SPECI FI CATI ON METHOD OF DETERM NI NG APPLI CATION LIMT OF _
ELECTROSTATI C CHUCK [ Techni cal Field] [0001] The present invention
relates to a nethod of determning an application limt of an

el ectrostatic chuck which is used in holding a to-be-processed
substrate when predeterm ned processing such as sputtering and the

like is performed on the to-be- trate. [Background Art]
[ 0002] As an el ectrostatic chuckg%m%ﬁgmventl onal Iy known one
which has a first electrode and a second el ectrode, and a coating

| ayer which is made up of a dielectric material to cover the

el ectrodes. By applying a METHOD 05t BRTERMININGt and the second
el ectrodes, a substrate to be processed (hereinafter referred to as a

t 0- be- processed s4BIGANIOMN AIME OFURLECTROSTATIC GHEXCKI t he
coating layer is attracted (see, e.g., patent docunent 1). In case
the to-be-processed substrate is an insulating substrate, the

t o- be-prg?@&%ggafﬂ%iﬂrate will be attracted to the surface of the
e due’to

chuck pl e gradient force that is generated by applying a

vol tage HobyeEn tMend ihsleNhveReich®FORMLLES OARSd I d6835iblE an
a strate, e

t 0o- be-processed substrate 1s a non-insulating Su

t 0- be- pr appdationuhisiit agfe ani lelediRspatit asHRE WehitheisChided 1 Hopddue at O
the Coul omb force that is generated by applying a voltage between the
first andotiserxosesned ebwhstraibes whHe@O0pi®letehmingl/, procesaie t kech as

t o- be-processed substrate that | s attracted to the electrostatic
chuck Ps Sﬁé‘gﬁeéﬁlgaﬁ’aaéé%ﬁ 1s pgstormed; au thastpshe progeseedranbetxptensi on

bet ween t - be-processed substrate and that of the
el ectrost[g %%Q{%:&Léﬁ%}t?he coating layer will be scratched by the

[0002] As an electrostatic chuck, there is conventionally known one
which has a first electrode and a second electrode, and a coating layer which
is made up of a dielectric material to cover the electrodes. By applying a
voltage between the first and the second electrodes, a substrate to be
processed (hereinafter referred to as a to-be-processed substrate) that is
mounted on the surface of the coating layer is attracted (see, e.g., patent
document 1). In case the to-be-processed substrate is an insulating
substrate, the to-be-processed substrate will be attracted to the surface of
the chuck plate due to the gradient force that is generated by applying a
voltage between the first and the second electrodes. In case the
to-be-processed substrate is a non-insulating substrate, the to-be-processed
substrate will be attracted to the chuck plate due to the Coulomb force that
is generated by applying a voltage between the first and the second
electrodes.

[0003] By the way, in case the to-be-processed substrate that is
attracted to the electrostatic chuck is heated and cooled, due to difference in
thermal expansion between that of the to-be-processed substrate and that of

the electrostatic chuck, the coating layer will be scratched by the




t 0o- be- processed substrate, thereby gradually wearing out. Therefore,
It is conventionally so arranged that, when the nunber of the

t o- be- processed substrates that were attracted by the electrostatic
chuck has reached a predetermined |imt of nunbers of handling, a
determnation is made that the electrostatic chuck has reached an
application limt (i.e., alimt beyond which the electrostatic chuck
cannot bdohgrprogessedasubstrateo theneby) gradvallybweaspeamitng Theeefore, it is
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accurate in order to reduce the tfrequency of replacing t

el ect r ostthe iefectinstitiantuckaeveathed pnogslidationylimliP(ic a Mrhit beyond
Docurent] [ Patent Docunent] [0005]Patent Document 1: JP-A-2004-31502
[ Summar y v8iichHae| ¢leetrestatic ¢hrrakbtameott be pait Sol o edtibfactdny tisn)e bhémebyy

[ A h e points, this invention has a probl em of
[0008] | nrgII) a‘é:vlr?gf tﬁe glegtbrggtat c éhuc . P

[0004] However, even though the number of the to-be-processed
substrates has reached the limit of numbers of handling by the electrostatic
chuck, there are cases where the coating layer has not been worn out so
much. Therefore, it is desired to determine the application limit of the
electrostatic chuck more accurately in order to reduce the frequency of
replacing the electrostatic chuck and improve the productivity.

