DESCRI PTION Title of the Invention Ceram c-Metal Bonded Body and Met hod of
Produci ng the Sane Technical Field [0001] The present invention relates to a
ceram c-netal bonded body and a nethod of producing the sane. Background

Art [0002] An el ectrostatic chuck is a conmponent used in an etching step
which is one step of sem conductor manufacturing processing. Mre
specifically, an electrostatic chuck is a conponent used for performng a
uni form et ching process on a silicon wafer by applying suction to the
silicon wafer through a Johnsen- REAYEKIFGY®% or a Coulonb force in a vacuum
and uniformly cooling heat generated in etching. Exanples of functions
necessaryl?%g ?éhEPQ: 8ﬁ§ﬁg Dinclude (1) a vacuunlholdlng power, (2) a

responsi venes g._su tlon 0 an re easing_a silicon wafer, (3) a
property for(%ﬁ%WHépﬁﬁéaEeﬁﬁﬁg ¥ﬁaq QSEFPQE%1%$ 2 silicon
waf er su ;ected to suction unlforn1 and (4) corrosion resistance agai nst
chem cal ed in etching. A known exanple of such an el ectrostatic chuck

is an electrostatic chuck in which a ceramc plate is bonded to a
supporting base conposed of a nmetal such as alum numw th a bondi ng

mat eri al 03 silicone resin therebetween (for exanple PTL 1).
Gitation ?_‘%I% agocfg]eﬁ% 1: JP 4-287344 A

[0001] The present invention relates to a ceramic-metal

bonded body and a method of producing the same.

Background Art

[0002] An electrostatic chuck is a component used in an
etching step which is one step of semiconductor manufacturing
processing. More specifically, an electrostatic chuck is a
component used for performing a uniform etching process on a
silicon wafer by applying suction to the silicon wafer through
a Johnsen-Rahbek force or a Coulomb force in a vacuum and
uniformly cooling heat generated in etching. Examples of
functionsg necessary for this component include (1) a vacuum
holding power, (2} a responsiveness of applying suction to and
releasing a silicon wafer, (3} a property for making the
temperature of the entire gurface of the silicon wafer
subjected to suction uniform, and (4) corrosion resistance
against chemicals used in etching. A known example of such an
electrostatic chuck is an electrostatic chuck in which a
ceramic plate is bonded to a supporting base composed of a

metal such as aluminum with a bonding material composed of a



Di scl osure of Invention [0004] However, when the existing electrostatic
chuck is used at a high tenperature of 80C or higher, gas is generated from
t he bonding material, and thus bubbles are forned between the plate and the
bondi ng material and between the supporting base and the bonding material.
These bubbl es may decrease the contact area between the plate and the
supporting base and cause variations in the bondi ng performance, thereby
decreasingbfhe tenperature uniformty of a wafer subgected to suction.
Fur t her ¥ ELCqne (166 18aSBCHAREEWE Mt ¥ 9Pl &dLi A'the plate so as to
control the tenperature of the wafer to be constant, the tenperature
control FEAHEEbAESEi fficult because the anbunt of heat transfer is changed
by the generation of such bubbles. These probl ens al so occur in conponents
havi ng st3Rtlur esPEEnF afFP td 14 detrostatic chuck, that is,
ceram c-netal bonded bodies. An exanple of the conponents having structures
simlar to the electrostatic chuck is a showerhead. The showerhead is a
conponent. used for suppl yi and di spersing a reactant gas to a chanber of
§rapparat te

a pl asnmePPFoCEEE S Nused in a step of sem conductor manufacturing
pr ocessi 0005].The present inventi,on.has beep nade in grder .to solve the
above prggvgﬁs, ahawgvgﬁiﬁﬁﬁﬂ?e 635??Fﬁén€r§ggﬁgr?ﬁ5%ﬁ&?dﬁ“} t'§ prevent a
ot ween 4B a1t Ao SaBREPeRRte LA ALICDE, Ilghl®, PERE IR BRIGATR

[ 0006] The, r%;%@&:&1%ﬁﬂtkggeéﬁaﬂiF&ﬁ&%ﬂuh9k§¢ﬁﬁkpogr8ff8£%Q¥9érEhé%n .
ceram c-Tietal bonded bady by bondi Tig- a ceram ¢ plate to a netal supporting

b i t i t i nj J£S ' ind N
mothod | HAF s aneh BRE pEAG A NN AL BRchelE, BntogidRSnd 1° L
i nert M. M. | t | at.l.l e
componariied eridh gy BHUTL LI ACHAILE, | dpeaqBaobEs Y NeHloat® Bhe Pate to

the suppoidding bage WethebherRONG| fid Sheet HN QA ERBLYERY BYsP!a%ing the
pl ate, the supporting base, and the bonding sheet 1 n a pressure-reduced

ai rtight.hag anpd-iRy ipesl @AM AE Hesting AirhemRer atybeebpwer than that of
the pre-bake step while applying a pressure in an autoclave. [0007]In this
product i gdr-rEidieth thie cbppdi-ggusbegti fsriiedt eF bnvadeansepidctfaduee the
anount of vol atile conponents in the bonding sheet, and the plate is then
bonded tgndtiersupparthégndase M tthd Reskortieng sheeitdherehairsean iby

pl acing the plate, the supporting base, and the bondi ng sheet in a

pressur eciedilcat aid bisghb bagtadl tiye appipdmg @ epoEssheews Pet o nesul ti ng
stacked body in an autoclave. Accordingly, even when the resulting

cer am c-gisdarhonded hetlpei-stusedeartt iolghmadyenpeoakutesfigabt i Ssedtise
generated fromthe bonding sheet, and thus no bubbl es are generated between
t he pl atehandndure diohdbhgtrmateféeal ianthdetasedy tthe gappoatiog ddase and t he
bonding material. As a result, a decrease in the contact area between the
pl at e amslidthéonsupser.t | Hgedba g ddemaetl socoucurand vampaenerdrs havinkge bondi ng
performance are not generated. [0008]Herein, exanples of the plate include
pl at es composet e samdépanie shehebscsiddtwonc atvicte, thhnisum nitri de,
alumina, calciumtitanate, or bariumtitanate. Exanples of the supporting
base i ncterhnisupsdeti hgngadebododposéd ekerplai alintloe sdUB@mNtsand
supporting bases conposed of a netal -based conposite nmaterial obtained by

i mpr egnatd g Peivshsresr aiinelanseo nlterel@ctigastag igechbck B@ndl es of the
bondi ng sheet include bondi ng sheets conposed of an acrylic resin or a

si | i conesh@&rheathe Feat gredidid il6ns CRMPRECPF eubaRk ef @ ePpRirla’1ng

appropriatehy determined in accordance with the materi al
and digpersgsing a reactant gas to a chamber of a plasma
processing apparatus used in a step of semiconductor

manufacturing processing.

[0005] The present invention has been made in order to solve



of the bonding sheet. Specifically, the effects of the atnosphere gas, the
degree of vacuum the heating tenperature, and the heating tine on the
bonded interface between the plate and the supporting base are exam ned by
experinents in advance for each material of the bonding sheet. Nunerical
ranges are then determ ned in which the bonded interface is not affected
and bubbl es are not generated fromthe bondi ng sheet even when the bondi ng
sheet is heated to a high tenperature. The atnosphere in the pre-bake step
i s pref ebladlabeie inrelegas, aBdde v i prlefetalbify tRg&cRUARBERE hERVEHEP ]I r
because it is possible to obtain a ceram c-netal bonded body in which

separ at | bh s todc GECERASBUDD| BRE HFEGHST §e&Rer anedvar i kP dited
interface even when the ceram c-netal bonded body is used at higher

t enper at the LOTHED HFHERYTSRER PR ERYR IR Aas 38 Ri EKRBSEE V7Y 3% 0 0.3 mm
and preferablg cont ai ns ne%al filler (e.g., alumnumfiller). In the
bondi ng St &b, CEFAHGELEht PEBASENGPSY rengt h can be obt ai ned by conducting a

treatment under pressure and heat inh the aytoclave, [0009].1In. the nethod of
pr oduci ngo%()%er am ¢EnBE aF CBo Nt HodP ﬁc@&ﬁﬁﬁeﬁot?hﬁ Br Céchtor]; nventi on,

inth -e- bake st t he bondi h lj.ed onto th ti

base, _ arb e i o PTG 6a08 Eh BHPORE (bR uRaet FSTHBET | oa may b
heat ed tqvéedqge t he agpunt of vgl té|e~§1 Qn @&likp t g Fonding sheet .

Al t er nat?12Yy, tq e §5idi RYPEREEE %29 e agb ied 0T ot Re“plate, and the
late t ich the baondi. h i lied h d. d th

Brount | TR THTE 2 aeRertes te bR Bhei Ry et meERbEL ABLAERE R, "

duci q h ' . . . .
orouct OB CE R Rler % BERERL LOXSROLSILE YRS REY LORTEd A sl 1o o
accor di ”%aé? 508 Present Y ANt 500y oL N & *E%cﬁfcee' %Iéeaﬁlbﬁgt geframe which is
a board having an openi ng having the sane shape as the bonding sheet of the

cer am C-@ﬁi@éipé){}q%%o%%saﬂﬂ e?%gﬁ ashd &Rhas! M Ghpbial A5 MBdep nto the

bondi ng sheet ma pr epar ed, arge-si ze sheet nay be applied onto the

frame so,fhaind g l@0918k2ec8hERt SQYSES: e 1RReNLAgHOEnEhBAG AR, and the
frame to which the | arge-size sheet i's appli'ed nay be heated to reduce the
amount ofpyol atild R HANRRAERLSplAcihferhargemsd zegheebpot-Bihhi Bagase, the
heating time in the pre-bake step can be shortened as conpared with the
case wheggdtiee %&iﬁ’itngofsh%@taiﬂ g gosponentedicdeducedqhy pegfaidi ng
heating after the bonding sheet is applied onto the supporting base and the
case whepe pheranminy mehtiababt! & conporenire iIoweaduted byapest ofia ng
heating after the bonding sheet is applied onto the plate. This is because
t he vol apré ebBonpargntdideecapplaihlyi Z eprésamene: s bacecobvehe sheet in
the former two net hods descri bed above, whereas the volatile conponents are
vol ati |l i zedoTy om hat hhdar pacdscioion he=tdirebt tine tbediagt sheaetimd using the
frame. [0011]In the nethod of producing a ceram c-netal bonded body

accor di ngedoed hien prdbsere itovertioa, thheamasitn aywdietadeacoypogenesi n, and
heating conditions in the pre-bake step may be 15 to 30 hours at 120C to
130C i n @mrthdheorptiochakeest epniisthe ep brabl 35 gdrdfrofoededt to Bhen i n an

at nosphere of an inert gas such as nitrogen or argon instead of air.

Fur t her nevenot i rassakid tt spenagndeng etliertirddidnebetvaenuby aphasipr®r e of
2,000 Pa or less (preferably 10 Pa or |less, and nore preferably 1 Pa or

| ess) attheadate 1306 SePre5tisd3papdurand Ahdg donsdag s§eebndntfons in the
bondi ng step, the body to be bonded nmay_be placed in a heat-resistant resin
bag, theP¥essureapdipdhaigedassebadndnd hen J3lBdId an®reREVEBdYCt o be
bonded and the bag containing the body may be subjected to bondi ng together
by a trecERRefRSWdeld steskerebad heatni FEer Wittoc! AveCTFHEBONERE under
pressure and heat is preferably perforned under the conditions, of a

t enper at ¥R | i rr aSet 1He CEERPEF aftgiFal POdRS fishb aite USEEpaTel 4o at 100C,
and a pressure of 10 to 2Q MPa, Under these conditions, in the case where a

bondi ng SHERGLHdHTSse 35t 18nTREr JEPETRERT nE Jd¥g parding §8ssF oI 24 o
obtain a ceram ¢-netal bonded body i.n whi ch separation dges. not occur and
bubbl s HHE i 2 a 0o REA LB A Fotie TR &L 4481 87A. Cheheat | ng

tenperature of |lower than 120C in the pre-bake step is not preferable
because bubbl es are generated at the bonded interface when the resulting
bonded body is used at high tenperatures. A heating tenperature of higher
than 130C is not preferable because th® quality of the bonding sheet is
degraded, thereby decreasing the bondi ng performance. A heating tinme of
shorter than 15 hours in the pre-bake step is not preferable because
bubbl es may be generated at the bonded interface when the resulting bonded
body is used at high tenperatures. A heating time of |onger than 30 hours



[0012] I n the nethod of producing a ceram c-netal bonded body according to
the present invention, the resin may be a silicone resin, and heating
conditions in the pre-bake step may be 15 to 30 hours at 140C to 170C in
air. The pre-bake step is preferably perforned at 1 atmin an atnosphere of
an inert gas such as nitrogen or argon instead of air. Furthernore, the
pre-bake step may be perfornmed in a vacuum atnosphere of 2,000 Pa or | ess
(preferably 10 Pa or |ess, and nore greferably_l Pa or Iess% at 140C to
170C f or P2BAIRI FRLRIUSS. 3RS PEEWBBRAIFRY TERALS 81k beget BedbBRdi ng step, the
body to be bonded nay he placed in a heat-resistant resin bag, the resin

bag nmay BendbyAIRf t hBR 3SHTUE ol FFEHE8y R0t B FHIHAET &TE3 he bag
cont ai ni t he bad be subjected to bondi ng together by a treatnent
under prgggﬁ?%néﬁﬁyﬁggéﬁ Agn t GtSEPEQEFlW$ng%h61 BREePEPHEsSHE and
heat is referaq%% ) under the conditions of a tenperature 10C to

f d
30C | oneP T HaN T Torhier AORFSNE! PEREOHIaN TR SO, 9876720 ¢ he range of

120C t d . 10 20 . Under .th diti [
the case URGFL n BORAiRo SHEEP EorBbobi ot LI TrarE PLSFre | SURBRY i1 i s
possi bl e to obtain a ceragjc-nﬁtal bonggd QOdﬁ in which, se gratiop does not
occur and bUbbTed &t & 1 effératdld &t %% bo U Brfad - "Herein, a

or of or 2ot oREka et B8%aretBe 4f bkl B BaTe RIS A e ¢ ne
of *hi ghor"KRen. TroCs nataERel budbfle LITRHAY (B el Ok ROk NGl g
i e of “Shart ot Chart b Nl C T RO RECr o BaRe o e oL praTetanl 6
bonded Doy TS ea B Oe L Eane el Ch - ARG the FURe B CTBROCE  than 307

hours ispnel Rielerabhe thecanseatne mealding UrmenkSpURReLSSsiaddd y | ong and
the productivity decreases, though theré is no probleminterns of quality

of the resultaddbhondrf hedys EBRL3ELA bheaeidad of REeduging a

ceram c-netal bonded body according to the present invention, the

ceram c- et atokoneas hodyh8BNeHE BN RIRGIHIRHEAtnC tBRUsKe stk fiierf | Xi Ng a
waf er by applying suction in a sem conductor manufacturing process or a
shower heage usgsh-di i L0419 Viehgraiheaci Andc@asddrred Witaimeee mAtarial

sem conduct or manufacturing process. [0014] The present invention is also

di r ect edof otlze Hemtteichd atheeitnc| siskhdigf Bcaldngnithepkdfecta oftthe supporting
base, and a resin bonding sheet that bonds the plate to the supporting
base, whatmospldien dadwe hdiededglbedyof svheatred the dasadugmtenperataeai of 100
Pa at 120C for 300 hours, the anmount of change in the weight of the bonding
sheet i saBl giemgathiere ttiive oni thesbondedgramperces peamwecnenhenplere of a
bonded surface) or less. Alternatively, in this case, no bubbles are

gener at egnattlke wumimttiimoe bhaeeabet awaeninegd Qi argexitente bondivgneheet and
a bonded interface between the supporting base and the bondi ng sheet.

