WO 03/ 003449 PCT/ US02/ 18093 -1 CERAM C ELECTROSTATI C CHUCK ASSEMBLY AND
METHOD OF MAKI NG Field of the Invention [0001] The invention relates to a
ceram ¢ eweatnexitati ¢ chuck (ESC) useful in the nmanufact eca/usb2/18093

sem conduct or devi ces. Background of the Invention [0002] Electrostatic
chucks are used to hold sem conductor wafers and other substrates in place
in various types of processing equi pnent including plasma processing

equi pnent. El ectrostatic chucks typically include one or nore conductive
el ectrodes underlying a dielectric (insulating) or sem -conductive ceramc
| ayer across which an electrostatic clanpi-ng field can be devel oped.

Unl i ke mechani cal cl anpi ng devices, electrostatic chucks allow an entire
surface of the substrate to be exposed to the plasnma. Additionally, the

el ectrostatic chuck CERANMIEC EDEGIROSTATHCOHYCRIASSENMBINYAN® basepl ate
to allow a greater degree of <control of the wafer tenperature. [0003]

Various el ectrode patterns are kINBWHRHOE OFsMAKKNGe| ectrostati ¢ chucks.
Wth nmono-pol ar el ectrodes, the electrode is typically in the formof a
flat plate. Wth bipolar el-ectrodes, the separate el ectrodes have been
arranged as hgkfq b thK Infntiogs an i nner di sk and an outer annul us. Exanples
of bipolar chucks of this type are disclosed in Tomaru et al. (U S. Patent
No. 6,071, 630P06Hd LBlpaimvertionl relages.t6.a cefatie atectiostatls, dmsk ¢BAEC) uiddnr ode
patterns have_ al so pbeen Eés%%gciqe where the electrodes are arranged in conb

patterns. Sedbe MRRUELHHY clopdeyifes. (y s, patent No. 5,207, 437).
QO her patterns are disclosed in Shufflebothamet al. (U S, Patent No.

5,838,529) and Logan et al. (U S. Patent No. 5, 155,652). [0004]
El ect r ost at i (Badkgedimbofdheilaeantidn ch utilize ceramic materials are

drsctosed T Gods1 M Hhietirostane cncks afe used to Hold semeonducior wafors and other o~
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 been 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;



WO 03/ 003449 PCT/ US02/ 18093 -2 5,986, 874; 6,028, 762; 6,071,630; 6,101, 969;
and 6,122, 159. Ceramc ESCs are typically nmade using nulti-Ilayer ceramc
packagi ngwDeshesahogy. Multi-1layer ceram ¢ packagi ng t echmolragy2/isewdl ves
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 disclosed 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 normally
conducted at very high tenperatures, differences in the coefficient of

t her mal expansbes8Pet6\exs) 766, 0%l ,680;r 6061 ,069;end &, 12 th % h€eramiaSCsrapd er i al
can cause the build-up of internal stresses in the chuck. These internal
stresses can Wpigaly maderpng gudi-layen ceramic packaging teghnolagy.-d Mulklayer t he

ceram ¢ ESC. Accordi ngl there is. ed.in the i ng

war pi ng and p?eﬁaé?lcﬁ’raggﬁg}é’#stegi@goﬁyalpg%l@% éjrﬁﬁtpﬁeljaﬁﬂ(fat{né'- %%&gp%}{eﬁfrll{gfrpnal
stresses duriRgaiRpéachess, Rberfislimmhe sktSintd BRResMiEio-SHAE thet he radi o
frequency (RF) power used to generate the plasma and to bias the substrate

i s typically mpgiingassembless epesr fareexampls, (b Je PaioriaNosyidne7 1. 324 430,64 Qinpi ng

| ectrode, it lLd b | fable j h t im h F
Cr anspar ency SPIpACS ARy By PHi R v Gr st sor) 1
a first embodieptrafhc §d3§ter}%t@é’$%tdi%se§ 15 UNS epRcht MRJsal1 33161 93 U BHLGHS: C

chucki ng device i s provi e chucking device includes an electrostatic

cl anpi ng el ect,806l¢6@;/BITOID;i /1861 ,pdl;nd,894,883;:nb94Di84B 6,20R1158r §cP32e¥26Mi ¢
body. The cl anping el ectrode includes at | east one pattern of a
substanti al | yalﬁgl%f% :93% ectrical | y conductive material wherein the maxi num

straight |i ne[Ob&pJgt hSih&e ﬁl@%intering 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



el ectrode pattern is 1.0 inch. In a preferred enbodi nent of the invention,
the WO 03/003449 PCT/ US02/ 18093 -3 maxinmum straight line length in the

el ectrodewpaswexm i s 0. 25 inches. The el ectrode pattern ean/usonsdse a
single electrically conductive pattern or at |least two electrically

i sol ated patterns of conductive material. [0008] A nethod of making the
sintered ceramc electrostatic chucking device set forth above is also
provi ded. The nethod conprises steps of: providing a first |ayer
conprising a ceramc material in a green state; formng a pattern of at

| east one strip of an electrically conduktive material on a first mgjor
surface of the first layer; providing a second |ayer conprising ceramc
material in green state; assenbling the second |ayer on the first nmjor
surface of th@afilnusi stcaiylerlinedegth tothifelecgotidipaticrn ¢ 0.2A dnches. oitle Eyrode t 0
forma nonolithic joint-free sintered ceramc _body with an enbedded

el ectrode | ayRAUETDEAN ¢OFURTiFE acinglaeleetrically eandyetivenpatiernees 3t deast tWat t er n

enpl oyed, the_.sintered el ectrode 1 i ubstantially planar after
firing. In a %?Cé’fl%ﬁyel(ﬁdg}ﬁgé%{t%g%f’%%%h%glﬁé\%%%ﬁgl ‘set forth above, the

form ng step [0008IPr i Aasethed bT Makidg MR ifleredf depithie dhilbStat®MIckEignviRerti cl es
of an electrically conductive nmaterial and the cofiring step conprises

si ntering t hesepforth ahaye inalse hrovidede ckhe wethpg cemptisastsiope oftenrevidilg & Brfor m a
sintered clanpi ng el ectrode. [0009] .A .nret hod Q[f ,tteatin a sub t{(ll%t in a
process chanb@YeTiGOURIHTEA PHAMCIPYPHENRE FREL S e ?%%P?Eerﬂﬂié ?153 devi ce
I's al so provi (’ﬂﬁqstrié_ B?aﬁ’@febﬁ’ﬁaﬂf LEBRSmEEBRCoPA fir@neGér Refaet bERlelitst

cl anping the substrate to the ‘el ectrostatic chucking device and processing
t he substr at dayékherovidingd seconddhyeo compkisidg cstapgs matdrial ougteengtaRE ener gy of
at | east one frequency through the electrostatic chuckin device to
generate a pl%§§‘?Pgb1&Eﬁ %@é?ﬁongﬁﬁ’eéﬁﬁé%grsémai(géérfé?e ? eé‘ﬂfgéﬁeé't ¥dyng

processing theSudSHE &g a%%&op@?asyt@m%@ng[ﬁ&gé@@ig é&}néﬁe@aﬁ%eg@%g%rﬁﬁm of

t he present invention, an electrostati Vi ce use
supporting sewgdgomidueh embsdided eleatrode laged Pawite thedhataoteristics 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



