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TEMPERATURE CONTROLLED SHOWERHEAD FIELD OF THE

INVENTION The present invention pertains to apparatus and systems for

depositing films on a 5 substrate, Specifically, the invention pertains to a

chemical \@%d%positmﬁécv ) apparatus for injecting gases into a

renction ot B oA e SO el eIoh WA (i

temperature controlled showerhead and its temperature control system.

BACKGROUND CVD sh&We:Abe rEaBt ¥ibldPA perforated or porous

plangr surface to dispense 10 reactant and canner gases as uniformly as

PossieTUEF o BESARY pRFAEI bl A A L KB gt BRoGAA ms on &
subgged . f@peoitttalipubdatamprogessing ob maitiple gulbsratep o fisoE38Mgpparatus

-_of single round wafers. Watf generally heated rocess . .. s

o e e TR g prins o o
temparfeitisuefaceISheweitibest reutibrisroppaitaisepletkststators, lend

themselves to implementation of 15 plasma-enhanced processes, e.g.,

plasma-enhanced chemical vapgy @{ajﬂiﬁ}r%(BECVD). in most PECVD

reactors the top and bottom electrodes are about the same size. The

wafereteciiodanpay Restbalae supaestand hegreundedandithRe to dispense

showerhead may have RE power applied. Bias RE power may be appliegl )
read At A AT AT SRRSO MY REHD Sty B GHE &RGWRhBAR thiganar surface. This
confggessiateinsulatodsectinns dndhetgapsupplysystandplavoidiereangrocessing
.a. 70 parasitic disch in the gas feed lines to the chamber. RE power . .
o BRI oL e e e e QoS e B wicn e
reashimverbesadan aydodepretindah on thi\ader-tonfeater uniformity may be
affected by varying reaction temperature from wafer-to-wafer: process
conditions, clean cycles, idling fime, and change in emissivijty of the .
ShOVBREIFE OGNS TR URE TS S e COTRE S Gt Ul ggiaton of
plastell-astihe goasrdEseactian, tempeiatniren Althdueaticaftengondepeitoh (PECVD). In
most E?é%#/ .?Qz;[é?ourgl{ﬁeb%(:ha roﬁgésﬁge@&rgﬁgs‘” er%hg%c()j\?t Qe D%Jrfaflelysxrieeacqhe wafer
an equilibrium temperature, these factors can affect the equmi)rlum
elegmperatyreeor s traienbepoft deg dsitoouoyciesbehorehthecduailibrivirhave RE power

apfEPeratIeis reached, M50, hadnuliRle SRHARENAmRET, 5‘@98"%55&%@@ RF in the

emperature may vary from station to station. For example, the cool” _
shayvsherd Rafares e Eaitiorsal#HEY RS dlpFifty B8 STVBIED SRIgIBf tthavoid creating a
pashigwerfierd Jd hedharmalayaieofshrwarhards may.alse areale Atiglasrough the

from
substrate support electrode, while the showerhead may be grounded.

Wafer-to-wafer uniformity may be affected by varying reaction temperature from
wafer-to-wafer: process conditions, clean cycles, idling time, and change in emissivity of the
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 processing 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 from the showernead itself It is therefore desirable to

accurately control the temperature of each showerhead in a chamber to

create a manufacturing-worthy equipment with best wafer-to-wafer
coatingerpmityhe eostrohrarh dadisholiffcbent esigiied:withdutiereatingxpanticlesfrom  the
shdhdhkesmanpfacturable at the lowest cost without increasing footprint or

reducing throughput while maintaining good wafer-towafer uniformity.

SUMMARY L Iddr i ENTIGQM el d%ﬁﬁmRﬁé%ﬁ%&%@uﬁg&}wQlowerhead in a

showerhead and temperature control system with enhanced heat

O T RO P S o R R B iR e PR E OB S vthY Rt uniformity. The

shmsmasehmamfsat&st,gmewtmsemmm{g@dﬁﬁﬁgsvagﬁ%eftaxw%f@aﬁrab1e at the lowest
non-uniformity within continuous hatch processing and from_batch to
o e L SO A O tEH oAb K FeBpyfhgvater-to-
watheughperature set point when changes in the operating environment
perturb the system.Increased heat dissipation is achieved by increased
conduction through the 15showerhead stem, additional convective cooling
using a fluid in a fluid peISsayeVIaY adTreRsed rediaion from a back
plate. The temperature control system also includes a heat exchanger that

serially cagls-thgconuactivg ceotingfiid flowing in the showerhead fiuid . wirn

passageway. In addition, the showerhead temperature may provide an

enbddnibher gtainTater Beplodesu ptnizalid XomGHerasiEtotheith fast response.

Adptegentivenion Reraing R eMReLAUIeEoNTHB MR SRAWETRSAGuous batch
that jnclgﬁlﬁs a stem with a convective coolln%ﬂwd.' passageway, a back

PrOSEHh S AR AHTB d o e sthhh, SPRERSH BrAjsiksyeAea cHdhertfecnable quick
redoaely platae atase plate shesonal lycoupled des thethackplates aRdi@nment perturb the
t mperslxture sensor for . measuring a temper tL%re of the face plate The

t

Sy%ee%pera1ﬁfgasé%nsoeragngﬁsﬁlgzgl?ﬁeﬁsno%co1 Pig‘attichBd 1 tHe FHREY SR Abrough the

shogethond cemtactadethoal fortemperatadineasnementjdased duidnfragatway and

m&%%@&%&%ﬁeﬁ%ﬁo%ebgapm{aet%@@@'&9@% QIO e JNSRAK 11 des  heat
plate may be made of aluminum or an alloy o aliumlnum..s?ﬁe external

exehpnger @/ﬁth@rbaébk prate haypoeesatedosting fadeflaniodntrehseshowerhead fluid

paSRusSWLY 1] heiGeatingeraayRenanodized 2l il@i'zlg(}pr-gbﬁi@ Q@tﬁfdeXaE’Sarameter for

an electrical resistance heater and may he embedded in the back plate.
P& (AR At hay be made of 30aluminum, anodized or coated
aluminum, or other metal that is formulated to be high
In one aspect, the present invention pertains to a temperature controlled CVD

showerhead that includes a stem with a convective cooling fluid passageway, a back plate
thermally coupled to the stem, a heater physically attached to the bacl% plate, a face plate
thermally coupled to the back plate, and a temperature sensor for measuring a temperature of
the face plate. The temperature sensor may be a thermocouple attached to the face 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 high

temperature, chemical and plasma resistant,
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temperature, Chemical and plasma resistant. The stem houses a

channel through which reactant and carrier gases flow to the face plate,

where the gases are distributed through holes or perforations in the face

plate. A baffle plate or some other distribution device may be located

betiMeesithehenskofitivbagas] chanpél ahdtihe facapiate dahelpdistribite the face

i t@%v;ﬂ&% avenly. The stem also houses.a convective cooling flui _ ’

P passagev}/ea tﬁr%ough v%hﬁ‘gf%{%%gﬁ r?él uﬂffr:%sa(i} f’l’oe\ﬁ)! (f(r)atc}(%i f%etlhseg%\?\?eﬂllaé%d.}\ baffle
platy e fiuid phissagenayiis construstedbsd bt dt s tisotateie: feodnoth@e gas channel and
the 6@ GlaRLEHRMNELIR IR HEP.CRUMING reactant angd Gaffier gé‘éﬁ%&%f@%od)nng fluid

showerhead. The convective cooling fluid enters the stern at an inlet an
Passaagyait e ate b Uiy b Brihomesdtonhdrnetslintthelmewsrhtiad. inldhe fluid

pas@ithepulledchannal & bathchannelsofthe assagenadnmay RIIeY 8em carrying
helical¢)ath.or some other 10 tortuous %%h designed for conductive heat

TSR BERE SRR SHANHEEHrfaly 1Y EObImECRiRE A 158 teradbe stem at

an iyt airci](M&) RO a,démﬂumpngﬁnggelr%mdg@lg@ma&h@imMmﬁm%f 5@%&56 inlet or the
Lhou ot preferred, water.and oil based liqui ant may be used as

o e O T AR he A A b EUGRIBH by gpme o

tortfuiitiethadeal pred siorecohdbointeSe400psicThet@RA thaylalsadhe @@Qieﬂace. The

coolﬁ}{gaﬂiﬁ@tr%fcg'@@Q%Qﬁ?%@ﬂ%&,ﬁ%&?r&%@i&&r showerhead serial

e S
. : nifrog
Serial cooling means that the CD e supplie to-various = o a mixiure of

theggholfomidanss WRFCTHGriveiEiarelcoibimsgbydhe healrekatharigerseors the convective
codBxample, the-fA-mambesyppligdie Qlﬂﬁ?iteéwvﬁ@?%%&&%?q E?’eyszﬁe of about

heat exchanger, supplied to a second showerhead, cooled by the hea

S0-L08 Rahgd Pesubplidtieto Asthipd SPIGTE Meadcrobrehapy theoraat ek hangjerthan one
shosupipied teralfourtls shawesbead, reeakedihy the: h@@i&Xﬁﬂ@ﬂQ@rs@gﬁmd to various
shoexef;ﬁéé tsfa‘glv.1 til'hi? 20 grr{an‘?emen(g mﬁréirg%zes the amount of air used and
also ensures Blow fempe SRS OF s NS Rindif G carely-Hhe &d4. may be
supphedface fplstecortaing holelsdbperddratiensiihigergbuppiieh gos seaatasiswerhead,
e wafer C te, may have various configuration of hole
o ot T R AR T U R ST 0 e
supppliehaick pldeards abew tashithteeiathihy dhehawgingdolkepatterdsedthested. This
arriRPRRRIAIWE;Afithe face.platamay.heynaasyred by & thermogou R!e?nﬁ']erztﬁure of the
a

physical and thermal contact with the face plate, or by other means
ex}ﬁ‘f@tié‘é%%&%?éféﬁgﬁ?‘iﬁerferences, such as optical thermometry. If a
thermocouple is used, it may be connected to the face plate through a
stantiofflbetwkeén ¢thetback pleteand thetface thiatesand-brogghthesteniow o the
wafd aﬂ% f{a%g ?ﬁ&%@'@aﬁ”&%ﬁ% E\gn@e&g%ﬁ)allgﬁ%{g Ie%'e[:? tshgf difference sizes. The
thermocouple to reduce 300r eliminate nterference in the Iflemperaefure
facgiplaty membenemppibly RiRebehéoshowerkeile depositiorn|iftcamtroliar or changing
hol@@)ﬁ%‘épuﬁﬁdt&m}k@a&@%%@%ly%@%{Q%ﬁ?a{)%r 1o-maintaln, getﬁleg’?gocouple n
ac

temperature at the face plate. In another aspect, the present invention

PhysiGL A (e h Rt rE Hb s ey ik fr bontheTimgasRalst mbhess susceptible to

RFshteMeeheadde/nperaites i alMB-¢hambabrHe syHeRuReludes 8 R connected
%VP chamber and a cooli fs stem. The CYD chamber includes one or
to the fac at % é;o% %

