-1 - . : .2136258 Met hod and Apparatus for the Heat-Treat nment
of a ;éﬁefLike‘anber. The present. invention relates to a heat- treating
tedhqtgggl and nore particularly to the heat treatnent of a plate-like
menbexsfich as. a sem conductor wafer, and also to-an apparatus for 5
heat-treating such a nenber. As is well known, when producing a sem -
conductor el enent, the semiconductor wafer is heat treated duri r %fé
grow h processing, inpurity diffusion ﬁ'réce'ssi ng, crystal anneaﬁﬁngelﬁ
processing, 10 passivation filmformng processing, dry etching.
processi ng and photoresi st baking processing. Heretofore, heating systens
enpl oyi ng a heat erMetthgh-dnd Appayatestfor the  HémteThemtmersed t o achi eve

such heat treatnents. The heat-treating 15 nmet hods operate by supporting

the sem conduct or afafeerPlaterlike demler!i ke in a heating atnosphere so

‘that the wafer is heated, or by putting the sem conductor wafer directly on

a heating source such as a heating block.. In any such nethod, the 20
wafer lies in contact wiTheiRzeseppoinventwiondeelatescke a eakd er
accurately with the above nethods, the support (usually the jig, or heater
bl ock) nust al so betFRARRE LLRIIAYR o] INATPHR pareiclagly to the
(S:Lgunl)'é?nggﬁf;iyhi L?eggtégggglﬁenzé of énglaltgg-?{il\é\gl-rheﬁ?ge} hseugl'i Oa(.:s(:‘fsaSI ng
- semiconductor wafer, and élso to an apparatus for
%@ 5 heat-treatinq.such a member. |

As is well known, when producing a semi-

' éohdﬁcfor element, the semiconductor wafer is heat
treated during crystal growth processing, impurity
.diffusion procéssiné, crystal annealing processing,

: 10. 'passivaﬁidn film formihg processing, dry etching.
pfocessing and photoreéist baking processing.
Heretofore, heating systems employing a
.heater,'high-frequency.heating etc. have been used
to achievé such heat treatments. The heat-treat;ng
= 15 . methods operate by supporting the semiconductor
| wafer on a jigfor the like in a.heating atmosphere
so that the wafeﬁ is heated, or by putting the
semiconductor wafer directly.on a heating source
such as a héating block. In any such méthod, the
20 wafer lies in contact with its support.
In order to heat the wafer accurately with
the abQQe methods, the support (usually the jig,
or heater block)must also be heated as accurately

as the wafer itself. Simultaneously, the surround-

25 ing inner wall of the processing chamber containing

‘é;



-2- the wafer is heated. Wth the above nethods, therefore, the heating
efficieacy is very poor, and the processing period is |ong. Another
di*sddvant age’i.s that, when the jig or the heater block is large, 5
heat~treating apparatus becones large in size. Similarly, when the F
treatnment is acconpanied by a reaction, parts other than the wafer,
do not take part in the reaction are heated. Therefore the reaction takes
pl ace>on parts 10 other than the wafep rLequiring no reaction, and an
unnegessary product is formed on the supporting jig or the inner wall of

t he processing Ch?gg?%%ﬁ?§ erﬁéﬂkéd.“hﬁEtHBQHLaQBHGE?ﬁ%@q@ﬁ@iCond“Ctor

el enent by heat t accConpanred by a réaction, product of

the reaction fall va ' HC 081 8RBYCOBIYEL P pSbLTEARG | S
formed, thereby dgaggg?ﬁgethgﬁ%ugkﬁg$hgfEfﬁgeﬁgngyac?ured9s%n1- conduct or

el enent. Also, inghdepirake8Behgt pepsoduel 2snghe Rﬁo;heﬁpeiééaea\nei%e
clearing away the unnecessary product forned on the inner wall of the
processi ng chanbeismthathewhenf aheedigTbe pheshaatepvbhockniseckbiasgép

provide a nethod of heat-treating a plate-like menber in 25 = which the
menber may bg heatbeé heabotrehtingngpparatusr begdinagslargesinssizéi eved by
providing a nthod of heat-treating a plate -1ike nenber, conprising

floating and rotating t fémdlardyy,i Wwbepehher heasnhtraatment, ésis

substantially no horizontal _
' y accompan%ed by a reaction, parts other than. the

U wafer, which do not take part in the reaction are
heated. Therefore the.reaction_takes place on parts
10 other than the wafer requiring no reaction, and
an unnecessary product is formed on the supporting
jig or the inner wall of the processing chamber. As
a result; when manufacturing a semiconductor element
by heat treatment accompanied by a feaction, the
15 product of the-feaction falls on the wafer in which
the semiconductor element is forméd, thereby
degrading the quality of the manufacturea semi-
conductor element.
Also, incidental operations such as the
20 'opefation of clearing away the unnecessary product
formed on the inner wall of the processing chamber
must be performed.
The present invention seeks_to provide a
method of heat-treating a plate-like member in
25 which the member may be heated without heating its
| surroundings. This is achieved by providing a method of
heat-treating a:plate-liké member, comprising floating and rotating
the plate-like member such that there is substantially no horizontal



