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‘planar surface to dispense reactants and carrier gases in a uniformi10

R Y N N A I I R

substrate ubstr 10 a process tenperature at
whi ch precyrsors react resulting in a filmdeposited on the substrate
surface. SAEMEFREEAd Y REC d’rEs'fAB?OB'ér allel-plate reactors, |end thensel ves
to i npl enentation of plasnma-enhanced processes, e.g., plasna-enhanced
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BACKGROUND
A Chemical Vapor Deposition (CVD) chamber typically includes a showerhead vyith a
perforated or porous planar surface to dispense reactants and carrier gases in a uniform
10 manner over a second paralle] planar surface, such as a semiconductor substrate surface.
A substrate may be heated to a process temperature at which precursors react resulting
in a film deposited on the substrate surface. Showerhead reactors, or parallel-plate
reactors, lend themselves to implementation of plasma-enhanced processes, e.g.,
plasma-enhanced chemical vapor deposition (PECVD). A substrate support (e.g., a
15  pedestal) may be grounded and used as one of the electrodes. A showerhead may be
used as another electrode, to which RF power is applied. In another configuration, RF
power may be applied to the substrate support, while the showerhead may be grounded.
Deposition uniformity may be negatively affected by variations in process parameters,
such as temperatures of the substrate and the showerhead. These variations may appear
20  during process initiation (e.g., before reaching steady state), cleaning cycles, and idling.
% For example, when a reactor is initially turned on, it may take long time before the -
temperature of the showerhead is stabilized. The showerhead may be heated by
radiation from the substrate (or the substrate pedestal) and by the plasma, which may be

introduced at some point during processing causing additional temperature fluctuation.
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20+ during process initiation (e.g., before reaching steady state), cleaning
cycles, and idling. For exanple, when a reactor is initially turned on, it
‘may take long time before the tenperature of the showerhead is stabilized.
The shower head may be heated by radiation fromthe substrate (or the
substrate pedestal) and by the plasma, which nmay be introduced at sone
poi nt during processing causing additional tenperature fluctuation. 1
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example, temperatures above 300°C can result in rapid formation of aluminum fluoride
on an aluminum showerhead surface. The aluminum fluoride tends to flake off and fall
onto the substrate below.

10  New apparatuses and methods are needed to more precisely control showerhead
temperature and to operate showerheads at lower temperatures.

SUMMARY
A temperature controlled CVD showerhead with enhanced heat transfer features
provides accurate and stable temperature control and reduces temperature fluctuations

15 caused by variations in the chamber. Such showerhead is capable of quick recovery to
the temperature set point when changes in the operating environment perturb the system
(e.g., turning on a plasma generator, introducing a new substrate onto the pedestal,
changing flow rates of process gases). Accurate temperature control improves substrate-
to-substrate uniformity.

20 A temperature sensor is used to monitor the face plate temperature and to provide a
feedback for controlling the heating element and/or the heat exchanger. Effective heat
transfer paths exist between the face plate and the heating element as well as between
the face plate and the heat exchanger allowing for efficient heat supply or removal from

the face plate. Heat transfer characteristics are driven by large cross-sectional profiles
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A tenperature controlled CVD showerhead w th enhanced heat transfer
features provides accurate and stable tenperature control and reduces
tenperature fluctuations 15 caused by variations in the chanber. Such
"showerhead i s capable of quick recovery to the tenperature set point when
changes in the operating environnent perturb the system(e.g., turning on a
-pl asma generator, introducing a new substrate onto the pedestal, changing

fl t e A fet t Uk trol i :
Cubst r at ot B UGERF AN Re GAAAAS meth”Phgt bERRERTIAIE Gabim THARKRRy.

it the f late ¢ t dt id dback f :
cont r ol | ngiotRe HEBRHAGOQA e He fee /16T CREUHR OLRE RISIBE. Be deptibeisheat

transfer paths exist between the face EI ate and the heating el enent as well
as bet weendtiven bye dempparaturagudichbetiadishedkbh aassing kigh dvirmgl ¢apacist toadingnt

heat supply or renmoval fromthe face plate. Heat transfer characteristics
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stem Further, materials having high thermal conductivity, such as al um num
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lifetime of the showerhead and m nim ze particle contamnation. In certain
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em ssivity external surfaces on the back plate and the stem A heating
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repl aced surfaces on the back plate and the stem.
A heating element, a heat exchanger, and a temperature sensor can be easily removed
from the showerhead. In certain embodiments, these components can be replaced
without impacting the internal environment of the deposition chamber. In other words,
15  the deposition chamber may be maintained at a low operating pressure while one or
more of the abovementioned showerhead assembly components are replaced.
Removable components simplify troubleshooting and maintenance of the showerhead
and the overall deposition system and minimizes its downtime.
In certain embodiments, a temperature controlled showerhead assembly for use in a
20  chemical vapor deposition (CVD) apparatus includes a heat conductive stem, a back
plate attached to the heat conductive stem, a face plate thermally coupled to the heat
conductive stem and attached to the back plate, a heating element thermally coupled to

the heat conductive stem, a heat exchanger thermally coupled to the heat conductive

stem, and a temperature sensor thermally coupled to the face plate. The temperature
3



wi t hout: i npacting the internal environnment of the deposition chanber. In

ot her words, 15 the deposition chanber may be nmaintained at a | ow operating
pressure while one or nore of the abovenentioned shower head assenbly
‘conponents are replaced. Renopvabl e conponents sinplify troubl eshooting and
mai nt enance of the showerhead and the overall deposition system and
-mnimzes its dowmtine. In certain enbodinents, a tenperature controlled
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pl ate. The tenperature controlled showerhead may be configured to maintain
t he tenper éicarptatef The ficcplatel may havd hiultipde phredigt boles wenfigued) éorbyniformvi di ng
heat transfer paths between the renovabl e heating el enent and the face

plate and BRIYWEDN dTeprb&ED\vakdse fiepirtiexahamvedin®Rt, ahikeafing @ldhdaitea hile face
pl ate may have multiple through holes configured for uniformb5 distribution
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exchanger, a tenperdture sensor are renpvable fromthe tenperature
controlled shoq\i\;ﬁ?r?gead abiserrbl y. A solid cross-section of the heat
conduct i ve SR VOB | east about 5 square inches on average al ong the

| ength of the shaft portio A heat _conductive ste a back_plate, 10
and/ or a f &cw®lig] Céi‘{?sésﬁﬁipfb‘éfn the deat onduchive siepumay,; Fﬁ%aftf?gf’ﬁta? g@@ﬁ%ﬁ’ﬁﬁ?svi ty
of at |east about 150 Watts ger meter per Kelvin. In particular
enbodi ment en aseragaalong titulengthof sheeshaftpoptierk Hlhgreconduefiverstamsabackmlalte are
made of al um num 6061 and al um num 3003. An average thickness of the back
pl ate mey bed/at alfersplaebnay b made dw, materiblewith aathemasj eondictivite 4 ableasthe
face plate is between about 0.5 inches and 1 inch. An average gap
about 150 Watts per meter per Kelvin. In particular embodiments, a heat conductive
stem, a back plate, and/or a face plate are made of aluminum 6061 and aluminum 3003.
An average thickness of the back plate may be at least about 2 inches, while an average
thickness of the face plate is between about 0.5 inches and 1 inch. An average gap
15  between the face plate and the back plate may be between about 0.25 inch and 0.75
inch. A contact area between the face plate and the back plate may be between about 30
square inches and 50 square inches. A face plate may have a diameter of between about
13.5 inches and 16.5 inches.
In certain embodiments, a heat exchanger includes a convective cooling fluid
20  passageway configured to allow for a flow of a cooling fluid. The cooling fluid may be
water or a liquid antifreeze solution. In the same or other embodifnents,"é"h'eat
exchanger is positioned within about 7 inches from the face plate. A temperature

controlled showerhead assembly may be configured to maintain the temperature of the

face place at between about 200°C and 300°C for an emissivity of the face plate at
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15 between the face plate and the back plate may be between about 0.25 inch
and 0.75 inch. A contact area between the face plate and the back plate may
be between about 30 square inches and 50 square inches. A face plate nmay
"have a di aneter of between about 13.5 inches and 16.5 inches. In certain
enbodi nents, a heat exchanger includes a convective cooling fluid 20
-passageway configured to allow for a fIOM/of a cooling fluid. The cooling
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em ssivity surface may be anodi zed al uminum 10 In certain enbodi nents, a
Chemi cal Va§ gal'c ®Deposition (CVD) system for depositing a semi conduct or

mat eri al on a partially manuf actureq conduct or subsé te in uﬁeiwa
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the processing chanber, a substrate support for hol di ng the partially

manuf act ur etissiityc fntexampless thedtiglnernissindy serfaseanay bepnadizedplaminume of t he
partially manufactured

10  In certain embodiments, a Chemical Vapor Deposition (CVD) system for depositing a
semiconductor material on a partially manufactured semiconductor substrate includes a
processing chamber configured to maintain a low pressure environment within the
processing chamber, a substrate support for holding the partially manufactnted
semiconductor substrate and maintaining a temperature of the partially manufactured

15 semiconductor substrate at between about 500°C and 600°C, and a temperature
controlled showerhead assembly. The temperature control showerhead assembly may
further include a heat conductive stem, a back plate attached to the heat conductive
stem, a face plate thermally coupled to the heat conductive stem and attached to the
back plate, a heating element thermally coupled to the heat conductive stem, a heat

20 exchanger thermally coupled to the heat conductive stem, and a temperature sensor
thermally coupled to the face plate. The temperature controlled showerhead is
configured to maintain the temperature of the face place within a predetermined range
by providing heat transfer paths between the heating element and the face plate and

between the heat exchanger and the face place. The face plate of the temperature
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15 sem:-conductor substrate at between about 500C and 600C, and a
tenperature controll ed showerhead assenbly. The tenperature contro

shower head assenbly may further include a heat conductive stem a back
‘plate attached to the heat conductive stem a face plate thermally coupl ed
to the heat conductive stemand attached to the back plate, a heating
-elenment thermally coupled to the heat conductive stem a heat 20 exchanger
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first substrate support and the second substrate support may be positioned
i nsi de t heemhodinpntsc eSS Rpystamnineludemal seeontli sybsteate seppodt. ekpobest sebsiralge sane
environnent. In other enbodinents, 10 a CVD system al so i ncludes a second
processi ngs@paniemd thesddogd selshtrate smbm aiay te mhsftfoned Msidentie samerprucessifige
first and second substrate supports may be positioned in different

processi ng chapHr ah$ c&xﬁi@md fohr efx'Fss%H 10 HRCAFRIAYireiAcHIC In aiRer disbdRemed
pr ocessi ng chanber). BRI EF DESCRI PTI ON OF THE DRAW NGS 15FIG 1 is a graph
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tenmperatur ﬁisfferent environment. The first and second substrate supports may be positioned in
different processing chambers (e.g., the first processing chamber and the second
processing chamber).
BRIEF DESCRIPTION OF THE DRAWINGS
15  FIG. 1 is a graph of showerhead temperatures in a four station chamber over time.
FIG. 2A is a graph of silicon nitride spacer thickness deposited at various showerhead
temperatures.
FIG. 2B is a graph of film stress for silicon nitride spacer deposited at various
showerhead temperatures.
20 FIG. 3A is a cross-sectional view of the temperature controlled showerhead in
accordance with certain embodiments.

FIG. 3B is a top view of the temperature controlled showerhead in accordance with

certain embodiments.



FIG 2B is a graph of filmstress for silicon nitride spacer deposited at
various showerhead tenperatures. 20FIG 3A is a cross-sectional view of the
tenperature controll ed showerhead in accordance with certain enbodi nents.

