CERAM C SHOWNERHEAD W TH EMBEDDED RF ELECTRODE FOR CAPACI Tl VELY COUPLED
PLASMA'REACTOR CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001 ] This

~ «application clains the benefit of U S. Provisional Application No.

‘¢ 61/770,894, filed on February 28, 2013. The entire disclosure of the

appllcatlon ref erenced above is incorporated herein by reference. FIELD

[ 0002] TNEMM&@%QWE(RW&VWM BMBEDDRER Rfs ELEC RODIc £EQR RARAGITRAE,Y and
nmore particularly to shower 6€8R BDPLASHMA REBACTORBCcessi ng syst ens.
BACKGROUND

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.

61/770,894, filed on February 28, 2013. The entire disclosure of the application
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FIELD I *159159*

referenced above is incorporated herein by reference.

[0002] The present disclosure relates to substrate processing systems, and more

particularly to showerheads for substrate processing systems.

BACKGROUND

[0003] The background description provided here is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent it is described in this background sectioﬁ, as well as aspects of the description
that may not otherwise qualify as prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art_against the present disclosure.

[0004] Substrate processing systems typically include a processing chamber with one
or more reaction volumes. A pedestal is typically located in the reaction volume. A
substrate such as a semiconductor wafer is positioned on the pedestal. One or more
process gases are delivered to the reaction volume using a showerhead and plasma
may be struck in the reaction volume. A film such as a dielectric layer is formed on the

substrate.
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[0003] The background description provided here is for the purpose of
general'ly presenting the context of the disclosure. Work of the presently
naned inventors, to the extent it is described in this background section,
as wel | as aspects of the description that may not othermﬁse qualify as
Lprior art at the tine of filing, are neither expressl nor |l edly

“adni t t ed08@5]prTihershomerbrpd meay benesest lesaaﬁ@paﬂltwlmwnée kHeagtos.
processi ng systens typically include a processing chanber mnth one or nore
r eact i onTheoshowarhead plisielsute$ procesgpdases|gver doasobistratetdnd serses asra wadione. A
substrate such as a sem conductor wafer is positioned on the pedestal. One

or nor e fisqueasy (BA} ekctivde de drive tiesl plasniche The ahbwerheadl isrtgpioallynmade of a
shower head and plasma may be struck in the reaction volune. A filmsuch as

a di el egheiaflic! rayteFial. SAnastaPdebtfodd Sulssibtialiqtreduceslor elintiféel ahhelestriowerdhead
may be used in a capacitively coupled plasma (CCP) reactor. The shower head

di stribyhggePa %E}I&ﬂﬁl@sofoﬂ%r shBReftelt iRtife@l HIAEMAS fotfation inside the
radi o- frequency” ( el ectrode to dr|ve the plasna. The showerhead is

typi cal 'éhom‘i'ﬁeégaﬁd thfe%dfﬁéﬁér# dé%smat al electrode substantially
|

reduces or elimnates an electric nsi de a gas plenum of the

2o AP SO B AERP e s Gy RIS AT liy

e w@a% L EAEED B e PBEAD B .

oo ol GEFAERP b SR e AR HRBRE St e

el ectr Odseu a%gcc?f t?é éuhbestrr";teedeF%IJg alllo%tégg rm;)S) bl?e applied to the showerhead, to another
electrode (such as the pedestal), or to both.
[0007] Aluminum showerheads work well with many process chemistries (or gas
compositions). However, aluminum is not compatible with process gases that leach
elements froﬁ/ metallic surfaces. In particular, chiorine-based chemistry tends to leach
aluminum at ‘operating temperatures exceeding 300°C. As a result of the chemical
attack of.the chlorine-confaining gas on the metal surface of the shoWerhead, the.
metallic material fnay ehd_'up. in thé film deposited oﬁ fhe substréte.-' This is ofteh
detrimental to device fabrication on the substrate. For example, in some instances the
metallic materials are dopants that can compromise integrated device operation.
[0008] Undesirable metal contamination can also occur during cleaning of the
processing chamber. Since atomic fluorine is commonly used for cleaning, the face

plate (the hottest area of the showerhead) reacts with the fluorine and forms aluminum

fluoride. When a thickness of aluminum fluoride increases with time, showerhead



[ 0007] Al um num shower heads work well wi th many process chem stries (or gas
conposi'tions). However, aluminumis not conpatible with process gases that
leach elenments froMnetallic surfaces. In particular, chlorine-based

chem stry tends to | each alum num at operating tenperatures exceedi ng 300C.
As a result of the chem cal attack of the chlorine-containing gas on the
et al swpurface psdparties housougesst eendustivify ard eatiesiYiy) chapgendge@ fegulthe
filmdeposited on the substrate. This is often detrinental to device

f abri catthedeposititrepmgbss can drift Bod isalamalt bighi nskfonpartioletcontarginatien.net al | i ¢
materials are dopants that can conprom se integrated device operation.

[ 0008] Yooes]i Takl desigh alf thenskowerhead ralsadoas Twt quermit deaning iosidanofntheof

t he processing chanber. Since atomic fluorine is commonly used for

cl eani n@bhoWéﬂ\éa%p@eebaé@n (id W%Idé@? WAl tRe @Rowbridad is eglidteiadthe recdssing t h

the fluorine and forns alumn | uori de. When a thickness of al um num

fluori decHaﬂfHegaﬁﬁéxtY\érﬁ@ cbéé@ﬂuéﬁ%nﬂﬁ@ﬁe aﬁjr'rﬁlﬁ%%u%geﬂ{s‘ideeéf the gas holes
roughness, conducti vi ty and em ssivity) change. As a result, the deposition
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[ 0009] e desig oes not permt cleaning inside of
t he ShOV@&J’]ead (because it is welded) while the showerhead is installed in
t he processing chanber. In extrene cases, fluorination of the al um num

surface jnside of the s haoles.in the face at e chan j er
of the h[bﬁié] %ﬁ”%l mé%‘ he MRS nflf'{}' of® ga'é‘P’?'ﬁ“B% %8 %gtﬁ{te Sﬁe %aﬁ?’t

mat eri als such as Ium ec of t gher rature oyer 4000
and the t?%@'ﬁwrﬁse il f‘ﬁ@%h@%@ﬂ%e%& n&?t s?f F\e %}B) Eg%fmﬁ}‘ gta aaé? (X'QBBe
changes in gas flow and plasma density distribution. SUMVMARY [0011] A
shower heHus 688 6ause changes '%QB%ﬂP\é{taé‘d[ﬂlmé§PH§tYs‘§)§t{”§Hﬁ'?mcl udes a back plate
connected to a gas channel. A face plate is connected adjacent to a first
surface of the back plate and includes a gas diffusion surface. An .

el ectrode is arranged in one of the back plate and the face plate and is
connected to one or nore conductor sSUMMARYpl enum i s defined between the

back plate and the face plate and is in fluid communication with the gas
channel .[o0h¢] rackopkeicadaaskentitsly ffaca flbatrateapeodessiagodystemadnelosesalal back

meertal plate connected to a gas channel. A face plate is connected adjacent to a first surface
of the back plate and includes a gas diffusion surface. An electrode is arranged in one
of the back plate and the face plate and is connected to one or more conductors. A gas
plenurﬁ is deﬁﬁed -between' the back plate and the face plate and is | in fluid
communication with the gas channel. The back plate and the face plate are made of a
non-metallic material.

