HEATED GAS BOX FOR PECVD APPLI CATI ONS BACKGROUND OF
THE I NVENTION Field of the Invention [0001]
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the gas box is typically water-cooled to a tenperature

DesgflgﬁBﬂrcg"fh@Bﬁ&'d dAger 100 OC. A heater is generally

posed In a su strate support nenber beneath the gas
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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
620. A heater pedestal 628 is novably disposed in each
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the processing regions 618, 620 includes a gas
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materials are distributed through the gas distribution

propgirigsaerass e wetkiessi ng, deposits are often formed on
the gas distribution plate which may cl og the hol es of
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materials on the waIIs 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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deposition on the substrate and contam nates the
substrate. Consequently, it is necessary to clean the
w0 mioenizsee of the deposition chanber on a regul BCT/DS®DF027612
[ 0006] Several nethods of cleaning the deposition
APPMR&IPRr conponents including the gas distribution
pl at e have been developed For exanple, a renote

| as cl eani.ng_pra re_my enpl.oyed. A
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procesaes.exchange fluid enbedded in the substrate support
to facilitate cl eaning or other chanber processes.
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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



having a gas inlet passage and a face plate positioned

to conduct gas fromthe heated gas box to a substrate
wW@L@eAsSP6Og regi on. The invention al so provi deBCHUS2005/027612

nmet hod for providing heat to a chem cal vapor

APPMBPARIci on chanber, conprising supplying heat to a
substrate support and to a gas box having a gas inlet

assage. ating the gas box instead of the face p]ate ..
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time for CVD processes wherein the deposition rate is

i nversely proportional to tenperature suchAPPM 9170PCT

X § hiAQn of carbon doped

ERI RIET le 6 ' i con carbide, silicon
oxi de, doped anor phous carbon, and silicon nitride.

[00093RI EFSDHSERNETINGNNEF i Mihi€hRAWE NEDVE 0ReA¢d Featunéd of ltRe present
. manner in which the above recited features of the . .
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. . ' e . g . _
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be considered limting of "its scope, for the invention
otherrgguabinetfectyeembedifimds.| y ef fecti ve enbodi nents.
[0010] Figure 1 (prior art) is a schematic view of a

[oo1@ep°§iig&r%”1 é’r‘i)[ %8% %Fﬁglﬂaﬂ@%ieg?ﬁg Eg@ésog%ﬁ%“éﬁaﬁnber having a

ool i ng channerl's. ure emati c Vi ew
gas bbx dinatfebiuesreodlingf crargess. di st ri buti on assenbly with a

heated insert. [0012] Figure 3 is a partial sectional

vi ew of angther enbodinment of .a gas distribution o
[001Ysse QVe\/ﬁtﬁ grs !feéf'%é’lfi?{'g &m me_n? [qjoq:;gas distribution
assé:rhglgrvﬂﬂﬁaih%agedoﬁgghal sectional view of another

enbodi nent of a gas distribution assenbly with a

heati ng el enent placed on top of the gas inlet
[001}assdrjeure] 80B4p Pagial ssestipralaview of ;anateer esthadimeatyof a gas

distréfé%tﬁﬂgfﬁ%éfg}b&”@ﬂﬂiaéﬁféhpgé?%%E%ﬁtgf’%%%‘*i £ P aeor the
gas inlet

[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

4



passage. DETAI LED DESCRI PTI ON [ 0015] The present
i nvention provides a nethod and an apparatus for
W@ b@wiocmbe vapor deposition (CVD) of a filmin BCT/US2005/027612
substrate processi ng chanber and inproved cl eani ng of
APPMBergplpanber. The deposition chanbers that may benefit
fron1the appar at us and net hods descri bed herein

h t hat b d t.0APPM 917 o
depgrlb piEs aRaRas cAbAM ook ST BNEaS FIies cogiEWgg, fims, and

