A COWCSI TE SHONERHEAD ELECTRODE ASSEMBLY FOR A PLASMA PROCESSI NG
APPARATUS CROSS- REFERENCE TO RELATED APPLI CATI ON 5[ 0001] This
application clains benefit of the filing date of U S. Provisional
Application Serial No. 61/008, 152 fil ed Decenber 19, 2007, the entire
content of which is incorporated herein by reference. BACKGROUND 10
[0002] Pl asma processi ng apparatuses are used to process substrates

by techni ques ABEEDHEIRS
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processi ng includes a reaction chanber containing upper and bottom
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el ectrodes to excit CRO$SREFERENCE mmREhATEmAmucmomo process
substrages reactjon, chanber. S 0003
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el ectrode assenbly includes a backing plate conprising top and bottom

surfaces wiof Whidhris inegsporgiedbgiein biesietdcreen, the bottom surface
havi ng bonded and unbonded regions, the first gas passages having
outlets in unbonded regions to supply a process gas to an interior of
25 the plasnma processi ng appar at I BACKGROUND ode plate having a top
surface, a plasma exposed bottom surface, and second gas passages

ext enditgg t[MﬂbeIP}aem priodessing bpbdranmmmémteﬂm pvédelss tshbstrates bygas
passages, Wh rein the éeco d‘?ﬂs es have inl e(gﬁ{ i.n_unbonded

regi ons of EHWIQUSS ‘QEI'P eRosition (RYY)ethemigat oneri ¢
sheet adhesiapgr d&pcitich ﬁﬂ?)ﬁ‘%rﬁi@n&@ﬁtbﬁ&ﬁ‘ éﬁfﬂe@&t%B@GSr@ typaen of

t he bonded regi ons whic  ows novenent in a lateral di rectl on of
t he el ect r (4RSMA Afacepsingtgpparatys uped FaelREMG processing includes a reaction

chamber containing upper and bottom electrodes. An electric field is
15 established between the electrodes to excite a process gas into the plasma
state to process substrates in the reaction chamber.

SUMMARY

[0003] In an embodiment, a composite showerhead electrode assembly for

20 generating plasma in a plasma processing apparatus is provided. The
composite showerhead electrode assembly includes a backing plate
comprising top and bottom surfaces with first gas passages therebetween, the
bottom surface having bonded and unbonded regions, the first gas passages
having outlets in unbonded regions to supply a process gas to an interior of

25 the plasma processing apparatus, an electrode plate having a top surface, a
plasma exposed bottom surface, and second gas passages extending
therebetween and in fluid communication with the first gas passages, wherein
the second gas passages have inlets in unbonded regions of the top surface |
of the electrode plate, and an elastomeric sheet adhesive joint disposed

30 between mating surfaces at each of the bonded regions which allows

movement in a lateral direction of the electrode plate relative to the backing
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pl ate during tenperature cycling due to m smatch of coefficients of
t her mal expansion in the electrode plate and the backing pl ate.

[ 0004] In another enbodi nent, a nmethod of joining conponents for a
conposite showerhead el ectrode assenbly for a plasm processing 5
apparatus is provided. A first surface of a sheet of uncured

el astoneric adhesive is applied to a bottom surface of a backing

menber in gatPd @it RMPeratird 8jdimguef tolrighfiich docdeefidionts of themnah

exclude regions to remai n unbonded, the backing nenber having a top
surface anexpansiqi iaithe glestropepiate aind tha baglyeg pBBteendi ng bet ween t he

top surfacgqyag tlngggﬁ{eﬁ'%mm éﬁtea]ngelﬁﬂg otﬁgigri\iﬁggelt'}yo%ﬁtsifar gnbonded

o
regions. A'top surface of an eléctrode Is a a second surface
of the uncoorepositeashawarhead slestrodadisesinbly fonaplgsnealprasessingd pattern

f i t o be honded, the .elect havi | bot t
Qur | oo o abBarafusa B ed "8 Sy eRE S AX R AT BEIRASR] Dol o
top ngfaCQdﬁé@v@Qtéﬁr?ﬁbéwb?ﬁ{ttoﬂi smmm:ﬁféq:gam mshmaiir][nﬁt h;a 15
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surfac egof PF@?@@%&B‘?‘F patternp{degiops é‘hB? g@BS%q’ W?‘?ﬂ—r:‘ %Cé’é{er r&&@"lsggbonded
to the bot Lé?ﬁbﬁlLUrfb%ﬁee@,fth&*B%_cPﬁ?'?ﬁé‘lﬂb@?ﬁﬁ\ﬁﬁg BYtop Barfataah® BRIl et

adhesi ve therebetween, wherein fhe second gas passages are in fluid
communi cat fitst gas passagesiextendiga beprernuiedop sorfacpand thembetkam surface

embodi gent LRSS ' r i i trate
e T B AR b bl 5655 Riog soiba i Ehatomss
substrate applat to 4 secondesurfacerofthambeuredfelastpinascahpetashesivagn a

apparatus. A process gas is Jjntroduced,into,.the reacti W th
e ComposPrednTEen Bafletn woPhibls 1S BE Heppea. 8 sie@fkie i FRATPESaH
fromthe 2%xF6§é‘@s@u@ﬁ%uHacé BAd raga@ﬁdli@mfmm@abgawstmnding
shower head el ectrode assenbly and the substrate. The substrate is

processed WetweamtiedpaSHEace s &PHPR irface of ﬁ‘?F“@%dﬂi"?@W_tt, €a
conposike gheuRd gsﬁga%\,ﬁ%%fm% iRIRRERRINbohAEd Pedibis BRhBES SEFAEof

apparatus i s provi I ch 1 ncludes a backing nenber having a bottom
surface wi tie elegtrode. fTbettep buraksiof theeledtiagieriy bpadedinsthedattomai n

oo sur BB B eb e by 58 RRERORS R kA et e e
first gas pheebgiecdmwhensihltied second gad passages mesvi fluid communication
with the first gas passages.

20 [0005] Another embodiment provides a method of processing a
semiconductor substrate in a plasma processing apparatus. A substrate is
placed on a substrate support in a reaction chamber of a plasma processing
apparatus. A process gas is introduced into the reaction chamber with the
composite showerhead electrode assembly. A plasma is generated from the

25 process gas in the reaction chamber between the showerhead electrode
assembly and the substrate. The substrate is processed with the plasma.
[0006] In still another embodiment, a composite showerhead electrode
assembly for a plasma processing apparatus is provided which includes a
backing member having a bottom surface with regions to be bonded,

30 excluding regions to remain unbonded, and a plurality of first gas passages
extending between the bottom surface and a top surface of the backing

member, wherein the first gas passages have outlets in regions to remain
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unbonded, to supply a process gas to an interior of a plasm
processi ng apparatus; an electrode to generate plasnma in the plasm
processi ng apparatus, the electrode having a top surface with regions
to be bonded and a plurality of second gas passages in fluid

comuni cation with the first gas 5 passages, the second gas passages
have inlets in regions to remai n unbonded, extending through the

el ectrode Unbomddi: td sppsiviafproeedsogas ol arsimberix jpb agdiadioa ponessingace of
the el ectrode; and an %ﬂcu ed elaston?ric sheet adhesive to be cured
n a | of nt SBEAALE, FRRCHEPIS IPORIEIS PRSI TS RS PRI SRSPY be
bonded to tha@hﬂtxﬁ@‘(miébtrbae hBginga ®bAurfdice Akthiregiont tb he tinget pdes 10
relative to the backing nmenber durin nperature cycling due to

t .
m smat ch oPIUAKY Pf EPesgas PassagRfIin gwg;ﬁmmwieqt'%‘@'ﬂbH&ﬁrﬁbgﬂ%nber
and el egt ! odsadiiClifl dhdofif iGRIssBheLhaR PIEE ifr M8miahy @ Filled,
ble, elds

heat - cur a vul cani ze oneric silicone Sheet. 15BRI EF
DESCRI PTI OhnBBndeds eRRading3Brougiotte ékectrode fror dise topt sigface to a plasma-

Chover nead copatad bR suabr o b 8tilb: BPRRR TElled bafiofROHET
processi ng adnpsivé@tsiBe cured iBADBInt Befveeh imatiag parfaced oft egehwifehe adgiams
enbodi nent of an inner electrode, 20illustratin h

t appl i.cajion of
an adhesi vé&© Pf P&"B?@%?@W@"ﬁﬁﬂ‘ﬂ%ﬂﬁ '?Wrﬁ" &CHIHO the, §°tb‘§£%ages.
[ 0009] 1g' Grelafivéd {d tHalzrkRg ReMmbeE dukts tdniikrarind tpdlingldntoaniadtiter bt
of the backi n% plate shown in FIG 1 'supporting a bead of uncured
paste or | icqaffigieatihelstheemarexpansionisd e backing merderigndiglesteadss ¢ he
Cross secti in F . e, } (A=Y e i s bonded
o the bactil oA shbdr Siactometty Subekiyd iea HRAERCBIEEIIED, (7 s
4A and 48 iuniulstniate etastoroesc siliconeshegrirti on of an enbodi nent of the
i nner el ectrode shown in FIG 1 bonded to the backing plate with
sheet adhesive. 30 [0011] FIGS. 5A-5C illustrate an enbodi nent of a

sheet aghesive cutti ng BRIEFEDESCRIPPION OF THEDRAWINGS Cr 0ss section
of an enbodi nent of sheet adhesive in the formof flat rings and a

flat ring *I@U(Wilg BIG. o RUsHAted o @6sd-SedtRnBl AERDIApdriien bRgki ng pl ate
shown in FI'G 1I. 0013] FIG 7 illustrates a detail of an
enbodi nent estbedimeat ofra aempesithehawarhgad elsictrede assergblyrand asdbsttatej og
shown in FlGon8it for a plasma processing apparatus.
[0008] FIG. 2 is a partial top view of an embodiment of an inner electrode,
20 illustrating the application of an adhesive in a predetermined pattern in
relation to gas passages.
[0009] FIG. 3A illustrates a cross section portion of an embodiment of the
backing plate shown in FIG. 1 supporting a bead of uncured paste or liquid
adhesive prior to bonding; FIG. 3B illustrates the cross section shown in FiG.
25 3A after the inner electrode is bonded to the backing plate with the paste or
liquid adhesive.
[0010] FIGS. 4A and 4B illustrate a cross section portion of an embodiment
of the inner electrode shown in FIG. 1 bonded to the backing plate with sheet
adhesive.
30 [0011] FIGS. 5A-5C illustrate an embodiment of a sheet adhesive cutting

pattern.



[0014] FIG 8 illustrates a detail of a recess in the backing plate
shown in FIG 6. [0015] FIG 9 illustrates a cross section of an
enbodi nent of a backing plate. 10 [0016] FIG 10 illustrates

enbodi ments of a sheet adhesive having different coplanar properties.
[0017] FIG 11 illustrates an enbodi nent of a sheet adhesive having
el evation jogs. [0018] FIG 12 illustrates enbodi nents of sheet

adhesi ve i poM2]i ¥u6. BRABRS a &obH9d&ordian dbbdimesh bRsIRset @dhesive in
enbodi nent of a sheet adhesive. [0020]. FIG 14 shows a shear test

resul t conthedoen oiflat drgs andp dakiing bayipg agirieyatisnies fa/ke plagedos the

[ 0021] FI st result conducted at 180C for sheet.
adhesi ve %%&nlépﬁ]iagwigo\?%g%ﬁé G 16 shows a fatigue test result
conduct ed R01B3OCEIGo7 ilbstratessal Hetailvod aBeanipddiment $io fia] rirg @b sheet shows

a shear_test t .conduct t 180C f t adhesi Exanple 3
Srter the AdpFiRheudd Bnsit@taRiod SRt B BRE [ 00547 Contr ol of

parti cul at ppoiapt FTGH8tiluiratss 4 Hetasiluffaaeessin the iacking pidte shoah dm s
during the fabrication of integrated circuits is essential in
achi evi ng FEPi@bl e devices and obt ai ni ng a high yield. Processing

equi prent , rGgA%) FIGR YRR LS BRSES KB CABP BF 8k BAfbddirRént d1@ BackMig ce of
30 particulate contam nation. For exanple, the presence of particles

on the wafelatgurface can locally disrupt pattern transfer during

phot ol k4 hogsRly AR 181ifill A LRBSdiniEhtSlof £ SHedt adRERE A dirErnfan

i ntroduce Into critica
coplanar properties.

[0017] FIG. 11 illustrates an embodiment of a sheet adhesive having
elevation jogs.
[0018] FIG. 12 illustrates embodiments of sheet adhesive in various shapes.
15 [0019] FIG. 13 illustrates an embodiment of a sheet adhesive.
[0020] FIG. 14 shows a shear test result conducted at room temperature for
sheet adhesive Example 1.
[0021] FIG. 15 shows a shear test result conducted at 180°C for sheet
adhesive Example 2.
20 [0022] FIG. 16 shows a fatigue test result conducted at 180°C for sheet
adhesive Example 3.
[0023] FIG. 17 shows a shear test result conducted at 180°C for sheet
adhesive Example 3 after the fatigue test.