'FIG 3Bis atop

view of the tenperature controlled showerhead in

accordance with certain enbodinents. FIG 4A is a cross-sectional view of
-the face plate in accordance with certain enbodinents. FIG 4B is a bottom
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5accordance with certain enbodinents. FIG 6 is a schematic of one

enbodi nent

egbodimentsi t ers used to reduce or elimnate RF noise in accordance

with certain enbodinments. FIG 7 is a schematic view of a systemin

accor dance
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15

20

Fip 4B ey hatiom winiyaditlheefacs plate in accordance with certain embodiments.
FIG. 5 is a schematic view of the temperature controlled showerhead assembly in
accordance with certain embodiments.
FIG. 6 is a schematic of one embodiment of RF filters used to reduce or eliminate RF
noise in accordance with certain embodiments.
FIG. 7 is a schematic view of a system in accordance with certain embodiments.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. The present invention may be
practiced without some or all of these specific details. In other instances, well known
process operations have not been described in detail to not unnecessarily obscure the
present invention. While the invention will be described in conjunction with the
specific embodiments, it will be understood that it is not intended to limit the invention
to the embodiments.
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.
Showerhead temperatures drift over time and affect deposition reaction rates and film

properties. FIG. 1 is a graph of four showerhead temperatures in a four station
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DETAI LED DESCRI PTI ON OF EXAMPLE EMBODI MENTS 10 In the foll ow ng
description, nunerous specific details are set forth in order to provide a
thorough understanding of the present invention. The present invention may
be practiced without some or all of these specific details. In other

I nstances, well known process operations have not been described in detai
-tplroL ugnecessagily obscure the present invention. Wile the invention
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i nvention is inplenented on sem conductor processing equi pnment. However,
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wor k pi eces of various shapes, sizes, and materials. In addition to
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affect deposition reaction rates and filmproperties. Fl 1 is a graph of

four Shombggraﬂn{e?qﬂg "ROWE $Rad QCIﬂpJFQMfCSSBPttﬂeogecond, third, and fourth stations

increased until they reached a steady state temperature at about 3700 second-s.. The
plasma condition in the chamber is represented as a step function with line 110.
Initially, the plasma was provided in a dummy deposition mode to warm up the
10  showerheads, and after about 10 minutes the wafer processing began. In the first
station, the temperature started to decrease gradually after wafer processing began
because each incoming wafer (that is substantially colder than the showerhead) at that
station cools the chamber components, including the showerhead, as the wafer is
warmed up to the process temperature. Thus, the temperature profiles in the subsequent
15  stations are progressively higher. The second station showerhead was cooler than the
third station showerhead because the incoming wafer to the second station was cooler
than the incoming wafer to the third station. For all stations, the showerhead
temperature reached an equilibrium temperature after some time.
FIG. 1 illustrates that a substrate being processed in a multi-station chamber would
20  experience different showerhead temperatures at different stations. The same problem
appears in a typical single-station chamber. For example, a showerhead temperature
can fluctuate while multiple sub-layers are deposited on that station. During deposition,
heat transfer in the showerhead is a dynamic process impacted by a pedestal

temperature, plasma presence and its power, and other factors. If not effectively
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deposi tion chanber over a 50 wafer run w thout any tenperature control,
i.e., no heating or cooling applied to the showerheads. The first" statl on
shower head tenperature corresponds to line 102. The second station

"shower head tenperature corresponds to line 104. The third station

shower head tenperature corresponds to line 5 106. And, finally, the fourth
-station showerhead tenperature corresponds to |ine 108. Over tine, the
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stations are progr e55| vel y hi gher. The second station showerhead was cool er
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station was cool er ant e Incomng wafer to the third station. For all
stations DI
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af ter sorrebh‘i%?fsnceﬁll& iPFYRY qsarteelélﬁ{l%ia ddff?{g?t %tow %‘taﬁgt erﬁlﬁ)gllcge{gésgé}éi n a
mul ti-station chanber ul d 20 experienc | f.ferent showerhead. t eratures
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chanber. For exanple, a showerhead tenperature can fluctuate while nultiple
sub- 1 ayers darceltddaptcrbffcledt showerhead sanaperasnres.DUVith gll 98iss racessharaneeierskepins f er
in the showerhead is a dynam c process inpacted by a pedestal controlled,

a showgd heaehseatpehighac sisovearhasidarripatatirespesuitedirie tekemafilmas. THus, ai kyat i ons
when a shower head tenperature inpacts deposited filmproperties, each | ayer
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temperature on stress of a silicon nitride spacer film. As the showerhead temperature
15  increases, the stress level decreases. Variations in stress level may have a negative
impact on device performance (e.g., transistors).
A temperature controlled showerhead improves substrate-to-substrate uniformity both
for bulk films and individual sub-layers in single-station and multi-station apparatuses,
increases throughput by eliminating non-processing delays (e.g., to stabilize
20  temperature), reduces particle contamination by operating a showerhead at lower
temperatures, and allows for better control of various film properties. In certain
configurations, more precise control ensures that multiple showerheads in the chamber
are operated with substantially similar process parameters and close to the target

parameters. As a result, film properties of different sub-layers are better controlled.
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ilfustrated in the followng two exanples. FIG 2A shows a plot of film

t hi cknesses deposited at different showerhead tenperatures. Wth all other
process paraneters kept 10 constant, hi gher showerhead tenperatures.
‘resulted in thicker films. Thus, a |layer deposited at the beginning of a
wafer run (e.g., after sone idle tine or chanber cleaning and while the

-showerhead is still relatively cold) would be thinner than a | ayer
deposited pnce th rocess reaches steady state. FlI 2B i | S
effects of Pf{‘lﬂ{g"@ﬁﬁ%{ﬁﬁ{&%‘& f%'ﬁﬁ?ila%‘? Bre 10‘3‘“@/&0{%% e%?tege%ti alt%sorlﬂyi%% r%}lEe eCspacer

film As the showerhead te rafure 15 _ingcreases, the stress |evel
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performance (e.g., transistors). A tenperature controlled showerhead

i nproves suiagbe maintained ateomparableleiv ¢l diiing depssitiohpidlibglaadfor clegniagd The

i ndi vi dual sub-layers in single-station and nmulti-station apparatuses,

i ncreases tdductighpnt theynat| eyelingt inogasesn processags ithrgughgpluay(dy ( mirgmizihg or
stabilize 20 tenperature), reduces particle contam nation by operating a

shower hfademhidagn\gfenx&?aﬁfe%ﬁﬁgy ardNdatli 2008 peRb6d)ahd BEIpS tddte phrtivRr | OUS

filmproperties. Tn certain configurations, nore precise control ensures

that multipl e, 3RANGS gdsb§/ Rakifl of BAIRES o sBAGLASGHe Wdwhiiis BBéi@l ly
ne cfgloos to?lﬁ a result,

simlar process paraneters’ an e target paraneters.
Lerper at or 8% dBEPERE Bhi hOVPFHGPYE e A e B RE oy HB B 1 o
reduce thermal cycling of the showerhead. In other words, the showerhead
t enper at ur BwfrERlsnd thashewerheed, resuldrgripdiakingeof the deposiit durig emad rysles.
idling, and/or cleaning. The reduction in thermal cycling increases
pr ocessi ngPattickuginpmingtion mayiakso Aierrgduned by lowering operating temperatures of the
10  showerhead. Even though substrates are processed at about 400°C-600°C in close
proximity to the showerhead, effective heat transfer coupled with heat dissipation
allows maintaining the face plate of the showerhead at between about 200°C and 300°C.
It should be noted that for the purposes of this document showerhead temperature
references are provided for the face plate unless otherwise stated. Heat is removed by
15  transferring it from the face plate through the back plate and the stem to a heat
exchanger, by radiation from the back plate, and / or a combination thereof. In addition
to reduction of particle contamination, certain CVD processes require lower showerhead
temperatures to achieve certain film properties. For example, lowering showerhead
temperature improves stress levels in certain films, as evidenced by FIG. 2B.
20  In general, there are two main types of CVD showerheads: a chandelier type and a flush
mount type. A chandelier type showerhead has a stem attached to the top of the
chamber on one end and a face plate on the other end. A part of the stem may protrude

from the chamber top for connecting gas lines and RF power. A flush mount

showerhead type is integrated into the top of a chamber and typically does not have a
10



5 elim:nating tenperature ranp-up and stabilization periods) and helps to
reduce particle contam nation caused by flaking of deposits on the surface
of the showerhead. Deposits on the surface of the showerhead have different
‘thermal expansion coefficients than the materials of the showerhead,
resulting in flaking of the deposits during thermal cycling. Particle
-contam nation may al so be reduced by | owering operating tenperatures of the

10 shower head. .Even though substrate r06 d 400C- cin
ol ose. pr ox PRty Sotel R B R SR BE PnieRiaanT oo PR BPGEATRE,
heat dissipation allows i ntaini the face pl ate _of the showerhead at
bet ween abéléﬁul(gb?)@%?ﬁﬂo L cqriain {eaires ‘lﬁ’é‘?qi'?ﬁ &?gt‘ﬁgf‘sh H‘Puf‘%%‘oﬁ’ﬁ?hﬁﬁ%eass of

t hi s docunment showerhead tenperature references are provided for the face
pl at e unl esglloahevonid be seadilydunderstrodi to onsnelygkdll ip the artrgivet er dasgriptionf r om
the face plate through the back plate and the stemto a heat exchanger, by
radi ati on proiddditerdback plate, and / or a conbination thereof. In addition
to reduction of particle contam nation, certain CVD processes require | ower

shower head shewBRERL hfperdntte FAMARY WHeR hea i aldddrorRERBeEd. | SSme bOthiEKAIR €,
| owering shower head tenperature i nproves stress levels in certain filnms, as

evi denced I . 4 n ther t 2N ot |

shower headlsa?Xdéaé ?hargﬁgglvig&e)rlht%/%gﬂgé bée fﬁgﬁgﬁ]’an%g'ht%?i@n A %’ﬁge;n(tjgfeglgr% l:%tdype
shower head has a stem attached o the top of t chanber ne.end and a
face plat etwqﬁﬁre&"ﬁ]ear Seér?&!mA\}p?é‘PPs §¢mp nLS[ %thrﬁ%ﬁﬁgo‘ﬁ?rg?q’dﬁtg'gg?rr derhs
chanber tog for connecting gas |ines and RF power. A flush unt. shower head
type is inbelgmraceabls this qoptolahle Procgst hdMEEvennyPme, Peatqis| angfaed Kave a
stem This docunment generally refers to the chandelier type of showerheads,
however it chinges th heramdimgsoodiionhand this transfierfheatieibe sompensdted dovieerdem
flush mount shower heads as well, as would be readily understood to one of
skill ¢ t ke nidtaigi & &able hemp&awrd. For @Rampley heleds hddedi to . thS Showerhdudashen

t enper ature changes when heat is added or renoved. Sone of this heat is
added or reuoyEdLk K RirkRNdd 8hd aPihe HaRIMOSE cargtd plPREdwAR the Showeslitiad.

regi stered tenperature and a set point. Various conponents of the

shower head t her scribe el e j I

ovever sSHanaRyeBE oo ol bERAR o At SN Bl BpoRERC BB s
and this transfer has to be conpepsated for . in order 10 to maintain a
stabl e t em3dragessed Walsy Or&H?F‘ﬁth},? —P]l?a% °W§r}}¥aﬁé(??s?%€"taﬁ&'%5%8&9%’8@8“9\%@56 t he
plasma is turned on due to the collision of charged particles with the
shower head intReguced it the, chambes [easacticheiant 8asss werhehtheepghythe shesverBead Gimdi ng
conponents, such as a processed wafer or a pedestal. The showerhead | ooses
heat whén cabgete inabéuded f®nna badddclosiumether ndldert stationh alfyther, heatgs Jost dagct ant
gases supplied through the showerhead or a 15 substrate introduced froma

| oad- 1 ock qp cERRICHEH toLethelehambat dddtponbits (€] thrb\gdithé Shdvsheadweent Material
conduction to other chanber conponents (e.g., through the showerhead stem

material t W Eﬂechggﬁgq)@eﬁli&g iaMi waﬁ%ﬂ%.@?‘ﬂioﬂ{ f-hg%aélgplgte). fromthe back plate).

