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PCT/ US97/ 1¥340 ~ METHODSAND APPARATUSES FOR CLAMPI NG AND DECLAMPI NG
A WDUCTCR WAFER | N A WAFER PROCESSI NG SYST Lrmsony
Background of the Invention- 5 The pr esent invention T et

to the manufacture of sem conductor devices. speC| ficall y, the

present 'nwmmmms%mmp
el ectrosta e & il 1Lk
el ectrostati =208 : f 2 DR LA waf er
processi ng system t|c chucks i n waf er
processi ng systens is known. FBae """nrposes, Fig. I shows
an exenpl ary plasma processing system 100, - representtng a wafer

processi ng system which may be used for etching,  oxidation, annodization,
chem cal vapor deposition ('CVD) and ot her processes associated with

t he auf act ur SET; t. sho be borng,in mnd

t hat ma'?t hough gﬁgéxfenplxg&gmasna rocesth éﬁgﬁt of'gﬁgf’rs evices. i?’k’cﬁ%scri bed
in detail sgeeiftally,ithe prtSé: invah6on tethesssth MEIVEd foetlkh?' gsSropf the -
present invention, 5 the invention itself 1s not::l- to any

parti cul aclectyqsatlozillwmi&apmg ant&chnm@mmxﬁﬂd&t&ﬂaﬁ%ﬁmelec@h&h@dﬂﬂkﬁdaf or
use in any of the known wafer processing systens, ‘ithcluding but not |imted

to 0GeSEIng Fhamber qférsela@seéqchrdvﬂferdxmaamwstemnodu zation, etching
(including dry etching, plasma etching, reactive ion etch_i ng *(RIE).

Cycl ot ron resorie Bl eloEfadonh ol ifMAR Wogs S S5heemS GOV Fog illrative, o
Pr OCeR®i NBurpyses, emg1p&mwm&&%wayﬁ@§maes%§wﬁ@@@ép%geﬂnng a wafer® harber

102, a first radio frequency ( power supply 104, -and second power
su pp| y  processing system which may be used for etchmg, oxidation, annodization, chemical vapor

deposmon (CVD), and other processes.associated with the manufacmrc of semiconductor
wafers. It should be borne in mind that although an exemplary plasma processing system 100 is
described in detail herein to facilitate understanding of the advantages of the present invention,
15 the invention itself is not limited to any particular type of wafer processing apparatus and may
be adapied for use in any of fhe khpwn wafer processing systen;g, including but not limited to
those adapted for deposition, oxidation, annodization, etching (inélixding dry etching, plasma
etching, reacuve ion etchmg (RIE). magnetically enhanced reactwe ion etching (MERIE) electron

cyclotron resonance (ECR)) or the like.

20 As depicted, plasma processing system 100 t).'pically igdiﬁdes a plasma processing
chamber 102, a first radio frequéncy (RF) power supply 104, and a second RF power supply '
106. Within plasma processing chamber 102, there may be dlsposed a shower head 110 and an
electrostatic chuck 112. Shower head 110 is typlcally employed to distribute source etchant
- gases into a plasma region 103 of plasma processmg chamber 102 and may be made of a non-

25 conductwe material such as quartz.

When one or both of RF power supplies 1 04 and 106 are ;'ergized, a plasma is created
within plasma region 103 out of the source etchént gaseé. A waferl 08 is disposed atop
electrostatic chuck 112 to be proc_essed by the plasma. Electroét:«iti_c chuck 112 may be made of



-186... Wthr n plasma processi-ng chanber 102, there may be di sposed a shower

head .110-and an el ectrostatic chuck 1 12. Shower head 110 is
typi cal | yéﬁérp gg to distriBhute source etchant gases into a plasm
regi-on 103 ma processihg chanber 102 .and naybe mad@CATUSYTRE40 25

conducigyfapied h&lve %%u&l@rahza i alloy, né"’i.ﬁ &Q%u?xbaxbgft h of RF

power - suppl i es 04 an are energl z 'S Crea within

pl asna configuratioh8 Including thetrhdiopoldr £l lﬁpﬂﬁﬁfb’hﬁgﬂﬁ@&m ArRfiep sukBBebf di sposed
at op. el ectrostati'’c ¢hiick 112 to be processed -by the plasmy

EI ectr Slecuestaticcrhuek 162, zhatreys typicaliydlisposed a dielectric layer 116. Between electrostatic
008
PCT/ us§17';‘°fllé’2(9“d wafer 18}{\0 %\‘mnéfgé BAFelEr80 Wmawmemwmdersprmuw i@ num

al | gy, | ati.on cl udi t he
rmngpo Par a a'?cﬂﬁt"ﬂr}mg‘uraﬁhgrl’s?m%mf ast(%‘E) §€=’e“§r g““?

el ect r @etwabh cVaféirqck aﬂ@aecﬁ&aﬁf:@cﬁmtrnﬁ ':&&biluate'b&m Sﬂmév@re? k&ﬁé&t | ayer
116. Between el ectrostatic¢ - chuck and vva ransfer

gas, ' eduring pretdssing. may be provr ded under pressure viaa 5 port 109 to
t he wafer/chuck interface. "The heat transfer gas act as a heat transfer
medium: bet weern wafer:-108 and el ectrostatic- chuck 102 to facilitate
control of OAdh&igFRLS qsgﬁbgpxatjmeéeetrostanc chugkiingidiodersz megopolar

s RS A e i A e

nmonopol a contigar

chugksin @8 ekdifiple'of Bip, NaderoftatiecHul® %’ﬂe

_elctrostati cﬂﬂ%uck fOZ reptesents | pgl%ser '51% %E‘#r%ﬁ%ﬂm% &i an

base - c baseicgufigtratiom, i.é. lmvmgrwtmmg-saaﬁear;row éintedagtewittiin hed eediRatacally t h| n and
el ectrost atically insulated froma base pole.. Oher bipolar chuck

config rrrsal@res rf@nar basedrles tOﬂ_lQiE bipolar ichugk canfigyratiansiaisa exist, e.g., wichdingedshirdhi ch

may be 0 - or insyl ated way ' of . exa .. 2 depicts
on ek sien g bR gﬂﬁ(&l; T %wr\mfaxmlglgt Bechidicte sho
conf ghlkcrhdtive cwﬂ?élﬁétﬂmtﬂﬁ@wﬁ Q.l. ﬁﬁnterdxgxtated or comb conﬁguranon wherein the poles .

lS":" appear interwoven when v1ewed from the top. , R - v

To securely clamp wafer .108 to electrostatlc chuck 102 durmg processing, electrostatic
. forces are induced by a dxrectf _ui'rent power supply 114. For the exemplary bipolar chuck 102
of Fig. 1, poles 1¥5A and 1 ISB may be biased with direct current potenuals having opposite
polarities. For example, pole_ llSA may be biased positively and pol_e 115B may be biased
20 © negatively, or vice versa. The3lllrect current potential in each electroetatic pole creates a

potential difference between 1he top surface of the pole and the correspondmg overlying region

in the bottom surface of the. wafe"{'_"fthereby generating an electrostatnc force to hold the wafer to

. the electrostatic chuck.

_ In the prior art, some dielectric layer 116 may be formed of asubstannally resistive
25 - dielectric material. Sucha substantxally resistive dielectric layer exhlblts a Johnson-Rahbeck

effect when the poles of its assoclated electrostatic chuck are b1ased wrth direct current

potentials. In general, an electro-statlc clamp effect requires a force be built up across the
. interface between the chuck surface and the wafer which is clamped to xt The electric field can

be applied between the szngle pol 'electrode if a monopolar chuck is employed via an insulating




15 - appear Il nt erwoven when viewed fromthe top. To securely
¢l anp waf er 108 to el ectrostati,c chuck 102 during processing, electrostatic
forces are 10y a d| rect current power supply 114. For yg &gpdary
bi pol ar chuc i:g.- 1, poles 115A and::}15B may be DI ased w t

di rect cufeleRttic lﬁjiﬁr(ﬁﬁﬂ tlfelxﬁtel‘ﬁéél t@ﬂﬁ@ﬁdfére In suchasyﬁa’nﬂﬁle thaging ktiptuicisanypl e,
pol e 115A may be bi ased p03|t|vel y and pole 115B may be bi ased 20

negat i velcympletedwizthepdasaa..” The direct current potential in each

el ectrostatic pole creates:a - potential difference between the top

B o o @:2'@?33 RN N %&kﬁ%@gﬁa@etﬁe&l&s@% o
hol d 1 he addnt iéghﬁi?éﬁﬁltnh@% dst tﬁQHfa.Fma ca dtfferentzeld@b:@e prl or "

art, somt c rnc may be@%or red ANt a resistive
25 - 4l ebaween eumt:ewnnkvmﬁicts ifl contixd! then thal bids ey aatm HRdHy &, gBPéfoeE | ayer
exh| bits a Johnson- Rahbeck: = ef fect when the poles of its associated
el ect r osimxtrdasing Ioudécremmghhaeleeh'mﬁelld mithe@ap, and henee the.clamping fostecrihioadesto | n
general, an eI ectrostatic¢lhanp effect uires a force to be built up

acr oss t Freiuce this effagt.dt s yeual bvetmnsqtm@e@a clamping potential fhmaniainghe whi ch i s
~cl anped | ect,ri-¢,-field can be applied between the single
pol e el esgf%lﬁg,ek&? ge ﬂg 8‘ ar ‘chuck is enployed, via an insul ating
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In such a system the charging circuit Is ~conpleted via the plasma.

ln the rrwnhpbﬁtardxﬂ'mhtmjlpntdntmiman bhappjied witlwuya plasmé p:;esemldhds preferable vexd
whi I'e the .pl asma present. In addition if; as is comonly -the

case, t hthepyalenke somgwbat canémthe iealigwthe anduction %tergﬂso be preisppilapedsbativaerciie wi t h
whi c h 't t\fv Spt')lgs C!pux%hgtg tt}te t%v%epgle[s rr]rzxie;[y bte e%tsial in Xrea, e.g. m arhoﬁlmcéld’ conﬂgu:’angrlx.ttcr)] er

equalize the electric ficlds :e;ger_t_ed-_,by the poles. However, the electnc field exerted by the poles

of the bipolar chuck conﬁgtifetidn ‘may also be modified and may become unbalanced due to the
15 de. bxas that is present when the plasma is turned on. In this case, for example. the electro-
static force exerted by one p' "e may be greater than that exerted by the other pole of the bipolar

chuck. Consequently, bias compensatton is also desxred in the btpolar chuck configuration.

