DESCRIPTION TITLE OF INVENTION HEAT-TREATMENT FURNACE 5 TECHNICAL FIELD [0001]
This invention relates to a heat-treatment furnace for 10 use in the heat treatment of semiconductor
substrates, typically silicon substrates. BACKGROUND ART [0002] 15In the prior art, a semiconductor
heat treating process is generally carried out in a furnace of the following design in order to prevent
any contamination from the ambient air, heater or the like. As shown in FIG. 4, a furnace core tube 21
of high-purity quartz or the like which 20 is providedrutiramepening 22 at one end and a gas inlet
conduit 23 at the other end is disposed inside a cylindrical heater 24 which is previously installed in the
furnace. A boat 26 of high-purity quartz or the like having semiconductor substrates 25 rested thereon
is moved into the 25 furnace core tube 21thmghothe DPERNT2X and set in place. A lid 27 of
high-purity quartz or the like is closed t%ﬁg@‘bﬁﬁg%ﬂﬂ%ﬁa ' %ﬂggt seal. High-purity gas such as
nitrogen or argon is fed from the gas inlet condui whereas thé gas is discharged out of the furnace
through 30 small gaps between the core tube 21 and the lid 27. While the in-furnace atmosphere is
kept clean in this way, heat treatment for dopant diffusion or oxidation is carried out. [0003] FIG. 7
illustrates one exemplary heat-treatment flow using a heat-treatment furnace including such a core
tube and FIG. 10 illustrates one exemplary fiFeSegdéhcd 6FEllie heat treatment. The prior art heat
treating process, bslgiescribed

This invention relategs to a heat-treatment furnace for
10 ugse in the heat treatment of semiconductor substrates,

typically silicon substrates.

BACKGRCUND ART

[0002]

15 In the prior art, a semiconductor heat treating
process is generally carried out in a furnace of the
following design in order to prevent any contamination from
the ambient air, heater or the like. As shown in FIG. 4, a
furnace core tube 21 of high-purity gquarxtz or the like which

20 is provided with an opening 22 at one end and a gas inlet
conduit 23 at the other end is disposed inside a cylindrical
heater 24 which ig previously installed in the furnace. 2
boat 26 of high-purity quartz or the iike having
gsemiconductor substrates 25 rested thereon is moved into the

25 furnace core tube 21 through the opening 22 and set in place.
A 1lid 27 of high-purity quartz or the like is closed to
establish a subetantially tight seal. High-purity gas such
as nitrogen or argon is fed from the gas inlet conduit 23
whereas the gas i1s discharged out of the furnace through

30 small gaps between the core tube 21 and the 1lid 27. While
the in-furnace atmosphere ig kept clean in this way, heat
treatment for dopant diffusion or oxidation is carried out.

[0003]



5 by referring to these figures. (1) A predetermined number of semiconductor substrates 25 are rested
on the boat 26, which is held on standby at a boat station 30. See FIG. 7(a) and FIG. 10 (i). (2) The lid
27 of the core tube 21 is opened. The boat 26 io having semiconductor substrates 25 rested thereon is
forcedly moved from the boat station 30 to a predetermined position at the center of the furnace, using
a rod of high-purity quartz or the like (not shown). See FIG. 7(a) and FIG. 10 (ii) and (iii). 15(3) The lid
27 is closed. The sensitanductar Substrades 25@te heattrpatedhaccording te thenpradetemined
thermal profile, See FIC%_.l 7§b)_%nd F%G. 1(2‘2(%)Ll S? After th hgat treatm(?{lt, the lid 27 is opened. The
boat 26 haviﬁlgs sEMiconduttor SUBSFAfEs 25 restad theraon 1S 20 forcsd y Moved from'the 21
predeterminediigosition irk thesfurmecestocthe boatstation30; Usmngsatndtarthedike; andreooted there.
See FIG. 7(0%%%191 Fﬁggﬁ%o (V%ltl% (vii):..lé%r tg‘%td%{%%%” rom ipiertion ] ég@gvalsog[hse boz}%,e
high-purity gas such as nitrogen nlloaylbe continuously ad from 25 the gas inlet conauit 23 ockeep
cleanness inltye furhateij0004p thésthis pmoress, after the boat is taken out of the furnace, the
semiconducton subs §%£‘%‘é§i£fn%°<9'%%h§‘§ %‘%atssé%tioé‘o%%é‘ébax“d eghle lemperalure, is,
reached. When 30 it is desired to continuously carry out a predetermined heat treatment, the system
remains unreaglyfedinsertidreotrpasxtAfatchintrbdasingalstandbys timediatweenacdpsatutive heat
treatment batches., 10003 o Resides th;e(féj Nage Coredube (511e<rhti)oped above, the structure of a
heat treatment furnace for use in the semiconductor substrate heat treating process is proposed,