Mora-feRiperatars tanFBHea’ Srvath S5 E RSB AR &S Metdad Hirough the

stester, radbackplatey dR&0diplateaand aitheimbceupieddrmieagisingdhele to reduce
IRmperatie Qfdhe face plate. The stem ingludes a convegtive cooling fluid

o passagewa;r/ and is %er’mgﬁ% Sé}}ﬁ?e%f l861'?h%;}\‘e0 a%c}'%(e Spa{)t%?%v%\éo%etﬁé(rgrﬁ%%fad
coupled to the face plate. The cooling system is connected to the

convdtiive 531G HIHIAY RN Hrd Ao HnBuoEtheRBc G seethl of the heater
andlait¢ coetingcuiddhiongheaghashiowerhead apadhrougbrtne iRaliency used during

exchanger in between showerheads. The cooling system may include a

liquid cooled heat exchanger and connectigns to the convective cooling

fluid passageways. The temperature control system may also include a

controller coupled to the thermocouple and a heater physically attached to

the back plate. ‘
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15The convective cooling fluid may be clean dry air (CDA), argon, helium,

nitrogen, hydrogen, or a combination of these. The convective cooling ‘

fluid may be delivered via a fah facilities connection and may be CDA. The

CDA may be delivered at a pressure of about 50- 100 psi and ambient
depgsifiperatireantthiefirstashbverhipld sterihe TtherGRAuplayané sbrialigter to maintain
deste@lehhaiweenGrolng diffgrent showerheads, which may or may not be

in the same process 90 chamber on the same tool. One heat exchanger
may be used to cool showerheads in more than one chamber for more
tharoRET361, FRECIA FiG e RHEI B RIS el BRSARBFassuea! system for
corgundiiap &HI:ﬂDiEnhtem%mtftﬁézlxaftﬁﬁpemﬁﬁ@ﬁﬁ%}CV‘?EJ]@%H{@&F%B%%%?@ includes a

exchanger may.be facilities wat another ligujd coolant. The heat

C@i?ﬁ%fﬁé‘é’r %géeyahcé) %h%%%ssiyr‘%%‘{‘m tﬁ%%gh\g@ir?ﬁaér}ﬁ%%g}& 5 81N Plif Hn fpmperature
corgsiivdctiveredulidg. flbiettindswEHechstehetal material may heaalumintinplate, and a
the%&%g%1%§%miﬂéa%@{§&ﬂgﬁl%g \?\)IP O] eo]%?agy PERS sl%o Tcludes a convective

_ B oS,
conflgured to isolate one or more showerheads from the cooling system.

coofifg EBbfingpayrsibmand aisdhipenatle frswniedduldtsrhasbupled, tovttien is thermally
couppetirellere to.seqilate ameoxirakthellewrate of .coaling flvids into.each cooling fluid

showerhead so as to control the amount of cooling. In some

PaRBSEIhEN S The VB ERAHbET Hiay Al ¢ iRk S Efbrowdr eophtiheagead and
threuigfhechoissivitya3@eoatingwiiesaoating:aaay beqidhednsidasuiiacs lde a iiquid
o (H%% %‘qu@}lgc {atx? elangi dng}ai/ubetanod‘iz%% aluminum. In yet anot{her

aspect. the presentinventon pakaifs'ts SIBHperattraltsnhiibisyetsazssays. The
tengmroting CVD sshoweniryaal se mpierktureofibel sy sieuplsdctudis gRalidgouple and a

hedﬁ?ﬁﬁ'ﬁsmﬁ[ ]cg’cffé)&‘%%jet agﬂ((re%isat[lgwerhead; heating means thermally

coupled to the showerhead, temperature sensing means thermally
cou%led a face of the sh.owerhead; RF filtering means electrically 5
I

couplB $8NHRE T perkitsd8Eh&iny Rrealrem Al Miath® e argomneelium, nitrogen,
hyoptiolbng meansdescontrelingriemperaiies &hﬁﬁ%@tﬁf@ AR livered via a fab
0

include radiative coolingm and convective cooling means. In one
fec IS oW TbK, Mok Rﬁ@&%rtgﬁ% (0% BHipE SLEh B e Of about 50-
10&heivarhesmbihat incipctes:e stethanittsa tomeeiote gaalingflidDA may be serially

i . rmally coupled to the stem, and.a face
e Al Ol U B B s

to the back plate. The co cooling flui

chamlagpethayamay e desrred subhnbet weplnghddoesitightivestheads in more than
ond ABSAGENRY Wouldhhe %éqgoﬁam%t@ﬂﬁe%ﬁ% %15“9 %@ﬂgéf%dar;@lgm pressure

owed;teal apparatus may also include a temperature sensor fo

gL A RiRR BB RAG fuiestermbaratuFbatianid evrsibiafimdpiasnshanger may

be Ricilntesferaacerang@ed guienaperEaturersensal Bayane-a e MOGoURIE etal biock
h 15 or n8n-&ont ct method for temperature measurement, based on
avino embedd %%02 ﬁzin

W5 4BE ARSI FORRIRR THE BAtk Pl material may
be manénofralufhinuoolareasy sitoy ek akisinotudthaesteinat upage 66 @onfigured to
: a be coated with a material to increase emissivity. The
TSOc?%gﬁr% r&?ay %iea%ggfgggg %%r%%%rﬁ%el ncg%{rlﬁlg ém ec%im@ﬁ , D HEeV gy may also
inchlgtiFrteraduasacoprite, which eeatyobBe af eteptiital sesistantehe flowrate of

codlgatenand May beenahedded 401 the hack plate e 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.
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In another aspect, the present invention pertains to a temperature control

system for controlling showerhead temperatures in a CVD chamber. The

system ma.y include a CVD chamber with one or more temperature

controlled showerheads, a cooling system fluidly coupled to the

conveauvencduiirgiisid hassagewaysptiod miont oflerteEachashowenheadystem for
cofBaNHCIEdS ARISRRANNG R ERRYRCIVE U Qgﬁs?&?we ’&)gﬁ% plate thermally

thermally coupled to the stem, and a face plate t ermfgl y coupledto fie
CO‘B‘&@(tﬁléﬁé.%\éeé%%ﬂﬁﬁd“%%ﬁgtérﬁl?ﬁ&wh@m@wrﬂ@v@&ﬁd%ﬂﬁeﬁéqmﬁ@ad; temperature

serGRRvative aeeling fluidprgsagaways.@eligydsaeled ﬁ}aaﬁﬁéqﬂgr}ggz{ns electrically

flgw modulators, and a. temperature sensor thermally coupledto a
OB Lt dTBRAE RSN TRt AR TR R ISR er ARayPbinevacans for
coteatifipranihe anry eThve caalingafuitsthaklew seedalty KYRNENIGS and convective
co (g%ss%%]gx\éays of the one more showerneads and is intermediately cooled
y fhe heat exchanger. The flow modulators may control the flow rate of
the convective cooling fluid to each shoi,verhead based on information
-froritHeotiftetier Fh@reasmip dpanmiéose mstpintayimeatumpdtagure controlled CVD
shdeernesatug afdhadividexdingd shQyedgad sathat @ﬂﬁ&%@&@%@@vﬁ%?ﬁ dback plate
e

0 determine a temperature of the face plate. The controller may bé coup
t FRSVPIROARIE LTt (PR teniissrarlive Semamiisocaunisdidtethsiradinglate. The
coantiot theofage Pltdepiemperaiuieny NRome; easesushh@ateEdIBY DEuid exiting the
aastataé:whgd la &l%ieblgat%lﬁplate an cougled to the cont%}ler to provide
P eating, nyet anotiat aSpEst tHE e lEMyErFanh pehtaitie tgrHead apparatus
maemperatiré contrpitedshowsrhdad facaplagetioreeiNEboTing fage Rlai®rature that is
ingludes.a ia and circular front surface and back surface.
"The back s%%ﬁ%%?%ﬁ%gﬁ %%rﬁ%?bgr %ﬁ‘ %ﬁ%gr AT R T A a‘oﬁéfm’couple
Of of rREFeCRTBNg Teshare Sor ermmshiiy thenfecerplatetio thedack plabe: fEleradiation,
flutpeg-plate &Oﬂ%@{% ingjude apumber af sall Hrpugh Q}?\l%% 985 alloy of
r

flow from the showerhead stem to the procéssing area on the other side of

alupinppe BRtExFRALMEIRAUGR FBtEsIIL B diotedebwilDeon 2500 increase

emi3outy3-4000:0at AP e 20024080 430l ahAving adismeterifBRRUE & QLAR: may be
O.g iéu%h r %bcz(ut 0.04 inch and may form a pattern of non-uniform hole
MERRRSIY Yf?\ﬁe th

ensity. af%cgl%ﬁ%ftg PR B hitk AL JPIGHF D8I B8 Mrkde embedded
in thealokitp®®25 to 0.5 inches, or about 0.25- 15 0.375 inches and may be
made of an aluminum, anodized or coated aluminum, or other metal that

is formukaied-taechigh-teraperative, chemical,and PJ%%IH&%E&J%%B&I system for

thermocouple cOntact hole may also be included. The face plate is

CORB ARG SROBRE FE HTVRBRI AR AR &dG0 TR IarReplatBgiatHiats masor intdude 2 CVD

chadténgvientares ol heomaitng teatiedpayira gitswnferential sidewallysiem fluidly
co‘%gxz trt1 back surface,ola groove, a number of threaded blind holes,
Shda Walf Bt &n T eMbkirig 1AW e THESe B GBI HSE ufes Ao werhead may
inGeantages lofvihe mventian wilfloa desshibedin merekdsaiall belewaMitBoupled to the
f 10 .the . ciated drawings. BRIEE DESCRIPTION. OF THE _
SRR U SRR Mg BRI BRI OF T may s
inlgiagef erdsitoeribyeptivaci vE+Pigiire B dsrasgraphiavt siliton ditide s pamesxchanger,

floRickness:daPasied RLVRMAMS %Qﬁw?f%%any 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 controlier. The

5
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temperatures. Figure 2B is a graph of film stress for silicon nitride
- spacer deposited at various showerhead temperatures.  Figures 3A,
313, and 3C are cross section schematics of a temperature controlled
showerhead in accordance with various embodiments of the present
temppyaifiip Aensor Figiurecasisra tbeHempstieufacddblidyisystémdrn abovrahrgkso that the

cont¥i A SMRAGHMENE I HHR BIGSEN VeI At Tfe!%%';ﬁrgﬂgr%ﬁgheemgt\g%ed to the

of a temperature control system in accordance with an embodiment of
flow rmedutaiyerto o IGTHRCBIE S S8Hem aficesf BN EmbiadinishconRE fikgrigce plate

termiRFRAHCE Br @HRIRAIeRENQAIE may be HBUREA/ 1S APIOLLT ShRWRINeEthied 1o the
eratures measured using a temperature controlled 10showerhead in

temp
OO BF AR WA Bresent invention,  Figure RA is a Mat showing
TEOS film thickness over 100 wafers with four different starting conditions

using & standére showerhtad pRigote @Bdgiamlptxgdowing theABE@Suitmeontrolled
sholNEKDRS S, 0V i A00 Walers. Wifneth@céaﬁa%f%%%gt'g'gu%%&%g%@f ﬁlﬁgg‘%ﬁd circular

temperature controlled showerheads. DETAILED D

frogy e ee EEMBOSIMEN PS INFRODUETIONe 2 ninther fllbwintpd blind holes

anddgiaite hdes erRtRN Ol he RIRSRALHIMENHO T RUNRLAYSIRPER G late. The face plate
eragbodiments are set forth in order to provide a thorough understanding of
ma}fh

VRO > 70 AR EVeTTaY i pehalifpediit 311l SRimetisribpe gtcad stem to
thetheqresentiavention sy sedsacticesbwihout theserspegifin detajissanly be about
oaleTRgl Qoo g motesecs e AsERes N OO o1
0.5 guchonabdot (riHecebsanlynehscune: aspectsod fithesprsent dhveatidny. The face plate
may have a thickness of about 0.25 to 0.5 inches, or about 0.125 to 0.5 inches, or about 0.25-
0.375 inches and may be made of an aluminum, anodized or coated aluminum, or other metal
that is formulated to be high temperature, chemical and plasma resistant. A thermocouple
contact hole may also be included. The face plate is configured to be removably attached to
the back plate via the one or more mating features. The mating feature may be a
circumferential sidewall above the back surface, a groove, a number of threaded blind holes,

and a half of an interlocking jaw.

These and other features and advantages of the invention will be described in more

detail below with reference to the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph of showerhead temperatures in a four station chamber over time.

Figure 2A is a graph of silicon nitride spacer thickness deposited at various showerhead

temperatures.