[0012] In other features, a stem is connected to the back plate and defines the gas

channel. The one or more conductors pass through the stem.



[0012] In other features, a stemis connected to the back plate and defines
t he gas channel. The one or nore conductors pass through the stem [0013]
in other features, the gas diffusion surface of the face plate includes
spaced holes, the gas diffusion surface of the face plate includes
erforations or the gas diffusion surface of the face plate |s porous.
J[00014] [3013H hiy othep featuces, the,0as r?d\f?l!s?d&!bﬁké"sf%‘?%af te E‘?&@Lﬁatq @CMPQ@@&ed
adj acent to a second surface of the back plate. The first surface of the
back pl helesi sheygessdiffusipn suitaceeebihe faner plate dncludes peERralioas eor T 98 | n
ot her features, the plasma-suppressing structure includes N plates |ocated
par al | ediffusiopatinface logthe face piadaésepbrogs.at i onship. N is an integer greater
than one, and the N plates are made of a dielectric material. [0016] In
ot her f ¢B014]ek, othee fphtmses -5 PEshessupwessing cdtruckure ris | arleged adjbtent to a
extending fromone of the N plates towards an upper surface of a processing

chanber sgéoridsurfddssf b Sak PlRes iThe fr¥séafaceldfahe dakkipldts igrBgsodie ta the
dielectric material. [0017] In other features, Nis greater than two and

the N pkat&td sirfaceRAUSIbhék patedi form manner. N is greater than two and at
| east some of the N plates are spaced in a nonuniformmanner. At |east one

of the F?}(&'EE'[ S ofhiaf ielitfires? tin 'éfa%'rﬂé-i’u;%ﬁre@é?ﬁé Qb inclfes! R4te8NEcatbdt he N

pl at es des a saw tooth surface. The stem the back plate and the face

ot o apErARED SlonE Y B Sedonshi N Sineler GRSl e e Tece

[ 0018] other features,. the.face plate is connected to the back plate to
al l ow | M}%I? S Hpv ?feaog|e[eﬁ§|<:frgg%r|§|.ate relative to the back plate while
r ebetwe

mai nt ai T(j:)&%]alnsgt%ler %eha?ures, e ﬁgéma-suppressing structure includes a collar extending
from one of the N plates towards an upper surface of a processing chambef of the
substrate processing system. The collar is made of a dielectric material.
[0017] In other features, N is greater than two and the N plates are spaced in a uniform
manner. N is greater than two and at least some of the N plates are spaced in a non-
uniform manner. At least one of the N plates includes a plurality of perforations. At

| least one of the N plates includes a saw tooth surface. The. stem, the back plate and -

.the. face plafe are made of a ceramic material. The stem, the back plate and the face
plate are made of at least one of aluminum nitride and aluminum oxide.
[0018] In other features, the face plate is connected to the back plate to allow lateral
movement of the face plate relative to the back plate while maintaining a seal
therebetween.
[0019] In other featufes, a baffle is arranged between the gas channel and the gas

plenum. A collar connects the stem to an upper surface of a substrate processing



[0019] In other features, a baffle is arranged between the gas channel and
the gas plenum A collar connects the stemto an upper surface of a
substrate processing chanber. The back plate is connected to the face
pl-ate using fasteners. A height dinension of the gas plenumis |ess than
twice an expected plasma sheath thickness. A first dinmension between the

el ect r o§Bambgr-t Hher back plate s cenpected do he fage Mate;using fastenprd. A NiIHd

di mensi on between the el ectrode and a second surface of the back plate. The
first sdimersionpf theegdnelenymisdess thaspvice antaxpepiedsdayng shaathalbickpess.he
back plate. The electrode is disc-shaped. [0020] In other features, a

subst r atefirst diresnsion) bstvwaemthenelecliede angthe et isuface afrithe baek plade ig)less
reaction vol une. The showerhead assenbly is arranged in the reaction

vol une. tharpedesdrad dineeraiondied@den the dlectredecanda seobndrsurdajeamfdhé baok plate.f ace
plate. [0021] In other features, a radio frequency (RF) circuit is

confi gure first sufadeyofathe iackipitelis oppbsite ntheasecond sucfane wf tiey batiaplatg a
frequency greater than 1 MHz. A controller is configured to control process

gases flm\gé}gctpdaetigﬁi%a?ga_nnel and to control operation of the RF
circuit. [0022] In other features, the one or nore conductors include a

cylindriiggddyy 113 "GtREA fEQRFBLCT QT slibkiats UbroRbssiRg t SRtEAS ineliRReh. prééedsing

Furt her "areas of applicability of the present” di'sclosure will becone

SoP STERHERRY ARl 2 I ARAGE SRR, ST S RRSRaLLS st aiicn, nEre
h: lsglsgggt?%c {(])no\%lgm%n dAap{e%eg%li isi QFrSHé’eeé’ ir% ?nel i'égcﬁioﬂ Q/%Ilﬁ'ﬁg %%ja%fen{ H)ethe face
plate.
[0021] In other features, a radio frequency (RF) circuit is configured to supply an RF
signal to the one or more conductors havfng a frequency greater than 1 MHz. A
controller is configured to control procésé gases flowing to the gas channel and to
‘control operation of the RF circuit.
[0022] In other features, the dne or more conductors include a cylindrically-shaped
conductdr that surrounds the gas channel.
[0023] Further areas of applicability of the present disclosure will become apparent
from the detailed description, the claims and the drawings. The detailed description and

specific examples are intended for purposes of illustration only and are not intended to

limit the scope of the disclosure.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024] The present disclosure will becone
more fully understood fromthe detail ed description and the acconpanyi ng
drawi'ngs, wherein: [0025] FIGs. 1A and 1B are functional block diagrans and
simplified cross-sectional views of exanples of substrate processing
systens according to thaﬁ)resent di scl osure II:' 026] FIGs. 2A and 2B are a
partial cross-sectional BRIERDESCRIFION @ﬁfﬂ INGShower heads accor di ng