FIG. 3A is a schematic cross-sectional view of a temperature controlled showerhead
300 in accordance with certain embodiments of the invention. A showerhead 300 may
20  be a part of the showerhead assembly further described in the context of FIG. 5'and a
part of the deposition system further described in the context of FIG. 7. The
showerhead 300 includes a heat conductive stem 304, a back plate 306, and a face plate
308. The stem 304 and the back plate 306 may be separate mechanical components or

integrated into a single body. In a similar manner, the back plate 306 and the face plate

11



FIG 3Ais

shower head

a schematic cross-sectional view of a tenperature controlled
shower head 300 in accordance with certain enbodi nrents of the invention. A

300 may 20 be a part of the showerhead assenbly further

‘described in the context of FIG 5 and a part of the deposition system
further described in the context of FIG 7. The showerhead 300 includes a
-heat conductive stem 304, a back plate 306, and a face plate 308. The stem

304 and th
I nt egrated
the face p
into a sin
manuf act ur

k pl o) i cal
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t 308 t hani '
GRETHIE)O Fomafs ANhEse TURPBFTATRE OF  PHBGBCHHbOMEHIES THE) o

ed together froma single block of material or attached toge

after the piagleitdeak efrmgterig. or afjetheddogqhes afterithetfakrication (g haeldef npresse
that these conponents cannot be easily separated. The 5 latter approach may
provi de f ofusbétdégethehemt such ansdyethab tHeye esmporicagrahnct wosgeiyn eeasatedlovieheer

renovably attached conponents may be preferable in enbodi nents where one or

nmor e Cco4mpo
pl ate 308

neRt AppRYUcH8RY provide Bebb@d keat tvndbabadden lﬁqe%@eéarwnq;onam&.ace

may be renovably attached to the back plate 306 to allow ng

ser vi ci ng. 9o, 0ROl 1 AL6213 GonfpBnb b o plRéi ol S Anite Ve
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wear s out,
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15

20

or to

one or more components may need to be periodically changed. For example, a face
plate 308 may be removably attached to the back plate 306 to allowing for servicing of a
manifold area 316, to replace a face plate 308 when one wears out, or to replace a face
plate 308 with another one having a different distribution pattern (e.g., a hole pattern on
the bottom surface further described in the context of FIG. 4B). In a similar manrier, the
back plate 306 may be removably attached to the face plate 308 and/or to the stem 304.
In certain embodiments, a back plate 306 may be replaced with a different back plate
that has different thermal transfer characteristics.

In certain embodiments, the stem 304 has a cylindrical shape with an average diameter
(Dstem as shown in FIG. 3A) of between about 2 inches and 4 inches or, more
specifically, between about 2.5 inches and 3.5 inches or, even more specifically,
between about 2.75 inches and 3.25 inches. It should be noted that dimensions
presented in this document correspond to a showerhead configured for processing 300-
mm wafers, unless otherwise noted. It should be understood that other dimensions may
be used for showerheads configured to process different substrate types and siz‘éksﬂ(—elrg.,
200-mm wafers, 450-mm wafers, etc.).

Another way of characterizing the stem 304 is based on its solid cross-sectional area

(i.e., a cross-section material surface that excludes any openings). In certain
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10 plate 308 with another one having a different distribution pattern
(e.g., a hole pattern on the bottom surface further described in the
context of FIG 4B). In a simlar nmanner, the back plate 306 may be
‘renmovably attached to the face plate 308 and/or to the stem 304. In certain
enbodi nents, a back plate 306 may be replaced with a different back plate
-that has different thermal transfer characteristics. 15l n certain

enbodi nents,, the stem 304 has a cylindrical ,shape with an average dianeter
(Dot e as. SHBIRERSERER Sios5 Seq 0B .08 Fvemsar oy i ehed 2. Bl PR TP ™ or
specifically, between about 2.5 inches and 3.5 inchesg or,  even nvr%

speci f i cal $qparejachesen. mpruipeoifivally hetiveen abput 4 sauare ipghes ang g SGWBEIFIEE not ed
t hat di mensions presented in this docunment correspond to a shower head

conf i gur edThoheightoafethsistegn 304 (H0m mmsherve s FIGN A map tbhenvivseagadetwken| t
shoul d be understood that other dinensions nmay be used for showerheads

conf i gur edatiout pricghessl dintharannoridpstifiailty, bymesn about i inelses @ad ¢.inchz® 0r,nm

waf ers, 450-mm wafers, etc.). Another way of characterizing the stem 304 is

based o i EwenSRbredp&diBStlySEGivE@NMout? 8andHes 8nd 33 iRdHRSS- section materi al
surface that excludes any openings).In certain enbodi nents, such

cross-sect {,gnal .| ?neolgPQ}é g{f ﬁg@ B@ﬁ\ﬁ@ﬁ "be qpﬁ%f@axﬁ%?%%éxﬁﬁg gﬁ%{gﬂg éﬁlag, fgpuare

i nches or, nore specil about square 1 n square
inches. The height qf the stem 30 Hstem as sho in FlG 3A). may be on
aver age be?V%@ﬂgéE%aF“Tc?Hb%ﬁﬁﬁaxéw§ﬁgﬁg ye W@dgb%@PF?%9§%§9m§§ﬁ%een
about 2 inches and 4 inches or, 5even nore specifically, between about 2.5
i nches andthg.coniektofIG. Sowbwigher, anydeaturey Provadedtindhassterm sueh apa@ Pressss gas| evant
for a thermal analysis than, for exanple, the distance to a heat exchanger
thermal | y feedpbedng 810, agempenatuas satissrcoresing 313, drde Inating rlemsht ¢fle@ings3 14
Further, any features provided in the stem such as a process gas feed
openi ngy 31ehoudd beaBRuBicd fEr SABS ahalpALPhog Bhductiditd of thestmngOmketenhal

openi ng 314
analysis considerations include thermal properties of the materials used for stem
construction (e.g., heat conductivity, heat capacity), a temperature gradient, thermal
~ coupling to other elements (e.g., a heat exchanger, a back plate), and others.
The back plate 306 may also have a cylindrical shape. In certain embodiments, the back
15  plate 306 may be characterized as a stack of disks as shown in FIGS. 3A and 3B. For
example, a stack may include two, three, four, five, or more disks. In particular
embodiments, the back plate is a stack of three disks. The largest disk, which is
typically positioned at the bottom of the stack and in the contact with the face plate 308,
may have a diameter (not referenced in the drawings) of between about 12 inches and
20 14 inches and a thickness (not referenced in the drawings) of between about 0.5 inches
and 1 inch. Another disk may be between about 0.5 inches and 1.5 inches smaller in
diameter (D2gack pLaTe in FIG. 3B) than the largest disk and have a thickness (H2pack

pLate in FIG. 3A) of between about 0.5 inches and 1 inch. Yet another cylinder may.be

between about 2.0 inches and 4.0 inches smaller in diameter (D1gack pLaTE in FIG. 3B)

13



10" shoul d be accounted for when anal yzi ng heat conductivity of the stem

O her thermal anal ysis considerations include thermal properties of the
materials used for stemconstruction (e.g., heat conductivity, heat
‘capacity), a tenperature gradient, thermal coupling to other elenents
(e.g., a heat exchanger, a back plate), and others. The back plate 306 may
-al so have a cylindrical shape. In certain enbodi nents, the back 15 plate

306 may be,characterized as _a,stack of, di as sho iR~F . 3B.
Py oy BERTRERLE EInGEP oo BAOC B 1 S 30Ty s R ordenillf 58,

particul ar enbodi nents, the back plate is a stack of three disks. The
| ar gest di &out WQia0F 5&inelssi cal |y positioned at the bottom of the stack and
in the contact with the face plate 308, may have a di aneter (not referenced
in the draGeneyely,ovarisasvdish sidsksitdescriiedcahoyeatoamog siagle nunibed bady H¢-g-,
t hi ckness (not referenced in the draw ngs) of between about 0.5 inches and
1 inch. Anfibkiested ifsdn mayingls bltckeadnmateeial of .permawhtdy atache. ogethehasingnal | er
in diameter (D2BACK PLATE in FIG 3B) than the | argest disk and have a

thi ckness (ERBACK LA Frusing FdiCothe kcitfiqiRe}. We @Brtalh @utboBinfentd) ehésdigkhighay i nch.

Yet anot her cyli1nder nmay be between about 2.0 inches and 4.0 inches snaller

in dianmete i I ; I r dythave a
t hi ckness ?T—& gi@gé&?@g?%ﬂtgf‘% %A%%O?Ck%gﬁ%%ﬁr?a lg{thﬁ%t 8ﬁg§n8pgﬁosa?ﬁgoﬁes.
General ly, ,various disk stack escribed aboye . forma single unifi body
(e.g., fabgg%%é?“é&‘@? H’r’r‘?époﬁ’ﬁf‘éffﬁs f:)(]not(‘,’kf%Bfl aﬁ%ﬁcgrﬂla&?' gj’e 618”1?%1%?141 g 8€ Sched
toget her using 5 wel ding, pressing, fusi nfg, or .ot her techni ues(?. I n
certain enBisks mekbs selsaeh basedionithy heal teang f)éﬁqéltrém@@}ﬁﬁfi‘ié}w HagondigHTede
stacked together with other disks of the sane or different sizes in a

modul ar f agio emother stagk foradiffexckt ehpirementhe nunber and size of the di sks may
be sel ected based on the heat transfer requirenents and may be reconfigured
i nto ap@t hghe Sdcaplaté B08 fial be shgtitlyr latpet thamei substifid Her Hanepl@lbetveccd@Boumy be

slightly larger than the substrate, for exanple, between about

100% and 125% larger that the substrate or between about 14 inches and 16 inches in
diameter (Drront pLaTE in FIG. 3B) for a 300-mm wafer showerhead type. To ensure
thermal uniformity throughout the face plate 308 and to conduct heat to and from the
back plate 306, the face plate may have a thickness (TrronT PLATE in FIG. 3A) of at _least

15 about 0.5 inches or, more specifically, between about 0.5 inches and 1 inch or, even
more specifically, between about 0.7 inches and 0.8 inches. Further, a combination of
the front plate 308 and the back plate 306 may be characterized by a contact area
between the two, which, in certain embodiments, may be between about 10 square
inches and 30 square inches or, more speciﬁéally, between about 15 square inches and

20 25 square inchels. As shown in FIGS. 3A-B, the contact area may be shaped as a ring
with a diameter of between about 12 inches and 16 inches and a cross-section of
between about 0.25 inches and 1 inch.

