-1- COVWPRESSI ON MEMBER FOR USE | N SHOANERHEAD ELECTRODE ASSEIVBLY FI ELD OF

THE' | NVENTI ON [0001] The invention relates to plasma processi ng\mwmww w
wherein a resistance heater filmis used to control the terrper

thermal control plate in a showerhead el ectrode assenbly

Pl asma processi ng apparatuses are used tq._process substrat es ﬁmwm't“ﬂ
incl udi ng etching, physical vapor deposition (PVD), chem cal

deposition (CVD), ion inplantation, and resist renoval. One type ea‘,ooqo:i*asna

Contai ni ng 3Bp€¥’7‘iﬁ§E§§F§W&%§§%§§°ﬁ slg DS ERFEN HIGECTRUDE o™

between the el ectrodes to excite a p into the plasna state to
process substrates in the reaction chanber. [0003] One type of upper
el ectrode assenbly used in plasma processing includes a showerhead

el ectrode assgppbYor A RVEEReasNel ectrode assenbly of a plasnma processi ng
apparatus nmay 1 nclude a thermal control plate attached to a shower head

el ectrode, a t r t east
one t her nal g?l@ée(}@lgﬁh eﬁgﬁg%/l?tggg)d%gét}nv\%e n°%%§’ rﬁ? argﬁlrg%%‘gllgggé% rt%ﬂ %éer mal
control pl at édeatadfilnhé Wsep tptatrel the tahpoatued eftt themad! camtroltphae imaé  conduct i on
between the t ntr and top plate. Athermally and
electricallyS$ 8?4%38?&%8“6’%?&“@ separate the top plate and the

shower head el ectrode, as described in commonly-owned U.S. Pat. No.
7,862,682, which is incorporated hepaiokdyoreierence in its entirety. A
single zone or nulti-zone film heater supported by the thermal control
plate may coqpeyAt Q’l}i‘dnﬁ;hpﬁ&)@@ssﬁlg@Bﬁir%b'és%@ﬁwdrtglp}&@ssts‘ﬁBstFﬂt@stt%/ feShrliGRt ai n
t he showerhead el ectrode at a desired tenperature, as described in

commonl y- ownencluligg erhing, Playsical eapor deyrositioni (BN D) schemien! yepatdetonedrei n by

reference in (tr\ﬁ))eﬂ)tnl 1mp}a¥1tat10n, and resist removal. One type of plasma processing

apparatus used in plasma processing includes a reaction chamber containing upper
and bottom electrodes. An electric field is established between the electrodes to
excite a process gas into the plasma state to process substrates in the reaction
chamber. |
[0003] One type of upper electrode assembly used in plasma processing includes a
~ showerhead electrode assembly. A showerhead electrode assembly of a plasma
processing apparatus may include a thermal control plate attached to a showerhead
electrode, and a top plate attached to the thermal control plate. At least one thermal
bridge can be provided between opposed surfaces of the thermal control plate and
the top plate to allow electrical and thermal conduction between the thermal control
plate and top plate. A thermally and electrically conductive gasket may separate the
top plate and the showerhead electrode, as described in commonly-owned U.S. Pat.
No. 7,862,682, which is incorporated herein by reference in its entirety. A single
zone or multi-zone film heater supported by the thermal control plate may cooperate
with the temperature-controlled top plate to maintain the showerhead electrode at a
desired temperature, as described in commonly-owned U.S. Pat. No. 7,645,341,

which is incorporated herein by reference in its entirety.



-2- .SUVWMARY [0004] Disclosed herein is a conpression nenber for use in a
shower head el ectrode assenbly of a capacitively coupled plasma chanber
wherein the nmenber applies a conpression force to a portion of a film
heat er adj acent a power supply boot on an upper surface of a therma

control plate supported below a tenperatgre-controlled top plate. [0005] In
a preferred enbodi nent the conpression nenber is a body of electrically

i nsulating elastoneric material conpressed between the
tenperature-controlled top plate and &ﬁ& 1@§§nal control plate wherein a

| ower surface of the body contacts an upper surface of the film heater and

applies a co essign force to.a portion the filim heater,and,an, i nner
surface of t[@{oéinﬂﬁé‘ggﬁeg C%W&&F?rgsa]ogégﬂf’b?%g} ausﬁdl\}\érSh%‘ﬁ%rBF%/d boot whi ch
suppl i es povRfectr8dd 8erthblyBrhaapsitiveBRtdupl dapdsdnl P eOwhdtdin RRANNNYST FI GURES
[0006] FIG 1 illustrates a portion of a showerhead el ectrode assenbly and

a substrate epplssracompressioplfarado ppotiwasif adilaisateaedigcsmhp PRWVERSPEbADr essi on
et 20 68 o L RSN B e BT S SRR
whi ch has corph®sisddadp preer s adj acent to power supply boots.

[0005] In a preferred embodiment the corhpression member is a body of

electrically insulating elastomeric material compressed between the temperature-

controlled top plate and the thermal control plate wherein a lower surface of the

body contacts an upper surface of the film heater and applies a compression force to

a portion the film heater and an inner surface of the compression member is adjacent

to a power supply boot which supplies power to the film heater.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0006] FIG. 1 illustrates a portion of a showerhead electrode assembly and a
substrate support for a plasma processing apparatus which has compression
members adjacent to power supply boots.

[0007] FIG. 2 illustrates a showerhead electrode assembly in accordance with a
preferred embodiment which has compression merﬁbers adjacent to power supply
boots.

[0008] FIG. 3A-3E illustrate a compression member 300 in accordance with a first
embodiment.

[0009] FIG. 4A-4F illustrate a compression member 400 in accordance with a
second embodiment.

[0010] FIG. 5A-5F illustrate a compression member 500 in accordance with a
third embodiment.

[0011] FIG. 6A,B illustrate top views of a thermal control plate 58 detailing a

preferred arrangement of compression members 300, 400, 500.



~[0008] FIG 3A—3E illustrate a conpression menber 300 in accordance with a
"first enbodinment. [0009] FIG 4A-4F illustrate a conpression menber 400 in

accordance with a second enbodinent. [0010] FIG 5A-S5F illustrate a
conpressi on nmenber 500 in accordance with a third enmbodi ment. [0011] FIG
6A,Billustrate top views of a thermal cgntrol plate 58 detailing a

preferred arrangenent of conpression nenbers 300, 400, 500. -3- DETAILED
DESCRI PTI ON [0012] Disclosed herein is a conpression nenber for use in a

shower head el ectrode assenbly, %ﬁlﬁﬁtg}?tﬁﬁsgﬁmﬁf' on nenber applies a
| 0 i1'm

resilient force to prevent del a eater on a thernmal
control plate. Wien a filmheater is lamnated to an upper surface of a

thermal contr | at e, rtain. plasma processjng. conditi cause the
fil m heater tl§5lﬁd§$@@0%f§|hgrﬁ%sm SERTASIGR I&F@Eergfafsieéa@ shew g %%er suppl y
boot provi di ré%c%@@&srsérﬁﬁl'  PRYRIn &, cgﬁgrefsglbﬂm%eﬁa H%QQ'rés‘fl%n‘t @&09{0 _
conpression force around’the area adj acent IE)power supply boot is

i ntended to gvoiedt d‘lﬂdiramanat oomfilmh ht:atter dni 4 theheatcentrolrplatheWhbe a fidih heatet r ol

| at e. . . : .
P is laminated to an upper surface of a thermal control plate, certain plasma processing

conditions may cause the film heater to undergo delamination in an area adjacent to
a power supply boot providing electrical power to the film heater. Application of a

compression force around the area adjacent to the power supply boot is intended to

avoid delamination of the film heater on the thermal control plate.

[0013] FIG. 1 illustrates a showerhead electrode assembly 10 for a plasma_

- processing apparatus in which semiconductor substrates, e.g., silicon wafers, are
processed. The showerhead electrode assembly 10 (only one-half of which islshown
in FIG. 1) includes a top electrode 20 and an optional backing member 40 secured to
the top electrode 20, a thermal control plate 58, and a top plate 80. The top plate 80
can form a removable top wall of the plasma processing 'apparatus, such as a plasma
etch chamber.

[0014] A substrate support 15 (only a portion of which is shown in FIG. 1)
including a bottom electrode and optional electrostatic clamping electrode is
positioned beneath the top electrode 20 in the vacuum processing chamber of the
plasma processing apparatus. A substrate 16 subjected to plasma processing is
mechanically or electrostatically clamped on an upper support surface 17 of an
electrostatic clam (ESC) incorporated in the substrate support 15.

