; nopge3ennzZ*6 T2 6 J U N 2002 HEAT TREATMENT APPARATUS, HEAT TREATMENT T/
PROCESS EMPLOYI NG THE SAME, AND PROCESS FOR PRODUCI NG SENICCNDUCT%ﬁb @ﬁhEs 5
5 BACKGROUND OF THE | NVENTI ON Field of the Invention The present i

relates to a heat treatnent apparatus ardla -heat tﬂmmmlﬁmmﬂmw for
heat-treating a sem conductor article in productio i conduct or
device for integrated circuits. The present invention a|gg.elates to a
process for producing a sem conductor article. Related Background Art In
production of a sem conductor device, a heat 15 treatnent apparatus is used

in a process of fdPATJIREATRENE APPARABYS di FEASI BGEABMENBUPRPEESS a doner

or an acceptor, and in a process of annealing a sem conductor article such

as a bulk Si wafer inza$Nﬁﬁ%§%m%oﬁﬁ%j%@%5rrgHHCFBBC§§ﬁ0§Bﬁere. 20 Fig. 9
shows a first exanple of heat treatnent apparatuses of prior arts. This

heat treatnent apparatus hERODHGENG GEHEIL ﬁ‘%’%‘iﬂ%r"q 5 A

hydr ogen-contai ning reducing gas GHis introduced frominlet 5 and is

di scharged through vent 6. Into the 25 interspace between inner tube 1 and

outer tuhe 2, %%Fﬁgﬂ véﬁ?P% 'Eiggvggé%gﬁ is introduced through inlet 7 and

i s di scharged oug 0 prevent penetration .., - 2 26 JUN

Z0QZ of copperg{ b Lhe odLsidg into inner tube 1. The symbol W
i ndi cates an Silﬁg%er.0€¥e nuneral 4 indicates a boat. Such an apparatus is

di scl osed in Japanepge Rt &€8EnfPphi€Ati6A kahdrEReroNa. haadb23Q¥trer® 9. 10
shows a second exanpl e of heat treatnent apparatuses of prior arts. This
heat treat mentappdpddtlisiSag@n@rhees theetmenkemd thede fofr Sidatcaraaritigle
(SiC), heater 3, and therebetween an open-ended outer tube 2 made of fused
quartz produced dmirodduckyhyarogebef ianprbdscadiomeblfod and cont ai ni ng CH
groups at a content of 200 ppm The outer tube prevents diffusion of netal
i mpur i t Y0 Suctsemicppivatos deviicecfosedntralapedesdrratidst- AGWE cati on
Lai d- Open No. 7-193074. 15 Fig. 11 shows a third exanpl e of heat treatnment
appar at uses OfPFRFPTt a}Reenthrl ALSP FRLAtRENtCafpRFRCESScEFMri ses i nner
tube 1 made of SIiC, and outer,tuQ& 2. made %t éused quartz. An
oxygen-contmlﬁﬁﬁéﬁﬁﬁzﬂe%a%emkc?ﬂ YGHBEBTI"AES®the i nt er space between 20
i nner tube 1 qﬂgl§§§5i§55ﬁ§fguﬁgr9¥9h inlet pipe 7 and is discharged

: I ng

t hrough vent pipe C00 gas I's introduced through inlet pipe 10 and

i s discharged through yens, 0ipsnlds IhgeRuEBRALCRONAEGARS & tlle which

serves as a heat barrier. Such an apparatus Is 25 disclosed in Japanese
Pat ent Appl i cagdiiheah€-4PSdrNous is used in a process of forming an

oxide film, or diffusing an impurity as a doner or an
acceptor, and in a process of annealing a semiconductor
article such as a bulk Si wafer in a hydrogen-
containing reducing atmosphere.

20 Fig. 9 shows a first example of heat treatment
apparatuses of prior arts. This heat treatment
apparatus has inner tube 1 and outer tube 2. A
hydrogen-containing reducing gas G, is introduced from
inlet 5, and is discharged through vent 6. Into the

25 interspace between inner tube 1 and outer tube 2, an
oxygen-containing gas G, is introduced through inlet 7

and is discharged through vent 8 to prevent penetration

AN
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8-31761. Fig. 12 shows a fourth exanple of heat treatnent - 3 -z s ~uN
z0o02 apparatuses of prior arts. This heat «reatnent apparatus conprises
inner tube 1 and outer tube 2, both nade & -fused quartz, and heat 26 JUN 7002
equal i zer tube 20 between outer tube 2 and heater 3. An oxygen 5 contai ning
gas is introduced fromgas inlet pipe 12 at the bottomto the interspace
bet ween inner tube 1 and outer tube 2, further introduced to the inside of

i nner tube 1 through plural gas inlet holes_ 5, and di scharged fromvent
pi pe 6. The nRferGAPREF | Helt tat Q™ atHRaPuiBidRsiN4Pi AR RAL &PP&I 1 - SudRean
apparatus is disclosed jn_Japanese Patent plication Laid-(pen No.
7-161655. Fi g.S¥PThdhs20F53E8S 32 +eW6F££eatTs?eEPﬁﬁﬁﬁgagEaratus of

i ts. Thi t i i tube. 1 made .of SiC d out
Plbe 2 made of Y5 TUCH QuRI. /Y0 Rat nOPRAESFPRo  8n O8RPAPSFAg Bas i o
i ntroduced f i nl et t the boit ' ' be 1, f i ntroduced
v ough- commu e areriS Teeh Rk Ph pLBcketofoeen LRREP r ube 1 and

t t 2, d disch ' i scl d
outer tube 2, and dig ?‘I(Q%gxﬁfg%\f%%%ﬁd \SH6p28 BRPAEALUS LS Rlndl scl ose

in Japanese Patent ‘Application However,

appar at uses ofgdhier-PEis abt Spheve Predl ensh ok pertari-BaktheRr treating gas
| eakage, reaction tube deformation, reaction tube cracking, and 25 so

forth, which hayganotudessmsel ¥64. i ket heupsher mhasdofi kinasohound by the
inventors of the present invention that, in heat treatnent in -4 26
JUN 2002 hydr agerbicbnt @ 1€ hg heatter ng), adndspherepbesenkraonducpen-anided es
are etched undesirably. SUVMARY OF THE | NVENTION 5 An object of the present
invention is tawimnviwees &2 heade totafueed gppatat pypdachdabyt reat nent

met hod, and production process for sem conductor articles, in which the

met al cd®t am mRyhwdreasedf lyme htusiken | megthedr aadt Fentedbangs OHeduced.

groups at a content of 200 ppm. The outer tube
prevents diffusion of metal impurity. Such an
apparatus is disclosed in Japanese Patent Application
Laid-Open No. 7-193074.

15 Fig. 11 shows a third example of heat treatment
apparatuses of prior arts. This heat treatment
apparatus comprises inner tube 1 made of SiC, and outer
tube 2 made of fused quartz. An oxygen-containing
purge gas is introduced into the interspace between

20 inner tube 1 and outer tube 2 through inlet pipe 7 and
is discharged through vent pipe 8. A cooling gas is
introduced through inlet pipe 10 and is discharged

through vent pipe 11. The numeral 9 indicates a table

which serves as a heat barrier. Such an apparatus is
25 disclosed in Japanese Patent Application Laid-Open No.
8-31761.

Fig. 12 shows a fourth example of heat treatment



10 Anot her object of the present invention is to provide a heat treatnent
apparatus, a heat treatnent nethod, and production process for

sem conductor articles, in which gas | eakdge caused by reaction tu@quUszu
deformation is prevented. 15 A further object of the present invention IS
to provide a heat treatnent apparatus, a heat treatnent nethod, and
production process for sem conductor articles, in which undesired etching
is prevented. According to an aspect of the present invention, 20 there is
provi ded a heappreresusest cdppariatrusrts ch Buipheass trdatment ube, a second
tube placed therein, and a heater, wherein the first tube is tightl

cl osabl e and RPPREGEVST CPMPTEGES dinnieda THRE nig sl i eR %Hb%h@thb%gﬁher
than that of the second tube, 25 the second tube has at | east an internal
face conpri seB28f RénIyseC:Sivagtizde 2nghdes YRIY W Hatihe tdnstructed to

introduce a gas_into a treatment space, - 2 6 JUN 2002 in the second tube
wi t hout passi ﬁ&tﬁ’\‘?&“ fYitete tg’g’ﬁpr%' a0 Healsy chn M FEFERRed to a high

t t by the . heater. A di h t.of th t 5
et Ot EPBPETIRE RS L RO AP PR 08 Sk LR S g R 17 st

t ube, | [ I ' t f
ube, a second,LUge RLACSH UAR! OLie AN ALy vIGLEI N 038 Lt et for

introducing the gas in the secon I rovi a hol e

for comuni capi,pg,t %gbtai St A URe O sS RREUNM D dnbe A S; 9 vk deghat a top

portion of the seco tubé, a vent is provided at a bottom portion of the
first tube fokydesahangiongn paugas fgeamimsdtadied e fadstaisbgarsde first
tube is constructed fromtused quartz and is cl osable, the second tube has
a non-siliconfesmdeeht puplasde amhd sutleasAbliss andlddeedeatiesats provi ded
at a higher level than a heat barrier placed in the second tube. According
to anot hér aspestleftinige mprtesdatl .i n\dertth am dpEmtss providedlaseééatn
treatnment process 20 for heat-treating a sem conductor article by neans of
t he heat treafapanesgpRedendedppdtldadriion iIeigh®pren Azordi hel®a5a furt her

aspect of the present invention, there is provided a process for Eroducing
a Fig. 13 shows a fifth example of heat treatmen

apparatus of prior arts. This apparatus comprises
inner tube 1 made of S8iC, and outer tube 2 made of

15 fused quartz. A treating gas like an oxidizing gas is
introduced from inlet 5 at the bottom into inner +tube
1, further introduced through communication hole 13
into the interspace between inner tube 1 and outer tube
2, and discharged from vent 6. Such an apparatus is

20 disclosed in Japanese Patent Application Laid-Open No.
7-302767.

However, the apparatuses of the prior arts have
problems of contamination, treating gas leakage,
reaction tube deformation, reaction tube cracking, and

25 so forth, which have not been solved.
On the other hand, it was found by the inventors

of the present invention that, in heat treatment in



sem conductor article, the process conprising bonding a 25 first base plate
and a second base plate, elimnating an unnecessary portion of the first
base nenber fromthe second base nenber, and heat-treating a silic®§ JUN-200
2 6 JUN 2002 body on the second base nenber in a hydrogen-containi ng

reduci ng at nosphere by neans of the above-nentioned treatnment apparatuses
set forth in above. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
sectional view of an exanple of a heat treatnent apparatus of the present

i nvention. Fi qiy@ogere cactdionalg weivoing dvatsphene nesemappadactor 10
Fig. 3 is a sectional view of the heat treatnent apparatus of a second
enbodi nent of artelpresarne ienamd omdggiraldlys a sectional view of the heat
treatment apparatus of a third enbodi nent of the present 15 invention. Fig.
5 is a sectional view of the heat treatnent apparatus of a fourth

enbodi ment of the present invention. Fig. 6 is a sectional view of the heat

treatment 20 &PPAVIULBITHE (INYENEHIOAI nent of the present invention. Fig.
2ccor ding o the prEbERISH G BIE BTG, TRICT R ote §0, PEEVARG 8F show
schenaticallyheat treatment apparatus, a heat treatment method, and

production process for semiconductor articles, in which

the metal contamination caused by the metal of a

reaction tube is reduced.

10 Another object of the present invention is to
provide a heat treatment apparatus, a heat treatment
method, and production process for semiconductor
articles, in which gas leakage caused by reaction tube
deformation is prevented.

15 A further object of the present invention is to
provide a heat treatment apparatus, a heat treatment
method, and production process for semiconductor
articles, in which undesired etching is prevented.

According to an aspect of the present invention,

20 there is provided a heat treatment apparatus which
comprises a first tube, a second tube placed therein,
and a heater, wherein the first tube is tightly
closable and is made of vitreous silica having an
impact strength higher than that of the second tube,

25 the second tube has at least an internal face comprised

of non-silicon oxide, and a gas flow path is

constructed to introduce a gas into a treatment space



an enbodi ment of the process for producing a sem conductor article
according to the present invention. z s ~uN zooz Fig. 9 is a sectional
view of a first exanple of conventional “h&at treatnent apparatuses. /i guN M
is a sectional view of a second exanpl e of conventional heat treatnent
apparatuses. 5 Fig. 11 is a sectional view of a third exanple of
conventional heat treatnent apparatuses. Fig. 12 is a sectional view of a
fourth exanpl e, of conventiinal heat tregtnent.a paratuses. Fig. 13 is a

sectional viewdDfRE fFFEPPLXENDE " bFNQEL RATRIPY onEFT hdaf 2FPeat ment

appar at uses. DESCRI PTI THE PREFE] | MENTS Fig. .1 sho an
enbodi nent of THE ﬂle%?é]t\l‘?g?lngln o%p%%’%&gﬁg?hggp?%éﬁg itﬁ{/"gﬁ :A%H.r “The
heat treat nment has i nner tube (second tube) 31, furnace tube
(first tube) ﬁ%%alﬁegg%%é%%én-cont ai ni ng gas introduction pipe 33. |nner

tube 31, and has atpadeasd: Adp tHshoecied | 608D §80+RE BrBQBn%I | i con oxide
such as silicon carbide, siTicon nitride, boron nitride, 20 al um num oxi de
etc. Furmace tiyRRerddid:s, nawerofid postidesi stuehtvitegensnsi bbparsuel as
fused quartz. Gas introduction pipe 33 has an inner face conprised of
non-si | i con OXidherSidih@rd yr sst nagse | ubes8dontieatbe Blhsepl ahedewint h the
top end at |level 51 and the bottom 25 end at |level 52 to heat region 50 to
a prescribed teanper dedeer Thehdyeiogengaontialat nfogasntsodntiaguede from

8 z s ~uN zoo2
gas in the second tube is provided below the heater, a

hole for communicating the first tube to the second
10 tube is provided at a top portion of the second tube, a
vent is provided at a bottom portion of the first tube
for discharging the gas from inside of the first tube,
the first tube is constructed from fused quartz and is
closable, the second tube has a non-silicon oxide
15 surface and is closable, and the heater is provided at
a higher level than a heat barrier placed in the second
tube.
According to another aspect of the present
invention, there is provided a heat treatment process
20 for heat-treating a semiconductor article by means of
the heat treatment apparatuses set forth in above.
According to a further aspect of the present
invention, there is provided a process for producing a
semiconductor article, the process comprising bonding a
25 first base plate and a second base plate, eliminating
an unnecessary portion of the first base member from

the second base member, and heat-treating a silicon



inlet 5 into the apparatus, released fromoutlet 34 to treatnent region
(treatnment space) 54, and discharged through vent 6 at the bottom of the
apparatus to the outside. Even if a netalPic inpurity is enitted frouup2007
heater 3 or furnace tube 32, the inpurity is blocked by inner tube 31
havi ng an inside wall of non-silicon oxide not to reach sem conductor
article W Gas introduction pipe 33 has also an inside wall of non silicon
oxi de to prevent. enm s ic i 10

i f | | it) h .
hydr ogen- cont Orﬁynémgzésho‘?n@O?%%’E%Q%a%%tré%%%it%l?l %ilﬁg(g%{é?gl'??%t??‘rﬁﬁflgty may

penetrate intq region 53. but it wll be driven out. from t Fur nace
tube 32 which riesde e o?tr?ouss%h %%\é%rj,{ v aarégi?r%a@?e s%br%\r’]ég)trﬁgﬁ?bﬁlg?dt han i nner

tube 31, defor S. i ffi t i ng. The i npact
strength may lﬁﬁéﬁsﬁpﬁ% s%r%nsgﬁ %%%riﬁr{re%%%?#bal i npact strength.