[Prior Art Document]

[Patent Document]

f0005] Patent Document 1: JP-A-2004-31502

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0006] In view of the above points, this invention has a problem of
providing a method of determining an application limit of an electrostatic
chuck, in which method it can be accurately determined whether the
electrostatic chuck has reached an application limit or not.

[Means for Solving the Problems]

[0007] In order to solve the above-mentioned problems, this invention is
a method of determining an application limit of an electrostatic chuck. The
electrostatic chuck comprises: a first electrode and a second electrode; and a
coating layer made of a dielectric material to cover both the first and the
second electrodes so that a to-be-processed substrate mounted on a surface

of the coating layer is attracted by applying a voltage between the first and



providing a nethod of determining an application limt of an

el ectrostatic chuck, in which nethod it can be accurately determ ned
whet her the electrostatic chuck has reached an application limt or
not. [Means for Solving the Problens] [0007]In order to solve the
above-nentioned problens, this invention is a nethod of determ ning
an application limt of an electrostatic chuck. The electrostatic
chuck cortpei secendaeleriredes| cEe auethoddcempuisesiddeticstingoaleursent walue
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attract edurest detlee mhakngxtdededt e wledetarasihadi ¢cheduhold hasluecac Mg
the application limt when the detected current value has exceeded a
pr edet er tPpesholéealrel s sefl tre diffexenthyvalsies| dppeading ion verious kinds of

di fferent _val ues dependi ng .on vari ous ki ngs of to-be-processed.
Subser o de RBEEe O el e e ar Sy ted fomtas SR FotRct with the
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increases with the wear of the coating |layer. Therefore, this current

val ue carlémredgsaatatiet Gmd of stivactine the go-be mbesssad wabstihme cgaidudly
| ayer. Dependi ng an whether the current val ue _has exceeded the
t hr eshol dRGERASeS Bt she weagaafdhei qatingnlayan bBhensfereashisccwmrenhealuene
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the rear surface of the substrate, the |arger becones the current

val ue. THayef bae reptheda hinitomnahat, Val uwhesthamtho eldctyosttic dhdek dhas
t o- be- pr oceskiﬁgid f]ubst rate hayi ng a small__resistance value of the rear
surface &paghgsd she anplicationylipat wroneft y Hisvevar fbis cwrnent ovalue criaips
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dependi ng on the various resistance values on the rear surfaces o

t he substresisenceAsalaecrofstbircaneafaat of dht %ﬁﬂéﬁaté,%eqaﬁ%éiebéﬁ%ﬁﬂesa&et 0
whet her the el ectrostatic chuck has reached the application limt or

not. [0089Gdevakie. pliveskhiragift theathesheold valuads smivoerllngeeiddds e

ke to-be-processed substrate having a small resistance value of the rear surface
of the substrate may be wrongly determined to have reached the application
limit even though the electrostatic chuck has actually not reached the
application limit. In this invention, on the other hand, the threshold
values have been set to different values depending on the various resistance
values on the rear surfaces of the substrates. As a result, accurate
determination can be made as to whether the electrostatic chuck has
reached the application limit or not.

