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s DESCRI PTI ON Ceram ¢ Joi ned Body, " Substrate Hol ding Structure and
«Substrate Processing Apparatus 5 Technical Field The present invention
+elates to a ceram c joined body, a substrate hol ding stmmmmwmm
substrate processing apparatus, and nore specifically,

ceram c joined body, a substrate holding 10 structure and a subgérate
processi ng apparatus capable of inplenenting excellent airtightness and

hi gh di nensi onal accuracy. Background Technique In a fabrication process
for a sem conductor device such as a 15 sem conduct or lmmﬂ,ml or a
liquid crystal display, a processing apparatus (the so Hi | e waf er
processi ng apparatus) processing ﬁgﬁ% tes Qne by one is G¥ferally

enpl oyed for carrying out a filmf of formng a prescribed film
on the surface of a substrate such as a sem conductor substrate or a gl ass

substrate to b roc 0 te the f cation process
for a sem condgzcetggfmg??? gp&% ﬁlﬁﬁl}ft &ﬁﬂépg ta}lgtﬁ\rﬁfmggk}t’ﬁl}r&hty of
processi ng apparatuses of the afRmweessmg Apparatisngl e waf er processing type
_are s¢f for transporting/supplying substrates to be processed to the

. processi ng apparatuses With a noving apparatus such as a |oader. A
substrate Hschaicaldiieldecei ving the substrate suppl ied 25 by the | oader is
~set on each procﬁ?@bf&eﬁ?%éﬂ&% ré:lgkég fo0% I)Bfneﬁ&g‘ r}gsﬁﬁs of ormed

“on the substrate receive strate on the
substrat e %é\gf’fé\"cﬁ“ﬁ”éraé’ég@ sybstyate BFﬁféﬁﬁpEr@RﬂTat% Wate to a

prescri bed sbemﬂcallﬁufttﬂ@étesfwa@rﬁﬁhé héa'b‘éd?dﬁ%hbbtﬁ@e ﬁ'oRﬁh%Ode may be
for ustr e.substrate to the

Sobstitaro HOTMSHEE A m‘g‘ﬁ%ﬁﬁproaemmapamwsm&bﬁ of Fralementing  he
surface (sessellenteairtighinessgarsdhigic dyménsionatecouragyt he substrate in the
substrate hol der for adsorbing the substrate on the substrate receiving
surface may be errplo ed for fixing the substrate 1 to the substrate hol der.
In the afo é\é?eshnsqueate hol der, the substrate receiving

In a fabrication process for a semiconductor device such as a
15 semiconductor memory device or a liquid crystal display, a processing

app aratus (the so-called single wafer processing apparatus) processing
substrates one by one is generally employed for carrying out a film forming
step of forming a prescribed film on the surface of a substrate such as a
semiconductor substrate or a glass substrate to be processed or an etching
20 step. In the fabrication process for a semiconductor device or a liquid
crystal display, a plurality of processing apparatuses of the aforementioned
single wafer processing type are set for transporting/supplying substrates
to be processed to the processing apparatuses with a moving apparatus
such as a loader. A substrate holder for receiving the substrate supplied
25 by the loader is set on each processing apparatus. Film formation or
etching is performed on the substrate received on the substrate holder.

A heater is set on the substrate holder for increasing the
temperature of the substrate to a prescribed level. Further, an
electrostatic adsorption electrode may be formed on the substrate holder, in

30 order to fix the substrate to the substrate holder. Alternatively, a method
of improving flatness of the surface (substrate receiving surface) for
receiving the substrate in the substrate holder for adsorbing the substrate
on the substrate receiving surface may be employed for fixing the substrate
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surface and portions around the sane are exposed to reaction gas for
«carrying out filmformation or etching in the filmformation step or the 5

-etching step on the substrate. Therefore, the conponent of the substrate
hol der nust have sufficient corrosion resistance agai nst such reaction gas
(for exanple, hal ogen gas having high corrosiveness). In the filmformation
or etching of the substrate, the substrate tenperature may be increased to
a relatively high level. Therefore, the 10 substrate holder is required to
have sufficient heat resistance in addition to the aforenmentioned
corrosion resistance. Thus, in consideration of corrosion resistance, heat
resi stance and durabilit enpl oynent of not a netal or resin but ceramc
i s studi ed taghgesubstiateduobddral for the substrate hol der. Am)ng ceramc

materials, 15 almnﬂuwfo%&heﬁnoﬁ’@a%hbsﬁawhatde\fek e?@ﬁ%r{;‘e % &RBlifgt e and

Iowprlced put _into practice as eria str te hol der.
However , sw? @I&Pﬂ@l%axwdﬂ&me@@ﬁ@wpm toregctionogas 0 Wk, and

hence it I&adrﬁhgmdttﬁlhpfm&eby et:c,qﬁh 9h th@%lh?mi%{ﬁ&é&{ Steptéthd hat
tenperature distri butlotg)&?n the sub ei vi ng surf 6§§Of t he 20

- subst rht e HSPHRIE Tt6P ancthe Shetiaten dhsReiREe i mpanehot he substrate
material fdroldeennishdiavetsafficlede corrosioniesistanee aghinst spRrahetion ghst he

.Substrate t e S sed, and hence it may not be
" possi bl e @Olﬁ%ﬁagﬁ égéis3 ehp%%%%ﬁggﬁp Cc?ﬁ&s”%‘h 8? etching on the
substrate. datherfilng foxrhation ar t¢hanigxifiths substiate fﬁiersulmtmte

Con
sem conduct %ﬁl;fé%éhﬁ% By 2 ﬁg%s%d%yf%@bu%@%%m RLEL O PRONANgROUS] Y

di sper sed. er to. numnitr I's’ no i ced as
the Yhterisy Stwethwéd@wgteqmr@ H@ﬂwe smfﬁpmntshetaécraa@éameum addition: to de i s

excel I ent ithehfaterE5ish oD 66rrafidnCRERgh&) esistance, and has a high
conductivity 0 A net hod of

:cnsul ation propm‘%/ andohl ttler I d
abricating a subBit$aPEORSIGEERNIQRN C%ﬁ?ﬁ’:%ﬁﬁsﬂﬁtﬁpfi%& eatyeristance aa

fol I owi ng shapdilifyoengiaymeat oFnbsh, m@taﬂ%@‘ﬁ@&;gn bﬁth SSTRRRC S st\%dl@moa;%lnt?m'ngg 21|
QLE:LI gg ﬁg\,@ﬁdgﬁ&ﬂ?qséoﬁﬂiﬁ SPWStlrrﬁFe(s:ﬁ%% O Cexy szgf Altsgepvm re serves
as a Meat eralumiannebxider wdtich isrddtioely ¢ eaHy w0l fadbtrrc@de and TowrmAtédris plne
compact i s j3pbLeched 10H M aREARPF tHE b dbath RO ERY

However, aluminum oxide has low thermal conductivity of about 30
W/mK, and hence it is difficult to precisely control the temperature such
that temperature distribution on the substrate receiving surface of the

20 substrate holder is dispersed when aluminum oxide is employed as the
material for the substrate holder. In this case, the temperature of the
substrate to be processed is also dispersed, and hence it may not be possible
to homogeneously perform film formation or etching on the substrate.
Consequently, the characteristics of the fabricated semiconductor device or

25 liquid crystal display are disadvantageously dispersed.

In order to avoid this problem, aluminum nitride is noticed as the
material for the substrate holder. This is because aluminum nitride is
excellent in heat resistance and corrosion resistance, and has a high
insulation property and high thermal conductivity.

30 A method of fabricating a substrate holder with aluminum nitride
includes the following steps, for example: First, a compact is prepared
from aluminum nitride powder. A coil or a wire consisting of a high
melting point metal such as molybdenum is held in this compact. The coil
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obtaining a substrate holder. This holder is disclosed in Japanese Patent

« Layi ng- Open No. 6-76924, for exanple. Japanese Patent Laying-Open No. 5

-6- 76924 di scl oses an enbedded heater structure for inproving the soaking
property of the substrate holder. Wen a heater or an el ectrode is enbedded
in the substrate hol der, power nust be supplied to the heater or the

el ectrode fromoutside the substrate holder. Therefore, an electrode wre
connected to the heater or 10 the electrode to outwardly extend fromthe
substrate holder is set on the substrate holder. Further, a tenperature
nmeasuring menber such as a thernocouple or a sensor nmeasuring the
tenperature of the substrate holder is set on the substrate hol der for
cont rol | i ngrithe viseserves asea beatercor an plactrastatio hdsorption gleetredect r ode wire

ol e, A acalter BREBMpRe: IERAEctER Ao Hor pRgts Anteny, araebyon o (Tor
f or mati on, gf%ﬁﬂ%a%ﬂ%ég’rﬂ ﬁ&Oﬁ%r)eﬂtlﬁMWﬂé &15@ lgge }%Jﬁpaaes ANy t he
t enper at ur Q,armgmpemNraseBbmgzwsér &earpl, e@a@ﬁne@@@améﬁt Lhﬁﬁf@%tmogas in

h t LI 20 t t
gas 1 the 6 Foa RisBleRbE ShLaRBARIR bty Fridhurn o BRAvitd e EREE ¢ ne
i ke from eaopeuylofthe substrabemholdersubstrate hol der. The el ect rode wWire or
-the tenperatur emeﬁr%h&qe% elb&r@%@gﬁ%epﬁe%m%h%ﬁﬁ% s glo&ie the

protective nmenber hi's prot

r esi st ance PAY4rABUSt b@sﬁﬁﬁbed (§<h t@abegtﬂrmrat&xer@lectgedae @agn 28tsidd thegh
airtight ne%ﬁbsﬂrﬁt@ﬁbfde‘i“' Theréf&?e) Mg@fe'c% e\;\rﬂ@%@nhgﬁt Hrtg;[tﬁ%tﬂéﬁxs r BEToer

and the sub tr nmust met hod

to al
of jdithing? tt°| Q}tt“f?éébéme@(ftﬁemst}m%&téamgr@ém 1§ -ﬁettqvethe
af or ement l @ﬂbgtrﬁvélhﬁrderJ apaiRerer, Baedip erad i EieB@ANDNAN eArbe8 53%h asfé’r

exanpl e, ws a nethod of joini I ndri cal rot | rrenber 30
consi sti ng ﬁ?nﬁpmmﬁﬁfﬁlﬁﬁsﬂémeﬁ%‘ﬂ,‘%h}ﬁ f%ﬂ%“atg}”%ﬁfﬁé" dratel ess st eel
to the badiolmlbesee onfthe sublssiatathwldel foecohiroliing the @emp@gawrewahé ng. As

anot her ng a substrate holder and a protective nenber to
each ot her, nttfréE?’uggid& di ffusion-joining a substrate hol der 3 consisting

of alldmi num ni t Mihkeelactatode wipebr kke peroperature measveing oresnber mapy hd
ST AN SRS ol Aol g v e
strate processing (ilm formation, etching, cleamng etc.). Therefore,
the electrode wire or the temperature measuring member must be protected
against the reaction gas in a chamber. Thus, a protective member reliably
20 separating the reaction gas in the chamber and a region provided with the
electrode wire or the like from each other is set on the substrate holder.
The electrode wire or the temperature measuring member is arranged in
the inner part of the protective member. This protective member must
have high corrosion resistance against the reaction gas such as halogen gas
25 and high airtightness. In particular, the junction between the protective
member and the substrate holder must be subjected to airtight joining.
As a method of joining the protective member to the substrate holder
in the aforementioned manner, Japanese Patent Laying-Open No. 4-78138,
for example, shows a method of joining a cylindrical protective member
30 consisting of aluminum nitride, silicon nitride, alumina or stainless steel to
the back surface of a substrate holder by glass joining or brazing.
As another method of joining a substrate holder and a protective
member to each other, a method of diffusion-joining a substrate holder
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joining a substrate holder and a protective nenber consisting of alum num
+5 nitride to each other with a joining |ayer nmainly conposed of al um num
-nitride and containing a rare earth oxide, a shown in Fig. 4. Fig. 4 is a
schematic sectional view showi ng a conventional holder consisting of a
substrate holder and a protective nenber. Referring to Fig. 4, a ceramc
base 102 including resistance heating el enents 106 and a substrate base 10
103 and a protective cylinder 107 serving as a protective nmenber are joined
to each other with a joining layer 108 in the conventional holder 101. This
gazette lists Y203, CeO2 or Er203 as a rare earth oxide contained in the
joining layer 108, apd states that the content of this rare earth oxide is
3to 20 rre?@gsrﬁﬁmﬁofg&lu@w mitpde pafapipelike nrotectiver meptherqeadistinghni que

Tapanest. . P R L o o i ng 2
base and a fin ‘{fﬁ’r%‘eégl‘fg%g?? ﬁ%mg-%ﬁﬁ?{%%%i a%adti%ﬁ%%ﬁ;sl*ﬁ teahariaue of a
j oi ni n_gt ngoamingla swbsttytedooi eﬁa{iin_‘ pllédwﬁwmeimhbéﬂ éfiﬂlsliéﬁr_xg of hheém tir_uam t
conposd ti on,.of. j n eria e ratio of alym.numnitride to
Y205 xanfiiglo Ren PO RS ESGNLS 1oyt itk eting3pt B ARILLR (s cor
on a subst mit@daendi coptabtinga xare eaorth batdectcdliown tn Figl 4n f Bigrettisen i s
_performed IS5 ; . ﬁp.’ﬁﬁ? i r ure J sed under
“such sever gah%l@ﬂla?bc?l%ﬁ?h?%%e%éﬂ e gtﬁgg&%ﬁ&éﬁt ﬁ(grd %%F Hll_q%lglhglg]roZaé;e.d or the
substrate H® FWQ?%&OM@ e ajprotestiesmgmberp| Referring teFigeh ayearasipl oyed
for the af GReE102 RRBUIAEHRSRYan&d hééﬁné'ef\ﬁneﬂ_ﬁﬂgﬁl?iﬁ%@&?oﬁ%ﬁy Biise

strucfure t k(iep sani t of.|(is §7trength or | al so under . such
sever¥ enviilsh#rd @ profestitesdindercl07 sarving as panatesii veme 1 3L IEINES der
and the praveachwhsemith arjuiiingllagerS0aY cthé bivaitesial Hy1A6s10D.  FhiSt ance

and heat resj st.ane | nst ~t he orenentione | asma_or. hal ogen gas. Wen
f or ei gn natgcaéf&g[]%ﬁsﬁ’@é’ f’?g&@ra}?{‘é{}ﬁ?s@fraﬁﬁr‘eﬁr& B?aqsescoﬁlgéﬁ'@ﬂlq €the
chanber injeubsglayer pScaskstages that ther@ngentrof this raxeehsthbaddd 14 3 to

i nfluence oy fhesskbstrate processing. Consequently, a failure nmay result
fromthe foreign natter in the fabricated seni conductor device or liquid
crystHl di spl ay. AsTadecimiaque relevaniibetthataforentetithoned techmigee i dhe pointcause

joining members consisting of aluminum nitride to each other, Japanese
Patent Laying-Open No. 7-50369 discloses a technique of joining a base and
a fin part consisting of aluminum nitride to each other with a joining
material mainly composed of aluminum nitride. As to the composition of

20 the joining material, the ratio of aluminum nitride to Y20s is exemplarily
set to 97:3.

When a substrate to be processed is set on a substrate holding
structure so that etching or film formation is performed on this substrate,
the substrate holding structure is used under such severe environment that

25 the temperature thereof is increased or the substrate holding structure is
exposed to plasma or halogen gas employed for the aforementioned etching
or the like. The substrate holding structure must keep sanity of its
strength or the like also under such severe environment. Therefore, the
junction between the substrate holder and the protective member must also

30 have sufficient corrosion resistance and heat resistance against the
aforementioned plasma or halogen gas.

When foreign matter such as a trace amount of particles is present in
the chamber in substrate processing, the foreign matter exerts bad
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the aforenentioned foreign matter. Thus, the junction between the 5
~Substrate hol der and the protective nenber is also required to have

-excel l ent corrosion resistance not to cause such a problemthat the
junction is damaged follow ng substrate processing to result in foreign
matter such as particles. Fromthis point of view the aforenentioned
conventional substrate 10 holding structure has the foll ow ng problens:
The netal enployed for the junction in glass joining or brazing shown in
Japanese Patent Laying-QOpen No. 4-78138 is generally inferior in corrosion
resi stance and has a relatively low nelting point. Therefore, the netal
reacts with corrosive gas such as hal ogen gas enpl oyed for processing the
substrate, influeneeer tresepstratetmmocessingucBonseqeanttly| efailweemay result

di f fusi on-j goRethd¥orbin Hfa? 1nghetfiaﬁhﬁ‘alﬁe§i S@hfoRQudEdr cé QPHqHF{Pt ective
hegs

menber are jolned to, eac errperature W | oad of
about 9.8 terystaldigplay 16'61%?03901: Y Iajsftr@cwr@ mugh ot eauserhus,

di mensi onal t}ﬁac@fo&@m\én@ﬂ‘ontea@oﬁeieﬁtmact@r hOTHﬁé THRYjulbRtidf mm@h%@t ed due to

def or tlon t,hr.ou e hot ress ste \Nﬁen uch a ressing step
Cis uti?Pizedt Q%gat%&qlﬁ%pngd% W@c‘B E‘&’WI? SO Yepr %q ﬁ@"? he

substrate hemkcdaﬂlregt sbrmstanrnasmtaﬁoe neKﬁEUﬁuS‘lgSﬁdiﬁafp&bblethhQﬂth@ﬁﬁm i's

"2 nam e etk PIGRREE sltEig i e YRR ok PR v que
di scl osed i &s paplaclese Patent Lay| ng- Open No. 10-242252, the joining | ayer

containing 3 to ﬁP%mgﬁﬁgJﬁRfofW@wrﬁ{eeﬁﬁﬁéﬁllanﬁf&hga &H@Qnﬁﬁnﬁ%ﬁ%ﬁ east

herelnabove escrl nt e ture

1800C1Por | Belding strpsturq bas the follpynagprehlemsie ’Eh@tr@e&almpbﬁ%fowxeeach
other. The g c‘tﬁ)m‘?xrgibﬂé gmﬁingﬂbr beRsihg 588RM 1S IJEHAM ¥R Pﬂﬁentt%a@nﬁgf@}%xi ng

t enperature rom n trat.e hol der consj sting num

i tEsde. - THiOOR rgel EL% R FOFTORGR Bestaanise atul Be AR e at
tr gat ment Ehnd\emdltlﬂg Ihngh t'Ellilmf@tethlee afetal rémm%@@@ﬁéﬁﬁe gaslhsﬁidhgast he
substrate r # tive t her, wi.t _

for enont i NN EEBAR Pyl RSB RsFupstrefn b Ghoti ol s abafios
menbedd thesu;albas parugksl der is already provided therein with a heater or

an el ect ode, - aniidieashan ety pol PR 1Bl BSLADRLI AL APIAET e

precisely set by
protectlve member are joined to each other at a high temperature with a

high load of about 9.8 to 29.4 MPa (100 to 300 kgf/cm?) applied to the
junction. Thus, dimensional accuracy of the substrate holder may be

20 deteriorated due to deformation through the hot pressing step. When such
a hot pressing step is utilized, the cost for equipment necessary for
fabricating the substrate holding structure or for executing the fabrication
process is disadvantageously increased.