[ 0015] Thfer cerdninatinstizgll iodndbd bougivanshretobt Hupnedioyl t enges ko of
producing a ceram c-netal bonded body according to the present invention.

Si nce t hehemoiptietingsl 461 M@lébnﬁbﬁeﬁ@@d¢® e 1§ shtetfifscteduced in
t he produci on, the anpbunt of change in the weight of the bonding sheet is

very snedid gighblfiferiich@ctepghrEahefaf ToB el Boings sbgpss 8¥<R oWy h

t enper at ur es. , , ,
the bonding sheet is heated to a high temperature. The

atmosphere in the pre-bake step is preferably an inert gas,
and more preferably vacuum rather than air because it is
possible to obtain a ceramic-metal bonded body in which

separation does not occur and bubbles are not generated at the



[ 0016] The ceram c-netal bonded body according to the present invention may
be an el ectrostatic chuck used for fixing a wafer by applying suction in a
sem conduct or manufacturing process or a showerhead used for supplying a
reactant gas to a chanber in a sem conductor manufacturing process. Brief
Description of Drawings [0017]Fig. 1 is a cross-sectional view show ng a
schematic configuration of a plasna processi ng apparatus 10 including an
el ectrostatic_chuck 20. Fig. 2 includes explanatory views show ng a
first mePABECS IBFIRRGHEVER éﬂhéélt FBSt gerankhuRstado bonded ppgy 3Sincl udes

explanatory V|em5 showi ng a second net hod of producing an_el ectrostatic
chuck 20used atdaigher Hﬁ%%ﬁﬁl-an@'f%rﬁ?r\ﬁl&ﬁssg‘}ﬁﬁw Hﬁef%?éal?]ilf f@Hhal f of

athird net od of gﬁﬁ&fCln an electrostati ck 20. g 5 incl udes
expl anat 8r § %?%ﬂ%s e UsdcBid>hal Fr o FFE3ABEnBAtSE produci ng
an electrostatic¢c chuck 20 r ph show an exanple of a

tenperatEFi£ﬁ¥sf%r% bﬁﬂémﬁfﬁmbg&g&gFéatHthh% ondgng S§g?s @4 graph show ng

an exanpl

"hel udess Bﬁg%?ie%ﬁ%@%%%ﬁtgﬁﬁy%eﬁ? k?}‘fé’%ie?d o SRR 1B, 2 rmss
spectro ﬁ?%tﬁéiéwﬂﬁg é%éﬂ%gpgﬂgnheat 1& the aué%é¥g@%h showi ng a

rel ation
[0009] In the method of producing a ceramic-metal bonded
body according to the present invention, in the pre-bake step,
the bonding sheet may be applied onto the supporting base, and
the supporting base to which the bonding sheet is applied may
be heated to reduce the amount of volatile components in the
bonding sheet. Alternatively, the bonding sheet may be applied
onto the plate, and the plate to which the bonding sheet is
applied may be heated to reduce the amount of volatile
components in the bonding sheet. In this case, the producion
method of the present invention can be performed without using
a new jig.
[0010] In the method of producing a ceramic-metal bonded
body according to the present invention, in the pre-bake step,
a frame which is a becard having an opening having the same
shape as the bonding sheet of the ceramic-metal bonded body
and a large-size sheet which is formed into the bonding sheet
may be prepared, the large-size sheet may be applied onto the
frame so that the large-size sheet covers the opening of the
frame, and the frame to which the large-size sheet is applied

may be heated to reduce the amount of volatile components in



el apsed tine fromthe start of control and the anmount of shift of the

el ectric power. Fig. 10 is a graph showing a relationship between the
el apsed tinme fromthe start of control and the anmount of shift of the

el ectric power. Best Mdes for Carrying Qut the Invention [0018] Next,
enbodi ments for carrying out the present invention will be described with
reference to the drawings. Fig. 1 is a cross-sectional view show ng a
schematic configuration of a plasma processing apparatus, 10 including an
el ect r osthei Eaedrmdd 220 shegta sHovidtife&R60. tPE0RORREShBIWRE i1 H§. 1, the
pl asma processi ng apparatus 10 includes a netal (e.qg., an alum num all oy)
chanber BYS-PHES i1t FAN hte S8OFECBEIVHT FPTRATI5E Wcl%ﬁ't EBE| E85C afS LR

el ectrostatic chuck 20 and .a showerhead 60 that are arran%ed in the chamber

12. [ 0020 maneiitintsdy VP aitd leo APTMHERERtS ot F HRIWS%e ¥t RRT TGRS RAn be
supplied froma gas suppl ath 14 to the shaowerhead 60 and the interna
pressur eNBFEHHE %ﬁﬁﬁ%é&ﬁi%o NHeSheghcky %Qﬁi%ﬁél? egﬁﬁngﬂpaﬁﬁ?%%gof
vacuum usi ng a yacuum punp.connected to an evacuat.i.on path 16 0021] The
bl ect 1 0sPAPE ARt e T G a8, Che prupEn 5o 1 Al SafTPORERER oiF o

silicon wafer t o be subj.ected to_a S t reat nent cooling plate 28

di sposed oA FE Yo I?T!}@g ngea ﬁggpggﬁ%%eaﬁ)d)ﬁﬁl& isglﬁleﬁglﬁs a

Supportiggpffgg,oéggithe plate. This is because the volatile
components are volatilized from one surface of the sheet in
the former two methods described above, whereas the wvolatile
components are volatilized from both surfaces of the sheet in
the latter method using the frame.
[0011] In the method of producing a ceramic-metal bonded
body according to the present invention, the resin may be an
acrylic resgin, and heating conditions in the pre-bake step may
be 15 to 30 hours at 120°C to 130°C in air. The pre-bake step
is preferably performed at 1 atm in an atmosphere of an inexrt
gas such as nitrogen or argon instead of air. Furthermore, the
pre-bake step may be performed in a vacuum atmosphere of 2,000
Pa or less (preferably 10 Pa or less, and more preferably 1 Pa
or less) at 120°C to 130°C for 15 to 30 hours. As for bonding
conditions in the bonding step, the body to be bonded may be
placed in a heat-resistant resin bag, the resin bag may be
degassed and then sealed, and the body to be bonded and the
bag containing the body may be subjected to bonding together
by a treatment under pressure and heat in an autoclave. The

bonding under pressure and heat is preferably performed under



a bondi ng sheet 32 that bonds the plate 22 to the cooling plate 28.

[ 0022] The plate 22 is a disc-shaped ceram c conponent having a step-like
portion on the outer circunference thereof, and the outer dianmeter of a
waf er placing surface 23 is smaller than the outer dianeter of the wafer W
This plate 22 includes an electrostatic electrode 24 and a resistance
heating el enent 26 therein. The electrostatic electrode 24 is a planar

el ectrode to which a direct-current voltage can be applied by an external
power supp ycenbit ishisvel. ausemPappFyFaglersl e sher EATPesREaRR 2% this
electrostatic el ectrode 24, the wafer Wis fixed to the wafer placing
surface PBEHTrAPIARA FFePucti-8n-t AEolgh @ G ShbTesFEESoPtald obfis€h- Rahbek
force. Upon releasing the application of the direct-current_voltage, the
fixation %$-tﬁ@d®§f§gevﬁt60@ stifRer B &denG2s6r MaRES 23 P iton i s
rel eased. The resistance hﬁating el eprent 26 is f.orned aé a Eatternq for
exanpl e, CPAPPHRY Hafd STy ldCngPE1Br LE NIt okd &6 PREEILHE FBsPRIAHte

heating el ement, 26 is arranged. over . the entire surface of the plate 22.
When a vel tREEMHE AL GONERCPEY| S1 ARRECh SRR e BERES 2BOh ST Mt o5 heat

to heat th f W__Th | t b lLied to.th I st heat i
el ement FEIVPEIP I Airapel BETHFAGEY Thot SHOUNI=BAPSRALAGE 1 OIRTHE r ever se
f ft | i | ate 28 t h f .esi, st [ I t
26, 11 (RSRAC B TRE Brarh 39775 FOPheAr DIC At Rab  ERERT P el
f ti Co -t | ect i i I
oot StIVITy IR BARDLS BorReoEaBaohAer e HIaTs ot P, hendey 1

es! y ol t se 2is Tor
o1 cot ost ArTEE AT L A EeFRatvRE hOASe Ay MUERLBT BEEL Y i e i s
| over th@@moér%?atlt@}e ! Ul N3act Q2L ENer £00ld G Bligher2Baln BsghEcrghaped
al um num'c onent aving a step-I1'ke portion on the outer circunterence

thereOf'ngbﬁ?%%%é¥?ﬁﬂéﬂﬂgagks%ftEQeqHQP§EySé¥f€H§3Hgn&ﬂﬂﬁ c@ekEngspl ate 28,

t he upper s ace tacing the plate ™22, 1S the sane as the outer dianeter of

the |O“e&e%9£é@§e'@Heféﬁilae%E%a%%n?TEﬁeCEEE& M@ réBri-acl udes a cooling

medi um path 30 throygh which a cooling medium{for exanple, water) cooled
by an expesfshg CoQld N WHIrtEROLhaHoWE) h&iiF & Wtk phi-$akeokiag ®di um
path 30 is forimed, for exanple, in the shape of a single brush stroke so

that t hengpobi&feristidipeRasses blibbosghnPenefdrier sud agetak bbadeqol i ng
plate 28. The cooling plate 28 is fixed to a bottom surface of the chanber

12 with batéstddotuishiowne rEaustihBepvhote wbdetinsisaid atchuek 20 is fixed
in the chanber 12. A protective ring (not shown) nay be arranged on the
st ep-| i keeppetaomrgs ovhdadaongheimutef oirernfteénance hbutbeigaodti ng pl ate
28. The protective ring is formed so as not to contact the wafer Wand
pr ot ect sptééecaiol ¢ nopqauatee 28 heamiagpt aseasl € ummerddsamillys dengr eafinent  of
the wafer W The protective ring can be replaced according to need.
Exanpl estbé phednetieritgl dsfcrasepr, otbotughetheny ismclageadplant 2n al um na,
and netal silicon.

terms of quality of the resulting bonded body.

[0012] In the method of producing a ceramic-metal bonded
body according to the present invention, the resin may be a
silicone resin, and heating conditions in the pre-bake step
may be 15 to 30 hours at 140°C to 170°C in air. The pre-bake
step is preferably performed at 1 atm in an atmosphere of an
inert gas such as nitrogen or argon instead of air.

Furthermore, the pre-bake step may be performed in a vacuum



[ 0024] The bonding sheet 32 is a |layer bonding the plate 22 to the cooling
pl ate 28. The outer dianeter of the bonding sheet 32 is the sane as the
outer diameter of the |ower surface of the plate 22 and the outer dianeter
of the upper surface of the cooling plate 28. This bondi ng sheet 32 is
subjected to a pre-bake treatnment described below, is then placed in an
airtight bag in a state in which the bonding sheet 32 is sandw ched bet ween
the plate 22 and the cooling plate 28, and is vacuum packed by reducing the
pr essur edifespleetmPt @ Ofhdpeoti LteFghirrripiadlyl d0ed2i ATaheEBt oF1%Ave and
is treated under pressure and heat. The bonding sheet 32 is preferably
conposedn@¥e RrHkeRARY fedenosr 1858) | peok redih 1 7Phé ERckResS ¥? the
bondi ng sheet 32 is preferably 100 to 300 [0025] The shower head 60Q i ncl udes
a di sc- SRAWEd: c@&FafPé PPREENG2COREHFAS difppgi RENEHET dP TR Siify 22%eact ant
gas to the chanber 12, a_truncated, cone-shaped netal electrode plate 64

functi onFRAPASCAFGHFEY SeePLPGaE 1Br2 gt HTHEFTN 487" JAd atBondi ng
heet 66 bonpdi th |late 62 tqQ th tal el d t 4. A pl it
of Comal | TR B e e (2ERRg DR GEP eSS AL 630 BB Dot e Bhoer 66
dth tal el ectrod | ate 64 in t i cal di i, i ded i
The ShovBPhle 00 it bk SOTERCELPBUBRR I BFY he eedhcBHesPh heater 65
t her ei n. Th%s sheat h .heat er 6% i s forged ger:ggf %%}ir%_gugkagg 95 t he
metal el BRRPUHE PIETE Ea Th & hEShLBRT o s i g BrrudR % roke ™ 1A s
bondi heet. 66 i pected t - bake t t. i | ow, i
Chen vacolrTheva ThEatbRarSY, Wadk DR Rr e i R R e
bet | th .al. o o}
out oo avESEERHRE SN LT el B oBR O S At B8 1eS PEBESEER A0
; b ) . T i head
B0° o artELTPEat ol AR BESLE Brd bl A R R Tone

pl at e 64,500 agt s, # €0al] ng Plat 6,88.aLLAEREA Lox Lhe D DRDALZ s

cooling p Includes a cooling rum path 72 through which a cooling

medi um (fQEseXamm £ 1 Wed e ¢9Ql edshYvwABr&X4 %&?Airﬁg@ﬂe%g %Bﬁ%oé@@t shown)

circulates. The cooling plate 68 is configured so at a reactant gas,

whi ch i so8uppli eooddomddg, dasuseap! Yrpakhhdds nonned emhtl@nt Be chanber 12

t hrough a gas-holding portion 76, is supplied to the small holes 60a of the
shower headr£Qi & hiotkgh Khrsidd diay0Rnpahhen 7depd AO2GIMNeas adtesanple of the
use of the plasma processi ng apparatus 10 having the above configuration

wi |l be grachibietes Ristnotd eoebrgdnedi the contd tihtriaedet efdtdiad
tenperature (for exanple, 25C) with an external cooling unit (not shown) is
ci r cul at gdhédt Onig ht drifes eonivan@ fredivem paahs180° @nich the pulseqgienttyp the
wafer Wis placed on the wafer placing surface 23 of the plate 22. The

pr essur eigmbhepodbaridsl €l ddcausedbobtll by are apenamgheatp ao thisabohhleddegr ee
of vacuumin the chanber 12 is adjusted to a predeterm ned value. A