-3- novenent of the plate-like nmenber, and irradiating the plate-Ilike
menber with el ectromagnetic radiation, so as to heat it. In this way the

plate & nember, which may be for exanple a silicon wafer, may bBe heated
indu t V y 5 with little or no heat | oss, as the surrounds may be made of
mat er\ whi ch have | ow el ectromagnetic Ioss The plate-1ike nmember may be
made to float by the action of a flow of 3a—gas, which woul d cause the

menber to rotate, enablln unlforn1heat| to be 10 achi eved. _The intensity
of the el ecl“P‘{ﬁP&@ﬁ g? %‘F’EﬂdF%H“ﬁnﬂEeBHﬁ?eﬁH@ UpECt hes
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rmy be ool cdfi ShES HBY, SHE PiateytkerRemBeR PRhycR mAYTERCESELi o I ¢ bo

i d ] 2 b
Resori bed & ekaRgTEea’ %&15599‘0?'33%5 ?‘E‘Yt  Reggea! ShBYEREVERY",  companying.

drawi ngs, | giehi §9¢eTeIBrend haat a%%y oaal thee¥, anﬁagsmag Beheat -
treating apparatus, being a first embodi ment” 1 o t he present |nvent|on 25

Figure 2 i smadec¥Ecmateriaty whizhmhavenave eakicegonrgaediesibesnNy a
second enbodi nent of the present
The plate-~like member may be made to float by
the action of a flow of a gas, which would cause the
memberltO'rotate, enabling unifqrm heatiﬂg to be | -;)
10 achieved. The-intensity of the electromagnetic
radiation.may be controlled in dependence upon the
temperature of thé member as this enables éccurate
determination temperéture to which the member is to
be heated.
15 By suitably focussing the eléctromagnetic
‘radiation on a part of the member, that part may
be selectively heated. This selective heating is
not possible in the prior art arrangements.
- Embodiments of the pfesent_invention will .
20 now be described in detail, by way of example, with
reference to the accompanying drawings, in which:
Figure 1 is a‘ sectional view of parts of a heat-
treating apparatus, being a first embodiment 1 of
the present invention; |
25 Figure 2 is an exterior view of a microwave
baking_apparatus being -a second embodiment of the present

invention;



invention; ., - 4 - Figure 3 is a sectional view of parts of the m crowave .
baki ng apparatus shown in-Figure 2; Figures 4A to 4D are section
the processing steps involved in the-photolithography 5 of a
sem conduct or; wafer; and Figure 5 is a plan viewof a jig of th -
enbodi ment of the present invention. Enbodinent 1 Figure 1 is a sectional

vi ewwhi ch shows 10 parts of a heat-treating apparatus according to a
first“enbodi nent of the present inventi-om 4t illustrates an apparatus in
whi chwa protective filmis formed on a surface of a seniconductor wafer. A
processi ng chanber 1 in Fikmrieordnief aa sevtiohal viewkefepartsubE thenade of
a material adapted to reflect mcrowaves (electrically conductive or |ow .
resistivity mater indlcradwavesbakilng, appaalatusashossf iimeFiguckealber for
heating a sem conductor wafer 2. The netal form ng the processing chanmber 1
my 20  be e.g. stainFigarssedA Gp_émummm|§%¢ﬁ%ﬂ@aﬂtvﬁgwﬁapfiGgﬁarly
advant ageous to use the alum niumaof l'oqw resistivity.In_the central part of
the processing ch&ReGeseings stepshjavediyaddn ithes phegediitogEarBri sm

‘having a Bernoul i chuck structure whi 25 causes the sem conduct or
wafer 2 to fPBoat i9f @2 semiconductor wafer; and

Figure 5 is a plan view of a jig of the second
embodiment of the present invention.

Embodiment 1

Figure 1 is a sectional view which shows
10 .parts of a heat-treating apparatus according to a :
first embodiment of the present inventioﬁ. It
illustrates an apparatus in which a protective
film is formed én a surface of a semiconductor wafer.
A processing chamber 1 in the form of a box-
15 like enclosure is made of a material adapted to
reflect microwaves (electrically conductive or low
resistivity material, for example, metal), and
defines a chamber for heating a semiconductor wafer
2. The metal forming the processing chamber 1 may
20 be e.g. stainless steel or aluminium, and it is
*  particularly advantageous to use the aluminium of
low resistiviﬁy.ln the qentral_part of the processing
chamber 1, is a funnel-shaped jig 3 (ﬁolding
mechanism) having a Bernoulli chuck structure which
25 causes the_semiconduétor wafer 2 to float in a
gaseous medium so that it is not in contact with

the jig 3 or parts of the proqessing chamber 1. The



gaseous nediumso that it is not in contact with the jig 3 or parts of the
proc353|ng chanber 1. The jig 3 is formed of a material which passes

mcr s and whose el ectromagnetic loss is low, for exanple, €
t et TR | or oet hyl ene resin or quartz. The use of quartz permts treatment at
tenperatures in excess 5 of 1000 C. In contrast, tetrafluoroethylene
resin degrades and is unusable when it is exposed to a tenperature of above
about 350 C. To provide the nediumil ghich the wafer 2 floats, a cleaned
inert gas 4 or reaction gases 5, 6 are supplied to the jig 10 t hr ougkefa

gas supply pipe, 7a from as, supply contag# r. 7. Mcrowaves 8 are
generated by a HErdkR f raé“ﬂ%fsrs’r é&' RARRSS MHCTMAYES on

