a general description of which is provided in commonly assigned U.S. Pat. No.
6,170,428, “SYMMETRIC TUNABLE INDUCTIVELY COUPLED HDP-CVD

30 REACTOR,” filed July 15, 1996 by Fred C. Redeker, Farhad Moghadam, Hirogi Hanawa,

Tetsuya Ishikawa, Dan Maydan, Shijian Li, Brian Lue, Robert Steger, Yaxin Wang, Manus
11



I nvention, The ampbunt of material deposited during each of the deposition
phases is typically between 300 and 1000 A, wth the overall process
requiring fewer cycles when | arger deposition anmobunts are used per cycle.
When each cycl e deposits 300 A it may be necessary to use about six tines

as many |t Of - I | S8% 20 cycle
deposi tsW %r%%ﬁlﬁg &[Dgg@fd' &c@ﬁ{igg?ﬁ?ﬁg&mﬁésrr}ﬁ%%é\#qtdg%ﬁgggés| rg%f'

t hi ckneg) ovedew Wi she Bkeeni s prévidesiheonedtion tvithFigh S ApmdGEsisdlong. Elgadler as

i ndi cated at bl ock 452. Exenplary Substrate Processing System 25 [0038] The

i nvent orsshamaicaliyiivgtigtne g SEREBE HeResaroHDEHeV Privaism Y iions emhedimentr) MATM
system mgg&&h%S%J%{de“%\f’v}h#%l@ﬁel{@gﬁb@é@em  $yblem 5%?@9@%&5%@% ' fornia,

a genera scription o rovi I'n co Si ghe . Pat.
No. 56, 5B0A42Bias pRYMEYitee SBORABEEs delNibI a5 38Nl dfantditdpleAhh Sl8arRiACTOR, ™
filed July 15, 1996 by Fred C. Redeker, Farhad Moghadam Hi rogi Hanawa,

Tet suya sygemialla, Dan Maydan, Shijian Li, Brian Lue, Robert Steger, Yaxin
Wang, Manus 11 Wong and Ashok Sinha, the entire disclosure of which is

i ncor por[8039 her eiThelwpperpertiemofchambier HM3eanviudss Ddormé 814 watignisinsadprofwi ded i n

connection with Figs. 5A and 5B below. Fig. 5A schematjcally illustrates
the str (fErgHe dwecma@ﬁaﬂmhaﬁ@?%%y@rﬂ riaHgREmdRBKe; Momie S14mdedines st em

510 incl I t . . system 5
S80A, o i SRy SRS a HetmahrtPRUHELRISLAR, #Em b OHEE TSR Y S o1

pl asifa dHoaaddédh ths pstt@mbyihe updd S@factlo a upietatedd7tandn sebstedasupeort513

I ncludes a done 514, which is made of a ceramc dielectric material, such
as al uniMemPS»ilde or aluminumnitride. Dome 514 defines an upper boundary
of a plasma processing region 516. Plasma processing region 516 is 10
bounded [0M(]he botA aeatéryplhte&S2Bppén celdrplae 6240 furmontif) aiid afeehdrinéllgocupled

substrate support __nmenber 518.@&&340’ A heater plate 523 and a cold plate
524 sur rBUtme Ay Beaterionds néd thplatsP 24 Blowramirobalihe deme d&ymparaties 1823 and

cold pl Ak &nin %éoﬁlil e Q%raqjanég oftalﬂgutdl(?)@BCttg FBE et 4G diRws optimizing the

15  dome temperature for the various processes. For example, it may be desirable to maintain the
dome at a higher temperature for cleaning or etching processes than for deposition processes.
Accurate control of the dome temperature also reduces the flake or particle counts in the

chamber and improves adhesion between the deposited layer and the substrate.

[0041] The lower portion of chamber 513 includes a body member 522, which joins
20  the chamber to the vacuum system. A base portion 521 of substrate support member 518 is
mounted on, and forms a continuous inner surface with, body member 522. Substrates are
transferred into and out of chamber 513 by a robot blade (not shown) through an
insertion/removal opening (not shown) in the side of chamber 513. Lift pins (not shown) are
raised and then lowered under the control of a motor (also not shown) to move the substrate
25  from the robot blade at an upper loading position 557 to a lower processing position 556 in
which the substrate is placed on a substrate receiving portion 519 of substrate support
member 518. Substrate receiving portion 519 includes an electrostatic chuck 520 that secures
the substrate to substrate support member 518 during substrate processing. In a preferred
embodiment, substrate support member 518 is made from an aluminum oxide or aluminum