[0009] Once the processing treatments such as sputtering and the like



to the to-be-processed substrate begin, the current value that flows
between the first and the second el ectrodes will fluctuate under the
I nfl uence of the processing treatnents. Therefore, in this invention,
preferably the current value is one that is detected after the

t o-be-processed substrate has been attracted but before the
processin %;eatnent on the to-be-processed substrate is started.
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do not take place. Wong determnation attributa
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Drawi ngs] [0010 FIG 1 is a general arrangenent show ng an

appar at usttxs ubeld heforearthei myocessingetreetthent ofn ttlies torvwepidcossed
FIG 2(a) Ls,a sectional view schematjcally showi ng the flow of ESC
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graph showing the transition of ESC current I'n rocessing cyc
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the determ nation processing according to one enbodi nent of this
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ref er enc%h'%lts) b'glp%ev%ﬁterd?f erence nuneral 1 denotes a stage

[Brief Description of the Drawings]

[0010]

FIG. 1 is a general arrangement showing an apparatus to be used in
carrying out the method of this invention.

FIG. 2(a) is a sectional view schematically showing the flow of ESC
current in before wear of a coating layer, and FIG. 2(b) is a sectional view
schematically showing the flow of ESC current after wear of the coating
layer.

FIG. 3 is a graph showing the change in ESC current due to wear in
the coating layer.

FIG. 4 is a graph showing the transition of ESC current in one
processing cycle of the to-be-processed substrate.

FIG. 5 is a flow chart showing the determination processing according
to one embodiment of this invention.

[Embodiments for Carrying Out the Invention]
[0011] With reference to FIG. 1, reference numeral 1 denotes a stage
which is provided inside a vacuum processing chamber (not illustrated).

On the stage 1 there is fixed an electrostatic chuck 2 which attracts a



whi ch is provided inside a vacuum processi ng chanber (not
illustrated). On the stage 1 there is fixed an electrostatic chuck 2
which attracts a to-be-processed substrate S such as a gl ass
substrate and the like. The electrostatic chuck 2 has a chuck plate 3
fornmed by using, e.g., a ceramic material which i? a di e: ectrig .
material ., The chuck plafe 3 h buried therein a first el ectrode

and a sec@ﬁ?@?%’@?‘? gubstrate o plelaseh glpppgubatrate andetheddied The

: . - f d i he sh .e.g., of conb
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each other. [00121A DC voltage is applied between th I rst

second elthereindedirét eldctiodent andbuasecondploctiodewyi CITHesfieaNs166rb&sl 4y
a controller 6, through an electric circuit 7a. The electric circuit

7a has i sl e sdcarkbelactroda 4iramet xaspectivaly dormediingo the abagaee@f., (é)lf
current that ,flo t hrough the first and the second el ectrodes 4, 4
(this curPoHts itee raé‘r‘ﬁa"?‘f’e 15peped (sl fhals thecteath, rattyonsTisemea intoof

cont rol| o egetineat b ARl 183 ARRRER 0 bt b ARt il Wik Gacn

(engi neerdthgr.equi pnent system) server 9. [00131Wth reference to FIG
2(a), the electrostatic chuck 2 is provided with a coating |layer 5

whi ch i s [8tR] of a AliRCevbitage nist eppladd ddwebhCcthe ditet Sand el k&donand
the second electrodes 4, 4'. It is thus so arranged that, by applying
a vol t agelefdragasm.thdramraspowan sunplys écwhacte seemtooléad by adtqntvdlder 6,

he. whi ch_i he surf f the
Lont T re! RBESFEE AR ARl eenit e ATh st E&eﬁ%%a has i‘éty;z‘ﬁfsg?x t_rherTeﬁns
i i j 1 . I er nat, v
Palos mon hituh a8 B bAiRDEnEIUEL B Alferds hds s It RS Rt
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4'. [00141Wen the to-be-processed substrate Sis heated by a heating
nmeans (neuridnthst The eliita ¢htha BS@rommeanti as tdeesstall 18X phosimpet GeRn