to the present disclosure; [0027] FI G 3 illustrates an exanpl e of

non- uni f [9024k e peseat \disslospraaivdl betomepimaserdullyuppderstoiodgiremr ihet detailed
[0028] FIG 4 illustrates an exanple of scalloped surfaces on the plates of
a pl asnmadestpiptiors ahd thesacaodipangingadrdwir@32@hefei. 5 il |l ustrates an exanpl e of
perforated plates of a plasna-suppressing structure. [0030] In the

dr aw _ngs¥ooasj EFIGRC 4 Anaificd @ BSargafunbioriat Wik diagiamesnbhd siraplifiddacroesidéctional
I denti cal el enents.
views of examples of substrate processing systems according to the present disclosure;
[0026] FIGs. 2A and 2B are a partial cross-sectional views of a portion of example
showerheads according to the present disclosure;
[0027] FIG. 3 illustrates an example of non-uniform spacing between plates of a
plasma-suppressing structure;
[0028] FIG. 4 illustrates an example of scalloped surfaces on the plates of a plasma-
su.ppressing structure; and
[0029] FIG. 5 illustrates an example of perforated plates of a plasma-suppressing
structure.

[0030] In the drawings, reference numbers may be reused to identify similar and/or

identical elements.

DETAILED DESCRIPTION
[0031] FIGs. 1A, 1B, 2A and 2B show examples of showerheads 10 according to the
present disclosure. In FIG. 1A, the showerhead 10 includes a back plate 20, a stem 24
and a face plate 30. In some examples, the back plate 20, the stem 24 and the face
plate 30 of the showerhead 10 are made of a non-metallic material such as a ceramic
material. While the stem 24 is shown, the stem 24 can be omitted and the back plate

can be arranged on, adjacent to and/or recessed into a surface of the process chamber



DETAI LED DESCRI PTI ON [ 0031] FIGs. 1A, 1B, 2A and 2B show exanpl es of
shower Heads 10 according to the present disclosure. In FIG 1A the
shower head 10 includes a back plate 20, a stem 24 and a face plate 30. In
saone exanpl es, the back plate 20, the stem 24 and the face plate 30 of the
shower head 10 are made of a non-netallic material such as a ceramc
mat eri al(FIGWIBE trheostecaxaivples, theoverantid enatérah iddudes) aheniauint higritiea (AIN),he
back plate can be arranged on, adjacent to and/or recessed into a surface
of the pilwhiRam G EIL0;) or another suitable ceramic material.
[0032] In some examples, the back plate 20 includes a generally planar disc. The
stem 24 is connected to the back plate 20. In some examples, the stem 24 is cylindrical
and an axis of the stem 24 is connected perpendicular to a plane including the back
plate 20. For example only, the stem 24 and the back plate 20 may be fixedly
connected together using diffusion bonding or brazing. Alternately, the stem 24 and the
back plate 20 may be removably connected using fasteners, male and female
connectors or other methods. |
[0033] The stem 24 defines a gas channel 34 that extends axially through the stem 24.
Gas flows through the gas channel 34 onto an optional baffie 38 and into a gas plenum
- 32, which is defined between the back plate 20 and the face plate 30. One or both of the
back plate 20 and the face plate 30 may include a recess 36 to define a height of the
gas plenum 32.
[0034] The face plate 30 defines a gas diffusion surface 41 that acts as a gas diffuser
between the gas plenum 32 and the reaction volume 44. The gas diffusion surface 41
can be perforated, have holes, be porous, etc. For example only in FIG. 1A, the
process gas in the gas plenum 32 may flow through spaced holes 42 of the face plate
30 into a reaction volume 44. The spaced holes 42 distribute the process gases in a
relatively uniform manner across an exposed surface of a substrate 46 arranged on a
pedestal 48.
[0035] A radio frequency (RF) electrode 50 is embedded inside either the back plate

20 (FIGs. 1 and 2A) or the face plate 30 (FIG. 2B). One or more conductors or rods 54



(FIG 1B). In sone exanples, the ceramc material includes alumnumnitride
(AI'N), "al umi num oxi de (Al 203) or another suitable ceramc material. [0032]
I n some exanples, the back plate 20 includes a generally planar disc. The
stem 24 is connected to the back plate 20. In sone exanples, the stem24 is
cylindrical and an axis of the stem 24 is connected ﬁer pendi cular to a

pl ane i pasuithiroggh Hee séerh 24 and 20t of-the backrplate @81 yThe lnonduetar 5478 inhe
back plate 20 may be fixedly connected together using diffusion bonding or
br azi ngeleétricat nantatlywith tiee RiFeete@oden80.t Ire sbmelexangiles, Foumegnduetars Sdvaabl y
connected using fasteners, nmale and fenmal e connectors or other nethods.
[0033] Tbed alteoaghtadiifions or dewescaritustoes 534nanbe wetertie alkchiclfield lbaggh
the stem 24. Gas flows through the gas channel 34 onto an optional baffle

38 and ixy ga@cmdpb@mme%%eswgitﬁ@nhﬁ\bd%f R iMGbYSR) hhwniackarmplasethéd and
the face plate 30. One or both of the back plate 20 and the face plate 30

may | nclcgfgé%‘gmr s&%s?ﬁnﬁdﬁ&u dééﬁ garrauﬁ}fé WY gab dHARnER34P! ePHENGHR of BRSHE] The

face pla defines a gas usion surface 41 that acts as a gas

diff usercoﬁgﬁé‘f?r%n’scf H’%ygr?es c@rhr?é?:'tgq g‘fgﬁgﬁ bﬁga\ggeﬁgllg 2 ?eféfgdégepo‘%éntia-r@ﬁclg%%r

di ffusion surface can be per es, be porous, etc.

exanple only .in FILG 1 . proces S_ 1| lenum 32 may fl ow
throughgg%ﬁ%’e'bpq?oﬁhggve F;e%c# Wﬁ%‘f@?@%ﬁ%%ﬁt@%@@t@gm on volunme 44. The
spaced distribut e, cess ses in arelati veb% upif Qrm manner
coross L0%HSheqsaanerden 10 arBLEEs 4, HRRER Prletsind PuietiinoBh ey
[ 0035] A radio frequency (RF) _electrode 50 is enpedded inside either the
back pl #ranged (hgtwgen ja atﬁé sutfacs; °§ HEef%ch Bfaéef %@"@Ff“ OPZB)‘ffa%é)?oﬁhenore
conductors or rods 54 ass through the stem 24 and part of the back plate
20. The pEesiessipgoehameraloedeerease @ religainateoparasitic \iiseharge: drives| thraughddeso.
I n some exanples, four conductors 54 are used although additional or fewer
conduct dask plateR). ble semeel examples| the: plasmprssipgregsinggstruaiurgR0 orhemage
decreases as the nunber of rods increases. In sone exanples, the conductor
54 is cyi rdcoiahcandvithur icoomasnly-Bssigasd c HMMEGHARICAIThSUPRRBESIONe OF
conductors 54 may be connected to an RF voltage or to a reference potenti al
such as PARASITICT PLASMOINET SEBSTRATE RPROCESSING aSHAMBERMABCS elresténtode.
Application Serial No. 13/303,386, filed on November 23, 2011, which is hereby

incorporated by reference in its entirety.