J ohnsbn—Rahbeck chticks may be of a monopolar or a bipolar configuration, and are

typically constructed usmg a serm-conductwe layer instead of the conventional high resistivity

20 dielectric. Witha convenuo' : 1 htgh resistivity dielectric layer, the potentlal is divided across the
dielectric layer and the mterfac _ gep, such that only a fraction of the - potential appears at the
surface of the chuck, and therefore the electric field may be substantxally reduced below the

maximum possible. The clampmg force is still further reduced because it typically scales as the

square of the electric ﬁeld

25 When the potential is"'feh'arged across a Johnson-Rahbeck diel'e.ctric layer, a current flows.

In the context of a chuck system, thxs enables the charge to mtgrate to the dielectric-wafer

interface. Consequently, the electnc ﬁeld and the clamping force are mcreased as a function of




kncreasing or decreasing, the electric field in the gap, and hence the
clanping force. In order to reduce thi's effect, it 1s usual-to

conpensate the applied cl'anping potential to mantain the el ectric
field at WO HUBSq | evel . A bi pol ar chuck i ¥CTBI$LUM34¢ ed by

havi ng_the .chuck el ectrodé idre [t Wo el egti: . such.that a
R S e R e R I R T o T T S

pr ef eg@diigy t hat the wafer be somewhat conductive to allow the

I nduction charge to be redistributed between the . two pol es. Further,
the two poles may be equal in area, e.g., in a balanced configuration, to
equal i ze t Néafer sticking ocdurswhisn residual chirge s {eficonthe clmick dizlestrisror thehwafed ectric
field exerted by the poles . - -of the bipolar .chuck_configuration may

| es :
al so PEfasein mﬁinsac ﬁmfsalmelff@é%ﬁ%d mawawésﬁoremﬁwwmﬂsefsmswc. | bi as r']t hat
ol bor SATpcHLAtE . idd RSP enabed s RltaH op bk P8 or apVhe FARTRYSS ¢ o
exer t gebelifyd 19&1%{3?%59'&&&%1% Ii%g punneling aCrReGke }:&9@6@ ently, bias

conpensation I1s al so adesifed In the uck con I guration.

Johns Gendialijyehirge i grkdualiyp pledaway frommivhpsnRahbeckachbtlpwiththeGame tigier at i on,
and are . typically constructed usinng a-sem -cenductive .l.ayer .instead
of t heonstany ¥ was chargedipywith.c Howeveri if gharge migmates todhe back of diclegtricanntedit i onal

hi gh resistivi dielectric. layer, the potential is divid cross the

di gl edaferon Pé?égs"a‘rﬁi’k’gﬁ& ;H‘E.‘%%&E@“ﬁgﬁf’g&@g PAREIAYPA V’%\S‘%g%@‘t‘f’on of the
entd a : : : . re the

CPAct e RRGR! Guls o kidng may B0 blaRG BB o, SRefI WA i B, e

possi pbentiallyeaGdingBhd Wed ©stick Whils andther kalédsbirdr vikaised because it typically

scales as the square of the electric field: - 25 - When t he
potential is charged across: a Johnson- Rabbeck dielectric |ayer, a current
flows. Fig. B illustrates irgrester detailawaferldR apg eleetrpstatinichuckrldBlo&Eig he charge to

Tt LS ) B e o0 GO e 1 e

SR At PG e Wl GUECRTYI b R © (1

bef ng ixrepregted diagrathntically ¢ eesistarG10GnFig. 3.- 3- : ' :

To simplify discussion, as'sﬁme_that pole 115A is biased positively and pole 115B is

‘biased negatively(to clamp wafer 108 to its top surface. Upon being so biased, electrostatic
potential difféiepces begin to build up over a time constant, which may be up to several minutes,
‘between respective regions of dibl_eétric layer 116 that overlies the poles. For examplé, the

. 20 bottom surface region 305 of wafer 108, which overlies positively biased pole 115A. will
‘become negatively charged. Aﬁalogously, the bottom surface region 307 of wafer 108, which
overlies negatively biased pole IISB, Will become positively charged. As mentioned earlier,
these electrostatic potential différé_xices exert electrostatic forces on the wafer to clamp it to the

electrostatic chuck.

25 Over time, however, electrical charges from the poles tend to redistribute by migrating
across substantially resistive dielectric layer 116 (symﬁolically -repreég‘_n;ed by resistor 310)
t_oward the top surface of dielectric layer 116. By way of example, the iositive charges from
-:_j)ositively-charged pole 115A will gfnigfate_ upwitrd through resistive dielectric layer 116 to form

a positively biased region 312 in_ith_é "top surface of dielectric layer 116. Analogously, the
S - 4- .
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PCT/-US97/ 11340 - for the high clanping force of a-Johnson-Rahbeck chuck
as well asy eptibi ity to wafer stieki ng. V\af er
..sticking oc‘g{arss gn residual charge is left on the chuck di (FMI 9;{1534& t he

waf er - neg auv%%z%@@frb:ﬁ&ﬂ%ﬁlﬂelymmwﬁae 1 838 aklbmigrate tHrowlhtresistive diedetaidlgyéror ce.

.This may arise because o unconpensated d.c. bias and/or charge
accumul a]tlédocﬁmmtmmegahwkbrasedfmgxonau mhttopmd’aarofdwéem layer 116excessi ve
| ocal field, which may cause field em ssion tunneling across the interface

O i « Al i Sk 8@%}?&9&@%&3@}%@ T AP SRS r
nmon Ha 638 306 REGHORRl dafleELAERIL o ARPLE onmr ot g °

to 18 raaesfc laee s, ﬂftlﬁ)&,@m@lfdxﬁ'éﬂeﬁi@s @&oﬁ@ﬂﬁe&&m pAcRIRY flabecbnbiud foBuidl

hon-uni formty. thereby .potentially causing one area to stick ile
anot her If tHecapplicd dampmgerohqes are held constant throughdiit the ;ii'ocdsk dm’auai,else potegiabat er
detail wafer 108 and el ectrostatic chuck 112 of FI% ncl udi ng

pol es 1Mifferances betywen these eppacitiva plates, (e ,chetwice regionst 06/34% ah%ﬁwldlf nmRyde 3 the

substantl resistive die ri:c. materi al ric.l.a has a
resisti P& £%€H§ﬁf°ss‘\xg?’ -- igv] mP@BFﬁ‘?éﬂY%ﬂ’&ﬁdeg‘ﬁg F%’éﬁ'?é?’!?}‘]‘%&f"st or
310 in pole 115A
s bi asgg %a s?"thllc\’/]q]? %{lﬁgumﬁﬁ Ch-g%SB smmwglggdscg onegat ?PSL!{J&%PO cl anp
waf a0 1QRcieasing ﬁxeteffbctﬁﬂﬁ:fmg fopebetvaien theschutk ﬁ&ﬁtdwaﬁi- ectrostatic :
potential differénces begi n to bui'l'd lp over a tifmé constant, which may be
up to several m nutes, .between respective regions of dl electric
layer 116 t hdiurbew theum@senm)f pdarae nurpbgr cézgmc@l charges inghe upper susface of thace

3 f. 108.. . which
becons Hcjetic By ERERBEECAR Ip S e nBREs s it s SRS o o
vaf er 1QRctiihai &{&rgdes from th@gﬁél}ds?ailc@ﬁ&itdvl\ﬁlp\‘o&bs?@qg c&ﬂinﬁte&lﬁ&no%lldf becorre
positively charge nentioned earlier, se electrostatic

pot ent i aharges fsereemzey tceveﬁrot/e tHeabdctrosthtix ﬂoccefbetv@eeﬁ ﬂmmfe:eandahechxmb icbrlep it
to the el ectrost aticchuck.
15  to declamp the wafer therefrom The longer declamping time is a consequence of the time
constant required for the electncal chargcs to bleed down across the dielectric layer. The longer
declamping time dxsadvantageously reduces the throughput of the piasma processing system,
i.e., reducing the number of wafers that can be processed by a given plasma processing system

per unit of time.

20 In view of the foregomg, there is a need for improved methods and apparatuses for -
preventing the excessive buxld"' p of potential differences between: the chuck poles and their
respective overlying wafer reglons, and for minimizing the declampmg time in order to improve

the throughput of wafer proeg_ss._mg systems.




25 ... ... . _Over tinme, however, electrical charges fromthe poles tend to
redistribute by mgrating across substantially resistive dielectric
| ayer 116 (synbolically représented by resistor 310) toward the top
surface ofWQP#PW6tric | ayer 116.. By way of exanple, the poRGHUNTALMPges
from positively-charged pole 115A will mgrate upward through

resistive dielectric.layer 1 to form a sitively biased region 312 |
in the top surface of diel ec&ﬁ‘—'ﬂﬁ-}&%ﬂ%usl y, the

-4- WD 98/ 00861 :

PCT/ US97/ 11340 negative charges from negatively biased pole 115B w ||
mgrate through resistive dielectric |ayer ' - 116 to forma negatively
bi ased region 314 at the top surface of-di el%ri c lLayer .116. .
Wth refer entle inyentiog relates, iencembodimsit, ta g spn SEFFH‘;.-:’%DW'!E"P mgrxdieet vel y act
as capa@irtenVgower supply, whicH ﬁ@ﬁmrd@ea cYapnt3ftagedso i pule of mcdectrosthticdhackes

td to m t d h | St Xl i 116,
Che ot EhiTes i apd R s GRUe iyl Boposed fereon b oartl Sl die D00 |71
up. - electrostafic chuska Fpe cantrobsystemi incJudesiatconteal cireuit dlestricallyepnpledito therdiragthout
the proggas ?(W/é}tshﬁﬂy 1o Bushil O Birétk current powert %ﬁzﬁ E:%i%%ﬁ a BEIAEE Vokdpese

apaci t tes, e.q., bef ! 05/ 3 07/ 314 ,
bl |+ ubRE B rstRaary iring & ik Regin: The BWICayp e asS A polenif] diirence |
[ esul ]E fo'build hb@btvfdﬁﬁ ladirit fegion of the subtentinilp resiskive tielettyic Ryecnd agec_:anhafgjm
rapsfer. be s i i
of £ A2 YR PARE ol OfcrfX A faled poffon Bl sl SFEF Yoo poleial BEARAS. s 2
Fur t her to a diamping feree to cdampthe wafes tathepleetrostatie chuck Thebuildtiprrgeiad reamingtes ypper

- surfacewhién thlRlamping forddisGbstmtiallycrehahiés b pre@¥firteddevel.i cant |y increase the
anount of tine required to satisfactorily renove - electrical charges

fromthe elegirostatic. chugk ' I "

charges is n@ee%(g@ﬁp S){sgn}lgﬁgq/%q? E%:chﬁgg.ﬁf%g@ré@x S%\r%g ? @gtd\'/\rg’g %et p&/glf er
and -t hesupplycor causingdhe direcEcuntent phavsir augply teeoulpit @ holding veltags durimg)a hpidinger
decl anphdihdith SRbstantiatly MEAGHHEOS8mPing f6@e bt i predefined level. The holding voltage

- - has the first polarity and a magnitude that is lower than a magnitude of the build-up voltage.

