WO 03/ 015133 PCT/ US02/ 24057 08 FEB 2006 SHOAERHEAD ELECTRODE DESI GN FOR
SEM CONDUCTOR PROCESSI NG REACTOR Field of the Invention This application

cl ai s pr%%%ﬁsiégder 35 U.S.C. 119 and/or 365 to 5 Pr oviz%ldqﬂ&![zﬁ@ggl i cation

No. 60/ 311, iled in the United States on August 8, entire
content of which is hereby incorporated by reference. The present invention
relates to a showerhead el ectrode assenbly for inproved therwam Eﬁé? mty
in a sem conductor processing reactor. Specifically, the inventl at es
to an el ectrode plate renovably clanped to a backing plate or heat sink 10
plate using a conpliant, thermally condidetive el ectrostatic clanp. The
invention also relates to a nethod of processing a sem conductor substrate
such as a wafer with the showerhead el ectrode assenbly. Background of the

| nvention Vacuum pr OCGSSiSIQOWEm@%L%@FRﬁIﬁZ Ipk:giegg for chem cal vapor
15 depositing (CVD) and etching of materials on substrates by supplying

process gas to the FORSEMICONDUCGHORFROCESSING REACGTOR field to the
gas. For exanple, parallel plate, transforner coupled plasma (TCP111, al so
called I1CP), and electron- cyclotron resonance (ECR) reactors are discl osed

i n comonl y“ﬁ?&'ﬂ%‘i‘tﬁji ﬁ,;"eﬁﬁiﬁm Nos. 4, 340, 462; 4,948, 458; and 5, 200, 232.

During proc trates are 20 held in place within the vacuum

chanber by substrate hol ders. Conventional WD 03/015133 PCT/ USQ2/ 24057
This application claims priority under 35 U.S.C. §§119 and/or 365 to

5 Provisional Application No. 60/311,048, filed in the United States on August 8,
C 2001; the entire content of which is hereby incorporated by reference. The present
invention relates to a showerhead electrode assembly for improved thermal
uniformity in a semiconductor processing reactor. Specifically, the invention
relates to an electrode plate removably clamped to a backing plate or heat sink
10 plate using a compliant, thermally conductive electrostatic clamp. The invention
also relates to a method of processing a semiconductor substrate such as a wafer

with the showerhead electrode assembly.

C Background of the Invention

Vacuum processing chambers are generally used for chemical vapor
15 depositing (CVD) and etching of materials on substrates by supplying process gas
to the vacuum chamber and application of an RF field to the gas. For example,
parallel plate, transformer coupled plasma (TCP™, also called ICP), and electron-
cyclotron resonance (ECR) reactors are disclosed in commonly-owned U.S. Patent
Nos. 4,340,462; 4,948,458; and 5,200,232. During processing, the substrates are

20 held in place within the vacuum chamber by substrate holders. Conventional



0 8 FEB 2006 -2 substrate hol ders include nmechanical clanps and

el ectrostatic clanps (ESC), which' clanp a wafer to a pedestal during

pr ocessi n%. The_pedestal may form both an el ectrode and 3 02]3!‘ I§

Exanpl es O BRI cal cl anps and ESC substrate holders are provided in
commonl y-owned U. S. Patent Nos. 5,262,029, 5,740,016, 5 and 5,671,116 and in
U S. Patent No. 6,292,346. Substrate holders in the formof &angefeelEode
can supply radiofrequency (RF) power into the chanber, as disclosed in US.
Patent No. 4,579,618. Electrostatic clanps secure a substrate to a pedestal
by creating an electrostatic attracti w2-force between the substrate and the
clanp. A voltage is 10 applied to one or nore electrodes in the ESC so as to
i nduce opposite polarity charges in the substrate and el ectrode(s),

respectivel yyhsfiage l‘ilﬂ@(% iiffcfude MR8 RicA Widmps 1R SatdRbat ﬁlaﬁﬂﬁi(ﬁgég Wecpedestal ,

thereby retaining the substrate. In a nonopol ar design, the ESC conprises an
el ectrode, a workpiece and,a ielectric,between fhe In th ormal node of
operation fGiAIP '?rg’ﬁgeﬁg? gpedespl %BTIP%BI%F%S&% o)gge P%ffeétaﬂlwaﬁ%f&“ SB e negative

pol e of a DC power supply. The workpiece is connected through the plasma to
ground. Undelectrpdeand a hend eimbntExamplesvadmgshacieal damyest and gl substrateanped pri or

to exposing the workpiece to the plasma or other return path. 20 In a

bi pol ar conhbmefPdre Eﬂi‘oﬁ&@l B6meRshlEbMABd (NS, PREKINRC S, BPS6IY, 5a74000 @S, a
second pol e of the ESC provides the return path. This configuration
5 and 5,671,116 and in U.S. Patent No. 6,292,346, Substrate holders in the form of
C an electrode can supply radiofrequency (RF) power into the chamber, as disclosed

in U.S. Patent No. 4,579,618.

Electrostatic clamps secure a substrate to a pedestal by creating an
electrostatic attractive force between the substrate and the clamp. A voltage is
10 applied to one or more eléctrodes in the ESC so as to induce opposite polarity
charges in the substrate and electrode(s), respeétively. The opposite charges pull

the substrate against the pedestal, thereby retaining the substrate.

In a monopolar design, the ESC comprises an electrode, a workpiece and a
dielectric between them. In the normal mode of operation for a monopolar ESC
15 the electrode is connected to the negative pole of a DC power supply. The
workpiece is connected through the plasma to ground. Under this arrangement the
workpiece is not securely clamped prior to exposing the workpiece to the plasma

or other return path.

In a bipolar configuration the ESC can clamp the workpiece absent a

20 plasma; a second pole of the ESC provides the return path. This configuration



WO 03/ 015133 PCT/ US02/ 24057 08 FEB 2006 -3 uses both the positive and
negative potential of the DC power supply to electrostatically clanp the

wor kpi ece ripolar ESC contains three poles. The inner t are
simlar t‘gOtAdﬂ}é”hg?pol ar configuration, and are used to cl é’msﬁg&@é? kpi ece.
The outer pole can be 5 used as either a plasma shield or a workpiece bias
pi ckup point. U S. Patent No. 5,572,398 discloses a tri-polar08lFE@t28lhst ati c
cl anp using separate positive and negative el ectrodes housed on a

non- pol ari zed base. C Multi-pole ESC s use either AC or DC that is phased to
each pole of the electrode. The phasi i of the voltage applied to the

el ectrode permts rapid 10 clanping and rel ease. The supply and control
circuitry required for a nulti-pole type of ESCis nore conplicated than

for the mongRebewm b g)%iﬁ(/e Bfd hédaRed ﬁétentﬁﬂ’gf &@%@tpdow su%d’l?tdml ti-pole

configuration is used to mnimze charge build u on tHe” wor kpi ece and al so

hel ps reduce de-cl.anpi i ssues.. The materials and processes used in
processi ng gegém%%bg@ EEOMPACE: 15 such as a wafer are extremely

tenperature sensitive. Excessive tenperature fluctuations in the substrate
may conprom se Sélst‘em performance and the resulting properties of the

sem conduct or defd EROlaTESE confaigsy ese poisa ddguBnRe tyogues & skmlar 1 figper at ur e
of the substrate, good thermal contact between the substrate and the
substrat e hbipdiar cofiglestiorsdnd are used to clamp the workpiece. The outer pole can be

5 used as either a plasma shield or a workpiece bias pickup point, U.S. Patent No.
C 5,572,398 discloses a tri-polar electrostatic clamp using separate positive and

negative electrodes housed on a non-polarized base.

Muliti-pole ESC's use either AC or DC that is phased to each pole of the
electrode. The phasing of the voltage applied to the electrode permits rapid
10 clamping and release. The supply and control circuitry required for a rnulti-poie
type of ESC is more complicated than for the monopole, bipolar or tripolar
configurations. The multi-pole configuration is used to minimize charge build up

on the workpiece and also helps reduce de-clamping issues.

The materials and processes used in processing a semiconductor substrate
15 such as a wafer are extremely temperature sensitive. Excessive temperature
fluctuations in the substrate may compromise system performance and the resulting
properties of the semiconductor device. Thus, in order to adequately control the
temperature of the substrate, golod thermal contact between the substrate and the

substrate holder is desired.