[0037] The stem 24 may be attached to a collar 80. The collar 80, in turn, may be
attached to a top surface of the processing chamber. The collar 80 may include a stem
85 and a flange 86 that extends radially outward from the stem 85 adjacent to a top
portion of the collar 80. The collar 80 may be made of a dielectric (insulating) material
and may have dimensions (i.e. may have a thickness or height) that minimize capacitive
coupling to ground. A valve 90 and pump 92 may .be used to create a vacuum in the

reaction volume 44.



[ 0036] The showerhead 10 includes a plasma-suppressing structure 60 that is
arrangéd between a top surface of the back plate 20 and a top surface of
the processing chanber to decrease or elimnate parasitic discharge driven
t hrough the back plate 20. In some exanples, the plasma- suppressing
structure 60 may be nmade in accordance with commonl y-assigned "MECHANI CAL
"SUPPRESS0Q8810T heAres piatec3Pliszaiteched BUBs bR BlatRE0HS S| MenTHARNBERVIde B, @3S

Pat ent Application Serial No. 13/303,386, filed on Novenber 23, 2011, which
i s her elpeal nadrtpallatvesbrbg rekatiee éateealimovetrserﬁrthiareé)eyuee{rodeé]to'ﬂif&renm 4 may
be attached to a collar 80. The collar 80, in turn, may be attached to a
top sur ftheendlfexpbAsionh 0Pesdaticharbmisteral fiwen@nt asfeBOtonmyvemehiupkrateltb@am 85
and a flange 86 that extends radially outward fromthe stem 85 adjacent to

a top p%léﬁ&l?]cﬁfdlﬁd”'@leq@bé platé0in Eﬂh@r GRrdthS facempiatee30Rdfodited t6l R 843K i C

(insulating) matertal and may have dinensions (i.e. nmay have a thickness or

he| ght ) f@%tzd%tﬁﬁﬂhé?t%%'p‘iété% h'eF}ﬂatheﬂfé?H'Wuthd‘ht\fr%hgﬁxltﬁr@%éﬁés@wm 92

to create a vacuumin the reaction vol une ] The face

pI ate 3%&%@&@%@@96 v&h‘ﬂetshﬁ Ipﬁ%u %te%hﬁiﬁb&v ere Gé tﬂ@g%ﬁl\éhg djlzfgas seal

and to ow sone relative atera nove tween eto f erences
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face plate 30 are connected using fasteners 64. In sone exa | es, the

f ast enerapbejratatediuntla presesmings tosque isranpligd ol "’\'/ﬁ"ﬁtﬁ"\/\%ﬂ@?tspe@’yeeﬁ'ﬂte
screws 66 nay be rotated until a predetermned torque is applied to

mai nt ai rfacemiatet3banddbe bagk plalee2(| dn 0Bt gxamples, the kasierarcbp may he fone
exanpl es, the fastener 64 may be a shoul der screw and the washer 67 may be
a spri ngshuadderrscrdlearshthd dashec 6@wmayplhe es sprimg evsher. m Thed sbowlger ssiesn t o
the spring washer to create a predefined |oad. In sone exanples, the face

pl at e 30apdiies e prbewterthiaad ddingressibe toetheasprind washep\io ngesteeaf pretiefireds 64,
installing a new face plate and reinstalling fasteners 64. [0040] In sone

exanpl esjoad Nén SBAREEXANPIES, the fabe phite FACS Ak ahowdbhdiry $0 aH k¥ Riphicedrby he
range from0.02" to 0.06" to prevent plasma ignition inside of the spaced

hol es 42ren§'3W1931fP|%(f§§eh9r|s€6ﬁ frst&ing Q%eﬁﬁ’a@e P|a’1‘é 8nd PeiftANIRG fasteREIg®d. i n

different patterns to optimze on-wafer m properties. The nunber of the

Spaced h ﬁé]néﬁ spitit éﬁ‘aéhﬂc?% Jhe $pGced Rele ?912:{9 thE Psbe hfg{‘éebs‘ﬂﬁ\éé"g%é ?]

f ewer e use er o e Sspace can

ZaS?vfeﬁr@c%hé?i& R r%°i>‘“@ve%£anp iR 3 457 S%%&db%d?%ﬁ? B

enbedded_ji n the 0 shape and is m at
has a fij'%ff Bﬁg?éjweesnf@cﬂ% %ﬁ @ﬁﬁlp@?piﬁs‘?a&ng?@fgngﬁ a Eﬁe zﬁ&tgmsp
second CTE, of the grl al used for th ?)Werhead i‘@ Azzﬁcan be seen in

FI G 2B, ORti{Rize cB W RIBHEIM BropgHiese 5?P&H§’é&° the spaced folesy 44 earse ima range pe
appreciated, the electrode 50 will be patterned in a manner to acconmodate
the patt®em ﬁﬁt%m@lth@m@samtlonﬂ@rwgw Belef dory be usad: Hoeiarelsr of oo or
facepl ate 30 enabl es high frequency RF to pass through the gas plenum 32 of
t he showspavedchales 42 tcaoike thegsame for.a given face plate or two or more different sizes

can be used for a given face plate.



