WO 03/ 015133 PCT/ US02/ 24057 -1 SHONERHEAD ELECTRODE DESI GN FOR

SEM CONDUCTOR PROCESSI NG REACTOR Field of the Invention This application
cl ai rs prworoswysiender 35 U. S.C. 119 and/or 365 to 5 Provipsirarsat/24057
Application No. 60/311,048, filed in the United States on August 8, 2001;
the entire content of which is hereby incorporated by reference. The
present invention relates to a showerhead el ectrode assenbly for inproved
thermal uniformty in a sem conductor processing reactor. Specifically,
the invention relates to an electrode plate renovably clanped to a backing
plate or heat sink 10 plate using a conpliant, thernally conductive

el ectrostatic clanp. The invention also relates to a nethod of processing
a sem conduct or substrate such as a wafer wth the showerhead el ectrode

assenbly. Background of SHOWHRHEADNELEGHRODEPESIGNg chanbers are

general ly used for %lf’ﬂl tchi ng of

mat eri al s on subst raifq6 su yi #g%i?o éhgggé\@‘?‘mlgcuum chanber and
application of an RF fiel d to the gas. For exanple, parallel plate,
transformer coupl ed plasma (TCPTM also called I1CP), and el ectron-

cyclotron r lor eact ors are disclosed in comonl y-owned U. S.
Pat ent = Nos. 4, 340, 462; 4,948, 458; and 5, 200, 232. During processing, the

substrates are 20 T84 Qppheatmna@ﬁnwrmmy uhéer\33cy W1 c b@nteindyt seshist rat e
hol ders. Conventi onal
5 Provisional Application No. 60/311,048, filed in the United States on August 8,
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.

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



WO 03/ 015133 PCT/ US02/ 24057 -2 substrate hol ders include nmechanical clanps
and el ectrostatic clanps (ESC), which clanp a wafer to a pedestal during
processi o o3loesipedest al may form both an el ectrode and &Cham02/3408K.
Exanpl es of nechani cal clanps 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 an

el ectrode can supply radi ofrequency (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 attractive force

bet ween the substrate and the clanp. A voltage is 10 applied to one or

nore el ectrodes | e ESC.so as to_induce ogpposite palarity charges in the
substrate aﬂﬁsgﬁtsglpi%a%'@glj@e Preshamiqal glapmps and glegppyatic damps (BRG), pileh ¢ he

substrate against the pedestal, thereby retaining the substrate. In a
nmonopol ar desingra, waflee tcESEEdestripduréeespranessing ¢ tThededestal wiayk formdetiaad a
di el ectric between them In the normal node of operation for a nonopol ar

ESC 15 t hegledipsder0de Hehit SRONERAAHIS Bf HABLAEGREIMHs RRY Bsef su@stP%epow _
supply. The workpiece is connected through the plasma to ground. Under this

t i 2 | t I i th
or kpi ece. TS BT BERLRA Sy b GpRhy R BRI TR ROy b Bb 09, £8RbE ati on
the ESC can cl an}7) the workpi ece absent a 20 plasma; a second pole of the
ESC provi dedid ha’t.ddappd H’a‘Bhﬁ- Prpang Noo 953Gu3 46t | Sbstrate holders in the form of

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 -3 uses both the positive and negative
potential of the DC power supply to electrostatically clanp the workpiece.
A tripol awomS@iIzuant ai ns three poles. The inner two pol es &Ca/tson240ar to the
bi pol ar configuration, and are used to clanp the workpi ece. The outer pole
can be 5 used as either a plasma shield or a workpiece bias pickup point.
U S. Patent No. 5,572,398 discloses a tri-polar electrostatic clanp using
separate positive and negative el ectrodes housed on a non-pol ari zed base.
Multi-pole ESC s use either AC or DC that is phased to each pole of the

el ectrode. The phasing of the voltage applied to the electrode pernits
rapid 10 cl anping and rel ease. The supply and control circuitry required
for a nulti-pole type of ESC is nore conplicated than for the nonopole,

bi pol ar or W*FB@@dPePQ%HYqﬁ%#%%@@ﬁﬁ““WH@lﬁﬁﬂ@ﬂ3gdpé@ééﬁﬂibUWat|on is used
to mnimze charge build up on the workpiece and al so hel ps reduce

de- cl anpi neelegsstasicallihelammpttee ivatkpicaad processes used in processing a

sem conductor substrate 15 such as a wafer are extrenely tenperature
sensitive. Excessive tenperature fluctuations in the substrate may

conpr oni se syst eMtfipolap ES@n@atadsdhicB @oless thieiinger tHoqRdstare sintlar e
sem conduct or device. Thus, in order to adequately control the tenperature

e T T T R e Sy

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

negative electrodes housed on a non-polarized base.

Multi-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 multi—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, gdod thermal contact between the substrate and the

substrate holder is desired.



-4 To facilitate heat transfer between the substrate and substrate hol der,
a very large electrostatic or physical force is comonly used in an
attenpt twowmawsd3z he greatest anount of wafer surface toPpghyEsOTai05y
contact a support surface of the substrate holder. Due to surface
roughness of both the substrate and the holder, 5 however, when the two
surfaces are pressed agai nst each other only point contacts are
established; i.e., small interstitial spaces (voids) constitute the
majority of the interface. Under |ow p %essure processing conditions, this
interface is evacuated 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 uniformty

across the subst T%lifaéﬂ&éﬁelh%t %%E@@F‘Yﬁ@n theawbﬁtﬁ%fﬁ @nd iiptratenkaldar a very

conductivity gas such as heliumis punped into the interstitial spaces
formed bet waege dliéwrosiatis or physicad dorctés comppaily usad fncaneattedipt $o bermé thet r ansf er
gas acts as a nore efficient thermal transfer medi um between the substrate

and the subsich@icmithfsr whiAdulrhe tﬁﬁa‘ﬁgéi@&ll {coh3et @gg@ml&rﬁeyﬁf freC devi ces

are designed to mnimze escape of ans Into the surroundi ng
| ow pressure.at ere the reactiog The rt surface
in such a dWFEgoigﬁeﬁaPéleéo é'lhif?:“t?ntf’%elg‘r‘? %\ﬂ) ﬁhﬁ%ﬁ B%tfarﬁ’ Hﬂ%ﬂﬁgp QC? I'di anet er

that is approximtely equal to the dianmeter of the wafer and a flex circuit

coveriny t hbowgysporhensthe teie suidices laee prgsied hgaing cpeltiedernbnly Tieéntfcoamctsi r cui t
is usually 20 a conductive material encased in a flexible dielectric

material . The «capidhed; V&, simll ehtbititiAlSpiab (®idg GohQithiethe hRriy ectheost ati c
el ectrode. The dielectric nateri al
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