25 DETAILED DESCRIPTION
[0024] Control of particulate contamination on the surfaces of
semiconductor wafers during the fabrication of integrated circuits is essential
in achieving reliable devices and obtaining a high yield. Processing
equipment, such as plasma processing apparatuses, can be a source of

30 particulate contamination. For example, the presence of particles on the
wafer surface can locally disrupt pattern transfer during photolithography and

etching steps. As a result, these particles can introduce defects into critical
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features, including gate structures, internetal dielectric |ayers or
metallic interconnect lines, resulting in the malfunction or failure
of the integrated circuit conponent. [0025] Reactor parts with
relatively short lifetimes are conmonly referred 5 to as
"'consunabl es,” for exanple, silicon electrodes. If the consumabl e
part's lifetime is short, then the cost of ownership is high. Silicon
el ectrode fsstards| inefudirgeghte strdickires; tinteemetat Hiclenbiic lagetserri roetallie af t er
a large nugher of RE hours (tine_ in hours. durin i radi o
frequency PBREPNNECIBES rEguYBRE LR Hlee”‘?ﬁ‘é”‘%ﬁogs%?ﬂ”égggbo'ﬂ?e& ated
consumabl egjrafificéthpshieflarts generates particulate 10 contanmination in
pl asma processi ng chanbers. [0026] Shower head el ectrode ass%%gli S

can be fabl0Q2Rled ReadtepRRrtsgwitheelativaty sortiitedimes| ae cramY refptrs
mechani gal 1) i LV } Hal s,
o ow g 1 5 28 s Rblen P ExdiAplelRlickn CERUGED Y (RO BOhlinaRb party,
can be tr edifedichenistshod, theinrtbe cost efrdvemerehipd$ bigiho riSiidongeetredebondi ng

material. To enhance e]ect.rical qr fhernmal . i Vi kng
mat eri al céﬁs%'gﬁﬁ%ﬁ Hseé 'Ecc{'?lFﬁté'Fl%créi‘?d’?so&aﬂé%?g%ﬁ%}%z)ahr %EPF‘{%&PE Fﬁrer
parti cl es. hoaretiede intHorir® Ny whith radi fréddescy power ¢ esedtosyaTienated
with use of the bonding material c al sg B’e&%a otenti al SOH‘rClg f or
parti cul at ' BIREEIR) nE PPN © B‘Eﬁstq”b'gpg?? gne gEEE pé s&?&ﬁ@?ﬂ%ﬁﬁ IGHELS ¢ ode
assenbhpes AtFARERNIndISsAa PEaSing dhdntbessential that the flow of
the bonding nmaterial be controlled, such that the gas passages renain

unobst r uct 480281 t Hleowerhead ¢leritasiei asemittien sas brdabiicated! Ry beBAPETYAL s
of a Pl asih, i ASINNiarARBRHRIL SR nfedNafitalt? domBibnt S AL Fally
Ing fromthe bonding hateria |y

contam nation origina " and precis
control bordndgctivet rnididg miaterits rellowitty oo @ 2iitipliady of fundtiost Mhees an

exenpl ary enbodi nent of a shower head. el ecirode enbl .

pl asna p?oé&éfgpﬂﬁog%’g?%ﬁ%@s Fﬂ"&ﬁﬁ&e}?t%‘imqﬁ&ﬂ%?@@ %ﬁ@bfz%%gégéo@o& ,
si | i conswafigs Bondihg ndteAals Seslenfdresdlovtcdlendheres condectaitgahbl y i s
described, for_ exanple, in commonly- owned U. S. Patent dﬁ@?l i ﬁﬁltl on
Publ i cat i orquS!ngzng%f '@h%@’ls@‘?tamlﬁﬁt”@‘lwaﬂﬁé‘ﬁﬁﬁﬁ ENGNEET H'Fy

reference gﬁga]aés.eﬁ%%ry thel PAmePane HEMr PaPiidis LA Rt Mth ub8 of

conpri ses ower hea e_I'ectrode Including a top electrode 12, a
backi ng nerthebondingauateddl can alke besppeteatialiseyecelfor parigulate her mal

Chounl . LR AESHERA SRR A ALY Rl e o 1
el ect r @gt atdontaih gapipagsadess itiodssernitial fhat the owe of thenberiding materigh be
RV CULWTES TG A S S L
material. Methods for joining components of a plasma processing apparatus
are provided that can reduce contamination originating from the bonding
material and precisely control bonding material placement.

25 [0027] FIG. 1 illustrates an exemplary embodiment of a showerhead
electrode assembly 10 for a plasma processing apparatus in which
semiconductor substrates, e.g., silicon wafers, are processed. The
showerhead electrode assembly is described, for example, in commonly-
owned U.S. Patent Application Publication No. 2005/0133160, which is

30 incorporated herein by reference in its entirety. The showerhead electrode
assembly 10 comprises a showerhead electrode including a top electrode 12,

a backing member 14 secured to the top electrode 12, and a thermal control
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5 processing is nmechanically or electrostatically clanped on an upper
support surface 22 of the substrate support 18. [0028] In the
illustrated enbodi nent, the top electrode 12 of the showerhead

el ectrode includes an inner el ectrode nenber 24, and an opti onal
outer el ectrode nmenber 30. The inner electrode nenber 24 is 10
preferably a cylindrical plate (e.g., a plate conposed of silicon)

and i ncl udgsatelias R sarAPEduBAd A BH 568 of IMicHIB SAUkAAF FIGS,), The
N fran

i nner el ectrode nenb can have a di aneter SHB equa
or |arger tneivdiag ad:roéom eje@teoqﬂ ane optieng elag,trostapcmr@mognemtrpdehles

& adte. of Portiofgd Benddin HRONIp et ARDER i MRS brpfbssila b qﬁfe
el ectrode a}saes plasina ptﬁcéss:dgaammraﬂmu%smﬁhstraw ﬁOeab]ent;edl tarp@sma
substrates, such. as se\r%bcond ct or m@?ﬁgﬁ@@ a di aneter of 300 mm

or |arg8r. PESESShg 'Snerarerally oles %on anAPPEESIRPYEH0 mm

i n di anet ersuﬁmg@fthet%sﬁade@l ectrode assenbly can be sized
to process ot her zes or substrates having a non-circul ar

confi gur at |[6(i’128]20'"|the t"Hétf?tleF’tﬁ’f“P%ﬁ'@@"taﬁ%tﬁm@ﬁﬁtm‘im& Phihér el ectrode
menber 24 igh oWk feladld rofd@‘?n H@ééé §fh ie&u@gg%e BLr P4 S N9 300
the oyt e

nm waf er s, ter ectro er provided to expand the
di anet er omptlhr@altqmpfral&maqdedeemhef B@mThbmnnerﬁectMIeenembea%uat 17

i h Th t n 25 er
(00019 T Bty & R BETIRIRY, BicieBoRbofed RERIGHT HRaRERRS
i nclh udi ng bla&n:mamasted lmggrr}emﬁalc&rzea?g@tbp sunrte)adglzw ?wfn:cnguﬁ@btrsﬂe
as segnents ose (0] SI1 1 Ccon e odl nen (0] e (0]
ol ot fode. TR 24 TR e & dinneter FeklerdRan SRl o oLt h9aa Waitber
30, the semet@owsgé&gégl lehé\é%oﬁﬂg%he‘éﬂéﬁ&t%%ﬁi?o?ﬁ?"!o%bb@ﬁé0
ondal n mat eri al ron1exposure (0] plasna and

protect an underlg@g

do not havénghgs (@ %Q@smmhértb@ plateempde of séren) o @dratansasr 24
preferahlyg %}M,g ndi ng

t hr ougﬁgt he dﬂﬂﬁg ffn)g er {ﬁeﬂ?%'bﬁ?%%t% %%%ﬁﬁlgf@(sz%sssgae?%fjﬁ%g&a space
in a pl asnmprocessingdargesabbiatesosatheas berniveeductbewatsrs ebaograndiambﬂerand

e oot Lo L8 bAAT e, P RO allE BE1E oBHFRAE W05 RSt oo
extendi ng trhadnglantetorciowgver tie sfowdrhéae elertttde assanbigrcahdbd sized
' njecting to process other wafer sizes or substrates having a non-circular configuration.
20 Inthe illustrated embodiment, the inner electrode member 24 is wider than the
substrate 20.
[0029] For processing 300 mm wafers, the outer electrode member 30 is
provided to expand the diameter of the top electrode 12 from about 15 inches
to about 17 inches. The outer electrode member 30 can be a continuous
25 member (e.g., a continuous poly-silicon ring), or a segmented member (e.g.,
including 2-6 separate segments arranged in a ring configuration, such as
segments composed of silicon). In embodiments of the top electrode 12 that
include a multiple-segment, outer electrode member 30, the segments
preferably have edges, which overlap each other to protect an underlying
30 bonding material from exposure to plasma and do not have gas passages
therein. The inner electrode member 24 preferably includes a pattern or array

of gas passages 32 extending through the backing member 14 for injecting
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5 process gas into the space in the plasma reaction chanber | ocated
between the top el ectrode 12 and the bottom el ectrode 18. [0030]
Silicon is a preferred material for plasnma exposed surfaces of the

i nner el ectrode nenber 24 and the outer el ectrode nmenber 30. Both

el ectrodes are preferably made of high-purity, single crystal

silicon, which 10 m ni m zes contam nation of substrates during plasna
pr ocessi ng paoaksalgas inea spaoetintaplgsmdareadiopl chambgyiomted batyveenttbeeby
mnimzing,particles. Alternatjve terj hat n,.be ysed for

pl asma- expd afegﬁPﬁ?%&%@"Gﬁ{‘? ﬁg{t?rgpeq%q;téodeﬂ)% ebE§°ﬁ‘?ﬁ@r Hl?e°@?tf(’j'8?”‘i\‘??\|,
for exanpl enerhB&33d alkh ifdIgddd 4 patiémt edreiystdaeBiissagde(forekowg) nember

14 includes a 15 backing plate 34 and a backing rin , extendi ng

ar olung t he eptandiesihyough a hacking kna g6 af hebacking: H@%‘??ﬁf%?‘rf@r piegtiegss
. . . g
| ncluae a.p?@%ég?@(%%tfo.atﬁg Séﬁg?% lﬁ%%{ﬁ?ﬁ%ﬁc@ﬁﬂ%aﬁﬁ%r ldni%?étqhﬁé%%o e

menber 24 is tensive plate 34, a e outer
el ectrode rieertogrelgCrode 2 apd tmbotiemwiledtirodee! & ur r oundi ng backi ng ring

36. However, e ckin | ate 34 t i

el ectrode r‘%?r%de],r gﬁc%rha%a Bf?i?”%égmaﬁ%?%a@%%é%ﬁ(Bg%[éédqgé%%es 332'% to
support t hénneredect@dechemtier p#ahe ithe utenédldchrede egerabéresD. oBothr

el ectrode nber. 30. The inner el ectrode nenber, 24 d.1he oH.t ﬁr

el ectrode rodes @re peeteraply-na epg lgﬁép%%lﬁ"?fﬂe Siliggnpyhig

bondi ngonatihindkes CorhtafiivationesieaBstrateRidu riﬁ% P sHS §RIceSHng And ko

| ocat ed between the 25 inner el ectrode nmenber 24 and backing plate 34

near the owears gEYoogHedyring plasma piecessing dhechy miBimiging parti
hoa. . . f .
25k ongy ISR, Bt b3 R SR QR e i v

fastener ne ac I ng nmenber 14 to therm
control pl &ectitdle Baiokiudg JICairAllSdfoalegamplec| udes mul ti pl e gas

4 i th b i | 4 } i
o car 180T i r ah BrBtalebBfaBREt! (Y oBeRbS Bl thibdidisd 5a
o) e e o Dot of oot
s i ui
communi cat it{ﬁ?k'\ﬁ)ﬁgﬁ‘latﬁﬁ“i- %H?ﬂ b@fé@ﬂ%@é%ﬁ‘%ﬁ?ﬁ %HBWW sufface 38, i the
el ectrode r@?ﬁ@&fim%@t, g}ﬁ&%&} ef@&ﬁ'ol éﬁ%ﬁ@er@@fﬁ%@&?ﬁgvgwhitﬂ& bhtiAg 36

are preferably ma a materia is chemcally conpatible with

process gagdateiddeand dhe puiet elasirage member 30 is co-extensive with the
surrounding backing ring 36. However, the backing plate 34 can extend

20 beyond the inner electrode member 24 such that a single backing plate can
be used to support the inner electrode member 24 and the segmented outer
electrode member 30. The inner electrode member 24 and the outer
electrode member 30 are attached to the backing member 14 by a bonding
material. A radio frequency (RF) ring gasket 80 can be located between the

25  inner electrode member 24 and backing plate 34 near the outer periphery of
the inner electrode member 24. The backing member 14 contains a plurality
of holes 40 adapted to receive fastener members 42 for attaching the backing
member 14 to thermal control plate 16. Backing plate 34 also includes
multiple gas passages 44 extending through the backing plate 34 and in fluid

30 communication with the gas passages 32 in inner electrode member 24.

Optionally, backing ring 36 also includes multiple gas passages (not shown)



5 sem conductor substrates in the plasnma processing chanber, and is
electrically and thermally conductive. Exenplary suitable materials
that can be used to nake the backing nenber 14 include al um num

al um num al | oys, graphite and SIC. A preferred material for backing
pl ate 34 and backing ring 36 is alum num alloy 6061 which has not
been anodi zed. 10 [0033] The top el ectrode 12 can be attached to the

backi ng pl akendthgaRebugRake Backihg dingBendinglusd combiunidaiienwatl y and
el ectrically conductive el astoneric bonding material that

accormodat &Btienal gaaIPassagass@et shewn) indhe petes elpeliodg meerabec3.i cal
b . i
energy bet m&t hﬁﬁ% B’%’%@%ﬂaggg ahd b%‘&ﬂp%?ﬁgbﬁc&'e efdrabig gﬁdgs‘%

backi ng ri astoners onding 15 tog .
sur f aces ofmaterialithattis cbemicsdly cbimpatibleduithcpriopesss gasas useskfor proceasing

comonl y- own U.S . Patent No. 6, 07 17 ich is l.ncorpprated

herern by PRFlstdger SUFtatEhin Peiderid fiodt b8 BT ARERT . e

el ast oner i elgotridally iand aMerenzilytcanEuctives aim@diyestiitable mhterialsetdt can

adhesi ve can be any uit}‘abl e elastoperic. mpterial such 20.as a

pol yer e PErSee 16 SR the Bacing MempsE 14 IACHAR SRR SUAINLE BLeYn:

to thermal qdaHiRdMd SIC. A phifEhel PRRERATEF @&kﬁ\{fﬂa&swaﬁaeaaﬂﬂg_nn‘grhe

el astoneri ¢ materi al can optlonaIIK include a Tiller of electrically
8

and/ or t he3fds$ Riundipwaalioy RO avhick: has ngt begmanodizetbed fill er such as
W re "??S mn Pe E)@'%%&Y@& ?ﬁ’@gg%@a‘fﬁcfm@@fd fhe fﬂkﬁﬁ’é‘}ﬁ%@eﬁfﬁﬂdgg

materi a can used 1Tn plasma environnents
i ncl ude polbackinde&ing@6l wikie 8 sudablpdhgmndllyraoet electricaltyl gomdietives ul f one,

pol yet hyl en erepht hal.ate, fl. oet hyl ene, propyl Ly S,

ol T4l ove. Saqenabateinh MatktsldhaCac iRt MR Tar s BRies B V' ¢ e
sheet atjhe?davtgfér§lhéat_tdrﬁfél(§%rﬁtawb kgvbiame*tﬂth?qwele@dbleehgéa'hahdit nlg an
upper el ectrode al um_num .backin ate i ngl e crysta
silicon (SPRCERBREARS4RNIR 'WFQ/?’g*t ﬁhe&aﬁéﬁ%?@m edpEhRdifa gh
shear g5 airdhdtherut a8 of aA%difcRe A86arHBlyAs dRRErBEY, 34WafipI80R 1O
300% in a tenperature range from roomt%erature to 180C or higher

(for exanplcemmeniyemingdrd-Se MatanitNe: 6,073,300 ghictnisdacqsperasedhesein brie
adhesive w %@f%@%gédg ewtigg}y_shear strain of at |east 300% (for

exanpl e, 30 I'n a tenperature range of roomtenpeiature to
180C or hi do@34]( froan embiodineentr therslastoperiajeinkistan SogtQneritisbeatihesi ve

can require on the_order of 340 5 psj shear.stress.to achi eve 300%
strain (at 906AVEeTBEReat aIRRSMEERS B Y SHERY'S Sty Maeral such
adhesi pg r egud pelgmen nidieridllcdaipatibleWithi @ vaBlussnvirbamentan® assistant to
achieve 300% strain (at.  roomtenperature to 180C or For

hi gh )
exanpl e, t KeermH depiadatign at bigh tempegrtyessich asrbrys Qﬁ)lsqgceiéﬁ 200 psi,

or 200- 30 ' ; j ' fiv ROt
t enper at ur %Iﬁbrﬁ@%ﬁ&t@r‘%%ﬁ?g&r@? )ﬁ.swwﬁgﬁdg%g:m)eefgfblé’f?ﬂ{cﬁey gdhesi ve can

require on theraallyonduetivecpaiclps or sthesshapedBlierissich @Rivétemes- Woen
strain (at Jr‘?\%ﬂl\k@%géogﬂd!’cﬁvé fébihﬁo%ﬁirxt\&'icggﬂc%i?%ﬁlatér?awwc%r ddifhd hat

t he adhesi ve €exhi bi I near shear res
25 used in plasma environments above 160°C include polyimide, polyketone,

polyetherketone, polyether sulfone, polyethylene terephthalate, fluoroethylene

propylene copolymers, cellulose, triacetates, silicone, and rubber.