30 ceramic material,

[0042] Vacuum system 570 includes throttle body 525, which houses twin-blade
throttle valve 526 and is attached to gate valve 527 and turbo-molecular pump 528. It should
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Wi thin about 10 C over a range of about 100 Cto 200 C. This all ows
optim zing the 15 done tenperature for the various processes. For exanple,
it may be desirable to maintain the donme at a higher tenperature for

cl eaning or etching processes than for deposition processes. Accurate

control b%fnoﬁéaethﬁ‘%ﬁ%ttle%’&?rﬁtsWfﬁrﬁhﬁﬁnﬁﬁ%‘é@éctﬁoﬂ% A Gy OndPllolisC! € counts in

the chanber | nproves adhesi on between the deposited | ayer and the
substr atsemnidb@aam}mﬂihg [iat/eevalymi’ﬂl @n isvlate hump 628 Hof thrattleedy 323 eudcanenber
522, whi 0| n

, t he ch cuum system base i on 521 of
oot 1 s doBlaRharber e s EASPY Estrrfng e SRR B Ry BRI | ot
surface %tlé‘ful nmﬁ@%g%%ﬁlent%ﬁﬁé f}ﬁ‘étﬁé v@l"v@ gaEé #vd ahd Bfbd Adlecand out of

chanber 513 by “a robot bl not shown) through an i'nsertion/renpva

openidng Humyt alpivoseeyraigandstabl¢ d@tmﬂ of tleniber predsBresluipfto apouts! hidbtorstoabo)t ar e

rai sed Z’nd then | owered under the control of a notor (also not shown) to
move the Qfbstrate 25 fromthe robot bl ade at an upper | oadi ng position 557
to a | ower processing position 556 in which the substrate is placed on a
subst r at [60431cei vi richepontce piasBSysttms$04tinclidessutpp ool 529rembside 6diB53Gubst r at e
receivin lon 519 jncludes an el ectrastatic, chuck 520 ha ecures the
Cubst r aotied g domasid. o srreod G i@e@fip?tﬁgowbge@msee RRELESIRIGE 1 na
preferre&tw@émﬁgbmw RS20 FowdtBRRY topB ﬁzxﬁ% Hagt% 550 um num
oxi de or al um num 300 eram c ngct) eri a?fl 0[p00 ? Va %gystan 57 ‘?f%éfgudes

t hr dt0t | esideocbyl D55 pmhercth byculsSRE gineratdrd3¢B, dllovang irfeiepaidzat er dovatlsi amd

attached.to gate val ve 527 and t.urho- nol.ec 528. It should . 12 be
hot ed ¢ HEFAERRIER floperiay %fz@ch?lg ?hl SRS S}%%"F‘raﬂg‘f"? 6entrQ) of the rafliglion ang

al | ows r ian ﬂml throttle
body SZSM%hcdgﬁmBg{@g glgﬁ&?tlﬁlp\l&]ln%p lgglgarg@g)ure b?q(fee@?l Pgl%gfdl% ﬁé&g e exhaust

fl ow cap#di arg/typﬁmﬂyurkmlotlwlg dvizérny evhi&iPdoes aof nelliye mpcﬁnpllriﬁblﬁamaiwm@demhm of the
throttle val ve, te v bo- m)leuar %np al |l ow accurate and

stabl e c%s’ﬁ@lﬁ&en@f) R ?toarseggcsﬁ?g‘f eaﬁrafoaS %@FOVP yp P et d0 Wt it 2 |
Lot 155 5p ok at Bty SRS i The Rl SR MM bnpiald! 38R Drofifleifl o SR B, 1 A€

reduces (ﬁlléltpds\ivﬁait nomunlllyr?gv{leet’l‘\heepemhmg frequeacied ofthe vop arii29dé RFpower ed by
top source RF ( SRF)b ?n tor. 531A, whereas
generators may be offset from the nominal operating frequency (e.g. to 1.7-1.9 MHz and

1.9-2.1 MHz, respectively) to improve plasma-generation efficiency.

[0044] A bias plasma system 580B includes a bias RF (“BRF’’) generator 531C and a
20  bias matching network 532C. The bias plasma system S80B capacitively couples substrate
portion 517 to body member 522, which act as complimentary electrodes. The bias plasma
system 580B serves to enhance the transport of plasma species (e.g., ions) created by the
source plasma system S80A to the surface of the substrate. In a specific embodiment, bias
RF generator provides up to 10,000 watts of RF power at a frequency less than 5§ MHz, as
25  discussed further below.