processi ng chanber is provided. The chucki ng device includes a body of
electrically insulating or sem -conductive material having a support
surface owWO 0alodahw a sem conductor substrate can be el ectr @sratSoradoby

cl anped and a cl anping 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

embodi ment of this electrostatic chucki md device, the clanping el ectrode
has a resistivity such that the clanping electrode is highly transparent
to the coupling of radio frequency energy into the plasnma chanber. In a
second enbodi dedttodefadapicd t@klectrosustically clamphthe kibsgrattasithesuppogsbeheent i al |y
uni formdistribution of radio frequenc energégddevelops across_the | ower

el ect rode whehh¢ elicking deyirerdse iBelides 3 lowsp pleraede adapteddo caprle £3do ¢c| anpi ng

el ectrode has LCi i j 0. fr.equ L.me eina
di rection par %?‘ﬂ“éeﬁg( Sﬁ%rggtdgrélﬁ%%rﬁ{é J%%é@égéleétgg ¥ %I{glalﬁg)r %Q(lg%enfgpg%ulgg@y_ power
coupl ed t hr ougiBinithe el sabRirag cRhped ke sapsbrt Aireackhdnpl fasr@nbdiadbarofi
substantially uniformy distributed across the substrate support surface.

[0011] A net hthds eéctrastagicichycking denies tlebudamping elrstiode das & resishiviny senh thitanber
including an electrastatic chucki device as_set forth ahove is also

b ovi ded” Thelie FATHIGE FREatiol TR oEPaERy i 16 Ebup Riast 998 Srfrd ©he
substrate to 8ol ieqRhdhd Chanfdk C K NeecdRY ehoamtbrt OB Rl BectRistager gy of
at | east one freduency through the electrostatic chucking device. Brief

Descri pti on ofhuckimgdesice ngsujsomtially miedm disaibusbmonf stdepfrequency eszigy n a
prior art method of manufacturin a sintered ceram c ESC wherein FIG 1A

Shows the chuSRCIBS 3B 16 IgMFbFIoktEde Jea AN Fobecy ROV dSAPRIRY BETREnbl e
component s Prigf ik i EElEodc i shificiGy ol RerdPRLAM freGlRHGK 11

defornmed state a errng an
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 energy 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



the chuck after grinding to restore flatness to the external surfaces;
[0013] FIGS. 2A-C show steps involved in manufacturing a sintered ceramc
ESC accorwDmg/ooaa4e he present invention wherein FIG 2A shees/ushy1sesbhiick WO
03/ 003449 PCT/ US02/18093 -5 components prior to assenbly, FIG 2B shows

t he assenbl ed conmponents prior to sintering and FIG 2C shows the sintered
chuck in final form [0014] FIG 3A shows a top plan view of an el ectrode
pattern according to one enbodinment of the present invention and FIG 3B
shows a detail fromFI G 3A;, [0015] FIG 4A shows a top plan view of a
second el ectrode pattern according to th¥® present invention and FIG 4B
shows a detail fromFIG 4A;, [0016] FIG 5 shows one enbodi nent of an

el ectrostatic chuck arrangenent according to the present invention wherein
BC cl anpi ng Védrﬁlﬁﬁlem@lpﬁoRE) aRweblyaFfEG. 2B ghowdihe assenshlehé@npireatsrpoide to
enbedded in a ceram c body [0017 FIG 6 shows a second enbodi ment of an
el ectrostati cSléﬂ@U@&aH@FI@n%@ ciered ghuck infmapf@Bent i nvention wherein

DC cl anmping v

erbedded 1 5 aordSu: BRSACERERTorBEn SER 100 ISP ReRE0LE AR s
third enbodi naﬂbo@ﬁleﬁrbf%@%cﬁe@aﬁﬁmdnﬁoﬁam"lcl@rmwaetaﬂcfm BIGg3AQ the
present invention wherein clanmping voltage is applied to a clanping

el ectrode embl#8d i FIGrA skawsa topeplan visenol assaend eledieodsaepficanercRling ower
e Subst r at SoalpRHeTH BB A KT B 18+ el HAE G400 T enbodi ment
I e o g G
an i nsul at i veawordiggio-the prhsenti ireeniod ywheagiol DRI-clooywing vatagephd &&F poven arower
Elnggf;“r ﬂgﬁt gndaeprplh%(li rt]og atsgglebe?gctrodg%}n%leac?e% 11[1)%Scce£a{rg1% Ibggy of the Preferred

[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

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 underlying the body.

Detailed Description of the Preferred Embodiments
‘[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



[0020] It is desirable in the fabrication of a electrostatic chucks to keep
both the substrate support surface of the chuck and any el ectrode
structuresomandzag within it flat and parallel. Non-fl at n@s3s/ush2/1dee3 chuck
can cause problens such as poor nmechanical contact of the wafer to the
chuck surface which can result in | ow WO 03/ 003449 PCT/ US02/ 18093 -6
clanping force. Non-flatness can also result in non-uniform electrical
coupling (both electrostatic and RF) during plasnma processing.
Non-uniformties in chuck thickness and el ectrode flatness can al so cause
| ocal variations in capacitance. Duri ng'§5l asma processing of a substrate,
these variations can |lead to i nadequate clanping and non-uni form et ching
or deposition and can even result in damage to the substrate being
processed. [ 0d&hpingifotcer &oreHataess can hlso kesudlria noommitotm elestribat ooupling

seni conduct or rocessing. A _sintered ceram c ESC ically.consists of a
cerani ¢ di sk (beglrﬁl%ﬁt’iﬂsﬁ‘élc apd Iﬁ,:égim%Qlaéinéd’tr?‘"c?ﬂ%n&a%Bj“d&rjopéﬁl%nf ﬁﬁlﬁiﬁ t.
Sintered cer 3 gaE sl RnBal HRER! X N8 LGu4b0H HAA s iR ¥EEacRELAM ©
packagi ng technol ogy In IC conductive refractory netal ‘patterns are

printed on onBufhg PREMa PesRNI OFf £aibstraeetiese vgiangnacaolad of indéequat e or
i nk. The conductive pattern is then sandwi ched by laying a second green

sheet on top d&4mping animen-ugifesn echingtoralepotition prd rn qvigd resudisia damage Bur i ng

firing, the c rar%?ﬁafeaéetiicles Sig the green sheets becone sintered to form
a nonol ithic 5_38?% SR RPME PO 0dy . The conductive particles in the paste

al 50 becore. sjonyey edsiRrtoLRAR @bRddedoshagiy ada foaxaricob@a?] | nternal

stresses which develop in sintered ceram c chucks during nmanufacture can
| ead to war piprgcesdingnj A sinteaed ecramict BEE éypieallyr eeapisistof @ weemir gliskhe

GUEELERL T R A s TR

eresa TodRE iy SR e e o o

by using a fidvabycttlievietlector metal pagterns 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.



el ectrode pattern, the tendency of the ceram c chuck to warp during
sintering can be reduced. It is thus an object according to a first

enbodi mrerwwO®B/0033e9 present invention to enploy an ESC el e®eCrase2/psavs er n

whi ch reduces the tendency of the ESC to warp during the high tenperatures
encountered in the manufacture of sintered ceramc ESCs. WO 03/003449

