Description Title of Invention: ELECTROSTATI C CHUCK DEVI CE AND METHCD
FOR DETERM NI NG ATTRACTED STATE OF WAFER Techni cal Field [0001] The

pr esent

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 determining an attracted state of a
substrate, which enpl oys the eleqﬁggﬁggkhgnchuck devi ce. Background

Art

Title of Invention: ELECTROSTATIC CHUCK DEVICE AND METHOD FOR

DETERMINING ATTRACTED STATE OF WAFER

Technical Field

[0001] The present invention relates toan electrostatic chuck
device and a method of determining an attracted state of a substrate,
and more 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 employs the electrostatic chuck device.

Background Art

[0002] In &a semiconductor manufacturing process, an
electrostatic 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
beamorextreme ultraviclet (EUV} lithography, andawafer inspection
apparatus for silicon wafers or the 1ike. In 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 i1s 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
apparatus for silicon wafers or the like. In addition, in the field
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used for attracting and hol ding an |nsulat|ng substrate in a
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crystal between gl ass substrates, in an ion doplng appar at us.
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stacki ng, on an upper surface side of a netal base, an el ectrostatic
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electrical force. When such an el ectrostatic chuck device is used
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pl asma apparatus, the tenperature of ?he substrate reaches to
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this, in the netal base, liquid conduit for circulating a liquid
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at an appropriate tenperature. However, ere is a case in
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matter, such as particles, is trapped when the electrostatic chuck is
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conpl etely planarized in the |rst place Moreover, there is a case
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partial disconnection of the ‘attraction

which causes a problem in a subseguent removal process.

[0004] To address this, in the metal base, a liquid conduit
forcirculating a liguidcoolant 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 1is a case in which the substrate fails tobe attracted

because of, for example, partial disconnection of the attraction



el ectrode included in the el ectrostatic 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 substrates. For those reasons, the pattern of the attraction
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becom ng thinner, resulting in an increased risk of such problens a
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in the electrostatic chuck device, and various studies thereon have
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determ ning an attracted state of a substrate based on a change
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which is generated by voltage application to the attraction el ectrode

of the eérf‘é?ta[ﬁﬁ_la%éi%nc@i%l&r'b%cﬁésb%ESm%H?%B?&ec i Oycddi® ang the

el ectrostatic chuck (for exanple, see Patent Literature 1 and Patent
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whi ch has a higher dielectric constant than a vacuum causes t
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there is proposed a method of determning an attracted state
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side of the netal base to a back surface o he substrate attracted
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substrate is directly nmeasured wth a thernoneter (thernocouple or
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see Patent Literature 3 and Patent Literature 4). This nmethod rel ates
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created according to a contact state between the substrate and the

el ect rosfeRigisg chuckyn kachharehnAehesdi ng weeft%tﬁng%ﬁf%gnﬁtt%tfe&?g%%e

on an actual I'y-neasured tenperature of the substrate and the

tenper atifLPEPLEE & 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
electrocde 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 regardi ng the attached/ detached state of the substrate, for
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temperatureprofileof the substrateiscreatedaccording toacontact
state between the substrate and the electrostatic chuck, to thexreby
determine the attracted state based on an actually-measured
temperature of the substrate and the temperature profile.

[0006] 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 a 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



Ctation 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

surfacesideofthemetalbasetoliftthesubstrate?orthatexcessive
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 retroactively when the device is actuallyused, andhence,
for example, in determining whether or not the substrate has failed
tobe attracted by using this method, considerable damage is already
inflicted on the substrate when an abnormality is detected.

[0007] Inaddition, inboth the determinationmethods described
above, it is necessary to externally connect certain attraction
determining means to the electrostatic 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 thermometer and a
determination c¢ircuit are necessary), and hence large-scale
equipment is reguired to determine the attracted state of the

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

I nvention and ot hers have conducted intensive studies on the nmethod
of determning an attracted state of a substrate which is used in the
el ectrostatic chuck device. Asa result, it has been found that, by
obtaining a heat flux fromthe substrate when the el ectrostatic chuck
device is in use, that is, when the substrate side has higher

t enper atpyiedhan e rigbkal base, it is possible to determ ne the
attracted state of the substrate quickly and accurately while

over com ngnddie abovexaBAti phes-Hol ans gpvahchogyeptual ly lead to the
conpl etion of the present invention. [0010] Therefore, an object of
the presgitedeRM@RurE O Jp 2000-228440 A

Patent Literature 3: JP 10-150089 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 chuckdevice. Asa result, it has been found that,
by obtaining a heat £lux 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 possible to determine the
attracted state of the substrate quickly and accurately while
overcoming the above-mentioned problems, which eventually lead to
the completion 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 quick 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,



provide an electrostatic 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 nethod of determning an attracted state of a substrate, whi ch
enabl es qui ck and accurate recognition of an attracted state of a
substrate in the electrostatic chuck device. Solution to Problem

which enables quick and accurate recognition of an attracted state

of a substrate in the electrostatic chuck device.