Treatment region 54 is enclosed by inner tube 31 nmade of heat insulating
fused quartz. 20 The hydrogen-containing gas is introduced into treatnent

space 545 n i mEER USRIt Wr passi ngawvets a heated silicon oxide face
(e.g., region 53) heated by heater 3 to a high tenperature. The nuneral 22

i ndi cates a nount @ignrerid uwbessldtickal heiawnef ads 4damplle 26£i adheate a
seal i ng nenber such as an Oring, the nuneral 27 indicates a vent of inner
tube 31, and ttheatmeralapgiaratisad®estle fpreaseet covesntion.g 2 6 J UN
200Z In the process of heat treatnment of a sem conductor article in a
hydr ogen- cont ai ni n§iat -.nos pherae gdyroyeh wieeadf ng)heat chiragtmastf ound to
occur by the inventors of the present invention. This 5 etching is

descri bed bel @pPaH#EWet ai | of the hydrogen annealing is shown, for

exanpl e, in Japanese Patent Application Lajd-Open Nos. 5-218053, and
5- 22782},O and N. Satfd-%nd® Eychetpfigional view of the heat treatment

apparatus of a second embodiment of the present
invention.

Fig. 4 is a sectional view of the heat treatment
apparatus of a third embodiment of the present

15 invention.

Fig. 5 is a sectional view of the heat treatment
apparatus of a fourth embodiment of the present
invention.

Fig. 6 is a sectional view of the heat treatment

20 apparatus of a fifth embodiment of the present
invention.

Fig. 7 is a flow chart of the process of producing
a semiconductor article according to the present
invention.

25 Figs. 8A, 8B, 8C, 8D, 8E and 8F show schematically
an embodiment of the process for producing a

semiconductor article according to the present invention.



Appl . Phys. Lett. 65 (1994) p.1924. 10 Firstly, the inventors of the
present invention annealed a substrate of SO (sem conductor on inqngg@ﬂhz
in a hydrogen atnosphere with the apparatis shown in Fig. 2. In Fig. 2,
furnace tube 32 is fornmed fromfused 15 quartz having high heat resistance
and high workability. In furnace tube 32, there are placed SO wafer Wto
be heat-treated, boat 4 for holding wafer W and heat barrier 9 for

Supporting boat 4 Boat ¢ Is mdecelopahegtcleskobapt IRt Ll gugh oo

silicon 20 carbide having on the surface an ex pure”Si € coating

| ayer forned 1 C it barrier 9 is forned
froma heating%?é¥%%é£%§ erﬁ%?¥2gg%ag§8§§ahggggagpggg'Fuynace cover 26
seal s the opening gxif“igf;.l”i‘@cfst.’5'bgeégiBHabevZ%wgéé%ngBEc\%ﬁheQbEn‘rgg% &y and

is novable in the rection of arrow mark A by a boat el evator chani sm

(not shown in dhe, &k evbig) - néleat eredtneatSapphebatibBy. - to - 2 6 JUN 2002
electric current application. In this apparatus, the treatnent gas is

i ntroduced from gasridy et1 5i&hsoygbtr@asalni-iedueki antpipa 3%ak@ltehe f op and
interior of furnace tube 32. The 5 introduced gas flows in the interior of
furnace tube 3Imloawmibmcal anelat stdesthangedpphratghesent 6. The gas inl et

5, gas introduction pipe 33, and vent 6 are usually formed from fused
quartz. Setting of IkderliVoben doaectipratondewt ed byfbowshi pgaipleace cover
26 to 10 such a position that boat 4 is brought out of furnace 32. After
setting of theqpyenrtignghdeeatovteabBens appaugéyses-insert boat 4 into
furnace tube 32 and to close the opening of the furnace tube to _be gastight
by use of O-ring 25F & showhsia fegtiona¥qheienyCft Refifthy 8285@deg&E can be
used safﬁly. The hydrogen annealing is conducted bg i ntroduci ng a hydrogen
gas as tfle tréﬁPFﬁ%“ thriceyh GasaFAPRt 8PPBTPEPFSEe the interna

at nosphere in furnace tube 32 to obtain a hydrogen-contai ni ng reduci ng

at nosphere,

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 shows an embodiment of the heat treatment
apparatus of the present invention. The heat treatment

15 apparatus has inner tube (second tube) 31, furnace tube
(first tube) 32, and hydrogen-containing gas
introduction pipe 33. Inner tube 31, and has at least
an inside wall comprised of a non-silicon oxide such as
silicon carbide, siliconvnitride, boron nitride,

20 aluminum oxide etc. Furnace tube 32 is made of impact
resistant vitreous silica such as fused quartz. Gas
introduction pipe 33 has an inner face comprised of
non-silicon oxide similarly as inner tube 31. Heater 3
is placed with the top end at level 51 and the bottom

25 end at level 52 to heat region 50 to a prescribed
temperature.

The hydrogen-containing gas is introduced from



20 and applying electric current to a heating resistor of heater 3 to heat
wafer Won boat 4 to a prescribed tenperature (e. g., 1200C). After a
prescribed tinme (e. g., one hour), the_elgectric current to the heatitngUN 200
resistor is stopped, wafer Wis cooled by heat 25 radiation to a prescribed
tenperature, and sinultaneously an inert gas such as nitrogen gas is
introduced fromgas inlet 5 to replace the hydrogen gas - 11 - z s ~uN
zoot in the furnace tube 32. Then furnace cover 26 is |owered, and wafer W
on boat 4 i s itdlen Duintfao othd vapmperatube B2lebhnedudimoa mardert, 3d4n tSO
substrate is heat-treated in a hydrogen-containing reducing gas 5

at nospher e t crfdaitnasnt areysemwot beeathentuspace) ob4t hendediisohdagest body on
the substrate. In the annealing, the thickness of Si body on the SO

subst rat e waghrauah tverfect eisethahbattemcadistiebprrpsatugettioorhigel ow.
During the hydrogen annealing, the 10 hydrogen gas and the fused quartz
reacts to foOmtgHds-. Hven stiya.-metalplic [RPuThEYs denedikdes: fr@ien it
reaches the wafer W_reacts with silicon of wafer Wto cause etching of

si licon® Hzoheadier 3 g furpara styhe3eat kBRt IBPUFREYSEF bdpskest &Y this

etching decreases the thjckness of single._crystal silicon, layer (SO |ayer)
on an insulaf6V¥”hﬁaﬁ§? hﬁﬂéﬂﬂ%l?nchﬂﬁbgevéF#gtP%nn8p—§éﬁéF°Phickness.
The variation _af. the SQ |ayer, thick rLora he properties of the
20 forned el g’c lrdoeninco%lg%v(? ngé,'a?rrl] %%T Ig%ﬁ %%%%f afuﬁfgﬁéegl'etl Sh type of FET

(field eff eCfinttrz\?ﬁil;:%élfgsﬁ %it:;‘}’é ﬁeﬁ@&téﬂgﬁ;aﬁ ehehhRg,Qh 1S GRR.- use of

silicon carbide w ot” reactive to rogen gas at a tenperature
hi gher than 940G dsh &b fsd v Fevent! 86€s8iohhgef naed1ayer it dyhe

material of furnace tube 3 wever, the silicon carbide is brittle to
mechanipoal | Apad Y/ Watdwsnedtoh tPasi ngagdsaifii kheofas
introduction pipe. Metallic impurity may penetrate
into region 53, but it will be driven out from vent 6.
Furnace tube 32 which is made of fused quartz has
impact strength higher than inner tube 31, deforms
15 less, and causes difficultly cracking. The impact
strength may be thermal impact strength and/or
mechanical impact strength. Treatment region 54 is
enclosed by inner tube 31 made of heat insulating fused
quartz.
20 The hydrogen-containing gas is introduced into
treatment space 54 in inner tube 31 without passing
over a heated silicon oxide face (e.g., region 53)
heated by heater 3 to a high temperature.
The numeral 22 indicates a mount of inner tube 31,
25 the numerals 24 and 25 indicate a sealing member such

as an O-ring, the numeral 27 indicates a vent of inner

tube 31, and the numeral 26 indicates a furnace cover.



- 12 2 6 J UN 2002 carbide furnace tube may cause cracking. Accordingly,
the construction and the material of the gas introduction path and the
heater shoul d be investigated. 5 The fused quartz used for constrQétjUNL00?
furnace tube 32 contains a netal inpurity (e.g., iron) in an anmount ranging
from about 10 ppmto about 100 ppm by weight. In hydrogen annealing at a
tenperature of 1000C or higher, this inpurity is released fromthe 10 fused
guartz into the hydrogen gas, and deposits on the surface of wafer Wto
contaninate it. Thi% el PELFREF HatReAt nhyeSRBRPENCENE ninority carrier
lifetinme of wafer, W and can deteriorate t?g{gerforn&nce of the electronic

devi ce provi dSFHIFRIRTIRX ABLAAL DR po s IFBT HBATPOPBPevent i on of

t al tam nati th d tz for.f be 32 i I db
11 con carbi degneTas BREToeeE pfatel s b o FRghT Bgeh a5 TakERengl y pur e
i bi de f q Y o . . -
Brittle 20 agh el nEHal A TIeaeY Sharhe Pheredf PRy Carid
crackinggto |%9§ﬂhnﬁ%h%9r&§%§?£ﬁéh %éﬁgwother nmet hod, the fuzed quartz for
rep y synt

furnace tube 32 1s ace etic fused silica which is forned by a

direct nethod. In ool r@staip dheckdiswsaRSgananhiepl odyced Ehawha atural
m neral resource, the synthetic fused silica is synthesized chemcally from

Si G4 by diredzA4q008] ti®¥bdkddd Cod t Ot DYpHXYBYEE 88€Naid=0pen Nds§ JUN
2002 flanme hydrolysis, and contains netal inpurity at an extrenely | ow
content of 1 mEHMRIBOSE HHA 5-2ERS21 Homvedex, Sabe apat hevbachusad silica by

a direct nethod is |l ess heat-resistant than fused quartz. Therefore, 5
furnace tube FppwhirRtys s Tetted S ra@ 3y nthetP24fused silica, nay cause gas
| eakage by deformation at a high tenperature. The heat treatnment apparatus
shown i AOFi g. 2, adFidkskkybethaboveentess dpfathanpageent ipvahtion
contam nation of wafer Win the hydrogen_annealing
annealed a substrate of S0I (semiconductor on
insulator) in a hydrogen atmosphere with the apparatus
shown in Fig. 2.
In Fig. 2, furnace tube 32 is formed from fused
15 quartz having high heat resistance and high
workability. In furnace tube 32, there are placed 50I
wafer W to be heat-treated, boat 4 for holding wafer W,
and heat barrier 9 for supporting boat 4. Boat 4 is
made of a heat-resistant material such as silicon
20 carbide having on the surface an extremely pure SiC
coating layer formed by CVD (chemical vapor
deposition). Heat barrier 9 is formed from a heat-
insulating material such as foamed quartz. Furnace
cover 26 seals the opening of furnace tube 32 to be
25 gastight with O-ring 25, and is movable in the

direction of arrow mark A by a boat elevator mechanism

(not shown in the drawing). Heater 3 heats wafer W by



treatnment. Furthernore, the apparatus and the nethod of Fig. 2 has a

di sadvant age of etching of silicon by noisture forned by reaction of the
hydrogen gas and the fused silica. 15 Si¥larly, in the exanple Sﬁ?WWN?WZ
Fig. 9, the etching occurs because of absence of an inside liner o
non-silicon oxide. In the exanple shown in Fig. 10, gas |l eakage is liable
to occur since the treatnent space is closed by a single tube of SIC. In
the 20 exanple shown in Fi 11, ppisture is devel oped fromtable 9 since

g.
the top of t&HECTFIASHOFERT 13RS F1PRa is heated by heater 3. In the

exanple shown in Fig. 12, etching occurs simlarly in hydrqQgen annealin
Iﬁ Fﬁe exanplelshdvﬂ'§Wﬁﬁﬁifpﬁ%?gY§o,gﬂ%tg¥e§ m?§¥fé?ﬁe soﬁ%%ﬁgéPﬁﬁ&%; °
table 9 constituted of. vjtreous silica and.tge as. absorbs t§% qpisture is
fod to vafer WD EOHAPLTER ng A9 @ogeh SRAGAEEAGD Piber 43 T ' Jin
2002 Th t . i i dmi.n th ti I
Sopar at uss. T Il Hd O PELIGS QP el bR B Tk e Sventton 1o

