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TEMPERATURE CONTROLLED SHOWERHEAD FI ELD OF: THE

AV e Ty | T
Specifically, the invention pertains to a chem cal *159159+

vapor deposition (CVD) apparatus for injecting gases

into aTesfhERA FhAarRReC 0 ReRONDL E DS S48 OMW Eat HYE A Dhe
i nvention pertains to a tenperature controlled

BACKGROND VD Lﬁaﬁﬁéﬁﬁ@m*ﬂ%ﬂ? 2
perforated or porous Eﬁanar surface to.dis

0
r At %‘ﬁ%enéﬁ’élveé‘é‘PP i RETtaifis l9sanparals; A1t FYYCIE %roggl?qﬁfnélg films on a
substx(a\(eer frcifca i) dne ﬁ{v%hﬁ(% p&{a%{ﬁb aSefnd@® vapotideposition (CVD) apparatus
onfi'guration can be used for continuous batch
for mpafconggsses dntofa readtionshamberb Fiviea teare specificstlasie pgvengpn pertains to a
I e ro

f.
empieiieCe R R TP R PR eIER oS | Bac

and deposit a filmon the wafer surface. Showerhead
reactors, or parallel- s, lend thensel ves

to i npl enentation of %@é?gg@ﬁ\q%anced processes,

e. FéE’%Q D%owFﬂ%aﬁﬁg%%gdé{}%%%g%%ng%ﬁ& &5R4S :g) ddn%f‘ surface to dlspense

react@ﬂt Q6 GRS gades adMférmilpas pasbls brer. a @Oendl\pérehel planar surface This
el ectrode may be a substrate support nd ounde

configyrgtiom gargbmw@dff@g@om@yowabpéc OBESMEE o pplgglrlbﬁagg oRprocessing
r
of suggg% Found %é’a_.g? ?ﬁéfér%daﬁé %eﬁ‘%g%}g Hpnagéc[ ﬁ(;eg gg’%{ggt&tempe-fﬁﬁre at which the
reacthﬂlfgdke@tréefw asdépooina filim dnthe g,aﬁersuqﬁzpdey systemto avoid
creating a 20 parasitic discharge in the gas feed
lines to the chanber. RF power nay be applied through
t hehoveadik&itl rreios UpPparalletipdat rexdeors,Whnd eheniselvsh m\/imhleandntation of

plasrgzlpi—g@ggg%lr géjprc]gs;gs,lqvgf Slrég%g-regﬁang EI li o%l:n\éz}p)éf gaﬁ¥051tlon (PECVD).
mostvﬁ@{/[)t &:amr'se{he B@%ﬁsﬁotm‘él&{rgﬁ . ar6 | BBt ECda@fe size. The wafer

t1ne, hange in emssivity of the
electﬁhieumyhgmjsmame mepriost avddre growsled and Hiel shavedead gy have REF power

appl Lpé.n_pli@%&% ggwgﬂm{rﬁ%ﬁﬁaé@ﬁg#g S’cht hﬁ&sgrlatc' Lﬁ)&ﬁgfihg Iapphed RF in the

showe Pl HRURe Rk Gl ﬂrsnﬁlﬁﬁ’ﬁgs héﬂ:ﬂoﬁshﬁl the heweupsiadystem to avoid creating a -
eventual’ly reach an equilibriumtenperature, these
parafitic tisclmrgain thé gacfeed haes @cfb@i Fhaspbeg: gﬁfeﬁﬁ?@l{ aayrke applied ghrough the

mb
subsfrlfSRpoaP AR TREE. DOICRENEO Snt Rared BRERE U1 STt o

charrber shower head terrper ature may vary from station

tatlio F I, 4
R U o PR, AT SHRLAE ARl fom
wafe?n@-%@?eﬁﬂ)ces-gr@nﬂﬁﬁbhmleahy@c&:s Ofdlig{ vy, hﬁ@dhamym&lmasmvnty of the

create particles from 1
showerhead components over time can all affect the substrate or wafer as well as the gas

reaction temperature. Although after a number of wafers in continuous batch process.ing the
showerheads eventually reach an equilibrium temperature, these factors can affect the
equilibrium temperature or the number of deposition cycles before the equilibrium temperature
is reached. Also, in a multiple station chamber, showerhead temperature may vary from
station to station. For example, the cool incoming wafers at station 1 may lead to a progressive

cooling of the showerhead. The thermal cycle of showerheads may also create particles from
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coatings on the showerhead having different

coefficients of thermal expansion fromthe showerhead

itself. It is therefore desirable to accurately

control the tenperature of each showerhead in a .
coatingrohethe t shopeewaé mvirgndiffereniroetficients tof hemngdnexpension from the

Wi .t h be‘%é wafer-to-wafer uniformty. The 5 showerhead
showerisad Y58 desi gned wi t hout creating particles and be

manuf act urabl e, at. the | owest cost w .t hout ianea i%g head i

f ol Hherriorsrdesisakle ith gequiely aptiel e BPFHRIUFE § ﬁ%CﬁgS werhead in a

mdh WY ; FIMNRR YW ETer-td¥Rafer uniformity. The

Chanjﬁjgl\l?/% ég\la,gﬁ %g%rg{gud#@%yg{}ﬂ%%elnéd CVDBshovver head and Y
showteelmaad should e cdesipnal withattemating partits anth da cesgufasairable at the lowest

di.gsi pation. enabl e. accurate and st.abl e .tenperat ur
cost yiemb mesgasine QotwTirbap drdund MioBiph SHURTRERAIMEE eood wafer-o-
wafe? QRfrsAlityr educes wafer-to-wafer non-uniformty within
conti nuous batch processing and from batch to batch.
The enhanced heat dissipation and heater enabl e quick
recovery to the tenperature set point when changes in
the operating en®U Y O THE BNYEQTIQ}& em
I ncreased heat dissipation is achieved by increased
cong Q%F%tutr@ rSHEMIN VY shBRWERAEadd SteRiPerafieli don@BRlsystem with
convecttve cooling using a fluid in a fluid passageway
enhaaced] héandissppation enatilancomate rapchstabbeatsknpstastre . comirel with fast response.
tenperature control  syste | so . ncludes a.heat,. .
AcU RGBT ST TPAIES YOS & THE SR YRRETA LYgPcqginuous batch
prockdstgdadd R¥MMGatéN td BcBNPNEERRABed hétt WissRAGSAGaWMEatet Bnable quick
addition, the showerhead tenperature may provide an
recorgislito ithmtempeeatenseseepoinbwhep e $ i apepeding R Virogmery perturb the

one gspect he present i.nventi er.t ai t .
Sy““t‘%‘np@?%?%ﬁeg b?ﬂit B’SFIP%%O Tovd acghe(‘f%r ea{g&? %%fl ?%c uction, through the
shovedrRendWitth, adeeioMsictdnvectbeotodiipgf tsimgl apfsidayewaflyidapassageway and
. back plate therpally coupled to the stem a hea&gn '
incresseds radiatiop faem o esk Rlater hENS, ERIPCRNYE £OniOk systeny plsp dncludes a heat
exchtangérr@lgéf ¥erﬁggpéo%ﬁ iR {dSelBekeRlifl GluidMwing SRS 8hdii@head fluid

sensor for asuring a tenperature of the Tace plate. '
passagevdye fpaddition ethe sitseerherdyteinperaturhmayponigd @ additatabparameter for

to the .face plate. A 25 non-contact nethod for
Proce3sRPEFUEA8- neasur enent, based on infra-red radiation,
fluorescence or pyronetry may al so be enpl oyed. The

bagk dHeah§eBRYthEepBUR BiverdtloAMpEkThO o ad Bhipetu@é controlled CVD
al um num "The external surface of the back plate nmay

showserherdathetl ingludes 2 stemevithla eanveeiiveeepobing diHid Pagsaggvayyfeback plate

coatin anadi z [ wmi t
therra tcmg%lggia Xo ?ﬁes is{c,éfnanac ggq‘tl%a rsﬂ:gl[!% a-#g%eggtﬁetﬁ% eﬂéglé dch’slﬁ%aé‘ face plate
therindBy baghedtoathe badk glate @ad pl tainperaniye bemsomfte ndas@ing a temperature of

al um nu anodi zed or coated al um nu r oth t
the fage plates n%‘bqe R REr A Hre SSNHE Iﬁqi)ghe at ermorcT(])up e attachgcrl t(r)ntahea%ace plate. A

non-contact method for temperature measurement, based on infra-red radiation, fluorescence or

pyrometry may also be employed. The back plate may be made of aluminum or an alloy of
aluminum. The external surface of the back plate may be coated with a material to increase

emissivity. The coating may be anodized aluminum. The heater may be an electrical

resistance heater and may be embedded in the back plate. The face plate may be made of

aluminum, anodized or coated aluminum, or other metal that is formulated to be hi_gh

temperature, chemical and plasma resistant.
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tenperature, chem cal and plasma resistant. 2 The stem
houses a channel through which reactant and carrier

gases flowto the face plate, where the gases are

di stributed through holes or perforations in the face

p| Tk estend hoadek | aechaphelt thrawgh sdrieh extabtant aids earripugassh flow to the face

devi ce may be | d, het n.the en h
plate SHRge 1 e S R ates Beudd tosbed e dlopt SR e plte, A barme
plate BY §3th¢/ othgp&”lsﬁfb@ﬂbﬁlhéﬂc@ﬂida%‘é |Gcabdbep0édniBe @A bf 1@ gas channel and
fluid 5 passageway through which cooling fluid ma i i
the faicé platetto helpodistributeshogrsravenly. Thaestem alpeihoysgsa a@te\wa%vq gooling fluid
constructed so that,.it 4541 r .
passaéﬁ‘ﬁ?’?’né]i“o}lgh t'h IC}étcé’ﬁwh%érﬂru?/Cli n%%l ?fé)g‘gttémct%matr%geeg g?‘?[g%?m The fluid
passad@s8pistdntthetehemiahdd isoldnel fomuie téaeent deinnelginftheis@m carrying
enters the stemat _an inlet %nd may .exit the stem h
reactarthend gATISH 8% 1ordiceshoxierheata e (convacHvE RROINECId epjers the stem at

an in%gl(u?& m?i&g%ﬁ ?rhae ﬁ%hﬁégxﬁg@ﬁg ﬁf' mgre 86t thaphagngl ﬁle%terﬁ,hﬁeo inlet or the

ssage y Ical path or sone other
outlet clidnuelusr bath fehdesslgof thef massagowdy aidyvidllhwaa helicah pady or some other

between the fluid and the surface. The ,cool.i,ng,fluid
tortu%ypa‘glé ggqlgléqﬁi E)gy:ogalllct](v t’ tr%qsggﬁt’)etwﬁgqq Eilﬁ] LHfltagg gté% ’surface. The
cooliH%/ ﬂ?ﬁigﬁgy be'clen byt bi#(EDX), algBBSKeliuk) RitedeROhydrogen, or a mixture of
pT €

erred, water and oil ?based 1 |%ui d cool ant may be X
theseu Shdugls notheefeond cetterand eibbised fiqidioglanpmay ibe wised asthe convective

con 52 35 SHERLSE o 46 Py s o o
50-1(51t§f94i.edrﬂ%ycmh&ay aB6CHAREREd Bpaneet ethhsgerebendciantoanere than one

shower head serially. Serial cooling neans that fhde :
showerheadresgrinldy . s uperial eepalipgyaeansy ghat sth%v@%ﬁeﬂ?fé’ #F t fypplied to various

i ntermedj at.e cool.in t .
o TS Sy o A PGB IRG e, e DA may b
suppB&wer ﬂlﬁﬁd}ﬁv@ﬂﬁﬂﬁdﬂadmyedt H}etlhb gaabt eexhﬁmgng supplisd pph send showerhead,
a second shower head, cooled by the heat exchanger
oo SO PhYEt o el oo, By e ol SHENRIORT b cxchnger,
suppﬁﬁg I'{’Emg Sfourth SHRRMHRAAL Qodlefl OFY t e SRAVELHRRAGer,C AR @&thAlsted. This

eat exchanger, and exhausted. This 20 arrangenent
arrangbment mésmides therpuunobf airr usgd ehdaalsp ghswesepdoyeigmyerature of the

ow f enper at ure of the exhaust, elimnating safety

|
exhapst el ppynating 2iqty azards, o cont ai ns hol es or perforations

t hrough which gas reactants flowto the wafer. The

f atge RlcatptatéRYntaiN ehoVedr draesfoeaivhs gubagh omichf gasakactants flow to the

patterns of difference sizes. The face plate ma% be .
wafer.e frbe sk plasg may have Ya1quy @o%fwatmnd{félogeopaé@rqs&f difference sizes. The

facilit [ ' - i :
e B 5L, B8 000025 ok pabh isfcarftor chanin
hole tjaGERBCODIR €erperatpitysf drl faaacblathenayabe oncwseret wi & Hherrwcouple in

face plate, or by other meaps that are | ess .
physigab anepiemmal qoBtacmith e fece Pt 08 DY S, megho [ g, less susceptible to

RF ihﬁéﬁtgﬁﬁt §¥h &sfo c%l RESARARUD! &f b therPBEbupld isTB¥d, Bemay be connected
connected to the face platé through a standoff
to thedaawelate ttheuplaalstandaffdetmentthe bickcplatsl antlhe frse tikfte @ through the

send e S B RGN s Bionmc o e

or eliminate interference in the temperature signal from the applied RF to the showerhead.