[0035] Preferably, the sheet adhesive is a thermally conductive silicone

adhesive bonding an upper electrode aluminum (Al) backing plate to a single
30 crystal silicon (Si) showerhead. Preferably, the adhesive withstands a high

shear strain of at least 200% (for example, 200 to 500% or 200 to 300%) in a

temperature range from room temperature to 180°C or higher (for example,
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curve up to at least 200% or up to at least 300%in the tenperature
range fromroomtenperature to 180C or fromroomtenperature to 300C
however 15 nearly linear is also preferred. Al so preferably, the
adhesive has the | owest possible maxi mum shear stress at its ultimte
failure, for exanple, less than or equal to 80 psi shear stress at
400% strain (in the tenperature range fromroomtenperature to 180C
or room t erfiper edonn eerperafif€ro 3POTB6]AlBo pfaferiblyy thenhdhesiveewithstahdode

plate is a disk of single.cr | i con a_rreter of at
Peast 200 RN ST shbieraias sBospr o, Hidt Sadthl

stress/ str aMpé&ratyre rdilgé 6f Aonh RRapeidlRERON 8OTT bPhighet @@ﬁéxa’iﬁ’&%l n the
t enper ature range of roomterrgerature to 180C or roomterrperature to

300C, fr om@%ﬁ@&P%&W@s@ 390°Sh {he 3@03%‘!# cam f@u'rmwe5)rgw

1

emper ooy Bl Yics Su8ks RPECAIAE SO (AMCRISRPRIN I BT
silicon shcbwheln)ea?retferebkyatheyacﬂ)qsmoreawrds oh ¢heeatder afa@to 8oe pa&t@rve
rts Ol O Bttt ddReRERO it R ToS A BMBRHAIR (oI G 2T WL P, | &°
igin\éﬁtr:]eSts': 2 ieRampl s AANGING Care IIMACTRI 0 pst 50- 10 TpGtE200 b, 0n200-
or o or abl v S0P Shedt SHaoh 18 AEhiake 0N Sraie (it TRET PSR iSO LAY or

non- bopgded ngRAS Mbst fiefdriably Mkl athesiel @paequirt 8R fﬂm@eme«ﬂef beso pyis
can cause non-bonded areas of the backing plate surface to contact

and rub al @hgamihess tB@ﬁB@Yeaﬂ(@a@M Sttnam T teaperatire de d 88U oAg

t her mal ex es
of f of one sur E&ég/sﬁa se Eb R‘lﬁgagm‘%{il% Pé%ﬁ%%%’%ﬁa@
present incuhe m;ptmeat ledgt20036 er aa:teableyast B30Qfkan theotealpezatdre cattgact

| oads can ccur where th u b ckln e it h the
ther mal - comterd oofh oS g e JeBHERERBE BT I hFadi RS0 hekieia
plate aad tdé@r!y hesars alsopredrel. aAleo pgﬁéﬁ!‘rﬁt} ithg afiBedive has thd loluiest t he
system Thus, esive is ess _pariicul ate

rr:@a n the adg :]
cont am nat PSS PaxEIP sheausiress qtlsttstqltgng'qe fAtHrg; o5 kXGRS &8954B8 on

and little Rlqlql B8dHd pdIShBEE YRS ét%o‘%@ifmﬂgm%étt@még%t&r@%ﬁaé from
control plate from part distortion due m smat chi ng t her mal

coeffici entrgomfte@psmigiedﬁ 1905038 roumetestpesatueaitoc¥ldie).can be
f | at ed |
ornui ate [P‘%QSVPY&&J% %embg%%gﬁfod}éﬁlaggs aroun‘ﬂy%m ?é]%nli@gﬁl

opt i onal or | ¢an al ["aSs ScCreen
(scrinkp rmmﬁi 4 dansetereiat leastrA00edmythershpet eehesive elablbds admélaoshear

nanobeads of s. or ot her, 0 ac da ui.r ements of
15 vari ous éfﬁg?’affaﬁ%ﬁ%e u?’rt%ggfe ?600% ﬁ&rﬁ?ﬁggég’ ﬂ% formul at ed
with high rempetdtare raBy@bf rebnesmpératireits A86°0ar Fdore teraperanseAb203
m cr obeads. Corrp03|te %/re s of sheet adhesive can_be produced and

| ani nat ed WH0CH: Heme ehaarstiess ohR) 4 34P pst aftrirabost 5,009 tﬁ"‘ﬁ?@t‘é‘ier ed
enmbodi ment ,cyeRBlARBAtIRY BRSelectrode assembly from room temperature to 250°C.

25 [0037] When the aluminum backing plate and silicon showerhead thermally

expand at different rates, the adhesive used to bond the two parts together
couples the loads between the two parts. In contrast, when the adhesive is
soft (low shear stress at a given strain according to an embodiment), the two
parts will not induce stresses or diaphragm deflections into each other.

30 Preferably, the backing plate and showerhead have a gap between non-
bonded areas of the two mating surfaces. Diaphragm deflections can cause

non-bonded areas of the backing plate surface to contact and rub along non-
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of the sheet adhesive can be discretely fornulated with different
physi cal 20 properties. Exanples of physical properties are thermnal
conductivity, elasticity, tensile and shear strength, thickness,
thermal coefficient of expansion, chem cal resistance, particle
erosion, and service tenperature range. [0039] For exanple, filled
el astomer material may be subject to plasma 25erosion and has the

potential ebnded sk tHOSKBWArhE8d SuHhes dindvig tmalrmsl wans@nmfasmo

processi ng. During plasma processing, iaqns, or dicals nm rate
into gas pRagagSuch subbing caR WeRk PaRElasH{ %ffomw ‘?thlséﬁa%?%sglégre

mat eri al aﬂmhbh%]gé;ﬂ‘ é‘ém'détﬂ@{:tfl raf Hg@h’(tlﬁ‘ﬁ\é"@’é&“‘r el&QFodR IR DIy,

al um num al | oy particles Ich originate from plasm eroded
el ast orrer mg.her loe:lahmﬂqmw@adssmmncwevhﬁae the @'@I"'p‘mém@@éklﬁgﬂ%%

during o t el ease
of cond ctl \é‘g%]mﬁé'ﬁ)ég‘%ﬁ‘% Arﬂfoq Ia?gg;?glrs"%;ﬁégéﬂ é?‘ﬂe e%etﬂﬂg esive
can be di soaeksagwaft@anukm theérmviat d:btdfdlbﬁt&rQerferétirgparbdeSwwﬁm the
densities. For Xﬂi ar.eas si,ve in,the 0| nt

f th t
i nterface &¥/6% Wgﬁg tag apﬁﬁ?'&‘él‘essssqr}ﬁz c%t&c&n&{m[nﬁ W gas
passages 3%eﬁé@t&?d@élfd kthieér hbididghragardefietsort ag@)ittieldrine gimiganar

areas of the sheet adhesive not exposed to the ions or radi calg can
u

i ncl ude fi lbebyegsaiheibackiag @?@@U}thﬁr@?'&%}mp'ai%@mﬁl@ﬁt Pgtortigp due to
el astoqgrl %l%%\fé’hﬁ@ Fmélht?'oe?ﬁ tQ'E‘Fék 2t adhesive is a heat
er ne

curable th uctlve s I cone ase ‘'on a di phenyl dinethyl
silicone ccﬁmajrreThe émr&Bt@dbéewee:ané:iaafgrmnbt&dzplgﬁé’ewtfahﬁ gneleculgr

f | at ed f d
i1 1 cone. st aetS] Hiore. G il B85t GEP B p Ry AR ©
NUSI L TEE'"’ZH%@]!%'S' d?frﬁre(s@hh}), mbt&lhcssdrgemrrﬂ mlhﬁéwlm@m Tézrpbmﬁh sct
uses an ille r ated, to be heat c e,.that, is,
pr ef er abl y 2nEfpE Nepg ?a%fegjg%or er fitertal g?vepnémg r’&ﬂ%"%?f“xﬁa‘? or
appl i ca&i ORafigud apénc«ahsn@ Prefégably, Hé SRedteRIREENE is Rfrmwt@d)wh Higte
sheet adhesive is fornulated with a suitable heat activated conponent

to perf or mmolecyanweight dirietlylsdisene spataxed anosingrAdefds BYGIPPRAAS  ur i ng
pormperaty’ o Ség. @E%f déb@%%w@féa BrddBESS ank idHinBAWRRh can

be a per oxi dt uch tornu at e hesi ve eet 1s available from NUSIL
TECHNOL OGY. ha[ve@ﬁrﬂe]remvphvlse:at pexpeviies: dntfhwe&rm embedimengrecoplanar eireas | y

conduct | Ve o R HAER Gpns b SR Bkl RABGUGAS V't By g 2 oo
Pot ent i28l  gJrepérties.aEkampstfphysieanpropeiti@ssare thermal conductivity,
elasticity, tensile and shear strength, thickness, thermal coefficient of
expansion, chemical resistance, particle erosion, and service temperature
range.
[0039] For example, filled elastomer material may be subject to plasma
25  erosion and has the potential of releasing conductive filler particles during
plasma processing. During plasma processing, ions or radicals may migrate
into gas passages 32 causing the erosion of the filled elastomer material at
the joint interface around the holes. For example, aluminum alloy filler
particles which originate from plasma eroded elastomer material can deposit
30 on the wafer to produce defects during the etching process. In an
embodiment for reducing the release of conductive filler particles, coplanar

areas of the sheet adhesive can be discretely formulated with different filler
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for use in the inmpurity sensitive environnent of a plasma reaction
chanber are nickel coated carbon powder, nickel powder, carbon

nano-t ubes, graphene, graphite and a conbination thereof. [0042] In
the case where the elastonmer is a thermally conductive el astoner, 25
the thermally conductive filler material can conprise particles of a
thermal Iy conductive netal or netal alloy. A preferred netal for use
in the inpparticle demsitigs. \Forexaniplerareas of the ghleas Behesharin the jeihtiber i s

I || | umi i de. 03 b trid B
Prcf or abl y MATASH SEABHR? onsrhi PaIEEiS B AR G EPBB ERED, ban
wi t hstand @aBsaesSiteddn 5é LA lfé@@ﬂeh@ﬁn&@@réé:) Nhué%b%br ﬁféyéttfftthé/ Ity.

Preferably the thermal conductivity is at [east O. nK, nore

preferably saeetl adhesive et expesechty the denspererdicals garamcluéas’ldlerlpmvipw A
mor € ““Sfoi 09 Sty éi%b@”th%fhngﬁﬁgﬁ?%@&%%nc &%@&f Fhe BRI

partlcles e ac 1 ev oneri c shee he5|ve an in a
l'iquid or jsheetadiestedsrartieat boratienthenmally candudtio@4Bicone besetbonto st ay

hin the el | f | dj bl
bond 1 hi ck ey imslty slshe oo ee?, Ko phtaer tiimefe ST ve o

j oi nt coul ddhesive iformgdiatdtfroml a tetinaing coictias rédra témpekatares heet
adhesive joint could reduce the thermal conductivity between the

parts to ba&nvgicaaiged silicore phretindes the fade,name BR800 availdbleand/ or
ther mahpy ?BWNUSII‘!?E@%EG@Y SPF&?@ra‘BW frhe §i8EEnEn S WRhe 38 pRSiuct

supplied to the el ectrode through hi'n area of the elastoneric
joint due tusesapadiQi ﬂﬂeraodpﬁfqngwlﬁed\#ehehﬁet eyreble; thad isameeferablylo

PPt T el QU s ho ARV H B OBV e iR
of sheet ac#msss#bnlﬁﬂg rectivrd Préferabiy, the sbeebladt‘msmms rforguﬂateﬁ adthsa of
tePrgo:jin Rg;t eslf.lﬁgttﬁ?; eaiggtwg%sd éosrpggrg%rit 3 ge Ck' Irtlige gross?m%ng reag’uon ata
15 predetermined curing temperature, for example, the heat activated cross-
linking agent can be a peroxide. Such formulated adhesive sheet is available
from NUSIL TECHNOLOGY.
[0041] [n the case where the elastomer is an electrically conductive
elastomer, the electrically conductive filler material can comprise particles of
20 an electrically conductive material. Potential electrically conductive materials
for use in the impurity sensitive environment of a plasma reaction chamber
are nickel coated carbon powder, nickel powder, carbon nano-tubes,
graphene, graphite and a combination thereof.
[0042] In the case where the elastomer is a thermally conductive elastomer,
25 the thermally conductive filler material can comprise particles of a thermally
conductive metal or metal alloy. A preferred metal for use in the impurity
sensitive environment of a plasma reaction chamber is an aluminum alloy,
aluminum oxide (Al,O3) or boron nitride (BN). Preferably the elastomeric
sheet adhesive has a low strength, can withstand a high shear strain and has
30 a high thermal conductivity. Preferably, the thermal conductivity is at least 0.5
W/mK, more preferably at least 0.8 W/mK and most preferably at least 1.0

