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I nvention [0001] The invention mmmmMﬂﬂmmmMm ceram c el ectrost at i&/#h

(ESC) useful in the manufactur duct or devi ces. Background of

t he | nvent wolcdsa@] El ectrostatic ¢HliEks are used to hol pcresizasmduct or
waf ers and other substrates in place in various types of processing

equi pnent including plasma processing equi pnent. Electrostatic chucks
typically include one or nore conductive el ectrodes underlying a
dielectric (insulating) or sem -conductive ceramc |ayer across which an
el ectrostatic clanping field can be devel oped. Unlike nmechani cal cl anping
devi ces, electrostatic chucks allow an entire surface of the substrate to

be exposed to the plasnma. Additionally, the electrostatic chuck clanps the

substrate nore uniformy to the baseplate to allow a greater degree of
control of the wafer CERAMIG ELECTROSTATIACHICK ASSEMBEY ANDt erns are

known for use with electrostatic ghy Siligl) M@O- pol ar el ectrodes, the
el ectrode is typically in the formof 9 . Wth bipolar

el ectrodes, the separate el ectrodes have been arranged as half disks or as
an inner disk and an outer annulus. Exanples of bipolar chucks of this type
are discl osed Ficldrokthe Juvention (U.S. Patent No. 6,071, 630) and Logan et al.
(U.S. Patent , 964) . pai.t Vv posed
where the el et@%ﬁeﬁeﬂg@%ﬁuro gn%lgtgg :io(r)léjg% ﬁg{cﬁéﬁ%.&ggke@@ﬁﬁ%%l e,
Barnes et al. he nfanufabateot sebddconBuciéridetizéy.. Ot her patterns are disclosed in

Shuffl ebothamet al. (U S. Patent No. 5,838,529) and Logan et al. (U S
Patent No. 5, 155, 652). ’

Background of the Invention

[0002] Electrostatic chucks are used to hold semiconductor wafers and other

substrates in place in various types of processing equipment including plasma
processing equipment. Electrostatic chucks typically include one or more
conductive electrodes underlying a dielectric (insulating) or semi-conductive
ceramic layer across which an electrostatic clamping field can be developed.
Unlike mechanical clamping devices, electrostatic chucks allow an entire surface
of the substrate to be exposed to the plasma. Additionally, the electrostatic chuck
clamps the substrate more uniformly to the baseplate to allow a greater degree of
control of the wafer temperature.

[0003] Various electrode patterns are known for use with electrostatic chucks.
With mono-polar electrodes, the electrode is typically in the form of a flat plate.
With bipolar electrodes, the separate electrodes have been arranged as half disks or
as an inner disk and an outer annulus. Examples of bipolar chucks of this type
are disclosed in Tomaru et al. (U.S. Patent No. 6,071,630) and Logan et al. (U.S.
Patent No. 5,055,964). Electrode patterns have also beén proposed where the
electrodes are arranged in comb patterns. See, for example, Barnes et al. (U.S.
Patent No. 5,207,437). Other patterns are disclosed in Shufflebotham et al. (U.S.
Patent No. 5,838,529) and Logan et al. (U.S. Patent No. 5,155,652).

[0004] Electrostatic chucking devices which utilize ceramic materials are
disclosed in U.S. Patent Nos. 5,151,845; 5,191,506; 5,671,116; 5,886,863;
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[ 0004] El ectrostatic chucking devices which utilize ceramc materials are
disclosed in U S. Patent Nos. 5,151, 845; 5,191,506; 5,671, 116; 5, 886, 863;

| WVOYI ~~W/I I I N * ACTI ON* WO 03/ 003449 PCT/ US02/ 18093 -2 5, 986, 874; 6, 028, 762;
6,071, 630; 6,101, 969; and 6,122, 159. Ceramic ESCs are typ{gaideddnde using
mul ti-| ayeYOR¥WIc packagi ng technol ogy. Multi-layer ceram ¢ packagi ng
technol ogy involves printing refractory netal patterns on ceramc green
sheets, assenbling the sheets into |am nates and co-firing the resulting
assenblies. See, for exanple, U S. Patent Nos. 4,677,254; 4,920, 640;

5,932, 326; 5,958,813; and 6,074,893. Various netallizing conpositions for
use wth ceramc substrates are disclosad in U S. Patent Nos. 4,381, 198;
4,799, 958; 4,806, 160; 4,835,039; 4,861, 641; 4,894,273; 4,940, 849;
5,292,552; 5,932,326 and 5,969,934. [0005] Since the sintering of ceramc

ESCs is normald yesCond 8t 6 Wl ¥30i 101,969t 6,122,859, CQefamic ESCearei n t he
coef ficient oti?(%ér mpﬁzg’ggn’si’on bet V\ge.n the el ectyode g@‘grf al and the
cerani ¢ mat er itppicalymmateusiag totidayer gerapicarackagingtechpology ¢ 54 t he chuck.

These internal str.esses .can |ead f. ' ok Gteey@Pon act ual
danage to the %@T&ﬁpi&%ﬁg %ﬂﬁ%og(?%'it ‘ﬁ‘é%s%ﬁ%flgﬁﬂsabgr%gggl P the art for
over comi ng wargifc gfen HiedR! anemblitmbe sixenditaleminates knd ¢refitiog e- up of
internal stresses during manufacture of ceéaﬁgt%l FﬁCs é{g%g‘?]‘t %ﬁ@msi nce
the radio freqemiing assEblispnSee, foeexampleg Ly Batent Nos. 4,0 » 't o bi as the
substrate is typicall hed t agsat: i7iR¢ Bordpekationy fdtause he  ESC
cl anpi ng el ecti%@é’%’%@%lg’ %%lggz?’rgg'ﬁlg%ﬁlsgtﬁi%g%es to maxim ze the RF
transparency o BRafilcauRiagesatedisclomeé in BuSnhatept Nbs.t4:381, FB& 18P P0007] I n

a first embodi ment & 4.935,030) 4,861 341; £854 M5 £ BIR o585 5 k! ©
and 5,969,934.
[0005] Since the sintering of ceramic ESCs is normally conducted at very high
temperatures, differences in the coefficient of thermal expansion between the
electrode material and the ceramic material can cause the build-up of internal
stresses in the chuck. These internal stresses can lead to warping or, in some
cases, actual damage to the ceramic ESC. Accordingly, there is a need in the art
for overcoming warping and other problems associated with the build-up of
internal stresses during manufacture of ceramic ESCs.
[0006] Also, since the radio frequency (RF) power used to generate the plasma
and to bias the substrate is typically applied to a separate electrode underlying the
ESC clamping electrode, it would be desirable in such cases to maximize the RF

transparency of the clamping electrode.

Summary of the Invention

[0007] In a first embodiment of the invention, a sintered ceramic electrostatic
chucking device is provided. The chucking device includes an electrostatic
clamping electrode embedded in a joint-free monolithic sintered ceramic body.
The clamping electrode includes at least one pattern of a substantially planar
electrically conductive material wherein the maximum straight line length in the
electrode pattern is 1.0 inch. In a preferred embodiment of the invention, the




chucki ng device is provided. The chucking device includes an electrostatic
cl anpi ng el ectrode enbedded in a joint-free nonolithic sintered ceramc
body. The cl anping el ectrode includes at | east one pattern of a

subst ant i alwg/osmosasr el ectrically conductive material whpeEUSD2t1B®@3 MaXi Mum
straight line length in the electrode patternis 1.0 inch. In a preferred
enbodi nent of the invention, the WO 03/003449 PCT/ US02/ 18093 -3 maxi num
straight line length in the electrode pattern is 0.25 inches. The el ectrode
pattern can conprise a single electrically conductive pattern or at | east
two electrically isolated patterns of conductive material. [0008] A nethod
of making the sintered ceramc el ectrost a8 c chucki ng device set forth
above is also provided. The method conprises steps of. providing a first

| ayer conprising a ceramic material in a green state; formng a Joattern of
at |east one wmpmsuaahtémeéqngthdalﬂnq’elme@@#% 1%2%#’1‘35‘1’5 eflectrods maj or
surface of the_f | g ceramc
material in grB%t %3}%:0 agggﬁ@ﬁ%e@écﬁﬂc&ﬁgecongﬁéﬁﬁ tfs[})vrﬁst maj or
surface of theeletttigilly isylated patestns oftl:bndlucﬁgehiatenb] rst and second Iayers to
forma rmnollthlc oint-free sintered ceramc 0 W|th dded

el ectrode | ayef0008l,e Agnethed @ﬂfg@]g%g&plsg%qr%cqﬁm{c cgpgﬁtfcr 3?‘{1%%

enpl oved, the sh ik GhveliCald Alviceay The hRHRUOmAHRSSRBE bﬁ'p&a/vumhg‘aq%stafter

firing. Inapre err of 't ematho set forth above

formng step tayemomisﬁgoammcmqmial armglfeemstaa, tmnmwa:pamrn@ﬁaﬁéﬁapfart i cles
of an electricallgl, gnductlvgl rlal and 'r'n%@gffjﬁe”f”tses
sintering the P& &R an glectrig ngp W?E’&F 9 B form a
sintered cl a”Pla&S: ?fﬁﬁ&hg%ecob@%g/%} cin iﬂgocsirﬁﬁlc&ﬂa@eﬁal fpreebitRei rate in a

process chanber udi n orenentloned el ectrostatic chucki ng device
is al so provi des#emm tlnetsmmd layongs the disstanajprssusface of the firsp daysx;iagd| | y

cl anpi ng the sub e dQ e el C, essi ng
tho ubat r at e. USRS A fe-RpEBYFRY B s R Plncl il EeRRECDS |
at |east one f peEHURRE ¥n eibedish clebieodz! 18y r @ricad ke chatacleristixs of the electrode

pattern employed, the sintered electrode layer remains substantially planar after

firing. In a preferred embodiment of the method set forth above, the forming step

comprises forming a pattern from a paste comprising particles of an electrically
conductive material and the cofiring step comprises sintering the particles of the
electrically conductive material to form a sintered clamping electrode.

[0009] A method of treating a substrate in a process chamber including the
aforementioned electrostatic chucking device is also provided. The method
comprises steps of: electrostatically clamping the substrate to the electrostatic
chucking device and processing the substrate. The method can also include steps
of coupling RF energy of at least one frequency through the electrostatic chucking
device to generate a plasma adjacent the exposed surface of the substrate and
processing the substrate with the plasma.