An RF filter may be also electrically coupled to the heater. One or both of the heater

and the thermocouple may be isolated from RF power of certain frequency used during

3
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30 or elimnate interference in the tenperature signa
fromthe applied RF to the showerhead. An RF filter
may be also electrically coupled to the heater One or
both of the heater and the thernocoupl e may

deposmoh amobomtrommapdwecotmﬂedcm thei ﬁleﬂn@f@uehcw%ﬁedheater to maintain
ﬁrln 3 de %1 n. A controller my be coupled to

desirg Wﬁé%ﬁﬁ acs gcthe heater to maintain desired
tenperature at the face plate. In another aspect, the
prﬁﬁﬂ[ﬂthdrrﬁéﬁéﬂtl 2@ Redehflim@ntien pertanper atternpereiond catrol system for

stemfor controlling one or nore F dUE lud
controdimgeanstarragrei HoYCTIES fres 1iha %‘Z‘Sﬁﬁeﬁm fic| Uifeyystgm includes a
CVD'5 ﬁ}&a[ D, ?%%H%egoo?ﬁgo?stg{ﬂm TﬁEQCWEﬁe{Hlbe-mﬁd@@ &lasRibre temperature

es one or erature control
contﬁ)me@eh@@aﬁsadsEaEaahsshommhaamciudcs ween,aa baqknpla@, bdade plate, and a

plate, a face p and a co f or, neagy
therboRpUplergE K BERS 1S PR Boe FHE Tl RAP S Kponvectiv
MY GG | drfadisf RN Badls ptaherwhich \is thermall
COOIﬁlg H‘Fﬁ béégagteﬁ%9bd§?kls ihg?‘galgﬁﬁwt her ?ml Ipa coupl etSJI ey
coupllal tohtheffaoee plateat &he T:hehmg)@j'stqng iss pennsaied o dbe ﬁ@%‘{eéﬂ"‘t gooling fluid

t he convective co n C
pus S S50 SFBRL D S o o RE FBA b gRAC Boverbnd an
throsdiofE hBgad cRiGer inlScdw@h shb®ehRads. EREh@OURE systenb @iaydaciude a liquid
S omerheads he cooling systemmay .include a |iquid
cooled)dnbademhmgeewﬁaﬂ@gmct@na t Shheeryestive ceolingefluid passageways. The
temiegﬂl\({li%gc%olnﬁgg %rﬂ_&% sy %c SRAUTHMOIR: ¢ ‘%??d {oefﬁQQB%chuple and a

SO I nc ude a contr er COUp ed

_lwa&ﬁﬁﬁ@ﬁaﬂﬁ@ﬁﬁﬂ@ﬂ&ﬂheb&mgﬂae heat er physically attached

to the back plate. 15 The convective cooling fluid may

be clean dry air (CIMQ n, helium 0 .
y dhegenyecre SopBbIHE Fob o7 CIeHoSE! MFHoLYopJERy Jtium, nitrogen,
! YorRiesd€in¥ @bSebcMi@cdblingTluid atyl tetdetisered via a fab
}Wdﬁ%%%eggf%ﬁﬂgﬁﬂnﬁ may g CDA. Th eCCIana;@bendeIPvgred at
fac1h11q:$r®aawtlencahd aythe GDA. 1D EBA mAy ba dplivesed at a pressure of about 50-
tepperatuyre to the firs h t Th
0SS S b eSS, i, 9 OB e ey

cooRADERIAR 2E8ling\BiffeferiBNoWErhealy, Which heayi ot thie neiabein the same process
process 20 chanber on the sanme tool. One heat

chamhcmwt@e Samsoobe Otrs beatees RDGFT B AR 1HEHESOp L HBfEEepd more than
onefcpwgﬁer %%% qo&lhaﬂle AlfR) be fiRA ﬁﬁ\aﬁ?&d Q@amblent pressure

t anble pressure or anbi ent
andlof ARBicat Wnﬁae@éttu%faf&r b asst chiiOigl rthe liqued toajantdn ¢lmohean exchanger may
in the heat exchan?er may gagl|ltl S wat er ¢ metal block
be fapiditipge vater guiegoheblawd COﬁ’hiet hake heatshest Ry tea gost meta
havﬁ%se'inﬂgﬁ&@d c&)llsﬂf ine Iﬂ?ﬁ‘f 'c&gfe@m%e% o ¢RQ! BiYs. IThe@agnifletal material may
nvective cool i ng l'l nes. e cast neta
be afahainal Thayodﬁlgb&ysahumamuiiﬁo implude on¢ Phgoss byeass hegps configured to

al so i nclude one ass,.| 0o o
s B B SRR RS o T e tom my i
1nclr°1¥e°‘ N mbaB1atas) b(')'lg)leﬁiy & &P B&MrallesOto teatlateder fcb@t\t\bl the flowrate of
ators, coupled to the controller, to regul ate Qr
coohngltﬂmdis tnite ddcbvshawerhgpd so as to control the amount of cooling. In some
embodiments, the CVD chamber may also include a chamber top that has a high-emissivity
coating. The coating may be on the inside surface of the chamber top and may be anodized

aluminum.



10

15

20

25

30

cooling fluids into each showerhead so as to contro
the anmount of cooling. In sone enbodinents, the CVD
chanber may al so include a chanber top that has a
hi gh-em ssivity 30 coating. The coating nay be on the
i nigi ygtanaihdraspecsfthe presertamization pertainsitormigniperature ¢onteel system for
al,um I n t. anat her ect . the present
contB{ig CYE st Pl PRI a e et BET SBine mepgy thermally
couplednb ltkd SHoveErked®; BE@nerhend theeMaRy abupled tol e shyeidhd; temperature
includes coollng means t her mal | coupled to the

sensigg Gogenh deprmalis £opplgd refass of by shewsrheash Ricéltedng means electrically
conBoU ek SIS s HENRA TR TRENR IS s meas for
contrellelgttempahiu){e SThosystent niag aldodnéledpedaitive €osi@ipsmeghs and convective
.mreans and heating neans; and, controlling neans for
coolipg fIeARY. | i ng t enperat ure. The system may al so i ncl ude
radi ati ve cooling neans and convective cooling neans.
| NnOBRe BRP&S] thd qﬁes@ﬁtes't%tlbﬂvl%?fairﬁntoo%r Eé?’hﬁb?athfé %ontrolled CVD
tenperature controlled CVD showerhead that" i ncludes
showethead what Hneludesny stem wetlnm@bnvﬂgtlw¢ gpelinga fvslgpasaageway, a back plate

Q thermgly. cou to the ste nd, a
thernf e Bicio, B, W ko protits eeba g FRle BB plate. The
convEIVE &oliMg MRNQ|fabe Fé\lva GnAHabS Aespaed Bich Bt @6§1h1€g’1‘ﬂdld exiting the
such that cooling fluid exiting the passageway woul d

passagegway workd hfaﬁfeth? swpe temparaturgsastthe skavesrkeade akhe shiewerhead apparatus

may §lt§8 Yﬁcrl&&aadte ke Lé%nstog? r I%L I‘lh% Fﬂe eq(?tf ?3005 gg?ﬁ‘@ ft %rature that is

sensor sur e eXxi

outsile opehe gilashex Rﬁaﬁtethren&Uta&gde Thé tédﬂ@rﬂh&%éﬂsd?ﬁnay be a thermocouple
interference ran The tenperature sensor nay be a
or at RERKBRAtHMmethal 3t SRR BERSUFRAIb batsd Of infra-red  radiation,

ﬂuor%s%g&%r 8t gzc ! 0§5 UrgeBhok Bﬁfi_e}e] Qnagggi r}flf& bf %hfrﬁ’]%hﬁlt bP Qm alloy of

I"uor esc pyronetry ate nay
alumgfumal Uhe extermat senfaczl dfdhe bhck lallatstmnaljube chhred ethhea maalterlal to increase

surfa of the ba be coated w
emisfiiey G SeyinEmRens aho B SRthiniyn. Fhaste ARG ey sheater may be
attacBd¥0Qi tE€Hack plAleNfichlMays BTN BRBEIdAINREtan@ AR Ahd WY te€embedded
attached to the back pl ate, which nmay be an electrica

in the bagkplaieice heater and nmay be enbedded 20 in the back
pl ate. In another aspect, the present invention

Peht ﬁfo r ag ﬁgﬁﬁés%éy SefRIN é}{alr?sy t%tfl?grfl%urehco%rol system for

contro era ures 1 n
contriﬁhmgsylsmmeamyempmhm& ia aCKZND chanber Thd Bystwne r@a[y imehee a CVD
am% erature controll ed showerh 00/ i ng 'stem
ch 21

ﬂyon%eapﬂl%ra Fslpﬁ%urewgeﬁ?ﬁé %?fﬁ?aﬁ’@ lagpofine system fluidly
coup R@St§ ALLURY SotivaNDofing ?lﬂfcf;?isga%%waﬁa%ﬂd §Q9iﬁ\ﬁ6lt@a%a@ﬁ¥h<?\§erhead may

|nc ude a stem havihg a convective fluid passageway,
includa e kstquh dipeing faecmbttyvecﬂwpllmdsa'gcwamei bankeptateahcmmllbfamapled to the

ste mp;y'glz > t her ﬁl&%ﬁl&@y %k&ﬁeé ) hréebagﬁl%ll(atg ! %e co&rl]r(leg gyos?elrrll rr]rgay include
inlets and outlets to the convective cooling fluid passageways, a liquid cooled heat exchanger,
flow modulators, and a temperature sensor thermally coupled to a convective cooling fluid
exiting the stem. The heat exchanger may remove heat from the convective cooling fluid that
flows serially through the passageways of the one more showerheads and is intermediately
cooled by the heat exchanger. The flow modulators may control the flow rate of the

convective cooling fluid to each showerhead based on information from the controller. The

5
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inlets and outlets to the convective cooling fluid
passageways, a |iquid cooled heat exchanger, flow
nodul ators, and a tenperature sensor thermally coupl ed
to a convective cooling fluid exiting the stem The
temphmmatre soshamgy menayrerthartomperasare of thmfluideexiting éthWF‘éhead so that the

contrﬁggrlsrlan Qé{lslgrlng? %E%}épeg%tgﬁeﬁ Pac \Rgat%yﬂgéq &'r%nelt Hgy be coupled to the

flow! Ab@I14¥BE laAd &hy terip@haet Bdhsbheo heab (ﬁ%érhﬁﬁkg and cbheolf thewface plate
nodul ators may control the flow rate of t

tempcmﬁvectln\serr@d@wsﬁ@ etsr dnayobe aashed, é@\é‘?%@&g Pasedgipupled to the

rmat i. fromthe controller. The 5 tenperature
contrggﬁr rpr%gelrlreeatmgre the tenperature of the fluid

exiting a showerhead so that the <controller may
delnekyei agothert ammer athar gresdint tilveentiao epguiaitseto Bheemperature controlled
contral |l er ul at

|
showerigad dsoPIatioE e alhes Boa A AU fh B TGH SoRfppg nd circula

front! Jﬁﬁfaé H)cllcl@ﬁﬁrgaéee Aine rb@&l@ilﬁ"fac!: tha$§ 3BudAS Smbé Jf@@t&Ted blind holes
e attac to the k platé and coupled to the

and Enecmmhoml thating fﬁ:aplresvﬁod ettzh:@atg the faqerplgtgtto gmlpawgrplate The face plate

t he ese ertain
may BRdBree A SuBBRT b prel HEEet B RS BaTiohD fin the sovsrfsead stem to
the pTG&s§1ﬁ§ reR| Al tBe bitfel Wide Df hesfabs bR, | Bihd sfnzﬂl &m@rgha’mlles may be about
circular front surface and back surface. The bac

100- i@gﬂﬁ@éeS(?ﬁQy abott Brf90a0mabene 206200 hdesaing 2 %rrﬁ%ﬂr g§about 0.01 to
05 AP0 LS o QR 34t o Ry GG et 68 fce ple

mayiha¢é Halifickneds D e50ud0.25n@1 0.5 irfthesyoh ah@lt@sl Asao (lgﬁmchbs{)wr about 0.25-
fromthe showerhead stemto the C[i)r ocessin allr ea on 1
0.376 tieches Ped may e Taade gfeans @Iy, pROd! ERETIE Wigingh or other meta

that BOKS L ﬁé’c& 808 bggﬁ%‘ Itqen?]%@ét%x%v 0Onicqr AROPrasil qg§1st§nt4 0J‘-Qothermocouple

or a ing a dianeter of about
contfictQibld may @lsb benimbluded.afbeitfad®. Pare iin emfmnldedrmybef wravably attached to

attern of, non-uniform hol e den
the BagK wile e (i ckifest. BPriaptintoratates, orte Migings Refipe may be a
leClﬁQﬁ%tlQl‘ éiaéwilp a@ov’é thB GRES surfice 29 @tove, £ hurhberOof3REeaded blind holes,

I nches and nay be nade of an al um num anodi zed or
and e balf eflarainterlacking jaw. ot her nmetal that is fornulated to

be high terrperature chem cal and plasma resistant. A

thes nocou WP e ERibed

fa e‘cb‘a’l e t:%gr geomr?%élr“{]egh\?ao s ?E?i}gevgﬁle{;ﬁ%lt t achgd ibed in more
detatl bRldnawith péfate@ca/ioaht hsocarddrawinge mati ng feat ures.