W/mK. A more uniform distribution of thermal and/or electrical conductor
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15 greater depth to accept a flat ring sheet adhesive 56. This

enbodi nent al so shows an RE gasket 80 between the inner el ectrode
menber 24 and the backing plate 34 near the periphery of the inner

el ectrode nenber 24. In the enbodinent of FIG 1, the outer ring

el ectrode 30 can be bonded to the backing ring 36 by a single flat
ring of sheet adhesive 60 in a recess in the 20 backing ring 58.
[0045] Thepanicieatand astisved intdieelastenierio dbeahadisagieothanin atiquidcemn be
pl anar or non-planar. For instance, one nmating surface can be planar
and the ot R@veciastomeriqhendingsealgdak or receiving the sheet adhesive

bondi ng majsyasq! -in St 18 si%ﬁ%llﬁn thOEIRKE TS of mm?tf@rﬁied fomtsdeet

adhesive from exgosure to asma. Alternatively he mati ng

surfaces cawtakie bond tickness sapibevised. arhat i, &9 thanpha sheelasthesive
self-als anidig ALIARAPEEMq tHefmBl dfling M 8 (ALRS R Blinddife foint
el ast ormeri € bondi ng naterT al, mati ng° surtaces are prefera &/
coat ed w t hoaldseducEhthe theinmat contetivity betvirmrdihepanstterbegbined. It is not
f | at ed f the NUSI L TECH oGy, HCR- 9800- 30 terial d 1 bed
2bove, t he"BITER BEAN BECKIcP G R/ op TISHRPLY Gty e BT S
SP-120 or §fffidiéAt REpowagicdhasé supphbiStd-thEEERKISINrolyted einlblea oftheh

primer is applied to the mating surfaces and dried prior to, placing
the sheet a&&&v%ﬂemwﬁe ta Gapagtive eRuUpling hetweehibeRiacirde anmh The
pri merqgansfe,GPplehffiras a thin coating by any suitable techni que
such as wiping, brushing, spraying, preferably on discrete bonding 5
surfaces of0044} JHEWdrsheows arsemhbdinent whene atturabity of segasspe H8iaig

. ; . ¢ i . . Lai
2 Sotvent, 18t hibe BRBURGFe B AGHAR ing of Sheo MirRENERE B0ARE D
cl eani ng t Heersinrtd doed thé\nwating safacesof thernmey glectrodie membes 28iankd the r

and creates si.licpn nding sites e ured in air at .-rqom
Cenper at ur Backi R o tberibediell i h oWt et 54 Tivinaa
anount 19f gﬁéhﬂérrk!bpﬁh t®acHdpt A R Ging Theet MHdERie 56 CThis¥MSbatNPen! a8
powdery. [0047] The sheet adhesive is preferably between transfer
sheet's for Shawsien iy, oaskst S0hatyeemthe inpaselertradr membara4

f . f
nmanu aCtU&ggcé@ﬁ%%% ge-ém{%éﬁﬁapghgﬁfﬁﬁe%r‘i‘er@i@étﬁﬂe@ﬂeﬁfbeﬁ?%ﬂyﬁﬁ‘ihe or

exanpl e, 1o the uncured sheet adnhesive. The
sheet adhesmbodirsentmiiRlGdl, the outer ning ietrptrodefilcean ke bendetkt thet i ng

urt ace: of PRETG HhESeHY R HBE 4 S e B Rl /o0 h 4 ReeeRKRRRS
20 backing ring 58.
[0045] The mating surfaces of the electrode and support member can be

planar or non-planar. For instance, one mating surface can be planar and the
other can include a recess for receiving the sheet adhesive bonding material.
Such a recess, for example, can protect the sheet adhesive from exposure to
25 plasma. Alternatively, the mating surfaces can be contoured to provide an
interlocking and/or self-aligning arrangement. In order to enhance adhesion
of the elastomeric bonding material, the mating surfaces are preferably coated
with a suitable primer. When the bonding material is formulated from the
NUSIL TECHNOLOGY HCR-9800-30 material described above, the primer
30 can be silicone primers under the trade name SP-120 or SP-270
manufactured by NUSIL TECHNOLOGY. Preferably, such primer is applied
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surface, renoving the other transfer sheet and applying a second
mating surface to the other exposed surface of the adhesive sheet.
The adhesive 20 sheet surface can be tacky and preferably, tooling
can be used to precisely renove the transfer sheets and place the
sheet adhesive on the mating surfaces. Also preferably, the adhesive
sheet on the mating surface can be placed under a vacuumto draw out
any gaps oto thei rdatingsiafadelsanddiriesi préordo ¢lazig thesheetpdhesive srihe ng

| oad, such_a cuu 25 [0048] After the sheet adhesive
bondi ng rra?B& %e?llopg"%?f’%@g&f'l?%& | east one of the surfaces, the
parts can pE046IsETHY Brimériedh béabpﬁéteawrtﬁmmtmgeymw&dbmget her
under conpression, under a static weigh at nospheri.c ﬁssure

1 or
within a véﬁﬁjhﬁ’iﬁ%zfg“:hﬁsﬁﬁ'é'”ghén@hé[& SREING P ef?Péy PBrdl‘ﬁclﬁteé" R
adhesi v& 1 §ujgcd0df tﬂégﬁé\%@urﬁéahoasagmbw @d‘fnb&'réﬂt@'to éﬂela@sorm.ﬁé seLforuch

as hand 30 pressure to spread the el astoner throughout the joint to
be forned. thélatarappled bogcmng m@tggalr df theqinaer mﬁmnﬁ)aé@mﬂé applicatign

at mospher i %ﬁB\%‘gﬂ‘ Pt 8 Winhhq' G5 UARSIAL boh .rgfyy bRAnhi E b alhesi ve

to the mati approxi nma nutes or | ess of
seati ng | oailoxdrie domtainiagemm reactsemtbvaar ahd cieztel sijcambortingditesi ve.

The curing should ref.er d w_t.hout an nlf cant
static wei Nur XT %;5'?!59 b'ﬁ% p&'H}?’%B'OC‘)L(ﬂeeﬁ ab| evat ed
t enper ahur gndidatdn @ttlﬁ@éi%ﬁht &f Mndﬁﬁg)éﬁég wmeﬂﬁé?ssmvprrrﬂélﬂaeébon'ﬁhe 5
assenbly can be placed in a convection oven and heated to activate

t he crossl| i2PRPAGNDPOVERY. of curing the bond. For exanple, a heat
curabl e DonghaA CTASineAbdiEsE SebRledblbeER NSl ShbamRer at ure of

bet ween 11 m nut es ?ﬁ‘ﬂ
m nut es) . UbaadlingicBeferhbly thedreestarsheets arad M@ufaﬁweﬂ

1200 and 1000 PR rBhsBrSiaR oRE ke £ pisRRE [ dfinele, b EALn
ﬁl ter n?sl V%lnyiSdagmége folthe Emcomneﬁt adkesiven Dhe shedt agg{egm i® afﬁplieﬂbtlh 5
ours (e ou ski t he ure. 4 Prefera ,
t he sheet géﬁ‘h&qt\?g Fﬁ?%? Hﬁeﬁuﬁae%ﬁé{ﬁﬁmg 0g Qnrransier shegt
adhesi ve d%%ef‘@ﬁd Eb‘ﬂ)lﬂlﬁg%e fakﬁ&%éwédrf&ebﬂ@ﬁé BEh&divk Shisdtnd a fikst mating
However, the sheet adhesive vol ume change during curing can he up to

5% vol ume ﬁwﬁﬁnﬁdgmovmgeméroé'mrwan% sfieeb and dREYIng serRidyBatingo nor e

than 2 to i ;
br ocessi ng ot & herdthePegiiced o o ol duneelen ook The ach - 8587
sust ai 20hi gaﬂneepemrﬁaemammrmkwaud@efemm tpoliag carobelused ta precisghyd

" machani HPTiSYe B HeheleeFice? and ke, f6iTae! fule i fRls gpbRS ' © o

advant ages sw&be@oms@hﬁeter@wemb\aameduelshgepd:mmmam@ sesaccarf be

sem conduct or wafers
placed under a vacuum to draw out any gaps or voids under the adhesive and

apply a temporary seating load, such as by vacuum bagging.

25 [0048] After the sheet adhesive bonding material is applied to at least one

~ of the surfaces, the parts can be assembled such that the surfaces are

pressed together under compression, under a static weight, or by atmospheric
pressure within a vacuum bag. Since the elastomer is in the form of a sheet
adhesive it is not necessary to apply an initial slight pressure such as hand

30 pressure to spread the elastomer throughout the joint to be formed. However
a slight pressure such as hand pressure or light atmospheric load within a

vacuum bag is required to seat the adhesive to the mating surfaces. After
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[ 0051] Regi ons of the conponents with residual unused priner
(unbonded 25 areas) can be a source of contam nation. For exanple,
the use of siloxane priners (e.g., RHODIA SILICONES VI-SIL V-06C) has
been determ ned to have potential to introduce |evels of

contam nation, including titanium The titanium contam nants nay
potentially react with the silicon substrate, formng titanium

silicides hpprenmestblySileriBuRRSoraésd besauting o, 6 i§ préfeged herethed a9 30
process. [0052] A sheet adhesive all ows reduci ngucont am nation -

ori gi nat i nipadingRn the gsthesive. diesrurilg shpukbpreferpblyibe pesfaredgvithaut
Bl eotrota BAPsRATiCH Sifc ySRAKEE DEAMIABAGTEdS. Mhebordd Ll B chidit
bondi ng natlevated teiriperdteresio Ereafowsphgriapppictestive gasenvirhameobatheng

|1 ith th i . FIG 2. i f o | ectrod
member 3. sssathbitcrl S HipdLin 4 bty ofeh Sy HeBtip AcgR AR 2% 0%
t hrough t ocrosbiiKitdpIcassref exreste kol aEer @ample, 4 hieat eurbbidiboriat |
t he sheet adhesive elastoneric material is

| i ed I
pat ter ns ABAHAAEER DGR L8 IR RiejRERFRYR ey Byeand

prior to apphad (Wgl Hesel et 906 PO MMLRSI @lg., 18 MiMiteaUth arRbs&d 1 N
t he same annul ar zones pattern corresponding to the ‘el astoneric

mat eri al . TGPpCIBBRYf g iassemhly, theckendianatarial is reated gha sesoRGRIY iCHEE i n
annul agzog i e i I ited
and caﬁlo be{%ﬁ%?r%gge ?ﬁbéﬁ%rn p%?pgér'ynds@m @ai" ?one f%he? '('?ﬁogr%éh!r)l%r?
annul ar. Slegt, 2duthes). \Ateraativiety, onty the sesgndiyicuezicarabe eppliechtbr 2.5

portions r d fromt transfer. sheet to allow transfer of
di screte s n?l}ég?f’é"%?e'ghgq%& SQ‘HR@&&SE PIBANEYFarts to be joined. 15
[0054] The[go49)erPrefstablg, thiedHeet atiRediie nizditadeifsaponifdriothagesiomer

el ectrode nmenber 24 in a predeterm ned pattern of bonding, regions,
sur r ounded 7} ths poepriagdheaiye siess nokbuige %3’8%‘#‘@!”&‘?%‘%9 ﬁgﬁ’ CUHLan be

appl i eq5 by IRk He SRES adHeRRENIINIMERABRGe ddriRPeltind &sn 6EDH S 5PPI Nt

C, and applying the priner in patterns 46 Wltl‘ll a di spenser (e.g., a
felt-tip dveheresshrinkagebreferakly.tthe gheeladhesiverundsigoas Ro aiore tan 2

di spenser %?% %l%le%hggg%%% g?'i"?%fg% iple radial positions relative

to the center point ne or nmore annul ar zones at a
time. In af@0s0}r Budmpplesmaproeessing the elastorpeart herded(edectandg desi r ed
t he i nner

Dot o), CaReBepREr el SEEHG: HISaeR SRl AR dighabber, 1S

20 densities, and long RF hours. Also, the use of sheet adhesive elastomer
materials as a mechanism for joining electrode assemblies has additional
advantages over non-sheet adhesives during plasma processing of
semiconductor wafers.
[0051] Regions of the components with residual unused primer (unbonded

25 areas) can be a source of contamination. For example, the use of siloxane
primers (e.g., RHODIA SILICONES VI-SIL V-06C) has been determined to
have potential to introduce levels of contamination, including titanium. The
titanium contaminants may potentially react with the silicon substrate, forming
titanium silicides in undesired regions of the substrate during the etching

30 process.
[0052] A sheet adhesive allows reducing contamination originating from the

primer material by selectively applying the primer to regions on the
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25 pattern. However, the prinmer may be applied in any appropriate

predeterm ned pattern (e.g., a plurality of discrete zones, radial

and/ or di scontinuous annul ar zones), as long as the prinmer is applied
only to regions underlying the sheet adhesive el astonmer material. The
primer can al so be applied by w ping, brushing, spraying through the
openi ngs of the mask. Both 30 of the above descri bed nmethods can al so
be used foshcawhyhmgswrhmr(etg)Jdmuegbm&rmtecﬁmdbamember34Wit@cba'(:h@\gpl ate

Uhe sheot "Bt aherP ksl aties Vi bobding it aif koo dalBiFapbled,

the appli caithénthgh cbiithgPall SErfacR wiliethy ;Qﬂhéﬂ qam Izys @adpwﬂv of iDABH]
Exanpl es of mask materials can include Eéqm de- based

material, Ripchpde memher2d; nelyding Bﬁ@é"WﬁféﬁﬁﬁassﬁﬂesT
f1uor opgl yﬁ&u@ﬁ bofgt#w gﬂ %l stéd Prddd JENR th[s%@&:dlﬁié% hﬁé

advant age as over |qU|d gel and paste adhesives
is control sbéetfddrtmsme eldstornac mateid! i Bppliedray armdapiane patteshodh i n

FI G 3A h h h d
Gas. passagDEesnisSRnReoREIINg BAF PR abe S5 EPh8EE phEr o Codlfing 0 &1 7
mat eri al 1@!a5&>rﬁéh?d mBgeriaf piringdr ch Mheppltelden tioerpame rEnsIutEr 2opee pattern