Showerhead components described above may be fabricated from materials that are

capable of operating in environments (e.g., fluoride based chemicals, plasma) and

14



100% and 125% | arger that the substrate or between about 14 inches and 16
inches in dianeter (DFRONT PLATE in FIG 3B) for a 300-nm wafer showerhead
type. To ensure thermal uniformty throughout the face plate 308 and to
“conduct heat to and fromthe back plate 306, the face plate may have a

t hi ckness (TFRONT PLATE in FIG 3A) of at |east 15 about 0.5 inches or,
-nmore specifically, between about 0.5 inches and 1 inch or, even nore

specifically,, between about 0.7 inches and . \nches, Furt , ,a

conbi nati o ’@F“‘l"ﬁ\g@f%’oﬂnﬁﬂr%ﬂl@s ﬂfgu%ﬁﬂ aﬁ%‘?@t %leé)ppgtaetyﬂf@[ rﬁa@b pgftamber.
characterized by a contact area between the two, which, in certain

enbodi ment Examplys l9é masernale incidsualuminuny (age $radch686ahb, 3003quadpP@3-Hléhes or,

nore specifically, between about 15 square inches and 20 25 square inches.
As shown i sainldsSstedLamd cerdirics (g .aslumiiada nmay be shaped as a ring with a
di aneter of between about 12 inches and 16 inches and a cross-section of

bet ween abpiced ghged 1€ MRfoduaEd fhrbﬁ'%?ha gaRWE chamdl STROME Riesn 65 6hd Aed above

e
may be fabricated frommaterials that are capable of operating in

envi I OMTeNfgo s fle badid BIAEBE bBRSE t?&%hg Hahitold A H6 BiteeAOBRIL ABR

(e.g., tenperatures of  upto a a typrca chanber.” Exanpl es

of materia i nclude al ym e.d....drad 061-.16, ,3003= 30Q3- H ,

st ai nl ess é(?(é@qcftlhg%@e é#*ghﬁ@?fﬁ%@’{ff"g|aa‘°r?ﬁ1‘§>“.’a>i:¥‘8’&‘8§é T Ogss-‘éminif%roduced
t hrough a gas _feed channel 310 in the stem 304 and flow 5 through t he back
bl ate 306 BERBUENEHAIGPIRS EHes fLaHY Brenhouhe sand s epetpealsbatke 306
and the face plate 308. The manifold area 316 nmay include a baffle (not
shown) f or plies306 it thegfatdplater Mfemay damsaveragal betweenmbgho 025 tinghesang 1316.
The gap between the back plate 306 and the face plate 308 may be on average
bet ween ab@i¢h. 0. 25 inches and 1 inch. 10 To maintain uniformgas flowin
the manifold area 316, the gap may be kept constant with a nunber of

separ aj@r / §8ag4 éirpeﬁ%&dnoghg%&@%ﬂ%r}n&%l@%% 3q|69|¥h% g%?%é’}nge k& doagento! at e

308 at various rlocatlons, . 0. 6, or up to 10 locations. In certain

emoc ot BRI o B PRI Rt ol
separator/ %ﬁ?eci%SsatAfv%%oES 1&2&0&?8@. ?,l éto$ u%(%g IBXOC%%QSS. In certain embodiments,
as shown in FIG. 4A, separator/spacers 402 are a part of the face plate 308. The back
plate 306 may be attached through separator/spacers 402 to the face plate 308 by means
15 of welding, or brazing. Alternatively, the back plate 306 may be fastened thiroiigh
separator/spacers to the face plate 308 at threaded blind holes (not shown) In other
embodiments, variously shaped spacers or bushings with or without internal threads
may be used. Although the screws are described to enter the back plate 306 and to
thread into the face plate 308, the reverse configuration may be used (i.e., entering
20  through the face plate 308 and threading into the back plate 306).
Returning to FIGS. 3A and 3B, the stem 304 may also include an opening for inserting a
temperature sensor, i.e., a temperature sensor thermo-well. The opening 312 may be

sealed away from the manifold area 316 to prevent process gases from escaping through

the opening 312. The opening 312 may allow replacing a temperature sensor without
15



15 of welding, or brazing. Alternatively, the back plate 306 nmay be
fastened through separator/spacers to the face plate 308 at threaded blind
hol es (not shown) In other enbodi nents, variously shaped spacers or
"bushings with or without internal threads may be used. Although the screws
are described to enter the back plate 306 and to thread into the face plate
- 308, the reverse configuration my be used (i.e., entering 20through the
face plated308 d thre dinﬂ k@fg t he back %I t e ﬁpG%. R?Hu&qj&%r%qﬂﬁlGS

3A and 3B, oteeBping Beanowgeadsiod, a e snbedmnie? FaPoraitis ey o8
tenperature sensor, .i.e., a tenperature sensor therno-well. The qpening 312
may be seab%tfph\ﬁﬂi/whﬂ%Fﬁetﬂhewﬁﬁ‘ﬁ?‘fé‘l)(blséﬁé@e 18 adgPesitignsrhambeppautal s from
escapi ng through the opening 312. The opening 312 may allow repl acing a

t enper at ur #s epanatog pressheeat  di sassenbl i ng the showerhead 300. In certain
enbodi nents, a tenperature sensor could be replaced while the showerhead
300 is att@aphechpjettdre deR0S bpériy Tirizkenfigmedirduchd vady thatsandpsialédd segsor
pressures. -The tenperature sensor opening 312 is configured in such a way

that ansinglighdi®40§SnsaG. 5 dRlsBERNtn PRES. 1IN KhdBBPis tReimaijWipicd WitiGhe 3A
and 3B) is thermally coupled with the face plate 308. For exanple, a back

| ate 306 f j i i . 314 t
Bt abl i shelich AHEY 80F; FEEFHATpIE R BACK Pile U phy 3ol R LG AiGRIE il IR

l e, throj th t act dth i f th hover.head
300 1 ' ¢ HMeTHg er ot G hurro T ER BRI drec e nBey it B g PP IB e K onse
about the current 10 tenperature of the face plate apd all ows nodi fying

the heat fexpmplerthbiayeh theecontashareasrnd the,peraneler alothe sagwerhead # ndAl or
nore opening for inserting heating elenents, i.e., the heating el enent
openi ng 3ldordRurdtionsta da¢raperaturd-lseor 3proaitkts 3B. faFthirespopseniahout3 the icurremal ed
fromthe manifold area 316. Wen a heating elenent (elenment 504 in FIG 5;
not 15)@howmgeratineGSf BA favd pilr sl iallsival medifyingothehteanpAok nradibh, thet
beconmes thermally coupled with the stem 304 and/or the back plate 306.
Ther mal coggkﬁggmgf the heating elenent to the face plate 308 is

establ i shed through the stem 304 and the back plate 306. In certain

crbod! Ty i 16, PRETHIR 4 el B PP s O
the heating element opening 314 as illustrated in FIGS. 3A and 3B. This opening 314 is
sealed from the manifold area 316. When a heating elément (element 504 in FIG. 5; not

15  shown in FIGS. 3A and 3B) is installed into the opening 314, it becomes thermally
coupled with the stem 304 and/or the back plate 306. Thermal coupling of the_h_e_ating
element to the face plate 308 is established through the stem 304 and the back plate 306.
In certain embodiments, a heating opening 314 is configured to accommodate a
cartridge heater. For example, an opening 314 may have a diameter of between about

20  0.25 inches and 0.5 inches or, more specifically, between about 0.35 inches and 0.4
inches, and a depth of between about 3 inches and 7 inches or, more specifically,
between about 4 inches and 6 inches.

FIG. 4B illustrates a bottom view of the face plate 308 in accordance with certain

embodiments. The face plate 308 has a plurality of holes or perforations 406 to provide
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20 0.25 inches and 0.5 inches or, nore specifically, between about 0.35
inches and 0.4 inches, and a depth of between about 3 inches and 7 inches
or, nore specifically, between about 4 inches and 6 inches. FIG 4B
‘illustrates a bottomview of the face plate 308 in accordance with certain
enbodi nents. The face plate 308 has a plurality of holes or perforations
-406 to provide even distribution of process gases fromthe manifold area

316 into the d it . [ f.

houn' i 1 FPE" JBTepaR i BERS e, PR, Vs BRI S %4B] b T MRS

f I Each hol e b t t 0.01 25 h

di anst or of anﬁ%‘fe%&m?%%aﬁpfsﬁeqﬁséw?%ﬁaa@oméﬁ@ﬂ%e%&a Bienches.
In particular enbodiments, a dianmeter of the holes 406 is about 0 04 i nch

in di amet emay $snmathoness mitled, hervdrilkds fasrexampls. 2 Each hela mashbe Setween abgutnpl e,

hol e sizes may increase further away fromthe gas feed |line 310. The nunber
of hol es nmaylhecheshnde.s avhat inldiémetador] hobdEpeoificaliprbetveqeaabbutdbdl nchast ween
about 1,000 and 5,000. In particular enbodi nents, the nunber of holes is

bet weens abgy 03, ifdksanth farlO@ar diiBodifhch! @ﬂldﬁﬁﬁ’ert{ﬂ' tHé Biblek BU6 edasyuenl

t hroughout the face plate 308 in various patterns, e.g., a honey conb

pattern or; ﬁ‘i{l%?a%tlé?%[ th Ec?l%e %@édﬁfcﬂan@@fz&é &‘dh%‘ihe‘?@ &% fo, hglenunmber

of C|rcles ttern I's between about O’circles
or, nore specifically, hetween ahout .20 a d 40 c rcI S

speci fi cal P¥ W@Y\%cé%/?sﬁ er%"aﬁg H’ecgarS eéislm % ﬁéf’n%‘f"aber ﬁé‘oﬁglnéayrray be
in the center, follo -15 holes 15 pqsitioned at .the samewf_ﬁéb nce

fromthe céabeivern pbm(nloe andaloé)pp O raﬁarerfatxtlﬁﬁq%by betyeanaheyt b)0%a 12-30
hol es positioned al so at the sanme distance fromthe center hole, but this
second di siraparticilar ¢mbakmeits, the nembeli afthetesas betwderns abaaih 3,760 apdA0§0n The
embodi nents, the first distance is between about 0.20 inches and 0. 30

i nches10 Funbles ay/beldesrikaed sesnly tirenghaii thel facp ldte B0S inwdrivus paters, e.g., a
di stribution, such as being nore densely packed around 20 the edges than in

the m ddl ethfleyt&')%H ﬁ‘ﬁ?crrpl)laih@re%lng’l&QErg&e&?@es @8 pefirblaY emBbdihiehRUA hembef the
hol es 406 1 n the face plate 308 dépends on various factors, such as desired

low rat ey o) ﬁ#g@aﬁé ﬁﬁ%bﬁfshé n%heaﬂﬁke%ﬁ 7 SR RRCaRE) STELE EREN il Sl
;gdt 2? |b|a](c: g e% icajl 5,3 I%S\yséjrﬁ oyt 2@@&%9 fgﬁ(c:l%s }aetveen r%%?e gpaeglti?:gll}(l:,% een a l(J)l(?t to

25 and 30 circles. For example, one hole may be in the center, followed by 6-15 holes
15  positioned at the same distance from the center hole (i.e., a circular pattern), followed
by another 12-30 holes positioned also at the same distance from the center hole, but
this second distance is twice the first distance, and so on. In certain embodiments, the
first distance is between about 0.20 inches and 0.30 inches. Further, holes 406 may form
various patterns with uneven distribution, such as being more densely packed around
20  the edges than in the middle of the face plate or vice versa. Generally, distribution of
the holes 406 in the face plate 308 depends on various factors, such as desired film
uniformity, film profile, and process gas parameters (e.g., viscosity, flow rate).
In some embodiments, the face plate 308 is removably attached to the back plate 306

such that the face plate 308 can be changed due to end of life, or to provide a new hole
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pattern. The back surface of the face plate 308 may include mating features
to attach and detach fromthe back plate 306. For exanple, one suitable
mating feature nmay be a groove and threaded blind holes. According to this
"exanpl e, the groove may mate onto a corresponding lip on the back plate
306. Screw holes on the back plate 306 or face 5 plate 308 are positioned
-circunferentially and match holes on the mating plate. Screws attach the

back plate 306 a ace ate.308.to h The nurber..of .circu tially
poSi t | onedp%f%v\igﬁ&?&%%ggfe 0% etfag%gfj{te 368 g}ayllg‘glgile Lo 1hnd f%‘fresatg ﬁ%eaggt

about 24, or at |east about 50. O her matipg feat_tééfs for tthe back, pl ate
306 and 1 nendkdeashirom ek playé B. Eerexample, eneimiable toeing feptie BAY A2
mechani snms may include straps or clips or a sinple 10 friction based
engagenent gnoaye el thsradedbkindhelps: Acoreding tnthinéxanmpde, fthegropyamey 36¢e entosel y
mat ches those of a corresponding receptacle in the back plate 306.