The mating feature may be a circunferential sidewall

ol na hol es. BRBERESE o Ok rRAE RS RG foar

These and other features and advantages of the

L 95 Yblabh BE sitRAGhdda@EmpétattiBisn a(i@lir%ltdtlohezh@%w dvier time.
re ence to he associ ated draw ngs. BRI EF

DESCRI PTION OF THE DRAWNGS Figure 1 is a grap
s h dFv@xrh 3ads e gmpbraftsilices nitida sma@arrth%aﬁ%%p%t&%évarm phowerhead

temperatures.

Figure 2B is a graph of film stress for silicon nitride spacer deposited at various

showerhead temperatures.
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25

25 Figure 2A is a graph of silicon nitride spacer

t hi ckness deposited at vari ous shower head

tenperatures. Figure 2B is a graph of filmstress for

silicon nitride spacer deposited at various

shibigereh el 8Bnped atCliaes crods Fegiome schgmati@B of antbnf@raue controlled

cr.oss.section schematics gf a t ature contr.oll ed
showg el it oS BB e mlieg oGy DS PESEUIMRSHRY: of

the present invention. Figure 4 is a schematic of a

copigliRg! &yH schdinatic @€ @ WOIRME Sysdnh M adtoedHped wilndn &hbddiBent of the

present invention. 5 Figure 5 is a schematic of a
PresengyeRtiur e control systemin accordance with an

enbodi nent of the present invention. Figure 6 is a

ScC t £C; 0 [ e I € -

IR opg: “REnBIOE SR GhulT AP Sieht 1 HGRafte with an
embadempirod ther preseme asantéch. usi ng a tenperature control | ed

10 showerhead in accordance with the present

invention. Figure.8A.is a plat show TECS film ..

¢ bR posHethis” ol pis ErBpdineRl ol Ri FHGs dapredite or eliminate RF
noisest arting conditions using a standard shower head

Figure 8B is a plot showing the TEGCS film thickness

over 100 wafers with the sanme four starting conditions
uskiguret eipenlat of hopsricad fanesratuiss moasised ¥sing 8 teErpuRDrontrolled

shor T T R Bl A dieGRaE hon of the present

oW ng de escription of the present
i nvention, nunmerous specific enbodinents are set
f dfighrei 8A @ al ptot tshowimgVvI @S dilhtbickngps owed E0G tvafeds mithdbur different
the invention. 20 ver, as wll .apparent to
sartp GQRATER VB F ACOHC ROV UL 150 B SBH igy e AEOS film
thickREB L B8D WatdROWith thE 88nS RRIE ksfatttn d&InBitiofs AbinP ¥erHSdrA@re controlled
alternate el enents or processes. 1n other inStances

showgdlerdsknown processes, procedures and conponents have
not been described in detail so as not to
unnecessarily obscure aspects of the present
invention. In this application, the terns "substrate"

and " waETAIBED DESCRIBTTION OF SPHUFGEMBODEMENTS
foll owi ng detail ed description assunes the invention

INTR@GDUdIIenent ed on semn conductor processing equi pnent.
However, the invention is not so limted. The

aplpr)latrh%t Posflor\ﬁgg bd%tailed description of the present invention, numerous specific
embodiments are set forth in order to provide a thorough understanding of the invention.
However, as will be apparent to those skilled in the art, the present invention may be practiced
without these specific details or by using alternate elements or processes. In other instances
well-known processes, procedures and components have not been described in detail so as not

to unnecessarily obscure aspects of the present invention.

In this application, the terms “substrate” and “wafer” will be used interchangeably. The
following detailed description assumes the invention is implemented on semiconductor
processing equipment. However, the invention is not so limited. The apparatus may be
utilized to process work pieces of various shapes, sizes, and materials. In addition to
semiconductor wafers, other work pieces that may take advantage of this invention include

various articles such as display face planes printed circuit boards and the like.
7
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utilized to process work pieces of various shapes,

sizes, and materials. In addition to sem conductor

waf ers, other work pieces that may take advant age of

this invention include various articles such as

di Showisrhead wmpezaterss @rifinoed tone end wffbdtarddpositich tdaetion in terms of

l.ike, 7 wer head t eratures dri over, ti and
reactigt B oo ABCHORGHe SHRE Ot g ot Fftures over a 50
wafer due Sithost dniyl tempéraies toRfol, i, Y Keatink Sr BoAIMPIF R sHowerheads in a
shower head tenperatures over a 50 wafer run w thout

foursiafion shiyabert aie eletisdt ovsr 2 50, wafer men frsaabonig40 sagsondsngThe station 1

o SRUSERBEA14102 YT 2 L 0, SHATRETa B} . stons

line TO& gfsalm©Bods én, showeaipeeatkedarstAiopo DUSinkRabdsNtil ¥ieaches a steady
station 2 tQ line 104; station 3 to |line 106; and, _
statedemperairg at gbout 3720 %gndsAsTheiandgwp ip plotted as a step function at
1i t . e i i .- i r i-]l. i h
ine 100 CRAiA S A pe B BT ch W6 RASES it IndE6 78 m wp the
shovwgrlxmds aod redfiiet iabouti $0 phintitegdtheswafest pocéssingt stamedat In station 1, the
line 110. Initially, th as remains on in a dumy . )
empgt eSS hiltisciss iR L B e GG A AHEle RcPY Efch incoming
wafeR @ Wlatib 1McBYs Gfie chABbMAEShSorRhRC SRAIMNE MeAbHdwRihdal, as the wafer
station 1, the 10 tenperature started to decrease
warrg wpl teathieyprodese tempetasureprBue shd tenpstanre edrivs dagsbseqah stations are
I ncomi wafer.. at,station I. cools the chanbe
progtelifl Henel™ sitic 2 RbAb4rBouc isi2Pled glmn w s Shapgshead because the
incomy@lghBafdPiol Ratldhe RBIRERS thah@AP BicaiitcewafthtSsthti 3. For all stations, the
tenperature curves in subsequent stations are
showerhsgd desmpayetnie 1epqiisd an egrilibrivm tomperaties #ftcagoing tiveso| er
than station 3 showerhead because the incom ng wafer
to tho j opl nt ' ] . {
st BB S Fef P oflfer 88e! HRIREET TS AIRIattR chamber would
expetiempen diftarentrshavkettadnereppratuiebati eachtsenijoar alsewhért éfe showerhead

ST T TN A
som%ﬁaft gifRitént PREPER I Whel KARPIASIYH EVRE prEaGh tiph & éeﬁflhi]vér R showerhead

en the showerhead tenperature affects the fi
tempgragipge i the didigon nitede spagerh Arpplear edapplsiof e C\IN prdvessthhtes sensitive to
ul.d.have . sanewha i £ferent erties. One exanple
Show\c%%legg epr)?tblf:eel ggeniaﬁg)tygol ° lgﬁa\gf’ {ﬂ‘:‘/(gg)( o shower head 20
tenperature is the silicon nitride spacer. Another

exBigniee2 0 shavsAUPfihakieksest Hegosited Geies diffevént sBowerhead temperatures.
shower head tenperature is tetraethylorthosilicate
All pthpropyocess gefmetess JEUigs cqud Mmorfvim; sk Aerositerb gbdiighey showerhead

temp'éfh@ﬁ’ﬁs. dith L€ U EIns I?l‘ﬁ)éﬁ{e@? ﬁg%({?g?a’) Gt ﬁltel'gegl rlﬁlgiAé% ég’%%g{ tun, €.g., after

process paraneters belng nore
sometdldiigieeor shianvier lvkad, woekipler ktsstles. th¥Hils thieknksd deposited after the

e I A O
diffeR@cd ﬁlﬁﬁ é)}a gﬁ? nobBavel dnfrpBéGHK ﬂ?cs&rﬁ)?xﬂgﬁde_tcﬁ?}é@ﬁﬁaq '4ebR€ manufactured.

~ shower enper at ure has reached equi rium
Figupedfd stiowy tion shdveerhi¢adntemparature loinck sidisen ndriflé epaec dilmegroperty—its
stres§o.ir ﬁgﬁye dr%}l\%tvséeé %g&%:x’]lg!%rgﬁl?ﬁgh}clregsést] ﬁleps%rrefsso crlerg?ga%gs. Of)e}t)cps%ed film stress,
especially at the transistor level, may have a big impact on device performance. Thus a desired
stress may be achieved by manipulating showerhead temperature. The ability to control

showerhead temperature would provide another process parameter with which to achieve
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Fi gure 2B shows the showerhead tenperature on a

silicon nitride spacer filmproperty-its stress. As

‘'t he shower head tenperature increases, the stress

decreases. Deposited filmstress, 30 especially at the
desired firai roperticearnd rediey wafortoawifey vamtamts (opn-laifomeity) in deposition

n Thus a desired stress nay be achi eved by

thwkﬁ?ﬁ@ﬂ%?ﬁ?PHﬁ”§ﬁ3warhead tenperature. The ability to

control showerhead tenperature woul d provide anot her

TEMPERESSR PAGNEROLLND SHOWERHEARChi eve 8 desired
filmproperties and reduce wafer-to-wafer variations

é?@&g#{ﬁ}ef@gﬂ? t}/y?:s m ?ﬁg%gs L1o0 @E@%Mr&hh%miw both for
bulktﬁﬁp%ﬁat mbfy &ﬁ?tﬁB'léﬁQs,Sfﬁeﬁ% ?lg?dgﬁgﬁﬁ%?sehmmatm% non-processing

uniformty k i1l
delaysn_ded_\uk:ehjphrtlsleb Byayelusingi orcelémsetng hhayoghpuelingy and adds a valuable

elimnatin roce del ay uces rti
procgsy RAHRARLF &P o s irHTEn A EFOPFOF S“tﬂygfmnﬁafeg Wy ginformity s
impryfdUgehgse ﬂ@ﬁ%@leaﬁﬁe RAfB RS ovEPS chhitfioulDaftd dfl Whflers (both within a
properties | mwafer-to-wafer uniformty is

batchi apd @ne doatedc susaothenped as umd;pvmeunwf | the éO@vecrndatlon) This reduces

a0 MRS B Pt A AP pr i Rias e ot

and GOt WaRP)n a bhick WiRHUEESholrithali§ RAveneschied efllllﬂllBhum temperature By
properties between the first wafer in a batch when the

controHingealh skayserheadsda| adchaan*eprttﬁ el gsthe\jamsrtemperatyggt g film property
n th eq

umfotrmet ? &feggn\ée Jﬁeﬁg&? R SJ ?ﬁgﬁ%gcsi ho\f}l\ﬁ'ehﬁg& ggpln% télme, e.g., dummy

depo§1ﬁ@ﬂ’&ﬂﬁe tto It ahe tshewsﬂleed ,t mapeeatlimenatddyehis limoreasing throughput.
operty wuniformty in different sub | ayers is als

Theriagh CRlins, MR rhepredkiedds PFRFUES 1S, STOVGTICAg IRHpPeragisp JBRY P rmaintained
whild kst 831 Qxebéﬁé’Wah@diqnst%opﬁloex{qhg'tﬁ@glﬁﬂverﬁ&ldsto cool. The