PCT/ US02/ 18093 -7 [0023] In various plasma processes, a | ower electrode or
base plate can be used to supply RF power to produce a plasnma in the open
space above the substrate and/or to couple RF bias power through the ESC
to the plasma. In those arrangenents in-#hich RF energy is coupled through
the clanmping electrode, it may be desirable to provide an ESC that is
highly transparent to RF energy. Conventional electrostatic chucks enpl oy
hi ghl y conduq0023] clangiriogs plasmh pestessested Rivealelecauddonbashipitie par bd ysed
tungsten arranged in_a continuous pattern. These conductiyve cl anping

el ectrodes, HoweRy Ricpower totnipdnce Berlaymacia e pPpry shaee abays the awgirats

non-uni f orm pr [ 4 ei ocessed. It
is thus an O%HQE({?%‘;SQ'%Q% ngyﬁgpg‘gé%ggoﬁ%ﬁetﬂnggélé#gﬁg@%S{lﬁehg?lgggent i nvention
to inprove Riragfepéntdeh WhichRFehergyviredvuRlednbrREh itlse campingtldchoeeldgh t he
clanping electrode by increasing the resistivity and/or otherw se raising
the | ateral majpbeidesirablsitotpievide ampStghatlisbishbtwangpagruio R eaetebr dance with

the first e di nrent of . the present inventi “a . nmethqgd is provided for
reducing t hgtig%vﬁpw&agFleﬁtrgﬁt%lce‘ﬁ]é‘gksc?é?éw i‘lgglpye‘éﬂdbl_g?‘éet @%mp}llﬁﬁiﬁ?}/fﬂge devi ce
during manuf ae48s sdCasRERQHriGONREGEAT4REMSh & chititRlods phlieth dallesd anpi ng
el ectrode pattern which is suitable for both nono-polar and bi- polar

i npl enent at i @wondwdgive atanpieg tlenodss chdweode, @atdidgurb the Ritesipling enchelusst r esses

whi ch devel op during siptering and which can | ead to deforyati on and/ or
damage of t HeadiuoR-uni roggsging 1 £yq damagede %@%ﬁﬁ?tﬁg’ﬁ’é‘gtﬂﬁ%‘as’ n occur

during convent j;Qhal an object according to a second embodiment of the present invention to

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



sintering of ceramc ESCs wth enbedded el ectrodes. FIG 1A shows the
conponents prior to assenbly wherein a clanping electrode pattern |ayer 2
is disposed3oe4ad first ceram c green sheet 4 to be bonde@CTisoyigovering to
a second ceram c green sheet 6. FIG 1B shows the assenbl ed conponents
prior to sintering wherein the first ceramc green sheet 4 and the second
ceram c green sheet 6 sandwi ch the electrode pattern |layer 2 therebetween.
The el ectrode pattern layer 2 conprises a pattern of conductive nateri al
whi ch can be applied to the WD 03/003449 PCT/ US02/ 18093 -8 green sheet as
a paste of conductive particles by a pritéing nethod such as screen
printing. [0026] FIG 1C shows a cross section of the assenbl ed conponents
of FIG 1B after sintering. The electrode 8 is shown enbedded in a

sintered cer affedh $hestyaskOpasteASt cvadudite paaitldsroym prifingl@ethbti such astsereed
ceram ¢ ESC has becone warped or doned. The warped chuck can be subjected
to grinding andpsl i shing operations to restore flatness to the upper

surface of t i.nt ck. This additi I , SkO0 the
cost of the g@ﬁ@he?ﬁ&?}l%%@ﬁﬂ@?% Se@@%bgﬁ?él?ss%nﬁ%ﬁld?ﬁgggﬁgﬁ ng er }I%I

surface flat, feheinnampedricdi&diale sek 8RbwPeRbadded Gh U sttéell lceatic bedypzo.al | el
to the upper surface. This effect can be seen in FIG 1D, which shows the

war ped  si nt ehechndersan froohHEE. HE1 ée sintered petamis Bpehas beeomowarpsd 6f e
flatness to the external urfaces.. As.a result. of th .1.ndi ng_oper ati on,
the di stance %eﬁwmsﬁ 8@‘[“‘3‘0‘&?@ be§“mq8te§§%g%§gg a&ﬁag{lﬁkﬁé% Olgeﬁ?tpoélées 12,
14 of the ch et BHE HAEE sifdreld BRu&NUTKis adlfitisnAfsfeBCt IS
particul arl y%gir%%sﬁl%gr?cégﬁ(fxs enefﬁgé{:%rramé di ssk irg made veIFS;;1 thlirrll tsoegai din
bot h thermal luwdveF afjdswer the castsofitss fimished dhdelr] Fuit®r, 2vemafier srindprg thevol ved
in formng a sintered ceram c chuck, according to one eﬂgodi ment o{ t he

present i nverfisicspal sprfece Bat, %W@]@ter@élrﬁ;. P SUBGTES W n%’fs}?éﬁ‘fﬂlk? Wner ein
2 P10 L GESRA Lol U ey PO AL OBRRASEHA hdiauaon 20
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



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 wo@anodheet 22 and the second ceram ¢ green sheePCTASsAMIN ch t he
el ectrode pattern |layer 20 therebetween. The el ectrode pattern | ayer 20
includes a fine pattern of conductive strips. The strips can be rmade from
a paste of conductive particles applied by a printing nethod such as
screen printing. Qther nethods of formng the electrode pattern, however,
can al so be enployed. FIG 2C shows a cross section of the ESC of the
invention after sintering. The green sheéls have now becone a joint-free
nmonolithic sintered ceram c body 26 with an enbedded WO 03/ 003449

PCT/ US02/ 18093 -9 el ectrode |layer 28. Due to the fine electrode pattern
enpl oyed, hovéygrodetifi@er 28RjMte ©xhefinaklestsdeastienf ehploy ek ameser;Be r emai n
substantially flat and the enbedded el ectrode remalns substantially planar
after the sinbajor ayegpbswtaceef the @oagic Hi{e rgppain sehstantialy At aid Bei on of t he

fine el ectrode ttern enpl oyed is, not.critic l.ong. as t he maxi mum
Strai ght |1 ek PR R PG fhs sToseltany Pl B e SARPRRRAREOE han 1. 0
inch. That ispo2g) a Thenga_rﬁhﬁ@lt EiguRaioh &F theaGaOsl s tRdetptteinEnFIORSERT

i nvention, no straight Tine segnent greater than 1.0 inch can extend in
any directi ornaseritingl as dortg asube siapmumstraight limesegineot leogib qidhe eleeirodebr e
preferably, no straight |jne se n reater_.than 0.5 inches in.length,
B oven mor BRUSLISAIIBS S LDTEHY h TR el Gepree e RRB T, s ipeg

i nches, can i 1 b1 !

pattern. [Oogﬁiggfﬁgpwog{d%%% qu%':bf r%gt%é%%%f@ﬁlﬁ%(%@%?%éﬁ?}%gtﬁ} on are
shown in Fl Gy dfecdon ol BnypochtianGs paufionnfl theRledtloGe patferah dereaprefepatiy .an

view of a bipolar electrode according to the present invention. The

el ectrode cori steaightine ppgmagnt greaiqrthap0 20nehey 1 lengho 38d SVERETOEHe 31. The
first electr I : . radi .ented | 1ne , a disc
bor i on 55 arEreun ATRERRIR, sckRChliclieP it S nkhdleBhn BROF R .