[0042] As can be best seen in FIG 2A in sone exanples, the RF el ectrode
50 is l'ocated as close as possible to a |ower surface of the back plate 20
that ‘faces the substrate to i nprove power coupling (dinension d2 in FIG
2A). In some exanples, dinension dl is greater than di nension d2. The
conductors 54 are enbedded in walls of the stem 24 to connect the RF

el ect r od@04t] tlo samergxamples,i the RF elastrodedOcthahis ervbeddas indhe hack piatg £0ar e
arranged to minimze the electric field along the channel through which gas
i s intrdiascadiscEmapband iplrmade 80metal thatveasam firs woetiicleat ohihekmeak exgatisioensi on
d4). [0043] Wen the RF el ectrode 50 is enbedded in the back plate 20, the
el ect ri T ltdattibabmparatss td Asedond CAEYef theadatetial ysasisfot tHeostpwdrhead)46.

pl enum 32 and the face plate 30. In sone exanples, a height dinension of

the gas A4 eanke(gdieRBAFIGN 2B 3tHe elbLipde? 60 caf Becasandedint the Facd prite 30 ¢ised
pl asma sheath thickness. Using this approach ensures that parasitic plasma

di schar %WQ@&reE%tédﬁﬁ@b@%ﬁod% BOWWBF?égﬂme%ﬁn d RanAeMBReMniRIatS the 8"

or less to prevent conditions that wou ustain parasitic plasma I nside

t he gas bNi i .
[00ad] - AR B SacRENdIEs Mo Mot RP QR 50 I 1REpa ol 20 B AT R e
i nside t ck: Rl , i a L i or
top. sur BB Migh sty FEBY hESEPS 4GS plepfin 32 BrtiEnalefedd o

pl aSna-su.%?]%si ng structure 60. In sonme exanples, the plasnma-suppressing
struct ur'® M9 %WHyes two or rmore spaced plates 100-1, 100-2, ..., and -
100-N (cal lLectjvely plates 100), ere Nis an integer greater than one. In
sone excDBIEE AR HByfest Yo A HNSRE | SRR, eV SHClaE BOB ray
be used. In sone exanples, the plates 10Q are nmade of a ceramic material or
any ot hdpcaiaftagorlosaias pessible tRad dowen surgne: phiha badk dlate K0 fabifacesi e i s
optim zed to prevent self-sustained discharge between the plates 100, and
to drop subgirafe teaitoprowe treyeervdaupling (dimensiosndz §uplFe28).ndn somecexanspies, so

t hat parasitic di scharge cannot be sustained behind the plasma-suppressing
st r uct urdim@@sioOnk i»greaterdhapdiraensidrod.. nllye benductors dddare embeidded isyalis of
between the plates 100 of the pl asnma-suppressing structure 60. A collar 110
may al sothbetern @i tdednabcetthe RR elpcioode 50 td e RH eitaedt 7000 I $6fie ®xampldse the
exanple in FIG 1A) and around the stem 85 of the collar 80. The collar 110

nmay be neghiueford 54i glecairahged ®d Fiihitdize [t eRdctrt GERL aBhg @he IoHanABIY theGugh
connected to one or nore sensors 124, which may be arranged both inside and

out si de RhichYAshs AMRYIBEEE THEMERE Diatd 30 HAY HAUS ahPSukSHIS Shisk 8 TUPRSHsHH NG
conditions and may include pressure sensors, tenperature sensors and/or

ot her Segsors. The controller 120 selectively supplies process gases to the
gas channéel 34 from gas sources 126 using one or nore nmass flow controllers

(VFCe) | a3 yhahtie R Gecki8h d BrRaiBeS AT Bk pite 55 BLoGLLALTRP 1o

connected t o' the Circul whi ch provi requency éxcitatlion.
In sone gx | es, the high frequenc xcitation is, areater than.or al to
Vv RGP s SSgEee apeRE IS Rt TBLOT I dan PRl e aE aph R iR B o
a capacitive structure that adds to the discharge inpedance. .As the

Gxci LatiSh | INCERIBR EFaMAS S 2 B0 HEensfuyehibe Uk pleRlESensiod ¢ 4 FIG.
efficient operation of the showerhead 10, nost of the delivered power
shoul d béAMIsslespdhan twiceathg s¥pratert Plasma shaathsiiskness.e Usngdhig 3RMP3EN t he
shower head 10 is considered parasitic. In order to nmaxim ze power

di ssi pat enraures that tiacasitih plaseaediseharge ipaedelnee sustainggh Inhsonme exampiasettsn i s
smal l er than the inpedance through the back plate 20 (otherw se back side
pl asma ndipnensiopudeisal/8f gnildssclanpreverictorlitions thet ivoeldesustaingrarasitith lasniee
shower head 10 includes the RF el ectrode 50 that is enbedded in the back

pl at e 20insiktertke gaswplenuend? ahd te miminize Voliagedrop actoss khepgad pleAdm Jhi s
behavi or may be reduced using the plasma-suppressing structure 60.
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[ 0047] Power coupling can be analyzed in terns of an inpedance nodel. For
t he pl asma di scharge occurring in front of the face plate (that is, above
the wafer), the inpedance Zface is estimated as: 7face vi 1= 1v d, 1d2 d
d4), 27-cfCl27z- fAeoe, 27z- fAe0' e, 272- fAsoL 93 9 ) Were G is t he
capacitance of layer i, Ais the area, is the frequency, di is

t hi ckned0044] M@ﬁn best be seentind lged Ai whemtl‘ﬂe;/ RF2electrope-5@ |a/\ﬁnbﬁd¢%d inside
di el ectric constant of AIN or Al 203, and E3 = 1 which is the dielectric
const anttheback @laten 20, GoppiesSioncaf paresidc aissbhargecos enbacknor tdp sufacenaf tNe203
I's about 9, the plates contribute nuch I ess to the inpedance than vacuum
gaps of showertsgad 10 maydsesperfarmedhssing thenplasihs-chppessingainuctung 6abdw sotriee
back side of the showerhead (a parasitic plasma), the inpedance wi thout the
pl asma- xRRiRsss Ithe [Ha$rHEsuppreRSingSsthitalirdaé® thédsdes two or more spaced plates
100-1, 100-2, ..., and 100-N (collectively plates 100), where N is an integer greater than
-one. in some examples, N is equal to 5 although additional or fewer plates 100 may be
used. In some examples, the plates 100 are made of a ceramic material or any other
suitable dielectric material. Spacing between the plates 100 is optimized to prevent
self-sustained discharge between the plates 100, and to drop significant voltage within
the plasma-suppressing structure 60 so that parasitic discharge cannot be sustained
behind the plasma-suppressing structure 60. One or more spacers 102 may be
provided to define spacing between the plates 100 of the plasma-suppressing structure
60. A collar 110 may also be provided above a top one of the plates 100 (100-5 in the
example in FIG. 1A) and around the stem 85 of the collar 80. The collar 110 may be
made of a dielectric material.
[0045] A controller 120 may be connected to one or more sensors 124, which may be
arranged both inside and outside of the processing chamber. The sensors 124 sense
system operating conditions and may include pressure sensors, temperature sensors
and/or other sensors. The controller 120 selectively supplies process gases to the gas
channel 34 from gas sources 126 using one or more mass flow controllers (MFCs) 128
and valves 130.