[0010] In a second embodiment of the present invention, an electrostatic
chucking device useful for supporting semiconductor substrates in a semiconductor
processing chamber is provided. The chucking device includes a body of
electrically insulating or semi-conductive material having a support surface on

which a semiconductor substrate can be electrostatically clamped and a clamping




device to generate a plasnma adj acent the exposed surface of the substrate
and processing the substrate with the plasma. [0010] In a second

enbodi ment of the present invention, an electrostatic chucking device
useful for supporting sem conductor substrates in a sem 3
processindﬁ%ﬁ@@%@? I's provided. The chucking device inclgggggghg%hy of
electrically insulating or sem -conductive material having a support
surface on which a sem conductor substrate can be el ectrostatically

cl anped and a cl anpi ng WO 03/ 003449 PCT/ US02/ 18093 -4 el ectrode adapted to
el ectrostatically clanp the substrate to the support surface. The chucking
device also includes a | ower electrode adapted to couple radio . frequency
energy through the clanping el ectrode and into an open space in the
vicinity of a substrate clanped to the support surface. In a first

enbodi ment of e1ddiode BdapEIIO BledtrostatichllycHamyy thtevbstete toithe sippatbiswrgace] ect r ode

has a resistivity such that the clamin | ect,rode | hi | ranspar ent

to the coupli nBleéhuﬁldm éevri@eeﬁ%iﬁelydesglﬁgwggﬁ?qqogeﬁ t‘iﬁllstgscﬂgpq%ﬁagi er . IOI n a

second enbodi nent of  thj P &Rk bid idde Xh 6 cUh#teant i al |
ey dpted (fioieh BREAA cCiNASAG IS On o !

uniformdistri energy devel ops across the | ower
el ectrode whenyigiafly of 4 subgtaeclampedir the suppos susfdce: hiaracfixst erabrdimend of | anpi ng

el ectrode has a sufficiently high.later r.adi il in a
G Tout Pon par bbb A e SUEHER R PSSR 0.0

coupl ed t hroughy, L& GloATRIAe & 1881 BdRspaRe: fonh@cdupting bsadtv fedyaetogr i S
substantial ly unitorny distribufed across the substrate support, surface.

[0011] A met hoeherdy intocthe plagma chasmhesofreie sscond embrdimentotitys glegiostalit s chamber

brovi ded” The: CekRB ey i & BSEEAlR st ABudf of b freBRAKS chagfl 50
substrate to tfgeRpesirbAthaldver eRbiadei wigndadib Greqeendy powpt isiapplief teanetogy of

at | east one frequency through the elect ro%g:i\lt i c_chugki.ng device. Brief
Descri ption of andthe Clampingeglecirode has a sufficiently hig lateral radio frequency

impedance in a direction parallel to the support surface such that radio frequency

—

power coupled through the clamping electrode and into the plasma chamber is
substantially uniformly distributed across the substrate support surface.

[0011] A method of treating a semiconductor substrate in a process chamber
including an electrostatic chucking device as set forth above is also provided. The
method includes steps of electrostatically clamping the substrate to the electrostatic
chucking device and coupling RF epergy of at least one frequency through the

electrostatic chucking device.

Brief Description of the Drawings
[0012] FIGS. 1A-D show steps involved in a prior art method of manufacturing
a sintered ceramic ESC wherein FIG. 1A shows the chuck components prior to

. assembly, FIG. 1B shows the assembled components prior to sintering, FIG. 1C
shows the ceramic chuck in a deformed state after sintering and FIG. 1D shows
the chuck after grinding to restore flatness to the external surfaces;
[0013]  FIGS. 2A-C show steps involved in manufacturing a sintered ceramic

ESC according to the present invention wherein FIG. 2A shows the chuck



[0012] FIGS. | A-D show steps involved in a prior art nethod of

manuf acturing a sintered ceram c ESC wherein FIG 1A shows the chuck
conponents prior to assenbly, FIG 1B shows the assenbl ed conponents prior
to sinteriwgosfebsdss 1C shows the ceram c chuck in a def orre€riUsS2A8®3 af t er
sintering and FIG 1D shows the chuck after grinding to restore flatness
to the external surfaces; [0013] FIGS. 2A-C show steps involved in

manuf acturing a sintered ceramc ESC according to the present invention
wherein FIG 2A shows the chuck WD 03/003449 PCT/ US02/ 18093 -5 conponents
prior to assenbly, FIG 2B shows the assepbl ed conponents prior to
sintering and FIG 2C shows the sintered™huck in final form [0014] FIG
3A shows a top plan view of an el ectrode pattern according to one

enbodi nent of the present invention and FIG 3B shows a detail fromFIG
3A; [0015] FI compomestsdwer o assasmbly JRIG,i2B\shoys He aseabledQoBmonepiePIigh Per n

according to gﬁg’@kg‘ﬁ‘??blﬁ%yéﬁﬂn%%&gf) | kB PSS ma detail fromFIG

4A; [0016] FIG OWs™ one e an el ectrostatic chuck
arrangenment  ageoidfi NPIG.BA kisywsraaep planivicre of ameleonode patterb@cairding tnopevol t age

[0017] FIG o eRbWOmELSEdunereib s PaR s 1, A YA ] FomIGE oA © 70"

ar r angenent _acyqid] NOg, 4AIWsABH ldn WANLE RSkovPeIsibiPEaibia iBicHiny Ol L age
and RF power are applied to separate el ectrodes enbedded in an insul ative

or seni- condudd theprésentyinventod 8]d FIG: 4Bshows adetail fiom Hl@rddi nent of an

B ol anpi ng voltdgh | EIGOPHPRg ope S0t 18 IsPBolEialb sttt o0 °' "
i nsul ative or %%ﬁ€M6 bfe]‘cééht eRytiGINWhdREin PO WRmpiry wuta%é giill RP pawkoave

el ectrode forned on the surface of the body opposite e substrate support
surface; and [ epplijl t¢-ncingle elgctrpde embesided in LepsUBICYEAY: of an el ectrostatic

chuck [0017] FIG. 6 shows a second embodiment of an electrostatic chuck

arrangement according to the present invention wherein DC clamping voltage and
RF power are applied to separate electrodes embedded in an insulative or semi-
conductive body;

[0018] - FIG. 7 shows a third embodiment of an electrostatic chuck arrangement
according to the present invention wherein DC clamping voltage is applied to a
clamping electrode embedded in an insulative or semi-conductive body and RF
power is applied to a lower electrode formed on the surface of the body opposite
the substrate support surface; and

[0019] FIG. 8 shows a fourth embodiment of an electrostatic chuck
afrangement according to the present invention wherein DC clamping voltage is
applied to a clamping electrode embedded in an insulative or semi-conductive body

and RF power is applied to a lower electrode underlying the body.

Detaile ipti f erred Em

[0020] It is desirable in the fabrication of a electrostatic chucks to keep both the
substrate support surface of the chuck and any electrode structures buried within it
flat and parallel. Non-flatness of the chuck can cause problems such as poor

mechanical contact of the wafer to the chuck surface which can result in low



arrangenment according to the present invention wherein DC clanping voltage
Is applied to a clanping el ectrode enbedded in an insulative or

sem -conductive body and RF power is applied to a | ower el ectrode
underlying the body. Detail ed Description of the Preferr joRENL S
[0020] It WUV able in the fabrication of a electrostg?P§§%ﬁ§%E§ to keep
both the substrate support surface of the chuck and any el ectrode
structures buried within it flat and parallel. Non-flatness of the chuck
can cause probl ens such as poor nechanical contact of the wafer to the
chuck surface which can result in | ow WD 03/003449 -6 PCT/ US02/ 18093
clanping force. Non-flatness can also reéult in non-uniformelectrical
coupling (both electrostatic and RF) during plasnma processing.
Non-uniformties in chuck thickness and electrode flatness can_al so cause
llocal variati Qpsnpifp fore¥CNo@fgtaess cihalsorpsplt asmen-yrifooe slechipabsoupliag pst r at e,

these variations can | ead to i nadequate cl anping d non- tni t chi ng
or depositi on (bath e&aﬁOW@rﬁnﬂ@lﬂPTm&&ﬂmg@c%m& H\gorﬁslﬂ%n@&#]g{éke (ge%g

processed. [0Q Sin ] b focalovaiRtidng it egsheitaice.
sem conduct or %8%%‘@“?%%&“&%?‘%%?&%%@% C cESC typi cal ﬁgﬁ%&ﬁ#ﬁt s of a
nit.

cerani c di sk [n@fggpliimugprotestiopet a subetrast cibeseoauiationy an lsad f
Sintered ceranmic chucks are, ically made. usi I oC
packagi ng tec Mmm%'aﬁqﬂ%‘i‘%’%‘?}/‘gé@ﬁ%&r i%\gg"s%q?'raggtc%’%&e%% %Yﬁ%ggﬁ é%lms? are

printed on on L3pdcessed.€en sheets using a conductive paste or
I nk. The condﬁ%?%%bgﬂétgtbgglgﬁ s

I's then sandw ched b Iag{igng @ggﬁgond green
sheet on top qoo2fje fSintstedgersmric chmeks arg GEINEIGNLY; yspt fpr SHAICOY ly. During
firing, the ceramc parti.cles in Regdisds er@Bniidikered to form
a nonol ithic jRSPFRSSIP e b YHP 'cﬁmg%%esé%gﬁg&ggnduct Ive particles in the paste

al so become si &gﬁiﬁﬁg hi0eds0biB Aertodbbayeesirisderitinite Sinigred cepmirgcknt er nal
e

stresses which develop in sintered ceram c, chucks dugi . .
are typicallg made using multi-layer ceramic paéicagmg(%ecim&ggy in which

conductive refractory metal patterns are printed on one or more ceramic green
sheets using a conductive paste or ink. The conductive pattern is then sandwiched
by laying a second green sheet on top of the first green sheet and co-firing the
assembly. During firing, the ceramic particles in the green sheets become sintered
to form a monolithic joint-free ceramic body. The conductive particles in the paste
also become sintered to form an embedded electrode layer.