[0045] RF generators 531A and 531B include digitally controlled synthesizers and
operate over a frequency range between about 1.8 to about 2.1 MHz. Each generator includes
an RF control circuit (not shown) that measures reflected power from the chamber and coil
back to the generator and adjusts the frequency of operation to obtain the lowest reflected

30 power, as understood by a person of ordinary skill in the art. RF generators are typically
designed to operate into a load with a characteristic impedance of 50 ohms. RF power may

be reflected from loads that have a different characteristic impedance than the generator.
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10 side coil 530 is powered by side SRF generator 531B, allow ng independent
power | evels and frequencies of operation for each coil. This dual coil
systemall ows control of the radial ion density in chanber 513, thereby

i mproving plasma uniformty. Side coil 530 and top coil 529 are typically

I nducti "I%lis?’T%aggEdﬂ%@ POW?%]&QHS@&% {0 Phe llbégukﬁﬁﬁti@nﬁgfrmé\gﬁ@h@&é(d gbﬁ‘l%é Rdg- In a

specific e I men e top source gener at provides up to 2,500
wat t s ofbaéiFtolthe peweatoaman omenteald|and dadvkize tha gendngtos | Becassuthe enpfdagenafraat or 531

B provides up to 5,000 tt f RF power at nomjnally 2 . The operating
fr equend’i?aégladT‘aX RBEY gﬁmﬁﬁﬁ; B opgps tcg%‘f?é%@ 8?‘§S>:H§96’5Jé1¥%‘?‘? e 4GripE he

nom nal i = =

respect id\(}gﬁ??&}tngﬂ% %?g%g{bg ’géﬁg-gcgalelélée)rregf ?tg&npé\?’%\zil%?};ei}ﬁ%@. cg%lﬁzﬁlﬁ%i%fl% pl asma
syst ém Sdfistingithe gdesratar fiegsenkl a¢CoBiRig Yo the neflaatedrpov@t ircrensek the p@®erbi as

mat chi ng nefwork 532C._ The bias pl asma system 580B capacitively coupl es
subst r at S%HP@ FTBPP § RE gngsiey ¢ Fompnd W@ﬁt@o&ena@t%ﬁﬁlpm%weéfw

el ect 1 odegce Fifecoduit 350 prBYe LAMABOR I Y BRuckihespigage the transport of

pl asma specl es on the source plasma system 580A to the
surface he suhstrate. In ecif] nbodj ment, bhi.as  RF ner at or

pr ovi des[8 to 100388 ‘\ﬂétnfg’vq{?s %Ap%de%’%métc theRidprtympedagice gg%F“SraﬁﬂI& as
25 di scl3yRho1ush BAYuPRkR tespb AMTIREORNCSA Ofi 18IS EirOtiital il ude
digitally contro ed1 synt hegl zers and operate over a frequency” range

bet iden toitomiatching reovako by cRankiigthe vilae bf gmaeitat omfthimihk uthtchinguetWbrks omt r ol
circuit (not shown) that qeasures ref| ected_power fromthe chanber and coil
back to hafeh fereeperpior g logs asdhe load ghangey uBrcRE sente sirgwit B1RYtWeobt ai n t he

| owest r r f i i1l in
the.art . TREGE Slhith BANTIne 5t BRI B A RRERADuR cclbllf Bokeltd s i h o
char act afertsinilimit."pae angeo pfovide adumstanRiatplhyund effeytivehedicsflé drtRElcdtoin | oads

that have a different characteristic, inmpedance than the_generator. 13 This

can r ed UGB} &REt tuning{he Brafding Retv Ak, Isdagct therstlestethapyor limHweePvE AW ect ed from

t he {-0a - r :
Bocaioe TRAC hvifl RBASAOPBNEE TRV way RELRANIPRY (IRTRAGRERIPIRARE o/
900 ohnshy lddiag diengatohing hetvdrk somstdrn at itohaostiréoent eomditipnot her factors, and
because refl ected power may be a function of frequency, 5 adjusting the

gener at ook quencyAr AL AdndPaibdifielh SlabBGE § 1RAY Fol DERTAS GRe RERRPNET

circuit can be used to determine the power delivered to the load (plasma) and may increase or
decrease the generator output power to keep the delivered power substantially constant during

20  deposition of a layer.