[0046] In some examples, the RF electrode 50 is connected to the RF circuit 70, which

provides high frequency excitation. In some examples, the high frequency excitation is

11



Zf ace > Zback due to a high inpedance of the gas plenum (6 =1). To
counteract, the plasnma-suppressing structure 60 with a |arge inpedance
Zsupp is installed on the back plate 20 to i nsure Zface << Zback Zsupp
[0049] The inpedance of the plasma-suppressing structure 60 depends nostly
on vacuum gaps between the plates 100. If the gaps are too wide, however,
‘capaci t greatgrathasi er equiil $e Halilz. nile stacked Heyare &f ceramisl metesiall god the@ss] The
i npedance nodel applied above assunes parallel plate capacitors and uniform
el ectri plehiuel 82 .créateraecapdcitivef strunfiaefthat addsnid theodischargdiiropedaride. Asttbe t he
above results but this effect is expected to be small. It is the highest in
t he i mredtigdtionVifreqoétgy afcreisesRFtnel empedaticed Wechsasas! esTid t proaidiei refficigratp
(between the back plate 20 and the first plate 100-1 of the

pl asne- yPeritieh If Mide ShoWstheaa 1@0}nds$ of i ddiverdy ?@ﬁert Should bk &ligssa8d i &
di scharge. [0051] In sone exanples, the inter- te gaps are uniform In

other eypRRhR® aB Ithé esru‘bE{rQ{tee FARSMAT (SeHIY tHé"sffbe@rhé:éH 18X RNBbAsi@ETeY i N
FIG 3, sonmeor all of inter-plate gaps 200-1, 200-2, 200-3, 200-4 and

200-5 <;,9, 4sﬁfct'yg'o¥ r%%aﬂhﬁieeggfvgﬁ dt%%@at.aﬁyouepqm%asse%tbhgge %@é@éﬁ%@ from

t he bac or exanple nter-plate gaps 2 | nCrease
A can @i*’%aéﬁ %-fé$ea?a§en3§£ %*"?hé" bieh 8 @ﬂ%%ﬁcgbﬁ% Aty 2
par aci ¢ AGNIER HAGR Sk RizBia ﬁ%"&? : S8 AL Hehdne! Elpiel ey
Chi cknediherriie shapead Aopnelugas HeRFoSebroe b Fros HEarHEC Dribedacky
fgnit] O?)Iartrg)éo more power tends to couple through the back plate 20. This behavior may be
reduced using the plasma-suppressing structure 60.
[0047] Power coupling can be analyzed in terms of an impedance model. For the
plasma discharge occurring in front of the face plate (that is, above the wafer), the

impedance Z, _is estimated as:

Jace

Zm =2, ZﬁlfCi P2 2z fjeog,. Y JAe, ZZ‘,_ Y jI"A.s'O (% +d; +%) ’
Where C; is the capacitance of layer i, A is the area, f is the frequency, d;is a thickness
of layer i, g is the permittivity, e,=e,=9 which is dielectric constant of AIN or Al,O3, and
g3= 1 which is the dielectric constant of vacuum.
[0048] Since the dielectric constant of AIN and Al,O3 is about 9, the plates contribute
much less to the im'pedance than vacuum gaps of similar thickness. For the plasma

discharge occurring above the back side of the showerhead (a parasitic plasma), the

impedance without the plasma-suppressing structure 60 is evaluated as
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be achi eved by plates 220-1, 220-2, 220-3 and 220-4 (collectively plates
220) .that include one or nore saw tooth or scalloped surfaces 230. Wile
-only one scal |l oped surface 230 is shown for each of the plates 220, both
surfaces of each plate 220 may be scal |l oped. Hi gh surface area provides
nore recbnbinagionésites for ions and el ectrons which increases their |oss
rate and, nakesla sél f - i [P i I ! n be
appr eci %”‘é‘d’, 22 US Tof’ tﬁf%ﬁég[b@%@%&%@b@rﬂﬁ@f%@%swg@é%%(.gﬁteeﬁcb@? nég;(ﬂone
or nore plugs (not shown). [0053] For exanple in FIG 5, inproved

pr ot ect ,on i nst . updesi. LRl ti.0 ' d.by 0| -

D50- 2 aferacieu avst g 9EiybERarceC St BBy oo oRHUEI(E G R 18, B GReresbithe
perforations 260. Hi.gh urtf acg ar.ea ﬁrovi.des nor e_r econbi ngtcijon tﬁi tbeskfor

i ons an8'3SMAPYRATESSIY SHUGHES BT # lRroP NPEdancs sumly 'Railed gn the bac

sel f - sust ai ngd arasiti c&;ch ge less likely. As can be appreciated, ends
of the plaie el 1o MFUMRGrags dfséxdeef or exanpl e usi ng one or nore plugs (not
shown) . &&%54# As can be appreciated, the plasma-suppressing structure 60
for a gll49]siibetimpedanse ©&dbe MiayRayBPrestingi situcidre Gardependnsmestiv pe
above described features such as uniform and non-uniform spacing, one or
nor e scabCWpBdapsrhetwesn thediates plo0s o el aaRrs afen s Widem dawsvep obanrgcitive
description is nmerely illustrative in nature and is in no way intended to
limt tiparatiticodischarge mayocappbétwaendhe plates$@®. The broad teachi ngs of the
di scl osure can be inplenented in a variety of forns. Therefore, while this
di scl ospoas50]NThedepepands enddel appheplabeye tdwsutreseparaligleplafe thpaciiosslaodur e
should not be so limted since other nodifications will becone apparent
upon a shifein efectritcficidavwinneality! fidgs Merisfwilt @ctomwhighavill Bkkerfth labove gestlitsi Ns.
As used herein, the phrase at |east one of A, B, and C should be construed

- Lo mean bt g efatt ié"éx?éct@d% be)smaifi t9s the) ARGhBICIURL ViRimeRsate dhcity: of the
shoul d be understood that one or nore steps within a nmethod nay be executed

N 3T e BlecRbde bof e RS, Bf 5 a@pg&@% R bEK patd gg e iR GRarel tNe

pr esent cl osure. I cation, 1 nc t he de Itions
bel ow, A i i ECudt .t
contr of 195185 e Madife SGEpraBYnG SupeRl8 ) 1 g oS bFTB €9 el parkidfil o ™

