HEATED GAS BOX FOR PECVD APPLI CATI ONS BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention [0001] Enbodi nents of the present invention generally relate
to a method and apparatus to provide chem cal vapor deposition (CVD) of a
filmin a mcroprocessor processing chanber and to provide a mechani smfor
I nproved cl eaning of the chanber. Description of the Related Art [00021
Chem cal vapor deposition (CVD) chanbers may be used to deposit materials
such as oxides onto substrates used in the fabrication of integrated

circuits and sem Cﬁgﬁ%&A@égﬁgR&wW@ﬁ%QNé gas distribution

plate is commonly uni rbute"gases Into a chanber. Such a
uniformgas distribution is necessary to achieve uniform deposition of the
mat er i aBACKGROUNDOf FHEOINVENTION rat e | ocated within the chanber. The gas
distribution plate generally receives deposition gases froma mxing

regi on, Figldofithelmvendion gas box, above the gas distribution plate. A gas

I nl et passage into the gas hox is typically water-cqoled to enper at ure
of appr &0Nat elé}]“ﬁ?fﬁig\e“%oef %e Weﬁﬁ'é{ig?’e'i%éorégﬁ%?rﬁh jelatesiooa éﬁetﬁﬂé 2nds bst r at e
suppor t ppaRAls REHRVdR dHemisdvafbsdépdditionoTuD)Rdfea filhf 89dtbrdcessami cal |y
heated to a tenperature of approxinmately between 100 to 600 C. Consequently,
t he tempEeeassing ehamber gad tgi Rrovidsua imechanisre foE iMpraveHefleanag veiethet he
tenperatcHéﬁbepf the gas inlet passage and the tenperature of the heater.
However, becalse the gas distribution plate is connected to the gas inlet

passage, the tenperature of the gas distribution plate is generally closer
to t he tDescdiptionraf the RdlategoArti nl et passage than the tenperature of the

e h - it Ben STl EaY S s T seis B0
One renfiferials such as oxides onto substrates used in the fabrication of integrated circuits
and semiconductor devices. In a CVD chamber, a gas distribution plate is
commonly used to uniformly distribute gases into a chamber. Such a uniform gas
distribution is necessary to achieve uniform deposition of the material on the surface
of a substrate located within the chamber. The gas distribution plate generally
receives deposition gases from a mixing region, also known as a gas box, above the
gas distribution plate. A gas inlet passage into the gas box is typically water-cooled
to a temperature of approximately under 100 °C. A heater is generally disposed in a
substrate support member beneath the gas distribution plate. The heater is typically
 heated to a temperature of approximately between 100 to 600 °C. Consequently,
the temperature of the gas distribution plate is somewhere between the temperature
of the gas inlet passage and the temperature of the heater. However, because the
gas distribution plate is connected to the gas inlet passage, the temperature of the
gas distribution plate is generally closer to the temperature of the gas inlet passage
than the temperature of the heater.

[0003) Figure 1 is a schematic view of a chamber that has two processing
regions, 618, 620 connected to two remote plasma sources 800. One remote
plasma source 800 is connected to processing region 618, and the other remote
plasma source 800 is connected to processing region 620. A heater pedestal 628 is
movably disposed in each processing region 618, 620 by a stem 626 which extends
through the bottom of the chamber body 612 where it is connected to a drive system



pl asma source 800 is connected to processing region 618, and the other
renote plasnma source 800 is connected to processing region 620. A heater
pedestal 628 is novably disposed in each processing region 618, 620 by a
stem 626 which extends through the bottom of the chanber body 612 where it
I's connected to a drive system 603. Each of the processing regions 618, 620
I ncludes a gas distribution assenbly conprising a gas box 642 di sposed

t hrough the chanber |lid 604 to deliver gases into the processing regions
618, 620 through bl ocker plates 602. The gas distribution assenbly 608 of
each pro€@¥sFagh pbtiieoprogeseing fraienfe@1 678dnclkdes a gassdistgbutrpasaently del i ver s
gas into X Q4 | I ' fiar ' | ate 648
of each %@9 @g rgi %%t ﬁ%%%gggg%%#%dgggﬁgﬁ tgg?a S rd@aﬁﬂtddgﬁﬁlﬁgi’%gg‘?at i on.
An i nl et inGb3heeprocessing regmnan618,] 626, thsowgh ddocket eplatesn602t hdhecgas i ng

channel s 66% vhich are, c ected to each.other. by coalant |ine 657 . .The

cool i ng FPEPY i%l}(ia[sgefrﬁg/ %ﬁgn eIeaPtllur%ﬂ@??sé{‘gc5%9'3%3'5%'[“3{”%%@ 9RpBlehat i vel v,
the cool pagsage!|a40dwhichctepierigad ihfer aUgds b&e 6aRNI AOEELINGOSHAhnEPBSEN® fi | B
such as carbon doped silicon oxide, oxygen doped silicon carbide, silicon
oxi de, aleFMpRdn kasepRlate diokpachgas Hisgrfhuaer\ asEeMBlneS {9 epolrthe plate