I ncreasi ng throughptt Thermal cycling may
reduc:tenhun elmbrmtaba{spkag Mwldsmdumthe affectofrddfeaeni rtleermaye@@nswn coefficients

ai,ned station is idle or
berw L BRSPS PO PSR O e BB A5 IBrobyieduce particies.
As deh:ﬁsseﬂ %Uﬁé | fOP sbie tATEDNBroCcARYES, idegredofilngl pk@RUES thhe be achieved by
fect of different thernal expansi on coefficients -
cont@éltngethq denvethend domperaning QVlﬁh@IthébaquﬁﬁsP@ﬁmFWég For silicon nitride
s_and. t her ssed
sonc QRBP4 SHG Sl g (rudlpise:
may be achi eved by 20 controlllng the shomerhead
t eMh&t atdigeneydllywol Mein tppeceSSVPashametleads: thochaidtliadappe and the

nitride_spacers stress, for exa Ie,I
flushgmgyiir h%hag%@r (m/eerﬂegih sdieye g éfﬂné attaghed o thetop o(%V\ile chamber on

one %ﬁgﬁ{ft}xk YadeWat@®¥nthé lﬂﬁfé? efd, rg%BleﬂgWhgﬁ@QQr hhﬁart of the stem may

ler type and t mount. The chandel i er
protratio ther dhaadsr hgve calabteemnamtmmafcgas dinehend BF pwerhelhe flush mount
one, end

showERFAcY BicoiAEPIEE SMEHaN AR Pep CHARPH TS PR chgay The present
1nve12t§m%’e9[tafdé de attélﬁR%&m{’%nt&H&i EHanBEaR kheChBRB/ch@n Of

gas lines and power. The flush nount
To control temperature, heat is added or removed based on the showerhead
temperature. The showerhead temperature increases when the plasma is on, because (1)
charged particles collide with the showerhead to impart energy, (2) the applied RF energy is

coupled to the showerhead, and/or (3) external heat is intentionally added by, for example,
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shower heads are integrated into the top of a chanber

and do not have a stem The present invention

pertains to a tenperature controlled chandelier type

shower head. To control tenperature, heat is added or
electrieairenerdy frageah dectripd hehtone lkﬁe‘émweﬂ@ﬁé égmepagtare degeeases when cooler

er at
mcBESELT SRR, 25 b5 FUEER, HOGP LGB Py gt ambin
tempeRAME" MdeA hént ﬁpﬂé’rﬁo@ﬂe bgycm(dahudd‘l €e. gp phdaedcdﬁﬁuanﬁf ghrough the

IS coupled to the showerhead, and/or xter %
showethepdhsigat mskeaial yip e dbel chymber geilinga and by ra@laté%gﬁom gfm showerhead
surfa?&?r ggm{a o?rﬂl GLarh deRl feat { a p-gpteoisH&Y\?ﬂ heatdber o%eratlon and

enper at ure creases &n coo mat'er enters

other@hﬁiybﬁrusecetogcqntroeaﬁimﬂteagmeperaurd ower tenperature or
waf ers at anbient tenperature, when heat is renoved

TR B b 1 PSSR TR BHEBGR Byt in accordance
with %?901@’ erﬁ@&ﬂlﬁteh@ r3)f fihOPEaR iRNAVBA N PREerFnS lﬂ(B Fases 3 ASeHEshowerhead

) these thermal events occur as a part of nor nal
300 inblardtrea stopet0dt 2 back plag 306t amirzsfmylaltmi% s ebhe gem Pt magy be divided

hovverhedte ture
into %I} yRRer and 4 8WnE Z‘r‘?ﬁt }vggcﬁ ngaya eht 1a|mre]:§e§% C(ﬁ)r} ne. gmbodlment
the upbdriiten@ hasoddiated dF ABIU $.50b 2t1h6he§ r;ﬁ“@&fﬁbly ayRint i 76rnches. The lower
eferring to Figure 3A, the showerhead 300 includes a
stemgliametgois, abguih ek 23| m@}@sgm@fergqu ahoytcdS Pichese ‘Bhgptacqplate diameter

oy S STV WY A MO A%V SRR ety o

100% 6D 028 W B the wifbEsid@PEor 6<taﬁmld’,1£& eﬂ3@ﬁn&m{ﬂi’3lnotbj patoessing chamber the
1.5 to 2 inches, preferably a T
face plsvgegiamstes Mt i aHoOBE 1§ SeRBROR 090 b5 Jncher nﬂi%face plate and back plate

may %El(g‘r %[\/% %uﬁéﬂ?&ét (rfzabgﬁt bhBE I?@% -5 ihBRes alcgonJIt atiesdb Qf@irf%hes or about

arger and conparable or slightly
02540a?r7gemchbran Tlhae favaf plates inmy, bpreddsr aﬁlayl allyminum,]1 @0odizesl or coated

ot e a8 BBl S b b AR and pasma

resisi®y be about 13 inches or about 15 |nches. The face
pl ate and back plate nay each have a thi ckness of
about 0.25 to 0.5 inches, or about 0.125 to
i nbhens, enabodiments thecbazlsptﬁterﬁebpwc%snch%ﬁn?le@ed Hreafia@e plate is about

threegaéht?lg 0%9 qnéﬁ ﬁga}c%nlf rEaF@'ér%qre ?rﬁpcgi' ?%frjg]u?#; eﬁq'le%fstqﬂlet chahnneL302 in the

mnum or ot neta
shoWdElﬁﬂaGfs&Inhl 1364, ﬂdsnemactaihe dack pla&s%ﬁﬁ andeaitat thatman2fold arce d@8 between

i ment, plate is about 05 chs I cK,. .
the Qi‘ﬁ]él p{autré%e@ wpafti%e nlﬁgtea?deutRegf?rﬁPgéo 3 rgglm dpe %ﬁ?h-’{ 17 distributes the
t
gase?ﬁiﬁi%g%%ﬁ%% ¥ Elahl{ﬁ%‘lowe%gé%r ggﬁd g{iééyn&glg%qéfrlil?wsg ggt?che% éo the back
platebZ0tkvip Ithi‘baleﬂ(iﬁsemﬂs abr ¢t atedthodesfddiin dhadbaffle plasdandoe nweber of screws

t eback ate and t.h e, pl at 10. ef erri
344, JobingpE s ananiTas prepas S35neg 9 1Risp et hE REEAPIAR and the face
plate‘:-‘V"Pl‘ﬂzl Yap BGP baheUht 6. 58 MaRH, QJr@feﬁbSaab%QBO Tfhﬁ‘c}b afrb Ingaintain uniform
may be” attached to the
gas ﬂow in the gap, the gap may be kept constant with a number of separator/spacers 332
positioned between the back plate and the face plate at various locations, e.g. 3, 6, or up to 10
locations. As shown, a screw 338 fastens the back plate 306 through separator/spacers 332, to
the face plate at threaded blind holes 328. In other embodiments, variously shaped spacers or

bushings with or without internal threads may be used. Although the screws shown enter the
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25 plate 306 via threaded inserts or threaded hol es
342 in the baffle plate and a nunber of screws 344.
Vol une of the manifold area is defined by the gap
between the back plate and the face_ plate. The g%f
back playe dwl thivads ingo thetfacelplatecthe revesseegoabpyratipo oray e sed. For example,

screw&&ﬁ%ﬁ%{gx’s ec{gi%%?x% g'ngnl#g?ie;é]“irtrenva\lﬁn? %ﬁthslnaSt\(#Bogl:éhgxp?e 23Re bé&eplate through a
space? € TBE 8drows ERFERIastehRd to BRSHatk predwhehween the back

plate and the face plate at various |ocations, e.g. 3,
6, or up to 10 30 | ocations. , a Scr
f

As shown ew 338,
alhteegnses gerhe Rroseasing aesthroiedRgHOtions at belesPadsingthe face plate
310 lﬁsgausig deéﬁﬁtiéﬁ%ﬁ Rt difalloft PR g ROl StSs 1?lr7a§'be machined,
n ot her odi nent's, variously shaped spacers or
millelpertdriilgd. Hathhhole mayt beoattout 6.04 incdl in diemesdetrs onahoub@.0d 4@ 8.5 inches in

. Al thqQugh the screws own enter_the 10 ck pl at.e d
diamelg cSHBe PAICS TR E GBI Ry Soesy et of Bl Pyfrtk: fBt0.000, 2-
5000"B6uP §-4086.Sbr F684t E)0RITV0EolesS TR WD 1e¥BYay6: @Siedafadvifly throughout

the face plate and enters a through hole in the back
the fadeaplatet inr vanphs pattepaceg., aThamey patteyn toe inereasingdy larger circles.
t he back plate with nuts. Th ases; enter.the
Depetied@ortnh S PRI HROBIRE peov e A GREBIS L Broplsagd g flow, the
holest hﬁfyfm Rhiddi® pltteidd dfoninéied AisHRRESH! b@h @8 Helfp more densely
surface of a wafer. The through hol es nmay be nachi ned

distritied] dul theomidiie pf ehe. fapeplatenen moreagensely abwitibuted @ therrdige of the face
iR di fo QF 0.5 | ' j e
pate SR B, 8090l Do kP ok PGOER Ry GhATFLREes it e
holeﬂ%lh@ﬂ iner¢adiez ] @Part GurlRd awdy faOthe @hrert G3nd@D(, vadious hole patterns
abgut 200- 2000 hol es. The holes may be distributed
mﬂf@OEHF%m@hP%Hﬂﬁbut the face plate in various patterns,
e.g., a honey conb pattern or increasingly |arger
CiInGhBR-caddd, MRAERAIAG 300 iyRIHSLy AA6¢HRE S0 tHRBA¢R ipEe 306 so that the
desired filmuniformty, filmprofile and gas flow,
perforation/hod¢ eenfrguyativaymay deiaasidy phanged msd dhe ifasq-matereleaned. The back

surfa?cihgf h]lgbtﬁ{t;eld g{é e %w{t]]ﬁg Sl?cg'g%en%‘fl{iﬁé ?eélguer%sg %lez%%% nisz}g{i ;g'ei%ﬁ ?r%m the back

platedi &¢ Ehdwdi, qBe ﬁiatihﬁ@’eﬁﬁi@&n@f bé REodva 380 dpdahRadddbiiBholes 346. The
enbodi nent, the holes may have a pattern of uniforni

groo¥patbmay imai¢ estoygortgspandinghlin es the back dlatec ey lijSy340y on the back
t her r AV ad |
ke L DS kel ARG ) Sy GROERAI e SOt i
backphaeand fdee plae egethat. e TR Aumberrfvircadalereraiallg positiohal $dnevs may be
back plate 306 so that the perforati E)(r% hol e
a

morechaR AgmoEt 3R 10apbak 24ast 1y te ABAHSl: afihar HRatingcfeatyres,far the back
plateGn@ahe face Histe be G441 At ngmngeoﬁl@P%sﬁhg%emg’&Qnﬂﬁﬁé may include

i ncl ude ting features to attach and detach fromthe
strapb ac klipspirat smpksfrishiombaset lkegagetienymhp bt usel where ke dimensions of the

ce B R PSS 37 SRR nRERER FFE0YS shown in
Figul%cfﬁ)"{_hgqia@espﬁfeon'ﬁ? ihd18ddaChrcubdtRiaPkidedeR HvaeCa #d@e. The back
positioned circunterentially and nmatch hol es 346. '

plateSpaehe pasitiaoéd phdhe bedgk apt decattaphpdi with spreaitse knoejeer erabodiment, an
interig)gl?inrgj ljlgvp engec?ngni(s:rinri(s: l'tllrsTch {V%Qrtei s%le:(lziXII)p %Salcﬁllngcp %thﬁgsr &tthe"&eumferential
sidewall edge of the back plate or face plate mate with teeth on the counterpart. The back plate
and the face plate may become attached by friction when the showerhead is heated and the

teeth and notches expand. Such mechanism involving non-moving parts may be preferable to
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nore than 4, nore than 10, about 24, or up to about
50. O her mating features for the back plate and the
face plate may be used. For exanple, other fastening
mechani sms may include 25 straps or clips or a_sinple
screwfsr whtchanuﬁaleaedxrea@dgeendemay wiip bed ueleasevipasiiddes. he¥et another possible