Addi ti onal 5 defrépbadiag liptdnatibibagk blate @6 eSpleat Ivlésoort the Baak lplgut 30€ oafaee
described in US Patent Application No. 12/181,927 filed on 7/29/2008

i ncor poy at BRI pBYti SRU R IR Eerbitialll Sn€ MdiéEholed O thRUhARSSHIAE. 882G bi ng
face place attachnent. In certain othér enbodi ments, 15 the face plate 308

[ t I I the.: t

be fabr i cabbin Po b 3083 offe Tt 100 tonslfer TR R Bber (G IR RBRLE o7
fabricati . 9., | ded, f d .. Th t hnent
betweon { RBOYRE5PETS TRaAt I hRE LA st SRt BORLE RGeS0 heat
transfer between the two conponents. 20FIG_ 5 illustrates a tenperature
cont r ol | edabswoBr hetgr mpsiagitajurseprithe heckoplatgidé anrtthe Ease ﬁ’éﬂt%3@ﬁ@bjibﬁent s.

In addition to the showerhead that includes a stem 304, a back plate 306,
and a f aceugdatfer 8R8nple sathérfasiemibg weechaismaswg idlydes®@psray clgissw ai smoplede a
heating el ement 504, a heat exchanger 502, and a tenperature sensor 506.

Any ong of frldﬁ@ﬁ%a@é@ﬁﬁ%ﬁgémﬁﬁymbﬁ beewsed alllee theAdin@mbiong of ltesréne [f4d 308
thermally coupled to the stem 304 and/or the back plate 306. In certain

embodi ment 5105@12 I?r}#?ﬁﬁg iR %%%s%ﬂiﬂ?e@é(}ﬁ%c@é %rf‘(% Sabldplafid 965 h@&ﬁi%lﬁﬁ

positioned wt eati ng el enent” openi ng(s) of the stem For exanple, two

cartridge heater be used w c i ned t about
250 W and SIS0 MBFNREAE “Epbaidle dar Y. bA% RN SHcRBhb 03 PEERW 1
certain enbodjnents, the heating. el eg&&g i hcl udes i nsyl ati.on, f.or,
exanpl e, bypakisasign o2y V827¢filed op ¢%/ Beprpprat PIE; By TefeTeResi ipdlS e RF
i sol ation device. _

entirety for purpose of describing face place attachment. In certain other embodiments,

15  the face plate 308 is not removable from the back plate 306. For example, the two
elements may be fabricated from the same block of material or integrated together after
fabrication (e.g., welded, fused, pressed). The permanent attachment between the face
plate 308 and the back plate 306 may provide enhanced heat transfer between the two
components.

20  FIG. 5 illustrates a temperature controlled showerhead assembly 500 in accordance with
certain embodiments. In addition to the showerhead that includes a stem 304, a back
plate 306, and a face plate 308 described above, the assembly 500 may also include a
heating element 504, a heat exchanger 502, and a temperature sensor 506. Any one of

these elements may be removable.
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As shown in FIG 5, a thernocouple 506 may be inserted through the opening
in the stem 304 and extend through the back plate 306. In certain

enbodi ments, an entire 10 tenperature sensor opening 312 is nmachined from
"the sane block of material. It has been found in sone enbodi nents that
wel di ng or otherw se integrating separate pieces of a thernocouple well is
-prone to cracking during thermal cycling of the showerhead and may result

in vacuum l,eaks and/ or function of th er. i sHi ting
¢ hor mal ATHANGS CBEnE Fer b BEEaTS £3bkl o MCHTTR 2B B eb MRS e B ot
15 0.05 inches and Q.25 inches in dianeter gn average or, nor,

speci fi cal Iny centan gaehodipents, @‘.el}@apﬂ% sisanenh U3, Boone, PR &ore ‘I‘ﬁ‘&"g%%&(:ﬁeﬁf t he
t hermocoupl e is determ ned by the design of the stem 304 and the back plate
306 and typositadried withinksatingeclementrapsoing(s of sheestemn dFalexample, Wag caigidgse
bottom of the opening 312 (see FIG 3A). In certain enbodi nents, the

t her nocouphe&at&rdGmays bbaised avittahasmbinédpbveer amguBof betwesn iabolie2HA W 2hdor ,
nore specifically, between about 6 inches and 7 inches in |ength. Another

exanmpl es of 2 Zoh RRE! Fhree spRNNaNY, dRUIG&a hbalt sBOWbendsed00Wst el Rftainhe
t hernocouple 506 is a non-contact tenperature sensor (e.g., pyronetry,

f | uor escencar BARRM:S RS g(gdﬁgg(rﬁerﬂér}tiiﬂélgaéf'seﬁFtinﬁgm%%):xam Bepy hshpomoupl e

506 nay al SO be I nsul at Isol ate rom-t RF. The RF 1solation may be

acconpli sh t hrough operating an RF tra e frequency and an RF filter
at anot her %g’“é‘gﬁeﬁ%.or%%f’%ﬁﬁ ‘?%V,’m?rﬁ@”ﬁlgvélf%ﬁqg‘ﬁ‘ﬁ"ﬁ?”ﬁ%ﬁ&\% operation has
two frequency conponents, a high frequency (e, g., 13.56 I\/E%) trap.and a | ow
5 frequencyss(shoyn in436. RHe thesmecouple SHf maydheinsertediduquel e PPEmHes iifCone or
more filters. In one enbodinment, the RF isolation device includes a high
frequency atech 304 and Exegd emoygli thet back plitte ot RFcdrip ambodiments, AR epbife eved
that the thernocoupl e neasurenent woul d not be useful because the RF

i nt er f g enggnieratiet fasdd! GeAmgBEINEE ahahined Yo e tamge Bloekiof niddiacliehat i ¢ of
a possible configuration of the RF isolation device is shown in FIG 6. The

ther ”Dcoupbseéﬁ%@@%s&ﬁe %MBB&%{&?%ﬁthéldﬁﬁg@ir'Utl?e?ﬁris%ti@t@kraﬁﬂ@@éﬂ’aratérﬁiéééﬁ heat h

is wound to a col 03 1n parallel to a capacitor 605. The coil acts as an

nuctor. agd e OB O, B SRR R S0 L e
capac tor ggc? rrrlrz%/y I‘QS?:I teinavgc% ?nCiléaiQ Ca% ofr r%gl%.lljntction of the thermocouple possibly
resulting in thermal runaway of the system. A thermocouple 506 may be between about
15  0.05 inches and 0.25 inches in diameter on average or, more specifically, between about
0.10 inches and 0.20 inches. The length of the thermocouple is determined by the
design of the stem 304 and the back plate 306 and typically allows the thermocouple to
extend all the way to the bottom of the opening 312 (see FIG. 3A). In certain
embodiments, the thermocouple 506 is between about 4 inches and 8 inches in length
20  or, more specifically, between about 6 inches and 7 inches in length. Another e_:xar_nple
of a temperature sensing device that may be used instead of the thermocouple 506 is a

non-contact temperature sensor (e.g., pyrometry, fluorescence-based thermometry or

infrared thermometry).
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15 85 pf (picofarads). Remaining 13.56MHz RF is shorted to ground 609 with
the second capacitor 607, which nay have a capacitance of about 10000pf.
Trappi ng the high frequency with the sheath also blocks the RF in the

‘t hernocoupl e wires enbedded in this sheath. The 400kHz frequency is not

bl ocked 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 20 13.56MHz filter there
is still 4Q0k noi se .t i S subs f ikt t

(requency  FI% (eI} pOk doiy e RS bhy &ladq S e 1 A RF

t wo- stage | ow pass filter. Rot t ages may. be C design_.simlar to the

i oh F roquisRIEoR Travebe aomplahet e B rering R ol qbats feamsy Bt
connected directly to the thernocouple wires, but the high frequencg filter
may be conRE&cfileat at @nother Sreurnhy.oflypicallretha i Applicd IFI@EE,VD APty hasg
maintain the face plate 308 at tenperatures that are substantially | ower
than the sthbstfrauenyndompengnesesthigh feqeervgate.sortdiSondyiHz)etas and bdowenoved
fromthe face plate 308. A heat path is provided between the face plate 308
and thes he%q@ﬁ@pgag.,eno@%z)tweom RRolaask ddliad Rap it liednt bendkeMa@d4. The
heat 5 exchanger 502 is configured to renove fromor, in certain

enbodi ment g, ho (fq@lj}d ilntBRL Rhfoisﬁ{'()aggi?&éfrce FHELAS 2 HgMErddGaicy B R8okenoved

fromthe expose rtaces of the plate and the Stemdue”to radiation.

Each of these heat .renoval. featyres will now. b .SGu LN ail.
The heat e Sﬂﬁﬂﬁérﬁ&ﬁ? ngyn%%@p if$%%@8’dﬁ th e@?%%]%%ﬁqgﬁcﬁgph§§gﬁfk t wo
10 conponents are thermally coupl ed. For exanpl e, the heat. exchanger 502
and the st @wasmamerty wenlde ngt benvselyl Berapsee the KFy intedlergnce from hq l3sMaor ni ng
a nounting surface at the top of the stem or a sleeve around the stenm of
bet ween abgener@0or wn@lddedo@greeh. The heat exchanger 502 may be easily
renmoved fromthe stem w t hout inpacting other conponents of the system or

t he enypr oaeshemafic bhe pdsidtsis icohBguratimndfthe RISiEblative dpeacaiswhewnrinthie. beat
exchanger 502 nmay be controlled by circulating a cooling fluid through the

heat exchangerhafpcofidmbRd10E wR8LhRA by Wi dsinicse sidde shatte I Thiashal i r eeze
sol ution, and various cooling gases (e.g., clean dry air (CDA), argon,

helium ni t\&;o?lgﬁ % a QXﬁ {6@3%? Par?igel?tcs) @%@h&{i&r %55 t ﬁ‘ﬁé ‘?:Bifl hets '8 aR@ducftlaRl the

enbodi nment s, e €00 er supplied Into the heat exchanger at
bet ween about 15C and 30C at a 20 flow rat l.east ..about 0. al | ons
per ni nut e CERESNPT Torms afank Aropi ‘ﬁhﬂb‘?lg%&g‘? (t? ?’T%N@#e“?@i'pgﬁ%mﬁ Qa%?a%:n%m
cooling fluid and the flow rate can be adjusted to control the heat flux
bet ween t héndvstanceof Abavgdrmiochenrid aneh sapaceps GOy may hage p Capasitaniso]i aheHt s,

the cooling fluid may be additionally cooled with an external chiller or
heat ed 19i t 8531 (picofarads). 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
20  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
pass filter. Both stages may be a LC design similar to the high frequency filter. Please
note that the low frequency filter may be connected directly to the thermocouple wires,

but the high frequency filter may be connected to the sheath only.
20



external heater. Further, the valve 510 controlling the flow rate of the
cooling fluid into the heat exchanger 502 may be adjusted to open or
restrict the flow as described below. In certain |ess demandi ng
~applications, the heat exchanger 502 al one may be used to control the
shower head tenperature (i.e., no heating elenents are provided in the
.stem. 5 For exanple, a showerhead may be heated from ot her externa

el enents (g.9....a.S terate) and the h i ool
he. shover Redmindif HHon Soh i e R, bfaRthe HRaMEEos g HERGaffyiEat
configured to provide both heating and cooling by supplying circul ating
fluid at vebskptaleloyer §1aﬂrtb%.suhsﬂat8taﬁgFh%ﬁﬂﬁﬁ%n%mesl}eaf%neég%“ér?ﬁﬁ} el udes
one or nore heating el ement 504 as descri bed above. 10 In addition to