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 usually

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

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



WO 03/ 015133 PCT/ US02/ 24057 -5 insul ates the conductive material from

ot her conductive conponents and al so acts as a gasket. Once the wafer is
cl anped, woga®1iByht seal is created between the wafer amdTiuse2/24081 As
such, heat transfer gas |eakage frombeneath the wafer at the rimis

m nimzed. An electrostatic substrate holder conprising a lip seal for 5

cl anpi ng substrates is disclosed in conmmonly-owned U. S. Patent No.
5,805,408. Electrostatic substrate holders conprising flex circuits are
disclosed in U S. Patent Nos. 6,278,600 and 6,033,478. As described above,
adequate wafer tenperature control can be obtained through backsi de He gas
pressure and el ectrostatic cl arrpi ng techniques. In 10 addition to substrate
t enper at ur e, control however, m%erature control of all react or
surfaces t h&pulagsihe q%ﬂ%ﬁf%tﬂ% O QEIET GRNYEeORORERES §f1$ #15p&CHesi rabl e
for process repeatability and uniformty. Various upper el ectrode heating
and cool i ngp degskegnsOhavbe aten islelmipegexgaighasel edraged betsveem the

sem conductor processing apparatus, for exanple parallel plate dielectric

etchers. A y&RehAPhelsnCNANMRBH, KATRANGEL ga@fié’dk'age ORI RYesth RIRafahrr e
uniformty is disclosed in commnly owned U. S’ Patent No. 6,123,775. As

shown schematically.i.n.Figure .l ri art designs..t he

ol ect r ode. ppartn i duCe el Bl SeRlontRR i S si nk
plate 110 via a backing ring 120. The el ectrode 150 is pl anar di sk

havi ng Suni f dampingi sekyiessss ip diselosad iweameponly-owage U helatertt. NorrfeS%ﬁ%r ature of
the heat sink plate is naintained

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
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.



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

pl ate. WO 03/015133 PCT/ US02/ 24057 -6 The heat sink plate is furnished
with a prwoaessiyias feed 134 for supplying gas to the pro®esgsSotiaober. The
gas then is dispersed through a plenum 140 and passes through gas

di spersion holes (not shown) in the electrode to evenly disperse the
process gas into the reaction chanber. According to this design, nost of
the 5 thernmal contact between the el ectrode 150 and the heat sink plate 110
is established at the periphery of the.electrode where force froma

peri pheral mechanical clanp 160 is directly applied. The advantage of this
technique is that the electrode plate, which is a consumable part, is

separabl e f{,on}ét he, heat sipk plate. The di sadvant a?fg however, is that the
limted perfihBsassinkglatgds foppishedanith eroaesscasdaed 13ofos sapmeiag 2as #k pl at e
results in large center-to-edge tenperature non-uniformty in the

el ectrode. ths psouzsschambier gdihe g3s thehds disparsed- theowtigeplemnpand@und passes
non-uniformty problemof limted thermal contact has been addressed in

desi gns t hagrsia 5%15 d_??@f‘sﬁd?ﬂhd?é 78 ﬁl%gln? iPthe R tdke RPF\;E?% Hﬁﬁpe%@t?l@d to the

mai n el ectrode 2 e 15 el ectrode plate/backing p assenbly are held

in contact with heat  si.nk plate.21 using.cl i.ng bolts 26 As in the
previ ous exANprE 534 Hio Fben’i?g?tw}%m ‘Ff-tﬁ‘é"(ﬁ%%%g@?%ge%‘éﬂaoiﬁ?gﬁes mai nt ai ned
by circulating a heated or cooled liquid through channels 214 within the
pl at e. SThe theEpalsoptachbeiveen de glesgodeutH) siledie heatsink plasclddds esjalisheded 234

for supplying gas to the process chanber. The gas is distributed
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
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



20 through one or nore horizontally spaced, apart plenuns 240 and passes

t hrough gas dispersion holes 254 in the backing plate and in the el ectrode
(not showwp 03013483 03/ 015133 PCT/ US02/ 24057 -7 evenly di spergasSor/h®spr ocess
gas into the reaction chanber. Because the whole assenbly (electrode plate
250 and backing plate 220) becone a consumabl e part, however, such an
approach is expensive to inplenent. An electrode clanping assenbly wherein
the el ectrode is nechanically and renovably attached to the 5 backing plate
is disclosed in commonly-owned U.S. Patent No. 5,569,356. Accordingly,
there is a need for an econom cal el ectrode design that provides inproved
thermal uniformty. Summary of the Invention The present invention provides
an el ectrode arrangenment that inproves the 10 heat transfer between a
backi ng pl af&rRheIsRETS Pieess Sy ika the deacHpm champher. Recpusedhe WEol conpl i ant
material between the two interfaces. The conpliant material conforns to

t he sur f aceassemblyuekcirbdeplatef 2 30hmndtbackiap piaté 22))shecdae aoanmnabiy part,des

better thermal contact. The showerhead el ectrode includes an electrostatic

chuck t hat r b . '
u hieLs! sicMmROBRARS LhERTR onpiaRin DABRlYdRG ARy

conpressive force between the el eCtrostati

According to one aspect of the invention he .apparat.us fqr .retaining an
el ectrode pF%fFIélg]ian erg’élr#%?: 8’:‘?8“83'160%5 I’b?ch%%#y@déﬁ%ﬁ%%ly (?Hﬁ%ﬁ%%glea backi ng
plate having an electrode plate receiving surface, an electrostatic

hol di ng® apphfckingsplate is disclosed in commonly-owned U.S. Patent No. 5,569,356.