di rect - cintenfavs| tiage tile amshilédngobbhdedl eedy ost atdard eltedticgbde 24 to
generate a Coul onb force or a Johnsen-Rahbek force so that the wafer Wis
fixed toteteevafereypl aédi hgasingacempSrayuepplfyiighencthsn. 1ReXE, ig he

at nosphere in the chanber 12 is controlled to be a reactant gas atnosphere
at a predet epne fexhipresmaeaisel dheegaapliey stveialbanshigimishRgtt éssever al
hundred Pa). In this state, a high-frequency voltage is applied between the
met al el degraded pl theredy clearsesshowEhRehdn@DNG e fRermEnsEtr odt at i ¢

el ectrode 24 of the electrostatic chuck 20 in the chanber 12 to generate a
pl asma. PRRENG eHme driehiortest FheRe 18 hevrs cut ridit RIS tRag€ BEFPgéRer ati ng
an electrostatic force and the high-frequency voltage are applied to the

el ect r osbati pref et lriderpuss AEEVBRY , PE heeRi -9 Sfudhey PPofedge nay
be applied to the cooling plate 28 instead of the electrostatic el ectrode
24. The 30FfhHERCOfVheR M diconiitdng: BrREdeByPeRe Horlkied &F pr&¥ma. In this
step, the tenperature of the wafer Wis controlled to be constant by

adj ust i n§eTRRT 2T eEe% i cAl NBAELRY SLPPI PRI MW hENAESPSt BREEShESt Ry el enent
26 or by adjustinpg the flow rate of the, cooling mediumcircul ating.through
Lhe. ool PAGEHER Lin TR0 SF REVET8 FAGS plat SR SHARHE: A6PE. S(fe
tenperature of the showerhead 60 is controlled to be constant by adjusting
the electrical energy supplied to the sheath heater 65 or by adjusting the
flowrate of the cooling mediumcircul ating through the cooling nmedium path
72 of the cooling plate 68. [0027] Nextg net hods of producing an

el ectrostatic chuck 20 will be described. Fig. 2 includes explanatory views
showi ng a



first nmethod of producing an electrostatic chuck 20. Fig. 3 includes

expl anatory views show ng a second nethod of producing an electrostatic
chuck 20. Figs. 4 and 5 include explanatory views showing a third method of
produci ng an el ectrostatic chuck 20. [00281First, the first producion
method will be described wth reference to the explanatory views of Fig. 2.
First, a plate 22, a cooling plate 28, and a doubl e-si ded adhesi ve bondi ng
sheet 32 conposed of a resin are prepared (refer to Fig. 2(a)). A bonding
sheet hanPEIBIGHiYE t¥hadsera35ehe Flovegh &cdSofot RECPLae 22 and t he
upper surface of the,coolin% plate 28 is prepared as the bonding sheet 32.
Next, theeBohdhgisHedy g2 |§ea5%$?%EPQﬁuhPQ4%9 r surface of the cooling

|late 28 (refer to Fig. 2(b)). Subsequently, the coolin | ate. 28 to which
Fhe bondf %1%%eetI§2t8§_%%E%%@d°$§9%§hﬂﬁﬁfgyﬁ SeHﬁWé?Tm%ﬁﬂféuﬂngbake
L hRA RO e T SPaE D8 RFERCRR RGN i Clien CHZSRI T BOEH or | ar gon
air int r a § or argon,
or in an at here in ich the pressure in the drvyer. is_reduced to 2,000
Pa o I %n{%fﬁcr;(éiyamayl ?ét el 8?8?%%%%?? PEpHerd By ARG 1ess)

refer to Fig. c)).. .Ln e._case.where the ndi ng_she is conposed o
o rer y1 e Sy i SR R T L e T R e BARE RS 55E3% 2 3be T or
15 to 30 _hours, and natural cqoling Ls t uct i e .. Fig. 6
Shons arPETHSs NG MHNERRCEAChiDd £3: IR SAN G Sl Y = P
in the case .wher.e the ndi e i : f. a silicone resin,
;he pr e- d?%p%fé% ﬁ%ﬁ%gﬁggégﬁﬁﬁé eﬁéggaTﬁgfﬁggp%%ggeggf 15|tg 30 hour;, and

natural geoldng | $pENBRGERAURLad N NE diver diDeBedaclyn Sddhey Shows an

exanpl e a tenperaturé history o i'S case. e anount of volatile

conpone I. N quin LS r qgggg 1S i pLe e ment .

Af ter tﬂ%§%¥2¥ﬁgﬁgﬂt egt%g%?ﬁg%hég% §t€§2 |s_§¥§%ﬁg§lgﬁ %ﬁggbo%%?%% sheet
32 so that-fhedoyels sibacenat HBRapP! Ahe Fidhdes @ igredupbbpcife upper
surface of the bondi'ng sheet 32 applied onto the cooling plate 28 (refer to

Fig. 2(d)3ge ThendresiH tinkg shackedab@d¥ody P ared ddn id BeabofAgi stant resin

bag, and is then placed in an autocl ave.” The stacked body in the

heat - r esi s Binead BPaGol Pat hEAL LI E0FoB 00 LhPW,S tak amphigssyre of 10 to
20 MPa under heating at a tenperature 10C to 30C | ower than the tenperature
of the preshaked rept RRAGLtTRYSthE hSoﬂQéh?ﬁ% Aedts 16 eely/bphdeghdr@ the
cooling plate 28, with the bondi ng sheet 32 therebetween, to obtain an

el ect r ostla iwnihuck md@rogeher pte Eq@are (&ntind@29text bohhedsecond
produci on nmethod will be described with reference to the explanatory views
of Fig. Surfacet om lplsat.e RPtemnaonldang phatdi28caaad ac dowikthessiaed
adhesi ve bondi ng sheet 32 conposed of a resin are prepared (refer to Fig.
3(a)). Agybordhite sheet endiedainterfhat bseddm tee fliatst apdodbei on net hod
is prepared as the bonding sheet 32. Next, the bonding sheet 32 is applied
ont o t hebdmierg sahrferac enalf at bengkdt enkerfaed drettveed ghe3@bpporsiny, the
plate 22 to which the bonding sheet 32 is applied is placed in a dryer,
and a preagmkend rdw hemding sbadbicted in an air atnosphere, or in an

at nosphere in which air in the dryer is replaced with an inert gas such as
ni trogenl®?1%r gonThde caraniatmesphdrendad wisidoh ceRebpr ebsareed oY Hddr yer
is reduced to 2,000 Pa or less (preferably 10 Pa or |ess, and nore

pr ef er abrgthoPppHprasising: af epraniFrgetal dondethdosive AsgREALPEatPeNt i S
conduct ed under the sane conditions as the first producion nethod. Thus,

t he anpuHie FTreaAEL iTeEsFPEnent s GHh thie BORIn§EsHesRt Bbe | COMRNFTES Af ter
the pre-bake treatnent, the plate 22 is stacked on the cooling plate 28 so
that thelfippd ndade sdeetned Scs8rlAge plat 2@ Ualicgned16i BRCYRE | over
surface of the bonding sheet 32, which is_applied onto the plate 22 (refer
to Fig. Bfdansmern #erghst €k ehe pBeRAIY sibeEdd Y VaTHe &2t &si st ant
resin bag, and is then placed in an ag&o | ave. The stacked body in the
heat - r est ¥RMPFRGNF 1553 3e CrPELREdPPB e‘i AT SEFES G EP Fégsure and

heat. Thus, an electrostatic chuck 20 is obtained (refer to Fig. 3(e)).
temperatures.



[ 0030] Next, the third producion nmethod will be described with reference to
the explanatory views of Figs. 4 and 5. First, a franme 70 which is a board
havi ng an opening 70a having the sane shape as a bondi ng sheet 32, and a
doubl e- si ded adhesi ve | arge-size sheet 31 conposed of a resin are prepared
(refer to Fig. 4(a)). A sheet having a size larger than the | ower surface
of a plate 22 and the upper surface of a cooling plate 28 is prepared as
the | arge-size sheet 31. Next, the large-size sheet 31 is applied onto the
frame 70[881fhat (The IcargBisrretaheedndad dpder &ccreddpantagtifa of the
frame 70 (refer to Fig. 4(b)). Next,_the frame 70 to which the | arge-size
sheet 31PF8saphl IEEI s QN F8¢dPPn2R B §eFrodml i preFakectr éatment i s
conducted in an air_atnosphere, or in an atnosphere in which air in the
dryer isftEpPAced"deth Rh FOREVingasUSed? as i tYFYSPTOMEPYon, or in an
at nosphere in which the pressure in the dryer is reduced to, 2, 000 Pa or
| ess (prBFRYERT AR PPISICYSSs OF énﬂhﬁﬂ?ﬁh%¥§ﬂﬁ¥%ﬁﬂﬁfriSPQP ¥PEs?) (refer to
Fi g. 4(0%%. The pre-bake treatnment is conducted under t@e same condi tions
as the fiPeECPPOARS dif e OBy Br S HEPR T ¥ e TR RETHEY " Be shorter
than that in the first and second produci on net hods because vol atile
componenP5°are®vol atilized fromboth surfaces of the |arge-size sheet 31
Thus, the amount of volatile conponents in the |arge-size sheet 31 is
reduced. Next, the plate 22 and the cooling plate 28 are prepared (refer to
Fig. 5(a)). ortion .of t | arge-si ze sheet 31, the portion covering the
openi ng %%5e€}8§?ﬁf%ékﬁﬁ§'f&?qrgwggﬁ%mjched between the plate 22 and the
cool i ng 28 (r.efer, t i b . | ar.ge- Si .sheet LS. then cut
al ong thibg%?kr e &gtoﬁ %%egcgg??%g%% %(gﬁﬁbgﬁgﬁhgbéﬁﬁggl%rﬁgﬂ%¢%E}£heet 31
is formed_] ondi 2 : I %&ﬁg ) ting
st acked 8%§£§%§%$§%géﬂ?ﬁ§§ﬁ%%§%_Pgé?é?%ﬁ%grééﬁﬁf' ag,hgnggﬁéhgzg% %ﬁaced in
an autocg§§gﬁr3g%aggéugﬁﬂ%kp%%y in the heat-resistant resin bag is treated

a

for sever ours under pressure and heat. Thus, an electrostatic chuck 20

|5 obtained (£gfer; L fihesdedh) ank 00 Fa, ! /198 Al irs rehURkensd

obtained by the first to third producion nethods were heated in a vacuum

envi r onngpt pebal@hParite 11206 5505 £ 300chQUE S20 The anount of change in the
wei ght per square centineter of the bonding sheet was 25 g/cm (where the

unit is mcr o @AM PenSGURES «&BNhhaRbEY Bfews hondBG S| kaeehdonetBSS, and
no bubbles were generated at a bonded I nterface between the plate 22 and

t he bondbAgpsbeetidy a@ndkladendedrint enfiseexdet ween the cooling plate 28
and the bondi ng sheet 32. [0032] Next, a method of producing a showerhead 60

w || be descrried.4 Thelsfieweehkpadnaocanvbevpradinced; itheaddéesdangetw t h any
of the first to third nmethods of producing an electrostatic chuck 20.
[ 0033] Fi ofta whies anegitdad iniprodoe ingden oél ectoase atier ehaick 20.
Fig. 5 includes explanatory views showing the second half
of the third method of producing an electrostatic chuck 20.
Fig. 6 is a graph showing an example of a temperature
history of a pre-bake treatment.
Fig. 7 is a graph showing an example of a temperature
history of a pre-bake treatment.
Fig. 8 includes chartse showing analytical results of gas

chromatography-mass spectrometry (GC-MS) of gas components.

Fig. 9 i1s a graph showing a relationship between the

16



shower head 60 is produced in accordance wth the first nethod of producing
an electrostatic chuck 20 (refer to Fig. 2). First, a ceramc plate 62, a
netal electrode plate 64, and a doubl e-si ded adhesi ve bondi ng sheet 66
conposed of a resin are prepared. The bondi ng sheet 66 is a sheet simlar
to the bonding sheet 32. Holes are formed through the plate 62, the netal
el ectrode plate 64, and the bonding sheet 66 in advance at positions
corresponding to small holes 60a. Next, the bonding sheet 66 is applied
ont o t heehapegd dliast foom phat etaat sof t¢pntnHe 2Rg égeaﬁ@oﬁlﬂ’f— grePkfith each
other. Next, the netal electrode plate 64 to which the bonding sheet 66 is
appl i ed ?5 th Rl&FLHH CaP@FpEr, and the above-described pre-bake treatnent
is conducted in an air atnosphere, or in an atnosphere in which air in the
dryer is repli&Eced Wi tF andraeht SHaeingich %aﬁilppégéﬁ BEtYRFO%r in an
at nosphere in which the pressure in the dryer is reduced to 2,000 Pa or
| ess (pretarsyl - ife ﬁéoﬁrtp@s%Faﬁﬁdoﬁrﬁ%Pﬁgﬁgé?ﬁ%F S02§ORAT PT | AL The
anount of vol atile caonponents in the bonding sheet 66 is reduced by this
pr e- baket rieift RMCE XAt BPWERe pre-bake treatnent, the plate 62 is stacked
on the bondi ng sheet 66, which is applied to the netal electrode plate 64,
so that the holes are aligned with each other. The resulting stacked body
the resin bag is then

50t . re aligned with ea

ner et | Py Bt o By CPEANCP GO het B LIt he bag. The st acked body
dth talni the stacked bod ol her i

At ocl avEI LT ar SRS PR RLTEATE 8 sl BeS . LBIREHF 0o 20 e

e ek TSk fin S ITRE" BElLe AOE 1o A Bl AN chRe ok EpaLEL ire of the

1
pr e- bake Treatment. é shower héa 'S obtal ne xt, a

descri pty i 1d_ he Qf _a. [ e : r .S produced in
accordan%gghj HH%E%<§§%§5§eﬁ§§ﬁ§§f0¥@%$gﬁﬁgﬁh anggﬁggggégtatic chuck 20
(refer t i - Eir e I [0 d a
double-s?ﬁgg&gﬁﬁggfgg boﬁd?%ggghe%?g%%g%%ﬁ%%ggﬁlgghg ggs?ﬁagﬁgﬁﬁgéﬁgred.
The bondj é%gg% i e i m ndi ng sheet 32. Holes are
f or med t%P%ﬂgh tEgﬁgié?%éﬁzégt%gan§1%ﬁ6gﬁégf%%é§pplate 64, and the bondi ng
sheet 66 hth dvaneg sabwROSht+9HS £OrNRSRARMRIpEB8c88BLhghabes - HAa Next,

t he bonding sheet 66 is applied onto the plate 82 so that the holes are

al i gned vt mepgdepthaferalext, gt heapl at @nfidid 1Wihgh chiaeobendbngrisheet 66
is applied is placed in a dryer, and the above-descri bed pre-bake treatnent
i s condugheshidl afradidurat BFSRREER, c8h bd @thttdms)esad anwhi ch air in the
dryer is replaced with an inert gas such as nitrogen or argon, or in an

at nospheg®eedfrodihi d ke ssueadi 8 shewslriyerd is0 reducedet ar2a0985Pa or

| ess (preferably 10 Pa or less, and nore preferably 0.1 Pa or less). The
amount ofnviohatdhamieonpenents in the bonding sheet 66 is reduced by this
pre-bake treatnent. After the pre-bake treatnent, the netal el ectrode plate
64 i s stacked on tihe bhadbag theed G&Hfiwhimdd is© &ppki edreactdmet pfag e 62, so
that the holes are aligned with each other. The resulting stacked body is
pl aced i pam beatupresiest dromr espasbagppandedtsh tifert pltdeedhiowegheadt ¢l ave.
The stacked body in the heat-resistant resin bag is treated for several
hours unaed phressurarraid ressurghas, théeckdnvenr Headad0 bes rebraeaeto