Solution to Problem

[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 f£low of heat.transferred from
the substrate via the electrostatic chuck, to thereby determine
the attracted state cf 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
electrostatic 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
of a substrate, which is used for an electrostatic chuck device
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el ectrostati c chuck being provided on an upper surface side of
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[0014]The electrostatlc chuck device of the present i1nvention
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attracted state of the substrate that is attracted to
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invention, it is desired that a heat flux sensor be used as
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general, heat flows froma higher-tenperature side to a
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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, if 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 ned by obtaining a flow of heat (heat flux) fromthe substrate

on the |omelid QIRGLREULS %&Q@trBQQlﬁﬂéﬁﬁ&edﬁlﬁ|%h% e9RELIUERLE PR difuck
described wth reference to FIG 1 and FIGS. 2. \Wen voltage is
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6 to attract a substrate w onto a substrate attracting surface 6a
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exanpl e, an ion inplantation apparatus (not shown), the inplante
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substrate, which accordingly causes the tenperature of the substrate
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by, for exanple, circulating a coolant through a liquid conduit 2,
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the substrate w and a tenperature Tb on the netal base sid
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the substrate wto the nmetal base 1 side via the el ectrostatic chuck
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attraction el éctrode included in the electrostatic chuck has cause
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transferred to the electrostatic chuck 6 side (usually, the 1on
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illustrated in FIG 2(B), the flow of heat fromthe substrate w, to
t he net al;Fase gaslde via the electrostatic chuck 6 is stopped in the
part or the whole of the substrate. By detecting such a change as a
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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 alsoc that the heat
flux sensor 7 be installed in one of the electrostatic chuck 6 and
themetal base 1 or inboth thereof. Preferably, the heat flux sensor
7 is disposed so as to avoid such a portion that the heat flux sensor
7 interferes with the flow of heat fromthe substratew. For example,
the liquid conduit 2 through which a liquid coolant 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 substrate 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 disposed so as to avoid such a portion that the heat flux sensor 7
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type, the shape, etc. of the heat flux sensor and thus the heat
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shape. To give a specific exanple, there are enunerated a series of

product s,dlRNUHIaGE Wed@olY 7Vahe! hatlr ROEALHONs) MSAshd Gl LOING NIRRT or 4
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plurality of the heat flux sensors may be provided to obtain the
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of the substrate w 1f the heat flux is obtained at a plurality of

| ocat i ons,@QfudiRg rﬁs_létisfh@iﬁi&\froé%}?s&% (e 88y St & ,fea?,iﬁggﬁelw@%fprs%_tn%or,

can be recognized in nore detail. For exanple, i eat flux is
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determ ne that a gap has been generated bet ween the substrate w and
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substrate Wwhich correspond to those heat flux sensors 7 due to
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not detected at all of the heat flux sensors 7, it is possible to
deter m g thahtides alitdhaebkpact ald Ur 81888 QG4 bed 1Al sPOSkLLeBsSy. 1f

corresponding to
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 bketween 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 is possible to determine that

the attraction failure has occurred at positions corresponding to

10



t hose 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
substrate itself; and a case in which partial disconnection of the

attractipl aehtodeux pAdoals dansgeaf: anrtneyl St ivhg LaysErsovef inag
the attraction electrode, or the |like has occurred in the

el ectr 0l %oﬁ?%lﬁedﬁy{/tQGEift%Ql@Cﬁa&Maéketﬁéaﬂm&S Qéréhea§3c5a€hsié}> of
which the heat flux is not detected at all of the heat flux sensors

i ncl ude £3%8 1LReWBECBubSEr£hed adumide ioh , t kersubshiad & has RLaRwing

conpleted and a case in which the electrostatic chuck is not properly

oper at i Rg sdiue 50, chREeE¥AWPL €,2 AL APNG! MBLIChY n8ima1 POMEFa SURR Yot
supplying voltage to the attraction electrode or a failure of a

vol t age raUpRl o GHIBELEANse MR 1 hRAa t - iGSsuéh ia|s|7y§f1£iaéleese,><ﬁgyle%&eqfed
| ayout of a plurality of the heat flux sensors 7. As the nunber of

Sensors fpChgaresurfdcd PRSI A RGAHI £8s@ JHRIRAIBY Al Sfbnness of
recognition of the state. However, taking into account the tinme and

di fficulthy expeetedel Of sé€; RIRCRS YRS i@NwhDEREpSLidN (BHoorARE LA
ot her factor, the nunmber of sensors nay be set as appropriate

accor di RE tRe 41 rSice off e 1d1er S3thst F_@E_@ié{\a Rigel of %n@ﬁ%?&@iﬁ% 129¥r
that the present invention is not imted to those exanples. [0018]