" C-shaped" ridigecH6h bhafig pddiopafithd elBebdtpapesdet er m ned

[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



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 secomwo ogloexasy ode 31 conprises radially oriented |ine®CTaSgnesmw3 36, a
plurality of "C- shaped” ring portions 37 |ocated at predeterm ned
intervals and having different dianmeters and extending in "C' shapes on
both sides of the linear segnent 36 of the electrode and interleaved with
the plurality of the Cshaped ring portions of the first electrode.
Furthernore, the second el ectrode 31 conprises a circular ring portion 38
connected to an outer edge of the linear-lfortion so as to formthe

out ernost peripheral portion of the electrode. As shown in the detail in
FIG 3B, the electrodes have slits 39 forned therein to prevent the

bui | d-up of sires<xlectivde asd artamg&d irnaléeznhenmpdthaldjaeemaliesl iy theothach si de of
the strip. Further sonme of the slits WD 03/003449 PCT/U802/18093 -10 in
one el ect r odelgFtEndgy gl seRarale; arheloeirosla Migysneaeais sape o Whithiasg ot her

el ect r ode. [ 0 t ich
are ] o med 1oy '3 SAB6R SGuRAR oufl FELACHE LY hSEHRA e RS0 AT 2
joined to an acﬁacheﬁc@rgtneaegrmm erills thabbr. eTISs1ith 89 eff arraped shilf ha3Bear e
arranged such that the maximumstraight line length of the electrode is
1.0 inch or |I@g>§mumbstéalglrtelfr@rlqmﬂyof thezlectiodeds bp indser, less anase ereferably

preferably 0. ches,or 030] .Th %ij ttern in FIGS. 4A
and 4B is a r@ﬁdﬁ%‘a&m&fﬁ rrve%hr%? Piﬁfrra&ar ?ﬁ?r&?‘ ¥-finely divided
groups 40 of g0B@l r e¢hé eREkdde Rftb@NTSAGSeUACIHIOHS isSLaBRFarishtteher €i n each
segment 44 in a dgroup 40 is connected to an adjacent segnent. The interior

segnent s of tdwmmrsmg)a ahueality ofi Gotlg dividedaghjoapedd of smgrreaﬁosla]éy ortnted nat i ng

ds th f row rectil] near sl ts ate the
:31 Zcen'ta rgggr@?ﬁt@dﬁﬁe%tfm{]tgé‘t mﬁé‘i‘ I r’gggﬁ%%t%(l’W4 F%&P@E‘?ﬁﬁo algr oups
40 are ori emﬁiao@ﬁ{ s%gﬁféhP UrRL nYeéfog ﬁ@%lgerﬁé‘i%f hgr o@gﬁ’ﬂetéoﬁﬁléé'té&’to cfg %gnt‘)f the

segnents in group are jolne nnecti o al ong a
thereof to arsegmetisek alérhetingsadsdrireofl M ashond), agaotv gtidlingar 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 a 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



[ 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 accorwansmodsit h the invention. The el ectrode pattern @®CTiuse2/poesent
invention may be nade up of a repeated pattern of short interconnected
segnents, the repeating pattern extending uniformy across the chuck body
or formng strip-like sections extending in radial, circunferential |inear
and/or mutually parallel directions across the chuck body, the segnents
bei ng arranged to provide a maxi mum straight line length of 1.0 inch or

| ess, nmore preferably 0.5 inches or |ess;lland even nore preferably 0.25

i nches or |ess. Conventional electrode patterns can be nodified to provide
a finely divided electrode pattern in accordance with the invention. For

exanpl e, suchthelaémemettonedic@sriasare drokes wpowditl sigd o8 wehe biiet nreays tost r ai ght
| i ne segnments or segnents having a high radius of curvature not neeting WO
03/ 003449 PCTPIg®BoH/thgbebi-up of thepaalpiigsehrent i oned criteria are broken up

Streasees. [ 00902 o THF GeEaR T decloB ¥l b BRosPHb LY pbed BE TPty
i nches or | esgoanprefdrabl§ 0P18f i@kRR oY 1&s.la5leispsd1@%s?@mveb@&fe. elddidds RRPsAY

between the el ectrode strips is not critical. is usually desirable to
m ni m ze t he wyaciticgl. bl isvesmalle Hesitablsde sninimize thietpaciog haswesh zlectrpdestiot al
exposed area of, the electrodes to inprove anpi n for.ce. The m.ni mum
spaci ng may b¥YFY A PagIee &‘ﬁg()tf‘][e‘?ﬁl?ﬂ%%?éga aﬁ@a%&gnﬁgﬁzs{ﬁotlﬁlgmv&c B8 e
pattern, e.g.ford1eTRE filibRioh LREMY ISR RHA By iR BLAHGuRAsERI  ForttSheg Si | K
screening tec rrl(lE gues, slpaci ngfga of@ | €ss ?ﬁaﬁ 0?’3 nm caﬁu be achi g\r/ed. [ 0033]
The anpunt of eledafalernmtienn eqf., theg@rimbing kectuigue gsesi totformrige patermf Usengeald not

only by the anmpbunt of stress devel oped during sintering.but also by the
ability of t¥fEceaing Eryaessy %H'?’F’@g"tﬁg@ﬁs Ehéntoegmélﬂ CYLPORPRYEEN. Therefore,

o oL NP TSR e PR GlFp  e g

condi tions endtempdbddie aigowik bf &fdshdeveloped during sintering but 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.



(particularly tenperature), the elastic nodulus of the ceramc material and
geonetric factors such as the thickness of the chuck and the position of
the el ecwomd®odaits h respect to the major surfaces (thickn®@ss/usnz/esovs on) 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
el ectrode is centrally located. Even if the electrode is centrally
| ocat ed, however, sone warping can still occur. Further, reducing the

stresses during sintering can al so be dedrable to prevent the chuck from
becom ng damaged during sintering. The residual stresses that build up
during sintering could eventually |ead to cracking of the ceram c substrate
or del am natfi0885f FIE. &kkavs adembalment W8] thd bianipingeeitdtroele l0es tsade
design can be incorporated in various _substrate  support arrangenents

i ncl udi ng t ho®sSUPPIYURF caeigy- iAs shpra mF1G. §, DiyrpngsRbe8engy apesPpied 918093

-12 [0035] FI . [ WEF'r i D ' rgde 50 is
used to supp ytcﬁiﬁﬁre}%&%%bis%%g(;%% éﬁl ‘gh&%% %EQH%F{&%%%P;@E%B e
supplied to RREGHINSD Beshobmkintdedddd inn iﬁﬂlléth% SUeptitconducibé Bbdy S2.suppl i ed
to electrode 50. Electrode 50 is shown enbedded in an insul ating or

sem - conduct i Wathybipyarsmgempitty, Fheteigctrode pa algetredas,are pencsalbcdasigaed &y be
el ectrodes are _generally, desi gned. b uf £i.ci ently conducti.ue d thick
S0 ol o or SeeHGBRT bonles SR Hick S Alfow T REGiobetipt ik Staisfaliend 2™

and 7 show enfggiygnts wherein RF power is applied to a second el ectrode

(RF el ectrode) underlying the clanping electrode. In FIG 6, both the
second el ect ri®036)62 EHGStmendV ahepv epbediswnisoskeréim RF powabddgplied 1 an

[ | ati ] - d ' body 64, In FIG 7, .th | i | ectrode 70
" enbedded SROBMIPHEAREHomro Lo LS Flpginigislosiotindag Second
el ectrode 72 g LBk BRoR GHERARE AhphFBANEE RPAY BRRARR hhe

substrate support sur
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. In Johnson-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