B??Eé;‘?i g gﬁa% e AP aTRy i h%*‘sdqféei&f?« cf&fﬁfﬁ{ Wrer 2 i
1)1[ r ?hea}]ea'?edw %%%%ﬁﬁ{%&i%f %delésﬁlrremgg&ﬁpadi%gum# errper U et gg}r::g(r)?t lirze
through a wi ndoy 20 2 1tsrfieé¥H§K t4i

pedm ei@ﬁ%i‘ﬂtﬁfg PPy the

sensor 12 is processe y a tenperature controller 13 mﬁgch generates a

tenperat urg congg ol oo UNAl ﬂm'ﬁhtﬁasfﬁmféméﬁbw?mw%mﬂt rol ler
|

14. The sequence controller 14 selects the gas (the 2 nert gas 4 or
the reaction gadégrddesd)and didaideshble when it is exposed to a
| temperature of above about 350°C. To provide the
medium in which the wafer 2 floats, a cleaned inert g/.
gas.4 or reaction gases 5, 6 are supplied to the_jig
10 through a gas supply pipe 7a from a gas supply
‘controller 7. | |
Microwaves 8 are generated by a microwave
generator 9 (assigned'frequency for induction
heating: 2.45 GHz, maximum power: 500 W), and are
15- projected into the processing chamber 1 through a
waveguide 10. The semiconductor wafer 2 is irradiat-
ed with the microwaves and is heated inductively, The _
te&perature of the heated semiconductor wafer 2 is \.{
measuted by a temperature sensor 12 through a window
20 11. The temperet\re measurement produced by the
sensor 12 is processed by a temperature contfoller
13 which'generates a temperatﬁre control signal
which is transmitted to a sequence controller 14.
The sequence controller 14 selects the gas (the .
25 inert gas 4 or the reaction gases 5, 6) to be fed

to the processing chamber 1 and controls the flow

rate of that gas and controls the intensity of the



$

to the processing chanber 1 and controls the flow rate of that gas and
control s the i ntensity of the -6 - microwaves 8 produced by the ;
mT-crovvave generator 9, in accordance with the tenperature control si g
generated by the" tenperature controller 13. In this way the tenperature

t he sem conductor wafer 2 5 may be controlled to a constant val ue. The
reacti on gases 5 and 6, having formed a protective film 15 on the

senmi conductor wafer 2, are emtted from fhe processing chanber 1 through a
di scharge conduit 17 in the formof a discharge 10 gas flowng in the
directioon of arrowiteowAvest Bogroduteanbgpgthéempepbwavevgeheratdb op a
surface of the sem conductor wafer 2 by the use of the apparatus di scussed
above will now beisicaccolrddnce Wihehneheotemperaturenedntool osignals

Chem cal Vapour Deposition (CVD);[err] filmon the wafer surface. The wafer
(di aneter: 4 i nchgeperhatednbyst g4@pnpemntune|sonsrgblﬁeai3tr§attu1ss set
on susceptors la and | b adjacent the jig 3. The susceptors |la, |b each have
a needl e-1i ke stryayutae EemperaﬁﬂrguﬁSoFPetﬁ@méﬁﬁPQBﬁHBEtUPfﬁﬁfGr 2 at
three or four points. After thiée m,conduct or fer,2 has been set on the

susceptors |4, | pmayLbe; FOntr te AeGopRSARtL¥a3HE - suppl y control l er 7
'_n order to cause the sggi.conducioh YREEE § bRa' 69%havil§ formea a

" protective film 15 on the semiconductor wafer 2,
'Are emitted from the processing chamber 1 through
a discharge conduit 17 in the form of a discharge
10 gas flowing in the direction of arrow 16.

A method of forming the protective film 15
on a surface of the semiconductor wafer 2 by the
use of the apparatus discussed above will now be"
described. The method is concerned to form a

15 Chemical Vapour Deposition (CVD):SiOz film on the
-wafer sﬁrface. The wafer (diameter: 4 inches,
thickness: 240um) which is to be heat-treated is;

N set on susceptors la and lb adjacent ﬁhe jig 3. The

'susceptors-la,“lb each have a néedle-like structure,
20 and support the semiconductor wafer 2 at three or

' four points. After the semiconductor wafer 2 has

been set on the susceptors la, 1lb, the inert gas
4 is fed from the gas supply controller 7 in order
to cause the semiconductor wafer 2 to float. The

25 inett gas 4 is preferably nitrogen (Ne). A valve
‘of a conduit for the inert gas 4 is opened by the

sequence controller 14, and the inert gas passes



25 ,L(@it gas 4 is preferably nitrogen [err]. A valve of a conduit for
the ifheri~gas 4 is opened by the sequence controller 14, and the irert. gas

passgs
em ssi
gas is~emtted
2 is noved ver
within the jig
wafer 2 floats

at approximately 15 litres/mn. The sem conductor 5

7- through the gas supply pipe 7a and is enmitted fromthe gas
orts 3a of the jig 3 toward the sem conductor wafer-2. This inert

waf er

tically and floats and is rotated by the flows of inert gas
3. The principle on the basis of which the seni conductor |,

within the jig 3 is generally known as the Bernoull

chugls .