[0022] Internal stresses which develop in sintered ceramic chucks during
manufacture can lead to warping. A major cause of these internal stresses is the
difference between the coefficients of thermal expansion (CTE) of the ceramic
material of the chuck body and the electrode material. The stresses induced by
these CTE differences can lead to deformation or damage of the sintered chuck.
The present inventors have discovered that, by using a finely divided clamping
electrode pattern, the tendency of the ceramic chuck to warp during sintering can
be reduced. It is thus an object according to a first embodiment of the present
invention to employ an ESC electrode pattern which reduces the tendency of the
ESC to warp during the high temperatures encountered in the manufacture of

sintered ceramic ESCs.



manuf acture can lead to warping. A nmajor cause of these internal stresses
Is the difference between the coefficients of thernmal expansion (CTE) of
the ceramic material of the chuck body and the el ectrode material. The
stresses | e33Ry these CTE differences can | ead to depPOT/Usd2/180930r
damage of the sintered chuck. The present inventors have di scovered that,
by using a finely divided clanping electrode pattern, the tendency of the
ceram ¢ chuck to warp during sintering can be reduced. It is thus an

obj ect according to a first enbodi nent of the present invention to enploy
an ESC el ectrode pattern which reduces the tendency of the ESC to warp
during the high tenperatures encount ered=I" the manufacture of sintered
ceram ¢ ESCs. WD 03/003449 PCTI US02/ 18093 -7 [0023] In various plasna

processes, a |lower electrode or base plate can _be used to supply RF power
to produce a pl082%a i vamieusplesmapraeesseshalasver ipecada;or base Platef@n bF used coupl e

RF bi i
whi oh- P omor of? PEMIRH Ewérdk phlubd s plsdie Hthe ofed HASCabaRE HAIGHRE o |1
desirabl e to pigiverds canplERE bikepowes tirowgdhl tie ESErts il plasma. olnRRosener gy .

Conventional electrostatic chucks enpl oy highl ondyctive cl anpi ng

el ectrode mtmpﬁle%(%waﬁlh%?ﬂﬁfﬂﬁlﬁ?g“ﬁl%ﬁ@ﬁ%ﬁﬂéFr&%FHB‘@&“FF Cednt i nuous
pattern. These AW AR Qﬁl@ﬂytﬁ&?ﬁé lwsturb the RF
coupling and tﬁﬁgggﬁg%b{égo%n-un%?ﬁmﬁ%{rfgce sing or gggnmggn%%% to the
substrat e bei nQogventiamd eldctrostaticichudks emphoy highle conductiver dampjng electradecond
enbodi nent of the present i.nvention to inprque RFE coupli uni.f ormty when
RF power is co%ﬁegg{stswﬁbﬁgtﬂ&}'ﬂgl?!%?ﬁérrg%eg& F‘88’_é“°6‘§"9§ Plaggg'as Bt he
resistivity angdapciiletpdnipia elbatcﬁibﬂﬁaotw'aeerl adredigthrb theREUAEENgodndithes cl anpi ng

el ectrode. [0024] In accordance with the tirst embodi nent of the present
i nvention, a lead houpn-uniformpirdesssinger ¢ven damagy ke substsate Yeipg pProcessed.er ed

oo e oot T3 Bl i pBRUAEL i 3 b SEoofl bhuBOHRRH L feSent EbEnuf 80
improve RF coupling uniformity when RF power is coupled through the clamping
electrode by increasing the resistivity and/or otherwise raising the lateral
impedance of the clamping electrode.
[0024] In accordance with the first embodiment of the present invention, a
method is provided for reducing the warping of a sintered ceramic electrostatic
chucking device during manufacture. The method comprises using a finely
divided clamping electrode pattern which is suitable for both mono-polar and bi-
polar implementation. Use of the fine electrode pattern reduces internal stresses
which develop during sintering and which can lead to deformation and/or damage
of the chuck.
[0025] FIG. 1 illustrates the warping that can occur during conventional
sintering of ceramic ESCs with embedded electrodes. FIG. 1A shows the
components prior to assembly wherein a clamping electrode pattern layer 2 is
disposed on a first ceramic green sheet 4 to be bonded via sintering to a second
ceramic green sheet 6. FIG. 1B shows the assembled components prior to
sintering wherein the first ceramic green sheet 4 and the second ceramic green
sheet 6 sandwich the electrode pattern layer 2 therebetween. The electrode pattern

layer 2 comprises a pattern of conductive material which can be applied to the



di vided cl anping el ectrode pattern which is suitable for both nono-pol ar
and bi- polar inplenentation. Use of the fine electrode pattern reduces

i nternal stresses which develop during sintering and which can lead to
deformation and/or damage of the chuck. [0025] FIG 1 i t he
war pi ng t 8@ %¥%343ccur during conventional sintering of i’gg/?%%ﬁtg@éSCs with
enbedded el ectrodes. FIG 1A shows the conponents prior to assenbly
wherein a clanping el ectrode pattern layer 2 is disposed on a first

ceram c green sheet 4 to be bonded via sintering to a second ceram c green
sheet 6. FIG 1B shows the assenbl ed conponents prior to sintering wherein
the first ceram c green sheet 4 and the -8econd ceram c green sheet 6
sandwi ch the el ectrode pattern |ayer 2 therebetween. The el ectrode pattern
| ayer 2 conprises a pattern of conductive material which can be applied to
the WO 03/ OOBéffe%nPﬁ;g ggsgée Ofcondetive parficehbeh peiating matind sucth ascergertt i ve
particles by printing thod such as screen printing. [0026] FIG 1C
shows a cross pgiatihg.on of the assenbl ed corrponents of FIG 1B after
sintering. The_el ect gﬁeﬂe nts of BIG.cidody 10.
As can be seed%4%m E?% léém‘?#e@g?sn ere cer%srgﬁlgbléEdS%rﬁgcgﬁbecorre war ped or

domed. The wargpedsifBik Theelecraiely ischawh ¢mbegd¢dr1m anintared coramic bedyglo-
operations to restore flat ness

he d chuck.
Thi < add.t.ona«smp scorHonB FIP, 15 ST Ryt bee e nEipB 6L ) e
Furt her, even vﬂ% hhgl@ aneagtsqm@akd gl g zfnqutohsnm@opwatmsi

|nternal el ect re wl not glhtﬁ allel to HR@er sur f ace.
This effect cap réworsﬂemessrto meelppmurfam gwemedt%d&oaﬂ"a’é& pral &Ry

ceram c chuck after a 0 SRl iddthet the
external  sur fhaweer, i@d%éo:&&‘iﬂgio e?‘ﬁ‘é e@rcﬁlﬁﬁ{ ngy oﬁgré‘{eﬁtgﬁgﬁé i stance
bet ween t he el &g&lmg&fa‘% .ff-% Bﬁﬁérnﬂr&bch@wsmmé &k notlie, paladlebto t he
chuck can vary across e surface of the Chﬁ(%n(l-rhl s, effect

particul arly pheuppensedaoehebhis leffeci sam be scep i KI hich shows the warped
sintered ceramic chuck after a grinding operation to restore flatness to the external

surfaces. As a result of the grinding operation, the distance between the electrode
8 and the upper and lower surfaces 12, 14 of the chuck can vary across the surface
of the chuck. This effect is particularly pronounced when the ceramic disk is
made very thin to aid in both thermal and RF power transmission.

[0027] FIG. 2 shows steps involved in forming a sintered ceramic chuck
according to one embodiment of the present invention. FIG. 2A shows the
components prior to assembly wherein a clamping electrode pattern layer
according to the present invention 20 is disposed on a first ceramic green sheet 22
to be bonded to a second ceramic green sheet 24. The assembled chuck
components prior to sintering are shown in FIG. 2B wherein the first ceramic
green sheet 22 and the second ceramic green sheet 24 sandwich the electrode
pattern layer 20 therebetween. The electrode pattern layer 20 includes a fine
pattern of conductive strips. The strips can be made from a paste of conductive
particles applied by a printing method such as screen printing. Other methods of
forming the electrode pattern, however, can also be employed. FIG. 2C shows a
cross section of the ESC of the invention after sintering. The green sheets have

now become a joint-free monolithic sintered ceramic body 26 with an embedded



made very thin to aid in both thermal and RP power transm ssion. [0027]
FIG 2 shows steps involved in formng a sintered ceram ¢ chuck according
to one enbodi mrent of the present invention. FIG 2A shows the conponents
prior to apgessosasvvherein a clanping el ectrode pattern | apernus@aae®sdi ng to
the present invention 20 is disposed on a first ceram c green sheet 22 to
be bonded to a second ceram c green sheet 24. The assenbl ed chuck
conponents prior to sintering are shown in FIG 2B wherein the first
ceram c green sheet 22 and the second ceram c green sheet 24 sandw ch the
el ectrode pattern |layer 20 therebetween. The el ectrode pattern | ayer 20

I ncludes a fine pattern of conductive st?ﬁps. The strips can be nade from
a paste of conductive particles applied by a printing method such as
screen printing. Qther nethods of formng the electrode pattern, however,

can al so be enplecyasi¢ layer 28. Puedndinding elesiradepasient ermploysd, bawewsdhef t he

monol i thi ¢ si nPaisdoelerbn Bt SEhaiy BSCT-AR bRt B8 B o " 'O

PCT/ US02/ 18093 emBedile® eletitbstie ré@hﬁﬁﬁ subStan(lly planat BRerfthe sintiag opadgomat t er n
enpl oyed, however, the Pﬁ!{I external surface of the ceramc_ ESC renmain
c

substantial |y {00281 andhe whanreatgrationofithe fee ?lﬁ‘i%ﬂdﬁi’a%ﬁmmyp‘éﬁ y pl anar
e ol et T o S AR 1 o e mb A sl BAE beofiithon i OF ik MiGkAE, O 1 he

fine electrode pattern énployed as the maxi mum
straight Iine pammtnolmmtﬂhanof Otidch. eThacisy nﬂeﬁnqoeiedtmdapmemcacawdmgtman 1.0

inch. That is, .in a fine el ectrode ? tern accordl ﬁ t.he pres
i nvention, no glerpé?sé’;ﬂrtmm"ﬂ@n’s%b??@w‘ﬁh 8? Shament; grggier %‘ T%c‘ﬂdb wgl‘llﬂ in
any direction gi &Ri6RBh &hﬁnﬁﬁfs?{)ﬁi’ban tﬁ@ﬁe&m‘oﬁ&%&t@&i‘ﬂ M&rb%&éferai}{?r e

preferably, no“straight [i1"'ne segne greater I nches. in |ength
and even nore npskdightdine pegmens greaiey Han|0. hinchesgmiangthg andiean morgn 0. 25

pat tern. | Oopopersren ra gt ot Rbarichy el B8 ik AR EMET  on v

shown direction on any portion of the electrode pattern.