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
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



di sposed upon the el ectrode plate receiving surface, the electrostatic
hol di ng 20 apparatus having an el ectrode plate support surface; an

el ect r odewploawesibavi ng a WO 03/ 015133 PCT/ US02/ 24057 -8 Ipemarsozedoface
facing a sem conductor substrate to 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 contact surface against the el ectrode
pl ate support surface. 5 The el ectrostatic hol di ng apparatus of the
invention can conprise a first dielectgic layer, a conductive |ayer

di sposed below the first dielectric layer, and a second dielectric |ayer
di sposed bel ow the conductive layer. The first dielectric layer, the
conductive Iayer and the second dielectric |layer can conprise at |east

one processlQyEs spifaqe faging psernopdugtarsubstrate (pRIDENsessAd agd an 8BRS ¢ | ayer s
conprise a 10 conpliant material such as, for exanple, silicone or

pol yi m de. dhmactemdaet amba mmharicaofclatrﬂmn@membemaigaging thobdienperggleay at us can
conpri se alum num copper, titanium tungsten, nolybdenum nickel, silver,

gold, iridi Hmhel?:hé%hb&'é’éﬂ u%fekglﬁgeﬁﬂgqiﬁpef égnlf‘i%f'.blﬂfﬂce)égﬁgtst tHE @I}Efrﬁge %l'élﬂet ani um

n|tr|de titaniumalumn titani um car or co ations
t hereof. 15 The eI ectrostatic hol ding apparatus can have a thickness of
0.005 to 0. PROrY Efc and can have a bipolar or multipolar design.

Preferably, the electrostatic holding apparatus can further conprise a

heatingsnel ement to provide resistive heating of the electrode plate.
Accordihg to a prBf BlepEestati iR APPArRtHE O ﬂ’éd’@‘f‘%‘ﬂ@n can comprise a first

dielectric layer, a conductive layer disposed below the first dielectric layer, and a
second dielectric layer disposed below the conductive layer. The fifst dielectric
layer, the conductive layer, and the second dielectric layer can comprise at least
one process gas pbrt. 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,

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 showerhead electrode and the backing plate and electrostatic

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

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



pl ate can conprise a showerhead el ectrode and the backing plate and

el ectrostatic 20 hol di ng apparatus can include at |east one process gas
port for wOpployiley a process gas to the plasma reacti on elarnisez/240%he

el ectrode plate can conprise single WD 03/015133 PCT/ US02/ 24057 -9 crystal
silicon, graphite, or silicon carbide. Preferably, the ratio of the area of
the electrostatic holding apparatus to the area of the upper contact
surface is greater than 80 % . The invention also relates to a nmethod of
assenbling a showerhead 5 el ectrode asz&rrbly of a plasma reaction chanber.
The met hod i ncludes arranging a backing plate having an el ectrode plate
recei ving surface, and an el ectrostatic holding apparatus with an upper
surface adhesively attached to _the electrode plate receiving surface, the
el ectrost at ¥ Stﬁ]oﬁlé?‘-ﬁ’g SEFHAE QT LG GapRjdey n Peaferablye e 8tia oé thesaiphoh thesur f ace
opposite the upper surface. The nethod further includes arranging 10 a
shower head dbamnitstatidéofiling eppasanisng the heaer tsuufpee eoftastisogfac is gnéaceanduct or
substrate to be processed and an upper contact surface such that the upper
contact suhhReeyf aces the el ectrode plate support surface; engaging a
mechani cal clanping nenber with the outer periphery of the showerhead

el ectrode plate and pressing the upper contact surface against the

el ectrode plate HHPROLIGHALALR:B% ABRALY bPRochifh Y hbARRcAL Lhe

el ectrostatic ho ng appar at us ros Irca he shower head

el ectrqde plate to the el ectyode plate support surface, According to a
pref er Ped nBtHode i 8§f‘ Piﬁ‘é‘i‘éf&&tlﬂ%ﬂéﬁ geraprli’]?rf&?fﬁ%d Higides arranging

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 faciilg 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 periphery of the showerhead electrode plate and pressing
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



conprise a first conpliant dielectric |ayer, a conductive |ayer disposed
below the first conpliant dielectric |layer, and a second conpli ant

di el ect riwoloapes13sli sposed 20 bel ow t he conductive | ayer, pPChaisepemsd
conpliant dielectric |ayer having an el ectrode plate support surface such
that the el ectrode plate support surface WO 03/015133 PCT/ US02/ 24057 -10
confornms to the upper contact surface when the showerhead el ectrode plate
is electrostatically attracted to the el ectrode plate support surface. The
process also includes arranging the b?gklng pl ate, electrostatic hol ding
apparatus, and showerhead el ectrode pfate so as to include at |east one
process gas port for 5 supplying a process gas to the plasna reaction
chanber . Accordlng to a preferred process, the electrostatic holding

appar at us cRTarmstpdhe wRnep coRiactSurface: Wiks e sheskerheadelstprdedate issi st i ve
heati ng of the showerhead el ectrode plate. The invention also provides a
net hod of prletessiticgdlyeatiaced andy eleofrodesplbetsuppert sudiveasTia goegt elswafer in a
pl asma reaction chanmber. The nethod 10 includes transferring a

seni Conductﬁau&égba%}ar b BRI PRI SRS GARL Ao NpRSES oiBlPP! ying a

process gas to react cha er; app a voltage to an
el ectrostati.c h aratus to el trostaticall attract .an el ectrode
%gtrﬁ idera

plate to arlShOE’F PRS0 R & fme Stcﬂﬂeimﬁgeﬁf SELRUF Y of the

substrate; and suppl ying electrical power to the el ectrode causing the
process gassupplyirtg aprocpisaganto fherplasBapeatioaghagben Appudingue facefeuedt he
substrate. The nethod can be used to etch a |ayer of material on the
substrate, sdedishe dletirbsta@Nheltimsiaffarh@y e4n fukhRr ¥BinPeee § Abating 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.