When a joining layer mainly composed of aluminum nitride and
25 containing a rare earth oxide as in the technique disclosed in Japanese

)

Patent Laying-Open No. 10-242252, the joining layer containing 3 to 20
mass % of the rare earth oxide such as Y203 as hereinabove described must
be sintered at a high temperature of at least 1800°C for joining the
substrate holder and the protective member to each other. The

30 temperature of at least 1800°C is equivalent to a sintering temperature for
forming the substrate holder consisting of aluminum nitride. Therefore,
the substrate holder may be deformed due to the heat treatment under the
high temperature of at least 1800°C for joining the substrate holder and the

-5-



- b
5 If the substrate holder is deforned by the heat treatnent for joining

«Wth the aforenentioned joining |ayer, therefore, the shape of the finally
-obt ai ned substrate holding structure is deformed. This results in a
probl em such that tenperature distribution in the substrate hol ding
structure differs fromthe designed distribution (the soaking property is
10 deteriorated) due to the defornmation of the substrate hol ding structure.
The joining layer mainly conposed of alumnumnitride is densified by
sintering. In the heat treatnent for joining, therefore, no such

phenomenon that the joining layer flows along irregularities of the

surfaces of the substrate hol der. and protective nmenber comng i.nto
contact W PI’iOtﬁuf’ﬁén?IBLﬁ}' ﬁ%eﬁ%!}/thqrnmfﬁ?et%eoaﬁeé@nsehpneﬂsomé%lmry Inakes

pl ace in tlke h%e oftjoRdihEtthe ;fx@tedttﬂierkltl@ﬁlbe\é\hﬁ{h Elﬁlﬁ’stﬁﬁlﬁthélﬂéﬁEMEaH r

| aver ana’ PREviCRfTBareit flR s bBafer icait blebridle Y dithE sh3Re Al ot 3&” Vo

menber), t Idﬂ.meheroaa, of thecubsiratt hetdert et prdreselpisei by magtdnidg bt thellike.

o aa - ThEM sibdiate ROMER R (PRI ROSCcRERUNL i bhng et ™"
" airtight neshe @iﬁ@remﬁmthrmdg]@ imagdayenftherefoze, allhe@laplemf(thddinalbf protect the
-¢&l ectrode beﬁn@&%‘u'%fral@é‘h%ﬂﬁﬁg%fu&{r%e wﬁefo'r*ﬁl%él' n 'I‘}{iﬁe S ngWI th the

protective ne | ayer must

have suffi ®F Fyswlgﬂl m@eﬁaﬁe&d{ambuyomnaﬁmﬁmtratat odding i um ( He)
leak rate gusictee tﬂﬂfeislfﬁﬁﬁ the ddsipHEd &ktnbﬁtloﬁr(ﬁ?éséaﬂﬂh g1 8peRYy iguch hi gh

ai rtight ness t be rformed Crus | Iearances of the

j oi nit g | a?@FerbVa%%‘is ‘?)‘Fee dgﬁr%1%gﬁt ec$‘§é§(‘ (ﬁg-ﬂbg siEYetHreeat nent

for I j oi ni ng) on'Iﬂieqo;hmngllageﬂ mmnly %ﬁpb@ﬁt of %lgmhmﬁlhltﬁd%)fgh délisiﬁtdcri]\/\fhl l e
applying a this an nce the

probl em t hgbl Osiﬂte%shté)sﬁ rd a eniﬁggt 5§Xﬁ§e’agf BrIEYEn %rﬁf(g;ehggtsufﬁeat ment

parti cul ar phenemenkaitibpt the geinphgtayerfloies alitgitregudasitiesrafrtheenrfaces
mechani cal opghd 9@5&3&@5&%@? and theSlohdo AR e%éroco%ﬂ UG bRt it en. L he
substrate hoI der _and the protect ormn ra ol di ng
strudfure &helepinglaveriy tbﬁdﬂ"k%i wﬁto@@eremalthably takea place indhehegt
structure @feathich@FoRHiniry. OrWhRhahaTedtt theMhant f@ﬁ&@ﬁﬁg 4$ peffom%arml

stress resul.ting from tin /cool | case, noun substrate
hol di ng st NG%:‘%Q}&@ q;ﬂ%ﬁ‘ Dngsa P%Jp%&q J@émalrgdasen@nﬁgt?lﬁﬁel
Ther ef or e, shb@tajnlaes(ﬂmrsu’ﬂsﬁiatbahtﬂdéméﬁﬂ(th@@)trofetch%%@mber) therefore,

such an effect that the joining layer fills up clearances resulting from the

L}

20 aforementioned irregularities is not much attained. The joining layer
obtained in this manner is inferior in airtightness due to a large number of
clearances. In order to protect the electrode wire against halogen gas or
the like in the chamber with the protective member, the protective member
including the joining layer must have sufficiently high airtightness (it is

25 assumed that a helium (He) leak rate must be less than 108 Pa-m3/s). In
order to implement such high airtightness, heating must be performed
while crushing clearances of the joining layer by hot pressing in the heat
treatment (the heat treatment for joining) on the joining layer. The heat
treatment is performed while applying a load to the joining layer in this

30 mannér, and hence the problem that the substrate holder is deformed in
this heat treatment particularly remarkably takes place as described above.

Further, mechanical or thermal stress is readily app]ied to the
junction between the substrate holder and the protective member forming
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(practically the bending strength in the junction nust be at |east 147 MPa

+ (15 kgf/MVM2) in four-point bending strength according to JIS). The

-t echni que di scl osed i n Japanese Patent Layi ng-Qpen No. 7- 50369, related to
a ceramc radiator for a sem conductor conprising a base 10 and a fin part
consisting of alumnumnitride, belongs to a technical field different
fromthat of the present invention and does not particularly requires
airtightness. Even if the technique disclosed in Japanese Patent
Layi ng- Open No. 7-50369 can be applied to joining between a substrate

hol der and a protective menber of a substrate hol di ng structure, problens
15 simlar ose | e aforenenalone anese_Patent Layi

No.
10- 242252 ¢ Réu sirate b nﬁﬁé’%ﬁt‘rq Veke| %’ébnaiapwagé@fnﬁeorder to
sol ve the sab@treﬂehblchﬁg@tm@btemsat@aﬁnﬂhtquoeelet@éhﬁlbﬁt fiogs@at i nvention

t d i C ] d t hol d t t
havi ng b0 GREBFRWR O erBlal shrecs SPeNIE AR eR PR GRS & ARAEr excel | ent
di mensi onamaocting cle anbistrate hgldng fsimictate o thdiapphyatiyzan pueticeamdn of

-

deep st udi éBr@@CaHYathjedtQﬂldh@g stieagth dn the junetiormmussrhenatclepat 842MdPan

Lairtight seps kBERMG! folk- Iﬁ,lﬁyg,gﬁaﬁtgestp&t#hn&coﬂlh%u IfI§)t 0 each other, to

corrpl ete the pr gient hnvent&ﬁggo T& resen I nvent Iron |(§ now descr| bed. 30
The j oi ni ng | aydmedeshpigs, sg m.J@paﬁpsePatqrvam PERANG.of ni ng,

wi th high &0869stélatddet & carnaricagdiftor fof aGehiBorddsctot 6bmpeishig adsiyebased
ot 10 or ARt o B Bishin of iR B, beliutdh ford kecbical adla" T ™™
nitride or | r

pr ef er abl e diffetend framethiablof the présentdnnemgon ayerdodsavatverrtical aniy num

e hosel e AL Bhln shld dBhERA AR 0N 14 STRRLBLUR AL, 2

| east 2000'
2000' C. Thelpeemg@partNuoﬂcﬁGaGchmbe apphefletoeomneg]oetmeexgmsazjaetrateomthe 5

si npl e subgfpnGea a3 fdt@éﬂﬂ@xﬁbtdue%f%rs@stmtqual&fﬂgd&rumrbeﬁfoméﬁtser' ng
assi stant is added for si r}{qa,a.'rl@p' alum nymnitri S| nteri assl| st ant

cont a%hi ng SHRLAK ta thege Wat %W@HPOF@ Khapanese Patent Laymg-Open No.
10-242252 take place.

The present invention has been proposed in order to solve the
aforementioned problems, and an object of the present invention is to
provide a ceramic joined body and a substrate holding structure having

20 excellent corrosion resistance and airtightness, having excellent
dimensional accuracy and having sufficient durability upon application of
mechanical or thermal stress and a substrate processing apparatus
comprising the same.

25 Disclosure of the Invention
The inventor has made deep studies as to a joining layer for joining a
ceramic base and an airtight sealing member in a substrate holding
structure to each other, to complete the present invention. The present
invention is now described.

30 The joining layer desirably has sufficient airtightness after joining,
with high corrosion resistance against reaction gas such as halogen-based
gas or cleaning gas. From the viewpoint of corrosion resistance, aluminum
nitride or aluminum oxide having sufficient corrosion resistance is
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a sintering assistant. However, the alkaline earth el enment belongs to an
. el ement group avoided as foreign matter particularly in sem conductor 10
-fabrication. Therefore, the sintering assistant containing the al kaline
earth el ement cannot be used. Wien sintering alumnumnitride w thout
enpl oyi ng the sintering assistant containing the alkaline earth el enent,
the sintering tenperature is about 1800'C to 2000' C in general. Wen. the
ceram c base and the airtight sealing nenber joined to each other with the
15 joining layer are formed by sintered bodies of alumnumnitride, heat
treatnment for joining mwtbepafmnmim a tenperature | ower than the

sintering tenperatures (1800 %q}éoo Q for t he smterea(_jl bodies in a non-
pressuri zed)rgF felq adp ‘FBL‘P BF’@% € JeiHpg lapee tHaweyer,alypinpm g/ cnp))
appl ylj n?hnmltﬁ?dhbg o el t9h & ipoth Wt?gublﬂgﬁféé%t émgﬁ ee&ﬁ br%ﬁ;ﬁ"efdfra?m c base
an e.air er fromhbein ef or ne e hea
treat ment B2t %ﬁﬂ} FF; aél‘lf(gﬂf’%rtg‘b edneltmenoimt o ?@g méR‘éWp?’é‘de‘?“Z §t1]e%%02
Er 283 Ndd-Z(Ii»B°CSNHO&refmretﬂnes Hmﬂﬁe)lltfmrmpar@uhegﬂmmgl%wreﬁom thie al um'hnum
oxi de,x an m.num oxj de contai ning the
Jrare e5arth ox gegsﬁgﬁfgg?gga@gr&%? g’fqgfg B B}gi‘lé#’eabl e to enploy the
al umi num oxi de éﬁhﬂlerﬁasmrtanegmswhammsmﬂ@ thresmtﬁrm&almuneutmsnl{bndehe
-joining layegy ctié'ﬁi’iﬁ‘é%lstéﬁt caﬁtfaiﬂm m@@?%h'a?ﬁ%ﬁ%gs kohicadibuit num

oxide to provide a eutectic |t|on or exa ting polnt
thereof is aaﬁmnns@@s@a% Iép‘étewreé e @hlalinge pARH lamntrhﬂ?n%tqw%t ed to

a hi gh temgsmet gr&i(]&ﬁeﬂidéﬂ a@foi&%ﬁhﬁahﬁér?{aﬁﬁbﬂﬁlﬁmgﬁﬁé&ﬁhﬁtmol n the
Jrer il bifABRgetiohe MUEETPEF. Beginiiing arsisaptapLrnng bs Akaine " |
t enper at ur eagtindlément, cdrieutehd wsedl.i IWhan spetesing hldmm\hmtmanﬂaldnmheus uch as
deT 0 e 00 G5 SR R5etab ook SRR ABAC S BB0ELAL
out that tHbhersehtering pohperasiire ieabaitnl 81 Catoe2000HC hegemena‘lheWheﬁdthead by
L AR e |
was pbksi buelmagsléyelt e me eipe phalnminwn pigrideneat o about
1650*C to }308kntentf¥S¥iding Ixﬁuétetse p@mnﬁé@\é% P aA RETwE th 0 tHehe
| nventor t hs?xtlte%ng temperatures (1800°C to 2000°C) for the sintered bodies in a non-

pressurized state (applied pressure is not more than 0.1 MPa (1 kgf/cm?))

applying no load to the joining layer in order to prevent the ceramic base
20 and the airtight sealing member from being deformed by the heat

treatment for joining.

The rare earth oxide (for example, Y203, CeOz, Er:03, Nd20s, Sm20s

or the like) forms a eutectic crystal with aluminum oxide, and hence the

melting point of the aluminum oxide containing the rare earth oxide is

25 reduced. Therefore, it is preferable to employ the aluminum oxide and the
rare earth oxide as the main components of the joining layer. However, if
yttrium oxide (Y20s) is added to the aluminum oxide to provide a eutectic
composition, for example, the melting point thereof is about 1760°C. In
practice, the joining layer must be heated to a high temperature exceeding

30 1800°C in order to homogenously join the overall joining layer when
employing this aluminum oxide containing yttrium oxide as the material
for the joining layer. Under this temperature condition, there is still a
possibility that a failure such as deformation of the ceramic base or the like
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| ar ge nunber of clearances are defined in the joining |layer to reduce 10
vairtightness if the content of the alumnumnitride is excessively
-increased. More specifically, it has been recognized that airtightness of

the joining |ayer obtained by performng the heat treatnment for joining in

the non- pressurized state is reduced if the alumnumnitride has the

| argest content anong the rare earth oxide, the alum num oxi de and the

alumnumnitride 15 in the joining |ayer. Therefore, it has been

recogni zed that either the rare earth oxide or the al um num oxi de nust be

set to the largest ratio for attaining flowability. As a result of further

progressing studies as to the content of the alumnumnitride, the

i nvent or hdekesphateout that a joining |ayer 20 exhlbltlng sufficient

ai rtightness andriiauesie, ﬂi@ﬁ@h&@ﬁﬁsgsﬁ?&eﬁ%afrﬂm‘?&m idoME sy e content

of alumnumnpitride is tr 0 set t eratloo ) umnumnitride to

at | east Znggd@&%tﬁﬁmﬁw&w& e gneliinsmboint of theeigin ¥ex

al um num nifurtiig lfe@ﬁﬁ‘éd bytfartriadiih adh@nguid hftridecto thenafbi@nentishyd added

rare rth .oxi.de,and al mnumt?lxlﬁe I.n_[oini n%’“‘%\ﬂiS t he htg 6?1‘?@ ature
- as a f1rst JPPOPELRYS CIUAHRIRG thR ]‘B’Pﬂ}‘hb hrare LA S umti t ri de

is set to tthés edse; etrwasipossible tmsetrthe }@atatreammtfempémtpm furjgidinger can
. be substanttoadﬂoy(ltcl%%bettgll)éogkcm nated due to viscous flow of the nelt.

Ther ef or e, having no helium (He) leak (the He leak rate is
| ess than 1. o X ngsveaa 11vbﬂ$}:>ee@@rbweed bymmetmnepbpﬁthﬂgmmtqmﬂrata

al um num n'l%fé@ﬁuﬁiﬁ@r%?cl@a?@h@@é Rid @éfndd ﬂi’”tlﬁé‘fo élé%ferttb%edﬁ@é e ea” h
oxi de, the alum num qQxi.de and gt}&)gm num ni t e .serving a

mat erlQl  astigtightnass lﬁtlbwgstepho TR YRJHEEde s srsasselningrehstt-i oned
high -t e”DQVI@iéléﬁediﬁ@éle 1%@s%uﬁrfebdgmw& th&t firbighltaysy of t:he%ofmhged up not
only with Ias but .al so th mc I er conS|?}t6 of the

af or ement i gﬁg %ﬁﬁ’éﬁﬂ%&rg}%ﬁ%ﬁ %t gomm%pé $ 800"t he val ue
of the t herpmbsmpah stain is pedddedi i€ the alumluwgrmnnldg hasyidre lnagediecontent

appr oached t r tr

S Ct e, obj ciong T Farbesicndifac, TRy HRAT SKAR SRF the ol bt dn dibATR T 0

| ayerl5in hadﬂnengimueﬂagem arTherefarguisdins iern pesiogninpd fzb,ﬂéreliilwfthlelr@me up
with ceraid G531 dSo°thd MRnnth 'Bgfﬂé‘fnt\fs't de ds@'i:% fRe 13{%%5@?%1&!‘&1‘ n boundary

strength of the joinhin J@ayer can | nprove According to the inventor's .
studi es, a abuiRdBE Pove may be

As a result of further progressing studies as to the content of the

aluminum nitride, the inventor has found out that a joining layer

20 exhibiting sufficient airtightness and having high strength can be formed
only when the content of aluminum nitride is controlled to set the ratio of
aluminum nitride to at least 2 mass % and not more than 50 mass %. In
other words, the aluminum nitride forms a ternary melt along with the
simultaneously added rare earth oxide and aluminum oxide in joining at

25 the high temperature as a first process of forming the joining layer when,
the aluminum nitride is set to the aforementioned content. Clearances of
the joining layer can be substantially completely eliminated due to viscous
flow of the melt. Therefore, a joining layer having no helium (He) leak
(the He leak rate is less than 1.0 x 10-2 Pa-m3/s) can be formed after joining.