The control system includes a control circuit electrically coupled to the direct current power
supply for causing the direct current power supply to output a declar_ﬁping voltage during a
declamping period to substantially remove the clamping force, the d_eélamping voltage having a
20  polarity that is opposite to the first polarity.

In another embodiment, the invention relates to a method for clamping a wafer to an
electrostatic chuck having a substantially resistive dielectric layer disposed thereon. The method
includes the step of providing a build-up voltage having a first polarity to a pole of the electrostatic

~ chuck to cause a potential difference to build up between a first region of the substantially resistive
25  dielectric layer and a second région of the wafer that overlies at least ;? portion of the first region.
' This potential difference gives rise to a clamping force to clamp the wafer to the electrostatic .
chuck. :

The method further includes the step of terminating the buildénp voltage when the
clamping force substantially reaches a predefined level. There is fuﬁher included the step of
30 providing a holding voltage to the pole of the electrostatic chuck to g@b_stantially maintain the
"~ clamping force at the predefined level. This holding voltage has thé' ﬁrst polarity and a magnitude
that is lower than a magnitude of the build-up voltage. o



censtant required for the eletrical charges to bl eed down across the
dielectric layer. The longer . decl anping time dlsadvantageously
reduces the tygyomwggaut of - plasma processing ‘system

reducing the nunber of wa ‘that can be processed by a glveﬁcﬁpﬁymﬂyw
processing sysnﬁgyandoumra f ew of .fhe
for egoi ng t here @g@ need ‘fot? ‘kj'o?thg rcfkﬁﬁnﬁenggngg&b%ﬁg'glagymé‘l’f’ﬁfeadmgthe
prevent i gfa pPymede e ﬁ“ ‘nﬁgﬁéﬁilﬂlﬁlﬁmfoﬁﬂwmmet ween the
chuck poles and their respective overlying wafer regions, and for
mnimzing the declanpingitime in order to inprove - - t he throughput of
waf er processing systens.:- -
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control systemfor contro
supplies direct current v
having a substantially re
a wafer to the

o ' S Sunmary of the
The invention relates, in one enbodi nent, to a
ing a direct current power supply, which
ages to a pole of an electrostatic chuck 5

rlve dielectric Iayer dlsposed thereon to clanmp




el ectrostatic chuck. The control systemincludes a control circuit
electrically coupled to the direct current” power” suppl yforcausing
the direct current power sipply to output -a buil ds up vol ta havi ng a
first pol¥PBY%8Y,ing a build-up period. The build:up volt PN 5
potential difference to bUI|d up between a first region of the
substantially resistive Ohe . 3 egond region 10 of the
waf er that overlies at | egst—a=—Pc Ot (Rl ®fegion. This potenti al
di fference gives rise to a clarrpl ng force to clanp the wafer to the
el ectrostatic chuck. The build-up period term nates when the cl anping -
force substEigt1 dhisyrateeacéxemplarpplasted proeessing spstem, represenungawafer The control
systemincludes a control circuit electrical]y coupled-to-the djrect

cur r.enPropRssiag system whichypay be aslapted dar ysg withahejinventive &#?réiﬁmmwh@wm y to

out put a holdlng voltage during a holding 15 . period to substantially

e e 11 OB BBy el Bt bt BB RS s i roietale AsRlefon  "0F

t he buil d-up voI t age. The control system i ncl udes a control
circuit electrically coupled to the direct current. power supply for
causi ng t heFigi 3 dhistrares inqggnéatey deweil ﬂmmxyaxﬁahmleqmostaﬁc check affigndy. vol t age -
during a decl anpi ng period to substantially renove the clanmping
force, the -decl anping voltage having a 20 pol arlty that is opposite to
the first p t.he i nyention

I h nb t
relates to ﬁéﬁ%%o‘?’@?a%’i“}ﬁw*’lﬁﬂﬁ s\kﬁ?ﬁ g‘?’c‘l‘iaglepré’?geawg ‘I'tr‘r’eeﬂrll‘ggf’?lﬁ@?‘ggl FRuck
havo ngax@e@a&%{a@xe%@éﬂ 1 aﬁ&?daﬁf:é eagxg Gh@érﬁ\% 1&1@11’('0?% f%bﬁnmﬂoﬁ hereon. The

I ncludes the step provi |ng a up vol tage having-a
flrst poI arity to a pole of the electrostatic “chuck to cause a
potential difference to build up between a first regl on of the
subst ant i al Fig. § éss# plot ofthe 8.c. patensiak input intd thy ehuckiscpoaitive polecvsr Wk im  of the

waf ef. t hat, over)jes at, | east ortion of .the first region. This

pot ent F%P’%P‘Fef‘@féﬂﬁ"ee'ﬁ"?ﬁé@e’?‘l Zggtpé"s&"tdf“é‘wﬂ?ﬁg force to clanp the wafer to-
the electrostatic chuck. The nethod. further includes
the step of term nating the build-up voltage when the cl anpi ng force

sutst anti al Fig. 6 dhshess,an Riceriiahdeeith bvedhbodihent 6f the pfesérit ventio; yttathat he
step of 30 providing a holding voltage to the pole of the electrostatic
chuck prcessipgsysiendiavipg aebuiral cincuitsmitable for providipe the buidd-we, kaldingeandr edef i ned
| evel . . Thi s .hol V e has the first polarity and a nagnitude

that ‘i %€ ﬁ‘m}‘gt'%!ﬁg% ’ﬁ‘b %E“’S‘F ®%e buil d-up vol tage
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WO 98/ 00861 PCT/ US97/ 11340 These and
Ot her advant ages of" the present invention w T "becone apparent upon readi ng

the fol |l ow bsd | ed descriptions and studyi ng-the various t he
dr awi ngs. o $afnsin WO 98/ 00861 PCRRS AR

PCT/ US97/ 11340 ' Brief Descri ption of the
Drawi ngs . Detaiféd Déscrption 'ofithe Preferfél Einbolimeifs Pr ocessi ng
system representin be adapt ed
for use with the inventive wafer clanping technique. 5 Fig. 2
depi cts a bipolar chuck configuration known as an interdigitated
configuration. Fig., 3 illustrates in greater detail the

waf er and -t he@@&ﬁ‘“@%%‘é“@ﬁ@éﬁ“bfm Preyenting the excessive build up o p@ent:g is a
fl h | | ti f t t
[ oW Al S b SR e LA YRR nd e SHAERE Sy RiBd ek Ruglle, A oA ™! E? !

t
1353, b g o 0o ks f Mt 1 o

enbodi mesystéhs.t hetharfem*hg idesceiptiom Mumerols specific detal_ls afd @t fovthiih otdet tat es, in
accordance with one enbodi ment of the present invention, a plasma
processi mpvides @mth understanding ofghe presentiinvegiion. dbwél bwbvmusvhmwgr, the -

bui 1d-u Po one_ (siuﬂexp i) the art, that the S':%Sen%‘{ﬁ% ntion t(r)xl\; geggrgct?cfed w&o&rs%rsn%rgr ah et on.

these specific details. In other instances, well known process steps have not been described

10 indetail in order npi tout"mn'ecessarily obscure the p'ré'seﬁ_t inVentio’n_Q
_ In accordance with one éspect of the present invention, the wafer 1s clamped to the

electrostatic chuck for the processing duranon usmg two separate clampmg d.c. voltages: a build-
up voltage anda holdmg voitage The bmld-up voltage is supphed to the electrostatic pole(s) to
initially clamp the wafer to the chuck.” This bulld-up voltage preferabiy has a relatwely large

15 magnitude to facilitate rapid migration of electrical charges across the dielectric layer, wluch hasa
time coﬁstant that is dependent on the potential difference across it. The large magnitude of the -
build-up voltage advantageously minimizes the time required to satisfactorily clamp the wafer to

L4

the electrostatic chuck, i.e., to provide the wafer with adequate cooling.
Once it is determined that an adequate clamping force has been achieved, the build-up
20  voltage is preferably replaced by a holding voltage. The holding voltage preferably has a
| magnitude that is sufﬁci.e'nt to keep the wafer adequately clamped to the chuck, i.e., to keep it
adequately cooled, without éausing an excessive build up of electrostatic potential differences
between the wafer and the chuck or permitting the wafer to be declamped durmg processing. In
one embodiment, the holding voltage is advantageously maintained at a minimum desired level to

25  minimize the amount of charge that is stored in th¢ chuck.

In accordance with another aspect of the present invention, the throughput of plasma
processing systems is improved by minimizing the declamping time, i.e., the time required to
remove a sufﬁcient amount of electrostatic charges from the electrostatic chuck to permit the

9-
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PCT/US97/ 11340 - Det ai | ed Description of the
Pref erred Enbodi nents AR An inventiof-is described herein for
pr event i n§VQ AOIBRE eSS Ve bUI I d up of potenti al - di ffeﬁ’@l!‘ﬂlﬁg?lbwll\een

he ch d ,
i i i SR REPegE ahs‘?%rr@

Pr oces girpg magmtude but opposi

TR BT R R e B RS v e

polarity to the build-up voltage is supplied to the electrostatic

riod The large magnitude of the declamping voltage facilitates

chuck during the declampin

the rapid reverse mlgration- etrreal charges across the diclectric layer and allows electrical

5" charges to be rapidly removed from the chuck. In this manner, declampmg tifne is

. advantageously minimized to- prove the throughput of the wafer processmg system.