N Iy L 1 s

that ¢dh sckdvd it a%s?dchee toeRephat Rayadldss i uld@ nfting feature and fastening
circunferenti si dewal | having a | edge. The back

mechghisme theabackelgie and fansediate Arg ﬁ@ch%@éuﬁh dvaydo pg1pRHgpod electrical
th,sc enbodi ment, an interlocking jaw
and ¢ Wéﬁor{tg%gtm%ggﬂe ere speci aI 'y machi ned notches on
the circunferential 30 sidewall edge of the back plate
or Diige opbatien,mat showethead efeteh plate telxperc\st etrp&sﬁtl condiions in the

back pl ate nd t he ace ate eco tach b .
charey. ot P expaRlet HReTERbS é&‘PBﬂagﬁﬁ ARBCSt 'é%ttﬁ very high

temp@ﬁ%r@@t C%eﬁbcﬁ?épﬁiwc %Wafﬂgﬁ{eaﬁﬁcﬁrﬁlﬁte\fmtﬁé Face plate and degrade the
nmovihg parts may be preferable to 11 screws which
matema]st Phsnizhdwige dparaitbnrean stade pusiaee neﬂtemé,ecq@amgu pdrisgles and weak

anot her SSIb e i nval thr
Spots: ﬁ?ﬁﬁf"é‘? e‘i"i'fll ISO é:f’ﬁrgg\%q‘? 2 tﬁmef dcd ée“%‘ @l ?I?f Qg ﬁﬁorme gas.
Unwhhted Bepdsitithn $faBactiohProduttsordby’ Ro@RLs tatteleg tiet @it holes affecting
Regar dp |l ess of the mating feature and fastening
process esfmaancet h@Sb@@ﬁlqbﬁSawberaﬂ dilmaluilds upt @n Hicesusfacaqreaffect plasma

ok SE L8 TP B CLSELALER! g, PO Bt proces

perfcfrﬂféﬁc@ﬂn&&%ﬁ%ﬁ&liﬂuﬂw; QAifeimiag ahdiblasion qbbtfommewe nThéebility to clean or
chanber. For exanple, thermal stress fromth

replch[msértbe fiacs le,tgnlg égstuefchgve, é?YlShOHf gﬁvmg é%g}l%qeuqhgsentlre showerhead
assel%% above 300C, can warp the back plate or the face
F te and degrade the material. Plasma during
operation can erode surface material, causing
paRefeafirsagamtonBigkrel DA splutater 3ié a@atyabq @ezma-llyaat@ghed to the back plate

306. ﬂ}% Bgaﬁegt g%stilg}(l: %ﬁ%ﬁ%ie‘gglcalege@g r}te%rr?g ﬁgalg/f Baetr etérggec}dgﬁ i@ the back plate 306.
The Héaﬁ%&ygb@ﬁﬂ&}ie@ bpduatsurk @fhzﬁigqgo&dég Ths hédtenedilad 1dsis controlled by

fecti'ng process performance, cause particles when
heat¢r| Wireshdid thet ans eonnedied tuthezed t gbftlveeatf—mm Beggyse the showerhead is

sub]%j %Qflél%/gfl)e’rﬁe{g{)}:dsug \%gﬁn)r%bgnég}a%? lé’rgéégfg(gf Stge heater is insulated and

isold& fr&hMRORE. Mhe RET ¥Blatidbn pay tbe Qbﬁﬁnplmhed thrdmghyan EMI/RFI filter or any
pl asma performance. The ability to clean 15 re

P
othef gemmerfdaliy aeailabler RFj igolatien d%‘f‘?"ecthil VEMG mﬂﬁ% t!‘?& cater is not
usedt © replace the entire showerhead assembly. Referring
again to Figure 3A, a heater 314 may be thermally
attached to the back plate 306. The heater 314 may be
anFejuec3 € ishaws heliglaly diffdrentgrossescetidreefitbel shawerheadia ekphasize other

| at e, 306. ter b vacuum
elerr%ptcfzﬂhdhmgggg gigés H‘e@?é? c8pfacgyﬁﬁq"gcey %lrzﬁe ?]I(bl t0 Omgasure the face
platéfénli)%éfu% Wihk @ifermdBoupial 1 SfseonAdiaIct 66 th@ulbﬁb@ steai {hrough a standoff
hrough the stem Because the showerhead is
320 between the back plate 306 and face plate 310. At the face plate 310, the thermocouple
may contact the face plate material in a thermocouple contact hole. Similar to the heater wire
and elements, the thermocouple is also insulated and isolated from the RF. The RF isolation

may be accomplished through an RF trap at a frequency and an RF filter at another frequency.

In other embodiments, other temperature sensing devices may be used to measure the
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subjected to high RF energy during chanber operation,

all or part of the heater is insulated and i solated

fromthe RF. The RF isolation nay be acconplished

through an EM/RFI filter or any other comercially
temperatir¢ abltiee Ricci Pateat Pasticwanly, e non-porsentetempirgtirersenser may be used.

the .heater is not, used. 25 Figure 3C sho a_si.i I
Exaplpyigg g Py Rels s utiesoashb FehBorrR A e hdlioner.

other elenments. A thernocouple 318 is in therm

COTHeAGémpérhturd asodtdlled eshdhriead nedaLEs hb& raneval pbpt eonduction,

tenperature, The thermpcouple 318 is connected from C
conveqtien @pp erdiationm Hest w@ndwgcf avaothroughsbe shomresad stean ttself, which is
Ang of i ifiz&Enductive heat

comblofl BupyaP RSl 467 JUALS e Ml S B RP v s
loss wathe thamberr oy Heatrismlso ngpheved dytcaavedtioh ehrogghmrdaingtfnids flowing in

the heater wire 30 and el enents, t t her nocoupl e.is .
a conypafiyeicqelingitluid paswrepuaY M B8 SErLiR% pfherghomacign Figufe 3B includes
a coc#l@gl @il @Rt FBY RS BRER %&lﬁ@ﬁﬁidﬁ,@.%??l@a@ﬁrﬁﬁr t(CEHA)&‘Iri]rg@n, helium,

quency and an RF filter "at another freduency. i )
nitrogérh &y dregbm air memixsyre of Hese, treaypey Bowed TemBidgnajelallossa helical path

y be ed to sure the 12 t er at.ur e of f-ace .
dowrpi s pEi bl Roliin ERhS TR RroRbvr 11 "B gL tonvective
cooliH?ﬂuﬂ?p&b%@&wayExﬁ@é&ﬁing i d! dRy KitOfB sfeyh through one or more cooling

fTuorescence-based thernonmetry and infrared

fluidtexétr chonmels P26 THa ensngrabediment, twatceeling duithexyie chawgls are provided.

en ces heat renpyv o] j . .
G URGE BESRefBY s AL PRSPt SRR, Bt i e
art miz Q&R Qﬁdhéﬁt@ﬁhédsﬁﬁh:fagew pheffeativdy cransfechead from the showerhead to

chanber top. The stem di aneter nmay be designed to
the capliignilyid. conductive heat loss to the chanber top. Heat

is also renoved by convection through cooling fluids

1o mglid C i ki i it mpletel

| DAL TS Sy pENREL S, 650K b S, complecl
heatagloap tonthe fterapetraiund ef the2hpwerhead sikine hBecause g fa¢epiage temperature and

IR L O S—
the ti&‘a@rgtuf%f tho bkieing Aube! THeAdxitRat fluid G utedBap bemeasii@l away from
e

ical path is shown in Figure 3B through openings
the ggetropiagnpiéc duerfersnéay gauseddtyi g RFui §hisadesiegemay  avokk the use of a

| i f.l, ui.d ' .Qpe:.or:
theriggoplidntio T EEd a1y SUETUIREHRRRR AT P
two cooling fluid exit channels are provided.

Al hough the ex | e here .uses elica
AR Y R T —
coolH@SiA Ebe@BzQﬂkh@BIf) badedURUSe RRIBIDAJRIBIEnifRrAlifeaniy ietedse or decrease the

transfer heat fromthe showerhead to 15 the cool i_rggge
flowftp ghenge theampuntpf cooling g kin seplmednanbe adddindn ey instpad of heat on

th e i 14 al d i s I . t 1 th
e B Ol BPL S el et Wconol s
shoviealieal | tafnpefatipedml ticcheued clahans tednBéT molatien deeices may be omitted.
correlated, it is, possi blg to de UCF t e.JacepI
ulation of cooling flui

For m@fﬁp@n&ngpg whﬁ%tgglu Fl}enrﬁo is an adg}t%nal parameter to

control the showerhead temperature.

In addition to conduction and convection, heat may radiate away from the showerhead
from the back plate. To improve radiative cooling, the external surface of the back plate may

be coated with a high emissivity material. For example, the coating may be anodized
13 ’
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the tenmperature of the exiting fluid. The exiting

fluid tenperature may be neasured away from 20 the

el ectromagnetic interference caused by the RF. This

design may avoid the use of a thernocouple inside the
alumgmmefhmwdmmi maysbeglsethedtadthriton pf therchagber. r Elg ehagnber top may

also t;zr%g ?qgé I'\}vgtr arrr'us?m'ti hgla‘t:e?%i 'tc{]glcgagé %dllrg?%efhléé\tt Hﬁ{sfge The inside

surfaﬁ@@ﬂ@@‘éhaﬁlbﬁﬂob @s@%mﬂdﬂamx aﬁdd'}g:dfdllhmdluhﬁ nples elianiber top may be
i ncrease or decrease the flow to change the
COOleé‘rrB‘éﬂi’Fn‘@ﬂ“ﬂdo%Bh Math cppling Walsr liRgs- nay be in addition to
or instead of heat on 25 the back plate. For |ess

defgn gb&&\ ﬁpﬁ | 4o a{:la'dpclﬁ%ﬁ J eg? &AM A le@t:é’ Mfre @ﬁéfwgﬁezﬂf’ & low enough

to cont ower t enperatu
temphratres wherebgnthe deutridat lieaeh atn crecaatelc dasatmaybabb Without the heat

' d di i cat th
e S ren LS e SRR ot e, e
removAl c&ﬁ’t@g hekdrb&® fh AUk Pé‘ﬁﬁﬁe 6RRST aibRe ehiboafbdt] MR Redt removal

conducti on and convecti on, heat may radi ate away from
keeps the shhwwrhehd tenpesgurersiow oW 20R°G| Fhe hearer is ralmimplse coil around the

permbq%%& 3 heagac?( iats %g?aélt p %o?ﬁtfetﬁa%ﬁ%% %rgiﬁéfa I Iee\;\?/f ent tﬁg tf%c% anfi back plate is
aroutitP theepciidter. BRRerChtrh#lgconact betvaradh %Howér&eéﬂ did bEER plate also
The radi ation Me absor bed b?: the top of th
impreYes rieraperatPrR cii pause goRNptive %t@esff-rﬁ aad @wwe@hloas through the
sivity material to increase radiative heat
Stemtlsgﬁh%g%é The inside surface of the chanber top may
be coated with anodi zed al um nhum The chanber top may
COOINGCHVSEBM ndependently, e.g., with cooling water
l'ines. 5 The conductive and radiative heat renoval

ke .he shower head at | ow enou te at ures
BT BBYE RGP ROs] el o TR MRbETBrL HTae!s e convestive
cooh*ﬁ@‘fknd Wat Reut thioggheath sho@emiéad stebh) e'l"l@"'&%ﬂlﬁl?%z&em includes a liquid
enperature woul d remai n hi gh and uncontrol The

c001¢delmat exchargesland cemnestonteladhoshavesieads npigue 4ikseschematic of a cooling
syste{rhglt gc%l&r,\d@:ng ont% er{ébé’n% TEnt cgfhtﬁe ?%temr ﬁa’lgglﬁ@ln Tﬁgt‘ﬁ%sembodiment, a

tenper ureé bel ow a

heat BRdtafgeri4®1ds Sd)r[ﬁ&bt%d eoifdurahowartieddzet 1104 il fedrelr 419t ThHeeconvective
back CEI ate because npst of the heat transfer bet V\ﬁ
cooling dluiHewa prriablydRroysa eech  ovsHsahand PEOTPRATIRERE the heat exchanger

401. B%Eecron%@irvgaéooﬁﬁgtfﬁﬁ& REIIMBRNS l){g&?n shomer hepdanditbatdts the first

pl'ate also inproves tenperature control because
showedmddcsreme Afiet flowangs fleoyghaont shueerhed; thosenvehtivaigpoling fluid is

cooled Bt 8 TaBEhselanEen 15 BRLotaTHSF DN WP RS ruiEibe B sponerhead.

Aftef 48 169 @8&%‘ though Aqhdt RBmbhthenttil Me AdaPWEchhAER UAB cBA&Rtive cooling
shower head "stem™ The cooling systemincludes a liquid

fluidde exleaisted ditoe shehranljeg seatan ebeutst i bndhe gonvestive cooling fluid may be
clean H%V\gg ?88%% argor? Ulge‘:flum mtrdc’gceh egaérbgen()for 1 c%?n%mat%n of one or more of

these. In one embodiment, the convective cooling fluid is facilities provided CDA at a
facilities pressure. A different flow rate may be required for different facilities pressures. For
example, at facilities pressure of 80 psi, 100 standard liters per minute (slm) of CDA may be
used. The exhaust may be at about or slightly above ambient temperature and pressure.