al so be used to deposit a layer of material on the substrate. The net hod
can also include supplying electrical power to the electrostatic hol di ng
appar at uswb®3kesas3 t he el ectrode plate during processi ng @®@CTUSe2/3055t r at e.
WO 03/ 015133 PCT/ US02/ 24057 -11- Brief Description of the Draw ngs Various
features and advantages of the invention will becone apparent fromthe
follow ng detailed description of preferred enbodinents in connection wth
t he acconpanying drawi ngs in which |like nunmerals designate |ike elements 5
and in which: Figure 1 depicts a prior irt el ectrode plate attached to a
backing plate using a circunferential "clanp. Figure 2 depicts a prior art
el ectrode plate attached to a backing plate using bonding or soldering. 10
Figure 3 shows a Cross sectlonal view of an el ectrostatic showerhead

el ectrode oBuskBesckiption of dhe, Drawingse present invention. Figure 4 shows a
detail ed view of the ESC el enent shown in Figure 3. Figure 5 shows a

conbi ned ESC el enment/ heater el enent. Detailed Descrjption of the Invention
15 The present i Yarawsiteriuresiad advanigan obte irensan Wil GeeqAR apDasstéct r ode
design for sem conductor processing equi pment such as plasnma etchers. The
shower head fré@sh@liodinOu&siltd deschigavaEprefgasd embpdin®htsintcoasstioh! | es by
provi di ng i nproved

with the accompanying drawings in which like numerals designate like elements

5 and in which:

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 element.

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



thermal uniformty in the showerhead el ectrode, |ower cost, and inproved
process uniformty. For exanple, the showerhead design can inprove the
heat tramgbas/oWBD3/ 015133 PCT/ US02/ 24057 -12 between a Ipatkisoz2495at e and
a shower head el ectrode plate by positioning a conpliant material between
the two interfaces. Under the application of a conpressive force, the
conpliant material conforns to the surface irregularities of the el ectrode
pl ate, provides better thermal contact with the backing plate, and 5

i nproves the tenperature uniformty achoss the el ectrode. An electrostatic
hol di ng apparatus, which conprises the“conpliant material, is used to
provide an electrostatic force that draws the electrode plate into thernal
contact with the backing plate. According to an enbodi nent of the

i nventi on, H%@e%hﬁkﬁ@dgateérl@étsh%‘él@fhﬁﬂ(bﬁléaf@eml@@l@Mtpoﬁlﬁlpémgr@i tial contact
wi th the backing plate using a 10 nmechanical clanp, and is brought into
good t her mdongiahemhitevink tetwéen thacko igefhces e Urhiyr detapplicationaff at he

el ectrostatic hol di ng apparatus. Because the tenperature of the showerhead

el ectrode thalntafRofke, ﬁﬁ%ﬁ{ﬁﬂg&qﬁ%)g%”%ghﬁﬁfﬁ? HR Qlt?ﬁlgé ﬂﬁ‘%ﬁgfﬁieﬁ Sgch as a

waf er) can affect the process” resu Irectly el angi ng the

process chepistr r by changi t a 15 densjty |acal abqve the
substrate, tg}?)ﬁ{ef%?ﬁ?‘? P}@'yeamf)vffgﬁ ﬁ?ﬁ?ﬂﬁﬁ%@&@ﬁtﬁ%‘@ @ﬁ%’ g P or ity on
the showerhead el ectrode is desirable for reactor design. This is
especi al | y igwspvesiheteimperpaire amifgerpity across the elertrpde. aAneleqpioatatic haldiigect ri ¢
pl asma etch reactors.

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
results indirectly either by changing the process chemistry or by changing the gas

15 density locally above the substrate, controlling and maintaining adequate
temperature uniformity on the shdwerhead 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



Figure 3 shows a cross-sectional view of an electrostatic showerhead 20

el ectrode assenbly 300 according to a preferred enbodi nent of the present

i nventi orwODh@1Epparatus is situated within a process charo@rusot/ 2457

sem conduct or WD 03/ 015133 PCT/ US02/ 24057 -13 wafer processing system such
as, for exanple, a parallel plate dielectric plasma etcher (not shown).
The el ectrostatic showerhead el ectrode assenbly 300 includes an upper

pl ate 310, such as a water-cooled alum numor stainless steel plate, a
tenperature-control |l ed backing plate (Hggt sink plate) 320, such as a high
purity 5 silicon carbide backing plate, “and an el ectrode plate 350, such as
a single crystal silicon electrode plate. Al though the electrode plate can
be el ectrical owered, the upper plate 310 and the el ectrode plate 350
are shown r@F}@%/B SFIRGHSSFEE $UCP @3 EOI@?‘%)‘BH]& a pRRaLighplpte hielentee Bgé@g is held
agai nst the upper plate by upper clanping bolts 312, which pass through

t he upper piteliee (BdishoWng Hhe kiccigogpdtat showertead skestrdde @senably 300 dodudascei vi ng
surface 328, which is coextensive with the electrode plate 350. As shown,

t he backi ngaPhiied pBAO3 6@ SubE ad £72ESRPolk® aﬁﬁﬁﬁﬁ&mﬁ%ﬁm&mweﬂ)ﬁ% ode plate
350 within the recess. The electrode plate has an upper contact surface

358a and a J ower surface 358b,. which is expo i-n the praocess chanber. The
el ectrode é%BWS?@PE#QBr?”%ﬁ%@#@@éh%?Oﬁﬁt8P§8§$56%@r?“ﬁéﬁdﬁ8§$9@“%aterim