[0037] FIG 8 shows an alternative enbodi nent wherein RF power is applied
to an electrode in the formof a baseplate 82 underlying a clanping

el ect r odewB®3/0exedded in an i nsul ating or seni -conducti vecramy2/8993 [ 0038]
The el ectrostatic chuck according to the invention provides inproved

el ectrode fl atness whi ch advant ageously influences the spatial uniformty
of the «clanping potentials devel oped on the chuck during use. El ectrode
flatness is particularly inmportant for Coulonbic (fully insulating) type
chucks where the thickness of the dielectric |ayer above the el ectrode
directly deternines the clanping potentildts devel oped on the chuck during
use. I n Johnson-Rahbek ("J- R') sem -conductive designs, the electrostatic
charge mgrates to the clanping surface of the chuck and the tine
asynmptoti c clandersigrfifiednd with febyecefoabeainiap fasdiané ahifyron elafdreelesse. t he act ual
dielectric thickness, Wth J-R chucks, however, there can he transient

effects that Beeipdefhatnessisherfereidesisabls far holnEgloupmbig and sepiicendycsive J-

during initi ring or during de-chucking) can be influenced,
however, Dby ﬁfei{?%gégﬁsgjt\éfi c thickness of the ceram c | ayer above the

el ectrode. THees9lef f actsrdiN 10 DRI PerbaditdS 23 kBO B entid3 @ HSDB
significant with respect to obtaining fast and uniformwafer release.

El ectrode f| diragiged whichendmprevedRE couting ungfprmiy whes | Bdupewer is geupled

i -conduct i J- k designs. [0039] According to.th d
orbods ot orthfaueh it ERHBE a8 ang 385 3h oL SE kARl ok ARG nee
coupl i ng uni L;%ee'sgéa. WER eRfboRRMNEH of the GRWRLIBA cah BE Q5w ith ehecdhaBRi N

el ectrode and into an open space above the substrate being processed. This

ermbodi ment  ofartangeinentesbown iw 8GHhed u8ed with the chuck arrangenents shown
O o BB (b S B SuE B b SbalB 09 e
et et ST B AR Bl Sl Beney

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 RE

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, molybdenum or tantalum can interfere with the RF energy passing

therethrough. 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



an applied electric field is reduced by a factor of 1/e as it penetrates
into a mterial. Skin depth is proportional to both the inverse square
root of cwodaooiswdty and to the inverse square root of fPEeqUESNZYR097Thus,
hi gher conductivities and higher RF frequencies both result in |ower skin
dept hs and hence |lower RF transparency. Consequently, by reducing the
conductivity of the clanping electrode the RF transparency can be

i ncreased for a given el ectrode thickness. [0041] Conventional ESC

el ectrodes made of highly conductive materials such as tungsten,

mol ybdenum or tantalum can interfere w tt4the RF energy passi ng

theret hrough. Wth a conventional ESC, the conductive clanping el ectrode
can essentially becone capacitively coupled to the RF el ectrode or

basepl at e. Dusurfage of ke dhiugk. Spaiidl vaxiations & eicdistanty, viick arevepitalnal

cl anpi ng el ectrodes, the RF energy "coupled" into the clanping electrode
becomes spat | BIEFSAL ik eouSEAtional é@cﬂﬁﬁ)&tﬁlcr?h%lﬁ]és can sirpglidnaorsdferm BE ¢ hi s

manner, the c Ao%gﬂhg%rghg% %ﬁlgehaves li ke an RF equipotential surface.

The ESC el ect ¥% nal ESC can thus be viewed a floating

pl ate betweenophz] RFWEleaGhe eRtpRic datRat dbensaifedufotéRAL fitface C8RIEr . As a
result of these effects, the local RF current density can be dependent

upon the di stenecgy ¢an bereiewee as beiag counigsi irgmehe clamydeg eln@tmdﬁ:@ndppéthev\o
03/ 003449 PCT/ 201 3. -1 face..of. th huck,. Spat i ariation n
Ol o et ancoindastog P Rreciride. > the BGindlioh B RE St ing Bt i psi RSl S |
chucks, can ttﬂ@&fé@%bémk@déﬂéﬁdéh@ bp&H M Aistar UB) bA@ed IR $Bindifne clebiGde

[ 0042] When the clanmping el ectrode fornms an equi potential surface, the RF
energy can beandi thmﬂpwubﬁccngf dmwbu@dcﬁpwmdad)emWemqujremmmdé t@nd not

bl asma T eact het e B GHES o THFEQTdbRIBTE BRI S PPHHBECR E bet veen
T e AR g S i R
coupl i ng uni fthraughyaréss whiepRigtlentapatitantes any non—umformlty 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 energy 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.



spatial uniformty of the thickness (d). Since the RF energy will tend to
flow through areas with higher capacitance, any non-uniformty in the

t hi cknesswQdp/oaf449 t he ESC cl anpi ng el ectrode can cause nomCIAShDISIPRF
coupling into the reactor. [0043] The present inventors have di scovered
that the RF coupling uniformty can be inproved by: [0044] 1) increasing
the resistivity of the clanping electrode; and/or [0045] 2) increasing the
| at eral i npedance of the clanping el ectrode by other means such as naking
the el ectrode thinner. [0046] Increasing the resistivity of the clanping
el ectrode allows the clanping electrodelfo become nore transparent to the
RF energy being coupled therethrough. Accordingly, with nore resistive

cl anping el ectrodes, less RF energy is "coupled" fromthe RF electrode to

t he cl anpi ng 04T} r olfae r&aivitg of lhe clamping @kcitgdd ban beadnereabed typedivige of the
clampi ng el ectrode, any RF energy which is "coupled" fromthe RF el ectrode
into the cl anipedly iafludingo (o using awerd fepstive matepal for s dempigtelestindeods t he

Peat st ance art i OPn LSS eieb fineNaRak s ok Af BERREH Sl et dhens
achi eved W t hinghjafii Aelte@la Slichod@buiiRh:Cd (BY mt%a%igg%%%fm@tm%mﬂﬂ pect

to the clanping surface of the chuck body. _ PCT/ US02/ 18093
-15 [0047] ThelestaxiestTha laterafimphdance eampilsgbe insteasediby dnencasingithe resissisty by
vari ous neans, i ncluding: ( usi a nore.resistive material. for the
lanming o ecthbneecoddon triRyt BoRpuine e cunal et BF f such
as tungsten w - | ' WAGcH BBk @l pasitt m na; or
(3) int roducm%ﬁgg?ggh\?g&q %fgéd[vﬁleuté&'}%ﬁ%ﬁﬁﬂﬁ CeI ect ra('s)%ep T&?gﬁ’:&f?rlgl

i npedance careladtsmiebe i ncreased by increasing the resistivity of the

el ectrode or, alternatively, by providing the clanping el emété%i in the

form of a fil98A§] di {5 ABEX3MPEL MEHEURE dransparency asglb#s higherd pat h

length of t heimp%hgﬁcterc%ﬂ%e achieved in a clamping electrode 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 electrically 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 approximately 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 resistivity 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.



