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AND METHOD FOR ASSEMBLY AND USE THERECF
BACKGROUND GiyobigBsgsVENTI ON Field of the Inventi opcrypssseriee

The invention relates to an apparatus for plasma processing of
sem conduct or wafers, and nore particularly, to an el ectrode assenbly

wherein the el ectrode | L][ent | anped to _a support nenber,
The invention al so rel k‘i@gé?ﬁgbb ?LM%@MY@ the el ectrode
and a process of etchi ng ANVMEIHOD FOR ASEMBIE ANIS ly.

10 Description of the Related Art Dry plasma etching,
reactive ion etching, and ion mlling techniques wer e devel oped in
order to overcone nunerous |im ' aﬁmim,b chem cal
etchi ng of sem conduct or mfewg ) RTIO lar, all ows

the vertical etch rate to be nade nmuch greater than the horizontal etch
rate so 15 t hatgthe resulting aspect ratio (i.e., the height to wdth
ratfo of the resul ik of the Iventid otch) of the etched features can be
adequately con$rol | ed. Ths ifiveeition RlA& M0 an @paamsmr?msﬂﬂﬁg&ggiﬁfoyery fine
features with high aspect ratios to be forped in filns appr oachi ng

1 microneter in tH® guctor wafers, and more partisylarly, fop sicgtradeassembly whercin
process, a pl asma 8 efebtrdiR s ?eﬁﬁ\éﬁﬂ} PBm Pt rsequgn mefd;}&f.a'fﬁe ﬂlfveﬁuib‘i é‘f@of er by

adding large anmounts of energy toa ga tive oW pressure,
resul ting in ioni ZFlatestoa pepesss afyasseajbling itheoeledodeanslca piocess of etobintg mvafer

with the electrode assembly.

10 Description of the Related Art
Dry plasma etching, reactive ion etching, and ion milling techniques
were developed in order to overcome numerous limitations associated with
chemical etching of semiconductor wafers. Plasma etching, in particular, allows
the vertical etch rate to be made much greater than the horizontal etch rate so |
15 that the resulting aspect ratio (i.e., the height to width ratio of the resulting
notch) of the etched features can be adequately controlled. In fact, plasma
etching enables very fine features with high aspect ratios to be formed in films
approaching 1 micrometer in thickness.
During the plasma etching process, a plasma is formed above the masked
20  surface of the wafer by adding large amounts of energy to a gas at relatively
low pressure, resulting in ionizing the gas. By adjusting the electrical potential
of the substrate to be etched, charged species in the plasma can be directed to
impinge substantially normally upon the wafer, wherein materials in the
unmasked regions of the wafer are removed.
25 The etching process can often be made more effective by using gases
v that are chemically reactive with the material being etched. So called "reactive
ion etching” combines the energetic etching effects of the plasma with the
chemical etching effect of the gas. However, many chemically active agents

have been found to cause excessive clectrode wear.



of the substrate to be etched, charged species in the plasma can be

directed to I npi nge substantially normally upon the wafer, wherein
materials in the unmasked regions of the wafer are renoved. 25
The etching p&agﬁc@s‘can often be nade nore effective by usi Rgr 149

that are chemcally reactive with the material being etched. So called
"reactive I on etching"” conbines the energetic etching effects of the
pl asma with the chemi cal etching effect of the gas. However, nany
chemically active agents have been fo to cause excessive

Elc(# tursgg/e Oﬁzrg' 11 SR8 “venly distribute the plasma over the surface of  the
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4,820, 371, 496@@@84%3106& Mﬁﬁa&&%@@ﬁﬂcﬁdﬁ%&xﬁ @eSthk number
odes ese

di stributing gas through a nunbe of holes in the eIec
patents generally o¢ébeles beﬂlg&kcn‘o%eﬂbcssma&hwﬂ&nerﬂl}' describgageis gspersion disks

Vapors To a sem coRAtng ap otk Bl Aflorda Wil vlind 593 g g

system typical | y comsirstoa sémizondatwhivafer.chanber with an upper
el ectrode or anode and | ower .el ect.rode or cathode position
therein. The cathode is®nEASRYE I Srokipe SYstrm,fy Waﬁ Qf@“tqu‘m&ri’bﬂféb‘?{nd t he

contai ner wal | s. Thathvaf§pe iaeaﬁ,detoﬁmelaﬁdam%caw@oﬂmoabb&lﬂm& and

pl aced di rectl}/ on the cat hode A chemically reactive g?s such as CH err],

CHF[err], .eLhe cathededs negatiyely lblaﬁ?@(?'m‘ &espedh &o theranoderapdthenr r | |
Nerr], He or Ar i %oﬁtﬁhémﬂfse‘jrﬂe%QerttQ%e etched is covbred b PQ sﬁﬁ?dﬁ’ﬁﬁsg(aﬁqr ange.

rralntalned at a pressure which is t In the mTlitorr
The upper el ect r od@laped direstly 9adhera aémwlm@th)wmwh aCeF g 68,0

CCI1F, and SF; or mxxnlres thereof with O,, N,, He or Ar is introduced into the
etching chamber and maintained at a pressure which is typically in the millitorr
15 range.. The upper electrode is provided with gas holes which permit the gas to
be uniformly dispersed through the electrode into the chamber. The electric
field established between the anode and the cathode will dissociate the reactive
gas forming a plasma. The surface of the wafer is etched by chemical
interaction with the active ions and by momentum transfer of the ions striking
20  the surface of the wafer. The electric field created by the electrodes will attract
the ions to the cathode, causing the ions to strike the surface in a predominantly
vertical direction so that the process produces well-defined vertically etched side
walls.
A showerhead electrode assembly 10 for a single wafer etcher is shown
25 i FIG. 1. Such a showerhead electrode 10 is typically used with a convex
bottom electrode on which an 8 inch wafer is supported speced 1 to 2 cm below
the electrode 10. The convex shape of the bottom electrode compensates for the
bow of the wafer due to applying He pressure to the backside of the wafer
which, if not compensated for, will have a weaker plasma field and poorer heat
30  transfer in center. The degree of convexity of the bottom electrode can range
from 35 to 50 mils and additional compensation for the weaker plasma field



be uniformy dispersed through the electrode into the chanber. The electric
field established between the anode and the cathode will dissociate the
reactive gas formng a plasma. The surface of the wafer is etched
by chem cal nteraction with the active ions and by

transfer of the ions striking 20 the surface of the wafer. The electric
field created by the electrodes wiill attract the ions to the

cat hode, causing the ions to strike the surface in a predom nantly

vertical direction so that t he process produt%s wel | -defined vertically

et ched side elect ode assenbly
10 for a single waf 50 klb%ccptergfglﬁ%me 195an b?ﬁ&ﬁ’@g%fq ?ﬁ’ﬁ%‘? head
el ectrode 10 is tympphbd;oﬂsedclmld"eh»f&xmﬁueﬁémcteaseRF&ﬁ&:hﬂg’fbﬁ{he%a%ﬂd%on
whi ch an 8 inch waf |s S ort d spaced 1 to 2 cm bel ow

el ectrode 10. The ?1 5{5% Tt he bottom el ectrode conpensat es for t he

bow of the wafer due to'ﬁﬁmpﬁém&ﬁ& F 156 Bhte edgEcIfhﬁe Qﬁ&ﬁx&%&é 165@ waf er
wea

which, if not conpensated for, wll have a | asma fi1eld and poorer

heat* 30 tran8f ermetatiurgicaldy bondnfébnégp@derév amlslilgpoﬁingtm Bot Them
el ectrode can r"J‘r‘ge‘electr?de 10 id 4 %ﬁ‘%%ﬂé@!ﬁ ‘%ﬁﬁ‘&ﬁcﬁgﬁy frof8heeFQPAELSAL 1 ON

for the weaker plasma
PCT/ US96/ 07149 thereof. An outer flange on ring 12 is clamped byanalununum clamping ring
bel ow t he center of Iectroahe 10 can. be ﬂl ved by .| ower, He Erﬁs ure
applied to the baclgs 19 &0 SPUIpiigm SyEpor; me 4 s 1‘$ %&"ﬂ?l t1 | asma

to t he centplasnafconfifeniait eihg 18 compnsed ofa Teﬂoi@esuymhn% 184 Afgearof the

outer edge of e silico electrod 10 is tallurgica bonded by
In solder to a G gﬁ ‘Pﬁ‘@“’l‘ﬂds q‘ﬁé’“"" periph eweq’feré%qtreé%l%me a

pl anar di sk having MJS@EIH& fﬁbﬁ&ﬂ&s&nﬁﬂ&iﬁnﬁﬁﬁé‘% it & BEYSse the electrical
resistance between the reaction chamber walls and the plasma thereby confining

the plasma between the upper and lower electrodes. The clamping ring 16 is
attached to support member 14 by twelve circumferentially spaced apart

15  stainless steel bolts 17 threaded into support member 14 and the plasma
confinement ring 18 is attached to clamping ring 16 by six circumferentially
spaced apart bolts 19 threaded into ring 16. A radially inwardly extending
flange of clamping ring 16 engages the outer flange of graphite support ring 12.
Thus, no clamping pressure is applied directly against the exposed surface of

20  electrode 10.