othe? ididIEHc GRAMeABIR iRBIUDINg BdvaHREd 3 dtRIrned ﬁhﬁ§‘(APF) An example of
materials 1 ncluding a @%ed patterned fil
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|sola%@p€6t§§§b 3 r\éfgtdhsttb\@t mag bzt @sk ltwrlb@md@péd ishigbn oxides
be use deposit carbon-doped silicon oxides and

and @thﬁérmﬁ@n@ﬁ a‘r\ghamb@haﬁﬁ@g twgvswgtqd/\%rchwag &ggions is described
in Ugft?é ﬁ?ék%g P%?%LION@ 8?%5%%8‘12 'h\prl?ghl |§C|g§6@§g%t§g%$eference The
Produziee? @mambeThmsFér poit ¢@ which rebhetetisasmasoarges may de attached. A
Prodbist dearbsT KR rSMol, Alas BupelPa dHaSS oUHEber 5707024-F,
avalm@kroww&énég@WIncﬁ}é%ésahhé of P%@Mﬁﬁ@@olgﬂﬁf(ﬂhay be

ndustries, Inc I ins, Col orado, may be
used eembndisnérigiofithe metifodsrdesesibaddereibscr i bed her ei n.
[0016] In the enbodi nents described herein, a renote

[001@|has ertﬁgucrﬁs?tgﬁfen% d%%é%«{l?ﬂefé%na feﬂ%{ggﬂlaérrn% source may be

one 1 asha sourc

atta@ﬂip ddltbcé Pdczdtjmdé?%hﬂﬁr?%eﬂ tmm@hﬁsmerp&&ma Sgufcd lbgsognected

roducer (r anber wever e, progesses, descri be

to bedh Jeplaigd @lr%‘@sé@gpé‘?@@?%éﬁ W P§?WQF§08P%WBP6 p\"ﬁyﬁﬁer the
I t h

ProcBuEs HsERBIE teldiv shaf GREBR Fertotdl biucid twe forfte plasma

soureef usinnegted) €of lexampds, elsy actesr limel,gtw ea&lmq)rgemsﬁmg)\neglon of the

Progyjtes Chapfbar b e paistive fis. i BS A oiin g P rine e fow rates

desérﬁ&éﬂ hEbRSreP& PR flcﬁﬁ?&fésbé/xﬁéﬁi%neé@%‘yc@écr( 6f) tt@"‘i%ﬂfé‘?éd pfocessing
whol e, that is, the conbination of flow_rates of

regmm h Téte gae flosoraies expedenear hy theg?r@ﬂgceré@rehamber as a whole,
that g%ghgéfifowﬁgﬁ%iﬁgﬁ(g\gtﬂaﬁesggfsbéth064" tﬁgtigﬁat%)&pﬁgokggﬁﬁa rgaions, 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



processing regions. Wiile sone exanpl es of enbodi nents
are described as cleaning a single processing region
wobkooaoPseclucer Chanber that has two processi ngp@EBUSNT(027612
the net hods descri bed herein may be used to clean a
APPWOPRPESI Ng region of a chanber that has one or nore
processing regions. [0017] Figure 2 is a sectiona

ew of ..an errbodl nt of the pr |nvent|on Thi s
mayy S BosiSRs USO8 Daetqinpiah it & FRICE Vi Rl number

168%%a1l‘a§|@ﬁéﬁ?@ne%aﬁ0\|ﬂﬁ2& 9at?dneHPQ¥ L%U?seq\qéd The iAert 201

annul ar insert 201 along the upper portion of the gas
maybalgo e#veamireaivongd t areund ptsr esteripaseiratet h@hemmﬂmﬁ may be

nsefiPF i e Suhln A ERbab oS o Rh il BP bR G Bor. e
clamipisg pRit€ mhanu?raet a8 W insglatdr. tTiRe @lagﬁlmh@%léibm mayde made
heati ng el enent insert 201APPM 9170P

of arjallpy @ﬁémwae@f ahwainem 3o stairless mqloﬁlwtmelmlmwlatlon may

t
ve <3 WIS i BBEP RIS ML RO 1% LR, aytego of
clampiwg plaite 202ound around its exterior surface.
Thernocouples may be inserted along the surface and

n‘g:ded ipto the enter of ghe |nse\tt 20?, . The .