[0029] Exemplary electrode patterns according to the invention are shown
in FIGS. 3A and 3B and FIGS. 4A and 4B. FIG. 3A shows a top plan view of a
bipolar electrode according to the present invention. The electrode comprises a
first electrode 30 and a second electrode 31. The first electrode 30 comprises a
radially oriented linear segment 32, a disc portion 33 arranged in the center of the
pattern and a plurality of "C-shaped" ring portions 34 positioned at predetermined
intervals and having different diameters arranged on both sides of the linear
segment 32 of the electrode so as to surround the disc portion 33. The second
electrode 31 comprises radially oriented linear segment 36, a plurality of "C-
shaped" ring portions 37 located at predetermined intervals and having different
diameters and extending in "C" shapes on both sides of the linear segment 36 of
the electrode and interleaved with the plurality of the C-shaped ring portions of the
first electrode. Furthermore, the second electrode 31 comprises a circular ring
portion 38 connected to an outer edge of the linear portion so as to form the
outermost peripheral portion of the electrode. As shown in the detail in FIG. 3B,
the electrodes have slits 39 formed therein to prevent the build-up of stress. The
slits 39 are formed alternately on each side of the strip. Further, some of the slits



in FIGS. 3A and 3B and FIGS. 4A and 4B. FIG 3A shows a top plan view of a
bi pol ar el ectrode according to the present invention. The el ectrode
conprises a first electrode 30 and a second el ectrode 31. The first

el ectrode 30 conprises a radially oriented |inear segnmepér/gso1dedi SC
portion 3¥WOIYUXY2d in the center of the pattern and a plurality of
"C-shaped” ring portions 34 positioned at predeterm ned intervals and
having different dianeters arranged on both sides of the |inear segnent 32
of the electrode so as to surround the disc portion 33. The second

el ectrode 31 conprises radially oriented |inear segment 36, a plurality of
"C shaped" ring portions 37 |located at -Hledeternined intervals and havi ng
different dianeters and extending in "C' shapes on both sides of the

| i near segnent 36 of the electrode and interleaved with the plurality of
the C shaped nj Bfe Ble¢tiddense Atanghikin dlignmentevidcadjadnt slibuntheother e, t he second

el ectrode 31 conprises a circular rin ortion 38 connected. n outer
edge of the | iekestrpdeoThe Pits eparale cach plEGTAdE HRIO SeRTAS,S¥Pe %é?ﬁ‘ﬁhg‘fe; portion

of the elect Lg%ﬁ?%ésansib%@gmisg%ﬁéh? ARl dnelefd Bhdothéfd.of whitt #¢ piiedades have

slits 39 for erein“to prevent the build-up of stress. The slits 39
are forned al tagjabertabgmen acatinersis deeredf. (The skitsr30are mupnged SUchdBafdhof t he

slits WD 03/003449 -10 PCI/ US02/.18093 in one. el I A6 1 N
al i gnment wit Hm’d‘éﬁﬂﬁ@e‘malgg{ foejquxlh f’g@e(‘f{eﬁgg& lgﬁ'e(gﬁt'%gggss?’@rgﬁts sépar at e
each el ectrodg) & HReSGHALRN A eveR HROIO prefdralily 0d5€nchiepbniess.t 0 an adj acent
segnent only on one end and others o are_j,oi ned to(j an_ adj acent

whi C .
segnent at bot[B030jds Theelestrdde paernsiniRIGS 34A 2pd 4B /i$ 3 ABPRYINEHat t he
maxi mum strai ght |line | ength of . ' s L)) i , nore
pref erably 0%‘9“’:1’5‘5%3 pg\“%f“gsog fin ‘%‘R?‘@@%ﬁé‘ ég&gdpor%ﬁd?raebtf@a%?%&?ﬁ hes or
| ess. [0030] Tngueliesdgnas 4Apivherein dach sdpfiiént 4dinamgrodB40 & connesiedolasr

i i oot | onaAacontseetbent Top SMATHeS SEBTEEN RHbE EINP U GP DR DO S rent 44

'na group 40 siegm&?tg Qteﬁ{e?lglﬁhg eftfd thereof. As shown, narrow rectilinear gaps (slits) 42
separate the adjacent segments 44 of the electrode. The segments 44 of adjacent
groups 40 are oriented perpendicularly to one another. Additionally, some of the
segments in one group are joined by connections 46 along a side edge thereof to an
end of other segments in an adjacent group.
[0031] The patterns shown in FIGS. 3 and 4 are only representative of the
patterns that may be used to construct a finely divided electrode pattern in
accordance with the invention. The electrode pattern of the present invention may
be made up of a repeated pattern of short interconnected segments, the repeating
pattern extending uniformly across the chuck body or forming strip-like sections
extending in radial, circumferential linear and/or mutually parallel directions
across the chuck body, the segments being arranged to provide 2 maximum
straight line length of 1.0 inch or less, more preferably 0.5 inches or less, and
even more preferably 0.25 inches or less. Conventional electrode patterns can be
modified to provide a finely divided electrode pattern in accordance with the
invention. For example, such electrode patterns can be modified such that any

straight line segments or segments having a high radius of curvature not meeting




adj acent segnent. The interior segnents of the group are connected to

adj acent segnents at alternating ends thereof. As shown, narrow
rectilinear gaps (slits) 42 separate the adjacent segnments 44 of the

el ectrode. wh@esgeent s 44 of adjacent groups 40 are oriPCL/esh2/18093
perpendicularly to one another. Additionally, some of the segnents in one
group are joined by connections 46 along a side edge thereof to an end of
ot her segnments in an adjacent group. [0031] The patterns shown in FIGS. 3
and 4 are only representative of the patterns that may be used to
construct a finely divided el ectrode pattern in accordance with the

I nvention. The el ectrode pattern of the b”ésent I nvention may be nade up
of a repeated pattern of short interconnected segnents, the repeating
pattern extending uniformy across the chuck body or formng strip-Ilike
sections ext ethiaforementicngil griteria jarechraken umwith slits ion seme athey BF20NIQ ual | y

paral l el directions .acr.oss t ct dy, the segnents being arranged to
provi de a maxi mntstp?g\ngﬁyppﬁﬁ%m}g%ﬁsge%bf 1.0 inch or less, nore
preferably 0.5[g3g)'es TRE width of theibctredestripidik @referablyr0ats jnches2iy lessahds or

| ess. Conventional el ectrode patterns can be nodified to proyide a finely
di vi ded el ect r 8se preferably 0. 1254nchey omlesse o Jpacing betwsenihe ielfﬁt.f°¥fo§mlé%<lérrp| e,

such el ectrode Syt $ABkuREy &@ﬁﬁﬁlé ithiYe aﬁﬁ%’ betWebbl8éthoded
curvatu

segnents or segnents having a-high radius o e not neeting WO
03/ 003449 PCT/ biRlR? td RARitize the tdial eapased areaof theadectnoiesdp iimprove clampikagn up with

slits or sone qther ans. to revent .the.byil d-up of thernal .St ses.
[0032] The wi d?‘ﬁc%f Tﬁ%@%?ﬁﬂﬁg ?PVibBtﬁWQH&Vg‘F%{%QE‘WBPY@Pﬁ%‘F@‘ or |ess
and nore pref glabbde Padrd e!.%.‘?t!ﬂ@?riﬁﬁng' B&iqubifedRAoih thdRittee NUSIRE silk

el ectrode strips 1s "not critical. It is usually desirable to mnimze the

spaci ng bet weescre¢ning teobidguesnspacingseof less thamd). imme cambe achieyed.exposed area of

the el ectrod | | anpi f o The minimim spaci n
[ tea byt no@ehn ¥ Bl BB e ARk bPTR RERE Mo ®,
printing technipgiéhiybpdhe Andudt 67 dRss dAtlopéd durtdpi shigterdiig bt also by the ability

of the sintered ceramic chuck to resist deformation. Therefore, various factors in

addition to the aforementioned CTE differences can influence warping of the
chuck. These factors include the processing conditions employed during sintering
(particularly temperature), the elastic modulus of the ceramic material and
geometric factors such as the thickness of the chuck and the position of the
electrode with respect to the major surfaces (thickness direction) of the chuck.
Thus, if the electrode is closer to one of the major external surfaces of the chuck
than the other, the stresses induced in the chuck by sintering will have a greater
tendency to cause warping than if the electrode is centrally located. Even if the
electrode is centrally located, however, some warping can still occur. Further,
reducing the stresses during sintering can also be desirable to prevent the chuck
from becoming damaged during sintering. The residual stresses that build up
during sintering could eventually lead to cracking of the ceramic substrate or
delamination of the electrode layer.

[0034] The inventive electrode design can be incorporated in various substrate

support arrangements including those illustrated in FIGS. 5 - 8.



screeni ng techni ques, spacings of |ess than 0.3 mmcan be achi eved. [0033]
The anpbunt of deformation of the chuck during sintering is influenced not
only by the anmount of stress devel oped during sintering but also by the
ability of the sintered ceram c chuck to resist defor i ef ore,
various fXQAG/¥34  addition to the aforementioned CT€T?¢?g$gﬁ§2§ can

I nfl uence warping of the chuck. These factors include the processing
conditions enployed during sintering (particularly tenperature), the

el astic nmodulus of the ceramc material and geonetric factors such as the
t hi ckness of the chuck and the position of the electrode with respect to
the major surfaces (thickness direction}l®af the chuck. Thus, if the

el ectrode is closer to one of the najor external surfaces of the chuck
than the other, the stresses induced in the chuck by sintering will have a

greater t endw@s t 0 pGUS RhVA 431 éhhotiingsnt whetelrethe capingdslecirode 6 isrused y

| ocated. Even’i Ehe el ectrode is central ',Iﬁg'gg?cgﬁﬁed however S8 war pi ng
can still occuo supply REsmergyr osbpwg i HIG. o GREREY ALY SYPRb ng can al so
be desirable to preve r 8ERMcAYs SpPREP@ elbetrodgs&i nt eri ng.
The resi dual &?%é%g&%ﬁ;algﬁgﬁ@%gﬁbﬂe @mu?ng .sicnt%r i'ng could eventually | ead
to cracking ofgiédi@de S0ashowatntieddeddn an insuletingrphsemisandictiyhody| Bet r ode