VWhen the inert tggsudhi shéedasOsupply plipej 79 3ndaiscgmittedpfremure occurs
m conductor wafer 2 and the jig 3, due to the flows caused
by the bl ast othehgasnemisgionipoxts SpeofeiheodddcBotowardrthef| oats

bet ween t he se

within the jig
vertically and
jig 3, mcrowa
projected into
sem condugt or

‘the sem conduc

3 clear of the surface of the

> jig 3 while npvina 15
sepigonAyctor: WafgE Zeni dHidud g

nsrt,gps, is emitte

cl ear of
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The principle on the basis of which the semiconductor
wafer 2 floats within the jig 3 is generally known
as the Bernoulli chuck. When the inert_gas 4 is fed
to the jig 3, a negative pressure occurs between the
semiconductor wafer 2 and thé jig 3, due to tﬁe
flows caused by the blast of the inert gas 4, and
the semiconductor wafer 2 floats within the jig 3
clgar of the surfacé of the jig 3 while moving
vertically and rotating. N

With the semiconductor wafer 2 floating clear
of jig 3, microwaves 8 are generated by the micr?wave

geherator 9 and are projected into the processing

chamber 1 by the waveguide 10. The semiconductor

20

25

wafer 2 is heated by the projected microwaves 8.

Only the semiconductor wafer 2 is heated because
parts other than the semicéndudtor wafer 2 are made
of materials of low electromagnetic loss. The semi-
conductor wafer 2 is heated from the interior thereof
by electromagnetic losses, such as'resistance loss
and dielectric.loss, due to the semiconductor o

wafer 2 itself. The wafer 2 is heated without

®



b

conductor wafer 2 is heated fromthe interior thereof 25 by

el ectromagnetic 1osses, such as resistance |oss and dielectric |oss, due
t he ‘sepmi conductor wafer 2.itself. The wafer 2 is heated without - 8 /7
touchi‘ng the jig 3 etc. Therefore, it is heated efficiently and unifor
The tenperature of the semiconductor wafer 2 is neasured by the tenperat
sensor 12. The intensity of the mcrowaves 8 is 5 controlled on the
basi s*of the result of the tenper- atur@ feasurement of the seni conduct or
waf er.2 by the tenperature sensor 12, so that the semiconductor wafer 2 is
hel d at the predettuching ttheciig ¥ eteceherefiane t HE dssiheatedeact i on.

The optinmum 10 tenperature for formng a CVD*SiQ2 film as in the
present embodi mentefficimntly apnike 5e!ﬁwst he farneratare @f theyuired

f t he desired t] b d, th ' 5 and 6

and 02 gas) necessHRRLTTIITEOT ArRT b T MERFULRY DY bk HARR TGRS [ or 1]

fil 15 fed f th | {10l 7 int [ J .. the fl

of the inert gas DETRPTedr ai T LArEre $0 of e MR 4 i n re i n
d : ddghe f [ e d i ' ]| I f

?h\éagg-egagni sé 0.65 +%é rrfen‘i h&%ﬁg{g%&;@%;&%g@{% -egsggltr gafc?ﬁgjn. t ed r.gn?

surface of the serggergUupdLsur@hdnt of & i ddifdutitor water 2 by

" the temperature sensor 12, so that the semiconductor .

wafer 2 is held at the predeﬁermined temperature
necessary for the desifed reaction. The optimum
10 temperature for forming a CVD-SiO2 film, as in the
present embodiment, is 400°C. when the predetermined
temperature required fdr the desired rgaction has
been reaéhed, the_reaction gases 5 and 6 (SiH4-gas
~ and Oz-gas) necessary for the formation of the
15 protective film (sio, film) 15 are fed from the
gas supply.controllér 7 into the jig 3; the flow of
the inert gas being maintained.
N | ' The SiH,-gas is diluted to 5% with N, in
advance, and the flow rate tﬁereof is.l iitre/min.
20 2 The flow rate of the Dz-gas is 0.5 litre/min. The
siH4~gas énd Oz—gas react on the front surface of
the semiconductor wafer 2 heéted to the pre-
aetermined temperature, and the Siozfilm 15 is
formed on the front surface of the semiconductor
25 " wafer 2. The inner wall of the processing chamber 1
and the surface of the jig 3 have a much lowgr

temperature than the surface of the semiconductor



determ ned tenperature, and the [err]film15 is formed on the front surface

of,-the sem conductor 25 wafer 2. The inner wall of the prOcegsfng~

L r 1 and the surface of the jig 3 have a nmuch | ower ‘tenperature than =
tAj rface of the sem conduct or - 9- wafer 2, and are at tenperatures
at ich no reaction with the reaction gas 5 takes place. Therefore, no

unnecessary reaction product (for exanple, SIQ2) is forned. 5  Enbodi nent” 2
. Figure 2 is an exterior view of a third enbodi ment of the present
i nvention, being a heat- treating apparatus for baking a '

photor esi st (heroi i 21 teha" gLE" 180 LRo83a8yr L kO ERHL N APRRIRL US" )
¥S Vi eV\PO