) To dlscuss the mvenuon m greater detarl Fxg 4 is a flow chart illustrating the steps for -
mg it from an electrostatrc chuck in accordance wrth one
embodrment of the present_-m- _ nnon In the following discussion, a blpolar chuck is employed -

. 1 0;;.-;;_'», -to facrhtate discussion. It s uld'be noted, however, that the inventive techmque also apphes to

monopolar chucks. which ha smgle pole and therefore requiring only a single build-up

~ voltage, a single hold voltage level and a single declamp voltage level.

‘In step 402, 2 wafer is ‘;Srépared for processing in a conventional pre-process step.

" The pre-process step may mclude, for example, introducing the wafer into the chamber for

15 proeessmg and posrtromng it correctly on the electro-stanc chuck.

In step 404, build-up v tages are applied to the chuck poles to initially clamp the wafer

to the chuck. In one embodrm nt the build up voltage is supplied to the chuck as a square wave

| pulse. With reference to Fr_g.-: _-th_ese build up voltages may be supplied. using an appropriate

analog or digital control clrcurt.from direct current power supply 114. The magnitudes of the

i20 " build-up voltages are prefera]il_y_ rge to create in as short a time period as possible the required

electrostatic clamping force between the wafer and the chuck. More preferably, the build-up

voltages have greater magrxltndes than the magnitudes that are necessary to maintain the

clarnping force at the de'sired;l'é‘\?__ . Preferably, this build-up voltage 1s not too great as to cause

| oyervolta_ge damage. The ma tude of the required electrostatic clamping force itself varies,

25 .. depending on the constitution' f ‘the dielectric layer, the process, the type of wafer under
' processing, the wafer cooling’ quxrements, among others. However, the build-up voltages
should not have exeessxvely large magmtudes, as this may cause undesxrable charge transfer, and

. —= . . may eventually leads to shorts between the wafer and the chuck. F urther, the magnitudes of the
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systems. In the follow ng description, -nunmerous specific details are set

forth in order to provi de_a t horough understandi ng of the present
i nvention. | islobsg?€ ObVi ous;- however, to one skilled |
that the pr egvg/yrﬁa I'nventi on-may be practiced w thout sonme or a*’?‘r)g?ﬁuﬁ%

these spegiifdisp vitiagéd fre preferSBli REptivafMARE huckitdndbiTVoRagy, €GC Wi thi8Rsidhave

not been described 10 in-'detail in order not to unnecessarily obscure the
present ivolage beyond which damage to dielestrialayearidéroceursii t h one aspect of the
present invention, the wafer is clanped to the . electrostatic chuck

for the processin ratjon.usjng two sepayate cl-anping d.c. voltages:: a
bui | d- uI[SS Sk%gﬁ"? ﬁ@lé“i?%"%@ Lh%}%weﬁéhﬁléfuﬁggse‘?'m#ﬂe these g‘&ifl% YRltagesate; s
suppl i ed . yJo s I: : . o RGE . yafer to
FuppL) o0, hibphbEGFHEEhIASRLF oBSIAL Bibits, Furied ik L EXRORR DL

magni tyidevdl@gésstithd yatiols HEIBS khvE R saink MhoRitud®l. 8 Bct, §ahar B4R EHaAOuO RSsofae
dielectric layer, which has+a =~ ~ tinme constant that” is dependent on-the
pot ent i al casiestb deBbaratclyskew shd magnitndes afithresupplied buildeupofoliapes to take intblacédlmtip
vol t age advant ageously ninim zes the time required to satisfactorily clanp
t he waf erthe g.c. bias of the, wafer duringRreeassiBe.di§u sk providg more evepelppiragaticplampingr wi t h
-adequate cool {ng. . oo o nce 14 1s deterpi-ned.that an, adequate

c1 anpi ng oS beHlen e aprionsprions e e weler B K. TEG i iyl 9 adko i y
repl aced 3 Hidas tage. The holding voltage preferably has a

magni t ude t a?&lgg gé&ﬂ?i:ég{; ent to keep the wafer adequately clanped td the
chuck, i.e., to keep it - adequately cool ed, wthout causing an

‘excesH ve bui |ldrespective ofltheit exast magnitugest dietbiuiii-ugivblisdee aregqieferably proeidedsn t he
wafer and the chuck or-pernmtting the wafer to be decl anped during

pr ocessi rije chuek poles uniltae desiedirlamping foree ispshigvery Inercondpnce with@neawsgefus! y
mai nt ai n at _a _mnipum.desired.l evel tao 25 m nim,ze the amun f. charge
Chat 1's ol pisat FERBbi fcpasnibacs Bt e bl voldeehsp H omprenaitm b
aspect Oftirﬁé‘ﬁ)fﬁrp@ﬁg:ﬁfar b%k‘.@igréhﬂfbmﬂeh?mhggg : Rﬂﬁeﬂiuld#gﬁﬁ :E&gbinatti?]rg&?frerzs'-ng

systenms is inproved by mnimzing the T npi ng t _
requi r ed dalzulated estimary enderfipifitd] obseivatioAD POt exaimpl), @ie buléup tinfe hidgbeges from
the el ectrostatic chuck to-pernmt the -. : )
-9- 15 ascertained by supplyipgtisrgyhpoigpales with the lower of the maximum voltages that the

PCT/ US97/ 11340 . - - -wafer ,t.o be. d therefrom |n,one enbodi nt, a
docl anpi MO FPRY-CHR EFRFTALe 2nf Hie Jpaxitapis voltages that dp hpt Rause damage fauthe Jyater

0pposi t e gnf/oP Rk isﬁﬁfa&?oﬁtﬁ%@&@ﬂn@d VBia0Y LRGN SaegHRP J:liaﬁxgirigq'o}cp.eie., adequate

el ectrostatic _
wafer cooling, is achieved. .

Upon Qchieving the desired clamping force, holding voltages are then provided to the
20 chuck poles in step 404. -T_:_i_}g:fholding voltages preferably have suf_ﬁciently high magni_tudes to
satisfactorily maintain thé requn'ed electrostatic clamping force between the wafer and the chuck.
Preferably, the magnimdeé_f-:qf the holding voltages should not cause the potential differences
between the chuck’s poles. and théir respective overlying wafer_régions to become excessively
large so as to damage the wafer or the chuck. These holding v,o_ltgges are preferably provided to

25  the chuck poles for the reﬁifaiping duration of the process.

The magnitudes of the holding voltages may be empirically ascertained. Optimal
application of clamping vql;?ges will result in a constant and adeQIiate clamping force. One
method for ascenai_ning therequxred magnitudes of suitable holding voltages involves the

monitoring of the flow rateoftheheat exchange gas, e.g., helium, into the chuck/wafer interface.
L -11-



chuck during the decl anping period. The |arge magnitude of the declanpi n_g

vol tage facilitates the rapid reverse m gration of el ect r-i-cal--
charges a e dielectric'layer and all ows electrlcal charges
to be rap%?@%ﬂoved fromthe chuck. In this manner; declgmﬁ"

advant Aﬂ%ﬂé&%&ﬂel%{ghrﬁol\?ﬂtetxﬁaj RBICANY that B far ééuxﬁuiﬂhm{eamxcﬁéag l?Escﬁﬁﬁﬂg essi ng
To er detai

system i scuss the invention in grea Fig. 4
is a ffrom thdetiuckvhalfer dniterddcewhith mag respk if inadequate wafer cbalingion gnadequatecr t o and
declanping it froman electrostatic chuck in accordance with one

enbodi’ dmgdmehetwsm@ematqrmme. nckqndma’.vebefqgrm@od bjingressingdieon, a bi pol ar -

huck - to.f litate di t should b ted
howe eFIScHTEE FAmPiTIaHE e wc%%aw'sa%ﬁegn‘g% 3@1@ voltages.” "0 opol ar
ChUE kS Uiy W EBelObLPHaf 18 Mehel VR 6 st A0y befarlre Y ©

e, a si and a single

decl anfrafep itsedlean exbeésavely high wafer temperature kéhdﬁig&ﬁay‘l&?con@ctwﬁﬁ Imﬂ:r&v:ﬂg giear ed
for processing in a conventional pre-process step. The preé-process

st ep nthermalddansfes betweenshewpfeeand the ¢ mmgnarteemgaheanagmmdestdfehe:hmwr for
15 proce55| n?ﬂ‘and posi tioni n%ﬁlt correctly on the“electrostatic chuck.
I n st epoliages andthe epngpmifantelegies

clanp the wafer . to the chuck. In one enbodi nent, the build up

voltage is r Wth
reference to E é{r&%ss'ﬁr%h%g%n ul ?Z’hﬁ%’e\e}% émgges fe%léces% |e:§>L usi ng -an
appo opsubaiattiall f' removedid3eBiblit e RmOVAIRIS tieORAferfrof ltﬁ&élédtsosﬂ‘aﬁ@ Bhutk! @€ btepur r ent
power supply 114. The nmagni tudes of the 20 - ‘buil-d=up voltages are . ...
pr ef er 488, yhel chamyping force isatmoved te!sapplymgtdealampmg V[wages(ﬂo the chuckss ples. tHoea
required el ectrostatic clanping force between the wafer and the
chuck. BiveR ehqsk@p& thsidpclampingoltpge prsferably has a pajasity thabis appositedp &hat of the

t h
cl ampi kPt gt "6 BRSO R WP SERRRI RSP RUPHA! 8B 1
not tOﬁerExﬁé‘ha@ﬁlt&d} (aRBER Spposne in ;fmlﬁHt?I é/thé BaiRi- ﬁiﬁﬂiﬂ&@e ﬁbﬂeﬁ@%&t ude of the
required electrostatic clanping force itself varies; dependi ng on

t h&5 comegnitude pﬁthed&clampmg iveltagetfor agilven/mnle majpbe Iprgnc e:ssnalk:hﬁmn fiaeofthe waf er
under rocessi ng t he wafer cool i ng. requirenents, rmng ot hers.’
HoweverM-wca@s? dlt ispassiple 49 Brovide a declamping yoltags daving ¢ anagnit \Séqa;m ar ge

cvent ullERvicE e o o R SR Rddh Pl P BB, v e

nmagni t Hﬁgﬁt\ﬂfzs §HoR1d be as high as practicable to facilitate the rapid removal of electrostatic charges

from the chuck’s poles.