[0048] A gas delivery system 533 provides gases from several sources, 534A — 534E
chamber for processing the substrate via gas delivery lines 538 (only some of which are
shown). As would be understood by a person of skill in the art, the actual sources used for
sources 534A - 534E and the actual connection of delivery lines 538 to chamber 513 varies
25  depending on the deposition and cleaning processes executed within chamber 513. Gases are
introduced into chamber 513 through a gas ring 537 and/or a top nozzle 545. Fig. 5Bisa
simplified, partial cross-sectional view of chamber 513 showing additional details of gas ring

537.

[0049] In one embodiment, first and second gas sources, 534A and 534B, and first
30  and second gas flow controllers, 535A' and 535B', provide gas to ring plenum 536 in gas ring
537 via gas delivery lines 538 (only some of which are shown). Gas ring 537 has a plurality

of source gas nozzles 539 (only one of which is shown for purposes of illustration) that
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transferred fromthe RF generator to the plasnma and protects the generator.
Anot her way to reduce reflected power and inprove efficiency is with a
mat chi ng network. [0046] WMatchi ng networks 532A and 532B nmat ch the out put

i npedance of generators 531A and 531B with their respective coils 529 and

he val 5 E LRI B ets A el B B R BB £ et o

to the Ichageaso dlldv tadlddng bangamifolhiey Rofitonidrgk utilizgishteffidyndyuoea a mat chi ng
networ k when the power reflected fromthe | oad back to the generator exceeds

a cert @pricplapprocessreithia gn indiyidaalichambere dim 8 praterrefeerebodiment, sdsfrang 137 d1ay
di sabl e ;{h cont r ol L rcul ] L ; he.mat ching network, is to set
t he refllgcsﬁ%rgé%sv\%or{z Ismagiegﬁo%ﬂ/én élwrﬁi‘%yg&gggé%%w\‘/al ue of reflected power.

This may help stabilize a plasma under sone conditions by holding the
mat chi ndO¢ wor k  &aassmg37 #lsojhas aphelity of exidizengasinozalgs Sf%@mb]m@t er

. h C ,
TR e Sh80] MRSt B PR wESE pBABIRI Gl R 4BORMOL

and nay gafficA2&8639] andde ohe 8FBodikRngR0ENE LAY fréIH bpdy pRAWAIS4l 0 Ikeste t he
del i vered power substantially constant durin 20 deposition of a |ayer.

[0048] Ampadinersty f i desisghle ant BIBXSPWPE Gesss grbeydizengaseshalprsiiniselingthe, 534A -
come of Bne a0 sPamBERSh I Wad R R kel e Slel Bhtmnd BF Bursd (71 Y
the 1ar t ,prioh & iAfdctiA tHeQPdE&ARtobHAtbEOT 13 W6ﬁﬂﬁ§?§éﬁlres Gt BhWAd) YetiReedCt Ual

connection of delivery lines 538 to chanber 5 varies 25 dependi ng on the

depos iOI t it@gy alegue Sﬁléraind@apriog eﬁgem Sﬁﬁeémo@@emquﬁmwtcﬁmgb&ur@md ffilsgas are
i i ) i ng 537 545.
g, 5B pirek S3GoRiRRF and S apy it Ao Jud Rk PO 03 oA G5, Siskrpangn®

show ng pekdid panalbodepRhlis 124 giaflivedine®838. AGidSial Walveseuaiposyisgent , first
and second gas sources, 534A and 534B, and first 30 and second gas fl ow

cont r ol I{ethst vaigB Aot shavip3BBY shysrodlgad drogatheflow ¢omgropers hthesdember. das ri ng
537 yia.gas del.ivery.lines 538 (qgnly. sone of whi are shown). ring 537
nas 1 piidiPleiepyns Gortin aRBas St 2o el e, TR, ARG £ 1S STHown  f or
pur posessoffcel dohitBABIcBMprisEAd mbtkcREPYt BN &, YBkrtOsBUlck 83uCkofpRs@%er the
substrate. Nozzle [ength and nozzle angle may be

silane SiHy4 source, source 534D comprises a helium He source, and source 534D' comprises

a molecular hydrogen H, source.

10051} In embodiments where flammable, toxic, or corrosive gases are used, it may

20  be desirable to eliminate gas remaining in the gas delivery lines after a deposition. This may
be accomplished using a 3-way valve, such as valve 543B, to isolate chamber 513 from
delivery line 538A and to vent delivery line 538A to vacuum foreline 544, for example. As
shown in Fig. SA, other similar valves, such as 543A and 543C, may be incorporated on other
gas delivery lines. Such three-way valves may be placed as close to chamber 513 as

25  practical, to minimize the volume of the unvented gas delivery line (between the three-way
valve and the chamber). Additionally, two-way (on-off) valves (not shown) may be placed
between a mass flow controller (“MFC”) and the chamber or between a gas source and an
MFC.