Further covBrliRg L3RR akRYBAtd bt A, 8t IRE HdY eshakdefBin REe
set for a value to be detected by the heat fl ux sensor 7, to

t her eby cdet-@rBk gt B rald. acteftisd At ecabel DL BURSLIBIBsWE the case in
Specifically, if the heat flux neasured when the electrostatic chuck

devi ce ksikR tse nkak! 81belianhbheiddi-eshiokbd.alascdestd hkad ANRY@enkbrks
possible to determ ne that a gap has been generated between the

substratigcwyaRda thes Substhate ahé r&etd N bacenbashivs+ S Ha@a5a8y
or that the substrate w has been rel eased. On the other hand, as for

a case icomphiebathe dheatefilnn excendsiihe rtbBtashel-thuckoncabyY ahbgeriy
factors are, for exanple, a case in which increased attraction
vol t age cRasak Nefeaseded herd e 1@, adNdbAcLRSLit dlmlactﬁbo\{!@tre%u%ly
the like has attached to the whole of the back surface of the

subst r a&@r%%p$mimtt@@teet@tﬂrr@%&@gca%ﬁ 3B ddor o OAEr i85 @No £
[ 0019] Further, in thepresent invention, the heat flux obtained from

the heat $d1egehsgply comhebeodseddit thgt f GlrlbeWi 91 1B80Lite ERBmples
exanple, by nmultiplying the heat flux (WnR) obtained fromthe heat

flux sepgorayoldy oF & Hariral ikeSdELARCRREIF I beAb88s ((OMRANtHY namber
mat eri al through which the heat flux has been transferred, the

t enper abyr eefabrHei @stdAd£d.i tHake pokBebi Bef fbdcdesiStaReR Pk tHAN b
area (C.n2/W of a material refers to "thickness of material (m /

ther mal reepgHetiv tyr afhamatateal WKL, tARGaHdingd Yacddudthenkeatme
flux obtained fromthe heat flux sensor 7 is sanpled at fixed

i nter vahadi 8 AELAIOAN e pickBAPF ST BAP R ESsA@ghYan f Dic@ed®li@, cast,
personal conputer, and is nonitored while being converted into

t enper abHA UK SIHEY E9BtoP) QBB SRR d05ERGo 8 mbhdcadachE agbabbeiate

chuck device can be perfornmed. In addition, based on the sanpled
accerding to the size of the substrate w, and it is needless to
say that the present invention is not limited to those examples.

[0018] Further, in the present invention, a predetermined

thresheold may be set for a value to be detected by the heat flux

11



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 performed to determ ne whether or not the attracted
state of the substrate wis appropriate. Then, when an abnormality is
confirnmed, for exanple, a warning signal may be transmtted to a

control sy Oft ALRELERS UG rapRaraldistsdecédataReoseeseSsidi® rate
substrate w, to thereby performa display of warning, or may be used

as an ingerkpekiEokabt PPRIMNGhE MR aR! OLES HRGurstl dhed WhithelectPbstatic
enploying a plurality of heat flux sensors 7, the electrostatic chuck

devi ce rmdaeddsovd ded i &d ra1selde1diagnoshsedfaid UES dis23RBSHSbove,
function that enables estimati on of causes for the attraction failure

Speci fitcalsl Yos&Ob1EXB P erMIBY EHEARNGEPBA 4 YRS gBEE R CONTHIiRE n
at sone of the sensors, in addition to a case in which the attraction

cannot %eo%ﬁlfa@%ﬂ‘ﬁ@epﬁ%|t)heb§GB§§§aE@edt9c@ﬁt$Ir§; fsar-ehga @@tf&r some
such as particles, on the back surface of the substrate w, th

fol | owi NG GR%ES o2l EnEONERL VAl 5@ raEROGEN AE o AN W RIdisllies @ tt}{@ other
el ectrostatic chuck side, including partial disconnection of the

attractimamdsg! ast FOQ aBdePan il crdamaIRe/f Al RSkalknghd afeshold,
covering the attraction el ectrode, which occur in the electrostatic

chuck, athceliRabmBl ELbesroNatdle b xhabe e’ QCEESE NGn ARPAIALIkE r8adeq
|nclud|ng ununi formty in ion inplantation dosage. On the ot her hand,

when an zaRRackBbhtvwbayees 16eRbL s8R & nata®l da @fidr)ea @RS ik Mich
foll owi ng cases are conceivable. Those are abnornmalities on the

pover supply sirdeheWNigd HEYQOOWcHR ol tAgewNal HeoANthE WG suvahie
suppliedto the attraction electrode of the electrostatic chuck, and

in vol t aget B RAINEt ralkROK BY ithiesubét tha %QQE:laﬂﬁlﬂ@t&ﬁ.frffaE‘éWBngéﬂ‘rs@HQh
the metal base, and abnormalities on the substrate processing

appar at 4geasbde, including failure in current val ue and energy.
Advant ageous Effects of Invention [0020] According to the

el ectrogbatib¢ chuckmgemicse Of thdBresent invention, the heat fluxobtained
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-m?/W)
of a material 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. 1In addition, based on the sampled