15 such as single crystal silicon, graphite, or silicon carbide having

uni f or M t hi Sligpasearbide daclingplaisnaed an glegredeplaier3 58 gechian arsiugle caiselt r odes

havi ng nonuni form thi ckness and/or conprising different materials,
however, casiliednselehieodegiaie wiMllthotigtethe 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 358b, 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



el ectrode assenbly according to the invention. In a preferred enbodi nent,
the electrode is a showerhead el ectrode provided with a plurality of
spaced apapto3gaa33 20 di scharge passages 354, which are of paTdisap24sd

di stribution suitable for supplying WO 03/015133 PCT/ US02/ 24057 -14 a
process gas that is energized by the electrode to forma plasma in the
reaction chanber beneath the el ectrode. Referring also to Figure 4, the
apparatus further conprises an electrostatic holding apparatus, such as
ESC el enent 330. The ESC el enent 330 ﬁg rises a 5 thin, flexible
conductive elenent (nmetal foil) 336 enbédded between thin | ayers of a
conpliant dielectric material 332a, 332b. ESC el enent 330 is di sposed upon
the electrode receiving surface 328 of the backing plate_along a contact
surface 33gaprocesicaEdpt éy deesiredysde glegirade enfospfoRlpsen 1 Be reashen suppor t
surface 338b. The contact surface 338a of the ESC el enent 330 is bonded to
t he el ect r al@nibecbensathothd Glesttodeace 328 of the backing plate by an adhesive
| ayer (not shown). The conductive elenent 336 is connected to a DC power
supply (not shown) by electrical conduits 316, which are fed through the

backi ng pl ate angefdpRe alsd aﬂeilgweat,eh@@ﬁ;ratat@d furihes brapiies ad bRctrbltatey
conpression the conpliant dielectric nmaterial conforns to surface

irregul ari ty €s. 0of I r i et ween

the 15 backfige sphted Sh g BBty aE, R I ERRE 1 ARRes 27500 s

renovably held in_position against the backing plate 320 by any suitable
t%ml grs OLfJ

tochni Que it TESible peRHEHTCRHmEN AmstabEnD HEcHIbsac between thin fay

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 338a,
the ESC element also having an opposing electrode support surface 3385. 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 circumfereﬂtial 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



clanp 360 conprises a circunferential clanping ring 362 and a plurality of
circunferentially spaced cl anping bolts 364. \Wen engaged, the cl anping
ring 20 80d3mmyayes the circunference of the el ectrode plpaTasanzopT esses
t he upper contact WO 03/015133 PCT/ US02/ 24057 -15 surface 358a of the

el ectrode plate against the el ectrode support surface 338b of ESC el enent
330. The use of a thin conpliant material interposed between the el ectrode
and backing plate requires sufficient conpressive force to cause the
conpliant 5 dielectric material to con grn1to the surface irregularities
present across the contact surface 358a of the electrode in order to
provi de better heat transfer between the el ectrode and the backing plate.
The conpressive force is generated using an electrostatic cl anp.

Accor di ngl ysurfape323cef the glechpde Blasgamst the eleckpdeuppoggariagt 338 backi ng
pl ate 320 by using an electrostatic force. Electrostatic 10 cl anpi ng

bet ween t heESQrfeaeas33& achi eved by enpl oying a high DC voltage on the
thin conductive el enent 336 enbedded in between the thin |ayers of
compliant dielectric material 332a, 332b. \Wen voltage from an external

power supply is TRPMelFd thih ¢digplRheshictdeintrpsed befdtnale ekanideasdat i ¢
force is generated between the el ectrode support surface of the thin

conductive }?AC ﬁ?@?&%&“@%&ﬁ‘?@@ﬁ?. r@és?«}eefo acttg%gu?ezﬁlgfﬁ{gﬁ. ostatic force

draws the elec te con W el ement .

Under the el ectrostatically-]nduced conpressiye, force, the ghorrpl i ant
di el ectYic WgleeiFicpateriztg chpfory 1@ the G HFGEYRATICS PIESEnt 3FIQsi 818 nper  cont act

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.



surface 358a of the electrode. The el ectrode plate and the backing plate
will remain in good thermal contact while the DC voltage is supplied to
the ESC 290aBmonras:. The el ectrode plate can be renoved fr @artuse2/baski ng

pl ate by renoving the DC voltage and di sengagi ng nechani cal clanp 360. WD
03/015133 PCT/ US02/ 24057 -16 The ESC el enent 330 can conprise a single
element or nultiple elenents arranged in any suitable manner. In a
preferred enbodi nent, the ESC el enent 330 conprises a single ESC el enent
arranged such that the upper contact surface 358a of the electrode 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 surface area
to the area of the u contact surface can be | ess than _coextensive,

e.g., 10 to 95 %Fh@iigﬁteé@m@méﬁo SenEOmASHD pagls ckaRem BF JiudiiRla elerenifan 80%
As much areal contact between the ESC el enent and the el ectrode is

desi rabl e t arragged\in dey suitabipheanmeonin agsefeaed embediardt, ik BSC ditaemral cont act
between the two 10 conponents. The power supplies and associated circuitry

to acconpl i gfy E&ﬁﬁﬁse@‘ﬁlsﬁ%ﬁé ¥§6 eléehédt aﬁelégéaeggﬁﬁ{atmﬁ@feﬁe&ﬁaa%h}fhed in the

art. For instance at ent ect matter of which
is hereby i reference di s¢l 0s ai | s of pplies
and i roui t P5EA B BRBEFyOM sk RSionine T B SR tBnE sinbote BRESAIRSEY o
supporting a workpiece. According to a preferred enbodi ment, the upper
plate 310, bﬁEﬁC@empﬁn@B@ However, the ratio of the area of the electrode support

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



320, ESC el enent 330, and el ectrode plate 350 each conprise channels or
passages 314, 324, 334, and 354, which permt passage of process gases from
a proceswogasisepply (not shown) to the interior of the Peaatsoomoshanber
380. 20 In operation, the plasma etching gas which typically may be a

m xture of fluorocarbons and/or fluorohydrocarbons such as CF4 and CHF3,
and carrier gases WO 03/015133 PCT/ US02/ 24057 -17 such Ar and N2, is
delivered to the gas passages 314 in the upper plate and is dispersed

wi thin the space between the upper plah%_and the heat sink plate 320. The
gas passes through a series of channels or passages 324, 334, 354 in the
backi ng plate 320, ESC el enent 330, and el ectrode plate 350, respectively.