[0018]] 5 A5ea 2PSnRgl ew g5 afethersaltenative iabodiment of the

charﬁbéﬂ@f P@ul’% ot eredenhdmdePS00TRES wllls D241 fRkePlatdRE3 W&t engage
al umnum and stainless steel. Alternatively

the roenmef@r obthenggs bée@ﬁ@pagemal ang con@mpb@nn@!a Bﬂad@r embedded,
castfi ok Wiirted BgaHfo El¥uHREIneE YhOREE, e, Pe RUiifBefh assembly

608 d¢ ebhstructbl framtrharriasdedt eRtuctf hédtetocthantaee piate 203 such as
Figure 2. The chanber 300 has walls 302 of faceplate

alunip@m: hat engage the perimeter of the gas inlet passage
640, and contain channels 301 for enbedded, cast in,

[001%I slt ?ﬁ@lﬂjrteeg Eeétéé%oﬁéleggw of (é?fbtthérhglf@%apweerﬁﬁédlment of the

tion asse constructed
chambeeof Bigsire ﬁatTrmem:ﬂacrtbelné@O has a lgasfialet pp*seage am wdthcan insert

1o TS Tt A 0k, Gt . T B F Fia shre
heat'é'r QtHélelszsol-H1 'n%tﬁhwifﬁeén ‘tle‘l'f)rqbe!b‘i‘fizdah@élﬁnq1 @|(#ﬁerﬁas$ﬁg‘3n§ér@ 401 is

an insert 401 annP the top of the gas inlet

clanpmist@gt@eanp of the biaeker plai® 402s The insgrttipenay 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 alloy. 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.



heater that is solid netal with an enbedded heati ng
el ement. The insert 401 is clanped to the top of the
whbmekersopl at e 402. The insert 401 nmay be nadePOmUSDNS/027612
an alum num al |l oy. The bl ocker plate 402 may al so be
APPVBeRPegt of a conductive material such as alum numto
facilitate heat transfer to the face plate 203. The

{ace | at e 603 trmy al so be made. out of al umi num .
[002 100265 I 5NesPIICESE QNG GPTIG HFSEE TRY( e Preheated prior to
enteailngeth@@;aiswmeeggg@ag@@m.omw%sqhé@%rerﬂérsﬁhatga% goxé1 ri]t is further

Thi's chanber has a gas inlet passage 640 Wt
heateddey theswariaus heatineleatidgs showndndugp@st 2-502The gasHben flows

f e t [ L f
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the insert 501 . The insert 501 nmay be nade out of an
the heatauRpHe& e Hie 9aHBoX-nsert 501 may have an embedded
heati ng el enent or the heating elenment nmay be | ocated
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[0022] Heating the gas box indirectly heats the face

[0023]l at Asnthiecéetrpointriechpesatusr ohtiergds infet gfasshge i inlceaased from 75
eci es,, hence i nprqvi the etch rate. It _als

to 2856 % taiRapia R i s Ante 228 Boicasea faaaout 100 to about

175"€d L'W?r%ntthé tEhPRPathidBf thEfage rhp%ié“édg%_“is!d%ﬂélﬁﬁ la&@RAction of the

tinme for CVD processes when the depdsition rate is
set pointterepsrapirepthe slopalof the tirenscewnvade Asrthesetigoint &ynperature

o Wl B, 89, FREP9B, 9928 5 1 P, B9 Wrpertre

incréfgdaofomadibut 1006 abaut 110leC. [RDhE gdSinldteset pbirtMdreases from
te%roature of the gas inlet passage is increased from
1251g SLoothgdace iptate adasr tempeasatyire in@epses framakodhito to about