12



present invention, it is possible to determne the attracted state of
the substrate qU|ckIy 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 deternining an attracted state of a substrate of the

present j e thf c‘_)]fsin%ﬁ‘l bl e 1tso g6l 8518 0§ at&g]l&e a real—‘eclime I‘t%at

at t achnment deta nent stra e instantly accurat

attractipn,f ajdy ftehg G%Jl% %Eb%%% Iosf g&ﬁ%eyl‘?sﬁlé kaﬁppﬁra{t‘?fs De?ﬂ&}?éf 0

of Draw ngs [0021] anatory sectional Viéw o

an el ect &@ﬂf&fcgggheggﬁggsa@&@rﬂw di° tﬁl@elgﬁcgfeﬁ%&ﬂvfgtéﬂnfned

[FIGS. 2 natory sectional views I ch part

the el CLOMAING BUEEMIPMLS SRGCRRY DO E0cL e P20t Jcﬂé(eguasoe}ae

enl ar ge
wisnormal, maybeperformedtodetermine whether or not theattracted

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 processing 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. 8Still 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, for example, when anabnormality
has been confirmed at some 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 din ion
implantation dosage. On the other hand, when an abnormality has

been confirmed at all of the sensors, the following cases are

13



[FIGS. 3] FIGS. 3 are exanples of |ayout draw 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. Thoseareabnormalitiesonthe power supplyside, which
mayoccurinvoltagevalueandcurrent 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 energy.

Advantageous Effects of Invention

[0020] 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
theattachment/detachment of the substrate instantlyandaccurately,

the attraction failure of the substrate, and the like.

Brief Description of Drawings

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

of the electrostatic chuck device according to the present invention
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3. lower insulating layer 4: attraction electrode 5: upper insulating
| ayer 6: electrostatic chuck 6a: substrate attracting surface 7:

heat fl ux sensor

(attraction determ ning 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 faillure diagnosis.

Reference Signs List

[0022]

la:

2:

10:

1: metal base

mount surface

liquid conduit

lower insulating layer
attraction electrode

upper insulating layer
electrostatic chuck

substrate attracting surface
heat flux sensor (attraction determining means)
amplifier
A/D converter

personal computer

substrate

Description of Embodiment

[0023]

Hereinafter, with reference to the attached drawings,

a preferred embodiment of the present invention is specifically

described. WNote 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 base 1 has
a liquid channel 2 formed therein, through which a liquid coelant
is caused to flow. The liquid coolant supplied from the cutside
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 coolant 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 flux
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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
and the size of a substrate w, such as a sem conductor substrate or a

gl ass substsate.7 w/ﬂhﬁbfhétﬁpe@qo@wt@qtleéoﬁegrm& R . exIPY 8/1.§ %‘1

netal base 1 suitable for attraction of a silicon substrate having a
di amet eryf 3R, ML RagcE NG JPYRErBHES a0khd AeRRVEDNG: Bl YTRE T 2 PE each

approxi mately 298 mm Further, the netal base 1 has a liquid channe

2 1 or medy1 458l s ubhr OMEh oM €Ak QU donaekanto S GAYSER &Hlém}g&
The liquid coolant supplied fromthe outside is circulated via a

exchangef) (;haks & e ikhe1hék & iich the n%ﬁ! sgﬁgscetféerglm C&%Lgﬁa

the substrate w. Further, the netal base be provi ded wth a

supply RathirsP pta%fs t(h%tSHPé&ﬁ)at esﬂgrsasl qﬂ%%d B tBEPRE ¥ NGr@ mrg@o

gas such as hel'ium which is supplied froma |ower surface sid
the netalpdasgel, S&Qfaacé)%%esgff@féemgfta&%éyqst rpig, W &Mey%a@egaa%

supply orifice (not shown) fornmed in the electrostatic chuck

that, the.pnes i AWHAL t3hdee s A& BBLEbrb3B8rd ndlH &3S omﬁmﬁea
specified, refers to a side on which the substrate wis |ocated, an&

the |ower shageqsi de thageel ref erngid 0 Anpiede QRPOSLR LR “ﬂ%y be

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

heat flQ&creased/decreasedasapproprlatedependlngontheshape,thesxze,
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 £ilm thickness may be used, including an
insulating filmmade of, for example, polyimide, and a ceramic plate.
Further, the lower insulating layer 3 and the upper insulating layer
5 may be formed by spraying ceramic powder, such as alumina {A1,0;)
powder, aluminum nitride {(AlN) powder, or zirconia (ZrQ;) 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
whi ch two heat flux sensors 7 are nounted. However, as illustrated in