In this 5 way_the ces a venly di spersed_across a wafer undergoi ng
processing § hg’éalﬁj‘{)ﬁefl? a%lg" r?dotro tg‘?&?ﬁ) @§agggs]1%gqﬁhgt1@ﬁpq@a@fan@ﬁ§ waf er. The
conductive elenment 336 is preferably a conductive foil having a uniform

t hi ckness oflispensed Hithin tb®6pace dbetvveen thdeppeo pthtecandvbe dearsinkt plat 320ef er abl y
masked and etched to forman el ectrode pattern. However, the conductive

el ement  10THBYadBasdMhuizh AkkBed 1Bt @ahhds 6F é?s@ig%EYB%CSBMd@(ShQﬁ gguch as, for
exanpl e, al um num copper, titanium tungsten, molybdendm ni ckel Si I ver,

o0l o Wb B0 . B DR SRR b

t her eof . The compliant dielectrig material can be any suitable electrically
i nsul atl ng WS ﬂ#’ap@wsalga& saveply disnepwtiaprass dinaferidaianing: Brosessinggosuch as
RTV, Kapton, silicone,

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, niékel, 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 electricgllly insulating

15 material that is compatible with Vacuu1ﬁ processing such as RTV, Kapton, silicone,
polyimide, polyketone, polyetherketone, polysulfone, polycarbonate, polystyrene,
nylon, polyvinylchloride, polypropylene, polyetherketones, polyethersulfone,
polyethylene terephthalate, fluoroethylene propylene copolymers, cellulose,
triacetates, rubber or the like. A preferred material to form the conformal layers

20 comprises polyimide. Polyimide is sufficiently resilient to deform slightly under.

the electrostatic clamping pressure and thus provide enhanced heat transfer.



pol yi m de, pol yketone, pol yetherketone, polysul fone, polycarbonate,

pol ystyrene, nylon, polyvinylchloride, polypropylene, polyetherketones,

pol yet herwoloBona33 pol yet hyl ene terephthal ate, fluoroethyl ece/ysompbene
copolynmers, cellulose, triacetates, rubber or the like. A preferred
material to formthe conformal |ayers 20 conprises polyimde. Polyimde is
sufficiently resilient to deformslightly under. the electrostatic cl anping
pressure and thus provide enhanced heat transfer. WO 03/015133

PCT/ US02/ 24057 -18 Pol yi m de al so pro_%ges superior tenperature resistance
and excellent dielectric properties. FOr exanple, polyimde has a high
dielectric breakdown strength, ranging from3,000 to 3,500 V/m |, which
al |l ows use ﬁf a thin layer that ., maxim zes the eIectrosEat', attractive
force. Pol yFHYHBYICAise Papddes wppdoripperstuse feviiuics eny s3cqlieniediglestsicor 100" C,
and nore preferably in excess of 200'C, allowi ng use of the clanp for high
t enper at ur epypedies s dor eRmafler pdyimide has a bighfdeleritic Hieakdawn steengt,eri al al so
has a high thermal conductivity, at |least about 0.10 WmK, so that the

el ectrode plagthg o B,0008 3,56 VAhil CRAIAGIIOWs Ukt bhethik8SKE e Pl ate. The
t hi ckness of the ESC el enent 330 is preferably less than 0.1, 10 nore

preferably . 1 - ferahl.y.l ess than or ual to 0.01
i nches. Ac c%iggﬁ%l%&ta@e gle?tg?htldr e?atfggrﬁ%)%g &{ergﬁt 8?3”%?1&&8 ia]r"ﬁl%lﬁ? f%f‘?,tan?ﬂ?e ESC el enent
can optionally contain a heater elenent positioned above or bel ow and
el ect rixal | PmpeEANLes dyexcesAlt 190° Esand Byeaprefarebli ik grgess 002QKICGor M y heat
the el ectrode plate.

allowing use of the clamp for high temperature processes. Preferably, the

conformal dielectric material also has a high thermal conductivity, at least about
0.10 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 O. l,A

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
isolated from the ESC conductive element to uniformly heat the electrode plate.

15A 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



15 Referring to Figure 5, a conbined ESC el enent/heater element 530 is
shown. Elenent 530 conprises a thin conductive el enent 536 sandw ched

bet ween twors/ocaapl i ant dielectric |ayers 532a and 532b. Aduiusowpbsty, the
ESC el enent further conprises a heater elenment 538 buried in | ayer 532b.
ESC el enent 530 and electrode plate 550 al so contai ns passages or channel s
534 and 554, respectively, 20 for the passage of process gases into the
react or chanber. Details of a suitable heater electrode pattern are shown
in comonly-owned U.S. Patent No. 5,%%?1922 t he subject matter of which is
her eby i ncorporated by WO 03/015133 PCITUS02/ 24057 -19 reference. |f
desired, the heater electrode can conprise a spiral coil divided into nore
t han one heater zone.. For, instance, one of the heaters can caonmprise an

i nner grourﬁ%%?n%:ﬁéeﬂm Hieihraieh plegirodrecangompaise @ spsel 8 WA group of
turns. The conbi ned ESC el enent/ heater el enent can be used to uniformy
heat the elmoreibde ofe ptattreone Hovosianee dremidhabeaters eardé@mprisergueinsat e f or
non-uni form heat distribution across the electrode plate during

processi ng. %r-Bﬁﬁ of AFRS WaNé i FhQHehicf chi¥ShSrisetinSduftdrVbep bi'@rMeathd rom t he

heater and thereby provide for indirect resistive heating of the el ectrode

pl ate. Preferabl e, resistive.heating.elenent ¢ ises.a plangr shape
that is sizZe al%lgé/dclg$¢&e eﬁyﬁ?a&ertﬂgngr}tzcﬁg? “F‘%@Oé}“é@?fg@d@eag@&teze‘?@%%r ovi de a
heat 10 flux that is relatively uniformacross the backside of the

el ectrade platedo axesired §pRIGEEE apd/of RempespiefernEsmiikrarhent disgdliusione| enent
is preferably fromO0.005 to 0.015 inches. The resistive heating elenent is
el ectri cal lacresnheeketbdelae deghgprocessing. 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 prO\}ide a heat

10 flux that is relatively uniform across the backside of the electrode plate. The
thickness of the combined ESC element/heéter 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.