WO 03/ 015133 PCT/ US02/ 24057 08 FEB 2006 -4 To facilitate heat transfer

bet ween the substrate and substrate holder, a very |large electrostatic or
physi cal {Qf &fisszcommonly used in an attenpt to cause thepmgﬁfﬁhﬁ%tl anount
of wafer surtace f’o physi cally contact a support surface of the "substrate
hol der. Due to surface roughness of both the substrate and the holder, 5
however, when the two surfaces are pressed agai nst each ot her OE| yFF@%dBt
contacts are established; i.e., small interstitial spaces (voi 58) -
constitute the majority of the interface. Under | ow pressure processing
conditions, this interface is evacuated4- and the voids conprise a vacuum
which is a very good thermal insulator. Thus, heat transfer between the two
surfaces is |limted mainly to the point contacts. 10 To i nprove tenperature

uni form ty acrosgotialinteisdat ahesfebdtReenho SigBehRhnd saBstkdte hblde i GfRr her mal
conductivity gas such as heliumis punped into the interstitial spaces

formed bet trate._. t surface. This heat . transfer
gas act s as ABrHREBARR e Bfldoledis BHEREHL UL IR uthe Rt et at e
and the substrate hol der than the vacuumit replaces. 15 Sone ESC devices
are desi gne@raalsshampunt 9& wak spefaes towsicallya¢osiast agupport purdace 9é teur r oundi ng

| ow pressure atnosphere (i.e., the reaction chanber). The support surface
in such a dewbsaetedmldehalmueaocurfaceforgndss af bathitdsesibsirmehadithgheldergi anet er
that is approximtely equal to the dianmeter of the wafer and a flex circuit
covering th o} f | Xl o (PR ircuit is
usual | ngO gm@on U?:/{T?I\?/gfentgvt% :spffgfésrﬁ%gg%gdiaﬁh@g%%gg?ﬁeg 0cTi'il Yeﬁgl(%{ ér():?&(§‘1(:{r§r}31t erial.

The conducti ve ) ) . . . . .
C are established; i.e., small interstitial spaces (voids) constitute the majority of the

interface. Under low pressure processing conditions, this interface is evacuated
and the voids comprise a vacuum, which is a very good thermal insulator. Thus,

heat transfer between the two surfaces is limited mainly to the point contacts.

10 To improve temperature uniformity across the substrate during processing,
an inert, high thermal conductivity gas such as helium is pumped into the
interstitial spaces formed between the substrate and the support surface. This heat
transfer gas acts as a more efficient thermal transfer medium between the substrate

C— and the substrate holder than the vacuum it replaces.

15 Some ESC devices are designed to minimize escape of heat transfer gas
into the surrounding low pressure atmosphere (i.e., the reaction chamber). The
support surface in such a device can have a circumferential raised rim having a
diameter that is approximately equal to the diameter of the wafer and a flex circuit
covering the support surface of the underlying pedestal. The flex circuit is usuaily

20 a conductive material encased in a flexible dielectric material. The conductive

material is patterned to form the electrostatic electrode. The dielectric material



material is patterned to formthe electrostatic electrode. The dielectric
mat erial WD 03/015133 PCT/ US02/ 24057 08 FEB 2006 -5 insulates t he conductive
mat eri al r conductive conponents and al so acts Once

t he mafernfs C gﬂéed a gas tight seal is created betmeen 'ﬁugm2¥§% and the
rim As .such, heat. transfer gas | eakage from beneath the wafer at the, r|m
i's nlnlnlzed An el ectrostatic substrate hol der conprising a |IE seal for

cl anpi ng substrates is disclosed commonl y-owned U. S. Pat ent Nol) §EB@§5408

El ectrostatic substrate holders conprising flex circuits are disclosed in
U.S. Patent L. Nos. 6,278,600 and 6,033;478. As described s owe, adequate
waf er tenperature control can be obtained through backside |it gas pressure
and el ectrostatic clanping techniques. In 10 addition to substrate

t enper at ur e igsiHi¢sahe chivel e mateSaPROALTE aMidtvE cOmpahdnté Ael als@ass or
surfaces that come into contact with active process chem stry is desirable

for process, bidd 0, 0 heati ng
and cool i ngggggszgeﬁs% %élezvg%ﬁyge%@ 1%@ éggygéht géﬁlﬁyﬁpeealéedeﬂcfﬁ‘%éns@rgn conduct or
processi ng apparatus, for exanple par aI | el plate di eI ectric etchers- A
reaction 15 "Hedrhe sifhoAs sIChh Aentitanstep cay eakags fium hengath theiwafemitty i s
disclosed in comonly-owned U. S. Patent No, -6,123,775. 20 As shown
schemat i cal klye fim iFinginingizédd. An ckeotrostptid subsaite hdrier gosptifiag uijpedeal fokect r ode
plate 150 is held against a tenperature controlled heat sink plate 114 via

5 clamping substrates is disclosed in commonly-owned U.S. Patent No. 5,805,408,

C Electrostatic substrate holders comprising flex circuits are disclosed in U.S. Patent

Nos. 6,278,600 and 6,033,478,

As described above, adequate wafer temperature control can be obtained
through backside He gas pressure and electrostatic clamping techniques. In
10 addition to substrate temperature control, however, temperature control of all thé
reactor surfaces that come into contact with active process chemistry is desirable
for process repeatability and uniformity. Various upper electrode heating and

cooling designs have been developed and are being used in semiconductor

O

processing apparatus, for example parallel plate dielectric etchers. A reaction
15 chamber component having improved temperature uniformity is disclosed in

commonly-owned U.S. Patent No. 6,123,775.

As shown schematically in Figure 1, in some prior art designs the upper
electrode plate 150 is held against a temperature controlled heat sink plate 110 via
a backing ring 120. The electrode 150 is a planar disk having uniform thickness
20 from center to edge thereof. The temperature of the heat sink plate is maintained

by circulating a heated or cooled liquid through channels 114 within the plate.



a backing ring 1,20. The electrode 150 is a planar disk having uniform
thickness fromcenter to edge thereof. The tenperature of the heat sink
plate is intained by circulating a heated or cool ed |iqui h
channel s %4&%@2% the plate. WO 03/015133 PCT/ US02/ 2405(7]'}{'1-12[]%%9#2& si nk
plate is furnished wwth a process gas feed 134 for supplying gas to the
process chanber. The gas then is dispersed through a plenum 140 and es
t hrough gas di spersion holes (not shown) in the electrode to eveﬁH@F a@@%rse
the process gas into the reaction chanber. According to this design, nost
of the 5 thermal contact between the el-6etrode 150 and the heat sink plate
110 is established at the periphery of the el ectrode where force froma
peri pheral nechanical clanp 160 is directly applied. The advantage of this

techni que i ghmhas: s‘irﬂ@plﬁic%?ﬁx‘ﬂﬁﬁe@%ﬁh% rPé'ocYU@.‘s g&t fedd %3@?@%@@@, @e@gbt hats he

separable fromthe heat sink plate. di sadvant age,
limted peri,pheral cpntact lhetween the.electrode . 10 and at sink plate
results in riggcgsgﬁﬁ%rpg ro-@&g%ast%éwéﬁgpws& hﬁﬂg%? PlsHY 4%iaﬁ‘d RApRES

el ectrode. C As shown in Fi ﬁure 2, the center-|o-edge tenperature

non- uni f or mirguglpgasoiispersion hples (ned shavem riathecelectowie thayep disperseithessed in
designs that use a backing plate 220 that can be bonded or brazed to the

mai m el ect r peieedDehs ifioand beseligt tiaater plazteribact Al dekighemassie y are hel d
in contact with heat sink plate 210 wusing clanping bolts 264, As in the

o8 o PR RS TPl 0 3 P B £ 8ol

C at the periphery of the electrode where force from a peripheral mechanical clamp

160 is directly applied. The advantage of this technique is that the electrode plate,

which is a consumable part, is separable from the heat sink plate. The

disadvantage, however, is that the limited peripheral contact between the electrode
10 and heat sink plate results in large center-to-edge temperature non-uniformity in

the electrode.

