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. BEATI NG APPARATUS BACKGROUND OF THE | NVENTI ON 1.
Field of the invention 10The present invention relates
to a heating apparatus, which is used for heating a
sem conductor wafer and the like. 2. Description of
the related art In a process of manufacturing a
sem conduct or device, a heating 15 process is .
performed to forman oxide filmand the |like on a
waf er by using a 5@5¢$§§Kﬁﬁﬁi¥uﬂﬁﬂﬂﬂ$acturing device. A
heati ng apparatus provided with a disk-shaped ceramc
base is an exanple of the heating apparatus used for
perform ng the wafer-heating process. The di sk-shaped
ceram c base has a heating surface on which a wafer is
set, and has a resistance heating body 20 enbedded
therein. The resistance heating body of the heating
apparatus, which is enbedded inside the ceram.c base,
heats the heating surface with an electric power

. supplied to the resistance heating body. Such a
heating apparatus is required to heat the wafer so as
to maintain'the wafer constantly at a predeterm ned
heati ng t emBASGRGBROUND DE THER INVENTREON:t us is. al so
required to heat uniformly within the surface of the

I-Fdeéffhﬁﬂﬁgﬂﬂﬂﬂbhe-has been known heating apparat uses

neadPpranGy FeSRbim RIS e BhisihR anfutod pHRE i uped
for Bédting & RidiasdisktbPwatiiondd e fikge of a difkshaped

cerani c base, as a tenperature adjusting nenber. Such
bul k heat sink can rapidly 30 rel ease the heat from

t he ,ceram_c.  base. Thus, a |ocal tenperature increase
2-%@31’“%#&1‘%@"6‘?@ he entire beaQng surface.

enOTESE Hocdel € Methutbbblrli o SoRLINAPIANEL S houting
pro@@b ¢6 peFfotakd to o aseskidé flin a¥dtke like dn 4 iduEyeby using a

silicone reek has a I ow heat reaktance, and thus .
semi¢oridustorhmanyfantnning device. WA brating apparatus meyides: with a

ol SR Ferampie s, ;5 raapinle of tRR dipatine, Sppagarus uspd for
psﬂﬁ%g?%%&ﬁ@Q&dﬁ$ﬂfﬁ¢ﬁﬁ%ﬁﬁ%ﬁﬁ@”ﬂ&? Hod 4Rhelic Yash Has a

t enper at ur e. I's regard, a heating

heatipganaface o wlich a waféy izhedthantlids daesistdhcei datingibody

ey o S Soms e bk S g o,
w555 il Sy, 6, 0 Al s i
an elffRRiciiower RipplRd tothe resistirite hedting Bedyreat i ng

tengerature 'a the heating inurfece of the ceramc
| r eBuck an heatinigrapparatus hisakeqdredr e headt thegwafer so as to
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The St A0 aPRarts it Ao eiEid Yo N\l Rithin BAS Buifhce

of thewadfer, | Hus, theeoksl Hedny knuwn! haitingy appamitages such as one

. detericsated in the surface tenBeraturq of the wafer |
in wdick a Manap siringofiapsigipace bestinghedxds madifiedrand one in
4 th | i nky ,of the . tenperature th fer, surface .
whip ik et A1 5 iteghacfocn Back Frdare dfe HIGH amic
f e
basty e £ LR Alluiy ARt A bl SR Yl Boad sl b rapidly
relensel the hea S Rife @kraidic bhbéNIhdd) af lezal tempbiature increase
provi des a heating apparatus as set out in claiml.
US- B- 6538872 illustrates an electrostatic chuck having
an el ectrostatic nmenber praviding a surface on which a
waf er is supported and joined at its opposite face to
a base by a netal bond | ayer. The base contains a
heater. The 30 base is in turn connected by a netal
bond | ayer to a support. In one construction (Fig. 7c)



Fig. 2 is an explanatory drawi ng show ng in eitanpla
of a heating inciucling the heating apparatus of the
enbodi ment of the present tascarni oN OF An
enbodi rent of a heating appixitua of the prawat
invention will 16 be descri bed beI ow with Siren t
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heat BFA W%%ﬁ%ﬁ%@ﬂ%@%& paf e
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adj usddumd. nenber 21 is fixedly fastened to the ceramc
base 11 while facing the back surface lib of the
ceram c base 11. In the exanple shown in the figure, a
r#¥ng- shaped. fi xtﬁw(@'% ximal to the

circunfer gpt hﬁlenti%ﬁ 'p?dvﬁiés Qﬁeamgea@%ra&%@sebaﬁen &dim 1The
fixture 23 is forned alnﬁfcg cut out

hat
engages w8 4535844 é]glspﬁest ﬂb elig.roaap% § Ha¥ing ap electrostatic
por t in@mberf probidinges aurface bASehichla wigsrds stpertedibndifoined at its

i ndi cat e he. 1 nner C|rcu e t re

The PRIERTr 051 APEs L U B Ry ot S Lot ety Tne
tHi ckmessindimentieoted ti enmnfﬂ bopd lapértto 24ump9rt| I!llsmetcenﬁtructlon
thro : l.

A B e
nenbélrppmn& Pdfrpmednga gass Berrvatm@ the pepiuEe oftle géflmtﬂaﬁ Rty
t he {RNARLALIN hea asHdustd feh MRERGK tRdughAfie a,ggsﬁ tdaad varied.
below in detail, an air gap 31 is provided between the
ceram c base 11 and the tenperature adjusting nmenber

21. The tenperature adjusting nenber 21 is conposed of
a metallic material such as a bul k al um num havi ng a
good thermal conductivity, whi ch 25 can transfer the
heat of the ceram c base 11 so as to keep the
tenperature of the heated ceram c base 11 constant. In
order to inprove a heat releasing effect of the
tenperature adjusting nenber 21A a fluid flow hole