[0052] Referring again to Fig. SA, chamber 513 also has top nozzle 545 and top vent
30 546. Top nozzle 545 and top vent 546 allow independent control of top and side flows of the
gases, which improves film uniformity and allows fine adjustment of the film's deposition

and doping parameters. Top vent 546 is an annular opening around top nozzle 545. In one
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changed to allow tailoring of the uniformty profile and gas utilization
efficiency for a particular process within an individual chanber. In a
preferred enbodi nent, gas ring 537 has 12 source gas nozzles nade from an
al um num oxi de ceramc. 5 [0050] Gas ring 537 also has a plurality of

oxi di zerle, (a5 0f 24 g£§%9u1169§ YA gigtﬁ)é% squity %‘aﬁ nlo?zI8 93 ng té‘@hﬁ%z%éz 4 B eferred

: I A
enbodi nent are co-%‘ls nar wmth a orter an source ¢ es 539, and

in one ewhndinoezit MEC §BVA' @atolktigarhody op pardelivérdd to dourcogis nogfibosiorent s it
is desirable not to m x source gases and oxi di zer gases before injecting the
gases i 6 temeazslerMEeD3Shroptrpls thesmpemt pf stsdelivsrd i op 9a80%@154bur ce gas
maybe m i k)] i i .di ng
apor t ur ogarh (R NEECL PEEhRESI 19 ko 3R00 i P DR b OB ",
one émbodhn®ttandidridiger ghotoizes S40drom & singlgasurce ofioxyen, sSudh @s sdidddp34and

534D, and third and fourth gas flow controllers, 535C and 535D , provide
gas to HBEYMBEERARANLS, gxecads nefsppplied ie thewhbamberiaomap sidewarales Theuch as

543B ( r ) f fr - flo ol lers
o the aRRasuRISHES PR na 1B valttho Rlak bBR Sy depfhleifio} KEMRRE o
sour ce 534d} ifitorghamberss 13, 61 thapeseSintd besnited & top Plnam SBURIGreNiMy f®S irdo

nmol ecul ar oxygen 02 source, source 534C conprises a silane SiH4 source,
sour ce Fdambelohdr iSsparate seurcesifd the sape gesanaybriussd te swpphpyaious papions ethea

nol el%ul %rhal%glr ogen H2 source. [0051] In enbodi nents where flammbl e, toxic,
or corrosive gases are used, it may 20 be desirable to elimnate gas
remaining in the gas delivery lines after a depagsition. This may be

acconpl i[B8%Y usi ng® EemotgaycipRaye gerayetpd Rlgsma plganing systerp §59 isdravided itanber 513

5aq, 1 orPeEyanae B et e el Bk B ol RO GUNE S 05 53

er 'simflar valves:

and 543Gnclodes dremoiciaidpew ateg@nerat@5h ethat giRatesl g blas@a fronh Hekaniby @hs §dut@e- Way
val ves [rﬁaé be placed as close to chanber 513 as 25 practical, to mnimze

t he vol UIEEdE.8t meolemmlas fluoring,qutregan;tudpgride, pther Beqrorashonstos egpivalenighin  val ve

d th hanb . didi || WO- -qff I b
o adn” Eatuaty ShheIh RAR et ietind RRm s hiRare chilfied BiHARI Y on
gas sourgg tﬁﬂﬂgﬂ@leaﬂﬁggai 28 3brt Bsh @1ard gﬁca%i&hlﬁh 535 FTi mixéyials Bseder 513 al so
has top nozzl e 545 and top vent 30 546. TOF nozzl e 545 and top vent 546

al | ow | mdapémthersicagimgtplasmade. &.¢pvisned Ssandeapplicaigr tabe 3559 must be resistant to
attack by the plasma. The distance between reactor cavity 553 and feed port 554 should be

kept as short as practical, since the concentration of desirable plasma species may decline

20  with distance from reactor cavity 553. Generating the cleaning plasma in a remote cavity
allows the use of an efficient microwave generator and does not subject chamber components
to the temperature, radiation, or bombardment of the glow discharge that may be presentin a
plasma formed in situ. Consequently, relatively sensitive components, such as electrostatic
chuck 520, do not need to be covered with a dummy wafer or otherwise protected, as may be

25  required with an in situ plasma cleaning process. In Fig. 5A, the plasma-cleaning system 550
is shown disposed above the chamber 513, although other positions may alternatively be

used.