I . [0034] The i ti I de desi | ' [
Subst 7 at o Uik this ratesEivE 6 AHEPTR TR egECutr BERBAIBgna Bhe s VEr °5S
WO 03/ 003449 -\ T, USHEL-AG0%% hRRTPAIN Br FEE pivibeimgavitoubdghifient hesher oi n

t he cl anpi ng Srettfode I's used to supply energy. As shown in FIG 5,

DC and RP enengydape supplied to matching network/DC filter 54 the output
"nsul at i ngor 100 cdilGiSe a0 T30y E8hedimeRy iy RE dofveF RappuargCded 10 an
clect 1 ode o Seeil adgdane GenEte) kdpms Inedannpelssale 0L by
both the second electrode 62 and thg clamp{nrg]%lgc\:ntro e 8'6 are efh Ieéde%e}rrl] ba €2
insulative or semi-conductive body 64. In FIG. 7, the clamping electrode 70 is
embedded in an insulating or semi-conductive body 74 and the second electrode 72
is formed on the surface of the chuck body opposite the substrate support surface.
[0037]  FIG. 8 shows an alternative embodiment wherein RF power is applied
to an electrode in the form of a baseplate 82 underlying a clamping electrode 80
embedded in an insulating or semi-conductive body 84.
[0038] The electrostatic chuck according to the invention provides improved
electrode flatness which advantageously influences the spatial uniformity of the
clamping potentials developed on the chuck during use. Electrode flatness is
particularly important for Coulombic (fully insulating) type chucks where the
thickness of the dielectric layer above the electrode directly determines the
clamping potentials developed on the chuck during use. InJ ohnson-Rahbek ("J-
R") semi-conductive designs, the electrostatic charge migrates to the clamping
surface of the chuck and the time asymptotic clamping field is therefore not
directly related to the actual dielectric thickness. With J-R chucks, however, there
can be transient effects that occur while the electfostatic charge redistributes (e.g.,
during initial chuck powering or during de-chucking) can be influenced, however,
by the dielectric thickness of the ceramic layer above the electrode. These effects




buil d-up. [00363 FIGS. 6 and 7 show enbodi nents wherein RF power is applied
to a second el ectrode (RF el ectrode) underlying the clanping electrode. In
FIG 6, both the second electrode 62 and the clanping el ectrode 60 are
enbedded i yygdd0034asul ati ve or sem -conductive body 64. | npEi/(s02/48098 he
clanping electrode 70 is enbedded in an insulating or sem -conductive body
74 and the second electrode 72 is fornmed on the surface of the chuck body
opposite the substrate support surface. [0037) FIG 8 shows an alternative
enbodi ment wherein RF power is applied to an electrode in the formof a
basepl ate 82 underlying a clanping el ectrqde 80 enbedded in an insulating
or sem -conductive body 84. [0038] The eleCtrostatic chuck according to the
i nvention provides inproved electrode flatness which advant ageously

i nfluences the spatial uniformty of the clanping potentials devel oped on
the chuck duri eap keseignificant mithdespeste pliaigingdfast gad ppiEQmnWeler relgase-t ant f or

Coul ombi ful ' ' '
i el ectri o1 ay el hitbha b RFe GAMEE SRR Coltimple bt PRESorRhodied.
potenti al s devRlohpekldesignishe chuck during use. In Johnson-Rahbek ('T R")

i -conducti [ , the electrogstatic ch i gr at t.he cl i
urf ace. of 1 he ML ARPTG 18 Hifecsdy FPPOTFETCOLR ARG RHERC I her of of &
not directly pRivife8Hich LRGmPFIVERE BufifCidiformit) whER BESpowdt ifcoliplachucks,

however, there can be transient effects that ocCcur while the el e_ctrostatic
char ge redi st r thvoughsth¢ elagnping edestrodeyaridrintoi aal opein space pbavsrthespbstratel being g

de- chucki ng) can be jnfluenced. however by the dielectric, thickness of
the ceramic | alfOFCS5fby ﬁgﬁ’g&gﬁ'? 9%5°§?$88§@‘V@%’§F5%449

PCT/ US02/ 18093,rrdiefiRfits RBowh #IFIGSC @Ntg. Wi th respect to obtaining fast and
uniformwafer release. Electrode flatness is therefore desirable for both

Col ounbi ¢ and H¥4P} coRFutanspasersy can bhashicved ifithgelamping tectradecgatgritlgs t o t he

second enbodi nFe%tiv% y gegigﬁ\.}er%gﬁ' Maf) e ttﬁ&mgsi%f itI’?e electrode is substantially less than
a skin depth thick at the frequency of interest. The skin depth is the point at which
an applied electric field is reduced by a factor of 1/e as it penetrates into a
material. Skin depth is proportional to both the inverse square root of conductivity
and to the inverse square root of frequency. Thus, higher conductivities and
higher RF frequencies both result in lower skin depths and hence lower RF
transparency. Consequently, by reducing the conductivity of the clamping
electrode the RF transparency can be increased for a given electrode thickness.
[0041] Conventional ESC electrodes made of highly conductive materials such
as tungsten, molybdepum or tantalum can interfere with the RF energy passing
therethrongh. With a conventional ESC, the conductive clamping electrode can
essentially become capacitively coupled to the RF electrode or baseplate. Due to
the high electrical conductivity of conventional clamping electrodes, the RF energy
"coupled" into the clamping electrode becomes spatially redistributed within the
clamping electrode. In this manner, the clamping electrode behaves like an RF
equipotential surface. The ESC electrode in a conventional ESC can thus be
viewed a floating plate between the RF electrode or baseplate and the reactor
chamber. As a result of these effects, the local RF current density can be
dependent upon the distance (d) between the clamping electrode and the upper



provi ded which can inprove RF coupling uniformty when RF power is coupled
t hrough the clanping el ectrode and into an open space above the substrate
bei ng processed. This enbodi nent of the invention can be used with the
chuck arrangements shown in FIGS. 6 - 8. [0040] RF transgpnsih¥esan be
achi eved WO IW34P anping el ectrode material is relatively resistive such
that the thickness of the electrode is substantially |less than a skin
depth thick at the frequency of interest. The skin depth is the point at
which an applied electric field is reduced by a factor of 1/e as it
penetrates into a material. Skin depth is proportional to both the inverse
square root of conductivity and to the i-mrerse square root of frequency.
Thus, higher conductivities and higher RF frequencies both result in |ower
skin depths and hence | ower RF transparency. Consequently, by reducing the
conducti vity QfishhertheBiicRY Spaat ¢driatioss inhhis Bistincanelpielr eredypicdlly be
increased for a given electrode thickness. [Oqgﬁ% ?anenti naIﬁESC

el ect rodes nageeseht inicghveptionsh glestrostatic ghucks, cap dhus resplt g Hopypiorm, i

nmol ybdenum or tantal ur | fere with the RF energy passing
t her et hr ough. CWﬂWga&?&%@g}\et@g%l ESC, the conductive clanping el ectrode

can essenti alghy42)econBercap@Rirpingedlectrode formsl an equipaential airéce.r BFor
basepl ate. Due to the high electrical condyctivity of conv ' I
cl anpi ng el ecten@tzé@,anbﬁéleﬂlﬁd@%?l@&m“?&f&quné qlﬂ?@%ﬁ °%‘rd§r?§%‘8&§€ect rode
becones spati g Ly Fedipgt 4 d-rid hibirBudidiof O BGUIAY ikb @t plasia redotort hi s
manner, the cﬁlg%%ﬁl%lgggﬁa%‘%%gg ge alvesul i ke an&§j gqui potential surface.
The ESC el ect ripsteforeibecones depenient aporaBedistance (@) demusen theslmping ¢lecitode ng
pl ate between the RF el ectrode or_ basepl ate n-&.@@{(per. As a
result of thed@ddhg URPCE SuK ar‘f@ofg’fafpu%#%%}?i&a?ﬁ?ggg%?ﬁf&g@?ﬁ%oel ependent
upon the dist i€ i e Thbffors, RISiupting hsifdrtigds depgnddneomifiser WO
03/ 003449 -14@%%%%02%@%%%3 surface of the chﬂ%k. S ati'i al vard' ations in
thi s di st ance,spafisl aniformityt gfithe gri¢kpess (d). Since the RF energy will tend to flow

through areas with higher capacitance, any non-uniformity in the thickness (d) of

the ESC clamping electrode can cause non-uniform RF coupling into the reactor.
[0043]  The present inventors have discovered that the RF coupling uniformity
can be improved by:

[0044] 1) increasing the resistivity of the clamping electrode; and/or

[0045]  2) increasing the lateral impedance of the clamping electrode by other
means such as making the electrode thinner.

[0046] Increasing the resistivity of the clamping electrode allows the clamping
electrode to become more transparent to the RF epergy being coupled
therethrough. Accordingly, with more resistive clamping electrodes, less RF
energy is "coupled" from the RF electrode to the clamping electrode. Second, by
increasing the lateral impedance of the clamping electrode, any RF energy which
is "coupled" from the RF electrode into the clamping electrode is less likely to be
redistributed across the plane of the clamping electrode. Further, by increasing
the lateral resistance uniform coupling of the RF energy into the plasma can be
achieved with clamping electrodes which are flat or non-flat with respect to the

clamping surface of the chuck body.



present in conventional electrostatic chucks, can thus result in

non-uni form RF coupling through the chuck. [0042] Wen the clanping

el ectrode fornms an equi potential surface, the RF energy can be viewed as
bei ng coupkasiosinemy t he cl anpi ng el ectrode and not the unPeT/USG2118096RF

el ectrode. The distribution of RF coupling into the plasnma reactor

t heref ore becones dependent upon the distance (d) between the clanping

el ectrode and the upper surface of the chuck (capacitance being inversely
proportional to dielectric thickness). Therefore, RF coupling uniformty
I s dependent on the spatial uniformty of the thickness (d). Since the RF
energy will tend to flow through areas VQQTlhigher capaci tance, any
non-uniformty in the thickness (d) of the ESC cl anping el ectrode can
cause non-uniform RF coupling into the reactor. [0043] The present

i nvent ors have [(M43L ov &he gesistizity phbe Rrmpingsilecirgde par ke infregsed bY yYapaus npr oved

by: [0044] 1) increasi t resi St Vi . i ., (ANd/ or
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ot her neans ?ﬂﬂﬁh@sh’ alléﬁiivbﬁt@mhml nﬂﬁ@igémlféieiathichﬁemﬁgé@ﬂ%hahmlt&&mllﬂg t he
resistivity of the clanping electrode allows the clanping electrqde to
becone nore t rmbmng?qr@?mb agplugina; @S/(ﬁé‘i‘qﬂ?‘l@&ﬁﬁpgﬁny ?fﬁ%#@tq?ﬂ”&l%
Accordingly, w 1Sl ' : : i's
Coupl ed® 1 oneiREO: e sfedhaitah 3o b HekiAFEy infainTle RN

i ncr easi ng t heof dlecletrodepe citemmetively, by @rotiding ihegclahpiog eledeodedanyheRierianer gy
which is "coupledq" fromthe RF el ectrode into.the clanpjng, eLectrode is

|l ess |ikely toof)é%nF]éf(ﬂl‘é‘P?‘{lmoé‘M&H@&B%“?' Wwhigh ingreasgs W@eﬁﬁgﬁ%}&ﬁg

el ectrode. Furtfaeheddy increasing the lateral resistance uniform coupling
of the RF energy 1nto the plasma can be achieved with clanping el ectrodes

whi ch are fl at [0048hon Afs|aatexasaple, highqsRit transpargecy as| welasrighen laterale of t he

chuck body. V\qugédoaggedfc%g b';’%l{,ilé{? 2’141 ® a?r%iﬁgleﬁectrode by using an ESC clamping

electrode made from an electrode material comprising a mixture of an electrically
conductive metallic material and a non-conductive filler. Thus, by incorporating
an electrically insulating filler such as alumina into an elecirically conductive
refractory metal such as tungsten, titanium, molybdenum, niobium or the like, the
electrical resistivity of the resulting composition can be increased significantly.
For example, tungsten with a 45 percent volume loading of alumina can have an
electrical resistivity that is approximétely 1000 times that of unfilled tungsten. The
skin depth of an electrode made of this material would therefore be more than 30
times as great as that of a conventional tungsten electrode and, for a given
electrode thickness, significantly more RF energy would pass through the high
resistivity electrode than through a conventional conductive electrode having the
same shape and dimensions. Additionally, any increase in ;esistivity will also
increase the lateral impedance of the clamping electrode.