Integrated, Gircuit (ASIC); a digital, analog, or m xed anal og/digital

di scret é"st,cih?@ﬁ't; a digital, analog, or m xed anal og/digital integrated
circuit; onbi national logjic circuit; a field progr ble gate array
(Fpon) 10850l saRe oetmnies hedildman o grotpfoThal Sl pee isnehe
menory (shared, dedicated, or group) that stores code executed by a

pr ocess diter-pla gaps A peiunitpinal @ @mRie OnlysintiHS: 3psemeder alhef @Z&J’d?'@tSed
functionality; or a conbination of sone or all of the above, such as in a
syst em @gapsh?Q9-1] 806-2) 200e3,t 200 canid 2085 (eallgctivrly dntefrpiate raapsde0@omayar e,
firmvare, and/or mcrocode, and nay refer to prograns, routines, functions,
cl asses inceageowitbla) distapce Tom thertrackipiate 20or beresycwnple wolynthes ntar-platei gapise
processor that executes sone or all code fromnultiple controllers. The
term gr @Op mapinesssse 3 ohowps 4069-+00s150266 ¢in il althoughathemadiuesmay ble
addi ti onal processors, executes sone or all code fromone or nore

control l@ged: AdRahHeThppracribd RIAdsYofCheQFTRRSSER Mayi e lehcksBe® iyr bXdrhplet or es
sone or all code frommnultiple controllers. The term group nenory

enconpaggfiy éhe Brmbde pI0gS (ndtBhe@ARi nation with additional nenories, stores
sone or all” code fromohe or nore controllers. The termnenory may be a

subset ahoddje praidRiRQTRUL Bietd SAARESiEREIdUBerlREn et BlafARY f the HRALAHM.©

medi um does "not ~encorpass transitory an
suppressing structure 60 relies on the relation of gap width and plasma sheath

thickness. For example in FIG. 4, improved protection against undesired ignition may
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el ectromagneti c signals propagating through a nmedium and nmay therefore be
consi déred tangi ble and non-transitory. Non-limiting exanples of a
-non-transitory tangi bl e conputer readabl e nmedi um i ncl ude nonvol atile
menory, volatile nmenory, magnetic storage, and optical storage. [0058] The
appar at uses and net hods described in this apgl i cation may be partially or

fully i BBl achievesybyyplates 240-hord0ZoMadr&angr

processors.

§P-4nfeoliectivelveplatss 84@) Matnor e

The conputer prograns include processor-executable instructions

t hat ar énchudser ede @n raere| saw ttoatheornenaliopeth suitfacgs 23igiWhide oolyponaescalispgdbl e
medi um The conputer prograns may al so i nclude and/or rely on stored data.

CLAI M5 ‘dheface 230 lisshewn ifer edch &f theqleteb 22, bethesinrfacesof eachyiiater220emay
processi ng system conprising: a back plate connected to a gas channel;

a face peateallopadecHigh adifacedred ravides sinos récuabinbtidrn&iteadsr pdred @nand
i ncluding a gas diffusion surface;

electrons which increases their loss rate and makes a self-sustained parasitic discharge
less likely. As can be appreciated, ends of the plates 220 may be enclosed for example
using one or more plugs (not shown).

[0053] For example in FIG. 5, improved protection against undesired ignition may be
achieved by plates 250-1, 250-2 and 250-3 (collectively plates 250) each including one
or more perforations 260. High surface area provides more recombination sites for ions
and electrons which increa-ées their loss rate and makes a self-sustained parasitic
discharge less likely. As can be appreciated, ends of the plates 250 may be enclosed
for example using one or more plugs (not shown)...

[0054] As can be appreciated, the plasma-suppressing structure 60 for a given
substrate processing chamber may include variations of the above described features
such as uniform and non-uniform spacing, one or more scalloped surfaces, and/or
perforations.

[0055] The foregoing description is merely illustrative in nature and is in no way
intended to limit the disclosure, its application, or uses. The broad teachings of the
disclosure can be implemented in a variety of forms. Therefore, while this disclosure
includes particular examples, the true scope of the disclosure should not be so limited
since other modifications will become apparent upon a study of the drawings, the

specification, and the following claims. As used herein, the phrase at least one of A, B,
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one or nore conductors; and an el ectrode arranged in one of the back
pl'ate and the face plate and connected to the one or nore conductors,
wherein a gas plenumis defined between the back plate and the face plate
and is in fluid coomunication with the gas channel, and wherein the back
plate and the face plate are made of a non-netallic material. 2. The

shower head Cashniihbg constoues o mean alegieal (A@ml OChdsigsa son-eseinsive éapica)l t he
back plate and defining the gas channel, wherein the stemis made of a

non- net @R.iltsmatleé beaindesstdodtteat @ine ¢rireoensteps withirea coeitiod tnoaysb@ @secuthd ough
the stem 3. The showerhead assenbly of claim1, wherein one of: the gas

di ffusi i diffsreac ordér (bre concerrents) ewitialt udesrirgpake dorindiptes  dfhthegamesent
di ffusion surface of the face plate includes perforations; or the gas
di ffusi grcrpdlfeace of the face plate is porous.

[0056] In this application, including the definitions below, the term controller may be
replaced with the term circuit. The term controller may refer to, be part of, or include an
Application Specific Integrated Circuit (ASIC); a digital, analog, or mixed analog/digital
diséféte circuit; a digital, analog, or mixed analog/digital integrated circuit; a
combinational logic circuit; a field programmable gate array (FPGA);, a processor
(shared, dedicated, or group) that executes code; memory (shared, dedicated, or group)
that stores code executed by a processor; other suitable hardware components that
provide the described functionality; or a combination of some or all of the above, such
asina system—on;c-;hfp.

[0057] The term code, as used above, may include software, firmware, and/or
microcode, and may refer to programs, routines, functions, classes, and/or objects. The
term shared processor encompasses a single processor that executes some or all code
from multiple controllers. The term group processor encompasses a processor that, in
combination with additional processors, executes some or all code from one or more
controllers. The term shared memory encompasses a single memory that stores some
or all code from multiple controllers. The term group memory encompasses a memory
that, in combination with additional memories, stores some or all code from one or more
controllers. The term memory may be a subset of the term computer-readable medium.