The electrostatic clamping element of the invention can be manufactured in

15 various ways. All of the dielectric compliant layers with metal clamping
electrodes 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 clanping
el enrent of the invention can be manufactured in 15 various ways. All of

t he di el ewOrodo1z165mpl i ant | ayers with netal clanping el ectecadess2/a4d7 or
heater el ectrodes can be bonded together sinultaneously, for exanple, by
isostatically pressing together a pre-assenbled stack of the conponent

| ayers. Another nethod includes formng a | am nate of a conpliant
dielectric |ayer and a conductive |layer, patterning and etching an

el ectrode pattern on the 20 conductiveshayer, adhering a second dielectric
| ayer to the electrode pattern to form "an el ectrostatic cl anping el enent,
and lam nating the electrostatic clanping elenent to an el ectrode

recei ving surfac backi n | at 133 PCT/ US02/ 24057 -20 The
conductive el emsﬁ}f1 E‘Eﬁuﬁtéverﬁl%'&?ﬁ gﬁ%‘?"é‘?@é‘m léee%cﬂop@i@ iheeB OYpy any
sui tabl e process. For instance, electrically conductive paste such as
tungsten cany svetablelprocssy. eE@reldSmmedebctrmallpaomcmchﬁe pastepichiapitdwseheet s.

Al ternatively, the conductive elenent |ayer can be deposited and

subsequent | ganeeCdiRcte@néll @Uiediged phiebns @B ho1§EniRS kRN Rfterah@fady NHe €l ectr odes
or heater electrodes. In the case of conductive elenent | ayers 336 and

536, the p g4 Vi
per pendi cu?éé)&lal&“%ha&elﬁm@eis ?arfiﬁé 8%?%%& S&I%g?%g{&%'o?tg%dg% Yalﬁﬁ H]gs a
wi dt h paral lel to the plane of the dielectric sheet of about 10 mm and the
rings “can 45‘@“%‘@%‘}@&{1@8 chppipgpdecirodgp et heaterseleptiodey InniBe spssafr ost at i ¢
cl anpi ng el enent of the invention advant ageously reduces
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 mm, 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 materijals.



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

addi ti on,wole/01-aBect rostati c cl anpi ng el enent of the i nvemCTarsope4si des
good heat transfer between the electrode plate and backing plate, and thus
provi des for good 15 tenperature uniformty across the upper el ectrode

pl ate during processing. Furthernore, the electrostatic clanping el enent
of the invention maintains a good RF ground for the upper electrode. The
apparatus according to the invention Lilyseful for wafer processing such
as plasma etching, deposition, etc., innultiple or single wafer
processing. 20 For instance, the apparatus can be used for etching or
deposi ti ng BPSG, _oxides .such as therpal siljcon dioxide, or pyrolytic

oxi des and phot oIgg fQe2oag ﬁfr‘si %ﬁ%?lbe@@%)BﬁB‘llBlf%pr@We@@@moﬁlm@?S and1 The
foregoi ng has described the principles, preferred enbodi mrents and nodes of
oper at i on omodésreofpopesaivn of mheepresamn inventien, e Howeher, imviandrition sabddlmt not  be
construed as being limted to the particul ar enbodi nents di scussed. Thus,

the above-glesssihed aﬁﬁaﬂ%dhﬁﬁe& fo ﬁllagﬁ{&u% dnRALASHs @ScusbddisThad imee rat her

than 5 restrictive, and it should be appreciated that variations nmay be
made in those_ _enbodi ments.b I K skill.ed in, the.art w thout departing
fromthe sc%}? egﬁ?gﬂgﬁ%ﬂ%gélgﬁp&?%ﬁﬁqﬁ?eﬁggge i ﬁ%gatb‘ﬁ? refhet {90y owi ng
clainms. WD 03/015133 PCT/ US02/ 24057 -22-

5 restrictive, and it should be appreciated that variations may be made in those

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 backing plate having an el ectrode
pl at e recwpwBnp1surface; 5 an el ectrostatic hol di ng appar caasdt/spssed upon
said electrode plate receiving surface, the electrostatic hol ding
apparatus having an el ectrode plate support surface; and an el ectrode

pl ate having a | ower surface facing a substrate to be processed and an
upper contact surface, the electrostatic hol ding apparatus being 10
operable to conpress the upper contact _surface against the electrode plate
receiving surface. 2. The apparatus of claim1l, further conprising a
mechani cal cl anping nenber engagi ng the outer periphery of the el ectrode
and pressin R_ ro. CGC §pt surface agai nst the el ectrode plate support
surface. 1543 f claiml, wherein the electrostatic hol ding
apparatus conprises a first dielectric layer, a conductive |ayer disposed
bel ow said firsi. di elAscapparatus dgeretaining an efestrodel pliteeinexcplnsma teayion di sposed
bel ow said conductive |layer, the first and second dielectric |ayers
conprising éhaeiep! c@fiprisimd:eri al . WO 03/ 015133 PCT/ US02/ 24057 -23 4. The
apparatus of claim3, wherein the first and second dielectric |ayers

conprise silicone or Q%laé(léiﬁ@ Slgte having an electrode plate receiving surface;

5 an electrostatic holding apparatus disposed upon said electrode plate
receiving surface, the electrostatic holding apparatus having an electrode plate
support surface; and

an electrode plate having a lower surface facing a substrate to be
processed and an upper contact surface, the electrostatic holding apparatus being
10 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.

15 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.