Figure 2B 1s a graph of film stress for silicon nitride spacer deposited at various

showerhead temperatures.
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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

piedegutvarioudsdes Csizas ceael meatemakshimatidition to temperature controlled
shoSEMISANAUCIBr WAIE TS RIRG{ O BISARR Hhat MRy fake adRRiage of this

invention include various articles such as display face planes printed

circyit boards an%}'éhe like..  Showerhead temperatures drift over time

e tepUSHiBI e Ao RS GRT e Ao YARES ¥l fifnfmbodiment of the

preggpevtiesokigure | is a graph of 4 showerhead temperatures over a 50

wafer run without any temperature control, i.e., no heating or cooling. Four

Showgmgaﬁ%maasctﬁ%%%tlgﬁ Q%%B@Ja%% 9!8%91 0%%5%591\’\/&]:&{1'5390 Olyith an

about'4000 seconds. The station | showerhead corresponds to line 102;
cmBediBENS totinBrESoR; BISHEATS to line 106; and, station 4 to line 108. As

time goes on, the temperature in stations 2-4 increases until it reaches a

steddystateitempdratiare atfabeut3700second R IT idiptasmea: Carditicfiiginate RF
noiQel.Otted as a step function at line 110. Initially, the plasma remains on in a

dummy deposition mode to warm up the sh.owerheads and after about 10

minutes, the wafers processing started. In station 1, the 10 temperature

starfd8W5 détrchlel Yr SR SHtECWArEH BrocBsaig dturiay beramsatwggenirolled
shdeamingnvaieranhstalian hepristheebaioher components, including the
showerhcad, as the wafer warms up to the process temperature. Thus the

tem cyr i ions. are progressively higher. .

St e e T Sl ey g aiferen
starfigopaiitgtivaferstosstationdris dovlabtadn theurrc8ming whfeshtovatation 3EOS film
thiﬁ@i'é@lcﬁﬁét'mbsmg{%r;%W%@erW R@Fﬁﬁ%@oﬁ%ﬁ@ﬁgﬁﬂmg(@%@?&ﬁ% controlled

temperature after some time. Figure 1 shows that a wafer being
Sh(ﬁ?’ﬁtﬁ?égéd in a multi-station chamber would experience a different

showerhead temperature at each station. Thus when the showerhead

temperature affects the film property deposited, each layer deposited on

the wafer wo / : i j a

CVvD proc%@?@ensmve tos %%?ﬁe%%%@r%ﬁmﬁgmcon
INmitisie spagek Another example of a CVD process that is sensitive to

showerhead temperature is tetraethylorthosilicate (TEOS). Figure 2A

shows he fim hickness, deposited ynder different showerhead - rcrous specific

temperatures. All other process parameters eiﬁg equ ]I, more film 1 o 5P
emiegusiteld atchighdpshowertisadaampedatardsoPhgs thid Egtandiickndshe invention.
HAGREsIEd af e Degioning Qb a WalRLHNE- O AELSOMEIISHNERL be practiced

_chamber clean, would be less than the film thickness deposited after the '
WilKeivditre s teithErstiiFerndy redthaticsriniBlot A D eperint BN theofii, instances

weSUERRICkRRSsiffBFEAGRIMAYAT BIRYRChNAVE SRIMPACHIR NG d in detail so as not
performance of the final device manufactured. Figure 2B shows the

10 URBGETHEHY IR ATHFE DN BSIESH hREE Sacer film propertyits stress.

As the showerhead temperature increases, the stress decreases.

_Depé@i‘t}eid mni_isﬁéss,t@tegpeémhyt@mh ellt_ﬂa‘l‘n‘giéftd’r Yeudte mag hayelautg'gably- The
fo ﬂ@@ﬁ’fgt %;Qﬁé’dc%&%%{m@%%u&ﬁ@y S deRUEG Slres Simgnl?&éﬁh 'c%vesgrg%onductor

manipulating showerhcad temperature. The ability to control showerhcad
PIo&fAHBRa BRI pridEcan SthaPYodesd pararfetEriiit whifkhapparatus may be
utiéighieve paesiedsim preperties andueduceyater-to-waferarationsn addition to
Cuniforrmityy i tion thick i oe.
sel%[]é)&gg(k%mlt ) IIIéZie Oség{lkt&%cgna%ﬁs&a%nd g ﬂpg)cg/?igtlaegse of this invention include
various articles such as display face planes printed circuit boards and the like.
7
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A temperature controlled showerhead improves wafer-to-wafer uniformity

both for 5 bulk film and individual sub-layers, increases throughput by

eliminating non-processing delays, reduces particles by reducing or

eliminating thermal cycling, and adds a valuable process parameter for

finebnivghfikt properties:sTheffimewaferctandaféiccmiforpoityiis irnprevedn terms of
caREGANSE e mperatyre varies ss.overa cont nuoys batc of afers both
" Within a batch an(gj % r%a%ch}l?g énot is mgesgg\r’i]geneta PGS over a S0
WaggAERiIBANOThis Ydaursste e @Wfér@lneeemrmmpmmlesﬂwemutmmwsthedds in a
follAIRIIA Snhateh whenthe shewerheadsare cold.and the jast své/cagr%smg he station 1

batch when the showetheads have reached equilibrium temperature
shoFteAfrg PR e HES IO T dativamderiier 0 4it 1t wamie tem ﬂ)@@a@mrb station 4 to

hntahﬂ)fﬂerﬁﬁ@r@éémtf@”‘t‘ﬂ@ytd:ﬁlg&flfﬁ[@@tlﬁ'v@am%@ Is AISRINPTAYA - reaches a steady
rocessing time 5?%1 dummy deposition time to heat the
>
I

S GRIGTRAA S b CHRG I G RN I s naincion o

lineytling ma;alb;e nﬁéL{ﬂ@ﬁhﬁeeausmsthﬁlsmw%ﬁ@@@t@aﬂﬁfﬁ&{r%&ﬁwge\wrm up the
shd V\%r?tal %ltha%s@ IS. |dIe or | “% Ieaned instead of allowm%;
the s ower to cool. e PedctioRn t Ii%é?rgygf’ﬁﬁwv%@ﬁﬁ(}edﬁb fHgn 1. the
terpffaetuof @Fff@ﬁb‘m dhernal expaaliorteoeffitiepts dvetivgemebameetse each incoming
wAMRARENS AN LQaHNas QR she &9{{#‘1&%@%@ RN ehy (educ cad, as the wafer
particles. As discussed above, for so VD proces§es desire
W%%@t@él}%aw%%aﬁm%y Zﬁ“@%rﬁlﬁmlﬁﬁ@qm%hwmﬁeacﬁubsequem stations are

préeraRaratugowath fstr!a.%i@@%%%%E@Hl%%&15@&%%%&%@%%%9%& because the
. with high strnss, for example, low showerhead temperature is desirable.

MEPRRS &i%feéé%%‘f‘émptw&f ﬁ%}?ft;}’baééﬂa? EYPIERS TakH Lo fiaieRahndénetll stations, the

shtypehand iheflashaneanie Thechandpliarshowerheads havg-aistem
attached to the top of the chamber on one end and the face plate on the
othef;g,@ge resgbling a chap iar art of th stem may pro ude .
chamber top to enable conne%t?on %1 égﬁ?ﬁgsss nd RE po%grSt% e flu Eﬁnb er would

SXRsHERt S AoWEsahgBaerineh et ipte the wisbisteramBenandaothotshowerhead

telpM@BroteMel e ﬁfﬁ'ﬁfﬁ?gﬁ%\‘@r@@?@ﬁ%&a Qx%g(?a@ré? MGLALTS,coN (9(%'@(? would have

chandelier type showe o control temperature, heat is ad

S%%%ﬁlﬁ%@abpmaegho%ﬁ@aasapi@rﬁﬁé@Wepmﬁ%sgm@rmwve to showerhead
temmmemtwmmneaﬁesm&eegpma pl@ﬁmaeﬁe@anpﬁc@m@m BRebaraedis sensitive to

arti ollide with.the shqw rh to | ergy, (2) the applied RE
Shg\r)wvgl}%y ?sgcoaerlaéar? & howerd @%{é‘s external heat is

mtentlpnallg added bg for example electrlcal energy from an electrical
heat&f2Hiie SrbAtbad aripeeatesd enasitsdsesivhbiwonlehonateeial temperatures.

ARTHEIS the.chamber:@iers rsasiangases &%'QW&f teMRELaHEE QT M@i@{ Ss@bwerhead

ambient temperature, when heat is removed by conduction, e.g., hea

CRBRGHE 6N Bﬁtﬁ@éﬂﬁﬁ)@ﬁéf&@é‘ﬂﬁ%t a?%%@ﬁ@éﬁa‘fﬁﬁ@“rmn e.g., after

soﬁ&ziliiﬂ@:, and by cadiationdiem theshowahieachd sHTacesiHQRIGOitRESed after the
ther \{ents occur as aéoa{ f nor lcha er operation, and others
ShOV s Be userapt%act:%rﬁa’troilshowe1 eaCHl AR Etatrepending on the film, such thickn

dlfference may or may not have an impact in the performance of the final device manufactured.
Figure 2B shows the showerhead temperature on a silicon nitride spacer film property—its
stress. As the showerhead temperature increases, the stress decreases. Deposited 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

8
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Figure 3A, 3B, and 3C are cross-section schematics of a showerhead in

accordance with various embodiments of the present invention. Referring

to Figure 3A, the showerhead 300 includes a stem 304, a back plate 306,

and a face plate 310. The stem 304 may be divided 10 into an upper and
deshadiidm serotioriionhich radychavefdifferenteadiametéoss |monensfohadimentdeposition
thidRRLRRETSEe .%t%sdiameter of about 1.5 to 2 inches, preferably about

1.75 inches. The lower stein diameter is about 2 to 2.5 inches, preferably

about 2.25 inches, The face plate diameter may be slightly larger and
TEIX@%%&BB%EO?%W%‘EQ WW@size, preferably about 100%

to 125% of the wafer size. For example, for a 300mm (12 inch) processing

chafmbemtireatie faontplhitd dizonetbe adainipeoaboutd@rinchesoratunls both for
bulnafies-Jhheifacs plate.and.bagk plate may,gach havea thickness of about o

0.251t0 0.5 ilnches, or zjlboua}[?()'.l’ZS1 to (?. .%n%:%ggflguébk@ut%1.5%136.%511011 processing
delgyenpuivrpe ragelsrtey madupimanan e bniniignihsomn! anotizedod colited valuable
pro@éiNikmheRs ofhe rimetahifatis.foppated to bghigh temperatures. . uniformity is

chemical and plasma resistant. 20In one embodiment, the back plate is

IMRIBYH BEAREELRTER N AR fece Blafed s AbHtHMT e ey Afhw aseran(hegh within a
batReactanhgasesare insoducad thyangbpgasinleirchannel 3028,  This reduces

.-showerhead stem 304, flow past the back plate 306 and enter the
o IG5 Bt oH b Bt DAL A0 AF RS P atsegyeads s ol
andRbfdnring a6 Figaren8B, whbaffle SiRvdisiciblutes the ghses@UEBYum temperature. By
t If rea,308. The baffle 312 may be attached to the
CO%%?E%T&%% %ﬁ%wg%%g{?ead %ﬁ%%lrtg or tfl%?egd}a%: holes 342 at%léebé?ﬁe%m property
unifpsratani adHtRTRse r oibsensws B44lsy olumewhitheMoarnifold aiea ismiefined dummy
derR¥ithe aandeween the hackalateand, %Ei%ﬁrﬁlﬁ‘&‘?edﬂ‘c&%a? DABE throughput,

about 0.5 to 1 inch, preferably about 025 inch. To maintain uniform gas
Therilin YRENgapthE agiHES BEREf Eonshattsinrd mumpbeine may be maintained

whilepREtEIERasa 32 Rositionatbetwesan thehackRlale andihe.fa68, cool. The
late at v riou’iloc tions, e.g. 3, 6, or up to 10 30 locations. As shown, a

red@&?@% 33895% C?H@ BERKistBcsdehiah Seifsitoheparkssragsiopeoetficients
bettherfadeplate atrtipreadedanlincb idles 328héncothesRmbadimentssy reduce particles.
vall shaped.spacers shings with, or withqut internal threads may.
As b%glﬁé% Kl?ﬁgfjgﬂg?hsénggreev@ﬁg?/\c/nsa%sfe%ﬁreeéb%%% R ] Wga%% achieved by
confidlihe theolplatehtad revarsetoonfigtiratiber meycks pseth &orsexampidjcon nitride
a%@fgw&mgh%@@%ﬂ% Ihg frgeRlatean trgughhole in
P the back plate through a spglcér. The screws m%%%??ggetggg 0 ? & back
platergvith nuts. he \ggaases enter th érocessing area through
perforations GRTIRS (3% thE PR g PR TP VS s AhasHaritdatdppe and the
fluthersurfacdiof ehwafelic ke theougls hotes maynbermaehinethdnilleds 8fe chamber on
tlled, Eachhole may be.about 0.04 inch in diameter, or aboyt 0.01 to 0.5
On%lec 56%1'% A r{;{g o%zhﬁoqé%‘rﬁgf}’ hrg\sl%mg)l#ré‘?ean sef?é)esl}efhé&nﬁ?‘ﬂb r'Bf Stom may
Profioiés thaghism 19040, 600nsbi500M@bout &-4800ner alibBF209+2000he flush mount
shdiales- hedales ma e diatiiuied eyl HOUANQUL IR IBCe PIBIRID 1 precent