30 Then, aluminum nitride grains re-precipitate from the melt of the
rare earth oxide, the aluminum oxide and the aluminum nitride serving as
a joining material as a second process in a cooling process from the
aforementioned high-temperature state. Consequently, the joining layer is
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10 previously formed in either one of the ceram c base and the airtight
.sealing nenber on the junction between the ceram c base and the airtight
-seal ing nenber. The other one of the ceram c base and the airtight sealing

menber may be engaged in this counterbored groove. In this case, the

joining material for formng the joining | ayer can be prevented from 15
vapori zation, whereby uneven joining can be prevented. Wen the joining

| ayer is subjected to transverse stress, this stress concentrates to a
single point and hence the joining layer is readily broken fromthe stress
concentration part. If the counterbored groove is forned, however, the
side surface of the counterbored groove receives the transverse stress and
20 hence t Hdleskvp oot oty wath arglass layer buimatemwith a sevamgiclayer somgistingoi nt .

Oonsequent lof thé qraveﬁger&idx@mﬁﬁcﬁhtmﬁ Ja&l’ﬁﬂhﬂﬁ’m‘ Rigide! aiﬁ@r Omé!refcme

I nvent or ﬁ @ge ap .experl y varyi t nt en the al um num

nitride, tdheRIGOLthe thar qa@apéwg%n#g@ﬁn M@ntg)}ﬁy(,emcanobethe

al lﬁm num nlaiplplrdﬁclfé&ﬁﬁﬂﬁdvh ﬁﬁeﬁ%ﬁe%eﬁ%ﬂ eﬁﬁaﬁdi@rcli @b%mcféﬂﬂ dﬂthlélrﬁatﬁg for med
a hqui th the rafe eapth oxi de and the m nu i de
Teducd t ho (s PHRECpbiofing S hEpEE ek Al e RonplEL R AF BiedevPE, o°
earth oxi den&r&ﬁtnfgéccmﬂimrg\ cambe xéediece dHoVitheejoininigd ages is filed uyf withe aI unm num
_hitride re [ in
“the joini ngg*ayer H%eg%ﬁ?aiedalﬂm%%@ﬁaf}ﬁ%i%a“teﬂ&pﬁg gjrl(a)'{lt% nm@%xl | ayer

coul d not §merng¢h@£tth93¢1nmgl@y&rlca@rbmuaprwdween the joining | ayer and
the ceramc bas%?deﬁl%eto%hbﬁhgﬁﬁto%%aéthHﬂas”%@aﬁhte@?e&‘ &?vetﬁ% gjeear ances

partially remajne treat nent

ai rt i Bht nePreyousty ereeul )@neltth%r jnemefl thaceramig bage+ S@@ls] emlgillt spaling

af orenent i Qﬂ@ﬂbéﬁ@ﬁ@hbt_]uﬁﬁn@nﬁ bteb@eemﬂ@@tc@famﬁ basehaid ﬁt@aﬁ@igtwtrs@aﬁhguct ure
ol di ng ot FOERRFE nOhaoHa ot ab e KrRHE pash PGdbe HistERESURE r ate, and
conpri ses anemlbamrm}bheengagedlm thisgount¢erhozed gromtee, Iarthas caseghlheseal i ng
menber | oi ‘?uﬁg xﬁ&gnt%g rf@lnfo(}m?t%eth@ggl'rﬁnéjlg*r% n%ﬁx Bé‘ﬁ%ve‘%&%&% ed between

the ceram e alrt r-jornrng the ceramc
base ¥nd t haparzatight “%@aebmgnﬁﬁmwmmg can bl preventedrhdVhenthegoinapegr
cont ai ns atla&&aﬁts joRed | to/ot?d}iisv'é%e SRkSs, thiba&rz& mn%a%? to ﬁ%ﬁﬁ glgar th

oxi de, at | east mass % an nor.e n al um num oxi de
and at | eagtoibt ﬁagéle%:aﬁhe mm%iayetrﬁaﬁes@ﬂ broken from the streds

concentration part. If the counterbored groove is formed, however, the

side surface of the counterbored groove receives the transverse stress and
20 hence the stress can be inhibited from concentrating to a single point.
Consequently, joining strength of the joining layer is improved.

The inventor has made an experiment by varying the content of the
aluminum nitride, to obtain the following recognition: When the content
of the aluminum nitride exceeded 50 mass %, part of the aluminum nitride

25 formed a liquid phase along with the rare earth oxide and the aluminum
oxide to reduce the melting point if the aluminum nitride was added to the
rare earth oxide and the aluminum oxide. However, the most part of the
aluminum nitride remained forming no liquid phase. Thus, flowability
was lost in the joining layer in heat treatment. In this case, the joining

30 layer could not sufficiently fill up clearances between the joining layer and
the ceramic base and the airtight sealing member, and hence the clearances
partially remained also after the heat treatment. Consequently,
airtightness was reduced on the junction.
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L3

mass % of alumnumnitride. In the joining |layer, the rare earth oxide or
the al um num oxi de has the largest ratio anong the three types of
-conponents (the rare earth oxide, the alum numnitride and the al um num
nitride). 15 A substrate holding structure according to a second aspect of
the present invention is a substrate holding structure holding a substrate
when processing the substrate, and conprises a ceram ¢ base for hol ding
the substrate, an airtight sealing nmenber joined to the ceram c base and a
joining |layer positioned between the ceram c base and the airtight sealing
20 nmenber for joining the ceram c base and the airtight sealing nenber to
each other, simlar|ly to the substrate holding structure according to the
af orement i oned o1 $he hapiscat theraforementignediyeqognition phtlie myventor, a

heat i ng/ calsabBtra@e holding stBudtare abdrde®N th Frdf adpedtAthe PreB&H % and not
nore than 70 nmass % of u&#arehgi 1h oxide, %tgggeast 0 mass % and not nore
25 than 78 RA¥ERYOR &3 auBSIEALR, sthuctyre REA ST WBeRot nore
thag 50 magmrobéssingithersabsiratd, andec 0 onixpu-isdmea cetamhivtbdseyfer holdiﬁg][mee earth .
oxl de or t n | .t rgest nati ng. renenti one
“ tr ee Typesthpodgh o afilett Jafng endier iShondy' ReAEPAGi ise IR Ge anc
t he al um nyoamng dayky) posttiomed between blee pexamiicd dsayperd the airyighdspaling of t he
_al um num oxj{ e ' ' | 0i ni ng
Tayer wi t b eber 86 Sl GARkllo BhsC AnaAThk irdBh LRty bimbdg 0,0
suf fi ci ent leachethend. Thejensrplayericontainsadtleast:2 massjbiandmotmore t he
j 0i ni ng | aRGNCANMRRSs % b a 1226 QT PIxiIARISE 1A st Q08hasLIPLA ANYE S G@NGak! ON
thanolt]cge prjor art IP state r.gducm a |l oad appo?le to the joining |ayer
as cotpar ed &dm@ss vhe afqre}maptqm @aﬁéea&deasq ?,a/m%%cﬁ and a9} moge than 5
grfvent Sdbtrhaéhs' %hﬁf glanaifiuen mﬁed?f Inhthe j@uﬁ@tgglag@r,fthbdiame_eamuﬁﬁu@e)ri sf ]
ef ormed by, this _heat treatyren r i_ni.ng. t her irti ght ness of the
bt i ned | PRAGTAPE SEER Mt Brebeh Rbimpne the thres Bl vor e
speci fi cal lcpmponens (thet mre@agtn gxislke; tiee ahemireami migride anelathe alwanieirh eak
rate i s le%ﬁtlﬁiﬁ@f' 10-1 PanB/s) can be obtained. 1In such a substrate
C

hol di ng structuré, a |leak incidence after a_heat cycle of 700C, for
exanpl®, can al $bspbsiratahriding stuniureiacoydingto a seqanid asnectof theh as

het er ogeneqiigsé:9f Hivaation isHEshdtPafethdBHES sirabtlie Hd1aR{La $alstrhbe wi ent
o R Tar et asing the subStrats. dndl Comprises & ceramic base for Holding the
substrate, an airtight sealing member joined to the ceramic base and a
joining layer positioned between the ceramic base and the airtight sealing

20 member for joining the ceramic base and the airtight sealing member to
each other, similarly to the substrate holding structure according to the
aforementioned first aspect. The joining layer is formed by
heating/calcining a joining material containing at least 2 mass % and not
more than 70 mass % of a rare earth oxide, at least 10 mass % and not more

25 than 78 mass % of aluminum oxide and at least 2 mass % and not more
than 50 mass % of aluminum nitride. In the joining layer, the rare earth
oxide or the aluminum oxide has the largest ratio among the
aforementioned three types of components (the rare earth oxide, the
aluminum oxide and the aluminum nitride).

30 Thus, in the joining layer mainly composed of the aluminum oxide
and the rare earth oxide as the materials for the joining layer with addition
of the aluminum nitride, the melting point can be sufficiently reduced.
Therefore, heat treatment for joining with the joining layer can be
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material) is set to at least 2 mass % since wettability with respect to the
surfaces of the ceram c base and the airtight sealing nenber can be

-devel oped in the joining layer in this case. The content of the rare earth

15 oxide in the joining layer (or the joining material) is set to not nore

than 70 nmass % since flowability for filling up irregular portions on the

surfaces of the ceramc base and the |ike or clearances in the joining

| ayer is reduced in the joining |ayer to reduce airtightness of the forned
joining layer if the content of the rare earth oxide in the joining |ayer

exceeds 70 mass % 20 The content of the alum num oxide in the joining

| ayer (or the joining_ material) is set to at |east 10 mass % since a

| i qui d phaserféirmed brdes atlewestempendturhconflititmtivam thel priovdirt ke argtate ear t h

oxi de can hedueidE4 164y hpflied @B@Sbihﬁﬁlay%’r a3 Jo%(géfs\ie\’vi‘cﬂ W g @GPgFat ur e

in the heat treatnment for., joining I I S case. equently, the ceramc
base and tr@oraﬁieﬂﬂeeglt% QBC%@aﬁoaiﬂngﬁg rPrexAn bR }1&%{3’@ gegamue hase AGMGy ¢ h
the joi ni ngsubayeite hbd@ingcstitietiive 9§ defoenidd by Bhid Kodtdeeatinéiefor gbining. | ayer
(or t Joglr{ ITH'[.E{.Iﬁ [ etbant. m)relthan 78?_{735 % sl nce the
1P qui & phadtoferaigtis e P obbAneRdoTinE AT carb Ak Sk ant ageous! y
i ncreasgd ssufficienaly exdetlenér aMore lspeﬁﬁa_aﬂ¥ldﬂeubisttrh'teglhblcﬁﬁglsitmtummgf )
.cannot be j;0] t C r . a1 S I Ci€Mn t empe if the
“content of THABE AR MR xeh 11638 chal ! PY A GBTREDERAEL
al um num nilor suth asubbtrateheldiggistyunturera keak incidemcaaftant &hieat gydle ofet to
at least 2 ' f ' eto*f\‘l% 212 & at or
forming the 1] (?Ul%dls%)ﬂﬁlggl?ﬁ%%hﬂgigg%e@%ggﬁm o?dj oﬁfl&ng ’%aféﬂggéattai ned
in thH?j oi riUY auheleragenaavs JpuiAB AR the jeining layergan besuppressedyer can be

i mproved due to TRPE&kieRitloRitheRafd eAtHI:REENN thé j6IAIE BAyes (of R diRthg | qui d
e.. I n other,. d he uni num

R R N TN LR N T
wher eby t hesyrfadesng thayeraminbase aed the adeiblardaling rmbarbeelcanebepansi on
coet 1161 el Slabl kot Mt /e 1005 G0R' PR8ATph Gt B 56 Sy
ceranl® basexide in fihe oikeng lggmerder tleejdining hatpriabiisges to apgmorefthapem _
|4 09, 10 b RS IS B TN, USRI uiy LR 1
si nce fl owethie qergmi¢ haseanddhgilike omglearancesdntbedoiminglayeristreduneed nent
for joini ngy fhe fathing layer to reduce airtightness of the formed joining layer if the
content of the rare earth oxide in the joining layer exceeds 70 mass %.
20 The content of the aluminum oxide in the joining layer (or the joining
material) is set to at least 10 mass % since a liquid phase of a composite
oxide of the aluminum oxide and the rare earth oxide can be formed in the
joining layer at a relatively low temperature in the heat treatment for
joining in this case. Consequently, the ceramic base and the airtight
25 sealing member can be joined to each other with the joining layer. The
content of the aluminum oxide in the joining layer (or the joining material)
is set to not more than 78 mass % since the liquid phase forming
temperature on the joining layer is disadvantageously increased such that
the ceramic base and the airtight sealing member cannot be joined to each
30 other at a sufficiently low temperature if the content of the aluminum oxide
exceeds 78 mass %.
The content of the aluminum nitride in the joining layer (or the
joining material) is set to at least 2 mass % since an effect of reducing the
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content of the alum numnitride exceeds 50 mass % If the flowability is
.thus reduced, clearances are defined in the fornmed joining | ayer and hence
<15 sufficient airtightness cannot be ensured. The rare earth oxide or the
alum numoxide is set to the largest ratio in the joining layer (i.e., the
joining layer is mainly conposed of the rare earth oxide or the al um num
oxi de) since a large nunber of clearances are defined in the joining |ayer
and airtightness of the joining | ayer cannot be 20 ensured in a
non-pressurized state in the heat treatnent for joining if the joining
| ayer is mainly conposed of the alumnumnitride. The total rate of the
rare earth oxide and the alum num oxide may be set to at |east 50 mass %

in the joi femgeratyae for frmagdhsdicudaohnsednrigesheatdrentneniclor iomingo t he
af or enent i gagGbe Arafiddsin HeNeflinglhybsaRdthejainify shdngthef (REjARInS! the
rare earth, oxide is at I‘éef%'séj 10 'mass %.and no re than 58 nmass % the
cont ent of 12¥fZ can b HORYO @€ F%r%?rngéﬁtl%oﬁﬁg‘gm%‘Hﬁén% € &AES han 70
matss % a{lﬁrdﬂi%@@ﬁxﬁdggha@é 1{1%@0@0&@ i jmlsﬂirrt}ﬁe ghise.atlﬁieafetrvt&&dtms%e ;%a and
no re n nas A 1 N. e ol Nl. er . e Su ra (0] I Ng
- atrucBure. ACBIOMTGRE e Feghpi e RS dbe il e S Gpfipdg | ayer
: S p[ ef1 gr alph'yce;serwhéréhy thenjoimyy/gclalyer nang)ega‘ehjlfmircéd\gn«.’mherthai‘mgbnt ai ?i Ing aE
.l eas : . . eas
50 mase_ o SARenSPdeciERE 6 e TRy AR bethlibRcRal I uRilim Al | o
10 mass % &nnansionmeeticipanobthe masscgerimig (hiveramia forméngithet hi s case,
the nel tingepghithsde dihthed Wk& NCIrd¥Ghehial ,ﬁfej;ogﬂrﬂx%b%tﬁfen#tﬁl‘é‘ﬁr% jdfningnpar ed

with the pri ol n th the
)

lor art, Therefoye, heat trea [ )
j oi nilfly | @Yewh%lla@r?vﬁimﬂm%}teatp alyppan g itede 48 tBEUPIBANE han

the prior aayer (dr3héféineng athiteriad) & dedad 1853 hiadd50 endd3Ssisthdd l@wabBitgr as
conpared w.t 21515 e gl)r | ﬁ)r z%r.ts. g%fﬁ}u né bé fuch % E?I | ur e calg ﬁe reliably
prevent ed tRALEINRE I BHRTISFEER pkireataenb fof IYUOBEERGr e i s
def or med byontdrs dfehe dluadhuanhitiile ¢xeeadn§0 nifssTe dévhefiowabilityeisr ar e
o2 L1 o8 S50 e kY B i LR M) TR s e
cer arliic baseffanent hrtightheshcarseati benensumeder is particularly remarkably
devel oped in thepy O Vo rtiR¥&IAe 8k HY AupRitem DREIER YR tRE 14888 st ratio
in the joining layer (i.e., the joining layer is mainly composed of the rare
earth oxide or the aluminum oxide) since a large number of clearances are
defined in the joining layer and airtightness of the joining layer cannot be
20 ensured in a non-pressurized state in the heat treatment for joining if the
joining layer is mainly composed of the aluminum nitride. The total rate
of the rare earth oxide and the aluminum oxide may be set to at least 50
mass % in the joining layer.
In the substrate holding structure according to the aforementioned
25 first aspect, it is preferable that the content of the rare earth oxide is at
least 10 mass % and not more than 50 mass %, the content of the aluminum
oxide is at least 30 mass % and not more than 70 mass %, and the content
of the aluminum nitride is at least 10 mass % and not more than 30 mass %
in the joining layer.
30 In the substrate holding structure according to the aforementioned
second aspect, the joining layer is preferably formed by heating/calcining a
joining material containing at least 10 mass % and not more than 50
mass % of a rare earth oxide, at least 30 mass % and not more than 70
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rare earth oxide in the joining layer (or the joining material) is set to
not 15 nore than 50 mass % since viscosity of a liquid phase in the joining
-layer is so increased in the heat treatnent that flowability of this
liquid phase starts to lower if the content of the rare earth oxide in the
joining |layer exceeds 50 mass % The content of the alum num oxide in the
joining layer (or the joining 20 material) is set to at least 30 mass %
since the tenperature for formng a |liquid phase of a conposite oxide of
al um num oxi de and the rare earth oxide can be remarkably reduced in the
joining layer in the heat treatnent for joining in this case. The content
of the alum numoxide in the joining |layer (or the joining material) is
set to not mese% ehaluppinwm oxideand atdead 10 masd Ypradadgtonareithardfer at ure

in the joi nlRgs bAYRAlUNSinUIR 18888 to reduce flowability of the liquid
phase if the co 'num,oxioge exceeds. 70 nmss %1?"%{6 cont ent

erﬁ, of thlem al
of the al uni numlw this gase.thequeltmapoigt ol ghe jqiging layer; GEeARErial) is
fset ]Eo at Ila?%&e(llgs@_aﬁﬁaa%feai\mnthel?egfmtt. ofrh@@éibﬁé,{l%atth@eat%@eﬂtﬁmera_tur teh
or formn e liguid phase renarka appears in e,joinjing layer in e
~heat | 15 ont dettinesr i feBAgtRe 1EFRCRObY pRBRERER ey 1o v st thertite,
nitride in dondifion thag thayeion art inhestate medacingtacloiadl gppledstt thegjod@ingmass %
_since flo LI ' Qi I Sl L nRr ' - 14 0
-2 heat tr oabirek bY oo GAhAUIE pibt e © CORSRRENMY TRk e - L0
more t han 3@liakig pegvanted tbat thye ceramicrhuiseiof ghe snbetrate halding sitrictuve t he
afore”?nt'%%fofmé(ﬁby%iﬁgw&ea&a@ﬁ foxtﬁ,"aﬁuagr am ¢ base may have an
electric circuit, The” 5 s trate hol di structure afcordln to .the

af or eH®nt i oned fTh%f:%?e%@géﬁa racgearthpxpde in thejoragmplayex (ar fheminge
conducti ve meidgal)coBEEES £fllcladt 10enadd BCdint€ wektability ¥itH F&speet entlee base.