[0048] As an exanple, higher RF transparency as well as higher |ateral

i npedance can be achieved in a clanping electrode by using an ESC cl anpi ng
el ect r odewowd®of4rom an el ectrode material conprising a m PCEASODI800M
electrically conductive netallic material and a non-conductive filler.
Thus, by incorporating an electrically insulating filler such as alum na
into an electrically conductive refractory nmetal such as tungsten,
titanium nol ybdenum niobiumor the like, the electrical resistivity of
the resulting conmposition can be increased significantly. For exanple,
tungsten with a 45 percent vol une | oadi ndbof al unina can have an
electrical resistivity that is approximately 1000 tinmes that of unfilled
tungsten. The skin depth of an electrode made of this material would
therefore be [9056] t hanthdPredehiBSempbngtrAES@slatipiig eltcteodeqeferdbiyoha a
tungsten el ectrode and, for a given electrode thickness, signifjcantly

nore RF ener gsarfeeerepissiyisy of iat leasfiabpwiel . refarableati gast 0 opmsy sgBare o Mk

t hrough a conventi.onal conductive electr . nawl ng. .

di mensi ons. A&Tﬁlis‘%‘}'l%ﬁ‘éqnl VF derxed; fromp Jolue rgg?%‘g&s BF%V@S%\H%I a @%%féggﬁgase
the lateral igmnedarego® by BR Qéarak Mecieleee Th agrefelRA4abodligent @6tiRt i Vity of
the el ectrode can al so be increased by introducing porosity into the

el ectrode. Pomweitton, ternclbspiperedecaiodelisi made fremraactiacipryrarcsl fibeameprisiig i ng
sintering by incorpgqgrati neglacer ai n _known {oi d {or.rri n di t]iovte intg the
paste conposi 1} BRUAGYS PRIy LRAREUGES CEIEBYY (b9 dUing) 1%5@%6‘]“ OtV hesent
invention, th i I f nSodiAGR. thesi stivity
of at least a of‘??ﬂa?{ogmég%%g;’qg? Q@@gﬁgﬁ%gﬁ%ﬁé@%@%@; . Surface
resistivity cmfraberyarctaldrit Eompnises frome30 #s5G Wit rgfrimponyimetdl. ng t he vol une
resistivity of the electraode q%éplt he el ectrode thickness. In.a preferred

enbodi ment ~ of [0 i nielirgly dividedeclamping elegiredepaticsy can Be Heddo ingrasy the

refractory negal -f.rj IS i i - i am ¢
Cor oo i nafbeal g SRERS R Al R ol RUAERAN Ferl (PGl Br R
tungsten). | ncauplitg!t Pertholiat evides otieatip¥ittelectro@e material 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 RF electrode is both substantially planar and a good RF
conductor. In a further preferred embodiment, the connections between 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 RF
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



refractory nmetal frit conprises from30 to 50 wt. % refractory netal
[0051] A finely divided clanping electrode pattern can be used to increase
t he | at ewealo3joogaedance of the cl anping el ectrode and hencecrhsoypaps al
uniformty of RF coupling. As the Iine widths of the strips of electrode
materi al beconme smaller and the el ectrode pattern beconmes nore finely
divided (e.g., with alternating slits as illustrated in FIGS. 3 and 4)
and/or circuitous, the |ateral inpedance of the «clanping electrode wll
i ncrease. The | ateral inpedance is essentially proportional to the
di stance of the conductive path (path |erddth) between different points on
the electrode pattern. By using a finely divided pattern, the path |length
or distance between two points on the clanping electrode will increase
thus i ncreasi p@fdrhe erhifddemant, iteRHpower is[aPPBet toSi caeral hepiml afthe BRF el ect r ode
is essentially transparent to RF energy, RF coupling uniformty can be
i nfl uenced bye€le¢iEode] usinges singleONRGLION B HYPraye ﬂﬁéﬁﬂpbu'é%@ft%&éefﬁﬁéé‘iqs% ng
t he cl anpi ng @]eﬁtroge. Eherefore, in a preferred enbodinent, the RF

I eEabs

el ectrode is c|eally pl anar and a good RF conductor. In a

further prefefgpgg] entradiem®itbstatidEneRBOSE hdcOREnP S WRAMAVEDESn Bm boaage suppl y
and the RF el ectrode are sufficient to pronote the spatial uniformty of
t he RF ener gyfrdinsanyi suitehle inwudating ortserpi-Rmdottive mageial. Rpuitable mateiialy can be

i nfluenced by, tﬂﬁ nunber size arzd pl ai:errgjgi O‘L t he con ecti.?ns fromthe RF
pover supply PGUOR&CTRENES: PODINTS (6-fr PRIYSRIEL PR HalRISH (Fedhe STIEHNE RF

el ectrode is Nt BHRH Sart 1%%11 aiwn e Blaglpide SRRl hdrat eri al .

In a further {'/%bglg/ O%dggggsalgpﬁ Uso ngQS W-17 prgfa{y#rged enbodi nent, the RF
power is appl subdirdte sappernsurédceneni tnmade friva tREsared smtarmtier fromngdidfessmgl e

connection to inprove the distribution of energy across the el ectrode
sur f ace. [OOSQIPtGﬁHbﬂ’@Pé]?ﬁ?%llﬂqr@fm‘:%g’-accordi ng to the invention can

be made = fromgpgy; suit 2Bk&GelrBE HnBbAiRnL QB ABE kR S BRIRS fothe Sui table

materi al s

present invention is a ceramic electrostatic chuck. The ceramic chuck can be made
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. For 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



i nclude ceramcs, polyners (e.g., polyimde) and el astoners (e.g., silicone
rubber). Further, an insulating |ayer between the cl anping el ectrode and
the subswoaBeoawpport surface may be made fromthe sane mwawrarsozaisoes from a
different material than the remai nder of the chuck body. [0054] In a
preferred enbodi nent, the electrostatic chuck according to the present
invention is a ceramc electrostatic chuck. The ceram c chuck can be nade
by sintering together ceram c green sheets sandw ching an el ectrode pattern
to provide a joint free nonolithic body. Alternatively, the el ectrode
pattern can be disposed on a first pre-ﬂﬁred ceram c | ayer and additi onal
ceramic material can then be added to cover the el ectrode | ayer. For
exanple, a ceramic material could be bonded on a pre-fired ceram c |ayer
havi ng an ESCceldectiveometctihieie bt svdible teohhiqaemaﬂ“hephgle, ﬂohexmhpiamamg)e

el ectrode | ayer can be di spaosed on

re-sintered a . layer of
ceramic, pol y$scgeengd e desiEsd) @F‘Fﬂ’gmg? Cgapyc %r(?ﬁ'&lé]?i‘ieftv Xaﬁlﬁféérofé?l agéposi t ed

t hereon by, f , u ch as
t hermal spr aylp({nngcj1 ﬁs S( aqul%/rrgm?re ﬁ%@%@pars gé?%%ﬂf ﬁ%ﬁ%ﬁh@h gﬁleﬁ %ici:t rode
pattern can bmobmhnmi ﬁmnmm hiSoniat ihedterantios siekaplteniumanigidet i Thegastel ayer

of conductive materl al can be deposited_and conductive materi al
sel ectivel y r@gpredudeckroginaddifives sueheaspintegdngeids.ve renmoval can be