. various patterns, e.g., a honey comb pattern or increasingly larger ‘circles.
VTSP @REIHES O & EToRMS FaEtotettielsdineadeisdfiirshenformaity, film

profile and gas flow, Inc holes may have various patterns of non-even

distributiamtslcheapbeing: maretdenselddistsibutecbirethermiddlenofithe showerhead

ate gr more densely distributed at the edge, of the face plate. In one
e R e e MR TR g Deeause ()
chagged thethdrsspladedviticridasihgiyedpart farthenawasy drorf? theecemibed RF energy is
eral | ensities ey

e e o iy At o (e Bk oy or examole

306 so that the perforation/hole configuratien may be easily changed and

the face plate cleaned. The back surface of the face plate 310 may

include mating features to attach and detach from the back plate. As

shown, the mating feature may be groove 330 and threaded blind holes

346. The
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20 groove 330 may mate onto corresponding lip on the back plate. Screw

holes 340 on the back plate or face plate are positioned circumferentially

and match holes 346. Screws attach the back plate and face plate

together. The number of circumferentially positioned screws may be more
cleqihigpl gnenerdremanmdedbetzatesr dhitclkabouhss! Euherahating featgseshen cooler
mat@fath&l{%@é:lﬂlgl%&%ﬁ@@}@@g‘f??@dﬂlﬁ? a¥%:he wsed- {éﬁ{p%%‘ﬁ{ﬂé’ l%r %Q%rs at ambient

fastening mechanisms may include straps or clips or a simple friction
tempeEy enyAgenisat nfayBeotisedwheraHEigimensioltsdf grnfaicd platbrough the

shotlogehd matehesthase,plagertaspeedingiieceptacle indheback-plate: Aswerhead

hown in Figure 3A, the face plate may include a circumferential sidewall
S““"%B?ﬁngsé"i‘é?iﬁé.ﬂﬁ?é BAER P ity B BSifioHEH S g R e eration, and
othat{acheskwiihl screwsolnione gkogimentnas. interlocking jaw mechanism
is used where specially machined notches on the circumferential 30

Sid@f}@ﬂ@@g@ ghthehagk Qxlé‘t@r&rsf%&iBPE%H&QE%ME‘#Q%K‘Q%%&% ig accordance

_counterpart. Thﬁe back plate and the face plate may become attache
WIth KA VRERAREISHB Rertie auascHlelraertne e testhcand motehds. the showerhead

30(BRANEs FYRMMeLhapisminvohing AR meyingRats Mmay bepreteralleve divided
to screws which must be threaded and mayr%{[gg and release particles.
8

01t 4PIRTHAPpBSSIBIE RERMAnEHT oW & thrEAGEBh Weehdtimfet®ioa embodiment
thesipgwaltof ihefacenplate Dithe back platehthabeasr SEREM GOl &7 FESPREIIVEe lower

counterpart Regardless of.the mating feature an tenin chanism, ‘
R pA AN Tibe A e ARG T Sheh e 6 e GoH damet
mag|betsiggitandige’ mélmmambbem&glﬁbeﬁarger th@u tlr@gvmfen’atm Jpaeferably about
offiayeshead face plate expariencen BIesslyl sondilons e, c0AN humber e

For example, thermal stress From the temperature changes Lf)p to very
fachiglateediaeitures; bepbalbovelBUBE ccafavaly thebsack hlafecomihts faxeback plate
maR@ieIPRsl Hearade.the hateriab Plagmasdyrng aReIsiam can €50616 inches, or about

surface material, causing particles and weak spots. Reactants can also
0.23atrote thehtace phitefivs RIFEMIRAY abtadkade gofiiBriak g BN fRasieed or coated
ahgieposition eheeastion praductsreripptdradusismean eegdheugasdaiowibalesd plasma
resafg‘aencting process performance, cause particles when a film builds up on

thé Surface, or affect plasma properties in the case of aluminum fluoride.

Cumulatively, these events may affect process performance in terms of

partidlegiaumifoprmeranidophasmadiefornanfe. INkbeatilieytorsidhn foed Blate is about
mikePlageHustthe faqe Rlatads:costetrctive wihauhhauing1o IRRIAGS R 302 in the

entire showerhead assemb Referring again to Figure 3A, a heater

ly.
shoarirag %@f&r%%%éﬁ%ﬁ%sé%{éﬁ fiacthBlBEckipIang ST ThethnitelBazmigy between
thdeadln e tsicakheaterfand-raryhe. erureddeddntherback platerR06 i Reributes the

heater may be attached by a vacuum_brazi rocess, The heater coil 314
S ol L R A g
plake3Sten Becage thetshowerhéahisisubjecte chtobhfila REteaedgyraieg of screws

hamber operation, a art of the heater is insulated and isplated. from
e A B B A e e e o e
pl%%a@@ﬂf?@rfé@?hbﬁmnﬁé\failhbﬂ@m.zlﬁ‘f?@blat@@me@/k‘eim@_ome maintain uniform
ga@@mdﬂm%t%a@etﬂeggﬁrﬁ%p%@ﬁ@& g(%:s{QHtr SRE Showsa %fglggbérator/s acers 332

different cross section of the showerhead to emphasize other elements.
PORAPRTE RN B 1 18T tRBIMAIC Bt ARE WAL e PN Bratisheasutedhy up to 10

1@@@@91@%@{@@@[@&@&%& Bﬁ%ﬁ&&@ﬂx@&@@l@k@:@%ﬁﬂ@bﬂ%ﬂ%%g g@ﬂ%@ﬁ;/spacers 332, to
upper stem throu tandoff 320 between the back plate 306 and face
0PRSS A R AP0, s oG GLB A D RO b et spacers o
bupghate sneaterial witle thertaoed tiptecontacbb ale:dSimitas toithecheaters witevn enter the

and elements, the thermocouple is also insulated and isolated from the

RF. The RE isolation may be accomplished ghrough 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

temperature of the face plate. Particularly, a non-contact temperature

sensor may be used. Examples include pyromary, fluorescence-based
thermometry and infrared thermometry.
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The temperature controlled showerhead enhances heat removal by
conduction, convection and radiation. Heat is conducted away through the
showed-lead stem itself, which is connected to a chamber top. The stern
diameter may be designed to maximize conductive heat loss to the
back missrmdtbpeade it thistiee Malethby asmeetidietirt oy mep dlingdtlider example,
serdiVING 1 conuRatYeicopkng fiud passagewar N EHEM #0%.dNRate through a

embodiment in Figure 3B includes a cooling fluid inlet 322, into whic
spaggoliity fichees egy, Radarieasys Arthe baok aigenviHenti#h, nitrogen, hydrogen,

or a mixture of these, may be flowed. The fluid may follow a. helical path

IC dowryibe steen thEhedrelicalkpath thushgipdrfdrigiore 3Bhibleoydhv) in the face plate
31PREPINGS a“?’ %.élpogittli](%lcgnn%?g tslvefe(x:c%o(l)IP 9 f\'?%/'lzligep as33d V\{%}(.ﬁ?ﬁ %or%lcltr!%e machined,

_fluid may exit'the stem through one or more cooling Tlui Exit channels

mil3g otriohede Msddivie mases eboling ftiidaxin diemetets arebprovidédo 0.5 inches in
diafilihpual fhe.sxample Ngre daeRA Relical PRSSAgRMAY RIS 4E 100-10,000, 2-

channels, one skilled in the art May design another tortuous passageway

5046 ebrktiréhf tatisthr HEA B thel showks ek Paathkechsiinyrdigvenly throughout
the Tihg: fislidcaolina chapneinmaybe designed 50 thatthe.exiting.fiwid Siarger circles.

b completely heated up to the temperature of the showerhcad stem.
RO A A AR PSR SERPEPRE S SRR arEcdtF randiges flow, the
holitsisnposdible toageduceathedaceplaie-tespeargitibaty MEASUEHAGHM: more densely
. temperature of the exjting fluid. The exiting fluid temperature may be .
i S D Rl e R R SR R e S e e
plaRR IFhisdesigniimaytatoidthes use dfaardrepateoowplenidsidétispaced circles with the
hol%g1 Y&@éﬁqggﬁgg%ﬁﬁf %?%8%9@@%%%@9&%‘%{& Genlé}zﬁl ?t\/r})?fous hole patterns
scenario, the coofing fluid may furthér be modulated to control the amount
angfewsifingmarfeedbick loop based on the exiting fluid. temperature may
increase or decrease the flow to change the amount of cooling. This
coolingsnaychedntadditio pltoedinseas ofheainribe task pialesieni@sso that the
emanding applications, the cooing .alone may be used_to control the '
P RIS MBI Gre e oA o A e B R Blfaed. The back
suidavicesimdycberlamifted nEor mord dermandingrapplication thel maedclafion the back
plﬁé.c%ﬁllggow,dtﬁ% %agg(lj%%ition epﬁ@r%%tgfc;g\/%?géoiﬁﬁ%ﬁggﬂgﬁrﬁ?&dholes 346. The

temperature. In a to conduction a convection, heat may

groauiatéatnay rMmane ShBRTERE 30TroRT RS BEK Prate To ifprovis0 on the back

| pldadigtive.copling.he extermnal surtare ofthe haskRiate Mav R oalEdws attach the

with a high emissivity material. For example, the coating may be anodized

bag phitsARd 1958 PifatRss sy bRBERPsRa sy tHeE Bl tiale RessaApet spisers may be
m&Raniher, tepBaualso, hedieatehwith @ highesissviematarial t@tures for the back

1ipcre sg r?diatiYe heat téansfe . The inside sun‘@:e,@f the Cham%er,t%% nclud
PliiagP R Kottaclth Aoz e Alufiin G- THe SHABSItBpaIS B EBbgRy nclude
strpdepehige ntly, ogplanfitivtgoohingeivateadimesnt mayl beweddueiteelantdmensions of the

iatlv tre K t erhead at low,enough temperatures :
L TP TR o
Figappoval, thiselatronleihazay tovlpeeatureawodtecpéisi el aneling a ledge. The back
pléri@%ﬁb“‘%@%%t@ﬂ@dh&?ttﬁ@VI};%@' SeHesHRA0QM, fOL ISPSIABME embodiment, an

_control. In one embodiment, the heat removal keeps the showerhead _
INRHARERAIRY BRIGHFHIBUI JPEE WHRE 1B5tE Y maghipid BairhFdGRdhnsircumferential

siqevimetRafithe batkitatiebeeaysednest ofithecbeal iraesieihetweeTeack plate
an]éact‘f afnd baéck plate is aroundtth§eg rimeter. Better thermal co t%gt. heated and fh
e dR R ShBe SR Al HASK Siatd 5158 iMpTb RS 1RREPSHys heated and the
teatbritndl hecaisexcondubtive meab Ansansfery@ncdhus-heatitgssatiy anghtihereferable to
stem, is enhanced. COOLING SYSTEM 15A cooling system connected to
one or more showerlie,ad stems cools the gonvective
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cooling fluid that flows through each showerhead stem. The cooling
system includes a. liquid cooled heat exchanger and connections to the
showerheads. Figure 4 is schematic of a cooling system in accordance
with one embodiment of the present invention. In this embodiment, a heat
screzychangemaol bs dbraadededntd four showerhealtet1paditB;s415 candodiis?. possible
meém%&gr%@%}é@ %%&%C’HHQLf&wﬂlﬁﬁﬂ%&%ﬂ%‘é&%ﬁ%@tﬁé cg Qe etf‘g back plate
and a compartment of the heat exchanger 401. The convective (:ooiL
thatieay epitarsitke %Wﬁﬁéfﬁlﬁm%e%g?@hé?%@m@@ﬁh@vﬁ@ﬁﬂwawd fastening

meSi@MsrAfigs flawing througheng shayerhead thesaenvesfive cagling QH!}% electrical
is cooled by a liquid coolant in the heat exchanger before flowing through

andyfhemag) CHIRERRBEH WA the last cooling through a last compartment in
the heat exchanger, the convective cooling 25 fluid is exhausted from the
coolihgisystemagtoutiesddderhhadctmeeptite esplingnftuid seysfe cteﬂniom in the
chafi¥eRir ((I;’E{A‘lx%%] ﬂ%}% @W%Qeﬂnﬁy %Qg%ﬂi U %n@}ﬂ}aﬁj on Very high
or more of these. In'one embodiment, the convective coolin
teITREES p Folid COR Bfa f4BIHES gk@sém prediffarért fm réﬁ@ marg/ dsgrade the

maf@siirediiRndiliarant fRellilits IassWRe. fipheXampleqat faciil E%}amcles and weak
pressure of 80 psi, 100 standard liters per minute (sum) of CDA may be

SPOSBUSRERCHRS XRaBSenTay BE al AbBiE ob &g Hily? abeisthpérk. o.g fluorine gas.