(2) The 1lid 27 of the core tube 21 is opened. The boat 26

10 having semiccnductor substrates 25 rested thereon is forcedly
moved from the boat station 30 to a predetermined position at

the center of the furnace, using a rod of high-purity quartsz

or the like (not sghown). See FIG. 7(a) and FIG. 10 {ii} and
{(iii).
15 {(3) The 1id 27 1ig closed. The semiconductor substrates 25

are heat treated according to the predetermined thermal
profile. See FIG. 7(b) and FIG. 10 (iv}.
(4) After the heat treatment, the 1lid 27 is cpened. The boat
26 having semiconductor substrates 25 rested thereon is
20  forcedly moved from the predetermined position in the furnace
to the beocat station 30, using a rod or the like, and cooled
there. See FIG. 7(c} and FIG. 10 (v} to (vii}.
For the duration from insertion to removal of the boat,
high-purity gas such as nitrogen may be continuously fed from
25 the gas inlet conduit 23 to keep cleanness in the furnace.
[0004]

In thig process, after the boat i1s taken out of the
furnace, the semiconductor substrates must be cooled at the
boat station until a handleable temperature is reached. When

30 1t is desired to continuously carry out a predetermined heat
treatment, the system remains unready for insertion of a next
batch, introducing a standby time between consecutive heat

treatment batches.



5 for example, in JP-A H05-102054 (Patent Document 1, Sony Corp., diffusion furnace). The
heat-treatment furnace is described therein as comprising a furnace core tube which is open at one
end, a shutter for operatively closing the open end, and a partition disposed in the core tube and inside
the io open end so as to define a gap between the partition and the inner wall of the core tube, the
shutter being provided with a vent. This design allegedly eliminates any adverse impact by entry of
ambient air. I9Gitation List 20 [0006] Patent Document Patent Document 1: JP-A H05-102054
SUMMARY OF INVENTION Technical Problem
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Begsides the furnace core tube mentioned above, the
structure cf a heat treatment furnace for use in the
semiconductor substrate heat treating process is proposed,
for example, in JP-A H05-102054 (Patent Document 1, Sony
Corp., diffusion furnace). The heat-treatment furnace is
described therein as comprising a furnace core tube which is
open at one end, a shutter for operatively closing the open
end, and a partition digposed in the core tube and inside the
open end go asg to define a gap between the partition and the
inner wall of the core tube, the shutter being provided with
a vent. This design allegedly eliminateg any adverse impact

by entry of ambient air.