cool i ng prwmaled fioym thefae plate 20Hhahdeat pdikas preaded gtwigen thadycef plath 308e
shower head surfaces. To inprove radiative cooling, the external surface of
the stem amel therhdahexdfaapar SRathromph the backapbatke 306 and tid sthmedi4s siThe hyat
material. For exanple, the coating nay be anodi zed al umi num The radiation

i s absog begydhundd?S0Pad EsnfRurddns réMavREmtdain RFBInd@MIdahénts, T abli R hdar
(e.g., around roomtenperature) than the 15 shower head conponents. The

chanber to S t 1 I 1364 V) i | icr ease
radi ative R)e{a{?%t3?g'n§ efr?e.r’ %‘ﬁ'@é ?%é?“&gh’s‘? S?l?gggea %?H]'? %éeyﬂghg%%&ﬁ% %%dfﬁ%é;b%dg al so
coated with anodjzed al um num..for anmpl The chanber .t may,, be cool ed

i ndependenPl¥F m?ad é‘.e StSER lLAHe 5‘66?41?{5’"\7\2%3@? qfﬁh&q’f 9 hreé‘léq.V?Lfﬂﬁgg?ﬁJB’ﬁ} H%Wfbse, t he
assenbly 500 includes a tenperature controller 508. The 20 controller 508
may be useélsﬁ‘éﬁsﬁ?‘b@dn@q@éieiaélnperat ure information fromthe thernocouple 506,
and adjusts power delivered to the heater 504 and / or flow rates of the
cool i ng f| Uhel licht eugtngere SH2 amae behposjéoncd0on thorstanaifdl euchi that Hbe two
controller 508 senses that the tenperature of the face plate 308 is

subst apg i abbmpbrene art fiastmuhe co@iled) OF 6t exagnple, thd heat deglaagdri 02 abaldstemi s
bei ng brought up to the operating conditions), it may shut down (or close

to a certaip degresd of Qaatalweace k0 ganthdaNeX asger BeniRR Wetho @Rl dufdcd & the
heat er 504. The“controller 508 may "al so be connected To sensors neasuring
cooling fl ﬂiledtofp lo?\%er &érg,s or a sleeve around the stem) of between about 20 cm?® and 28 cm?.
The heat exchanger 502 may be easily removed from the stem without impactirll—gwotﬁ'er
components of the system or the environment of the deposition chamber.

15  The temperature in the heat exchanger 502 may be controlled by circulating a cooling
fluid through the heat exchanger 502. Examples of cooling fluids include water, an
antifreeze solution, and various cooling gases (e.g., clean dry air (CDA), argon, helium,
nitrogen, hydrogen, or a mixture of thereof). In particular embodiments, the cooling
fluid is water supplied into the heat exchanger at between about 15°C and 30°C at a

20  flow rate of at least about 0.5 gallons per minute (GPM). It should be understood that
the temperature of the cooling fluid and the flow rate can be adjusted to control the heat

flux between the heat exchanger 502 and the stem 304. In certain embodimer}ts, the

cooling fluid may be additionally cooled with an external chiller or heated with an
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tenperatures of the cooling fluid when it enters and / or |eaves the heat
exchanger, and 5 other process paraneters. For exanple, the tenperature
controller 508 may al so take feed forward i nfornmation. The feed forward
“information may be the tinme period until the plasma turns on. In some cases
the feed forward information may al so i nclude other predictable events that
.affect the showerhead tenperature such as wafer processing with cold wafers

or gas flow.intp the showerhead, Fqgr ex le,, the contrgll er,.508 . 10

i ncrease tﬁ’éteﬂ’@g][‘eé‘?ero PHY)\% H}?Vgh‘iei Sgprfgflﬁgﬁn%?heaﬁl%%&% 858‘8\?881[",‘g g‘.“g% ?{to
chanber purge, or decrease the heater input in antjcjpati an O,E (ﬁ)FZeati ng
event, e. gthe hepkexehanesh3902 may be adiustsd fepPenes ressct A IOV 38 AessaBeq PRlOWool i ng
by increasing cooling fluid flowin anticipation of a heating event or
decr ease t frecotan ilasg domandiog epplicagions dh¢ heatfdxghanget 602 rlonamdychpusddoie of a
cooling event. 15Various conbi nations of the input and output conponents
may be usedoitib] thed omettead tmipepathien@e s 66 @eRihg danertxawprevidatinithestemdl i ng
(rmodul ating cooling fluid flow) may be used with active heating (heater in

the back pkgf @kahpPledGC MATShHICRAY 'Y helienardisasindeBREMAl Wetnenffe.g., a
shower head tenperature nmay be neasSured directly froma thernocoupl e
P& 20
y

ol medy | Sitstfich BEE uft PP exMan e € LNGHy K0 OISRE Lo RO QB by
cool i ng f1 OF G ESHPET At ure. TH8me° Cases,” on y active cooling or on
active heating,my be included in the contr system Still .other inputs
may be incFE’H%@F,"‘%‘%Hh“agle?teﬁffg?%ﬁeﬁr‘@a%é‘?s? lgb‘f‘ydt Fe PEGHTS ﬁ?&thf F‘fﬁ?ﬂga? he
inlet to accurately deternm ne the heat renoved fromthe showerhead. FIG 7
i || ustr at esoclingenamprtying cacwaingsilvidh vageuselemperatyres. aHcothemgiBROGAERS,
certain enbodi nents of the invention. Exanples of the system 700 include a
VECTOR Exprlesstdnily sicditdesoaa dr mokEHEhGR: Eletmenn®dtas)desyriied abexeai | abl e from
Novel l us Systens, Inc. in San Jose, California. Both of these systens are

al so ay@i | abh&dition ASEMNG previdedbMifekhea™eRdhasgenf hegtifray iradiste aliay Sromikiee be
noted that a novel showerhead descri bed above could be used in CVD systens

W thout | n'sﬁ&&éfh@idﬂﬁ?ﬁcés?; go’irnggcﬁfngq?giagr\/@c%(g%tﬂ?e pligaPs BaFeRe ¥ and

in CVD systens Wt n-situ p m cr owave pl asnma-assi sted

O oo SrSEREL SRR KB S, BB, 5,
this type Ct)}fle c%\a/llt:i)ng ¥r?atyel?e] anodized aluminum. The radiation is absorbed by the walls of the
chamber that are generally much colder (e.g., around room temperature) than the
15  showerhead components. The chamber top may also be treated with a high emissivity
material to increase radiative heat transfer. The inside surface of the chamber top may
be also coated with anodized aluminum, for example. The chamber top may be cooled
independently, e.g., with cooling water lines.
In certain embodiments, the assembly 500 includes a temperature controller 508. The
20  controller 508 may be used to read the temperature information from the thermocouple
506, and adjusts power delivered to the heater 504 and / or flow rates of the cooling
fluid through the heat exchanger 502. For example, if the controller 508 senses that the

temperature of the face plate 308 is substantially lower than the set point (e.g., the

deposition chamber is being brought up to the operating conditions), it may shut down
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As' shown, the system 700 includes a processing chanber 718, which encl oses
ot her conponents of the system 700 and, in certain enbodi nents, serves to
contain the plasnma. The chanber 718 contains a showerhead 714 and ot her
‘process gas delivery hardware, a substrate pedestal 720, and sensors 724.
An optional in-situ plasma 15 generator 716, such as | owfrequency RF
-generator and/or a high-frequency RF generator, may be connected to the
shower head, 714 and/ qr_ pedestal., 72Q. ) i.cient
o goner at OFA5F SoRECTRBAERE B Save RIS 0fe HEF e BN 4T
energy for a deposition, and a higher power for a plasma anneal. In certain
embodi ment 804t he generators are not used during the deposition, e.g., the
20 deposition takes place in "dark" or non-plasma conditjions. During the

pl asma ann&h¢ contepler 50%meay alsorbe cprmected tasensprs measuring epdingdipiddowgalgs, For
exanple, in a typical process, the high frequency RF conponent is generally
bet ween 2- Ghpdrirures of thepuoefing flaid whéroniemers andt /her leorp drecheat exchadgebtaniHz .
Wthin the processing chanber 718, the pedestal 720 supports a substrate

721. The pegesbalcestthriti@bial Fof dxampldas Rnpakele BRGolldrfI08RhAS alsd tal@i se
and | ower the substrate 721 during and between the deposition and/or plasna

treat nent 'fe%ﬂ%fv%ﬁa i fEHﬁat?Jh‘JPthéTPéég B6rvRd %fgﬁﬁ%t%étrﬁ{?; Ee G e pRrid®ai@n! cal
chuck, a vacuum<c uck CorVari ous ot her types o chuck as are available for
use in the indqustry and/qr research. JIh r oces ases are . introduced into
t he chanbtheﬂES“%‘?Y‘BEdW' 3H«§°’§‘ﬁ89\§§? ﬂ?a%edei:%ﬁw?rrdﬁlﬁfocgﬁ‘éﬁ%? ¥ Also AP RS tﬁ‘E;rases
source 702. The source 702 may include val ves and ss flow controllers
(MFCs) . | t Predictabde evsmis that aef&ct;‘}leéh%\y%rb%% ISBRETABITE sychas vafer rQesssing WA t hat
desirable ratios of the process gases' concentrations or partial pressures
are 10 achkceldedafers othgaspflowdsw thieashowerhembadior srapplsdtie eondrpdlentf®mayases
exit the chanber 718 via an outlet 726. A vacuum punp (e.g., a one or two

st age m@chawr&sé thl MeddétnFutpitdinadntidipatio ofial @olihgreventrp)., tohpinbed pyrgelr aws
process gases out and maintains a suitably |low pressure within the

processing tdﬁé}@%@%e %?t@% Hﬁ%%‘ij ahBGPatfANGf 2neBthd b €81 PldiaObndeVTige,

such as a rottle valv a pendul um val ve. The chanber 718 may i ncl ude

724 f i i . . .
of “the subéopitlor 2R YR S G RuRR A TIPS UOTe bRPERCET O

process gases .inside the chanber, and others.. The sensar 724. .pProvi de
sensed i nf ARtEPILiAR A5 haqting g¥ed oF deiEass therooins by EeaiaTRg C%‘ﬁl nﬁiulg(gﬁévor 724

i nclude residual gas anal yzers, pressure sensors, thernocouples, infrared
pyr omret er s jin anticipation of a cooling event.