Process gas is supplied to electrode 10 through a central hole 20 in the
support member 14. The gas then is dispersed through one or more vertically
spaced apart baffle plates 22 and passes through gas dispersion holes (not
shown) in the electrode 10 to evenly disperse the process gas into reaction

25  chamber 24. In order to provide enhanced heat conduction between ring 12 and
support member 14, part of the process gas is supplied through gas passage 27
to fill a small annular groove in support member 14. In addition, gas passage
26 in confinement ring 18 permits pressure to be mc;nitored in the reaction
chamber 24. To maintain process gas under pressure between support member

30 14 and ring 12, a first O-ring seal 28 is provided between a radially inner
surface of support ring 12 and a radially outer surface of support member 14



thereof. An outer flange on ring 12 is clanped by an al um num cl anpi ng ring
16 to an al um num support nenber 14 having water cooling channels 13. A
pl asma confinenent ring 18 conprised of a Teflon support ring 18a and an

10  annul ar \ﬁﬁ%&@rr] i nsert 18b surrounds the outer peri pegiXoshing
el ectrode 10. The pur pose and function of confinenment ring 18 is to

I ncrease the electrical resi stance between the reacti on chanber
wal | s and the plasnma thereby confining t he pl asna between the upper
and | ower el ectrodes. The clanmping ring 16 ig4- attached to support

menber 14 by twel ve_ci ent | al R t " 15 stai nl ess st eel
bolts 17 threaded iﬁdoﬁg%%ﬁﬂ%%gie# %ﬂ‘ﬁ‘g“f‘%@%}‘a r‘r"amrpa&"?an%?ﬁri nenent
(109 18,15, ot achedstosterimy thund ndoid snfucio spponmumsersial 1y
spaced apar olts eaded info ring, 16.. A radi i nwar dl y ext endi ng
flange of clanping ring %’ﬂﬁ’&ﬁ@ég?q‘?é“gotﬂ?éﬂ‘c‘m %1??&@3%1185‘_? thstepRoringpieg 12
ring 12. Thiguirdthestri6F thE clRERSTERUH A Hohidia Rinipéshntte Wil MagB@klst the
exposed surface of 20 electrode 10 Process gds Is

supplied to el edt r obewing of pracking of theelacirade dnsita thegtifferentthermal coefficientppbr t
menber 14. The gas : ' re wertically
spaced apart baffleL |at%€°§?j§%ﬁ§%&£?ﬁﬁggﬁ gg%pgﬁgir@ﬁel?'si%l%mhol es (not
shown) in the el ect ¢untheningion of axafers yould sesuit fom doldep partielss ogeaporipédisoldeact i on
25 chanber 24. In Ea%ﬁ o) vide enhan heat condycti on begween ring
12 and suppor rrear%%edre%ﬁ:,g 1%%{? ?hcolp mf ﬁ%wﬁ?‘oetc‘%cg?gﬁ !é ap@ Tgg Sélqr E‘Hm
through gas passagething itself. Thé eenfpetature of thelelecdia thgy ebhdR¥sné Righ t
menber 14. In di t{oon,lhﬁa_s ] ass%_geu 2? | ne]gc%r&éri(e)nent ring 18
pernits pressurée to g8 ﬁf‘?@?‘eﬂ’ j GugeRart or Al of the &0 sepaEate fram tey
mai ntai n process gmymenoﬁe@s,se%ﬁi@m%&?o&qnm&naqu?seﬁ%dfm]ﬁ‘rifi'gd

|

ring 12. a first Oring seal 28 is provided between aradia nner
surface of support }3 Asahvarigtions-inclegtricnl gndshermal pawer stsasmyissienbgswreen rimgifer

14 WO 96/ 3683%1e o . . .
PCT/ US96/ 07149 ctrode 10 could Eesult in nonuniform plasma density beneath the
electrode 10,

15 SUMMARY OF THE INVENTION _
The invention provides an electrode assembly of a plasma reaction

chamber for wafer processing. The electrode assembly includes a support
member having a lower surface facing a wafer to be processed in the reaction
chamber, an electrode and a clamping member. The electrode has a lower

20 surface facing the wafer and an upper surface of an outer edge of the electrode
faces the lower surface of the support member. The clamping member engages
the outer edge of the electrode and provides 2 resilient clamping force pressing
the electrode against the support member.

According to a preferred embodiment, the electrode comprises a

25  showerhead electrode and the support member includes a gas passage supplying
a process gas to the upper surface of the electrode. In this case, the support
member optionally can include a cavity and one or more baffle plates located in
the cavity whereby the gas passage supplies process gas at a first pressure into a
space between the lower surface of the support member and an upper surface of

30  the uppermost baffle. The support member can also include a gas passage



-4- and a second Oring seal 29 is provided between an outer part
of an upper surface of ring 12 and a | ower surface of support
menber 14. The process of bonding the silicon el ectrode 10
to the suppor{jg\iatdshd 12 requires heating of the el gy 2
bondi ng tenperature which may cause 5 bowi ng or cracking of the

el ectrode due to the different thermal coefficients of expansi on of
the silicon electrode 10 and the graphite ring 12. Al so,

contam nation of wafers could result fromsoF@er particles or vaporized

sol der contam. nat es, deri yin %romqt_lhe | oi nt between e ectrodg, 0
and ring 12 or fro "mgafesmfﬂ@%f’wgﬂ ¢ SEpRtyn PEEAL ALY RO PrestREe higher
el ectrode may even fhak eiefinl HbsstR O galbetwieh ditduter pbRios DUk npiiRe sErfase

part or all of the e|ectrode 10 .to separate fromthe ring

12.
However, even if th®f @Fglciredgand th Frétase of iy SUBReS, TmeTmber; 1A Pairiof geals
12, local variati Ongchas¢-8 M%%imm,wrcﬁwm%%&men

ring 12 and el ectrode 10 co result in nonuniform plasma ity
beneath the 5  elegteade jandithe sppport member such that the seals extend around SeuRRY OF

THE | NVENTI ON ' ' i ; jey
edge of the electifle.| PHE PiskeRah Kbrifdoe Hifie IO APHTR Y

i
of a plasma reaction anber for wa
assenbly includes ancaupifiomt thickness and thendlampihg wiembencanawomprisea kingeff aci ng a
wafer to be process in the reaction . .. . amber. el ectrode and a
cl anpi ng nember . Th‘ﬁglgftgﬁﬂageﬁ'@e ing,a radiglly m‘Zb‘%ﬂ{ g&”ﬁ@é?@ﬁ Vﬁﬁ’i’tmﬁ“ﬁﬁaf er
and an upper surf acgainist finower poitichdefoancdxpbitd stifatdf Mteelectrode. f aces the
| ower surface ?& t he supiggﬁtgggg‘ir. The cl glnpi ng .menber engages
the outer edge’df the el8ct% _SU‘BP‘?}WB% eL13TaRing mgmber-omEsiseRa v ce
pressing t Nwvigeftatifally itﬁ%l?%kteh&ﬁ% FHRRCI oG the outer egge of the
According to a preferred enbodi ment] the electrode conprises a 2
shower head el ect r od8ecizode apkpressingdhe openpdge ofithe electrode agpinst thesioage surface
suppl yi ng &ﬁéng&% de. In
this case, the sup;a)%f%é) ﬁ%ﬁbg‘?gg%?@g{ﬁa]ﬁ%&?gﬁm @%lgpggﬁgsg{as%et@rand
one or nore baffl e mponitoring |ges presstirel in an area adjacetiteancexposeit sudfaneadf\the Electymis.