[ 0035] Next, a description wll be made of a case where a showerhead 60 is
pr oduceda i predeforuzimssl wiegireehe it MREHURERHW ¢f VRBEUC bHgrafoenectedst ati c
chuck 20 (refer to Figs. 4 and 5). First, a frame which is a board having
an openi g FAVVRFUFIE Fapdtdhdpe as a bondi ng sheet 66, and a doubl e-si ded
adhesi ve | arge-size sheet (sheet having a size _|arger than the bonding
sheet 66)9¢dhbosedhsr ederespPataEec p? &P imsleslesr @8 PoRRBA2E hiligh t he

| ar ge- si ze sheet in advance at positions_corresponding to small hol es 60a.
Next, thea]ARRLSiMCE Bt ¢ gppired Gater ttheT RES Y eChEE FRe?l ar ge- si ze
sheet covers the opening of the frane. Next, the frane to which the

| ar ge- si PEAPR TSI i 8d POLpRIcRYAFR 28 dHiRROSeth Pt hbeapEVETSS

face of the plate 22 and functioning as a supporting base, and

i1



descri bed pre-bake treatnent is conducted in an air atnosphere, or in an

at nosphere in which air in the dryer is replaced wiwth an inert gas such as
nitrogen or argon, or in an atnosphere in which the pressure in the dryer
is reduced to 2,000 Pa or less (preferably 10 Pa or |ess, and nore
preferably 1 Pa or |less). However, the treatnent tine may be shorter than
that in the first and second produci on net hods. Thus, the anpbunt of

vol atil e conponents in the |arge-size sheet is reduced. Next, a plate 62
and a ned PO H@etpPat Ehsd herdpridparddteA2gotei BReofoPhEd ar ge- si ze
sheet, the portion covering the opening of the franme, is sandw ched between
the pl atRl&R afit the netal el ectrode plate 64 so that the holes formed in
the respective conponents are aligned with the correspondi ng hol es. The

| ar ge- si E&%%Heet iT8St ReALBUEZ al By FIRE GHEEFIeFEE2BEC t HERRIIAT el ectrode

pl ate 64. Thus, the |arge-size sheet is fornmed into a bonding sheet 66. The
resul ti n%a‘é%%ﬁzlé‘ecﬁb@é’dalgé PPEELEN| P - e AUGSES IS AHI L FESRRE bR TSd i s then

pl aced in an autocl ave,, The stacked body in the heat-resistant resin bag is
breated P81 So GO T GHPECERICPT pf cURt s BARE BaP L FAGS, 28 he® shover head 60

o SRS O e 00, L 8, e TeL o, oL Ol B S pel gLt
contact ar &etmeen th gl tg.22 nd th 00l_i plate 28 and the contact
ar ea bet%@éﬁb Fe B & cgf 3%8 %ﬁeeﬂ%f%ﬁo§§ Ct FOde 2plFEEeSE3"t0 not decr ease,
d iati in the. bandi t h aof th t f .not
and var LB IR CORILRE Sihendill oh hppspntact putRse e uot

sheet 32, isuligal e JRAGAREC, LA YASHUILSQ. A LR LBINgS gy agpunt of

vol atile nponent’s in the ndi ng shee and the
coolin r d t t Kopr r eat .
Accord?H%h@?ggggﬁ?ﬁﬁbﬁgﬁ%ggggsﬁgvgﬁg§%$%§$rgg#éﬁ#%%gﬁugéi%%yfgmﬁggg at high
te”peraté”&frecgﬁ-g: TP BgReLat ed EﬁPé“él*Ecé%Qﬂ%‘%‘a’E&cSQ?é&t%cﬂ%a@@, bubbl es

are not generate etween the plate 22 and the bonding sheet 32 or between

the cool i1g P &d:e 128 And ehe rBorde “Qaééhef}ilgczi-ng“%u%fé%éubé,bgsdecr ease in

the contact area between the plate 22 and the cooling plate does not

occur anghyBridt iR iloh tRecNgAdh NBoRESHFIONIRRGEE AT @ BBhngenekakes, and thus
the tenperature uniformty of the wafer Wsubjected to suction is

sati sf actofye. FupbheraDegsind @antagylliicagibheckeaner ai ter Budhatwaf er Wto
be constant, the electric power supplied to the resistance heating el enent
26 is stabitaged crandithus ohheft enpesatar e cantuhel wederbpleashdy perforned.
These advantages can also be simlarly achieved in the showerhead 60.

Fur t her nptiefada 2heycase elicthenelectedsiwid ¢ Thacke20sternenatadngas does
not adhere to the surface of the plate 22, and thus the responsi veness of
app! yi ngesamdntored dsarfdrmebeasi agpdtieemwaf efortWecampie , sahi shacsloapd y

mai ntai ned. [0037]In the first and second net hods of producing an

el ect r ostvfta csioigiek 2Oishy etabkeesconponerites @r=d stelnakei heaedngr om one
surface of the bonding sheet 32 during the pre-bake treatnent. On the other
hand, i neldreentizda i cducthiosd eyemodhevehatlreeseoiponent stla eoladieatdd.i zed
fromboth surfaces of the |arge-size sheet 31, and thus the pre-bake

t r eat nentheyarm b ldagsl disedPbhaladshbhe resestarities hgeitingaksemappl2®s to the
shower head 60. [0038]It is to be understood that the present invention is
not | i m geiErTa-ashdieaihd Meatsthesvafeed’ abdhe, vahBagancde beypranesded in
various enbodi nents wi thout departing fromthe technical scope of the :
present tavie ikHP1gte0Te] heathag apbseeibifivdm Pargshapedt EesPEea s chuck

20
{not shown) extending from the reverse face of the cooling

plate 28 to each end of the resistance heating element 26. In
the case where the plate 22 is formed of alumina, the plate 22

functions as a Coulomb-type electrostatic chuck because of a

12



including a plate 22 having a resistance heating elenent 26 therein is
used. However, this resistance heating elenent 26 may be omtted. Al so, a
shower head 60 including a netal el ectrode plate 64 having a sheath heater
65 therein is used in the above enbodi ments. However, this sheath heater 65
may be omtted. [0040]In the above enbodi nents, bondi ng sheets conposed of
an acrylic resin or a silicone resin are exenplified as the bondi ng sheets
32 and 66, and conditions of the pre-bake treatnent of the bonding sheets
have beelldeseriuned nesigetaity Af telbwWatndel ¥ BBATHYE saks tenposed of
other resins may be used._ In such a case, conditions of the pre-bake

treat nenE’li‘%%c%ydsg theemeRe 8E ne hEME B &+ it W -atdiet RéaERed? nEHRCE IR
suitable for the resins are determ ned in advance by experinents.

Speci f i c&F |, JAN RS EATHES - FHPEXaHpT esP P oW 9&“F5I§?F6H§ﬁi%h%nnng t he
treatnment fenperature, the treatnent tine,,L and the appearance of bonded
i nt er f acEP¥ENy. LeFYRE L9dEYr Pénd u%%“%ﬁlb@a% éﬁcéOHFESEB%?aW%%)Oan

exam ned jn advance, and the conditions are then determ ned. Exanples

[ 0041] ReF € &t% Exanpl e Gas conponents generated from a bondi ng sheet

conposed n acrylic resin re l.yzed dynam ¢ headspace- gas
chr omat o{ﬁ)éi?pﬁy- na%esﬁ?@eﬁ%gre{é\f t? %—J&ﬁl\@?%cﬁg‘é@?&cﬁf‘ﬂ%rﬁy bondi ng sheet
conposed_of an c%al i.c resin_wa aced in a chC nber, and the chanber was

. Pl

evacuat ef TR h WG EnPSERE .l]QPSu%% luoenntciny Ph&YERanber was heat ed to a

det ] 0C,...80 100G, 120C), d '
Cuppl i oct PR SRR PHEReLty i a3y SaaBeref oo, o b e 5 e

| 1 ect ; t d t th
anal yzed by Hao A e A e e LB BkE suEPRe O N T B, 2pact
(B 70 £Y)eMas ply e4ea%,, 80, | QNLASLLONATRI0Y 3.t BE FASS SPeGld OBt er.
Fig. 8 includes charts show ng the analytical results. Fig. 8 shows that

the gas Spopo ts n f IS i h i rocar bon
conmpounds. [08%‘] Egg%p(lggé%% ISeiljé{eec(;{ ? 08:tlglt%iﬂghgﬁugkg?%lgﬁhfcrﬁ%ﬁlnglﬂé#ﬂna pl ate

22 havipg @ dhaet@lich &f c281iAY A0Gidnt HSkRessak 3RS banded to an
al um num (Al) cooling plate 28 having a di aneter of 297 mmand a

t hi cknessy odn 18.daprMiit f&o%niﬁgrﬁhie (€&t NstkaRdi R rhegte32 havig a

t hi ckness of 0.15 mm was produced as an exanple of an electrostatic chuck
20. Thi scebeiig asddhint paltuck 029s Wasrie@dutsd d:anpdeqr daneBe Wekdpd her first
produci on net hod descri bed above. Specifically, a bonding sheet 66 was
appl i ed ®néinghe Austoeti-dgepbat End8, tiadn o e ke utr pakseat was t hen
conducted. In the pre-bake treatnent, the tenperature was increased at a
rate of S2€digh rche spediral shivfaaseot ntdi adoliey pleseure . washa educed to 10
Pa or | ess. Wien the tenperature reached 120C, the tenperature was

cont r ol | edblind e lears antl safidxeadi hod ah neck tadm RGEafcer oZ0theuckambdue
tenperature was then decreased at a rate of 4C/ h. The cooling plate 28 to
whi ch t hie2 beidh dgpldtzedinod6 shawn applltas wadet Wonlboatedt tos tadtel pldiuek2?2.
Specifically, the cooling plate 28 and the plate 22 were aligned with and
t enpor ar20 yishonidgel tiq dhiehcbember add therogsakivagrirsgporer ishowyonded body
was then placed in a heat-resistant resin bag. The resin bag was degassed
until tHeapresanmwnged ba bhg absPredie aebrtoion @oQOvVRdedr ohetke @witkmas t hen
seal ed. Next, the tenporarily bonded body and the bag containing the

t enpor ar¢1scHeRiENdSodf MieeCconbjestREEED 28 boRBENProbRet Hee Himdans

autocl ave by a treatnment under pressure and heat. The bondi ng treat nent
under prE2SiFE Sh@shERt RasceBhatet Bae ufriEr ttherdomdrteshs BRe100C and a

pressure of_ 14 MPa for four hours. _
cooling plate 28 from a plasma during the plasma treatment of

the wafer W. The protective ring can be replaced according to
need. Examples of the material of the protective ring include

quartz, alumina, and metal silicon.
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[ 0043] Conpar ati ve Exanple 1 The el ectrostatic chuck 20 of Exanple 1
was produced by an existing nethod. Specifically, the electrostatic chuck
20 was produced by the sane nmethod as in Exanple 1 except that the pre-bake
treatment in Exanple 1 was not perforned. [0044]Confirmation of effect of
Exanmpl e 1 and Conparative Exanple 1 The el ectrostatic chucks 20 of
Exanple 1 and Conparative Exanple 1 were each placed in a chanber 12 as
shown in Fig. 1, and a test for confirmng the effect was conducted. A
certain &8®hk of TheobPnginat eheelt AUbASwds laygs bPenfiew the PG5S i2Rg nmedi um
path 30 of the cooling plate 28 of the electrostatic chuck 20, and an

el ectri ctPoves RELiWHEILREE £6-a ThesiBttaic 8 1RERERROE! Bhemo i NWuri ed in
the plate 22. Thus, the electric power supplied to the resistance heating
el enent PReflas3toit 19 Ed™§oaehhbet At rd e teemedr 206r &°88Tt he plate 22
becanme a predeterm ned tenperature (90C in Exanple 1 and 80C i n Conparative
Exanpl e $)riate Qi@ 1Pefperatifetbt PHeEDIHRIFSTWES FBESHPRE by

bringing a thernocoyple into contact with the center of the plate 22.
Accor di n@u*'F%a"E%éD#éﬁ'tﬂ {90 &Pﬁepﬁlﬁ% Bour SPFoRPPHENYt B¢ Tt rol, the

el ectric power s decreased. by close to 20%:i, rative ampl e 1,
Thor ot FREISFHE Tt Sodier ke’ HEEREERLY GyF iy BB Iov104 FrtRatp o 1.