| nver sel algﬁ{sq)rBP%rta'tiBH.al Afuoinie?@%%r ablVefs aAéocﬂaﬁteﬁMht sBén tfRCwhidy ;rﬁcgrﬁgé ature of

t he gas utron plate in conparison to the tenperature o
subst r at eodliegtabannelsfG92nwhich asé tconnekied 40 eadh otharty cealanti liner 65t The pl at e

 ncr ogs eoaing aRrenIhe SnaffilRvbior a coBRAFouFABReT iAo ceie 2L, & o

the gas fligig cikouldted thrbagietiesmaniéolén di stribution of chemnicals across the
surface of the substrate which can lead to non-uniformfilm properties

across the wafef. The .depositiopn process al.so typically results in
deposi t i BAM¢ SE%&Q&QE@ﬁ syeh 8%??“’8%6&‘)% S&f?&%%‘%%ﬁ@&(sgn ?P.pgﬂéﬁﬁgrbpsi tion
chanber . cdibideD 8iliBrh ©kidel amarpfous cdrbom UdmfsitiedroHEMdd, RRe GRPosition FratBus i on
pl ate during processing, deposits are
inversely proportional to temperature. As a result of the low temperature of the gas
distribution plate in comparison to the temperature of the substrate heater, a film is
often deposited on the gas distribution plate during processing, which leads to a
longer chamber cleaning period and an increase in clean gas consumption. Another
result of the low temperature of the gas distribution plate is uneven distribution of
chemicals across the surface of the substrate which can lead to non-uniform film

properties across the wafer.

[0005] The deposition process also typically resuits in deposition of some
materials on the walls and components of the deposition chamber. As the materials
are distributed through the gas distribution plate during processing, deposits are
often formed on the gas distribution plate which may clog the holes of the plate or
flake off in particles that rain down on the substrate. This reduces the uniformity of
deposition on the substrate and contaminates the substrate. Consequently, it is
necessary to clean the interior of the deposition chamber on a regular basis.

[0006] Several methods of cleaning the deposition chamber components
including the gas distribution plate have been developed. For example, a remote
plasma cleaning procedure may be employed. A high density plasma source such
as a microwave plasma system, toroidal plasma generator, or similar device may be
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often formed on the gas distribution plate which may clog the holes of the
plate or flake off in particles that rain down on the substrate. This
reduces the uniformty of deposition on the substrate and contam nates the
substrate. Consequently, it is necessary to clean the interior of the
deposition chanber on a regular basis. [0006] Several nethods of cleaning

t he deposition chanber conponents including the gas distribution plate have
been devel oped. For exanple a renmote plasna cleaning procedure nay be

enpl oyed h densi t s urce such a m crowave plasma. system
t or oi dal © Alé’é’ﬁ& t nﬁ?%ﬂ‘ade fssgci §eecies JFﬁing@dem? Yenerat e
a remote |a§m§rme t@ﬁﬁ%p@h@@ t6 Wd&%sﬂtf&rﬁﬁa%ér%@ thP5p&dies gt Wilen

transported to the deposition chanber where the species react with and etch
away t hearmwg@buav@y the pdpsiced d@pqsg&alts% alsorfepimen tq mraove thnesie@@g&m s on

t he | Et elrh'e |or é?adﬁ‘%ﬁ{be\“%éu% W r?:una:ﬂ é ugféérﬁgéﬂ"a@ﬁr ritiih, ORSith

cha eani ng techni ques use chant gas such
as fl uorcrramhwr cleaning tecﬂ'\mquelsundudélmedmmeﬁ aretaané gaslsuth asflubene loanber

wal I s and ot her areas The e I s, 0 ntroduced nto,the chanber and
Pl asma | SRR oG Vpithe UResie RRlarE ot theat bt wals o bie 2
deposi t efhégretdianflga$ li® Mtiddaced b ehe \tAhhber aAll Nasrigas fofeddso HERhé ed to
t he chanber by heating el enents or heat exchange  fluid enbedded in the

subst r at etcbarpipga&reaatswm ang egreovesdbg nﬁaoasﬁeddm@rlabffmw chginberwaliss. [0007]
Conventi g Lﬁf’mé&' Pﬁﬁﬁberh ﬁtf(n Séltbgﬂé t 6%&% )@“ﬁlan € the

b
conS|dera§?e anoun? onger ean
| oner t fiwid nembedded |rsttl'lgtsulasteatet$1mpodatm facilitatecelesniogi or ethgr \ahambiene and
the nore that is consuned to clean the chanber. [ooost Therefore, a
need exi B'(Eag e$355: an I nproved nethod for heating and distributing gases into
t he processing region of a deposition chanber and for

[0007] Conventional chamber cleaning methods, however, still require a

considerable amount of time. The longer it takes to clean the chamber, the lower
the number of substrates that can be processed in a given time and the more gas
that is consumed to clean the chamber.