Untesperatpesiang dressure. Athotgbabygpemsystemds SRR WIGKENNS; affecting
convect%ve cooling fluid doe not return the, system, tgﬁa congcept of

PTOSE AP oW THISTg RS SRBWERh SRS A d i) didie ¥ hg PSErgW Giiget plasma
prdwea;teemhﬁmg&s@lsbmawb&nrﬂptementé‘nimuthtambas&ﬂ@ystems maylaffect process
pe r%%n 91 l’%gg e'éltc]in %1 “n {%UIC% : eratuer1 orr%rrﬂugh Tge ability to clean or
owerh IS measured and use etefmine owerbea

renlémpmsétm@fapemb@aw@%afmmmwmba{&t Bamt@ andegm?emhg/ bgire showerhead
asdhgH glly coupled to the exiti.ng copling fluid and yet be outside the range

of RF interference. This conflguratlon would eliminate the need for an RF

filtering.device. As discusse ve, th conve cooling passageways

iy W GRS S8 AL N Bl PRI AR AL e A gk lae
306s that lofahe3ddowerve aoh ﬂemxﬁhbeshafl eddmithetarewbedd M en the Bdale plate 306.
Thteoh%%e' %go thnﬁet [PLG at 92%'%%%90)5'““9 IILHIdheaEfP altl’a” Slstocontrolled by

owernea tempera ures nowmg t properties o e vario
hegigmipyorents, that are @@namteqhmdhm@mmlsﬁbw@ﬁmea&maysmhe showerhead is

sugl&l%é@et@}ﬁ f@iﬁ aﬁ@‘é?%@lﬁﬁé%m B&?&Iﬁtgg%ﬁ@vﬁlﬁ‘f%?qgetﬁggf%?@liﬂgﬁlated and

mcreases ﬁ%%“g processm%%preheatmg and remote %asma cleaning
e U

isqléselimsaidentddtliveccsising 4robs terBudithyH %%We%&éaﬁbﬁher or any

otmm@hﬁﬁ%@éﬂﬁh@ﬁﬂlmpﬁmﬁgé%tgﬁ)rﬁ@ldéalﬁssﬂﬁ% 428 oABRe AN cater is not
controls the flow of cooling fluids to the showerhead based on |nput from
the controller. The cooling fluid either flows to the showerhead stem or is
diverted in a by-pass loop 431, 433, 435, or 437. More or less cooling may
he aEé@mﬁ@k@d\mséH@ﬁI@fmemmmm fofsthe shewstibwagreerdphasize other
clALAGtIVE %’é?ﬁ%&ﬂ!b’e %%'99 ﬁ(‘%&@ﬁa@%ﬁ%('%ﬂé‘c‘%@%éeﬁ% to measure the face

demanding applications where the range of acceptable showerhead

Planiapstares is e e P tRERE éhfbs divrBrtsdthesHER emmensiepghrough a standoff

32tempetatlR-makbetetarminedhasgdid1 1othe exif-cREENAAMYIG 0. the thermocouple

temperature r be measured at the showerhead through a c ntact
may e%géb&ﬁ 2k ﬁ,]%%gﬁtgr%ﬁnc%m%{l%@# %Fg%ﬁ%ﬁ%ﬁﬁ e gular to the heater wire

and elements, the thermocouple 1s 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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In one embodiment, four showerheads and four compartments are shown

in Figure 4, but the cooling system may be designed with another number

of showcrheads and compartments. In some cases, the cooling system

may serve to cool the showerheads for more than one semiconductor
temppgagsitgtiedias eaen. sdinitendittor processing tooliivasionesensor may be used.
ExRltisSiRR sHambey With fouksLations eachnafooind SYemNang Seury.

compartments connecting to 8 showerheads may bé designed to serve 2

toolﬁhSome sewicondu%i%;%ro essin.g tools may have more than one ;

muhiStadERrEHEiBer oM QBB P EPRRSHT i b uSigdd teonduction,
con3esenvandilthatishoweh éadmihunat e thannaebhamberemasgisgie teelf, which is
conllfxe%t];:%ucg %Oc@eprr%terp%nt hﬁ%t %)égahg NERLLS u%e%eo Qeaig%%ld g'\gx%gtirrpx%reectoQL Qxctive heat

one four-station chaﬁwber, more than one heat excsh'anger per-tool may be
losysethe chapbgoivie dastis orecoemoredtivershoteribadghaydeg fluids flowing in
a c%@ﬁ@ggof&fnﬁoﬂmﬁ%?%@a%%w&@%ﬂ{ﬂg How #itooeiely LBHFSACH Figure 3B includes

showerhead connection may also include a bypass loop with ‘
a coglipgsHBdMel aReRiE orlieht st e R s e Mot Boatydstation(rRdy brrgon, helium,
nitGREHgEd 6. deposiimate il RpOHIS Walel I equire1a; ERREIAIYNE  helical path
d cor%%olled S gwerlhead. In that case the bypass loop may be usqe?d at ,

ORI TRFRE P ELBIAM YO thé Rl Sk EHAHGRCRBARS RS fHdbe convective
codysidmiaintab 4@bantiollonisng cootaniapathi4ad befargibexitster more cooling
stem at outl 7. Although only one loop is shown for coolant path :
S A i S B G0 o GHOTAG o e ere provided
Aldliaugetbe oftheledsiantspathhtieat ramsiemmouikttythextablankls, one skilled in the
iRmPeral athe nlet, and any coolansemperaiie requirements at fhe

: exit. _‘I'f?eéli{iquid coolant ma%/ b%%at%r or any otﬁéar{ %g%f%%ﬁﬁgﬁ%%%ﬁhowerhwd o
th%@ﬂa&*&,@@:, Freon. In one embodiment, the liquid coolant is facilities

delivered water. After exiting the heat exchanger, the liquid coolant may or

mayTiet beidreastid fusHaandiefere beingesaleased, fios exaneplenintouthes completely

rain. For.example, the facilities delivered water as the liquid coplant may

e e PRSI HoEvar ot S I OBt Is DBt empdatre and
steibvoglanturtay e vehmisrk ssedassibre ¢irdathted ivatic éptettherh@atture by measuring
thXENANDEL GFOAING R,61A364- 1901 CORIAR B RIGM: o, DIfErRRL JESIANS 1y

of %kgé%heat exchanger 401 may be )Gtiliz%g. Figur %r%{ﬁroy%%%%gg%%ﬁg away from
thehglecuRBIEARYET RsTartheccGprBafs Rinthp Frbxintais i pegpemdic Werito the use of a
th@arkAheiniaweyencuntal flavQrRaalelfiowheat.exahangers may

be used. One skilled in the an 20 would be able to design a heat

exchanger with enough surface area to cause desired heat transfer. In

certdinaenibodiraenis; the dredinegXthamyer #othamby hedalesst tmetatrol the amount of
coffiflosIng.Lag.Guch R ek CQMNBEI YR AQNDI AL RIRPAHIS M Blorcase tne

may be aluminum or other metal with desired heat transfer characteristics.
florhie chargndiarassighoalfowsier Aéosfsdiseest bxéhafgdowithditiiestead of heat on
thdQQUNIRLR! SRAcRfeaMiemant .hEIMRERATH REHOMERIhaySEMo control the

The show'rhead t....naperature control system includes one or more

shapsiRAarh ERUS HE S GBIy SESHRT ShsareBiitrafeld rioldPofif fignay be omitted
FoiemperadtiedheaghishowerieadofiguienSodepititt ki aj om cAIMPeRgisrameter to
Coo{rgﬁl 1t@egggegr tgrg t%ontr(g!a@fcstem as it relates to one showerhead. Note
ats owemeaoagrap IC in this figure includes the attachment parts to the
30chamber top. Convective cooling fluid flows from component 502 into

the showetheat ¥&uction 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
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where it is heated in the process of cooling the showerhead, and exits to

the heat exchanger 506. in some embodiments, the cooling fluid flow into

the showerhead is modulated by a control valve or other flow modulator

522. By modulating the flow, the cooling provided by the cooling fluid may
alupayRerebedpdermasdd. absobednYhbheat ektirarigerts06 s chamber top may
alsoisaussied ARAVELIRE SonMRGHVe.cRe1INY fuid may bg:fiowead 1p ANOET T inside

component, such as 504. If the .showerhea.d is configured as the first
suriges il ShERERBEP, Tenbeeieharitsapodiasdmiun taeilifibe ehemhgr top may be
coodmprpeM04, may, herapaihar shewerhead, such as station show:Mead.

If the showerhead is not configured as the first station, then component

502and 506 may be the same component, liguid.cooled heat

xS S R TPt ind Too A ik ey cnoueh
temfgsti et kiboptty Wisesteentnd dielegs coplingursshbéadjiistedk Thavsimptethe heat
renfeSIgMMesRl GaRls the.showearhead enqughisusi thal the eleclig hgater ry pea

518 may accurately heat the showerhead to a certain temperature.
TeMPRAHEREIPIBS 1B ifPpRSRAEPEERAtSER AN the facecpiansimerdistysher) removal

keepb@eshbRRANQEOLRIBSAA IS RaNNesEd 08 RE 13RIalaR device 12 481 around the

remove. the effect of RE 15 applied on the showerhead as an electrode

d

PETRSITHRE HeiRio AOUBIBSRIAIm P Tt Ay, Ml AR FriaiPE sy BHaRack plate is
arotwd fiequeneyteompenenissren igh ftacqueacye(e. ghe 1:356:MEk) Hap aRd alate also
. low frequency (e.2.; 400 kHz). The RE isolation device may.include one or
T o R R e B ORIOH BetioB AL g oveh the
stefragqeehaycahd a low frequency filter. Without RE isolation, it is believed

that the thermocouple measurement would not be useful because the RE
contarierencerwauld be too great. A schematic. of a possible

configuration of the RE isolation device is shown in Figure 6. The

ther/&ngggﬂgleélt()égoclois g%g)%londed by a stair‘gless ?teel sheath. This .

sheath is wound. to a coil IS ORFaltl) TR CRONETBrE 0 The Wi e appuvective
codhnloddhe thevcabacitgr formshatamkepitcuitwhitt bladks: thesttR 560MH2s a liquid
coo%g@a{r&%hﬁﬁgép QM&@O\{E}%JDQ{S’ légtﬁgcﬁl&tvgt%%%sl W%%h% ?sr)%l?r}l%ﬁc of a cooling

capacitor 605 may have a capacitance of about 85 pf (picofara s?.
Sy SRBNIRAIATNG 98156 Wi 1 REv8oshipard 4b GropisacsD Ol ehe Sedbiscembodiment, a

he&%ﬂ&?&@e@@@ 1 WWdh@V@)@ cRpaciiangs of pha g:['4—99%91@f41ir’ﬁp@.&{}9convective
CO‘%,U{?%%gh frequency with the sheath also blocks the RE in the thermocouple

BB NS R e PP QBRI st ety Bt BIBE Rt exchanger
40 the' BR3H05Liet andidhe faidsdouer fiequensy aotsbored heroundddrs the first
the capacitor 607 . So 30at the end of the 13.56M1-i7 filter there is still .~
SIS norde ol 2L LR BTG HE 163 freReHes fghne fud is
co@dddl byineonguifesighyithi [6w fikatuecteynfitebefay fiewitystiage fosnpashowerhead.
' € ign similar. to.the high frequency filter. .
A e B A B e cootne
fluihérmdessisiefivre shbavehiachighidreqtientyt fitier nhy berconinectee itrztfieid may be

cle%%%hégn@?@DA), argon, helium, nitrogen, hydrogen, or a combination 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 (sim) 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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Referring again to Figure 5 the heater element 518 is connected to its RP

isolation 5 device 508. Rh isolation device 508 may be an RE filter or

other available device to isolate the heater electrical signals from the

effects of the RF applied. The. temperature controller 516 reads the
systathpbeatoreciifeimationrontitea ghetm chowskb Stlathougmibdidsokatiomg through
oncdR¥G8 Skaoand Adiustadnpriindhe Beater, 218 drguh, the RE isolation

device 508 in a feed back loop. In another embodiment, the exit cooling

fluid temperature may be measured hy a 1.0 temperature sensing device .