th h th det ' t t hi gher... .Fig. .9 sh th | t

of this PLRESSTH STLIHIGATN ERE BeRt 1o potbr S FERRE BIBBI o5 are
t .t bonded. .int heat .t f t h | ate 22

and t he SBOTT ritf ptate 2 eE 8o Recbs Do Sl CT&poarH ekl [y i n

the case yhere,@ ogid aldl LISkl Leoponer, | S.aumnld qdd . Lag phanpery. the

surface Penpera ureof "t he plat o ché%ges SO to rncreasé 1n a portion

of the bBQ@.ed iy %%eaw@ﬁ{ig%{%f%@' %c%ﬁeiﬂegﬁrﬂ-ﬁﬁgc%f% they e, the

bubbl es are unevenly genera i'n1he ane, and the surface tenperature

di stributj I Wh t 4 h

| stribution, of xp.;?}e%s%%ecgﬁagﬁg%%.e gx'f%et ﬁgng‘lig{?gé%éf e3prid he

tenperature distribution of the sur changes, the

reactivepﬁﬁ%w&%m RPSFR 51 9Bk cantdyi changes:16epsequenthy, for

exanpl e, e etching rate in an etching step varies in the plane of a

vaf er, regdl th Gkidkf HeaiRAsSniiinthenybel sh of s ddeas111,0948] +H digler to
confirmthe above phenonenon, the €électric power supplied to the resistance
heating ghenment 26 was controlled so that the surface tenperature of each
of the electrostatic chucks 20 of Exanple 1 and Conparative Exanple 1
becanme 656p28nd t et erpeeahdsg €bsiméhuddom @fiddhiensgetiacerahieach of the
el ectrostati c chucks 20 was neasured. In Exanple 1, the highest tenperature
was 66. 2f]latdest awasd fdcanpepalytiagwasd6di sferdiey avefcageahenpasatdr e was
64. 6C, and the tenperature range (= the highest tenperature - the | owest

t enper at the) casbar 72, lan tCufparatli ven&Exanpbed nettdle dlieghestiet phges at ur e
was 66.3C, the | owest tenperature was 62. 7C, the average tenperature was
64. 8C, aad filwectbmperatas err apper( eléherbiighbst denpertdigr e plabmwal owest
tenperature) was 3.6C. There was no difference between Exanple 1 and
Conpar at &né &xaonpd ondl . shSgss égubnhbyngt hee spitdtae 62 dpabhat mesadi stri buti on
of the plate 22 after 300 hours fromthe start of control was exam ned. In
Exanpl e ¢letheodrd ghieste tednpehap luea sy 66 40altlhéollewesbat pepetatung was
62. 5C, the average tenperature was 64.8C, and the tenperature range (= the
hi ghest tknpediatihe platdwe d2owede benpenat shegt ves JMGCthenmesalrast, in
Conpar ative Exanple 1, the highest tenperature was 67.7C, the | owest

t enper at 6tecwards Nt e thfe 18y Ehgguerehpet s iFeCiia 65el groyadethen
tenperature range was 5.4C. These results show that the tenperature

uni f or m £feofhevrrhnad &2 The BRaipl S Uecia st FPECas4coRparer vit t h

Conpar ati ve Exanpl e 1. _ , )
sheath heater 65 therein. This sheath heater 65 i1s formed over

the entire surface of the metal electrode plate 64 in the

shape of a single brush stroke. This bonding sheet 66 1is
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[ 0046] Exanpl e 2 A showerhead including a silicon carbide (SiC) plate
62 having a dianeter ? of 430 mm and a thickness of 4 mmand a net al

el ectrode plate 64 conposed of alum num (Al), having a tapered outer
circunference with a dianmeter ? of one surface of 430 mm and a di aneter ?
of another surface of 450 mm and having a thickness of 20 mm the plate 62
and the netal electrode plate 64 being bonded to each other with a silicone
resin bondi ng sheet 66 having a thickness of 0.25 nm_therebetween, was

pr oducedsabiaftes il e wfe-dadodrhereNBode I tethdledews0asehBfnhad a
dianeter ? of 0.1 and the distance between adjacent snall hol es 60a was
4 mm ThV8CEHBwet 18D A apfoditlc BRIFR Bk drehiew iheRtt AE $&8cond
produci on nmet hod descri bed above. Specifically, the banding sheet 66 was
appl i ed SRAPEWIRRSS keiadre 6 PARGSaCpr 32Pake R ImSHE RS BhRhA EDNnduct ed.
In the pre-bake treatnent, the t erature of th | ate 62 was increased at
arate 0F410E?hpi%c éﬁb@FhP“FﬁFﬁﬁ E'iﬁn@h?%?PTﬁi‘E?%?éﬁ?@sﬁHEEr%H%ced to

cont rol | BiaEo BESCORSEIAE. SRGChef b HF e A r30CoPBPosBaBEr el The
bondi ng. EREELL86T0RE" dipia G MEETENBREBENIATS SPHE-ERRI O8I Bt rode pl ate
bondi ng 6 I h nd | el €Ctrode plate
64. Specifically, t pl 6 d.th tal _elect | at e, 64

o amec i ERARY Ao R BB Eo R BT ERSY 25 Bhahalh v
roorn bag uab oAl Rl W HonRe R, Bttt g RS e el v oo”
Pa or le S n .ed. , ; rari) and the
bag cont%ﬁﬁ?ﬁggt e'tg%%ofégﬁbﬁgb%%%%% %%gﬁ“aggggzﬁbfgé%gggﬁﬁg% o%ding

t oget her ohpnan, A OGhAY QiR of LBRNTRA! nutieh PEGSSUALAR] hedly) The

bondi ng PFeat ment “under pressure an eat was conducted under tﬁe

[0047] Congarati e Brare otz ol oie e e, BEarE=s e

pr oduced By 1 #Aq exi Std Nes MR hodhe iSpeeklf bealhys 4 heeshower head 6A;uAs
produced by the sane nethod as in Exanple 2 except that the pre-bake

treatment gi By @ﬂ@&efz?qrﬂ\ﬁc%é‘%sp%hgﬁﬂﬁ}eﬂath[Q@%Mﬂéﬂ@ epcof effect of
npl e The shower heads 60 of Exanple 2

Exanpl e 2 and npar ati ve Exa
and Conpahahb¥ye Exapmtsuch WeiRseashdphgcpdriior Thamiersubplskawoi n Fig. 1,
and a test for confirmng the effect was conducted. The showerhead 60 was
ar rangedtaadshaxedhsped hada tdte tuppehosdtrhese of the umt alisehesticods pl ate
64 contacted a cooling plate 68 attached to the chanber 12. Next, a certain
amount opachsl 7ag water at 60C was made to flow in a cooling mediumpath 72
of the cooling plate 68, and an electric power was supplied to a sheath
heat er 630basi ed iNexthe ameeabmplectf otes phat eoB4Lhelmlssmbhpretesting power
supplied to the sheath heater 65 was controlled so that the surface

t enper at appapitusel pllmeimgy thee abboeechoiilgétabbramei 90Ce Tescsdabkdce
tenperature of the plate was neasured by a thernocouple fixed to the
surface &firshe plaveling medicer aviod ebohd, 2 apdedeiseusietd dremperatenper at ur e
control. According to the results, after 70 hours fromthe start of

control, (e ekeupléc Joudr widd decesasedabycedshing Corpar@oty shewahpl e 2,
whereas the electric power was decreased by only about 3% in Exanple 2.

Fig. 10 $Hosbrewbatred throush tthies coedingThediwhapidls B Q m@del7@ct ri ¢ power
shows that the tenperature of the surface of the plate 62 of the showerhead
60 si gni Freaatgnehanddys vsd&di #i dal PyachBednt Bee Hexlfier sg@cingom t he pl asma
and the tenperature of the surface of the plate 62 change, the reactive
speci es FHrEAeepPasth Sy @ar-y THAMRESSEEhdeqidst Chambsr ¥xakpl e, the

etchin
g reduced by a vacuum pump so that the degree of vacuum in the

chamber 12 is adjusted to a predetermined value. A direct-

current voltage is applied to the electrostatic electrode 24
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rate in an etching step varies in the plane of a wafer, resulting in a
decrease in the yield of devices. In fact, the yield (percentage of the
nunber of acceptable products to the total nunber of products) in the
etching step in Conparative Exanple 2 was 88% whereas the yield was 99% or
nore in Exanple 2. [0049] Exam nati on of pre-bake conditions of acrylic
resin sheet A surface of a doubl e-sided adhesi ve bondi ng sheet
conposed of an acrylic resin was applied onto a transparent gl ass plate,
whi ch wa§cadeigrytofa £PHemd FPTreR eredt YOI Raheek foTRE EPamdPar ent
glass plate was placed in a vacuumdryer in a state in which the other
surface &hetwef®oriliiy Siest tWa§h§xH6¥%H,P]aﬁﬁjlpt%e?Ud?fé’§§u?é PH the dryer was
reduced to 10 Pa or less (7 to 8 Pa). A pre-bake treatnment was then

conduct e8PPEBERT fFEA ISR - hEEEF ngt RS> CRTRGTEd 1in 888 FRaMe®hdi4 i'dhs of each
treatnment tenperature and each treatnment tinme shown in Tagle 1 belgw whi | e

mai nt ai nFRBEFATEEHrIR KT & TRPCEATENEA R REBARR ST AénPredRbERRINe

1 anepal ChdSLass P AL Lo a2, Uy Of 8 001G, 8,2kt Pl aced
T LY U0 ket 1 SheShie e LSTULLY g LSTPRLST Y bonded
rea 1 cokai s ool e, IR s ekl od AR e Shoales,
rag vas <IeDPLASSHL U #L SRS, Lo BN Sl 10

ansparoBt L ogmBlal cn, EoHRNSO-(g Sachop "oy WD LHE-ABNGD shec

t her ebet ween. onding per nce at ace between

h gl I i - I h
cach ol a55ehl he aldL.diegbondgcsosel 16 gbsereds The resul s are shown

in Table As shown abl et , I'n the pre-bake

LRk B el 0, BhalLOE gl hepiibanslag s oabygleelor 1

performe However, at 140C, separa urre
bondi ng pgr £ AE NBNCE: Mas: NAle $aklsh-BaE0sY. [0Q20hLakke1], the nigh-Treatnent

Treatnmen Ti ne Tenperature 10hrs 15hrs 20hrs 30hrs
frequency voltage may be applied to the cooling plate 28
instead of the electrostatic electrode 24. The surface of the
wafer W is etched by the generated plasma. In this step, the
temperature cof the wafer W is controlled to be constant by
adjusting the electrical energy supplied to the resistance
heating element 26 or by adjusting the flow rate of the
cooling medium circulating through the cooling medium path 30
of the cooling plate 28. Furthermore, the temperature of the
showerhead 60 is controlied to be constant by adjusting the
electrical energy supplied to the sheath heater 65 or by
adjusting the flow rate of the cooling medium circulating
through the cooling medium path 72 of the cooling plate 68.

[0027] Next, methods of producing an electrostatic chuck 20

will be described. Fig. 2 includes explanatory views showing a
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40hrs 110C Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory
120C Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory

first method of producing an electrostatic chuck 20. Fig. 3
includes explanatory views showing a second method of
producing an electrostatic chuck 20. Figs. 4 and 5 include
explanatory views showing a third method of producing an
electrostatic chuck 20.

[0028] First, the first producion method will be described
with reference to the explanatory views of Fig. 2. First, a
plate 22, a cooling plate 28, and a double-sided adhesive
bonding sheet 32 composed of a resin are prepare.d (refer to
Fig. 2{a)). A bonding sheet having the same shape as the lower
surface of the plate 22 and the upper surface of the cooling
plate 28 ig prepared as the bonding sheet 32. Next, the
bonding sheet 32 is applied onto the upper surface of the
cooling plate 28 (refer to Fig. 2(b)). Subsequently, the
cooling plate 28 to which the bonding sheet 32 is appiied is
placed in a dryer, and a pre-bake treatment is conducted in an
air atmosphere, or in an atmosphere in which air in the drver
is replaced with an inert gas such as nitrogen or argon, or in
an atmosphere in which the pressure in the dryer is reduced to
2,000 Pa or less {preferably 10 Pa or less, and more
preferably 1 Pa or less) (refer to Fig. 2(c}). In the case
where the bonding sheet 32 is composed of an acrylic resin,
the pre-bake treatment is conducted at 120°C to 130°C foxr 15
to 30 hours, and natural cooling is then conducted in the
dryer. Fig. 6 shows an example of a temperature history of

this case. On the other hand, in the case where the bonding
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130C Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory 140C
Unsati sfactory Unsatisfactory Unsatisfactory Unsatisfactory Unsatisfactory

sheet 32 is composed of a silicone resin, the pre-bake
treatment is conducted at 140°C to 170°C for 15 to 30 hours,
and natural cooling is then conducted in the dryer in a vacuum.
Fig. 7 shows an example of a temperature history of this case.
The amount of volatile components in the bonding sheet 32 is
reduced by this pre-bake treatment. After the pre-bake
treatment, the plate 22 ig stacked on the bonding sheet 32 so
that the lower surface of the plate 22 is aligned with the
upper surface of the bonding sheet 32 applied onto the ccoling
plate 28 (refer to Fig. 2(d})). The resulting stacked body is
placed in a heat-resistant resin bag, and is then placed in an
autoclave. The stacked body in the heat-resistant resin bag is
treated for 3 to 6 hours at a pressure of 10 to 20 MPa under
heating at a temperature 10°C tc 30°C lower than the
temperature of the pre-bake treatment. Thus, the plate 22 is
closely bonded to the cooling plate 28, with the bonding sheet
32 therebetween, to obtain an electrostatic chuck 20 (refer to
Fig. 2(e)).

[0029] Next, the second producion method will be described
with reference to the explanatory views of Fig. 3. First, a
plate 22, a cooling plate 28, and a double-gsided adhesive
bonding sheet 32 compogsed of a resin are prepared {(refer to
Fig. 3(a)). A bonding sheet similar to that used in the first
producion method ig prepared as the bonding sheet 32. Next,
the bonding sheet 32 is applied onto the lower surface of the

plate 22 (refer to Fig. 3(b}). Next, the plate 22 to which the

18



[ 0051] Next, the gl ass-gl ass bonded body obtai ned as descri bed above was
heated at 120C at 100 Pa for 300 hours, and the presence or absence of
defects (presence or absence of bubbles) at the bonded interface between
each glass plate and the bondi ng sheet was exam ned (evaluation test). The
results are shown in Table 2 below. Furthernore, an Al plate-Al plate
bonded body was prepared by using Al plates instead of the transparent
glass plates in accordance with the above nethod of producing the

gl ass- gl eerdhddehody, landral EP@dntge RrRqaste 17t ReAFHPET c oM iIRHYY was
exam ned. The results are shown in Table 3 below. The thernmal conductivity

was meastdle’l PEatetedf FPBANARRRr iBshad { B "REPBRYENce WHE 1] S- A1412,
ASTMC518, and 1 S08301). Each of ,the nunerical val ues &0/2\7 shown jn Table 3
is a chahgePTRISHS of thdChaPte HRaSHF HFYFY Jr° tFE18660eYHER 31 pETt

eval uation test to a .reference val ue neasured i mmedi ﬁt el y,after producing
the Al p¥at Ut ASafe CEEHERICh oy IORe ¥t rithg™t G HREPIBEGI 3 @W(ﬂﬁ in Tabl es
2 and 3, _,in the case where the acrylic.resin b n%i g.sheet_is used, the
L1 eat monE™t SIS 48 SHE TRESTr LA TRHORT s 2 0Un ByoLyhBEF 0 i h Tabl e 4
are suitable for the pre-bake conditions. Pree;fbak conditions. of a
Lr oat men(PTSIPAILAS B STocott: 13UE HRE BT EAERENt Lt PRebf 19 hour s al so
provi ded, sa isfactgor results.  However, .thes - bake conditiaons are not
pr ef er abl & Hecdits %9yhe3$‘f’z t mentS e g eu%ﬁ%%gégﬁgi %é:%l{lnégﬂétte%er eby
decreasin raductjvity. [z;lgg 2] Table 2 . r ea n Tinme
Termer at At ontt e Fen g ahA0R S ira progtetBhRBtaddcauRE]

the amount of volatile components in the bonding sheet 32 is

reduced. After the pre-bake treatment, the plate 22 is stacked

on the cooling plate 28 so that the upper surface of the

cooling plate 28 is aligned with the lower surface of the

bonding sheet 32, which is applied onto the plate 22 (refer to

Fig. 3(d)). The resulting stacked body is placed in a heat-

resistant resgin bag, and is then placed in an autoclave. The

stacked body in the heat-resistant resin bag is treated for

several hours under pressure and heat. Thus, an electrostatic

chuck 20 is obtained {(refer to Fig. 3{(e)).