Although an open system is shown where the convective cooling fluid does not return to the
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systemin accordance wth one enbodi nent of the
present invention. In this enbodinent, a heat
exchanger 401 is connected to four showerheads 411,
413, 415, and 417. The convective 20 cooling fluid
systefnl, dwsccgecptabﬂ serinh flowgthraugh Hhe Bleawarhesddangniatesmediate cooling through

nment, of the heat e convective
one h&%tgelg(gﬁad’gﬂ pymayi Sllglpf‘ %s(eycéswg?ngglto Sého%/ tte;lH;LO9 where it
enters the first shomerhead stem After flow ng
t hhostﬁﬁb @itodlnues, heddng tdoslin vt ttenperatmod ifmgnftheli sdhowerhead is
cool ed by a I|qU|d cool ant. in the heat exchan

measpricig WSROI ABCTTING dlih SRR CBRETHBK fro g GMPCHFHIE SoRRE 441, 443,
445, L.l?dsiﬂcrggi b@?ﬁhﬂﬁl%ve ??dvtg%%eogﬁqp%é 25 fﬂ&h%aé{fet%@%ﬁt&de the range

of Rlékiﬂﬁ(iﬂ:sérﬁﬁ fThisonfigumtoh wogldsslshiaateabe needlfet amRE. ﬁletieg device. As

vectlv cooling fluid may be clean dr
dlscu§§e30q1]:)ovp|,e e GRNVAFE oa@lﬂngrg%ﬁgagﬁys H}ay ?ﬁb%‘]?&t % H-?agfthe exiting
coohﬁ%?luﬁft e?athfe is ttltike§e§ne hOHADSf ﬁ‘[@bél’l@bv@ﬁféhd steff One skilled in the art
nvective cooling fluid is facilities provided CDA at
would thémbe lablei tesdqo'uwsaigmrdhm tdichfrelatmmeasuoed exiting |ﬂil}d kmperatures to
required for different facilities essures
showgaAbapegfiures ki Viredbersi biopr s es PG YR &gty nents
standard liters per mnute (slm of CDA nmay be 30
USRthertAinCerEbdimsnts 'Y shewérheald@uy nor insludg latHe}ilteabﬂatdned to the back
anbi ent tenperature and pressure.. Although an op
platesygthe nihoyresicadricmipeietire HECTERTHY cBEingePIOGETSINey meligatng, and remote
plasma(l) (ezlga?lgé 18 'ir? Tt c? S%IEH& Prﬁents é%tvf%f({?% g tﬁ'% ﬁ%{@?% dfPqud may be used to
contr@D@lﬁdW@hdaﬂrtemgbratméle Coaad! eaedsdije |42ﬁa,l 425, ang 4D2 controls the flow of
emented with a cloagd Syst

cooligg FARGodBb SARETRFA ST D AR G108 FHecHATTHLETs AL lud cither

flow$ ® thEBASWERSaLREMURGS dhvRrteeleh B}/Jlb%sst l'BSp SfBPV\ﬁﬁh 838l or 437. More or
t enperat ure. Tenperature sensor 445, and

less doblingayaydlee adeempilished hasebe thet fow loé ceedirtgu fﬂﬂgd% tothiersowerhead. An

s SRy HESaf Rof oS RobE f RO Pl BB AL BBIERRs where

rangf bf 4REptaBle ABYWERead @mpdta3eds Regrgah Olethedehgnbivdini@ns, itheshowerhead
cool i ng passageways may be designed so that the

tempeyeiturie gy eodétermaingd based oarhe pxit cealingsluif deraparatugssor lr?ameasured at

v Fhab5al IRTERSF S DA oamIE A s Rap it Obt s

meafgeasured exiting fluid tenperatures to 1o showerhead
tenperatures knowi ng thermal properties of the various

components. .In c t th h h |
O s i Ses e SR Rk b hOlE S rigure 4
but %ﬁp%ﬁﬁlﬁ%dsygt%ﬁp%%t W deggﬁ&fﬁ\@@h Lot RURB&ES SF Nghowerheads and

pr eheat and renot e asma cleaning. In these
comparbmwrelmt omearbsy éieomollng} gystano mayservedoicogl the ahaverhgads for more
control

t
than e SEBIeg et Ao cRyng Wl 4 CORRPB & 1 HETOEGe! figs one multi-

statl&PQ{a'nﬂﬁr (it fg§r §t§t16n|§ %aéih @%61@@5&%%1@8 compartthé@Etonnecting to
the controlle he coolin l'uid either flows to the
8 shsw@\}mdsea@ly bc énslgmed © amr:eic tasds. | home [sgmjsasdudteropyogessing tools may

have mofe tﬁan one mulftls?tatlo'\x/lbcrham% In that case a cooling system may be designed to

serve all the showerheads in more than one chamber on a single tool. If a four compartment
heat exchanger is used on a tool having more than one four-station chamber, more than one

heat exchanger per tool may be used.
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| ess cooling may be acconpli shed based on the flow of
cooling fluids to the showerhead. An active cooling
only design may be appropriate in certain |ess
demandi ng applications where the range of acceptable,
s Howerrieerasest anepurmergrof she showgrhyped mayrbe bypgssed for convective cooling
S he_ s Q rh e
ﬂuldggb %kﬂgﬁ@rg bzérés edell's veverZ%? (gnélg t'l‘é‘h ﬁl?f leﬁsg E&Md?g b?l%arscse loop with

corre§fondehg"Raeasl ERbradertatnnprodéovee mbearzt-ry hfa@rug fnay OO lbw‘ﬁgured to deposit
t her nocoupl e or through a non- contackﬁthernaﬁtgen3| %
materitlapmo thh WoiRs @SSR SraremPrgBe SRR adf ouin that case the
in Figure 4, but the cooling
bﬂﬁéﬁéﬁ@ﬁ%ﬂﬁ@Hﬁgﬁﬁggﬁgﬁgg wi t h anot her nunber of
shower heads and 25 conpartnents. In sone cases, the
c obhd lﬂrglie‘symlmmfnnmeskeat\mchmgeoéﬂl ¢iiters sleosysteheatdslef 405 and follows

re th sem conduct or es ing ol . If eac .
o codlgnretii baprof Grbe ey o SEE SR alRTieh ay@Rg oo is shown
for c&hﬁ‘lﬂﬁﬁfh 403 nd Qdlan® Pﬁ‘t‘h' Iﬂi&sc&@&hef ﬁaﬁ:}o%bﬂ GeﬁeYléﬁl%an the diameter of
8 conpartnents connecting t 8 shower heads may
the cbeladelsatg,nmt ttnans°elr reguized,dbe¢ soolsointememuremjd@t indet, and any coolant

cessi one S
empifipere bt PRkt RIS oy BRART Ry bl e pe of
knowrPliifld 66141, 8!, Fré. S[h%\ﬁﬁrehfbadﬁsndnﬂ, th®liguit kablaanis fac111t1es delivered

chanber on a srngle tool. If a four conpart nent

watcpx Afighgeiting ¢ha ey exehaageroBie liswid Aep!ARiraay pRmay met be Heated further
r r

o T PR, 5 L, PO BB e

as thé Nigquilneotind aay esxhaestéy parssiyd Iﬂ@rrve\(eo,n‘i etier Viguitlomlolang is used, the

fluid flow al together. Thus, ea rhead,. connection
coolaphynay| g CQW&S&E agd BWH%‘@‘F%B?&T‘\M‘E% \A@G?‘r eXhargfrngeating a closed-
kmp%@%%ﬁ: SystEQ certain processes, not every station may
conti gured to deposit nmterial onto the wafer or
require a tenperature controlled showerhead. In that
ca@effdrm deSigby pfite lhaabpqunaygdméolllse@ bft ukized; drigure 4T$hows a cross-
o e GO %nd St D58, R EPPROBu D AP UBT6 e oner

Howe@drobSunitdr-fRod s phiafleSHoW idhtéxchikidedd miP be wdbd.h@ighskilled in the art
only one loop is shown for cool ant path 403, the

wouldobd able tpadesigray heainexchangst Widh pnousbipsurfiep en Ry c@ise desired heat
trans&‘ege Igl c%gr%e%mﬂ’édlmﬁﬂtﬁ &Qcﬂe@{‘éx pgﬁ%r 4???'{{' 3; be %faﬁrme al enclosing the

ant tenperatur
llqula rayolmcdnartbml&ntve opelirgf ﬂmé prpmgu Tlenmatab may bt Iahlmmum or other metal
The, I'j quid cool ant may ter or any,oth

with desifsd hr:acﬁ JraalS%&haﬁ%teﬂéﬂﬁ gash met @ngfﬁ{s’a\yfpﬁéﬁt compact heat
exchhier WidUitde %m}lt)%ﬂtoﬁeg cfeq du‘eHe‘ﬁ§ delivered water.

er exiti hanger the |iquid cool ant
or may not be treat ed further before being
TEMRH%’EEHE GONTRHNPYETEMIt 0 t he drain. For exanple,

the facilities delivered water as the |iquid cool ant

ggipeg%}(]g Xé‘r Sd;ge%l}%ir]z{et&r%t clx)\{l‘trom%?é/lﬁ rinclhges%&ef)r Hogéj isﬁiowerheads, the
cooling system, and controllers for controlling the temperature of each showerhead. Figure 5
depicts the major components of the temperature control system as it relates to one
showerhead. Note that showerhead graphic in this figure includes the attachment parts to the
chamber top. Convective cooling fluid flows from component 502 into the showerhead stem

where it is heated in the process of cooling the showerhead, and exits to the heat exchanger
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15 cool ant may be conpressed and recircul ated back
into the heat exchanger, creating a closed- |oop
cool ant system Different designs of the heat
exchanger 401 may be utilized. Figure 4 shows a cross-
506. flmwmneambedmwatsgehe whding flwid feay rnetnttbe shewerhead is modulated by a

cone B b MR BRI S ph o SRE N gy IR povided by

the cé’(ﬁﬁ@ ﬂ@%a?%bhﬁ&gasbﬂloﬁﬂ&r@dséd 20 WOU| d be able to
desi'gn a heat exchanger wth enough surface area to

cause desired heat transfer. In certain enbodi ne

t Hizomethe hextcrrahanger 500, andjschised abavs th?e%%ive%waceg(]% fluid may be
ﬂowecf1 S, ano{hg#ﬁgrnﬁcgr%hf@hcﬁggSW YRGS dnbGveRRal 1@901{?&%&1 as the first station
tal wth

e alum num or ot her
ina dhaﬁllbéxe thdhadinponeitsie rmayhlwtae tfz&nlutsamausandﬂmmpoasnt 50é mady be another

oS L o IR G g SRR A
statloga\ﬂ-egocorﬁz@ggpﬂgaf%na Wﬁﬁ?%@ ﬁl@%%aédﬁﬁﬁm@ﬁtmﬂﬁ@hlquld cooled heat

tem one or nore shower heads, cool'i ng
excha;g;et amdisensted abbveo| Nats tifap this @noling qupgmahelot have a feed back loop

f h, sh h
e SRS &S AT SABNSLRTs AT i, 63 o

enoubh sﬁ@d AR She QRAE heSTNeR- addfately RAt SlROVIRIWERAd to a certain
raphic in this figure includes the attachnment parts

tempeturbe 30 chanber top. Convective cooling fluid flows -
from conponent 502 into the shower head stem where it

gﬁ-&ﬁ]g’%} {%ju}:ile 5t lpe Pl o?ﬁfsica oﬁt%gtl Witg glgefaé? ﬁ)\i\ﬁé hgadiscussed above.

e*hea changer
TherRIBOAHIEBN0 Sis dohgectadtd AgRF lisolatidnl devitent5d2 tthaemove the effect of RF

appléq? o the GopuerbFab e BpCoAR e gttﬁq?%wfg?la%e siggel” T¥pically, the RF
appliE@ % b PECVOHad 8o e gu%ﬂ?;?lzr g%'oh@rgs fd i ff@ﬁe&% (e.g., 13.56 MHz) trap

I'ncreased or decrea he hea exchanger 5
and abvdfrsquense . abdd®kHEheTleoRE éldtive devisk inmy ihtluilel Omgr more filters.

| d
o oEE oG ot RS QPRI - A0 2RY ol 0 e
filterC thﬁ’Bﬁt’ RENSSlatHRORSM e PR hAB e RBeritR 0516 inhdabiir@edl Would not be

and conponent 504 may be another showerhead, such as
usefidttmtause therRentéréerancel would be &tostedthead i s not
configured as the first station, then conponent 502

and 506 may be the sanme conponent, the |iquid cool ed
heat schenmthamfgeposarblmkrcmﬁlgg@edn abtheRF iselation Havice isisgown in Figure 6.