[0049] The resistivity of the electrode can also be increased by introducing
porosity into the electrode. Porosity can be generated in a refractory metal paste
during sintering by incorporating certain known void forming additives into the

paste composition.



[0047] The resistivity of the clanping el ectrode can be increased by
various neans including: (1) using a nore resistive material for the

cl anping el ectrode; (2) diluting a conventional conductive naterial such
as tungsten with an electrically insulating material su I na; or
(3) introdRIMY34drosity into the clanping electrode. Tﬁgw?§¥gbgp

| npedance can al so be increased by increasing the resistivity of the

el ectrode or, alternatively, by providing the clanping electrode in the
form of a finely divided or convoluted pattern, which increases path

|l ength of the electrode. [0048] As an exanple, higher RF transparency as
wel | as higher |ateral inpedance can beigchi eved in a clanping el ectrode
by using an ESC cl anping electrode nade froman el ectrode materi al
conprising a mxture of an electrically conductive netallic material and a
non- conduct i Vg | ety i Y#SsenbivbitBs/ B9 ESC crguping clebiexlegreaiaby asul at i ng
filler such as alumna into an electrically conductlvgﬂ}fefracﬁo%%enetal
such as t ungstsarfacetesistiviityraf atieastiabiens Inpreferaily ghieatt 10/pbms/square. Rt
electrical resistjyvit f .the .r ' WA FTafo T iriCHeSIRHG S
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al umi na can hayenadlectRde &Y theélbctfods tddkinesst In 4 praferied emphodissantef 8¢y 1000

times that of unfilled tungsten. The skin depth of a Jypde of
this materi al mmﬁdnxmecbmﬂ&%“ﬁé?ﬁmhﬁﬁf% rqf”r?@ygqse%%%‘{o g‘ at of a
conventi onal tqu?n}ﬁséﬁs %@e%&@%—%ﬂuﬁﬁgce&ﬂc .1 MeRina¥ h@C oM@ tb 180 wkrtess,

significantly energy wou pass through the high [esiﬁﬁivity
el ectrode t harpftaheftgbryameraniean; tuogsidn).c imal fsthey prefareas rRpdIEGi e the sane

shape and di nensions. Additionally, any increase i lstivity will also

i ncrease the |gfragtary m%leﬁaﬁegpﬁ?egtﬂr?@@Q%%@é’eﬁeﬁ?‘?%.@&j{omg] The

resistivity Of[robgg eb@%&ﬂ@ﬁviﬁ&f‘clgfhﬁiﬂg blecttdilermaneactah pe usddr to dueréasg thepor osi ty
ode. Po

into the el ect rosr'ty can be generated in a refractaory retf\#gpaste
during si nt er i lagrdbympedanceati the clagping clegiredadng isncothd SPRRMHPTINICt NVes into

the paste Con&%ﬁfiﬁgi.oﬂ's thve\QiIPeSv/viggg%ilglelg s P RrttatfiIraterial become smaller and
the electrode pattern becomes more finely divided (e.g., with alternating slits as
illustrated in FIGS. 3 and 4) and/or circuitous, the lateral impedance of the
clamping electrode will increase. The lateral impedance is essentially proportional
to the distance of the conductive path (path length) between different points on the
electrode pattern. By using a finely divided pattern, the path length or distance

between two points on the clamping electrode will increase thus increasing the

=

lateral impedance.
[0052] Since the clamping electrode is essentially transparent to RF energy, RF

coupling uniformity can be influenced by the flatness and uniformity of the RF
electrode underlying the clamping electrode. Therefore, in a preferred
embodiment, the R electrode is both substantially planar and a good RF
conductor. In a further preferred embodiment, the connections betweqn the RF
power supply and the RF electrode are sufficient to promote the spatial uniformity
of the RF energy distribution across the RF electrode. RF uniformity can be
influenced by the number, size and placement of the connections from the RE
power supply to the RF electrode. In a preferred embodiment, the RF electrode is
a continuous unbroken layer of a highly conductive material. In a further



-16 [0050] In the present invention, the ESC clanping el ectrode preferably
has a surface resistivity of at |east about 1, preferably at |east 10
ohns/ square. Surface resistivity can be derived fromvolune resistivity by
di viding t i osmosyae resistivity of the electrode by the PCHUS020803

t hi ckness. In a preferred enbodi rent of the invention, the clanping
electrode is nmade froma refractory netal frit conprising an insulative or
sem -conductive ceramc (e.g., alumna) and from10 to 80 w. % of a
refractory netal (e.g., tungsten). In a further preferred enbodi nent, the
refractory netal frit conprises from30 tgo 50 wt. % refractory netal.
[0051] A finely divided clanping el ectrod]e7‘pattern can be used to increase
the lateral inpedance of the clanping el ectrode and hence the spati al
uniformty of RF coupling. As the line widths of the strips of_electrode
mat eri al becomprefera¢d emboginient; the RH pasver dnrppped ot eenaksgion ofthecRF i ne| y

di vi ded .g., With alt: t] i % ' t r.at.ed. i 4
and! or i o ¢ SHEORTRA BpP Lpisklh B mplove ' BRI Rhered ER6),
i ncrease. The i @écttode slaEebence i s essentially proportional to the

di stance of the conductive path (path | ength) between different Ints on
the el ectrode[%lerﬂtheskcggﬁtﬂ? @“?K‘Pﬂélb’?g‘iﬂrélin&é?i%éﬂeé‘?‘ﬂ?cﬁ ‘B&f‘)’h | engt h

or Jistance . DHPEy bR thlafing s i oEhARRIOGaEHEE! SQABIaMhitbras T case

t hus i ncreasin ance. [0052] Since the clanping el ectrode
i s essenti al | y ifghalessesantics, polyniefs éengy polyinfiie) and elabtomgrsupigh osilidong can be

I nfl uenced by the fl atness and ynifqrm of the RE. el.ectr.ode, underl yi ng
the cl anpi ng eIWF)odé“Iﬁ’Fﬁé"e‘Pﬂﬁ‘@?“gﬁ?‘yeéi’%wg?rb‘&lFé‘fl?mpé?ﬁﬁ}a‘fct’f?gﬁ??d ﬁ]ﬁe RF
el ectrode is bl sihy dc¥ ity AR add hénPthe eatdle RiaterRPBOE6 A différent2
further preferred enbodl nent, the connections between the RF power supply

and the RF el emwateribé thandherenfaingier of the ghyskdedy-e the spatial uniformity of
il Uenced by TPEhundap Preapgld GRpbdifielfrng cRELLARE ol Wabidhiglbae TOD 1O
power supply t @réseft iffentibe & 4 edemic! dlectroftizl chucle dTherberamiveshuck tanebefRirade
electrode 1 by sintering together ceramic green sheets sandwiching an electrode pattern to

provide a joint free monolithic body. Alternatively, the electrode pattern can be

disposed on a first pre-fired ceramic layer and additional ceramic material can then

be added to cover the electrode layer. For example, a ceramic material could be

bonded on a pre-fired ceramic layer having an ESC electrode therebetween.

Alternatively, the clamping electrode layer can be disposed on a pre-sintered

compact and a layer of ceramic, polymer or other insulating or semi-conductive

material deposited thereon by, for example, CVD, sputtering, or other techniques

such as thermal spraying (e.g. plasma or flame spraying).

[0055] The electrode pattern can be formed by various methods. Por example,

a continuous layer of conductive material can be deposited and conductive material

selectively removed to form the pattern. Selective removal can be accomplished

by dry etching (e.g., laser, plasma, etc.) or wet etching (e.g., acid, chemical, etc.)

or by mechanical means such as sand blasting, grinding, etc. Alternatively, the

electrode can be formed by selective deposition of the conductive material in a

desired pattern. In a preferred embodiment of the invention, the electrode is

applied in the form of a paste or ink comprising particles of an electrically



a continuous unbroken layer of a highly conductive material. In a further
WO 03/003449 PCTI US02/ 18093 -17 preferred enbodi nent, the RF power is
applied to a central region of the RF electrode using a single connection
to inprove the distribution of RF energy across the ele face.
[0053] Th&@P¥WE44dstatic chuck body according to the invgéngﬁnégﬁ be made
fromany suitable insulating or sem-conductive material. Suitable
materials include ceramcs, polyners (e.g., polyimde) and el astoners
(e.g., silicone rubber). Further, an insulating | ayer between the clanping
el ectrode and the substrate support surface nmay be nade fromthe sane
material or froma different material tb&n the remainder of the chuck
body. [0054] In a preferred enbodi ment, the electrostatic chuck according
to the present invention is a ceramc electrostatic chuck. The ceram c
chuck can be r@g@ucty nfitefiabby gy sulgiit kehniqeesarfihe pgstecior skaeple, c3adewi chi ng
an electrode pattern to provide a joint free nnngl'

s : : |t Iﬂ QI":]%dX itable
Al t er nati vel y,silkisereeneddn e sleairgd-nagtern Pn a,0erafic grfed specty S5ATR ¥ ol oy pre-fired
ceram c | ayer an L5 . ' Ll 1indl nuletaaieg to cover
the el ectrode qogg‘éc?iggpéﬂpgféggnﬁpﬁ]ﬁé,qﬁ@éﬁ%ge@g% Eﬁ%séts%ri a?sf?oullg. be bonded on a
pre-fired cer agbliumaye titdhuah and eondiSBe ebramicssteh asHitaniba@; nigsids. The paste
Al ternatively, the clanping ,ectrgﬁ?ﬂe | ayer capn be di sposed on a
pre-sintered Bahisgkde xpownaddiiyes s %él’%‘w Aol yner or other insul ating
or sem - conduciohi  MiiécosPick 8t heiseninvastiod oin box@Jubhann- VD
sputtering, or other techniques such as thernal sprayl,n%glg}(,a, .. plasma or
fl ame sprayi ngRahbEBQTR") Femi-conduetivseraptc ehuick of a Coglombic B\?“l ¥ OUS
met hods. For exanpl e,. conti.n I [ BRiqak tal becan be
deposited and @HE@U@(‘%?O ?éf%%ﬁssﬁ%hn@éllayg?%%éﬂd@?o folr% lrcnﬁit he pattern.

