Description Title of Invention: ELECTROSTATI C CHUCK DEVI CE AND METHOD
FOR DETERM NI NG ATTRACTED STATE OF WAFER Techni cal Field [0001] The
present invention relates to an electrostatic chuck device and a

nmet hod of determning an attracted state of a substrate, and nore
particularly, to an electrostatic chuck device, which includes
attraction determ ning neans for determning an attracted state of a
substrate, and a nethod of determuni ttracted state of a
substrate, which enpl oys the eleg%gggggﬁgéﬁéhuck devi ce. Background

Art Title of Invention: ELECTROSTATIC CHUCK DEVICE AND METHOD FOR

DETERMINING ATTRACTED STATE OF WAFER

Technical Fielid

[0001] The present invention relates tc an electrostatic chuck
device and a method of determining an attracted state of a substrate,
and mcre particularly, to an electrostatic chuck device, which
includes attraction determining means for determining an attracted
state of a substrate, and a method of determining an attracted state

of a substrate, which emplcys the electrostatic chuck device.

Background Art

[0002] In a semiconductor manufacturing process, an
eiectrostatic chuck device is used for attracting and holding a
semiconductor substrate in various apparatuses such as an ion
implantation apparatus, an ion doping apparatus, a plasma immersion
apparatus, a lithographic apparatus using, for example, an electron
beamor extreme ultraviolet {(EUV) lithography, andawafer inspection
apparatus for silicon wafers or the like. 1In addition, in the field
of liquid crystal manufacturing, the electrostatic chuck device
is used for attracting and holding an insulating substrate in a
substrate laminating apparatus, which is used for injecting liquid
crystal between glass substrates, or in an ion doping apparatus.

[0003] The electrostatic chuck device is generally formed by



[0002] I n a sem conductor manufacturing process, an electrostatic
chuck device is used for attracting and hol ding a sem conduct or
substrate in various apparatuses such as an ion inplantation
apparatus, an ion doping apparatus, a plasnma i mmersion apparatus, a

| i t hographi c apparatus using, for exanple, an electron beam or
extrenme ultraviolet (EUV) lithography, and a wafer inspection
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of liq crystal manufacturing, the electrostatic c evice Is
used f t t] and. hol di ng. N t] suhstrate, in
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crystal_ _between, gl a substrates, or, in_an_iaon_doping apparatus

[0003] CnEPel Sekfost BT ok aRUee trE BT XPTy=Par eciy 1oa to an
stacking, on an upper surface side of a netal hase, an electrostatic
chuck POETREITAR | DLFSC e cORGUCOEE silbotPat & LSF i e sibsthute: G
t he Iik%. Then, when a predeterm ned voltage is applied to an
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charge and an electric field are formed on a surface of the .

el ect r 6SCatilecEROEkatiReFBBG K at ERQEEP NP St klbg tTuge S Witrates with
electrical force. Wen such an electrostatic chuck device is used in
proces$ilggtaisgdsfpace; tHeen emgdr ab e e oiredie sibshuatkedeiéreakesised
due to plasma processing, ion inplantation, and the |like . For

exanpl éh Bprece sse] fsulisitelata, dilld tempaatenre o fsiib esbetrebednciricages
by a plasma apparatus, the tenperature of the substrate reaches to
appr oxidmettet iyl 20000 rbnepanyge dses,mp een tsaibisin aded thefdrka.al Fyreaskede,
by using a resist or the like at the time of the ion inplantation or
the pl dsna preeedsi mi.icHowewdrn icoh th&eredisstsubgeatest sucktahing by a
hi gh-tenperature state, the resist hardens nore than necessary, which
causes pa apmablgipd e S ubsipguesiipeegprak RIFOGESS. sP90AIde addrrss to
this, in the netal base, a liquid conduit for circulating a liquid
cool antyppuehas tRuke 2vater, | snfArABdcather ebyckaapisagathe i%\t;v%atrrtataﬁly
at an appropriate tenperature. However, there is a case in ich a
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matter, such as parficles, 1s trapped when the electrostatic chuck is
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conpletely planarized Int rst place. reover, re 1s a case
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which causes a problem in a subsequent removal process.
[0004] To address this, in the metal base, a liquid ccnduit
forcirculating a liquidcoolant such as pure water is formed, thereby
keeping the substrate at anappropriate temperature. However, there
is a case in which a part of the substrate is not properly attracted
because foreign matter, such as particles, is trapped when the
electrostatic chuck is caused to hold the substrate, or because
the substrate is not completely planarized in the first place.

Moreover, there is a case in which the substrate fails tobe attracted

because of, for example, partial disconnection of the attraction



el ectrode included in the electrostatic chuck or partial danmage of an
insulating |ayer covering the attraction electrode. In particular, in
recent years, the upsizing of the sem conductor substrate and the

gl ass substrate has made conpl ete planarization of the substrate even
nore difficult, and has also required further inprovenent in
attraction force of the electrostatic chuck device for attracting
such s F e h cti o

el ect rg%e 'S eecolnrl%nlgdﬁcfglrgonp i ca‘?é%ﬁfe ﬁ%d&t%ec}ﬁjn%%l% ?élégffla%/%ré%mage
becom ng. t hi nn sultl in an |ncrea i.sk_af .such .praqbl e a
descrlﬁga abovgsu} lngoﬁtgbn wher'e the U%SFF358Ct§Onot}ﬁF%'er , FIn
attracted above- nentlo ed cool i eff ect ,does function
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abnor nal | o causi a _problem of a hardened resist. In addition,
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are affected. [0005]1In such circunstances, is very inportant to
recogni%e® PReS'#P T F R R @ VEraleT 819t Hel Qildst ﬁafieha@lacltacyraﬁalaeéﬁ%@@r
in the electrostatic chuck device, and various studies thereon have
been cofRIEEISY- flay atFéﬁcéﬂeaﬁpf‘érC@ el éhieseppepssetiatimethodk gievice
determ ning an attracted state of a substrate based on a change in
capaci tfacettwhcthngt ek edter St - t iatr dhost extaiand.i nécopatoere,of
which is generated by voltage application to the attraction el ectrode
of the WWedtriostatian chlek; ro@achesbehemsulstoate cogipd ilyatElle and the
el ectrostatic chuck (for exanple, see Patent Literature 1 and Patent
Li t er ativrss 1)t irSpacifdcald yhedreciaus e Hiteneexl steende: iofg ian subsiin@tey sed
whi ch has a higher dielectric constant than a vacuum causes the
capaci trange dfosuaar pasplesdi § f@s encEbéd LAPACI t Ance PEEUT Sn dapendidig:
on whether or not the substrate exists, and this difference is

det ect edid<a daterid Aett E@ogb&ngc&edw&%@ of hé hep Sebshd it ondWrddiring
there is proposed a nethod of determning an attracted state of a
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side of the metal base to a back surface of the substrate attracted
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to at hnoI h a tenperat rofile of the substrate is
Create accéfgxhg@¥ léfrj%e mé%n t he substrate and the
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t enperature rofll
P %e at racted state of the substrate quickly and accurately in the

electrostatic chuck device, and various studies thereon have been
conducted so far. For example, there is proposed a method of
determining an attracted state of a substrate based on a change
in capacitance, which utilizes the fact that an electric line of
force, which is generated by voltage application to the attraction
electrode of the electrostatic chuck, reaches the substrate held
by the electrostatic chuck (for example, see Patent Literature 1

and Patent Literature 2). Specifically, because the existence of



[ 0006] However, in the determ nation nethod perfornmed based on the
change in capacitance, a difference in capacitance is small between a
state in which the substrate is attracted to the electrostatic chuck
and a state in which the substrate is lifted up with no attraction
force, and hence it is difficult to accurately determ ne an

attached/ detached state of the substrate. If a false determnation is
made regarding.the ghiaghedl defached siate ol the substrate, [Qfoun,
exanpl e, "théere arises a fear tha the SUbstrate Tails to be rel'sase
when a ”ftin%ﬁﬂniscpﬁgﬁd manjfromtheéigﬁr swﬁacesideéﬁ
the metd"Pase to THHI“HHE Subst rate, "ot t Hat* excessiVe Ford@qs tance
exerted on the substrate to cause a damage. On the other hand, in the
det er Mt oh WWEERGE e PRoY AR Bhsed Wi t%E‘@ FEBRPEFALGr 8% pFbF1 Iaem{gfthis
the substrate, while the tenperature of the substrate is neasured
when t KB IfFENSH 15 A et uSF RGBS ef BBt RGSEACICEc Rk SV ddie
the attracted state of the substrate is determ ned based on the