[0008] Therefore, a need exists for an improved method for heating and
distributing gases into the processing region of a deposition chamber and for
cleaning a deposition chamber.

SUMMARY OF THE INVENTION

The present invention generally provides a chamber for chemical vapor
deposition on a substrate in a processing region, comprising a heated gas box
having a gas inlet passage and a face plate positioned to conduct gas from the
heated gas box to a substrate processing region. The invention also provides a
method for providing heat to a chemical vapor deposition chamber, comprising
supplying heat to a substrate support and to a gas box having a gas inlet passage.
Heating the gas box instead of the face plate reduces deposition within the gas box,
reducing the chamber clean time. This invention reduces the clean time for CVD
processes wherein the deposition rate is inversely proportional to temperature such



cl eani ng a deposition chanber. SUMVARY OF THE | NVENTI ON The present

I nvention generally provides a chanber for chem cal vapor deposition on a
substrate in a processing region, conprising a heated gas box having a gas
i nl et passage and a face plate positioned to conduct gas fromthe heated
gas box to a substrate processing region. The invention also provides a

nmet hod for providing heat to a chem cal vapor deposition chanber, conprising
supplying heat to a substrate support and to a gas box having a gas inlet

passage. h S box | f t C ate reduc sition
w thin tﬂ%%‘%ssﬁ%xft”?ﬁ%a c?ﬁjlt ﬂséaéﬁ%ﬁ%eéggg%oﬁﬂ 5’“&%’ oXygra ‘#Rg‘iﬁﬂ ?@rﬁ reduces
t he cl eagarbidepsilieon 6Xifie, waé@@ﬁ@@hmﬁ@cabﬁntm slkgoosnitriden rate is inversely
proportional to terrperature such 3 as processes for the deposition of

carbon doped silicon oxide, oxygen doped silicon carbide, silicon oxide,

doped am%%gm|mp‘%mé bRAWINGS | de. BRI EF DESCRI PTI ON OF THE
DRAW N i ch the above recited features of
the present invention can be understood in detail, a nore particular
descri pti089flof BRethphirgmmagnmer imwhish {hes ahave roGiigdafsatuses R yhe Presant by

referencg, %ﬁ’tl i caH g‘g%ér’stcgﬁﬁ Rraitty r‘ﬁBhe gér‘ﬁﬁulh Héécfr%?ﬁﬂ of the (e ('anded

dr awi ngs. not OWEVEr, draw ngs | ustrate
only typbrefly smirodiizeshalsovef mayi e Inad/byltefmenaettb anbodimmﬂe,fsnme ObNhICh) be

consi dered Li s} its SeQ for th Y, adm t t her
caual 1y 8% WPoealhohg RaReIRRE Hisios gt 1§ e, PRI et bt e i
vi ew of p&mal anamwmubﬁatehamyrtgplaal g@bo@umerﬁah@f tﬁleathém&)nCQﬂdi g
channel s, [0011] Figure 2 is a schematic view of an_ enbqdi nent of a gas

distri buthe&foreageteﬁ%b@ capsidergdyimiting) of jfs scppe, for the invention may admit to
other equally effective embodiments.

[0010] Figure 1 (prior art) is a schematic view of a deposition chamber having a
gas box that features cooling channels.

[0011] Figure 2 is a schematic view of an embodiment of a gas distribution
assembly with a heated insert.

[0012) Figure 3 is a partial sectional view of another embodiment of a gas
distribution assembly with an embedded heating element.

[0013) Figure 4 is a partial sectional view of another embodiment of a gas
distribution assembly with a heating element placed on top of the gas inlet passage.

[0014] Figure 5 is a partial sectional view of another embodiment of a gas
distribution assembly with a heating element placed along the side of the gas inlet
passage.