2l1a through which a cooling nmediumcan pass is forned
in the tenperature adjusting nmenber 21. Further, in

the tenperature adjusting nenber 21, a 30 termn na

hol e 21b to which the heater term nal 13 can be
|nserted |s formed. In addition, a tubular shaped
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5 be sufficient. On the contraty, the heating
apparatus of the present invention can dramatically
i nprove the thermal uniformty by containing the heat
conductive nenber 14, even when the ceram c base 11 is
conposed of a ceram c containing alumna as a main
conponent. The ther rral uniformty caused by incl uding
t he heat 14 is t
heat con C%%V@E#eb% :T?af}g Sho"gs édwaﬂer@upﬁaﬁ?g% %e?'ﬁ) r T
heamaf@g suppott hody 111canedabmdtdhﬂetmcem mhéathe aesimigpds geritainiag a
ﬁéat&rh?’hnﬁ s l?é&ﬁlebéd[}y %n&nhé&?edfﬁys't@é %Hﬁe%w@e@}ér@% a

s 1 np ovene effectively contributes
t h e C‘?fﬁlié?tbf@ é’hséﬁ’tm which gentged pastaze Fre crenlatign of enoking vedmm
Accordingly, the thermal uniformty of the heating
paratus 10 according to 15 this enbodi nent can be

far superior tRRIEFRDRSCRIPTION.OFHE DBAWINGSc pri or

?r;mer Zﬁwﬁﬁﬁgﬁ?‘acgﬁfﬁ%‘%& am c base

11. heasSsnapg am fmmmrwm heat ed by the heatl ng

appar at u : i.%s,g@, Féﬂw
yi el d of %‘t’% sem nduct’or deV| ce ven a sgéi%
i ispeteoinsinding the bensiag pregept

vaf ggodn@imglel y i nfl uences the pr oductl on yield of the
sem conduct or device. Accordingly, this inprovenent in
the thermal uniformty Ieads to a dramatlc | mpr ovenent

in the pr omm R ENBOTIBENY

mat eri al havi.n r 1her| copductivily tha
ceram c 2% qohod Eﬁmw Q?%
[EMW&M%M&WWWM@ is, the

pase 11 18 Ao seime ol ¥ APl oot

conaucti vl tg
abouhs mmmmnmwmﬁmmm v therfseyingu desgribed

pre Wﬁ? 4100 A ke Bty G bR Rl 4  tha
(ther rraf condutti Vi %ﬁhﬂﬂ% 280W'm tg The _S%Qﬁ%gﬂ
cond@c&avmwﬂn’bﬁﬁmm $o rﬁﬂléﬁﬂt sadersiandiog, of “"’h
VIR0 SRV r aTap: AN r AWALY
'E&e er aII|c materlaj

me, b @ but al so aI um num ni t ri de
(t her mal conduct [ vi t 1%&?%‘7 150Wm |l c %g& N
ceram c HaReatige t G‘E‘HW#&V”
Usechusadink* ww |mmhm4.xmmmw ol dwe

3 o8l ﬁga%nﬁé#wf%%g%w%%d&ms ' %141

abom&rs&i& ramto 5.0 nmis preferable If the

tnan abodte tecst i afAR 8F e TR cetfole baSq R i

pl amam viiferdobti shown) wed seussiicindnctormdistrite, wiifleistan object

cau t ﬂgﬁﬂ“%"’* R e e fase
redﬁ%gggxﬂFgﬁh%g?hlcﬁ%ggg eat cg% uct1ve _
8o niida for hepting the gefort ﬂ’amhmmmgm 13 vesistangs heating ypdy
cont ai ni ng the heat conductive nenber 14 is saturated.
The thickness of about 0.5 to 5.0 mm of the heat
conductive nenber 14 is significantly 15 different
froma thickness of a netal electrode sonetines
enbedded between a heating surface and a resistance
heati ng body in a conventional heating apparatus.
Exanpl es of the netal electrode include: an el ectrode
for generating electrostatic force on the heating
surface ha, and a high frequency el ectrode for
generating plasma proximal to the heating surface 20
1.1.a. The thickness of the el ectrode of a
conventional heating apparatus hardly allows for

i mprovenent in the thermal uniformty desired in the
present invention. The ceramic base 11 is not |limted
to the ceram c containing alum na as a main conponent
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25 between the upper portion and the | ower portion so
that the ceram c base 11 has a three-layer structure.
The heating apparatus of the present enbodi nent shown =~
in Fig. 1 has this preferable threeslayer structure.
The heating apparatus according to the present
i nvention, however, is not l[imted to the three-|ayer
structure. The heat conductive nmenber 14 nay be 80
12 ien@abedded profiengletard bablassrfdce 1bb oppesjteeto the heating
structure can be forned in a manner that the upper
muﬂn&l @n and | ower portion of the ceramic base 11

B

msem.-a B%ﬁt tHE BRI EUPraiE M’ ofl fhé HepiRds Bass N eTHE &loghtince

In the three-layers 5 structure, the heat conductive

heatinghedyi }2 fenemtedheat whemeanweloatrierposessi isnsupplitidnthereto
Ther eby he upper an ortions ramc
nbﬁ@@xﬂmimomv@rfspm GM&?F PBead 1o Shh Hesten tesminal

ts. , 6t iRoRPa A Bige ¢ g%@%ﬁ%ﬁgge Sy B oorg i hese 11
fron 61 reeditdues hoatingbedy 18 tolthetheaningoshidicel kel dfthie ceramic

the entire strength of the 10 ceram c base 11 and.

basa/\ma.n Thes,dbam:: satson the bsam syefacedde came ubpheated.

por H n and thedﬂﬁBﬁ ort dl&%“#ﬁncﬁﬁﬂ%ﬁeqaﬁﬂ the

ek i Bﬁ?@aaéaana%aaﬂ“ I In
the @xaane oshavoefin thenfigme! amingshaped.fixtxira(23 16 provided

causes a marpa e of the cera base 11, which
pr m@@éutpéhawm mntiglp wr&tiﬁmease 1. T dixture

28 igabeined To et 8fnfy HVERE B AEplt RS ediniieCu it fagltud the
circiifdrahtial ?bmnﬁfef £hd Borilific base UQHH@fé}tthb%utﬂiiﬁn‘dQém the
resistivity of Ix 108 to 1X 10121:1 -cmis preferable

innedOcitenmfprance of whe e aﬁt r ﬂ‘éleaﬁxturecﬂa: elagshag a bolt hole

PendiSAlRg 1hoBedEickregs Sreghion tharpoty Aol d & Theffied Hiquen
the p qlé‘su'i‘ﬁla okt 24 gs E&%&%ﬁﬁ%ﬁﬁ@&' W holE Reindd 19 the

ectrosta orce usi ng orce.
tem%t@}alume rat ﬁnaﬁng/ nieaben 81 o fixadly fastent mcéraxnﬁaia%@ Ito
(0] ess

x 101812 r.m cannot generate th
the t4pperature adinsting member k. o Andesopi l)ﬂ‘iob taﬂ. an air

esp S} de. PROTBAGH, RAFReRE Pt oFps }Sa%?' ﬂﬁnﬂfﬁ%&rﬂbﬁﬁm
adjdaﬁﬁfgeﬁ?%eﬁd jeak current and has an adverse effect on
t he "waft er

which may result in a reduction in the
yi €THe temperatureThéJdm mEmben2lois commposedivfca bmetallic

preferably a volune 30 .resistivity 08 v
matepiahsveh ahaik sleminmEiaring S gorfdbotmahgonductivi