5d icbed j | hi i 32,
escrigbe %{ﬁﬁ{&%egaér% f%gﬂnseé;? Pnd Ni srephadi @n&urkge@gggbteu%ez

gas inlet 5, an rom fused quartz 1 n one . The boat

4 for hol di ngosgfdrdV i sndede dfsshdtsoa €B+BLER, vaRd kher epr gaszz,oati ng
| ayer of extrenely pure 10 SiCis fornmed by CVD. Heat barrier i s made of

heati nsul ati AgIfexared gad | TacfPDiotiBosi bipen30xi daf, vand s aret heated to a
tenperature of 1000C or higher. Inner tube 31, which may be called a second
furnace tube uwually Nfwrméd NBromi Busedyquadtizcal Seenhey ©F hafierg Wwan open
top end and an open bottom end, and has hole 27 conmunicating with vent 6
at the bottommpdidatord isinyndudieedlby slowedeing fukhece cewvexrdé@oretceri al
and its inside face is coated with an Si C coating |ayer formed by CvVD

| nner #£@be msweh 2 pussuiportkat neeatt 4bks 3hrogghgomby ol &unpadee
direction shown by arrow mark H (vertical direction) by an inner tube

el evat or (noBZxhoff et t$RtEirmi E) thRerRefRE. | AHERP2FBLEOVETMAtntidd or

d ted. Orli 24 tight b f 6 d
o ohe 28 e S e R B R P R Ao R LU PR A doand der ¢ ube
t 22 d t Pi i h f i b
T nd ot ol Shd ifering FAPerE HILRGEUCERRLIEAIRE LEATIdHIELY e
vent 6. Wthhi $€@stifdtidns Wah&hin WhSrigeabed Qe Bydr ogee anneal i ng

at a tenperature, for exanple, 1000C or higher. In the hydrogen anneali ng,
hydroges 5 gasdroddH I cath the owed gegsey,et 5 and gas introduction pipe
33 into furnace tube 32. A portion of the introduced gas passes through the
inside of inner tubt Jlydidgen Saheshangedst boaggatRAPBY28 nitbMRIENG t O
the outside, and the rest of the introduced 10 hydrogen gas passes through
t he i nt er spaee hiydegigen 58)s et videm txeabiegtgbe 3Rrandhi gaer imdleet 3 and is

di scharged fromvent 6.
to replace the internal atmosphere in furnace tube 32

to obtain a hydrogen-containing reducing atmosphere,

20 and applying electric current to a heating resistor of
heater 3 to heat wafer W on boat 4 to a prescribed
temperature (e.g., 1200°C). After a prescribed time
(e.g., one hour), the electric current to the heating
resistor is stopped, wafer W is cooled by heat

25 radiation to a prescribed temperature, and
simultaneously an inert gas such as nitrogen gas is

introduced from gas inlet 5 to replace the hydrogen gas



Thereby inner tube 31 serves to shield the wafer Wfromthe netallic
inpurity released fromfused quartz 15 of the inside wall of furnace tube
32 and fromthe noisture formed by reactildh between fused quartz cz i 5@
wal | of furnace tube 32 and the hydrogen gas, which produces the € ?3@@ ?
preventing the nmetal contam nation of wafer Wand the silicon etching 20
thereof. In this enbodi ment, even if the inner tube 31 is broken or

damaged, | eakage of the hlgh tquerature %dro as to tgg putside is
prevented by fidr fd¢e THBRHS2 St dﬂ%dln ? %?V?B Yastight. 25

Ther ef or e, r tube terlal Iess esistant to inpact
and hi gh tenng |%9I|Q&§TQ%§%6 CEP{#S%I%%qtaR ut gr% "J U N 2002

Thi s enbodi ne has a.d ubI tupﬁlstrqftung1%9qgt|tut§ E nace tube 32
and inner tubé ¥ Ruditi%n Wt Tout&? |ner? ﬁa & provi ded

ot al f.“:;r?rréﬂ?a a?ct Bt L*fnsl'rheaﬁi A atc ff?é%éfé@rﬁ%‘%é' mantl e
tube is pr eferaémo\e de cho aﬁl@é@éﬂ %nd@rﬁ&béﬂ@ﬁrﬁﬁé’téufiééétbfeb{et he

metallic |npur|ty emts less Inpurity fromthe mantle tube itself. An

exanpl e of 10§ém3daﬁayaﬁyr|55dyldﬂxghéxg¢b§@r£aylng an Si C coating |ayer
formed thereon by CVD. In the present invention, silicon carbide coated

with SiC by CVD |spﬂuﬁh§ﬂanngﬁmiﬁy;t&hh(xnwﬁkﬁeﬁ$rmﬁrm&ebb@y bar thaner
tube 31 placed at high-tenperature 15 range 50 and for gas introduction
tube 33. Howe@l, stlbestraiter ivals ifoural to Mdemceddeer et Thidnysnoausedi bgn
oxide material is useful which has a high purity and hi gh heat resistance
and does not einet nesicdlicm belleowanbilminmstha ey diseden aopeslingontbri de
material 20 (non-Si0) includes ceram cs such as boron nitride (BN),
10 hydrogen gas and the fused quartz reacts to form water.
H, + Si0, -» Si0O + H,0
The formed water, when it reaches the wafer W, reacts
with silicon of wafer W to cause etching of silicon.
H,0 + 8i - H, + 5i0O
15 In treatment of the S0I substrate, this etching
decreases the thickness of single crystal silicon layer
(801 layer) on an insulator, and simultaneously causes
variation of layer thickness. The variation of the SOI
layer thickness deteriorates the properties of the
20 formed electronic device, in particular, of full
depletion type of FET (field effect transistor).
For preventing the etching of silicon, use of
silicon carbide which is not reactive to hydrogen gas
at a temperature higher than 900°C is effective in
25 place of the fused qguartz for the material of furnace

tube 32. However, the silicon carbide is brittle to

mechanical impact and/or thermal impact, and a silicon



silicon nitride (SiN), and alum na (A1203); and silicon. Such a

construction material does not emit into the treatnent gas an etching

subst ance which etches the surface of thE2seni conductor material ofbdoka)n?

not 25 produce an etching substance by reaction with the treatnent gas. The

above "substance which etches the surface of - 17 2 6 JUN 2002 the

sem conductor material" etches the sem conductor material by itself or in

conbination with the anbient gas by reaction with the sem conductor

mat eri al . ThEHFBHAL fBRirapRITURSNERY LERTDSR FREEKiIRE: | ASELFIdHE Y5

naturally not emt the aforenentioned etchingésg s%gnce, and further does
ctro

not form t he BSCIHHF SUSHER DY thenPehert fi RSt he anbi ent gas.
The construct.i gn terial ingclude si]icon_carbi terial coated with
an SiC film By ,“%W%t%%fhlﬁnia?%?i%?ég%i gﬁngé Pgh purity, and | ow
chem cal actkak*sto t.he. anbi ent gas, and does not produce noisture by

reaction mﬁtﬁjfhegiﬁﬁgﬁl'gas. | nner tube 31 intercepts the wafer Wfrom

the etcBing subst age Al 3, 0PLo HEgal OEFPOCRKLERRRLEAN A3 tloct o 1 02

material with hydrogen in nace tu _ emts itself no or little
amount of an &iLNiNY KPSl ANCEa J&@éf{?xﬂﬁuri@?e(ewb 3Loser ves &f fectively

e
to reduce the undesired etching of silicon. By use of furnace tube 32 made

of vitreous sinduisc Zhrediky dhrdh 08botit ansMpphaneeabblie nobr pad Uy ght
emtted by heater 3 is transmtted effectively to wafer Wto heat it. In
Fig. 1, the hedigsc.of Imneydidoden 3dnasdl gag ant aodanpeedtpiree o3 are nade
of SiC. However, they 25 nay be nmade of another material coated with Si C at
| east on the 10] de omalhigiier nnehis ubep@tity hegheleapedatfunosm rdg on 50 and
on the inside face of gas
10 fused quartz into the hydrogen gas, and deposits on the
surface of wafer W to contaminate it. This metal
contamination may shorten the minority carrier lifetime
of wafer W, and can deteriorate the performance of the
electronic device provided on wafer W.
15 In one possible method for prevention of metal
contamination, the fused quartz for furnace tube 32 is
replaced by silicon carbide which has on the surface a
coating layer of extremely pure silicon carbide formed
by CVD. However, the silicon carbide which is brittle
20 against mechanical impact and/or thermal impact may
cause cracking to leak the hydrogen gas.
In another method, the fuzed quartz for furnace
tube 32 is replaced by synthetic fused silica which is
formed by a direct method. In contrast to the fused
25 quartz produced from a natural mineral resource, the

synthetic fused silica is synthesized chemically from

SiCl, by direct deposition vitrification by oxvhydrogen



- 1s - 26 JUN 2002 introduction pipe 33 in high tenperature region 50.
The cl osabl e or evacuatabl e furnace tube of the present invention is not
limted to be made of fused quartz produé8d-by a known process of Lﬁﬁ%ﬂbc
fusion 5 or flanme fusion, but nay be made of synthetic fused sili%g
produced by a plasma process, a soot process, or a sol-gel process. These
vitreous silica, which contains hydr oxyl groups at a | ow content of 300 ppm

or lower, has a V|sco§ coefficient of not |ess than 1011 10 at 1200C,
thus being re&tergnPYgo ¥F6Fwa??3ncpﬁtﬁﬁﬂ? zﬂﬂﬁ%?*ﬁ? 3% ¥4t nent. The
third tube, the, mant n_the. pres gﬁl nveqylon may be

either of an %ﬁgﬁe9§bg % b8Pg§8§yPypé PP Agc e € gas IS
Al hoved Lo 1oubhaYekhr 8Han oL g, SRIEe ARBkIeen LY Zﬁzﬁ.t e 32 mant | e

hr h %
tube. The mant’® tu% 'S n8déssari enper a ure region

50. Heater 3 iQ EPSSDE gn&igggg%?kaaaﬁoyS@gﬁi zhangggg¥ngg el enent

made of a material suc ceram cs, ‘and

car bon r ha a d cess e W
heat - coﬁguctltggggﬁg ?92? gﬂath§§§|??o%g%rﬁ%ﬁ%ﬁgﬁbgﬁﬁgat ZfME%%%dlnent 2

of the preseng;inxgnt hgp LaudesghkbedaRadly vielrim@ieR tidlifs S3-hidghthis
enbodi nent, furnace tube 32, gas inlet 5 at the top of furnace tube 32, and

vent 6 are fotemgeiratane. body fromfused quartz. - 19 26 J UN 2002
Second furnace tube (inner tube) 31 is cylindrical and capped, having a
hol e 27 on the si deheahkaat trkethewtr apparpdus ahdwor igaFidi.scharage, and
havi ng gas introduction pipe 33 at the top. The inside wall of
described above, has disadvantage of metal
10 contamination of wafer W in the hydrogen annealing
treatment. Furthermore, the apparatus and the method
of Fig. 2 has a disadvantage of etching of silicon by
moisture formed by reaction of the hydrogen gas and the
fused silica.
15 Similarly, in the example shown in Fig. 9, the
etching occurs because of absence of an inside liner of
non-silicon oxide. In the example shown in Fig. 10,
gas leakage is liable to occur since the treatment
space is closed by a single tube of SiC. In the
20 example shown in Fig. 11, moisture is developed from
table 9 since the top of table 9 made of vitreous
silica is heated by heater 3. In the example shown in
Fig. 12, etching occurs similarly in hydrogen
annealing. In the example shown in Fig. 13 also, water
25 is formed on the top of table 9 constituted of vitreous

silica and the gas absorbs the moisture is fed to wafer

W to cause etching in hydrogen annealing.



5 the second furnace tube is coated with SiC by CVD. In the

hydr ogen- anneal i ng treatnent of wafer Wat a high tenperature, for exanple,
of 1000C or hi gher, the hydrogen gas as ‘e anbient gas is intrdout/8dllErom
gas inlet 5 through gas introduction pipe 33 into inner 10 tube 31, and is
di scharged from hole 27 through vent 6 to the outside. In this enbodi nent,
the sane effect as in Enbodinent 1 is achieved. Further, the space in which
wafer Wis placed is intercepted fromthe outside by 15 inner tube 31
except the porti ofds prasanictitentyas sotYeauEbeoRTpPpeMS3inNerYes7  and
furnace cover 26. However, in Enbodinment 1, inproper adjustnent of the gas

flow can caud® doft &APVEFHIRDHY ARRETPGASSS th furnace tube 32 to rel ease

metal lic inmpytj and 20 .produced noisture into the hydrogen gas fl ow,
wher eby the 3%%&%¥WH39W1 Ng them enters the inside of inner tube 31 to reach

wafer W On the °5p%h9¥¥“£$555£E§?fH?Pd{ﬂgﬂéﬁe§%ﬁ@ @Rgggggﬁﬁngg does not

occur. This enbodi ment “has & CONS Ion’'s at t drogen gas is

not broyght h@%%fyygéﬂay\g%§%f i 6epH§.si[ica in the space of wafer W

in high tenperature region erefore,”the hydrogen gas in ?6J UN

2002 - 20 the spage Qe eniiPimdNi S PhAseLe dogBeN9D, cgakakR1BR! &l | i C
inpurity released fromthe vitreous silica or does not contain noisture.