Dot veen ther | odgr < PP sutEe 80 ng 58 ok v8 15led refyedn B stupring e avd. 50

the uppernost baf f | the suppertabemter suchethinahe seah surkonnds the lghdipassaggdn tRoSIaRiRg
member. In order to provide the resilient clamping force, the clamping member
can be of a compressible synthetic resin material which is stable in the plasma
environment of the plasma reaction chamber. Alternatively, the clamping

20  member can be of a noncompressible material attached to the support member
by a compressible member such as a plurality of bolts of compressible synthetic
resin material. '

The invention also provides a2 method of assembling a showerhead

electrode assembly of a plasma reaction chamber. The method includes

25  arranging a support member having a gas passage supplying a process gas to a
l;)wer surface of the support member and a showerhead electrode having an
outer edge such that an upper surface of the outer edge of the showerhead
electrode faces the lower surface of the support member. The method further
includes engaging a clamping member with the outer edge of the showerhead

30 electrode and attaching the showerhead electrode to the support member such
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having a restriction therein for supplying process gas at a second pressure
hi gher WO he first pressure into a gap between apc@nissdoig tion
of the upper surface of the electrode and the | ower surface of the
support nenber. A pair of seals such as Oring seals on opposite
sides of the gap can be |ocated between the 5 el ectrode and the
support nenber such that the seals extend ar®ind the outer edge of
t he el ectrode. The Lo il ] | f 1 0

nonuni form t hi ckneggdtggéd&%ﬁ@n%?%ﬁpl g %ﬁ%ﬁ%‘%&g@ﬁ@ﬁ&&fﬁgﬁ’é %Plng{

di el ectric nmateri athehshoiverhead eleatiodd.| v i nwar dl y ext endi ng fl ange whi ch
presses agai nstTgn.out er ortio{r of %ﬁx osed ,surface .of the

el ectrode. 10 © fayeRtiea “S‘Pé’f‘é‘? kY cSIfg 8 WareL iR A R her
conprises a ring reaction cagibes) OTIR heRbdinthdbMppling £whfer@i hophsange in

contact with the outer edge of the, el ectrode and, pressing the outer
edge of the el &ct r Bdetionehamber, sepplying Rrpcess gastoca gas passage iyfa suppors mepber

menmber. The cl anpi M&@@meww&?cmsmsﬁﬁ%&%s? gas exits a lower

nonitoring gas pressure in an area adjacent an exposed surface o0

el ect rode. 15  surfasg of theowrppast memi®r and gassesithrangh ap expasedilowdr swrface@f at he

cl anmpi ng menber an S . t 1 h eal, surrounds
the gas passage i n&i{%weeﬂaag%%gde. %Q%éh%g% lﬁﬁﬂﬁ&g rsg%ﬁyﬂtl%glﬁ‘%%ld’é’wfﬁe
resilient clanpi ngtd the showdrheadcleetplersgchréabehe electrical powsr padses thfough an
conpressi bl e nthetic resin matgrial which is_staple in the plaspa

envi ronment ofid} heaN RS pantael Z0P bRt AR mper HFRRES ALEY OuPPdEs pbterclathPde 20
mermber can be of aafPihe WEraETad! of tHEbdupport medibk A @Ssledtcal Pivet ¢RRM haenber

by a conpressible nenber such as a plurality of bolts of conpressible
synt heti c PrOcsss 4% jo.form |2 plasma in contact with an upper surface of the wafer.

The process also include_s confining the plasma in an area above the wafer with

a clamping member which engages the outer edge of the showerhead electrode
15 and attaches the showerhead electrode to the support member, the clamping

member providing a resilient clamping force pressing against the showerhead

electrode during processing of the wafer.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be further described with reference to the figures,

20  wherein:
FIG. ! is a side sectional view of a prior art showerhead electrode
assembly for single wafer processing; _
FIG. 2 is a side sectional view of a showerhead electrode assembly
according to the present invention;
25 FIG. 3 is an enlarged view of a high pressure gas feed of the showerhead
electrode shown in FIG. 2;
FIG. 4 is 2 graph of center and edge critical dimension(CD) line data
versus radio frequency (RF) time of operation of a plasma etching chamber
utilizing the electrode assembly according to the invention;



‘The invention also provides a nethod of assenbling a showerhead

el ectrode assenbly of a plasma reaction chanber. The nethod includes 25
.arrangi ng a support nenber having a gas passage supplying a process gas to
a | O\Ydh oiddbdg2Ce Of the support nenber and a shower hegqnbeiiPde
havi ng an outer edge such that an upper surface of the outer edge
of the shower head el ectrode faces the | ower surface of the support
menber. The nethod further i ncl udes engagi ng a cl anpi ng nenber with
the outer edge of the showerhead 30 electfode and attaching the

Egﬁ)_y\ﬁrsgg?g7il480t rode t OFIH"% isS g%Pa%fx tof %E:rﬂbrg{e and %rﬁiformity of mﬂ?ﬁggs?ﬁq%g?cﬁé‘xide

that the clanpi ng VesHRERF fifnd\of Sfration’ ¢fsd plaind etchingBhantbef MHilisingd R Mdtdde
agai nst t he shower head el ectrode. The 1 nvention al so
provi des a met hod ¥cpblyaecasingtotheavention; 4 pl asnma reaction

charber. The method | nofiel8s 3hBh i 8 ath ¥y & pHoRrishE AR VIR eobfl vereus

reaction chanber, supplyin Ss gas to a gas passagein a suppor
menber SnouRF digng of aperation oSaplasma ctching chambdsartilizing thet dledtradle pr ocess

gas exits a | ower . e, of. upport nenber and passes through
an exposed | ower sﬁﬁ%t(’:lg a?)?olﬂ%lﬁg& thgm\}t"gﬁ((’)‘\ﬁ/\/erhead el ectrode. The net hod

further includes suppl yFIGy 7ds e gtaph ofiletchaueerand uniformitytof etchimgs hower head

el ectrode such that the electrical ass t hr ough an 0 annul ar
contact zone betwe °&WS§&B‘E‘WE§$¥%@3§Q§)J%%E?é@%ﬂé‘g’e&mﬂéaéﬂ”é&arode
and the | ower surf&gifin®thdnitRr GRIRRG the BRIR6de asbdifblP hetoidingCrl the MVRAtGR URENY
t he process gas _to forma plasma in _contact with an upper surface

of the wafer. 10 TS Briva gwph of sishirate of dphotogssist diring 2 gnntast eishingi n an
b th f | : | ' t
area above Lhe wa ﬁg%éﬁ%g usRFggleo?gﬁéﬁm 502 PRSRS bciih EW%EE%&E% outer

edge of the shower ectro and attaches the shower

el ectrode to the stigntiode assemblyraccarding do shepinveption.

DETAILEf) DESCRIPTION OF THE INVENTION
The electrode assembly of the invention overcomes disadvantages of the

15  prior art electrode assembly shown in FIG. 1 by providing more uniform cooling
of the electrode, improved plasma confinement, lower cost of production and
assembly of the electrode, and a greater degree of flatness from the center to the
outer periphery of the electrode while maintaining critical dimension (CD) lines
within prescribed limits. The clectrode assembly is especially useful for wafer

20  etching but could also be nsed for deposition of layers such as Si0,. The
invention also reduces stress in the electrode assembly due to mismatch of
coefficients of thermal expansion of the electrode components.