[
e S B B o R W@ﬁm o
the heatd P bdrdnictadse! E1 cdhetafealn agdapaampmala lefatt ftdeasing
present enbodi ment is provided with the heat

effectonf] lj;hel tempeyature kdjustipg sedmberpdll) lacfluid few hole 21a
r x to 5 the he t|n surface of , t.he,ceram c
thrdigBowhich g coplinin gpeH #8%. B e, a5 i, ottparature

ad“‘%g@é) glaca 2k, Megtllglng{wapp at ug% &ﬁ.ﬁs&%éﬁe&?e&g :t[:’ &

ternhiaad hble 21 Wet&ﬁmﬂwhbam tepindiial 15 conbe ddsmxgediis formed.

di sk- shaped hi gh frequency el ectrode capabl e of

appl ying a high frequency proximal to the heating
surface, 10 thereby able tg generate plasma in a space
proximal to an object to be heated and set on the
heati ng surface. Such high frequency el ectrode is
general |y conmposed of a conductive nmenber to which a
hlgh frequency electrlc power can be suppl i ed.
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80 nmenber 21 and the hole lie of the ceram c base 11
The heat conductive nenber 14 becones usable as the
hi gh frequency el ectrode by supplying a high frequency
el ectric power from outside, through the high
frequency el ectrode termnal 15. As a result, the
heati ng apparatus 10 does not need to have a separate
hi gh frequency el ectrode. Note that if the heat 5

In axldition & tubulaxtshaped menhd:mmmhﬁrraﬂﬁaiﬂ providedin gontact
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mat eri al For exa t he heat condnctive Menmber. an

metadlia mageriakct ed by providing a filmor ring made of

Cpelniihe Raetiba oroavaens (b 2 din Prospeb fbSdidne g hoat

coni(i)?&ﬂéfbd fremb¥ 1958 Hk oseﬁhﬁeﬁfé?mofh@hﬁﬂiﬁ&%rﬁde”lmﬁf the

um na ceram cC, ttrium al umnumgarnet Atria

' cormmtciise Hnand tke rédistance heatingHudyrixanbedded imthe mamm

fluorine resin, or the I|jke. 15 he heatln ara
base 01bs - tRe tbe earaqﬁenb rerehpfAReTEy W%e@é)'% o heat

confhile, BAhERER bR ?E?%W&% abfionihatd the, same

plaﬁhe Qhﬁﬁé taﬁul &aﬁi’é&ﬁr aSoiieEk Dfthe HsntilEelirfasé dllas antiuskset

| ows” t he heating apparatus to adsorb and retain a

alnmat pa:aﬂei.tnghaémmg lnaf &Phe reat md@cﬁgazmmber 14
10
hasi 2 Eighon hafinal e oh g fia detanl BREL 4L 700 T

ﬁZb.“Iﬁﬂ"‘ﬂe i aiiahd 103 P%%@%ﬁ%ﬁ‘# e
L4Eﬁﬂkaﬁﬂﬁﬁaﬂﬁwkuhmﬁkhﬂwhﬁhﬂﬁﬁkﬂnhgsﬁ&ﬁﬁs§Uhanthwrema&hum
the el ectrostatic el ectrode 16,  thereby engbl i an
heaging:body (12t 1§cs1mrdmdr with lﬂ@rﬂﬁﬁ*aw powes g HhrebY epnarates
5 L
aZ RPRTO L e R d Frsdah e B iE thHoa e sbitace

ﬁfe“ém erﬁh@ base 115 THY KBet SWhichoreaxhed ¢he Rdatccotiductive

d. A tubul ar-shaped i1 nsul ati on nenber 22C
meinbep rldvirdtic pmuesmbﬁttansfem the hamngwfaceflltam not only

i e e e
o oy S 50 0 oWt i o

confhefivé Rembeper aruisaijmmtﬂraﬂsm aPehe Réat niukels it possible
conposed of a netallic material. Here, an insulatjion

to evenenit she heat) amsmt daesicted:tihths heating surface 1he in the planar

i35 205 SRR, b AL LA

to @ﬁﬁﬁﬁ%ﬁ%‘é@ A B e e (R o e the

hestiny iseefabt oM UtThes the undfoebmityt ofthat tampémture dthertnal
through the electrostatic_electrode termnal 17, the

orthebeating surface Adsdaimprevedet r ode 16 and t he

heat,ng surface [z
oy T ehifes-Bpfrriel BaP S, M pREr Rl SaVRnfhblfs GF bk e
19 | Berfih RCbdrtatdngCallfoi@l 66  @lain

cer:%ﬁ&b gétlcv)l é%%élgsgﬁﬂﬁféﬁgﬁ] thewwafer IgCV\hen at | east

comgimentgi orThet themalhecoridructivityt aof cabiming ote 46 ow as
the heating surface ha of the ceramc base 11 is
conposed of alwnina, a powerful electrostatic force by
use of Coul onb force can bg generated, since alum na
has appropriate electric resistivity. An electrostatic
force by Coul onb force does not require a slight 15
anmount of current on the heating surface Ile as in the
case of the electrostatlc force by Johnson- Rahbeck

— o g, . o T A~ 1
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15 Since the electrostatic electrode 16 is enbedded in
a position proximal to the heating surface ha of the
ceram c base 11, the electrostatic electrode 16 is
provided in the upper portion of the ceram c base. On
the other hand, the heat conductive nenber 14 is
provided in the |ower portion of the ceram c base 11,
since the heat conductiyve nmenmher 14 is grovided in

appodmately 30WmcK. 2dcaordinglinsthen the heahconfneiive gember

16 4 R bBSRET, SHLSCoER, ARBR o A4, hood USpPERY om tho

resikiane Heﬁﬁgméﬁfl?ww&éﬁsﬁmﬂ% thé planar di¥ections
exenpl ar thod o

manuf acturing the heating apparatus

insid® thé ctiemiry kasen]l.e nBontequentlynithe thexnrel pumi ity imay not
separatel y manufacturjng the 26 upperé@nﬁ | ower ., .