52(3 ?hg?%eoﬁ v Xl”hté’r NYEIRE Wl%eﬁ@’r‘é—)n@é‘?ﬂ?facﬂiéeeﬁf%d%’?eﬁﬁoﬁf?mead 18
meREditendsweduirattfontie teenperatite sesing-deyice b Hhacopiaiend, 443,
444MaY 99 | he exit cooling, flujd temperature to a ?10 /erhead » )

temperaﬁ%lrge{ieb% &lﬁrﬁr(ralat%%cﬁél A éj r{é) é%%fgr%lﬂlélrgg%ﬁr%% %‘%&%R’S&%@Bmde the range -
of krintrdarstsamaiion deofresomiponentbdidmithe fbechfodvar drrfoimation: device. As
diseBRXPESHAL the tpgueariod Witk ihe plasing 1 Jrnson,In some cases - .

the feed forward information mayg;%so incluoié7 ot egl pfegi%stle’t’gfg e%?eartl §§ the exiting

coalpg Sk HEEAITehBRc eI e iiRire Stenshewsalierdrrassimp withied in the art
wotldldhaiafes sabgasdlaw it the  shewer QQ%F&&Q%%QEIHQA'%&IHHQ’ m@@&?xperatures to

b the heater input in anticipation of a coolingéevent, e.g., chamber purge, or
5 0&'@5?8%%83 KOS SRR BRERIAERCEES ALdf NG aventorponsEsma

"on.” The controller may also increase the cooling by increasing cooling
fluidfl exrtrirasmbiphtiontof thcentivrglesedntoy deciedsécdtheemotingdayicd to the back

laflecreasing caolingyfyid four icipation, of a cooling event. . Variou
i acombinatioﬁz%g}{tgr?g i%&giﬁg%ﬁ%é%%%%ﬁ&ﬁe ts’ fﬁ%cy ke it réiﬁ% remote

PlagapiiRGg Scheties: Fabedape aattiveceobindromobalatinigedolihgriivite used to
corft@}ipaxheuseshpithactive feating Kheater i@iﬁ'e@g?‘én%l%@ E?)ntro}s the flow of

.

. Q?ccu ately contro| showerhead temperature, 25 The showerheac

SRR pAILHUIR a0 RS et Hive iy Yok a thersnveoiple Bhaeneling fluid cither
flothedane gatesrbeadeieimined Eﬂd&iﬁﬁ'%f'@ﬁy-ﬁﬂi@@?@gﬁ%ﬁq(llﬁg ﬁ%@' or 437. More or
temperature..In some cases, only actiyc ¢ooling or only active heating
s Ry B L e e R B GF SaS T HGF MAUES i B cfidetarheac. Ao
actyyclodsemperatize sensingf theoedting fhiid atsthenialelitQ assticatelys where the
[ e showerhead In, certain
B e L s A o stovera
lermREREE dBAtr B etttk hesse s drapoiertobing fodltmotbeuse paratedeasured at

thefrm}!’ﬂéﬁ‘é“ﬁ{rg&& %@%&W&Mﬁ@%%ﬁj&?@ tg'ﬁBﬁ!@gH{SCP?Qé{%ai sensing

system was implemented in accordance with the
means.

In one embodiment, four showerheads and four compartments are shown in Figure 4,
but the cooling system may be designed with another number of showerheads and
compartments. In some cases, the cooling system may serve to cool the showerheads for more
than one semiconductor processing tool. If each semiconductor processing tool has one multi-
station chamber with four stations each, a cooling system having 8§ compartments connecting to
8 showerheads may be designed to serve 2 tools. Some semiconductor processing tools may
have more than one multistation chamber. 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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5 present invention. The control system implemented included the

temperature controlled showerheads as discussed above and a controller

that uses only feed back (thermocouple only) input. The showerhead

temperatures for a four-station chamber were measured over a 50 wafer

runl&ri@ prottsesiatriguaore Tépehatursherst marthshonesedd; fouvéntive cooling
fluid i A REBL ONTSRRURIC FUVES I DR TP WAS A8 &M Q%r%%géi‘ loop with

measu'redofor station 1 is noted as 10 line 701. Temperature measure .
coresPabskihyPasard Vef§ B8 SaER HtieTvaRd Tidied B linsscPoBeuigst to deposit

matikel Rigtyent, Whe-plasmacendiianys-aioited.also as askepFURCtoN @t that case the
705.  The difference in shgwerhead temperatures as compared to

‘bypﬁ?éﬂ?%pln\]ﬁ}ﬁgfteutﬁ Hedt8PTs off and temperature is not controlled is

dramatic. During the dummy deposition up to about 1800 seconds, the
shoWwes higaid rAvigeraturbs behavetiaighlatOb diat b Figuten g d 805 and follows
2 cUBIRSSAMITRS Peickly;stahilized @@@&w&f%@&%ﬁt'ogla{gﬁ'g%d@ﬁg%%%op is shown

time 1800 seconds. At least for Showerheads in stations 2-4, t

for gavlpar aftihet Stalif 209 HidH BIBMEEOSEAtIO haBmiserstdracPdmatrsnide dliameter of
the dRwiaMasEks faea parad:obakiost 200 s65RNHSHIWIR 3o 236 GndYhy coolant

recovered and remained at the set point durin%;gmaining of the wafer

TeTRSREEE TP RE AhtAsRovs thar WithrateRipaRX e WatroT senethsr e of
knsholigrheads tem perates mMayohe aabtoiteehtotdthgut alootind withii@es delivered
0 wafer batch. Because the data was generated without using feed

B T B R NG L TAR AT ) e rated fster
befgrpboing tredcresbdnsetouepén lesstitadraboliod Btampldntianbttidiritestelivered water
o WeRItie WRIGR! SNt LACROSNANBIR fon IRUARYINDORIERIENEORused, the

deposition were studied using a standard showerhead and a‘temperature
coqlgtrBE P SoshRSEde iFraicedaieh baakithithbplese nritwoationreRkiag a closed-
looptatrland shewerhead does not include the temperature controlled

features of the present invention. It does not include the cooling

me isms or the heater, In order to te e responsjveness. of th

o BEL TS oA I RO R 5.CaNNG oo RISRS. 08 gt @ cres-
ﬂOWeh@ﬁ(;leﬁp@@ﬁegbwiWhemhhshowaMeadm_rmignwimn:t@t}di;imnaefme eachch other.
Ho%@?%@uﬁ?&-ﬁ%%spgpﬂmbﬁsw ﬂ&%%n%tr?g%o}%g Bgrﬂ%g p@r%n s%illﬁ% tin the art

clean (RPC) where a plasma is ignited fro ses fed into a chamber t

worlfobatableein Sesiiranithe pravassing ehambiah Pl aetiviateause desired heat

traBPeEiemitemihe RS shambes thendlaw.throuah adelivery line foward osing the
the processing chamber, Thus a RPC was conducted before wafers 1, 26,

liagif! ool s21f RRVARSYESHAN I HE BB Mas tEposH T 12SwBERER Ferther metal

withafesiadihickneskdeposirdiere MeasdtechdnithesacandwonditioBompact heat

after ;gle %@%Pi%fgf spow?rhead was cooled with nitrogen gas from the

ex?ré%{l g annel 120 rﬁlrnslﬁaecs?, rﬁ%%%%%%ated that in the standard

showerhead, after about 20 minutes of forced cooling with
TEMPERATURE CONTROL SYSTEM

The showerhead temperature control system includes one or more showerheads, 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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nitrogen gas the showerhead temperature reached about 240C In the third
condition, the process chamber was idled overnight after the RPC. During
this idle, the pedestal remains heated to about 350C, so that in the
standard showerhead over this duration the showerhead equilibrated to a
>06e ripsoattr@RRd s 3 sCelipe FhiidlevnditiothaktbetrehREGstend@lated by a
conSlBpwarheadwashrated witha kigh Wﬁfo@!ﬁ’ﬁ%@ fQE %%@]'ﬂ&ét%%bllirﬁ% provided by

i Nitrogen is used to generate this plasma at a flowrate of about 10 sli
the $ROIAR A arasrBe dlrestise mhaitarRsd-at about 2.5 Tor and the high

frequency power at about 1500 watts. Figure SA and 8B are plots of

the thickrbsbadepodited:in S0fgstrains fordabhwafes meastied cSiing fluid may be
floWRIISeLS measiied for gaghseandition. Regions 801 correspond to the .
' *first condition, g@cusse’d above. Afte%@]éc &kggﬁe gaghlcs)v(f/(élFfEF a{f&as §Mrst sation
In yShipRIEthes wrertagated bewasalex sthdimicaieacticnmeleassdensargye another
shodleifigaanewarnead:surfagewaesiandard showerhead remained hotter for . .o

longer without additional cooli%%\lthat is posSible in the temperatur

Statghi BIR FERBIRSELISAd, HSHRWASY HeethsicRissWaRenNBiehhdiqpiEOSoled heat

exmmiﬂ@mf@tﬁ;éﬁhm@éﬂm@ﬁ‘Qﬁ@h@ﬂ%eébﬁ%jgtﬁmﬁ%g’rﬁﬁ- EHErAAeW back loop
th\lggfr%r%, de|?ositior§ at both the standard 20 showerhead and the
EEmperaflire e SNt ol LR oAt de dRsaLrt i SloRFsHcreakede showerhead
encTigk tenipérattire cbrtratlédasbowetheas maintained sareldiveleiablel © a certain
tenﬂ)%pé?&igpn rate, but the deposition rate started to decrease again for the
standard showerhead, It is believed that the second decrease in the

standard showerheaci station is attributed to the effect of cold wafers

enter TG ERECERion! dnitfcHiRB HEAleropciTE ddheetse sHomnaondismesed above.