t enper AR GHIS - | EUEbh&rnelRfhe ablv AT SR ehBREB Ot Of sddferEabnyg tag
nonitor a predeterm ned tenperature change for the determ nation. For
this r eddormctad sikés séne Subrtfajre t He dbtehnd nth fowah Fup thextansbing
attracted state of the substrate is determ ned retroactively when the
devi ce iroract daliey ssedacandibencé theoreexanphes to a@eétarimmnimipce of
whet her or not the substrate has failed to be attracted by using this
nmet hod,theossbderalblkeatdamageedscmat ¢ edady eilptlirotsed tde theciubstpratw ded,
when an abnormality is detected. [0007]In addition, in both the

det er manat itorNeEhpds adeser biedhabsuestirhtésinesessar yy tieexiesdhatinh a
connect certain attraction determ ning neans to the electrostatic
chuck deMren{dtrt Nend ofid@susies eRMalEAB B dofonét ek PASbposed within
capaci tance neasuring instrunent and a determnation circult are

necessany twhengashblet heolatkahp def efdd nakion metbediudt beafd mitent
radi ation thernoneter and a determnation circuit are necessary), and
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state of the substrate.
temperatureprofileof thesubstrateiscreatedaccordingtoacontact

state between the substrate and the electrostatic chuck, to thereby
determine the attracted state based on an actually-measured
temperature of the substrate and the temperature profile.

[C006] However, in the determination method performed based
on the change in capacitance, a difference in capacitance is small
between a state in which the substrate is attracted to the
electrostatic chuck and a state in which the substrate is lifted
up with no attraction force, and hence it is difficult to accurately
determine an attached/detached state of the substrate. If z false
determination is made regarding the attached/detached state of the
substrate, for example, there arises a fear that the substrate fails

to be released when a lifting pin is pushed upward from the lower



'O' tation List Patent Literature [ 0008] Patent Literature 1: JP
07-7074 A Patent Literature 2: JP 2000-228440 A Patent Literature 3:
JP 10-150099 A

surfacesideof themetalbasetolift the substrate, or that excessive
force is exerted on the substrate to cause a damage. On the other
hand, in the determination method performed based on the temperature
profile of the substrate, while the temperature of the substrate
is measured when the substrate is processed using the electrostatic
chuck device, the attracted state of the substrate is determined
based on the temperature profile obtained in advance, and hence
it is necessary to monitor a predetermined temperature change for
the determination. For this reason, it takes some time for the
determination. Further, the attracted state of the substrate is
determined retroactivelywhenthedeviceisactuallyused, andhence,
for example, in determining whether or not the substrate has failed
to be attracted by using this method, considerable damage is already
inflicted on the substrate when an abnormality is detected.

[00C7] Tnaddition, inboththedeterminationmethods described
above, 1t is necessary to externally connect certain attraction
determining means to the electrecstatic chuck device (in the former
determination method, at least capacitance measuring instrument
and a determination circuit are necessary, whereas in the latter
determination method, at least a radiation thermcmeter and a
determination c¢ircuit are necessary), and hence large-scale
equipment 1s required to determine the attracted state of the

substrate.
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Patent Literature 4: JP 2004-47512 A Summary of |nvention Techni cal
Probl em [ 0009] I n view of the above, the inventor of the present

i nvention and others have conducted intensive studies on the nethod
of determning an attracted state of a substrate which is used in the
el ectrostatic chuck device. As a result, it has been found that, by
obtaining a heat flux fromthe substrate when the el ectrostatic chuck
device g§ Jd? 4YS&etHaf-d s, when the substrate side has higher
tenperature than the netal base, it is possible to determ ne the

attract%%c%ﬁate Of?%Q%H%UEEE%EESP%%:gﬁL%Pa%g‘%%%Hr%{ely whi | e

overcom ng the above-rentione whi ch "eventual ly lead to the
conpl etj on _of _t.he present, invention.,{0010].Therefore, an object of
t he prtePlggﬁtn% r]i"\/lgr%r%& riestzt‘o% Zdod: 22[844]0 B

Patent Literature 3: JP 10-15009% A

Patent Literature 4: JP 2004-47512 A

Summary of Invention

Technical Problem

[0009] In view of the above, the inventor of the present
invention and others have conducted intensive studies on the method
of determining an attracted state of a substrate which is used in
the electrostatic chuck device. Asaresult, it has been found that,
by obtaining a heat flux from the substrate when the electrostatic
chuck device is in use, that is, when the substrate side has higher
temperature than the metal base, it is possikle to determine the
attracted state of the substrate quickly and accurately while
overcoming the above-mentioned problems, which eventually lead to
the completicn of the present invention.

{0010] Therefore, an cbject of the present invention is to
provide an electrostatic chuck device including attraction
determining means, which enables guick and accurate recognition
of an attracted state of a substrate in the electrostatic chuck
device.

[0011] Further, another object of the present invention is to

provide a method of determining an attracted state of a substrate,



provi de an el ectrostatic chuck device including attraction
determ ni ng neans, which enabl es quick and accurate recognition of an
attracted state of a substrate in the electrostatic chuck devi ce.

[ 0011] Furt her, another object of the present invention is to provide
a nmethod of determning an attracted state of a substrate, which
enabl es qui ck and accurate recognition of an attracted state of a

substrakg dnchhg18Legt{ O8tald GcEUGKIRYLSSn s SOLUIPt O PFOPLEM st ate

of a substrate in the electrostatic chuck device.

Solution to Proklem

[0012] Specifically, the present invention provides an
electrostatic chuck device including: an electrostatic chuck for
attracting a substrate, the electrostatic chuck being provided on
an upper surface side of a metal base; and attraction determining
means for determining an attracted state of the substrate.
[0013] Further, the present invention provides a method of
determining an attracted state of a substrate, which is used for
an electrostatic chuck device including an electrostatic chuck for
attracting the substrate, the electrostatic chuck being provided
on an upper surface side of a metal base, the method including
obtaining, by a heat flux sensor, a flow of heat transferred from
the substrate via the electrostatic chuck, to thereby determine
the attracted state of the substrate.

[0014] The electrostatic chuck device of the present invention
includes the attraction determining means for determining the
attracted state of the substrate that is attracted to the
electreostatic chuck. According to a preferred mode of the present
invention, it is desired that a heat flux sensor be used as the
attraction determining means. Similarly to physical energy in
general, heat flows from a higher-temperature side to a

lower-temperature side, and thermal energy passing through a unit



[ 0012] Specifically, the present invention provides an electrostatic
chuck device including: an electrostatic chuck for attracting a
substrate, the electrostatic chuck being provided on an upper surface
side of a netal base; and attraction determ ning neans for

determ ning an attracted state of the substrate. [0013]Further, the
present invention provides a nethod of determning an attracted state
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i ncl uding an el ectrostatic uck for attracttn he “substrate,

el ectrastatic chuck. being. provi ded ,on an_upper _ surface side of a
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flow of_ _heat transferred fromthe substrate via the el ectrostatic
Chuok . S rors: fREoere e ag: bt e e br St Ab e At vice,
[ 0014] The el ectrostati c chuck, device of the present invention .
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attracted state of the substrate that is attracted to the
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invention, it is desired that a heat flux sensor be used as the
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general, heat flows froma higher-tenperature side to a

| ower - ttempdrtatinvia osiadé L oundf t ez tral hasrterigyipadsiomg thiar sulght aatiai ¢n the
lower-temperature side.
[0015] Part of this configuration is described with reference
to FIG. 1 and FIGS. 2. When voltage is applied to attraction
electrodes 4 included in an electrostatic chuck 6 to attract a
substrate w onto a substrate attracting surface 6a of the
electrostatic chuck 6, and the substrate w is processed by, for
example, an ion implantation apparatus (not shown), the implanted
ionsorthelikedecelerateandrelease kineticenergyinthesubstrate,
which accordingly causes the temperature of the substrate w to rise.
On this occasion, in a metal base 1, cooling is performed by, for
example, circulating a coolant through a liquid conduit 2, and a
temperature gradient is thus formed between a temperature Ty of the
substrate w and a temperature T, on the metal base side. As
illustrated in FIG. 2(A), a flow of heat occurs in a direction from
the substrate w to the metal base 1 side via the electrostatic chuck
6. However, 1if a gap d is generated between part or the whole of