DETAILED DESCRIPTION

[0015] The present invention provides a method and an apparatus for chemical
vapor deposition (CVD) of a film in a substrate processing chamber and improved
cleaning of the chamber. The deposition chambers that may benefit from the
apparatus and methods described herein include chambers that may be used to
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[0012] Figure 3 is a partial sectional view of another enbodi ment of a gas
distribution assenbly with an enbedded heating elenent. [0013] Figure 4 is a
partial sectional view of another enbodi nent of a gas distribution assenbly
with a heating elenent placed on top of the gas inlet passage. [0014]
Figure 5 is a partial sectional view of another enbodi nent of a gas
distribution assenbly with a heating el enent placed along the side of the
gas inlet passage. DETAILED DESCRI PTI ON [ 0015] The present invention

provi deSdé’pd%thlﬁﬁb@%@cﬁrhsa@é}%ﬁidéﬁe& RflicBR VRS, sul%@ﬁQfon@’é?ﬂﬁ@ﬂIm@”aﬁd:VD) of a
filmin a substrate processi ng chanber and inproved cleanihg of

chanber . othgedigigstiia matﬁnatmmﬂtg @m@nc%panerrmeﬂlftlms {ORF)-hén @@mg@&s and
met hods 9%&6%]9&?’ cn%r‘hﬁépls' fﬂgl%ﬁﬁé}a@g@bérh%al e REmUR ?&IetdoMaé{lngOSI

oxi des, such as carbon-dope I con OXlI i con contalnin
ot her di leceot Santa iGlam; mhﬁ)rmlac Thei Rrgduckrd Ghachbeais 8 GV chamber ‘(vnﬂPEyo An

exanpl e of _a deposition.c the Pr duce avai l.able from
hop! | ed et BPBSSsing g B ey Beusad R ARPG carhontRESERUGT BKERY Chanber
is a W%ﬁ&@fﬁbﬁhmﬁdnstmruamkﬁbﬁﬁgMQWedl@rd@@smg&egba& ig'deschBedised to
deposit carbon-doped silicon oxides and other materials. A chamber having

two i sol I8t daitgst §é@$§§|Prﬁj‘*'ﬂ%ﬂf’oﬁ@%&%eé!@‘i'b@d'nCPFP%'iePe’BN sefgrancepaf B9t No.
5, 855, 68ﬂ‘rodweé|@rbﬁa?nbéﬂﬁ%fso§ﬁgﬂ%lwfﬂkhrr%m@ Z8mas rcéc:iér H%V‘b% t%}: er has
cer

a port to which renot sour ces nmay e attac
Chanber Rraducer r@:lnan'@epl\amrm gemotse plasmi: | sourgeh emodaFio nomber, 57050&44Fab| e from

embod meAHeBe rorl ARl Enedy 1BlustrR: ik ot FaBcoRod) CRBrad e s
descr i bedsdibinanbodimeatsusf eheo hethinarissieserilsederelre  attached to a Producer(r)
Chanber such that one renpte plasma source is connected

[0016] In the embodiments described herein, a remote plasma source may be
attached to a Producer® Chamber such that one remote plasma source is connected
to both isolated processing regions of the Producer® Chamber. However, the
processes described below may also be performed by using two remote plasma
sources connected, for example, by a tee line, to each processing region of the
Producer® Chamber and by adjusting the flow rates accordingly. The gas flow rates
described below refer to flow rates experienced by each of the isolated processing
regions. The gés flow rates experienced by the Producer® Chamber as a whole,
that is, the combination of flow rates of both of the isolated processing regions, are
approximately twice the gas flow rates experienced by each of the isolated
processing regions. While some examples of embodiments are described as
cleaning a single processing region of a Producer Chamber that has two processing
regions, the methods described herein may be used to clean a processing region of
a chamber that has one or more processing regions.

[0017) Figure 2 is a sectional view of an embodiment of the present invention.
This chamber 200 has a gas inlet passage 640 and a gas box 642 that is heated by
a heating element embedded in an annular insert 201 along the upper portion of the
gas box 642 and along the upper surface of the faceplate 203. The heating element
insert 201 is stabilized in place with a clamping plate 202. Insulation 205 may

insulate the upper surface of the clamping plate. The heating element insert 201
5



to both isolated processing regions of the Producer(r) Chanber. However, the
processes described bel ow may al so be perfornmed by using two renote plasnma
sources connected, for exanple, by a tee line, to each processing region of
the Producer(+) Chanber and by adjusting the flow rates accordingly. The
gas flow rates described belowrefer to flow rates experienced by each of
the isolated processing regions. The gas flow rates experienced by the
Producer (r) Chanber as a whole, that is, the conbination of flow rates of

both of hAg bed aiiREner RBBES INRetdreslichnas &r'WatlowPheaterBlitH Yparvnambehe gas
flow rates exgerl enced by each of the isolated processi ng} regions. \Wile
some exafi16856% axaiakle frem thelWatlow Larperation of St ks MOa Toedvgeast P'bcessi ng
regi on Ni : S PERERSS ' , t hods
descri bg@azeéjéeq)ﬁggrgywﬁ]ewt@@g trgﬁé? re?lgne’gé\ﬁgc?ro{;‘:essi hgﬁ?ggﬁgén&@;b% g{a?ﬁ%érnﬁer t hat
has one iosenest elopgdbe ssirfage rangi embeddedDint) the gemter 2f ithe insedc20tonalhe/i ew of

an enbodi,nent of, t resent invention. hi s chanb has ,.a gas_ i nl et
o sene GABPing Plale 0 ey L) 25 BRSar . TPR: e R Hidte AR MEY B flide Do e
i n an angfdraalidyeramixtute lof dlwmiauingnd SaRlesaastee o NAIREmAthvely, risuildiion rhdy and
al ong the upper surface of the facegl ate 203. The heating el enment 1nsert