[0054] A baffle 561 may be provided proximate the top nozzle to direct flows of
source gases supplied through the top nozzle into the chamber and to direct flows of remotely
30  generated plasma. Source gases provided through top nozzle 545 are directed through a
central passage 562 into the chamber, while remotely generated plasma species provided
through the cleaning gas feed port 554 are directed to the sides of the chamber 513 by the
baffle 561.
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gases, which inproves filmuniformty and allows fine adjustnent of the
films deposition and doping paraneters. Top vent 546 is an annul ar openi ng
around top nozzle 545. In one 15 enbodinment, first gas source 534A supplies
source gas nozzles 539 and top nozzle 545. Source nozzle M-C 535A" controls
t he amount of gas delivered to source gas nozzles 539 and top nozzle MFC
535A controls the anmobunt of gas delivered to top gas nozzle 545. Simlarly,
two MFCs 535B and 535B" may be used to control the flow of oxygen to both
top 5 vdB85546 andhosg off rdmareskilhovthe ag vel gedlize thah sprcHip raranoeiessanvayxy gen,
such as S0 e 534B. . 1n,so0 e Lent s, oxygen.is not..supplied to the
chanber P OREERT P FrsinagpIREEs SR BHLEE blooeGieRAg PpS R Rb Bt B Bt ¢ o
vent S54Ghd@iritst theRive e rGther wiriaBbons willl Vb upphreat todReRRs bhilgll ¢haehar 513,
or the gases may be mxed in top plenum 548 bePore they flow into chanber

513. 5Sepéhesa equsalenteandatitertabivesare injersledds beingbiddd wathinithp Isgopeafitiapressot t i ons
of the .10 cha r..[00531 Ar t.e_m.crowave- generated plas | eani ng

oyst em dBtraR p B thescopepl B Bxmiph ShElA Rl FE e ERaBreRRom
chanber LHNRASHE Shoulld fisfa® BBUBENH BETolioHGhe/dgina et e ni crowave
generator 551 that creates a plasma’froma cleaning gas source 534E (e.qg.
nol ecul ar fluorine, nitrogen trifluoride, other fluorocarbons or

equi valents) in 15 reactor cavity 553. The reactive species resulting from
this plasma are conveyed to chanber 513 through cl eaning gas feed port 554
via applicator tube 555. The materials used to contain the cleaning plasm
(e.g., cavity 553 and applicator tube 555) nust be resistant to attack by
the plasnma. The di stance between reactor cavity 553 and feed port 554 shoul d
be kept as short as practical, since the concentration of desirable plasna
species may decline 20 with distance fromreactor cavity 553. Generating the
cleaning plasma in a renote cavity allows the use of an efficient m crowave
generator and does not subject chanber conponents to the tenperature,

radi ati on, or bonbardnment of the gl ow discharge that may be present in a
plasma fornmed in situ. Consequently, relatively sensitive conponents, such
as electrostatic chuck 520, do not need to be covered with a dummy wafer or
ot herwi se protected, as may be 25 required with an in situ plasma cl eaning
process. In Fig. 5A, the plasnma-cleaning system550 is shown di sposed above
t he chanber 513, although other positions may alternatively be
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used. [0054] A baffle 561 may be provided proximte the top nozzle to direct
flows of source gases supplied through the top nozzle into the chanber and
to direct flows of renotely 30 generated plasma. Source gases provided

t hrough top nozzle 545 are directed through a central passage 562 into the
chanber 44 generated plasma species provided through the

cl eanin 4 Y EbY 4 are directed to the sides of the chanber 513 by
the baffle 561. 16 100551 Those of ordinary skill in the art will realize

t hat 1speci fi ¢ par dmet erssmethod\oddypositorg akilidoaroxite filroees subsgratehispbssdsinand
di fferent processing copndiiions, wthout departin rom the spirit of the
vt | G oURnE ChaALe s eis BHls PRI e b SRFLLAGoSR A i the
art. 35 E&?%s%ﬁé‘in\éﬁ{oﬁ%ﬁqpﬁ@ﬂl alternatives are intended to be included within
the scope of the present |n\§enti on. Therefore, the scope of this invention
shoulid not be | i mdepehitirg 4 first podtion iofitrtstlicod @ itiei fiimchvebthe sabsitatedaridngitlead be
defined by the, fol] ow ng_cl%i ms. 17 WHAT IS CLAIMED IS: 1 1. A nethod of
deposi t ithg2ap uwsing alyghdsnaly Blasma ¥ACESsubst rat e disposed in 2 a substrate
processi ng chanber S i A J nt