I nci dent al | y anfdedlerRarg iffe Feithd UF Faf 6F GOMET q@8rBzak A bReCBBBZCt W th
hydrogen gas in the space where wafer Wis placed. However, the contact

portions areThet $oda thedy gloidimeredfee Wegsomade beakedibynheater 3, not
being at a high tenperature, so that netallic inpurity is not rel eased or
noi sture i s eeirbidejuced lthdrtwmrre.a Fepating layehi sfegbbdemedly, psinece t he
hydrogen gas is introduced fromgas introduction pipe 33, the hydrogen gas
i's notlBroug®dq mﬁaﬁnﬂmeﬁnbeQVD{heﬁ®¢¥rb@a§igrlgcésamaﬂﬁeoépﬁﬁﬁéan1region
of the hydrogen gas flowrelative to wafer W 15 This enbodi nent is

summari zed adnsalering )fagnedEihiee RPTREEr el biCPRneFifghe: @PFe ishace

whi ch encl oses wafer Wis intercepted fron1th$ ytside by inner tube 31
except for tRETgREFHRT JRA iTPRIGF R Fre (ghst ﬁargdﬂftpbﬁhﬁFpe 33), the 20

gas-discharging pqrtion (Hol &27), 208, LSy °RENL291L8 B®second

furnace tube or an inner liner, is a cylindrical member

15 having an open top end and an open bottom end, and has
hole 27 communicating with vent 6 at the bottom
portion. Inner tube 31 is made of silicon carbide
material, and its inside face is coated with an SiC
coating layer formed by CVD. Inner tube mount 22

20 supports inner tube 31, being movable in the direction
shown by arrow mark B (vertical direction) by an inner
tube elevator (not shown in the drawing) when the inner
tube is mounted or demounted. O-ring 24 ensures
gastightness between furnace cover 26 and inner tube

25 mount 22. O-ring 25 ensures gastightness between inner
tube mount 22 and furnace tube 32, Pipe 28 introduces

the gas from inner tube 31, and allows the gas to flow



closed with furnace cover 26. The wordi ng "space which encl oses wafer W
herein nmeans the space occupied by wafer Wand the surroundi ng. T?%.WN 0
arrangenent and the nunber of the atnospherit gas introduction portiong[gnd
25 the atnospheric gas discharging portions are sel ected suitably w thout
limtation to the description in this enbodi nent. - 21 7 6 JUN 2002
OnMng to interception of the space enclosing wafer Wfromthe outside, the
metallic inmpurity and noisture rel eased by contact of furnace tube 32 with
the hydrogen ga&ousielnale tdeytarehel®ased into the 5 hydrogen gas, does
not penetrate into the insjide of inner tube 3% mherebgythe cont am nati on

by netal and etchi AG @ T APy ERrRe 3 17T i 1S (S7eBFeFeAPFon of

contam nation by netal and noisture in closed space. 10 The atnospheric gas
is not brought¥ Q?%ﬂnﬁQRﬁgi%QQ1?Yﬂ?ék%??%ﬁﬁf%é?inf%?gﬁx?@ﬁggrature regi on

of Che oo opaqbdtna ol Mo diflel Wn Wik WY& den AL EIRG ShybeaLER o ST

of the space énclosing wa herern region er 3to

a high 18 tempeatlyr & ARRIRXIR Gl deaintdeas iBAg fagperature in

region 50. Oning to the construction Tor preventing the Contact of the

hydrogen gas wintth-ddiRthidd §a%e Hd iGo tAersddd COMEt $Hi NOaT sopke¥ant ed or
reduced significantly. 20 (3) Prevention of contam nation by netal and

noi sture in URE RERMIPAItdARIt] RN ctigesugH hendydneges gas is not
brought into contact with furnace tube 32 in the high tenperature region in
t he upstream dntherf mamandfler and Ble dichawpedni gir@bgh epppear8r andegi on i n
the upstream side fromwafer W herein neans a portion of hydrogen gas fl ow
upstream r el avient téo twafere \Wutamidie ,s dreitgue tipest hofjhthe- ig2ro@ugedUN 2002
tenperature by heater 3. This region is not present in the apparatus of
Fig. 3.1%hi s hygiregens gaseg@nsas throughhdtherentersrmage (reghenuling t he
portion of gas introduction pipe 33 in region 50. In Fig. 3, gas
between furnace tube 32 and inner tube 31 and is
discharged from vent 6.
Thereby inner tube 31 serves to shield the wafer W
from the metallic impurity released from fused quartz
15 of the inside wall of furnace tube 32 and from the
moisture formed by reaction between fused guartz of
inside wall of furnace tube 32 and the hydrogen gas,
which produces the effect of preventing the metal
contamination of wafer W and the silicon etching
20 thereof.
In this embodiment, even if the inner tube 31 is
broken or damaged, leakage of the high-temperature
hydrogen gas to the outside is prevented by furnace
tube 32 surrounding inner tube 31 to be gastight.
25 Therefore, inner tube 31 may be made of a material less

resistant to impact and high temperature like SiC

without a problem.



5 introduction pipe 33 is not included in the high tenperature region since
it is not heated by heater 3 and the tenperature rise is |l ess even though
it is placed at the upstream position- & this enbodi ment, the hydlf duk#llpas
is not 10 brought into contact with the vitreous silica at the high
tenperature region in the upstream portion of the gas flow. Thereby,

arrival of the released netallic inpurity and water forned fromthe
vitreous silica into the hydrogen gas at wafer Wis prevented, and the
netal 15 cont ani n&bi&ncak@ddmendohast chidpRlfuisety T He R ®gen gas is
prevented or reduced greatly. (Enbodi nent _3) 4}tjﬂ rd enq%di nt of the
present i nveRPPBRILEtEEs OFi BFRFe e 3 B e, Tttt s enbodi nent ,
20 gas inlet_5_is proyided at the hottom end rtion of inner tube 31, and
i s formed inAﬁﬂét5889x%Vtﬁ Wﬁﬁ@gfugéﬁﬁbﬁkPﬂfﬁg e%hd%?%ﬁb%5 i ndi cates a
hol e for gas vent .at the t .end of inner_.tube 31..1n_hydr ling of
waf er W at apfgﬁbgﬁat3§e? %%1F§rﬁﬁaﬁnﬁkLtQﬁ QRﬁﬁﬁ?%woﬁig%%gsg?ﬁgeﬁédrogen
gas is introgyc fr inlet 5 t t €§P hogpes,,t ube 31
allomeégto f gm?%ﬁmérgb?%%'ﬁﬁg th%&ﬁfﬁgégﬁﬁéqg f %Hg?nt¥oduced

through hol e, 33,81 §he,teR gef fiu%%rclelt Uk 34 Nt orfdirnace: & Ubepd2is

Bh
Subsequent |y, the hydrogen gas is allowed to fl ow downward through the

i nterspace bﬁi&@éeam?n%@et%tfeaS%aad&iiﬂna&hwbei&aer@g@ﬂg i s di scharged
fromvent 6 at the boitomend of furnace tube 32. In this enbodi nent, the

sane ef f ect seatgcachieayednas metaimediinmnir 2ty Fuid hemits heeasr angenent of

t he hydrogen introduction portion and the hydrogen Z s ~uN 200z 10

di schar ge poimpogiskodtromn thieg mahtdld uls eistsglagnatAnnexdmbydr ofen fl ow,
enabling rapid gas substitution. Further in this enbodi nent, the hydrogen
gas i sl0ntrotheeda&reidilsdisarsgdd can desdridediatbbve. arTh@ief opetinds inlet 5
and gas vent 6 can be placed 15 both at | ower portion of the apparatus,

whi ch facililaves £ommect ithergionh kyxt@mhal pi pi ngs and i nspection of the
connection. Heat barrier 9 is constituted of vitreous ﬁéass such as foaned

quartz. The hydroééntgﬁspF@ﬁeFﬁ%&QM?Qﬁ}qqmw§1%&?Pﬁlp? %%ﬁ;ﬁ@?t th heat
e eneor s pLBh ke B8, e ML et o BKEFRIRARR. D,
s preventedmaterial for inner tube 31 placed at high-temperature
15 range 50 and for gas introduction tube 33. However,
the material is not limited thereto. Any non-silicon
oxide material is useful which has a high purity and
high heat resistance and does not emit metal in the
ambient gas. The useful non-silicon oxide material
20 (non~-Si0) includes ceramics such as boron nitride (BN),
silicon nitride (SiN), and alumina (Al,0,); and silicon.
Such a construction material does not emit into the
treatment gas an etching substance which etches the
surface of the semiconductor material or does not
25 produce an etching substance by reaction with the
treatment gas.

The above "substance which etches the surface of



(Enbodi nrent 4) 25 A fourth enbodi nrent of the present invention is described
bel ow by reference to Fig. 5. At gas outlet hole 35, a check valve is

provi ded - 24 - 2 6 JUN 2002 which conprises projection 36 fordUNRhe
peri phery of hole 35, and cap 37 to cover outlet hole 35. Projection 36 is
formed fromSiCin one body wth inner tube 31. Cap 37 is al so nmade of SiC
The gas pressure 5 in inner tube 31 pushes up cap 37 to give a gap at gas
outlet hole 35 to allow hydrogen gas to flow frominner tube 31 through
this gap to ithersgpeenmigendedtenhal ' tabelss hha FePhserdvGhers2. The
back flow of the gas i s stopped Qg t he check valve._Prokection_36 keeps cap
10 37 not to MERFIGF Y ottt 2T nbP CRBPIRREICRekthalle eMBpER back

fl f th |, i ity whi [ I d f h d f
Furnace t ube %55 4 TRASCRE YETRRTS TERRetnBYCEbh B8E 0 “Aydr 5En gas
with the fused, Ananid, ofoldd nacs, LG 400R2nl DL LIRC Lube by cand

re abl y"the a t

prevents or uces Tenar ne contam nati on ‘an € 6tching of

th il . j i , i . k fl hecki
reans. | & pr o ST UM TREE cofd EOREh PR e OO e BnBag K o om the
space bet veerk fuiacs { uhes 32,8004 LS 1H0e Bdrhntfol Behs hybe 31, The

back flow checking means may be the above check valve, but not limted
thereto. For fxairfhe e dRaNsScABYrdEc8ish "PLenothéi §RpkBnkhgagas flow

path. 25 (Enbodi nent 5) Fig. 6 shows the heat treatnent apparatus of this
enbodi ment offHhedirasadtidy adterialhischedés a-s2DicdnbcdbNidg02
material coated with an SiC film by CVD, and other
10 materials which has high purity, and low chemical
activity to the ambient gas, and does not produce
moisture by reaction with the ambient gas.
Inner tube 31 intercepts the wafer W from the
etching substance such as moisture formed by reaction
15 of a silica material with hydrogen in furnace tube 32,
and emits by itself no or little amount of an etching
substance. Therefore, inner tube 31 serves effectively
to reduce the undesired etching of silicon.
By use of furnace tube 32 made of vitreous silica
20 of high light transmittance, the infrared light emitted
by heater 3 is transmitted effectively to wafer W to
heat it.
In Fig. 1, the bodies of inner tube 31 and gas
introduction pipe 33 are made of SiC. However, they
25 may be made of another material coated with SiC at

least on the inside wall of inner tube 31 in high

temperature region 50 and on the inside face of gas



treatment apparatus conprises inner tube 31 having an inside face conprised
of non-silicon oxide |like SiC, furnace tube 32 nade of vitreous silica |ike
fused quartz, and mantle tube 45 havi rngl8 surface conprised 5 of2b JUN2007
non-silicon oxide like SiC. The nunerals 24, 25, and 47 respectively
indicate an O-ring, and the nuneral 48 indicates a flange. The

hydr ogen-contai ning reducing gas is introduced fromgas inlet 5 at the
bottom through flow path 41 10 into the space enclosing wafer W The gas is
further all oWelreductdant REB8gRShdPe NETh ePRTEISAINRI¥SB, 37) to flow
path 42 between furnace tube 32 and inner tube 31, and is discharged from
vent 6. |nterspac&P23CheERReR Pir FYCSUAHFE 182 T3 sBPeePt | BPE5 t ube 45
is purged with an inert gas such as . Ar, Ne, Nz, Kr aqg Xe which is

i ntroduced fPBﬁ?ﬁﬁFgénﬁﬁgtFHPeﬁS4§°§t i 458t B d3de P Echu$ged f rom

t 44 at t t The, hyd [ t b ht int t act
LR 2031 || G B8 HECHOSP 0P Sa P HBOPRATTE olO GO0 B GHBF S b or 6
th is i dgj th ' ifically,
Simoe neat batrFAng £hassay "PRAARS, U8 FRRL L e ctuil e of

hi g emper atyt £ 0EbRACER0HAN SOileAked bl Neplslod pifeebydr ggen gas

fl owi ng throug oes not cause noi sture generation, erefore

the noisture,igofbgelypragensgas rieidd vIRHdid!Si1ica, bhiénb JUN 200Z The
space in inner tubeé 31 and in high-tenperature heating region 50, namely

the space ensbpehifst Hgavekel pEFotps! aunded Y ddistdde: facesgonpphsed of a
non-silicon material ltke SIC entirely, where the noisture is not 5
gener at ed. Thewgas hhewal sikepkittyi oemfiinienterof uhet Jledy dhashaotli ng t he
gas fromhole 35 at the center of the top of the tube. Furnace tube 32,
whi ch IiG a cdbstd0008e thde bkipg resd sdande Yd ldefargwalt jprar iz, héghrbits a
hi gh heat-insulation effect, uniform zing 10 the tenperature in

hi gh-t enper atePeehetvragheagi snes¢mepfen i f hydrogen | eaks out of inner
tube 31, it will not |eak out of furnace tube 32. Hoat_ 4 for_ hol ding wafer

W has al so a surf&B® HRdE9oFUREn- $PE EeR TS d3he kE™REOYSdt 1Br Bhfci ng

noi st ur e. , . ,
present invention may be either of an open type or a

closed type. If necessary, a purge gas is allowed to
15 flow through the space between furnace tube 32 and the
mantle tube. The mantle tube is necessarily placed in
the high temperature region 50.
Heater 3 in the present invention includes those
having heating element made of a material such as
20 FeCrAl alloys, Ta alloys, ceramics, and carbon; or
halogen lamps, and if necessary, may be provided with
heat-conductive equalizer plate additionally.
(Embodiment 2)
Embodiment 2 of the present invention is described
25 by reference to Fig. 3. In this embodiment, furnace
tube 32, gas inlet 5 at the top of furnace tube 32, and

vent 6 are formed in one body from fused quartz.