[0015] The showerhead electrode 20 preferably includes an inner electrode
member 22, and an optional outer electrode member 24. The inner electrode member
22 is preferably a cylindrical plate (e.g., single crystal silicon). The inner electrode
member 22 can have a diameter smaller than, equal to, or larger than a wafer to be
processed, e.g., up to 12 inches (300 mm) or larger (e.g., 450 mm) of single crystal
silicon. For processing 300 mm wafers, the outer electrode member 24 is provided to
expand the diameter of the top electrode 20 from about 15 inches to about 17 inches.
The outer electrode member 24 can be a continuous member (e.g., a poly-silicon

member, such as a ring), or a segmented member (e.g., 2-6 separate segments



[0013] FIG 1 illustrates a showerhead el ectrode assenbly 10 for a plasm
"processing apparatus in which sem conductor substrates, e.g., silicon

waf ers, are processed. The shower head el ectrode assenbly 10 (only one-half
of which is shown in FIG 1) includes a top el ectrode 20 and an opti onal
backi ng nmenber 40 secured to the top elegtrode 20, a thermal control plate
58, and a top plate 80. The top plate 80 can forma renovable top wall of

t he pl asma processing apparatus, such as a plasma etch chanber. [0014] A
substrate support .15 (anl por.tion.,of which is shown in ElG i ncl udi ng
2ot t om ef eanrbR R A spBsBRhah Qe buitaeRs of syl BiePhudt o

posi tioned bepdalindnifoftROtop @6diroad 20 At inthidea MakipleRphRaesftmedtidagber of
t he plasna processi ng apparatus. A substrate 16 subjected to plasna

processi ng | semhendAi halsegmants pricteratlp b ¢dgas whickloyeplenieash ofler tppretect uppor t

surface 17 of an.e osi. at | I I Nco a ] bstrate
support 15. fﬁ%’fg‘fﬁﬁﬁ%{’% (%r\?\%ipﬁteegg@éc%? ?%’)%%Qg)é; lgs(r?%quﬁg I}H&r%fr%gﬁru es an i nner
el ectrode nenixaiibe?22 pa¢feraBly iapludenahltiple @k padsagdsrasder fpednag adfocedgasi nner

el ectrode nmenber 22 is preferably a cylindrical plate (e.g., single crystal
silicon). Théntp@rmerceanaalaspaeagiopehamberhaivean e ?m@lﬁfg@@éﬂb%w@mt han,
equal to, or . , Laches
(300 nm or |e£e?gg§é%§e‘. g%&i}ggfﬁ%&%ﬁgfﬁg@fﬁ‘?‘gg% Igld s|’ l(t:}%ngl&l%r%e 'S%gcessi ng
300 mMm waf er de atrhenddititie eleetredxt wihler withinetra tadking npmohdrded t o expand t he

di ameter of t op.electrode 20 fromabout. 15.i nches. to_about 17 inches.
The outer el é@?ew@dgfwﬁls@ﬁgfwréwﬁarqﬂé thpgla%ﬁé%ﬁlﬁgml%%@}dl g
pol y-silicon Haaapgﬁnﬁau% s@eh 8BmbbdiMentsOthe e SRR RUNBRBHEL i6R@0Y. . 2-6

separate segnents }- arranged in a ring configuration, such as segnents
of single crsteakivewithdbebacking @ateddi anskthe outer tleetradspneheat24dgsieo20 t hat

include a multjple-se nt outer electrode er 24 he .se n

ot of o ably NSURENESSRRF O edECRRE Ang HeROT g 5y BF BET I PRI 7% ng
bondi ng mat erdyfnd foe PPREK P BT Elcktfode! rA&hBer shélethandsihglelbaciting fRtd@aer 22
preferably includes nmultiple gas passages 23 for injecting a process gas

i nto a space used & gyppertherivagrelasiroehmember Pk the seemdnéed gyeralestiodede 20 and
bottom el ectr | ' ' f i ctrodes,
the. ol ot r oad et théinhe! SR e et 2 SRS R ol PSRer B bE EEE
nmenber. 1001lefEhBlbatkhébotRebakinkln phbéret0ahl ybindedgisierrial, badldsng pl ate 42
and a backing ring 44. In such enbodi nents, the inner el ectrode nenber 22

i s coext ensi \Rastgnigricthoadingarateral pf g rackme rie 42 irclylss @ps passrgcs ddelimsther 24
i's coextensi ' F | ' ' fihe ihigcki ng
pl ate 42 can@&%&tﬁgaigﬁgﬁé&%ggﬁ]ﬁ{ﬁg%&% egtegeo Igﬂl%g etrolig}gﬁﬁggﬁsat alsi ngl e
backi ng pl at eheplasihe priweshirtgochambpo (The tghepassages 48 lcerc havedediameteeof @t t he

segnented outer el ectrode nmenber. The inner electrode nmenber 22 and the

outer el ectrdh@’r?ﬁ%se?boﬁﬁ a&r"ée‘ﬁ“’é@é‘rr%‘fﬂn?ii{)t/"g& ﬁ‘etg&SPﬁséagﬁi@I%icﬁ@ nmember 40

by a bondi ng tgﬁEﬁf}j@ve aighet@SoBdbofi @83 PfRAI ¢ bonding material . The backing
des "gas I

pl ate 42 i ncl passages 43 aligned with the gas passages 23 in the
i nner el ect r d6@1 e b the@nal copra \plate 5§ asmptisew aimmetallit frnep porsion ipdledingsi ng

chanmber. The gas 43 can have_.a dianeter of about .0.04 inch

("about " as. (Bt e SO o Sitince AL R TrsCinBie Pinidkuidh Gfivio |y
have a di amet£firsPhcatR@mtiferQuidse 61508 a §R0AT innlite phdjetivnl 630NN sepbat € 58
conprises a netallic inner portion including a contoured plate 59 with an
upper sur f aceéegOrangfrd sarfaqertongtha ypper sprf@?eegrs otber mefergd iemfodinganss theheat
transfer surf 2 an d. [ RrLOj i / Vi nd heat
transfer surﬁgéﬁu%ﬁpﬁﬁgP§g§%%%§Pn§3??g@%ﬁR?ﬁ%§§hg$&%$g%%f'ﬁz gﬁ%ggﬁgents,
the thermal GREfct@nsPTRS BehSal GantrolLatdde alBlifclidedn flesardpRiiecsé ons, e.g.,

three or nore projections. The thermal control plate 58 also includes a "
f1 exure portiorSHngdrhewteused plate Vdardiangs 6phayiae 5o upper surfpeen{fewhigh iavi ng
an upper surf i I | ISt 2 of

t enper at ur e- c}ge?l(f?%a?rfs\g%ll § g%dsg? &%Vequglquf@ (ﬁ%%hél?& egﬁtegqtdrt%\rrlgéte U@%trg? g'cggeGZ and
second heat tfirarishetramsfidrisarfecetsl prdadcesmitiept ianséer anrfacenid mefecabhy hgueraat | on.
The first projection 61 and the_second prqjection 63 preferably have a

hei ght of frcﬂ‘iﬁn&]lﬁ‘bﬁ?“f?ﬁuﬁlqnnige 5 Butstiop Oysh esecAPralewioR ¥ of

preferably have a height of from about 0.25 inch to about 0.75 inch, and a width of




_-5-.fromabout 0.75 inch to about 1.25 inch. However, the first projection
61 and/ or second projection 63 can have a non-annul ar configuration, e.g.,
arcuate segnent, polyhedral, round, oval or other configuration. The top
pl ate 80 preferably includes one or nore fl ow passages 88 through which a
tenperature-controlled fluid, preferablyssa |iquid, can be circulated to
mai ntain the top plate 80 at a desired tenperature. [0018] The thermal
control plate 58 is renpvably attached to the top plate 80 with suitable

fast eners, ich_.ex .1 hr.ough th i j . I 0 and
into thr ead\é\%oglp%brﬂu&\gggé%c t8rargr8%f li'%s ?’I%grl?l ‘gﬁvﬁ’gﬁ%.ﬁm}t EFoé‘%\chgn%%%lg/r?gnt, t he
shower head elsesind @esje@mnestday hile £ agpahmas @nfigvationledt. carhiiife sdghmnhed to
the top side 122 of the top plate 80. The cover plate 120 seals the

. p .
openi ngs i n PREhedpl, soundeowd) og gt eondigurations Blg topdlate o prcfgadlyapdidsigs are
at vacuum pr I i Q%ﬁ% m}Yﬁ' gver plate
can be om ttgaégiﬁgtﬁ/%g?ﬁgag&\%%gea lggr%uﬁﬁ’g t e\éggt’é%lliér@lﬁgﬁ, 86,
(e.g., O-ringsef&@Blyceliquid dan b ictewlated tspanedn dpaop phatndd atra dgsoedes 105
around sections containing openings 84, 86). The oversized openings 84 in
the top pl at &TBRFTFHBYi de cl earances around the fasteners so that the

thermal cont r[ﬂéem?l afiR tREnfafBorttd] Peutd 54 Atrk¥Svily ARRhELR BE alFplhR sacsgMDdat e

m smatch in thermal expansion of "the thermal control plate relative to the
top plate. [ G0it4le fasteneny, whick es®nd throfighaths eperingscffcindhe wplpdate 80 end mte he

processi ng chanber, heat |s_.transferred fr the inner e t rrode .nenber 22
and the outer 8?‘%&%8’81‘8%@%6 o ﬁ’r?ﬁ@ﬁ%%‘?ﬁ’i%ﬁﬁp Bglgfﬁnhgﬁepfhé’fvéa’ﬂ}ffggnd
optional backidgodé fdefiflyl1® doRforisedVEEover plabs B2 (Badtathed tHehd ©P sleal?e 80 vi a

t hermal conduction fromthe first heat transfer surface 62, second heat

transfer sur fthcwpedate 8hdlhemoverylatgd e sealsitheapenings injthe toptdate W@ sueh thehe

first projectiop 61 and.second. project] . | t he, ridges
bet ween t he itnen{;eglrs RN trhSScFeOP%éu E%ezéf‘}a%nggreg%uzgf%gﬁ%g%% Jﬂé%,langsacki ng
pl ate 42 and Hgwkic)ghd tdver flatd @ntbe@niingd By ploeidify a Viduamesehkbaroast theat

transfer at spaced |ocations across the thermal control plate 58 hel ps
achi eve a suloPeings 34,130, (&8-f Orrings d Ap ermbaprevigicd in snaGed-apart apaular |IZJ0oYEY oss

the top el ecty ) y r t ] ontrol
pl ate 58 pr eflgrggg?uégisﬁ%%%glém}gngl{ke%% ﬁl&%ggﬁqt)%T]Eeﬁeé%CSB%%%%g?ggﬁethtg o]
cooper at e wi ttbp plhe 80eproeidaicleamncandromid thd fasomers! sattieat 8 therncad mbntod] plite

tenperature of the top_electrode 20. For exanple, .in a preferred .
enbodi ment, tX¥<apshderelatyete Higitor platsfoprernppdate %?W%{gl?emo’ﬁe% PRSI - 6-

of the thermal control plate relative to the top plate.