- together before the el astonmer is cu When the uncured paste 50 is
appl i ed befAERIPAHNLS %ﬁ?{ﬁ%’“ﬁﬂﬁ"ﬁ’ﬁ%‘é@ it isdifficult to

controhgt h? 3?W anlé {‘H% M"a@ﬂe@ib@% SHBWN %bﬁbhé& in dfhutdiQones thel G
3B, the un | ow of the uncured el astoneri c materi al 50 can

result in paﬁemm‘tapabrmgﬁheﬁt aghesivadeneflimitad grd cambp 2pplgdin ghen,.
As @ resul byl dieR Bl kS AHiCPaf AL SpeBlladifediRAtdr BE clifin

cl ear the gas passages 44. The sheet
adhesi ve elaaytdemaed pattmneandanortlams srod\kdsfoarh the ehefes skeetde allaw sheet

adhesive 5 etwe nth ents
to be joi ni’&n\%%f ﬁ?ﬂ’gﬁrﬁ 'ﬁ‘gpr\?oq é?%ﬁﬁ%%%%%%ﬂgqﬁglﬁﬁﬁry%%w

el ast ongr i qoE¥¥]NETiRs priheASars bewpplied td Be téﬁ\suﬂﬂaee 2Beétheitihesi ve can
be configured to exhibit_good volume contr 0 not ooze or

flow into GRFEEDEeERPY4 INg prgpatermiped Bﬁ€%PSO§MQQ|WéeQ\°§§t oneric
material 52,a80nd&y #PGH&S&%&J RYRinst hﬁ%nbf&amp%"tﬁe ﬂﬂﬁafrelSQfangfé to

t he gas passages 32/44 w thout “risk of obstruction or bl ocka e of t he
gas passageppbed by rotawlq D0sY pleptiede membeR4epkeutrigsenter paint

backi ng rrerégl%gﬁlq B)gﬁg"gu ﬁ“ | ﬁ@&&bgf tfﬁg?gtdnspenser

coeffi ci ent ansi on cknes | ast ome
mat eri @b cauy dwtawmg @detom rmrecnutbmaoﬁethemspﬁnfséeamsiegld positiosy oral
expansi on.

t he t eletrod 12 ¢ be si e
backi ng nerf® |p|§4a€§qu§éthp§trgqu‘vg to ghegcen &f awpﬁﬁngegﬁrg# §§§ 381039
steel , cop@ﬁurnulaimbﬁésigmmneorlnaddm dxanipiafthe ahbweveones pattern (or
corrponent s wth greater differences in thernal ans %oe%f ficients
are bonded any.desired pattern) can be applied by covering the to ace 280
inner electrode member 24 with a mask having openings in a predetermined
25 pattern. However, the primer may be applied in any appropriate
predetermined pattern (e.g., a plurality of discrete zones, radial and/or
discontinuous annular zones), as long as the primer is applied only to regions
underlying the sheet adhesive elastomer material. The primer can also be
applied by wiping, brushing, spraying through the openings of the mask. Both
30 of the above described methods can also be used for applying primer to the

bottom surface 38 of backing plate 34. In applying the primer to only selected
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al um num and silicon), upon heating during tenperature curing or
during operation of the electrode, a non-uniform shear stress is
generated in the elastoneric bonding naterial, due to the different
rates of thernmal expansion. For exanple, if a circular alum num
backi ng nmenber 14 is cntentrically bonded to a circular silicon top
el ectrode 12, the shear stress in the 5 el astoneric bonding materi al
near the caeagionsdpb umdeﬂying tmee sieat abihesived elagtomkdc hiatedal 1ébritamiriantgral

at an el ev . era However,, the_outer portjon of
the al uni nﬁatr%gggg %ﬁ‘%&p‘? ‘Efé{ﬁﬁ@é@e& PRSI ficRMY '88 r mal
expansi on t[0oSs]t hEvampl@s dﬁﬁfféslkoﬁat@haishfarﬁhbluaé'KAIFUIFDN@@é&ﬁﬁné@ As
aresult, when the two material s are bonded, the maxi num shear stress

10 occurs iA%S ?ﬂé"%ﬁ'i‘%r MYEARRe Rolyegiss- Qﬁse{jﬁ@,‘atﬁé@kph@Eﬁbﬂb@ a4 or
top el estr qpirobdlyMEIGESInt B adhi fafb?é fOMDUPONET Ml expansion is

greatest. kOOS Adhesive 1n a sheet formcan provide exceptional
bond t hi ckd@@%6]cofnetber a@mmmyw@@adhew@aaabm ligguid, el broch dastte

surfaces o acers, are

equirod t Soneredfs GRERPotin of SfhirRBE o ol FaF BERTBIS &S hRva e
an enbodi mFiG. 8A, when tecsHowsthead assé'rﬁbllywmdﬂxbnbmsatort%qemd%nia?nt he
bottom surface of t e 34 between assages 44. FIG
4B shows t FESHTERRY Mg&beg@%%ﬁ%w ?lPasie ups rtegrﬁﬁ)%ﬁﬁ?m Bemageridl t he
backi ngop! &0emast bébritidfed Wheﬁlthé 26/ péRehfs ér@%réé&édeg&hépgé’fo?élthe

bet ween gas assages 32/44. 20 [0059] The sheet form all ows

except i onalclaRPMBRIS YRS oYVhes the wneuisd Rasts 8RS applieddeswveeninsi ve
i nto unvantcethRMBAR anbseal S8 biRELICD dd: 3§{rrge%tac)v@ a' Rufdyvi ates

need for precision dispensing equi pnent_use |qU|d or
past e adhesiastomesratasiahi Ad shewd in ﬁé@d%B,dhealmtcommlw ﬂmdbtﬂwermmuaéd

25" adnest verma e TRt S0 Zan TENTt Rl ahs e oGt Tt e e
has noré urplafssagasswpenAs aveshit,tdusiitianal cleadingtdr\hashiding lcah bean
antici pated better heI and égfk%r,ow de a nore efficient and

reliable mifH gttﬁrci o the 8@%@%“ ed 86 82% prRtagesect2/4tin£be veedhapes

can be deSIagnégtvé@:arswm@rrdrmbtbnan E:Qﬂ'ék/@iﬁ'éhcﬁflﬁé‘!@lén@s@rﬁ}%th%%h@f es, and
can be optinized to maxim ze surface 30 contact area with the mating

parts. For 8R8si¥e &2 can be riacerhbeiweeniba ghewerhegdi assembhaeerapeninisi ve
28 Shoyet o DEAS KRy BeRRAG et HNEH SRR Gl oo
material as shown in FIG. 4A. The sheet adhesive can be configured to
exhibit good volume control so as to not ooze or flow into undesired areas.
As such, the sheet adhesive elastomeric material 52 can be located closer
than the liquid, paste or gel, to the gas passages 32/44 without risk of
obstruction or blockage of the gas passages 32/44.

25 [0057] When the top electrode 12 and the backing member 14 are
composed of materials with different coefficients of thermal expansion, the
thickness of the elastomer material can be varied to accommodate the
differences in thermal expansion. For example, the top electrode 12 can be
silicon and the backing member 14 can be metallic (e.g., aluminum, stainless

30 steel, copper, molybdenum, or alloys thereof). However, if two components
with greater differences in thermal expansion coefficients are bonded (i.e.,

aluminum and silicon), upon heating during temperature curing or during
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bet ween the bead 50 and the mating surface of the backing plate 38 is
narrower than the bead 50 and difficult to control uniformty and
reproducibility of the bond. In FIG 3B, when the electrode 24 is
mated to the backing plate 34 the contact between the liquid or paste
adhesi ve bead 50 and the mating 5surfaces of the backing plate and
the electrode 38/28 is limted and difficult to caontrol suc,h t hat the
contact ar &Refalipn theglectrpde, a nen-wniamwn sheaFstiass ipagaersited indhai ri ng

h t
o, 2522 Sk o BiaHghord e P e ol o e
conduct i vi thorlexampin lftaqerdnmﬂaluglmlnabeclﬂng m&ﬂnbére1 %iswmcedtelcaw
10[ 0061] |

contact s t MEHH Y AGTENEr SV BIAIRELSR CoPERRRRL RS RIFE' o Y e

adhesi ve shtsstorabayBohding negterislatdar éhe b@wtéecﬁs@ckﬁ’g mehtddrald drel tope
backi ng plate surface. e cont act ar%a bet ween t he adhesi ve she%t 52

n
and the matd %f@&%&@@nw'ﬁ aprelevated Rracessing tempersture, fHewever, t

el ectrode 2aitdiOHISIEST e BRIhIFUM bACKIRy ﬂfen%rqqrﬁrﬂfér GE<£8 4r8eVhBORt Of
el astoneric adhesive as shown in FIG™4B. The great er contact area of

the sheet &ithermaberpansiorothanitbe OU@S'SPOQIKHBQfdh@rSi"@OQh@@?'e&Hﬁé% i¢e /52
to be used QW\]Q} : i cal

conducti vi téy'],és 'tnd S éhgn&@k%g%g'aﬁtﬁl%%gnggpﬁ%ﬁgﬁe V\egﬁe%hsg'%tgéckl ng
pl ate 390 armi:cutselneh@outeodenﬁﬂera%dg@ﬁﬁmp Hackingrmabinper 1 her sdpeelectrode

adhesive c r -f ape for anpl e, |aser,

wat er jet, a‘gl &g hepcrﬁ?qegpeérh "H&PQ’FR?"&H%'F Qé?ﬁﬂpﬁﬁg net hods. The
sheet adheqousa]caAdnéWe [pea eR&ét foith @alprovide Bx&eivnal Bond fhidkneyanpl e,
casting such as tape castln?r rolling or ink |wpr|nt|n FI GS. 5A-C

show a pr ef@pfrattodirgeiaehnernirahraralielisarof args over Brge AIpas f 1 at
rings 52. FKygh tl?a':t inde B P aReh 48 yﬂéﬁ%ﬁ;eglte%oﬁ%?ﬁo@mn\éﬁs 3?0 and

flat rings 52 of various |nner an aneters : | at
ri ngs dan traralleliam. dus. ﬁAasmwsmrdemodmemtosmesﬁm agiheeadgétho@wedf

th heet i ELG Ll ed
Uew of ar 8 Aikbéss BTROMeTENor, Suflcd offl patkhg pfatd 3Keretibal | ©

idl lustrati r;:gassbges 4adﬁﬁsl4%showgme)éhemrammﬁpé 5aafjondiedtth tmogoﬂtcangg 30
iarreterct et 1 F e e .l n be
0 o5 ronduriab8BE i nadkng pite BABMHIR s Tiad T oLYE e piiges
outer di anm@ﬁaweenl siyassaded §2/495, 0.464), (0.854, 1.183), (1.573,
1.902), 725 g‘l (4,449, 4.778), (5.168, 5.497) 6. 320,

7.220) . 0( : 10959 SThes eetformgdows exoerrtjonal Yelumeacontrol ﬁm@m of Prevent,
11124), andydznly Hlatihedwe @ unwanted areas. The application of the sheet
adhesive obviates need for precision dispensing equipment used to apply a
liquid or paste adhesive. Issues with feed speeds of automated and/or
manual dispensing procedures, and associated drying, necking or globing of
25 adhesive dispense beads are thus eliminated. The sheet adhesive has more
uniform suspension of thermal conductivity filler, an anticipated better shelf
life, and can provide a more efficient and reliable manufacturing process.
[0060] Pre-form sheet adhesive shapes can be designed to conform to
irregularly shaped planar features, and can be optimized to maximize surface
30 contact area with the mating parts. For example, in FIG. 3A, the bead of
liquid or paste adhesive 50 contacts the backing plate 34 along a curved

surface of the bead 50 shown in cross section in recess 48. The contact area
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[0063] Preferably, the sheet adhesive and flat rings of sheet
adhesive 52 are cut, handled and transferred as | am nates between
transfer sheets of 5 TEFLON (not shown). FIG 6 shows a cross section
of the flat rings of sheet adhesive 52 positioned over recesses 48 in
the mating surface 38 of the backing plate 34 (the backing plate 34
is inverted). Such recesses 48 are in the formof racetrack grooves.
Al t hough ndetweest therkaid 50 ahdthe matjng Sudaeeof theltexking plate I&ige an

I t h t d 0 56
cl evat i on iirouls a5 b Sod bl ZoLRIRREY ArdreebabuRg
i ts planar ofitiis hondlhiey FIGR3B, whgnthe electdtie Di4ve nidied®s feSackingisiate’ ack
groove 54 i}?’gttf"he b%ﬂ)% pl a'ge 34. FIG 7 shows a detailed view "B"

of the ele girop RdguidQynaste adhesive brad B and the matinge
wher ei ns5t heygaesd oﬁ“@%’%‘ckﬁgrﬂlé@ drid thg'e%‘éfrrodb’BBf!f@lsCIWf &f arti dl?f‘b%ltfin

Such an el evation ﬁ can e, for 1lbexa am nat1 ng
ri ngs of sweatrobwmg githpoentast ares @ﬁwble'e%&jﬂ@h ttmdtametandﬁhe bead

di fferent %IW [ 0 iew "D
of the recess r?g%%exé)a%ké\fﬁgﬁals peézgeea?orn%%%&ég%e%fjggﬁea/sheet
adhesi ve nmgta&ﬁare[a)‘essu]ntdal&oﬁd stremgthaandithaimhaidand/@velédtiicalf t he
backi ng plate 3 nver sho i n, Fl 6. T recesses 48
in mating $APAY E’%gewﬁ"?rb € B gt'@f" @#@E‘P ??eﬁtb‘?ﬂerg‘f t he bonded
and unhond¢ooggi PIEIG. Ihetwbﬁsmrrm&aadm@sz bré@seﬁy%%ﬂtactshﬁe

of the mating surface 38. For exa e unbonded

f
Feqi on can BEKINGSIe A RIOPS 3gUaeBETIEd 30ace of DS VEGHPORLBEY;
50-60% 60+ @P@ss%@c@&/ﬁh r%@e@@% QFaII%pfo t%% f%g%hﬁfplétg%uﬁ% agfearea of

the mating surface 38. The gas assages re~in the unbonded
regi ons andontast §mel@etweﬁe§lne/edmmsm¢m ﬂﬂcambmermgilrtmwrfa@edﬂ&(%&loé

bet ween an flat rin

i nner or o&l?éelggggﬁ%g a?é‘32%38;{%%ecgrggé%rgeperﬁﬂgégﬁp%mm EaJ'Pf ce 38
can be1pr ea:nstdcyamtbr\mill]md of elaspimerizadhesig 38 st iIreSIGAG. dbhe
reviously nentioned,, 30 e sk of_ _bl ock e of assages
B by oo (HERE BOtae AlSa et 116 S mobeSiud s2RIRee 16" Isahebekshene
Pref er abl y,shbbﬁa@ﬁe%ﬁk sHfesé M@e@ﬁﬁ@ Bbhdkd Mcﬁ@@é@tdﬁe tHePmal hsd/eal
size and mai ntains the same shape before, during and after curing

with Iitt] Slestneah Cgﬂwthabebondoﬁtreéwﬁhﬁn@ bond sipstigitybetvees the brokiage
after curihte 34 and the electrode 24.