As shown in Figure 2, the center-to-edge temperature non-uniformity
problem of limited thermal contact has been addressed in designs that use a
C backing plate 220 that can be bonded or brazed to the main electrode 250. The

15 electrode plate/backing plate assembly are held in contact with heat sink plate 210
using clamping bolts 264. As in the previous example, the temperature of the heat
sink plate 210 is maintained by circulating a heated or cooled liquid through
channels 214 within the plate. The heat sink plate is also furnished with a process
gas feed 234 for supplying gas to the process chamber. The gas is distributed

20 through one or more horizontally spaced apart plenums 240 and passes through gas

dispersion holes 254 in the backing plate and in the electrode (not shown) to



channel s 214 within the plate. The heat sink plate is also furnished with a
process gas feed 234 for supplying gas to the process chanber. The gas is
distributeg 28 t hrough one or nore horizontally spaced- apart plenuns 240
and passe¥PtWPLUSh gas dispersion holes 254 in the backi RGTHSA¥E3Ahd in the
el ectrode (not shown) to WO 03/015133 PCT/ US02/ 24057 08 FEB 2006 -7 evenly
di sperse the process gas into the reaction chanber. Because the whol e
assenbly (el ectrode plate 250 and backi ng pl ate 220) becone a condugrapp #06
part, however, such an approach is expensive to inplenent. An el ectrode
clanping assenbly wherein the electrod® is nmechanically and renovably
attached to the 5 backing plate is disclosed in comonly-owned U S. Patent
No. 5,569, 356. Accordingly, there is a need for an econom cal el ectrode

design that epn@viidessd ﬂi@g:?/éf&gs Eﬁkei‘hfﬁaﬂhe‘t’éﬂcg&ﬁ Bhdntber SUSBERNS AL Wi | nventi on

The present 1 nvention provides an el ectrode arrangenent that 1 nproves the
10 heat transfeyr, bet wee in | ate and hower head el ectrode pl ate by
posi ti oni ng?¥* T Fﬁteﬁﬁ?&n@f‘%?ﬁél ﬂgé{gﬁﬁ%PﬁWé SEOE AfCQBYLNA Teonpl i ant
material conforns to the surface irregularities of the two abutting surfaces

and provi dbewenst t ich ahepproack dnexpensiveTioemplenvent.h dadelettesteradatmpingicl udes an
el ectrostatic chuck that further inproves the thermal contact by applying a

1|5atcgrmrzgsshss@mf)@rmrbmttn@emc&b& Ble&hiReASldng Bl el attaded hfect rode
] .

5 backing plate is disclosed in commonly-owned U.S. Patent No. 5,569,356.
C Accordingly, there is a need for an economical electrode design that

provides improved thermal uniformity.

Summary of the Invention

The present invention provides an electrode arrangement that improves the
10 heat transfer between a backing plate and a showerhead electrode plate by
positioning a compliant material between the two interfaces. The compliant
material conforms to the surface irregularities of the two abutting surfaces and
C provides better thermal contact. The showerhead electrode includes an
electrostatic chuck that further improves the thermal contact by applying a

15 compressive force between the electrostatic plate and the electrode plate.

According to one aspect of the invention, the apparatus for retaining an
electrode plate in a semiconductor processing chamber comprises a backing plate
having an electrode plate receiving surface; an electrostatic holding apparatus
disposed upon the electrode plate receiving surface, the electrostatic holding

20 -~ apparatus having an electrode plate support surface; an electrode plate having a



According to one aspect of the invention, the apparatus for retaining an
el ectrode plate in a sem conduct or processing chanber conprises a backing

plate hayig\B,34);s! ectrode plate receiving surface; an el eifctlr ¢ hol di ng
apparatus di sposed upon the el ectrode plate receiving sur "95?’5’?1”1"89

el ectrostatic holding apparatus having an el ectrode plate support surface;
an el ectrode plate having a WO 03I D) 5733 PCl'1US02124057 -8 | ower (BgFEme8s
facing a sem conductor substrate Co be processed and an upper contact
surface; and a nechani cal cl anpi ng nmenber engagi ng the outer periphery of
the el ectrode and pressing the upper coBtiact surface against the el ectrode
pl ate support surface. 5 The el ectrostatic hol di ng apparatus of the
invention can conprise a first dielectric layer, a conductive |ayer

di sposed belgwertsfade fasilng @i iinditior Sib8trate 3 He 9rc§:@§§éd%@|aﬁ%bérc | ayer
di sposed bel ow the conductive |layer, The first dielectric |ayer, The

o ocess gas i g apLp AR e RIAE bR Sles SR AR DRl DB 7 7

conprise a 10 conpliant material such as, for exanple, silicone or

pol yi r ni de. ofiE %ﬁ&ﬁ%@%ﬁr%ﬂﬁ&g}e WDer pratagt é‘éllfﬁcésﬂ@amﬁfcﬂlh@l%ﬁﬁée B¥fFar at us can
conprise alum num copper, tltanium tungsten, nolybdenum nickel, silver,
gol d iri di usyppottedurfacen  rut heni um rut heni um OXi de, graphite, ti t ani um
nitride, titaniumalum numnitride, titaniumcarbide, or conbinations
thereof, i5 Tke el ectrostatic bal di ng apparatus can have a thickness of

0.005 t9 0. 015 Thoehegoste: EAdinB aySardrub ob Bledfivediiofehh cO@hAke & Esdtan.
Preferably , the electrostatic
C dielectric layer, a conductive layer disposed below the first dielectric layer, and a
second dielectric layer disposed below the conductive layer. The ﬁrst dielectric
layer, the conductive layer, and the second dielectric layer can comprise at least
ODE Process gas ﬁort. Preferably, the first and second dielectric layers comprise a
10 compliant material such as, for example, silicone or polyimide. The conductive
layer of the electrostatic holding apparatus can comprise aluminum, copper,
titanium, tungsten, molybdenum, nickel, silver, gold, iridium, platinum,

ruthenium, ruthenium oxide, graphite, titanium nitride, titanium aluminum nitride,

C titanium carbide, or combinations thereof.,

15 The electrostatic holding apparatus can have a thickness of 0.005 to 0.015
inches and can have a bipolar or multipolar design. Preferably, the electrostatic
holding apparatus can further comprise a heating element to provide resistive
heating of the electrode plate. According to a preferred embodiment, the electrode
plate can comprise a showethead electrode and the backing plate and electrostatic

20 holding apparatus can include at least one process gas port for supplying a process

gas 1o the plasma reaction chamber. The electrode plate can comprise single



hol di ng apparatus can further conprise a heating el enent to provide
resistive heating of the electrode plate. According to a preferred

enbodi ne 00‘3/0%1? trode plate can conprise a showerhead §0?{5’aﬁ;5 nd t he
backi ng pl'ate and el ectrostatic 2fj bal di ng apparatus can I'nclude at | east
one process gas port for supplying a process gas to the plasma reaction e
canber . The el ectrode plate can cQnpr'ise single WO 03/015133 6 FEB 2006
PCT/ US02/ 24057 -8 | ower surface facing a sem conductor substrate Co be
processed and an upper contact surface; and a nechani cal clanping nenber
engagi ng the outer periphery of the et®ctrode and pressing the upper
contact surface against the electrode plate support surface. 5 The

el ectrostatic hol di ng apparatus of the invention can conprise a first

di el ectric ¢gmersilicons @Raihek] vesilicnedarslis pPsetekabl, @ fafig ot iieSiredlbpitect ri C
| ayer, and a send dielectric |ayer disposed bel ow the conductive |layer, The

| ayer can canpiegeHRine GR-ERIBIGR 8 orElno P PO SRR AT T ot ana

second dielectric |layers conprise a 10 conpliant nmaterial such as, for
exanpl e, si thee 88& - or pol yi m de. The conductive |ayer of the electrostatic
hol di ng apparatus can conpri se alum num copper, titanium tungsten,

nol ybdenum nickel, silver, gold iridium platinum ruthenium ruthenium
oxi de, graphite, Th¢ iraantion aisq relaies, tota methpdiof assemblingra shewériead titani um

car bi de, or conbinations thereof, 15 Tke el ectrostatic bal ding apparatus can
have a 3 hi ckB&fsleQhssédatil) of b Plddma @ddrtioh BEHEBera MtheCABhOB@ W Iidleh laB@hgihg OF

mul ti pol ar design. Preferably , the electrostatic

C a backing plate having an electrode plate receiving surface, and an electrostatic
holding apparatus with an upper surface adhesively attached to the electrode plate
receiving surface, the electrostatic holding apparatus having an electrode plate
support surface opposite the upper surface. The method further includes arranging

10 a showerhead electrode plate having a lower surface facing a semiconductor

substrate to be processed and an upper contact surface such that the upper contact
surface faces the electrode plate support surface; engaging a mechanical clamping
member with the outer periﬁhery of the showerhead electrode plate and pressing

C the upper contact surface against the electrode plate support surface; and applying

15 a voltage to the electrostatic holding apparatus to electrostatically attract the

showerhead electrode plate to the electrode plate support surface.