A showerhead electrode assembly according to the present invention is
shown in FIGS. 2 and 3. The assembly includes an electrode 30, a support

25  member 32, and a plasma confinement ring 34 for clamping the electrode 30 to
the support member 32. The ring 34 is attached to support member 32 by
twelve circumferentially spaced apart bolts 35 threaded into support member 32.
Thus, the invention avoids the need for solder bonding the electrode 30 to a
graphite supporting ring which can lead to the various disadvantages discussed

30  above with respect to the arrangement shown in FIG. 1. With respect to plasma



‘menber providing a resilient clanping force pressing against the showerhead

el ectrode during processing of the wafer. BRI EF
.DESCRI PTI ON OF THE DRAW NGS The invention will now be
further descWWth reference to the figures, 20 wher seTrose6/07149
FIG 1 is a side sectional view of a prior art showerhead el ectrode
assenbly for single wafer processing; FIG 2 is a side
sectional view of a showerhead el ectrode assgnbl y according to the
present invention; FIG 3 is a enI arged view of a hi gh

pressure gas feed h&*ﬁ;

FIG 4 is a graph %H center (?Rﬁgge rlstl?gﬁ{l"' nsﬂgﬁ%mﬂp ata
versus radi o frequgouyd m)mdmgrﬂlecﬁwopmphemoﬁbe ebcmcbsmmidekbettgplhmﬁ)er
utilizing the el ect rgde aﬁserrbl y according to the invention;

96/ 36984

PCT/ US96/ 07149 The support member 32 is provided with a gas passage 36 forpfovidin
FIG 5 is a graph of etch rate and unlfo?m Ly of etgh pngagl |ICO-I’¥}?Z|I OXIgde

versus RF tinedof MIpesshErl§-Lofe W%BW%F@WE@%?P&ng jcpn dioxiger are
el ectrode . RBGARR: ¥ REERLOM] B Wafdr rt’oéfb‘ﬁ%%ﬁx?&e of the support member. F'5G

6 is a graph of etch rdte of a photoresist during via etc ver sus
RF tinme of oper at ithe prpcess stsalslﬂﬁnehmw %mbekmqeﬁozmgwemwefeem bede

assenbly accordi ng, {0, L€ F1d\ Gﬁﬁdrtoxﬂember 32 is also configured with a lower recess 38 in
which three spaced-apart showerhead baffle plates 40 are fitted. The process
10 gas is delivered through the gas passage 36 and through the baffle plates 40 to
the electrode 30. The support member 32 is also provided with a radially inner

lower surface 32a for engaging the electrode 30 and a radially outer lower

surface 32b that maintains close proximity to confinement ring 34. The lower

surface 32a of support n;ember 32 contacts the upper surface of electrode 30
15  and provides electrical power to electrode 30.

The support member 32 includes a radially outwardly extending flange
46 at an upper edge thereof for attachment of the electrode assembly to the
interior of a plasma reaction chamber such as the type used for single wafer
plasma etching. In the assembled condition, concentric cooling channels 52 in

20  the upper surface of the support member 32 provide water cooling of the
electrode assembly.

The electrode 30 preferably consists of an electrically conductive
material such as a planar silicon (e.g., single crystal silicon), graphite or silicon
carbide electrode disc having uniform thickness from the center to the outer

25 edge thereof. However, electrodes having nonuniform thickness, different
materials and/or without process gas dispersion holes could also be used with
the electrode assembly according to the invention. In a preferred embodiment,
the electrode is a showerhead electrode provided with a plurality of spaced apart
gas discharge passages (not shown) which are of a size and distribution suijtable

30  for supplying a process gas which is energized by the electrode and forms a
plasma in the reaction chamber beneath the electrode.



FIG 7 is a graph of etch rate and uniformty of etching
bor ophosphosilicate glass (BPSG versus RF tinme of operation of a plasna
et ching chanber utilizing the el ectrode assenbly according to the

i nvention; angu, " FIG 8 is a graph of etch rate gg S96/07149
phot oresi st duri'ng a contact etching process versus time o
operation of a plasma etching chanber utilizing the el ectrode
assenbly according to the invention. DETAI LED _
DESCRI PTI ON OF THE | NVENTI ON TRe el ectrode assembly of the

i nvention overcones di sagv es af the. 15 . pri arL e rode assenbly
shown in FIG 1 by provi n‘g ﬁﬂ‘f‘%‘fﬁl‘%g&‘? vided Wi @ﬁna{] tr ode,
i nproved pl asma condxitehding flangk Gﬂlﬂﬁmﬁgsﬁ upfer Iﬁﬁﬂibdqfwﬂlﬁngﬁd'esment clampﬁx@%fﬂél
of the electrode, and, a 1%'E‘eat er degree of f‘licg ss fromthe center to the

out er. periphery of ASRESLALEYELPRLGHY] the FERos age of theelectpdef0re e on (CD)
| h |5
i nes Wi t '&nﬂﬁ&ﬁ&{:'dagwlsgmeﬁ?ng?%nt Coufgqfc&&&%mryaxgﬁ%

especi al l'y useful for wafer so be use :
deposi tion of Iéyerf@asmkﬂabmekplqmcm Vespel® made by Dupont) shich is seblees

stress in the el eCtﬁgtdﬁesqﬁﬂsec eﬁo%e%spagpga%als such as coeff ients of

t hermal expansion o e conponeht's head
el ect rode assenbl y compoised @)alummaharmnnsﬁlmW silicintrivide, silicon carbide, 86QWR 1 N

FIGS. 2 and 3. The senb cl udes trode 0, a support 25
nmenber 32, and a plcgé 8%?“7"{1 ‘ﬁlqaﬂ’g s\?g P& P&npi ng t he eI ectrode 30

to t he support mﬂ@mn%?oonﬁmtﬂﬁgym PrefebdbhE BiRfirell %o &ERBHHIt MENDET
32 by tlém ve CI rcunferentially spaced apart bolts 35 threaded into
support menber member 32 itf3 faannct, §o #ﬁemlweﬁympd@et%trme?@ tepveendheler

bondi ng the el ectr 3 arldOthé support membik @@h%lenﬁtéﬂ&o'iftﬂa@ging E@gs WRaL P can

| ead to the various disadvantag es di scussed bove w respect to the
arrangement shown iVespel®, the bONSt3I5 cae bp tightened 38 regmtemperature in BOAROGUBG6984

PCT/ US96/ 07149 sufficient to elastically compress ring 34. During processing of a wafer, the

ring 34, electrode 30 and support member 32 heat up and may undergo different
15  degrees of thermal expansion. However, since the ring 34 is elastically
compressed, ring 34 continues to provide a resilient clamping force which
presses electrode 30 against support member 32 throughout the temperature
cycles seen by these components when processing wafers.
According to a preferred embodiment, the ring 34 and bolts 35 are of
- 20 elastically deformable material such as Vespel®. However, the ring 34 could be
of an inelastic material provided the bolts 35 are of elastically deformable
material or vice versa. With this arrangement, elastic deformation of the ring 34
and the bolts 35 stores energy in these comnponents and allows the ring 34 to
maintain sufficient clamping force under thermal expansion and contraction of
25  the electrode 30, support member 32, confinement ring 34 and bolts 35. The
use of a relatively soft, compressible material for ring 34 and long bolts 35
allow these components to deform a large amount while maintaining a soft
¢ ' contact to the electrode 30 and thus avoid damage to the electrode 30. In a
preferred embodiment, the Vespel® bolts 35 are of 1/4-20 size and when
30 tightened, each of the bolts 35 experiences a load of approximately 100 Ibs., i.e.,
each bolt is stressed to about 1/4 of its ultimate tensile strength (12,500 psi). At



- 8- confinement, conpared to ring 18 in FIG 1, ring 34 increases

the path to ground surroundi ng the outer periphery of the el ectrode
to provide better plasm confi nenent . The support
menber 32 i S BaQyi W th a gas passage 36 for providing Repuddkeaass Jas