the inputted into the controller 6. The controller 6 has connected thereto an
EES (engineering equipment system) server 9.
[0013] With reference to FIG. 2(a), the electrostatic chuck 2 is provided
with a coating layer 5 which is made of a dielectric material and which
covers the first and the second electrodes 4, 4. It is thus so arranged that,
by applying a voltage between the first and the second electrodes 4, 4, the
to-be-processed substrate S which is mounted on the surface of the coating
layer 5 gets attracted. Although the coating layer 5 in this embodiment is
integral with the chuck plate 3, it may alternatively be so arranged that the
coating layer 5 is formed on the chuck plate 3 in a manner to cover both the
first and the second electrodes 4, 4'.
[0014] When the to-be-processed substrate S is heated by a heating
means (not illustrated), the difference in thermal expansion between the

electrostatic chuck 2 and the to-be-processed substrate S will cause the

coating layer 5 to get scratched by the to-be-processed substrate S and will



el ectrostatic chuck 2 and the to-be-processed substrate S will cause
the coating layer 5 to get scratched by the to-be-processed substrate
S and will thus be worn to becone thinner. Then, when the thickness
of the coating |layer 5 becones snmaller than a predeterm ned wear
limt, the electrostatic chuck 2 will no | onger be put to use.

[ 001511t is to be noted here that, sho in FIG, 2(b), when the
coati ng I%rb%wé’é’f‘smﬁ?ﬁcﬁﬁﬁ Fhlpﬁér-cﬁh‘é‘ﬁtw Hd@etﬁcﬁlﬁk%ﬁsaﬂfdh@ qogéing

surface t t ' | ayer .5 and..th :
to- be- pr actel B PEbml Ui dler BT Rk e B B e plpgippstatic
Ther ef or ghicke Eﬂﬁ;n%qbﬁ?&tbéﬁug% geied by the anmeter 8 can serve as
a paraneter to represent the degree of wear of the coating |ayer 5.

Then, bad@616h whdthartoobe nostetihkeeSEhatraeshokasire e d®H), awhen the
predeterm ned threshold value, a_determ nation can be nade as to
whet her teatingalayer & geiscidanner theyarrenthtendsetocflew alohgrthe snrfamst of

i.e., wheth t I t at.i h h hed Licati

imit or GoBthct BmerR LA e goating, BHET Thondy i o ReIScaiies SUNSAACS,
resi stan ) ar r f e bstrate ich cones
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having a | arger resistance value on the rear surface

subst r at ef whar iofidhe amiahmer ktyeros. t FhekSbasad banivhetienr 6P o€ Ghki BEC
| ayer 5 has worn out becones smaller. On the other hand, in the case

of “the t B baeeswgded mspredetersningd; thyeshelduialue, a dsterminationalame
on the rear surface he ,substr at the increasing rate of the ESC
current e’ﬁ‘akiﬁ@SctBaﬁ%%‘effigﬁrw%m}fg‘ssthWﬁt%t aﬁ%’&é% negehpd adumibgian
by line jin: El | I he resi st.ange val ue
on the rglzijrt ’ lsgr' %l%egthg# Tl:ltléfﬁlgletscu Olsg'? ar@ éﬁg%lg?lgg r&ﬁ@ﬁ?‘{ ﬁg a@ﬁiﬁpgé?%ﬁ‘}%{ti s
of a devigg. t hat has been forned on the rear surface of the substrate
even in case the to-be-processed substrate S is made of the sanme

mat eri al .[0pD61711 AThd B&Coturtrhat, doswevarpiaties hisct with grbegdistente vahe
foll owi ng arrangenent has been made, nanely, the threshold value is
set to diof shahieqysysiacacdethts sybsiratehigh ¢aamere ipioocersiaetl with the

substrat ¢g, Raving e e 'S " addition, as shown by a line “a” in FIG. 3, in the

case of the to-be-processed substrate S having a larger resistance value on
the rear surface of the substrate, the increasing rate of the ESC current
when the coating layer 5 has worn out becomes smaller. On the other hand,
in the case of the to-be-processed substrate S having a smaller resistance
value on the rear surface of the substrate, the increasing rate of the ESC
current when the coating layer 5 has worn out becomes larger as shown by
line b in FIG. 3. It is to be noted here that the resistance value on the rear
surface of the substrate varies with the characteristics of a device that has
been formed on the rear surface of the substrate even in case the
to-be-processed substrate S is made of the same material.