the substrate w and the substrate attracting surface 6a for some

reason, such as a case in which partial disconnection or the like



area can be understood as a heat flux (in WnR). The inventor of the
present invention and others focused on the fact that, when the
substrate is processed using the electrostatic chuck device, a
tenperature gradient is formed with the substrate having hi gher
tenperature than the netal base side, and have configured the present
i nvention such that the attracted state of the substrate is

determ tal ni. f t. fl foro hst .a
on the Olrlg%él%ytaﬁp%r a 13;?1 eaesll é(f(ejcviéo[q%o ?S}ac{}é.\ﬁc[b %3le FELHSQ ceoln ({Pg%or%:ﬁals%i H iéht}cq{
described with referen to FIG 1. and FI.GS, 2. Wien_voltage is .
app! | ed o R EP Ao LR B ol EerF badst 4t PET LdeiF 1o bl Bhtr SLVaE FRteHle
6 to attract a substrate w.onta a substrate attracting, surface 6a of
Che- el 6 SIS ARG K b i e RO Ett ot ST (prcts st dyh 1 rorhe
exanpl e, an i%n i mpl antation agp?ratus (not shown), the inplanted
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substrate, which accordingly causes the tenperature of the substrate
W to ritdE@reodst RPsChcRESTOE LY sy mesitapgss thagobrpAgies beefhpaeet
by, for exanple, circulating a coolant through a liquid conduit 2,

and a tt@epévietratgr ddrerthe Lidrisrdoratdd sdiikeh aldehperad drend@y ofs
the substrate w and a tenperature Tb on the netal base side. As

i |l ust ddtledtinatRdGim EAG. & fB)owtdfe Heatw odcresiti f romditrhectswrs tfregm w
the substrate wto the netal base 1 side via the electrostatic chuck
6. Howewerhei hebadapadei 5 gatmeratedhethweenrpacttdr theciwhdl s oft doped
substrate w and the substrate attracting surface 6a for sonme reason
such adnatleapericnomwhihehwipard bdltidi sabaneateon By deheckiikg swth khthange
attraction electrode included in the electrostatic chuck has caused

t he attasaet heatf @illistr en the herhsokebhessHBSHT atlee Wisw OFf heat, it is
transferred to the electrostatic chuck 6 side (usually, the ion

i npl antatsisam1@r b hesdd ki dS tPe0gesseHeH Ndatr YagHd Mt AN olrenge dhee-dis
no or extrenely few substances that transfer the heat of the

substr @atfngvcéﬁt}:?%rﬁiz(s%)kﬁegea&wmu%sge%itd@a +thaNguDEPELr e 8T t racting

illustrated in , the flow of heat fromthe substrate wto
the metal.Aase l side via the electrostatic chuck 6 is stopped in the
part or the whole of the substrate. By detecting such a change as a

et r USR] L1 SBSLESAmALa Al UIn v b etk RS e
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it is only necessary that the heat flux sensor 7 be installed on
the downstream side of the flow of heat, and also that the heat
flux sensor 7 be installed in one of the electrostatic chuck 6 and
themetal base 1l or inboth thereof. Preferably, the heat flux sensor
7 is disposed so as to avoid such a portion that the heat flux sensor
7 interfereswith the flowof heat fromthe substratew. For example,
the liquid conduit 2 through which a liquid ccolant is caused to
flow and the like are formed in the metal base 1, and if those portions

are included in a path of the flow of heat from the substraie w,

the heat is absorbed. This poses a fear that the attracted state



[ 0016] As for a heat flux sensor 7 for obtaining the flow of heat
transferred fromthe substrate wvia the electrostatic chuck, it is
only necessary that the heat flux sensor 7 be installed on the
downstream side of the flow of heat, and also that the heat fl ux
sensor 7 be installed in one of the electrostatic chuck 6 and the
metal base 1 or in both thereof. Preferably, the heat flux sensor 7

is di [ ti h f . 7
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i ncl d | th of the f heat f t.h t . th
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substrate wis n?§1deternined proper£g%8Further, taking into account
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ot her aspect, the heat flux sensor 7 is preferably disposed on the
netal BdsehspdetirdnFeheChol S GLSRESRELEPIFT Lo MSr E1ppbf B EhI3N unRer
heat flux sensor 7 is disposed so as to be flush with an upper

sur f acEH adeeofetaf Mrisel basthére Thend igano paraichiart binoka bion ve
type, the shape, etc. of the heat flux sensor 7, and thus the heat

fl ux sdisortyPerayphRragbanet hiéne . féattishderat ifkexshapeoor7a ayd itidrs ddle
shape. To give a specific exanple, there are enunerated a series of

pr oducthearmnifiactagretbiby’ et el haGer potht hon f1BSAshertHudikeg shegt fdrua
m crosensors (HFM series ) , a sheet-like BF sensor, Thernogage,

Schm dtecyBdeldrercaGagieapand Tdeile kespd 0047 bratbe eprieseard ako\eenineny t cal
plurality of the heat flux sensors 7 may be provided to obtain the

heat flauxseaties pbar akbhyicet hegatizsirWd by espest 1t aoapplraabnarl @&A,
of the substrate w If the heat flux is obtained at a plurality of

locat i amg10idinken S4b ST hahl Woddi Ald (a0 edrskal e Dindde- subshraidisor,
can be recognized in nore detail. For exanple, it the heat flux is

not  deteelethalyeS o rafi dthefeale f ldbgeSenser $hé 1iifkd S possible to
determ ne that "a gap has been generated bet ween the substrate w and

the subsgfyiate attragting surface i@%e%ttilo%as% Lﬁfu%ﬁi' %&sagg I’%%@t £lux

substrate wahi ch correspond to those héat ‘f sensors 7
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deternigeégggk.the Q{Eﬁaction f%kjure has_occurr t%% Q g %g S If
rng

corresﬁbn tgns respect a planar grea o e w.
the heat flux is obtained at aplurality of locations of the substrate
w, the attracted state of the substrate can be recognized in more
detail. For example, if the heat flux is not detected at some of
the heat flux sensors 7, it is possible to determine that a gap
has been generated between the substrate w and the substrate
attracting surface 6a at least at positions of the substrate w which
correspond to those heat flux sensors 7 due to occurrence of the
attraction failure. Further, if the heat flux is not detected at

all of the heat flux sensors 7, it 1s possible to determine that

the attraction failure has occurred at positions corresponding to

10



those heat flux sensors 7, or that lifting of the substrate w has
been conpleted by a lifting pin or the like. Here, as causes of the
failure of substrate attraction, for exanple, the foll ow ng cases are
concei vabl e: a case in which nornmal attraction cannot be perforned
because foreign matter, such as particles, has entered the back
surface of the substrate; a case caused by unevenness of the

Substr gkl tﬁ%éft? fgﬂg éeﬁééf?'f‘ W Gl FEaﬁE'ffE'ln§l af"{‘l‘i‘é’cél!l]@é‘u?ité NE has

attraction electro artia d’amage O an 1| ns ti ng | ayer coverilng

the atiiaction e%%”gg 5, Jicthgcl ke Bascpooprted WL Lhe oo conccs of

el ectrostatic uck CBIV& e exanp case€ |n

whi ch e X ot d tected at .all the he t fl
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conpleted and a case i,n qh the el ectrostatic ChﬂFk i.S not properly
oper at i ﬁ&e&ué‘rteo G e & &7 SZontdr Mality "6F & p RY ot
supplying voltage to the attractlon el ectrode or a fallure of a

vol tag@eslﬂ%’bf?/“&%ﬁin?@&a&se NBtBlEAdtat ™ essughias Eié‘ffﬁiéct:éeéxafhﬁ e tered
| ayout of a plurality of the heat flux sensors 7. As the nunber of
sensor $henbreksedriree| el gdsiMRE W@ tqoqa FRSa adrecddtuiunayenness of
recognition of the state. However, taking into account the tinme and

di f fi ctihey seogécnse fidretlie gm@c@ssﬁa@@, 1an vildehe @o¢ tilg 1o gists coanme oo
ot her factor, the nunmber of sensors nay be set as appropriate

accor diofigthe ater smitzeonfe lelkd roglest pareia]l danhde cifsaneeodd ebst iy dayer
that the present invention is not limted to those exanples. [0018]
Fur t hecpvieminket pe estent a ¢ nkemnte l@m t ravder,edet enenilnéc hhseshohdradyibehe
set for a value to be detected by the heat flux sensor 7, to thereby
det er menecthesattiactiedcst atifhdhe conbkstivabe evexHpeTe § iccakhy, cdde in
the heat flux measured when the electrostatic chuck device is in use