The ﬁa&m | %glpl Og]g)/@ylls %ﬁéo?@ct}g @g L ?1%3?9 sg}eel.lsﬁgﬁh J‘ﬂn#@ﬁe{aﬂm is wound to a
coil @@? irgf‘a.rﬂl‘?él eb ¥ Gpitr bDs. Thewsil Aead indiedahd Sh&é‘aﬁahladr forms a tank
ctric heater 518 may accurately heat the

c1rcus1h wihéohhblagks theal? 86Malznsigndpéhacol! énayrﬁévqr@e Jogyctange of about 1
mlcraﬁggﬁséglgé:%é%% Oég(%] {‘n%gftha% ggaﬂalaﬁar{c%%? a%lﬂt@ 'pfRPicofarads). Remaining

13.56MHz RF is shorted to ground 609 with the second capacitor 607, which may have a
capacitance of about 10000pf. Trapping the high frequency with the sheath also blocks the RF
in the thermocouple wires embedded in this sheath. The 400kHz frequency is not blocked by
the 603/605 filter and due to its lower frequency not shorted to ground by the capacitor 607. So
at the end of the 13.56MHz filter there is still 400kHz noise that is subsequently filtered out by

the low frequency filter 611. In one design, the low frequency filter may be a two-stage low
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Ther nocoupl e 510 is connected to a RF isolation device
512 to renove the effect of RF 15 applied on the
shower head as an el ectrode fromthe thernocouple
signal. Typically, the RF applied in a PECVD has two
pass fitterjuBothystagespaayel 8 LCaddsigyhsimiler teethe yhigle frgquent g fﬁt@r Please note

v 55 B BT B0 Ve e i

frequeR& BIRReRHy BN donntdied BFth Sidadtt b2, devi ce includes a
hi gh frequency and a | ow frequency filter. Wthout RF

isolation, it is believed that the thernocouple

MERS i RigBATair VR |F’§jg1ﬁ‘@t5 8 hedRr lé%ﬁéﬂllt e GaUSAndR fFits RF isolation
interference would be too great. A schematic of a

dev1q9c§§§| RFeiselotifn g@m@ﬁ 5@8may be e RRHiltes of athepavadlebleslevics to isolate the

neact fetisalotently o oy AtEet SEMEORPRefled T embtays, cogroler 516

reads/¥Ré RgnePatdre iGRIrmafOBfrofh thé fitkhetouple 1 (ChRAGh ity 156ﬁﬁon device 512,
The coil as an inductor and the capacitor fornms a tank
and agjustsuinputuhthsrhagtes Sk§ thrpeghithe RéNspladonydayice Si¥cnadped bﬁﬂi loop.

have an |nduct ance of about 1 25 m crohenry, and

CoRegRl SHRAINE B GREG AR AR ey s by

tempgfamra Ghehéifg et feet 520 ﬂﬁlc dsmducsigeaof tthe r&i@eé, ofMRiFC hlte'n%rence. In this

ave a i tance .of about 10000pf appi n
embasfigenty paILALS? GiTeH it eloE A A PETRL SFEURE CPEe . The controller
DGO vidth&d$88péaturd he
mayE T(l%—%zg%? r equengﬁ/ #g{(ﬁ%{xﬁgﬁglgggga E@b e!t?héeddGOS?é O%lrfl [ ter
and due to its | ower freguency not shorted to ground
byTh gempgrasire crongolier sé smam alsn etakm?d festd foravard igBwmation from

filter, there.i till n0|s
compgagRERL bt g 14 By BB BT PRl Seall ki Beyiqd pal the plasma
tumsﬁ;ibl Inlseme Rased éltd ad fdrhvard m%rﬁfaeqm ﬁmy)a]sfol ihtlede djmyr frediatable events

two-stage low 17 pass filter. gﬂh st ages @g alLC
that féeqt dhe Shawarhgady SmPREF GHCIT P ks Yot HDE i TFpald gEafers, gas flow
t t I W ;

into g‘l% s@gy%xlﬁg{ido ?ﬁe i&ﬁ’g{l{?gg%gq éée%a!ertfécgfxe%%tm?ﬁ elﬁ %Iﬂgﬁf)&tﬁql of a cooling
event, re%:],umam)bef pirigey orndeyrelase the meatet 'mput im aniieipgherabha hedt;ng event, e.g.,

Refer,r,_@?gfaog1 ﬂto Figure 5 t e ter el enent 512} $uid flow i
plasipg npfect B FORUOHEr REy ASEI4rFash ¢ %C(H’ B by 1Bgrgasipg-cooling tluid flow in
antici ﬁloﬁ‘tdfodnhga@i‘ﬁgc&egpgr ABMfefi@ 1RO cBhlidd by Rec@hsifg R66ling fluid flow in

| e device to isolate the heater electrica

antlcgpaynaloﬁafwcdmgtdventef fects of the RF applied. The

t enperature controller 516 reads the tenperature

r.omation fromt u 5 ST
| o SRERR A Rbh Rfscitn R uBu S s Uit BF uspd jn diferem
contﬁﬂlﬁlgt Jehened) Fdiexknples @dtﬁkicomnigem(ﬁl&llzﬁﬁg couling ﬂeﬂdkh@)a’ﬂay be used
oop. I n_anot her  enbodi nent, the eX|t cool |]2 fluid

w1thta@p¢5% gﬁtmge(hﬁﬁtyr gétl}gela@gr;ggtebgp accunagely copBphs rhead temperature.
The ?Iﬁc{lgé E@addt% n 9%2%)295 gi n‘% Lgéﬂ q1r8&1y froaNe Heflﬂggoul‘ﬁge RFached to the

r erenc . ment, "no RF
face i) iof deltefroined editeetly droat thee:xﬂmgsaongngi ﬁwd:trenﬂ»ﬂ&tur&'h én some cases,
controller

on ytaéﬂﬁeeF%ﬂ mgé)rtqﬁ&%gt%yrﬁ%aahg&wzge%@]éﬁﬁé) % controfj system. Still other

inputs may be included, such as temperature sensing of the cooling fluid at the inlet to

accurately determine the heat removed from the showerhead.
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The tenperature controller 516 may al so takes feed

forward informati on from conponent 514. The feed

forward informati on may be that the time period until

the plasma 15 turns on. In sone cases the feed

f dnwartdini eviodimententhedgmpdraiord ewitiotier makide ipiegehtast wishdhe system

events that affect th owerhe te [ e
conteifio,s giog el hPup T 2B HORHMET be AR P CoRGba T .

shower head. The controller may increase the heater
EXPERIMENTAIant i ci pati on of a cooling event, e.g.,

chanber purge, or decrease the heater input in

anticipation of a heating_ event, e.g., | asma "on. " .

ThA SBOIEHISRY dympRIgiuE sontfal Yelaeveh gme]&eﬁfflw igyaccordance with the
prese?llp GhvARbAY ?‘Hé’ldoﬂgof st F in@erhhidd idethdd R tédipeitu controlled

eati ng event or decrease the cooling by decreasing
showeriehdsay dibauissbdfdbowe amd a aontrallep ghat osesaimlyafesd btk thermocouple only)
. _event.. Various conbinations of the input, and out put
inputc o 6 FRAWE hRR) IRPREES 1A & Prrafien SBabsT oV PRy Basured over a 50
wafe RIHEARSplofi] ine}ﬁ%(m:l £, TembbdRir&ORk kikdh HHM@Heali] fodlr in all, are plotted

cooling fluid ow) may eoused with active heating .
on sephrkt anrvésn Theesebpeit prae) °¢.o Tawperatre mpagused fag|station 1 is noted as

. ower head tenperature. 25 The shawerh [ .
ine 1 Rl TSRS RSO TR et o s
703. tRstI Fif@eq, Hegi@madonditiofrigploaed aloelhg £6tep Yurfctionat T6s.
exiting cooling fluid tenperature. In sonme cases,
only active coqling or only active heating_my be i
| nEhadidierange {meh qad [tergpar atgFRs asCPMparge e F18Urs, jhre the heater is

ot A3 L 5 TR DA DA pbllon o 0 o

accur

1800t Eﬁ:og_égt the e simwedhdado ranipeeatsieobehavedichimil8r itev thatr péikigure 1.  The
enbodi nent s, e tenperature controlle

tempERREY AREH N A ETES SeLh cBOTRLIes of TR e 1890geonds. A

leastCRIRAGEBheaddin\Rialifn 014, RRe S@RPEAIAS sfabDiFe€ GRldHObddRer.  Station 1
516. EXPERI MENTAL A shower head tenperature contro

tempesature MOhArsnieddemmmards farm pesiodrodahew SA0tsacands, davn to about 256 °C,
resent i,nvention.,Th t . [ .
v g YL O SO e R R SR v

di scussed above and a controller that uses only feed
baTke datacshonsotpl @itanhy tempérpute cdm] shhewre, hehaderhead temperatures

t ~ .
may Gpofonsol TnaT Giout ghod by BHIFECE Dl FHGEILBICh, | Becalee the data was
gene;r'zﬁgq) %tg&w@s?n fled 3B d QQW&IP%ﬁﬂem Qfion theflding R%@ forward control
plotte on e se 260 T.

parate curves. t pol nt was
may Tiappet dicrespamsatueved 1éssthantabbitioh® is noted as 10 |ine
701. Tenperature neasured for stations 2-4 are very

cl ose to each other and noted lines 703, Just Like .

Fi fhreoer R0 rElSRfndRTE ot ol BPp A e, tocy nhositcae
(TEQS Plegositiohl Wéreadtudiéd -usiﬁgeh stadaed @AGWerhBads AgIvartB@@erature controlled

tenperatures as conpared to Figure 1 where the heater

showegheadfin aneardapemevitht theepresenh daveatipr r ol heetfandard)shoryerngad does not
inclu%érther:] gerﬁge?atgyengynt%ﬁeg $dhRY o hd 8re§§1? YWvention. It does not include the

cooling mechanisms or the heater. In order to test the responsiveness of the temperature
controlled showerhead to changing conditions, 100 wafers were deposited with each
showerhead under four conditions. Before each condition, the process chamber was subjected
to a remote plasma clean (RPC) where a plasma is ignited from gases fed into a chamber that is

located remotely from the processing chamber. Plasma-activated species from the RPC
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1800 seconds, the showerhead tenperature behaved

simlar to that of Figure 1. The 15 tenperatures

qui ckly stabilized after wafer deposition started, at

about tinme 1800 seconds. At |east for showerheads in
chambtmthen flow2thdqughteedelbereliag tovards thb ipracgesingrehambesoddps a RPC was

o PR ESYLBe  EE SRATER, P g o 1
secolld8 GRY Nald M0 dhicRARE Aepbsitbd Wee ARhsRA]. Nin thérsefihd condition, after the

remai ni ng of the wafer processing. The data shows_ that
RPC et showiehend mae coelad svithotregsn 2o8 fremethe seastant plhangel for 20 minutes. It

s bSR30 oD YRRSHRRRL AL 8o o G o8 oot i

nitroﬁﬁ?ﬂ’s&hé@hwv&ﬂheaﬂ tengieRguiiceresthid rabeuitc2405@1 r oln, the third condition, the
I npl enentation including feed forward. contro

( { y .
procespshaspber: Wes (e anaaighb afgethe| REG: hsireaibon e BE bpsestl remains
¢ | S A
e
equiliested sb dieatheratinegless dtaandXd. shother fosettl conditimn, after the RPC the

te rature contraolled 25 showerhead in cor dance
ShowsHeRs 178 Mt Bhih & THEBARY GrPIeSTHA 05 2 AUAVHS- o N EE R dslged to generat
this %?S%?%&cg fbREkdgabdNe 108IRE r[t% WhEmBb&@PrERlfcerad Maintdif& at about 2.5

e present Invention. does not include the

Torr endtherhiggnfrehmne s pewerat abeut 660 aatts.| n order to test the
responsi veness of the tenperature controlled

shower head t.o,.changjn ndj,t i;0ns, . e

S DU B8 o ATAG LR NS IR ERER fpg o e
measaRIdOr Six @aFérs GRélnicaQited fdieap o6mtor: hRegiets 8&iScorrespond to the first

subjected 30 to a renote Elasna cl ean, (RPC) where

condjions figcussed ghniveedhifer shs BRSethersbawerhead mpsEatyss aqeﬁ‘iqvated because
i . . r i h head

ol S50, LTI T SRS v

remafinedwhdther ofiog Homged edvith@rt yadditivmalt ovelings thahas possiblesinnthe temperature

e TSRS S RISl b8 TS Besion e s
high%gag ggglh%ng%nofw%'fhéha teAPGARAS. REter WBERWAGY, dPbSIKBERSA both the standard

were neasured. In the second condition,
shovafliead anththe ERRGetahwe shutvaledshowerhsaddesresdedithen fowhogengased. The
as fromthe,reactant . channel for .20 mn Sy lt D i
iR R B AT P RO P RS SPARAEEY ‘R AYL AN dppgeidl Fe. bur the
depositioRirAtet seftedl tof REfsE &0 ifiGthwistandardi shoageRadiast ishtelieved that the
shower head tenperature reached about 240C In the
seconthideereasritlithe etandard shoyyerheed stad om poaifritpged fogthgcettect of cold wafers