(oot aaia RselclnBbERkaRAE, Sy B R pre PR Gl LBl D1 ot g

grinding, etCRadekqrNRM) ¥e@hiVeonkii&iveReiiit OBEKCH Ceulbibiedully iselagsd) ve
deposition of the conductive material in a desired pattern. In a preferred

enmbodi nent of chugk. iWitk nCowambicehueks dhe @d@nmslay@q@bbveedleu alecttode tar be of a
Do e SR 0D DL S B Bk O SRR AR e
Lo G AL LAt e o i a2
as tungsten, h&)kigilitﬂieamty; thicket &.gmup 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 dielectric
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



ni obi um and titani umand conductive ceram cs such as titaniumnitride. The
paste may include known additives such as sintering aids. [0056] The

el ect r ostwDios/oetawck of the present invention can be a JohmsoriSoRstobek
("J-R") sem -conductive ceram c chuck or a Coulonmbic (fully insulating)
chuck. Wth Coul onbic chucks, the ceram c | ayer above the el ectrode can be
relatively thin (e.g., 0.2 to 0.3 mmor less) to provide adequate cl anpi ng
field at practical voltages. Wth J-R chucks, however, the |ayer above the
el ectrode can be significantly thicker (e g., upto 1 mm since the

sem conductive ceramc allows charges td9migrate toward the surface of the
chuck thereby reducing the effective thickness of the dielectric layer. In
the case of J-R chucks, the ESC clanping electrodes are generally of
sufficiently tamge o€$kHi'anck 0§ atomicmattebeitigalmgetstood thhiewekiatheityt earsds lwdth f or
sufficiently fast chucking and de-chucking. The use of excessivel
resistive Esde&pamrﬁ@né|aeﬁkl¢%&@£agp ﬂleéﬁltrﬁlaent@@a%w €8 A2 (éﬁ%@q s

undesi rabl e. & Sgﬂ %%ﬁ ﬁ&é&ciﬁ&%ﬁ?ﬁ  of UAGS é)t abl e chucki ng/ dechucking tines
8 ge

may occur due I 'me cons ant In the case of a J-R chuck,
the | eakage [0068ENt Powgr @bnﬂbms@‘pﬁyd fohae gRnipass aeatdt@rthidmgheine@t e can

supply it such that sufficient and uniform clanmp 3 force may not be
achi eved. Conlsaduares|oy oﬂtehéult@é%aﬁwgeawnﬁmqlu@ﬁgm ags fiormghm@& stivity)

J-R chuck be.o d th t
bosi 1 od | ever caRRisy oTEde SR Sn B 2R K BT E Rl CL LR BEE °| D057
The ceram c n@ér@rhi&ﬂac%@%@i’e%ﬁmﬁlﬁgyt Bee, ESCoaaihty oﬁnﬁ’cﬁnl%' faemeaeﬁsnpatem

i nvention can be any suitable cefamc material. Suitable nmaterials include
hi gh resi sti Mot §,880/922d0 Howaini oléoransjarwbumlmmﬁynbefpuhﬂgpdu inghe edraicchucks

d al d m h d f J-R
2RucﬁsumFglers%I}%%‘Itl gl%‘,e@ﬁﬂ%‘gg 1?%%%% ﬁlﬂ‘étkvse I}aﬁﬁgr{f’g%%ﬁﬂ%‘%; ea?hc‘)lrﬁlf &f%r abl y
has a resisti ké} )ﬁclﬁdﬁmg hidgd\:9 ?%gﬁc?gf g%eyﬁpgﬂ&ﬁqgﬁa hez&%raﬁ?f@gg?]sqr) 1x1011

I't belng underst oo at

to 1x1012 oh esistivity varies w
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.



tenperature and applied voltage neasurenent conditions, e.g., at 20C and
4000 volts per mllinmeter thickness of el ectrode. [0058] Power can be
suppl i ed wo osloas4ed anpi ng el ectrode through one or nore | ead/usz/e9dr ot her
sui tabl e arrangenments including netal vias forned in the ceram c. These
vias can be fornmed by known techniques used in multi-layer ceramc
packagi ng technol ogy. See, for exanple, commonly owned U. S. Patent No.
5,880,922 to Husain. For instance, holes may be punched in the ceranmc
green sheet and filled with the conductive paste prior to sintering. The
chuck can also include openings for |ift20ins and passages to allow for a
heat transfer gas to be supplied to the chuck surface. The surface of the
chuck may al so include surface grooves or channels for the distribution of
a heat transf WHAASISELAIMEODVS: in the art. The chuck may further include
additional ceramc and netallized |ayers. OQher nmetallized | ayers which
may be provided in the ESC include electrodes for heating or for the

separate appl h_cat i R%ﬂﬁggeazcesﬁqﬁ“?%})eﬁéfg&g cfﬁcicfﬁéeifevf% ’e@(t)}{s%%%ﬁ? .enperature

pol ynmer adhesive suc aghesive®can ) bond the

ceram c ESC to an w@l@tdxmm% pRBRPEE réitatid 2FenpitY ekt 6dteembdtiReED a jdiguever ,
could also be attached to the underlying support using other joining

t echni ques kn&ahmonolithéc sinteresh eemamis todsziba glanions elctrpdenivokydingtaé lgastes ent

i nvention has _been desgri blled jaucon ction vvi.tlh preferred enbodi nents
thereof, it wfgP f%Bﬁ?%Ee%% H§OIHELE W ed in the art  that

addi tions, del eti opferefiPfheth&atbRraidh ting WagH fnlthé eRerb® paRkerisigal Iy
described may be made w t hout departing fromthe spirit and scope of the
invention as indefined in the appended clainms. WO 03/ 003449 PCT/ US02/ 18093
-20- WHAT IS CLAIMED IS: 1. A sintered ceram c el ectrostatic chucking

devi ce, conprising: a substantially planar electrostatic clanping el ectrode

enbedded in ajj oi N{pe chucking device of claim 1, wherein the maximum straight line length

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.



free nmonolithic sintered ceram c body, the clanping electrode including at
| east one pattern of an electrically conductive material; wherein the
maxi mum swoaBgbi449 i ne length in the electrode pattern is PCO/USONCH93 2. The
chucki ng device of claim1, wherein the maxi numstraight line length in
the el ectrode pattern is 0.25 inches. 3. The chucking device of claim1,
wherein the clanping el ectrode conprises a single electrically conductive
pattern form ng a nonopol ar el ectrode arrangenment. 4. The chucki ng device
of claim1, wherein the clanping el ectrode conprises at |east two
electrically isolated patterns of conduct?lve material forming a bipolar
el ectrode arrangenent. 5. The chucking device of claim1l, wherein the
ceramic material conprises insulating or sem conductive material. 6. The
chucki ng devi Ge of Tat ahuoking dévécecoficlaiie] ebiertinabe clecnpdd lapa ia cidseretoyone
di vided el ectrode pattern conprising a repeating, patfern of el ectrode
segments sep&f Hiearaiay exiernaksuriacehaf thg sinisied egrpmG Bodvolier therthether i es of
the el ectrode. WD 03/003449 PCT/ US02/ 18093 -21 7. The chucki ng devi ce of
claim1l1, wherein the electrode layer is closer to one of the ngjor
external surfgces Ohe theckingdeiedofodsian owieey thdalectidde laydies. 8. The
chucking device of claim1, wherein the electrode |layer is approxinately
equi di stant f epprosiawiely quidistans fom esehaf g majgr ealeenl sprfaqes of Elegeramichody .
9. The chuckigg device of claim3, wherein the pattern of electrically
conductive maP®al is arranged in a plurality of small conb shaped groups.
10. The chucking device of claim4, wherein each el ectrode conprises a
plurality of small conb shaped groups.

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.