FIGS. 3,yihe tHERRE 0k cSEBIQE S, )b e i PRE easRM HeGlLasediASthickness
appropri ate dependi ng on the shape, the size,” etc. of the substrate

w, and idr] s | eg8ré G SaY bt QAIher 1RNAIBEE Son) ARSI nBke v DER
t he case of é?%%@ 3 n;y be en%loy%d for the senggrs . [06?6] Cﬁ theo

upper sud@ee.Si @€ tHe bbReFBRld,base Lasthel Qriisnf@tdmdutleinsulating
el ectrostatic chuck 6 including a | ower insulating | ayer 3,

attract Q& 6cA{PERS hpANth &M APRRY 15 PSHIAE EOT Jrdkel o b anfind1la iy
el ectrostatic chuck 6, there is no particular limtation thereon, and

thus a publi GlatekBeWNE &) eGlRlAt b6 1 ¢iMEHe Mae M36dthFOkneX@ Mot
for the lower insulating |ayer 3 and t he upper insulating |ayer 5, a
mat eri ali Nguhga Bl PEBESLRIMA Led, §b%@>¢3cemgma_ RRdet R4 BEGpbkhkMurface
t hi ckness may be used, including an insulating fil nmade OP, for

exanpl e,siRfl WMt HE, ugid: ane8l ARt Ko PlALS: sFEbERETs sLBetl-Q¥erattracting
insulating layer 3 and the upper Tnsulating layer 5 may be forned by

Sprayi NG &8 6a BFOWISE & r SMGHh PEh&lsuPisBRa £ 812029 d RONEE ay BEWIHY WAt ed
n|tr|Qe (A;N) powder , or zirconia (Zr02) powder. For exanple, in a
case in hiLhh1the rliowes oh NSHA A4 NY diANelhas3 paidshifgUPPErnd sl At .ng
layer 5 are both forned of a layer sprayed W th ?he ceram c powder,
eaCh_Of[%W@?hayers_ﬂ@%o@ﬂhééEﬁﬂHdHQM%%iéHﬁr&iE&@Qp&P@E%omﬁeﬂalfoil,
partlcularillnlpatlon, approx!nately.ZO to 300 pm On the other hand,
in a casembBaWhiLin tthemkavey & B?Hf@éiﬂgg hR¥ebd3 204 drhg14PPeY method,

i nsul ati ng Iayer 5 are forned of an i nsul ati ng fllnlnade of , for
exanpl _eorpﬁhwlnﬂldﬁma%% Eubnethégkpesscih ey eakol $ pdeaetakhyned shape,
approx!nately.ZO to 300 pm Note that, an upper surface si de of tﬁe
upper i rgul@d Ay apsim StAOT 8Bt fa SUbst rat & @iddAct iNg Swafaee16a ek
attracplng_the substrate w, and thys may be subjected to a

pl anari zat R +tRbACERSst S nas HObbshiAGa dyf, REsas&Mple,[ 082 EhAT1far
the attraction elecprode 5, apart fron1neta| foil, a netal f|In1
formed Ry a sowdddrivigmeehhath a8 p A hilml bida RIRGL 196 hdeal idserery
be subjecteq to etching into a predeternlned shape, to t hereby form
the attraet bQAmglectinpdae Adebratbmrl vy o Retal tfact boncgd aghede i ABY
be obtained by, for exanple, the spraying of a conductive netal or
the pri pleith@dof tAeCOBdUSId Vg hdRRShHe. ther 1exaPtge #ilnd e icapesaf
formng a netal filmby the sputtering nethod, the ion plating

met hod, o8 thleakikectibe diddRAdHckngss gehebhel atipedd M RI18Chr, adeod
is generally approximately 0.1 to 3 pm whereas the filmthickness of

the attzagh] QReebesithede: 15 £ 01 Rtk Yok RSP EBYH IS B e Be GIHHECS iT¥@med
metal is generally approxinmately 10 to 50 pm If the attraction

el ectroge Bnhbaspsaeih@ Jfi bnbhbekness s adeser %Qﬁé‘rﬁpﬂ)’%fpﬁrl&%ﬁﬁately
r

occurs no particular problemin detecting the heat fl ux omthe

substrate w Wotln!t herhaat aft HxcsEASel cBEP¥EEEthE 9 stiBE IMBUN tSuEkAESs
|l a of the netal base 1. However, the attraction electrode 5 may be

forned LR $&Edy BdPAPSYe | Rk reNe@ldd A61Ha01 i cuebeqlFidfdendih HefRbting
formed in a portion corresponding to a path for capturing the heat

flux fremetiensubsk abs Me EUbEPLLte LNE S ERE Rt ABLALERS6E HRBvided
el ectrode 5 is not particularly limted, and thus may be set "as

appr opr i 8tenhJRBRALISNG FABelNCof YRR ndthe 54281 . el Gowdfeit hEnSURSLERESoW
tobe attracted. Further, the attraction electrode 5 may constitute a

electrode 5 may be formed in such a manner that the atitraction
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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 | was used to determne the attracted state of a
silicon wafer w when ions were inplanted into the silicon wafer w