falls heliew the Hdueshalkdi sasotleraidiedi aboyEl df the POsEihl & ensors
determ ne that a gap has been generated between the substrate w and

the substnatie attraetifAgwsueh acke b fLEnhOe deasN s Wstidlale the been
substrate w has been rel eased. On the other hand, as for a case in

whi ch EQ%PH%%EduMﬂ(aEB%Qﬁ i Bﬁe%l%%ro%mcve@uek 13CKOF HrRfpRrly
for exanple case in which increased attractlon vol t age has

| nr eased Lhe gt Luackioneand Angase L Wi ehnsater o theclide s,

attach tot whol e 6f surface o strat W or t

substrat.e ?ﬁﬁéi‘g%ﬁg\ﬁ%@&%@% O, (3QB 1162 38?{@&98%1%] Eea% hfallhlxdrne of

t he presen heat 9 Gx “obtarned T rom

sensor used in the follo nner e le, b

ol £ pPYTTER 3 e BRIt FOR T W) Qe HBACT ot e WenEe F3 2 sardples
by a th resi st an uni of a terlal t hr ou
ohi on' PR REAEE M b o BLahY Y i droRPa. TLrb St ur P el D@ aTber
estimated. Here, the thermal resistance per unit area (0.n2/W of a
mat eri &FF §§F§P§St6“€Fﬁ@éﬁﬁesétoﬂsnﬁPéFH§ﬂe(ﬁP PCANdERar E@ﬁ&u@@ﬁ@ﬂﬂ?d
of material (WnC)". Accordingly, if the heat flux obtained fromthe
heat fP@%O§€ﬁ§épn7OﬁstéﬁnﬁFéHeat Hew@ee T nt'erXidls int acssicaaric i thme
program processing by, for exanple , a personal conputer, and is

moni t opad @hffécpetrgetphvertedior ntloe tkhpee 2t @ (3 oMARdsE 1pr 6068s

nonitoring of the electrostatic chuck device can be perfornmed. In
addi ti end matgedtbﬁrtﬂa@tganpt]eg number of sensors may be set as appropriate

according to the size of the substrate w, and it is needless to
say that the present invention is not limited to those examples.
(00187 Further, in the present invention, a predetermined

threshold may be set for a value to be detected by the heat flux
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tenperature information, it is possible to acquire a real-tine heat
flux (that is, flux of ions) of the plasma apparatus. Further, a
conparison with tenperature data or the |Iike, which is obtained
separately by sanpling when the attracted state of the substrate wis
normal , may be perforned to determ ne whether or not the attracted
state of the substrate wis appropriate. Then, when an abnormality is
confi 1 mRthe 07 XATRLE LY JBLDLALNSIINAL - BRY e IANSILL Ao L0 A rate
control” system of ~a procéssing apparatus sidé that processes the
substrate L N by r.far displ of ni.ng, . .or he used
25 an (it ePPEREROR LY bpby g Heobr presaierg & PPefs fhal g ostitic
enpl oyi n lurali,ty. of heat. flux.sensors, 7 he .el ectrostati huck
devi b Ry THae Bt G ittt it S ke P T Ag oS 6o AT Fure oF aghosrepeeve,
functiqgn that en es_estimation of causes for the attraction
failurét %BeBP’FFgg}LPyFOf T P AhéndaR SRR TRl i 45  HR- R & tween
confirnmed at sonme of the sensors, in addition to a case in which the
at t r act6n Sél&ﬁﬁélatﬁeWpéPﬂoF%dSW%béﬂ? Pethicel thet e B4t SR fisieisgie
matter, such as particles, on the back surface of the substrate w,

the follF@RicRg E&s&Saar EheorebrGaBle. "Thasebare aphormafi t ids e hder
el ectrostatic chuck side, including partial disconnection of the

at t r actiosnl-epecEpbde @ek pdr thdlchdafegheat Bhuknextegdndgheaydreshold,
covering the attraction el ectrode, which occur in the electrostatic
chuck, candedbvadrlealfiactes sorrehe fsub staatd. spr ec essiend rapirarcdt Uus ciedsed
i ncluding ununiformty in ion inplantation dosage. On the other hand,
when amtabrortien tylbage beenicondasavdhat aattactithe asensasse thehich
foll owi ng cases are conceivable. Those are abnornalities on the
power smfplyogi dee, 1WdeChamBtaceed tovatcagholal wE ame Gudkerirface
val ue supplied to the attraction electrode of the electrostatic

chuck, oc@nghénswod t gee SURR! Yheabnos med td A dartdihey coelrkre Bat®Ir some
flowi ng through the netal base, and abnormalities on the substrate
processkR@oapparatus side, including failure in current val ue and
energy. Advant ageous Effects of Invention [0020] According to the

el ectrggiathc chuck,deyice i(?lft}jiepﬁr@sent invention, the heat flux obtained

from the heat flux sensor 7 may be used in the following manner.

For example, by multiplying the heat flux (W/m?) obtained from the
heat flux sensor 7 by a thermal resistance per unit area (°C-m2/W)

of a materiai through which the heat flux has been transferred,

the temperature can be estimated. Here, the thermal resistance per
unit area (°C+'m?/W) of a material refers to "thickness of material
(m) / thermal conductivity of material (W/m°C)". Accordingly, if
the heat flux obtained from the heat flux sensor 7 is sampled at
fixedintervals inaccordancewithprogramprocessingby, for example,
a personal computer, and is monitored while being converted into
temperature information, process monitoring of the electrostatic

chuck device can be performed. In addition, based on the sampled
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present invention, it is possible to determne the attracted state of
the substrate quickly and accurately. In addition, the electrostatic
chuck device of the present invention includes the attraction
determ ni ng neans therein, and hence there is no | arge-scal e

equi pnment or the like required, which thus provides renmarkabl e
usability fromthe industrial perspective. Further, according to the

nmet hod of determ ning _an_attracted state, substrate of the,
or esent" e o ofaBtbhr el difurls 2 HRR0 AL & PLalMine near

tt h hnent _of th b tr nstantly and accur at t he

g rgggf 18 SELGATSL 6F ST PG PPKREPEFF GHS Dostt? i iom 2
f Dr 0021][FILG 1] FIG 1 n expl anatory sectional view of
of Draw ngs LOO2LELG, L HIG L s an exalan leserith 45t e (e Lmed

[FIGS. 2] FIGS.. 2 are explanatory sectional views in which part of
the el SORIt&LYc bohgeRrdérocengichbiai agtractad prakemt .%rﬁqhﬁratse

enl ar ged.
wisnocrmal, maybeperformedtodetermine whether ornot the attracted

state of the substrate w is appropriate. Then, when an abnormality
is confirmed, for example, a warning signal may be transmitted to
a control system of a precessing apparatus side that processes the
substrate w, to thereby perform a display of warning, or may be
used as an interlock for stopping the processing. Still further,
by employing a plurality of heat flux sensors 7, the electrostatic
chuck device may be provided with a self-diagnosis (failure
diagnosis) function that enables estimation of causes for the
attraction failure. Specifically, forexample, when anabnormality
has been confirmed at scme of the sensors, in addition to a case
in which the attraction cannot be performed properly because there
exists foreign matter, such as particles, on the back surface of
the substrate w, the following cases are conceivable. Those are
abnormalities on the electrostatic chuck side, including partial
disconnection of the attraction electrode and partial damage of
an insulating layer covering the attraction electrode, which occur
in the electrostatic chuck, and abnormalities on the substrate
processing apparatus side, including ununiformity in ion
implantation dosage. On the other hand, when an abnormality has

been confirmed at all of the sensors, the following cases are
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[FIGS. 3] FIGS. 3 are exanples of |ayout drawi ngs of heat fl ux
sensors. [FIG 4] FIG 4 is an explanatory sectional view of an

el ectrostatic chuck device provided with a failure diagnosis
function. [FIG 5] FIG 5 is a flowchart of failure diagnosis.

Ref erence Signs List [0022]1: nmetal base la: nount surface 2: liquid
condui t

conceivable. Thoseareabnormalitiesonthepower supplyside, which
may occur involtagevalueandcurrent valuesuppliedtotheattraction
electrode of the electrostatic chuck, and in voltage supply,
abnormalities in the cooling water flowing through the metal base,
and abnormalities on the substrate processing apparatus side,

including failure in current value and enerqgy.