Théd efupiguseolisT bsnaecdatashoms thakafer@RRC:$eaenstoth8ne effect of RF
tﬁg&perat{lur controlled show rheafgehwas able to equilibrate to a constant

APRAR SaF ARG rE N IREACE £UEFSERIN oRe, hestesTAarPHdestigghrdl ypically, the RF
aprghovieth8E0VD hRegiorisg0deptrenponehty thieiseeardarndition 1ARE ML) trap
d uence the process.ch er was cooled with nitrogen. In this
o rggi%rft eg%ecp% ?ﬁ%h@i@h%%@‘ﬁﬁ%%% 8§36 SHBW B IS PHaY more filters.
In grfecrebodiszinitiayRRere Wasldssiof andrajrire depbsitiondhiskngss thanfrequency
filcthe W@ﬁﬁ@h@&‘f@ﬁ%ﬁ?% gq@%@@%ﬁ: { %ﬁ&%?odcg% tpeentlrélegdug %]dr{y(\)zv%uld not be
After overnight idling, the deposition with the temperattre con roled
uselHbrerHEalTRE thisdairree MurdeRsittorass that after a RPC sequence.
The deposition dips initially and regained relatively constant value. The
depositign wit rd showerbead decreased over hg initia] wafers_
and also m%%?a%?%t? %%%%eti\c/é?ﬁ onetan f\C/%aﬁfiue. Soqél%ﬁgtégﬁhcgdéﬁ Yo 1o Figure 6.
The disasitierrplarahNéibisiaremtioaisiahby thetstaedands sbweith@ad sheath is wound to a
coiMGyBtaINGeLlower depesiiiomaten region 803 ihan Al the o other,
. regéions?%astly, regio%g 804 correspond to the %ourt%% éo%ﬁl |t?l(1)%.c ﬂﬁ%%tm forms a tank
Cir

iiptabiotkanas the BPEgetgrtice Teated thesiowereanitotance of about 1
miighes-je Hﬂﬂ&@ﬂ"@oﬁ% RR¢ @O@@cﬁﬁéﬂ%ﬁ&_@%@%‘%@@y\’ﬁf m@gfatxlags). Remaining

13 g%ft gﬁpOSIHOn"%tes were recorded in region 4. After an initial dip in

' frion, the IRERhES LEPREaPEd ¥ Egthtibrard dramgher Qaluaviikhmay have a
Caﬁmm??fr®omémm$h@\M@ﬂiﬂ@dxetheghigfkqa%ﬁrgmt?&m@h@?@p%@%cm the RF
. ftlo affect the deposition, saye operhaps for the very first wafer.
in 242 RS S TSR TSR ot b hemBuierRaicposke by
theypad/abo il BT 2ad gbtromE aleavfofitderperatuneecontralled shawerheador 607. So
ot GRI%ARAULL 3 PGSO T he-Water Py reupiormity for the,

deposition was 3.7% for the s'?anda_rél stl%@\}zvg Qggéaea&n '3 osf%c?ut%néb filtered out by
thegdoNpBRstFE taRtrp I d shBweih dade T Hbchenei wateciofivafenaniformitg-stage low

for the temperature controlled showerhead is a 66% improvement over

that of the standard showerhead. 17
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Although various details have been omitted for clarity's sake, various .

design alternatives may be implemented. Therefore, the present examples

are to be considered as illustrative and not restrictive, and the invention is

not to be limited to the details given herein: 20but may be modified within
pasgHBtepopetbithecappentied ElQidesicmasilir PoCha NS Wiptis e Giteed Pécase note

thatBfleAdS RIS e talad. %ﬁﬂ@&@ﬁraﬁy&we&wﬁ%?gé%t&ﬂs A but the high

vapor deposition (CVD), the showerhead comprising: (a) a stem
frequghsyiEiRG L SR veBRgeltb Bl itahasbageway, a gas delivery
passageway, a first end, and a second end opposite the first end, wherein

the first end is configured fo aft hment to a 10 mber, wherejn the, . . .
conlgg%cétﬁggc%%%%g g??tﬁéggraeséaé}egv?fgg]t enters gnrjltd @)%?éstﬁg S eecr%e %t{?hletsfilr?t isolation
deveggdh Odn W ietatinntisgas Yallivery rassRyelilty entehsitheadiene detive firstolate the

heafel! %@@gl%@gﬁh@s% at thergecond tﬁ@%%@lp&f;k ’@i%t%%éﬁﬁﬁl% cF]o%roHer 516

coupled to the stem at the second end; 15(c)a heater physically attache
reagls Qﬁetggeg%@nformatlon from the thermocouple 510 through the isolation device 512,

and adjusts input to the heater 518 through the RF isolation device 508 in a feed back loop.

In another embodiment, the exit cooling fluid temperature may be measured by a
temperature sensing device 520 that is outside of the range of RF interference. In this
embodiment, no RF filter is required for the temperature sensing device 520. The controller

may correlate the exit cooling fluid temperature to a showerhead temperature.

The temperature controller 516 may also takes feed forward information from
component 514. The feed forward information may be that the time period until the plasma
turns on. In some cases the feed forward information may also include other predictable events
that affect the showerhead temperature such as wafer processing with cold wafers, gas flow
into the showerhead. The controller may increase the heater input in anticipation of a cooling
event, e.g., chamber purge, or decrease the heater input in anticipation of a heating event, e.g.,
plasma “on.” The controller may also increase the cooling by increasing cooling fluid flow in

anticipation of a heating event or decrease the cooling by decreasing cooling fluid flow in

anticipation of a cooling event.

Various combinations of the input and output components may be used in different
controlling schemes. For example, active cooling (modulating cooling fluid flow) may be used
with active heating (heater in the back plate) to accurately control showerhead temperature.
The showerhead temperature may be measured directly from a thermocouple attached to the
face plate, or determined indirectly from the exiting cooling fluid temperature. In some cases,
only active cooling or only active heating may be included in the control 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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(d) a face plate thermally coupled to the back plate; and (e) a temperature
sensor for measuring a temperature of the face plate. 202.The
chandelier-type showerhead of claim 1, further comprising a radio
frequency.(RF) filter electrically coupled to the temperature sensor,

whETeiH tHE tEMBLIARIE LBhABPRSA S OO STy BicHlly GRtsehulighe system

conthéidack plate, cnhereimtheademperaiing sensekipeleciricalycanpasteddo
a cable routed from the first end to the second end, and wherein the cable

ExIERNIedwithin a sheath 25between the first end and the second end.
3.The chandelier-type showerhead of claim 1, further comprising an RF
filter electrically coupled to the heater. 304.The chandelier-type

ShoWeHISKEGF CISMESTXYS, 671! \iRsieth WASeNtoiRarBtTake etgmee with the
prefeackrplaie @omrisescananeized atupiimumapaticigded. the temperature controlled

ier- i 5, wherejn the heater is

shoxgvre]?bg%%l%r E{Eﬁe%lssshgvgggbfg azigdo gx (c:lc%{posll%l" %hza’t cl)que]?% only ?eecinbacﬁ (thermocouple only)
embedded in the back plate.

input. The showerhead temperatures for a four-station chamber were measured over a 50

wafer run and plotted in Figure 7. Temperatures for each showerhead, four in all, are plotted

on separate curves. The set point was 260 °C. Temperature measured for station 1 is noted as

line 701. Temperature measured for stations 2-4 are very close to each other and noted as lines

703. Just like Figure 1, the plasma condition is plotted also as a step function at 705.

The difference in showerhead temperatures as compared to Figure 1 where the heater is
off and temperature is not controlled is dramatic. During the dummy deposition up to about
1800 seconds, the showerhead temperature behaved similar to that of Figure 1. The
temperatures quickly stabilized after wafer deposition started, at about time 1800 seconds. At
least for showerheads in stations 2-4, the temperature stabilized much sooner. Station 1
temperature 701 trended downwards for a period of about 500 seconds, down to about 256 °C,

but recovered and remained at the set point during remaining of the wafer processing.

The data shows that with the temperature control scheme, showerhead temperatures
may be controlled to without about 4 °C within a 50 wafer batch. Because the data was
generated without using feed forward control, implementation including feed forward control

may improve the response to even less than about 4 °C.

In another test, wafer-to-wafer results of deposition rate for Tetraethylorthosilicate
(TEOS) deposition were studied using a standard showerhead and a temperature controlled
showerhead in accordance with the present invention. The standard showerhead does not
include the temperature controlled features of the present invention. 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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56.The chandelier-type showerhead of claims 1, 12, or 15, wherein the

face plate is removably attached to the back plate. 7.The chandelier-type

showerhead of claims 1, 12, or 15, wherein the stem has a diameter of

between about 1.5 to 2.5 inches. 10 8. The chandelier-type showerhead of
charghgitben How dhrpselyadidivemdinsctopiands dhdi RFRs saieie sham ach hawe KPC was

condiigknessorf aeut 0.2 ta 0.minohespOnthe ghandriisl-type Shawerheated for 12
of claims 1%12, or 15, wherein a gap 15between the back plate and the

S e AU BRI RO T THET R HATR RIS typh§risiaRith qaifion. after the
RPClaimsdwdBear dbs vherewithaifacesplate has ahdiameiar alahoufct30 minutes. It

is eg%%ﬁgd %ggi%r;rg%gsl‘t]%r}g%l%Kéxa%?hseggyvgtrtgze a 091];; %lg Igl]ix%dt];lé!;rg}eforced cooling with
COmprising a stando

nitrogen gas the showerhead temperature reached about 240°C.  In the third condition, the

process chamber was idled overnight after the RPC. During this idle, the pedestal remains

heated to about 350°C, so that in the standard showerhead over this duration the showerhead

equilibrated to a temperature less than 350°C. In the fourth condition, after the RPC the

showerhead was heated with a high power plasma for 20 minutes. Nitrogen is used to generate

this plasma at a flowrate of about 10 sim. The chamber pressure was maintained at about 2.5

Torr and the high frequency power at about 1500 watts.

Figure 8A and 8B are plots of the thickness deposited in angstroms for each wafer
measured. Six wafers were measured for each condition. Regions 801 correspond to the first
condition, discussed above. After the RPC, the showerhead temperatures are elevated because
exothermic reactions released energy at the showerhead surface. The standard showerhead
remained hotter for longer without additional cooling that is possible in the temperature
controlled showerhead, as shown by the thickness data. Note that TEOS deposition rate is
higher at higher showerhead temperatures. After a few wafers, depositions at both the standard
showerhead and the temperature controlled showerhead decreased, then slowly increased. The
temperature controlled showerhead maintained a relatively stable deposition rate, but the
deposition rate started to decrease again for the standard showerhead. It is believed that the
second decrease in the standard showerhead station is attributed to the effect of cold wafers
entering the station, much like the temperature decrease shown on curve 102 of Figure 1. The
data shows that after a RPC sequence, the temperature controlled showerhead was able to

equilibrate to a constant temperature, and hence a deposition rate, faster than the standard

showerhead.

Regions 802 correspond to the second condition. After the RPC sequence the process
chamber was cooled with nitrogen. In 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

1dling, the deposition with the temperature controlled showerhead had the same characteristics
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between the back plate and the face plate through which the
thermocouple is attached to the face plate. 12.A temperature controlled
chandelier-type showerhead for chemical vapor 25deposition (CVD), the
showerhead comprising: (a)a stem comprising a convective cooling fluid

as tiaisabigfetvBY Ca yayetive i depetitwaylipsfirstield aardasecond endtly constant

val@p pﬂ%@éﬁ%ﬁ@ﬁ m’ b %@f@%ﬁg%&ﬂgaéﬁd%gf%gw ed o {h%ttiﬁﬁpam%%et% and also

a chamber, wherein the convective cooling fluid passageway enters

magaY exifedhe Sternaeme ik eNatantriviidienshnbygderdeliparparameters are the

sanMGRI HRunassagewanatersithasien akibe dirst end.and exits ihe stemdly all the
the second end; (b) a back plate thermally coupled to the stem at the
othgreae&ﬁﬂm n &,agﬂﬁ, regions 804 correspond to the fourth condition. High energy plasma

after the RPC sequence heated the showerhead to a higher temperature than RPC alone. In the
standard showerhead, the highest deposition rates were recorded in region 4. After an initial
dip in deposition, the thickness appeared to equilibrate at a higher value. In the temperature

controlled showerhead, the high energy plasma appeared not to affect the deposition, save

perhaps for the very first wafer.

Overall, the range of thicknesses measured for the standard showerhead was about 37
angstroms and for the temperature controlled showerhead, only about 13 angstroms. The
wafer-to-wafer non-unifornfﬁty for the deposition was 3.7% for the standard showerhead and
1.3% for the temperature controlled showerhead. The better wafer-to-wafer uniformity for the

temperature controlled showerhead is a 66% improvement over that of the standard

showerhead.