EIIRER N N GO RS
the feedi ngrenidrkabigdetelopeddntthe joimingilaper inothiseaser dhhe chateat i the no
eak. ther S it bR i) RS TRIRE 600
Consetfient | more tivan 50fmassiVesivae viseosity lof adiquidehasetincthejainingd ayertt ng
conductive JRAREE,ded {nOHOWE] (R¥atment that flowability of this liquid phase
starts to lower if the content of the rare earth oxide in the joining layer
exceeds 50 mass %.
The content of the aluminum oxide in the joining layer (or the joining
20 material) is set to at least 30 mass % since the temperature for forming a
liquid phase of a composite oxide of aluminum oxide and the rare earth
oxide can be remarkably reduced in the joining layer in the heat treatment
for joining in this case. The content of the aluminum oxide in the joining
layer (or the joining material) is set to not more than 70 mass % since a
25 liquid phase forming temperature in the joining layer is increased to reduce
flowability of the liquid phase if the content of the aluminum oxide exceeds
70 mass %.
The content of the aluminum nitride in the joining layer (or the
joining material) is set to at least 10 mass % since an effect of reducing the
30 temperature for forming the liquid phase remarkably appears in the joining
layer in the heat treatment for joining in this case. The content of the
aluminum nitride in the joining layer (or the joining material) is set to 30
mass % since flowability in the joining layer is remarkably improved in the
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reaction gas or the |like outside the substrate holding structure. 15 A

- substrate processing apparatus according to a third aspect of the present
-invention conprises the substrate holding structure according to the

af orenenti oned first or second aspect. In this case, a problem such as
corrosion of the feeding conductive menber by reaction gas or dispersion
of tenperature distribution of a 20 substrate resulting fromdeformation of
the cerami c base can be prevented in the substrate processing apparatus by
enpl oying the substrate holding structure having neither |eak nor
deformation. A ceram c joined body according to a fourth aspect of the

pr esent |nvent|on compri ses first ceram c body, a second ceram c body
joined to hest tmetmpnggord@rmgdf boeigonteat of jthe ﬁlwgmwemtp@umrmﬁed bet ween
the first gRraThenFMadsd,t he second ceram c body for jOInIng the first

ceram ¢ body aﬁg 1glhe econd ald{lam c body to each ot The ] O ni ag | ayer

contai ns at the syhstrate haldingstiysture aceer plorementopedar ¢ h

oxidde iat ﬁeasdr sel:@ndfa%pe% ghécemmmis@etrhap hﬁ&e@ﬁoé/le%%ﬁé cakuft NWheoXi ge
and at | east not nor SS %.0 num ni tyri de

SRR | o Rttt Ry hENARE adBrdnglothe toTeimentifhe A aiEh Y Rt {he

| ar gest raaSpJectanwyl@.nttherabmrpmuera femdﬂﬂg tou dhecti wepme ndf erccommected to thehe rare

~sarth oxl deteceh OGPLITIIHE SR BAG | M PLURLAVTLRIRE iEber 15 A ceran ¢

j oi ned body “accor resen I'mvention conprises
first and peef@mblmrra&nge%aueedoaﬁﬂle qedmg ngndlagteve msweben. oned bet ween t he

first and seconth ¢Ricaniss, HFhitichschBh 'ﬂanbafféfﬁﬁgecm%tﬁ@mn eram c
eap

bodi es to each other, sim.|larl eram c ing to
the aPor enmcrww Womher 1§§?}@@@ totia\s cpmmi%asea Haer

heat i ng/ caji el mtat)ﬂtne i R s eAlind m@ﬁfﬁealcrahrwe ﬁiede@@é& fl?omsex%al and not
nore than oand not nore

rare eart | eas
Than 76 maRenORaRoR At ALHobEAa " THa THHe. | Crseauantly. 9 a TARETe fan D%t nan
50 (rjrass %ﬁéh@l?lyrpmuemredtuhaiethelfe%dmig doniduictige négraber ishamﬁada% bg0 earth .
oxide or the alunmn Xi t ar t.rat anpng the a orenenti one
three typege%ﬁlogo%soﬁrﬁf Hg? §1QP§h8§Pg%§18§? §81(ﬁf1 n'g(itHﬁ? num oxi de and
t he dbum num ni Arsmdzs}rat‘élnmpe&sheg apparartglsmcontdmgrtotaet}andlfaspeﬁmﬂtiner educed
in the joi gi‘%%nt L Y&t R cBinp rfiRIRAS b frat O B o HliHF SEHIBLAYE D6catathg b6 rare

earth oxid i
the aforementioned first or second aspect.

In this case, a problem such as corrosion of the feeding conductive
member by reaction gas or dispersion of temperature distribution of a
20 substrate resulting from deformation of the ceramic base can be prevented
in the substrate processing apparatus by employing the substrate holding
structure having neither leak nor deformation.
A ceramic joined body according to a fourth aspect of the present
invention comprises a first ceramic body, a second ceramic body joined to
25 the first ceramic body and a joining layer positioned between the first
ceramic body and the second ceramic body for joining the first ceramic body
and the second ceramic body to each other. The joining layer contains at
least 2 mass % and not more than 70 mass % of a rare earth oxide, at least
10 mass % and not more than 78 mass % of aluminum oxide and at least 2
30 mass % and not more than 50 mass % of aluminum nitride. In the joining
layer, the rare earth oxide or the aluminum oxide has the largest ratio
amdng the aforementioned three types of components (the rare earth oxide,
the aluminum oxide and the aluminum nitride).
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15 the materials for the joining layer with addition of the al um num
«nitride. Therefore, heat treatnent for joining with the joining | ayer can
sbe performed under a | ower tenperature condition than the prior art in a
state «reducing a load applied to the joining |layer as conpared with the
prior art. Consequently, such a failure can be prevented that the first
and second 20 ceram c bodies are deforned by the heat treatnent for
joining. Further, airtightness of the obtained joining |ayer can al so be
kept sufficiently excellent. Mre specifically, a ceram c joined body
having no | eak (the He leak rate is less than 10-8 PanB/s) can be
obt ai ned. Further, a failure such as_heterogeneous joining in the joining
| ayer can be su@pﬁ@@é@&]owd'lbﬁélkw gapo ag&h&mecéafﬂhe predati n t he

j oi ning |aY§{rer(t‘i’6n wﬁphﬁeglﬂwt aH&ts%Eéx?d Lefainﬁq}odags ghdlRling 1apes % since

wettabllltyWJ spect t%[ehgr Lénqacea rst and sec nd ceramc

bodi es canPREtINES e*?f%é‘f? stjagyonjecqn &9@4“1!% ? es feryoiningthefirstont of

the rare eamtdhfseast;de;ermid;B%dmg!t@baax bﬂy&f sirfilatlyeto) thieengmi@jcihie ! ) :S set

to not, nore than si nc in i rregul ar
~port1 Gne_onethatedrifBIE Bp MRttt sdpect o oipglasth

cl ear ances formedby;heatingjcalaysngiasjoiricigaad ténial adnEaJmnglatdehsty&masrs %educe

a1 T oht ness oot i6xd PR 0 Rh 90 2¥EFo Ly jae HEAL: B idl8 %3g carth

oxide in the jorni excee
al um num oxiofiexe ﬂm? Ao of pduminum oride @ing agleagtiannsy §6 2 Isd @@t to at

| east 10 ”%ére%h%ﬁﬁ&@n?%sls' %Wf@l&ﬁﬁﬁﬁnpﬁltﬁdéo”Rﬁsthle‘gonﬁﬁ?%y&f th8@afd UM num

oxi de and the _rare ear xi de can fo ning. layer at a
rel atiQel y easth 9%&%\‘%@ upHNyEy pxidedha Srrgfﬁ largest ltﬂtm agongitiet hi s case.
Consequent |af0re&1|i@1ﬁd>riéi tl@fefé type§ Bflcsifp aRbistsEke earLedrtBOxif®ithed to each

f the al um num oxide in the

other with oinin The cont en

joining la {Wmc?l’é‘ ‘ﬁfﬂbe by yu %g@et to not nore than 78 nass %
Si nCﬁ the 1i qU| d‘}p.t@sthefxmlmmdmﬁpen&bwtffﬁcmndlymmﬁegag&husbmmgncr ea;ed
in the joi r S ce odj . ot be

j oi ned ![O gé%% %‘%ﬁry ngi%fgsrs'l”af |t(i:l§éqf]iﬁ nP%b\ﬁ’flgﬁpaé}(g%? £ eaﬁﬁlé]o ?gnt of

t he alfum ndheaxattriads ferthe Jmmmslay% witleadditiamof tie ah:enmunnmmdm tride

in the joi "#H&ef(ﬁléeﬁeétofreﬁk\}ﬁent ﬂir@bﬂﬁng%ﬁﬁ'tﬁbhofn‘iné?%yéxocsﬁ{ beast 2 mass %

for the follow ng reason tent um numnitride
to at | eastrerformed ynder adower terapexature serditipagthamthe puer agt 1 adtiateng t he

t enper at ur §efi@¢inig4 IdWapplied to the joining layer as compared with the prior art.
Consequently, such a failure can be prevented that the first and second

20 ceramic bodies are deformed by the heat treatment for joining. Further,
airtightness of the obtained joining layer can also be kept sufficiently
excellent. More specifically, a ceramic joined body having no leak (the He
leak rate is less than 10-2 Pa-m3/s) can be obtained. Further, a failure such
as heterogeneous joining in the joining layer can be suppressed.

25 The content of the rare earth oxide in the joining layer (or the joining
material) is set to at least 2 mass % since wettability with respect to the
surfaces of the first and second ceramic bodies can be developed in the
joining layer in this case. The content of the rare earth oxide in the
joining layer (or the joining material) is set to not more than 70 mass %

30 since flowability for filling up irregular portions on the surfaces of the first
and second ceramic bodies or clearances in the joining layer is reduced in
the joining layer to reduce airtightness of the formed joining layer if the
content of the rare earth oxide in the joining layer exceeds 70 mass %.
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the liquid phase can be attained in the joining |ayer in the heat treatnent

~for joining. Further, alumnumnitride grains reprecipitate froma liquid

-l ayer in a cooling process, whereby the joining | ayer can be reinforced and
the thermal expansion coefficient of the joining |ayer can be approached to
20 the thermal expansion coefficient of the matric ceramc (the ceramc
formng the first and second ceram ¢ bodi es). Consequently, joining
strength of the joining |layer can be inproved. The content of the alum num
nitride in the joining layer (or the joining material) is set to less than
50 mass % since flowability in the joining layer is reduced in the heat 25
treatment for joining if the content of the alum numnitride exceeds 50
mass % When t hd'biel condent of the alunsiauee 9xidd wathejoiring kayde (omidre joininige

formed joi g AQri- VR seRRE alﬂ?é"&fi R nfais§ ngxc%!a{ Hgﬁfﬁ ﬁ§§%ﬁf‘€'&8fnpt%§it%”sw ed.
The rare earth o %ge or the alumnumoxide is set 1ot g argéest ratio in
the joi ni n@xrté;wfrt gﬂe_anaunapgﬁnerﬂ»@éhe srrecearih avéde cap dedermadanite he 30
joining | aj’(ﬁﬁirgg’lth@rrdt!agi‘élﬁﬁ%lyolfoﬁ' tenp&iatupgin Rat tfeatmRht er pifiHged in a
non-p%essurl%ﬁ stategfn t he heat taﬁ&%neQ#ﬁfor JOlnlq? “%Fthe j;0i NI ng
Clayer? s NatPSFasEnpboRgesrenty the fixst andsecopdeeramic hedies cAn s | ayer,
the total joiaté tofeathether widatlidjoixingeagorl tThe @bntamwhtheiademimunbe set
to at | east_-3.1 S 0 . 1 C_jpoi.had. Y, ' he
Fourth aepaaideih i SRERE vl (& WheBiHy Spb Rl i SPGB LA 7505
is at | easmass Yedncashmlquitbphase fornting tepexstuyistdisadvantageowslyt he
al um num ox ' : MBS t % and t he
cont ent of )ﬁ'ltl ea%?clij%i. F}l{ljﬁf{ﬁfﬁ}%}%g I's afﬁ(fggsstt %E'éryggg ?g?]%phg@@%m e than 30
mass 16 i n caenpbbaisigeditaparh other ala sufaeientlydpwelenmpptanaciditheng to the
ﬁf 0{ ?”E/”t ' l@%ﬁt'(ff:tﬁe a%‘%ﬂfi’ﬁﬁm 6ﬂﬁe1e§kbé‘éd§ﬁ7$ ?rY%%%_%,S pr eI elr abl %’ f8r med bg// g
eat i ng/ cal ci ni e i Ni mat eri al .contaj ning.at.|eas mass % an
not more than 50 hesensent b thealtmmum mivdem dae aninglaserdor g % and
not nore t Wmﬂ%mmﬁ&bﬁfscﬁet 'ftﬂ@t @?aytjmrmsg% ﬁﬁdﬁmdfloalwrilgg&baé&l:rra\a&e% ?n_d
‘not nore thap. mass, % of. .t he,al um num ni.tride. is gase, the nelting
ot nt of ¢ AEvRg TehEoRtept Bt the S EniiThm eriae 1 SEdapl b B ifar ed w th ¢ he
pri orlbart . heheinabove debaibed, raeneffesttoffreducing thiengpnwp edatatefordornmg | ayer
can be perfpg mﬁi&' %ﬂ(aa'ée @ah%‘@eﬁttgﬁfmqrna{htérﬁhﬁng layer in the heat treatment
for joining. Further, aluminum nitride grains reprecipitate from a liquid
layer in a cooling process, whereby the joining layer can be reinforced and
the thermal expansion coefficient of the joining layer can be approached to
20 - the thermal expansion coefficient of the matric ceramic (the ceramic
forming the first and second ceramic bodies). Consequently, joining
strength of the joining layer can be improved. The content of the
aluminum nitride in the joining layer (or the joining material) is set to less
than 50 mass % since flowability in the joining layer is reduced in the heat
25 treatment for joining if the content of the aluminum nitride exceeds 50
mass %. When the flowability is reduced, clearances are defined in the
formed joining layer and hence sufficient airtightness cannot be ensured.
The rare earth oxide or the aluminum oxide is set to the largest ratio
in the joining layer since a large number of clearances are defined in the
30 joining layer and airtightness of the joining layer cannot be ensured in a
non-pressurized state in the heat treatment for joining if the joining layer
is mainly composed of the aluminum nitride. In the joining layer, the total
rate of the rare earth oxide and the aluminum oxide may be set to at least
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condition than the prior art in a state reducing a |load applied to the
~joining layer as conpared with the prior art. Consequently, such a failure
-can be reliably prevented that the first or second ceram c body is
defornmed by the 20 heat treatnment for joining. The content of the rare
earth oxide in the joining layer (or the joining material) is set to at

| east 10 nass % since wettability with respect to the surface of the first
or second ceranmi c body particularly renmarkably appears in the joining

| ayer in this case. The content of the rare earth oxide in the 25 joining

| ayer (or the joining material) is set to not nore than 50 mass % since
viscosity of a liquid phase is increased in the joining |ayer in the heat
treat nent 8Bdndsso¥wabi lity of this liquid phase starts to |lower if the

The content of PheiecERIAR cibody BRI ALt Reth AEERTR R Mhing 30
mat eri al ) pgetfggqbquﬁgp ra‘%ﬁ%’?te@é Ogrét‘é r%%?‘ﬂttb Ppde i anﬂl}pénp S}‘TBPBn ng a
|iqgi d phaget ffora tEQﬂIBIBbl intags%idtﬁﬂxfé dbhﬁéﬂil@ofaﬂli_erﬁluluﬁn% _dﬁi&mhii a;]ﬂi@asase earth
oxi de.can be repar reduced inn_t he,j oi Ri ayer, in,t eat treat nent
“For | 8i ni s ' g RoRworeHIAR T0hnass 4t and 4R comtent AfdReAPRRMAL | o ni ng
-18 |l ayer forides gtdeasint) meassr%and net metre than@0 mase % mthd foimass % si nce
.the liqui \kggase form ng tenperature is increased in the joining |ayer to