20 [0062] Preferably, the sheet adhesive can be cut into pre-form shapes, by,
for example, laser, water jet, die cut, plotter cutting and other cutting methods.
The sheet adhesive can also be cast into pre-form shapes by, for example,
casting such as tape casting, rolling or ink jet printing. FIGS. 5A-C show a
preferred embodiment where sheet adhesive 100 is cut into flat rings 52. FIG.

25 5A shows a plan view of the sheet adhesive 100 and flat rings 52 of various
inner and outer diameters, i.e., the flat rings can have various planar widths.
FIG. 5B shows an edge view of the sheet adhesive embodiment in FIG. 5A.
FIG. 5C shows a detailed view of area "A" of the sheet adhesive embodiment
in FIG. 5A illustrating sheet adhesive rings of narrow planar width and large

30 diameter cut from sheet 100. For example, sheet adhesive 100 can be 0.012
inches (305 um) thick and flat rings 52 can have inner and outer diameters in
inches of (0.195, 0.464), (0.854, 1.183), (1.573, 1.902), (2.725, 3.625), (4.449,

-18-



[ 0065] As a preferred enbodi ment the sheet adhesive can be conposite
| ayers of flat rings of various planar wi dth having one or nore

di fferent 5physical properties in a thickness direction (|lam nated)

or a planar direction (co-planar). FIG 10 shows a portion of a flat
ring sheet adhesive 102 having different co-planar physical
properties. For exa i nner portion 62 and outer portion 64 can be
unfilled si4.7toneb. ngsﬁ‘éﬁﬁér (6B2@:t7.22Me 68.043,/8372)0(8. peB,t 10c096)t e

cont am natl I tain Al 203
10particles QPogﬁgt ﬁg?ﬁ %o%g 1 ?é))yta}@gbgg &a{}GﬁB 1 shows an
enbodi ment [0063] sResferablif)tiss Siecelt@Giihedive anldahit ringd essiveet Hanesiy ke a
plurality of flﬁs_l éé(éul %( or .se circular ri ngs of various w_dths

havi ng el ey tapaferre @Béé}mmétﬁsfbfé\é‘ er fagsigr shestaywfhond

to recessesTEFLON iﬁét%% eFI@tes Qﬁoﬁé”'afc%@s £ét@ibn%?%ﬂ?%s%f%b@f to
recesses 15 48, 54 and 58'i n backing nmenb or surface

bond to an adhesived@arasitianed over repasses ﬂﬁcmuther r@e@@@ surfacec B8 aéthehe

i nner el eCtlfa%ﬂﬁlggﬁétgur f %ﬁn%ﬁlﬁé}%ﬁ%m@% atd g, r% égfe%e4é)£re Ht er

el ectrode ring ‘torec sses
backi ng rrertbetformuofrmceﬂ'q:l@gmbaee Altmdgirncbtcpreiecredsasﬂanﬂng Bﬂshmgi 58 or

surface 76 to a ba k| Iat nd/ or 20 ckin mat i ng
surface wi t%ﬁgg%%gé?gg A ?V% ?:f%o%?i% nge s g?ﬁ SMEhe
sheet d0heg6vieacamelesatisn @gmhaaaanemat fing Ra® & V2pying hitlid¥sRASAETS

of dots, triangle S, and ot her geongetri c shapes of various
wi dt hs and @R mé@fﬁwﬁt kGG Sheetpdbesive 06 matchesa sarsiack greaversh

rectilinearn g bé@(lrk?ﬁlaté 84, apﬂteﬁsﬂé@s a%eﬁéi@da‘ﬁe\g@BGoflﬁg Aat ti%hrﬁé'l ar

25 dots having ele I on 4 of sheet adhesive

adhesi ve cdh tf&slapqsladhawe ylnngGSirmwrg@o“riﬁt Bivheraiagbe Sheebadmasweermg
bonding re a and
el ectrode %ﬂ’nﬂ%m&/{er{éec%']aﬁgp %g'% %fr‘r‘eéllg\%t%?iéh ap %ggﬁgé?\]/fg can
be a silhgl exahgde, Hydamirgpting fixpridgs oﬂ\sﬂnéet@ﬂt)mt/e |havmbaméertant wd@i sely

e onges agPdihadst e xS EonE AR HIES et Fetalla %
"D" of the recess 54 in the backing plate 34 formed to accept the sheet
adhesive ring 56.

[0064] FIG. 9 shows a detailed view "E" of the backing plate 34 (non-

20 inverted) shown in FIG. 6. The recesses 48 in mating surface 38 can be
located to precisely control the bonded and unbonded regions. The
unbonded regions can be 1 to 95% of the surface area of the mating surface
38. For example, the unbonded region can be 1-5%, 5-10%, 10-15%, 15-
20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90%, or 90-

25  95% of the surface area of the mating surface 38. The gas passages 44 are
in the unbonded regions and the sheet adhesive bonds the bonded regions.
A distance between an edge of a sheet adhesive, for example, a flat ring 52
inner or outer diameter and a gas passage 44 opening in surface 38 can be
precisely controlied to optimize bond properties and as previously mentioned,

30 eliminate risk of blockage of gas passages 44 by oozing or bulging of a non-
sheet elastomeric adhesive. Preferably, the sheet adhesive essentially

maintains its original size and maintains the same shape before, during and
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enbodi nent of a single sheet 116 in plan view for bonding, for
exanple, mating surfaces 28 and 38. Accordingly, spaces 78 in the
sheet adhesive 116 can correspond to unbonded regions. In this

enbodi ment such unbonded regi ons woul d correspond to greater than 90%
of the mating surface area. [0068] Before curing, the sheet adhesive
preferably has a physically stable nature. The sheet adhesive before
curing is afteoowringwith hittle, orurecstobkabe MoedxampleTRB% volumdiay swgnkage

di mensi onal__stabi.lity. The uncured sheet adhesive can be mall eabl e.

As mentioné € EPYMEfer sheets are preferred for handling the uncured

sheet adheqoges]t OADagERtredadrbodiM@nt I SRREBJIRENISS L¥® bERbRIpBsRET | NT.
Upon heating, a cross-linking agent such as a peroxide filler

pr ef er abl y l(@re of iatdings of vadaus Blapar width havieg &nglar reeriedifierapt as t he

dg10 o ; 4G . i turn
e S010 38l SR 1 i B ER B B
cont act ar deo-plamar)ol FIGnd0 ehsws a partiomlof arfidt ong sheettadheaive d@@chanirigvi t y

bet ween t he, ed ts. The cured sheet adhesi.ve als int ai ns
conpar abl e%éffeggﬁ%q?'gﬁéﬁﬁms ?\9699.%@%3'0 O gamR e are %qrg%#?%af‘ﬁat of
the cured getergloatidrofecan dbedirdiledbiicosd Rbiothdrishakt HdigEsividiplawes of
filler particles than the cured |iquid and paste el astoners. Bi' usi ng

hi gh Vol unParisiiate CPRtAMBAYGN.Telease R aIcse: RPRIRE MO R RRAAIR AVeSks vo

gr eat erot heapRllesfod firmal g@,ﬁdljdﬁaﬂty‘conduct ivity can be achieved
bet ween the adhered parts for a given volune of elastoneric adhesive

wi t hout sadP986lci Ri§. Jdrehoxisramgmbodiment£f aishieeladixie0604. Fhetbeetbl v,
ot ng. asecoiEsive|iBa i) B ahually G TRPLRY A LB il Bldifs
manual | y, mddthalhayingielévationtjogs @8 i(emall siebshgSurfaces Zthamdi7 2 redyeisbnd

machi nery. ,The adhesi ve sheget, can. be formyl gted to have |imted or
unl i ted WOREFPRET Ak geeiete iltdauree rdshon ht Y oiscierrees
25 [0076] A8, 64 lanatssdh dacking rhémberdtf4 pdrtsuiBce 78GKAY BoR® (SR eRttrode
joined to inner electrode 24 such that the first gas passages 32 of

g
the inner &NANG ceviQyt faresset sth anthejnaergjestrode mating sukacsi ng
menber 34 r [ ' [ diggiQn, LREr
76 can ol so hndor the SIS U oty cl RS THRR E R Tl 1E7
in the sané“i%@@éf@rfﬁpwsso goeaakinghmembep j#ireatingosurfasetsipilardof ace 28

o o L LRIRSTRALRS ohor ol AR b SRR g B
di st ri B0t e backing ringonatingesurfagephitient recessde snotatiogas
[0067] By wavy of example, the sheet adhesive can be arranged as an
uniform or non-uniform pattern of dots, triangles, columns and other geometric
shapes of various widths and thicknesses without limitation. FIG. 12 shows
cones 106, rectilinear strips 108, triangles 110, circular dots 112 and circular
25 dots having elevation jogs 114 of sheet adhesive. The sheet adhesive can be
a plurality of such geometric shapes to bond the bonding regions on the
mating surfaces of the backing member 14 and electrode 12. However, in
another embodiment the sheet adhesive can be a single sheet having a
"spider web" geometric shape to precisely match to bonding regions while
30 leaving unbonded regions for gas passages 32/44. FIG. 13 shows an
embodiment of a single sheet 116 in plan view for bonding, for example,

mating surfaces 28 and 38. Accordingly, spaces 78 in the sheet adhesive 116
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distribution pattern. In another enbodi nent, gas passages 32 can be
in fluid communi cation with one or nore gas passages 44. [0071] In a
preferred enbodi nent, the sheet adhesive bonds the top surface of the
el ectrode 28 to the bottom surface of the backing plate 38 such 5
that there is a 51 to 381 pm (0.002 to 0.015 in) gap therebetween in
unbonded regions. For exanple, a depth of the recess 48 on the

backi ng pl atan dostespond to & alcendeadregionshen mleehmwﬁnémrs@hrdnacﬁdé@
preferably 102 to 5 or exa 100 to 200

0. 004 t 20
pm or 200 t'89€86"b‘fﬂ"8ﬁfgff%ép&“é‘r‘8rgéﬁ?§' B'talﬁ‘eéd%@éé'%e mating S ;“L 2°8,35e80. 007
in) deep. HOOBSEr Betdie cbﬂﬁ%ltﬁ@ shBePadH IR feFRBNHaR GEpRYTEAlIP 8table

el ectrode top surface can be bonded by the sheet adheS|ve wi t hout a
recess. tuieet Eeghept afjh%s%%ééfm%&lﬂlé%@ {FeahBRIdcanized; sioriasg-ipked e

bot t f s [
bet ween t rhe"'“ﬁt I ttind GricHRIdHARSEBIA, TAPuALieaShel! ddbig SHEREC,
in). 15 [oomalleatir Aaokntigned dransder sheets amcpreterten fohhamilngdbgt rol

late 16 b
Cormont y- o e AR E0S o BRVAR! Sefkiie BEnaR! sdieiburombaszo
whi ch is i musingorUgoecheating mcmsstlmgeaigtmtlsuch as aep‘érbileéYllerThe

backi ng nmenbe cont ns a allt of holes 40 adapted to recejve
fastengr né?fﬁ%l’éﬁﬁfu?e@ %ﬁ‘ﬁ%ﬁ?&@? B‘EE?’% ??@"F?e?ﬂ?é}e agthegingured

t her mal1ocorgheet aghadive. LAftertMMgL e ir%%?%hhé&% katlFdsn the @%b?ﬁang

sheet adhesive were fornul ated as descri bed above, heat cure
tested. TesAftesmeshapisal fpeces aredemsved hSrestes iseatachaleagiontyot ipcesiasebat e

the perfor fREGRaIYhdidt eI L? cﬁﬂ@@éﬂvﬁ? tbh&g@?rpﬁ%daﬁ%}%ggnﬁ %'gured

surfaces, however 1t should be note est resu ual
bonds bet weheetadhesivalso araintairckéongparabiecslastivity at bighsiudumed ef filer

Comper at ur ditoies (OREHEH B8 Gfed BRTRbEBRELS B4 Betles SRVl higgue
tests Wér e olumes beflleapartfesf thanek@opled, liqglfDand Phste cldstoiens %S hear

test result of EXx et adhesi ve at room tenperature.
1 shows a &4 W"Qﬁé’&l‘-‘"ﬁ%@gﬁleépﬁﬁlcf?sdﬂrt%elaét%ﬂ%ﬁ*c shnsdadhesive Qﬁaé?rn

and a | ow &Hé@ﬁal%nﬁfb?%le%‘tnéﬁl Q:Bn&@& %Eﬁ YeNsthie a@dWeéWﬁfé Mhetdgh 2
soft sheet adhesive can be suitab e 0 acconmo
parts for a given volume of elastomeric adhesive without sacrificing bond
strength or elasticity.

20 [0069] Preferably, pre-form shapes are installed into captivating cavities 48
of the mating assembly. Installation can be performed by such methods as
manually, manually with installation tooling, or with automated machinery.
The adhesive sheet can be formulated to have limited or unlimited work time,
and then heat cured when curing is convenient.