20 Irrespective of their exact magnitudes, the declamping voltages are preferably provided to
the chuck poles until the wafer can be satisfactoriljr removed from the chuck. In accordance

with one aspect of the present invention, the magnitudes of the buxld—up voltages and the

corresponding declamping time for a particular process envimnmeni"ﬁre_empirically determined
in the examples that follow. By way of example .a “pop-off* te§t m y Be conducted wherein
25  various declamping voltages are supplied to the poles and measurem nts are taken of the time it
- takes for the heat transfer gas to pop the wafer off the chuck. The declampmg time may be set
to substantially equal this pop-off time or may exceed the pop-off tlme by a predefined time
period, e.g., 2 seconds, to ensure that sufficient charges have been removed from the chuck.
Note that the declamping voltages and declamping time may vary from system to system, wafer

30. to wafer, and even process to process (e.g., due to different chuck de51gns wafer sizes, heat
-12-
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PCT/ US97/ 11340 bui | d-up voltages are preferably" kep"t “bel ow the-
chuck’ s stanggf§sip6éit 2a0e, e.g., the threshold . ... vol tage |ch
damage to diel ectr?&c | ayer 116 occurs. ot shou?g*ggg'"

under st 00grahdfer gad/pRsisirbe of télike). ProfeRlyd the dlRaBiMMihpdtddeall AfigSuR" ©

supplied to the chuck poles in opposite polarities. Furt her, i1t 1I's not
requi red pheentialidifférendecicrnss the gap betvletrathe svafér ant chevdicleatis l@ai ie slos@neczekdne

same magni tude. In fact, it may be advantageous in sone cases to
cel i ber at é‘P&’sskew t he magni tudes of the supplied build-up vol tages to take
I nt o account the d.c. b| as of the wafer during processing, i.e., to

d
oot one o ¢ he i ot the fecharlRg Ribe i sgnificdsl e falf ¢ VlloFpn ne, 1
conpensat @) 38% dhoitatia.one ddde, when the decldmipifi® 9&&% H%rég@?ﬂnhé th‘ii‘ﬁ{f)&tannatulxe

magni t udes. the build-up voltages are preferab

chuck pol eguatsthe maghitudéerfithicesbposicengulariry baild-ap iveltaeh The advantageABHOSHIALE €
wi th one aspect, of. the present invention. the magnitudes of the

bui | d-up deslampiag timsds 2 sruseayences Shechighypasentialidiffgrence across thelvstrk:dayea during
particul a LASSSS envi be ascertained ‘t-hr.ou a co natlon of . .
cal cul at eg:e%e FPBIELUR %‘@ﬁ%ﬁf?@ c%‘ﬁgg%ﬁic?lcﬁl?”g%ﬁo"é‘ﬁ ere rapidlyHfzem theyp
time may Qgsagface@qgga,ggb@i@qaﬁy supplying the chuck poles with the |ower of
t he maxi num vol tages that th power supply can generate and the

maxi mum vol t ages that do not cause damage to the wafer
10 In step 410, the wafer may undergo post-processing steps that are conventional in

nature. Thereafter. the finished wafer may be cut into dies, wh:ch may then be made into IC |
chips. The resulting IC chxp, e.g., IC chips 150 of Fig. 1, may then be incorporated inan
electronic device, e.g., any of the commercial or consumer electronic devices, including digital

computers.

15 Fig. 5 is a plot of the d.c. potential input into the chuck’s positive pole vs. tiino in
accordance with one embodiment of the present invention. To s_ifnblify discussion, analogous
plot for the chuck’s negative pole, which may be a mirror imageilof the plot of Fig. 5, is not
included he‘reix:. In this embodiment, a 200 mm wafer is disposed atop a bipolar chuck having
equal area eléctrodes, which is manufactured by Fujitsu of Japan. The wafer and chuck are

20  placed in a TCP (transformer coupled plasma) plasma etch system, which is available from Lam .
Research Corporation of Fremont, California. As mentioned earlier, however, the inventive
technique disclosed herein applies to any wafer processing systehx,_wheﬂler plasma enhanced or

adapted for etching, deposition, oxidation, annodization. or the lii(e.-_

As shown in Fig. 5, a build-up voltage of about 2,500 volts is applied between poles
25  during the build-up period T1. The buald-up voltage is applied substantlally as a square wave
pulse in one embodiment. The generation of the square wave pul_se for creating the build-up
voltage is conventional and may be accomplished with, e.g., an op-amp coinparator in

conjunction with an R.C. circuit. A build-up period T1 of about :_1'6'.scconds is experimentaily

-13-



and/ or chuck surface, or for predefined voltages, until the adequate
clanping _force: i e’ "dadequat e waf er cooling, iis achieved.

Upon achi evi ng the desired-clanpi. ng force, holding, Vol tages are then
provi ded tWOR@O8EY  chuck. pol es in step 404. The"hol di ng RSIWESPIL1340°

e nt o AP e ?@- Fedetlr SRR SR, e oo REUALRENIDSF o
~the Chu%‘iu sm )b‘(,)?rgﬁélé k&?st@ﬁ'ﬂnﬁd s@eci?@seaﬁbﬁnﬁbﬁaiééﬂliérﬁges shoul d

not caude i _ en n the chuck's pol es and
their respective overlylng mafer regions to becone excessively | arge -
so as to danegee id‘uﬁie\qaafteéleﬂrosu‘aheclainpnig forth issehieedditho puildlip solegeds e

preferably provided to -t he chuck E&I es for . the: remaining duration of
the promplaced by a holding vonage,whrpb isralmit 50Q ueltsgn thisembosiimenig Nets tbafgtbs may be
enpi r| cal ly

i 18 1 CBolins el e s 8 e S merir Bl Rl Rp B AR Bl o LRSS (o
ascert at,mazg% g 4t BT o ran9 Yt o abslfiy B g | nvol ves

t he ate o eat exchange gas, e.g.,

heliu m pﬂo@éﬁldghﬁrﬁfﬁﬂcfépmtﬁéd ih Fig€ 5fa8C2. The duration of the’ holdmg period T2 varies
-11- WO 98/-00861- -

PCT/ USQ&léphiralﬁ@ upon the réquirxents oF zphmchlagprobéssmﬂnmvcmhq mxmdlutranmessbazt a

| arge anount. of heat exchange gas i s escapin fro e chu waf er
i nter f aveltaggis xemfemarémfes.chmsﬁmm@r%agt@ﬂmm By 28 f"1 H%Rié’&ﬁ%ﬂ

hol g _force be waf er and the chuck and nmay be corrected by

i nc Ftﬁeﬁ f’ﬂé‘he ghvﬁfale&lcgft rostati.c .cl anpi ng force l.e., increasing the
magni tudes of the holding voltages.

- Once processing is compl,ered a declamping voltage is then supplied. In the example of

Fig. 5, tlre declamping volta_g::é{he_s about the same magnitude as that of the build-up voltage, i.e.
___'eboﬁt 2,500 volts, albeit at a’r_r'op'posite polarity. Inone embodiment. the declamping voltage is

| also applied as a square xrrave pulse The _relatively high magnitude of the declamping voltage

15 advantageooslv permits the e1ectrostatic charges to be rapidly removed from the chuck in order
to reduce the declampmg ume and improve the throughput of the plasma processing system. It
should be noted that the declampmg voltage may have a magnitude that may be larger or smaller

than that of the build-up volt_a_ge._- In this experiment, the declampmg time is about 10 seconds.

In contrast. prior art methods may require up to 40 seconds to declamp the wafer from the

20 chuck.

Fig. 6 illustrates. in accordance with one embodiment of thf:e;present invention, a plasma
processing system having a control circuit suitable for prOvidingitIix:e%build-up, holding, and
declamping voltages of the -pre';ent invention. Direct ourrent power supply 114, which supplies
the d.c. voltages to the chuck’s pole(s), is coupled to a control system 600 via line 602. An RF

25  filter circuit 608, which is conventxonal in construction, is coupled between electrostatic chuck
112 and d.c. power supply | 14 to protect d.c. power supply 114 from the radio frequency (RF)

energy experienced by the chuck durmg plasma processing.’

~ Within control systert "'"00 there is provided a control circuit 610, which controls the

output voltages of d.c. powe' upply 114 as well as their duration. Control circuit 610



5 Aternatively, a tenperature probe may be enployed to nonitor or infer
the tenperature of the wafer itself. An excessively high wafer

tenperature readi ng may be.-corrected by inprovi ng-the t her mal
transfer betWREH0AEL wafer and the chuck, i.e., |ncreaS| ng t%ﬁlﬂﬂ&es

Forco,  esiablishes, amons gf@rs R ERUER v ee R RAIDE RiroFnE T LI B2 Tl Bl

cl anpi ng é@ﬁﬂ&. SafiSh 0k uecxzmpmg VbiRigRahd aleldécmﬁawﬁqoﬁ 73 RR'sHbwn sxhﬁxg

removal fer fromthe electrostatic chuck. I'n step t he
Gl anpi ng shorce i s renoved by appl yi ng decl anpi ng voltages to the chuck S
pol es. For a gi ven chuck pole, the declanping vol tage preferably has
a potarity that is opposite-to that of the bui | d-up voltage. I'n_ one
embodi ment, t Haxetperamagwrﬁgndeé pb@g €Ompensatiey) m@ﬁltéé%évmasa@am &a@mmwbms