The term computer-readable medium does not encompass transitory electrical and
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4. The shower head assenbly of claim2, further conprising a

pl ‘asma- suppressi ng structure arranged adj acent to a second surface of the
back plate, wherein the first surface of the back plate is opposite to the
second surface of the back plate. 5. The showerhead assenbly of claim 4,
Wherein the plasma-suppressing structure includes N plates |ocated paral I el
t o eachelgciiemagnetic syideals PrIPRORLNG hihpoudhhed emRALE, a@nd nM&ye thejetase ePet han
one, wherein the N plates are nade of a dielectric material. 6. The
shower heaosidersdntangitkle and i mareirangionsi NmHmMmser@mj@q)ersgu RgN-$ransidanr e
includes a collar extending fromone of the N plates towards an upper

sur f ace tarfgilsle pcanpster mgadéElebmedinim tinelude brsdnvatatilep moeresyi, nelatile treemoand
wherein the collar is nmade of a dielectric material. 7. The showerhead
assenbl ynayfnetit storage, andesical Notagegr eater than two and the N plates are
spaced in a uniformmanner. 8. The showerhead assenbly of claim5, wherein

Nis gr mss] trhérapbafat@é& aid hm%dss@é&naédtirhmé\lapbmaﬁénaﬁ@y Be paefhllyora

non- uni m manner. 9. The shower head assenb claimb5,” wherein at

| east opg)0 m¢|eﬁhewtéa Byesné i HiLPS c%n%d%é@'p'r&g}faﬁfs BREGRERIHYOBRe of Medrddes a
saw tooth”surtace
processors. The computer programs include processor-executable instructions that are

stored on at least one non-transitory tangible computer readable medium. The computer

programs may also include and/or rely on stored data.

16



11. The shower head assenbly of claim2, wherein the stem the back plate
and the face plate are made of a ceramic material. 12. The shower head
assenbly of claim2, wherein the stem the back plate and the face plate
are made of at |east one of alumnumnitride and al um num oxide. 13. The
shower head assenbly of claim 1, further conprising a baffle arranged

bet ween the gas channel and the gas %@Mﬁn 14. The shower head assenbly of
claim?2, further conprising a collar connecting the stemto an upper

sur f ace Vifatds claisged ist e processi ng chanber. 15. The shower head assenbly of
claim1l1, wherein the face plate is connected to the back plate to allow

| at er al 1oV e Aeshiowarhedicasseotblyp fataesubstrate precessind sysiemk camptiginghi | e

mai ntai ni ng a seal therebetween. 16. The showerhead assenbly of claim1,

wher ei n a hea@ck plateeshmected td Agagahametnum i s | ess than tw ce an expected
pl asma sheat h thi ckness. 17. The shower head assenbly of claim 1, wherein

a first di neashéd phed veeediée aglacsht todefirhgulidce of thetbaekpiateanafintingingack
plate is | ess than a second di mensi on between the el ectrode and a second

surfaceacqast(mﬁugg,qgu,%ég;e, wherein the first surface of the back plate is
opposite 1o the second surface of the back plate.

one or more conductors; and

an electrode érranged in one of the back plate and the face plate and connected
to the one or more conductors,

wherein a gas plenum is defined between the back plate and the face plate and
is in fluid communication with the gas channel, and

wherein the back plate and the face plate are made of a non-metallic material.

2. The showerhead assembly of claim 1, further comprising
a stem connected to the back plate and defining the gas channel,
wherein the stem is made of a non-metallic material, and

wherein the one or more conductors pass through the stem.

3. The showerhead assembly of claim 1, wherein one of:
the gas diffusion surface of the face plate includes spaced holes;
the gas diffusion surface of the face plate includes perforations; or

the gas diffusion surface of the face plate is porous.
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18. The showerhead assenbly of claim1, wherein the electrode is
di'sc-shaped. 19. The shower head assenbly of claim2, wherein the one or
more conductors includes a cylindrically-shaped conductor that surrounds
the gas channel. 20. A substrate processing system conprising: a
processi ng chanber including a reaction volune;, the showerhead assenbly of
cl ai m 14ar r ahlge shpwetheadrassembin of elaie, fuitheracopeniisinap PAASBFrgHRPIEASIPGe
reaction vol une adjacent to the face plate. 21. The substrate processing
syst em efructlies arraoged wdideent tw@pséecsindgsurface of ther hack plateqwberjn ¢heefirst
circuit configured to supply an RF signal to the one or nore conductors
havi ng suffacxofethe bagk phteis oppsitéd tdtie senodd surface af thertiackiplate. configured to
control process gases flowing to the gas channel and to control operation
of the RF circuit.

5. The showerhead assembly of claim 4, wherein the plasma-suppressing structure

includes N plates located parallel to each other in a spaced relationship, where N is an

integer greater than one, wherein the N plates are made of a dielectric material.

6. The showerhead assembly of claim 5, wherein the plasma-suppressing structure
includes a collar extending from one of the N plates towards an upper surface of a
processing chamber of the substrate processing system, and wherein the collar is made

of a dielectric material.

7. The showerhead assembly of claim 5, wherein N is greater than two and the N

plates are spaced in a uniform manner.

8. The showerhead assembly of claim 5, wherein N is greater than two and at least

some of the N plates are spaced in a non-uniform manner.

9. The showerhead assembly of claim 5, wherein at least one of the N plates

includes a plurality of perforations.
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22. The substrate processing systemof claim21l, wherein the back plate is
directly connected to a wall of the processing chanber.

10. The showerhead assembly of claim 5, wherein at least one of the N plates

includes a saw tooth surface.

11.  The showerhead assembly of claim 2, wherein the stem, the back plate and the

face plate are made of a ceramic material.

12. The showerhead assembly of claim 2, wherein the stem, the back plate and the

face plate are made of at least one of aluminum nitride and aluminum oxide.

13. The showerhead assembly of claim 1, further comprising a baffle arranged

between the gas channel and the gas plenum.

14. The showerhead assembly of claim 2, further comprising a collar connecting the

stem to an upper surface of a substrate processing chamber.
15. The showerhead assembly of claim 1, wherein the face plate is connected to the
back plate to allow lateral movement of the face plate relative to the back plate while

maintaining a seal therebetween.

16. The showerhead assembly of claim 1, wherein a height dimension of the gas

plenum is less than twice an expected plasma sheath thickness.
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17. The showerhead assembly of claim 1, wherein a first dimension between the
electrode and the first surface of the back plate is less than a second dimension
between the electrode and a second surface of the back plate, wherein the first surface

of the back plate is opposite to the second surface of the back plate.
18. The showerhead assembly of claim 1, wherein the electrode is disc-shaped.

19. The showerhead assembly of claim 2, wherein the one or more conductors

includes a cylindrically-shaped conductor that surrounds the gas channel.

20. A substrate processing system comprising:
a processing chamber including a reaction volume;
the showerhead assembly of claim 1 arranged in the reaction volume; and

a pedestal arranged in the reaction volume adjacent to the face plate.

21.  The substrate processing system of claim 19, further comprising:

a radio frequency (RF) circuit configured to supply an RF signal to the one or
more conductors having a frequency greater than 1 MHz; and

a co.ntroll'er conﬁgu'red to control process gases flowing to the gas channel and to

control operation of the RF circuit.

22. The substrate processing system of claim 21, wherein the back plate is directly

connected to a wall of the processing chamber.
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