15 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

20 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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20 and others. It should be noted that other sensors may be included in
the showerhead 714 as descri bed above. In certain enbodi nents, a system
controller 722 is enployed to control process paraneters. The system
“controller 722 typically includes one or nore nenory devices and one or
nore processors. The processor may include a CPU or conputer, anal og
-and/or digital input/output connections, stepper notor controller boards,

etc. Typic Y- t il ro ot i '

coni rof I er 53y RkS el ettt YRR achBfb B SRR A E RN TR
sof tware di spl ays of e appat at us, and/ or pr.ocess C itions, r

i nput devi E‘Bgo‘géfﬂtsa ﬂ’tﬁ’i HF’FWbOndej':rX@EE’,lesk Hlf’a?’ffze,m ?@@cwcgﬂigcﬁr Zﬁﬁgﬁﬁ

m crophones, etc, AIthough the systemcaoptroller 722 is shown connected to
pl asma genBxpressy  pygemiand apy BeEQBxtepme ¢ shlemtaveilable fram NeyellupJxdemen t he
particular inplenentation. In certain enbodi nents, the systemcontroller

722 i ncor phrcatreSars fove, Galifatdia.f Bott ofotheseofystelns are aise mmilabte inoAshablel ldard
descri bed above (element 508 in FIG 5). For exanple, the 10 system

control4 er MadR (ABMPadrTRiurdtivher Makhaild ®8 ot tHafth UfoveDihdwighdadcdes@iteide and
use this information to adjust heater output and/or flow through the heat

exchanger . ;e BYRIRSEOH (%) @;@%&w%ﬁ?ﬁ;ﬁﬁl gpié(s?ﬁa?(é‘.g?,%&rhfé'l C3AS, r¥RbR

i ncluding sets of instructions contro tenperatures, flow rates of
gases 20 Ll S5pu SIS PLER SIS p URRLLL Rl FIREY BHRS, (TN
microwave plasma-assisted CVD). For brevity, a PECVD example is illustrated in FIG.
7 and described below. However, it should be noted that the invention is not limited to
10 this type of CVD system.
As shown, the system 700 includes a processing chamber 718, which encloses other
components of the system 700 and, in certain embodiments, serves to contain the
plasma. The chamber 718 contains a showerhead 714 and other.process gas delivery
hardware, a substrate pedestal 720, and sensors 724. An optional in-situ plasma
15  generator 716, such as low-frequency RF generator and/or a high-frequency RF
generator, may be connected to the showerhead 714 and/or pedestal 720. The power
and frequency are sufficient to generate a plasma from the process gas, for example,
400-8000 W total energy for a deposition, and a higher power for a plasma anneal. In
certain embodiments, the generators are not used during the deposition, e.g., the
20  deposition takes place in “dark” or non-plasma conditions. During the plasma anneal
step, one or more HF, MF and LF generators may be used. For example, in a typical
process, the high frequency RF component is generally between 2-60 MHz; in a

preferred embodiment, the component is 13.56 MHz.
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15 O her conputer prograns stored on nenory devices associated with the
controller may be enpl oyed in sone enbodi nents. The conputer program code
for controlling the processes in a process sequence can be witten in any
“conventional conputer readabl e programm ng | anguage: for exanple, assenbly
| anguage, C, C++, Pascal, Fortran or others. Conpiled object code or script
-i's 20 executed by the processor to performthe tasks identified in the

program T e ' Lgur '

i Terent b&‘étyh?f HEP3irbfnlfRy 788 EYARTH 20 SRRLHOU SRR, TRLY The
control objects be Ltten to, contropl. . operati.on of the. ch e
conponent s p?fgé'éls vatcﬁﬁgﬁ ’a{}cﬁ'&ﬂgﬁ) & f’h't‘q?fe a?fgiéf& PF’Hé‘a rqﬁeoad'glslgggr_ thﬁﬁ@%la&sn Lot
programs or sections of programs for this purpose include process gas
control codwingansksbeiween: thetdeppsitierland/emplagna dgeimeshigastionse dehe chyek may
controller paraneters relate to process conditions that are provided to the
user in t hbee imelrtodstaicrehocky e menhdnicalychinek, @ntaened chudK drzianigus dibeutypes of
interface. Signals for nonitoring 5 the process nmay be provided by anal og

and/ or sli gekuk as ARWvail 18 Esitise isthefindRey adberseret.r ol | er 722. The signal s
for controlling the process are output on the anal og and digital output

connect i ongp0ofSdags BRREMLA HiroBd into the chamber 718 through the showerhead 714

from one or more process gases source 702. The source 702 may include valves and
mass flow controllers (MFCs). It may be controlled by a system controller 722 in such
a way that desirable ratios of the process gases’ concentrations or partial pressures are

10  achieved in the process chamber. Reaction products and other gases exit the chamber
718 via an outlet 726. A vacuum pump (e.g., a one or two stage mechanical dry pump
and/or a turbomolecular pump) typically draws process gases out and maintains a
suitably low pressure within the processing chamber by a closed loop-controlled flow
restriction device, such as a throttle valve or a pendulum valve.

15 The chamber 718 may include a sensor 724 for sensing various process parameters,
such as temperatures of the substrate 721 and the pedestal, chamber pressure,
concentration of process gases inside the chamber, and others. The sensor 724 may
provide sensed information to the system controller 722. Examples of tfle senso.r 724
include residual gas analyzers, pressure sensors, thermocouples, infrared pyrometers,

20 and others. It should be noted that other sensors may be included in the showerhead
714 as described above.

In certain embodiments, a system controller 722 is employed to control process
parameters. The system controller 722 typically includes one or more memory devices

and one or more processors. The processor may include a CPU or computer, analog
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An apparatus 700 may be a nulti-station or a single-station apparatus. In a
mul ti-station configuration, the chanber 718 nay have a nunber of stations,
for exanple, two 10 stations, three stations, four stations, five stations,
"six stations, seven stations, eight stations, ten stations, or any other
nunmber of stations. This nunber is usually determined by conplexity of the
-overal | process and/or ability of different operations to share the same
envi r onment

] oo o @Bgﬁrl b o Re SomRlighs, | atemeé %0@%0051?8@833. R B Tomioal

(e.g., pressure). 15However, each st have I ndividual | ocal plasna
and/ or heathergVHbbgiR UsGHBIeHasR e?%ats Dsyatenn sugrole % Byeningeriags
heat ed pedestal. In certain enbodlnents an apparatus 700 nmay be a part of

a mul ti - chepenclags tae displayr sceseameraphical spgwera displayineé thewpppamieeandir even
four separate chanbers with one or nore stations in each chanber. Each
chamber maprobessecondigions, amdnsec inpuedpdcsi sugh 20 poimtiag eleviges, tkeybeards, touch
| oad-1ocks) in order to independently control internal environnents in each
chanbers  screens, microphones, etc. Although the system controller 722 is shown connected to
plasma generator 716, its placement and connectivity may vary based on the particular
implementation.
In certain embodiments, the system controller 722 incorporated some or all functions of
the temperature controller described above (element 508 in FIG. 5).  For example, the
10  system controller 722 may gather information on temperature of the face plate and use
this information to adjust heater output and/or flow through the heat exchanger. The
system controller 722 executes system control software including sets of instructions for
controlling temperatures, flow rates of gases and liquids, chamber pressure, substrate
temperature, timing of various operations, and other parameters of a particular process.
15  Other computer programs stored on memory devices associated with the controller may
be employed in some embodiments.
The computer program code for controlling the processes in a process sequence can be
written in any conventional computer readable programming language: for example,
assembly language, C, C++, Pascal, Fortran or others. Compiled object code or script is
20 executed by the processor to perform the tasks identified in the program. The system
software may be designed or configured in many different ways. For example, various

chamber component subroutines or control objects may be written to control operation

of the chamber components necessary to carry out the described processes. Examples
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Concl usi on Al t hough the foregoing invention has been described in sone
detail for purposes of clarity of understanding, it will be apparent that
certain changes and nodifications nay be practiced within the scope of the
“appended clains. It should be noted that there are many alternati ve ways of
| npl ementing the processes, systens and apparatus of the present invention.
- Accordingly, the present enbodinents are to be considered as illustrative

and not restrictive i nvention not t.o b e tails
gi ven 5her8f Rroeragys ‘i’rl\féc ’és efpm%rf’@%%r this p“rpgse ‘“Cl}i&i E}O%stsa%%ﬁrcgn%@nctorgg’l | ed

shower head assenbly for use,i chen1ca| vapor dep05|t|on (CVD) apparat us,
t he tenper BICSHES ewmqlsweean%a ?ﬁ‘é‘&EP §8&enbl y 5conpri si ng:

The controller parameters relate to process conditions that are provided to the user in the
form of a recipe, and may be entered utilizing the user interface. Signals for monitoring
5  the process may be provided by analog and/or digital input connections of the system
controller 722. The signals for controlling the process are output on the analog and
digital output connections of the apparatus 700.
An apparatus 700 may be a multi-station or a single-station apparatus. In a multi-station
configuration, the chamber 718 may have a number of stations, for example, two
10 stations, three stations, four stations, five stations, six stations, seven stations,.eight
stations, ten stations, or any other number of stations. This number is usually
determined by complexity of the overall process and/or ability of different operations to
share the same environment. In certain embodiments, two or more stations in a multi-
station apparatus are exposed to the same processing environment (e.g., pressure).
15 However, each station may have individual local plasma and/or heating conditions
achieved by a dedicated plasma generator and heated pedestal.
In certain embodiments, an apparatus 700 may be a part of a multi-chamber system.
For example, a system may have two, three, or even four separate chambers with one or
more stations in each chamber. Each chamber may have one or more corresponding
20  transfer ports (e.g., load-locks) in order to independently control internal environments
in each chamber.
Conclusion
Although the foregoing invention has been described in some detail for purposes of

clarity of understanding, it will be apparent that certain changes and modifications may
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a 'heat- conductive stenm a back plate attached to the heat conductive stem
a face plate thermally coupled to the heat conductive stemand attached to
the back plate; 10a heating elenment thermally coupled to the heat
~conductive stem a heat exchanger thermally coupled to the heat conductive
stem and a tenperature sensor thermally coupled to the face plate, wherein
.the tenperature controlled showerhead is configured to maintain the

tenperaturg of th C. at e hin a predeter vi di ng
heat transg%Praf% gt‘ﬁ’ghl }F%cé’ﬁe\tglﬁ %3@8??‘%8 i?lgﬁe:ﬂ r}ﬁ)ﬁlﬁfﬁ%g&?‘gz}g&eﬁ &%and
bet ween the heat exchanger and the face plate.
many alternative ways of implementing the processes, systems and apparatus of the
present invention. Accordingly, the present embodiments are to be considered as

illustrative and not restrictive, and the invention is not to be limited to the details given

5 herein.
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2.* The-tenperature controll ed showerhead assenbly of claim1l, wherein a
solid cross-section of the heat conductive stemis at |east about 5 square
i nches on average along 20the |l ength of the shaft portion. 3. The
"tenperature controll ed showerhead assenbly of claim1, wherein one or nore
conponents selected fromthe group consisting of the heat conductive stem
.-the back plate, and the face plate conprising a material with a thernal
conductivity of at |east about 150 Mﬁr%mgr nmet er per Kel vin. 4. The
tenperature controll ed shower head asse {y of claim1l, wherein one or nore
5 corrponen%@ sel ?c.te fromthe group consisting of the heat conductive
stem the BACKISSFHPEYSand the face plate conprising a material sel ected
fromthe group consisting of_ alum num 6061 and al um num 3003. 5. The
t enper at ur & doriemperabie stoatielek showethesh | agsestbly: | for nyse, Inude CB$MICAl VaRIT age
10t hi ckness of the back plate is at |east about 2 inches. 6. The

t enper at ur demsitionol(C¥D)s lappsmtusadhas serderaturef cohtadlbadl , shoiverheadh asserablyr age

t hi ckness of the face plate is between about 0.5 inches and 1 inch. 157.
The tenper gédp@sie@nt rol | ed shower head assenbly of claim1, wherein an
average gap between the face plate and the back plate is between about 0.25

inch and 0, faxiBfifluictive stem;

a back platé atfached to the heat conductive stem;
a face plate thermally coupled to the heat conductive stem and attached to the bale
plate;
10  aheating element thermally coupled to the heat conductive stem;
a heat exchanger thermally coupled to the heat conductive stem; and
a temperature sensor thermally coupled to the face plate,
wherein the temperature controlled showerhead is configured to maintain. the
temperature of the face plate within a predetermined range by providing heat transfer
15  paths between the heating element and the face plate and between the heat exchanger

and the face plate.

2. The temperature controlled showerhead assembly of claim 1, wherein a solid cross-
section of the heat conductive stem is at least about 5 square inches on average along

20  the length of the shaft portion.