be spg)me%ﬁaé):bm prntary, e Bpatine appatatugad the prepent invention
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rangrng from 10kg/cn® or nore to 1 g/cra2 or_less,
thissewbodimentroasiiectar superior to thoheating apperdtasof the pgior art,

whigh 0l dpiden he e RaTRUHE, Bet B mioges bl 4% the back

. ¢ ti . . ~ _

surlish 13H of B deblimic fgdk $17 O Ben IOARRRNEY wiaker 1 Be BERlod by

the maﬁhgcdpgmmm hele bdafgsirfludnes on! thepmoduction yisld of the
ceram c base of a highly precise dimensi on can be

semitondueter. davieeal Evennsinell variotion bushy tempepaiurg an the
LN an.apbitra hape fr a she and, i s, not_.
surlnge - 86 "G | WoLaEh JRHET SHRREBR o AT gEioR” yidh of tho

Hﬂﬁﬁuﬁghﬁndéé“a ﬂkﬁﬁ? hi® CithPiovatheMt! MRUthe thermal
&nq#$ter ering wth t rodgﬂgﬁgles S?gvidegn¥ﬁ the ceramc
uniforarty leads to &\drabmatioieprovementuinathe production yvieldief che
base, 11, th upper and |l ower portions of the ceramc
ucho ‘n the thermal conpression 20 bondi ng can

oy BASEAR EsRE BB Aher it o ity 3ukhitHe &fldmic

bas® BV ahitaBlk sy ¢hé at dondviRtive OhefitberMi4. 'Thé higher the

exanpl e, the upper portion can be manufactured_ by
thermah gomd wobivity 15, thetmbre pyeferableiis iss Bormexample, when the

component .. and the | oyper, portion n be, manuf act yr ed
corazpic, baRg A1 ol spmwoeshioh AN | ({RREPEL RPRuPHivity” sbout

n . . : it he J hag
80‘2\%%?@? i&é %é%f&?ﬁgg%ygsm%b&& rr%n? I'S pyrlgvfod%gosea of
aluitfifiiint fluinigain 8Hop (therded coniustvity T ebut280V/ohdde The
11 in which the foregoing heat conductive nenber, 14 ig
heatiicgpductive mamber 14 dapwtdimitedale) avminumorlpminum alloy
spacer 321s arranged in the air gap to ensure the air
gaps. This spacer 32 can be formed by, for exanple, 30
stanping out froma heat-r@sistant resin sheet.
However, it is not essential to provide the spacer
32. For exanple, the air gap 31 can otherw se be
formed by form ng regions having | arge surface
roughness or protrusions, on at |east one of the back
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30 introduce a gas to the air gap 81 in a nmanner that
its pressure can be controlled, the systemis not
limted to this configuration. The heati ng
apparatus of the present enbodi nent has the tightly
sealed air gap 31 between the ceram c base 11 and the
tenperature adjusting menber 21. The gas introduction
apparatus 40 is connected to 5 the air gap 31 through_,
but bty etirerivise bel vomposediof tndiGm, hdinga allosobanother metallic

i ntroduced fromthe gas _sup sQurce 41 of the a
materia} chardngo A rﬂm@alwmm‘&l , 6t only

metgl, SS“reeaf‘{*ﬁetég Ay i pldf (sl h““%ﬁgﬂ?‘“’ﬁ""“

150WI§15-E)J &6 R f0beradti¥ chetSng td Righ' Cerumisl emthmtwilbsr g be

the pressure controller 45 10A thermal conductivity

“usedf the gas such as helium varies depending on the
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Tables 1 and 2' show the results of the exam nation of
an bi pl ane 15 tenperature variation (thernmal

uniformty) of the heating apparatus of the Exanples 1 '
to 13 and Conparative exanples 1 and 2. 1 q 4 Lea 1
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A structure can be formed in a manner that the upper portion and
lower portion of the ceramic base 11 divided into two portions in the vertical
direction are joined by thermal compression honding (TCB) with the heat
conductive member 14 interposed therebetween. In the three-layers
structure, the heat conductive member is formed by the thermal compression
bonding., Thereby, the upper and lower portions of the ceramic base 11 can
be fixedly fastened to each other without including an air gap over ths joint
surface. As a result, the heat conductive member 14 has an excellent heat
conducting effect without any advexrse effect on the entire strength of the
ceramic base 11 and.

When the ceramic base 11 ig divided into the upper portion and the
lower portions, a. difference of thermal expansion coefficients between the
upper and lower portions of the ceramic base 11 is preferably 0.2X10'¢ or less.
The difference between thermal expansion coefficients of more than 0.2 X106
causes a warpage of the ceramic base 11, which may require a work for
flattening the warpage.

The upper portion of the ceramic base 11 preferably has a volume
resistivity of 1 X108 to 1X1012Q ¢m, or 1X10%Q cm or more in the use
temperature. The volume resistivity of 1X 108 to 1X 101%Q ¢m is preferable
for generating the electrostatic force using Johnson-Rahbeck force on the
heating surface lla. The volume resistivity of 1X 1015Qtm or more
provides a high insulation and thereby preferable for generating the
electrostatic force using Coulomb force. The volume resistivity ranging
from more than 1X101#Q cm fo less than 1X105Q ¢m cannot generate the
electrostatic force satisfactorily and reduces a wafer removal response after
adsorbing and retaining a wafer. The volume resistivity less than 1X
103Q cm increases a leak current and has an adverse effect on the wafer,
which may result in a reduction in the yield.

The lower portion of the ceramic base preferably has a volume

registivity of 1X 103Qtm or more in the use temperature. The volume
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resistivity of less than 1X 105Q tm causes a leak current in the lower portion,
which may result in an insulation failure.