15 The cl osed mantl e tube 45 and the purge gas prevent penetration of netal
inpurity fromheater 3 into inside tubes. (Heat Treatnent) The he?% N 2007
treatment is conducted in Enbodinents 1 29 to 5 of the present in en{qdm as
descri bed bel ow. A sem conductor article |like an Si wafer is placed in
inner tube 32 in the apparatus shown in any of Fig. 1, Figs. 3 to 6. A

hydr ogen-containing gas is introduced into inner tube 32 to keep the

sem conductor_25 artjcle in a reduci ng at npsphere. Before _or after the
start of i nt rSRRNG GHIHEECEHRIr GURREE oRLARRI ) B8SCYE FBYEERPEoRBCt or
article is heated up to a prescrjbe 2 6, JUN, 2002 - .27 nperature. The
heat treat meft>RRHpera?\Hd i3 ?Lﬁe?gb?Q gB? Po rw?ﬁéna§0%sebgpwﬁﬁher t han
the nelting pqint Sili , re. bly jn a from 1000 to
1200C. The hé%#§f9é£$%%$tE??ﬁ%ggé%%%égggégh %Hg Pé?gﬂéegggnnealing ef fect,
and is usuall; L1 ably5 it ragge fopm 3,45 put t0,3 hours.
Thus heat treléé%]%%?% gf’s‘Z‘% pon%ﬁc?@? argl’cl e !Qs gorrpFetﬁéc]i. ?he .
sem conguct ore i td & on&MPhAYSk | Pubdes BT e880Ea 101 tAVEREI Y £Rel udes CZ Si
wafer, SO Si wafer, and wafers having an Si filmor Si islands on a

vitreous silica. The twd eiyd®ygdie-Hindayisgateeatmkan bef Qbeeri m s@r after
a sem conductor production process. In particular, the present invention is
ef fective in dShiykrogepeantesd | nfoofeaanple, waftelL0Obavcngrahigheal,i shed
rough surface. The treatnment gas enployed in the present invention is 100%
hydr ogen or ahe iyisogantgasiag 9etamB9émhhydasgen antraducedr ttrgas. 20
The pressure of the hydrogen-containing reducing atnosphere may be a hi gher
pressure, an gasliiraket ph essrpegh ogas fetueddcpiesspipe PBBefiatabliynere
pressure ranges from1.02 x 105 Pa to 1.33 Pa, nore preferably from1.02 x
105 Palo 1. 331be B Fand 255 (Fierhkaxgedr fppBdhelfg2BeiheaHatc Ve tAS i cle) A
process is described bel ow for producing a sem conductor article by a heat
treat ment nettodF PwESide. 28 present invention.

In this embodiment, the same effect as in
Embodiment 1 is achieved. Further, the space in which
wafer W is placed is intercepted from the outside by
15 inner tube 31 except the portions in contact with gas
introduction pipe 33, hole 27, and furnace cover 26.
However, in Embodiment 1, improper adjustment of the
gas flow can cause contact of the hydrogen gas with
furnace tube 32 to release metallic impurity and
20 produced moisture into the hydrogen gas flow, whereby
the gas containing them enters the inside of inner tube
31 to reach wafer W. On the other hand in this
embodiment, such a phenomenon does not occur.
This embodiment has a constitution such that the
25 hydrogen gas is not brought into contact with the
vitreous silica in the space of wafer W in high-

temperature region 50. Therefore, the hydrogen gas in



2 6 JUN 2002 Fig. 7 is a flow chart of production of a bonding SO,
substrate typified by a hydrogen injection peeling nethod, a PACE ﬁébWHdWZ
and epitaxial layer transfer 5 nethod- BR Step S1, a first base menber is
provi ded. An exanple of the first base nenber is provided by injecting
hydrogen ions or rare earth gas ions into an Si wafer having insulation

| ayer fornmed by oxidation at 10 | east on one face to forma separation

| ayer (latent layer) at a prescribed de hh. Anot her exanpl e thereof is

pr epar ed by'Wﬁ%i%@a%%rﬂhgrS YafeacH of E a§64M9955zﬁﬂ¥2§%ﬂﬁ§tPepitaxially
t hereon a nonporous S| layer. In_a PAﬁE nethg%f the first base nenber is an
Si wafer 15 MaWAhhAotBRIGEYYi FRLeBPeHadir Rl Mo diFel S i Ha® h Step
S2, a second, base nbertis provi?ed. Exanpl e of the second base nemnber

i ncl udes usd%?a%ﬁn§£f%?§,aép Waf &8 Ravi ng an oxi di zed surface, Si wafers

havi ng a natural S%Q?ﬁ%;l#:gﬂ?ll ALpat g%ggglég_:]?ztw & Sn and, Let base

plates. In Step Irst’base ne e second base nenber

provi defl aboyg afe boRdedcdik ent h%‘d?[‘) bRAgRECtiy tMd @éjageerm& on of an
adhesive layer. In this step, at eas? oné of the bonding faces of the 25

first base npmher wndstPeaseaondubpseeienite DR thPe-Eibidsatat i on
| ayer. In production of a base nenber having a structure of other than SO,

the - 29 Sutsidd ¥ROZhigRukahpenakayer reginel 50 MRS R8s Jadated he
bondi ng face may be activated by irradiation with ions of hydrogen, oxygen,
ni trogen, or3,anat ebednghayas. highStepp8tatarear tso Wheec esstagyl jpor ti on) of
the impurity is not released or moisture is not produced
10 there. Further, in this embodiment, since the hydrogen
gas is introduced from gas introduction pipe 33, the
hydrogen gas is not brought into contact with the
vitreous silica at the upstream region of the hydrogen
gas flow relative to wafer W.
15 This embodiment is summarized as below.
(1) Closed space structure of inner tube:
The space which encloses wafer W is intercepted
from the outside by inner tube 31 except for the gas
introduction portion (gas introduction pipe 33), the
20 gas-discharging portion (hole 27) and the opening to be
closed with furnace cover 26. The wording "space which
encloses wafer W" herein means the space occupied by
wafer W and the surrounding. The arrangement and the
number of the atmospheric gas introduction portions and
25 the atmospheric gas discharging portions are selected

suitably without limitation to the description in this

embodiment.



5 first base nenber is renoved fromthe assenbly of the bonded first and
second base nenbers. The nethods of the renoval are classified ro:jl)géﬂ ﬁmlﬁzo
two. In a first nethod, a part of the fi4lst- base nenber is renove J e
back face thereof by grinding, 10 etching, or a like technique. In a second
met hod, the surface portion and the inner portion of the first base nenber
are separated at the separation layer forned prelimmnarily in the first
base menber. By the second nethod, the separated unnecessar ortion keeps
the 15 shape of t H¥iRE rO WHeFRPTIOR b’%}“?e%%%ﬁea‘%n?%‘ésgilgs‘t’aﬁﬁ%
menber or the second base nenber. The se ation can be conducted by
exfoliation By R thefHeitde orthy Jif ?Imﬂuﬁbﬁ%r?’é‘gdmmsﬁuf;?qui d or
a gas agai nst_the | ral_side of the assenb] or, by. 20 chani cal

peel i ng. The TA&HIRS OGO r %esgum?ff%gt%{%% %%n‘é%%@sgg?z portion
renmoved has 2.JLu rtler;surgsace \ygrg hiyo%g%afg{gegepgaégg 'Hjcgcg,lgn, por es of

t he porous | ayer, of Oj’eceflons an vities caused by grinding 25 or

et chi ngg The(rggéd;rogggr{g[};c%,e% dde Lgé}%&p@e{n{@y@ﬁ%o{ngbgesgki con | ayer

i s snoot hene ng hydrogen annealing wth the above-descri bed

heat - 30 ;A NKDGA t raad ey appaEat tsmidael 8RYpbythecgtichgd silicon
| ayer surface is snobothened to a surface roughness of not nore than 0.2 nm

(1 um squar eptdBimPtd M gi Nhdh e dered of @otitket i ons, the roughness can
be reduced to 5 be not nore than 0.15 nm or further not nmore than 0.1 nm
Next, a proceés) irredaactiidred hetmvtamicketbon Hprmgradushdgmaiseareonduct or
substrate according to an epitaxial layer transfer nmethod by reference to
Figs. 10 8A tim &Hoded SpreS31 of Fig. 8A, base plate 131 conprised of Si
single crystal is provided as the first base nenber, and thereon a porous
struct &Pe | ayer 1334 fimospheric |gastiatnehedbrerabsutrbeecentiactThe porous

15 Si can be forned by anodization of an Si base plate in an HF solution.
The porous | ¥jdh HAEHPe (] |ik1igh temperature region 54 of

the space enclosing wafer W. The wording "high
temperature region 54 of the space enclosing wafer W"
herein means a region heated by heater 3 to a high

15 temperature approximate to the heat treatment
temperature in region 50. Owing to the construction
for preventing the contact of the hydrogen gas with the
vitreous silica, the silicon etching is prevented or
reduced significantly.

20 (3) Prevention of contamination by metal and moisture
in upstream portion of atmospheric gas:

The hydrogen gas is not brought into contact with
furnace tube 32 in the high temperature region in the
upstream side from wafer W. The wording "high

25 temperature region in the upstream side from wafer W"
herein means a portion of hydrogen gas flow upstream

relative to wafer W, and is heated to a high



a sponge in which pores of about 10-1 nmto about 10 nmin dianeter are
formed at an intervals of about 10-1 nmto about 10 nm The density can be
controlled in the 20 range from2.1 to 826-g/cnB, in conparison with the
density 2.33 g/cnB of single crystal Si, by changing the concentrakh doN 22
the HF solution in the range of 50%to 20% changing the al cohol addition
rati o, or changing the electric current density. The porosity of the 25
ion can be changed by adjustin rel.imnarily the resistivity
& P tRBLp. £

por ous port

and the el ectFTRETINEERt PHN EGHET
31 Z s ~uN 00z

nt

glate P'% forns b .

density of hi'ghe?PBY* BheS dPHi f4¥n QOHp P Eof SHTOR & Sa&F&TsT L ed* b
P+ d t i i adit | i i s higher.

Thus, the s SaraEMe AL ogt LEE P et B o AR PR S5 or i e

Thus, the 5 Pporosi

condi ti ons

single | ayer or

an I ng

T CPa Yo e difci®tted hase” -

ores, of smal.l er .di aneter .and tgg por es
® plate

e pograes form ng

gl L g hocopt il S, o ady Layerodss o be

am na ayers ént “porosi‘t The

por osi tzy Carhrb&m&é?ﬂompm@ 88Dk anhat| gﬁcﬁgdféea% the RS |ayer,

wher eby bubbl es are

i mpl ant at i orcenh\erd Oiré MBEGNLAL EQACERY the sCaRRUELRA Joef
formation of the porous |ayer by anodization, or after formation of a

ornmed on the pore walls o

si ngl e crystzald seme coagpetotutayeliséSist luekUeeedn thoiys iwayesr 133.
following Step S32 of Fig. 8B, at |east one nonporous single crystal
@ldeydrat 26he supstrmedmopopdrdos.l ayer |133. Nonporous single
crystal sem conductor |ayer 123 may be selected suitably from 20
epitaxially growlsitigie enhesdahest, | per bydragens giesr ed rigyt maki ng t he
surface | ayer of porous |layer |33 nonporous, or the like. On the single

sem conduct

cryst 80 Si
oxi dati on.

silicon | aydHindtemReEHbeHHRCI%Phe
Fig. 8C, the maip face (bondi ng

sem conduct
br ought int
plate 121.

15

20

25

IRy 3inte | cepRaeki dethafbe ¥AXrpousosidd asy atherhel
Ther eb the interface | evel between the 25 single crystal

10

t he porous 1 ayer near the
Geeafder the

In the

ipafbe Poskzgem apdtiqh ok 33 of
f. the above

-.,32.- ) ~uN é002 gfg@g \
FPHAACP! at PR Vg ABRHEPOUSTSIRG Eo¢PPses 1§ ta 123 is
%ﬁ&fﬁgoﬁé%a%% hggﬁagéf 2¢8n( hpRding . face) L seeond base

ore e conta errng matters
the hydrogen gas at wafer W is prevented, and the metal

contamination and silicon etching cause by the hydrogen
gas is prevented or reduced greatly.
( Embodiment 3)

A third embodiment of the present invention is
described by reference to Fig. 4. In this embodiment,
gas inlet 5 is provided at the bottom end portion of
inner tube 31, and is formed in one body with inner-
tube mount 22. The numeral 35 indicates a hole for gas
vent at the top end of inner tube 31.