rai sgd 3 surfaces,thetr%g%rrr’e#ﬁg%é @%%pag?o \sﬂll([)r}goptﬂgg@’%@%ﬁﬁéfgg&%?g%ﬁ%@;ﬁ% :ﬁon of
the Sil ioxade fili, dédefeirl eclivigbatithe pohivhroaimpriaesed Wi thin 5 the gap using a

hi gh-density plasma process; 6 thereafter, etching back a_portion of the
depoSited first porti orﬂ%*fmgh@a@gmar@ﬁursqrtbseiuabaff%tr?pn%ﬁbﬁ@mm@ﬂwnng back

t he port] J : i : precursor through a first conduit
from@a mé%gé%g%&%ﬁzgﬁ?%%&rgegﬁggglﬁgh}%%g&g’ubstrate processi ng chanber; 10
formong a hi gh-density fpimsiaga Higloderishe plasine Gom the &alogs piecardor; and

term nating flowi ng the hal ogen precursor after the portion has been 12
et cHdd back; 13 t her eafte@Hnatingflgwigs thahalegse presuesor perthe portine haybesnr at e

pr OCﬁSSie@&eﬁlﬂﬂﬂ?er to

13 thereafter, flowing a halogen scavenger to the substrate processing chamber to

14 react with residual halogen in the substrate processing chamber; and
15 thereafter, depositing a second portion of the silicon oxide film over the first

16  portion of the silicon oxide film and within the gap using a high-density plasma process.

1 2. The method recited in claim 1 wherein the halogen precursor

2 comprises a fluorine precursor and the halogen scavenger comprises Os.

1 3. The method recited in claim 1 further comprising flushing the first

2 conduit with a flow of a first gas nonreactive with the halogen precursor.

1 4, The method recited in claim 3 wherein the first gas nonreactive with

2 the halogen precursor comprises Ar.

1 5. The method recited in claim 3 wherein the first gas nonreactive with

2 the halogen precursor comprises He.

1 6. The method recited in claim 3 further comprising flowing a second gas
2 nonreactive with the halogen precursor through a second conduit to the substrate processing

3 chamber different from the first conduit.
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14 react with residual halogen in the substrate processing chanber; and 15
thereafter, depositing a second portion of the silicon oxide filmover the
first 16 portion of the silicon oxide filmand within the gap using a

hi gh-density plasma process. 1 2. The nethod recited in claim1l wherein the
hal ogen precursor 2 conprises a fluorine precursor and the hal ogen
scavenger conprises 02 2 ¥=1o% 1 I . rising
fl us?li ng the fi rs? T2 géﬁ%?t%—%e?ﬁéd;ﬂ% Il%l\?lv%o\%ﬁ%eftnirﬂrlg%&gg% %%{)Iwrr%%ggl}/%‘gﬁym th

t he Ral dlyelnlpgeaguechiogor cdmgrisekige.met hod recited in claim 3 wherein the first
gas nonreactive with 2 the hal ogen precursor conprises Ar. 1 5. The nethod

recited in claim3 wherein the fiyrst. gas nonyfeactjve wt t he hal ogen
precb:rsor conpri sgs He.ﬁ‘f et %’@Cﬁ%{‘ﬁ%galmelcwg%ralmdﬁpNIHWﬁq@ fﬁﬁfrﬁoﬁé?n of

conphi Sigfgsifil A8 Bins 65AhGsedas 2 nonreactive with the hal ogen precursor
t hrough a Ss}écondacongiit ost'he substrate processing 3 chanber different

fromdthe first corbhwing a &Bican-éontdinengass hda theesmbitexte procedsaigrohamivaer ei n t he
second gas nonreacfive with 2 the, hal ogen p rsor conprises 1 8. The

ec He.
nmet h8d recited in WdFWHOWP'éiOHt%%%%SﬂPWé{WE skate PFOGSHYRE GHRMPET; 2 t he
i 11.gon oxide {11 ManPEIRes oad ifth B disuoblol QAR GARMBLDI NO gas into the
substrate processing chanber; I'owm ng an oxygef-contarning gas into the
subs®r at e processifogniaparfirsirhiigh-Berfsitgpiasma droin thentlicgaonaimng g, tigbstr at e
processing chanber; 6 formng_ a first high-density plasm fromthe
si | i don-XIearatHBing £3s, and éhe Huenk gefon- cont ai ni ng gas, and the fluent gas; 8