[0030] Next, the third producion method will be described

with reference to the explanatory views of Figs. 4 and 5.

First, a frame 70 which is a board having an opening 70a

having the same shape as a bonding sheet 32, and a double-

sided adhesive large-gize sheet 31 composed of a resin are

prepared (refer to Fig. 4(a)). A sheet having a size larger

than the lower surface of a plate 22 and the upper surface of

a cooling plate 28 is prepared as the large-size sheet 31.
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Bubbl es present Bubbl es present Bubbl es present Bubbl es present No defect
120C Bubbl es present No defect

Next, the large-size sheet 31 is applied onto the frame 70 so
that the large-size sheet 31 covers the opening 70z of the
frame 70 {(refer to Fig. 4(b)). Next, the frame 70 to which the
large-size sheet 31 is applied is placed in a dryer, and a
pre-bake treatment is conducted in an air atmosphere, or in an
atmosphere in which air in the dryer is replaced with an inert
gas such as nitrogen or argon, or in an atmosphere in which
the pressure in the dryer is reduced to 2,000 Pa or less
(preferably 10 Pa or less, and more preferably 1 Pa or less)
(refer to Fig. 4{(c)). The pre-bake treatment is conducted
under the same conditions as the first producion method.
However, the treatment time may be shorter than that in the
first and second producion methods because volatile components
are volatilized from both surfaces of the large-size sheet 31.
Thus, the amcunt of volatile components in the large-size
sheet 31 is reduced. Next, the plate 22 and the cooling plate
28 are prepared (refer to Fig. 5{(a)). A portion of the large-
size sheet 31, the portion covering the opening 70a of the
frame 70, is sandwiched between the plate 22 and the cooling
plate 28 (refer to Fig. 5(b)). The large-size sheet 31 is then
cut along the outer edge of the cooling plate 28. Thus, the
large-size sheet 31 is formed into a bonding sheet 32 (refer
to Fig. 5(c)). The resulting stacked body is placed in a heat-
resistant resgin bag, and is then placed in an autoclave. The
stacked body in the heat-resistant resin bag is treated for

several hours under pressure and heat. Thus, an electrostatic

20



No defect No defect No defect 1 30C Bubbles present No defect No defect
defect No defect [0053]Table 3

chuck 20 is obtained (refer to Fig. 5(d)) .

[0031] The electrostatic chucks 20 obtained by the first to
third producion methods were heated in a vacuum environment of
100 Pa at 120°C for 300 hours. The amount of change in the
weight per square centimeter of the bonding sheet was 25 ug/cm?
(where the unit is microgram per square centimeter of a bonded
surface) or less, and no bubbles were generated at a bonded
interface between the plate 22 and the bonding sheet 32 and a
bonded interface between the cooling plate 28 and the bonding
sheet 32.

[0032] Next, a method of producing a showerhead 60 will be
described. The showerhead 60 can be produced in accordance
with any of the first to third methods of producing an
electrostatic chuck 20.

f0033]. First, a description will be made of a case where a
showerhead 60 is produced in accordance with the first method
of producing an electrostatic chuck 20 (refer to Fig. 2).
First, a ceramic plate 62, a metal electrode plate 64, and a
double-sided adhegive bonding sheet 66 composed of a resin are
prepared. The bonding sheet 66 is a sheet similar to the
bonding sheet 32. Holes are formed through the plate 62, the
metal electrode plate 64, and the bonding sheet 66 in advance
at positions corresponding to small holes 60a. Next, the
bonding sheet 66 is applied onto the metal electrode plate 64
so that the holeg are aligned with each other. Next, the metal

electrode plate 64 to which the bonding sheet 66 is applied is
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Treatment Treatnen Tine Tenperature 10h rs 15h rs 20hrs 30h rs 40h rs 110C
8% 8% 8% 7% 3%

placed in a dryer, and the above-described pre-bake treatment
ig conducted in an air atmosphere, or in an atmosphere in
which air in the dryer is replaced with an inert gas such as
nitrogen or argon, or in an atmosphere in which the pressure
in the dryer is reduced to 2,000 Pa or less (preferably 10 Pa
or less, and more preferably 0.1 Pa or less). The amount of
volatile components in the bonding sheet 66 is reduced by this
pre-bake treatment. After the pre-bake treatment, the plate 62
is stacked on the bonding sheet 66, which is applied to the
metal electrode plate 64, so that the holes are aligned with
each other. The resulting stacked body is placed in a heat-
registant resin bag, and the resin bag is then hermetically
sealed by reducing the pressure in the bag. The stacked body
and the bag containing the stacked body are placed together in
an autoclave, and are treated for 3 to 6 hours at a pressure
of 10 to 20 MPa under heating at a temperature 10°C to 30°C
lower than the temperature of the pre-bake treatment. Thus;
the showerhead 60 is obtained.

[0034] MNext, a description wili be made of a case where a
showerhead 60 is produced in accordance with the second method
of producing an electrostatic chuck 20 (refer to Fig. 3).
First, a plate 62, a metal electrode plate 64, and a double-
gided adhesive bonding sheet 66 composed of a resin are
prepared. The bonding sheet 66 is a sheet similar to the
bonding sheet 32. Holes are formed through the plate 62, the

metal electrode plate 64, and the bonding sheet 66 in advance
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120C 8% 3% 3% 3% 2% 130C 7% 2% 2% 2% 2%

at positions corresponding to small holes 60a. Next, the
bonding sheet 66 is applied onto the plate 62 so that the
holes are aligned with each other. Next, the plate 62 to which
the bonding sheet 66 is applied is placed in a dryer, and the
above-described pre-bake treatment is conducted in an air
atmosphere, or in an atmosphere in which air in the dryer is
replaced with an inert gas such as nitrogen or argon, or in an
atmosphere in which the pressure in the dryer ig reduced to
2,000 Pa or legs (preferably 10 Pa or less, and more
preferably 0.1 Pa or less). The amount of volatile components
in the bonding sheet 66 ig reduced by this pre-bake treatment.
After the pre-bake treatment, the metal electrode plate 64 is
stacked on the bonding sheet 66, which is applied to the plate
62, so that the holeg are aligned with each other. The
resulting stacked body is placed in a heat-resistant resin bag,
and is then placed in an autoclave. The stacked body in the
heat-resistant resin bag is treated for several hours under
pressure and heat. Thus, the showerhead 60 is obtained.

[0035] Next, a description will be made of a case where a
showerhead 60 is produced in accordance with the third method
of producing an electrostatic chuck 20 (refer to Figs. 4 and
5}. First, a frame which is a board having an opening having
the same shape as a bonding sheet 66, and a double-sided
adhesive large-size sheet (sheet having a size larger than the
bonding sheet 66} compoged of a regin are prepared. Holes are

formed through the large-size sheet in advance at positions
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[ 0054] Tabl e 4 Treatnent Treatnmen Tinme Tenperature 10hrs 15hrs
20hrs 30hrs 40hrs 110C

corresponding to small holes 60a. Next, the large-size sheet
ig applied onto the frame so that the large-size sheet covers
the opening of the frame. Next, the frame to which the large-
gize sheet is applied is placed in a dryer, and the above-
described pre-bake treatment 1s conducted in an air atmosphere,
or in an atmosphere in which air in the dryer is replaced with
an inert gas such as nitrogen or argon, or in an atmosphere in
which the pressure in the dryer is reduced to 2,000 Pa or less
(preferably 10 Pa or less, and more preferably 1 Pa or less).
However, the treatment time may be shorter than that in the
first and second producion methods. Thus, the amount of
volatile components in the large-size sheet is reduced. Next,
a plate 62 and a metal electrode plate 64 are prepared. A
portion of the large-size sheet, the portion covering the
opening of the frame, is sandwiched between the plate 62 and
the metal electrode plate 64 so that the holes formed in the
respective components are aligned with the corresponding holes.
The large-size sheet is then cut along the outer edge of the
metal electrode plate 64. Thus, the large-size sheet is formed
into a bonding sheet 66. The resulting stacked body is placed
in a heat-resistant resin bag, and is then placed in an
autoclave. The stacked body in the heat-resistant resin bag is
treated for several hours under pressure and heat. Thug, the
showerhead 60 is obtained.

[0036] According to the methods of producing an

electrostatic chuck 20 or a showerhead 60 that have been
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described in detail above, the contact area between the plate
22 and the cooling plate 28 and the contact area between the
plate 62 and the metal electrode plate 64 do not decreagse, and
variations in the bonding strength of the contact surface are
not generated. Specifically, regarding the electrostatic chuck
20, the bonding sheet 32 is heated in advance in a vacuum so
as to reduce the amount of volatile components in the bonding
sheet 32, and the plate 22 and the cooling plate 28 are then
bonded by a treatment under pressure and heat. Accordingly,
even when the resulting electrostatic chuck 20 is used at high
temperatures, gas 1s not generated frxrom the bonding sheet 32,
and bubbles are not generated between the plate 22 and the
bonding sheet 32 or between the cooling plate 28 and the
bonding sheet 32. As a result, a decrease in the contact area
between the plate 22 and the cooling plate 28 does not occur
and variations in the bonding performance are not generated,
and thus the temperature uniformity of the wafer W subjected
to suction ig satigfactory. Furthermore, in controlling the
temperature of the wafer W to be constant, the electric power
supplied to the resistance heating element 26 is stabilized,
and thus the temperature control can be easily performed.
Thege advantages can also be similarly achieved in the
showerhead 60. Furthermore, in the case of the electrostatic
chuck 20, generated gas does not adhere to the surface of the
plate 22, and thus the responsiveness of applying suction to

and releasing the wafer W can be satisfactorily maintained.
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140C [ 0055] Exam nati on of pre-bake conditions of silicone resin sheet
A surface of a doubl e-sided adhesi ve bondi ng sheet conposed of a silicone
resin was applied onto a transparent glass plate, which was a dummy of a
plate of an electrostatic chuck. The transparent glass plate was placed in
a vacuumdryer in a state in which the other surface of the bondi ng sheet
was exposed, and the pressure in the dryer was reduced to 10 Pa or less (7
to 8 Pa). A pre-bake treatnent was then conducted. Specifically, heating
was condl@®¥H undén the EbhaktrhsSIorEhEethrdst AEnPredupErhtalt e and each
treatnment_tinme shown in Table 5 bel ow while nmaintaining this pressure.
After thelPFlecdHiad G SRURENE0  aliot Akt L€ reRRAENE Gres¥Oprbt £128fhi ch was a
dummy of a cooling plate, was placed on the bonding sheet applied to the
t r anspar ERP™ PR SPECE, CAndPEeRPBIART | SR Inded U i He CEB BT AigP3feet . The

resulting tenporarily bonded bod s then placed in heat -resi stant resin
bag. Thegﬁ‘??%‘ﬂﬂiheoﬁeﬁ}f@r%@%‘f % esih t@&gtaégg&}ﬁ% teP Ji5FOfe bag was

then hernetically seal ed. The bag,was_the | aced  in _an_aut ocl ave furnace,
bng hoat BaL S L IO ETRETERt & REPor OH Lol HEH SHD ShtH ACATAPas<oh 5% bonded
body in ich the pair of transparent_glass plates are bopded to each other
ot t e T Y RESE L Adr cBBPWERIE Tt B et FIRROT BB CF Rt e ot ¢ he
bonded i nt er e het veen e ch.gl as | at e .%rtld 1_:Lhe bonfi ng she&ie was
obser ved e Fes Ut § FFE EhGHRST n TS EBTAR ERARPTHETADT & , when the

t enper atg}rlgwér etah Jy e- bake treatnment was in the range of 120C to 170C, the
bondi ng was satistactorily perfornmed. However, at 180C, separation or the

lTke occyygedh ang.thg pandlng, RErOLIPNGE AR "BleSaht SIATLA Yon 1s

not limited to the embodiments described above, and can be
implemented in various embodiments without departing from the
technical scope of the present invention.

[0039] In the above embodiments, an electrostatic chuck 20
including a plate 22 having a resistance heating element 26
therein is used. However, this resgistance heating element 26
may be omitted. Also, a showerhead 60 including a metal
electrode plate 64 having a sheath heater 65 therein is used
in the above embodiments. However, this sheath heater 65 may
be omitted.

[0040] In the above embodiments, bonding sheets composed of
an acrylic resin or a silicone resin are exemplified as the
bonding sheets 32 and 66, and conditions of the pre-bake
treatment of the bonding sheets have been described in detail.
Alternatively, bonding sheets composed of other resins may be
used. In such a case, conditions of the pre-bake treatment

{(such as the treatment temperature and the treatment time)
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[ 0056] Tabl e 5 Treatnment Treatnen Tine Tenperature 10hrs 15hrs
20hrs 30hrs 40hrs 120C Satisfactory Satisfactory Satisfactory Satisfactory

suitable for the resins are determined in advance by
experiments. Specifically, as described in Examples below, a
relationship among the treatment temperature, the treatment
time, and the appearance of a bonded interface (e.g., the
occurrence or non-occurrence of separation) is examined in

advance, and the conditions are then determined.