In hydrogen annealing of wafer W at a temperature,
for example, of 1000°C or higher, the hydrogen gas is
introduced from gas inlet 5 at the bottom end of inner

tube 31, allowed to flow upward in inner tube 31, and



5 and foreign matters are preferably renoved by washing. The second base
plate may be selected fromSi plates having an Si oxide fil mthereon,

| ight-transm ssive plates |ike quartz"p@étés, sapphire plates, and thg JUN 200
like, but is not limted thereto. Any material having 10 a flat and snooth
bondi ng surface nmay be used as the second base plate. In Fig. 8C, the first
base plate and the second base plate are bonded with interposition of
insulation | ayer 122. wever, insulation yer 122 is not essential. In

t he bondi ng, S’ééﬁni ﬁé‘%lrz?.f_i‘igﬁﬁdt (PR © ll!‘pl%ﬁlee r#ass aﬁte T boe% EEN t he first
base plate and,theg.s d I ~In th vy L nnecessary
back face poFPP%n%%f§§%§ FB?§§0%63%&§1§$% 1§?ﬂgﬁ%y%%§%ﬁg P%V%r 133 are
removed to bﬁ?@rg BROLAUS 4§ ! g.ll%w%rdyscéﬁlfl%w ok AN i@&ougm Schenoval can
be conducted fnt alfternative nethods, but 1s not [imted thereto. In a
first net hOdz'Lnftb'i%%a%s%_ Rlaks F3kniatd amedS ram baglesidad o3pare porous
| ayer 133 (Step S34 of Fig. 8D). Then, porous layer 133 is renoved to bare
25 nonpgrousagll keoRilayeirgtds ferderedId dfathitthe &ottoheri@r®ral of the
porous |ayer is preferably conducted by selective etching. By use of an

et chi ng sol ufupnace- t3Be Z2s ~uN zoot contai ning hydrofluoric acid at |east
and aqueous hydrogen peroxi de, the porous silicon can be etched selectively
rel ative to nonpofaushdisngmbodiyeinadl, siHe comdé\effesaiecdne/idaghiaecedr of

105. A surfactant 5 nay be added to the etching solution to prevent bubble
adheri ng. Anasl éoh&mboddheas @t.hafoirtheraddde tdragtigemant abf ythef the
porous layer is thin, the selective etching nay be omitted. In a second

met hod, the BEdsogkat datzpdusddgraad tEPaEbrigis hedragers3 as the
separatjon |layer to obtain the state of the base plate as shown in Step S34
of "Fi gt08D, HHECRETABAPOF HLAD SPOMPR(iRor Ho 14Idos THa T T IR LS er nal
mechani cal for.c uch as pressin pul ling,. shearin and wedgi ng;
application ? g‘ﬁﬂif’?ﬁ&éﬁf’&’m&? ;bll‘}élgc irr%l%ﬁacﬁatﬁ‘%jnsglo%%tv\k r? t he porous

Si fromthe perip pLy. si.n : S Q. 4. NS o} Si
application of hegt%%:&fggeq?‘oLt)é‘éﬁstgﬂ{bﬁgirln"%r%’t ;ge% r&d@%ﬁ%;i‘%nd

ej ection of ankhuikdcRWUCANAS MRRadgRle ANGdas-ida d8Hvd S not limted 20
thereto. In next Step S35, the unrénoved renai ning portion of porous |ayer
133 is renovedekeedrbhe galr fiagetofs seehdashl@atcanl e 1 atshi ng in a
simlar manner as the etching of the porous layer. If the remaining 25
porti onsof pbbeHsat logesr H3FTtaonserorthdagadates,12hich very thin and
uniformin thickness, the wet etching of the porous |ayer with hydrofluoric
aci d and hydfegénitated4copeegtide mayklbexgmurtald pipings and

inspection of the connection.
Heat barrier 9 is constituted of vitreous glass
such as foamed quartz. The hydrogen gas fed through
20 flow path 41 in contact with heat barrier 9 to wafer W.
Since the heat barrier is at the outside of high
temperature region 50, moisture is not produced there,
so that the etching is prevented.
( Embodiment 4)
25 A fourth embodiment of the present invention is
described below by reference to Fig. 5.

At gas outlet hole 35, a check valve is provided



2 6 JUN 2002 In Step S36 of Fig. 8F, single crystal Si layer 123 is
heat-treated to smoot hen the rough surface by heat treatnment in a 726 JUN2002
hydr ogen- cont ai ni ng reduci ng 5 at nosphef® by nmeans of any of the
apparatuses shown in Fig. 1, and Figs. 3 to 6. The sem conductor base plate
prepared according to the present invention has single crystal Si film 123
formed in a flat uniformthin filmon second base plate 10 121 with
interpositio i nsul ation | 122 |$ga argg area,over the entire base
I

e Such b SomTLer BaoSestitn' Pe carrat 8y SPpPEIAFTT Y nsul o ea
| ect i I ) ted f I | ate 131 15

gaﬁcbgop;ﬁsgﬁ?qg?i%r3§:g%é§ 88? §z5%95|n ﬁ?néﬁ¥iFougoﬂay§%eog ?hg base

pl at e separq;lon f fépg 8u%£8ﬁ?ahé lgtgh%r?%%¥é%8ng %B§equent

1on
sur f acesnoot Hem ng, a€ rs? S|ng e Crys base or' second base

plate 121. Z%ﬁ?éen an;% ifvsijs & Qo"‘ﬁé@%l o §1b“0h%e' gl rRILn, Nas

treated for I ng un condi t1ons of the heat treatnent

tenper af ure ;{ ﬁﬁﬁgg:tuﬂé bBeabutheat fBnkabl B9 @b 4iRQUES gt hadiydrogen

gas flow 25 rate of 10 L/m n.” The hydrogen treatnment was conducted, for

conpari son, Qyruse wh1éhesappasdles Bhawbgen bhkg. td, ramgh lﬂ:dﬂrﬁ&irﬁ‘feﬁ he
appar at us shomn in - s5- 26 JUN 2002 Fig. 1 to confirmthe effect of

reducti on oftubat adl cointanghathDs gépt he pnesespaicevdt bertwdememniame 31
enpl oyed was nmade of a silicon carbide material having a SiC coating | ayer
formed by Cunbdah®l nendl féroaneatibhat B3m bffhehbacks fdow v dppargasises was
conpared by neasurenent of the carrier life tine of the
is stopped by the check valve. Projection 36 keeps cap
10 37 not to come off from outlet hole 35.
The check valve stops a back flow of the metal
impurity which is released from the fused quartz of
furnace tube 32 and moisture which is formed by contact
of hydrogen gas with the fused quartz of furnace tube
15 32 into inner tube 31, and prevents or reduces
remarkably the metal contamination and the etching of
the silicon.
In this embodiment, as described above, a back
flow checking means is provided which checks a back
20 flow the hydrogen gas from the space between furnace
tube 32 and inner tube 31 into inner tube 31. The back
flow checking means may be the above check valve, but
is not limited thereto. For example, the means may be
a simple orifice in the gas flow path.
25 (Embodiment 5)
Fig. 6 shows the heat treatment apparatus of this

embodiment of the present invention. This heat



wafers after the heat treatnment. Table 1 shows the results. In the heat
treatnent according to the present invention, the carrier life was inproved
by a 10 factor of about 2 in conparison 4% th the conventi onal h%J on
treatment as shown in Table 1, which shows the effects of reducing M%
metal contam nation of the waf er in hydrogen annealing. Table 1 15 Heat
treatment apparatus (Fig. 1) (Fig. 2) Carrier life time (usec) 15 28 20

Exanpl e 2) A surf f a8-inch b doped h
Festebivity O#S“rw%%e%"ﬁaﬁ%%%ﬁoﬁlﬁé%{%%°pe 247 et 2L P SRS and. et hy!

al cohol to forma %ao(yes s |s Sé}?éatygrné _glﬂy:gﬁng§ 8f1 uglen t he

surface of 25°the t on WAt ef - was heat t¢Fed 'n_an oxygen

at mospher e aty %05}%4 ApdDesNGad Gf QB LLRL s XL 0 ifkga%sg{ae surface of

t he pores. Then rom 6 JUN ext erna ce of the porous

l'ayer and vi Cdd”axttyztg?%{&q{anél@ £ 8deds oxddend $%M‘@§aé§@¥ﬁﬁr9¥eﬂmrs' on

i n an aqueous 25% solutiton for 30 seconds. The wafer was washed

sufficigntly 4 thhatericNhdided 1k $1 0. si th&éoRumetsiswag, hgst -treated
in an epitaxial growh apparatus wth introduction of a trace anbunt of a

silane gas i mr@ hydregaie et espheid ftadd 00 ¢ orchgseaneathy addeohit he

hol es on the external face of the porous silicon. Subsequently, a single
crystal Si fidanidmascdorarefi darigean aver age thi ckness of 310 nm 5 nm on

t he porous silicon by addition of dichlorosilane or silane to the hydrogen
gas. This silicon Thef drydsecpan-awitainhg roedebinegpgeaxial igkoathceagpar at us
to an oxidation furnace, and the surface of the single 15 crystal Si film
was oxi di zed fFPrhyaRsogeriaik et caib et orm gerewdhof kW BRERCAA oxide film
in a thickness of 200 nm As the result of the oxidation, the thickness of
the sih§l e cr%oaltl'éﬁ ISR&SE faNGhRINP HE2ELT I 210TRe 988 $SsEPFEBRTwaf er and

a 20 separate pI’OVI ded_seco d sil.i r were was a conventi onal
wet washi ng fsllq"ic 3521‘\?/\/8&%4 e%’ﬁét‘ﬁléeggr‘(ﬁgég and the two
waf ers were d er. r tin icon a rrbly was

heat - t r eat edtz%z5 %(rj( ox corﬁ }ﬁ}ll%%a? rmsphe%‘érn?c‘%&iéﬁogﬁfor one hour to

Strengt hen t e, handiig ofy theeferddiatiis heah tegatgent, the

t enper ature was
Interspace 43 between furnace tube 32 and closed mantle

15 tube 45 is purged with an inert gas such as He, Ar, Ne,
N,, Kr, and Xe which is introduced from purge gas inlet
46 at the bottom and is discharged from purge gas vent
44 at the top.

The hydrogen gas is not brought into contact with

20 silicon oxide heated at a temperature of 1000°C or
higher, before the gas is introduced into the space
which encloses wafer W. Specifically, since heat
barrier 9 made of foamed quartz is placed at the
outside of high-temperature heating region 50 heated by

25 heater 3, the hydrogen gas flowing through flow path 41
does not cause moisture generation, therefore the

moisture in the hydrogen gas being negligible.



el evated in an atnosphere of nitrogen-oxygen m xture, - 3 ~- 26 JUN
2002 kept at |100C in oxygen atnosphere for one hour, and Iomerecgizrérjugzn
nitrogen atnosphere. The non-bonded facéfof the first wafer was oun %
bare the porous silicon. Then the porous silicon was renoved by 5 etching
by imrersion in a m xed solution of hydrofluoric acid and agueous hydrogen
peroxi de. After washing, the wafer was washed sufficiently by wet washing.
Consequently, the single crystal silicon filmwas transferred together with
the silicon oxi deTRiEPAEEt 1R SBBBR CUPPI cdn SRl aP IO G dRIECEHIET vaf er

The thick f the t f d_sing| tal sili.con d at 10
m latti ce GOIRTET FEHESDI dhe. DHRE Hy SPRGE LR RRSIO TS ST HATURt h_

variation of, J (0. JliSsSHTECELOHANGSES WaRasY &k W LLI5. A QOLG force

m croscopy in t range of pm square an umsquare a _ _
points. The g dace: T oupbngse uAe:tlal Nhedad Aed UBLGERCCHL URbY 11 Lerms
of average square roughness ns. The boron concentration in single crystal

silicom fil B&RSr A da X 28nd 04 86CHBLRCAQr iR 1, iFRGANIR Vi d/ M NBSSe
spectroscopy (SIMsS). The plural SO wafers produced as described above,

after renovali oy tdesShhi§9RgOxhdeghisl #Eonf nhe backd agrs duntweref! uoric
acid etching, were placed in a 25 heat treatnent apparatus as shown in Fig.

1. The waf ershawetepset Bbei zabeal | yusinkblel riudeval2s ofhichmded ween t he
silicon of the back face of one SO wafer 38 _ 2 6 JUN 2002 and the
surface SO dhysedofubdemadeacénsiTDconaberdds tlhikiehefwet exsawtzt he wafers
positioned on the center line of the furnace tube on a boat nmade of SiC
Above the uppehrilptts SO hiaheheaj-doswdediion sififiecdn wafisfonmbziry at t he
same interval. The atnosphere in the furnace was substituted wi th hydrogen.
The t dfber atthe tempeEaturfate Waghelepresdtugel begtinggied?n 5SPours, and
t hen | owered. The, thjckness oiﬁt he | ayers neasuyred agajn. 10 For

Sa :
conpari son, ¥YRPSHF WEFEPYSRr &BaKEJOMT Ofe 18878 MG ast t will
hyd - I i.th t h in Fig., 2 in Tabl
2 he: i TR oL SHE g BnBARECFE o B L s (e pPoeini? R/emT RLBY & f act or
of 1/8 than J5:LheycpaveniLongl Jiethed Land coruespandingly bhesyariation
of the etching I's greaftly decreased. viously, the present invention
provides an SQte base, phatepybhicdagr adiedyelchi ng and uni form thi ckness.

Table 2 20
15 The closed mantle tube 45 and the purge gas
prevent penetration of metal impurity from heater 3
into inside tubes.
(Heat Treatment)
The heat treatment is conducted in Embodiments 1
20 to 5 of the present invention as described below.
A semiconductor article like an Si wafer is placed
in inner tube 32 in the apparatus shown in any of Fig.
1l, Figs. 3 to 6. A hydrogen-containing gas is
introduced into inner tube 32 to keep the semiconductor
25 article in a reducing atmosphere. Before or after the

start of introduction of the hydrogen-containing gas,

the semiconductor article is heated up to a prescribed



Heat treatnment apparatus (Fig. 2) (Fig. 1) Maxi numetching (nn 8 éL g’yﬂiﬁwm
etching (nm 1 0 25 As described above, the present invention prov é zz
heat treatnment apparatus which does not 2agse netal contanination of an
wafer by silicon oxide of a furnace 39 - 2 6 JUN 2002 tube as the

contam nation source and does not cause etching of a silicon wafer body by
noi sture fornmed with the reaction of silicon oxide and the hydrogen gas.