deposgiting the fir i f idlgG OX: i | il

i ghodens 1y o pieiiy (TR pokith e SREIAZEI bThe HetaBtbEY ana
wi t h9a depasidtiadepssitid @ate etk een 9000nd 6060 Armirhaid with a degysilon/sphiger ratio
deposition/sputter ratio is defined as a ratio of a net deposition 11 rate

and 14 bl geatetthapift teeray headeposion/pratist eiRd defipad e e ralp ofaa vet depaitionne
MetRqd eRiah§d vidhie! Bulfbfnd RS B'fe bl bl ¢RO! &1 NI ng gas

1 9. The method recited in claim 8 wherein the silicon-containing gas

2 comprises SiH4 and the oxygen-containing gas comprises O,.

1 10.  The method recited in claim 1 wherein forming the high-density
plasma from the halogen precursor comprises inductively coupling a source radio-frequency
power into the substrate processing chamber, the source radio-frequency power providing a

power density on the substrate between 85,000 and 140,000 W/m?,

EE VS N S

1 11.  The method recited in claim 10 wherein:

the source radio-frequency power is provided by sources disposed at a top of
the substrate processing chamber and at a side of the substrate processing chamber; and

the power provided by the source disposed at the side of the substrate

processing chamber is greater than the power provided by the source disposed at the top of

[« NV I

the substrate processing chamber.

1 12.  The method recited in claim 11 wherein the power provided by the
2 source disposed at the side of the substrate processing chamber is at least three times the

3 power provided by the source disposed at the top of the substrate processing chamber.

1 13. The method recited in claim 1 further comprising:
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2 conprises SiH4 and the oxygen-containing gas conprises 02 1 10. The net hod
recited in claiml wherein formng the high-density 2 plasnma fromthe

hal ogen precursor conprises inductively coupling a source radio-frequency 3
power into the substrate processing chanber, the source radio-frequency

po provi di ng as.f ' ; & and

040 000 Wne. 1 o BHEL » feioh bf uRchdkied HARhd BhficASIAMRAcon Jlatk ST o

r adi Jo- f filguemrsin pohverg bask peoparderdcdyprisesir ces di sposed at a top of 3 the
subsirate processjng. ch er and at side, of. the substrate processing
charfber; and 4 thgogﬁ\%ahr%‘?%?@ipﬂ%cﬁr%ﬁ?ﬂ Bﬁﬁ&%cﬂ?@‘b@%%ﬁh*ﬁ?@%i de of the
Subs{ I abGodts B QERS 1 LBARRChroasHpRBhberd han the pover provi ded by the
source di sposed at the top of 6 the substrate processing chanber. 1 12, The
met od recited in cl ai forthingvnbighidengityepl gsmveefrom itin/halegknipredunsor; ghdsour ce

di sp_gsed at the side of the su str.attg Brocessi ng chagt[ﬂnb%rq is.,at |l east three
tinmes the 3 power protRERIRS foKineBe nelaesh HpGEsY akter thsdorim iys e
subsgragtghéy&%gssi ng chanber. 1 13. The method recited in claim1 further
conpri sing: > 2 etching back a portion of the deposited second portion of
the &ilicon oxi dethefkeafitt, fiowidietheihalogtic kianendeatoktht kebspratet processingphdnstes: 4

fl ow ng a hal ogen precursor .through the first conduit fromthe hal ogen- 5

pr etr sirreagyirepigualielogen & thesubsiaticeessHige ehambsdrands f orming a

hi ghr density pl as : 1 ] i W ng

t hehLaI ogen prec uggg{arﬁgﬁdgg&ft@ %@‘rﬁ? ipgﬁailggs,f %lg%%%@aﬁgoxé?%ﬁréﬁhgég&?&ﬁgﬁ@

t herzaf pettion folf e silirohlog idedilagsatd witliv eingesp vstgtatdgls-dbsditygll&nymoeassi ng
chanber 10 to react with residual halogen in the substrate processing
chanber; and 11 thereafter, depositing a third portion of the silicon oxide
filmover the second 12 portion of the silicon oxide filmand wthin the
gap using a high-density plasm process. 20

20