According to a preferred method, the electrostatic holding apparatué can
comprise a first compliant dielectric layer, a conductive layer disposed below the
first compliant dielectric layer, and a second compliant dielectric layer disposed

20 below the conductive layer, the second compliant dielectric layer having an

electrode plate support surface such that the electrode plate support surface



hol di ng apparatus can further conprise a heating el enent to provide
resistive heating of the electrode plate. According to a preferred

enbodi men trode plate can conprise a showerhead el ectraode and the
backi ng pbg{ﬁmgaﬁgelectrostatic 20 bal di ng appar atus can i#EPU%E”5F7Ieast
one process gas port for supplying a process gas to the plasma reaction e
canber . The el ectrode plate can conprise single WO 03/015133 PCT@%@&%Q&@PS?
08 FEB 2006 -10 confornms to the upper contact surface when the sh r

el ectrode plate is electrostatically attracted to the el ectrode plate
support surface. The process al so incilldes arrangi ng the backing plate,

el ectrostatic hol ding apparatus, and showerhead el ectrode plate so as to
i nclude at | east one process gas port for 5 supplying a process gas to the

pl asma reacthghnshRdNhe ﬁgpe‘f%ﬁfag{ 8k wﬁeﬂg iRl Bbwethead rela%%t%ée PltaﬂQGis

el ectrostatic holding apparatus can further conprise ,eating elenent to
provi de resistive heating of the sh rhead el ectrode plate. The.invention
al so provi dE‘EC%OS??éFﬁ@W Cﬁ?é‘&ﬂéﬁsﬁ?ﬁ’g"o eggx BBRAUSH Pce'stﬁgp?()ﬁ?sé a%h as a
single wafer in a plasma reaction chanber. The nethod 10 incl udes

t ransf er ri nijchidseairaping Sredrackng platatedectrastatic heldpigapparat agh chanber ;
supplying a process gas to the plasma reaction chanber; applying a voltage

to an el echieiiidddeldalode PP BliktudeoatQbREbIOFioaIsCRAk Iphrtddt r act an
el ectrode plate to an electrode plate support surface during processing of

the substrate: ;. j ' . 0O t .eci 1.0 sing the
proces s§gas gt&glﬁﬂo‘g ﬁ}g&l%%%g#g()f@% 81 %ﬁipfegété@s%énbgﬁ l%ggxred@%{rofaagrgfegx%ﬂt he
substrate. The method can be used to etch a ) i

’ process, the electrostatic holding apparatus can further comprise a heating element

to provide resistive heating of the showerhead electrode plate.

The invention also provides a method of processing a semiconductor

substrate such as a single wafer in a plasma reaction chamber. The method

10 includes transferring a semiconductor substrate into the plasma reaction chamber;
supplying a process gas to the plasma reaction chamber; applying a voltage to an
electrostatic holding apparatus to electrostatically attract an electrode plate to an
electrode plate support surface during processing of the substrate; and supplying
electrical power to the electrode causing the process gas to form a plasma for

15 processing an upper surface of the substrate. The method can be used to etch a
layer of material on the substrate, such as a silicon dioxide layer. The method can
also be used to deposit a layer of material on the substrate. The method can also
include supplying electrical power to the electrostatic holding apparatus to heat the

electrode plate during processing of the substrate.



| ayer of material on the substrate, such as a silicon dioxide |ayer. The
nmet hod can al so be used to deposit a |layer of material on the substrate.
The net hogyg@dldlsz0 1 nclude supplying electrical power topthgs@lAed,r ostatic
hol di ng apparatus to heat the electrode plate during processing of the
substrate. WO 03/015133 PCT/ US02/ 24057 08 FEB 2006 -11 Brief Description of
the Drawi ngs Various features acid advantages of the invention w |{ §l¥ggQioe
apparent fromthe followi ng detailed description of preferred enbodi nents
in connection wth the acconpanying drawi ngs in which |like nunerals
designate like elements 5 and in whichtl-Figure | depicts a prior art

el ectrode plate attached to a ac g plate using a circunferential danp.
Figure 2 depicts a prior art electrode plate attached to a backing plate
usi ng bondi BriefDesafiption_afjthe]Drdvvigpgs e 3 shows a cross sectional view of an
el ectrostati c showerhead el ectrode apparatus according to the present
invention. 'Figure 4 shows a detailed view of the FSC el enent shown in

Figure 3. Figur &abioshfsasures anhdivasdsdSE ted Riremionwil becoaleaipBadent Det ai | ed
Description 14 the invention is The present invention relates to an

econom cal  shoygfe r}g@g@g '%fe%arﬂgﬁi %e&?ﬁ)ﬁgﬁ' of gl%'ferﬁe%l@dﬁﬁ’mgﬁ@ in RERRESS N9

eqw pnent such as ers

with the accompanying drawings in which like numerals designate like elements

5 and in which:

O

Figure 1 depicts a prior art electrode plate attached to a backing plate using

a circumferential clamp.

Figure 2 depicts a prior art electrode plate attached to a backing plate using

bonding or soldering.

10 Figure 3 shows a cross sectional view of an electrostatic showerhead

electrode apparatus according to the present invention.

Figure 4 shows a detailed view of the ESC element shown in Figure 3.

.

Figure 5 shows a combined ESC element/heater ¢lement.

Detailed Description_of the Invention

15 The present invention relates to an economical showerhead electrode design
for semiconductor processing equipment such as plasma etchers. The showerhead
design can overcome disadvantages of prior art assemblies by providing improved
thermal uniformity in the showerhead electrode, lower cost, and improved process

uniformity. For example, the showerhead design can improve the heat transfer



desi gn can overcone di sadvantages of prior art assenblies by providing
inproved thermal uniformty in the showerhead el ectrode, | ower cost, and
i mproved uniformty: For exanple, the showerhead ; ! n
 prove t O s fer WD 037015133 PCT/ US02/ 24057 08 ACFgiERae3)

bet ween a backing plate and a showerhead el ectrode plate by positioning a
conpliant material between the two interfaces. Under the applicatﬁg?Eﬁﬁmg
conpressive force, the conpliant material confornms to the surface
irregularities of the electrode plate, provides better thermal contact with
t he backing plate, and 5 i nproves the tEnperature unifornity across the

el ectrode. An electrostatic holding apparatus, which conprises the
conpliant material, is used to provide an electrostatic force that draws

the el ect r oderwekaheatkihg plabfeiitied stoweriet cidctiodd PRie tk;a?&;éi ifd gt e. According
to an enbodi nent of the invention , the showerhead 'electrode plate is

o an embodi ment i . . e is
clamp, and RoBPE S BS e i W RS, n B b btk F g piate by

actuation of the electrostatic holding, apparatus. Because the tenperature of
t he shower - BURBICETEE 4TeRIdNG PPN Exieiial sefPEBh i iBe Srriatspisicenipatienole
processed (such as a wafer) can affect the process results indirectly

ei ther by chmndeapde ipdat@rproddss bdieniirermyl amtdey withahgbaukindplagaand 5 density
| ocal |y above the substrate, controlling and nmai ntaini ng adequate

t enperagure nﬂpfsofveg mette/m?{rawuﬁm%?&s ELALERIR. '(?n t@%ﬁ%&s@%&cﬁ&lﬁﬂ gfct or

design. This especl at |y desi I'n narrow gap par a

| at e . . s P .
P apparatus, which comprises the compliant material, is used to provide an

electrostatic force that draws the electrode plate into thermal contact with the
backing plate. According to an embodiment of the invention, the showerhead
electrode plate is brought into initial contact with the backing plate using a

10 mechanical clamp, and is brought into good thermal contact with the backing plate

by actuation of the electrostatic holding apparatus.

Because the temperature of the showerhead electrode that faces a

semiconductor substrate to be processed (such as a wafer) can affect the process

e

results indirectly either by changing the process chemisiry or by changing the gas
15 density locally above the substrate, controlling and maintaining adequate

temperature uniformity on the showerhead electrode is desirable for reactor

design. This is especially desirable in narrow gap (1 to 2 cm) parallel plate

dielectric plasma etch reactors.

Figure 3 shows a cross-sectional view of an electrostatic showerhead
20 electrode assembly 300 according to a preferred embodiment of the present

invention. The apparatus is situated within a process chamber of a semiconductor



dielectric plasma etch reactors. 20 Figure 3 shows a cross-sectional view of
an electrostatic showerhead electrode assenbly 304 according to a preferred
enbodi men present invention. The apparatus is sit i, tdhin a
process B e et or WD 08/ 04ns a5 ey Usos 2t BSplsts" 5 06
-13 wafer processing systemsuch as, for exanple, a parallel plate
dielectric plasma etcher (not shown). The el ectrostatic showerheadl 8 FEB 2006
el ectrode assenbly 300 includes an upper plate 310, such as a water-cool ed
al umi num or stainless steel plate, a tenperature-controlled backing plate
(heat sink plate) 320, such as a high pld-ity 5 silicon carbide backing

pl ate, and an el ectrode plate 350, such as a single crystal silicon

el ectrode plate. Although the electrode plate can be electrically powered,
the upper phalfer [3bCessing syftemahieichy, doeeiahpile a350alinl laddetectrdS slagmced to

el ectrical ground. The backing plate 320 is held agai nst the upper plate by

upper cl anpigfger ﬁ%‘rt SRowih? TG BRRS g&&%é}ﬁaﬁ d108rddR Bgsrem%h@@) R e he

backi ng plate co I'ses ‘10 an electrode recelving surface is

coextensive with the ctrode plate 350. As shown,, the backing plate 320
can be receé‘gé‘ap?rog’lé@g&ﬁné a8 & der-eqoled 3lgppnum g éta@ims ﬁﬁeFerli?Fet%e recess.