The heating apparatus 10 of the present embodiment is provided
with the heat conductive member 14 disposed in parallel to and proximal to
the heating surface 11a of the ceramic base 11. Accordingly, the heat
conductive member 14 can be used as a high frequency electrode. More
specifically, the heating apparatus having the ceramic base 11 includes a
heating apparatus embedding a disk-shaped high frequency elecfxode
capable_of applying a high frequency proximal fto the heating surface,
thereby able to generate plasma in a space proximal to an ohject to be heated
and. set on the heating surface. Such high frequency electrode is generally
composed of a conductive member to which a high frequency electric power
can be supplied. Accordingly, in the heating apparatus 10 of the present
embodiment, the heat conductive member 14 can be used as the high
frequency electrode when the heat conductive memaber 14 is composed of the
conductive member guch ae a metallic material. In the heating apparatus
10 of the present embodiment; shown in Fig. 1, the heat conductive member
14 also serves as the high frequency electrode. Therefore, a hole 1llc is
formed on the back surface 11b of the ceramic base 11 8o as to reach the heat
conductive member 14, and to enable a high frequency electrode terminal 15

to be inserted aﬁd be connected to the heat comductive member 14. In
" addition, in the temperature adjusting member 21, a terminal hole 21b is

formed on the extended line of the hole 1lc. A tube -shaped insulation
member 22B is provided in contact with the inner wall of the terminal hole
21b, and to insulate the high frequency electrode terminal 15 inserted on the
inner circumferential side of the insulation member 22B, from the
temperature adjusting xoember 21 composed of a metallic material. The
high frequency electrode terminal 15 is connected to the heat conductive
member 14, through the terminal hole 21b of the temperature adjusting
member 21 and the hole 1lc of the cexamic base 11. The heat conductive

10
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member 14 becomes usable as the high frequency electrode by supplying a
high frequency electric power from outside, through the high frequency
electrode terminal 15. As a result, the heating apparatus 10 does not need
to have a separate high frequency electrode. Note that if the heat
conductive member is composed of a metallic material, the heat conduotive
member is in some cases corroded by the generated high frequency plasma.
To prevent the corrosion of the heat conductive member, it is only necessary
to protect a side surface of the heat conductive member by means of an
anti-corresion material. For example, the heat conductive member can’ be
protected by providing a film or ring made of anti-corrosive ceramic and
anti-corrosive resin. A specific method of forming an anti-corrosive material
includes, for example, the use of a sprayed film made of alumina ceramic,
yttrium aluminum garnet, yttria ceramic and the like, a heat-shrinkable
ring made of fluorine resin, or the liks.

The heating apparatus 10 of the present embodiment may be
provided with an electrostatic chuck to retein a wafer set on the heating
surface 1la of the ceramic base 11 by using the electrostatic force.
Comprising the electrostatic chuck allows the heating apparatus to adsorb
and retain a wafer during heating of the wafer. For this reazon, the heati.ng
apparatus 10 of the present embodiment is provided with an electrostatic
electrode 16 embedded in a position proximal to the heating suxface 1la in
the ceramic base 11. A hole 11d is formed on the back surface 11b of the
ceramic base 11 so as to reach the electrostatic electrode 16, thereby enabling
an electrostatic electrode ferminal 17 to be inserted and be connected to the
alectrostatic electrode 16. In addition, in the temperature adjusting
member 21, a terminal hole 21c is formed on the extended line of the hole 11d.
A tubwlar-shaped insulation member 22C is provided in contact with the
inner wall of the terminal bole 21c. The insulation member 22C is provided
to insulate the electrostatic electrode terminal 17, which is insexted on the
inner circumferential side of the insulation member 22C, from the

11
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temperature adjusting member 21, whish is composed of a metallic material.
Here, an insulation material such as a resin adhesive agent may be applied
in a clearance between the insulation member and each of the holes 21a to
9lc, in order to eliminate the clearance while increasing the bonding
strength and the dielectric breakdown strength. When a voltage is applied
from outside to the electrostatic electrode 16 through the electrostatic
electrode terminal 17, the region between the electrostatic electrode 16 and
the heating surface 11a is polarized to become a dielectric layer. Thus, the
electrostatic force is generated on the heating surface 1la. . The electrostatic
foroe can be used to adsorb and retain the wafer. When at least the region
between the electrostatic electrode 16 and the heating surface 1la of the
ceramic base 11 is composed of alumina, a powerful electrostatic force by use
of Coulomb force can be generated, since alumina has appropriate electric
resistivity. An electrostatic force by Coulomb force does not reguire a slight
amount of current on the heating surface 1lz as in the case of the
electrostatic force by Johnson-Rahbeck force.

The electrostatic electrode 16 preferably contains tungsten carbide
(WC) and 10% or more of alumina, When the electrostatic slectrode 16
contains tungsten carbide as a main component, an extremely small amount
of the component of the electrostatic elecirode 16 is diffused in alumina, As

"a result, the volume resistivity of alumina proximal to the electrostatic

electrode 16 can be increased. This increase leads to an improvement in the
insulation property when a high voltage is applied, and to an improvement
in the removal property of the adsorbed substrate in association with high
resistance of the dielectric layer.  Additionally, when the electrostatic
electrode 18 contains 10% or more of alumina, the contact property of the
electrostatic electrode 16 is improved. The upper limit of the amount of
alumina contained in the electrostatic electrode 16 is preferably about 50%
by weight or less from the point of view of reducing the electric resistance of
the electrostatic electrode 16.

12
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shape such ag a mesh, a comb, and a spiral pattern by use of a print paste
which contains a powder mixture of a predetermined amount of alumina and
tungsten carbide, for example. The heating apparatus 10 of the present
embodiment shown in Fig. 1 is an example of a bipolar type of the
electrostatic electrode 16. However, the electrostatic elegtrode 16 is not
limited to the bipolar type, and may be of a monopolar type, or of a
multipolar type. .

When the ceramic base 11 is divided into the upper ‘and lower
portions with the heat nonductlve member 14 mterposed therebetween to
form a three-layer structure, and when the heating apparatus includes an
electrostatic chuck, it is preferable that the electrostatic electrode 16 is
included in the upper portion of the ceramic base 11 and the resistance
heating body 12 is included in the lower portion of the ceramic base 11.
Since the electrostatic electrode 16 is embedded in a position proximal to the
heating surface 1la of the ceramic base 11, the electrostatic electrode 16 is
provided in the upper portion of the cexamic base. On the other hand, the
heat conductive member 14 is provided in the lower portion of the ceramic
base 11, since the heat conductive member 14 is provided in order to diffuse

,a.nd transfer the heat directed from the resistance heating body 12 to the

heating surface 11a of the ceramic base 11, in the planar direction of the heat.
conductive membex 14.

An exemplar method of manufacturing the heating apparatus 10 of
the present embodiment includes a process of separately manufacturing the
upper and lower portions of the ceramic base 11 divided in the vertical
direction thereof. Thereafier, the upper and lower portions are joined by
the thermal compression bonding with the heat conductive member 14
interposed therebetween.