[0019] During processing of a semiconductor substrate in the processing chamber,
heat is transferred from the inner electrode member 22 and the outer electrode
member 24 and the optional backing plate 42 and optional backing ring 44 to the
lower surface 82 of the top plate 80 via thermal conduction from the first heat
transfer surface 62, second heat transfer surface 64, and through upper surface 70. In
other words, the first proj ection 61 and second projection 63 also provide thermal
bridges between the inner electrode member 22, outer electrode member 24, backing
plate 42 and backing ring 44 to the top plate 80. This enhanced heat transfer at
spaced locations across the thermal control plate 58 helps achieve a substantially
uniform temperature distribution radially across the top electrode 20.

[0020] With reference to FIG. 2, the thermal control plate 58 preferably includes at
least one film heater 230 operable to cooperate with the temperature-controlled top
plate 80 to control the temperature of the top electrode 20. For example, in a

preferred embodiment, the heater is provided on the upper surface of the thermal



~control plate 58 and includes a filmheater 230a in a first annular heater
“zone 72 surrounded by the first projection 61, a filmheater 230b in a
second annul ar heater zone 74 between the first projection 61 and the
second projection 63, and a filmheater 230c in a third annul ar heater zone
76 between the second projection 63 and ihe fl exure portion 66 (see FIG
6A). The nunber of heater zones can be varied; for exanple, in other

enbodi ments the heater can include a single heater zone, two heater zones,
or nore than three.heater  zones. 021]. 1 Qr rr i > the film
heat er 230 i§oaﬁfqip&%8%. %lrfcﬂurd%%a%? %e tgégé(%slgf%g,a"ggbgggag% ?B QE%/ first
proj ection 6kuAabghde8 &9k ffsPpREdHiON 663 Bln héer 136b ik s€dnt aohuldd IRt 58.

Fil mheater 230a is |located in the first heater zone 72 and is electrically
connect ed t o zbht 4 hetaeer theFoBt reisatiend6] #nd the sewad pepietionds, and &/filn

el ectrical cqnnections which exten h f | i i Film
heat er 230c ?lsea 5%% el nlrfﬁ%nu;f ?lre gtei]%acgﬂ%gg rlﬁe%ﬂgenfhé géncgmli gkﬁ Celt(:)i:R Ir&l‘?’g%fll y
connect ed t o thé flexdre pbigion 38 Qkee\H1G. 6AR Cheinualbet ofineacdrizoms cahbe lvaged; dord

t hrough the second projection, 63 (%E%QFI G 6A). As jl]Juystrated in FIG 6B,
power suppl y ekamplesingthgrembodimsnts, aiebern 1BCIENR FingledisAlFT BRSt ™WRc via a
power line 9 SHRRLY 10Ghse heSteF fickiSEd to distribute power to
resistive he}teﬁﬁg |ersfes 23r2 l?d% %%g ?iﬁlem hgater 230c. [0022] The film heater
230a, b, ¢ conyf02Ks Ia al meferrad embodimedt, tige files hsatén28 Ohedivided ittortlase 882 (FI G
6B) on the upper surf 60, of the thermal control plate 58 erein the
oAt i ng |1 nedteaien 1 9emedbr £ by Bt presiop &3 en sroabiBiErig ShELht a

di sposed bet W&t 0 BRARE PlatYE FinPheater 230y IEbEfedRitRE fitdt htdatzonad M2 whd Bst and
the operating tenperatures reached by the filmheater 230a,b,c. An

exenpl ary polejentnidatly watmaciedl to fitmtheaten2 B losated insthe sgpohg hedteie’40hd under t he
trademark "KARTON' . which.i s coQ rci all val kable.fr.omE.Jl. P de
Nenours and &?f&r‘fﬁll.cc’%ﬁ??%@vchdg? teén(f%%léér{lﬁgltﬁl%%rnsg Proollecplfnélt6 E‘ IfLﬂsm%rg%tF eFabl y
achi eved vi a it hearelin 6R1BWE hédRt 20hO®083hd E@edﬁe@ﬂl?'w@nhéct@l&om Heatee2 30ty
suitabl e pattern that provides for thermally uniformheating of the first
heat er zone 72 elseispldronpentions whish exiend digughhihegeonadmao) cotimedIrgee

exanpl e, the fj| ] gg) - attern
o rosi st ve Hoat MR led B R if (O NS, P10 SUcRlcalt] HARLEMbAPT
pattern. By happlyngot 1% tihepowkr k@7 Powet atpplyboor T9c drbasdd tbnrtiswdtatter

230a, b,c, in cooperation with cooling b%q the tenperature-controlled top
plate 80, a RONG iblesistyghrating lines 2327n thg Hlm heatet B9ccan be provi ded across

the top el ectjgfsiy A,Z’Blle?ﬁlﬁjﬂ&té}%bémc%n@&gé%flaﬁwLde%rﬁ%grrgefle%mé)f%ﬁﬁgSerrbl y

10. [0024] FI strate top vi control plate 58
wi t h conpr esdlimen 282 (€. $§B300 thed@Per E0fice B0 of thephermsilicdramd phite B wheéreint her mal

trol plate, 58 includ film heat 230a, b, c. The fil m heat 230a, b,
Con T ocel ve. HbRBrREdRes e e BOREIecaiTanI S SBhoHAPE RARPeE o 0. 1
a preferred %g?@génr@ﬂﬁbsedtlg r§ i)fﬂ)&?ﬁlteﬁ&ﬂa%ayﬁﬁ§c&m%tm535p&@ﬂ%s 72, 74,

76, wherein the power supply 110 iS5 electrically connected via a power |ine

97 ext endi ng tempeowatircsnsachsd byte film herterf238nde. 68 exemplapopelymetipplajerisgbot 79¢

and electrically contacis a respective phas f the, sphase heater

| ocated in tﬁt a%/%f’?’(ﬁu léyaﬂ‘i’bﬁfnz es?i)%én#éale%ﬁagePﬁr eé{‘g‘ﬁ@& Yo (ﬁ}]ﬁ_e third
heater zone 7&nahe&cRlI9&l4ildb f¥mENAEPoRAdd Nethberstahd €@nfpany. gsqengdonthephases
of the second internedi ate heater zone 74 via connections 77 between power

suppl y boot s themnal sontoy @lateisanefersblierchqypp vip thersral cqmduction.zone 74, and the

t hree phases herse [ . t.1 ] . to the
t hree phases @bz‘%]he]ﬁ? 1?6%9 g%@ﬁ?%%ln hégg?n QZ Slhzl%hlg p%kgr&itféétﬁé]\hé%sﬁ? g%%ﬁf@ bet ween
power supply @fafkre hédeng 6f thb 6rs Genatzone 3 decamiibeatet zanel 74 ane thislippaty boot s

79a in the first heater zone 72, The cgnnections 77 pass through openings
in the proj ectansHé- %q_r,exglgple, the film heater 230a,b,c can have a regular or non-regular

pattern of resistive heating lines such as a zig-zag, serpentine, or concentric pattern.
By heating the thermal control plate 58 with the film heater 230a,b,c, in cooperation

with cooling by the temperature-controlled top plate 80, a desirable temperature



[0025] In a preferred enbodi ment the three-phase heater is conprised of
"three circuits including a first resistive heated conductor adapted to
receive AC current at a first phase, a second resistive heated conductor
adapted to receive AC current at a second phase, and a third resistive

heat ed conductor adapted to receive AC cytrent at a third phase, the first,
second and third phases being 120 degrees out of phase with each other.