The el ectrode plate has an upper contact surface 358a and a | ower surface
358b, whi ch témpexiposechtiailet heckimppletsthedtaitieplate T BR0,cluele by o degh3aditpr ef er abl y
consists of an electrically conductive material 15 such as single-crystal
silicons granhbh Rarbide BdckingQilats 2l HEIONCIBPlAHNB @ Lk B £ KBS RScrystal
C silicon electrode plate. Although the electrode plate can be electrically powered,
the upper plate 310 and the electrode plate 350 are shown referenced to electrical
ground. The backing plate 320 is held against the upper plate by upper clamping
bolts 312, which pass through the upper plate 310. The backing plate comprises
10 an electrode receiving surface 328, which is coextensive with the electrode plate
350. As shown, the backing plate 320 can be recessed to accommodate the

electrode plate 350 within the recess. The electrode plate has an upper contact

surface 358a and a lower surface 358p, which is exposed in the process chamber.

-

The electrode 350 preferably consists of an electrically conductive material
15 such as single crystal silicon, graphite, or silicon carbide having uniform thickness
from the center to the outer edge thereof. Electrodes having nonuniform thickness
and/or comprising different materials, however, can 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-

20 discharge passages 354, which are of a size and distribution suitable for supplying



fromthe center to the outer edge thereof. Electrodes having nonuniform

t hi ckness and/or conprising different materials, however, can al so be used
with the ofle assenbly according to the invention. | red
enbodinen?ﬁbﬁﬁgsgglectrode is a showerhead el ectrode provigggnﬁﬁﬁ%&%
plurality of spaced apart gas 20 di scharge passages 354, which are of a size
and distribution suitable for supplying WO 03/015133 PCT/ US02/ 2405F 8&EFR 2006
process gas that is energized by the electrode to forma plasma in the
reacti on chanmber beneath the electrode. Referring also to Figure 4, the
apparatus further conprises an el ectrostdatic holding apparatus, such as ESC
el enment 330. The ESC el enent 330 conprises a 5 thin, flexible conductive

el enent (metal foil) 336 enbedded between thin |ayer of a conpliant

dielectric apidass %@abtis ehSigiRl &Fand electBddel td fohing AQIRchalinaRe fdasti®l ect r ode
receiving surface 328 of the tracking plate along a contact surface 338a,

the ESC el e I i pposi ng el ectrode support surface 338b. The
cont act sur@%@bﬁﬁge%ﬁﬁﬁgeﬁ@agél ement 330 is bonded to the el ectrode
receiving 10 surface 328 of the backing plate by an adhesive |ayer (not
shown). The cond i ve I t 336..i s _conpect to a DC power supply (not
shown) by el ectr:f{%g?m@gﬁgsﬁﬁ[)m?%g%ig: ﬂwﬁpg?{aﬁ.\sguﬁgg “tor'i“rpdlfa%g'{ %Ctﬁ%ga%cng pl at e
and upper plate via electrical_insulation 318. Under conpression the

conpl i ant dheldseg apraras sucinps B¥arloment 83).she ESE ¢lemeqpA3Qrdomipeisessf t he

el ectrode pl ate aaaaand i nproves heat transfer between the 15 backing plate

and t hesel egiihOflexibleajofdudiie Blutnept aaéta0RA) BIbab&RRdItetwRARNARAerhef d i n
polgl tion agai nst the backing

- a compliant dielectric material 332a, 332b. ESC element 330 is disposed upon the
electrode receiving surface 328 of the backing plate along a contact surface 3384,
the ESC element also having an opposing electrode support surface 338b. The
contact surface 338a of the ESC element 330 is bonded to the electrode receiving

10 surface 328 of the backing plate by an adhesive layer (not shown). The conductive
element 336 is connected to a DC power supply (not shown) by electrical conduits
316, which are fed through the backing plate and upper plate via electrical
insulation 318. Under compression the compliant dielectric material conforms to

- surface irregularities of the electrode plate and improves heat transfer between the

15 backing plate and the electrode plate.

The electrode plate 350 is removably held in position against the backing
plate 320 by any suitable technique such as a mechanical clamp 360. Mechanical
clamp 360 comprises a circumferential clamping ring 362 and a plurality of
circumferentially spaced clamping bolts 364. When engaged, the clamping ring

20 362 engages the circumference of the electrode plate and presses the upper contact



pl ate 320 by any suitable technique such as a nechanical clanp 360.
Mechani cal clanp 360 conprises a conprises a circunferential clanmping ring

362 and aphy of circunferentially spaced clanping b When
engaged, t\ﬁe Sc/ﬁaslrlr%'lyng ring 362 engages the circunference gp”t%ﬁgz%"lo%ctrode

pl ate and presses the upper contact WO 03/015133 PCT/ US02/ 24057 surface
35% of the el ectrode plate against the el ectrode support surface 338kFraf006
ESC el enent 330. The use of a thin conpliant material interposed between the
el ectrode and backlog plate requires sufficient conpressive it force to
cause the Conpliant 5 dielectric materirdl- to conformto the surface
irregularities present across the contact surface 35& of the electrode in
order to provide better heat transfer between the electrode and the bac

pl ate. The camieeHBaud thotReréd Hewabahathe e1§¢mmppb@%hff9@t:@18b%f c{anp.
Accordi ngly, the el ectrode gate 351) is held firm), against the backing

pl ate 320 b B%Iectrostatlc force. El ectrostatlc 14 cl anpi ng bet ween
t he surfaces |s acﬁl eved try enploying a high DC voltage ont thin
conductive el ement 336 enbedded in between the thin |ayers of conpl i ant

dielectric materipal 332 n vo e fro n exter ower supply
is applied to tHe&® 88 CQP’é’wé% %tg%aﬁ&ﬁte@o&ﬂ%gvpg@ﬂpﬁ r@gg gener at ed
between the electrode support surface of the thin conductive el enent and

t he el ect r odecighgpietelBqeBes suffieicnt woipressive eice t6 oause thy eamplidne el ect r ode
plate into intimate contact wish the ESC el enent. Under the

el ectrost at i @&dutiy nlafaHat esl cSfoTh €6 thie \sBrfacrieRgulalifles present across the

I
i

- contact surface 358a of the electrode in order to provide better heat transfer
between the electrode and the backing plate. The compressive force is generated
using an electrostatic clamp. Accordingly, the electrode plate 350 is held firmly
against the backing plate 320 by using an electrostatic force. Electrostatic

10 clamping between the surfaces is achieved by employing a high DC voltage on the
thin conductive element 336 embedded in between the thin layers of compliant
dielectric material 332a, 332b. When voltage from an external power supply is
applied to the electrode element 336 an electrostatic force is generated between the
electrode support surface of the thin conductive element and the electrode plate

15 350. The electrostatic force draws the electrode plate into intimate contact with
the ESC element. Under the electrostatically-induced compressive force, the
compliant dielectric material conforms to surface irregularities in the upper contact
surface 358a of the electrode. The electrode plate and the backing plate will
remain in good thermal contact while the DC voltage is supplied to the ESC

20 element. The electrode plate can be removed from the backing plate by removing

the DC voltage and disengaging mechanical clamp 360.