10 and Figur%ﬁ & Sectiona parts of this mcrowave baki ng

appar atus. The,jigroy@veebaki sl g&easawﬁeghgwc;én FrRelE € Sr&ipsngt pover
source 31, an output controller 32 for controlling the power of the

m crowaves to ghnQPbsSaiFy lpeotyén prbaatt! (£6fi égampbepesi®)) a |
tenperature nonitor 34, a |oader 35, an unloader 36, and a hand- |ler 37 for
transporting ajsepbemeduct or wafer 38 -10-
5 Embodiment 2 :
Figure 2 is an exterior view of a third
embodiment of.the présent inﬁentioh, being a heat-
t;eating apparatus for baking~a photoresist(herein- U
after referred to as a "mic:dwave baking apparatus"},
10 and Figure 3 is a sectional view of parts of this
microwave baking apparatus.
The microwave baking apparatus shown in Figure 2
has a power soﬁrcé 31, an output controller 32 for
cohtroliing the power of the microwaves to an optimum
15 valve, a heat-treating chamber 33, a temperature

monitor 34, a loader 35, én unloader 36, and a hand-

ler 37 for transporting a semiconductor wafer 38



¢

into the heat-treating chanber 33. The semi conductor wafer 38 is
transported fromthe | oader 35 by a conveyor belt 39, and is stopped at th
handl er 37 by a stopper pin (not shown). This sem conductor 5 waf er 3§
is transported into the heat- treating chanber 33 by the handler 37. The
heat-treated sem conductor wafer 38 is received in the unloader 36. Th
|1 oader 35 and the unl oader 36 may receive a plurality of sem conductor
waf erss, and nove 10 vertically. Befqoe-describing the nethod of baking
a thLoreS|st usi ng the m crowave baki ng apparatus, the reason for baklng
the photoresist wll be explained. 15 I n manufacturing a

sem conduct or devi datophkbeohehitt-hogaking chambers3dnsi Bhe. séhjoerduayor 4D
are sectional views of steps illustrating a process _for selectively
removing an Si O2 fﬂﬁﬁﬁ§y3§hé§oFrﬁnégpaﬁﬁg froms theadoadgsin3P nb¥i ure 4A, an

err] film2101 20 formed gn the frqnt, surface _of a 0

LoatLd with a photGP§§F¥Pr(H§3§tP§e ﬂelﬁh§F8P8§ps?f F?Pnﬂaggier 97
Subsequently, the photoresist is ed | st.e wal Ly ca d . prebakin
or "soft baking" pBWbP f °?R§re?BBSEP8 PhPH?’pﬁogﬁfgs é? §£ ¢

g £ et e el Ssai it A Y LS

thereby to chamber 33 by the handler 37. The heat-treated

semiconductor wafer 38 is received in the unloader
N\ .36. The loader 35 and the unloader 36 mﬁy receive
a plurality of semiconductor wafers, and move

10 vertically.

Before describing the method of baking a
photoresist using the microwave baking apparatus,
the reason for baking the photoresist will be
expla;ned.

15 In manufacturing a semlconductor device, photo-
lithography is indispensible. PFigures 4A - 4D are
sectional views of sigps illustratihg a process fo;
§é1ective1y removing an S:i.o2 film by photolithography.

'~ First, as shown in Figure 4A, an Sioz £ilm 101

20 formed,én the front surface of a Si wafer 100 is

coated with a photoresist (negative type photoresist)

- film 102. Subsequently, the photoresist is baked in

a step usually called "prebaking" or "soft baking“
prior to the exposure of the photoresist £ilm 102

25 via a photo-mask. The prebaking step thermally

volatilizes residual solvent in the appliéd photo-

resist film 102 (thickness: 8500 %), thereby to



- 11 - enhance the efficiency of the photochem cal reaction of a sensitive
resin by ultraviolet energy irradiation in the exposure and to stabilize
sensitive resin. The prebaking step requires a 5 heat i ng

t enpe ure of approximately [err], and is conducted in an [err].

ere. The Si wafer 100 subjected to prebaking has a photo-mask of
erm ned shape positioned thereto, and is irradiated with ultraviol et
rays to cause a pattern 10 to bé’p#%ﬁfed on the photoresist 102. Thuys
exposure processing is achieved. Next, developing is perfornmed as showiwn
Figure 4B. The photoresist film 102, having absorbed the ultraviol et energy
to change its 15enhancécthe #fficiency of the photashemicalamenatiionol ved by
t he devel oping process and thus fornms a pattern. Thereafter, the

photoresi st is @fid Penettive xesin by unltxaioles enREAY baki ng” or "hard
baki ng". The posf-baking . is a q§?t t r eat nent w@ich vda%ijize 20 any
organi ¢ sol vent WFadiation dncthe £LXPRSYER (AN ko skahilize fheg ( he

devel opi ng process_thereby enhanci t he ,resi stance of the‘¥hotoresist film

to chemcals and® e EHERGIFEN t het RAHRET I (e RHRATHET L@ filmto the
Si fer. Th - ' ' 4 t ' t
of appr oxi Aot el yHeabE FePeratusd St | SobARUI CAT ag" g 4 g PTPeT At UT e

conducted in an N2 atmosphere. The Si wafer 100

o«

subjected to prebaking has a photo-mask of
predet:mined.shape positioned thereto, and is o
irradiated with ultraviolet rays to cause a pattern

10 to be printed on the photoresist 102. Thus
exposure processing is achieved.