[ 0026] The top el ectrode 20 can be electrically grounded, or alternatively

can be powered, .preferably b radi g- f.requenc .current source. In a
preferred enﬁ&ﬁﬁﬁ%,ca{lﬁ_@%’fod%degla&‘lsF g&éoligféﬂo%ﬁm@&@ﬁ%oﬁ(? at one or
nor e frequenghmedléa@aggh&gggagsgn;bllseldp.ottom el ectrode to generate plasnma in

t he pl asna processing er. The bottom el ectrode can be powered at
frequenci es ¢0024] orFiexaAB dlustietiop Pewbief the thdymat can®®] Mage S&ewigh, 2 MHz, 27

MHz and/or 60 MHz hy i ndepe nt rolled radio.fr ne ower,
sour ces. AftéPmQreﬁ}égP}eEﬁ%r%@’ éé(éré%gr RS URPEE Sy a.cﬁg,o ogﬁ%éﬁf oa%gﬂ% B
substrat e hag|hesg i RRIHIRheRe)30alt)e TheFdiheafer PRV ¢ tan fbeivOpowem
el ectrode is shut off to term nate BI asma generation. The processed

substrate - gron g singleosver Surnly phmulipde pew grseprlicsi g paterisd embadineibot her
substrate is . h t9415¢f ihhg. In a
preferred enﬁ@%ﬁ%&é%ﬁ&gh@ﬁ%@&ﬁ%& h?gstg%%(ﬂggz ’e7é ’ t5 %’ eeg@h?fﬁ%xﬁ%r%ﬁ@ﬁ?éggt r ol

pl ate 58 and,is &l8cttivilly cdnhected piacl poiet dide 92 @xtendiey tirougtr art apening ibdiid om

el ectrode is shut off As a result, the tgﬁ?el%@trode 20 tenperature is
preferably pritapenpetp & PONSTRBPY 9P P LA SIecH I (PE¥ cPRIG S R APIPSPH {eR3es &t ur e.

The top el eClfOfLeclthak eARRLAbUEE inSnP AR L aERLH H6  Bhle HreRRLQMMAL €] ¥

a constant tenperature between successive substrate processing runs so that
substrat es artke thirddestee goneriiteare nietoically cornketeé boythie tipee vomegpprding pkasys el ds.

Th ly 110 pref bly i trol.lable t I t
desi red | evelotsiseraadinememiaieheais Fonstdeyia SAERROns I A DR SRS PR and
the desired tREREoalinLEheOf6 ddGHowP sEItE bERE 99 fr zonk §82:Ald th@tr@ééiﬁdas&soofavoi d

del am nation and potential arcing between the heater filmand the thernal
control pl at ehe swopd beatéraoneBiber de@irlly,00necsBiyo dhethresadiases dhéhalish t he

thermal control, pl.ate and 4.he to |. at 028]._ As_sha i G
conpr essi on rfgﬂ%grhsea@bé?n% yia S%'gjegﬂ S& 7aéeg‘8??§‘]rp ISt SW%P%(%S ? %aléll t|§%rti on of
the film heat@Eond3Rasep z6nedTh AHaGwek QupblPBYRE 7S4HthY fib® AbatéOne 70The’ 9C on

an upper surface 60 of the thermal control plate 58 to prevent del am nation
of the fil m hoanestionT Az pessiipougls Praningsib dreprg@ationsdd, 6500 are configured to

[11 DeLveen (i enper aLEE) S9RLYSL PHRRANAS B0 AdnihEd beRI cont o

pl ate 58 SUCH ower surrace o ressi on er contacts an

upper surf aceirgits diclidiigg £ fitsttdlR bt €hea?adlnbu@otaddpadpd resive AOMtas at on
force to a portion of the film heater 230a, b, c adjacent a power supply boot
79a, 79b, 79c st ehesedisronssrepisting haatedioqadygteradaptad & reseiyg A eurrent ata

second phase, and a third resistive heated conductor adapted to receive AC current at

a third phase, the first, second and third phases being 120 degrees out of phase with
each other.

[0026] The top electrode 20 can be electrically grounded, or alternatively can be
powered, preferably by a radio-frequency (RF) current source. In a preferred
embodiment, the top electrode 20 is grounded, and power at one or more frequencies
is applied to the bottom electrode to generate plasma in the plasma processing
chamber. The bottom electrode can be powered at frequencies of, for example, about
2 MHz to about 100 MHz, e.g., 2 MHz, 27 MHz and/or 60 MHz by independently
controlled radio frequency power sources. After a substrate has been processed (e.g.,
a semiconductor substrate has been plasma etched), the supply of power to the

bottom electrode is shut off to terminate plasma generation. The processed substrate



100291 Each conpression nenber 300, 400, 500 preferably includes a skirt
'305, 405, 505, a top hat 310, 410, 510, and at |east one flexible el ement
315, 415, 515 extending between the skirt 305, 405, 505 and the top hat

310, 410, 510. The skirt 305, 405, 505 is adjacent to the power supply boot
79a, 79b, 79c and has a |ower surface 3QQ., 406, 506 that contacts the upper
surface 231 of the filmheater 230a, b, c adjacent the power supply boot 79a,
79b, 79c. The skirt 305, 405, 505 is connected to the top hat 310, 410, 510

by at |east one flexible elenment 315, 415, /515, ~and, the, top hat 310. 410,
510 has a I0\‘/§errem§ﬁ?‘¥<§8‘é‘ thq plaspiz procgssing hambgl; ARG a?%h?regg}i’s%aﬁe ltsl?iace‘-%g? power
supply boot #aghdiBRe s&y?@rtqgcﬁ a4RPBrocedfgahifa preforred bfbodiktentftheh nakes

contact with the lower surface 82 of the tenperature-controlled top plate
80. [0030] Theateunpetassidan heatrthetherBdGonitolplats 38 aad anftemnihg ton elasteodsody of

electrically_insul ating elastoneric teri,al wth_a hi ol er or heat
and resistanéd V¥ enr%ﬂ%f‘gé%ﬂﬁ}gg@m qlgetio, ebsrsélf'lL?%fb‘i&%a f‘??}ﬂt’qpﬁg)pc%encg&(edgszpon
merbers 300, (4QQratefils BRYGByTheRAtedTbnTBEQEdsilg BeldW @ Yedifedininhaimcan

wi thstand a range of conpresSions from about 15 to about 250 pounds of | oad

pressure. |t témpasatatee Thetppraheatrodnd0 maparatiredp pieferaklymaiptaged phst oneri ¢

pret or abl y. naePBETHAEK SRR REGR B il AR SRR OB PR

mat eri al t hatyo g0 viastet BRSRoRsSdanbicemifbam iy, filereby drbasimpm@ocesaty®idsal , such
as "VITON' commercially available fromE. | . du Pont de Nencr{)urs

d
Conpany. [ 0031F prrEssurgly. B RrFfe&btlY &tcén'é"%ﬂoe%l??]&i’oﬁﬁﬁﬁt& ‘.5555‘1 geg’ €br di ng
to a first egp@ g%g?ﬂ%le hEd? ba%@%li%flﬁ éﬁcﬁﬁl b Rire WS e &P RIpEratReRer 300

havi ng a ski top hat Irst flexible element 315a and a
second fl exi Bhetoplebsrrode 31.5b. The skirt 305 is defined by four walls

301a, b, c,d which farma rectangul ar openi 320 .and S _rounded corners on
i nner and out[g(?néurlf‘&gg‘é togpyep1d gé@‘."“‘?ﬁ@@ﬂ??ﬁ" o7 afeiae etwgﬂb?lﬁ%S?te%%%rfjt 1.1

inches, a wi df8 aff haiitodrd] pldiE RomPRdsidn Ainteks 90, 20O W00ArSfochtegh. The
rectangul ar openi ng 320 extends through the height of the skirt 305 and has

a length of a&ebugenGhe7thiemedi contmel Patevand thedbp platsut 0.5 i nch. The skirt 305

has sem circ rips . 325 .along,l ower edges of t i surfaces 308 of
the skirt BOgbgilsrle Se?ho_@‘l“rlﬁgl?grz’rcioﬂ?rgs_ﬁlg ﬁ%?/ngbeés ?@dﬁgge%)fo aﬁB% 0.015 i nch.
[0032] The t Qpnhpadssidhorics td £p60H WF Ee filh idatPp 2308 c Agjacaundlegdower supply and a
| ength of about 0.4 inch, a width of about 0.35 inch and a hei ght of about

0.2 inch. ThéowbPdaZdb,i79conmnappedurface ¢loktke therrmalsropirol plater581t8 Preysat second

flexible ele ts 315a 1 uch at the l.en fa b N ef Lhl e el enments
315a, 315b a;%pﬁlpaf?éladféﬁﬁgﬁ%ﬁgaﬁ?eﬁﬂ? 801{1?1%551%%18'%%%8'2 3 h’e&)s? klgg(?%g% and top
hat 310 and fRhApeedfeat bdnsed the lerhpeeatite-cdntrd&d top pldte 80 apd thetth&l on

opposite ends of the top hat 310. The first and second fl exi ble el enents
315a, 315b areenirecrlas gisush that & fayees sudeaeiod §ach COMBTEITHIPSHCTBRG &SN 805 j r st

flexible el enent b B addEdieda WhiHbRQbn BRRGQUL O- 1
inch, and a t%lp%ﬁ(sﬁlggagg%# F%@Eﬁ%%&%é\%ﬁ c?'?i% clgn?j%rﬁgxis ble el enent has a
| engt h of abagiirtiéh dfthé fith heatem alb,0ddjalzotis pOw&Supplytboon ik, 9%, V9¢ khadhs  of
about 0.03 inch. .

supplies power to the film heater 230a,b,c.