Citation List

Patent Document

[0008]
Patent Document 1: JP-A H05-102054
SUMMARY OF TINVENTION
Technical Problem
[0007]

In the heat-treatment furnace comprising a core tube
of the above-mentioned structure, however, semiconductor
gubgstrates must be moved into and out of the furnace via only
one end of the core tube because of the structure.
Furthermore, as indicated above, the semiconductor substrates
after being taken out of the hot furnace must be cooled at
the boat station until a handleable temperature is reached.
For continuous implementation of the heat treatment, this
introduces a standby time between consecutive heat treatment

batches. Particularly when semiconductor devices which are



[0007] In the heat-treatment furnace comprising a core tube of the above-mentioned structure,
however, semiconductor 25 substrates must be moved into and out of the furnace via only one end of
the core tube because of the structure. Furthermore, as indicated above, the semiconductor substrates
after being taken out of the hot furnace must be cooled at the boat station until a handleable
temperature is reached. 30 For continuous implementation of the heat treatment, this introduces a
standby timesheiween consecutd/eshdatdieatmieoi-hatthes tRatticularlyashen semieonductor devices

which are sybject tg reIat{)/elg/tgti(irgggrastioTionOheat ('_gr aatmerétliygica”% cr%staﬁing silicon solar cells,
are heat trea cP s %d%yytlme accounts for a retafive y)ﬁigch propbrtlaoneam%%g the %%Féaﬂ’heat

treatment timehavhidtabdbgmestiee aajorceusefmfrestricting therpiodictivity of-twedyeat dreatment
process. Alsq in the c%ﬁee %f a furgic care @Pg otf the @bg\:l/%-énqu'}g{leg fructure, upon replacement

; i , : :
of the furnacé core tube for‘fSeﬁ%l ic C é’:’gnlng and shelt storage thereo?, a thin ?Sk?uﬁar gas inlet conduit

can k_:)e brokena 101Sines e c@rert@beﬂbtgimgulrﬁﬁyaqtmrtzd@mhé\hm% eipeﬂla‘vé?,_ethe expenses for
repair and p“!%@%%‘?n%k% NEWL2RE gre @becg his,is.qpe aLihe fagtors H@&%Hée 1o Increqse, the

running cost of the heat treatment process. [0008] 15Furthermore, when a heat treatment furnace of
the continuo@s miodle RV e dnidooget sstypitietd Dy thedeltmiegemenivatking-béam system is

employed, theJuace haslow gas ighiness duedo the.presence alhe bell ok beam. eyen in the

structure provided with shutters at the inlef and 20 outlet, and fails to prevent inflow of ambient air,

giving rise todErdRim tRatet e fesimedt stiiedndiieiisbstrate Pear belsfghificantly
reduced by the heat Fpaimente SUGRLORENYpUS TGS heat fegirpentfumacesiofithe belt conveyor or

walking beam system also have problems including 25 a small number of simultaneously processable
workpieces pEFREFEYES, andt foVFHRGRTEE BfftRncySRD00] 2nd MEKBREST tAE iAvéritibrRhich has

been made upder thegyabovermeantienesheiramstaaces dg torbrovide-a 3o heatdieatment flwnace

which is adapted to reduce a standby
the running cost ¢f the heat treatment process.

[0008]

15 Furthermore, when a heat treatment furnace of the
continuous mode having inlet and outlet as typified by the
belt conveyor or walking beam system is employed, the furnace
has low gas tightness due to the presence of the belt or beam,
even in the structure provided with shutters at the inlet and

20 outlet, and fails to prevent inflow of ambient air, giving
rige to a problem that the carrier lifetime of semicenductor
substrates can be significantly reduced by the heat treatment.
Such continuous mcede heat treatment furnaces of the belt
conveyor or walking beam system also have probliems including

25 a small number of simultaneously processable workpieces per
unit area, and low thermal efficiency.

[0009]
An object of the invention, which has bkeen made under
the above-mentioned circumstances, is to provide a