Advantageous Effects of Invention

[0620] According to the electrostatic chuck device of the
present invention, it is possible to determine the attracted state
of the substrate quickly and accurately. In addition, the
electrostatic chuck device of the present invention includes the
attraction determining means therein, and hence there is no
large-scale equipment or the like required, which thus provides
remarkable usability from the industrial perspective. Further,
according to the method of determining an attracted state of a
substrate of the present invention, it is possible to determine
the attachment/detachment of the substrate instantlyandaccurately,

the attraction failure cf the substrate, and the like.

Brief Description of Drawings

[0021)] [FIG. 1] FIG. 1 is an explanatory sectional view of an
electrostatic chuck device according to the present invention.
[FIGS. 2] FIGS. 2 are explanatory sectional views in which part

of the electrostatic chuck device according to the present invention

14



3. |ower insulati ng layer 4: attraction electrode 5: upper insulating
| ayer 6: electrostatic chuck 6a: substrate attracting surface 7:
heat flux sensor (attraction determning neans) 8. anplifier

is enlarged.

[FIGS. 3] FIGS. 3 areexamples of layout drawings of heat flux sensors.
[FIG. 4] FIG. 4 is an explanatory sectional view of an electrostatic
chuck device provided with a failure diagnosis function.

[FIG. 5} FIG. 5 is a flow chart of failure diagnosis.

Reference Signs List
[6022] 1: metal base
la: mount surface
Z2: ligquid conduit
3: lower insulating layer
4: attraction electrode
5: upper insulating layer
€: electrostatic chuck
Ga: substrate attracting surface
7: heat flux sensor (attraction determining means)
8: amplifier
9: A/D converter
10: personal computer

w: substrate

Description of Embodiment
[0023] Hereinafter, with reference to the attached drawings,
a preferred embodiment of the present invention is specifically

described. Note that, the present invention is not limited to the
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9: A/D converter 10: personal conputer w. substrate Description of
Enbodi nent [0023] Hereinafter, with reference to the attached

drawi ngs, a preferred enbodi nent of the present invention is
specifically described. Note that, the present invention is not
limted to the

description below.
[0024] [Manufacture of Electrostatic Chuck Device]

FIG. 1 is an explanatory secticnal view of an electrostatic
chuck device according to the present invention, which includes
an electrostatic chuck 6 on an upper surface side of a metal base
1. The metal base 1 is made of aluminum, copper, stainless steel,
or the like, and has a mount surface la that varies depending on
the type and the size of a substrate w, such as a semiconductor
substrate or a glass substrate, which is to be attracted and held.
For example, the metal base 1 suitable for attraction of a silicon
substrate having a diameter of 300 mm has the mount surface la having
a diameter of approximately 298 mm. Further, the metal kbase 1 has
a ligquid channel 2 formed therein, through which a liguid coolant
is caused to flow. The liquid coolant supplied from the outside
is circulated via a heat exchanger (not shown) or the like in the
metal base, thereby cooling the substrate w. Further, the metal
base 1 may be provided with a gas supply path so that the substrate
w is cooled by supplying a cooclant gas such as helium, which is
supplied from a lower surface side of the metal base 1, to a back
surface of the substrate w through a gas supply orifice (not shown)
formed in the electrostatic chuck 6. Note that, the upper surface
side of the metal base 1, unless otherwise specified, refers to
a side on which the substrate w is located, and the lower surface
side thereof refers to a side opposite to the substrate w.

[(0025] Further, the metal base 1 is provided with two heat fiux
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description below. [0024][ Manufacture of Electrostatic Chuck Device]
FIG 1 is an explanatory sectional view of an electrostatic chuck
devi ce according to the present invention, which includes an

el ectrostatic chuck 6 on an upper surface side of a netal base 1. The
netal base 1 is made of alum num copper, stainless steel, or the

| i ke, and has a mount surface |la that varies depending on the type

ol ass SURSTTAL ¢, TeR e st ar i Bat eaoSRAERE AT Flp R L REFIE 7

gl ass substrate, rac For “exanpl e,

retal haRe el Lals Lot aLiraction ofna gidican substiate baylod &,

di aneter © mm-has e nmount ~surface Ta r

appr oxi nat el ($98 nm_., Fur ng t he tal base i has.a liqui d channel

2" F or mélt AR 7 THEBAGN Ui ERP e0F TG d oo anP oS eRuE M 61§ ovieat

The Iiquid cool ant sugglied fr n1th§ outside is circulated via a heat

exchangﬂw A6t CEREWATIOr1 ¥ Het Uk 1ith FRE TR BHSECT har ey cadhithph

the substrate w. Further, the netal base 1 may be provided with a gas

suppl y Pl EPaHE (1R sibdttat S9Nl Wit vy Himpl i@ e SR Ehtto

gas such as helium which is supplied froma |ower surface side of

t he nettdle Bayerisurdagebatke siff ftdcemetat heasebkt r &tl& -wlt hi bughratgasn

supply orifice (not shown) fornmed in the electrostatic chuck 6. Note

that, ter@mpdserinsuhiabetwd deadf filhe aerabrbasark mpuhéssl .ot hevevse, as

specified, refers to a side on which the substrate wis |ocated, and

t he | overlwsanfacel side t FeE8of Bef erthe o rawrghiele opPposkstesbost heay be

substrate w. [0025] Further, the netal base 1 is provided with two

heat flimcreased/decreasedas appropriate dependingon the shape, thesize,
etc. of the substrate w, and it is needless to say that other numbers,
layouts, etc. than the case of FIGS. 3may be employed for the sensors.
[0026] On the upper surface side of the metal base 1, there
is formed the electrostatic chuck 6 including a lower insulating
layer 3, attraction electrodes 4, and an upper insulating layer
5. As for the electrostatic chuck 6, there is no particular
limitation thereon, and thus a publicly-known electrostatic chuck
may be used. For example, for the lower insulating layer 3 and the
upper insulating layer 5, a material having a predetermined shape
and a predetermined film thickness may be used, including an
insulating filmmade of, for example, polyimide, and a ceramicplate.
Further, the lower insulating layer 3 and the upper insulating layer
5 may be formed by spraying ceramic powder, such as alumina {Al,03)
powder, aluminum nitride (AL1N) powder, or zirconia (Zr0,;) powder.

For example, in a case in which the lower insulating layer 3 and

the upper insulating layer 5 are both formed of a layer sprayed
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sensors 7 (manufactured by Vatell Corporation, USA: HFM 7E/L) on the
upper surface side thereof. The heat flux sensors 7 are each di sposed
such that the top of the sensor (portion fromwhich heat flux is
captured) is flush with the mount surface la, and, through wring
pat hs (not shown), signal wires or the like are drawn to the | ower
surface side of the netal base 1. FIG 1 illustrates an exanple in

S yheale IdPeriEn MU AL ALAHDUR! Efle TOVEYEMNa2% IR AtIL,

t
FI GS. e nunber sors may be I ncreas ecr ease
approprl te.d ng_on_the sh t e .Si etc. of the.su r
WALk és%et%,ss@f A LRsars o ayeaffgmgf@eﬁf% to
the ca f FI e oyedfor thes 026] On the
upper S HEs SPac I T PR bibe faSFhJereéﬁ] S PRelorRb (Rsi Tt ing
el ectraostati¢ ch ck6|nclud| alo msilatln(gl (%{er 3,
at t r acti%oft ePett w&uﬁpeﬁﬂdl gt F‘ﬁ@ﬁl lalrﬁg o apsirtlathig

el ectrostatic chuck 6, there is no Eal’tl cular limtation thereon, and
thus a fpupt rade r@ﬁ‘owﬁoa EEPRBLEat PELrhlERSEyDe E5HH. tiIFsrkrsampiterect
for the lower insulating |ayer 3 and the upper insulating |layer 5, a
mat eri ais ﬁ%?ﬁgléymwt@éd/ %%éﬁ@%ﬁma ph?@‘@%ﬁléllamn@uuppﬁmsurface
t hi ckness may be used, including an insulating filmmade of , for
exanpl eé1ldsolof fheeurpgd tnoekan oy plaates. SFdprhera shestogles attracting
insulating layer 3 and the upper insulating |ayer 5 may be forned by
sprayi myeranbe pondetrasuchgashalsubisnaatal 203N dpolvde mayabamuiumcted
nitride (ALN) powder, or zirconia (Zr02) powder. For exanple, in a
case i rnonrd qilaree il xaieiror natdadng dwuayreras3 pard dthengyppef rigwsad satriyng