[0029] Each compression member 300, 400, 500 preferably includes a skirt 305,

405, 505, a top hat 310, 410, 510, and at least one flexible element 315, 415, 515

extending between the skirt 305, 405, 505 and the top hat 310, 410, 510. The skirt

305, 405, 505 is adjacent to the power supply boot 79a, 79b, 79¢ and has a lower

surface 306, 406, 506 that contacts the upper surface 231 of the film heater 230a,b,c

adjacent the power supply boot 79a, 79b, 79¢. The skirt 305, 405, 505 is connected

to the top hat 310, 410, 510 by at least one flexible element 315, 415, 515, and the

top hat 310, 410, 510 has a lower surface 311, 411, 511 configured to rest on the



-10- 10033] FIG 3B is a cross section through the width of the
conpressi on nenber 300. The skirt has inner surfaces 308 which are parall el
and outer surfaces 309 which are inclined at an angle of about 20 degrees.
A portion of the upper surface 307 of the skirt 305 is inclined at an angle
of about 70 degrees with respect to the wertical inner surfaces 308 wherein
the upper surface 307 includes an inner horizontal section which extends
about 0.05 inches fromthe inner surface 308 of the skirt 305 and the

el e of SRR bR B b HIEhAGPREEE i L et

surface 309 &PVhe 57 | Upper Surt ace

whi ch is coplcanfet with thetlb@er Utte BD6f the fénpersafd-controlibd tdpeplatpder surface
307 of the skirt 305. [0034] The conpression nenber 300 has a recess 330 in

the |ower surlf@¥d 306 compressionguaaberyhR0, H80XHY astrrogd fieave badnel ght of
about 0.2 i nch. and;d ; Wy tille UasARGML Dardfal N, i8h tditrafl¥eEhor ROMWGRA! | NE 97
e power sépﬁly % a. e %

extending from oot wer surftace of the
skirt 305 contdgtscettbhalbpémpdseatles p2dtrable thatale ¢daepragsper membérad60,6M00f t he
thermal control plate 58, while the | ower surface 311 of the top hat 310

F

contacts t he J0Bpere ashapgead sraterisb cpanRsticnippl G pydstapd 2 ranesds] FIG 3C s
a Cross sect 'c%ﬂlp}{kgﬁﬁgﬁoﬁ%gb@m{o b8kt m{ﬁ%@ d4190a re. 3PR priged | r st and

second flexible elenents 315a, 315b are aped an ave an i nner angle of
about 100 degh#ehbe eléttacalbiesdatd@elasoment matedal ber ofigdroelagomiedherein t he

skirt 305 such that it is adjacent ta the first flexible elenment 315

FIG 3A). [00%8) HW@?”%“’FEC_%P’E Brelily o J{’?{YVS%E‘;(‘;[“E«@? F%JA(SP‘HC%F hal f ( of
the second fliriakea otGaRat matkabl thhiQ¥svilledthéae pabpdriesis RGICBRRSstoffert OP Vi ew
of conpression nenber 300. Conpression nmenber 300 sits over Eomer supply

boot 79a suctmatbral, sush as KVFFONDEommercalhychyailshde frem BHedy Poft owsppl y
boot 79a. Rece§§%330 allows power line 97 to extend through the conpression
member 300 i rff (WQMSXMer supply boot 79a. In an enbodi ment, conpression

menber 300 ngYodgYEFIGSE 3AVIE Dhistrdea cofpsdshibh midthes 30t adddading tdod fist mat e
screw 340 may be acconnodat ed.

embodiment. FIG. 3A is a top view of the compression member 300 having a skirt

" 305, a top hat 310, a first flexible element 315a and a second flexible element 315b.
The skirt 305 is defined by four walls 301a,b,c,d which form a rectangular opening
320 and has rounded corners on inner and outer surfaces 308, 309. The skirt 305 has
a length of about 1.1 inches, a width of about 1.0 inch, and a height of about 0.35
inch. The rectangular opening 320 extends through the height of the skirt 305 and
has a length of about 0.7 inch, and a width of about 0.5 inch. The skirt 305 has
semicircular ribs 325 along lower edges of the inner surfaces 308 of the skirt 305.
The semicircular ribs 325 have a radius of about 0.015 inch.
[0032] The top hat 310 is rectangular in shape having rounded corners and a length
of about 0.4 inch, a width of about 0.35 inch and a height of about 0.2 inch. The top
hat is connected to the skirt 305 by the first and second flexible elements 315a, 315b
such that the lengths of the flexible elements 315a, 315b are aligned and parallel to
the length of the skirt 305 and top hat 310 and form connections from the skirt 305
to the top hat 310 on opposite ends of the top hat 310. The first and second flexible
elements 315a, 315b are rectangular in cross section with rounded edges. The first
flexible element has a length of about 0.15 inch, a width of about 0.1 inch, and a
thickness of about 0.03 inch. The second flexible element has a length of about 0.15
inch, a width of about 0.08 inch, and a thickness of about 0.03 inch.



[0038] FIGS. 4A-4F illustrate a conpression nenber 400 according to a
"second enbodi nent to be used in a showerhead el ectrode assenbly of a
capacitively coupled plasma chamber. FIG 4A is a top view of the

conpr essi on nenber 400 conprised of a skirt 405, a top hat 410, a first
flexible elenent 415a and a second flexjfl e elenent 415b. The skirt 405 is
defined by first and second end walls 420a, 420b. The first end wall 420a
and the second end wal |l 420b are parallel, spaced apart, and have a | ength

of about 0.6 hei 0. 35
i nch. The en 6{41? S{’WBQ ﬁgﬁbgaﬁcég%gﬁne@t 8%&ﬂ%f%le cor %gé%aced
apart first a0d. ms:smfah@s idBervdatfasesBYBavhibi3 bre. aﬂﬂl'l%l @dokﬁumhfﬁceé@@a 435b
have a | ength of about 0.55 inch, a width of about 0.03 inch, and a hei ght

of about 0. 13vh1¢1care1n}d@94atrweang&moﬁr@pumz_%d%mmwsn@ ofithe BPRERFETacsas a

| ength of ab | el s 420a,
420b, a w dt %’légfogﬂ% 6]5 Bﬁ%{i{?eﬁgtr %IF?‘&eﬁhg?“broﬁ{ 7¢| %?e%an re@ tgﬁlh!sde wal | s
435a, 435b, ardical imﬁelgdmtrfaoés mcwﬁeréin@hb uppehsurfdee 36K iutdlud@@En Imneﬁonnect ed to

the top hat 410 by a first_f|exible elepent 415a and a second fl exi tflge
el ement 415b @ﬁ'éﬁnt?]rﬁiﬁt“l%éh@é%‘ieﬂ%at&“é%ﬁt“%?h&& gm the spepsutage 3% 8fthend

paral l el to the s@&NHdthOfent et 6¥ e vpPer &?ﬂcé b6z ISQHclhf'éH ufpardl AR @Y

connections fromthe skirt 405 to the top hat 410 on opposite ends of the
top hat 410. ofite shifacst30Plofxhdrkert 80&nEht top a3 Hhihstaneippercmmticé B EXxwhich

el ement 415b .are.recta lar in cros cti w th round corners and with
S Torath or b bRIA et Aet RordpfR? s® 55k ot theliobr fore SS b RiZi noas of
about 0.035 iypgh. [0040] FIG 4B is a cross section through the Iength of

the conpression nmenber 400. The first and second flexible elements 415a,
415b i ncl ude [A034ndlfeoromipnession membgr 38 dhea efcessiBtin thsloveyswase 3Ghel f i r st

and second 11 )16, BEUBALS S 1R o0 GRUPSENTPELBH bt o 40 BRThe € OP

hat 410 such that® the UpPpEr “surface he “upper

surface 412 af.11 feh t@ft Hat pdwer Iaied Paxteldigd fro@ thapdhvatsupply bo807k] TREie upper
surface 412 of the top hat 410 conprises first and second upper protrusions

425a, 425b, almyertWéfap@mfw%th?ﬁlaséOéffn%aﬁtsrth@ﬁ%beqﬁ%rmm EUBRE fjrst

and second | gﬁ%?eo@)&{ e kh%ﬁ?ﬁﬂ%gﬁ'oleélggbﬂ i('ﬂﬁe ReAbHSLefge ??ﬁ@f thégcﬁﬁhatd'soa

430b are par 0 eac I'n cross section an ave a

| engt h of abaun danﬁcﬁsmlsdﬁuppar&zurﬂichoﬁfheqimﬁsﬁipplﬂbocncma and a hei ght of about
0.1 inch. The first Eiog protrusion 425a and the first | ower protrusion
430a are al i JRBPIvFIG- 85115 ¢ crase seotien seepeythg peneth of comnyeisty meBheraff- second

et 30 sk eugpicos Lt ey i s 4050
end wal | s 42CmgleAt@boaridOsipgresl Hpareteds)s 36 eentcded Brouphithe widtR of the skirt
305 such that it is adjacent to the first flexible element 315a (see FIG. 3A).
[0036] FIG. 3D is a cross section through the length of half of the second flexible
element 315b.
[0037] FIG. 3E is a perspective top view of compression member 300.
Compression member 300 sits over power supply boot 79a such that the skirt 305
surrounds the periphery of power supply boot 79a. Recess 330 allows power line 97
to extend through the compression member 300 into the power supply boot 79a. In
an embodiment, compression member 300 may have a carve-out 355 in skirt 305
such that a proximate screw 340 may be accommodated.
[0038] FIGS. 4A-4F illustrate a compression member 400 according to a second
embodiment to be used in a showerhead electrode assembly of a capacitively
coupled plasma chamber. FIG. 4A is a top view of the compression member 400

comprised of a skirt 405, a top hat 410, a first flexible element 415a and a second



100421 FIG 4C is a side view of the conpression nenber 400. The first and
"second side walls 435a, 435b have an upper surface 437a, 437b which is
about 0.05 inch bel ow upper surfaces 422a, 422b of the first and second end
wal | s 420a, 420b. The | ower surface 406 of the skirt 405 contacts the film
heater 230a, b, c on the upper surface 60_.pf- the thermal control plate 58.