25 [0070] As illustrated in FIGS. 4A and 4B, backing member 34 is joined to
inner electrode 24 such that the first gas passages 32 of the inner electrode
24 and the second gas passages 44 of the backing member 34 are in fluid
communication. To enhance adhesion, a primer 46 can also be applied to
bottom surface 38 of the backing member 34 in the same predetermined

30 pattern as applied to the top surface 28 of inner electrode member 24. In
alternative embodiments, backing member 34 or inner electrode member 24

may contain plenums to distribute one or more gas supplies in a desired gas
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hi gh shear strains w thout diaphram ng of bonded el ectrode and

backi ng plates by coup:ing forces. [0074] FIGS. 15 and 17 show a
shear test result of Exanple 2 sheet 5 adhesive at 180C. Exanple 2
experiences a near linear stress-strain curve to over 300% shear
strain at 180C and a |ow strength at high strains. Such a soft sheet
adhesi ve bond can be suitable to accommobdat e hi gh shear strains

wi t hout di aligiriutiomgpatteroomdertbthérearbodienemt dydsgrdssagepBacan bieQA figid

FIG 16 shows a f.atti ue,test result of Exa l‘f 3 sheet adhesive at 10
180C. The FYMMMUCFURT,WIR,ANG BRFIEE 88S PESTREE han 36, 000 cycl es

(about 35, p067 ghown preférrdPemiboaimhent SthREHEBNEdINEsivIBENdAHBRSH. ve wer e

tested, each cycle sinulates a thernmal cycle where a backing plate

expands by SHrfafe ptiheflecirasien tathe bottom sefacedd the brekjng piaterds such
processgng dif i fd &4 pansi on of
t he mat gri g?és{qg%'%t'ﬁlg E@?@%}ﬁ;}%ap@gﬁ é dét(?ﬂdse @? g@&%‘gﬁ&@%ﬁ% shows a
shear test unbondied refgighsarfirexampie st depthad thesresess 88 ©nathe dxacking

Sirevs. st r Batt BofE sutcd FhaGhE Biec b A ROR s s e Redhal 102 oy 08>
strengt h atuni{®@004to @086 .in)Ffor exafiptnde0 tdc2edrpheoB26X iy $00 Sma MeRr

| i near stress-strain curve .in ran about 0% to about 450% shear
strain. 20 pg;fg@tbéy,gl&q fecsraép 'égﬁééﬁrﬂggoﬁéﬁd’?@&ﬁpbé'@’!ﬁ‘{eéﬁhé bagking

acconmpgat |4tk BatteMerfash adthe Middhedk tdp 3oMacEabe boRASBY the
el ectrode and backing plate even after over 36,000 tenperature

cycl es. [ 06hest aghasiverwithquhadreessn Alse preferrbis dbe isheet adhegivediandgi t h
reference o, 63&&%@@6@&&2 hhse EQ?&@% tﬂétenawddegspnggﬁ;é&%h &0

those skilled 1nt art t rious changes an ications
can be naddjstamet kejweenlthetveo svgtihgsedaces varying eless thang+£ 26mpnt he
scope of tztz @g{ﬁﬁnded claims. WHAT IS CLAIMED | S: 1. A
conposite 8 ead el ectrode assenbly for generating plasma in a

pl asma1pr ogesEAINdTRpbackitdiplate 84N atadhed to thaekd! REnPIIgeCBMY | Si ng
top and bottgm sgr faces V\n@gh first, %as 5 passages therebetween, the
bot t om sur FHERPIRARRICTHBRMORr AR TR Sﬁﬁg‘%}!ﬁ”&dﬁdﬁﬁomfﬂ@'ﬁ%ﬁd&§-
passages haytéa Apglitaich PibiAREA AR 2069/098862PWhISAAS IncdriBrafcSifer8is
to an interior of the plasma processing apparatus;
"by reference in its entirety. The backing member 34 contains a plurality of
holes 40 adapted to receive fastener members 42 for attaching the backing

20 member 34 to a thermal control plate 16.

EXAMPLES
[0073] Nonlimiting examples of sheet adhesive were formulated as
described above, heat cured and tested. Test specimens were made of the
25 sheet adhesive to simulate the performance of the sheet adhesive in a bond
between mating surfaces, however it should be noted that test results of
actual bonds between electrodes and backing members are not shown here.
Shear tests were conducted at room temperature and elevated temperatures,
for example, at 180°C. Elevated temperature fatigue tests were conducted at,
30 for example, 180°C. FIG. 14 shows a shear test result of Example 1 sheet
adhesive at room temperature. Example 1 shows a near linear stress-strain

curve to over 300% shear strain and a low shear stress at high shear strains.
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an electrode plate having a top surface, a plasnma exposed bottom
surface, and second gas passages extending therebetween and in fluid
10 communi cation with the first gas passages, wherein the second gas
passages have inlets in unbonded regions of the top surface of the
el ectrode plate; and an el astoneric sheet adhesive joint

di sposed between mating surfaces at each of the bonded regions which
al | ows novevband madg of sueh al sofii sheet adhegive cae belseudab!ede aptemeodate

| at t
m st ch of Gbgrrtatiat b Rt AR kY et R 2
and t he baghateg bylcaupiing forces. 2. The conposite shower head el ect rode
bl f i t he backi | at [ i
backi g p 400 &hdFIES olk e B2 SRPHG Frce) terHBS QL OLE EReR AT oG
sur roungi nghdhasiverttagohec kxaghph Qteﬂpeﬁé‘rﬂie%' d‘néé]ﬂm%hf %e&a&rd?ﬁ%éﬁ&es

are in the inner_backing plate and optionally in the outer backing

ring, the dP&Vef %%%pﬁhéﬁés’é@mﬁ{l@QSC@ﬁdlaqlﬁé’rStmikﬁmﬁh strpinst rYwh a
gonded 25 t ﬂtgh%e't Q&ﬁésxi@ﬁgﬁcﬁgarpbétsﬁltmg té%ﬁ%ﬂ\ﬁ{odﬁyﬁgﬁlsﬂggf HMSns
onded to t e outer rrng, wherein the second gds passages are
in the innwltfmmd/laphesadmgloécbbndeléehaWodptaindriﬁck'mgimatehe outer ri ng

el ect rode. The osite sho ctr de,asse

of Claim 2, “’%ﬂmg %‘i ﬁi ?'?:8 ga tﬁat ’?8?*%@*%@?% Iaqt?&s?f? e is
paral | 40 t o1g0M€. m&tefagg@e:fe‘sams@bnabaeerwmﬁémsdseoo desqassar (b)

s of sin ystal silicon, stalline silicon,

h |
Eyr :pﬁl '? gt (r)r3d559¢q BRR)a t'\?@gh $RREIMERk Pﬁﬂ“é)?g B?g'}’% wsre tgstedhnum

graphi te, QdachidycRimbRidd Sehermal cycle wibre BsackMgste! ad
el ectrode asaserrbylby o?n Claim1l erma \A%%?g\llnr?he el astogntgreﬁ(?gﬁee?%e

adhesi ve j dlifierepbapersidban apr@eﬁmdeydwmomsma@messmr@%mmsu ve
et er o1 1P SRRASL 1 FUAHEL B RIS TaE B i ™
def or ndbl e platetanel electrode. FIG. 17 shows a shear test result of Example 3 sheet
adhesive at 180°C after the fatigue test to over 36,000 cycles. Example 3
exhibits a near linear stress-strain curve to over 300% shear strain at 180°C
and a low strength at high strains. For instance, Example 3 exhibits a near
linear stress-strain curve in a range of about 0% to about 450% shear strain.
20  Such a soft sheet adhesive bond can be suitable to accommodate high shear
strains without diaphraming of bonded electrode and backing plate even after
over 36,000 temperature cycles.
[0076] While the invention has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art that
25 various changes and modifications can be made, and equivalents employed,

without departing from the scope of the appended claims.
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10l ateral direction to at |east 200% shear strain froma shear stress
of about 20 to 340 psi in a tenperature range of roomtenperature to
300C. 6. The conposite showerhead el ectrode assenbly of Caim
5, wherein the elastoneric sheet adhesive joint is elastically
deformable in the 15l ateral direction to at | east 300% shear strain
froma shear stress of about 20 to 80 psi. 7. The conposite
shower head VWHAJ{ISCIAMERAS! v of O aim5, wherein the el ectrode plate
is a disk of single crystal silicon with a diameter of 20 at |east
200 mm and the @l ast Arempositeahbwertiei slectralenassemnisy fstgenerating
mdefornable iy t he Ia%gral direction to,at |east. 200% shear strain

froma she& 03 B8R PBFMaJYaEesiNg 8PRAGYSs COMRNSINGemer at ure range of
room t enper at ur g gakidgHatafdophpriztiiPtobeirias om euﬁa@ése&uwﬁrgﬂgaél ng the

shower head el ectrode assenbly fromroomtenperature to

8. The eompdssagesstherabefwesn, éheépﬁ@@esua@eemngdm@lea.aﬂdmnmdeéu n
the ther ”a'ré%oﬁg%ﬂé"ﬁwtﬁ%s%b%é& AESL eﬂsﬁhﬁﬁor&‘déﬁ%pmé t&%'g?&pat
e e 0 he

nore | am nat ayers Mavi ng y5| cal properties an

thermal |y eooresstgasdo sinlintedoeotitieqdasrsa phaessingrgppasatest wo or  nor e

co- pl anar 30por |ons havi ifferent physical erties

9. The conposit selj%f)ié) ! eg]aé{aQ'%goé) g@é&ﬁb??'@ﬁ%ﬁé‘??ﬁeﬂ b%?é‘? ein at

| east one porfab@rarmfsercbadgesdwsshg@ extén@:ngehaébemeeeu aieetfiuis a f
ne portion o

t her mal, _conducti vi t%’& nK to O. at | east
the confucfPTENicat ﬁfé't*am?égﬁb%a%n%eegﬁaswaefeﬁbﬁhﬁaﬁecea 888 PRSPIILSof
0.8 WnK t giabe InIMETKuABEH@Ed ARigidrRASHthO 6 BRFddeOst taé eldttroge 'Wé{étéﬂd?

si licone adhesive sheet has a thermal conductivity of over

10. The conposi 88 meﬂeabeeﬂ adhesiygdoint disnpssd betweea mating wr&oesn
(a) the el aa%tegmf %aﬁ%dqsg%ﬁgm%mmwsf #&Bbﬁﬁ%BFﬂ'?fa'tégﬂrirgec%hWr

on 10 one nore o surfaces o ack er and/ or
t he the electrode plate relative to the backing plate during temperature cycling

15  due to mismatch of coefficients of thermal expansion in the electrode plate
and the backing plate.

2. The composite showerhead electrode assembly of Claim 1,
wherein
20 the backing plate comprises an inner backing plate and an outer

backing ring, the outer backing ring surrounding the inner backing plate,
wherein the first gas passages are in the inner backing plate and optionally in
the outer backing ring,
the electrode plate comprises an inner showerhead electrode bonded
25 to the inner backing plate and an outer ring electrode bonded to the outer
backing ring, wherein the second gas passages are in the inner showerhead
electrode and optionally in the outer ring electrode.

3. The composite showerhead electrode assembly of Claim 2,

30  wherein (a) the mating surface of the backing plate is parallel to the mating

surface of the showerhead electrode and/or (b) the electrode is of single
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el ectrode backside; and/or (b) the thermally conductive silicone
adhesi ve sheet conprises a uniformdistribution of thermally
conductive filler. 11. The conposite showerhead el ectrode
assenbly of Caim 10, 15wherein (a) the thermally conductive filler
is one of boron nitride (BN), alum num oxide (Al 203), silicon,
silicon car bisﬁ, .and a conbi p_ati on thereof and/or (b) the thermally
conduct i ve BfSt3l shigan rplwystallisg sdliconsgigphite pr piligen saibideiad thei ght
di met hyl  sihbRiRg encHiske 8 & hPRiRBI, YraPREUGL d; cf‘onféa|r e, (i1) high
mol ecul ar wei ght dimethyl silicone and the thermally conductive
filler matrixed 20around fiberglass screen (scrinm), (iii) high

nol ecul ar wei ght, di Pl rmal | 0 ctive
filler matri XedharOﬁﬁgﬁépgkﬂt%g@@%@%aé%ﬁq&&%ams&% @%Iﬁg? \4\’/\/ei ght
di met hys siwhiecein ¢healdstdnesrichehieatladhesioa (hist donsprisels|ethefaidd with

gl ass m crobeads. or. nanoheads. 2512. The conposite shower head

el ectrode &9@@%‘31\’? sgicoge 2 ﬁ?ﬁ'}'e BFkin a gap distance between the
mating surfaces varies by less than 25 pm (0.001 in). 13. The
conposi te shower head_el ectrode assenbly of Claim1, 30 wherein (a)

t he el ast oneri c9sheefh@gp@pprsie popwerreathsledivdeassembivt ofifelaine 4sheet

adhesive CaHerah thebla8bnHsibd RAESUIGHAL SlastiBhyy iofthARE HIRid ©

sheet adhesive joint conprises an e nerrc s esive of die
cut pr &0f olaterat Hapetjon(to))at idast @08% shremristraghfemn seshess istress of atbout 20

conpri ses t.oneri t .adhesi ve laser cut, LLer cut and/or
wat er j et gﬁ?%ﬁé”ﬁ%@?ﬁ)@e HYFR rewtgwgeaﬁugentg% ng surfaces
conprises a cavity. 514. The conposite showerhead el ectrode assenbly
of Claim 13, wherein ééa) the,avht‘é epth is in a range of 100 to 200
pm (b) the cavPty d&it ROMROsHe showpread elentipdenssembhe! €laim the
cavity CONMWHeRdR tideRRNMAOshde @dhesive joint is elastically deformable in the

15 lateral direction to at least 300% shear strain from a shear stress of about 20
to 80 psi.

7. The composite showerhead electrode assembly of Claim 5,
wherein the electrode plate is a disk of single crystal silicon with a diameter of
20 atleast 200 mm and the elastomeric sheet adhesive joint is elastically
deformable in the lateral direction to at least 200% shear strain from a shear
stress of about 20 to 340 psi in a temperature range of room temperature to
300°C after 5000 temperature cycles of heating the showerhead electrode
assembly from room temperature to 250°C. '
25
8. The composite showerhead electrode assembly of Claim 4,
wherein the thermally conductive silicone adhesive sheet comprises two or
more laminated layers having different physical properties and/or the
thermally conductive silicone adhesive sheet comprises two or more co-planar
30 portions having different physical properties.
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sized to match a di nension of the sheet adhesive; (d) the sheet
adhesi ve bonds the top surface of the electrode to the bottom surface
of the backing 10 nenber with a spacing therebetween of 50 to 400 pm
(e) the sheet adhesive joint conprises a silicone adhesive sheet in a
formof a single sheet; (f) the sheet adhesive joint conprises a
silicone adhesive sheet in a formof one or nore flat rings, flat
rings with el evd i onTP@gempesite ﬁB@W@f,heﬁﬂzﬁleQSldeG(ﬁaﬁﬁmyg Rgods, .

bl ocks or qEreiRadt . . .

adhes; ve | o erenai et bE pBRlon GTIe Eond itk YiicBhestABEG Snsdii
of j oi ni ng ey senductiity ofi0.5dMpuKito € .8 WomiK, lat st bee podide aislsenbl y

for a plas ssi ng appar.at u onpr i,si ng: appl yin i f,st
surface of AnHEREJkBHs30REGE Mhee T el P iiREo By B Witk to

pr eget ebmi ne\g//ma(tanavm ait]ge%t bg_btp@ﬂﬁcﬁuqﬂftﬁé %mau%ivaw{ﬁoge REYI0E sht@eta

redet erm ne ttern of bonding regions ich exclude regions to
Iroemai n unb(;ﬁa%t,%efm%’ OQREREHHLY AL PNEF TN a top surface and a
plurality of first gas passages extendi ng between the top surface and
the bottom surface and having outlets in unbonded regions; 25applying
a top surface ofl0an Ehegcompasite shewembesd ¢lenitodemssembiyhef Glaiped, of

d el j j N .m tter bondi n
oG ons. -t AYSIR(naLRERbNEr SnBe AL AESNBIT A RT EhAe R 2 SRS R,
pl ural 10y eheseonore of e matisggefaesd efittiebgckiaweenbehand/optheur f ace
have i of SreoRR bRt ard bl A ARTAL fodiEve SORon Sanisie 29°°
el ectrode; sheet compriseBenghifoym distribafiors of thagfalf cértRicBlEfldrode to the

bottom surface of the backing member with the sheet of elastoneric
adhesi ve t herebetween wherein the second gas passages are in fluid

cormmuni cation wigh tige tbmpbsSShe\RSHRLE Blectrode (?Sge’&bg’c‘ijf%'am% et hod

of joining conponents for a conposite showerhea e assenbly
of d ailth 1Wheregindakthe doerprallyicegductive filler is one of boron nitride (BN),

aluminum oxide (Al,Os3), silicon, silicon carbide, and a combination thereof

and/or (b) the thermally conductive silicone adhesive sheet is of (i) high
molecular weight dimethyl! silicone and the thermally conductive filler, (ii) high
molecular weight dimethyl silicone and the thermally conductive filler matrixed

20 around fiberglass screen (scrim), (iii) high molecular weight dimethyl silicone
and the thermally conductive filler matrixed around metallic screen or (iv) high
molecular weight dimethyl silicone and the thermally conductive filler mixed
with glass microbeads, or nanobeads.