“reduce flowability of the liquid phase if the content of the al um num

oxi de exceeds ¥ theseramicyoimeasd b@gbt according trethe aforementioneddidthn t he
joining la o} g Mal | ' . Ss % si nce
i of fact appesathe a0l PRUBEATY fohfedd tlt%tﬁ%{ﬁﬁhgégst@% :
remadRabl yloaning paderial coptaiping algleaphyBmass Porandagt moredhanmo 1 or

|G-, aevacatethesied bk antlrevlsh gl 4 pag chpiem (o (%,
Lhe | of ni nipassait tBe AlmiRuty xR and Afeast 10 maTetand uaf msre BaR | of ni ng
i f the conBénhasf %t dfethel alanminmmoinityidke i s not nore than 30 mass % In the
second aspect ot ¢iey ife ARIARGIAAE B I ioBuBRIARE! AN B geliabl) ©"
af or dfent i vedutedoas cdmpared With theppooy aat.héThenefqrechehthicatmeat fory be | ess
a2, TS e S5 e SR SRRyt aphdygiui 11
condition than the prior art in a state reducing a load appheg to the joining
layer as compared with the prior art. Consequently, such a failure can be
reliably prevented that the first or second ceramic body is deformed by the
20 heat treatment for joining.
The content of the rare earth oxide in the joining layer (or the joining
material) is set to at least 10 mass % since wettability with respect to the
surface of the first or second ceramic body particularly remarkably appears
in the joining layer in this case. The content of the rare earth oxide in the
25 joining layer (or the joining material) is set to not more than 50 mass %
since viscosity of a liquid phase is increased in the joining layer in the heat
treatment and flowability of this liquid phase starts to lower if the content
of the rare earth oxide in the joining layer exceeds 50 mass %.
The content of the aluminum oxide in the joining layer (or the joining
30 material) is set to at least 30 mass % since the temperature for forming a
liquid phase of a composite oxide of the aluminum oxide and the rare earth
oxide can be remarkably reduced in the joining layer in the heat treatment
for joining in this case. The content of the aluminum oxide in the joining
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| ayer preferably contains alumnumnitride grains forned by precipitation
~of the alumnumnitride resulting fromdissolution-reprecipitation. 20 In
-t he substrate hol ding structure according to the aforenentioned first or
second aspect, a counterbored groove may be forned in either one of the
ceram c base and the airtight sealing nmenber on the junction between the
ceram c base and the airtight sealing nenber, and the ceram c base and the
airtight sealing nmenber may be joined to each other while the 25 other one
of the ceramic base and the airtight sealing nenber is engaged in the
counterbored groove. In the ceram c joined body according to the
aforementioned fourth or fifth aspect, a counterbored groove may be forned
in either baxerdprthe jdining matérsdismet de nakimonedhians7Gmassdsjsimes then

bet ween t Mgugaﬁkafsé FSimERY BFhFetRtYe ﬂ“ﬂlc}%eﬂQh%lﬁg%%}gﬁgg§X€m&rM1 and

he ot hor a9 ality At Benihhaseiidhs coatemh of BECBPPTL AFHFARPALE he

counterborgd iga99¥e. I n this case, airtightness and strength can be
suffigiently engired in fhe.unction bet n.t ceram ¢ base and the
“airtight seali ng[tf'r?emfmé BEtﬂelglC‘?ﬂ’é“}IBﬁ’d{rﬁgﬁub Wﬁ“f%@’%ﬁ@? fid second
cerani ¢ boghiasg nfateriady is setao aj leasi h@) nnaedsedisihcecan effecpofyehtoinlg them
.vapori zati ' ' | 040l . | . ural ). 4 o] ping
“ean be contimarafieR 19aT oL N CRANRRI AR, AP s ol bR,
structure ddyerigaidienheati traatmentefardpiming. 5Thasentent: ¢fcthei alumgimums eal i ng

menber (or &4t -0k bl ; ' | ' e
count &y bor éﬁ‘%‘?%%@?“ﬁ%?%%é?ﬁ%@%ﬁﬁﬁ%ﬂ oD an o6t Rpabe ot thall” |

j oi nil¥g | apfrmasgs “Hensp Wﬁsb‘ail tyoym saeininimg layesns aemiarkgblygmpravefddnni ng

layer is iR deairddinidie fﬁﬁjcﬂﬁi&%]ifcth@%nb&ﬁ%ﬁ%fé%dhﬁﬁuh@_n‘itli@de is not

th aspect, the first ceram c body may have

af orenment i oned our%] or O fif

an el ectri P‘Q,Iierti’l?lnt. S Cerani ¢ j oi ned body according to the

af o(r]I enent i oned finthesubstifaté ol disgestiuctuey ateordineg te ohpafenterftéidng
conducti ve nect tr. i I cui . 1 st ceramc
body. The. SESbRE e BN EPerb o fn S cBidiflcibfpedhidy abeqthitd o pld 21 £2

f eediliy corforemeantionadfourtl 5r ififth hspeatas dielivine (Eep beak cateanay bedéys act i ng
as an airti | 4 | f | ' nmb [
Toi ned to (han 6% 10ePaTRIE YAk ZE M iy Ot A, SRBEEE MAISTTORT 1S
t he second reay heiat leagdlA TP 6l Hkelimm B @sitodhedeinangdayete nekhaidipm s f

reaction gagyé&pidierdbly@ontains aluminum nitride grains formed by precipitation
of the aluminum nitride resulting from dissolution-reprecipitation.

20 In the substrate holding structure according to the aforementioned
first or second aspect, a counterbored groove may be formed in either one of
the ceramic base and the airtight sealing member on the junction between
the ceramic base and the airtight sealing member, and the ceramic base
and the airtight sealing member may be joined to each other while the

25 other one of the ceramic base and the airtight sealing member is engaged in
the counterbored groove. In the ceramic joined body according to the
aforementioned fourth or fifth aspect, a counterbored groove may be formed
in either one of the first and second ceramic bodies on the junction between
the said first ceramic body and the said second ceramic body, and the first

30 and second ceramic bodies may be joined to each other while the other one
of the first and second ceramic bodies is engaged in the counterbored groove.

In this case, airtightness and strength can be sufficiently ensured in
the junction between the ceramic base and the airtight sealing member (or
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Consequently, such a failure can be reliably prevented that the feeding 20
<~ conductive nenber is corroded by reaction gas or the |like outside the
-ceram c joined body. A substrate processing apparatus according to a sixth

aspect of the present invention conprises the ceram c joined body

according to the aforenentioned fourth or fifth aspect. 25 In this case, a

ceram c joined body having neither | eak nor deformation can be utilized

for a substrate holding structure or the |like of the substrate processing
apparatus. Therefore, a problem such as corrosion of the feeding
conductive nmenber by reaction gas or dispersion of tenperature
distribution of a substrate resulting fromdeformation of the 30 substrate
hol di ng st thejunaicaubetyeeqmr thesfirssdhndhsedondaebamiabedisspc Beithgr, thﬁpar at us.
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base 3 coneirshitrf the fost aetamizisddyas THeusacon thoer amicibodyp is\prdferably
arranged to enclose the feeding conductive member.

15 In this case, the second ceramic body acting as an airtight sealing
member protecting the feeding conductive member is joined to the first
ceramic body with no leak, whereby the inner part of the second ceramic
body can be prevented from external penetration of reaction gas or the like.
Consequently, such a failure can be reliably prevented that the feeding

20 conductive member is corroded by reaction gas or the like outside the
ceramic joined body.

A substrate processing apparatus according to a sixth aspect of the
present invention comprises the ceramic joined body according to the
aforementioned fourth or fifth aspect.

25 In this case, a ceramic joined body having neither leak nor
deformation can be utilized for a substrate holding structure or the like of
the substrate processing apparatus. Therefore, a problem such as
corrosion of the feeding conductive member by reaction gas or dispersion of
temperature distribution of a substrate resulting from deformation of the

30 substrate holding structure can be prevented in the substrate processing
apparatus.

Brief Description of the Drawings
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resi stance heating elenments 6, a plasnma electrode 5 and an el ectrostatic
adsorption electrode 4 enbedded in the substrate base 3. A high nelting
-point netal such as tungsten or nol ybdenum can be enpl oyed as the 25
material for the resistance heating elenents 6, the plasma el ectrode 5 and
the el ectrostatic adsorption electrode 4 formng an electric circuit.

El ectrode wires 13a to 13d for supplying power to the electric circuit and
a thernocouple 14 serving as a tenperature measuring nenber are arranged
on the back surface 16 of the ceram c base 2. The electrode wires 13a to 30
13d and the thernocouple 14 are arranged in the protective cylinder 7
consisting of alumnumnitride. A nethod of fabricating the holder 1 shown
in Fig. 1 is nowigeddsiabeshematicreedtionadviéwishowang aghalter seranga@stmse 2 is
not partic i li R . an be enpl oyed,

for exanp|g%ﬁ%#%g%?ﬁgbggé9%??“%?%%@?%%“%39&H?gﬁgﬁgﬁﬁﬁgﬁn ? e ceranic base 2
is prepared by B arwiwﬁnmmwﬁmmém@p%ng@y@p trosy ofi the t he

resi st ance hsldet BBowhafemies 1and the like is pressure-applied to the surface

5 of this ceramg. sintere y and subj.ected to baking, A material
" prepared by addil‘ﬁ’&' édSé’s@PQgg&{agFem fﬂ‘dﬁﬂﬂrﬁﬁl%ﬁg@ﬁ&f‘?&?k teStat eri al
poY\/dg(rj consi st i NBigo# ia aschlennatid sa?yiomﬂ wiemhahiﬁgm:meg;ﬂoglall holdur |
.ol ybdenum g i lver: (Ad); adi u Pd) alloy, platinum
(Pt) or a poétsl?sggrﬁé ?&%ﬁégﬁ%&fg\ﬁssd%ﬁnéjg/g\ﬁgh?%ﬁaail??'&?egf a solvent 10 and a
bi nder is enployed as the material applied for form ng the conductive

| ayer. Anotﬁggtmpgéw‘fd‘r @%ﬂ?ﬁg otk mSeftfiognoed on the surface having the
roug

baked conductive [ayer f. a joining material or the like, so that the
ceram@ si nt er edABSILodmentof the prpsent; 1pventignds mogndesatheghwith si nt er ed

body are hegifedepicBed draweRgd) Rd¥@ionshdenfieAPSR CorsbsidtdBAg 16 @xch d2tRedid he
af orenment i oned ﬁgdl.tl nal .ceramé Si nbﬁ{yeql bdeé may alternatively fe
directly hea¥®°oPHeHE ?‘é@‘&%‘f'%’f%_?n%‘* uthe$318R ge CRFfe P BIGTA erial
Befjweeg thﬁr@lﬂmdammbcnpm_ammn@ltmépeaédbody and ;hg ger am c sintered

ody. Further, ngt Y ceram c. sintered. but, a.¢orrosion-
resi stant protec il\})i&?éraé%grmem{emr@ﬁeﬁt gbvpﬁni%%odl gnfeﬁp%gﬁcvgﬁ uctive | ayer
20 anl;l5bakettfe1temcpltg€egoi. t he af orenmenti oned step of pressure-applying and
baki ng the condyeth¥em! iVl 12aHo10%E1 Whpises Y OBAnAR HalE 24 d gce of the

ceramnic
protective cylinder 7 joined to the ceramic base 2 as an airtight sealing

member. The ceramic base 2 and the protective cylinder 7 are joined to
each other with a joining layer 8.

20 The ceramic base 2 serving as a first ceramic body includes a
substrate base 3 consisting of ceramic such as aluminum nitride as well as
resistance heating elements 6, a plasma electrode 5 and an electrostatic
adsorption electrode 4 embedded in the substrate base 3. A high melting
point metal such as tungsten or molybdenum can be employed as the

25 material for the resistance heating elements 6, the plasma electrode 5 and
the electrostatic adsorption electrode 4 forming an electric circuit.

Electrode wires 13a to 13d for supplying power to the electric circuit and a
thermocouple 14 serving as a temperature measuring member are arranged
on the back surface 16 of the ceramic base 2. The electrode wires 13a to

30 13d and the thermocouple 14 are arranged in the protective cylinder 7
consisting of aluminum nitride.

A method of fabricating the holder 1 shown in Fig. 1 is now described.
A method of fabricating the ceramic base 2 is not particularly restricted but
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sintered body for arranging the resistance heating elenents etc. in this
~groove. In this case, coils or wires consisting of a high nelting point
netal 25 or nmetal foil nmenbers may be enpl oyed as the resistance heating

el enents. Further, the coils, the wires or the netal foil nenbers nmay
alternatively be directly arranged on the surface without formng the
groove on the surface of the ceramc base dissimlarly to the above.
Further, a nethod of not form ng the conductive |ayer after the 30 ceramc
sintered body is conpletely sintered as descri bed above but arranging a
conductive layer (with respect to a ceram c conpact) before sintering the

ceramc sin ﬂ%ﬂpbody ma ngl oyed as_follows: Mre specifically, a
ceramc coné'l#c BANg ap e emplpveds fapevample:i rst - 22 prepared. This

cer amt c conpact Fist f@éél@lﬁl@%m&rbg‘boﬁ?'fb@%ﬁ& Eﬁpé’erafnﬂ'i: bREIR gd g' [St
a sintering assistan i nder an’,0 i c. sql ven . are added to

- ceram c natRYSP é‘ireé&((?é} H:Bnﬁ&éépe%‘?g m&%‘g‘a‘ﬂdcﬁwegé %ﬁ“h'{QlePﬁ €phal |l mll
or the |i keresﬁtancthaapgreéelmlents hnd therlﬂehslpﬁresé\ﬁ%t aplied o thdyutfaee doct or
bl ade tho ao fo Iy cera base can be

." obt ai n &\tthégg?xr%g éﬁtegrﬁg& giy %%ﬁu&@ﬁ?@%%flgvex 8’9’& r defining
t he reS| st apmpahiediby@idmgammssst@narfdr phempting dadciaatiangednaterisde surf ace

.of this cer Pgd‘fgﬁﬁnﬁ 8?’9r}ﬁ§ﬁr}gﬂd%§gbﬂx§ﬁ’m@@l%ﬁﬁhsatsﬂtngsﬁén f onpting

calcination is consi neltlng
poi nt net al molxhflendim ox gsmetal srchnas 9@&@%@&)‘1’&“&@1@ (Bdbnﬂas, a silver

(Ag) - pal | ad;bltarﬁirﬁﬁﬁ)(mj &noy platli’hﬁiﬂ (Rt gotd (ARY aﬂoy@ kﬁﬂi aamtﬁ&ﬁ bf 8oty dniy)

al l oy_for ser onent ance eat |

el emeﬁ{) and 8&383591% o 83 ¢ veLeppﬁe@ sCondkEtivene
sinteri ng al%@rlest aAhothaer creghnhe sﬁdfée@tl b&&y Téﬂ@rmwgedrcm tHe éﬁﬁaﬁmhe{dxﬁé powger
cont ai ni ng and tih 0.tLhe s ce o
the ceram cE lﬁ%& co%tbqthv&laggf gﬁf gi'c%?r?)‘gb?g %?%EM eh J)’A(et’ ﬁg%éﬁf‘if ace
coat ed wi t htheheeranridsinttieved bagyanidothe afefemengonede alddstnmmlrrceeahnat i ng

el emrents an d y ed

bet ween t hegcré%}e%ml%:@ ate h%gog&g?ﬂ% g%é}%tohreganen [ one (gg 'ﬁl ona @gr am c
conpadb. Thamd the @ﬁor@nsqr&!@ftdaﬁd@émna&ﬁemm sintenedtbadysmeyradtermiativelny er
for ther esb@Hﬁ%ﬁ flﬁ%‘th@ﬁleﬂ' t%@d%h%th@?%il’i’&at' ehli‘ﬁn ffﬁhe Hl MadtBAal

ceram c conpact. .am c.sintered al ned

si mul t aneou %WP(%H itiopal sglfaépwe%ngeé‘p ryhogy ancf the ceramic smtered

body. Further, not the additional ceramic sintered body but a corrosion-
resistant protective layer may be thickly applied onto the conductive layer
20  and baked. |
In place of the aforementioned step of pressure-applying and baking
the conductive layer, a groove may be formed on the surface of the ceramic
sintered body for arranging the resistance heating elements etc. in this
groove. In this case, coils or wires consisting of a high melting point metal
25 or metal foil members may be employed as the resistance heating elements.
Further, the coils, the wires or the metal foil members may alternatively be
directly arranged on the surface without forming the groove on the surface
of the ceramic base dissimilarly to the above.
Further, a method of not forming the conductive layer after the
30 ceramic sintered body is completely sintered as described above but
arranging a conductive layer (with respect to a ceramic compact) before
sintering the ceramic sintered body may be employed as follows: More
specifically, a ceramic compact for forming the ceramic base 2 is first
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conpact in a non-oxidizing atnosphere at a prescribed tenperature. The 25
ceram c base 2 having a prescribed shape can be obtained by perform ng
-machi ni ng such as cutting, polishing, grinding or the |ike on the ceramc
sintered body at need. Alternatively, a groove nay be fornmed on the surface
of the ceramc conpact for thickly applying the raw material for a
conductive |layer 30 containing high nelting point netal powder or the |ike
in this groove. Metallic wires or coils or netal foil nenbers for defining
the resistance heating elenments and the |ike may be arranged in this
groove. These coils or wires may alternatively be arranged on the surface
of the conpact -23 formed with no groove. The ceram ¢ base 2 can be

obt ai ned bypreparedyi nbhiscesande comppekis fahricatedin the llnwingiwethwd, for he

conductive é’%’é‘?‘é le@Ngrjpdth rs‘ﬁ?{etrﬁ{ Q 1 t%rn'%1 ?%n{?&&%&a Q‘ﬁdoxg%ﬁ&c Y\ t or

the |like as i bed abqve. n[aﬁ ternatlve Y, smtere
having a meérglad GeSAREE Mg egfl, andanixad 6dy may
be prepar ednta/banrxﬁﬂnbflﬂhé like, atsqhﬁ awﬂnwm,%hhﬁ@r h@ﬂ‘i‘éet%rﬁl'éﬁ

f th ft bed heat
Treatriont. B 4 Godtps Biade ety F?ﬁ,h% ce%ﬁ%qo%iq%ﬁ%&#”r&%&p b GiraBFve
| ayer may easeman kelobtidined by stAclangfsmch sheeteed Wi th the conductive | ayer
_and baked by h I I

and the protect pao Ao dnc 1hu R d: ARk e sl I RO, V2, VY
adj usti ng cﬁiam@némﬁambthmh e i$arranger rcgltlmmurfacmoﬁﬂufsaemmec camplact i ve
layer and_ tigrpLOLAREANE, ARYELishRAGD: pRURDHA Lbingdl B &g rermer at ur e