Examples
[oc41] Reference Example

Gas components genierated from a bonding sheet composed of
an acrylic resin were analyzed by dynamic headspace-gas
chromatography-mass spectrometry (DHS-GC-MS). Specifically, a
bonding sheet composed of an acrylic resin was placed in a
chamber, and the chamber was evacuated to a high vacuum state.
Subsequently, the chamber was heated to a predetermined
temperature (60°C, 80°C, 100°C, or 120°C), and a carrier gas
was supplied in this state at a flow rate of 500 mL/min. A
generated gas was collected on an adscrbent and concentrated,
and gas components were then analyzed by gas chromatography-
mass spectrometry (GC-MS). Electron impact (EI; 70 eV} was
employed as an ionization method of the mass spectrometer. Fig.
8 includes charts showing the analytical results. Fig. 8 shows
that the gas components generated from this bonding sheet are
mainly hydrocarbon compounds.
[0042] Example 1

An electrostatic chuck in which an alumina plate 22
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Satisfactory 160C Satisfactory Satisfactory Satisfactory Satisfactory
Sati sfactory

having a diameter ¢ of 297 mm and a thickness of 3 mm is

bonded to an aluminum (Al) cooling plate 28 having a diameter
¢ of 297 mm and a thickness of 18 mm with an acrylic resin
bonding sheet 32 having a thickness of 0.15 mm was produced as
an example of an electrostatic chuck 20. This electrostatic
chuck 20 was produced in accordance with the first producion
method described above. Specifically, a bonding sheet 66 was
applied onto the Al cooling plate 28, and a pre-bake treatment
was then conducted. In the pre-bake treatment, the temperature
was increased at a rate of 32°C/h in a special furnace in
which the pressure was reduced to 10 Pa or less. When the
temperature reached 120°C, the temperature was controlled to
be constant and maintained at 120°C for 20 hours. The
temperature was then decreased at a rate of 4°C/h. The cooling
plate 28 to which the bonding sheet 66 was applied was then
bonded to the plate 22. Specifically, the cooling plate 28 and
the plate 22 were aligned with and temporarily bonded to each
other, and the resulting temporarily bonded body was then
placed in a heat-resistant resin bag. The resin bag was
degassed until the pressure in the bag was reduced to 1,000 Pa
or less, and was then sealed. Next, the temporarily bonded
body and the bag containing the temporarily bonded body were
subjected to a bonding together in an autoclave by a treatment
under pressure and heat. The bonding treatment under pressure
and heat was conducted under the conditions of 100°C and a

pressure of 14 MPa for four hours.
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[0043] Comparative Example 1

The electrostatic chuck 20 of Example 1 was produced by
an existing method. Specifically, the electrostatic chuck 20
was produced by the same method as in Example 1 except that
the pre-bake treatment in Example 1 was not performed.
[0044] Confirmation of effeét of Example 1 and Comparative
Example 1

The electrostatic chucks 20 of Example 1 and Comparative
Example 1 were each placed in a chamber 12 as shown in Fig. 1,
and a test for confirming the effect was conducted. A certain
amount of cooling water at 45°C was made to flow in a cooling
medium path 30 of the cooling plate 28 of the electrostatic
chuck 20, and an electric power was supplied to a resistance
heating element 26 buried in the plate 22. Thus, the electric
power supplied to the resistance heating element 26 was
controlled so that the surface temperature of the plate 22
became a predetermined temperature (90°C in Example 1 and 80°C
in Comparative Example 1}. The surface temperature of the
plate 22 was measured by bringing a thermocouple into contact
with the center of the plate 22. According to the results,
after 100 hours from the gstart of control, the electric power
was decreased by close to 20% in Comparative Example 1,
whereas the electric power was decreased by only about 1% in
Example 1, though the predetermined temperature was higher.
Fig. 9 shows the results of this test. This change in the

electric power means that bubbles are generated at the bonded
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[ 0057] Next, the gl ass-gl ass bonded body obtai ned as descri bed above was
heated at 120C at 100 Pa for 300 hours, and the presence or absence of
defects (presence or absence of bubbles) at the bonded interface between
each glass plate and the bondi ng sheet was exam ned (evaluation test). The
results are shown in Table 6 below. Furthernore, an Al plate-Al plate
bonded body was prepared by using Al plates instead of the transparent

gl ass plates in accordance with the above method of producing the

gl ass- gl aB5ebbaded dulyieadndranshangesteeheitharlpdle @8natet Fiety was

exam ned. The results are shown in Table 7 below The nethod for neasuring
t he ther REPLEBAIREITS 1) AFdIeReSRURESr FedPeliednaldy shpomf¥rafdl-e 7 are
the sane as those described above. Referring to the results shown in Tabl es
6 and 7, IPnCERECRIR HATS @ CRETEILNI BLRELFESIRPONdisnF SR Edi N U, t he
treatrrent tenperatures and the treatnent tinmes shown by synbol O in Table 8
are suit SBrEPEEr e %%]%f%éeE‘BﬁHPFPB‘ﬁSOf Priee M%@ﬁd%&ﬂ@soﬁoaas
treatnment tenperature of 140C to 3;; ab iireatme t of 40 hours al so
provi dedtCatPSFaRtoriP e AN ORHEWe VRE , PP 8" gFt FBRs are not

prefer a_bh chause t he trr%(%]ge |rr§ |(;sreunmi,;lce%u?hlL >té Ionglﬁt‘per eby

decr easi RGCBFBALRES I T §Pn@ht TIEETHeh Tine

Tenper at uree%g L3 ilr? e 2p harnse 3gﬁ&5tﬁghéﬁr azc(:)eC temperature
distribution of the plate 22 changes. When the temperature or
the temperature distribution of the surface of the plate 22
changes, the reactive species in the plasma significantly
changes. Consequently, for example, the etching rate in an
etching step varies in the plane of a wafer, resulting in a
decrease in the yield of devices.
[0045] In order to confirm the above phenomenocn, the
electric power supplied to the resistance heating element 26
was controlied so that the surface temperature of each of the
electrostatic chucks 20 of Example 1 and Comparative Example 1
became 65°C, and the temperature distribution of the surface
of each of the electrostatic chucks 20 was measured. In
Example 1, the highest temperature was 66.2°C, the lowest
temperature was 62.5°C, the average temperature was 64.6°C,
and the temperature range (= the highest temperature - the
lowest temperature) was 3.7°C. In Comparative Example 1, the
highest temperature was 66.3°C, the lowest temperature was
62.7°C, the average temperature was 64.8°C, and the

temperature range (= the highest temperature - the lowest
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temperature) was 3.6°C. There was no difference between
Example 1 and Comparative Example 1. Subseguently, the surface
temperature distribution of the plate 22 after 300 hours from
the start of control was examined. In Example 1, the highest
temperature was 66.4°C, the lowest temperature was 62.5°C, the
average temperature was 64.8°C, and the temperature range (=
the highest temperature - the lowest temperature) was 3.9°C.
In contrast, in Comparative Example 1, the highest temperature
was 67.7°C, the lowest temperature was 62.3°C, the average
temperature was 65.1°C, and the temperature range was 5.4°C.
These results show that the temperature uniformity of the
plate 22 in Example 1 was stable as compared with Comparative
Example 1.
[0046] Example 2

A showerhead including a silicon carbide (SiC) plate 62
having a diameter ¢ of 430 mm and a thickness of 4 mm and a
metal electrode plate 64 composed of aluminum (Al), having a
tapered outer circumference with a diameter ¢ of one surface
of 430 mm and a diameter ¢ of another surface of 450 mm, and
having a thickness of 20 mm, the plate 62 and the metal
electrode plate 64 being bonded to each other with a silicone
resin bonding sheet 66 having a thickness of 0.25 mm
therebetween, was produced as an example of a showerhead 60.
Small holes 60a each had a diameter ¢ of 0.1 mm, and the
distance between adijacent small holes 60a was 4 mm. This

showerhead 60 was produced in accordance with the second
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producion method described above. Specifically, the bonding
sheet 66 was applied onto the SiC plate 62, and a pre-bake
treatment was then conducted. In the pre-bake treatment, the
temperature of the plate 62 was increased at a rate of 10°C/h
in a special furnace in which the pressure was reduced to 10
Pa or less. When the temperature reached 150°C, the
temperature was controlled to be constant and maintained at
150°C for 20 hours. The temperature was then decreased at a
rate of 5°C/h. The plate 62 to which the bonding sheet 66 was
applied was then bonded to the metal electrode plate 64.
Specifically, the plate 62 and the metal electrode plate 64
were aligned with and temporarily bonded to each other, and
the resulting temporarily bonded body was then placed in a
heat-resistant resin bag. The resin bag was degassed until the
pressure in the bag was reduced to 1,000 Pa or less, and was
then sealed. Next, the temporarily bonded body and the bag
containing the temporarily bonded body were subjected to a
bonding together in an autoclave by a treatment under pressure
and heat. The bonding treatment under pressure and heat was
conducted under the conditions of 100°C and a pressure of 14
atm for five hours.

[0047] Comparative Example 2

The showerhead 60 of Example 2 was produced by an

'existing method. Specifically, the showerhead 60 was produced
by the same method as in Example 2 except that the pre-bake

treatment in Example 2 was not performed.
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Treatnent Treatnmen Tinme Tenperature 10h rs 15hrs 20h rs

[0048] Confirmation of effect of Example 2 and Comparative
Example 2

The showerheads 60 of Example 2 and Comparative Example 2
were each placed in a chamber 12 shown in Fig. 1, and a test
for confirming the effect was conducted. The showerhead 60 was
arranged and fixed so that the upper surface of the metal
electrode plate 64 contacted a cooling plate 68 attached to
the chamber 12. Next, a certain amount of cooling water at
60°C was made to flow in a cooling medium path 72 of the
cooling plate 68, and an electric power was gsupplied to a
sheath heater 65 buried in the metal electrode plate 64. Thus,
the electric power supplied to the sheath heater 65 was
controlled so that the surface temperature of the plate of the
showerhead 60 became 90°C. The surface temperature of the
plate was measured by a thermocouple fixed to the surface of
the plate with a ceramic bond, and was used for the
temperature contrcl. According to the results, after 70 hours
from the start of contreol, the electric power was decreased by
8% in Comparative Example 2, whereas the electric power was
decreased by only about 3% in Example 2. Fig. 10 shows the
results of this test. This change in the electric power showsg
that the temperature of the surface of the plate 62 of the
showerhead 60 significantly changes. Specifically, when the
heat input from the plasma and the temperature of the surface
of the plate 62 change, the reactive species in the plasma

gignificantly changes. Consequently, for example, the etching
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rate in an etching step varies in the plane of a wafer,
resulting in a decrease in the yield of devices. In fact, the
yield (percentage of the number of acceptable products to the
total number of products) in the etching step in Comparative
Example 2 wag 88%, whereas the vield was 99% or more in
Example 2.
[0049] Examination of pre-bake conditions of acrylic resin
sheet

A surface of a double-sided adhesive bonding sheet
composed of an acrylic resin was applied onto a transparent
glass plate, which was a dummy of a plate of an electrostatic
chuck. The transparent glass plate was placed in a vacuum
dryer in a state in which the other surface of the bonding
sheet was exposed, and the pressure in the dryer was reduced
to 10 Pa or less (7 to 8 Pa). A pre-bake treatment was then
conducted. Specifically, heating was conducted under the
conditions of each treatment temperature and each treatment
time shown in Table 1 below while maintaining this pressure.
After the pre-bake treatment, another transparent glass plate,
which was a dummy of a cooling plate, was placed on the
bonding sheet applied to the transparent glass plate, and
temporarily bonded to the bonding sheet. The resulting
temporarily bonded body was then placed in a heat-resistant
resin bag. The air in the heat-resistant resin bag was
evacuated untiil the pressure in the bag reduced to 1,000 Pa or

less, and the bag was then hermetically sealed. The bag was
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then placed in an autoclave furnace, and heated at 100°C at 14
atm for five hours to obtain a glass-glass bonded body in

which the pair of transparent glass plates are bonded to each
other with the bonding sheet therebetween. Here, the bonding
performance at the bonded interface between each glass plate
and the bonding sheet was observed. The results are shown in
Table 1. As shown in Table 1, when the temperature in the pre-
bake treatment was in the range of 110°C to 130°C, the bonding
However, at 140°C,

was satisfactorily performed. separation or

the like occurred, and the bonding performance was not

satisfactory.
[0050] Table 1
Treatment
TreatmeR Time 10hrs 15hrs 20hrs 30hrs 4Chrs
Temperature
110°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
120°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
130°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
140°C Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory
[0051] Next, the glass-glags bonded body obtained as

described above was heated at 120°C at 100 Pa for 300 hours,

and the presence or absence of defects

bubbkblies)

the bonding sheet was examined (evaluation test).

are shown in Table 2 below.

Furthermore,

(presence or absence of
at the bonded interface between each glass plate and
The results

an Al plate-Al plate

bonded body was prepared by using Al plates instead of the

transparent glass plates in accordance with the above method

of producing the glass-glass bonded body, and a change in the
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[ 0060] Tabl e 8
20hrs 30hrs 40hrs 120C

Treatnent Treatnmen Tinme Tenperature 10h rs 15h rs

thermal conductivity was examined. The results are shown in

Table 3 below. The thermal conductivity was measured by the

heat flow meter method (in accordance with JIS-Al1412, ASTM-

CE18, and IS08301). Each of the numerical wvalues (%) shown in
Table 3 is a change ratio of the value measured after the
above-described evaluation test to a reference value measured
immediately after producing the Al plate-Al plate bonded body.
Referring to the results shown in Tables 2 and 3, in the case
where the acrylic resin bonding sheet is used, the treatment
temperatures and the treatment times shown by symbol O in
Table 4 are suitable for the pre-bake conditions. Pre-bake
conditions of a treatment temperature of 110°C to 130°C and a
treatment time of 40 hours also provided satisfactory results.
However, these pre-bake conditions are not preferable because

the treatment time ig unnecessarily long, thereby decreasing

36

productivity.
[0052] Table 2
Treatment
Treatmen Time| 1Chrs 15hrs 20hrs 30hrs 40hrs
Temperature Bubbl Bubbl Buobl pubbl
o u es u €S u es u es
110°C present | present | present | present | Nodefect
120°C Efebsb;ﬁf No defect | No defect | No defect | No defect
130°C Drosee | No defect [ No defect | No defect | No defect
[0053] Table 3




140C 0 0 00 160C 00O

Treatment
Treatmen Time| 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
110°C 8% 8% 8% 7% 3%
120°C 8% 3% 3% 3% 2%
130°C 7% 2% 2% 2% 2%
[0054] Table 4
Treatment
Treatmen Time{ 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
110°C O
120°C O O O O
130°C O O O O
140°C
[0055] Examination of pre-bake conditions of silicone resin
sheet

A surface of a double-sided adhesive bonding sheet
composed of a silicone resin was applied onto a transparent
glass plate, which was a dummy of a plate of an electrostatic
chuck. The transparent glass plate was placed in a vacuum
dryer in a state in which the other surface of the bonding
sheet was exposed, and the pressure in the dryer was reduced
to 10 Pa or less (7 to 8 Pa). A pre-bake tfreatment was then
conducted. Specifically, heating was conducted under the
conditions of each treatment temperature and each treatment
time shown in Table 5 below while maintaining this pressure.
After the pre-bake treatment, another transparent glass pilate,

which was a dummy of a cooling plate, was placed on the
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bonding sheet applied to the transparent giass plate, and
temporarily bonded to the bonding sheet. The resulting
temporarily bonded body was then placed in a heat-resistant
resin bag. The air in the heat-resistant resin bag was
evacuated, and the bag was then hermetically sealed. The bag
was then placed in an autoclave furnace, and heated at 100°C
at 14 atm for five hours to cbtain a glass-glass bonded body
in which the pair of transparent glass plates are bonded to
each other with the bonding sheet therebetween. Here, the
bonding performance at the bonded interface between each glass
plate and the bonding sheet was cbserved. The resuits are
shown in Table 5. As shown in Table‘5, when the temperature in
the pre-bake treatment was in the range of 120°C to 170°C, the
bonding was satisfactorily performed. However, at 180°C,
separation or the like occurred, and the bonding performance

was not satisfactory.

f0056] Table 5
Treatment
Treatmen Time 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
120°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
140°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
160°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
170°C Satisfactory | Satisfactory | Satisfactory | Satisfactory | Satisfactory
180°C Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory
[0057] Next, the glass-glass bonded body obtained as

described above was heated at 120°C at 100 Pa for 300 hours,

and the presence or absence of defects (presence or absence of
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[ 0061] Next, a gl ass-gl ass bonded body was produced by the sane nethod as
the nmet hod descri bed above except that, in producing a gl ass-glass bonded
body using a bondi ng sheet conposed of a silicone resin, the pressure in
the dryer during the pre-bake treatnent was set to 0.01 Pa, and heating was
conducted under the conditions of each treatnent tenperature and each
treatnent time shown in Table 9 below while naintaining this pressure. This
gl ass-gl ass bonded body was heated at 160C at 100 Pa for 300 hours, and the
pr esenceb@pblaberite tHE BOPEEs 1 prEERTR PUTOSBs SACE BL2BRUBIREY and t he
bonded i nterface between each gl ass plate and the bondi ng _sheet was

exam nedthe R FResst YasTREAFER t%e‘éﬁ]élastﬁ%t?ﬁtﬁ'ab?%‘%.reﬁéﬂi@

cppar ol L IRTEDLE Suenl, Kol S 3 ionsed, ot s sgl e fg the
DL OB ale, f SAUTPNL § STReLaLyre o004 ot T L e shoyn el e 8 no
o 1600 DS S0l VA0 8oLy LQOZLIBN S wicn che andlEahIBRN, T eater

of producing the glass-glass bonded body, and a change in the

thermal conductivity was examined. The results are shown in
Table 7 below. The method for measuring the thermal
conductivity and the numerical values (%) shown in Table 7 are
the same as those described above. Referring to the results
shown in Tables 6 and 7, in the case where the silicone regin
bonding sheet is used, the treatment temperatures and the
treatment times shown by symbol O in Table 8 are suitable for
the pre-bake conditions. Pre-bake conditions of a treatment
temperature of 140°C to 170°C and a treatment time of 40 hours
also provided satisfactory results. However, these pre-bake
conditiong are not preferable because the treatment time is

unnecessarily long, thereby decreasing productivity.