30  heat-treatment furnace which is adapted to reduce a standby

time between batches during consecutive heat treatment of

semiconductor substrates for thereby improving productivity and



time between batches during consecutive heat treatment of semiconductor substrates for thereby
improving productivity and to reduce the frequency of breaking of gas inlet conduits for thereby saving
the running cost of the heat-treatment process. Solution to Problem 5[0010] Making extensive
investigations to attain the above object, the inventors have found that a furnace core tube for use in
heat treatment process is structured as a cylindrical shape tube which is provided at opposite ends
with openings d Orkaling acsidficieatsizedp albvwesemicongustorgubsinales tache.maved inder and out
of the core tu%e 2 Ii%és detacha IM mounted to the core ubt%go lock each opening to substantially

seal the core efe ESretuBe orﬁidﬁ%%%w e Ov"VMitfh Sthin gas %?&-g&ﬁe&-p}%pﬁ]tpgﬁfﬁﬁg gas 15

into the core tube, whereby the atmosphere within the furnace can be kept clean during heat

treatment, and the semiconductor substrage may, be mov, d into and out of the core tube and heat
. . . . [oNRu] o1l O Yo en

treated therein while the lids at opposite en d as necessary, whereby a

standby 20 tifrfECBétiveen batches during consecutive heat treatment can be reduced for thereby

improving productivit;m%gg_;l t,@%c%%@stk@g i;ﬁ]gg%tyg 2s &jsgmgjje g)@'@%igalﬁgeap%g)h%frequency of

breaking of gas inlet conduits is reduced and the cost 0f the core tube itself is reduced. kS a result, 25
the running coi 6fthe Hem®-tisairiehe prodesys cafdEsavdt: The ifiventioreis predicateoeorf these

findings. [0011 3 Aecordingly, the, inyention praddes; aliealligaimgntiimace as dgfined below. 30
(1A heat-treatment furnace for use in the heat treatment

shape tube which is provided at opposite ends with openings

10  having a sufficient size to allow semiconductor substrates to
be moved into and cut of the core tube, a 1lid is detachably
mounted to the core tube to block each opening to
substantially seal the core tube, the core tube or 1lid is
provided with a thin gas inlet conduit for introducing gas

15 into the core tube, whereby the atmosphere within the furnace
can be kept clean during heat treatment, and the
semiconductor substrates may be moved into and out of the
core tube and heat treated therein while the lids at opposite
ends are opened and closed as necessgary, whereby a gtandby

20 time between batchesg during consecutive heat treatment can be
reduced for thereby improving productivity. Since the core
tube is structured as a simple cylindrical shape, the
frequency of breaking of gas inlet conduits is reduced and
the cost of the core tube itgelf ig reduced. As a result,

25 the running cost of the heat-treatment process can be saved.
The invention is predicated on these findings.
[0011]

Accordingly, the invention provides a heat-treatment

furnace as defined below.

30 (1) A heat-treatment furnace for use in the heat treatment
of semiconductor substrates, comprising a cylindrical core

tube which is provided at opposite ends with openings having



of semiconductor substrates, comprising a cylindrical core tube which is provided at opposite ends
with openings having a sufficient size to allow semiconductor substrates to be moved into and out of
the core tube. (2) The heat-treatment furnace of (1), further comprising lids each of which is
detachably mounted to the core tube to 5 block the opening to substantially seal the core tube. (3)
The heat-treatment furnace of (1) or (2), further comprising thin gas inlet conduits penetrating through
the lids for inroduding gasrittostheeore tald.ow(43 imecheaiireatmeatiishaece ekamny ohe of (1) to (3),

lo further comprising tm as_ inlet conduits disposed near opposite ends of the core tube for
introducing é@;l%\{iet% tﬁe@c(greg %%e&u&)%ﬁeeatﬁ%%?m%ﬁ% urnace of any one of (1) to (4), further
comprising a {Rih gasThilet beaduitdisposet nedrtheats lonfitidinal Eentehef thecogre tabedor

introducing gas ifodhe gore tube; ) Theheatieaiment tymacesof any gae of (1) 10 (p), wherein the

opening in the core tube has an inner diameter which i$ at least 95% of the inner diameter of the core
tube 20 at th&tefter L7 PReRéaBtréatnsewst Avzcesof Hny treloft@y to (B)efurtHes comprising at

least one boatstationdispesed-oytside the core tybe. and inpreximity.to, the opgning, in the core tube,

the boat station carrying a boat having semiconductor 25 substrates rested thereon on standby. (8)
The heat-tre &RT8NE #irhage bRaRy ohe oftifio (IrRHeiein Bkéatkddatmertizmgahddetto diffuse a

p- or n-type dopaat {ie silicor Syhsialesya s (Arnkhe herl-tieatmentflunace of any one of (1) to (7), 30
wherein the heat treatment is intended to oxidize silicon substrates. Advantageous Effects of Invention
{4) The heat-treatment furnace of any one of (1} to (3),

10 further comprising thin gas inlet conduits disposed near
opposite ends of the core tube for introducing gas into the
core tube.