The thermal compression bonding can be carried out by using

aluminum as the heat conductive member 14, for example, stacking the
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previously manufactured upper and lower portions of the ceramic base 11
with the aluminum heat conductive member 14 interposed therebetween.
Then, the portions of the ceramic base 11 and the heat conductive member 14
are heated at a predetermined temperature while being compressed in the
thickness direction. In particular, it is recommended to set the
predetermined temperature to a temperature 5°C to 15°C lower than the
melting point of aluminum, the compressing pressure to ranging from
10kg/cm?2 or more to 100 kg/em? or less, and the atmosphere to vacuum of
1kPa or less, This method allows for a uniform junction at a low
temperature, and thus the members can be joined without melting the
aluminum, Consequently, the heat conductive member 14 is not deformed,
the ceramic base is absolutely not deformed at this temperature, and a

- caramic base of a highly precise dimension can be obtained. The aluminum

can be previously stamped out in an arbitrary shape from a sheet, and is not
melted during thermal compression bonding. Accordingly, the aluminum
can be joined without interfering with through holss provided in the ceramic
base.

Furthermore, in manufacturing the ceramic base 11, the upper and
lower portions of the ceramic base 11 used in the thermal compression
bonding can be manufactured separately. This allows the upper and lower
portions of the ceramic base 11 to be manufactured in different types of
ceramic, For example, the upper portion can be manufactured by using a
ceramic containing yttria as a main component, and the lower portion can be
manufactured by using a ceramic containing alumina as a main component.

As shown in Fig. 1, the heating apparatus 10 of the present
embodiment is provided with an air gap 81 provided between the ceramic
base 11 in which the foregoing heat conductive member 14 is disposed, and
the temperature adjusting merber 21. A spacer 82 is arranged in the air gap
to ensure the air gaps. This spacer 32 can be formed by, for example,

stamping out from a heat-resistant resin sheet. However, it is not essential

14
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to provide the spacer 82. For example, the air gap 31 can otherwise be
formed by forming regions having large surface roughness or protrugions, on
at least one of the back surface of the ceramic base 11 and the surface of the
temperature adjusting member 21which facea the ceramic base 11.

A gas introduction hole 25 is formed in the thickness direction. theraof,
go that a gas can be introduced to the air gap 81 from outside in a manner
that its pressure can be controlled. The gas introduction hole 25 is a gas
introduction path penetrating the temperature adjusting member 21, and
communicates with the air gap 31. An o-ring 83 Bemng as a sealing
member is fixed at the end portmn of the air gap to prevent the gas
introduced to the air gap 81 from leaking, The air gap 31 is tightly sealed
by the o ring 38. |

A gas introduction apparatus is connected to the gas introduction
hole 25. By using Fig. 2, an example of the gas introduction apparatus will
be described. A gas introduction apparatus 40 of the present embodiment
gshown in Fig. 2 includes a gas supply source 41, and conducts the gas
accommodated in the gas supply source to the air gap 81. In the example
shown in PFig. 2, the gas supply source 41 includes a first gas supply source
41A, a second gas supply source 41B and a thizd gas supply source 41C
which accommodate different types of gases. A switching valve 42 is
attached to each of the first gas supply source 41A, the second gas supply
source 41B and the third gas supply source 41C, so that the gas supplied
from the gas supply source 41 can be selected or mixed. A pressure control
valve 48 and a pressure sensor 44 are provided on the way of a tubular path
directed from the switching valve 42 to the gas imtroduction hole 25.
Furthermore, a pressure controller 45 to which a signal from the pressure
sensor 44 iz inputted and which outputs a pressure control signal to the
pressure control valve 48 is provided. The gas introduction apparatus 40
shown in Fig. 2 is merely an example, and as long as the system can

introduce a gas to the air gap 31 in a manner that its pressure can be
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controlled, the system is not limited to this configuration.

The hesting apparatus of the present embodiment has the tightly
sealed air gap 81 between the ceramic base 11 and the temperature
adjusting member 21. The gas introduction apparatus 40 is connected to
the air gap 31 through the gas introduction hole 25. The gas can be
introduced from the gas supply source 41 of the gas introduction apparatus
40 in a manner that its pressure can be controlled. The pressure of the gas
introduced to the air gap 81 can be controlled by the pressure control valve
48, the pressure sensor 44 and the pressure controller 45.

A thermal conductivity of the gas such as helium varies depending on
the applied pressure. More specifically, higher pressure increases the
thermal conductivity. Accordingly, the amount of heat transferred frox the
ceramic base 11 to the temperature adjusting member 21 can be controlled
by introducing a gas into the air gap 81 between the ceramic base 11 and the
temperature adjusting member 21, and controlling the pressure‘ of the gas.
Conseguently, the heating apparatus 10 of the present embodiment can
control the temperature of the wafer over a wider temperature range, while
maintaining an excellent thermal uniformity

The effect achieved by introducing the gas and controlling its

 pressure in the above-described manner can be lead to an achievement of a

higher level of the thexmal uniformity compared to the conventional heating
apparatus. More specifically, in a conventional heating apparatus in which
the ceramic base 11 and the temperature adjusting member 21 are
adhesively fixed to each other with an adhesive, the amount of the heat
fransferred from the ceramic base 11 to the temperature adjusting member
21 differs significantly hetween when a wafer is heated at a relatively low
temperature and when a wafer is heated at a high temperature, since the
thermal conductivity of an adhesive is inherent to the adhesive. As a result,
the electric power supplied to the resistance heating body embedded in the

ceramic base 11 needs to be increased when heating a wafer at a high
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texoperature. The larger the elsctric power supplied to the resistance
heating body becomes, the more the thermal uniformity is deteriorated.
Hence, the thermal uniformity is lowered when a wafer is heated at the high
temperature. The present embodiment makes it possible to suppress such
deterioration in the thermal uniformity by embedding the heat conductive
member 14 in the ceramic base 11. However, when a difference in
temperature between heating a wafer at a low temperature and heating the
wafer at a high temperature is large, further improvement is required in the
thermal uniformity when heating the wafer at a high temperature.

In this repgard, in the heating apparatus 10 of the present
embodiment, the gas introduction apparatus 40 can control the gas pressure
in the air gap 31 between the ceramic base 11 and the temperature adjusting
member 21. This makes it possible tu control the gas pressure in the air gap
81 so that the pressure when the wafer is heated at a high temperature is
lower then the pressure when the wafer is heated at a low temperature,
When a gas prossure is low, the thermal conductivity of the gas is reduced.
Consequently, the amount of the heat transferred from the ceramic base 11
to the temperature adjusting member 21 is also reduced. Thus, it is
possible to heat a wafer at a high temperature without increasing the
amount of the electric power supplied to the resistance heating body
embedded in the ceramic base 11. As a result, an excellent thermal
uniformity can be maintained while avoiding the detexioration.