| ayer 5 are both forned of a |ayer sprayed wth the ceram c powder,
each of[admr ]l ayer s Aasonat fielavtidiicakress] @ft rédoyghgadies erdbmB®al foil,
particular limtation, approximately 20 to 300 pm On the other hand,

in a casmeldl1WiiCh ﬁcﬂ&né@w al Bsut 8é i Mgy Ineato B, @raldlbhfcsfp method,
insulating layer 5 are formed of an insulating film nmade of, for

exanpl & PAkY] Mk&eat Be éuﬂ)%@o ﬁ’é&lﬁ%e§§cﬁb§c§eﬁftd oY g@@@&@ékmmed shape,
approximately 20 to 300 m te that, an upper surface side of the

upper iUl i agy | Byeh BHOTIB: A Subsi T al 1Ecerbhact | AGraintaese83, § Uhe

attracting the substrate w, and thus nmay be subjecte
I if 1[0
e TSR RSB RSl BT

by a s e hd i_on,plating. netho ar _the

subj ec{%gtdgt %&ggcg€%8| n toa a prE’ eter mlg%le%g s%apecoflgutcﬁé?]%b e?%frﬁaisﬁze
attractjon electrode, Alternati t he att ectrode

obt ai n &rbﬁxafﬂsﬁ casitis SRR S EYFRGTEr aTe i TR G
printin conductive netal e, For in the case of

f ormi n§' %é:%r?éfal I by er{)e[%qq"lg “et kﬁ’e i gilde fgickness
met hod, or the like, the fil mthlckness of the attraction electrode 5
i s gen@falihe &freaTerely FEAB ForhS WS bheFa 9% it tadveds bfto
the attraction electrode 5 forned by the spraying of a conductive
netal  PsHferEeEISRy %}bﬁbﬁé%mﬁ%}@@%ﬁ £é6 B phtrpetipe stagtacdon formed
el ectrode 5 has such a filmthickness as descri bed above, there

occur s bio thar seealvangpp b eppifudet eetiigigpt hes heerte 4 Ly fappmcstigately
substrate ww th the heat flux sensor provided to the nount surface

| a of tliRetoettabmbaskf theHovevert i¢he lactrade dhael seth @del bn i digess
formed in such a manner that the attraction electrode 5 is not

f or med aisndaspoibedaleora,eshondiciguims acpad ht f ol saptrebileg {heldeatting
flux fromthe substrate w. Further, the shape of the attraction

el ectr atie Beas Meix pashitedl anbyt ki edi tlanthd hast may:pee88br &5 ovided
appropri ate depending on the type, the size, etc. of the substrate w
to be abttpstR@int SWrfdes 1alHe takinaedl 0asel eCt YR & 1Ty h 6 RShiadtien

electrode 5 may be formed in such a manner that the attraction
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6 may be bonded to the upper surface side of the netal base 1 by
usi ng an adhesive or the like, to thereby obtain the electrostatic
chuck device. [0028][Determ nation regarding Attracted State of
Substrat e] Herei nafter, description is given of an exanple in
whi ch the el ectrostatic chuck device of the present invention
illustrated in FIG 1 was used to determne the attracted state of a

si | con, vater, yu ‘@hgg g@gsfr%’ﬁ)eed ii'ﬁ%%&?@i%:ﬁ“@oﬁbesrﬁéddﬁ? t‘é!aEegl'Sa%!‘ﬁ for

havi ng a di anmeter y an | I npl antati on apparatus. Tn the
el ectrostatj.c chyck devic s-1llustrated. Fl %(A)E tF heat, f1ux
sensor scsaf)at(u%alnn ;Ec euggﬁtbgielgtfef?m rep%rugjtsltdcr?%eu A gﬁL?tl}ﬁ eSLh&lpe
nount ed t wo_ posi tions.on_ the upper_s rface.sife f t.he netal e
1 e St CRPUR MUY el RS e HGURE st T Gha 15T Ravitfig Hadd, ahecaros
of 298 mm _and the heat flux sensprs 7 are both disposed such that
the toff®f Rhe FerforrBRF FRUSH ST IHE T it @ 1 FDSiitafer G
t he nount surface |la of the netal base 1, the electrostatic chuck 6
i s staddedhe FHRSEFaEEMNIIRe PELERGERTE | MerHp hgtPBRE traRed oAt ane
| ayer 3 having a diameter of 298 mmand a filmthickness of 100 pm.
whi ch i3MRyr @S Byt ehe & sAg calldriinal poiwe re Ieah iRe e o chyicss D9 wJgiogh
the attraction electrodes 4 having a filmthickness of 30 pm which
are forviredassi A§ arphskdsirlivchal ectwwodes cd¥ dlaes chavitaguacds ametrerlar
of 294 mm face each other with a distance between the el ectrodes
bei ng Zhmctamd fafrichehuthe Uger thasuliatmangu fayenr Bndavrierny e tdicartettarc
of 298 mmand a filmthickness of 50 pm which is forned by spraying
al um naheides v haw biigree pre ¢yt ahvea:98% HHR02D¢dheo abaves nbntikalrted ce
el ectrostati c chuck device was set
may be formed by laminating the lower insulating layer 3, the
attraction electrode 4, and the upper insulating layer 5 in the
stated order on the upper surface side of the metal base 1.
Alternatively, the electrostatic chuck 6 including the lower
insulating layer 3, the attraction electrode 4, and the upper
insulating layer 5 may be formed first and the electrostatic chuck
6 may be bonded to the upper surface side of the metal base 1 by
using an adhesive or the like, to thereby obtain the electrostatic
chuck device.
[0028] [Determination regarding Attracted State of Substrate]
Hereinafter, description is given of an example in which the
electrostatic chuck device of the present invention iliustrated
in FIG. 1 was used to determine the attracted state of a siliceon
wafer w when ions were implanted into the silicon wafer w having

a diameter of 300 mm by an ion implantation apparatus. 1In the

electrostatic chuck device, as illustrated FIG. 3(A), the heat flux
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for the ion inplantation apparatus (not shown), and the silicon wafer
w having a dianeter of 300 mm was pl aced on the el ectrostatic chuck

6. Further, voltage of 2 kV was applied between the two attraction

el ectrodes 4, to thereby attract the silicon wafer w onto the
substrate attracting surface 6a. Then, while pure water having a
tenperature of 20C was caused to circulate through the liquid conduit
2 of t b £ f i er;aLn _40ns

wer e i%%lr%%%d?oﬁﬁ%ﬂ&efgéﬁ F%?%t‘%;t%% g%]efhgﬁrggﬁoglf E[J e'ilgi)ﬁm bt%?nmwaasre
100 kV rre of _the .i on heam. wa , t he .aver ower
of t he YN b i S R T b el S s e
val uesbobt ai neddfro?t e two heat, flux se&iors 7 were both ](s)ilS .

W cne. PRFCaddlMfiEn Ot a8 TR PEE 2REhBRK Rest Lottt o™ By BV ¥udlAVing @
observat.i on, there s no particular abnormality with the attracted
state OFARESS Prean vBerair 0 361PAr 2a0 RENPEAS! hot Bhet T Sposed
process was finished, the application of vaoltage to the attraction

el ect r 6468 Fhgds tshteoﬁﬁ’éﬁ,Ofaﬁéi‘ef RS, 18 dilasha g vidS fiaied soNfacss
t hereby sufficiently renove residual electric charge on the substrate
attractlitng SUEf&EE 68 ToftNehandet 7955379 clehatktbe raEehePas@hén tihe
silicon wafer wwas lifted by using a push-up pin (not shown)

i ncl udéd sich nosd aglisct elogeht ic thuckaddddbe Huei g adtedsdmtdganchuck 6
irradiation, the values obtained fromthe two heat flux sensors 7 at

t he sarmctliugg nger ¢hisotthwerOinwiéaRin@nlehes dckasion,a thieamateacie® 98
state of the silicon wafer w was actually checked by a visual

obser vaiti amd antl ln thitkaeed @f aXOm ywhénbadrs fandedtbwasrépiing alhatina
the silicon wafer wwas in a detached state by being conpletely

separ apetrdieronz ¢ heg aubstiay e fap vt a8t | nthesat £ aset 6an elkertalferes 4 iHawiag;
been confirnmed that the attracted state of the substrate can be

det er mangd 1 Ay: WSé RPet e he@t phil, Ush SERSHFS forme] ueety B hd€k such that
el ectrostatic chuck device according to the present invention.