201 i s sPasHPRleg-alPAg She awrer surface: Phitsi ingeth 20 orothe upnet Aubfere of 308 nay

i nsul at e i face of the clanping plate. The heating el enent insert
201 5 Wgémggégd@h%ne rubber heater such as a Watl ow heater with part
nunber 168168500 avail able fromthe Watl ow Corporation of St. Louis, MO
The i nseif@18201 Figh(e B oansgadionglr Wewooh anethet @ierative xeabodimest, of ke

Ther noco, : ' [ he
cont or g RpRenBtEiqle 2, 1PRE LREMELCIN halPwatd 36881 AtpRib 26S Bt cRbled 0, o1
The cl anthiepgripieiereof2be gas jnlGtepasadge 640, amd aintaip channels 301 doémbéddednum and
stainless steel.. Alternatjvel I nsyl ati.on v be suppl.ied al ong.the upper
sur face GASLiheot iASEMEd Si5ating elaraes (adt Ml aThy Gpf istibition”asstmbly

608 is constructed from materials that conduct heat to the face plate 203 such as

aluminum.

[0019] Figure 4 is a sectional view of another alternative embodiment of the
chamber of Figure 2. This chamber 400 has a gas inlet passage 640 with an insert
401 along the top of the gas inlet passage 640. The insert 401 is a ring shaped
heater that is solid metal with an embedded heating element. The insert 401 is
clamped to the top of the blocker plate 402. The insert 401 may be made out of an
aluminum alloy. The blocker plate 402 may also be made out of a conductive
material such as aluminum to facilitate heat transfer to the face plate 203. The face
plate 203 may also be made out of aluminum.

[0020] Figure 5 is a sectional view of another alternative embodiment of the
chamber of Figure 2. This chamber 500 has a gas inlet passage 640 with an insert
501 on the top edge of the support 502 for the face plate 203 and along the
circumference of the bottom edge of the blocker plate 602. The diameter of gas inlet
passage 640 may be reduced to accommodate the insert 501. The insert 501 may
be made out of an aluminum alioy. The insert 501 may have an embedded heating
element or the heating element may be located in grooves in the middle of the insert
501.



clanping plate 202. [0018] Figure 3 is a sectional view of- another

al ternative enbodi nent of the chanber of Figure 2. The chanber 300 has
wal | s 302 of faceplate 203 that engage the perinmeter of the gas inlet
passage 640, and contain channels 301 for enbedded, <cast in;-or inserted
heati ng el enents (not shown). The gas distribution assenbly 608 is
constructed frommaterials that conduct heat to the face plate 203 such as
al um num 10019t Figure 4 is a sectional view of another alternative

enbodi ”E[éollzﬁf t e opERAIBAE thed brddeds! ldhdZcarfibt faser sl bé (ftehésted Wb to Nl et

passage O wth an insert 401 along the top of the gas inlet passage 640.
The i nsePetenng thesgas inletpassagr 640.nAlsoeps thegas entess the gas box, Wils firther enbedded

heating ﬁé&\@a;b{y tﬂgflv%rrr.gng ‘We%tln%éle'n?ent§%ﬁ§ﬁﬁ%arwg?2t5)pm§ g’aﬁ{ﬁg@rb) ger plate

402. The Tnse out o num al pl ate
402 may ﬁirsungrbﬁlenfade mme arid entersnitie qirocessingategidradf thecdhanben! t]'menfanet 0

bo. made Bt BiheashiRmY 0bo6fs aR Gipdva e ad e Fassdb arlliRieciBy vy

al t er nat theeherivisagplingeito thé gbbgoxchan’oer of Figure 2. This chanber 500 has a
gas inlet passage 640 with an insert 501 on the top edge of the support 502

for the face pl 203, and aJ on unf erence bott om edge of
the bl oc[@@?zlpra%aﬂﬂg th ?lﬂasdl’%gﬁ"ﬁ'iecﬂlf ?‘@Q& H{ﬁ face Blé‘ (1‘6 uﬁ%gr educed
to acconmRdaiiindtion df'i‘ﬁ@éfchgﬂtlspe-&l% h&S& impr&Ving e efef rgt%dGIt 846 rélfuc%g

alum numallo The insert % have an enbedded heating elenment or the
heat i ng depositinn wﬁplnbtéelgﬁsab@damdm gnesvesiicen the slaandime. BInIStrﬁ@uqtngent 501.
6 [0021] tHe“le?ﬁ'hﬁ%e‘ 3P C\}d‘ﬁro%8§e€‘ss\ﬁh§rﬂgne0§§6dsﬂfon%f{§ iH@éfrsB affd pri or
to entering nlet passage . SO, as € gas e s e gas box,

it is futd h\emperature can be desirable for films such as carbon doped sﬂlcon oxude

oxygen doped silicon carbide, silicon oxide, amorphous carbon, and silicon nitride.