In the present embodiment, the effect of the thermal uniformity
achieved by enabling the control of the pressure in the air gap 31 between
ceramic base 11 and the temperature adjusting member 21 is greafer
compared to the heating apparatus simply provided with the heat conductive
member 14. That is to say, an excellent thermal uniformity beyond
expectation can be achieved by a synergistic effect of enabling the contxol of
the ﬁressure in the air gap 31, and the effect of including the heat conductive

member 14.
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In the present embodiment, the gas pressure in the air gap 81 can be

controlled by the pressure controller 45 connscted to the pressure control
valve 43 and the pressure sensor 44. Such control of the gas pressure in the
air gap 81 can be easily carried out and is highly responsive. Therefore, it is
excellent for an industrial application. In addition to the control of the gas
pressure in the air gap 31 shown in the present embodiment, the amount of
the heat transferred from the ceramic base 11 to the temperature adjusting
member 21 can also be controlled by changing the distance of the air gap 31
or by changing the temperature of the cooling medium flowing through the
fluid flow hole 21a of the temperature adjusting member 21. However, it is
difficult to change the distance of the air gap 31 during heating of a wafer,
and a system for changing the distance requires a systsm large in scale.
Also, it is difficult to change the temperature of the cooling medium,
particularly to heat or cool the cooling medium in a short time period, since
the cooling medium is generally a liquid, having specific heat dramatically
larger than a gas. It is similarly difficult to prepare a plurality of cooling
media each having different temperatures and connecting to the fluid flow
bole 21a of the temperature adjusting member 21. A large-scale system is
required if the plurality of cooling media are to be used by switching the
cooling media each having different temperatures depending on the heating
temperature of a wafer. On the contrary, according to the heating
apparatus 10 of the present embodiment, by controlling the gas pressure in
the air gap 81, the amount of the heat transferred from the ceramic base 11
to the temperature adjusting member 21 can be changed in an extremely
short time period. Thus, the throughput can be improved. In this heating
apparatus 10 of the present embodiment, since only the addition of the
simple gas introduction apparatus 40 is required, additional cost required for
the equipment is small.

In the heating apparatus 10 of the present embodiment, the distance
in the thickness direction of the air gap between the ceramic base 11 and the

18
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Accdrdidfly? the same effect as that of controlling the gas pressure can be
achieved by changing the type of the gas to be introduced to the air gap 31 by
means of the switching valve 42 of the gas introduction apparatus 40. A
usable gas includes helium gas, argon gas and nitrogen gas, for example.

[Example]
1. Evaluation of the heat conductive member 14

Firstly, the thermal uniformity was evaluated using various types of
the heat conductive member 14.

A ceramic sintered body serving as the upper portion of the ceramic
base 11, a ceramic sintered body serving as the lower portion of the ceramic
base 11, and the heat conductive member 14 were prepared.

A ceramic sintered body serving as the upper portion of the ceramic
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base 11 with an embedded electrostatic electrode was obtained in the
following manner. A compact was formed from a raw material powder by
means of press molding at the predetermined pressure using a mold, and
then the compact was sintered by use of a hot press sintering method. A
ceramic sintered body serving as the lower portion of the ceramic base 11
with an embedded resistance heating body was also obtained in the following
manner. A compact was formed from a raw material powder by means of
press molding at the predetermined pressure using a mold, and then the
compact was sintered by use of a hot press sintering method.

Then, a thermal compreésion bonding was accomplished by
sandwiching the heat conductive member 14 between the ceramic sintered
body serving as the upper portion and the ceramic sintered body serving as
the Iower portion. The members were heated for the predetermined time
period at the predetermined temperature, while being compressed at the
predetermined pressure in their thickness direction. Thus, the ceramic
bass 11 shown in Fig. 1 in which the upper portion of the ceramic base 11, a
thermal-compression* bonded layer composed of the heat conductive member
14, and the lower portion of the ceramic base 11 were laminated in the
three-layer structure, was obtained. In this regard, the predetermined
pressure, the predetermined temperature and the predetermined time
period.were defined in the following combination, depending on the material

" of the heat conductive member 14,

When the heat conductive member 14 was composed of aluminum,
the pressure, the temperature and the time period were 70kgf/em?, 540°C,
and 5hrs, respectively. When the heat conductive member 14 was composed
of indium, the pressure, the temperature and the time period were 10kgffem?,
130°C, and bhrs, respectively. |

After carrying out the thermal compression bonding, the heating
surface of the ceramic base was surface-ground with a diamond grind stone.
The side surface of & burned substance was ground, and at the same time
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necessary punching and mounting of a terminal were carried out to complete
the ceramic base.

The obtained ceramic base was fixedly fastened to the temperature
adjusting member 21 composed of a bulk aluminum by msans of the bolt 24
via the ring-shaped fixture 28. Thus, the heating apparatus of the present
embodiment shown in Fig. 1 was obtained.

For the purpose of comparison, & heating apparatus having the same
structure as that of the present embodiment was manufactured, with the

.exception that it does not include the haat oonductwe member.

The beating surface of each heating apparatus thus obtained was
heated to 100°C to examine the temperaturs distribution on the heating
surface. The temperature distribution was measured by using an infrared
gpectroscope.

Tables 1 and 2 show the results of the examination of an inplane
temperature variation (thermal upiformity) of the heating apparatus of the
Examples 1 to 18 and Comparative examples 1 and 2.
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It can be seen from Tables 1 and 2 that in Examples 1 to 13 in which
the heating apparatus includes the heat conductive member, the variations
of the inplane temperature were smaller than those in Comparative
examples 1 and 2. It is therefore understood that the heating apparatus of
the present embodiment has a dramatically improved thermal uniformity.

Furthermore, when a high frequency electric power is supplied from
the terminal connected to the heat conductive member in the heating
apparatus of the present embodiment, a plasma atmosphere could be
generated proximal to the heating surface.

2. Evaluation of the air gap 31

Then, the thermal uniformity was evaluated with respect to the air
gaps 81 placed under various conditions.

The ceramic base 11 in which the heat conductive member 14 shown
in Fig. 1 was embedded was prepared. The ceramic base 11 is composed of
aluminum nitride, and the heat conductive member 14 is composed of
aluminum having a thickness of 1.5 mm. The ceramic base 11 thus has a
three-layer structure formed by the thermal compression bonding.

The obtained ceramic base 11 was fixedly fastened to the
temperature adjusting member 21 composed of a bulk aluminum by means
of the bolt 24. For the purpose of comparison, an example in which the
ceramic base 11 and the temperature adjusting member 21 were fixedly
jointed with an adhesive was prepared.