(e.g., a suitabl'e pllasma etching gas for etching silicon dioxide or

ot her | ayer of material on the wafer) to a | ower surface of the support
menber . The process gas is then distrjbuted through el ectrode 30
and over a wafer to be processed. Tﬁé°§upport menber 32 is al so
configured with a | B ' P rt
shower head baffle p %@é@i%@%%ﬁﬁ@ﬁd@% ag%“@%@shsewqgsoﬁ{g%g%ﬁ?%%”/%red
t hrough t he gas passasgieallyGiefomis abow Of)i2tieh, ferfa towml (éflecten di0attont 0.032 inch. t he

el ectrode 30. The ort, nenber. 32 .is also pr.ovided.w th radi aJ] |y inner
| oner surface 32a ?%&gwd%m&? #%&%Hé%‘ﬂﬁ‘gw&mn Efi@?"'ﬂ/&&ﬂlc wer
surface 32b that nmahetiag B4 will @fentaih @eufficient cRmPRE foree aRdihst theSi dide The

| ower surface 32a_of support nenber 32 contacts the upper surface

of el ectrode 30° 1mlectrodidusing thermal expapsion epeongaction of thecyidisk Gringdwit

The support nenber é}?teﬁz.nC' udes a radially outwardly extending flange

46 at an upper edge“thereof for attachnent of the el ectrode assenbly to the
interior of a plasma reXeastue incthareastion chambes canthe monitoredsd ghopassigedidan

waf er pl as faggi Dt % 851 ﬁﬁﬂgilgi ntric

cool i ng channel.s S%ﬁ ’ge‘;&gg‘é%%:‘ﬁr ace o 8 sup%%‘?‘?a%%e?{ﬁmz
provi de wat er cool isempoptornixted in a suitablel eavineroben ldiswrolty(not shown) threaded The
el ectrode 30 pgefer.abl onsists of an electrigally conductive

materi al such g@ a %é‘ﬁ%ﬁa"gis}‘gé’iﬁm@é’%’?’?’" rﬁ} Ié‘rlﬂgy 1 SHFOURGing- gAs)Passage 3 ¢ e
or silicon PRoVidds desedll 1R OWden GapsbircRiemibet 320md HlakHk FoatictlentHing B4.0m t he

center to the outer_, 2 edge thereof. However, electrqdes havin
nonuni f or m t hi cknes®, °"2‘P‘P"Féli""éﬁ?{‘l conduction bgiyegn FgF@dﬁr'?QPB SHRROFGTEbRTGRe s s

gas di spersion hol gRoeii ithBlidiethiiRS i hidsage 55 md?hhﬁﬁﬁé@&h@?ﬁ%ﬁ%éﬁ“' y

according to the invention. In a preferred enbodi nent,

el ectrode is a showeraneder chagnel (nof shgyyrin geppoptimamber 32 whighi foymsoé gapaced
apart s ﬁgelgg SR8 U ' f ?§' e and

di stribution sgslat ag’lbe 8 ¥or supg’rl %mgﬁpr oc'e\s’{ghg%ga{\ﬁnetlhgﬁ S dé’r%ler gi zed
by the el ectrode armpesbure irstha gap, inner ang batsrf)-ting sehle 4243 atd concenitcieuligr beneat h
t he el ectrode.

arranged on opposite sides of gas passage 55.
In operation, the plasma etching gas which typically may be a mixture of
Thuorocarbons including CF,, CHF,, Ar and N,, is delivered to the gas passage
20 36 in the support member 32 and also to the gas passage 55. The process gas
which is delivered through the gas passage 36 in the support member 32 is
dispersed within the space between the support member and the upper of the
baffle plates 40. The gas passes through a series of holes (not shown) in the
upper baffle plate, then through the center baffle plate and lower baffle plate
25  and finally through gas dispersion holes (not shown) provided in the electrode
30. In this way the process gas is evenly dispersed across a wafer undergoing
processing so as to effect uniform etching of the wafer. .
According to the invention, use of a compressible material for the plasma
confinement ring 34 and/or bolts 35 offers advantages with respect to reduced
30  Ilikelihood of breakage of electrode 30, improved thermal conduction between
electrode 30 and support member 32 during temperature cycling of electrode 30

14
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.The plasma confinenent ring 34 is provided with a radially inwardly

ext endi ng flmmvi ng an upper surface providing a resplirRRbs/FHH TP NI

force agal nst an outer portion of the exposed surface of the

el ectrode 30. The confinenment ring 34 is preferably fabricated of a
dielectric material such as a 5 heat resistant thernoset plastic (e.g.,
Vespel [err] made by Dupont) which is stablell- in a plasm

envi ronment . However,,. othe terials such as,ceran,c teri.als.

conpri sed of al umaﬂg,’mgforvﬁ%ﬂ%“i PPYH ?,Pp@itf’ﬁ%%%e% P@Sy ‘%‘F‘?‘F‘E‘H}? 8% de,
e}] c., | or f Gleztrival Edntact betwex mﬂf eg?,uiml dﬂppdrsﬂdnB@LBZE | Sighildf results
The plasma confinenent rin 4 is prefera secured to t support 10
menber 32 in a rrar?ﬁ%rb“%h‘ﬁ‘gedﬁ’ﬂf ’?‘E?E?‘P&ﬁtqnﬁ ‘}é'lcgmﬂge@ Wesy ahet ween
the ring raddiél of HidtaPHIPY hnd BERAIde 3B, of BY cdalid ARefal o lcefalific inp9 34
I's made of Vespel [err], the bolts 35 can 'be tightened at room

tenperature i M an 34rwiiha dielectric compressibleimaterialo el astically conpress ring
34. During processing ; i & é . and
support nenber 32 heat q&gqﬁﬁaﬁcﬁggrt&gmdﬂv?@rog%%Tg?&e‘gse%?ges gpg
t her mal expansi on.su¢tloasplesma eching depusitionnetc3dn impltipleaortsingld wafer processing.
conpressed, ring ontinues to provigde a resilient clanpin [ ce, whi ch
presses el ectr ode%ﬁ%&gﬁﬁe @Bﬁ'ﬁ@‘?t‘mﬁgﬁﬁﬁﬁ @’ZeJP'WE%ﬁ?ﬁ?%%%ﬂtsgn?é’r%?ur e
cycl es seen by theach aotpmae Eiticonvdioxide bo pRrobitio ®xitdes aidSphotoresist materials.
According to &*prﬁ&grred enbodi ment,_the ring 34 _and bolts 35 are of 20
or

elastically d [4@PFFALE A% show 4g FIGs2 yadiaing sibmicron giare profile,Chs ard 34
could be Oﬁ% 1d SataRiifdtion. iR ecpwaeﬂﬁvgabﬁé, 5@4 i]a'fxas‘?b? Bbe Of
rsa. th thrs

el astically defor e materi a r vice
arrangenment, el astl350( Afminrcab be achidvet lapd etchginidrmity can be maintained at around

5% for wafer processing runs in excess of 9000 RF minutes whereas the

electrode assembly shown in FIG. 1 may require replacement as early as 2400
15  RF minutes. Photoresist etch rates of about 350 A/min can be maintained while
etching silicon dioxide at about 7000 A/min. The resist etch rate during a via
etching process can be held steady up to 6500 RF minutes with a steady decline
thereafter. With respect to CD line measurement, measurements by SEM of
wafers etched for 200 seconds to provide vias in silicon dioxide can provide a
20  center CD which increases by about 0.02 pm and an edge CD which decreases'
by about 0.03 pm from start to finish. Performance characteristics achievable
with the electrode assembly according to the invention are shown in FIGS. 4-8.
In particular, FIG. 4 shows resist etch rate in a contact etch prdcess versus time
of reactor operation in radio frequency minutes of operation (RF minutes), FIG.
25 5 shows BPSG etch rate versus RF minutes, FIG. 6 shows resist etch rate in a
via etch process versus RF minutes, FIG. 7 shows silicon dioxide etch rate and
uniformity versus RF minutes, and FIG. 8 shows CD edge and center
dimensions versus RF minutes.
The foregoing has described the principles, preferred embodiments and
30  modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus,



and the bolts 35 stores energy in these conponents and allows the ring 34
to mai ntain sufficient clanping force under thernmal expansion and
contraction of 25 the el ectrode 30, support nenber 32, confinenment ring

34 and bolts &é use of a relatively soft, conprqgsiddegnsias eri al
for ring 34 an ong bolts 35 al | ow these conmponents to deforma
| ar ge anmobunt while maintaining a soft contact to the el ectrode 30

and thus avoid damage to the el ectrode 30. Ig a preferred
enbodi ment, the Vespel[err] bolts 35 are of ™ £2-20 size and when 30

ti ghtened, each of | . i J: 0
bs., i.e., the SR dherif ROl fu bR Gt ot o
tensil e strength ( Testdd@ivepand)it shéinld be appreciathd thf/vafi@idds may be made in those