175io@<_:reases from about 100 to about

[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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175 0C. When the tenperature of the face plate edge is
plotted as a function of the set point tenperature,
wo b@eslBpe of the line is curved. As the set ppETUS2005/027612
tenperature of the gas inlet increases from75 to 125
APPWE170Pke face plate edge tenperature increases from
about 100 to about 110 OC. As the gas inlet set point

i ncreases from 125 to 200 0C, the f | at d
charBfod e.§aS PG Ads s PHBBRR warg heAtagdar 1Ang %9 175, and
200 PBO2AL t%ggrr@%%)tu?@ﬁmrﬁés&i 3“@3ﬂrﬁﬁh,ﬁhb§§na"f‘lﬁ fiml B&position rate
uc to the t d

was Intro eated gas I n et passage an
incrgasedeasiosy thegswfaasf ofi théh sabstratei ahd 200lesirablet deposit fermation

alond {36 pHEPrcsatheraprehes poth e R derdesed *, """

function of the set point tenperature of the gas inlet

[0024)as s aue illubtrate: towe tid Helated igae bex iMflidhceBean alternative carbon
erature at the center of the face plate and the

t
dopediglicen @i filp clapoatienwer@mStHYicyslotetias ipeRsARg Ip¥gen were

el el Endfopts R Ge2 e pihalat ARG aLREn wor

heatedwtd H20he&ed 7gasaritb 200ntC.ueAs ethecterbperatiopeiiceadsedpithe film

thickfss anerpased HBbakR 8 208 thrrbRsbRped Fomesine, R siepnd lasting. The

film Qﬁ?o@ﬁ%nafﬁeSiHEﬁatarséBefréMpBBd’)lEt v806 taeabsst H608 RimidSuring 60
175, and 200 OC. As the tenperature increased, the

secdnd testing.ckness and fil m deposition rate increased
across the surface of the substrate and undesirabl e

002555 % i BURABAG YL Bg ERSEN LA BRRS U 3RS, g giron
temperatires. Reploedf s ratxas affunetionesf the sabstrateadupport and gas inlet
carbon doped silicaon oxide film deposition,

passages HRIDPSIatyrel SRrtepint revsalet t%’ﬁda%i%éﬂ”W@F%We of the substrate
I 4 roduced i ot g@{g%r ‘ |
SUp%c%s??'?a e ‘s’ﬁ%é@?ﬁ I&\%gge eatr%da-?%agg%’, tH}JS%Fcrﬁga;téacgﬁtg@“ﬂm also
incréi¥ed) CT héd\etechhmté efpesyateam aviihna gaaselét padsadda an200 ° C was more
t hi.ckpess, {ncreased from about 7800 to about 9600 A
tharHWW]BweG%tcbé {?n‘grsq EQIVEIONRYSISTm deposi tion rate
i ncreased from about 7800 to about 9600 A/m n during
(002610 Senan@tdre fdte Nibro$d & bufaté ot tthy | Subgtratea st ineasoied at the

undoped silicon fgI ass was etched at different
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

8



tenperatures. A plot of etch rate as a function of the
substrate support and gas inlet passage tenperature
wa@eedoopoispd reveal ed that as the tenperature of Peh®ES2005/027612
substrate support and the gas inlet passage were
ApPMAsFopRsed, the etch rate of the filmalso increased.
he etch rate of a systemvvith a gas inlet passage at