Ievels. 15 ase renen I oned manner,

strict0 di ma@ewo‘%@mwsmgp giigh aneléingipeing mnetal sueh asdangstap
surface 15 oﬂxﬁ@B’b‘ﬂeﬂﬁhn@Br%%@%l duRhh @599818(5&9 MEAAidsn IPAYRRbyate. In

e e O aSih 18D s B R cBl G Dby S6ving 85 o Bn Tor
connecting cmqtdifemraftthetrem_smydel Inetting elenérite, ﬁﬂloam'd:biaasidataon bfiar ef ore,
e POt S N CentC Y RAET ahalhelSd e s ER B UL PG P R B ARLR, 1 P L e
to thk forThe hnxt:tarimﬁ td:lebaaeer?all powdef emdbiningrthesptvertsandthertikers al f or
the prot ecti8ayd¥¥Elo the surface of the ceramic compact. Another ceramic
compact is arranged on the surface coated with the conductive layer for
defining the resistance heating elements and the like. A joining material
may or may not be arranged between the ceramic compact and the
20 aforementioned additional ceramic compact. Thus, such a state can be
implemented that the conductive layer for the resistance heating elements
and the like is embedded in the ceramic compact. The ceramic sintered
body can be obtained by simultaneously calcining the obtained ceramic
compact in a non-oxidizing atmosphere at a prescribed temperature. The
25 ceramic base 2 having a prescribed shape can be obtained by performing
machining such as cutting, polishing, grinding or the like on the ceramic"
sintered body at need.
Alternatively, a groove may be formed on the surface of the ceramic
compact for thickly applying the raw material for a conductive layer
30 containing high melting point metal powder or the like in this groove.
Metallic wires or coils or metal foil members for defining the resistance
heating elements and the like may be arranged in this groove. These coils
or wires may alternatively be arranged on the surface of the compact
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25 As to a nmethod of joining the protective cylinder 7 serving as a second
ceram c body to the ceram c base 2, the surface of the portion joined to
the protective cylinder 7 is snoothed by polishing on the back surface 16
of the ceram c base 2 serving as a joined surface. Also in the protective
cylinder 7, an end surface connected to the ceramic base 2 is snoothed by
30 polishing. Ajoining material is applied onto the surface of the ceramc
base 2 joined to the support part 7, the end surface of the support part 7
joined to the cerami c base 2, or both of the aforenmentioned surfaces. As to
the conposition of the joining material, it is preferable that the -24
content of a rare earth oxide is at |least 2 mass % and not nore than 70
mass % the foomednwithf nagrooveumldve atzainic has¢ 8aan lre obtndned hychmanging e
than 78 mass,9 tient I#m,{&gal Er 4 | : ss %
and not nor eart{%tg%?ggﬁ@%cgg&tﬁgg u?fc\)éct% e corrpo‘glh%ll %}fnge%dflﬂt ,hvj!egia?%lﬁénga

materi al itthegeaﬁeépsrfgr@ﬁ%pée&%&tedth&atd@ﬁ@@mnb@r theelikgas dosenRedxi de i s
at least 10gk®aes % and not nore than 50 mass % the content of the

al um nu oxide is at |least 30. nmpss % and not re than 70 ss % and the
'contentgn of the afﬂmﬁ}?ﬁr?ifﬁrflf"gﬁgﬁ?’? %}P%?r@ °d‘_V$WE§’§ %’%Blfﬂ%' rrfB’(lz’IBe han 30
rrasfs % ) Dr ]}/i oy the spefiace pfraceninniesintersl bedyt hey) loé peebmdfk@cerx(awgm$nlﬂe 10
surface) of the pr I3V I: | nst rescribed, reqi e
“back surt actOTRRERLERRN EpBN P Ryt MO Flptle pEROIEYL DE P feptd
cylinder 7 therebfteppesforniingprestriledechentetyeatent.r efften this hdad cerani ¢
base 2 after | vy | Q. i event
di spl acorent eARERpF tatrbihiigelstEnt by TR day B HIRGT oh e
prot eclPve csurfperformed withitheceandvctivedegepandbakied hyr beattreatmept. nder 7

are fixed W pfirgheriditerffativelys theicoBduéti® ey drPifB thid Brotepive Baydrombpde | 9
(1,kgf/cnR). Heat tr nt is

for fixing is set.tq not re than 0.1 MP t
per formed wi ﬁ%k%é)}ﬂ the,spme heatdTeatment ap a:auIHBES 5 80 EBALFRS on
for the heatbikegt teRiperasudsFocthe cod@QGitve Biyéridial thd pictgctivertayies reatht o
about 1 to 6_ho rst.éll&e ho@daefl\}i 1 20 havi geg, he protective cylinder 7 and
the ceranic Pasea3h, r‘}gfffl § egxhpergggﬁe f by the joining layer 8 forned
by heaflbng/ cal ci nlmghe hergnzicriasg 2 olsttagnediin the abierevidreionedl manoed; styicto
this heat tr : : péHe{q vﬂ’i%glfrfh hg the
range of at '?%ggﬁaén%@r%ﬁ% n P(Ijrgnrggeté Egsrﬁ{ﬁéﬁrir:ggg% tthe co?ﬁ gﬁt of the
al uni num oxi teeeiangzm phjechto hepgecessedisuckeasta subatrater, dn@ther wesds t han
78 mass % angabh8ge or swelling of the substrate receiving surface 15 must be

minimized by warpage curing or polishing. As to a portion for connecting

20 the protective cylinder 7 to the ceramic base 2, therefore, the protective

cylinder 7 is joined to the back surface 16 opposite to the substrate

receiving surface 15 in the ceramic base 2. A material similar to that for

the ceramic base 2 is preferably employed as the material for the protective

cylinder 7.
25 As to a method of joining the protective cylinder 7 serving as a
- second ceramic body to the ceramic base 2, the surface of the portion joined
to the protective cylinder 7 is smoothed by polishing on the back surface 16
of the ceramic base 2 serving as a joined surface. Also in the protective
cylinder 7, an end surface connected to the ceramic base 2 is smoothed by
30 polishing. A joining material is applied onto the surface of the ceramic
base 2 joined to the support part 7, the end surface of the support part 7
joined to the ceramic base 2, or both of the aforementioned surfaces.
As to the composition of the joining material, it is preferable that the
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content of the alumnumnitride is in the range of at |east 2 mass % and
~not nore than 50 nmass %in the joining |layer 8, the ceram c base 2 and the
-protective cylinder 7 can be closely connected with each other with no
cl earances or the like defined in the joining |ayer 8. According to the 30
joining layer 8 having the aforenentioned conposition, the holder 1 having
substantially no leak (the leak rate of He is not nore than 1 x 10.8
PanB/s) of gas in the joining | ayer 8 can be obtai ned. Wen the content of
the rare earth oxide is at least 10 mass % and -25 not nore than 50 mass %
the content of the alum numoxide is at |least 30 mass % and not nore than
70 mass % and the content of the alum num nitride is at |least 10 mass %
and not norcentérdrf3orangsearth oxidenis 4tdieashng massy%ramgl nohmoreshandt® in the

j oi ning |a3fﬁ§ss8%C@He Q@nﬁe&a&tom%nuxh?ﬂﬂﬁle&uu’ehé Gt 14t 2 ﬁ%@@'% naafﬁft rhofd!d the
pr ot ectlve der 7&/0 fﬁé‘P nor e str y connectg ﬁ each other. Wen
the ceranid B&s DLASH 10t ﬁl‘%?@&ep\'}@ @-ﬁrmwem mtrideds pgileast 4 Bassch ot her
W t[lht he | cimd ﬁélt MY@mhgnmvmags wcm@t@mmbbﬁmﬁn éfhtbeijoiiielgnce ;)f Iﬁakt
in joinin y er rfying out, a hea
Lo Thel o ning Laver & ca e LOTRCEPy [ediced aiter £ e 7000
for exanpl deasthH) nesss $6 ahdarsiumpentiear50anbss ¥4 Ithe conteEntad thetaduogruapus
.joining re 0 so be
o kabl y SR Bt Repf 3RSt ALARE P bibet Wb i o5 HEL ple EANGRLCY 20

mass % and of¢he a&mmenumamtm@lertaﬁ leastt Hbmzasat% Iandaiottmereathm B0mass %e i s

Al east 40 L% DRAg 16 pRoRRlbd Whilo bRBLLIAR (HBSSKIAMrIAY RORRAN Of Lhe
alumnumnltrldel east 3 % and - not “nore gtﬁss % i.n the
joi niMy | #patacs) 0? Hfée peairetive eviindeme againstraprespubed regiomel thebask

reduced. I Sulrfited §thelcerafifit Babe 2t OALtftm@h%@ the 'ﬁiﬁﬁé@:‘tﬂv@rtthbi@h' med | n t he
af orenenti oned,manner,, the joi,ning | ayer cont aj.ns alun1 | de
grains for B8y B¢ pﬁfa@?ﬁdp?ga&f’isg#h g%ﬁcﬁﬁﬁ rql}ﬁ‘ng?'ﬂ”c ?f Yﬁ%n}lﬁ go?i{f]?’l’ on
repr eci pi t gtrevivusihdrygihgrohe jgirdng nb@umﬁr yIs tolréengtdmm‘vehln el1$piaoemgnt ayer 8
present | nULYEERIRubS of HRE Al hasdd AR TRE phoAERRE HIRAEE T e, |
accorkh ng toerdmf basea? allldaifhe HrbTediee ¢y11fnd¢g'f7 are fixe@5vith mgig f i Atthisn of the
[‘8' geg aCC%ﬂb”H 1640 1R s iR S plied 4o the 9k for fi-A0Y S S8CEd RECmUYrE fnhAT er ence
0.1 MPa (1 kgf/cm?). Heat treatment is performed with application of such
alow load. The temperature condition for the heat treatment is 1650°C to
1800°C, and the holding time is set to about 1 to 6 hours. The holder 1
20 having the protective cylinder 7 and the ceramic base 2 connected with
each other by the joining layer 8 formed by heating/calcining the joining
material can be obtained according to this heat treatment.
When the content of the rare earth oxide is in the range of at least 2
mass % and not more than 70 mass %, the content of the aluminum oxide is
25 in the range of at least 2 mass % and not more than 78 mass % and the
content of the aluminum nitride is in the range of at least 2 mass % and not
more than 50 mass % in the joining layer 8, the ceramic base 2 and the
protective cylinder 7 can be closely connected with each other with no
clearances or the like defined in the joining layer 8. According to the
30 joining layer 8 having the aforementioned composition, the holder 1 having
substantially no leak (the leak rate of He is not more than 1 x 10- Pa-m?/s)
of gas in the joining layer 8 can be obtained.
When the content of the rare earth oxide is at least 10 mass % and
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As shown in Fig. 2, a holder 1 has a structure basically simlar to that
~of the holder 1 shown in Fig. 1, while the structure of a junction between
-a ceram c base 2 and a protective cylinder 7 is different. In the 30 hol der

1 shown in Fig. 2, a counterbored groove 17 is formed in the surface of
the ceramic base 2 on the junction between the ceram c base 2 and the
protective cylinder 7. The protective cylinder 7 is arranged to be engaged

in the counterbored groove 17. The protective cylinder 7 is joined to the

-26 bottomwall of the counterbored groove 17 through a joining | ayer 8.
Thus, an effect simlar to that of the holder 1 shown in Fig. 1 can be
attai ned. Further, vaporization of a joining material for defining the
j oi ni ng | aget mre dhah&lsmpps &6 tbe cohtentf afrthiergduntiaupunzidedis atlehst 3heni cal
5 joining L Oh f gﬁgﬂ | der 7 in
t he count@%ore%ﬁam&%oﬁé;tmrpggéﬂ ésosﬁg We{:ﬁk?te{%%ﬁ@% altmi {é}rd]b

reliabilityitsidetrigatiloasti Hymaspep amdonet m@m hrwd0dmagh® ubtlm mmm@d gr oove

17, for nedl@@rnsh%h@m §Mef1ﬁ°ﬁxe]j§uﬁh tlQ?er g%aﬁrﬂequ%ﬁ@r ?eddbeﬁ' Whilé th&BY
alter ativel'y be_for er syrface E/)b(the surf opposed to

“the cBrani $IBHYE bage arqughﬁpaw@e Ve syipiendean € MPre REEONERE EORReCte
pr oj ect i ngwih éacinotlferpr &Vkemithy cbarmirb e 2 Hﬁdﬂﬁétpr@t‘ec@fvetdyﬁnd@ck surface

.16 of th t t h f. f th

o Erctu abmledh i b sl el it Lol
Y e o g a e i

case. E@rﬁl@oﬁpa (He(% 1(3 00 4 gﬁdreghhgteth%f ﬁ%erg{ulfehﬁo?{ ﬂ?eep&orh nventi on,

thefollovvln a ceram c base
was pPPepar E&!np@natuu@tp Fﬂ@%oﬁormng)lst eFhe ratiogf ocewwenae of adpilprepar ed by

m xi ng 0. Ssith HEHSt mgénaéd%ioﬁlﬁl?&%hlﬁﬁé h T&ai‘%l@arﬁh@ésefd e fifing ant into

alum num npitride po al cohol a bi nder and m xi ng

et hanol aslaygr &far SO&&N&?@H@&&%?@%C -xed in a baII m 1. This powder
mxture was sulf gheteeatént pilayrdeydaith odide 1dfdt€lda§t8203fﬂa¥s R tttEhot\as

press-nol ded_s that the,dianete and t t hi.gknes S 7 mm
after si ntE’rOFﬁSha%gﬁ[Wé‘Péﬁjgj/t tczgflﬁ?l\?{n%sft%@cﬁ}ﬂw 7“5‘{3 ;l ?/\gg degr eased
i n nilbr ogemaga$s anddest moretitan 66mass % amdplkee adxmtreat@lf tB@&CI:um'fhemaaf ter the

degr eased 1 fQIAR!aBRs 10 btV WitERoFmbEL thih 3B Rhséted SIREE ity Of 1850

layer 8, the leak rate in the joining layer 8 can be further reduced.

In the holder 1 according to the present invention obtained in the

aforementioned manner, the joining layer 8 contains aluminum nitride

20 grains formed by precipitation of aluminum nitride due to dissolution-
reprecipitation. Therefore, grain boundary strength of the joining layer 8
can be improved. As to the junction of the holder 1 according to the
present invention with the joining layer 8, four-point bending strength
according to JIS is at least 147 MPa (15 kgf/mm?2).

25 A modification of the holder according to the present invention is
now described with reference to Fig. 2.

As shown in Fig. 2, a holder 1 has a structure basically similar to
that of the holder 1 shown in Fig. 1, while the structure of a junction
between a ceramic base 2 and a protective cylinder 7 is different. In the

30 holder 1 shown in Fig. 2, a counterbored groove 17 is formed in the surface
of the ceramic base 2 on the junction between the ceramic base 2 and the
protective cylinder 7. The protective cylinder 7 is arranged to be engaged
in the counterbored groove 17. The protective cylinder 7 is joined to the
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hours, thereby obtaining a sintered body of alum numnitride. The upper
~and | ower surfaces of the obtained sintered body were polished with 30
-di anond abrasive grains. Consequently, the thickness of the sintered body
was reduced to 6 nm A conductive |ayer for defining resistance heating
el ements was applied to one of the polished surfaces of the sintered body.
The -27 conductive | ayer was prepared by kneadi ng tungsten powder and a
calcination assistant with an ethyl cellul ose binder. A triparallel linear
pattern having three parallel linear patterns with a wwdth of 5 mmand a
di stance of 0.5 nm between adj acent ones of the linear patterns was 5
enpl oyed as the printing pattern for the conductive layer for defining the
resi st ance bettom wplbpbthencannterharedigreave pathroughhagoipngdayer 8.

printed/ appl i ed T9HRs tandfidh | symilart p%h g{el holdRg 1 ﬁ?ﬁ%gal Ehf pei ntered

body. The thickness of the printe con uct| %\9 s set to 40
m 1n this astaRefngFyathess Hapaﬂ?%‘i*%ﬁ ﬂJﬁH\mgmﬂ‘i efoﬁlids 1Rg 6 nm 10

was for nmed jginsg Daydr$ Bhh fb@/si@?&ééh%ﬁl Whe® 'i'oﬁﬂnfgnﬂleoﬁfﬂdtm wiin@ chleﬁﬁééled
body alumnumnltrl efor?_ge g]t??the rlnt g pat.ter 8 17he

" conduc i ve JPRE and machapicalipining for enga the; rotgelive selipdes, 7 mthggen
gas under aotatgrboa¢d geoovent] tawbe ebmbéd witlheadabtlesr, acleriebpt i on was