PCT/ US96/ 07149 . oy s . . - 10-

that |oad, the bol baimepts by, yorkers skilled in the At withons depertips fromnthe scone qfhe
ring 34 el akd presdnt mvéﬁfoﬁraﬁeﬁmlﬁg fhe GlIBWiRKEElaindsOr a total

defl ecti on of about 0.032 inch. ecause the entire ring/bolt system
is maintained within its |linear elastic range, the ring 34 wll

mai ntain a sufficient clanping force against the Si disk 5 el ectrode
during thermal expansion or contraction of the Si disk or ring/bolt

system Pressure in the reaction chanber can be nonitored
via gas passage 54 in t he plasma confinenment ring 34 which

commmi cates with a suitable pressure sensor connected in a suitable
manner to a hollow bolt (not shown) threaded 10 into the back side of
support nenber 32. Oring 44 surroundi ng gas passage 54 provi des a
seal between support nenber 32 and plasma confinenent ring 34. To
enhance thermal "conducti on between el ectrode 30 and support nenber 32,
process gas is supplied through gas passage 55 and nai nt ai ned under
pressure in an annul ar channel (not shown) in support menber 32
which forms a gap



15  between el ectrode 30 aﬂmﬂﬂM‘\ka 32. To maintain the gas under
pressure in the gap, inner OU ey I'ng seals 42,43 are concentrically
arranged on opposite sides of gas passage 55. I n operation,
the pl asma ekg@oggoggas Which typically may be a m xture of pcrssen7Ide

fl uorocarbons including CFlerr], CHF[err], Ar and N err], is delivered to
t he gas passage 20 36 in the support nenber 32 and also to the gas
passage 55. The process gas whi ch isladel i vered through the gas
passage 36 in the support nenber 32 is " * 7 dispersed within the space
bet ween t he supporg‘{%@%mpper of the baffl e plates 40.
The gas passes thr ol es (not shown) in the upper
baffl e plate, then through the center baffle plate and | ower baffle plate
25 and finally throu as, dj sper si hol e not sho rovided in the
el ect r ode 30. Igﬂ %F?‘ﬁ&% ?Sﬁ%”ofgmgéé’i“ﬁ'aéeﬁ@"%%%w@' g‘?’s‘ﬁﬁ?’sed

across a waf er undprogesififl comprising: pProcessing so as to effect uniform

etching of the wafer. According to the invention, use of a
conpressi bl e material fHHPPAEMsmberhaving a lower suface facing\a wafesdo be pracessed
bolts 35 of ferg adiwaht agdtfondhhibéespect to reduced 30  likelihood of

breakage of el ectrode 30, inproved thermal conduction between
el ectrode 30 and supporan ckstrods haingia lowey suddansdacing the waferi theglestrodd ect r ode

30 WO 96/ :
PCT/ US96/ 07149 3@3%%1% an upper surface of an outer edge thereof facing the lower surface of the

and i nproved el ectsuppart member; asdipply to the el ectrode 30 by nmi ntai ning
good el ectrical .act_between gl de 30 ort. menber

, d
32. Sinilar results a&gm%%ﬁ’ °58?ﬁa§1\?§3g‘%§f’ FOEY Bf)&grféescﬁg&? Y of

conpr essi bl e net errsesilieniyt pressing ahe electrode agfing thesupportibiemibef.i Ng 34 and
el ectrode 30, or by coating a netal or ceramc ring 5 34 with a
di el ectric conpressible material. The apparatus according to

the invention is usefuly e dighle BisBMmBySdfCaim 1, wherein the electrode comprises a

showerhead electrode and the support member includes a gas passage supplying
a process gas to the upper surface of the electrode.

3. The electrode assembly of Claim 2, wherein the support member
15 includes a cavity and at least one baffle plate located in the cavity, the gas
passage supplying process gas into a space between the lower surface of the

support member and an upper surface of the baffle adjacent thereto.

4. The electrode assembly of Claim 1, wherein the clamping member
comprises a ring having 2 main portion facing the support member and an
20  inwardly extending flange in contact with the outer edge of the electrode and
pressing the upper surface of the clectrode against the lower surface of the
support member.

d 5. The clectrode assembly of Claim 4, wherein the flange of the
clamping member is axisymmetrically displaced relative to the main portion of
25  the clamping member.



-such as pl asma et ching, it in multiple or single wafer
processi ng. For ﬂiﬁmmh‘eﬂmmm aratus can be used for etching or
.deposi ting BPSG oxi des her mal silicon dioxide or

pyrol ytic oxrﬁgm phot oresi st materi aI s. 10 The appar pepdssgp7@down i n
FI G 2 maintalns subm cron contact profile, CDs and particle

contam nation. Wth respect to etching BPSG etch rates of about

13500 A/m n can be achi eved and etch uniforgiéty can be mai ntained at around

5% for wafer processing runs in excess of 9000 RF m nutes whereas the

el ectrode assenbly sho q@iﬁaﬂﬁ Eg“y as 2400
15 RF m nut es. Photo\rlaemst é&%d&rates yl&% n‘irb?]lp an be d

mai nt ai ned whil e includes a gAsqiassage ﬁxrlsumﬁyxngipmewegaaillttabspacebmemﬁmbuter The
resist etch rate durj Vi a chin can d steady up
to 6500 RF ni nut esp"(ﬂﬁ‘?'ﬁ {}b m%quﬁ? lectiladh ‘fﬁ’@i‘é‘&?’tg a"e\ﬂefl 8 r espect
to CD |ine nmeasur eippért mgbes/r ements by SEM of waf ers etched for

200 seconds to provide vias in silicon dioxide can provide a 20 center
CD whi ch increases by about 0.02 [err]nrand an edge CD which decreases

by about 0.03 gerr] m f momrsdt @édiroli® @Qfdfﬁ{nf@rmﬂﬁ

achi evabl e with the eI ectrode as3enbly accordi ng to the |nvent| on
are shown in Fl GSSPﬂGBSSHtahlgheerssp&rmmb@rowﬂiﬂ&gﬂ in; thevpeactions chambet aid r at e
in a contact etch pr us tine of reactor operation in radio
frequency m nutes dg’ ngezglg&%dﬁ (RF mnutes), FIG 25 5 shows BPSG etch
rate versus RF mnutes, FIG 6 shows resist etch rate in a via etch

process versus RF minu FI.G sho S GO i.oxi,de etch rate and
uniformty versus RF mtgns'p&sele%é"' Eﬁfki&'q@ﬂ’ S’S pmber

di mensi ons versus jfffudgs &%assage for monitoring gas"ﬁfBier@irﬁ&Pkr@ﬂa&]ﬂc%nﬁ&SC” bed
the principles, preferred enbodi nents and 30 nodes of operation of the

present invend éPon. expRsgd sarfaceraf dhe electiode.on shoul d not be construed as
being limted to the particul ar enbodi nents di scussed.  Thus, WO

96/ 36984 -
PCT/ US96/ 07149 9. The electrode assembly of Claim 1, wherein the clamping member is

of an elastically deformable material.

10. The electrode assembly of Claim 1, wherein the clamping member is
of an inelastic material selected from the group consisting of ceramic, metalhc,
15  cermet and composite materials.

11. The electrode assembly of Claim 1, wherein the clamping member is
secured to the support member by a plurality of elastic bolts.

12. The electrode assembly of Claim 1, wherein the electrode comprises
a thermally and electrically conductive disk and the clamping member comprises
20  aring of dielectric material having an inwardly extending flange, an upper
surface of the flange contacting an outer portion of an exposed surface of the
electrode.