Next, déveloping is performed as shown in

Figure 4B. The photoresist film 102, having
absorbed the ultraviolet energy to change its

15 chemical structure, has unnecessary parts dissolved
by the developing process and thus forms a pattern.
Thereafter, the photoresist is.again baked in a.step
u;ually called "post-baking®™ or "hard baking". The
post-baking is a heat tre#tment which volatilizes

20 any organic solvent which has permeated the photo-
5resist film during.the developing process thereby
enhancing the resistance of the photoresist film
to-'chemicals and to strengghen the adhesion of the
photoresist film to the Si wafer. The post-baking

25 step is conducted at a heating temperature of
approximat&ly 150°c.

After the post-baking has ended, the Si wafer
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- 12 - 100 bearing the photoresist film102 forned with the pattern ig~ %
imersed ih an etchant, and the final pattern is obtained as shown iqiégb
"Figure 4C. ’An aqueous-sqlution of HF + NH4F (volunetric ratio = 1:6\5

Is used as the etchant. Wen the unnecessary parts of the SiQ2 film 101
have beer renoved, the now unnecessary photoresist film102 is renoved as
shown in Figure 4D. Thus selective etching of the SIQ2 filmis 10

achi eved by photolithography. The pretali®@hngd and post-baki ng steps nentioned
aboV¢_ may be carried out by the microwave baking apparatus illustrated in

Figures 2 and 3. thad of, baking the .photaresi-st il m will 15
GeSor fbed | dot aitUORERELEED I PR A eRIRE £1180%, thael il Ehe Do e
by th b | §.e5h ; 7 , in
(hot 'Shown) - The RESHEEA 37° AHRERH a3 Peluines sl Wi, FSRRRCT DG o

‘supporter 40 as 2Q,atterndisC ¥bRa iRed?ds0 Whown! 1% IFay¥rageend gh this
handl er 37 is structurally adapted to draw the Si wafer 38 by vacuum

suction. The Si Wallectd isO1UtION R HFC U NESIC (vl uied riileeratianspdes¢d
into the heat- treating chanber 33 by neans & the handl er 37 25 unti |

it is placed on jiig 4ked asothiei etch@dmt. The jig 41 is provided with gas
em ssion ports 4la and 41b. An inert gas such as [err]-gas is blown through
When the unnecessary parts of the sio2 £ilm 101
have been removed, the now unnecessary photoresist
¢ | film 102 is removed as shown in Figure 4D.
Thus selective etching of the S.i.o2 film is
10 achieve& by photolithography.

. The prebaking and post-baking steps mentioned
above may be carried out by the microwave baking -
apparatus illustrated in Figures 2 and 3. The method
of baking the photoresist film will now be

15 described in detail with reference to. Figure 3.

The Si wafer 38 transported by the conveyor
belt 39 is stopped on the handler 37 by the stopper
pin (not shown). The handler 37 moves vertically
and horizontally on a handler éupporter 40" as

20 indicated by arrows. The leading end of this handler
| 37 is structurally adapted to draw the Si wafer 38
.by vacuum suction. the Si wafer 38 is drawn by
vacuumtsuction and then transported into the heat-
- treating chamber 33 by means of the handler 37
25 until if is placed on jig 41 in position 38a. The
jig 41 is provided with gas emission ports 4la and

41lb. An inert gas such as Nz-gas is blown through



- 13 - the gas enmission ports 4la, 41b, to cause the Si wafer 38a to float
in a position 38b indicated by a dotted |ine. The'floating Si ‘'wafer in
posvt pp 38b rotates due to the flow of the inert gas. The 5 rotation =

F@&/S wafer in position 38b is achieved by providing four gas enission
por 4¥a, 41b, 41c and 41d extending in tangential directions as shown in
Fig 5 and blowi ng the inert gas N2 through these em ssion ports. 10

Wth the Si wafer held in the float-lrig?'s-tate in position 38b within the jig

41, mcrowaves 42 are generated by a m crowave generator 43 and prOJectaﬁ

fron1a wavegui de 44 into the heat-treating chanber 33. The Si mafer I n
position 38b is 'ﬂ'@atgé(f t?;’i'"tsr?e“’fs ports, Afiaycy 'm'tt9r &ﬁéﬁ\?és l?? Sicnly the Si

f i heat ed b t h t f th
material of | ow"Ai& %&?ﬁ}&fﬁ Satclin Wiboditign dBb inddieaedd By0a | 0°

t th f , h | 20
et e di eFéﬁi’r.%yﬁ R AL Ao s 0 ialted (#1? *‘-ﬁ%&?éggw ?ﬁiut
touching the jig ﬁscc aues &d Rle if1dw JEXRA ieldrieCigast,! y oied unifornmy.

The tenperature to h the Si wafer is heated is néasured by the
t enper at ur2 NMONidgdation IE thee 35 wafed WP PosddilonO3eey is2 achiilevelds t he

out put of the m crowave generator 43 on the basis of the neasured result.
Consequent |y, t iy Prosiding fdud djad emission ports 4la, 41b, 4lc
and 418 extending in tangential directions as shown
in Figure 5 and blowing the inert gaé Nz through (W)
these emission ports.