The present ittré\rﬁ%)rétri rlllr%lt.sg,r%reo ie%eC acgperaq:qneesngtug{eoﬂ)e%% é‘)uﬁtéeeaé ment enpl oyi ng

t he above hea reatien ppar atus. Sem ton iC avi ng excel | ent
properties c r r.di %, 11&.5? ent

i nventi on. ﬁ-@e I%b%g'g%?%Na%%fd\}@%# chgdéchl :@}1'% ggl'?ét r eat ment
apparat us CORRAiSi i S Wil cdh Serand Sibepleed 4 hessi fangad a
heater, wherein tﬁggfpi%rlst t ube iscti ghtly cl%sabl e and i s nade %n%?

vitreous siliggamhayoro tan 12006, StRNHdE O Ghalcidian i @édpéﬁ@ssecond
tube, the second tube has at |east an internal face conprised of

non-sil 5con gx dde AMteRhd@AS RIS dSrs@nstaiictasgl duantyoduce a gas
into a treatnment space in the second tube without 10 passing over a face
conpri sed of sgilleictend exidanigatied the adrigh femped aiietdy thesheater. 2.
The heat treatnent apparatus according to claiml1, wherein the vitreous
silica is futetrs.l i Chuslheartd tirdeatmeEntsidf cde cemiecosdwctocon car bi de. 3.
The heat treatnment apparatus according to claim1l, wherein the non-silicon
oxi de i s sel egttd¢lier dim denpdied @9l -consi sting of silicon, silicon carbide, 20
silicon nitride, alum num oxide, and boron nitride._ 4. The heat treatnent
appar at us accor di Aget sedigopductpie aditi Hife WRINKLY ube e Rreserice

coated with a silicon carbhide film_. )
10 invention includes CZ Si wafer, SOOI Si wafer, and

wafers having an Si film or Si islands on a vitreous
silica. The wafer may be of any state, taken before,
in, or after a semiconductor production process. In
particular, the present invention is effective in

15 hydrogen-annealing of an SOI wafer having an unpolished
rough surface.

The treatment gas employed in the present
invention is 100% hydrogen or a mixture containing 1%
to 99% hydrogen and an inert gas.

20 The pressure of the hydrogen-containing reducing
atmosphere may be a higher pressure, an ordinary
pressure, or a reduced pressure. Preferably the
pressure ranges from 1.02 x 10° Pa to 1.33 Pa, more
preferably from 1.02 x 10° Pa to 1.33 x 10° Pa.

25 (Process for Producing Semiconductor Article)

A process is described below for producing a

semiconductor article by a heat treatment method of the



25 5. The heat treatnent apparatus according to claim1, wherein the face
conprised of silicon oxide is - 41 - 2 6 JUN 2002 heated at a tegﬁeb@%Mie
of 900C or higher. 6. The heat treatmem8 apparatus according to cl &
wherein the face conprised of silicon oxide is 5 heated at a tenperature of
1000C or higher. 7. The heat treatnent apparatus according to claiml,
wherein the gas is hydrogen gas and introduced together with or w thout an
inert gas into the second 10 tube. 8. The heat treatnent apparatus
accordi ng t ®*ESaH EPVRR Q™ t he second tube is extended to upstream side
of the treatnent Spac

claln1ﬁ wher ei n 4% gééi?éihgggg %Q%%S Zéggghcgggara g ﬁ%@?gggg gas
for hydr oges Dho AT 1 et BY entdfe %5?%“59%‘&? ﬁg’eeﬁ%rgaeéte et
space and rg éﬁﬁ%ﬁt‘%tﬂkﬁﬂrHé¥h?&O and'€e ﬁ%%%xiéﬁ @9%%%%%&5 according

to claim?9, erei’'n the gas out I's open to t Sld the first
tube, gnd ajuepiod.s provided on the first tube to f|OMlthe hydr ogen gas
t hrough the I nside space for discharging the hydrogen gas. - 42 2 6 JUN

2002 11. The heatr rRaigrdit, appPeiad +1ShAE€ OmehPart OsChabii8eawhengi n a flow
preventing neans is provided at the discharge portion to prevent a flow of

the gas froaxkiplld I tHiber st haaseanatbéubes brddiddhepheat treat ment
apparatus according to claim1l, wherein a third tube is provided between

the first tibgeantdidhéraigean ikihd Ir Therdeadrtheghaehdnappartat @h
according to claim 12, wherein the third tube is tightly closable. 14. The
heat treat n€at wagdipar dteusirar dovdi gt ion clayer 120rmpdr Bynorhdagdoacd at
| east of the third 15 tube is conprised of non-silicon oxide.
10 least on one face to form a separation layer (latent
layer) at a prescribed depth. Another example thereof
is prepared by making porous a surface of an Si wafer
and growing epitaxially thereon a nonporous Si layer.
In a PACE method, the first base member is an Si wafer
15 having no oxide film, or having an oxidized surface.

In Step S2, a second base member is provided.
Example of the second base member includes usual Si
wafers, Si wafers having an oxidized surface, Si wafers
having a natural oxide film eliminated, quartz wafers,

20 and metal base plates.

In Step S3, the first base member and the second
base member provided above are bonded directly or
indirectly with interposition of an adhesive layer. In
this step, at least one of the bonding faces of the

25 first base member and the second base member should

have an insulation layer. 1In production of a base

member having a structure of other than SOI, the



15. The heat treatnent apparatus according to claim 12, wherein the third
tube is nade of silicon carbide. 20 16. The heat treatnent apparatus
according to claim 12, wherein a purge ¢ad 1s introduced into ar b dtikil§pace
between the third tube and the first tube. 25 17. The heat treatnent
apparatus according to claim 12, wherein the second tube and the third tube
are both closable tightly. - 43 - z s ~uN zooZ 18. The heat treatnent
apparatus accordiing to claim1l, whereih a support having,a non-silicon

Eion, 1 e d

oxi de surf ace GV EF IR BT i AV YR i PTCRRC I te SuFfACRIAPE pl aced

inth tube. 5.19. Thy t { t t ' t | ai
1" wheroi 1 RERoRE HE YT O dBbve LHG RER: ooy P cPOfagba in the

second tube. .10, 20. The_ heat t t i laim1,
nydrcYen ¥ drooxg& n gagf%%@ﬁ%,gpﬁgg U5 8CEQLPh Ngabo claim

wherein the gdsi ogen gas IS troduced froma

lower portion of tfie sst%ffﬁ%,t ubg, 2 AN S dbSShaF gesoF £05H & beWehepoOr tion of

the first tube. 15 21. e heat treatnent apparatus according to claiml1,

wher ei nsa purgeFasdse indmsicesd femmdder oot stide dbsempiytbe bakt om of
the first tube, and is discharged fromthe outside through the top of the

20 first tubgonddd Ailed dd®aldmind anpes ahelsbeospPr i Bhagmathbast okube, a
second tube placed therein, and a heater, wherein a gas inlet for

i ntroduci ng tihe gasnoval here Solseoaninft édibeoughpy oimdedtbel owlhhe heater, a
hol e for conmunicating the second tube to the first tube is provided at a
top portion dinste mesdwdtl tallmria oknthe sfirst dase m@mPeN ¥6D2 provi ded at
a bottomportion of the first tube for discharging the gas frominside of
the first tubremovesl finam thﬂxbﬁ@ﬁ(ﬁﬁﬁﬁrtkﬁ%ﬁpgr@ﬂ1$9%@ iggartz and is

cl osabl e, the second tube has a non-silicon oxide
10 etching, or a like technique. In a second method, the

surface portion and the inner portion of the first base
member are separated at the separation layer formed
preliminarily in the first base member. By the second
method, the separated unnecessary portion keeps the

15 shape of the wafer, so that it can be reused as the
first base member or the second base member. The
separation can be conducted by exfoliation by heat
treatment, or blowing a fluid comprised of a liquid or
a gas against the lateral side of the assembly, or by

20 mechanical peeling.

The assembly (SOI substrate) having the
unnecessary portion removed has a rough surface with
voids formed by ion injection, pores of the porous
layer, or projections and cavities caused by grinding

25 or etching. Therefore, in Step 85, the rough upper
layer of the silicon layer is smoothened by conducting

hydrogen annealing with the above-described heat



5 surface and is closable, and the heater is provided at a higher |evel
than a heat barrier placed in the second tube. 23. The heat treatnent
apparatus according to 10 claim 22, whet®ih a closable third tube havi ng a
non silicon oxide surface is provided outside the first tube, &06pliNg8iZgas
inlet is provided at a bottom portion of the third tube, and a purge gas
vent is provided at a top portion of the third tube. 15 24. The heat

treat ment apparatus according to claim22, erein. the heat barrier

conpri ses f8§ﬁ§%Wﬁﬂﬁt3Pp%ng%s‘Thtgﬁﬁﬁgytrﬁg?ngﬁthgpgﬁgﬁﬁggmﬁﬁﬁ%ﬁng to
claim 22, wherein the heat Ler.is_n e C i,gher. 26. A
heat treat rrésrﬂrépar%%elsss o?oﬁkg%{‘é?rggt ?ngﬁg?gggsg%hgg#%%%t oor%r élrmtigcl e by

oS 9 InSdIRRLen % 17 o BPPLA! UG BEE ) [ OF BY Leihlllfioly the 5 2 6 JUN

2002 27. The reat nent process accordi ng I'al m erein the

sem conduct iy, eﬂ&&@%omﬂi&ﬁgp PREYroagRResineabede WRRIENtLHr OCESS

according to clalim 26, erein the sem conductor article is heat-treated in

a hydregen gRNLANIiRG-& oghich Ng. 86 TREPheFerattactefBer aldHe viain lower than
900C. 10 29. The heat treatnent process according to claim 28, wherein the

sem conduct@ma.article is heat-treated at a tenperature not |ower than
1000C. 30. The heat treatnent process according to claim1l5 27, wherein the
sem conduct or artNet®, is pnoS&kssubstieateibdd. béhewhdat dertesitinefidr pr ocess
according to claim 30, wherein the sem conductor article is a bonding SO
20 substrat @erg@licindgieat sembavnédnctprogebstiatehegicomddad ryp &n

sem conductor article by means of the heat treatnent apparatus set forth in
clai m 22. 2&m3tazipl hearex r Baeneher prethed Récsederencs ARif®B®, wherein
t he senmi conductor article has a silicon - 46 - 2 6 JUN 2002 body. 34. The
heat teat nélft ¥ dfess according to clai m32, wherein the seniconduct or

article is heat-tféﬁgééb S31 of Fig. 8A, base plate 131 comprised

of Si single crystal is provided as the first base
member, and thereon a porous structure layer 133 is
formed at least at the main surface side. The porous

15 Si can be formed by anodization of an Si base plate in
an HF solution. The porous layer has a structure like
a sponge in which pores of about 107 nm to about 10 nm
in diameter are formed at an intervals of about 10 nm
to about 10 nm. The density can be controlled in the

20 range from 2.1 to 0.6 g/cm®, in comparison with the
density 2.33 g/cm® of single crystal Si, by changing the
concentration of the HF solution in the range of 50% to
20%, changing the alcohol addition ratio, or changing
the electric current density. The porosity of the

25 porous portion can be changed by adjusting
preliminarily the resistivity and the electric

conduction type. In the p-type, a non-degenerated base
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20 plate, and renoving the porous |layer to bare the single crystal silicon
| ayer. 43. A process for producing a sem conductor article conprising
bonding a first base plate and a 25 sécord base plate, renoving a6 JUN 2007
unnecessary portion of the first base plate fromthe second base plate, and
heat-treating a silicon body on the second base pl ate - 48 2 6 JUN 200z
i n a hydrogen-containi ng reduci ng at nosphere by neans of the heat treatnent

t ding tq claim22._44. T ding to claim 43,
wherein 5 5 CBRRDaBfoR ey i e ORI (o TTS(P PAEe BTECR and th

unnecessary parbLon, s LEIRed. by Saparatin. At dhe separabion, hager . 45.

orous
The process dcebrdrng to a'd m erein € unnecessary portion of

the first b [ d i Shi i ndi ng,
and ot chi ng. CIBCCTRE KPSRote B for g B CRANm S whet &7 h Tecofld &) Oon

body is an epghtaxpaktka%®h.. 4hefHi® RIHCRINALSO! Hdibttng! RAFLE3s Wherein
the process conprises formng a porous |layer on a nain face of the first

si |i conssi nghfaCkpgbagnbase telrdl &re?@feddfidldl B Sdiebed Cby Shash$hil con

| ayer on the porous |ayer, bonding the main face of the silicon single
crystal baseThkakecbadt bassupflate alayt e sedeuwkdie ftah e5i aptlatesovi ng t he
porous | ayer to bare the single crystal silicon |ayer.

. A . Ay. AR ASRaRBngaaAfl SA? oAdde YiAm Alderedyy,. A@gyetrarm@dRsédbecAfy. A A, ;
y. AN A A(. A Ay. A(.AY(y. A [. AA A @AH. A. A AS. AnS. A@ AE. A9+. Al Ae. Ah. Af . A@ AY{
| . AU. AY . AApRat&sXEik€Uquartz plates, sapphire plates, and the

like, but is not limited thereto. Any material having
10 a flat and smooth bonding surface may be used as the

second base plate. 1In Fig. 8C, the first base plate

and the second base plate are bonded with interposition

of insulation layer 122. However, insulation layer 122

is not essential. In the bonding, an insulating thin
15 plate may be placed between the first base plate and

the second base plate.