Sel ective remﬁéﬁ#&&?%ﬁ%.@g@ﬂm 0.3e or egs)do prevideddeguateclgmping dickdrat pl asma,
etc.) or wet etchi [ '

Ing (e.g., acid, chenical, etc. of b chani nmeans
such” as sand bpmasticahygltages. nWiithd-R éht@ks,/noweyqqame\}@eg gﬁquethg‘ealec B2 68
be significantly thicker (e.g., up to 1 mm) since the semiconductive ceramic allows

charges to migrate toward the surface of the chuck thereby reducing the effective
thickness of the dielectric layer. In the case of J-R chucks, the ESC clamping
electrodes are generally of sufficiently low resistance to dominate dielecttic
leakage to allow for sufficiently fast chucking and de-chucking. The use of
excessively resistive ESC clamping electrodes in either Coulombic or J-R chucks is
undesirable. In either chuck type, unacceptable chucking/dechucking times may
occur due to the large RC time constant. In the case of a J-R chuck, the leakage
current may drain away charge faster than the electrode can supply it such that
sufficient and uniform clamping force may not be achieved. Consequently, the
desire for RF transparency (high resistivity) in J-R chucks can be balanced against
the need to maintain a certain desired level of dielectric leakage from the clamping
electrodes.

[0057] ‘The ceramic material employed for the ESC assembly of the present
invention can be any suitable ceramic material. Suitable materials include high
resistivity silicon carbide and alumina for fully insulated chucks and aluminum
nitride and alumina doped with titanium dioxide for J-R chucks. For semi-

conductive (J-R) chucks, the ceramic material preferably has a resistivity within a



el ectrode can be fornmed by sel ective deposition of the conductive materi al
in a desired pattern. In a preferred enbodi nent of the invention, the

el ectrode is applied in the formof a paste or ink conprising particles of
an el ectri o&) d3y003» 03/ 003449 PCT/ US02/ 18093 -18 conducti vecTresens®s by any
sui tabl e techni ques. The paste, for exanple, can be silk screened in a
desired pattern on a ceram c green sheet. Exanples of suitable conductive
particles include netals such as tungsten, nolybdenum tantalum niobium
and titanium and conductive ceram cs such as titaniumnitride. The paste
may include known additives such as sintering aids. [0056] The

el ectrostatic chuck of the present i nvent%n can be a Johnson- Rahbek
("J-R') sem -conductive ceram c chuck or a Coulonmbic (fully insulating)
chuck. Wth Coul onbi c chucks, the ceranmi ¢ |ayer above the el ectrode can be

][el ?B i vel y t hi sange of 1x1Q5' ® 1xd 00 obmigm.qt beingunderstoqd; that reastidly Jasiese Wil anpi ng
i ' | AN _ o h
el ectrode ban it 3ed Ve pibstiECcontY G e, AERICHROROOVE (NE

sem conduct i ve voRs perimillihdtaveickadsanfelscttodeni grate toward the surface of the

chuck thereby reducing the effectiyve thickness of the dielectric |ayer. In
the case of J- HO®8Lc k%?wﬁh@n@éuﬁl’%? s clasping P%G&Jgdbf@“%ﬂ%? o) poreof

sufficiently | rasd : ] e g C I i | ow for
Ut i of ontly f AB AR rRREE bR Rl Sl ool RBRRA B D

rez i sti vgl ESCI «:bmminﬁn’@haﬁemtrcanibs farmeé by km:W?nhrdﬁuﬂsc;scd i/némﬂtidm ks j[_s
my.oceur - due cPamiGeakipi ety (EEGF Bf, (icu) SunEF U Palli | i
the | eakage cuyg. 8Ng80M022 16 Hisiin2RY ishiaée) Boled fifa§ be fphi¢hell i€ dR! Reiiode can
supply it such that sufficient and uniformclanping force may not be

achi eved.h cﬁnsmghw,axlldﬁﬂedwﬁbﬁh@m@wﬁm%mfw@ém&e}%m% chuck capj vi t y)
ey _ ! &y el .
dosired lovel dROiRappBREET s BRUAR and ppBSTY iy T Lotk Bafbglil 8

be supplied to the chuck surface. The surface of the chuck may also include

surface grooves or channels for the distribution of a heat transfer gas as is known
in the art. The chuck may further include additional ceramic and metallized
layers. Other metallized layers which may be provided in the ESC include
electrodes for heating or for the separate application of RF power.

[0059] A layer of a high temperature polymer adhesive such as a silicone
adhesive can be used to bond the ceramic ESC to an underlying support or base
electrode. The ESC, however, could also be attached to the underlying support
using other joining techniques known in the art such as brazing.

[0060] Although the present invention has been described in connection with
preferred embodiments thereof, it will be appreciated by those skilled in the art
that additions, deletions, modifications, and substitutions not specifically described
may be made without departing from the spirit and scope of the invention as

defined in the appended claims.



[ 0057] The ceram c material enployed for the ESC assenbly of the present

i nvention can be any suitable ceramc material. Suitable materials include
high resistivity silicon carbide and alumna for fully insulated chucks
and alumnum nitride and alunmina doped with titani um di gxfs€f8§e3d- R
chucks. FI¥YO&¥MP9conductive (J-R) chucks, the ceramic materi o preferably
has a resistivity within a WO 03/ 003449 PCTI US02/ 18093 -19 range of 1x1011
to 1x1012 ohnmcm it being understood that resistivity varies with
tenperature and applied vol tage neasurenent conditions, e.g., at 20C and
4000 volts per mllinmeter thickness of electrode. [0058] Power can be
supplied to the clanping el ectrode throu@® one or nore | ead wires or other
sui tabl e arrangenents including netal vias formed in the ceramc. These
vias can be forned by known techniques used in nmulti-layer ceramc
packagi ng tec:MmemEexarrpl e, comonly owed U.S. Patent No.
5,880,922 to Husain. For instance, holes may be punched in the ceramc
green sheet and filled with.the conductive paste prior to sintering. The
chuck can alsp inc o | §f b : Ades to allow for a
heat transfer gas t%gg?égdgﬁeg%[ﬁ?}égctﬁés%ttfe&g u’?:id%&%f g@%iﬁ The surface of the
chuck may al so i nclag®stastialliy pienagelectuosttio clampingreddctrode embedded insg joidkut i on of

a heat transfer gas as, .is, kno in.the art. The r i ncl ude
addi ti onal cer ¢ @o%gmﬁélngrﬁm%@mqbg?gr@q ClgRing eﬁ?@ﬁé&? @%‘#%%rgé whi ch
may be provi d_egnelﬂ}uglfﬂeoflgﬁgléc&fdaugleondgbmtrﬁ@&@s; for heating or for the
separate application of RF power. [0059] A layer of a high tenperature

pol yner adhesi ve suwhereis tie maximuohssraigh liselen d&@eﬁéﬂqﬁéﬁpﬁt@ng&ﬂdgt he
ceram c ESC to, a]E under | yi ng support or base electrode. The ESC, however,
coul d al so be ®ftached to the underlying support using other joining
techni ques known in the art such as brazing. [0060] Although the present

i nvention has been described in connection vvi,talaqg)referred. ﬁ{rpocii mﬁpts
thereof, it w2l beThegghueldngdevice9f dawsle vderain Ay siajght e leng

in the electrode pattern is 0.25 inches.

3. The chucking device of claim 1, wherein the clamping electrode comprises
a single electrically conductive pattern forming a monopolar electrode

arrangement.

4, The chucking device of claim 1, wherein the clamping electrode comprises
at least two electrically isolated patterns of conductive material forming a bipolar

electrode arrangement.

5. The chucking device of claim 1, wherein the ceramic material comprises

insulating or semiconductive material.

6. The chucking device of claim 1, wherein the electrode comprises a finely
divided electrode pattern comprising a repeating pattern of electrode segments

separated by slits extending inwardly from outer peripheries of the electrode.



that additions, deletions, nodifications, and substitutions not
specifically described may be nmade w thout departing fromthe spirit and
scope of the invention as defined in the appended clains. WO 03/003449
PCT/ US02/ 1§QP /0032449 WHAT IS CLAIMED IS: 1. A sintered ceraptT/usd2asdosost ati c
chucki ng device, conprising: a substantially planar electrostatic clanping
el ectrode enbedded in a joint- free nonolithic sintered ceram c body, the
cl anpi ng el ectrode including at |east one pattern of an electrically
conductive material; wherein the maxi mumstraight line length in the

el ectrode pattern is 1.0 inch. 2. The chugrlng device of claim1, wherein
the maxi mum straight line length in the ™tectrode pattern is 0.25 inches.
3. The chucking device of claim1l1l, wherein the clanping el ectrode conprises
a single electrlcall conductive pattern form ng a nonopol ar, electrode

arrangenent. 4.7-The Thpghweking deviceof clgim 4} wherein V\ﬁlé?té‘?dﬁ lpyfe it Plgsep i 0pe
el ectrode conprds ﬂxteitgﬂlﬁlt ugﬂlg sedf‘%ﬁéﬁnilt&%h'cé(ghﬁ aPdlelofeRS Of

conductive mat er| al for f ng a ol ar ectro ngenment. 5. The
chucki ng device of claim1l, wherein the cer am c rrat eri al conprises

insulating or semc dutlve teria evice of claima1l,
wherei n the el ébt r odde CBIRkISLRYICE of © iﬂﬂls WB?I9 &eq?%fé Battern

conprising a r | o8le mh @Eﬁhﬁd P88 f A8 chiimid i t S
ext endi ng mwae'@?&’tx ron?%E‘%lger&Sg{;r?%heg%gs of ﬁe el ectsrode WO 83/ 003449

PCTI US02/ 18093 boﬂjL 7. The chucki ng device of claim1l1l, wherein the el ectrode
| ayer is closer to one

9. The chucking device of claim 3, wherein the pattern of electrically

conductive material is arranged in a plurality of small comb shaped groups.