10 With the Si wafer held in the floating state in
position 38b within the jig 41, microwaves 42 are
generated by a microwave generator 43 and projected
from a waveguide 44 into the heat~treating chamber
33. The Si wafer in position 38b is heated by'the

15 projected microwaves 42. Only the Si wafer is
heated because parts other than the Si wafer, are
made of the material of low electromagnetic loss.
The Si wafer is heated from the interior thereof by
electromagnetic losses, such as the resistance loss

20 - and the dielectric loss, of the Si wafer itself,

and it is heated without touching:the jig 41 etc.,

so that it is heated efficiently and uniformly. The

temperature to which the Si wafer is heated is

measured by the temperature monitor 34, and the

25 output controller 32 controls the output of the
microwave generator 43 on the basis of the measured

result. Consequently, the Si wafer is held at a



- 14 - predetermined tenperature necessary for the baking treatment of the

photoresist film In this way, baking treatnent (prebaking, post-baking)=qf
t He: photoresi st filmnmay be achieved. In particular, 5 since the gaki'ng
q: k‘ Y

treatment of the photoresist filmis intended to volatize the sol vent
~the photores- ist filmas described before, the m crowave heating as
present enbodi ment is particularly advant ageous because the photoresist
filmds heated 10 fromthe interior lhereof, so the surface of the
filmis not hardened, and it is easy to volitalize the solvent. The
fol | om ng advant ages naz be obtai ned: (1) According to_the present

i nvention, a pl at cPFeR@temmined ;LaRperature Recessiny %@Irﬁéhi?ﬁf%qﬁa

| ect ti i at] ' . ' i t | ect ti

Cadiat i on such as HFEPHUERE GBnEParRORRERSRYt of bUBT ottt Tbkscs. such
i | e FenePa _ Tses,

The momber.  This BoEnd ELEftare, BarentRLED, A HaLERTE 9f Sl

generation w thin %Hsngﬁg%fét £ 010 i ynﬁggﬁhiaee&rdim Oﬁ&éi&ﬁ@,sent

i nvention, only thi I's direct treated, and the holding
mechani sm f og hol dspacé heh&EBERIng St P@AtHERE C6f Qe photbfesidiclilm Of

menbers can therefore be mnimzed, so that the power of the heating source
can be is intended to volatize the solvent in the photores-
ist £ilm as described before, the microwave heating
\u} as'ih the present embodiment is particularly
advantageous because the photoresist film is heated
10 from the interior thereof, so the surface of the
film is not ha:dened, and it is easy to volitalize
the solvent.
The following advantages may be obtained:
(1) According to the present invention, a plate-like
15 member is heat-trgated by heating the electromagnetic
radiation such as_microwaves. Heating with
electromagnetic radiation such'as”microwave generates
Hhat by electromagnetic losses, such as resistance
loss and dielectric loss, which are developed within
20 the member. This gives excellent heating efficiency
due to the hgat generation within the member. In
‘this manner, according to the present invention, only
the member is.directly heat-treated, and the holding
mechanism for holding the member is not heated.
25' The capacity of members can therefore be minimized,
so that the péwer of the heating source can be

minimized.



m ni m zed. (2) The nmenber is held in a floating state, and |lies out of
contact with the hol ding mechani sm Therefore, uniform heating:of the .
nengef“ban be mai ntai ned, and heating at hi gh precision becones 5°

pos izy'. Since the nmenber is in the floating state, it cannot bhe kept
stati/dpary, but the uniformheat treatnent is possible owing to the

nt cr owave heating. (3) Since it is difficult for heat to be |ost from 10

t he menber, surplus heating becones-unreeessary, and the power of the _
heating source need not be large. (4) Since the dissipation of heat fromg:
t he nenber can be reduced, the nenber can be efficiently heated in a short
tinme. 15 (5X2)Si Abe membexr isuheildgdnor floatdngestate.dasdrable are an
at nrosphere of | Qw tenperature, no unnecessar&ﬁgroduct i s deposited on the

interior of a pldess®MkyofhSeREActomitnithe dipgpBechaptsBince the
and 2. the apdBPERLOFEe SRIEOEHG NABSANG, OF; FOR MRRPSELCRPABRITied In
structure and rﬁ&ﬂ%ﬁgihgdﬁiéﬁﬂ %@Qtﬁ%@Pa@PESG%tE&ecisiaﬁ_becomes
5 possible. Since the member is in the floating
state, it cannot be kept_stationary, but the
uniform heat treatment_is possible owing to the
microwave heating. -
(3) 8Since it is difficult for heat to be lost from
10' the member, surplus heating becomes unnecessary, and
the power of the heating source need not be large.
(4) Since the dissipation of heat from the member
can be reduced, the member can be efficiently
heated in a short time.
15 (5) Since the surroundings of the member are
desirable are an atmosphere of low temperature, no
unnecessary product is deposited on the interior of

a processing chamber containing the member.