25 12.  The composite showerhead electrode assembly of Claim 1,
wherein a gap distance between the mating surfaces varies by less than + 25
pgm (0.001 in).

13.  The composite showerhead electrode assembly of Claim 1,
30  wherein (a) the elastomeric sheet adhesive joint comprises an elastomeric
sheet adhesive cast or rolled into a pre-form shape; (b) the elastomeric sheet

adhesive joint comprises an elastomeric sheet adhesive of die cut pre-form
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applying a prinmer to the bottom surface of the backing nenber in a
predeterm ned pattern; and applying a priner to the top surface
of the electrode in a predeterm ned pattern. 10 17. The net hod
of joining conponents for a conposite showerhead el ectrode assenbly
of Caim16, wherein applying prinmer to the top surface of the

el ectrode c rotatin he el ectrode about its center point
and deposi t3 Wg ed?'aﬁ@"%%eé‘ egt adesiys iott comnrises apielaipREerIc by

contact i ng shiekt aifesife lB6r &JtsﬂSﬂéﬁéutVMnHVbrtvFﬁef Rt 8ld pre-Bleshapse at
mul tiple radial positions relative to the center point; or
covering t Y Pdsane atbeunatingsuradeseomniigesgesavitys in a
predeterm ned pattern and coating the prinmer on unmasked regi ons of

the top 20 surface. 18. The method of joining conponents for a

conposi e showerldead Thé@omp@dée aheweﬁiqadcéle@ﬂcaielﬂas‘sémblwa @Ialim|t1|$e
redeter m n tl annu) ar

gones vﬁ‘n r&ih (fg{h sth a rﬁpﬂ‘?ﬂgﬁ@ghp%w&f%?$5P6§a¥%os| te

shower head o@pﬁﬁsrlﬁd&aﬁgéeﬂmw thBO@b?d e)lthe cabity ebMpASEY i BRvAL MT}HQ to
t he bottom surface of the backin f%’@ﬁﬁlﬂeer conprises: rotating th

backi ng nmerftr&d QUBRICh a dimeagios 0 %rﬂﬂ’héék%sﬁ)lt'ﬂﬁjs'ﬁﬁtﬁﬁiﬁ@ﬁ'aﬁ zones
of the pri rgynaWithditep QJr%B@Qﬁ% e Blécfro8d F&He%tf&‘rﬁ kG SocPbs tEQ‘BagklﬁBenser

with the rotating backing ne at multiple radial positions
rel ati V@ tdnembecwith ersppongtther@bemeen of 5Giovda pm; (¢)dhdsheetradhesivace

the pri mor A CTENRE e SN BREITS I Bra sEOR St B et hod
of ] oi ni ng sheepadiesive jbimt campdspoaisilicoabadhesieadheet in a form of one or
more flat rings, flat rings with elevation jogs, cylinders, flat or columnar
polygons, blocks or combination thereof; and/or (g) the elastomeric sheet
15  adhesive joint comprises a heat cured adhesive.

15. A method of joining components for a composite showerhead
electrode assembly for a plasma processing apparatus, comprising:
applying a first surface of a sheet of uncured elastomeric adhesive in a

20 predetermined pattern to a bottom surface of a backing member in a
predetermined pattern of bonding regions which exclude regions to remain
unbonded, the backing member having a top surface and a plurality of first
gas passages extending between the top surface and the bottom surface and
having outlets in unbonded regions;

25 applying a top surface of an electrode to a second surface of the sheet
of uncured elastomeric adhesive in a predetermined pattern of bonding
regions, the electrode having a plasma exposed bottom surface and a
plurality of second gas passages extending between the top surface and
bottom surface of the electrode wherein the second gas passages have inlets

30 in unbonded regions of the top surface of the electrode; and

bonding the top surface of the electrode to the bottom surface of the

backing member with the sheet of elastomeric adhesive therebetween
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el ectrode assenbly of O aim 15, wherein (a) applying the first
surface of the sheet of elastoneric adhesive conprises precutting the
sheet of el astoneric adhesive bonding material to the predeterm ned
pattern using one of nmechanical cutting, die-cutting, |aser

10cutting, water jet cutting, plasma cutting, plotter cutting and
conbi nati ons t hereof; (b) the top surface of the electrode
and/ or t he VB6YeipHe speenthgas pasrages ke inyfluie eoBMipgtionswith therfitel gas
over at Iﬁgﬁ&sgb ortion of the predetermned pattern; 15(c) the sheet
of elastonmeric adhesive is a filled, uncured elastoneric silicone
sheet; and/ or (d) the filled, uncured el astoneric silicone

sheet is filled wth thermally.conductive rticles of alumnu

1 num oxi de. 181 | | BR ned E6THaY GPmEcnBREdR’ A comPaste ghowsgd
t her eof 5 2@lectrode asdémblihef CraINhAg, Rirtheptoinpesingnponents for a
conposite showerhead el ectrode assenbly of C aim 15, wherein

(a) bondi ng fur PREYNYABHMEEL0 theqtiem %/Wéa%‘éféhei’d’ﬁ@%\%empelﬁﬂ%si ng

the top suphedfehint@pafibfchhgde and the bottom surface of the
backi ng 25 menber together under conpression, under a static weight

or optionally b@Palyingsphemet tpthedopsurface bf theselectoadenin zapredetesminead
t he sheet g)faﬁg}rfastorreri c adhesive is heat curable; (b)
heating the conposite showerhead el ectrode assenbly to cure the
bondi ndOmat eri al after seating when the static weight or optional
at nospheric 30 i renove

the el ectrode i 531‘5 Siﬁgi"\é\%hgé §F M?gggm@gﬁgﬁ‘t‘sﬁebﬁ CE'é‘Pg%i&%?h%hégé
backi ng memdestrode RbembybTIEIM d62RAkieh applyimg! frirdet t6 P tddesurface of
the electrode comprises:
rotating the electrode about its center point and depositing annular
15 zones of the primer with a dispenser by contacting outlets of the dispenser
with the rotating electrode at multiple radial positions relative to the center
point; or
covering the top surface with a mask having openings in a
predetermined pattern and coating the primer on unmasked regions of the top
20 surface.

18.  The method of joining components for a composite showerhead
electrode assembly of Claim 17, wherein the predetermined pattern in the
mask is a plurality of semi-annular zones.

25

19.  The method of joining components for a composite showerhead
electrode assembly of Claim 16, wherein applying primer to the bottom
surface of the backing member comprises:

rotating the backing member about its center point and depositing

30  annular zones of the primer with a dispenser by contacting outlets of the
dispenser with the rotating backing member at multiple radial positions

relative to the center point; or
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(d) applying the first surface of the sheet of elastoneric adhesive
conprises renoving a transfer sheet fromthe first surface before
applying the first surface to the bottom surface of the backing
menber ; (e) applying the top surface of the el ectrode
conprises renoving a 5 transfer sheet fromthe second surface of the

sheet of elastoneric adhesive before _g_t)gl ing the top surface of the
el ectrode to thEOEgHRe bottpaysurtace W ﬁ‘i%?k INg SREMUAST IN@ adhesi ve:

() appl yi peedeiémiihé® paftérn| fcecdtinghfie PRt offurPhaskeaTBhiohs &f iRsi ve
conprises applying a vacuum after applying the first sufface to the
bottom 10 9939@@&‘@99{ he backi ng nmenber to renove gaps therebetween,;
(g) applying the top surface of the el ectrode conprises applying a
vacuum after applying the top surface of the electrode to the second
surfaceS5of the 2beetTd madthed ofipining adinpshertstfor & eampesitasisowerhead
t her ebet wee he.el ectrode conprises an inner

: d/ .
shower headegchga?ggéerahu of Clagn ggz\g&erﬁ"hg el ectrode and the backi ng

nmenber conpri sega)applyiritethedskéuttade! GFithe 8REetadt elabiteeRaalihédve i ng.
22. A nethod of processing a sem conductor substrate in a plasna

pr ocessi ng CappaEEes peecutting thesheat efsiastraieng.adhpepive donging rsalesial gt e on
a substrat Ji | porgrTareld ; amgsi

appar at us; ﬁqéH;%@lférgﬂg% cétﬁégﬁysgﬁocess g%g@n&%%ﬁ@@?gg“ on ’cl%;%r{ber
with the ceouttingi wates jrhwuttingaplasmeccuttiog, plsttembitingandterbinations
generat i ngt@ergj)‘asrra fromthe process gas in the reaction chanber 25
bet ween the Tonposite showerhead el ectrode assenbly and the
substrate; procéythatpp hiafaosbeftthatetectiodd dndéorph@dotiom surface o2the The

Subst r at ¢. D3GKING EMBS)Eornpriss SR QiR ALGFLA AT SOBE acsentl y
for a pl aspreditoefifed pattémpar at us, conpri sing:
15 (c) the sheet of elastomeric adhesive is a filled, uncured elastomeric
silicone sheet; and/or
(d) the filled, uncured elastomeric silicone sheet is filled with thermally
conductive particles of aluminum, aluminum oxide, silicon, silicon carbide,
boron nitride, or alloys thereof.
20
21.  The method of joining components for a composite showerhead
electrode assembly of Claim 15, wherein
(a) bonding further comprises seating the sheet adhesive by pressing
the top surface of the electrode and the bottom surface of the backing
25 member together under compression, under a static weight or optionally by
- atmospheric pressure within a vacuum bag, wherein the sheet of elastomeric
adhesive is heat curable;
(b) heating the composite showerhead electrode assembly to cure the
bonding material after seating when the static weight or optional atmospheric
30 pressure within a vacuum bag is removed;
(c) the electrode is of silicon, graphite, or silicon carbide; and the

backing member is of aluminum, graphite, or silicon carbide;
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a backing nenber having a bottomsurface with regions to be bonded,
excluding regions to remain unbonded, and a plurality of first gas
passages extending between the bottom surface and a top surface of
the backing menber, wherein the first gas passages have outlets in
regions to remain 5 unbonded, to supply a process gas to an interior
of a plasma processing apparatus; an el ectrode to generate
plasma in the pl@sarplyingtwesBishgudammeithesheehef edaﬁomeud(adhasweg a top

f
passages | OrHRS b lings PARECH TR P e B ieRs LGB R P ViR e
second gas ﬁnstﬁmfgeetmmeebottdmsarface oEediRking rhémben unbonded,
extendi ng throu surface to a

t he .el ct romthe to
pl asma- exposed g‘%ﬁ%ﬁ’f achof dheelertade camarises remeyingiAcur ed
el ast omgri Qr@afeetshadtmh\tﬁe b@cchﬂi Sl én‘"thé sh@&tds éPé‘ét&ﬁ@ﬂc ABhé&ide

surfaces of each of the regions to be bonded to allow novenent in the
15| ateral def¢e@pplying therfep sudace lither elpetrodectorthe speomhawifang ofshber

duri ng teng?@?tgr%%%éﬁghe%gnggvéo m smat ch of coefficients of thernmal

expansi on o er and el ectrode, wherein the
sheet of el ast offeepplyimgitbeifivst susfage fof teeshech ehtlastonadriceadhiesive

Shower hoad ST EEPb AEP HEBaTkr T BR SEPLaRr a0 i drsHias R REaT
el ast oftér i cusheebdf theftemking member tBitahedk yagdthardbweésie as a heat
ol ast omer i o Shokd RG] e BBIRHEceIn IrRalSEPee GompsitRR SPRMEAM ng, or
lless 25 t haacadmdter BEplyitg tAE top surface of the electrode to the second surface

of the sheet of elastomeric adhesive to remove gaps therebetween; and/or

(h) the electrode comprises an inner showerhead electrode and an
15 outerring electrode and the backing member comprises an inner backing
plate and an outer backing ring.

22. A method of processing a semiconductor substrate in a plasma
processing apparatus, the method comprising:
20 placing a substrate on a substrate support in a reaction chamber of a
plasma processing apparatus;
introducing a process gas into the reaction chamber with the composite
showerhead electrode assembly of Claim 1;
generating a plasma from the process gas in the reaction chamber
25 between the composite showerhead electrode assembly and the substrate:
processing the substrate with the plasma.

23.  The method of Claim 22, wherein the processing comprises
etching the substrate.
30
24. A composite showerhead electrode assembly for a plasma

processing apparatus, comprising:
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a backing member having a bottom surface with regions to be bonded,
excluding regions to remain unbonded, and a plurality of first gas passages
extending between the bottom surface and a top surface of the backing
member, wherein the first gas passages have outlets in regions to remain
unbonded, to supply a process gas to an interior of a plasma processing
apparatus;

an electrode to generate plasma in the plasma processing apparatus,
the electrode having a top surface with regions to be bonded and a plurality of
second gas passages in fluid communication with the first gas passages, the
second gas passages have inlets in regions to remain unbonded, extending
through the electrode from the top surface to a plasma-exposed bottom
surface of the electrode; and

an uncured elastomeric sheet adhesive to be cured in a joint between
mating surfaces of each of the regions to be bonded to allow movement in the
lateral direction of the electrode relative to the backing member during
temperature cycling due to mismatch of coefficients of thermal expansion of
the backing member and electrode,

wherein the sheet of elastomeric adhesive is a filled, heat-curable, -

unvulcanized elastomeric silicone sheet.

25.  The composite showerhead electrode assembly of Claim 24,
wherein the uncured elastomeric sheet adhesive is formulated with a peroxide
as a heat activated component to perform a cross-linking reaction, the
elastomeric sheet adhesive volume shrinkage is 3-5% during curing, or less
than 3% during curing.
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