13. The electrode assembly of Claim 12, wherein the disk comprises
single crystal silicon, graphite or silicon carbide,

*
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WHAT | S CLAIMED | S:
reacti on chanber for wafer

support nmenber having r ,syrf.ace faci a waf .0 bﬁ_ﬁ rocessed
In the reaction chanbe?l,i'%ﬁe elttrods assemb nowgam?’oﬁéﬂ%&ﬁ ’D%{"ﬁs Bur
facing the wafer, Idostedberictwthe electrode andthy bujfpoft imenhes, thé fifst alasticdealan out er

edge thereof facin
a clanmpi ng nenber

by the follow ng cl ains. WO 96/ 36984
- 138 -
1. An e| ectrode assenbly of a plas
processin¥ - conpri si ng:

t he | ower, surface, of the suppor,t nenber; an
%%‘!9&? °%3‘88P?F“'@599‘€ eleqtpodg j2ad £, serond glagtic segl is

resiliently pressipastbdBetteit e QiR i mberl 38 tﬁé’ﬂgs?{ntt £ 'the second

2. The el ectrode assenbly of Caim™l,” wherein the

~

5

10

15

20

25

ectrode conprises a
elastic seal surrounding the gas passage in the clamping member.

15. A method of assembling a showerhead electrode assembly of a
plasma reaction chamber, comprising: _

arranging a support member having a gas passage supplying a process
gas to a lower surface of the support member and a showerhead electrode
having an outer edge such that an upper surface of the outer edge of the
showerhead electrode faces the lower surface of the support member; and

engaging a clamping member with the outer edge of the showerhead
electrode and attaching tfle showerhead electrode to the support member such
that the clamping member provides a resilient clamping force pressing against
the showerhead electrode.

16. The method of Claim 15, wherein the showerhead electrode is
attached to the support member such that process gas is supplied to a space
between the lower surface of the support member and the upper surface of the
showerhead electrode, the process gas conducting heat between the showerhead
electrode and the support member.

17. The method of Claim 15, wherein the clamping member comprises
an elastically deformable ring having an inwardly ektending flange, the method
inclnding placing the flange in contact with the outer edge of the showerhead
electrode and elastically deforming the ring such that the outer edge of the
showerhead electrode is pressed against the lower surface of the support
member.

t ed
Il ed

ma
a

5
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d



shower head el ectrode and w m\\k\“ Mer i ncl udes a gas passage
suppl yi ng a proc g« per surface of the el ectrode.
3. The el ectrode assenblj ai "2, "wherein the support nember 15

includes a cayhboheagd at |east one baffle plate located in tppprugfride the

gas passage supplying process gas into a space between the | ower
surface of the support nenber and an upper surface of the baffle
adj acent thereto. _ ‘4. The el ectrode assenbly of daiml,.
wherein the cl anpi ng nmenber conpri sestérri ng having a main portion

facing the support nenb < ] A | I,0. cont act
with the outer edge of ﬁie‘fﬁ;‘fiec ?%égcglr#c’iqﬁ%mgﬁ%%@%‘g%ﬁﬂ%g‘gﬁ%ﬁrface
of the el ectrode acavitysthe tnithddanelnding mioamtingadt 1édstone baffle plate w detcavityrber .

5. Th | ectrod | f Caim4, wh in the fl f th
cl arrpieng rGr;mr)gr ei 2@5%@@3@@%&%&%%& $aéleiﬁtf’i£n e"ogeﬁ‘ﬁ?nerm? Jowssr t i on

of 25  the cl anPiaifacdBfih@su member and an upper surface of the baffle plate adjacent
- 14- 6. The e I)eﬂgstrode assenb l;/e of Caiml, vvh%rei nJatc ne

support nenber >  theretq.nc| udes a gas passage for supplying process gas into
a space between an outer .

19. The method of Claim 15, wherein the clamping member is of an
elastically deformable material, the method including attaching the clamping
member to the support member with a plurality of spaced apart bolts and
tightening the bolts such that the clamping member is elastically compressed

10  against the showerhead electrode. -

20. The method of Claim 19, whetein the bolts are of elastically
deformable material.

_ 21. The method of Claim 15, wherein the showerbead electrode
comprises a disk of uniform thickness and the clamping member comprises a
15  ring having a inwardly extending flange, the method including placing an upper
surface of the flange in contact with an outer portion of the exposed surface of
the showerhead electrode.

22, The method of Claim 15, wherein the clamping member is attached
to the support member by a plurality of spaced apart bolts of elastically
20 deformable material, the method comprising tightening the bolts such that the
bolts are elastically deformed and resiliently clamp the showerhead electrode
against the support member.

23. The method of Claim 15, wherein the clamping member is of an

inelastic material.

-



portion of the upper5 surfE\m\\‘iﬁ\mﬂm%‘\wm\)de and the | ower surface of the

support nenber. e &l ectrode assenbly of Caim6,
wherein the process gas in the space is at a higher pressure than

t he processiqﬁﬁggénhn t he reaction chanber and cool sptivessiigtder ode.
8. The el ectrode assenbly of Claim1, wherein the clanping nenber

I ncl udes a gas passage for nonitoring gas pressure in an area adjacent an
10 exposed surface of the el ectrode. _ 9. The el ectrode .
assenbly of Caim1l, wherein the clanping méfber is of an elastically

deformabl e material . ct £ f daiml,

wherei n the clanpi ng ne%&qe@&ofmc%%h&??ﬁ%@&ﬁl%&ﬁaﬂ@%oﬁ}& tted from

t he group consi st icompriginger ami c, netallic, 15 cernet and conposite

materi al s. .11. The el ectrode assenply of Caim1, wherein

t hescl anpi ng menber i Ssupplymggév(_a?ﬁégiﬂmp(y H@?ﬂfﬁﬂﬂgmﬁ}ﬁ%er by a plurality

of elastic bolts. lying process s to W) frle Hidltbe fnolh@l 1
supplying bes %ﬁgm#”a B2 5 Hibibof ind

wherein the el ectrode conprises y and el ectrically

conductive di gk aifp plawmereastm rhamberisas hﬁ&mmsszw exits § Jower sucfarecfect ri ¢
i ange cont act | ng iRy spenitl g Hediifn Spolalbrer urtror U 1 2C€ ©F T1E
el ectrode. showerhead elek@odéfhe el ectrode assenbly of C aim 12, wherein
the disk conprises supplying electrical power to the showethead electrode such that the
electrical power passes through 2 contact zone between an upper surface of an
10 outer edge of the electrode and the lower surface of the support member, the
electrical power causing the process gas to form a plasma in contact with an
upper surface of the wafer; and
confining the plasma in an area above the wafer with a clamping
member which engages t;xc outer edge of the showerhead electrode and attaches
15  the showerhead electrode to the support member, the clamping member
providing a resilient clamping force pressing against the showerhead electrode
during processing of the wafer.

25. The method of Claim 24, wherein the support mermber includes a
cavity and at Ieast one baffle plate located in the cavity and the support member
20  includes a gas passage for supplying process gas, the method including
supplying process gas into a space between the lower surface of the support
member and an upper surface of the baffle plate adjacent thereto and supplying
the process gas through the gas passage to a gap between an outer portion of an
upper surface of the showerhead electrode and a Jower surface of the support

25 member.

d 26. The method of Claim 24, further comprising monitoring gas pressure
in an area adjacent an exposed surface of the showerhead electrode through a

gas passage in the clamping member.