11. The chucki ng device of claim 10, wherein at |east one of the conb
shaped groups of one pattern is interdigitated wth at |east one of the
conb shapwo ogoedps of the other pattern. 12. The chucki ngcadasoresoad cl ai m
1, further conprising a radio frequency driven electrically conductive
basepl ate secured to a bottom surface of the sintered ceramc body. 13. A
nmet hod of treating a sem conductor substrate in a process chanber
conprising the electrostatic chucking device of claiml, said nmethod
conprising steps of: electrostatically clanping the substrate to the

el ectrostatic chucking device; and proce®sing the substrate. WD 03/ 003449
PCT/ US02/ 18093 -22 14. The nethod of claim 13, further conprising steps of
coupling RF energy of at |east one frequency through the electrostatic
chucki ng devi d¢4. t o 'Deneetbé oﬁclaﬂxhai§nﬁ1rﬂnt’ramapﬁsingnetepprsmq)mgrﬁfamrgy t he
substrate; and_processing the substrate with the asnma. . 15. The net hod of
clai m 14, whePEfideashangfrsguensy dgnsls fhe; eéecgowta%ﬁlwc@mgrﬂevmd%smram t he

processi ng Stﬁf&srﬁgﬁlff@&éﬁ é:@%kélﬂslﬁﬂ‘ée 8?‘{?1%%{19&1%%‘659 the plasma. 16. The

met hod of cla risin electrical power to the

cl anpi ng el ectrode proce3sing iied glbgir@[@twlﬂﬁﬁhatple@m@] anping potentials on the
el ectrostatic chucking device surface. 17. The nethod of claim 13, further

conpri si ng supplylng process gas to the chanber and coupllng the radio

frequency ener 0 ner into a
pl asma st at e, he S s’fl?tglf’é f”f%%}“u@r P@e%?ti%w pé%cr?g berv\giGl §ﬁa§$§ g?‘asma
et ched duri ngchdiocRhAE BRSHra8esS ?I%tepl&mp@qsé@ét&ﬁﬂg &fe WBkirt wWithethe Plaafia C
el ectrostatic chucking device of claim1l
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 energy into the chamber so 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.



conprising steps of: providing a first layer conprising a ceramc nateri al
in a green state; formng a pattern of at |east one strip of an

el ectri cawby3oeagucti ve material on a first nmajor surfac@Cefusohesods r st

| ayer; providing a second |ayer conprising ceramic material in green state;
assenbling the second |l ayer on the first major surface of the first |ayer;
and cofiring the first and second |layers to forma nonolithic joint-free
sintered ceram c body with an enbedded el ectrode | ayer. WO 03/003449

PCT/ US02/ 18093 -23 19. The method of claim 18, wherein the form ng step
conprises formng a pattern froma pastedconprising particles of an
electrically conductive material and wherein the cofiring step conprises
sintering the particles of the electrically conductive naterial to forma
sintered cl anp9.ng Fheatetimdef cBim I8)evhwetihdick fofmiigestep ddinprides feinting he fir st
and second |l ayers are ceram c green sheets. 21. An_electraostatic, chucking
devi ce usef ul Pt EigEHY PASLH EOTBRHATIBS Rafitictes of 21 glssirically sondychve micgishafsct or

S < conduct i SRCimt S TArRE PR Buitelth dhofhE Hph bR o ABUARIBI T oot or

substrate canchgluefirchitesiiboifeah laysinteled tReshin@eletddde. ng el ectrode adapt ed
to electrostatically clanp a sem conductor substrate to the support

surface; and a | ower el ectrode adapted to couple radi o frequency energy

(Nrovah (e, SHATPHRSShSRLICUS I 0k T BRPERIGE g o thelll Y O 2

el ectrode hasggegUfidetCi ently high resistivity such that the clanping
el ectrode is ﬁighly transparent to the coupling of radio frequency

21.  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.



energy into the plasma chanber and/or (b) the clanping el ectrode has a
sufficiently high lateral radio frequency inpedance in a direction parall el
to the swppoemno34gurface such that the radio frequency poweCTAsopis®es i nt o
the plasma chanber is substantially uniformy distributed across the
substrate support surface. 22. The electrostatic chucking device of claim
21, wherein the clanping electrode has a surface resistivity of about 10
ohns/ square or greater. WO 03/003449 PCT/US02/ 18093 -24 23. The

el ectrostatic chucking device of claim2l, wherein the clanping electrode
i ncludes at | east one pattern of an el ect34rcal | y conductive material and
wherein the pattern has a maxi num straight line length of 1.0 inches. 24.
The el ectrostatic chucking device of claim?2l, wherein the clanping

el ectrode is 23 conThmelea:tsostaliubﬂmkleingfdbﬁm oP8ainT Pe, wheretn ihstchmping hucki ng
device of claim 21, wherein_the clanp el ectrode is |ocated within the
body and the F6%Eddedneledessddeasisons Raﬁfém @%%h%lerdrlqalkqua ugtiye myagialAndat t ached

to a surface Q/B% @%ﬁg%ﬁ%‘ﬁ?ﬁ':@&@ﬁ& s?r%?gﬁqtt wﬁé %@%ﬁp‘?’ﬁ% aiérsface 26. The

el ectrostatic € i evice o e arrpl ng electrode
is located within the body and the | ower el ectrode conprises a basepl ate.
27. The electrostatic chucking device of claim2l, wherein the

el ectrost at i c24.chuthe electarsiatisechpeking daviesiofwleim Al.avhirairthe slowsagi ng
chanber | ectrostatic chu kel nfg device of claim 21, wherein the

cl anpi ng eI e%i?(%ﬁ I%Sﬁﬁl?tiuglé’gs’ bt #paste of an insul ating or

sem -conductive ceramc material conprising 10 to 80 wt. % of a refractory
metal. 29. The electrostatic chucking device of claim2l1l, wherein the
cl anpi ng el eZi.r odéhe clepirostai czhuskingeheeide pﬁslaimn ot, wheﬂehsﬂuleazﬂainnlgng)r

sem -conducti ve cer nprisjn wt. %of arefractor
met al . V\Du03} %/;gcstgpggaglgﬁteg%g% ody anld tfle wer e ectro e is either located W?’[h'ill y

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.



-25 30. A nethod of treating a sem conductor substrate in a process chanber
conprising the electrostatic chucking device of claim?21l, said nethod
conpri si yO 030ex3s9 of . el ectrostatically clanpi ng the substPcatusor/sophe

el ectrostati c chucking device; and coupling radio frequency energy of at

| east one frequency fromthe | ower electrode through the electrostatic
chucki ng device; wherein the resistivity of the clanping electrode is such
that a thickness of the clanping electrode is substantially |less than a
skin depth at the frequency of the radio frequency energy. 31. The nethod
of claim30, wherein the radio frequency-®nergy generates a plasma

adj acent an exposed surface of the substrate and/or biases the substrate,
the method further conprising the step of processing the substrate with

t he plasma. 320. Tha methbddf akatirigaa sendiOonduber eubstiatecinad propéssghahbat r ode
conprises an electrode material distributed in _a sufficiently narrow

and/ or | ong efupRsIBhthesisriroptic ghyckngdeyineaf clagm i spidraethed FUmpEsing  at

| east 10 ti ”E§‘tef>sh@ft. of a planar sheet of the sane electrode naterial.

electrostatically clamping the substrate to the electrostatic chucking device;
and

coupling radio frequency energy of at least one frequency from the lower
electrode through the electrostatic chucking device;

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.