01 nitrogedcgaaifiifeheIahife LAvTRER B brdleds, 2508(?32:?0?%235&“? n e 0%

heater circuit piteeruntedhiedtgragvel s feemedomitive baek saykace i of|theconposed
af or enent | QEamly Bades S FP° Jﬂﬁitﬂﬁ%‘ﬁ“@f“ Poptficy B ARBNEes sUAAE
furt idy f olbheiswiface epresedatocthegenamiqbase 2)@‘ thesproteetive aykindery AR
to this pr Qh@g:éas\éealpﬁ cting’ Pé18ioh fégarbt?éfﬁbl fdPén (RE pBLAEALEEhe Dy addi ng
0.5 mass %, of é? tria .5 .mass % of alu g 1203)
powder to M ﬁlﬁn‘f F és%l d:OFHBgéEFQ E?ntlé‘ﬁéél‘ﬂﬂh?’? MEPCEame with
addi tion ofsuafacetdﬂthe@bten:ltm&:yhnﬂée|7 to'be enghgéd i ithie afeneaiertiornat er i al
W th Che hEaRBISbRPEd BrEayATT A ofrel AR The e Eal o Rl ainesb ey b n
t he priot ectthisecdseyer naterial was degreased under a tenperature condition
of 900C with ath§ggﬁﬂbq)gas of nitrogen gas.
In order to confirm the effect of the present invention, the following
experiment was made: First, each sample of a ceramic base was prepared
through the following steps: First, raw material prepared by mixing 0.5
20 mass % of yttria (Y20s) serving as a sintering assistant into aluminum
nitride powder, adding polyvinyl alcohol as a binder and mixing ethanol as
a solvent was dispersively mixed in a ball mill. This powder mixture was
subjected to spray drying. The dried material powder was press-molded so
that the diameter was 350 mm¢ and the thickness was 7 mm after sintering,
25 thereby obtaining a compact. This compact was degreased in nitrogen gas
under a condition of a temperature of 800°C. Thereafter the degreased
compact was sintered under a condition of a temperature of 1850° for 4
hours, thereby obtaining a sintered body of aluminum nitride. The upper
and lower surfaces of the obtained sintered body were polished with
30 diamond abrasive grains. Consequently, the thickness of the sintered
body was reduced to 6 mm.
A conductive layer for defining resistance heating elements was
applied to one of the polished surfaces of the sintered body. The
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Thereafter the sintered body was heated in nitrogen gas under a condition
» 30 of a tenperature of 1750C, thereby formng the protective |ayer on the
-heater circuit pattern. The sanple of the ceram c base was obtained in
this manner. Wiile the protective |ayer was basically forned on the
overall surface, an opening was forned only on a termnal part to expose
-28 the termnal part of the heater circuit pattern. A plurality of such
sanpl es of ceram c bases were prepared. A protective cylinder was prepared
to be joined to each ceram c base. A cylindrical nenber having an outer
peripheral dianeter of 80 mmand an 5 inner peripheral diameter of 50 nm
was prepared as the protective cylinder. Each joining |ayer having a
conposi t i orcosidwstivedayeibwes prm@redalmspkneadmg tungsten pavelesfandhae protective

oyl | nder | GaIgsatidnl dgi ghe%ﬂl aasihyPodidobetindde JAP\M‘??Q&H&H% yas

prepared through OWI n teps I rst A1203 powder,
al um num niRatemn Amg el nema@emﬁh afyodih jof Sapt and aer e

{nhx ed WIt th @@%h&tm 5 Immabéwelenrad hcentT&fésRﬁ‘/tﬂ%ﬂlﬂ@dﬁp’dt@eMﬁswﬂé i ed and
ere er ur

ded th bi.nd f
e e b led Ay i Pa}tg? g e pandefid fane Ton AP Bing HES | o1 ni o
| ayer was presidted¢@hphting eberhentdie 'Dlﬁs:hrre‘a&q&toérnt wasppitallst i ve cyl i nder
Lrotecti Setéﬁﬁ%@ﬂﬁ?@%ﬁﬁst&%@#ﬁt %‘%ﬁ % SRR 8 sl e
ni trogen athasdsphéflee t}ndkneas Qfdﬂmeanan aive ByeCwassatdbyt0
per form ng dﬂfnb' 'Iﬂ%hé‘ﬁgpoﬂagﬁﬂtéﬁ?% ﬂafnﬁﬁ‘él Qnﬁﬁ]ﬁﬁm‘é‘;%df%hbﬂﬂ% fepghed with

the joinin ayer was t 1 ntd contact ceram c base. The
cerant@ baswasferme alsoeprinfng/gpplicasionen anfendportions state joined to

each other with ’Phé%ﬁit%l‘é@bbd’ﬁof hﬁlﬁﬂ{umﬁﬁtﬁﬁéiﬂhﬁe@%ﬁl@ﬂé’ ridtgn@r ot ecti ve
cylinder. The J 0|P Ee cera ase an g tpect | ve cyl i nder
was arrangeléiaq By %éi‘@%&ﬁf‘ﬁpﬂé %%@ny‘mﬁgt’&n? éﬂan’(l%'% ¥&Sure) of
about 0.01 dRgrehSedikgitrogén gh@uhﬂerjaweﬁipaatuide@dndmeﬁtdfmo @5 was
perfornmed if a nléero n t‘ here nder, ai n’g ture ondltlo f1780C
for one hou .e%_f A5 BRausp, %SpB HBeflél gop %n%? %Q@HpeEWFQ wer e
prepal®d as17@0°€hand atmeaphéxe ghis of nitrogend FashoThuspaf abimidumAniteildeum | eak
LSt ras exaguad Ny e ea3WRh % REARE'SbuifphliEm BLALSHRR'OREY manner as

shown in Fi
conduct1ve layer mainly composed of tungsten as the resistance heating

elements was prepared.
In the aforementioned aluminum nitride sintered body, a protective

20 layer was further formed on the surface formed with the heater circuit
pattern. As to this protective layer, protective layer material was prepared
by adding 0.5 mass % of powder of yttria (Y20s3) and 0.5 mass % of alumina
(Al2Os) powder to powder of aluminum nitride and thereafter kneading the
same with addition of an ethyl cellulose binder. This protective layer

25 material was applied onto the surface of the aluminum nitride sintered
body formed with the heater circuit pattern. The aluminum sintered body
coated with the protective layer material was degreased under a
temperature condition of 900°C with atmospheric gas of nitrogen gas.
Thereafter the sintered body was heated in nitrogen gas under a condition

30 of a temperature of 1750°C, thereby forming the protective layer on the
heater circuit pattern. The sample of the ceramic base was obtained in
this manner. While the protective layer was basically formed on the
overall surface, an opening was formed only on a terminal part to expose
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30 Referring to Fig. 3, the sanple prepared by joining a protective
~cylinder 7 to a ceram c base 2 was arranged on a seat 10. The seat 10 is
«formed with an exhaust port 11. The junction between the protective

cylinder 7 and the seat 10 was airtightly sealed with a sealing nmenber. -29

As shown in Fig. 2, helium9 was applied to a joining layer 8 while gas was

sucked fromthe protective cylinder 7 through the exhaust port 11 al ong

arrow 12, for detecting the quantity of helium (He) contained in the sucked
gas with a detector. A leak rate was neasured in this manner. 5 As to
joining strength of the junction, a test piece of 3 x 4 x 35 (nm was cut
out along the standard of a four-point bending test according to JIS after

j 0i ni ng thethprtetmhtal\mnty)lfithelhleaﬂeltairctdiepameam c base 2, for perfornming the

L e VR
P4. 21 AA |, x protective cylinder was prepared to be joined to each ceramic base.

cylindrical member having an outer peripheral diameter of 80 mm and an

5 inner peripheral diameter of 50 mm was prepared as the protective cylinder.
Each joining layer having a composition shown in Table 1 was

applied to the surface of the protective cylinder joined to the ceramic base

and dried. The joining layer was prepared through the following steps:

First, Y20s powder, Al:0s powder, aluminum nitride (AIN) powder and

10 Sm20s3 powder shown in Table 1 were mixed with each other in a ball mill.
The powder mixture was dried and thereafter further kneaded with
addition of an ethyl cellulose binder, for preparing the material for the
joining layer.

The material for the joining layer was printed/applied onto the

15 surface of the protective cylinder joined to the ceramic base, and thereafter
dried. Thereafter the protective cylinder provided with the joining layer
was heated in a nitrogen atmosphere under a temperature condition of
850°C, thereby performing debindering. The surface of the protective
cy]in'der coated with the joining layer was brought into contact with the

20 ceramic base. The ceramic base and the protective cylinder were fixed in a
state joined to each other with a registration jig for the ceramic base and
the protective cylinder. The joint sample of the ceramic base and the
protective cylinder was arranged in a heating furnace while applying a load
(pressure) of about 0.01 MPa (0.1 kgf/cm?) to the junction. Heat treatment

25 was performed in a nitrogen atmosphere under a temperature condition of
1780°C for one hour. 10 samples corresponding to conditions of each
sample were prepared as to each of samples Nos. 1 to 15 shown in Table 1.

A helium leak test was executed on each sample prepared in the
aforementioned manner as shown in Fig. 3.

30 Referring to Fig. 3, the sample prepared by joining a protective
cylinder 7 to a ceramic base 2 was arranged on a seat 10. The seat 10 1s
formed with an exhaust port 11. The junction between the protective
cylinder 7 and the seat 10 was airtightly sealed with a sealing member.
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As shown in Fig. 2, helium 9 was applied to a joining layer 8 while gas was
sucked from the protective cylinder 7 through the exhaust port 11 along
arrow 12, for detecting the quantity of helium (He) contained in the sucked
gas with a detector. A leak rate was measured in this manner.

5 As to joining strength of the junction, a test piece of 3 x 4 x 35 (mm)
was cut out along the standard of a four-point bending test according to JIS
after joining the protective cylinder 7 to the ceramic base 2, for performing
the bending test on this test piece. Table 1 shows the results.
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“eECp CKatat~t~t'k 1Q C d OAOowUS8dU, As shown in Table 1, it

I s understood that each of the sanples Nos. 3 to 10 corresponding to the

enbodi mnent of the present invention exhibited a

As shown in Table 1, it is understood that each of the samples Nos. 3
to 10 corresponding to the embodiment of the present invention exhibited a
leak rate of less than 1 x 10 Pa-m3/s also in the aforementioned helium
leak test and has sufficient airtightness. It is also understood that each of
5 the samples Nos. 1, 2 and 11 to 15 according to comparative example had a
leak rate larger than that of each of the samples Nos. 3 to 10 according to
- Example of the present invention and had insufficient airtightness. Thus,
airtightness in the joining layer 8 can be kept sufficiently high according to
the present invention.

10 As to each of the samples having leak rates exceeding 1 x 108 Pa-m?3/s,
another sample was prepared by further performing heat treatment on the
sample of the joined body of the ceramic base and the protective cylinder in
a nitrogen atmosphere under a temperature condition of 1830°C for a
treatment time of one hour for executing the aforementioned helium leak

15 test. Table 1 also shows the results. In this case, the samples Nos. 2 and
11 exhibited sufficient numerical values of leak rates of 1 x 10-8 Pa-m3/s in
the point of evaluation of airtightness, while the junctions and ceramic
substrates were deformed. Consequently, flatness etc. of the substrate
receiving surfaces of the ceramic bases were deteriorated.

20 Table 1 also shows evaluation results as to presence/absence of
deformation of the ceramic base 2 after heat treatment of each sample with
O and x in the columns of holding parts. O in the columns of holding
parts shows that the ceramic bases were not deformed, and x shows that
the ceramic bases were deformed.  As to the description of the columns of

25 leak rates, the indication of the leak rate as to the sample 3 subjected to
heat treatment of 1780°C x 1 h., for example, shows a value 9 x 10-° Pa-m3/s.

As to the strength of the joined body, each of the samples Nos. 3 to 10
had sufficiently practical strength of at least 147 MPa (15 kgf/mm?) as a
result of a four-point bending test when subjected to heat treatment of

30 1780°C x 1 h (time). In particular, the samples Nos. 5 to 7 having the
contents of aluminum nitride of at least 10 mass % and not more than 30
mass % had sufficient strength of at least 196 MPa (20 kgf/mm?). As to
the description of the columns of bending strength, description of 147 (15)
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| eak rate of less than 1 x 10.8 Pa-nB/s also in the aforenmentioned helium
~leak test and has sufficient airtightness. It is also understood that each
=of 5 the sanples Nos. 1, 2 and 11 to 15 according to conparative exanple
had a |eak rate | arger than that of each of the sanples Nos. 3 to 10
according to Exanple of the present invention and had insufficient
airtightness. Thus, airtightness in the joining |ayer 8 can be kept
sufficiently high according to the present invention. 10 As to each of the
sanpl es having |l eak rates exceeding 1 x 10.8 Pa.nB/s, another sanple was
prepared by further perform ng heat treatnment on the sanple of the joined
body of the ceramic base and the protective cylinder in a nitrogen

at nospher e showerthat tkerpending strength is b#7 dPd gBHKef/oym? as tocthensamapld ne of
one hour f i e aforementioned heliumleak 15 test. Table 1 also
shows the ?ﬂ%gﬁﬁgyg%ﬂapk?s case, the sanples Nos. 2 and 11 exhibited
sufficient nunedEgampleles of |eak rates of 1 x 10.8 Pa-nB/s in the poi nt

of eval ]yati 03 OfWBilétthGB?i'li‘ﬁﬁglg?y%Fdo‘?lt&ﬁit%di‘ﬂ'{(?;étéﬁﬂﬁe ﬁigﬂ?%ﬁﬂm@t nent$Hbst r at es

wer e er or . nsequen , a ess C. e Su rat,e ecel vl ng
O e oSt et st tilat i thati Bramele dawas B TAEMBdas g capbn

ﬁval uzzati ?n of efiplogingsa joinﬁt@mre@f Qbﬁ.b@'ﬁm S@iziosah%f%rermd'mmt ﬁrilme@ffar am ¢ f
_base af t eat ,treat,hent of .eac a e 1 . an X 1N e ums O

ol i g pariabté 3'sHoW T Him s BRRY o? RRIT Hrels i0sARMIES el Bl T

bases wer e thettestedmod tleelresudts of thistestt hdthe mbthakoffaberidadinestheesampbdsor ned.

the Toak r o oy RpRenldlinE MO Hioicany SRAELE Thode IR RESRDR 120 4

h., for exanple,_shows a value 9 x 10-9 Pa-nf/s As to the streagth of the
j oi ned body, each of the sanples Nos. 3 to 10 had sufficiently Apractical
strength of at l|east 147 MPa (15 kgf/mR) as a result of a four-point
bendi ng test when subjected to heat treatnment of 30 1780C X 1 h (time). In
particular, the sanples Nos. 5 to 7 having the contents ofalum numnitride
of at |east 10 mass % and not nore than 30 mass % had sdfficient strength
of at least 196 MPa (20 kgf/mmR). As to the descriptigh of the colums of
bendi ng strength, description of 147 (15) -32 shows at the bending
strength is 147 MPa (15 kgf/mR) as to the sanple . 3, for exanple.
(Exanpl e 2)
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Wil e the joining | ayer contained Y203 as the main conmponent in 5 Exanple
.1, atest simlar to that in Exanple 1 was perforned as to a case of :
=enpl oying a joining | ayer containing Sn203 as the conponent thereof. Table

2 shows the conpositions of joining |ayers in sanples enployed for the

test and the results of this test. The nmethod of fabricating the sanples

and the experinental nethod are basically simlar to those in Exanple 1. ~

O d9 Q~m cmaUAcuOOe OO9000NOF4s OOCaVv ON

Referring to Table 2 it S possible to inplement sufficiently high

airtightness infthe joingng llaypr with no inconveni ence such as deformation

in a ceramc bake |in eacé of sgwples Nos. 16 and 17 corresponding to

Bend{ie
Stren,

(MPa

Deformation
Part

1830°C X 1h
of Holding

nation

Determi-

(Pa-mdk)

b

Leak Rate

a

Joining Condition
Bending
Strength
245(25)
157(16)

MPakgfiman?)

Deformation

1780°CX 1h
of Holding
Part
O
O

(Pa-mds)
b

-10
9

Leak Rate

a
8
7

Determi
nation
@)
@)
leak rate notation : a X 10b
-34 -

Counter-
boring
no
no

50 | 20
48

33

Composition (mass %)

Y0 | Sma0s | AlOs | AIN
30
20

0
0

N
16
17

Example
Indication
Column
(*: comparative
example)

Comparative

‘Table 2



Exanpl e of the present invention. Also as to the strength of a joined body,
.5 the sanple No. 16 had practical strength of at |east 147 MPa (15 kgf/ mmR)
-due to heat treatnment of 1780C x 1 h. Further, the sanple No. 17 having a

content of alumnumnitride in the joining layer within the range of at

| east 10 mass % and not nore than 30 mass % had sufficient strength of at

| east 196 MPa (20 kgf/mR). 10 (Exanple 3) Then, influence in a case of

varying the contents of yttria (Y203) and alum na (A1203) whil e keeping

the content of alumnumnitride (ALN) substantially constant in the
conposition of a joining |ayer was evaluated by a test simlar to that in

Exampl e 1 of the present invention. Table 3 15 shows the conpositions of

joining | ayers defersipeto hablel, itegas pessiblpsto implementysufficiengdy high xx 1+ O

XXX "0 3@0HNs in the joining layer with no inconvenience such as deformation
in a ceramic base in each of samples Nos. 16 and 17 corresponding to
Example of the present invention. Also as to the strength of a joined body,

5 the sample No. 16 had practical strength of at least 147 MPa (15 kgf/mm?2)
due to heat treatment of 1780°C x 1 h. Further, the sample No. 17 having
a content of aluminum nitride in the joining layer within the range of at
least 10 mass % and not more than 30 mass % had sufficient strength of at
least 196 MPa (20 kgf/mm?).
10 (Example 3)

Then, influence in a case of varying the contents of yttria (Y=0s) and
alumina (Al20s) while keeping the content of aluminum nitride (AIN)
substantially constant in the composition of a joining layer was evaluated
by a test similar to that in Example 1 of the present invention. Table 3

15 shows the compositions of joining layers and experimental results.
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As shown in Table 3, it is understood that each of samples Nos. 20 to
25 corresponding to Example of the present invention exhibited sufficiently
high airtightness with no deformation of a ceramic base or the like. Itis
also understood that the quantity of leak was increased and airtightness

5 was lower than that in Example of the present invention in each of samples
Nos. 18, 19 and 26 according to comparative example.