_Si Egl ? crystal silicon, gra;”"rm"ﬂ lm“mlgmrgtr:'?lrgge assenbl y of ClaimS8,

wherein a first elastic seal * ocat ed between the
el ectrode and Wos6sesspor t rrerrber, the first elastic seal
extendi ng around the outer edge of the electrode and a secondP%llma%fiF’é seal

IS | ocat ed between the clanpi ng menber and the support
menber, the second 5 el asti cl seal surrounding the gas
passage in the cl anpi ng nmenber. -18- 15. A net hod

of assenbling a shower hend m&ﬂsfeﬁﬁﬁ I
pl asma reaction chaﬁb conpri si ng % Whé?émﬁmmethod includes etclgpgangl ng

a support nenber ha Wg) &"%‘jﬂ Baﬁmg@suppl ying a process
gas to a |l ower surface of the support nenber and a showerhead el ectrode
10 havi ng an outer edge such that an upper surface of the outer edge of

t he 285 ThecndtaatiofClaint N eheled 85 shéifiod HheYlf T il
the support rrenber i engagi ng a }3
merber with the out'et 3’g°élq5’f ayer ondhe Wakehe ad eI ect rode

and attaching the showerhead el ectrode to the support menber such

that the cl arrpigg menbeé provides a resilient clanping force pressing

agai nst 9. ﬁ@‘eg'ﬁ’é\ﬁf ((HaiE24 wheteitotie method includes depositing a

16. The nethod of Ghyet 67 shterid G Gk Wakdpe showerhead el ectrode is

attached to the support menber such that process gas is supplied to a space
between the | ower surface of the support nenber and the upper surface of

t he



shower head el ectrode, the process gas conducting heat between the

shower head 20 el ectrode and the support nenber

17. The method of O aim 15, wherein the clanping menber conprises

an el asti cal | ywookaggpbl e ring having an i nwardly extendi ng flcangsssoriae
met’hod i ncluding placing the flange in contact with the
outer edge of the showerhead el ectrode and elastically
deform ng the ring such that the outer edge of the 25 shower head

el ectrode is pressed against the | ower surfggg of the support

menber . - 16-

18. The nmethod of C aim 15, wherein the support nenber includes a

cavity, the nethod including nmounting at | east one baffle plate in the
cavity such that theldas passage sg0plijes_pygcesh¥gas into azgpa2
bet ween the | ower suf f gbg of; the suppqft Jenber and/pn upper, sy ce

of the baffle plat %};,iiwﬁpj_,j%%)fr//‘y(/ ﬂ?wﬂ}“}‘k:y/ﬂ'ﬁ
/ﬁéﬁ;f////&//{/ﬂ%//gf%///}én%

of Claim 15, vvhe_re ’4
e ater1a 3 ' A)X//(,{.’{Mlﬂ/’/.éé' 7 .u.-.//:éllﬁ,ggsmq.

menber to the suppor
tightening the b9 )
conpressed 10 agai
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20. The nethod of Caim 19, wherein the bolts are of elastically

def ornabl e materi al .
t.he shower head el ectrode

21. The nmethod of Cd aim 15, wherein

conprises a disk of uniformthickness and

the cl anping onprises a 15 ring having a inwardly egRiRekditho
flange, the nethod 1 ncluding placing an upper surface of the flange
In contact wwth an outer portion of the exposed surface of t he

shower head el ect rode.

t he cl anpi ng menber is attached
of spaced apart bolts of elastically 20 eformabl e material, the nethod

conprising tightening the bolts such tha ﬁ*ﬁﬁ?L DWM AE&QNS are el astically

22. The nethod of C aim 15, wherein.
to t support nmenber by a plurality

deformed and resili ent|36w =Taaal the shouerheg ol oc rnrl :\n:\l ncsguh
support nenber. ggg 260 —~
cl anpi ng nmenber is a ————rne%astrt—nHrerrat:;;‘*::;;;zgzgstﬁgg =
PCT/ US96/ 07149 (é 50 <
24. A nmet hod of pr06335| a VI Eer in a plasna regef]ﬁm chanber,
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conpri si ng: supplying a wafer to the plasma reaction

chanber; suppl ying process gas to a gas passage in a support
menber nounted in 5 t he plasnma reaction chanber such that the process
gas exits a haybdaesddl f ace of t he support nenber andppgfRegoridd ough
an exposed | ower surface of a shower head el ectrode;

supplying electrical power to the showerhead el ectrode such that the

el ectrical power passes through a contact zone between an upper surface .of
an 10 outer edge of the electrode and HRS | ower surface of the support
menber, the el ectrical power causi the process gas to forma

pl asma in contact with an upper surface of the wafer; and
confining the plasma in an area above the wafer with a cl anpi ng

menber whi ch engages the outer edge of t ower head el ectrode and
attaches 15 thE\;% head el ectrode EEEEEQ support npenber, Lheﬁ anpi ng

menber resilient clanping force pressing againsig tm

shower head el ectr sguFeg—pracessing oL INg vafer. o -§ J

25. *The method of& bﬂﬂ? A —nirerermthe—support—ember—nctudes—a- 7

cavity and at le 3 Bl-at-0—-05at i t-ho—Cavd - 6sugpor t
menmber 20 i ncl ,)_ 30 ) 5 hod

i ncl udi ng W r €8S gas into a space bet ween the 10 S
surface of the s nmenber and an upper surface of the bgffie

pl ate adj acent t%etﬂﬂ ; %t e gas
passage to a gap t 8000 len—e ~ 3 £ age of the
shower head el ectrode and aQOV\E?.SSu Hele SPHE W gmt 2 88003rrber

26. The nmethod of O aim 24, further coRprnmﬂpqzﬁmyngp |ng gas pressure

in an area adjacent an exposed s &6-e—0f—thRe—Showet e—eteet+oedey t hr ough

a gas passage in the cla |"rrg°merm1'l RATE —=— UNIFORMITY
FIG. 7
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Mg - 27. The nethod of C aim 24, wherein ﬁﬁ@(?rgtph%d ‘#nclébd;%p
etching a | ayer of material on the wafer. 28. The
net hod of C aim 27, wherein the nmethod includes etching of a e S1 11 CON
di oxi de | ayer on the wafer. 5 29. The met hod of C s
wherein the nmeth nRcl udes dgnosivid e properTy GRSz HonTBL €T 1 3
waf er. Intzrmational Bureau
3 INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) Internationat Patent Classification 6 : (11) Internationsl Publication Number: WO 96/36984
HO1J 37/32 Al
(43) International Publication Date: 21 November 1996 (21.11.96)

(21) International Application Number: PCT/USYGT149 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR; BY,

R CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS,
" | (22) International Filing Date: 17 May 1996 (1/705.96) P, KRB, KG, P, KR, KZ, LK, LR, LS, LT, LU, LV, MD,
MG ME, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,

: SE,{SG/ 81, SK, TJ, T™, TR, TT, UA, UG, US, UZ, VN,

¢ 1 (30) Priority Data: RIPG patent (KE, LS, MW, SD, SZ, UG), Eurasian patent

081445292 19 May 1995 (19.05&_/ Us (AM, AZ, BY, I]{JG, KZ, MD, RU, TJ, T™), European patent

(71) Applicant (for aill designated States except US): LAM RE-| . GA, GN, ML, MR, NE, SN, TD, TG).
SEARCH CORPORATION S}, 4650 Cushing Park-
way, Fremont, CA 945386470 (US).

Published
(72) Inventors; and With international search repori.
(75) InventorsiApplicants (for US only): LENZ, Eric, H. {US/US); Before the expiration of the time limit for amending the
5930 Foligno Way, San Jose, CA 95138 (US). CALVISI, claims and to be republished in the event of the receipt of
Michael, L. {US/US]; 4654 Carmen Way, Union City, amendments.

CA. 94587 (US). MILLER, Ivo, A. [US/US); 112 Avenida
Espana, San Jose, CA 95139 (US), FRAZIER, Robert, A,
[US/US]; 34447 Colvilie Place, Fremont, CA 94555 (US).

(74) Agent: PETERSON, James, W.; Burs, Doane, Swecker &
Mathis, L.L.P., P.O. Box 1404, Alexandsia, VA 22313-1404
€Us).

(54) Title: ELECTRODE CLAMPING ASSEMBLY AND METHOD FOR ASSEMBLY AND USE THEREOF

52 36 32 52 46
7 N85
g 7 iz L ] 3z
i 43
N ~ { - 34
W37, S 20 3B 40 30 4“3’550 35

(57 Abstract

An electrode clamping assembly for a plasma reaction chamber wherein processing of a single wafer can be camied out. The electrode
assembly includes a support member (32), an electrode (30} such as a silicon showerhead electrode in the form of a disk having uniform
thickness and a clamping ring (34) which provides a resilient clamping force pressing against the showerhead electrode. The clamping
!! member can be ring of elastically deformable material and the clamping member can be tightened by a plurality of elastic spaced-apart
) bolts (35) such that the clamping member is compressed and provides the resilient clamping force throughout temperature cycling of the

< | electrode assembly during wafer processing, Heat conduction between the showerhead electrode and the support member can be improved
i by supplying pressurized process gas to a gap therebetween. The clamping member also provides plasma confinement in an area between
the electrode and the wafer being processed, :