[0023] As the set point temperature of the gas inlet passage is increased from 75
to 200 °C, the temperature of the face plate edge increases from about 100 to about
175 °C. When the temperature of the face plate edge is plotted as a function of the
set point temperature, the slope of the line is curved. As the set point temperature
of the gas inlet increases from 75 to 125 °C, the face plate edge temperature
increases from about 100 to about 110 °C. As the gas inlet set point increases from
125 to 200 °C, the face plate edge temperature increases from about 110 to about
175 °C.

[0024] When 9000 sccm of preheated helium at 6 Torr was introduced to the
heated gas inlet passage and processing region of a chamber with 200 mm between
the substrate and face plate, the temperature of the edge and the center of the face
plate was plotted as a function of the set point temperature of the gas inlet passage.
The curve of the line for both the temperature at the center of the face plate and the
edge of the face plate were similar. The temperature of the center of the face plate
was about 80 °C warmer than the edge of the face plate.

[0025] To illustrate how the heated gas box influences carbon doped silicon
oxide film deposition, trimethylsilane in oxygen with helium was introduced to the
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heated by the various heating elenents shown in Figures 2-5. The gas then
flows through the face plate and enters the processing region of the
chanber. The face plate is heated directly by the gas as it |eaves the gas
i nl et passage and indirectly by the heat supplied to the gas box. [0022]
Heating the gas box indirectly heats the face plate which may reduce

reconbi nati on of the etchant species, hence inproving the etch rate. It also
reduces deposition within the gas box and hence reduces the clean tinme.

This red ' [ e ' 0 t osition rate
[ sI ?nver%gqt"l}@%‘r Io-gber %Jlggr?g)}‘ aar{bo&'fﬂé‘?nggger é\’@@ g’%g&ﬁ%g%?st}g?%@%oﬁ??i ?'I#LI such as
car boR dmﬁadcts) iAs trentempetature ingreasedd trefilns thickness candofilde depaditionoratexi de,
anor phous car

n, and siligcon nitride. 00231 the set pqipt t erature
ot he  STeRRP HCpRSS sk Sydage of Uie, St and updesrgbiedopdrit Remplons ur e o
the facegBhgife SHBEChAIRbERRffacks SItPEOIHe fA68 plate 8BGhsed.75> C. Wen the
tenperature of the face plate edge is plotted as a;function of the set

poi nt tenperature, the slope of the |line is curved. As the set ‘Eﬂ?i nt

t enper at 9P of TEHAuYERe inavethe feateds gas Mogninfiuences 28 aitemativer GarBom| at e
edge tengssaf ificon bk %e&lﬂdsﬁi%?g%ﬁ\g%rﬁﬁt&%ﬂbréﬂ@ afd c&?gérhﬁleg@s i nl et

set point:” increases from 125 to _ e face plate edge Tenperature
i ncr easeivtrbducadaindethel chambeabdine gasy hlet. pgssegea Bndhsubsi@t® suprort werer eheat ed

hel i um a [r Sqddt u e i nl a

processi h%é‘}?gépo#@ﬂ%&&ﬁb%f v%nbﬁhicgodo‘%ggmgg%m@h@tcg%%gga eﬁg'ﬂd face
p: ate, dtfm:khefﬁsainbee;ased f?mfm Ebmtemoe t@ndoﬂﬁ%O@tharing)B?tsbﬁorﬁdateetingz: the was
plotted as unction of the set point t erature as,inl ef passage.
The. cur vy fepplion dfater KioreRsed I7D. Forscrltl i about REOBeNIdR SMEnGO  ace

pl ate angeddid tegifige Of the face plate were simlar. The tenperature of the

center of the face plate was about 80 C warner than the edge of the face

plate. [0025] To illustrate how the heated _gas box influences carbon doped
silicon [0027] A triethyloxysilane film on undoped silicon glass was etched at different

temperatures. A plot of etch rate as a function of the substrate support and gas inlet
passage temperature set point revealed that as the temperature of the substrate
support and the gas inlet passage were increased, the etch rate of the film also
increased. The etch rate of a system with a gas inlet passage at 200 ° C was more

than twice the etch rate of a conventional system.