Mo ar R4 bt ek JhPBh bne WRRR ik BrciRsiie, b Db eaft bl B 8
be | argerg 1éeinc%rrg'cbe,51ea bawe&m@&m«a c.hfua 610 aﬁxd d.c& gbg& nggg%:thtég&g?prgénata

possi ble to provide a decl anpli ng voltage havin

than tw (‘aﬁjdshﬁae Rt ofdtc. pbwesupplyl didng avauhefpe theRf@tmemingd idducedide) Giapi ng
voitages - - _magni tudes-should be as high as practicable to facilitate
t he rapi ennthewafer. By velyof examspletsuch biasicompensation cxrcmtmaybhemp}wc&ins pol es.
20 - lrrespective of éj’ég exact magnitudes, the’ég cl anmp
vol tages caPJEHﬁF%%F%BIc?“‘B?@QP c.tRgwer supply forkeeR Hisgiotenye ERAFSS TRENRaf er

.can t]§ %tote%fs%sttﬁﬁi'ah c&%@x\’ﬁj takf &'L%c&lh?@l% dn&ﬁec?&%ﬁe; Q%QCF? dthe d.c vpcfvﬂat h one

aspec resent I nven e magni ges

and ‘the supply is a:gaatwe? me%{?érnﬁmhlvm cofperdaliet! itcuit! mdy ﬂih’t%ess
environmentare enpirically eterm ned in the exanples that follow

By way ofmeesssarpl e, a "pop-off" test nmay be conducted wherein 25 vari ous
decl anpi ng vol tages are supplied to the poles and neasurenents are taken of

EEﬁCLI rr$hgt decl,‘foé‘?rﬂﬁah eggtﬁél%rl}ai;gﬁg‘qgee m{dt-gg] \?cl;ltearge gnd buxld-u%o urgtﬂ)% 'ﬁl\{aftheerho(?cfhl;lgt he
voltage and the holding duration T2, as well as the declamping voltage and the declamp duration
15 T3, may be performed by a digital processing apparatus, e.g.. a programmable circuit, a
microprocessor, or a compqtei'. Via line 616, appropriate signals may be provided by digital
processing apparatus 614 to enable control circuit 61 0 and d.c. pdwer supply 114 to produce at

least one the aférementioned voltages for the desired duration.

As can be appreciated from the foregoing, the invention advantageously employs a high
20  voltage to quickly obtain the desired clamping field and the concomitant clamping force. Once
the desired clamping force is achieved, the invention advantageonsly reduces the holding
potential to maintain the electric field at the minimum desired level, thereby mmlmlzmg the

excess charge transfer across the interface gap. In this manner, sticking is substantially reduced.

Further, the maintenance of the electric field at the minimum desired level resuits in
25  known, reproducible amounts of charge stored on the chuck. Conséquenﬂy, the stored charge
may be removed in a calculated manner to minimize the residual clzjmping force. Additionally,
the invention advantageously employs a high voltage (in opposite jiolarity) to remove stored
charge, thereby‘ minimizing residual sticking as well as the dechucking time to improve wafer

throughput
-15-



to substantially equal-this pop-off time or may exceed the pop-off tine by

a predefined tine period, e.g., 2 seconds, to ensure that sufficient- —

charges have been renoved fr.omthe chuck. hqpé t hat the decl anpi ng
vol t ages aMO WAIBENpi ng tine may vary fromsystemto syst enPCRESEV1III@ to
f . .g. [ ff huck i

_ ﬁf g; ’ siag gsev n‘&p?t %%S\?e%ﬁgr?hgb%gr? 3éclgi€edqn iergxggf ge?rergl pre?erngg tem%o&(t:neng,e S| g?i’z_
WD 98/ 0Q861 . I . . fe .
PCT/ US9 %"ﬁ 43f g erations, permutations. apd equivalents Which f2ll wiTRe e RPe ObPiS er abl y, the
decl anpiipeentibi it BRI His6 BE fotdlh 81at R are many alRPhaRiVE vwalys O infpdéiétRg A6 0SS t he
gap between the wafer and the dielectric layer is close to zero

vol ts. methods and apparatusdsmof thegpresehuidvergion, It ik ¢hedefoteantendsyl thatrthe i s N
significantly shorter than the bui|d-up tine 5 e.g., 33%shorter in
one 8asdollowiag appradertelpimphe nerpatedapdneluding alk sushialterations, permutations apd o) | v

avant aduBYRRy ah i 6P G Al Bl Bltfiokt ence of the i gn

potential difference across dielectric layer during t he decl anpi ng
period, which tends to cause electrical charges to mgrate nore rapidly
fromthe top surface.of the dielectric |ayer. 10. In step....

410, the wafer may undergo post-processing steps that are conventional in
nature. Thereafter. the finished wafer may be cut into dies, which may then

be made into IC chips. The resulting I1C chip, e.g., IC chips 150 of
Fig. 1, may then be incorporated in an electronic device, e.g., any
of the comrercial or consuner el ectronic devices, inctuding digital Lo
conputers. 15 - Fig. 5is a plot of the d.c. potential input into
t he chuck's positive pole vs. tinme in accordance wi th one enbodi nent
of the present invention. To sinplify discussion, anal ogous pl ot for
the chuck's negative pole, which may be a mrror inage of the plot of Fig.

5, is not i ncluded herein. In this enbodinent, a 200 nmwafer is
di sposed atop a bi polar chuck having -

-16-



equal area el ectrodes, which is manufactured by Fujitsu of Japan. The wafer

and chuck are 20 pl aced in a TCP (transforner coupled plasma) plrasma etch -~

system whi i ilable.fromLam Research Corporati nt
California. %9%%%?%% earlier, however, the inventive Wﬁﬁ%ue

di scl osed herein applies to any wafer processing system whether plasna

enhanced or adapted for etching,cqepqagsi on, oxidation, annodization.

or the Ilike. As shown |'r|iﬁ$'g—§, a build-up voltage of about
2,500 volts is applied between poles 25 during the build-up period TI1.

The build-up voltage is applied substantially as a square wave pul se

i n one enbodi nent. The generation of the square wave pul se for creating the
buii d-up 1.vol tA@enms symw&ﬁtcbmnﬂhngmdxmymbmmmmiplﬁhad divedtieurrentg. ,

L T o N T

-13- 5 substantlally resistinodigiet0io 34yer disposed thereon to clamp a wafer to said electrostatic chuck,
PCT/ US97/ “deterimined to be suitable for a particular etching
recipe. It houlgd be borne in mnd that these val ues may vary for

different wafers stens, an C re S _as_nentione

Cnce an adequit PrpLEITHElsPROnoRRER o SR E PR deal ey e RECPRseidy
vol t age |(hrectcurrentpq1dl&1¢smpl)b§ocmtm0$aiddgeo&uhrrangeolmgd:uath is about 500 volts in
this enbodi ment. Note that the hol di ng vol t age pref erably has the sane

polarity, albeit at, tg?‘g{y,, o -

vol tage. The hoI di ng&eiol tﬁ‘? psngddeﬂ ly . suaur?{ dd&?du ge%stant | apﬁ i?t he .
entir potentig| djH{greRes g up bespyeen, Legio Qﬁs‘i%s“#i"@““agy sesistiye di Y&t i.on
of the haindlarsgccmarregxdn Psardwafesthat overlite prleabt 8 gotipw of dahfirsEggion Sakipdenil a

parti cul gﬂlffgrregcfp eé&(r];éc g\fbveglam Hﬁ\fd?&é\b% p%%zﬁé\r t saxd electh}%lahggﬁxc'kSsaxd

preferre tion across 't
reduces Vilildapeperiod termmatmg w en sald clamping force substannally reaches a predefi ned level;

a holding voltage during a holding period to substantially maintain said clamping
15 force at said predefined level, said holding voltage having said first polarity and a magnitude that
is lower than a magnitude of said build-up voltage; and

a declamping voltage during a declamping period to substantially remove said
clamping force, said declamping voltage having a polarity that is opposite to said first polarity.

[ 4

20 2. The control system of claim | wherein said clamping force represents an
electrostatic force between said wafer and said chuck that is sufficient to stabilize thermal transfer
at a predefined level during processing.

. 3. The control system of claim 1 wherein a2 magnitude of said declamping voltage
25  substantially equals said magnitude of said build-up voltage.

4. The control system of claim 1 wherein said electrostatic chuck is a bipolar
electrostatic chuck. '

ST



10 stress on the chuck dielectric. Once processing is

conpl eted. a decl anpi ng voltage is then supplied. In the exanple of

Fig. 5, the decl anI)l ng vol tage has about the same mmgnitude as that of the
bui | d-up v&YQ about 2,500 volts, afbéit at aRCHEISHTIIZEH
polarity. In one enbodlnent t he Qecla I ng voltage S al so applied
as a square wave pihiesentrotisystons pEglaignd @?gcwmmgmg 2 bite conmpansaion sirtuitpi ng

' vol tage cbﬁpled &dmé@ﬂem&hu fd?%jﬁktirfg shidQiiRbeuteRAVoftigdes reshéHs N Yo hPinBGcenaPi dl y
renoved f.rom t he .chuck to reduce the declanping tine and

i npr ove q’ﬁﬁ“i"ﬁrf%@%?ﬂsab w?frﬁ pl asma processing system |t shoul d be
noted that the decl anpi ng vol tage may have a magnitude that may be | arger

or smaller . .than-that -of the build-up-voltage. -In this experinent, the ‘-
decl anpi ng time is about 10 seconds. In contrast, prior art rret hods

may seqw re | to mcamrwkm of dlafil Pwherbintut Watdhe b G Bulﬂﬂ-uéq'ol éch

Fig. 61l H.lstraltes d 3(& ? dance with oneétﬁgbo I nent - prese

i nventi g9 said declamping. voltage s gensrated pRsponsiye 4o Wsrf&méldi&!@lt

sui t abl q:réqcssmgappackmng:ouﬁledhtsaidd:ouml cirobidi ng, and decl anpi ng vol t ages

of the present invention. Direct current power supply 114. which supplies
the d.c. vol tages-to the chuck's: pol e(s), is coupled-to a.control system
600 via line 602. An RF 25 filter circuit 608, which is conventional in
construction,, is pl ed .bet ween el e osta c chuc and d. c.
power supply 1 14% B?tﬁlé%sfc“blopdmﬁ’o‘c\’f\gﬁergﬁ eﬁstﬂ‘?lm}f(%a@rﬁuflﬁ‘é‘ﬂpéﬂ% spidequency
( RF)IO holdxwgr;l adseidi cbclamuxngpemchhs genetitedirespongivotossigralsirone 66 digital '
Wthin 39&% giﬁiﬁ f#0 600, there 'i's "provi ded a control circuit 610, which
control out.put voltages of d.c..power- suppty 114 -as well as
their duration. Control circuit 610 o

-14- " WD 98/ 00861 '

.PCT/ US97/ 11340 -est abl i shes, anobng ot hers, the buil.d-up vol tage and
bui | d-up dur &ti on The contind systentiefredaimdl Wihyein asid control cirdultaeprededis ag atalogit i on
T2, the cBfediafBining -vol tage and the decl anp duration T3 (as shown in Fig.
5).