The | ower surfaces 431a, 431b of the | ower protrusions 430a, 430b rest on

t he power supply boot 79b. The upper surfaces 427a 427b of the first upper

Pocat od aboutiothoserT Aot JREHhs BLREbET o 2185505 B Fapeiade g
wal |'s 420a, 4208 ThE st @08ralbAT0haae shedddand ddhPalPA2(b e hhraRél, baoed

protrusi on 430a and the second | ower protrusion 430b are about” 0.1 inch

above the | owpart.sndhaves lapgthof ahoutd).@ inchhawedih ofiabeus 042ipeh, and etheighpots 3]
FIG 4D-E ar &b SWOG.% ﬁlx S'e;?lﬁt allg 4%% 198 Qlte SRR ré)&f&aﬁﬁ) ﬁ@e@%né?rﬁace{l G 4D

is a perspectlve top Vi'ew € conpréssion ne irst
and second uppatﬁﬁn@hdu&bmm&déaﬁas4325b3ﬁawmcmﬁun¢ﬂuABGEWBSB}Mwéh a radi us
of about 0.03 inch, FIG ggrspectlve bottom vi ew of the conpreSS|on

menber 400 wheedh ﬂf %h@ét@ﬁﬁytchaﬁaﬂ B o6 abryt SiBringh. @fliiaélietsh&oﬁaé@at%%w have
rounded corn 6@3 mgae% ﬂ&l'zHﬁ ce gﬁg&l&plgte%lb &al[eﬁgtﬁ%lfaﬁé@g 54551nch

illustrates npr essi on ne er 400 | ocat j acent a
power supply plamlibl t63he ﬁtsn awd mcelﬂcberrcbwlal&m; 430t 2 wadthhod abait|Oy mokl

electrically c | ar gasket . 4 I e ced to
fit over eaclﬁ’a’?gﬁfs Ees}g‘fﬂtl ?ﬁ?@?gﬂaﬁwéﬂﬂig%\gghégﬁgla?e‘ﬁg f‘#’@ﬁ $§2provi ded
such that eaghcl §668Irt4DY i9forinBSled MR 3p BRSO byAIHSIMXRNE bRARAEN 5a
conpressi on nenber 400 whi ch under goes thernal expanS|on during plasma

et chi ng. [OO@B?aﬁﬁ@mdﬁhmﬁﬂéckﬁmst4@b@udl&@h@mék&ﬂﬁmdmammgﬂlS@Glﬂmmbe used
in a shower he

tro it ou Ied asna
chanber 1 catin S50 PRSI danE il PRS ahy ¥ tn Rt Aot iR
conprised of cgnidetibhs ﬁ@rﬁ,th@sléﬂnob@dth'él&p hzi:t moroﬁtopbbﬁwdaheoedhewmatawa and
a second flexible el enent 515b. The skirt 505 is defined by a first S|de

wal | 520a, aTdedustdlexitiecigment Sidatand fitd sepond Bexible glamant 4 apaectangalsa

i nt er connect C 25 and
have a segneﬁ% %Q%%%lgﬁgﬁﬂex ten é%ﬁﬁéﬁ%%ﬁségg%n Eh]é %§B§%O§§%Bb okm?
first side walflab&z®al Seinch flita geskaesh cﬁ‘adeut\mszlﬁalﬂb The segnent ed waII 530

i ncl udes segnents 530a, 530b which have a hei ght of about 0.15 inch, a
wi dth of abodf049l1FIG. i@JS?ﬁ’é’rﬁS segHan Erpugiuthe Ineth oicthe epprgsdommendon 522

of the side ug Lﬁhéﬁgginéfzegﬁné RexiBRUEm QAT A1 N Wb @bgﬁpﬁoﬁﬁm@%ut 0.15

i nch therebetwe e top hat 510 I's a cylindrica atewth a
radi us of abonner@nge|oﬁalbputa451deghes dhe b and @ecbﬁd iflexiole elcrdents4tf&3nﬂé5ted in

the semcircular e an | surfac mnth radi us
of about 0.3 SPRRYSE q’&ﬁ\ﬁ%h%%‘f Wﬂ 31%330%?% 3} the, apRgs S acségﬂofél ftheh,
and a hei ght 49f aﬁ@%uﬂ%eﬁ@ﬁa@@hu Ihges ﬁ§t45@§ré}§ar8m%5§cﬁ%tﬁe9 the top hat

510 by a first flexibl'e elenment 515a and a second flexible el enment 515b
wherein the fl094l] fThexippeesusfaeeéhl osthEa)mbatéﬂa@IsompomSefmt angd swmﬂelpect at the
a, The

| ocati on where the s Lcircul ar wal | 525 s th ewal |.

bocond T1 on e atssiash 0 Bh i it 2t R Mokt B Pis B, | o
where the Se%@'sé&ﬂh%w&ﬁﬁotf@d@nsﬁ%@a@@bﬂﬁ%o&hﬂ@ﬁ@ﬁam 43he4t0y st and
second flexible el ements have a | ength of about 0.12 inch, a wi dt h of about

0.11 inch, arse paraligl ¢k prohothst, reblenguler D 3resssection and have a length of about 0.5
inch, a width of about 0.12 inch, and a height of about 0.1 inch. The first upper

protrusion 425a and the first lower protrusion 430a are aligned vertically and the
second upper protrusion 425b and second lower protrusion 430b are aligned
vertically. The upper protrusions 425a, 425b and lower protrusions 430a, 430b are
parallel to the first and second end walls 420a, 420b and spaced apart by about 0.13

inch.



[0047] FIG 5B is a side view of the conpression nenber 500. The first and
'second side walls 520a, 520b have a length of about 0.7 inch, and a width
of about 0.13 inch. The side walls 520a, 520b have rounded corners and one
end has the same height as semcircular end wall 525 for a distance of
about 0.12 inch and the rermainder of thejside walls 520a, 520b have the
sane height as the segnented wall 530. [0048] FIG 5Cis a cross section
through the width of the conpression nenber 500. The first and second

flexible ele a, ~315b..i nclude.a bend at an i.nn le of .about 110
togreos. The AL, TA07pGde? Bds Vi Ohib8 cimpiesaon Tembengte TR e hoat er
230a, b, c on tsB@ndRRRIwAl4336243806 1ale il Eppdn Stirfale 4300t430h W@t i€ abSut 45 | € t he

| ower surface 511 of the top hat 510 rests on the power supply boot 79c.
[0049] FI G 5mhbelew sppersudacnsidgia,22b péshieiret amdspeondzng avallsie)a, 320b.s a

per spective view of t C ressien. nenber 500 0 As illustrated
B sr damSeE e i SR BER R DR Sle Rbtnede? M o B Lol

boot 79c whersgifiicesICHT thOthehRSIdoatoNHARSS. Dhdlover c@ifiveesSrM4bib éf et al ¢l anp
550 l-ocated between the uéﬁger surface 507 of the conpression nmenber 500 and

the |ower surp¥grerepusenstidas Bidpaesrnite oM sBPRIE doplIPbpThe BPIY surfares ¢l anp
oroseure on tRlbeRTBRE fktislprly BElByoT 4ot AR Bt WERH ThADri ARt 158 1 08
over at great ?uri ﬁarelzbel to Akt looited hisout @rqgﬁ)r;é?&i MVHﬂmpeﬁﬁ?facéﬁﬂﬂa{ ?ﬂbi afg
connection o e Su Yy I he 0 a P S ce.oO e power
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reference to specific enbodinents thereof, it will be apparent to those
skilled in tHewarsurfabest42tar42dbof theaengeralk#@0ap0bi cat i ons can be made, and

equi val ents qpl Y&d, Yht DM SSRANLLRS..f KO RS (3S9B%Shn bk aPRGRe]
FIG. 4D is a perspective top view of the compression member 400 wherein the first .
and second ﬁpper protrusions 425a, 425b have rounded corners with a radius of
about 0.03 inch. FIG. 4E is a perspective bottom view of the compression member
400 wherein the first and second lower protrusions 430a, 430b have rounded corners
with a radius of about 0.03 inch.
[0044] FIG. 4F illustrates an embodiment of a compression member 400 located
adjacent a power supply boot 79b. In a preferred embodiment, a thermally and
electrically conductive annular gasket 450 having a recess 451 spaced to fit over
each compressioh member 400 and power supply boot 79b is provided such that
each recess 451 of the annular gasket 450 supports each compression member 400
which undergoes thermal expansion during plasma etching.
[0045] FIG. 5A-5F illustrate a compression member 500 to be used in a
showerhead electrode assembly of a capacitively coupled plasma chamber. FIG. 5A
is a top view of the compression member 500 and is comprised of a skirt 505, a top
hat 510, a first flexible element 515a, and a second flexible element 515b. The skirt
505 is defined by a first side wall 520a, a second side wall 520b, which are parallel
and spaced apart, interconnected on first ends 521a, 521b by a semicircular end wall
525, and have a segmented wall 530 extending from second ends 522a, 522b of the
first side wall 520a and the second side wall 520b. The segmented wall 530 includes
segments 530a, 530b which have a height of about 0.15 inch, a width of about 0.13