compliant dielectric material cot, Dans to surf-ace irregularities is the
upper co act surface 35& of the el ectrode. The el ectrode pate and the

backi ng p i remain in good thermal contact while t age is
W el PEnEtathy

supplied w, O elenment. The el ectrode plate can be re romthe
hacki ng plate by renoving the, DC voltage and di sengagi ng nechaniﬁgi ﬁgﬁgp
3(l1. WD 03/015133 PCT/ US02/ 24057 The ESC el enent 33Q can conprise a F
elenent or multiple elenents arranged in any suitable manner. In a
preferred enbodi nent, the ESC el enent 334 conprises a single ESC el enent
arranged such that the upper contact suif-ace 358a of the el ectrode plate,
is coextensive with the el ectrode support surface 338b 5 of ESC el enent 330.
However, the ratio of the area of the el ectrode support sulfate area to tie

area of the upperTHGIRT blefilthf BPcAPbNRRIsE A3l ABmeACK AIRIDY elemEntd. , 14 10O
959% greater than 54% and nore preferably greater than 80% As nuch areal

i gher . conpriieapyb ity SuRaEERbe Rl { B RS BRAR e, o T 1™

conponents. The power supplies and associated circuitry to acconplish these
obj ectives 3&0IcompeisespiipgistESCoelsmeniorsangry suchdhatihe MpPeraontachfurfasst ance,
U S. Patent No. 4,464,223, the subject mater of which is hereby

i ncor por at eB38y of eecslevnode plakd Badoeseasidewah it dléctpmlssipsom phifas 3384
circuitry to supply DC and RF power to an 15 el ectrode of an ESC for

supportizng I .22f\CC i . r fet{:lp I upper plate
310, bag Ki nSOf\pﬁs;q(glbﬁg@aaﬁEgg&g%@nb%@ [g%(g Bleglgé E%ldoec r gggﬁg&a?“gbgﬁo each
conpri se channel s or .
surface area to the area of the upper contact surface can be less than coextensive,
e.g., 10 to 95%, greater than 50%, and more preferably greater than 80%. As
much areal contact between the ESC element and the electrode is desirable to

provide a higher compressive force and better thermal contact between the two

10 components.

The power supplies and associated circuitry to accomplish these objectives
will be apparent to persons skilled in the art. For instance, U.S. Patent No.
4,464,223, the subject matter of which is hereby incorporated by reference,
~ discloses details of power supplies and circuitry to supply DC and RF power to an

15 electrode of an ESC for supporting a workpiece.

According to a preferred embodiment, the upper plate 310, backing plate
320, ESC element 330, and electrode plate 350 each comprise channels or
passages 314, 324, 334, and 354, which permit passage of process gases from a

process gas supply (not shown) to the interior of the reaction chamber 380.

20 In operation, the plasma etching gas which typically may be a mixture of

fluorocarbons and/or fluorohydrocarbons such as CF, and CHF,, and carrier gases



passages -3 i4, 324, 334, and 354, which permt passage of process gases
froma process gas supply (not shown) to the interior of the reaction
chanber 3 l,La operation, the plasma etching gas whic i may be
a nixtureag%m%ﬁﬁggocarbons and/ or fl uorohydrocarbons suchng§¥€¥§ﬁg%z CHF3~
and curlier gases WO 03/015133 PCT/ US02/ 24057 0 8 FEB 2006 -17 such Ar and
N2, is delivered to the gas passages 314 in the upper plate and i€ 8FFp 2006
di spersed within the space between the upper plate and the heat sink plate
320. The gas passes through a series of channels or passages 324, 334, 354
in the backing plate 320, ESC el enent -830, and el ectrode pl ate 350,
respectively. In this 5 way the process gas is evenly dispersed across a
waf er under goi ng processing so as to effect, for exanple, uniformetching
of the waf esuclilAe anddiguis tdelieered errtgas Phsshges ¥ dfig tlabippea ptavnantisi ve f oi |
having a wuniformthickness of from5 to 500 mcrons. The conductive el enent

s prefer ablaipef@aKaliARe sPAENRUVEA hoLbabIAL 8 RARaPAL Bk sgpVever, (he

conductive el gmant 10 may be any suitab Ic or ceramc conductor such
as, for exanple, alunnu copper . titanium tungste bdenum ni ckel ,
ST ver. got chheitas g K SOl OF CRARIR Gl pesstR P byt 8 aphi ¢ ¢
titaniumnitride, titanium alumnumnitride, titanium carbide, or

conbi nat i ondacking ebfe 3200 &ESCoelpmeaini3Odiand elecirods praie SS0akespeniively. almythisui t abl e
electrically insulating 15 material that is conpatible with vacuum

processsng Sk tha prdved pakapbily ispdrsinRrossROVMeiMhktRrgRAg PRt so
pol yet her ket one, pol ysul fone, pol ycarbonate, polystyrene,

:w as to effect, for example, uniform etching of the wafer.

The conductive element 336 is preferably a conductive foil having a
uniform thickness of from 5 to 500 microns. The conductive element is preferably
masked and etched to form an electrode pattern. However, the conductive element

10 may be any suitable metallic or ceramic conductor such as, for example,
aluminum, copper, titanium, tungsten, molybdenum, nickel, silver, gold, iridium,

platinum, ruthenium, ruthenium oxide, graphite, titanium nitride, titanium )

aluminum nitride, titanium carbide, or combinations thereof.

(

The compliant dielectric material can be any suitable electric!ally insulating
15 material that is compatible with vacuulﬁ processing such as RTV, Kapton, silicone,
polyimide, polyketone, polyetherketone, polysulfone, polycarbonate, polystyrene,
nylon, polyvinylchloride, pelypropylene, polyetherketones, polyethersulfone,
polyethylene terephthalate, fluoroethylene propylene copolymers, cellulose,
triacetates, rubber or the like. A preferred material to form the conformal layers
20 comprises polyimide. Polyimid.e is sufficiently resilient to deform slightly under.

the electrostatic clamping pressure and thus provide enhanced heat transfer,



nyl on, pol yvinylchloride, polypropyl ene, polyetherketones, polyethersulfone,
pol yet hyl ene terephthal ate, fluoroethyl ene propyl ene copolyners, cellul ose,
triacet at 03%‘1'99@ or the like. A preferred material to fp%rﬁﬁtoli'ﬁct pnformal

| ayers conprises polyimde. Polyimde is sufficiently resiTién

deform sI ightly under, the electrostatic clanping pressure and thus pr ovi de
enhanced heat transfer. WO 03/015133 PCT/ US02/ 24057 08 FEB 2006 FEB 2006
Pol yi mi de al so provides superior tenperature resistance and excel 1E

dielectric properties. For exanple, polyimde has a high diel ectrl C
breakdown strength, ranging from 3, 006l&o0 3,500 V/mil, which allows use of
a thin layer that maxim zes the electrostatic attractive force. Polyimdes
are also resistant to 5 tenperatures in excess of 100C, and nore preferably

in excess oPoRfde alsal jrovidegsupstionienipeaneleangisthie dad GReélinp lehictice
processes. Preferably, the conformal dielectric material also has a high

?Fe{ " good PHEEE ;?Sﬁﬁé%ﬂeﬁes?%@?ﬁ% o %Wﬂ%ﬁﬁff?@&?{él ﬁf#esit Lﬁd? e Esc
330 0 0. 05,
and st pr EREELREDE S0 oS30 M G Ahidhtige 15 pFEHGE RE i ng 1o a

further enbodi nent of the invention, the ESC el enent can optionally contain

a heater el mhnizpmélbteleonematabWectme fhrleoWPddyithiddsexre niso atdistantitsol at ed from
t he ESC conductive elenent to uniformly heat the el ectrode plate. 15

Referrifng t @rjedatifesIn eRe§OHPI01RE, BREnRIE PRALAPGIh kel 8FROG° 30 is shown.

C allowing use of the clamp for high temperature processes. Preferably, the
conformal dielectric material also has a high thermal conductivity, at least about
(.10 W/m K, so that the electrode plate is in good thermal contact with the
backing plate. The thickness of the ESC element 330 is preferably less than 0.1,
10 more preferably less than 0.05, and most preferably less than or equal to 0.01
inches.
According to a further embodiment of the invention, the ESC element can
optionally contain a heater element positioned above or below and electrically
f isolated from the ESC conductive element to uniformly heat the electrode plate.
15' Referring to Figure 5, a combined ESC element/heater element 530 is shown.
Element 530 comprises a thin conductive element 536 sandwiched between thin
compliant dielectric< layers 532a and 532b. Additionally, the ESC element further
comprises a heater element 538 buried in layer 532b. ESC element 530 and
electrode plate 550 also contains péssages or channels 534 and 554, respectively,
20 for the passage of process gases into the reactor chamber.