Qverni ght a . ' LSni .
e AR TP R A 3 B oS o o g 1. e
data shawslang AheweRRCaskqawese, the enperanire aontrbBed klowesrhemidwas able to
equilibrated to a tenperature I ess than 350C. _1In

. In the
equikibrgiet 9 & SABIIRILIEMPSIAEE. HKkhegse & HeposBionite st thrgthe standard

d with a high power plasma for 20 m nutes.
hxﬁﬁ@% : . .
SOV rggen is used to generate this plasma at a
flowate of about 10 sIm The chanber pressure was

maRegiann 802 etrrespoud t@ths sedundrcoadifionh eAfitgrghe RP&gseanence the process
chan[ilb%\f\ev&as%too © Ovlv'litth Illﬁrcg)%ehl\.la thtl This region the deposition with temperature controlled

showerhead was affected less initially—there was less of a drop in deposition thickness than
the standard showerhead. Regions 803 correspond to the third condition. After overnight

idling, the deposition with the temperature controlled showerhead had the same characteristics
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Figure 8A and 8B are plots of the thickness deposited
in angstrons for each wafer neasured. Six wafers were
nmeasured for each condition. Regions 801 correspond to
the first 15 condition, discussed above. After the
as thiRPGer tahRPE€ hieyeerivea dTteedqpesitivu dips inttially| andanegeingd edativgly constant

o SRS L P P o
maint2RAS] réMidvaBuEorREM WhIRBAINGE Mdt REhé UM the depOSSoD beraimiters are. the

the tenperature controlled showerhead, as shown bg
samef the téridetchshnyvedhiad. majotainedrm o WEEDeperitiis ratg hregine8@3sthan all the

hi gher at hi gher s r e er f
one R Tl J0Faf 0LSORSH AREL BA oo ] By plasme
after ARARPO BeIRABEh el e ChoWerbbdded astiighertbrapetanies thana RAC alone. In the
then slowy increased. The tenperature éontrqlled

standgfrbstoryeehaad niierhighasb denesiion Jates efeye sacanled 1adpaiSh f gfter an initial
.. . but . i tio . a re
i s clERORARR BRI e IEEpRE 35 e mpes
contiolled sbeeahehd)ahe digdeenengy Iplassiraappaardd siodwe raffeetdthe deposition, save
station is attributed to the effect of cold wafers
th%ﬁt%%'ﬁ§e®H§3%W f-on, much like the tenperature
decrease shown on curve 102 of Figure 1. The 25 data
ShoV&afl Mk rafdeest hickRREssSLadRNER) fok fike Sienaded Shaléhead was about 37
control 1l ed showerhead was able to equilibrate to a
angstoms taadt for ¢ teraparatere eerirobled chowedheprbsonly ghontad  angstroms.  The

faster than the standard hower o '
vate, 5 Gl SR J0EB oo BRVE 37 PR R hovercad
1.3 R denefipbRturb cofesied shbaeihesd. Wake b&wr chfdrktohwafer uniformity for the
nitrogen. In this region the deposition with

tempewater eenifodled ophavisithedd i3@ SRSNSPPEREMEAE Qef ethpppf the standard
sholﬁﬁ%% initially-there was |l ess of a drop in deposition

M |0Ehess than the standard showerhead. Regi ons 803

correspond to the third condition. After overnight )

i dAithoyght heridepalstailsohav theen hemitedp &oratclariey’s osakeo| vagigus  design

shower he had t he sa characteristics 20 as that .
sSSP TORS RS, THESTEp 8t PISHMGRERISs, B dp o considered as
illusBREVe £ HoD fliri@ival dndahy ifiRRgéRRnot ¥AbdBmitdd @ the details given herein,

deposition wth the standard shower head decreased over
but mapebd modifigH withieths sappf ofthoappeaded dimsd a rel ativel y

constant value. Note that although the deposition

paraneters are. the sane, the standard shower head

mai ntai ned a | ower deposition rate in region 803 than

all the 5 other regions. Lastly, regions 804

correspond to the fourth condition. H gh energy plasma

after the RPC sequence heated the showerhead to a

hi gher tenperature than RPC alone. In the standard

shower head, the hi ghest deposition rates were recorded

inregion 4. After an initial dip in deposition, the

t hi ckness appeared to equilibrate at a higher val ue.

In the tenperature controlled showerhead, the high

energy plasma appeared not to affect the deposition,

save 10 perhaps for the very first wafer.
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Overall, the range of thicknesses neasured for the
st andard shower head was about 37 angstrons and for
the tenperature controll ed showerhead, only about 13
angstrons. The wafer-to-wafer non-uniformty for the
deposition was 3. 7% for the standard shower head and
1.3% for the tenperature gaarMk! ed shower head. The
better wafer-to-wafer uniformty for the 15

erajure controll ed showerhead is a 66% i nprovenent

te _
Whaids, lame@is’ of the standard shower head. Although

1.

10.
11.

12.

various details have been omtted for clarity's sake,

var . | | _
T e S R OV R

asshoivethgsd canpygngind not restrictive, and the
invention is not.to be limted .to dh& details given
hefbi n,2 SR COEPTiNRG AsonyesHive Foolng LT RATARS¥Pope of

t h8) aPPERARDIAL BehBall2dopledl Dhe What is claimed is: 1.
A tenperature controlled showerhead for chem cal vapor
delgbsi ta hgater ohpyicalbrastackddondhaleasy plederpri sing: (a) a

st conpri s a _convect | | |yl d passageway;
T EBRS BB R R GRb Y o et Pl <P o (o) 2

he@) er Dfeiipeanirt ¥erdbf it Medshrthgd Henipatkurplodtie; faddiplar.

face plate thermally coupled to the back plate; and

( edheshowgihepd pfiplaing dnwhereinghe REIPSTAIS §ERSOf BrapBeERerorple

of: . . . im:

oG5S RBPLEL S o T MENGENE R BLE LD oquncy )
phiylser eBectrically taupiaditol the theembeowplepl at e, and further

conprising a radio fr ency (RF) fj r electrjcal
collln vawehephel S B Qompiisirtgpn ik blier et Coupted to the

cli 1, further conprising an RF filter electrically

coupled to the heater. 4. The showerhead of claim1,
whBresihawarheed bEelpah 1 swhéraimencixtarha shidade qflthe back plate comprises an

cg%&éisgs an anadi zed al umi num coating. 5. The

sH PRI RWOHRUE CIME) © herein the heater i s enbedded
| MTRNhoR@Head® btRim §; wildieinshoneitdtaaembéddeliah elback plate.
wherein the face plate is attached renovably to the

bakhe shewsthead of clime 1 swheieintba frce plas iiagtaghedprapegbly tonke back
stﬁg%has a di aneter of between about 1.5 to

The showerhead of claim 1, wherein the stem has a diameter of between about 1.5 to
2.5 inches.

The showerhead of claim 1, wherein the face plate and the back plate have a thickness
of about 0.25 to 0.5 inches.

The showerhead of claim 1, wherein the gap between the back plate and the face plate
is about 0.5-1 inch.

The showerhead of claim 1, wherein the face plate has a diameter of about 13 inches.
The showerhead of claim 2, further comprising a standoff between the back plate and
the face plate through which the thermocouple is attached to the face plate.

A temperature controlled showerhead for chemical vapor deposition (CVD), the
showerhead comprising:

(a) a stem comprising a convective cooling fluid passageway;

(b) a back plate thermally coupled to the stem; and
22



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2.5 inches. 8. The showerhead of claim1, wherein the
face plate and the back plate have a thickness of
about 0.25 to 0.5 inches. 9. The showerhead of claim
1, wherein the gap between the back plate and the face
pl(a} e d facaplatetthemntlly donpled tclthe batleplsteower head of

cI im.1, v\,herelnthefaﬁg1 at e has. d

cig g peive oot o Sidr s tonhEa gy that an exitng
f Ltfobhﬁ%ﬂﬁmeﬁabéﬂaﬂﬁe & thé 30604 thb elewempbiaturback pl ate
e face plate through which the thernDcoupIe IS
atThecthedethsad b lealatmé iiurtat:reconmsmg 3 lemperairg pensor configured to
contr ol lﬁd shower cal vapor deposition

( VBT Re CURBRY H@a lgc“)enp?elrép}lng (a) a stem

C Oy shdwBtheadd 60614RE 1 | WRere@Gini gxg:ridl Yufaqeastshgbaviyplate Cohprises an
a back plate therrmlly coupled to the stem and 22 (c)
a dngdigepplminemEPaNg. y coupl ed to the back plate;

e Y
““I'% | %ﬁyteeg)%gﬁ §ﬂ¥l§ﬁ% 1, gﬁ&g%t I@gaéztz 'pg(%% is ngé‘%ﬂ%‘@%véﬁy to the back
tepiper ature is the sanme as the stemterrperature 13.

The shower head of  cl a th
t eﬂi!f‘e?h@t”@ﬂ@ag eh e8I doh PTG bes s Mana dme st flBsemapgut 15 10

¢ 0? \/\;1 fend, Eﬂedfat‘:@{ﬁﬁf‘er AHYhEvackPlatd ASvSIONERNBRAA 2B5ut®. 25 #910.5

ereln an external surface of the back plate
cmnphxessths gap betaveenlittedwhch platd andhthe faceiptage istaboutihé-1 inch, and the

h f .cl f |
2 PEOREE Tes asimAb tteRe ERde sy o 16, “The
s hR"é@rﬁB&@l@r@éon@ﬂoﬂh%ﬂowéﬁﬁ@ﬂ%& plie 6t @Rmh@s vapdslidepditsn (CVD),

between about 1.5 to 2.75 inches, the face plate
anﬂhelfm;ibackorppameghave a thickness of about 0.25 to

Pa praroetial iRy B iREd Reulitied % 22" Ale

ha@b) a di guBstaatialty plabs&ind kactilar Bdekisnrfh@scondpfising a plurality of
tenperature control |l ed shower head face I at e for

cheni cathreadpd Plindholss amdymatina Aspturesfppa p gpaqrgl
frgﬁ“ Sé al(t%{%yél‘l‘ﬁﬁ& ﬁd’l‘és'% %%nand circul ar

t su ace a substanti a ar and circul ar
baskersin thafeephatpis csmﬁgumdpxb be Edmdvylbkyfattatlkndeadlwbagkipﬂaﬂe via the

hol es and mat | feat ur r
matsmg feature anA1 \%here% tlfll ?ace p? te ?nate%ai(ls an atlurhmumdalloy resistant to

chemicals and plasma.

The showerhead face plate of claim 17, wherein the mating feature comprises a
circumferential sidewall. |

The showerhead face plate of claim 17, wherein the mating feature comprises a bottom
half of an interlocking jaw.

The showerhead face plate of claim 17, wherein the plurality of small through holes is
100 to 10,000 through holes.

The showerhead face plate of claim 17, wherein the plurality of small through holes is
3-4000 through holes. '

The showerhead face plate of claim 20, wherein the small holes form a pattern of non-
uniform hole density.

The showerhead face plate of claim 17, wherein the plurality of small through hole

diameter is about 0.01 to 0.5 inch.
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24,

25.
26.

(c) a plurality of small through holes for gas flow
wherein the face plate is configured to be renovably
attached to the back plate via the mating feature and
wherein the face plate material is an alum num al | oy

r éBheSBhawerea)d fach @hite of caiantl7, pitesein theiBickmess of Hmféemla@ is about

ac %gpf claim 17, wherein the nating feature
¢ circunferential sidewall. 19. The

S hmﬁhe%ﬂ'leﬁé‘%e plaé 8f Ghint | AifiHet cofpeikidipn thérenarhiplagontact hole.

feature conprises a bottom half of an interlockin
j dlihe showeiticad Svomattebelaimntd fprthqréosmrlémg.arﬁlwllty of'spacers

rejn.the Iural gh holes is 100

“T@kgd%OP% 5ﬂ8ﬁ”ﬁa¥es © %@Lhﬂ %merhead face plate
of claim 17, wherein the plurallty of small through
holes is 3-4000 through holes. 22. The shower head
face plate of claim 20, wherein the small holes forma
pattern of non- uniformhole density. 23. The
shower head face plate of claim 17, wherein the
plurality of small through hole dianeter is about
0.01 to 0.5 inch. 23 24. The showerhead face plate of
claim 17, wherein the thickness of the face plate is
about 1 /8 to V2 inches. 25. The showerhead face
plate of claim 17, further conprising a thernocouple
contact hole. 26. The showerhead face plate of claim
17, further conprising a plurality of spacers coupled
to one or nore of the threaded blind holes. 24
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