havi ng a. di areS &t 508 < 300 %R%da{h 'ao??kfirp&@@cﬁtﬂe%%o)ﬁgﬁﬂgaﬁ&% FLE‘htﬂ?r

el ectrostati c chuck device, as il ated FIG 3(A e hea

SenSOr S bR AGH SABYE AL b PR AU T oLk, B S

nmount ed at- two positions on the upper surface side of the retal base

1 made of £ & Hm AN NaYe Bgr s4E s Rl SI £ G811l A 1RAYiAde &4, dbﬁﬁﬁérﬁ{s
of 298 mm and the heat flux sensors 7 are both di sposed such t hat

the top fy the SANSY dprbbishidi ddpdie WAt 3 k958 | 8o FULiderec on

t he nopunt surface | a t he netal Dbase t he elec?rostatlc chuck

is stackefind Qﬁb§£§§ﬁé9%h@e‘a¢tt@&%'§de 'ﬁ%%f‘%hé@@tf%od@féﬁ@d&ég

| ayer 3 having a dianeter of 298 mmand a filmthickness of 100 pm
whi ch i S5 fQrTBgh by: SRraY é‘cg—é’éMEd’BlBQMQPre1@%‘&'%@t§tﬁ2eréﬁdb@f 18%}%%%

the attraction electrodes 4 having a filmthickness of 30 pm which

are for P § Schyaa hﬁﬂﬁ;
of 294 %ﬁaé?eéqggg% ot hl%e(fld\%\nh%‘%&glglhg?gﬁgg Bdel{\%gncthe lreklglet%trgodes ax

bei ng 2rae AN ehiliReInddie Uppes thQ%‘Jll%tIﬁﬂ‘glﬁa%{:‘%{rl%g@@ 80 & A ARLES
of 298 mmand a filmthickness of 50 pm which is forned by spraying

al um na pawdes=havd 58 tﬁewrels@xtqfnv%%t%r@ 2 e 2BV 8RR et e

el ectrostatic chuck devicCe 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 illustrated
in FIG. 1 was used to determine the attracted state of a silicon
wafer w when ions were implanted into the silicon wafer w having
a diameter of 300 mm by an ieon implantation apparatus. In 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 the netal base 1 at a flowrate of 2 liters per mnute, ions

vere i Nda¥Aad on iy Landidd OByt ate 1hecepekgyioRf Ude uen-heanm was
100 kV, the current of the ion geanlmas 3 mA, and the average power

of the h@ﬁnﬁﬁ@ﬂb&e&wénhbs@E@@n%ﬂ§n(hﬁ%\Ubﬁé% seirhRg this perimd mditha
val ues obtained fromthe two heat flux sensors 7 were both 0.25

WenR. Igysaddi nb@8, ofSaf@dhirdin &anehaek: wgst ko iHiGiredubY¥adevisUdving a
observation, there was no particular abnormality with the attracted

state ofgith@teir beorogader awd tROIYA tretixt Bens@rs iTRl-anbat h Ul sposed
process was finished, the application of voltage to the attraction

el ectrodesid twas shepped, oanghd Wdheyr i FlLasRBwIHR YRS hdlided Madeo
thereby sufficiently renove residual electric charge on the substrate

attractimng swhkagerfachf thbensheet s@stadd CiLhick e ndiheiasarhgn thie
silicon wafer wwas lifted by using a push-up pin (not shown)

i ncl udedligtth-Betakeet rdsial i ¢ cBuctdavddce €hy | BUctbLos @ eaBhuck 6
irradi ati on, the values obtained fromthe two heat flux sensors 7 at

the samgd1wRine: et ROt ok 0l NMARRin@N1 EPe S PERASHENa dhenatdF at eds
state of the silicon wafer w was actually checked by a visual

obser valindin @B 1A + i &gk BE Q00N Y wB €85 Qls, £ Ptk d by\é@iaprguatélmaha
the silicon wafer wwas in a detached state by being conpletely

separ at edwieeMd Vi SHRsiTidleoabbL 804 | RBeSAH AaR: 16 o TOSE ALY HalviRas
been confirned that the attracted state of the substrate can be

det er m pedi by tsidihdsieoliedad nl,UshsERSHS Fhribal wetady iaNmbBR such that

el ectrostatic chuck device according to the present 1nvention.

[ 0031] [ Eectest até Te £MtcK ARV GeaRaVeRGFaidUne Phagnestls 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 alumina 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

liquid 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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Functipn] 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 sanemanner as descri bedabove, 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
anplifiers 8 to a voltage | evel of the order of 10 V at maxi num at

whi ch nodse:Hefibueness wecam® Ryl £19é R rand owet Be tNAD YedRULak 03 3na,
personal conputer 10 through an AID (analog to digital) converter 9.