15

9. The control system of claim 1 wherein said declamping period ends when said
potential difference is about zero volt. '

L4

10.  The control system of claim 1 wherein said build up voltage level is supplied by a
20  substantially square wave pulse.

1. A method for clampmg a wafer to an electrostatic chuck having a substantially
resistive dlelectnc layer disposed thereon, comprising:

providing a build-up voltage having a first polarity to a pole ofsaxd electrostatic chuck to
25  cause a potential difference to build up between a first region of said ;ﬁbstantially resistive
dielectric layer and a second region of said wafer that overlies at leasf fa portion of said first region,
said potential difference giving rise to a clamping force to clamp sald wafer to said electrostatic
chuck;

terminating said step of providing said build-up voltage when sand clamping force

30  substantially reaches a predefined level; and — _
.._;*_. . L ] S *
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There-may- be provi ded a bias conpensation circuit 612, which accounts for
“any d.c. biias "5 induced on wafer 108 by the plasnma during processing.

Bi as conpensation circuit ;612 may be el ectrically coupl ed between
control cirdWP®8BE861and d.°¢.” power supply 114 to“appropri at el BCT/US7/11340

- adjust the outputs of .d.c...::power su 14 to account for the

af or enent i onePrpyidingadolding v

P pply 1 1 . L
ing, valpgesto said pole of aid plectipptatic chugk toeupsigntially mpgintain
such bi assaiRApaa ForoarGhid Peddefingaie s, saidiloliigvoltage having saiddiispolicipandd th a

center-tapped d.c. wer = Ssupply 1o,k h enti-al differences over the
10 pol eﬁg@b?a%ﬁﬁ ’{;’){?‘f‘@’ﬁf& &S itge ‘?S?%Fﬁ?aﬁf’ﬁ?%dgaé%bunt the i nduced waf er

bias. If the d.c. power i+, supply is a floating power supply, however.
such-bi as conpensation cir€uit nmay not be " necessary.

Note that the establishnment of the build-up voltage and build-up duration
T1, tise holdinm, The M%é%l%dl?%eh%ﬁ?ﬁé% @ﬂbﬂ@din@%‘d\éﬁhl‘npﬁ\g the
bt

decl anpi ng,vol t age and t he-decl uratign T3, m e perfornmed by a
di gi t al p‘%&‘é%“s@isﬁg Pé’%p%f[rsé'?& et ?%ﬁ,cﬁ*éd%?a 'Eme?’?%@‘??m ng force, said
m cr opr ocdeskmpingovoltageiavingtagolarity thal is oppditéro sajufirsypolasitye si gnal s may be

provi ded by digital ~ “:processing apparatus 614 to enabl e control
i r-ctti't 610-and d.c. powet supply--114 to produce at- | east one the
af orenenti oned vol tages for:.the desired duration. As can be

appr eci at ed- f rgm t MenefredRaifRaim 1 D VheR¥CinhgfiasvoRidReRSIng vB@eoys a hi gh
20.  yoltage to w\galil%ii{bz&al.n t c(l! sied cbar’grpl ng field and the *
concami t SHPSEIINY eAvpls s Ragniyde.of said buildihp veltage, o 4" c| anping force i s

“achieved, the invention advantageously .reduces the hol di ng pot enti al
to maintain the electric field at- the mninmum desired | evel, thereby
m ni'mzing the excess: charge transfer across the interface gap. In

this-manner, si4. ckiTig m@hcddfzlaintlR atheein idesseshe of said build-up voltagsaiditRiding he
mai nt enanvc?taog t%e .‘(gl ecrcrtri.-.-é?.}-‘ti eléji at the rrisninm{,m -desiaﬁsﬁd I evel | er%gtl:.tsf% In
25 . knowit e BPoRiE PETAmRRR VRPES BECITAPY SRS (P YR Eor A iga! processing
Consequerappgratus heupledtosdidehntrajeircuit. - nay be renoved in a cal cul ated

manner to mninize the residual clanping force. Additionally, t he
i nventsi on- advant ageousl y enploys a high-voltage (in opposite polarity) to*
remove stored charge,: thereby mnimzing residual sticking as well as

the dechucki NG St i ”Blﬁe%étﬂ&f&"c?au%’% Wher_ein at %P&%‘iﬁ _L]:B&'Luild-up voltage, said holding

voltage, and said declamping voltage is generated responsive to signals from an analog circuit

coupled to said control circuit.

’

20 16. The methoc_i of _:’_c%laim 12 further comprising the step of adjusting at least one of said -
build-up voltage, said holdiég voltage, and said declamping voltage responsive to an induced '
direct current bias on said wafer.

17. The method_:_: ¥ "_c',:'___laim 11 wherein said clamping force. represents an electrostatic
25  force between said wafer and said chuck that is sufficient to facilitate stable thermal transfer at a
predefined level during pro¢§$Sing. '

N 18.  The method ofclaxm 11 wherein said electrostatic chuck is a bipolar electrostatic
chuck. ' b -




-15- . WD 98/ 00861 _

PCT/ US97111340 While this invention has been described-in - -
terms of several preferred enbodi nments. there are alterations,

per mut at i orwQ 98eB6kqui val ents which fall within the scope ofrdTmsy711340

i nvention. It should also.be noted that there are many alternative ways of
I npl enenting the nmet hods and apparatuses of the present invention. It
is therefore intended that the 5 foll owi ng appended cl ains be interpreted
as including H.l sThermethedofzldimnd fugtker comprisingibe stepof terminatingqaidsiepofit s as

fall wi t fotidingRaiddéglamPing voltAadvith 3818 pBienddl BifferéieE 13 labbul LERIWolt -

5 '20.  The method of claim 11 wherein said build-up voltage is provided as a
substantially square wave pulse. '

"21.  An apparatus for controlling a direct current power supply, said direct current _
power supply supplying voltages to an electrostatic chuck having a substantially resistive dielectric
10 layer disposed thereon to effect clamping of a wafer to said electrostatic chuck , comprising:

means, coupled to said direct current power supply, for generating a first control signal,
said direct current power supply providing, responsive to said first control signal, a build-up
 voltage having a first polarity to a pole of said electrostatic chuck to cause a potential difference to
build up between a first region of said substantially resistive dielectric layer and a second region of
15  said wafer that overlies at least a portion of said first region, said potential difference giving rise to ¢
a clamping force to clamp said wafer to said electrostatic chuck;

means, coupled to said direct current power supply, for generating a second control
signal, said direct current power supply terminating, responsive to said second control signal, said
build-up voltage when said clamping force substantially reaches a predefined level; and

20 means, coupled to said direct current power supply, for generating a third control signal,
said direct current power supply providing, responsive to said third control signal, a holding
voltage to said pole of said electrostatic chuck to substantially maintain said clamping force at said
predefined level, said holding voltage having said first polarity and a magnitude that is lower than
2 magnitude of said build-up voltage.

25

22.  The apparatus of claim 21 further comprising means, coupled to said direct current
power supply, for generating a fourth control signal, said direct current power supply providing,
responsive to said fourth control signal, a declamping voltage to said pole of said electrostatic
chuck to substantially remove said clamping force, said declamping voltage having a polarity that

30  is opposite to said first polarity.

B T B S



- 16- WD 98/ 00861

PCT/ US97/ 11340 | S e AT
1. A control systemfor contT olling a direct current power suppl y, said
di rect curr WO 98/00861 PCT/US97/11340

23, The apparatus of claim 22 wherein a magmtude of said declamping voltage
- substantially equals said magmtude of said build-up voltage.

24.  The apparatus of claim 22 further comprising means, coupled to said direct current ~
5  power supply, for adjusting at least one of said build-up voltage, said holding voltage, and said
declamping voltage responsive to an induced direct current bias on said wafer.

25. A method for clamping a wafer to an electrostatic chuck having a substﬁntially
resistive dielectric layer disposed thereon, comprising:

10 providing a holding voltage to a pole of said electrostatic chuck to substantially maintaina - -
clamping force between said wafer and said electrostatic chuck at a predefined level to clamp said
wafer to said electrostatic chuck, said holding voltage having a first polarity;

providing a declamping voltage to said pole of said electrostatic chuck to subétantially
remove said clamping force, said declamping voltage having a polarity that is opposite to said first
15  polarity, said declamping voltage having a declamping voitage magnitude greater than a magnitude
of said holding voltage. '

26.  The method of claim 25 wherein said declamping voltage magnitude is greater than

twice said miagnitude of said holding voltage.
20 : -
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‘power supply supplying direct current voltages to a pole of an

I @électrostatic chuck having a 5 substantially resistive dielectric Iayer

dlsposed t here clanp a wafer to said electrostatic chu

conpri si ng: G’ 9%%5‘8 a control circuit electrically c%ﬁ’gﬁwpaugai d
direct current power supply for causing si/@ . di rect current power
supply to output said direct. current voltages at: . a
bui | d-up voltage having a first polarity during a buil d- up period to cause
a 10 potential difference to build up between a first region of said

- substantially resistive dielectric |ayer and a second region of said
. wafer that overlies at least a portion of said first region, said potential
=difference giving rise te a clanping force to clanp said wafer to said '
‘el ectrostatic chuck, said : bui | d-up period term nating mhen sai d

cl anpi ng force substantlally reaches a predefined |evel;

a hol ding voltage during a holding period to substantlally mai ntain said

cl anpi ng 15 force at said predefined | evel, said hol ding voltage having

-

'said first polarity and a magnitude that is lower than a nagnitude of
"said build-up voltage; and a decl anpi ng vol t age