Details of a suitable heater electrode pattern are shown in commonly-owned

- U.S. Patent No. 5,880,922 the subject matter of which is hereby incorporated by



El ement 530 conprises a thin conductive el enment 536 sandw ched between thin
conpliant dielectric |layers 532a and 532b. Additionally, the ESC el enent

further a heater elenent 538 buried in |ayer 531263r enent
530 and el ec 0'153% pl ate 550 al so contai ns passages or channéy 5yi‘}é?%‘flle?gand 554,

respectively, 20 for the passage of process gases into the reactor chanber.
Details of a suitable heater el ectrode pattern are shown in conmmonl0yd Eai8eh
U.S. Patent No. 5,880,922 the subject matter of which is hereby incorporated
by WO O3/ 01133 PCT/ US02/ 24057 0 8 F E B 2006 -19 L. reference. If desired,
the heater el ectrode can conprise a sptl9al coil divided into nore than one
heat er zone. For instance, one of the heaters can conprise an inner group
of turns while the other heater can conprise an outer group of turns. The

conbi ned EStefedeate nif/desiadde thecheape Rlecadte b ise@ gpival osintividedastot he
electrode 5 plate to a desired tenperature and/or conpensate for non-uniform

heat di stri Biukd Gn RETHERS: 1046, HAGAGANE, Pbinded0d Bh REERALIG inhBe

conpliant die rayers distri er “and t hereby
provide for indirect resistive heating of the electrode plate. Preferably,
the resisti %@“ﬁéﬁt‘?% w@qﬂgﬁ%en@ﬂl%hﬁ%qrﬁg CRIBFistat OUt%&&S’é‘Ptq{é'%mﬁs T8¢ zed to
correspond to the size of the electrode plate to provide a heat 10 flux that
i s rel ati vetymbined &SA denasfeitoeclbmekisiaticheafsed enforntly hde td elegrodEhe

t hi ckness of the conbined ESC el enent/ heater element is preferably from

0.005 tg Ogﬁ%e‘ito' DEARR tehipRrdiBR) Akl ot olpRhdafOrc? BRRifol A HRAGREEbERL ¥

connected t heat er

(:-' across the electrode plate during processing. The compliant dielectric layers
distribute the heat from the heater and thereby provide for indirect resistive heating
of the electrode plate. Preferably, the resistive heating element comprises a planar
shape that is sized to correspond to the size of the electrode plate to provide a heat

10 flux that is relatively uniform across the backside of the electrode plate. The
thickness of the combined ESC element/heater element is preferably from 0.005 to
0.015 inches. The resistive heating element is electrically connected to a heater
power supply (not shown) to power the heater.

L The electrostatic clamping element of the invention can be manufactured in

15 various ways, All of the dielectric compliant layers with metal clamping
elecirodes and/or heater electrodes can be bonded together simultaneously, for
example, by isostatically pressing together a pre-assembled stack of the component
layers. Another method includes forming a laminate of a compliant dielectric
layer and a conductive layer, patterning and etching an electrode pattern on the

20 conductive layer, adhering a second dielectric layer to the electrode pattern to form

an electrostatic clamping element, and laminating the electrostatic clamping

element to an electrode receiving surface of a backing plate.



power supply (not shown) to power the heater. The el ectrostatic cl arrpi ng
el enrent of the invention can be manufactured in 15 various ways. of the

dielectrig c | ayers with nmetal clanping electrod / eater
R, oo Aigy

el ectrode¥ bonded toget her sinultaneously, for

isostatically pressing together a pre-assenbl ed stack of t he conponent

| ayers. Another nethod includes formng a |am nate of a conpliant )@ifFRe0i6ri c
| ayer and a conductive |layer, patterning and etching an el ectrode pattern on
the 20 conductive layer, adhering a second dielectric |ayer to the el ectrode
pattern to form an electrostatic clan@lng el enent, and | ami nating the

el ectrostatic clanping elenent to an el ectrode receiving surface of a
backi ng plate. WO 03/015133 PCT/ US02/ 24057 08 FEB 2006 -20 The conductive

el enent can be prTaycaRtici déRbachanibe peeviddd ablickieR! conlianBihkefsWyt abl e
process. For instance, electrically conductive paste such as tungsten can

conduct i ve. SoaaapS AGEs claP BbAE] AR KAMARVE IR Bo b bR oY i de

the 5 desired pattern of clanping el ectrodes, or heater electrodes. In the
case of confAfchd Yk wresnethin desiped patteses amgolyupide sheety aAiterativeli, BSnpri se
alternating rings having a height perpendicular to the plane of the

di el ectri c sheiattivf elemOfQfyer oanbs depaited sudsubseqichy eiched teprphRieehef t he
dielectric sheet of about 10 mm and the rings can be separated by gaps of

about 055 "H%sm]:@ ggﬁgm%f%%ﬁp%é Blebtfodel BURELE LGRS, H wNGsd Hpention

advant ageous

C conductive element layers 336 and 536, the pattern can comprise alternating rings
having a height perpendicular to the plane of the dielectric sheet of 0.0008 inches,
a width parallel to the plane of the dielectric sheet of about 10 mum, and the rings
can be separated by gaps of about 0.5 mm,
10 The electrostatic clamping element of the invention advantageously reduces
the consumable cost for the upper electrode plate by allowing the electrode plate .
and the backing plate to be maintained as separable parts. In addition, the
electrostatic clamping element of the invention provides good heat transfer
. between the electrode plate and backing plate, and thus provides for good
15 temperature uniformity across the upper electrode plate during processing.
Furthermore, the electrostatic clamping element of the invention maintains a good
RF ground for the upper electrode.
The apparatus according to the invention is useful for wafer processing
such as plasma etching, deposition, etc., in multiple or single wafer processing.

20 For instance, the apparatus can be used for etching or depositing BPSG, oxides

such as thermal silicon dioxide, or pyrolytic oxides and photoresist materials.



t he consumabl e cost for the upper electrode plate by allow ng the el ectrode
plate and the backing plate to be maintained as separable parts. In
addition, the electrostatic clanping elenent of the invention provides good
heat tran?B%&Oﬁgg§meen the el ectrode plate and backi ng pl §-§/s35shekhus

provi des for good 15 tenperature uniformty across the upper electrode plate
during processing. Furthernore, the electrostatic clanping el enment of the

i nvention maintains a good RF ground for the upper el ectrode. Thé Fappitat us
according to the invention is useful for wafer processing such as plasna
etching, deposition, etc., in nultiple or single wafer processing. 20 For

i nstance, the apparatus can be used foRletching or depositing BPSG oxides
such as thermal silicon dioxide, or pyrolytic oxides and photoresi st
materials. WO 031015133 PCT/ US02/ 24057 08 FEB 2006 -21 The foregoi ng has
descri bed the prThetqtgsing hasafeserited thebrideipep! prefonckd oitsteidmerits aper at i on of
the present invention. However, the invention should not be construed as

being limt ti ﬁﬂhﬁg' t i
above-descr?%ggggﬁﬂggﬁ%@ﬁ#g%gﬁga emggga§833§§§%ﬁf@ﬁ?%gﬁﬁ?Sﬁﬁﬁg?her than 5
restrictive, and it _ shouyl d_ be reciated that variations may. be nade in
those enbolfi HERITECHFS Rﬁ?&@m&eiﬁme@aﬂmﬁrw@mw& %‘Eﬂss%pimﬁa A% from the

scope of the present invention as defined by the follow ng clains. 08 FEB
2006 22 above-described embodiments should be regarded as illustrative rather than

5 restrictive, and it should be appreciated that variations may be made in those
C embodiments by workers skilled in the art without departing from the scope of the

present invention as defined by the following claims.

«



VWHAT IS CLAIMED I S: 1. An apparatus for retaining an electrode plate in a
pl asma reaction chanber, conprising: a top plate; a backing plate attached
to the top plate; an electrostatic hol di ng apparatus di sposed upon an

el ectrode plate receiving surface of the backing plate, the el dt FidEd8ic
hol di ng apparatus havi ng an el ectrodezpl ate support surface; and an

el ectrode plate having a | ower surface facing a substrate to be processed
and an upper contact surface, the electrostatic hol ding apparatus being

operabl e to conpress the upper contact surface against the electrode plate
receﬂﬁﬂﬂ&!ﬁﬂﬂéﬁiﬂﬂ@ﬁiThe apparatus of claimi, further conprising a
mechani cal cl anpi ng nmenber engaging the outer periphery of the el ectrode
and pressinb tAeapgppans foondtacingsureleatedagatens & ptakma edagtdon olthenbk abmprisingpor t
surface. 3. The apparatus of claim1, wherein the electrostatic hol ding
appar at us conprise? a first dielectric layer, a conductive |ayer disposed
bel ow sai d fir&Pd'¥Fectric |ayer, and a second dielectric |ayer disposed
bel ow sai d conductive layer, the first and second dielectric |ayers

conprising a g%ﬂgh%qntegﬁ&ﬁéaﬁymeg%)&gg;apparatus of claim3, wherein the
[

first and secon I'ectric layers conprise silicone or polyimde. 5. The

apparatus of claim3, wherein the conductive |ayer conprises al um num

copper, titanirktectiodtags heklingappyfade risposdiiupiotlan efdctrugds plagabebiving sudtfaoenf
titani um

platinum, ruthenium rutheniu i de, raphite, titaniumnitride, ti
51 umi nute hrekinecrlate.the slepteaiasisholdiie snsardis v ingeh sl P HE PR uPRN PiEICTe08 23
an electrode plate having a lower surface facing a substrate to be processed and an upper
contact surface, the electrostatic holding apparatus being operable to compress the upper contact

surface against the electrode plate receiving surface.