As to samples created under conditions setting the temperature for
heat treatment to 1830°C while setting the heating time to one hour in
relation to comparative samples Nos. 18, 19, 26 and 27, airtightness was

10 relatively improve only as to the sample No. 26 but deformation of the
ceramic base etc. took place and hence it is understood difficult to prevent
the substrate receiving surface of the ceramic base from deformation and
implement high airtightness in the joining layer 8 according to prior art.
Also as to the strength of the joined body, it is understood that each of the

15 samples Nos. 20 to 25 exhibited sufficient strength of at least 196 MPa (20
kgf/mm?) due to heat treatment of 1780°C x 1 h.

(Example 4)

A sample No. 28 was prepared with a composition of a joining layer
and joining conditions similar to those of the sample No. 6 except that

20 working (counterboring) of forming a counterbored groove of 0.5 mm in
depth in a ceramic base of a junction was performed. A test similar to that
in Example 1 was performed on this sample No. 28. Table 4 shows the
results.

-37-



o VVLJ~ ~Jt BE-~ As shown in Table 3, it is understood that each of

~ sanpl es Nos. 20

to

25 correspondi ng to Exanpl e of the present

i nvention

-exhibited sufficiently high airtightness with no deformation of a ceranic
is

base or the liKke.
i ncreased and airtightness 5 was | ower than that

It

al so understood that the quantity of

invention in each of sanples

| eak was
in Exanpl e of the present

Nos. 18, 19 and 26 according to conparative

As to sanples created under conditions setting the tenperature for

setting the heating time to one hour in

es Nos. 18, 19, 26 and 27, airtightness was 10
the sanple No. 26 but deformation of the

and hence it is understood difficult to

ing surface of the ceram c base from

ijgh airtightness in the joining |ayer 8

as to the strength of the joined body, it is
5 sanples Nos. 20 to 25 exhibited sufficient
(20 kgf/mMmR) due to heat treatnent of 1780C x
28 was prepared with a conposition of a
nditions simlar to those of the sanple No. 6
erboring) of formng a counterbored groove of
base of a junction was perforned. A test

was performed on this sanple No. 28. Table 4
N buoy Cd x
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p+ MACCI L1 00 OO Lo GaVv 8 ¢ 0 R As shown in Table 4, it is understood
~that the sanple No. 28 exhibited sufficiently high airtightness with no
-deformation of a ceramic base or the like. Also as to the strength of the

j oi ned body, the sanple No. 28 exhibited the highest strength of 294 MPa

(30 kgf/ mR) anong those of 5 the sanples prepared this tine, when

subjected to heat treatnent of 1780C x 1 h. The enbodi nent and Exanpl es

di sclosed this time nmust be considered illustrative in all points and not

restrictive. The scope of the present invention is shown not by the

af orenenti oned enbodi nent and 10 Exanpl es but by the scope of claimfor

patent, and it is intended that all nodifications within the neaning and

range equi val entAs shawe is Qighde df it islwiderstmodpthiatthe sampladNaudd. | ndustri al

Avai | abi | 1ty e d @ uméiéx?ﬂ%gh?l‘{ %Hti%rﬁnés QRH{ hS%%lfﬁnh?u@n%!(‘Qséegahﬁ hol der

hol ding a sem con uctor S |ng or film

formation bRse ordbeildes i fifsa a§émtb9r$&mnggh O@ébe deingd hody ghe gampy)

glofrglr ay, narz@ %)gglPit'ﬁﬁ%hé héwoitagk%tga&mgzﬁwaow ggﬁﬁxgzlaltaﬁ% gl%se of
ising [ |

- onpertht ur dheRan RIS RARed o L, TEhBR ERBERLRS 4 hea LTRatmEnbel r ot e
"CLAIMS 1. A780b6tyx afke hol d| ng structure (1) holding a substrate when

-processing the $lkﬁ)esgzrrn odimen a%xnﬂnples disclosed this time must be

considered illustrative in all points and not restrictive. The scope of the
present invention is shown not by the aforementioned embodiment and

10 Examples but by the scope of claim for patent, and it is intended that all
modifications within the meaning and range equivalent to the scope of
claim for patent are included.

Industrial Availability

15 The present invention is applicable to a substrate holder holding a
semiconductor substrate or a glass substrate in etching or film formation
for fabricating a semiconductor device or a liquid crystal display, and
particularly suitably applied to a substrate holder comprising a heating
member or a cooling member controlling the temperature of the

20 semiconductor substrate or the glass substrate.
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5 a ceramc base (2) for holding the substrate; an airtight sealing menber
+(7) joined to said ceramc base (2); and a joining layer (8) positioned
- between said ceram c base (2) and said airtight sealing nenber (7) for
joining said ceramc base (2) and said airtight sealing nenber (7) to each
ot her, wherein 10 said joining layer (8) contains: at |east 2 nmass % and
not nore than 70 mass % of a rare earth oxide, at |east 10 nass % and not
nore than 78 nmass % of al um num oxi de, and at |east 2 mass % and not nore
than 50 mass % of alumnumnitride, 15 and said rare earth oxide or said
al um num oxi de has the largest ratio anong said three types of conponents
in said joining layer. 2. The substrate holding structure (1) according to
claim1, wherein 20 the content of €lAIM@8re earth oxide is at |east 10
mass % and not nore than 50 mass % the content of said alum num oxide is
at least 30 mass % and not nore than 70 mass % and the content of said
al um num ni tri dé. i A substeatethd Gingstsubtured 1nholdidg ansulstra@wBenmass % i n

said joi n:,ﬁgoée@%ﬁ% tﬁ% b%trawe (ﬁHeﬁE{ .e holding structure (1) according to

claim1, erern ib Lhas a heliumleak rate of |ess
“than 3.0 x 10. saseraua %S%&?d 0bh¢1(bngrt elsuhdtrage;strength of at |east 147

MPa according tgn aﬂ héseamgﬁfm xaﬁtm@gbgltagaﬁ Eék%trﬂfcecfa(s%)(z?%ﬂi ding to

_claiml1, wherein -4 sald.joining J]ay contail ns um nu trlde
grains forned b?lmﬁ‘#’éé BYLAS) BRsigrones léPtél‘fQ‘j’ﬁl%%%CﬁmmlCd}éaﬁee@laﬂ fly om

di ssol uti onirtighpsealingtraéimber (P for Jailaﬁng R éaratnidWade (@) ahdvaidre (1)
ci ther onerBHiEL FaRneRRRRR (0 esath ek §hafif ghe senl i ng menber (7) on
t he jlOncti on besadgnirsagdayee(@ronthiamse (2) and said airtight sealing
menber (7)., and,¢jeast 2 mass % and not more than 70 mass % of a rare earth oxide,
at least 10 mass % and not more than 78 mass % of aluminum oxide,
and
at least 2 mass % and not more than 50 mass % of aluminum nitride,
15 and
said rare earth oxide or said aluminum oxide has the largest ratio
among said three types of components in said joining layer.

2. The substrate holding structure (1) according to claim 1, wherein
20 the content of said rare earth oxide is at least 10 mass % and not
more than 50 mass %,
the content of said aluminum oxide is at least 30 mass % and not
more than 70 mass %, and
the content of said aluminum nitride is at least 10 mass % and not
25 more than 30 mass %
in said joining layer (8).

3. The substrate holding structure (1) according to claim 1, wherein
said joining layer (8) has a helium leak rate of less than 1.0 x 108

30 Pa-m3/s and four-point bending strength of at least 147 MPa according to
JIS.

4. The substrate holding structure (1) according to claim 1, wherein
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said ceram c base (2) and said airtight sealing nenber (7) are joined 10
~t0 each other while the other one of said ceramc base (2) and said
-airtight sealing nmenber (7) is engaged in said counterbored groove (17).

6. The substrate holding structure (1) according to claiml, wherein said

ceram c base (2) has an electric circuit (4, 5, 6), 15 said substrate

hol ding structure further conprises a feeding conductive nenber (13a to

13d) connected to said electric circuit (4, 5, 6) of said ceram c base

(2), and said airtight sealing nenber (7) is arranged to encl ose said

feeding conductive nenber (13a to 13d). 20 7. A substrate processing

apparatus conprising the substrate holding structure (1) according to

claiml. 8. ﬁ S\sbﬁi jorhdr glalyet (&) @iﬂtﬁﬁi%@nﬁ1hhnh@hﬁt sl:cstfaf?@flgawmenh
processi ng_t he St r Cc i s cer ase or _holding the
subst r at e; PARCB} ]iOth?(lS&i:\% ‘g% Wb‘gﬁxn??)ref’ g'gs)ahbté‘?rém c base; and
a j oi ni ng reyecifi8itimosi ti oned bet ween said ceram c base (2) and said
airtight sealing nmenber (7) for joining said ceranmi c base (2) and said 30

airti %ﬁé seal i n%t menber (7) to each other, wherein said joining Iayer (8)
“is folmed by heati Adrecsubstratedialding sﬁrngturﬁdﬂbacqirdumttachanmgl,av peeiBt 2

“mass 9 and not - gigriBAbred gFBave byt fornidd fa sﬁhgpoﬁé aifbelafigt 10 mss

e an east 2 ss %

.% and not an, 78 0 m Oxl|
and not no és? ﬁ%)na% Pr‘égglr@’fgg ﬁhﬂﬁ]‘%‘?}ﬁg]ﬁ Pigreth %Hﬁl@’élr’d etareencsaifdn oxi de
or said al ¢sidiniv Ipaded@) aad ddid ahﬁuigﬁﬁéed]ﬁigl menﬁmir(g) saidl three types of

(1) Paceor di gt a2 bkl hasBXE phdsaidansiehtseahngapSnber i aiicinédy " ©
heat ilfy/ calteieacngtlsai whileithieroghembre Dﬁbanbmrannc hgsai2) mdlsaﬂd)alm@lt;%) and
not nore « Aaagg #ABertris chagel 3h SalPLoThBbARA BogbEREN, 0 0% el
and not nore than 30 mass % of said alum numnitride.
6. The substrate holding structure (1) according to claim 1, wherein
said ceramic base (2) has an electric circuit (4, 5, 6),
15 said substrate holding structure further comprises a feeding
conductive member (13a to 13d) connected to said electric circuit (4, 5, 6) of
said ceramic base (2), and
said airtight sealing member (7) is afranged to enclose said feeding
conductive member (13a to 13d).

20
7. A substrate processing apparatus comprising the substrate
holding structure (1) according to claim 1.
) 8. A substrate holding structure (1) holding a substrate when
25 processing the substrate, comprising:

a ceramic base (2) for holding the substrate;

an airtight sealing member (7) joined to said ceramic base; and

a joining layer (8) positioned between said ceramic base (2) and said
airtight sealing member (7) for joining said ceramic base (2) and said

30 airtight sealing member (7) to each other, wherein

said joining layer (8) is formed by heating/calcining a joining
material containing at least 2 mass % and not more than 70 mass % of a
rare earth oxide, at least 10 mass % and not more than 78 mass % of
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M. A ceram c joined body conprising: a first ceramc body (2); 15 a

-~ second ceram c body (7) joined to said first ceramc body (2); and a
+joining layer (8) positioned between said first ceramc body (2) and said
second ceram c body (7) for joining said first ceramc body (2) and said
second ceram c body (7) to each other, wherein said joining |ayer (8)
contains: 20 at least 2 mass % and not nore than 70 nmass % of a rare earth
oxide, at least 10 mass % and not nore than 78 mass % of al um num oxi de,
and at least 2 mass % and not nore than 50 nmass % of aluminumnitride, and
25 said rare earth oxide or said alum num oxi de has the |l argest rati o anong
said three types of conponents in said joining layer (8). 11. The ceramc
joi ned bodyluminwaaxidé agdia lehsi 2nidss WhRIEhSt mioRe thantFnagk 9%efd rare
earth oxide is.at |east, 10 ss %and not 30 nore than 50 mass % the
cont ent of ARHPHWRHITER 3% de is at | east 30 mass %and not nore than 70
mass % and thesaidntareteawth sRidd @l said mlamintm oeidesha tHechagestOraviss % and

10 e Lo DR AR R 8 4 1 e

"(8) hBis a heliumleak rate of less than 1.0 x 10.8 PanB/s and four-point

pen oo gD, Ol Ty secgid Dl iy dmBiaread ¢
Gontains al uni n&M 'PMW@%\@%@ES?@%@% '%@tﬂ’?ﬁl@iﬁipgrﬁjaéﬁj@&%%g al uni num
nitride refdteiialconituiniigsaldast 20 magPYEs Pnbihide thhth 50 hase@% i ¢ j oi ned
body (1) ageardin i, clalm 10, whgreln, o123 count er Bor edogroovs (f7) s
10 said aluminum oxide and at least 10 mass % and not more than 30 mass %

of said aluminum nitride.

10. A ceramic joined body comprising:
a first ceramic body (2);
15 a second ceramic body (7) joined to said first ceramic body (2); and
a joining layer (8) positioned between said first ceramic body (2) and
said second ceramic body (7) for joining said first ceramic body (2) and said
second ceramic body (7) to each other, wherein
said joining layer (8) contains:

20 at least 2 mass % and not more than 70 mass % of a rare earth oxide,
at least 10 mass % and not more than 78 mass % of aluminum oxide,
and
- at least 2 mass % and not more than 50 mass % of aluminum nitride,
Ny and
25 said rare earth oxide or said aluminum oxide has the largest ratio

among said three types of components in said joining layer (8).

11. The ceramic joined body (1) according to claim 10, wherein
the content of said rare earth oxide is at least 10 mass % and not
30 more than 50 mass %,
the content of said aluminum oxide is at least 30 mass % and not
more than 70 mass %, and -
the content of said aluminum nitride is at least 10 mass % and not
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géi:ond ceram c bodies (2, 7) on the junction between said first ceramc
«~ body (2) and said second ceramc body (7), and said first ceram c body (2)

<and said second ceramc body (7) are joined to each other while the other
one of said first and second ceramc 20 bodies (2, 7) is engaged in said
counterbored groove (17). 15. The ceram c joined body (1) according to
claim 10, wherein said first ceramc body (2) has an electric circuit (4,
5, 6), said ceram c joined body further conprises a feeding conductive 25
menber (13a to 13d) connected to said electric circuit (4, 5, 6) of said
first ceramc body (2), and said second ceram c body (7) is arranged to
encl ose said feeding conductive nenber (13a to 13d). 30 16. A substrate

processi N9 [RAPRMIAIHS0 4948y 44Si ng the ceramic joined body (1) according to
claim10. 17. A ceram.c Joiped body (1) conprising: -43 It Wa first
ceram c body (2)1n S MWE@?"'@I@E body (7) joined to said first ceramic
body (2); and a joining layer (8) positioned between said first ceramc

bod 2 d i d ] for,.j ol ni id first i
‘body (2) and sailt 3 EREBARCE PR DU A PoscHb SR B0, whatstl £ Cal o
_.]C gln tn:a irf?]i Ingyer ( Said g;o?t)hmgrtggem}@hlfxas ar’r;ﬂ]mhd;akrrgteaof msalthg:f lnﬁbfel()r'”al carth
_oxide, at I%élg{sgi%ﬁ%s@o gnz)%ﬁgfﬂg%trrgﬂ%ﬁéh %Bler?%ysﬁ &Sl\g?’a aclcﬁl‘rr(li1 r%l%nt?) oxi de

and at |easllS2 mass % and not nore than 50 nass % of 10 al umi numnitride,
and said rare earth oxide or said alum num oxide has the largest ratio

anong said three types of conponents jn said joining layer (8). .18. The
ceram c j oi ned bty QCWdPW&tQPdM @Srﬂciqr,dl%é?él%m 16, WgPEPlPoi ni ng

| ayer1(8) is fOrSﬁdj&mﬁ@ﬁydﬂ@;é&ﬁﬂaﬁh@ﬁhﬁﬁhﬁhm%ﬂﬂﬁﬂ@gﬁiﬁ forineddhy ai ni ng
at least 10 nmass, % and. nat %re t han. 50, mrass, % of Siid Oia{}e eart h oxide,
at |east 3dPrgEPtaorof sad alppinpm, pityle resulypg drom 4issAlMiAPH UM oxi de and
at | east 1GepesdpPfasiod. not nore than 30 mass %

14. The ceramic joined body (1) according to claim 10, wherein
15 a counterbored groove (17) is formed in either one of said first and
second ceramic bodies (2, 7) on the junction between said first ceramic body
(2) and said second ceramic body (7), and
said first ceramic body (2) and said second ceramic body (7) are
joined to each other while the other one of said first and second ceramic
20 bodies (2, 7) is engaged in said counterbored groove (17).

15. The ceramic joined body (1) according to claim 10, wherein
said first ceramic body (2) has an electric circuit (4, 5, 6),
. said ceramic joined body further comprises a feeding conductive
25 member (13a to 13d) connected to said electric circuit (4, 5, 6) of said first
ceramic body (2), and
said second ceramic body (7) is arranged to enclose said feeding
conductive member (13a to 13d).

30 16. A substrate processing apparatus comprising the ceramic joined
body (1) according to claim 10.

17. A ceramic joined body (1) comprising:
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tof\’ said alumnumnitride. 1

v

P o« )

-

10

15

a first ceramic body (2);

a second ceramic body (7) joined to said first ceramic body (2); and

a joining layer (8) positioned between said first ceramic body (2) and
said second ceramic body (7) for joining said first ceramic body (2) and said
second ceramic body (7) to each other, wherein

said joining layer (8) is formed by heating/calcining a joining
material containing at least 2 mass % and not more than 70 mass % of a
rare earth oxide, at least 10 mass % and not more than 78 mass % of
aluminum oxide and at least 2 mass % and not more than 50 mass % of
aluminum nitride, and |

said rare earth oxide or said aluminum oxide has the largest ratio
among said three types of components in said joining layer (8).

18. The ceramic joined body (1) according to claim 17, wherein

said joining layer (8) is formed by heating/calcining said joining
material containing at least 10 mass % and not more than 50 mass % of
said rare earth oxide, at least 30 mass % and not more than 70 mass % of
said aluminum oxide and at least 10 mass % and not more than 30 mass %
of said aluminum nitride.
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