[0028] The etch rate across the surface of the substrate was measured at the
center, the edge, and half way between the edge and the center of the substrate. A
trimethylsilane film was deposited on coupons. The etch was performed with the
gas inlet passage at 200 °C and the substrate support at 350 °C for 15 seconds.
NF3 was fed to the system at 2500 sccm with helium at 9000 sccm. The pressure
was 6 Torr. The film was deposited in a 200 mm layer. One measurement was
taken for the center and four measurements were taken for the middle and edge of
the substrate. The average etch rate along the edge was about 115 kA/min. The
average etch rate along the middle of the substrate was about 134 kA/min. The
center etch rate was about 120 kA/min.

[0029] The chamber mount optical endpoint trace was measured when the gas
inlet passage was set to 200 °C with 1500 sccm NF3 and 1000 sccm He flow at 6
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oxide filmdeposition, trinmethylsilane in oxygen with heliumwas introduced
to the 7 chanber. The gas box and substrate support were heated to 120,
150, 175, and 200 C. As the tenperature increased, the filmthickness and
filmdeposition rate increased across the surface of the substrate and
undesi rabl e deposit formation along the other chanmber surfaces such as the
face plate decreased. [0026] To illustrate how the heated gas box influences
an alternative carbon doped silicon oxide film deposi tion,

oct anet IO X n @a:%harrber
The gash?/dn hg??&ﬁwgﬁ a{;@bstrat eﬂg&t;ﬁ"%\ﬁl&\?g?g a%eat edni ﬂi‘igg 0, 175,
and 200 v@&s msasuredtasrq)mnatlmn of fimer é’heeﬂdpouhtefo?nlmmoﬂnarkmdepemmhmed from
about 78Q0,to_about g%ago during 60 second testing. The filmdeposition
rate i ncPRIRWEs APRIOXIRAIEY g -about 9600 A/nin during 60 second
testing. [0027] A triethyl oxysilane filmon undoped silicon glass was etched
at di ffqoom} tR@pea'@bumesestA witm1shorfteret:|ebn rtirhes aham donwertiomal gisteire

25 the. RRLIESEYER Pltiati bl T dpE AR soEs g Alsd e HEEage wer o
i ncr easqplas &188n @heR |rﬁ5’il}e@téafaﬁé?%é fép@bﬁbﬁigtelsf&r eased. The etch rate of a

systemw th a gas |n et passage at 200 was nore than twice the etch rate
of a conventional s 28].. The etch rate across the surface of the

subst r atl@3lhs r?é’&'ﬁ% ?%{?Q{J'Hg is dirpeted toambodiments ofthg AreseynysitiGBen t he
edge a”%tﬁé}eaﬁ@mrﬁfer@(mﬁdlﬁméHﬁséfr tﬁb%véhtnohrm%%yéé\}léél‘f‘@lltﬁbutr@é%ﬂl@gpos' ted

on coupons. The etch was perfornmed wth gas I nl et 8assagie at 0 C and
t he subsftorathe bagipseepenthessd, and the spope thrraakis detgrmingds by the elaimsithakyst em at
2500 sc ,th heliumat 9000 sccm The pressure was 6 Torr. The filmwas

deposited in a 200 mm |l ayer. One neasurenment was taken for the center and
four neasurenents were taken for the m ddl e and edge of



the substrate. The average etch rate along the edge was about 115 kA/ m n.
The average etch rate along the mddle of the substrate was about 134
KA/mn. The center etch rate was about 120 kA/m n. [0029] The chanber nount
optical endpoint trace was neasured when the gas inlet passage was set to
200 C wth 1500 sccm NF3 and 1000 sccmHe flowat 6 8 Torr. The plasm was
set to 350 W The filmthickness was 450 nm The voltage was neasured as a
function of time. The endpoint for 1 nm of carbon doped silicon oxide was
approximately 70 seconds. [0030] Repeatability tests with shorter clean
times than conventional system clean tinmes yielded substrates that did not
have parti cI e spikes. Also, the chanber was clean when inspected after the
r epeat abi 16! ?W?ests [0031] Wiile the foregoing is directed to enbodi ments
of the present W P H vention
may be de\?ll sedA t Ou%ﬁgg%%%féﬁgvé’dbﬁ'g%k!{)ﬁlh&gggl C scsgggé ?hﬁ??c??gsggd t he
scope t herregibnj eordptistngri ned by the clains that follow. 9 Cains: 1. A

chanber for chemcal r de n processi ng
regi on, conpri ?l %er?:ﬁ;gi H@o%é 39?'% @'ﬁﬁ%@éﬁ?ﬂb&?ﬁgu on defined
therein; a chamnﬂerqhdcmm@cbmetdhamﬂémbey body; a gas distribution
assenbly coupled to the chanber lid, the di stribution assenbl y

conprising a f&as| gigribytiona %&@@bb{ &%‘P?Q%éof e ?ﬂ%’ﬂ'éer Hidvi the Qaéent er
gas passa fﬁlﬂb‘?\n sébrif 'd?)‘fiﬁ Wake idg 6'51%@ ’f?‘%%gg&t st er