3. The temperature controlled showerhead assembly of claim 1, wherein one or more

components selected from the group consisting of the heat conductive stem, the back
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8.* The'tenperature controll ed showerhead assenbly of claim1, wherein a
contact area between the face plate and the back plate is between about 30
square inches and 50 20square inches. 9. The tenperature controlled
"shower head assenbly of claim1l, wherein the face plate has a di aneter of
bet ween about 13.5 inches and 16.5 inches. 10. The tenperature controlled
-shower head assenbly of claim 1, wherein the heat exchanger conprises a

Cooling 1 roieg: abdhe bk SATSIRIR R4 05 o el Rt BERCKER £

10, mherel ling fluidii selected fromthe group consisting of

wat er and & q‘ﬁtga(ﬁ&aéﬁt FPEEs BRIV on. 12, The tenperature control | ed
shower head assenbly of claim1l, wherein the heat exchanger is positioned

wi thin about 7 inches fromthe face plate. 13. The tenperature
controll ed showerhead assenbly of claim1l, wherein the tenperature

cont r ol | ed4 sThaweniyesadurssatrbligd slsovenndadpssaubly @f kdimt Bi wharéie dnenggemerteur e of
the face place at between about 200C and 300C for an em ssivity -of the face

plate a3 beimpaienBbRWcted: 2omNHe @rétp cohdistidd6f HRMRAE Bbntuti¢o BefD thecBack
shower head assenbly of claim 13, wherein the heating el enent conprises two

cartridge Bﬁﬁe}[ﬁ%ﬁé {ROELe GAAE | QRN Oa gfafé faflSel t‘ﬁg"froﬁm n#ro@;‘; c@ﬁsdtfﬁ%séf about

500W 2015 e tenperature contro S ower asse claim

wherein t haelu%;[n?urpn 6061 and aluminum 3003.

5. The temperature controlled showerhead assembly of claim 1, wherein an average

10  thickness of the back plate is at least about 2 inches.

6. The temperature controlled showerhead assembly of claim 1, wherein an average

thickness of the face plate is between about 0.5 inches and 1 inch.

15 7. The temperature controlled showerhead assembly of claim 1, wherein an average gap

between the face plate and the back plate is between about 0.25 inch and 0.75 inch.

8. The temperature controlled showerhead assembly of claim 1, wherein a contact area
between the face plate and the back plate is between about 30 square inches and 50

20  square inches.

9. The temperature controlled showerhead assembly of claim 1, wherein the face plate

has a diameter of between about 13.5 inches and 16.5 inches.
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conprises a top surface and wherein the heating elenent is positioned
within the stemand configured to be placed into the stem and renoved from
the stemthrough the top surface. 16. The tenperature controlled

~shower head assenbly of claim11l, wherein the stemconprises a top surface
and wherein the tenperature sensor is positioned within the stem and
.configured to be placed into the stem and renoved fromthe stemthrough the

top surfac 7. The tenperature cqntrol |l ed,sh r.nead asse of, claim
1P aher e nitnThs MEpRERCS FREOURY PgnERRhG RsteBay STHEC 35 BRREN Y B8 e
group consisting of the stemand the pback .plate conprises high em ssivity
surface. 1EANANGYCOMPRISEY %@9@\@6@%9%&@4@1@ P%Res dcoa'?lsgéwgltg) WO om 17,
wherein the high em ssivity surface is anodi zed al um num 19. The

t enper at ur oworttarcobliegiflsidower head assenbly of claim 1, wherein the face
plate has a plurality of through holes configured for uniformdistribution

of process gases. 15 20. The tenperature controll ed showerhead assenbly of
claim1l1, wherein the heating elenent is renovable fromthe tenperature

cont r ol § ed | shpyerhpRehnds 6MPdled showerhead assembly of claim 10, wherein the cooling

fluid is selected from the group consisting of water and a liquid antifreeze solution.

12. The temperature controlled showerhead assembly of claim 1, wherein the heat

exchanger is positioned within about 7 inches from the face plate.

10
13. The temperature controlled showerhead assembly of claim 1, wherein the
temperature controlled showerhead assembly is configured to maintain the temperature
of the face place at between about 200°C and 300°C for an emissivity of the face plate
at between about 0.2 and 0.8.

15

14. The temperature controlled showerhead assembly of claim 13, wherein the heating
element comprises two cartridge heaters each configured to provide power output of at

least about SO0W.

20 15. The temperature controlled showerhead assembly of claim 1, wherein the stem
comprises a top surface and wherein the heating element is positioned within the stem
and configured to be placed into the stem and removed from the stem through the top

surface.
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22. The tenperature controll ed showerhead assenbly of claim1, wherein the
heat 20 exchanger is renovable fromthe tenperature controll ed showerhead
assenbly. 22. The tenperature controlled showerhead assenbly of claiml,
"wherein the tenperature sensor is renovable fromthe tenperature controlled
shower head assenbly. 23. A tenperature controll ed showerhead assenbly for
-use in a chem cal vapor deposition (CVD) apparatus, the tenperature

controll ed. sh rhead assenil onprising: a heat .conductiyve stem

conpr i ng &1 OhF wreaERe SElrafle MRBHEHSRY e BrtET g R Fee b FoAE havi ng
an average thickness of at | east abouf1 2 inches, wherein the back. plate is
attached t 8OMPESH htoP-BHEHGE @NG evherein the, tempegatiresseaserqigositiong Mithin Hfm 6061
and havi ng an average thickness of between about 0.5 inches and 1 inch,
wher ei n t hetefpas gareil 40 bhelacad info theugi¢re @nd semeneedHzem thosiemdhiopgh theem and
attached to the back plate with an average gap between the face 10 plate
and the baeap qukfate of between about 0.25 inch and 0.75 inch; a heating

el enent conprising two cartridge heaters each configured to provide power
out put of at |east about 500W wherein the heating element is thermally
coupled to the heat conductive stem

17. The temperature controlled showerhead assembly of claim 1, wherein an external
surface of one or more elements selected from the group consisting of the stem and the

back plate comprises a high emissivity surface.

10  18. The temperature controlled showerhead assembly of claim 17, wherein the high

emissivity surface is anodized aluminum.

19. The temperature controlled showerhead assembly of claim 1, wherein the face plate
has a plurality of through holes configured for uniform distribution of process gases.

15
20. The temperature controlled showerhead assembly of claim 1, wherein the heating

element is removable from the temperature controlled showerhead assembly.

21. The temperature controlled showerhead assembly of claim 1, wherein the heat

20  exchanger is removable from the temperature controlled showerhead assembly.

22. The temperature controlled showerhead assembly of claim 1, wherein the

temperature sensor is removable from the temperature controlled showerhead assembly.
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a 'heat' exchanger thermally coupled to the heat conductive stem and- 15a
tenperature sensor thermally coupled to the face plate, wherein the
tenperature controlled showerhead is configured to maintain the tenperature
"of the face plate within a predeterm ned range by providing heat transfer
pat hs between the heating el enent and the face plate and between the heat
-exchanger and the face plate. 20 24. A Chem cal Vapor Deposition (CVD)

system for ,gdepqsiting.a sem canductor .materjal; 0 rtial tured
sem conducggr guhegqgegqtlé{e ?‘H%m@?/% Sg'ﬁysvfré’ﬁ?ic?ﬁi)eﬂbsw &89 W&h aaChém%rgggé@%i ng
chanber configured to maintain a L‘ow pressure envi ronnent 'tcﬂi n th
processi ngdgeainegr (CVD) appargtug, ?r%?f’&’eéadbrﬁorcf’mlf%liedhgsﬁﬁw cg eaﬁﬁﬁfpgliyal ly
manuf actured sem conductor substrate and maintaining a tenperature of the
partial | y eempfisieg:ur ed semi conductor 5substrate at between about 500C and
600C, a tenperature controlled showerhead assenbly conprising: a heat
conduct i veaat@rpnductive stem comprising aluminum 6061;

5 a back plate comprising aluminum 6061 and having an average thickness of at least

about 2 inches, wherein the back plate is attached to the heat conductive stem;
a face plate comprising aluminum 6061 and having an average thickness of between
about 0.5 inches and 1 inch, wherein the face plate is thermally coupléd to the heat
conductive stem and attached to the back plate with an average gap between the face

10  plate and the back plate of between about 0.25 inch and 0.75 inch;
a heating element comprising two cartridge heaters each configured to provide power
output of at least about 500W, wherein the heating element is thermally coupled to the
heat conductive stem,;
a heat exchanger thermally coupled to the heat conductive stem; and

15  atemperature sensor thermally coupled to the face plate,
wherein the temperature controlled showerhead is configured to maintain the
temperature of the face plate within a predetermined range by providing heat transfer
paths between the heating element and the face plate and between the heat exchanger
and the face plate.

20
24, A Chemical Vapor Deposition (CVD) system for depositing a semiconductor
material on a partially manufactured semiconductor substrate, the CVD system

comprising:
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a ‘back’' pl ate attached to the heat conductive stem a face plate
thermally coupled to the heat conductive stem and attached to the back

10pl ate; a heating elenent thermally coupled to the heat conductive stem a
"heat exchanger thermally coupled to the heat conductive stem and a-
tenperature sensor thermally coupled to the face plate, wherein the
-tenperature controll ed showerhead is configured to naintain the 15

t enper at ure of q | thi er {1 . i@k n
heat transter paeRe-pi st Sriit AR BaRGRP R btRh T
bet ween the heat exchanger and the face place. 25. The CVD system of claim
24, wher ei etpﬁ%cefﬂ%c%"ﬁieé’ of the tenperature controlled 20 showerhead is
positioned within about 0.7 inches fromthe substrate support and wherein

t he tenper at ur ea cBipsHHE | BPPeR ofgsr helding the partialfyr manufgctyegdn senisongustor
tenperature of the face plate at between about 200C and 300C while the
substrat e subspatetandsmaimiamiag nedmpterabet \wéahe phiatly 5@0Gfanued 5@@iconductor

5  substrate at between about 500°C and 600°C;
a temperature controlled showerhead assembly comprising:

a heat conductive stem,;

a back plate attached to the heat conductive stem;

a face plate thermally coupled to the heat conductive stem and attached to the back
10 plate;

a heating element thermally coupled to the heat conductive stem;

a heat exchanger thermally coupled to the heat conductive stem; and

a temperature sensor thermally coupled to the face plate,

wherein the temperature controlled showerhead is configured to maintain the
15  temperature of the face place within a predetermined range by providing heat transfer

paths between the heating element and the face plate and between the heat exchanger

and the face place.

25. The CVD system of claim 24, wherein the face plate of the temperature controlled
20 showerhead is positioned within about 0.7 inches from the substrate support and

wherein the temperature controlled showerhead is configured to maintain the
temperature of the face plate at between about 200°C and 300°C while the substrate

support is maintained at between about 500°C and 550°C.
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26. The CVD systemof claim 24, further conprising an in-situ plasnma
generator. 27. The CVD system of claim 24, wherein the CVD systemis a
singl e-station deposition system 5 28. The CVD system of claim 24,
“further conprising a second substrate support. 29. The CVD system of
claim 28, wherein the substrate support and the second substrate support
-are positioned inside the processing chanber and are configured to be
10exposed h Lo e r i ent ., -3 t em of
olarm2e, Por TGV Bae R AL, Bl R an by et EF ¥
maintain a different environnment than the processing chanber, wherein the
substrate support is positioned in the processing chanber and the second

substrate 15support is positioned in the second processing chanber
27. The CVD system of claim 24, wherein the CVD system is a single-station

deposition system.

28. The CVD system of claim 24, further comprising a second substrate support.

29. The CVD system of claim 28, wherein the substrate support and the second
substrate support are positioned inside the processing chamber and are configured to be

10 exposed to the same low pressure environment.

30. The CVD system of claim 28, further comprising a second processing chamber
configured to maintain a different environment than the processing chamber, wherein
the substrate support is positioned in the processing chamber and the second substrate

15  support is positioned in the second processing chamber
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