(6¢) Since the semiconauctor wafers are heat-treated
20 sequentially in Embodiments 1 and 2, the apparat-
uses for the heat treatment may be simplified in

structure and reduced in size, and also automatic



3

processi ng and continuous processing nmay be achieved. In addition the

waf ers~can he processed irrespective of the magni tudes of the dianeters _
thereof. 5 “(7) In the baking treatnments of Enbodinment 2, the baking ’;\
time.of hoth.the prebaking and the post- baking steps is 2 min. As conpa(éé%{j
with the prior- art heat treatnment enploying a heater (baking tinme: 10 =
mn:), the enbodi nent can treat the wafers in a 10 shorter tine and can
enhance the throughput. In the above deber+ption, two enbodi nents of the
present invention have been discussed. The present invention is not

restricted to these enbodj nent howeyer. For exanp] e, m crowaves may 15

S
be projected at t hHRXeSHESINgAnd CONtianous PYPCHILING MM BRI to a reaction
substance. In this way activation.of.a rgactio henonmegnon al sp be
achieved. 1In thi§=%%§%Ye§hha.%eﬂ@%*é+?Ft$h9r¥§ékf)rFiﬁf %n%ﬁ%ﬁ%%ﬂf to the
effects of permitty . | . | ) rtened
processing tine. T%gp%%%%g%?%%téngﬁ?ﬁ%%%l%?%%%%ﬁérﬁ%n {%r{éhne;éypbe carried

out in a high presgiéfesf nosphere, a nornmal pressure atnosphere, a | ow
pressure atnosphere, 25 i n vacuum or in a substance adapted to

transmt thegm cropgye. In nelie | bikbse €oéfemerts o5t Exbodinting 02f Rare of the
-enbodi nents di scussed above may be
- baking time of both the prebaking and the post-
baking steps is 2 min. As compared with the prior-
W art heat treatment employing a heate; (baking time:
10 min.), the embodiment can treat the wafers in a
10 shorter time and can enhance the thréhghput.
Inlfhe above deScription; two  embodiments of
the present invention have been discussed. The
. -present invention is not restricted to these
embodiments, however. For example, microwaves may
15 be projected at the same time as a magnetic field
is applied.fo a reaction substance. In this way
activation of a reaction phenomenon may also be
achieved. In this case, enhancement in the reaction
efficiency adds to the effects of permitting a
20 reaction of good quality and a shortened processing
time. |
The heat-treatment of the preéent invention may
be carried out in a high pressure atmosphere, a
normal -pressure atmosphere, a low pressure atmosphere,
25 in vacuum, or in a substance adapted to transmit the
microwave. In all these cases, effects similar to

those of the embodiments discussed above may be



- 17- attained. The present invention has been described in the context of

t he tion of a protective filmon a sem conductor wafer surface,” an.
ann g{b treatnment 5 and a photoresist baking treatnent in the

mandf get\yre of a seni conductor device. However, the present invention is
not icted thereto, but it is also applicable to, e.g., vapor grow h,

impurity diffusion processing, crystaj 7anneal i ng processing or dry 10

etching processing. The present invention is also applicable to the g

sintering of a circuit board made of ceram cs. -18- CLAIMs: 1. A G

met hod of heat-tattaimeda plate-1ike nmenber, conprising floating and

rotating the plate-like menber such that there is substantially no

hori zontal novenent 5TR@fP¥@gent sinventionchasrbeemddesenibad imy the pl at e-
So as to heat jit. 2. A et hod

Ltlclégr g?gge{ OWICIt Q‘Fﬁ’%‘%c’_t‘mg? e‘_taltgfé;'gg'l'af‘_té‘!-‘ O‘Ir’]f @ PEPFERFLIve Lidaviomiuct or
hcording to ol SPRIECORIGTer sARSE PR e o APRRALEES S aatmdRier
during thegheatifgsof §ﬁ5i6g¥§§§t baking treatment in the manufacture
of a semiconductor.device. However, the present
invention is not restricted thereto, but it is also
applicable to, e.g., vapor growth, impurity diffusion :
processing, crystal annealing processing or dry
10 etching processing._ The preseht invention is also
applicable_to the sinteriné of a ci:cuit board made

of ceramics.
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34. A net hod accordlng to any one of clains 1 to 3, 15 wherein the
intensity of the el ectronagnetic radiation is controlled on the basis of )
" «measurement of the tenperature of the nenber. 5. A net hod according tg—
any one of the:>preceding clainms, wherein the floating of the plate-likg’- ¥
menber is achi eved 20 by f|OM/Of a gas around the nenber. 6. A net ho
heat-treating a plate-like nenber substantially as any one herein desc
with reference to the acconpanying drawnngs 1111111 111111 121111 11111

1&%}11

CLAIMS:
1. A method of heat-treating a plate-like member,
comprising floating and rotating the plate-like member
such that there is substantially no horizontal movement
5 of the plate-like member, and irradiating the plate-
like member with electromagnetic radiation, so as to heat
it.
= 2. A method according to claim 1, wherein the plate-
like member is a semiconductor wafer with a photoresist
10 film deposited on its surface.
| 3. A method according to claim 1 wherein a reaction
substance reacts on the member, during the heatihg of
" the member.
4. A method according to any one of claims 1 to 3,'
15 wherein the'intensity of the electromagnetic radiation
is controlled on the basis of measurement of the
tempefature of the membet.
N . 5. A method according to any one of the preceding ciaims,
wherein the floating of the plate-like member is achie&ed
20 by flow of a gas around the member. _
6. A method of heat-treating a plate-like member
substantially as any one herein described with reference

to the accompanying drawings.

AN