2. The apparatus of claim 1, further comprising a mechanical clamping member engaging
the outer periphery of the electrode and pressing the upper contact surface against the electrode plate

support surface.

3. The apparatus of claim 1, wherein the electrostatic holding apparatus comprises a first
dielectric layer, a conductive layer disposed below said first dielectric layer, and a second dielectric
layer disposed below said conductive layer, the first and second dielectric layers comprising a

compliant material.

4. The apparatus of claim 3, wherein the first and second dielectric layers comprise silicone

or polyimide.

5. The apparatus of claim 3, wherein the conductive layer comprises aluminum, copper,
titanium, tungsten, molybdenum, nickel, silver, gold, inndium, platinum, ruthenium, ruthemum oxide,

graphite, titanium nitride, titanium aluminum nitride, titanium carbide, or combinations thereof.



6. The apparatus of claim3, further conprising at |east one process gas
port extending through the first dielectric |ayer, the conductive | ayer,
and the second dielectric layer. 7. The apparatus of claim1, wherein the

el ectrostatic hol ding apparatus has a thickness of 0.005 to 0.015 b Richhd8G

8. The apparatus of claim1, wherein the electrostatic hol ding apparatus has
a bipolar or nmultipolar design. 9. TR® apparatus of claim1, wherein the

el ectrostatic hol ding apparatus further conprises a resistive heating

el ement. 10. The apparatus of claim1l1l, wherein the el ectrode plate conprises

a shower head el ectraod .t he .backi n . ate and el ectrostatic hol.di ng

appar at us i g'cl Egga%{arq?%sa%{%?%ﬁ'g ’ B@@‘é%oég%fgéngpagﬁm RIS i RO S BEHEs  gas
can be qughitedhitaditibariplasithd @adlitiR 18RaAAAE the skdondldiieapipddyat us of claim
1, wherein the electrode plate conprises single crystal silicon, graphite,

or silicon carbide. 12. The apparatus of claim1l, wherein the electrostatic
hol di ng appgratys is in contact wth at |east 80 %of the total, K surfac
area of the -uprE? IRRGRCY! iy lapidereyine glefipsiRite c('aggewt%asa aEIRsH fbad
el ect r ogleoasIentd Mcts @ pl asma reacti on chanber, conprising: attaching an
upper surface of a backing plate to a top plate; attaching a bottom surface
of the backing plate to an electrostatic hol ding apparatus by bondi ng an

upper surface of the electrostatic holdi a ratus to the | ower surface of
tﬁg backi ngs. pifg@ @l?pa@aguq;(gglg@desw@grein theeetg:tros%ﬁ% holcﬂng apparatus has a bipolar or

multipolar design.

9. The apparatus of claim 1, wherein the electrostatic holding apparatus further comprises a

resistive heating element,

10. The apparatus of claim 1, wherein the electrode plate comprises a showerhead electrode
and the backing plate and electrostatic holding apparatus include at least one process gas port

through which process gas can be supplied to the plasma reaction chamber.

11. The apparatus of claim 1, wherein the electrode plate comprises single crystal silicon,

graphite, or silicon carbide.

12. The apparatus of claim 1, wherein the electrostatic holding apparatus is in contact with at

least 80 % of the total surface area of the upper contact surface.

13. A method of assembling a showerhead electrode assembly of a plasma reaction chamber,

comprising:

attaching an upper surface of a backing plate to a top plate;

attaching a bottom surface of the backing plate to an electrostatic holding apparatus by
bonding an upper surface of the electrostatic holding apparatus to the lower surface of the backing

plate;



positioning a showerhead el ectrode havi ng upper and | ower surfaces such that
the upper surface faces the |ower surface of the electrostatic hol ding
appar at us; engagi ng a mechani cal cl anpi ng menber with the outer periphery of
the showerhead electrode and pressing an outer portion of the upde$ Feprfigce
of the showerhead el ectrode against an outer portion of the |ower surface
of the electrostatic hol ding apparatu84 and applying a voltage to the

el ectrostatic holding apparatus so as to electrostatically attract an inner
portion of the upper surface of the showerhead el ectrode to an inner portion
of the lower surface of the electrostatic hol ding apparatus. 14, The net hod
of claim 13, wAeTEIH"E hehayehsadsiacapichayanenmg: %rﬁglawaf tefesemiyeh dwgthg upperst

conpl i apkpdl BLAGHE |dwdr QYiBlce oRtHe UM UBLthYERd1BNE hplirsR@sed bel ow said first
conpliant dielectric |ayer, and a second coonlant dielectric |ayer

di sposed bel ow said conductive |ayer, said second conpliant dielectric
| ayer conf or m aggagmgtaheednapenl dampiag eneotbet Wweh steonsgripedghey ef thechewerhiéad The
met hod

f claim 13, wherein the backin | at.e, el.ectrostatic holdin
et flectogiahd st e G baiter BRe Pied HHEs of PESbh e felt saflestap,
suppl yi §@effRGHSSF tBAR wWeP sit iR e BF B8 WRectrb fAFI H Mg BRFIRALs; 24§ The nethod of
claim 13, wherein the electrostatic hol di ng apparatus further conprises a

resistive heating el ement heating the showerhead el ectrode. 17. The net hod
of claim 13, wheplging atveiagedoitle déctwoiatiabeldmgeppiretvasens tordeasiosioticadlytatitact
hol di ng, appar at us t he shower head, el ectrode i t_least 80% . .A nmet hod
of pr ocBoBRER AT MG PO MR B SR L Ga B B o BRIV  ng
a top qirAteofthe tlebptAlcWotlif®Mfadnhsed backing plate attached to the top

pl ate, electrostatic holding apparatus attached to the backing plate and

shower head el ectrode, conprising: transferring a sem conductor substrate

into the pl 2 MnE 52 toidoor} c%ri]r% qg?{vflerein the electrostatic holding apparatus comprises a first
compliant dielectric layer, a conductive layer disposed below said first complhant dielectric layer,
and a second compliant dielectric layer disposed below said conductive layer, said second compliant

dielectric layer conforming to the upper surface of the showerhead electrode.

15. The method of claim 13, wherein the backing plate, electrostatic holding apparatus, and
showerhead electrode include at least one process gas port supplying process gas to the plasma

reaction chamber.

16. The method of claim 13, wherein the electrostatic holding apparatus further comprises a

resistive heating element heating the showerhead electrode.

17. The method of claim 13, wherein the ratio of contact area between the electrostatic

holding apparatus and the showerhead electrode is at least 80%.

18. A method of processing a semiconductor substrate in a plasma reaction chamber having a
top plate, a temperature controlled backing plate attached to the top plate, electrostatic holding

apparatus attached to the backing plate and showerhead electrode, comprising;

transferring a semiconductor substrate into the plasma reaction chamber,



0 8 FEB 2006 25 supplying process gas to the plasma reaction chanber through
t he showerhead el ectrode; and applying voltage to the electrostatic hol ding
apparatus which electrostatically clanps the showerhead electroﬁgikg @Ee
tenperature controll ed backing plate. 19. The nethod of claim 18} 2 n
the nethod includes etching a | ayer of5material on the sem conductor
substrate. 20. The nmethod of claim 18, wherein the nmethod includes etching
of a silicon dioxide |ayer on the sem conductor substrate. 21. The net hod
of claim 18, wherein the nethod includes depositing a | ayer of material on
t he sem conductugPlysigoeess gas tpzhe glaemansasig chamberghipugg thagheweihgad ¢ectredehod
i ncl udgg supplying electrical power to a resistive heating element in the
el ectrostatic hol ding apparatus so as to heat the showerhead el ectrode.

applying voltage to the electrostatic holding apparatus which electrostatically clamps the

showerhead electrode to the temperature controlled backing plate.

19. The method of claim 18, wherein the method includes etching a layer of matenial on the

semiconductor substrate.

20. The method of claim 18, wherein the method includes etching of a silicon dioxide layer

on the semiconductor substrate.

21. The method of claim 18, wherein the method includes depositing a layer of material on

the semiconductor substrate.

22. The method of claim 18, wherein the method includes supplying electrical power to a
resistive heating element in the electrostatic holding apparatus so as to heat the showerhead

electrode.