An out | i f1en @hePhOELEGE NEbRET ber fRE h LBEmPSES Al 6OERUISE 018 W3cRS,
illustrated in a flowhart of FIG 5. The anplified signals obtained

from t heplheidy £hUXpEeNSQS $hé WaRMR sSAHT 8@ datr dnl Xed tliAtheb¥ a1 densors
accordance with program processi ng perforned on the personal conputer

10. Aproresgknbit 0B26 el ed froaqdhei subakrafrea ¥ 4 8REER was conducted
approximately from1l second to 1 hour depending on the details of the

processimg aevesuhi o 158 onQNthapd Wsahbggﬁlampatﬂl%bhérﬂﬁﬁﬂty andh
hence the processing tinme nmay be determ ned by taking into account

the capagid ar@fraar@BgBehte & Sknd fOI1 @eHMa€r3Q0 GB) included in the
personal conputer 10. In this enbodinent, a m ninmum sanpling interval

was set fop3td ns. CapséHeridg dnNahpRaRYSl 6@lp RS Wist 01 REsHEAS Whad
is heat, which changes relatively slowy, there is no need to perform

a measurgipnicalqent s equaRklgy. td RAI2h Theasaim ederakyess ar 98Ul gifeRd

to such data processing as snoot hing and noi se renoval before being

stored ighd FRriBERetiColasma gun was turned ON, to 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 (not 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, it has been
confirmed that the attracted state of the substrate canbe 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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disk. 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

el ectrostatic chuck 6 is calculated (estimted val ue) according to

the fol l@wing egudlel ®reddnt invention is provided with a failure diagnosis
t enper at ur eof substrateattracti ngsurface (C) =tenperature of cooling

wat er ( Qurictibraveragaekeat rahatsiRydsnafiidetl fitlveft Heodd NEp Wt @ tion
(WPC. n2) +thermal resistance of electrostatic chuck (C. n2/W] x

aver age dgpddants paveisddMBRImplanteddaki Dftd bhe YHEILEon WwaFRer Aty rif
cooling water (C)" represents "the tenperature of the cooling water

f1ow ng d riithetert 3k Basean(.C) burihgatnis ansfierd, ceebhbchedibt Hf n£&OAH AR
wat er" represents "heat transferability of water, which is the

functiortif Helie Feapesaisyes andelrBeahpDifidd &y ReGRAL" ampDdridhergralo
resi stance of electrostatic chuck (C.nm2/W" represents "the sum of

al | thergmaloiregiestiareesof r oM adr-APEIf PO tvi @R AhxiHEem) | LU wh cdaRalse?
to the back surface of the substrate w'. Further, "average incident

pover (Wrr)iencepr asenins héglNeaild, Wnd ardel shexpigssettdya "dd¥&onal

power per unit area flowing in the substrate w'. For exanple, in the

case of ddupuiter NOPkLARbAghH Ofn aRPRr fdriSlog (e dverage beam peyers of an
the ion beant corresponds the average incident power, and, in the

fﬁﬁi 2f cuthliasnarf pFasess Mg pRPAb ahed on &Ver peesémel defbupewerpofs as
illustratedina flowchart of FIG. 5. Theamplifiedsignalsobtained
from the heat flux sensors 7 were sampled at fixed intervals in
accordance with program processing performed on the‘ personal
computer 10. A processing time required for the substrate w ranges
approximately from 1 second to 1 heour 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 into 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 too frequently.
[0032] 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-f r equency 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
abnormality, a display of warning is perforned. This warning signal
maybe used e dAMNtagl askafHfo s dORR Rbet ABoPEOgaRSIdIEd heaHERic disk
transm ssion thereof to a control systemon the ion inplantation
appar at usn&ites hedkt BeansEdr tdiesr rarIRaitEeRE, thda il ahkhiYa®ingeBliyer
flux sensors 7 are provided, and hence it is possible to performa

di agnosi s dn4 dine dpperCansebafOig analt pagti o faide sdarerdingeRNs,
t he nunber of sensors that have detected an abnormal value. If

signal s o4 atagsk F41aMaa ¢H UFd | $ybof r1eat afd AbctSeRs Qs rshew abngr nale
val ues, for exanple, the followi ng are conceivable: 1) an abnormality

in an atdTaslidt RAChERPLY 1 §0RABSI Bskd (did iahkeacthofe Bl 86462865
4 of the electrostatic chuck 6; 2) an abnormality in voltage val ue;