[ 0031] fERlegkrestaliesCRUGK nEeYi 8€ahavkhdoFap burgn AR Eh other with
a distance between the electrodes being 2 mm; and further the upper
insulating layer 5 having a diameter of 298 mm and a £film thickness
of 50 ym, which is formed by spraying aiumina powder having a purity
of 99.99%.

[0029] The above-mentioned electrostatic chuck device was set
for the ion implantation apparatus (not shown), and the silicon
wafer w having a diameter of 300 mm was placed on the electrostatic
chuck 6. Further, voltage of 2 kV was applied between the two
attraction electrodes 4, to thereby attract the silicon wafer w
onto the substrate attracting surface 6a. Then, while pure water
having a temperature of 20°C was caused to circulate through the
liguid conduit 2 of the metal base 1 at a flow rate of 2 liters

per minute, ions were implanted on the condition that the energy
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Function] FIG 4 illustrates an exanple in which the electrostatic
chuck device of the present invention is provided with a failure
di agnosi s function. In the sane manner as descri bed above , the ion
i npl antati on apparatus was used to inplant ions into the silicon
waf er w having a diameter of 300 nm During this period, signals
obtained fromthe heat flux sensors 7 were anplified by signal

ampl i ficar $18 tgrapualt age 1geyely ofithe grder ofr 10.Vial gEx, M Al
PriEhens"s S O A

whi ch noise In ences becane negl gl and were en Irnput to

I h i gl 2
A out P15 OF. BrGEESSI NG oer T oriu 8% PREpRTSoh " computar do° b/ &

illustrated j a flow chant of,FLG . .Th lified signal obt ai ned
From t e it T Pk aEerete, b e oRR s Ea o T 28 R RTVAr oo

accordance wt o] rocessi ng..perforned_on the personal conputer
o N aeeg sk D R bt r e ARt R oL BBtk &5 Fhisaanas contaceZa
approxinatelg from1l second to 1 hour depending, on_the details of the
processiPng BvEHA{ fOhHRer $2mCT orFhRS é’ﬁFaPPoﬂaﬁgb‘éFé%ﬁsak?%o%aéd%tﬁéﬁﬁth
hence t he process%gg time ﬁgy be determ ned by taking into account
the capdd By ok athdiétticc afi e vl ieRamma e k300 GB) included in the
personal conputer 10. In this enbodinent, a m ni num sanpling interval
was setlG03010 ns. @SfsrdénEngonhatP haphysienl PEREE S twa e of e Shesburtdd
is heat, which changes relatively slowy, there is no need to perform
a neas @R ttion PEeguemdsy . tdq 00823 Theasahpt ed ardlngeks sad ev 315 tepred,
to such data processing as snoot hing and noi se renoval before being
st or ed andl tfhie timegneti plasma gun was turned ON, fo thereby sufficiently
remove residual electric charge on the substrate attracting surface
6a of the electrostatic chuck 6. Further, when the silicon wafer
w was lifted by using a push-up pin (noct shown) included in the
electrostatic chuck device during the ion beam irradiation, the
values obtained from the two heat flux sensors 7 at the same time
were both 0.01 W/cm®. On this occasion, the attracted state of the
silicon wafer w was actually checked by a visual observation and
an infrared proximity sensor, and it was found that the silicon
wafer w was in a detached state by being completely separated from
the substrate attracting surface 6a. Therefore, 1t has been
confirmed that the attracted state of the substrate can be determined
by using the heat flux sensors 7 included in the electrostatic chuck
device according to the present invention.
[0031) [Electrostatic Chuck Device having Failure Diagnosis

Function]

FIG. 4 illustrates an example in which the electrostatic chuck
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di sk. Further, the tenperature and the flow rate of the cooling water
flowing in the netal base 1 are nonitored as well, and, based on the
sanpling data stored in the above-nentioned magnetic di sk and the
heat transfer coefficients of the lower insulating |ayer 3 and the
upper insulating layer 5 of the electrostatic chuck 6, the
tenperature on the substrate attracting surface 6a of the

I _ . | _ . ' - .
e eCtrQ%%ﬂkk?ofQﬂﬁ¥?§e§§%§§ﬁ¥éﬁ¥ﬁ§%gg de¥ég&%?kg%%f§9§859d¥¥§ﬁB51s

the foll owm ng equation erature o strate

2L ACtNG AU 209, SLEIMELALULE AL G0l IR oL n{ O [ YRS,

heat transfer coe cl ent coo

resi stance of el ectrostat.ic.chuck. (0. nR/ aver.age incident power
() RS RN 008" RS fa R o Se R ARG e R R g

represents "the tegpﬁr ture of the cqglin makﬁr Llomyﬂg in the al
base (@) TaNEEr BanCPeleoattT Bt bl Koot g T rihetiaid o Tom
"heat tranzfera%ility of water, which is _the function of the .
t enper &G &€&hd ItHE PPBROFAL & YREF P 1 5heET P het 1l 2 T SRt RF D8 to
el ectrostatic chuck (C.nm2/W" represents "the sumof all thernmal .
resi st #ndéd FBASEmI&T Uppdr PG s okt RE M i dhacHaiel & td e edde
surface of the substrate w'. Further, "average incident power (WnR)"
r epr es aitfd UeHE Sfe e aIMEx NesHd Gid leepredsk e sy Thefe ipdwdr tserd (psinsonal
area flowing in the substrate w'. For exanple, in the case of the ion
i mpl antcamiport eapgdr dthusudht e dvidt agen bleam tpowbrg iofathecdroreiemntd.  An
corresponds the average incident power, and, in the case of a plasm
pr ocessiutd impparfabusce s aveg ayer fmonadmn gdwepegkonhafdscemputer 10 is as
illustratedina flowchart ocf FIG. 5. Theamplifiedsignalsobtained
from the heat flux sensors 7 were sampled at fixed intervals in
accordance with program processing performed on the persocnal
computer 10. A processing time required for the substrate w ranges
approximately from 1 second to 1 hour depending on the details of
the processing even if the same ion implantation apparatus is used,
and hence the processing time may be determined by taking intc account
the capacity of a magnetic disk (for example, 300 GB} included in
the personal computer 10. In this embodiment, a minimum sampling
interval was set to 10 ms. Considering that a physical quantity
to be measured is heat, which changes relatively slowly, there is
no need to perform a measurement toco frequently.
i0032] The sampled values are subjected to such data processing
as smoothing and noise removal before being stored in the magnetic

disk. Further, the temperature and the flow rate of the cooling

water flowing in the metal base 1 are monitored as well, and, based
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hi gh-frequency power" corresponds to the average incident power.

[ 0033] Then, the calculated tenperature is conpared with, for
exanpl e, previous data or a standard val ue obtained when there is no
problemwi th the attracted state of the substrate w Wen it is
determned that there is no abnornality, a display reporting a norma
state is perfornmed, whereas when it is determned that there is an

abnor myl | ty,e adisnlay gaf Macping k5 peLTorsed., Thi soMmay 20345 5
e e AR saFor ey

may be used as an inter st oppl ng the proceSS|ng

f he j
appar aCis e neRnr chenstrE PREEEARIBHERLAE, LR oot el S i dover
fl d d bI t f

di agnod) S5y "B APRG SBGSSETHBE JAVAR Padt: BIC TS %freo%te%é% .‘”m%w

h f t hat tected b I |

Si gnal S76bt SHAE T T 6 a0l GPR 1% %&%%F%atf‘t?w%?%&%?o%é?g%%w SBnGifdine
val ues, for exanple, the follomﬁ are conceivable: 1) an abnormality
APPSR AL L S JEEVAL Tt Pt e BB R T

4 of the electrostatic chuck 6; 2) an abnormality in voltage val ue;