[0017] In view of the above point, in this embodiment, the following
arrangement has been made, namely, the threshold value is set to different

values depending on various to-be-processed substrates having different



resi stance val ues on the rear surface of the substrate. In other
words, the threshold value is set depending on the kind of the

t o- be- processed substrate S such that the small er becones the

resi stance val ue on the rear surface of the substrate, the higher
beconmes the threshold value. These threshold values are stored in
menory in the controller 6. Wien the ESC current has exceeded the

t hr eshol dedistarcecBrives penthatearosuiacaeitheosubsteateo- Bu-gsher ®asds, the

substrate, S th i s bein urrentl tracted, the electrostatic
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arrangenment, in the case of the to-be-processed substrate S having a
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threshold value is set to arelatively smaller value YlII (see FIG
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the sane |limt value Lim [0019]By the way, in subjecting the

t 0- be- pr eledsedatialsbucktZisSracogpizeddss theg cinteall e 6tls; nrppkicfaid ompwf
t he voltage between the first_and the second el ectrodes 4, 4' is
started &PTU§ pRsuRtioy ok akeybaard. 4. The processing treatnents
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transition of the ESC current. When the sputtering treatnent is

per f or red1G.hd). EJQ thercseatofithd tbibeqioatssednsidssirhie Bnhhviepce shallhe
sputteri 'scharqgi{elﬁduri ng the treatnent period fromt2 to t3.
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e supstrate IS

determ ning processing, first, the to-be-processe
at t r act edavéheachehtloe bpplicatio:s linwidevigin the thickaass ¥iheecoatidd RyESE

currents_that have been detected in the period fromtl to t2 that is
bef ore sthastlesy reduced tathepmmedimiieralue EéHIpr ocessed substrate S

(STEP 1). a‘{r}gs avgéagt val ue .i s de.to be the ESC current detection
value 1 18 used®Y Fen¥agedBr s aetHRS tae tonbe procassedpmbsirate Thee,

 uber 1ot SRl bR ESRANIRD ' O HICr LR Bhowesy s Bief BRdate;
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detection value | (STEP 4). Wen | becones e to or lTarger than

Yl, det epmocessingntreatmades sidt as bpuktbeinkrasl did ike hyake 2ofbasproessdagd
the application |limt, and a report is nmade to that effect by neans
of a buzsibstrate snpre pjarter| atdel e poirdnk? widch ilkedqlay&P bs) a certain

period of time from a time point of t1 at which the voltage will have been
boosted to a predetermined attraction voltage. The processing treatments
will be finished at a time point of t3. FIG. 4 shows the transition of the
ESC current. When the sputtering treatment is performed, the ESC



[00211According to this arrangenent, a deternination can be made as
to whether the electrostatic chuck 2 has reached the application
limt or not based on the ESC current that is detected in a state
which is free fromcurrent fluctuations due to effects by the
processing treatnents. A wong determnation attributable to the
current fluctuations can thus be prevented. In addition, since the

t hr eshol dewizpnk Wit fhstvatependemthe mfluesck iofi the sp tttering- disclprge ey

b S d ) det I nat i d to the above-nenti oned
di1 1 er oncthia roatBerteSupd e 55 thadon 1 'hZ”rﬁ‘éf nbf gﬁe of the

b I t .1l n.this odi nent er age
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9. Then, at the EES server 9 the transition o ove- nent

average vapplémtion Htdt ed thepdodirogacic dekk ie peifdrifdt acdedipionesised
substrate S so that this transition can be outputted in the form of
gr aphs whgtosedwrasops ishown DdJEr | bt i lanthy dRéfrenisnne Miocessals farst, the