~during a decl anpi ng period-to substantially renove -said - cl.anping
force, said declanping voltage having a polarity that is opposite to said
first polarity. 20 2. The control systemof claiml wherein
sai d clanping force represents an " eélectrostatic force between said
wafer and said chuck that is sufficient to stablllze thermal transfer

‘at "a’ predefined1pgvel -dufing - processing. -7 7.7 3077 q0bhe control

system of claim1ywherein a nmagnitude - of sald declanplng yty(hge 25

substanti al | bui | d-up vol t age.
4, The comt rRA gystemof claiml wh sai d el ect rost%zl ¢ chuck is a

~bi pol ar rostatlCc ChUCK.

| Ic
- 2
RE |— 112

Fic. 1
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WD-98/00861- . --- - _

PCT/US97/ 11340 5. The control system.of claim4 further
conpri si ng npensation circuit coupled to said

circuit for%‘gjbﬂé‘ls?fr)lg said direct current 246t ages responswg%%g)lﬁﬁuced
direct current bias on said wafer. 5 6. The control system
of claim1 wherein at |east one of said build-up voltage, said

hol di ng vol tage, and sai d decl anping voltage is generated responsive to
signals froma digital processi ng apparatus coupled to said contro
circuit. 7. The control system of claim®6 wherein at

| east one of said build-up period, said 10 hol di ng period, and said
decl anpi ng period is generated responsirve to signals fromsaid digital
processi ng appar at us

| _ - 8. The control systemof claim]l
wherein said control circuit represents an anal og control circuit.
15 9. The control systemof claim1l wherein said

decl anpi ng period ends when said 1tdotential difference is about zero
vol t. 10. The controf systemof claiml| wherein said
bui |l d up voltage Ievel IS supplled by a_0

pul se." S il

substantially square wave

N

'iiilllillillﬂﬂililmm“*’

i

- 115A -

Fic. 2
(PRIOR ART)

 SUBSTITUTE SHEET (RULE 26)



11. A nethod for clanmping a wafer to an el ectrostatic chuck having a

substantlaLIy resistive dielectric |ayer disposed thereon,
conpri si ng: providing a build-up voltage haV|n
polarity to ‘303510886& said electrostatic chuck to 25 cause 9&&E¥3I

~difference to build up between a first regdfm of said substantially

resistive dielectric.layer and a second region of said wafer that
overlies at |east a portlon of said first region, sai d potenti al
difference giving rise to a clanmping force to clanp said wafer to said

el ectrostatic chuck; termnating said step of providing

sai d buil d-up vol tage mhen sai d clanplng force 30 substantially reaches a
predefi ned IeveI and

- 18- WD 98/ 00861

PCT/ US97/ 11340 provi ding a hol ding vol tage to sai d pol e of
said electrostatic chuck to substantially naintain _ sai d cl anpi ng
force at said predefined | evel, said holding voltage having said first
polarity and a magni tude that is |lower than a magnitude of said
bui | d-up vol t age. 5 12. The met hod of claimll further
conprising the step of providing a decl anpi ng voltage to said pole of

said electrostatic chuck to substantially renpbve said clanping force, said

decl anpi ng voltage having a polarity that is opposite to said first

pol arity. 13. The met hod of claim 12 wherein a nmegnitude
of said decl anpi ng vol tage 10 substantially equals said nagnitude of said
bUI|d -up vol'tage. -

302

116

|

e
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14. The nethod of claim 12 wherein at |east one of said build-up voltage _

sai d_hol di ng vol tage, and said declanping voltage.is generated
responsi ve t froma digital processing apparatus _coupled to
sai d controlqgé?%@ﬁkf 15 15.  The nethod of 4R91/31340
wherein at |east one of said build-up voltadfs said hol ding vol t age,
and said decl anping voltage is generated responsive to signals from an
analog circuit .coupled to said control circuit. 20 16.
The met hod of claim 12 further conprising the step of adjusting at |east
one of said bui | d-up voltage, said hol ding voltage, and said
decl anpi ng- vol t age: responsive to an induced direct current bias on
sai d wafer. : 17. The met hod of claim 11 wherein said
clamping force represents _an electrostatic 25 force bet#en said wafer -
and sai d chuck that isfsuffici stabl e rmal - transfer at
predefi ned | evg duri nSﬁHpEr chskgiéwg é‘?éﬁ }jé 18. The
nethod of claim 1l wherein sald electrgstatic chuck rs a bipol ar 400
el ectrostatic chuck. x//
-19-
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APPLY A BUILD-UP VOLTAGE TO THE CHUCK . - 404
POLE(S) DURING A CLAMPING PERIOD TO INITIALLY "
CLAMP THE WAFER TO THE CHUCK -

; 4086
APPLY A HOLDING VOLTAGE TO THE CHUCK - /
POLE(S) TO MAINTAIN AN ADEQUATE '
CLAMPING FORCE

h

. 408
APPLY A DECLAMPING VOLTAGE TO THE CHUCK W
‘ POLE(S) TO DECLAMP THE WAFER FROM
© THE CHUCK
v . 410

( POST PROCESSING STEP - )-/
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WD 98/ 00861 : _
PCT/ US97/ 11340 T CT197 TTThHE et hod of T clai m 11 furt her
conpri si ng the step of terminafing said step of provi dj j
decl anpi ng W B8 hen said potential difference is about Sg?guéﬁhg&m 5
20. The nethod of claim 11 wherein said 96 | d-up voltage is provided as a
substantially square wave pul se. 21. An apparatus for
controlling a direct current power supply, said di'rect current power
supply supplying voltages to an electrostatic chuck having a substantially
resistive dielectric 10 | ayer di sposed thereon to effect clanping of a
wafer to said electrostatic chuck , conprising: nmeans,
coupl ed to said direct current power supply; for generating a first contr ol
si gnal said direct current power supply providing, responsive to
sai d frrst control signal, a build-up voltage having a first polarity
to a pole of said electrostatic chuck to cause a potential difference to
build up between a first region of said substantially resistive dielectric
| ayer and a second region of 15 said wafer that overlies at least a
portion of said first region, said potential difference giving rise to
a clamping force to clanp said wafer-to-sai-d el ectrestatic-chuck; - :
means, coupled to said djrect current power supply, for generating a second
control - signal, sald di pegupcurrent power supply term nating,
responsive to said seconf conf@ﬁﬁﬁsrgnal ~said ~ .. build-up voltade when
sai d clanping force.sdfst : reaches a predefined level; and 20
nmeans, coupl ed to sard dljrect curgent” power “sappl y;~f or generating a third
control signal, saffd direct jcurrent gomer supply providing,
responsive to said thirdfcontrol '9”4%1 =hol di ng voltage to said

0 su { mai ntai n sai d cl anpi ng

“vol tage having said

pol e of said electrostat§c chuck t antrally
force at saitoTaL  +H0kaef+red+e .
firﬁ'pMarwmmﬁmiarmdwtmm-ﬁﬁﬁ“ﬂrmeW‘ﬁﬁm-7f‘ g ude of said
bui | d-up vAMQLIEGES 25 _ I 22.  The app of claim 21
further conprising neans| coupled!to said direct power
supply, for generating ajfourth cdntrol si gnal , SiduaniEe’ €Nt pover
supply providing, | | VOLTAGE

2500 —{—~————— T——————————

i } |
r ! |
I |
BUILD-UP HOLDING PERIOD
. 0 periop ™ _ T2. T3
: CLAMPING PERIOD DECLAMPING

PERIOD

TIME (SECONDS)

FiG. 5

‘SUBSTITUTE SHEEY UL 20



responsive to said fourth control signal, a declanping voltage to said pole
of said electrostatic W ChHuUck to substantlally renove sai d cl anping

force, said ng voltage having a polarity that 30 i to
ree, F}@ﬁ%@%‘ : SNBSS Ss0

said first

- 20- WD 98/ 00861 6/6 ,

? PCT/U897/11340 23. The apparatus of claim22 wherein a

- rmagni t ude of sai d decl anpi ng vol t age substanti:al | y equal s sai d
nmagni.tude of said build-up voltage. - 24, The appar at us of

gl aim 22 further conprising neans, coupled to said direct current” 5

power supply, for adjusting at |east one of said build-up voltage, said
hel di ng voltage, and said - decl anpi ng voltage responsive to an induced
direct current bias on said waf&r 3 25. A met hod for
clanping a wafer. to an electrostéglc cﬁ%ck having: “substantially

resistive dielectric |ayer dl.poseu Tiher ®&gn, aprising: 10 .
providing a hol ding vol tage t¢ agpol § off saild Eé@ rq§tat|c chuck t®
substantially maintain a CE§Tp| ng fﬁgce @ encsai d waf er amsai d
el ectrostatic chuck at a predefi@ed | 281 W [Sai d waf eFto said
el ectrostatic chuck, -sai-d-hot-di novollt Vi first. polarity;

provi ding a declanplng voltage tg saijd poledof d electrostatic chuck to
substantial Iy renove saikd—etahsi ng force, ild decl anpi ng vol t age
having a polarity that is opposite to said first . polarity, said

decl anpi ng vol t age havi ng a decl anpi ng voltage na nltude greater than a
nagnltude ' - of- said- holdlng voltage
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26.  +The method of claim25 wherein said decl anpi ng vol tage magpi.,

gfeater than twi ce said magnitude of said holding volt :/,;':;;Q,‘{%
. - . s . . LR AS
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(57) Abstract

A method for clamping a wafer to an electrostatic chuck having a substantially resistive dielectric layer disposed thereon. The method
includes the step of providing a build-up voltage having a first polarity to a pole of the electrostatic chuck to cause a potential difference to
build up between a first region of the substantially resistive dielectric layer and a second region of the wafer that overlics at least a portion
of the first region. This potentiat difference gives rise to a clamping force to clamp the wafer to the electrostatic chuck. The method further
includes the step of terminating: the build-up voltage when the clamping force. substantially reaches a predefined level, There is further
included the step of providing a holding voltage to the pole of the electrostatic chiick to substantially maintain the clamping force st the
predefined level. This holding voltage has the first polarity and a magnitude that is lower'than a magnitude of the build-up voltage. There
is further included the step of providing a declamping voltage to the pole of the electrostatic chuck to substantially remove the clamping
force, the declamping voltage having a polarity that is opposite to the first polarity, .