In the next step, the unnecessary back face
portion of the first base plate 131 and porous layer
133 are removed to bare nonporous single crystal Si
20 layer 123. This femoval can be conducted in two
alternative methods, but is not limited thereto.
In a first method, first base plate 131 is removed
from back side to bare porous layer 133 (Step S34 of
Fig. 8D). Then, porous layer 133 is removed to bare
25 nonporous silicon layer 123 (Step S35 of Fig. 8E). The
removal of the porous layer is preferably conducted by

selective etching. By use of an etching solution
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10 121 with interposition of insulation layer 122 in a
large area over the entire base plate. Such a
semiconductor base plate is suitable for preparing
insulated electronic elements.
Separated first single crystal Si base plate 131
15 can be reused, after removal of the remaining porous
layer on the base plate separation face and, if the
surface is intolerably rough, subsequent surface-
smoothening, as first single crystal base plate 131 or
second base plate 121.
20 (Example 1)
A silicon wafer of 5 inches in diameter was
treated for hydrogen annealing under conditions of the
heat treatment temperature of 1100°C, the heat
treatment time of 4 hours, and the hydrogen gas flow
25 rate of 10 L/min. The hydrogen treatment was

conducted, for comparison, by use of the apparatus

shown in Fig. 2, and by use of the apparatus shown in
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5 contamination by the respective apparatuses was

compared by measurement of the carrier life time of the
wafers after the heat treatment. Table 1 shows the
results. In the heat treatment according to the
present invention, the carrier life was improved by a
10 factor of about 2 in comparison with the conventional

heat treatment as shown in Table 1, which shows the

effects of reducing the metal contamination of the

wafer in hydrogen annealing.

Table 1

15 Heat treatment apparatus

(Fig. 1) (Fig. 2)

Carrier life time (usec) 15 28

20 (Example 2)

A surface of a 8-inch boron-doped (100) Si wafer
having resistivity of 0.017 Qcm was anodized in a 2:1
mixture of 49% HF and ethyl alcohol to form a porous
silicon layer in a thickness of 10 uym on the surface of
25 the wafer. This silicon wafer was heat-treated in an
oxygen atmosphere at 400°C for one hour to form a thin

oxide film on the surface of the pores. Then, from the
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silane gas in a hydrogen atmosphere at 1100°C to close

nearly all of the holes on the external face of the
porous silicon. Subsequently, a single crystal Si film

10 was formed in an average thickness of 310 nm * 5 nm on
the porous silicon by addition of dichlorosilane or
silane to the hydrogen gas. This silicon wafer was
transferred from the epitaxial growth apparatus to an
oxidation furnace, and the surface of the single

15 crystal Si film was oxidized by hydrogen-oxygen
combustion gas to form a silicon oxide film in a
thickness of 200 nm. As the result of the oxidation,
the thickness of the single crystal silicon film
decreased to 210 nm. This silicon wafer and a

20 separately provided second silicon wafer were washed by
a conventional wet washing process for silicon devices
to clean the surfaces, and the two wafers were bonded
together. The resulting silicon wafer assembly was
heat-treated in an oxygen-containing atmosphere at

25 1100°C for one hour to strengthen the bonding of the
wafers. 1In this heat treatment, the temperature was

elevated in an atmosphere of nitrogen-oxygen mixture,



10FF 10FF! z@- , #10%F& ()-' | @-, #10%A& () -' @GH#109%& ()- || @#10%<& ()-
| @#109P(P(& ()- \ K] KqKKKK#LSLUV7/ | SSTO%E! () -

109VE’ () - LLO%VE' () - &GLOYVE! () - 109V’ (7 -3Z10%E: () - G 26 JUN 2002
10FFSL&M MWMWNAE7/ ! ssL@

MLOYVE! () - &S109%VE! () - 910%VE ()- L 109%VE () - 3" 10%VE’ () - LSMLOYVE' () - SNHNO
OQOOOIE7/ | sS&OS109%E () - & 10K’ () - &9- S10%VE' () - Y+10%VE' () - 9$10%VE' () - L"

ig;x%:gg-ggi IPkPIgg§§§I Clsslo%B&'(%iﬂ 1%%; %gaﬁgl %ﬁglgéﬁgég) I |
e S Qe R e R e O
0%B&' () - #10 (&%ge %f{ﬁﬁ%%é% 'wasg %Foup?)to bare the porgus

1098& () - 109 UUUUBC! $596 105! OMLO%& () -~ 108 10B

10Byf 8109BE&' (91 BAAYBE (Dl éarw VG IMNYEDCLSSERYELE) pyS! 10% () -
109&' ()-:109%& ()-"109%& () - 10%&' WAKSXI XXXdEbC! ssS " "10 {

MLO%& ()5 10%1(&1“1;&5/«&@}()nﬂ;ﬁ)&iﬁsianfzaog/«ﬁmuewga(ywvaﬂ%@ 889 10%&' ()- @+#10
%' ()-)10%& ()-' MLOY&' ()-%40%& ()-#MLOY ()-Z zQzzzZ[ ['[dE:/ 10

108- 10%&' () - ke (Yox@e acid and aqueous hydrogen peroxide. After

109K ()-2109%& ()-0@O%& ()-/nmlO%& ()-!'["[7[K[[[\<\xY:/ 10s- 10% h& () -

$10% h&' () - y M2ehisd ) - tHO %W dRe X )wyd ORasided ) su g6 bBe(r1y1by\ Bkl | ] ] ~dE: /
10yS s10% h& ()-fs1l0% h& ()-f10% h& ()-yML0% h& ()-#10% h& ()-yf1l0%

h& () - s"Arw\'weshidlyg/ 1OORRqdosshiy () the 3&0%14&' (Jy‘ystaﬁ)‘yﬁh&i(ipny‘ﬁiﬂ%

h& ()-f$ 10% h& ()-3""10% h& ()-0 _f "E dE:/ 10f610% h& ()-4!10%

h& () - S210% hes trarmsseired -togathe R ybf the 084 hdcey- exide @n§Fo ° aabC
10L3109%& ()-10%& () - &leO%&'() NHO%&T(% 10 h 10 h 10 hfy810@6

h& () - &éﬁSbkﬂHﬁﬂEﬁéx”’ silicon wafer to produce an SOI wafer.

10910%: () -1 F* 10%,(d -G08 {5 1088 d - 10286 £ 174978 {1 8PEIGERAGIELC
silicon was measured at 10 mm lattice points in the
plane. The average thickness was 210 nm with variation
of +7 nm. The surface roughness was measured with

15 atomic force microscopy in the range of 1 um sguare and
50 pm square at 256 x 256 points. The surface
roughness was 10.1 nm, and 9.8 nm respectively in terms
of average square roughness Rrms. The boron
concentration in single crystal silicon film was 1.2 X

20 10*®/em® according to secondary ion mass spectroscopy
(SIMS).

The plural SOI wafers produced as described above,
after removal of the silicon oxide films of the back
faces by hydrofluoric acid etching, were placed in a
25 heat treatment apparatus as shown in Fig. 1. The
- wafers were set horizontally with intervals of 6 mm

between the silicon of the back face of one S0I wafer
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furnace was substituted with hydrogen. The temperature
in the furnace was elevated to 1100°C, kept for 4
hours, and then lowered. The thickness of the SOI
layers measured again.
10 For comparison, the SOI wafers prepared in the
same manner was hydrogen-annealed with an apparatus as
shown in Fig. 2.
As shown in Table 2, the maximum etching amount is
less in the present invention by a factor of 1/8 than
15 the conventional method, and correspondingly the
variation of the etching is greatly decreased.

Obviously, the present invention provides an SOI base

plate with decreased etching and uniform thickness.

Table 2
20
Heat treatment apparatus
(Fig. 2) (Fig. 1)
Maximum etching (nm) 8 1
Minimum etching (nm) 1 0
25

As described above, the present invention provides
a heat treatment apparatus which does not cause metal

contamination of an wafer by silicon oxide of a furnace
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5 of vitreous silica having an impact strength higher
than that of the second tube, the second tube has at
least an internal face comprised of non-silicon oxide,
and a gas flow path is constructed to introduce a gas
into a treatment space in the second tube without
10 passing over a face comprised of silicon oxide heated

to a high temperature by the heater.

2. The heat treatment apparatus according to
claim 1, wherein the vitreous silica is fused silica,

15 and the non-silicon oxide is silicon carbide.

3. The heat treatment apparatus according to
claim 1, wherein the non-silicon oxide is selected from
the group consisting of silicon, silicon carbide,

20 silicon nitride, aluminum oxide, and boron nitride.

4. The heat treatment apparatus according to
claim 1, wherein the second tube has a surface coated
with a silicon carbide film.

25
5. The heat treatment apparatus according to

claim 1, wherein the face comprised of silicon oxide is
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7. The heat treatment apparatus according to
claim 1, wherein the gas is hydrogen gas and introduced
together with or without an inert gas into the second

10 tube.

8. The heat treatment apparatus according to
claim 1, wherein the second tube is extended to

upstream side of the treatment space.

15
9. The heat treatment apparatus according to
claim 1, wherein the gas is hydrogen gas, and an inlet
for the hydrogen gas into the second tube is provided
outside the treatment space, and a vent for hydrogen
20 gas from the second tube is provided outside the
treatment space and reverse to the inlet.
10. The heat treatment apparatus according to
claim 9, wherein the gas outlet is open to the inside
25 of the first tube, and a vent is provided on the first

tube to flow the hydrogen gas through the inside space

for discharging the hydrogen gas.
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5

12. The heat treatment apparatus according to
claim 1, wherein a third tube is provided between the
first tube and the heater.

10 13. The heat treatment apparatus according to
claim 12, wherein the third tube is tightly closable.

14. The heat treatment apparatus according to
claim 12, wherein the surface at least of the third

15 tube is comprised of non-silicon oxide.

15. The heat treatment apparatus according to
claim 12, wherein the third tube is made of silicon
carbide.

20

16. The heat treatment apparatus according to
claim 12, wherein a purge gas is introduced into an
interspace between the third tube and the first tube.

25 17. The heat treatment apparatus according to

claim 12, wherein the second tube and the third tube

are both closable tightly.
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claim 1, wherein a support having a non-silicon oxide

surface and a heat barrier having a silicon oxide

surface are placed in the second tube.

19. The heat treatment apparatus according to
claim 1, wherein the heater is provided above the heat

barrier placed in the second tube.

10 20. The heat treatment apparatus according to
claim 1, wherein the gas is hydrogen gas, and the
hydrogen gas is introduced from a lower portion of the
second tube, and is discharged from a lower portion of
the first tube.

15

21. The heat treatment apparatus according to
claim 1, wherein a purge gas is introduced from the
outside through the bottom of the first tube, and is
discharged from the outside through the top of the

20 first tube.

22. A heat treatment apparatus comprising a first
tube, a second tube placed therein, and a heater,
wherein a gas inlet for introducing the gas in the

25 second tube is provided below the heater, a hole for
communicating the second tube to the first tube is

provided at a top portion of the second tube, a vent is
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closable, the second tube has a non-silicon oxide
5 surface and is closable, and the heater is provided at
a higher level than a heat barrier placed in the second

‘tube.

23. The heat treatment apparatus according to
10 claim 22, wherein a closable third tube having a non-
silicon oxide surface is provided outside the first
tube, a purge gas inlet is provided at a bottom portion
of the third tube, and a purge gas vent is provided at

a top portion of the third tube.

15
24. The heat treatment apparatus according to
claim 22, wherein the heat barrier comprises foamed
guartz.

20 25. The heat treatment apparatus according to
claim 22, wherein the heat barrier is not heated to
1000°C oxr higher.

26. A heat treatment process for heat-treating a

25 semiconductor article by means of the heat treatment

apparatus set forth in claim 1.
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28. The heat treatment process according to claim
26, wherein the semiconductor article is heat-treated
in a hydrogen containing reducing atmosphere at a

temperature not lower than 900°C.

29. The heat treatment process according to claim
28, wherein the semiconductor article is heat-treated

at a temperature not lower than 1000°C.

30. The heat treatment process according to claim
27, wherein the semiconductor article is an SOI

substrate.

31. The heat treatment process according to claim
30, wherein the semiconductor article is a bonding SOI

substrate.

32. A heat treatment process for heat-treating a
semiconductor article by means of the heat treatment

apparatus set forth in claim 22.

33. The heat treatment process according to claim

32, wherein the semiconductor article has a silicon
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body.

34. The heat treatment process according to claim
32, wherein the semiconductor article is heat-treated
in a hydrogen containing reducing atmosphere at a

temperature not lower than 900°C.

35. The heat treatment process according to claim
34, wherein the semiconductor article is heat-treated

at a temperature not lower than 1000°C.

36. The heat treatment process according to claim
33, wherein the semiconductor article is an SOI

substrate.

37. The heat treatment process according to claim
36, wherein the semiconductor article is a bonding SOI

substrate.

38. A process for producing a semiconductor
article comprising bonding a first base plate and a
second base plate, removing an unnecessary portion of
the first base plate from the second base plate, and
heat-treating a silicon body on the second base plate
in a hydrogen-containing reducing atmosphere by means

of the heat treatment apparatus according to claim 1.
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the unnecessary portion of the first base plate is
removed by any of methods of polishing, grinding, and
etching.
10
41. The process according to claim 38, wherein

the silicon body is an epitaxial layer.

42. The process according to claim 38, wherein
15 the process comprises forming a porous layer on a main
face of the first silicon single crystal base plate,
forming a single crystal silicon layer on the porous
layer, bonding the main face of the silicon single
crystal base plate to the surface of the second base
20 plate, and removing the porous layer to bare the single

crystal silicon layer.

43. A process for producing a semiconductor
article comprising bonding a first base plate and a
25 second base plate, removing an unnecessary portion of
the first base plate from the second base plate, and

heat-treating a silicon body on the second base plate
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in a hydrogen-containing reducing atmosphere by means

of the heat treatment apparatus according to claim 22.

44. The process according to claim 43, wherein a
separation layer is formed in the first base plate, and

the unnecessary portion is removed by separation at the

separation layer.

45. The process according to claim 43, wherein
the unnecessary portion of the first base plate is
removed by any of methods of polishing, grinding, and

etching.

46. The process according to claim 43, wherein

the silicon body is an epitaxial layer.

47. The process according to claim 43, wherein
the process comprises forming a porous layer on a main
face of the first silicon single crystal base plate,
forming a single crystal silicon layer on the porous
layer, bonding the main face of the silicon single
crystal base plate to the surface of the second be
plate, and removing the porous layer to bare the single

crystal silicon layer.