5. The apparatus of claim 3, wherein the conductive |ayer conprises

al um num copper, titanium tungsten, nolybdenum nickel, silver, gold,
iridium wbophatiBhum ruthenium rutheni um oxi de, graphit@CTUSOADOST™N
nitride, titaniumalum numnitride, titanium carbide, or comnbinations
thereof. 6. The apparatus of claim3, further conprising at |east one
process gas port extending through the first dielectric |ayer, the
conductive layer, and the second dielectric layer. 10 7. The apparatus of
claim1, wherein the electrostatic hongpg apparatus has a thickness of
0.005 to 0.015 inches. 8. The apparatus~of claim1l, wherein the

el ectrostatic holding apparatus has a bipolar or nultipolar design. 9. The
apparatus of claim1, ﬁherein the el ectrostatic holding 15 apparatus
further comprise® a r &8¢ apRauTRIAluRY3 cWhereH: the figsti@ad gacond sligkestrie)so2/ 24057
-24 10. The apparatus of claim1, wherein the el ectrode plate conprises a
shower head layerstcoogeisasidicoteeoripmbiinide. pl at e and el ectrostati c hol di ng
apparatus include at |east one process gas port through which process gas
can be supplied to the plasma reaction chanber. 5 11. The apparatus of
claim1l1, wherein the electrode plate conprises single crystal silicon,

O bet art ¢ hot b g TE Bbofurus'Gr c1ditFs APREER!HE cSlatlifd Mydr cotfiiicdt " "

aluminum, copper, titanjum, tungsten, molybdenum, nickel, silver, gold, iridium,
5 platinum, ruthenium, ruthenium oxide, graphite, titanium nitride, titanium

aluminum nitride, titanium carbide, or combinations thereof.

6. The apparatus of claim 3, further comprising at least one process
gas port extending through the first dielectric layer, the conductive layer, and the

second dielectric layer.

10 7. ‘The apparatus of claim 1, wherein the electrostatic holding

apparatus has a thickness of 0.005 to 0.015 inches.

8. The apparatus of claim 1, wherein the electrostatic holding

apparatus has a bipolar or multipolar design.

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

15 apparatus further comprises a resistive heating element.



apparatus is in contact wwth at least 80 % of the total surface area of the
upper contact surface. 10 13. A nethod of assenbling a showerhead

el ectrodewasseniBy of a plasnma reaction chanber, conpri siPag/usart4chi ng a
backi ng pl ate havi ng upper and | ower surfaces to an electrostatic hol ding
apparatus by bonding an upper surface of the electrostatic holding
apparatus to the | ower surface of the backing plate; 15 positioning a
shower head el ectrode havi ng upper and | ower surfaces such that the upper
surface faces the | ower surface of thezg[ectrostatic hol di ng appar at us;
engagi ng a nmechani cal cl anpi ng nmenber w'th the outer periphery of the
shower head el ectrode and pressing an outer portion of the upper surface of
the WD 03/015133 CT/§§02/24057 -25 shower head el ectrode agai nst an outer
portion of the |&kher d0f fBRABAMY ok ¢laim by wherewsing elestrads ipFormBeYe us; and
applying a voltage to the electrostatic hol ding apparatus so as to

el ect r ost at shoslekyeadtelectrotie amd tha beckipg plateoandodledtivatatip holdigafpacgusof t he
showerhead 5 electrode to an inner portion of the | ower surface of the

el ectrost at jnghiaelafidas orRRRE¢ad S8 pottithrolip WRER Bebcefs &k %Elﬁrbégup&ii‘fég gl n the

el ectrostatic hol ding apparatus “conpriSes a first conpliant ‘dielectric

| ayer, a co&lgupﬁs%erehﬁ%%rchg}n%grqsed bel ow sai d :

5 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.

10 13. A method of assembling a showerhead electrode assembly of a

plasma reaction chamber, comprising:

attaching a backjng plate having upper and lower surfaces to an
electrostatic holding apparatus by bonding an upper surface of the electrostatic
holding apparatus to the lower surface of the backing plate;

15 positioning a showerhead electrode having upper and lower surfaces such
that the upper surface faces the lower surface of the electrostatic holding
apparatus;

engaging a mechanical clamping member with the outer periphery of the

showerhead electrode and pressing an outer portion of the upper surface of the



first conpliant dielectric |layer, and a second conpliant dielectric |ayer
di sposed 10 bel ow sai d conductive |ayer, said second conpliant dielectric

| ayer corwormgionyy3i o the upper surface of the showerhead ecaaisowzi®s7 15. The
met hod of claim 13, wherein the backing plate, electrostatic holding
apparatus, and showerhead el ectrode include at | east one process gas port
suppl ying process gas to the plasnma reaction chanber. 15 16. The net hod of
claim 13, wherein the electrostatic holding apparatus further conprises a
resi stive heating elenent heating the showerhead el ectrode. 17. The nethod
of claim 13, wherein the ratio of contacCt area between the electrostatic
hol di ng apparatus and the showerhead el ectrode is at | east 80% WO

03/ 015133 Pg;l’/ US02/ 24057 . -26 18. A net hod of processing a sem conductor
substrat e i Hoyeshepdifiectiods Ag3IBH 2 RYsE PPTIRNIhe LWy surfpeefiteri ng a

sem conductor substrate into the plasma reaction chanber; supplying
process gasclectrastedicicdding aperagttis;andchanber t hrough a 5 shower head
el ectrode; and applying voltage to an el ectrostatic hol di ng apparatus which

el ect 1 ost at i cal | yopiphd WY hBe OUREAEICEN A Parkfhs 3 LERPET AL Ur e

controll ed nmenber.” 19 The method of claim rein the nethod includes
etching a Q layver of terial on the m_conduct or bstrate. 20. The
methodof ctarfvicay afBrFin Haerrligiof HERBEElEh of hechoferfiead

5 electrode to an inner portion of the lower surface of the electrostatic holding

apparatus.

14.  The method of claim 13, wherein the electrostatic holding apparatus
comprises a first compliant dielectric layer, a conductive layer disposed below said
first compliant dielectric layer, and a second compliant dielectric layer disposed

10 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.

15 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%.



silicon dioxide |ayer on the sem conductor substrate. 21. The method of
claim 18, wherein the nethod includes depositing a |ayer of material on

t he sem cwodaoiss3 substrate. 15 22. The method of cl ai m 1®CTAiser/zion7 t he
met hod i ncl udes supplying electrical power to a resistive heating el enent
in the electrostatic holding apparatus so as to heat the showerhead

el ectrode.

26-

18. A method of processing a semiconductor substrate in a plasma
reaction chamber, comprising:
transferring é semiconductor substrate into the plasma reaction chamber;
supplying process gas to the plasma reaction chamber through a
5 showerhead electrode; and
applying voltage to an electrostatic holding apparatus which electrostatically

clamps the showerhead electrode to a temperature controlled member.

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

10 layer of material 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.

15 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.