10.  The chucking device of claim 4, wherein each electrode comprises a

plurality of small comb shaped groups.

11.  The chucking device of claim 10, wherein at least one of the comb shaped
groups of one pattern is interdigitated with at least one of the comb shaped groups

of the other pattern.

12.  The chucking device of claim 1, further comprising a radio frequency
driven electrically conductive baseplate secured to a bottom surface of the sintered

ceramic body.

13. A method of treating a semiconductor substrate in a process chamber
comprising the electrostatic chucking device of claim 1, said method comprising
steps of:

electrostatiéally clamping the substrate to the electrostatic chucking device;

and

processing the substrate.




of the major external surfaces of the sintered ceram c body than the other.
8. The chucking device of claim1l1l, wherein the electrode |ayer is

approxi mately equi di stant fromeach of the najor external surfaces of the
ceramc bodg. 9. The chucking device of claim 3, whereipcf62R898ern of

el ectri caMQP ¥ tucti ve material is arranged in a plurality of small conb
shaped groups. 10. The chucki ng device of claim4, wherein each el ectrode
conprises a plurality of snmall conb shaped groups. 11. The chucki ng device
of claim 10, wherein at |east one of the conb shaped groups of one pattern
is interdigitated with at | east one of the conb shaped groups of the other
pattern. 12. The chucking device of clai-88-1, further conprising a radio
frequency driven electrically conductive baseplate secured to a bottom
surface of the sintered ceramc body. 13. A nethod of treating a

semi conduct or wbst ThS Meihod af plai ¢3 sfucthemdomprisiog sisps of enyplirgRE|caegY ost at i ¢

chucki ng device of claiml1, said t hod conpr.i sj ng. sie X

el ect rost at i caofiayleastoap fieguengy @9@’(&5?@@%&?38*%&@&# {s%?’ é?é%neg B2k ng
devi ce; and pr S| f AbGee HEORbRLREARIPCT/ US02/ 18093 - 22 14.
The net hod of @?sgﬁr%d%g?&%ﬁﬁg?&conpﬁ sing steps of coupling RF energy of
at | east one frequepmyessimgabmytubsinate wlitbdhe plasma: i ¢ chucki ng device to °

generate a plasnma adj acent the exposed surface of the substrate; and
processing the substrate with the plasma. 15. The nethod of claim 14,

wherein the prppessTaHamkel of $ladn 1k peherettbdprocésa chambearisla plagmpetdk essi ng

step conprises etching the substrate with th | asma. .
P w chamber an% the processing step comprises etcleﬁng tﬁle gt}%strate with the plasma.

16. The method of claim 13, further comprising applying DC electrical power
to the clamping electrode to generate electrostatic clamping potentials on the

electrostatic chucking device surface.

17. The method of claim 13, further comprising supplying process gas to the
chamber and coupling the radio frequency epergy into the chamber 5o as to
energize the process gas into a plasma state, the substrate comprising a silicon

wafer which is plasma etched during the processing step.

18. A method of making the ceramic electrostatic chucking device of claim 1,
comprising steps of:
providing a first layer comprising a ceramic material in a green state;
forming a pattern of at least one strip of an electrically conductive material
on a first major surface of the first layer;
providing a second layer comprising ceramic material in green state;
assembling the second layer on the first major surface of the first layer; and
cofiring the first and second layers to form a monolithic joint-free sintered

ceramic body with an embedded electrode layer.




16. The method of claim 13, further conprising applying DC el ectrical power
to the clanmping el ectrode to generate electrostatic clanping potentials on
the electrostatic chucking device surface. 17. The nethod of claim 13,
further conquesmonge suppl yi ng process gas to the chanber pomiusmupisdng t he
radi o frequency energy into the chanber so as to energize the process gas
into a plasnma state, the substrate conprising a silicon wafer which is
pl asma etched during the processing step. 18. A nmethod of naking the
ceram c electrostatic chucking device of claim1, conprising steps of:
providing a first |layer conprising a ceragjc nmaterial in a green state;
formng a pattern of at |east one strip of“"an electrically conductive
material on a first major surface of the first layer; providing a second
| ayer conpr|3|ng ceramc materjal in green st at e; assenbllngFthe second

S o

|l ayer on the filPst ﬂfﬁf&eﬂ@Groff&l?gnéﬁ grei; the formifigestep CORMPTISEHIrMINgR ¢ he

boy with an otedaageet s SRS rap sRathant ERel g s 1o

The nethod of o¥lerein i cofiting step cbxhpnsfessmtengg siequarticiesofitheeleficcaliyng a
pattern froma paste conpr.isi articl of, an el e tricaIIy conductive
material and R ‘@PYF’PHE r}gr,nﬁ@sg Tf@wgg]@g ®ntering the particles
of the electrically conductive material to forma sintered cl anping

el ectrode. 20. The nethod of claim 18, wherein the first and second | ayers
are ceranic gréen §heate§10d231' claim 18| whcmu@heﬁrsta@mqndﬂgyerem:@rm@ful for
supporting sem condg substrates in a sem conductor processing chanber
conprising: a Sf° el ectrically insulating or sem -conductive nateri al
having a support surface on which a sem conductor substrate can be

el ectrostati caI2I1y

An electrostatic chucking device useful for supporting semiconductor
substrates in a semiconductor processing chamber comprising:

a body of electrically insulating or semi-conductive material having a
support surface on which a semiconductor substrate can be electrostatically
clamped;

a clamping electrode adapted to electrostatically clamp a semiconductor
substrate to the support surface; and

a lower electrode adapted to couple radio frequency energy through the
clamping electrode and into an open space in the vicinity of a substrate clamped.to
the support surface;

wherein (a) the clamping electrode has a sufficiently high resistivity such
that the clamping electrode is highly transparent to the coupling of radio frequency
energy into the plasma chamber and/or (b) the clamping electrode has a
sufficiently high lateral radio frequency impedance in a direction parallel to the
support surface such that the radio frequency power coupled into the plasma

chamber is substantially uniformly distributed across the substrate support surface.

22.  The electrostatic chucking device of claim 21, wherein the clamping
electrode has a surface resistivity of about 10 ohms/square or greater.



cl anped; a clanping el ectrode adapted to electrostatically clanmp a

sem conductor substrate to the support surface; and a | ower el ectrode
adapted to couple radio frequency energy through the clanping el ectrode
and into an open space in the vicinity of a substrate clpipgghnsss the
support sWARE4{herein (a) the clanping el ectrode has a sufficiently high
resistivity such that the clanping electrode is highly transparent to the
coupling of radio frequency energy into the plasnma chanber and/or (b) the
cl anping el ectrode has a sufficiently high lateral radio frequency

i npedance in a direction parallel to the support surface such that the
radi o frequency power coupled into the pRasnma chanber is substantially
uniformy distributed across the substrate support surface. 22. The

el ectrostatic chucking device of claim?2l, wherein the clanping electrode
has a surface osesi The debtyostdticahuekingl Gevideraf thaipu &t ewhereigribeclempingD 03/ 003449

PCTI US02/ 18093 -24 23. The el ectrostati ¢ chucki device of claim 21,
wherei n t he clelasppidfincladesat i‘??ﬁfé’qer?éﬁ‘?fﬂé’g ang e?tﬂﬁ’g'g' ER u‘%‘é’? tnéﬁt'?{iag?ﬁﬁ an

el ectrically ' U35 b Aax@ith sHMIBAAInS 14dgeh HBL.DGHdReflas @ maxi mum
straight i ne%ﬁ%‘?%ﬁ@ﬁ E?Les. 2451. ghe el ééﬂtﬂlrost atic chucking device
of claim21l, wherein the clanping electrode is a continuous, unbroken
film 25. The electrostatic chucki.ng,devi | &b Qs YRgh&ien the
clanping el e od §feFt6‘&sé"lt’§cfHWWﬁer%e&§l yzghgh%pbléqu%v\er E)§1gect rode is

ei ther |ocat eckleb@hbﬁé@acbﬁ@n&aﬂmmfo@hmﬁhed to a surface of the body
opposite the substrate support surface. 26. The el ectrostatic chucking

device of claim?2l, wherein the clanping electrode is |located within the

bod d the | | ect . Jd . lngt seet tati
Dot e, B G BRI o oS tnsapt o5t

electrode is located within the body and the lower electrode is either located within

the body or attached to a surface of the body opposite the substrate support

surface.

26.  The electrostatic chucking device of claim 21, wherein the clamping
electrode is located within the body and the lower electrode comprises a baseplate.

27. The electrostatic chucking device of claim 21, wherein the electrostatic

chucking device is located within a plasma processing chamber.

28.  The electrostatic chucking device of claim 21, wherein the clamping
electrode comprises a sintered paste of an insulating or semi-conductive ceramic

material comprising 10 to 80 wt. % of a refractory metal.

29.  The electrostatic chucking device of claim 21, wherein the clamping
electrode comprises a sintered paste of an insulating or semi-conductive ceramic

material comprising 30 to 50 wt. % of a refractory metal.




chucking device is located within a plasma processing chanber. 28. The

el ectrostatic chucking device of claim2l, wherein the clanping electrode
conprises a sintered paste of an insulating or sem -conductive ceranic
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el ectrostatic chucking device of claim2l1l, wherein the clanping electrode
conprises a sintered paste of an insulating or sem -conductive ceramc
material conprising 30 to 50 wt. % of a refractory netal. WD 03/003449
PCTI US02/ 18093 -25 30. A nethod of treating a sem conductor substrate in a
process chanber conprising the electrostgiic chucking device of claim 21,
said nethod conprising steps of: electrostatically clanping the substrate
to the electrostatic chucking device; and coupling radio frequency energy
of at |east one frequency fromthe |ower el ectrode, throu%h t h
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wherein the clanping el ectrode conprises an electrode nmaterial distributed
in a sufficiently napupbing sadip fequesay cenigugiat fesst enerfrequenayfeome sgdower
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wherein the resistivity of the clamping electrode is such that a thickness of
the clamping electrode is substantially less than a skin depth at the frequency of the

radio frequency energy.

31.  The method of claim 30, wherein the radio frequency energy generates a
plasma adjacent an exposed surface of the substrate and/or biases the substrate, the

method further comprising the step of processing the substrate with the plasma.

32.  The method of claim 30, wherein the clamping electrode comprises an
electrode material distributed in a sufficiently narrow and/or long enough pattern
to increase point-to-point resistivity of at least 10 times that of a planar sheet of the

same electrode material.