Although various details have been omitted for clarity’s sake, various design
alternatives may be implemented. Therefore, the present examples are to be considered as
illustrative and not restrictive, and the invention is not to be limited to the details given herein,

but may be modified within the scope of the appended claims.
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(c) a face plate thermally coupled to the back plate; and 5(d)a temperature
controller configured to: I) receive feed-forward information, i)
decrease flow of convective cooling fluid through the convective cooling
fluid passageway in response to the feed-forward information indicating

that a heating event is anticipated, 10and Hi)increase flow of the
convective cooling fluid through the convective cooling fluid passageway

in response to the feed-forward inf&rhAtR indicating that a cooling event
is anticipated, wherein the convective cooling fluid passageway is
configured such that an exiting cooling fluid temperature is the same as
Vhatteslaingskigiture. 13. The chandelier-type showerhead of claim 12,
further comprising a temperature sensor configured to measure the

temperature of the convective cooling fluid. zo 14. The chandelier-type
1showdrHeatneralidim controded shanrdrliprheeehrwasheamRétehemical vapor

dReEEshaleaubY - o shéRirrRes taenfasariate and the back plate have

a thickness of about 0.25 to 0.5 inches, the gap between the back plate
and tHé facePIate'Ts eHBHN§159L InERANAAR e F0iNdatlk HaRasaRERYAY.of 9as

(b)
(c)

delivery passageway, a first end, and a second end opposite the
first end, wherein the first end is configured for attachment to a
chamber, wherein the convective cooling fluid passageway enters
and exits the stem at the first end, and wherein the gas delivery
passageway enters the stem at the first end and exits the stem at
the second end;

a back plate thermally coupled to the stem at the second end;

a heater physically attached to the back plate;

(d)  aface plate thermally coupled to the back plate; and
(e) a temperature sensor for measuring a temperature of the face
plate.
2. The chandelier-type showerhead of claim 1, further comprising a radio

frequency (RF) filter electrically coupled to the temperature sensor, wherein the

temperature sensor is a thermocouple physically attached to the face plate,

wherein the temperature sensor is electrically connected to a cable routed from

the first end to the second end, and wherein thé cable is routed within a sheath

between the first end and the second end.

3. The chandelier-type showerhead of claim 1, further comprising an RF

filter electrically coupled to the heater.

4. The chandelier-type showerhead of claims 1, 12, or 15, wherein an

external surface of the back plate comprises an anodized aluminum coating.
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25about 13 to 15 inches. 15. A chandelier-type showerhead for chemical
vapor deposition (CVD), the showerhead comprising: a stem

comprising a convective cooling fluid passageway, a gas delivery MCSLLP
30passageway, a first end, and a second end opposite the first end,

wherein the first end is configured for attachment to a chamber, wherein

the convective MCS8LLP cooling fluid passageway enters and exits the

stem at the first end, and wherein the gas delivery passageway enters the

sstem FheHEN Rk ARHeXERAIRARERLING 8RASNE end; back RiMerein the

thermally coupled to the stem at the second end; 5a
hgatfideBinerdird iR dalapkbais: vapor deposition (CVD) thermally

coupled to the back plate, wherein the face plate comprises: (a) a
substantiallx planar and circular front surface; (b1) a substantially planar

Band cifo@ahpaRAeUBIHRRS SAPRRAS SLFHHT O thidaddd! Bl RS the face
pRitd RNRAIOVABE BAHBAIEABIRE back plate.

7. The chandelier-type showerhead of claims 1, 12, or 15, wherein the stem

has a diameter of between about 1.5 to 2.5 inches.

8. The chandelier-type showerhead of claims 1, 12, or 15, wherein the face

plate and the back plate each have a thickness of about 0.25 to 0.5 inches.

9. The chandelier-type showerhead of claims 1, 12, or 15, wherein a gap

between the back plate and the face plate is about 0.5-1 inch.

10.  The chandelier-type showerhead of claims 1, 12, or 15, wherein the face

plate has a diameter of about 13 inches.

11.  The chandelier-type 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.

12. A temperature controlled chandelier-type showerhead for chemical vapor
deposition (CVD), the showerhead comprising:

(a) a stem comprising a convective cooling fluid passageway, a gas

delivery passageway, a first end, and a second end opposite the

first end, wherein the first end is configured for attachment to a

chamber, wherein the convective cooling fluid passageway enters

and exits the stem at the first end, and wherein the gas delivery
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10for mating the face plate to the back plate; and (c) a plurality of small
through-holes for gas flow, wherein the face plate is configured to be
removably attached to the back plate via the mating feature and wherein MCSLLP
the face plate material is a chemical-and plasma-resistant aluminum alloy.

15 16. The chandelier-type showerhead of claim 15, wherein the mating

feature comprises a circumferential sidewall. 17. The chandelier-type
showerheadRFSSAFRWBY RREFESHHIGSHRRRIR] fBStliFst oo mpAgedty the stem at
bottom half gf arsdusHeEAY jaw. 18. The chandelier-type showerhead of

claim 15, wherein the plurality of small through-holes is 100 to 10,000

throudAlholed baskariaie Brimmlivraypieshitvbnairm et fmsesonfi&ash and
the plysglity af g ibiiouskrhein 45 R9Q- A9 BERYapIARlesnd0. The

chandelier-type showerhead of claim 18, wherein the plurality of small

throudfholed tBMRer itiarrobtiReILERig R Bensity.

i) receive feed-forward information,

i) decrease flow of convective cooling fluid through the
convective cooling fluid passageway in response to the feed-
forward information indicating that a heating event is anticipated,
and

iii) increase flow of the convective cooling fluid through
the convective cooling fluid passageway in response to the feed-
forward information indicating that a cooling event is anticipated,

wherein the convective cooling fluid passageway is configured such that

an exiting cooling fluid temperature is the same as the stem temperature.

13. The chandelier-type showerhead of claim 12, further comprising a
temperature sensor configured to measure the temperature of the convective

cooling fluid.

14.  The chandelier-type showerhead of claim 1, 12 or 15, wherein the stem
has a diameter of between about 1.5 to 2.75 inches, the face plate and the back
plate have a thickness of about 0.25 to 0.5 inches, the gap between the back
plate and the face plate is about 0.5-1 inch, and the face plate has a diameter of
about 13 to 15 inches.

15. A chandelier-type showerhead for chemical vapor deposition (CVD), the
showerhead comprising:

a stem comprising a convective cooling fluid passageway, a gas delivery
passageway, a first end, and a second end opposite the first end, wherein the

first end is configured for attachment to a chamber, wherein the convective
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30 21. The chandelier-type showerhead of claim 15, wherein the holes in

the plurality of small through holes have a diameter of about 0.01 to 0.5

inches. 22. The chandelier-type showerhead of claim 15, wherein the MCSLLP

thickness of 5the face plate is about 0.125 to 0.5 inches. 23. The

chandelier-type showerhead of claim 15, further comprising a

thermocouple contact hole. a024.The chandelier-type showerhead of
cerling1fBifl passagenRisienierplangisxis shacisneaicths st eodupled therein

t%‘@%ﬂ%ﬁ\}éw%%%%g%%w&@@ flueaded Mg aplesy %%%Ehxéﬁs the stem

chandelier-type's ead of claims 1, 12, or 15, the stem further

al e serrdgendentral core and an outer sleave.

a back plate thermally coupled to the stem at the second end;

a temperature-controlled face plate for vapor deposition (CVD) thermally
coupled to the back plate, wherein the face plate comprises: (a)

a substantially planar and circular front surface;

(b)  a substantially planar and circular back surface comprising a
plurality of threaded blind holes and one or more mating features
for mating the face plate to the back plate; and

(c)  a plurality of small through-holes for gas flow,

wherein the face plate is configured to be removably attached to the back

plate via the mating feature and wherein the face plate material is a chemical-

and plasma-resistant aluminum alloy.

16.  The chandelier-type showerhead of claim 15, wherein the mating feature

comprises a circumferential sidewall.

17.  The chandelier-type showerhead of claim 15, wherein the mating feature

comprises a bottom half of an interlocking jaw.

18.  The chandelier-type showerhead of claim 15, wherein the plurality of
small through-holes is 100 to 10,000 through-holes.

19.  The chandelier-type showerhead of claim 15, wherein the plurality of
small-through holes is 3000-4000 through holes.

20.  The chandelier-type showerhead of claim 18, wherein the plurality of

small through-holes form a pattern of non-uniform hole density.
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26. The chandelier-type showerhead of claim 25, wherein the outer sleeve
contacts the central core along an exterior surface region of the central MCSLLP
core, wherein the convective cooling fluid passageway comprises a
channel in the 20exterior surface region of the central core. 27. The
chandelier-type showerhead of claim 26, wherein the channel is a helical
channel wrapped around the central core. 25 28.The chandelier-type

23howerheaehandalierdspaisheivetineadrokelriencablingtrreipdbsabeleayin the
pﬁu%ﬁw@m&%%gn%ég%% W'W%Q%@jg?&?ﬁr@.ﬂnﬂ‘G.@Wﬂ‘]es.

the conduit and the channel are fluidly connec e second end.
3029.The chandelier-type showerhead of claim 26, wherein the gas

ogelivengasaanawiy- YRCE ROMBIRERIIILIHIRS! oMAR NG CaRlERhess of

core. 30. The chandelier-type showerhead of claim 29, wherein the
thehveetriateds|inbomiia passageRapdbeser comprises a conduit located

within the central core, and wherein the conduit and the channel are fluidly
connected at the 5second end by an annular volume, wherein the interior
Zdameldrofehangrligatype showerhead of claim 15, further comprising a

thermocouple contact hole.

24.  The chandelier-type showerhead of claim 15, further comprising a
plurality of spacers, each spacer coupled to a threaded blind hole in the piurality
of threaded blind holes.

25.  The chandelier-type showerhead of claims 1, 12, or 15, the stem further

comprising a central core and an outer sleave.

26.  The chandelier-type showerhead of claim 25, wherein the outer sleeve
contacts the central core along an exterior surface region of the central core,
wherein the convective cooling fluid passageway comprises a channel in the

exterior surface region of the central core.

27.  The chandelier-type showerhead of claim 26, wherein the channel is a

helical channel wrapped around the central core.

28. The chandelier-type showerhead of claim 26, wherein the convective
cooling fluid passageway further comprises a conduit located within the central
core, and wherein the conduit and the channel are fluidly connected at the

second end.

29.  The chandelier-type showerhead of claim 26, wherein the gas delivery

passageway further comprises tubing routed through the central core.
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volume is defined by an outer surface of the tubing. 31. The

chandelier-type showerhead of claim 26, wherein the channel has a
substantially rectangular cross-section. 10 32. The chandelier-type
showerhead of claim 2, wherein the sheath is stainless steel. 33. The MCSLLP
chandelier-type showerhead of claim 2, wherein the sheath is

15electrically connected in parallel with an inductive coil and a capacitor.

34. The chandelier-type showerhead of claim 33, wherein the capacitor

sac ' Xi ic int .
RSP O S A 0 R o o ccive
cppénsh ikt hasgage vlaywertedasheriine s, aveendinthecrtegavihirethe central

' ] f - ometear, of.infra-r
e e e e Tl {6 tted at the

sgreorRIrpRdabyrer @roliar kolurtferwbAfiRjOrbtinterionides tesef tieatannular
vl%'iaﬂk&?éj&&ﬁ%%Qﬁﬁé%%{&sgﬂﬁé‘éé%mﬁé%ggﬁgward information

indicating that a cooling event is anticipated, an

31.  The chandelier-type showerhead of claim 26, wherein the channel has a

substantially rectangular cross-section.

32. The chandelier-type showerhead of claim 2, wherein the sheath is

stainless steel.

33. The chandelier-type showerhead of claim 2, wherein the sheath is

electrically connected in parallel with an inductive coil and a capacitor.

34. The chandelier-type showerhead of claim 33, wherein the capacitor has a
capacitance of approximately 85 picofarads and wherein the inductive coil has

an inductance of approximately 1 microhenry.

35. The chandelier-type showerhead of claim 1, wherein the temperature
sensor is a pyrometer, fluorescence-based thermometer, or infra-red
thermometer.

36. The chandelier-type showerhead of claim 12, wherein the temperature
controller is further configured to:

iv) decrease heat produced by the heater in response to the feed-
forward information indicating that a cooling event is anticipated, and

V) increase heat produced by the heater in response to the feed-

forward information indicating that a heating event is anticipated.
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V) increase heat produced by the heater in response to the feed-

30forward information indicating that a heating event is anticipated. 37.

The chandelier-type showerhead of claim 12, wherein the feed-forward ~ MCSLLP
information is a time period before a plasma is activated. 38. The

chandelier-type showerhead of claim 12, wherein the feed-forward

5information indicates a chamber purge.
37.  The chandelier-type showerhead of claim 12, wherein the feed-forward

information is a time period before a plasma is activated.

38.  The chandelier-type showerhead of claim 12, wherein the feed-forward
information indicates a chamber purge.
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