3) an dndhralfiallBfing wIwEgeSupply portion of the electrostatic
chuck 6; 4) an abnormality in current value or energy of processed
ions; and 5) an abnormality in the cooling water (tenperature rise or
shortage of cooling water). In other words, such problens that are
recogni zed i rregpmrertune eheubkecaresttdtriac témgcku disvd € € ° @5 = anpsl & tares
concei vabl e as the causes. On the other hand, if a signal obtained
from acdi nglcd. imeptwafdeux €hsor [slhiaws raycabreerined r ared flee; doprf feixaingplie,of
the follow ng | ocal problens are conceivable as the causes: 1)

exi st ered 16find vaekgnWiEtd e°) steheamapars s Chesnbetoreebetbeosubst eatrmak
and the electrostatic chuck 6; 2) an abnormality in uniformty of

processed irBnw) ;] 3) aparhial idbs_@@ﬂlﬁegbh@@ afy /tPe attr@%ﬁ&@ﬂoﬁl ety rode
4 included in the electrostatic chuck; and 4) partial damage of the
upper insulating layer 5 and/or the |lower insulating |ayer 3 included
in the electrostatic chuck. Industrial Applicability [0034] The

el ectr Qlald C r¢hngk (deviree 6F BEoRER§ENatBYENI¢@"  represents “the
temperature of the cooling water flowing in the metal base (°C)",
"heat transfer coefficient of cooling water" represents "heat
transferability of water, which is the function of the temperature
and the flow rate thereof”, and "thermal resistance of electrostatic
chuck(°C-n@/W)"represents"thesumxxfallthermalresistancesfrom
an upper portion of the liguid channel 2 to the back surface of
the substrate w". Further, "average incident power (W/m%)"
represents the heat flux, and is expressed by "the power per unit
area flowing in the substrate w". For example, in the case of the
ion implantation apparatus, "the average pbeam power of the ion beam"
corresponds the average incident power, and, in the case of a plasma

processing apparatus, "average 1incident power of ions +
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is applicable as various electrostatic chuck devices used in, for
exanpl e, a sem conductor manufacturing process or a liquid crystal
manuf acturing process, and enables determning the attracted state of
a processing-target substrate accurately and instantly, such as a
sem conductor substrate or a glass substrate. In particular,
according to the nethod of determ ning an attracted state of a

bst ﬁﬂﬁL I i1
Zﬂr (S:klry ggeter eccﬂ“ e%%oﬁetar}gﬁecgﬁg ((:)h)éll SE?Z?%‘%‘?%‘?%%QQ JEI%%ra e \?ﬁ?ﬁar'
respec _%the subsfthr%tet%t Cédln scyrf%%%r%%s d osnC cha eq{emghhegor
ere s a

fl ux. ore t he present T hvention i renar ab+ et vet i’
case in_whi for exa contin sin |s re u

et he AT EoE SRR e BF 1 hor OBt VE I Bhs daba HhSF siese <o
el ectrostati chuc evrce conprrs n e ectrostatrc chuck
for atttadty he aUERE Chiege F%8§Fapﬁct8ﬁuéR BEFRGEpF ovi ‘Bt ot

an upper surface si de of a netal base; and attraction
det er mii fif HREAROFDrE Rt AT N 4P AU R o ate B¥SRIRY reporting

substrate. . o .
a normal state is performed, whereas when it is determined that

there is an abnormality, a display of warning is performed. This
warning signal may beusedas an interlock for stopping the processing
through transmission thereof toc a control system on the ion
implantation apparatus side. Further, in this embodiment, the
pluralityof heat flux sensors 7 areprovided, andhence it ispossible
to perform a diagnosis by dividing causes for an attraction failure
depending on the number of sensors that have detected an abnormal
value. If signals obtained from a plurality of heat flux sensors
show abnormal values, for example, the following are conceivable:
1) an abnormality in an attraction power supply connected tc the
attraction electrodes 4 of the electrostatic chuck 6; 2} an
abnormality in voltage value; 3) an abnormality of a voltage supply
portion of the electrostatic chuck 6; 4) an abnormality in current
value or energy of processed ions; and 5) an abnormality in the
cooling water (temperature rise or shortage of cocoling water). In
other words, such problems that are reccognized in common in the
electrostatic chuck device as a whole are conceivable as the causes.
On the other hand, if a signal obtained from a single heat flux

sensor shows an abnormal value, for example, the following local
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[Claim?2 ] An electrostatic chuck device according to claim1l

wherein the attraction determ ning neans conprises a heat fl ux
sensor, and determne the attracted state of the substrate based on a
fl ow of heat transferred fromthe substrate via the electrostatic
chuck. [Caim3 ] An electrostatic chuck device according to claim
2, wherein the heat flux sensor is disposed on a netal base side.

&ﬁt?gl f# %%1 &gﬁggﬁgggﬁny%gig%%%e SO as togﬁzq¥%%ﬂ% é% Orelgn
LPper HAHAGE Séh%%afﬁtl%le% Syl B AR RLSPLLaSt A C Gk s

devi ce accor |ng one o whier ei' fi hea
obtalne 2. Qlura Et
a

cations MAth# pect to | anar, . are
e subdv it & % GrSr b BT Rac 1e1 Roa e tiat s w%p&&c&&s&%fweé ft
of a quﬁ&éfgnectlon of the attraction electrode 4 included in the
electrostatic chuck; and 4) partial damage of the upper insulating
layer 5 and/or the lower insulating layer 3 included in the

electrostatic chuck.

Industrial Applicability

[(0034] The electrostatic chuck device of the present invention
is applicable as various electrostatic chuck devices used in, for
example, a semiconductor manufacturing process or a liquid crystal
manufacturing process, and enables determining the attracted state
of a processing-target substrate accurately and instantly, such
as a semiconductor substrate or a glass substrate. In particular,
according to the method of determining an attracted state of a
substrate, which employs the heat flux sensor, it is possible to
gquickly determine the attached/detached state of the substrate with
respect to the substrate attracting surface based on a change in
heat flux. Therefore, thepresentinventionisremarkablyeffective
in a case in which, for example, continuous processing is required,

such as the semiconductor manufacturing process.
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which is used for an electrostatic chuck device conprising an

el ectrostatic chuck for attracting the substrate, the electrostatic
chuck being provided on an upper surface side of a netal base,

t he net hod conprising obtaining, by a heat flux sensor, a flow of
heat transferred fromthe substrate via the electrostatic chuck, to
thereby determne the attracted state of the substrate. [Caim7] A
nmet hod of determining an attracted EEQE%SOf a substrate according to
claim6, wherein the heat flux sensor is di sposed on a netal base

si de. ai m_8| t hgd of determining an attracted state of a
subst r aI{cgadérb&ﬁdi;ﬁb%ﬁDecc %%%i%@%]ﬁ%%vel%atcﬁ%&%@%or is

di sposed so as to be flush wth an upper surface of the ngtal base.
[Caim9] A @8t hotEOFr ARt HF nichyCan g%ré&ﬂﬂéa%tl&ﬂe ®f SHPShB&EFat &he

according to anyone of clains 6 to 8, wherein a heat flux is obtained
at a pledreabaap e 1o AT Sonoh PEeYpEet P8 anpraRar arehaes siee of a

substrat e.
metal base; and

attraction determining means for determining an attracted

state of the substrate.

[Claim 2] Anelectrostatic chuckdevice according toclaiml, wherein
the attraction determining means comprises a heat flux sensor, and
determine the attracted state of the substrate based on a flow of

heat transferred from the substrate via the electrostatic chuck.

[Claim 3] An electrostatic chuckdevice according toclaim 2, wherein

the heat flux sensor is disposed on a metal base side.

[Claim4] Anelectrostatic chuckdevice according toclaim 3, wherein
the heat flux sensor is disposed so as to be flush with an upper

surface of the metal base.

[Claim 5] An electrostatic chuck device according to any one of
claims 2 to 4, wherein a heat flux is obtained at a plurality of
locations with respect to a planar area of the substrate.

[Claim 6] Amethod of determining an attracted state of a substrate,
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which 1s used for an electrostatic chuck device comprising an
electrostatic chuck for attracting the substrate, the electrostatic
chuck being provided on an upper surface side of a metal base,
the method comprising obtaining, by a heat flux sensor, a flow
of heat transferred from the substrate via the electrostatic chuck,

to thereby determine the attracted state of the substrate.

[Claim 7] A method of determining an attracted state of a substrate
according toc claim 6, wherein the heat flux sensor is disposed on

a metal base side.

[Claim 8] A method of determining an attracted state of a substrate
according to claim 7, wherein the heat flux sensor is disposed so

as to be flush with an upper surface of the metal base.

[Claim 8] A method of determining an attracted state of a substrate
according to any one of claims 6 to 8, wherein a heat flux is obtained
at a plurality of locations with respect to a planar area of the

substrate.
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