3) an abnordrd idon 1ekriagvebhiageosupp) y 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 n eaPERA tLRebiFes1B)s@ehkaStRrae t6 AYGK rdaveCe (3S- BefOl £ 1AfL
concei vabl e as the causes. On the other hand, if a signal obtained

froma sdmgd@iheat vhlex 3e0sor phowse @yl aakue, c6OF £ EXadm] &«
the follow ng | ocal problens are conceivable as the causes: 1)

exi st encedfirfgOl £t &N (MRPEen?)S WathasaNarés £ BsndebrRAR dthe ssHRS bratR 1w
and the electrostatic chuck 6; 2) an abnormality in uniformty of

processegd-afigw) B) x paréiafe dirsGeRMeChboaBrofwyh® att.raehihenog! ecsrode

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 ostraireC chufikedeihes &t t heopPhiggentatdwentiicQm 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-m2/W) " represents "the sumof all thermal resistances from
an upper portion of the liquid 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 beam power of the ion beam"

corresponds the average incident power, and, in the case of a plasma

processing apparatus, "average incldent 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
substrate, which enploys the heat flux sensor, it is possible to

qui ckly Hegermidwuddiey ablaehedd st pdivt shatRe dvd MysSuhst Hahe Yhidy.

respect to the substrate attracting surface based on a change in heat

flux. Thepeidre, thenphesend ch¥EDit&d tehpk@BRlukably cehpeesd VA LhD for
case in which, for exanple, continuous processing is required, such

as the semEENAUG-RkiBRBUAREL Wi A0s PARELES valCeabBBal{ R divReh] tMNBre is
el ectrostati c chuck device, conprising: an electrostatic chuck for

attracting pradilst ake, thBeaet ELATRblsdke BRUEKe DOREE fHQY hd e diiodn an:
upper surface side of a netal base; and attraction, determ ning neans

for detefgddigmamet tthagt eestal e @b 1R 1SMDSIKAt 8, WBBLEY Nréerting
attraction determ ning neans conprises a heat flux sensor, an

det er mi ng ddanaat 91acleed sShakfophed Noyifathsdld AR NDA$Ed s0AeBe Fh OV DTt hat

heat transferred fromthe substrate via the electrostatic chunk.
there is an abnormality, a display of warning is performed. This
warning signal maybeusedas an interlock for stopping the processing
through transmission thereof to a contreol system on the ion
implantation apparatus side. Further, in this embodiment, the
pluralityof heat flux sensors 7 areprovided, and hence 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. TIf 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 to 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 cooling water). 1In
other words, such problems that are recognized 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 claim1, wherein
the heat flux sensor is disposed on a netal base side. [Caim3 ] An
el ectrostatic chuck device according to claim2 , wherein the heat
flux sensor is disposed so as to be flush with an upper surface of
the netal base. [Claim4] An electrostatic chuck device according to
any one of clains 1 to 3, wherein a heat flux is obtained at a
plurality of |locations with respect to a planar area of the

subst ratgrof Xdrai M| Bdnwetikhadlef adeties Mg an)akkhiaebde Sbat £o:0figh
substrate, which is used for an electrostatic chuck device

conpri simgrdr ehechs pstratttes BUekeéREnalhibatirhBe widiR SbSt sat Sostdisic

el ectrostatic chuck being provided on an upper surface side of a

metal baS@uck 6; 2) an abnormality inuniformity of processed ions; 3) partial
disconnection 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
quickly determine the attached/detached state of the substrate with
respect to the substrate attracting surface based on a change in
heat flux. Therefore, the present inventionis remarkablyeffective
in a case in which, for example, continuous processing is required,

such as the semiconductor manufacturing process.
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t he net hod conprising obtaining, by a heat flux sensor, a flow of
heat transferred fromthe substrate via the electrostatic chuck, to
thereby determ ne the attracted state of the substrate. [Caim6] A
nmet hod of determning an attracted state of a substrate according to
claim5, wherein the heat flux sensor is disposed on a netal base
side. [Caim?7] A nethod of determining an attracted state of a
substrate according to claim6, wherein the heat flux sensor is

di sposed so as to be flush with an upper surface of the netal base.
[Clainms] A nethod of determ ning an@ktmpacted state of a substrate
according to anyone of clains5 to 7, wherein a heat flux is obtained

at bat pl ;J[(@!ﬂeiﬂrﬂ/ 10f An0Gakicensswhthcr eapectadw cd Plarprigiag: of the
supstrate.

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
1

state of the substrate, 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 chunk.

[Claim 2] An electrostatic chuck device according to claim 1, wherein

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

[Claim 3] An electrostatic chuck device according to claim 2, wherein
the heat flux sensor is disposed so as to be flush with an upper

surface of the metal base.

[Claim 4] An electrostatic chuck device according to any one of
claims 1 to 3, wherein a heat flux is obtained at a plurality of
locations with respect to a planar area of the substrate.

[Claim 5] Amethod of determining an attracted state of a substrate,
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which is used for an electrostatic chuck device comprising an
electrostatic chuck for attracting the substrate, theelectrostatic
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 6] A method of determining an attracted state of a substrate:

according to claim 5, wherein the heat flux sensoxr is disposed on

a metal base side.

fClaim 7] A method of determining an attracted state of a substrate
according to claim 6, wherein the heat flux sensor is disposed so

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

[Claim 8] A method of determining an attracted state of a substrate
according to any one of claims5 to 7,wherein a heat flux is obtained

at a plurality of locations with respect to a planar area of the

substrate.
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