-15- WHAT IS CLAIMED | S: 1. A conpression nmenber for use in a
"shower head el ectrode assenbly of a capacitively coupled plasnma chanber
wherein the nmenber applies a conpression force to a portion of a film
heat er adj acent a power supply boot on an upper surface of a therma

control plate supported bel ow a tenperatyse-controlled top plate, the
menber conpri si ng: a body of electrically insulating elastoneric
mat eri al configured to fit between the tenperature controlled top plate and

Lpoer ourT ncdtah 04 R FoRify sieoid afte PRI RS A il RE gt 20t S an

portion of th@ohid.02@eh QithadipeFaboid 0PBNBEh Hiepedvd2aot Wwhi ch supplies
power to -the film heater, 2. The conpression menber of claimi,
wherei n the HBOAOli nEhaigr datsd 195 p cylindricalplatgrwithya Eadas qf@h@et Ghmech) 2xi bl e

el ement ext endi ng _bat) Wﬁﬁ%l 8 ?K(H%tce@ggdtlg?w s%ﬁ,egl?&lar w%'ﬁ@%xﬂﬁ&ﬂ%o i

hei ght greater an a con |gured

bet ween t he taﬁﬁmeafrahﬁh&mmlﬂoﬁ faﬂd;stafrab@«htawmh;hmommffawm yithaot such
that a | ower surface of the top_ hat contacts an ugper surface of the power
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the skirt ha\ﬂ)'ag:epmgmrowqﬁ%&:ﬁeme%n@aﬂtsm Mmc&p@ﬁémﬁweﬁaﬁ&tof t he

filmheater. . The conpression nmenber of claim 1, wherein the
skirt at |easil Sbasrlteraﬂl tly: fostrfloabid slettvat pifwextendp froyn dmias canerethastha
rect angul ar
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flexible element 515b extends from and is centered at the location where the
semicircular end wall 525 meets the sidewall 520b. The first and second flexible
elements have a length of about 0.12 inch, a width of about 0.11 inch, and a
thickness of about 0.03 inch.
[0047] FIG. 5B is a side view of the compression member 500. The first and
second side walls 520a, 520b héve a length of about 0.7 inch, and a width of about
0.13 inch. The side walls 520a, 520b have rounded corners and one end has the same
height as semicircular end wall 525 for a distance of about 0.12 inch and the
remainder of the side walls 520a, 520b have the same height as the segmented wall
530.
[0048] FIG. 5C is a cross section through the width of the compression member
500. The first and second flexible elements 315a, 315b include a bend at an inner
angle of about 110 degrees. The lower surface 506 of the skirt 505 contacts the film
heater 230a,b,c on the upper surface 60 of the thermal control plate 58, while the
lower surface 511 of the top hat 510 rests on the power supply boot 79c¢.
[0049] FIG. 5D is a cross-section of flexible member 515a. FIG. SE is a
perspective top view of the compression member 500.
[0050] As illustrated in FIG. 5F, each compression member 500 is located adjacent
a power supply boot 79¢ wherein each compression member 500 is compressed by a
metal clamp 550 located between the upper surface 507 of the compression member
500 and the lower surface 82 of the temperature-controlled top plate 80. The clamp
550 preferably is made out of a metal such as aluminum and redistributes pressure

on the compression member 500 such that the pressure is spread over a greater area



4. The conpression nenber of claiml, wherein the body has an opening in
the' | ower surface and an i nner surface of the opening is configured to

conpl etely surround the outer periphery of a power supply boot. 5.
The conpression nmenber of claim 1, wherein said conpression nmenber is
fabricated froma fluoroel astoneric matenqjal. -16- 6. The

conpression nenber of claim2, wherein the skirt includes four walls
defining a rectangul ar opening, a |ower surface of one of the walls having

a recess theregin sized to fit, oV wer line .into.the power.s boot ,
Che top hat 131 PEES TRt RelSie o i ukRof i B NTRT HECY D o
of the walls tgfin upferstitfhde dhthé POwér A¥pIRIbROETRIWRIEE delivers power frond R
conpressi on nenber of claim2, wherein the skirt includes two parallel and
spaced apart Remgr sl 11¢ (aghe i heeter 230sced apart side wal | s extending

bet ween t he I{kSe - incl udi al | el
to the upper qgﬁsr]}ﬁgc\é’ﬁg? h[%ﬁg%glgl\?gf%ssh%%ld;g%r%%g ql(laii?tgl{rl]g‘?%gj e%(%?’%é%%fe%g{csi de
wal |'s with twmbodimédtethersot] iswitedappasnt tophose sklledria tiedaythatvdidael ow t he
plate and oriented parallel to the end walls of the skirt, the plate being

connect ed t o FAREes AR Brodifigatipas ean beppadekand equivalents smpleyesd. avithoutrent s.

8. The conprq&g&gﬂé%%ﬁpﬁksg&)qhqﬁ{?ﬁmn&gﬁﬂghg.the skirt includes two
paral | el and spaced apart si'de wa , a semcircular end wall
interconnecting first ends of the two side walls, a segnented end wall
extendi ng from opposite ends of the two side walls, the side walls of the
skirt configured to surround an outer periphery of the power supply boot,
the top hat connected to the two parallel side walls of the skirt by two
flexible el ements. 9. The conpression nmenber of claim2, wherein
each of the flexible elenments has a uniformcross-section and includes a
bend al ong the I ength thereof.



10. . The conpression nenber of claim2, wherein the top hat is rectangul ar

or cylindrical in shape. 11. A tenperature-controlled showerhead
el ectrode assenbly conprising: a tenperature-controlled top plate; a
shower head el ectrode; -17- a thermal control plate attached to the

tenperature-controlled top plate and shaysgrhead el ectrode so as to provide
a thermal path between the showerhead el ectrode and the
tenperature-controlled top plate; a fil mheater on an upper surface of the

thermal cont nol; i A& AIMED Is:

1. A compression member for use in a showerhead electrode assembly
of a capacitively coupled plasma chamber wherein the member applies a
compression force to a portion of a film heater adjacent a power supply boot on an
upper surface of a thermal control plate supported below a temperature-controlled
top plate, the member comprising:

a body of electrically insulating elastomeric material-configured to fit
between the temperature-controlled top plate and the thermal control plate such that
a lower surface of the body contacts an upper surface of the film heater and applies a
compression force to a portion of the film heater adjacent a power supply boot

which supplies power to the film heater.

2. The compression member of claim 1, wherein the body includes a
skiﬁ, a top hat, and at least one flexible element extending between the skirt and the
top hat, the skirt having a height greater than a height of the top hat, the top hat
configured to fit between the temperature-controlled top plate and a power supply
boot such that a lower surface of the top hat contacts an upper surface of the power
supply boot and applies a compression force to the power supply boot and the skirt

having a lower surface which contacts the upper surface of the film heater.

3. The compression member of claim 1, wherein the skirt at least
partially surrounds the power supply boot and has a rectangular shape, a circular
shape, a semicircular shape, a shape with one end semicircular and the other end

open, or any combination thereof.

4.  The compression member of claim 1, wherein the body has an
opening in the lower surface and an inner surface of the opening is configured to

completely surround the outer periphery of a power supply boot.

5. The compression member of claim 1, wherein said compression

member is fabricated from a fluoroelastomeric material.



power supply boots on the thermal control plate and electrically connected
‘to sections of the filmheater; and conpression nenbers configured to
fit between the tenperature-controlled top plate and the thermal control

pl ate such that a |l ower surface of each conpression nenber contacts an
upper surface of the film heater, adjacept. a respective power supply boot
on the thermal control plate wherein a conpression force is applied to a
portion of the film heater surroundi ng each power supply boot. 12.
The shower head el ectrode assenbly of claim 11, wherein the film heater
conprises a first heater zone, a second heater zone surrounding the first
heater zone, and a ¢ hi rrhe@aipRessioa Mfentiér 0OHIAR NOwh&RInSRE J0f iRGad&rfodONe.