portion of cenfer ga sag reglo n an annu endi ng
having a center gas passage region, a cyllndrlcal wall extendlng upwards from an

outer portion of the center gas passage region, and an annular flange extending
outward from the cylindrical wall, the base plate having a flange concentrically
stacked with the flange of the face plate, the flanges supported above the
chamber lid;

a gas box defined in the gas distribution assembly between the face plate
and base plate, wherein the gas box directs gas into the processing region
through the center gas passage region of the face plate; and

a heated annular insert coupled to the flange of the base plate of the gas
distribution assembly vertically above the flange of the face plate, the insert
arranged to heat the gas box and the face plate, wherein the heated annular
insert is concentric with the face place and vertically spaced from the lid.

2. The chamber of claim 1, wherein a heating element is embedded in the
insert.
3. The chamber of claim 1, wherein a heating element is embedded in the

insert located along an upper surface of the gas distribution assembly.

4. The chamber of claim 1, wherein the insert is a silicon rubber insert.
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outward fromthe cylindrical wall, the base plate having a flange
concentrically stacked with the flange of the face plate, the flanges
supported above the chanber lid; a gas box defined in the gas distribution
assenbly between the face plate and base plate, wherein the gas box directs
gas into the processing region through the center gas passage region of the
face plate; and a heated annul ar insert coupled to the flange of the base
plate of the gas distribution assenbly vertically above the flange of the

face pl at ﬁe Lgipégﬁ%ﬁ?nﬁr gfélgﬂgﬁdwbgretﬁ?ﬁ{e §iﬁceon9%5b99?ﬁﬁ@ﬂ‘#urtt face plate,

wherein t Insért 1s concentric wmth the tace place and
vertical | yompeiseslafwimnedihe 1id. 2. The chanber of claim1, wherein a heating
el ement is enbedded in the insert. 3. The chanber of claim1l, wherein a
heati ng el enent is enbedded in the insert |ocated along an upper surface of

the gas digst i b chlnes 8bkim 14yhdfiin MEARBER 04 nedidl RBaler MRer ei n the i nsert

1%
is a silicon rubber insert. 10 5. The chanber of claim4, erein the
silicon rubber insert further conprises a wire coil. 6. The chanber of

claim1l, ereip the in I S.a e robi anber of claim
1, wherei \r?ht he']’ﬁggﬁawbgf@f %Iﬁﬁﬂewﬂ%ée%ﬁbs sszee %ngg@rtlhﬁ %?';qggssé?sgé]tge fluidly
coupl ed to theagps iRRK pavkejeeiitid o uphsetot the Yasrboxs wheasih thé tinsertis ibase

pl ate. 8. The chanber of claim7, wherein the insert has a heating el ement
enmbedded CRB@S! with $he hasepl#r for chemical vapor deposition on a substrate
in a processing region, conprising:

8. The chamber of claim 7, wherein the insert has a heating element

embedded therein.

9. A chamber for chemical vapor deposition on a substrate in a processing
region, comprising:

a chamber body having a processing region defined therein;

a chamber lid disposed on the chamber body; and

a heated gas distribution assembly coupled to the chamber lid, the gas
distribution assembly further comprising:

a face plate having a first side of a center gas passage region
exposed to the processing region and a flange disposed on top of the
chamber lid, the center gas passage region coupled to the flange by an
annular wall, wherein the center gas passage region is radially inward of
the annular wall and the flange is radially outward of the annular wall;

a gas box defined on a second side of the face plate, the second

side facing away from the processing region; and

11



a chanber body having a processing region defined therein; a chanber lid

di sposed on the chanber body; and a heated gas distribution assenbly coupl ed
to the chanber lid, the gas distribution assenbly further conprising: a
face plate having a first side of a center gas passage region exposed to
the processing region and a flange di sposed on top of the <chanber lid, the
center gas passage region coupled to the flange by an annular wall, wherein
the center gas passage region is radially inward of the annular wall and
the flange is radi foi | ¢ isned on a
second side of the hégﬂlﬁq \gﬁn?er?hdééﬁggggw{g 8f(,a\mfea%? g‘;aggisw%heo%rcgﬁ%tﬁ’e
processi ng regwbereirathie fthngehefathenfpael platntis dlisguseddbetweeopthef hedting | ange of

the face plate,, wherei,n the flange the .fac late is di sed, bet ween
the heating . CHEMERT aBfdnereactibtek the dearind SeBef frafes i PRF e to
heat the facefapbplfte. 10. The chanber of claim9, wherein the heating
elenment is an annular ring concentric with the face plate. 12

10.  The chamber of claim 9, wherein the heating element is an annular ring

concentric with the face plate.
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