The distance of the air gap 31 between the ceramic bage 11 and the
temperature adjusting member 21, and the pressure of the gas introduced to
the air gap 31 were changed in various ways to examine the thermal
uniformity of the heating surface 1la of the ceramic base 11. The results
are shown in Tables 3 and 4.
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In Tables 3 and 4, Examples 21, 22, 23 and 24 are an example in
which the distance of the air gap 31 is 0.18 mm, 0.25 xm, 0.5 mm and 0.7
mm, respectively. In any of Examples 21 to 24, the temperature of the
heating surface 11a could be changed to 60°C, 100°C and 150°C respectively,
by changing the gas pressure and by minimally changing the heat flow rate
from the ceramic base 11 to the temperature adjusting member 21, i.e. an
electric power supplied to the resistance heating body embedded in the
ceramic base 11. Further, the thermal uniformity was excellent at each
temperature of the heating surface. o

Example 25 is an example in which the introduced gas is Ar. Asin
Example 25, even when the introduced gas was Ar, the temperature of the
heating surface 11a could be changed to 60°C, 100°C and 150°C respectively,
by minimally changing the hezi flow rate from the ceramic base 11 to the
temperature adjusting member 21, ie. an electric power supplied to the
resistance heating body embedded in the ceramic base 11. The thermal
uniformity was also excellent at each temperature of the heating surface.

On the contrary, Comparative Example 21 is an example in which the
ceramic base 11 and the temperature adjusting member 21 are fixedly
jointed with an adhesive. The thermal conductivity of an adhesive is

‘inherent to the adhesive. Accordingly, the heat flow rate from the ceramic

base 11 to the temperature adjusting member 21 needs to be changed
significantly, i.e. an electric power supplied to the resistance heating body
embedded in the ceramic base 11 in order to change the temperature of the
heating surface 1la to 60°C, 100°C and 150°C. In particular, supply of an
amount of the electric power as large as 5,300W was required to change the
temperature of the heating surface 11a to 160°C, resulting in a deterioration
of the thermal unifoxmity.

Comparative example 22 is an example in which the ceramic base 11
and the temperature adjusting member 21 are fixedly jointed with an
adhesive and in which the temperature of the cooling medium flowing
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through the fluid flow hole 21a of the temperature adjusting member 21 is
changed. When the temperature of the cooling medium was 80°C and -10°C,
the heat flow rate from the ceramic base 11 to the femperature adjusting
member 21 did not need to be changed significantly, i.e. an electric powex
supplied to the resistance heating body embedded in the ceramic base 11 in
order to change the temperature of the heating surface 1la to 60°C and
150°C. The resultant thermal uniformity was smaller than those in
Examples 1 to 4. Algso, changing the temperature of the cooling medium
took much time and the responsiveness for temperature control on the
heating surface was insufficient.

Example 28 is an example in which the thickness of the adhesion
layer is reduced as compared to that in Comparative example 21. In the
Comparative Example 23, even when the heat flow rate from the ceramic
base 11 to the temperature adjusting member 21, ie. an electric power
supplied to the resistance heating body embedded in the ceramic base 11 was
increased to an excessive amount of 21000W, the amount was not sufficient
to change the temperature of the heating surface 11a to 150°C.

Hereinabove, the heating apparatus of the present invention hag
been described using figures and embodiments, However, the heating
apparatus of the present invention is not limited to these fgures and
embodiments, and can be modified in numerous forms within the scope that
does not depart from the gist of the present invention.
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Exanple 23 is an exanple in which the thickness of the
adhesion layer is reduced as conpared to that in
Conparative exanple 21. In the Conparative Exanple. 23,
even when the heat flow rate fromthe ceram c base 11
to the tenperature adjusting nenber 21, i.e. an

el ectric power 15 supplied to the resistance heating
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the back surface (11b) of the base and said 15surface

of- th el‘t-ehwémsmpmw aeeording torambene of elajms 3 5e|8, wherein the heat
connect abl e o as i ntraod n a Raratus (40) which
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according to claiml, wherein the base (11) is
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con?onent 5. The heating apparatus according to
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The heating apparatus according to claim?2, wherein
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menber (14) serves as a high frequency el ectrode. 15
10. The heating apparatus according to any one of
clainms Ito 9, wherein the base (11) is divided into an
upper portion on which the substrate is set, and a

| oner portion which faces the tenperature adjustlng
menber, and the B@se (11) has a
three-layer structure having the heat conductive
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12. The heating apparafus according to any one of

clains 1 to 11, wherein a fixture (23,24) is disposed
proximal to a circunferential portion of the base (I1)

and fixedly fastens the base (11) to the tenperature

adj usting nenber (21), and . said gap

(31) is provided tightly seal ed between the base and

tre tepparal; L'grmf PRafTW C Ui
V\nﬁ?h an gfftgs‘lH%gpt roﬂg éogkﬂa S |ﬁt°?g UC_taI on paitﬁ. h%?;m
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a spacer (32) 1s provided between t.he base and the

t @ DPRHPK Ay RSicHS ihe@sd BT thekdntftrRiR Adjus@g hember (21), and .
fastened to each other by the fixture. 14. The heati ng
appar adaitbgapo(Goy dipngvided tglalysedled betwkan thettaseand the temperature
the gas introduction apparatus (40) is connected to
tddgustinp niembesandichmnpardcateswith arcoutsidp threughra-gasdpieductign path.
menber, and introduces the gas while adjusting the gas
pressure. 15. The heating apparatus according to claim

14, rein. the gas intradugtion apparatus is

a‘ﬁ‘ awﬁ‘are‘ﬁf‘“g QP@E‘E‘PBﬁ“gf‘%Bg {W@mo&’ t"ﬂ’@mé'gs i ntroduced

to the air 31)..be { ba Cer

t enper 3 fp@ﬁ%&gg} % g{(%vr‘geén%n lﬁg bascsa%dqﬂ:dle&!tﬁgramre adjusting
member which are fixedly fastened to each other by the fixture.

14.  The heating apparatus according to claim 12 or 13, wherein
the gas introduction apparatus (40) is connected to the gap between the base
and the temperature adjusting member, and introduces the gas while adjusting the gas

pressure.

15.  The heating apparatus according to claim 14, wherein
the gas introduction apparatus is arranged for selection of a type of the gas
introduced to the air gap (31) between the base and the temperature adjusting

member.
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