C was nore than tw cg_ ﬁ 'i"lh rate of a
T°ffc6|'mpeﬂ'?§6}?a‘r"a§3$§¥ K59 b2 dherf bicnesawas49Q gyny oe voltage
e
was 38 2 d RACHT of Liel TS cREARH B 1! P eiBBh Yoped silion
omdefwa’sha:pm‘obmhatalyezo gecandset hyl sil ane fil m was deposited
on coupons. The etch was perfornmed with the gas inlet

oosdly > B8ogaahily teps"\uh "Froitdr b ah Srgef 3RhA, Srwantiadal system
cleapﬂttrhxe:h?ieldéa gﬁbamé)s R id ﬁbe hQV@?}‘éﬂi@e WBikeb. TWIEG, thEshamber

| mwas deposited in a 200 nm | ayer. One measur ement
was gigan when inspectakaiterther emabkﬂb‘rteﬁ@asur ements were
taken for the m ddle and edge of the substrate. The
ver :
ooafh 2" IWRICHS 028 BrechEn B SRUKANERGL b fhkPpreBefl Avention,
othes et further vessbadioeintsl 811 theAinvientio rmayc det devised hwithaue departing

about 120, KA/ 0029] The ch Opt i cal.
from g5k Seairiered. ARd F ScoRmieeRs gieterings bydae Eims that
followas set to 200 OC with 1500 seem NF3 and 1000 seen1kb
flow at 6APPM 9170PCT Torr. The plasma was set to 350
W The filmthickness was 450 nm The voltage was
neasured as a function of tinme. The endpoint for 1 mm
of carbon doped silicon oxi de was approximtely 70
seconds. [0030] Repeatability tests with shorter clean
times than conventional systemclean tines yielded
substrates that did not have particle spikes. Also,
t he chanber was cl ean when i nspected after the
repeatability tests. [0031] While the foregoing is
directed to enbodi nents of the present invention,
ot her and further enbodi nents of the invention may be
devi sed wi thout departing fromthe basic scope
thereof, and the scope thereof is determ ned by the
clainms that foll ow APPM 9170PCT



Cainms: 1. A chanber for chem cal vapor deposition on
a substrate in a processing region, conprising: a gas
wheoocherspalg a heated |id conprising a gas i nl eeCT/US2005/027612

passage; and a face plate connected to the heated lid
APPMA§rapesi ti oned to conduct gas fromthe heated gas box

to a substrate processing region. 2. The chanber of

.claim1, wherein a heating elenment is enbedded in an
ClaiM$cert that contacts the heated |id and the face

plate. 3. The chanber of claim1, wherein a heating

el emrent is enbedded in an insert |ocated al ong an
1. UpR&hambdrdeechdmichevdpridegobitidn oh a $testedtanivarprotessing

claim2, wherein the insert is a silicon rubber
regiQm£OMPNsSYa The chanber of claim 4, wherein the silicon

‘U . e , _ L
neacap SR Ind 8 el P flpricing 3 0B et fesaBErhd 9
ﬁoa}ﬁactesplag?c csmrm]jltqd ttgtHeeraéated)gd ainidcblfsﬁtianeglgts dwldb uﬁtagva:é from

eatin ce plate connected to. the gas box eat

the ljGatpd Gas DoXdma HOSHRLE POCOTRBAFESIBA of of ai m 6
wherein a heating elenent is enbedded in an insert

positioned between the lid and the faceplate. 8. The
2. meThedhamber of alaim Twindesein a heatingoeelemgnt issembedded in an insert

enbedded i,n i.l,1¢c rybber, insert. 9. The net hod of
thatgpafaﬁf%%evmaeq?%?hdtaﬂg%?;fl?%eopllatq)bber insert is wire

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

located along an upper surface of the heated lid.

4, The chamber of claim 2, wherein the insert is a silicon rubber insert.

5. The chamber of claim 4, wherein the silicon rubber insert is wire wound.
6. A method for providing heat to a chemical vapor deposition chamber,
comprising:

supplying heat to a lid of a gas box; and
heating a face plate connected to the gas box by heat transfer from the lid.

7. The method of claim 6, wherein a heating element is embedded in an insert
positioned between the lid and the faceplate.

8. The method of claim 7, wherein the heating element is embedded in a silicon

rubber insert.

9. The method of claim 8, wherein the silicon rubber insert is wire wound.
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