[0058] Table 6
Treatment
Treatmen Time| 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
120°C tubbles Bubbles pubbles Bubbles Bubbles
present present present present present
140°C BUBBTeS | No defect | No defect | No defect | No defect
160°C Efgsbéﬁf No defect | No defect | No defect | No defect
170°C orosoes | No defect | No defect | No defect | No defect
[0059] Table 7
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40hrs 120C Bubbl es present Bubbl es present Bubbl es present Bubbl es present
Bubbl es present 140C

Treatment
Treatmen Time | 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
120°C 8% 8% 8% 8% 8%
140°C 8% 3% 3% 3% 2%
160°C 8% 2% 2% 2% 2%
170°C 8% 2% 2% 1% 1%
[0060] Table 8
Treatment
Treatmen Time| 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature
120°C
140°C O O O O
160°C O O O O
170°C O O O O
180°C
[0061] Next, a glass-glass bonded body was produced by the

same method as the method described above except that, in
producing a glass-glass bonded body using a bonding sheet
composed of a silicone resin, the pressure in the dryer during
the pre-bake treatment was set to 0.01 Pa, and heating was
conducted under the conditions of each treatment temperature
and each treatment time shown in Table 9 below while
maintaining this pressure. This glass-glass bonded body was
heated at 160°C at 100 Pa for 300 hours, and the presence or

absence of defects at the

{(presence or absence of bubbles)
bonded interface between each glass plate and the bonding
sheet wasg examined (evaluation test). The results are shown in

Table 9. As is apparent from Table 9, in the glass-glass
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pr esent

No defect No defect No defect No defect

bonded body subjected to the pre-bake treatment under the
conditions of a high vacuum of 0.01 Pa and the appropriate
treatment temperature and treatment time shown in Table 8, no
bubbles were generated at the bonded interface even at a high

temperature of 160°C in the evaluation test.

[0062] Table 9
Treatment

Treatmen Time| 10hrs 15hrs 20hrs 30hrs 40hrs
Temperature

120°C Bubbles Bubbles Bubbies Bubbles Bubbles

present present present present present

140°C Droass | Nodefect | No defect | No defect | No defect

160°C E;‘é’sbéﬁﬁ' No defect | No defect | No defect | No defect

170°C Duowes | No defect | No defect | No defect | No defect
[0063] Examination of atmosphere of pre-bake treatment of

silicone resin sheet

In the above Examination of pre-bake conditions of
silicone resin sheet, the atmosphere of the dryer during the
pre-bake treatment was changed to air, and heat treatment was
conducted under an ambient pressure of 1 atm at 170°C for 30
hours. A giass bonded body and an Al bonded body were prepared
under the same conditions as the above Examination of pre-bake
conditions of silicone resin sheet except for the above, and
were evaluated by the evaluation test described above.
According to the results, there were no bubbles at the bonded
interface of the glass bonded body, and a change in the
thermal conductivity of the Al bonded body was 3%.
[0064]

Furthermore, in the above Examination of pre-bake
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170C Bubbl es present No defect No defect No defect No defect

[ 0063] Exam nati on of atnosphere of pre-bake treatnment of silicone resin
sheet In the above Exam nation of pre-bake conditions of silicone
resin sheet, the atnosphere of the dryer during the pre-bake treatnment was
changed to air, and heat treatnment was conducted under an anbi ent pressure
of 1 atmat 170C for 30 hours. A glass bonded body and an Al bonded body
were prepared under the sane conditions as the above Exam nation of

pr e- bakeCeRRHF 1PHhL oS ldilcragnEer é8i fhPlectt S ddpPsPEETENRL bR e, and were
eval uated by the evaluation test described above. According to the results,
there wefBYHb Bib¥ledhst PiRsPBERIBHCHHIRRY a8 GPePAEdgFRsBIHEPRRY body, and

a change in the_thermal conductivity of the A bonded, body was 3%
[ 0064] FuFtheritt €3 tffﬁé‘talﬁ’ﬁ‘&ewﬁiafg@%‘g‘f‘?‘b%ﬂ o Sre fpRRET OISR

atmosphere of 1 atm at 170°C for 15 hours. A glass bonded body
and an Al bonded body were prepared under the same conditions
as the above Examination of pre-bake conditions of silicone
resin sheet except for the above, and were evaluated by the
evaluation test described above. According to the results,
there were no bubbles at the bonded interface of the glass
bonded body, and a change in the thermal conductivity of the
Al bonded body was 3%. Note that, also in the case where argon
was used instead of nitrogen, the same results as in the case
of nitrogen were obtained.

[0065] According to the above results, the atmosphere of the
pre-bake treatment may be air, nitrogen, or argon at 1 atm,
and the pre-bake treatment is more preferably conducted in a
vacuum in order to further decrease the change in the thermal
conductivity.

fo066] This application claims the priority of U.S.
Provisional Application No. 61/154000 filed on February 20,
2009, the contents of which is hereby incorporated by

reference herein in its entirety.
Industrial Applicability

[0067] The present invention is applicable as, for example,

an electrostatic chuck.
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conditions of silicone resin sheet, the atnosphere of the dryer during the
pre-bake treatnment was changed to nitrogen gas, and heat treatnent was
conducted under a nitrogen atnosphere of 1 atmat 170C for 15 hours. A

gl ass bonded body and an Al bonded body were prepared under the sane
conditions as the above Exam nation of pre-bake conditions of silicone
resin sheet except for the above, and were evaluated by the eval uation test
descri bed above. According to the results, there were no bubbles at the
bonded interface of the glass bonde§Hhéty, and a change in the therma
conductivity of the Al bonded body was 3% Note that, also in the case
where argon was used instead of nitrogen, the sane results as in the case
of nitrogen were obtained. [0065] According to the abqve results, the

at mosphete off 0 ShakECtPER Feht TR Be TSRl RPEHEGeRCdBPAr gon at 1
atm and the, pre-bake treatnment is nore preferably conducted in a vacuumin
R R R G MR A g A B L AL

[ 0066] Thj s ation clains the Priorit U. S. Provis'ong%%Application

| g of
No. 61/1 5 i TEF o FOBEBHIARY 207 C2H0FR° th& 3 Eh CERPSRER  wh i s hereby

incorporaé d by n@ferencq herein in its entirety. Industrial Applicability
[0067]TH5 ﬁ?% eMt™ S Veriion i s applicable as, for exanple, an electrostatic

chuck. CLA'Mﬁgme—bake step of heating the bonding sheet in air, in

an inert gas, or in a vacuum in advance to reduce the amount
of volatile components in the bonding sheet; and

a bonding step of bonding the plate to the supporting
base with the bonding sheet therebetween by placing the plate,
the supporting base, and the bonding sheet in a pressure-
reduced airtight bag and by performing heating at a
temperature lower than that of the pre-bake step while

applying a pressure in an autoclave.

2. The method of producing a ceramic-metal bonded body
according to Claim 1,

wherein, in the pre-bake step, the bonding sheet is
applied onto the supporting base, and the supporting base to
which the bonding sheet is applied is heated to reduce the

amount of velatile components in the bonding sheet.
3. The method of producing a ceramic-metal bonded body

according to Claim 1,

wherein, in the pre-bake step, the bonding sheet is
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1. A nethod of producing a ceram c-netal bonded body by bonding a ceramc
plate to a netal supporting base with a bonding sheet containing a resin as

a mai n conmponent, the method conpri sing: a pre-bake step of heating
t he bonding sheet in air, in an inert gas, or in a vacuumin advance to
reduce the amount of volatile conponents in the bonding sheet; and a

bondi ng step of bonding the plate to the supporting base with the bondi ng
sheet therebetween by placing the plate, the suppgorting base, and the

Y .
bondi ng ¥PREed 1P Ees BBl PedtRedElE RIAIR BayPaRl BYSpePRSH ng heati ng
at a tenperature |lower than that of the pre-bake ste ile applying a
pressur e2fFFam AR 18 beakRd TRt ot t%ﬁ&ﬁﬁlﬁ \é\@cg?]a#&%et al
bonded body accaordi.ng ég glain11, wherein, in the pre-bake step, the
bondi ng SHERPSESipp! it AP PReSRepborti ng base, and the supporting base
to which the bonding sheet is applied is heated to reduce the anount of
vol atil e conponents in the bonding sheet. 3. The nethod of producing a
cerami c- pret al_,bond g?d acc rdhg% to Claiml, Whe ehgé ip the pre-bake
step, the bondind“Ehest OfsP 8@5?% Pt AR PEkES, CRETEH°H ate to which
t he bondiqg sheet %§ %Hhi?d is heated to reduce the anount of volatile
conponen?% PR Bon ing Sheet. 4. The nethod of producing a
cerani c- net al d d c dy t ai . el i.n;the
pr e- bake steﬁﬁgggggﬁnggm%Pghggéd%%%%égﬁa'af?#%agﬁ 8%%ﬁﬁﬂgéh%3?%% he sane
shape as iﬁg : Lh e 1 C3 I e agyg.
Iarge-si%% §ﬂ€§¥g |gﬁmgghﬁgﬁﬂédgF%t%%%%éﬂggﬁgﬁﬁg%g%eg?ﬁggégpreﬁ%%ed, t he

| ar ge- si ﬁf éﬁ@eéeﬂa%nif%@@{?gagr Beﬁﬁeahﬁo&%% $P 1thYe -S| ahder Siigforsheet

covers the opening o ane, and the frame to which the [arge-size
sheet is;appbifdy 15 RPHRILbAGEAGUSEeLbea pafedvokabi hgrgomponents in

the large-size sheet. 5. The nethod of producing a ceram c-netal bonded

body accgrging 4 %&ﬂﬂ)ﬂe@f‘%n@t) €hai FBade t$ %hat the WAQEBLBibAEsK&SE N IS an
acrylic resin, and heating conditions in the pre-bake step are 15 to 30

hours at-gv&P9 B VpdrAsy af tRECr+md30nd the frame to which the

large-size sheet is applied is heated to reduce the amount of

volatile componenis in the large-size sheet.

5. The method of producing a ceramic-metal bonded body
according to any one of Claims 1 to 4,

wherein the resin is an acrylic resin, and heating
conditions in the pre-bake step are 15 to 30 hours at 2,000 Pa

or lesgss at 120°C to 130°C.

6. The method of producing a ceramic-metal bonded body
according to any one of Claims 1 to 4,

wherein the regin is a silicone resin, and heating
conditions in the pre-bake step are 15 to 30 hours at 2,000 Pa

or legg at 140°C to 170°C.
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6. The nethod of producing a ceram c-netal bonded body according to any one
of Clains 1 to 4, wherein the resin is a silicone resin, and heating
conditions in the pre-bake step are 15 to 30 hours at 2,000 Pa or |ess at
140C to 170C. 7. The nethod of producing a ceram c-netal bonded body
according to any one of Clains 1 to 6, wherein the ceram c-netal
bonded body is an el ectrostatic chuck used for fixing a wafer by applying
suction in a sem conductor nmanufacturing process or a showerhead used for
suppl yi ng and dispersing a reactant gas to a chanber in a sem conductor
nanufacturlng grocess . A ceram c-netal bonded _body congr|5|ng a ceramc
pl ate, a’metaf %Lmﬁﬁﬁqqlﬂf BIOEUCIRY 5 FREFH Bdiing Eﬂ%gég REY bonds the
plate to the orting base, erei n_when the bonded body is heated
in a vacﬁﬁﬁPEa%g ?mﬁﬁb(ﬁn?uﬁi E&aéwsléoﬁpf%r 300 hours, the anount of

h th th band heet n t
%??géréﬂq por V& ba%% K iand QQ-@?Qafbﬁﬁ%%E&mf%c %‘ﬁ*étséros gta‘f\é"t '
Ceranlc on CO0 r si.n a neta Su or In
boca or L8k RRdE o R Ve BuCbA kg S R Ssupporting

base, e \é\her einh when t%gc l%,ori%e‘j bod% ‘ls,sogeat d‘ﬂlrenra \élacmég gnw r onnent
of 100 PSERECTIIETFRT S ETSE * o PhubET ar hded

es are ge era

bot veen CREPLNEED o %ﬁif‘eir%n% it s e B i o e
bonded b8§%188ﬁ8ﬁgt &éhd%éﬂ 830065 mhereln the ceram c- net al
0 u

bonded b I's an e ectrostatlc o tsed for fixing a wafer by applying
suction in a sem conductor nanufacturing process or a showerhead used for
supplying and di spersing a reactant gas to a chanber in a sem conductor

manuf act @ri nga PEOLSRRx-metal bonded body comprising a ceramic plate, a
metal supporting base, and a resin bonding sheet that bonds
the plate to the supporting base,

wherein when the bonded body is heated in a vacuum
environment of 100 Pa at 120°C for 300 hours, the amount of
change in the weight of the bonding sheet is 50 pg/cm® (where
the unit is microgram per square centimeter of a bonded

surface) or less.

9. A ceramic-metal bonded body comprising a ceramic plate, a
metal supporting base, and a resin bonding sheet that bonds
the plate to the supporting base,

wherein when the bonded body is heated in a wvacuum
environment of 100 Pa at 120°C for 300 hours, no bubbles are
generated at a bonded interface between the plate and the
bonding sheet and a bonded interface between the supporting

base and the bonding sheet.
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10. The ceramic-metal bonded body according to Claim 8 or 9,
wherein the ceramic-metal bonded body is an electrostatic
chuck used for fixing a wafer by applying suction in a
semiconductor manufacturing process or a showerhead used for
supplying and digpersing a reactant gas to a chamber in a

semiconductor manufacturing process.
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