Char acter gl 9062kect SubSnBld &5 Shiracton " oo’ Talnilation o5 made of an
average value of the ESC currents that have been detected in the period
from t1 to t2 that is before starting the treatment to the to-be-processed
substrate S (STEP 1). This average value is made to be the ESC current
detection value I to be used in the determination at this time (STEP 2).
Then, a threshold value YI corresponding to the kind of the to-be-processed
substrate S that is being attracted at present is retrieved (STEP 3).
Comparison is made between the threshold value YI and the ESC current
detection value I (STEP 4). When I becomes equal to or larger than YI,
determination is made that the electrostatic chuck 2 has reached the
application limit, and a report is made to that effect by means of a buzzer, a
lamp, by mail delivery, and the like (STEP 5).

[0021] According to this arrangement, a determination can be made as
to whether the electrostatic chuck 2 has reached the application limit or not
based on the ESC current that is detected in a state which is free from
current fluctuations due to effects by the processing treatments. A wrong
determination attributable to the current fluctuations can thus be prevented.
In addition, since the threshold value YI corresponding to the kind of the
to-be-processed substrate S is used, a wrong determination due to the
above-mentioned difference in the resistance value on the rear surface of the
substrate can also be prevented.

[0022] In this embodiment, average values of the ESC currents that
have been detected during the period of t1 to t2 are transmitted from the



4first electrode 4'second el ectrode 5coating |ayer 6controller 7power
supply 8 amreter WHAT IS CLAIMED | S: 1. A nethod of determ ning
an application limt of an electrostatic chuck, the electrostatic
chuck conprising: a first electrode and a second el ectrode; and

controller 5 to the EES server 9. Then, at the EES server 9 the transition
of the above-mentioned average values is stored depending on the kind of
the to-be-processed substrate S so that this transition can be outputted in
the form of graphs where appropriate.
[Description of Reference Numerals and Characters]
[0023]

S to-be-processed substrate

2 electrostatic chuck

4 first electrode

£ second electrode
9  coating layer

6 controller

7  power supply

8 ammeter



a coating |layer nade of a dielectric material to cover both the first
and the second el ectrodes so that a to-be-processed substrate nounted
on a surface of the coating layer is attracted by applying a voltage
bet ween both the first and the second el ectrodes, the mnethod

conpri si ng: detecting a current value that flows between the

first andyg %q%g% odes at a tinme of attracting the

t o- be- processeg subs IE?fiéand determ ning that the

el ectrostatic chAGKefIRRl E)P%ﬂﬁ‘ﬂn%%dé‘ ggﬁb&:ﬁoﬁ '1{93& (}‘QPQH élp rostatic
detected current value has exceeded a predeterm ne esho ue,
wher ei n tcheickhtlesdletidtosalticechwks@ingrosidief f erent val ues dependi ng on
various kinds of to-be-processed substrates whose rear surfaces

coning into cofitsdlecirede and actesond edachudde; ahdck have different _
resi stance val ue od of determ ning an apgl I cation

limt of an é Sﬁ?‘l%{aé(teffg‘h%‘i:{%gf(geéﬁgﬁﬁ%ﬁlattér@5‘? Rever koth thpdinshand
ubst rat SeRaepRdn OBt o BRCHROPE riootrd ol  PeSEREh onon
the to- b%u@fa@:@%ﬁ:ﬁ@ oHbiB 1Ay 8r i$ afir8Ete8%by applying a voltage between both
the first and the second electrodes, the method comprising:
detecting a current value that flows between the first and the second
electrodes at a time of attracting the to-be-processed substrate; and
determining that the electrostatic chuck has reached an application
limit when the detected current value has exceeded a predetermined
threshold value,
wherein the threshold value is set to different values depending on
various kinds of to-be-processed substrates whose rear surfaces coming into

contact with the electrostatic chuck have different resistance values.

2. The method of determining an application limit of an electrostatic
chuck according to claim 1, wherein the current value is one that is detected
after the to-be-processed substrate has been attracted but before the

processing treatment on the to-be-processed substrate is started.
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