13. The shower head el ectrode assenbly of claim 12, wherein the thernmnal
control pl at evadlsssfinwgs re¢tangndar openiae, algpist surfrse g ongef theiwads baviagapower
supply boots | ocated.al.on first radius.in the first heater, zon nd

ol 60t 1 oni cal 1 S0t ageris el paRE R S DB Hhe3eRoF MigPRE-E ong a
second radi Useing IbbedmabOtbchiRgblar oFedite; andoffechid 1©twh @fte WalRNhd 00t S

| ocated along a third radius in the second heater zone electronically
connect ed t o Skitetyhferblsslerendsippl y boots | ocated along a fourth radius
inthe third heater zone, and three outer power supply boots |ocated al ong
a fifth radius in the third heater zone electronically connected to a power

suppl y. 14. TThe Eileamoaphesaidn ahenctiar ofl elans 2ewheérginathe skigtiinelidss twher ei n
t he conpressi on nbers incl ude three conpression nmenbers in the first
heat er zone, Hafﬂlggarlqﬁl’é?edc‘%ﬂ‘?ﬁre@g s tﬁ@r?&éarl@? sheceapasicidmnpalieetetdingne, and

three inner GRAPEBIRE N WEIND B0} ﬁattihauaih'F Qe8RS pIROBaraBACH t1Rf ugple _
conpressi on nenbers including a body of electrically insulating elastoneric

mat eri al , whenghee dfttbe howlsr supplylbdesexaerslng betwaert thp sidatwallarvdtht two farald bl e

el ements, the skirt .including four wall -18- defining a rec ul ar

opent ng.  one H51 Spifed ARt Bbiony e vFant Belorring plene Strfedae Rl B over a
power |ine i nn@ wale o kit WkPpliteRBip, cohhéctddP thetwdeidWallsasraheskiitbyt he
rectangul ar opening of the skirt and connected to two walls of the skirt by

the two fl exitpbdlexitderelementigherein the skirt fits between the
tenperature-controlled top plate and the filmheater, and the top hat fits
bet ween the tenperature-controlled top plate and the power supply boot such
that a conpression § or Ckhd ®niREksiofGndmtbdr BE clairh 7] WaedeRr thaskirtihdlugaweo suppl y

boot. parallel and spaced apart side walls, a semicircular end wall interconnecting first
ends of the two side walls, a segmented end wall extending from opposite ends of
the two side walls, the side walls of the skirt configured to surround an outer
periphery of the power supply boot, the top hat connected to the two parallel side

walls of the skirt by two flexible elements.

9.  The compression member of claim 2, wherein each of the flexible

elements has a uniform cross-section and includes a bend along the length thereof.

10. The compression member of claim 2, wherein the top hat is

rectangular or cylindrical in shape.

11. A temperature-controlled showerhead electrode assembly
comprising:
a temperature-controlled top plate;

a showerhead electrode;



15. .The shower head el ectrode assenbly of claim 13, wherein the conpression
"menbers include three outer conpression menbers in the second heater zone,
each of the conpression nmenbers including a body of electrically insulating
el astoneric material, wherein the body includes a skirt, a top hat, and two
flexible elenments, the skirt including tye parallel and spaced apart end
walls, two and parallel spaced apart side walls extendi ng between the end
wal I's, the top hat including a rectangular plate parallel to the upper
surface of -the power,supply bqgot extendi between the side walls with two
ool Lel and spaced YR el Alrs SvERgH BLe SPeapiscnialle WPeifefdn: o
paral l el to tfpgwedad@bkttfodelsotal plohide.a th&ighal bathdehfdcAdhsdonreidad to the
two end walls of the skirt by two flexible elements wherein the skirt fits

bet ween t he tdepredeand biedonpsraiufeepnirofedrapmatgnd the fil m heater, and the
top hat fits between:th enperature-contrplled to | a nd the power
supply boot such thaa@lnhﬁ%a&)?g;ﬁeags‘ﬁpgﬁ %ﬁﬁ%oftbegbeﬁwg@pnﬂ# ﬁﬁ%’fi | m heater and
the power supply bg@bver supply boots 38 thekhernsa ovmrd pife lEatdnelyomanededy of
claim 13, wherein, the cortwﬁqrnessi on nenbers include three outer conpression

t

nmenbers in tHe seqiiopgohdstidm heales andach of the conpression menbers including
a body of electric i l.at ] 1ﬁ%§1 i i L | ody

i ncludes a skirt, Zdot Bésﬁg)yn%%%g%g\% gégﬁglﬂe%be g%h@stmpﬁéﬁgt??éﬁlmne?l udi ng
two parall el tapg@laspaciete deanil conttel platelsach thaseliver suifdcarof each soabpression

i nterconnecting first ends of the t\/\omgi gf gal | s, .a segnented end wal |

ext endi ng frdH¥d ?&QPP&tséﬂdl‘ngfsuffﬁ%e? e &ifrp bedtey pdjacent @ TeSPRENNFRONET of t he

skirt sur roungbpg 1Bt GhibeRh Rl oY plife WRGCRMBFURRIoRAE aprife 48P hat

connected to the'two parallel side walls of the sKirt by two flexi

el enent s whermirtiort dfsthe kilm hedtet sirroufiding leachnmever tshigply bogter at ur e- control | ed
top plate and the filmheater, and the top hat fits between the :
tenperature-controlled top plate and the power supply boot such that a

conpressi on force i1 appld pewemechdglebtdd® ReMBY oRBIink NE, WRMEH tBIAR Y boot .
17. A method of manufacturing a tenperature control plate of a showerhead

el ectrode asdsheatsr yomprises gdirsidigaicongne 8 sergnd heaterctnnagumoynding thedrsir t o t he
t hermal cont r.gl

thormalcont rBrebratS s fhikhseics aen RSP LR R e 1 et 1y
contacts a respective filmheater section;
13. The showerhead electrode assembly of claim 12, wherein the thermal
control plate comprises fifteen power supply boots including three power supply
boots located along a first radius in the first heater zone and electronically connected
to three inner power supply boots located along a second radius in the second heater
zone, three outer power supply boots located along a third radius in the second
heater zone electronically connected to three inner power supply boots located along

a fourth radius in the third heater zone, and three outer power supply boots located

along-a fifth radius in the third heater zone electronically connected to a power

supply.

14. The showerhead electrode assembly of claim 13, wherein the
compression members include three compression members in the first heater zone,
three inner compression members in the second heater zone, and three inner
compression members in the third heater zone, each of the compression members
including a body of electrically insulating elastomeric material, wherein the body

includes a skirt, a top hat, and two flexible elements, the skirt including four walls



attachi ng conpression nenbers to the thermal control plate such that each
"conpressi on menber is adjacent a respective power supply boot and contacts
a portion of a respective filmheater section. 18. The met hod of
claim 17, further conprising attaching the thermal control plate to a
shower head el ectrode so as to provide a _jgermal path therew th

19. The nmethod of claim 18, further conprising assenbling the thernal
control plate to a top plate of a capacitively coupled plasma chanber so as
to provide a fhermal path.therewth. 20. A nethod. of processing a
sem conduct or e?‘ﬂ%tarrﬁ&énﬂaré’pc?ﬁlﬁﬁc‘?qei Qf s, VR AVERE BTesETTHn 8H%‘ﬁﬂ£grurt%%€f ng the
shower head elmelrReea pSRE TRV nR thE hGW &R shpplyHat, MR 138 haf loehtedin the
transferring a sem conductor substrate |n?o the capacitively coupled plasma
chanber; rectangular opsnipp lo§ thegkist askespanegied togwohwealfs| of sinmskdrt dritlesr twtohr ough

t he shower he l,ectrode gssenbly; . nerqgi zi t he. process
gas into a piiRime SEmREs AR Do et amesSRuRrEP T B8R o
' and the film heater, and the top hat fits between the temperature-controlled top plate

and the power supply boot such that a compression force is applied to the film heater

and the power supply boot.

15. The showerhead electrode assembly of claim 13, wherein the
compression members include three outer compression members in the second
heater zone, each of the compression members including a body of electrically
insulating elastomeric material, wherein the body includes a skirt, a top hat, and two
flexible élements, the skirt including two parallel and spaced apart end walls, two
and parallel spaced apart side walls extending between the end walls, the top hat
including a rectangular plate parallel to the upper surface of the power supply boot
extending between the side walls with two parallel and spaced apart protrusions
above and below the plate, oriented parallel to the end walls of the skirt, the plate
being connected to the two end walls of the skirt by two flexible elements wherein
the skirt fits between the temperature-controlled top plate and the film heater, and
the top hat fits between the temperature-controlled top plate and the power supply
boot such that a compression force is applied to the film heater and the power supply

boot.

16. The showerhead electrode assembly of claim 13, wherein the
compression members include three outer compression members in the third heater
zone, each of the compression members including a body of electrically insulating
elastomeric material, wherein the body includes a skirt, a top hat, and two flexible
elements, the skirt including two parallel and spaced apart side walls, a semicircular
end wall interconnecting first ends of the two side walls, a segmented end wall
extending from opposite ends of the two side walls, the side walls of the skirt
surrounding an outer periphery of the power supply boot, the top hat connected to

the two parallel side walls of the skirt by two flexible elements wherein the skirt fits
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between the temperature-controlled top plate and the film heater, and the top hat fits
between the temperature-controlled top plate and the power supply boot such that a

compression force is applied to the film heater and the power supply boot.

17. A method of manufacturing a témperature control plate of a
showerhead electrode assembly, the method comprising:
attaching a film heater to the thermal control plate;
attaching power supply boots to the thermal control plate such that
each power supply boot electrically contacts a respective film heater section;
attaching compression members to the thermal control plate such that
each compression member is adjacent a respective power supply boot and contacts a

portion of a respective film heater section.

18. The method of claim 17, further comprising attaching the thermal

control plate to a showerhead electrode so as to provide a thermal path therewith.

19. The method of claim 18, further comprising assembling the thermal
control plate to a top plate of a capacitively coupled plasma chamber so as to

provide a thermal path therewith.

20. A method of processing a semiconductor substrate in a capacitively
coupled plasma chamber using the showerhead electrode assembly of claim 11, the
method comprising: _

transferring a semiconductor substrate into the capacitively coupled
plasma chamber;

supplying process gas to the plasma chamber through the showerhead
electrode assembly; and

energizing the process gas into a plasma state and plasma etching the

semiconductor substrate.