{5} The heat-treatment furnace of any one of (1) to {4),
further comprising a thin gas inlet conduit disposed near the

15 longitudinal center of the core tube for introducing gas into
the core tube.

(6) The heat-treatment furnace of any one of (i) to {(5),
wherein the opening in the core tube has an inner diameter
which is at least 95% of the inner diameter of the core tube

20 at the center.

(7} The heat-treatment furnace of any one of (1) to {6),
further comprising at least one boat station disposged cutside
the core tube and in proximity to the opening in the core
tube, the boat station carrying a becat having semiconductor

25 substrates rested thereon on standby.

(8) The heat-treatment furnace of any cne of (1) to (7),
wherein the heat treatment is intended to diffuse a p- or
n-type dopant into silicon substrates.

{9) The heat-treatment furnace of any one of (1} to (7),

30 wherein the heat treatment is intended to oxidize silicon

substrates.

Advantagecus Effects of Invention




[0012] The invention reduces a standby time between batches during consecutive heat treatment
of semiconductor substrates, thereby improving productivity. The core tube structured as s a simple
cylindrical shape reduces the frequency of breaking of gas inlet conduits, thereby saving the running
cost of the heat-treatment process. BRIEF DESCRIPTION OF DRAWINGS 10[0013] FIG.lisa
schematic cross-sectional view of one embodiment of the invention including a furnace core tube and
lids having g&sdnlet conduits. FIG. 2 is a schematic cross-sectional view of another 15 embodiment of
the invention including, a furnace core tube having gas jnlet conduits disposed near opposite ends and
at the lower side ther2aF ahA I TS, & 5 4 sehemant B sechinal e 575 Tl Embodiment
of the inventidmrincludimgras fonade eore20 tthehaviag a gas intet condditcisposedingar dlte senter
thereof. and ifs.. ., MG, 415 f.sehomalic apss sectionglaiaw of ong exemplantsiiuclure.of a
conventional furnace coretube. FIG. 5 is a schematic cross-sectional view of a eat-treatment flow
using orfe exenylaylseatstisatdent flrnabept tieeidveatorthe [FQUENSH sehematieking
cross sectiong! iy of et UsaimeRLlowsing, g ahes exeTeRlen BRATHEARRY IUnageeol the

- heat-treatment process.

BRIEF DESCRIPTION COF DRAWINGS

10 [0013]

FIG. 1 is a schematic cross-sectional view of one
embodiment of the invention including a furnace core tube and
lids having gas inlet conduits.

FIG. 2 is a schematic cross-sectional view of another

15 embodiment of the invention including a furnace core tube
having gas inlet conduits disposed near opposite ends and at
the lower side therecf, and lids.

FIG. 3 is a schematic cross-sectional view of a
further embodiment of the invention including a furnace core

20 tube having a gas inlet conduit disposed near the center
thereof, and lids.

FIG. 4 1s a schematic cross-sectiocnal view of one
exemplary structure of a conventional furnace core tube.

FIG. 5 ig a schematic cross-sectional view of a

25 heat-treatment flow using one exemplary heat-treatment
furnace of the invention.

FIG. 6 is a schematic cross-sectional view of a
heat-treatment flow uging another exemplary heat-treatment
furnace of the invention.

30 FIG. 7 is a schematic cross-gectiocnal view of a
heat-treatment f£liow using the conventional heat-treatment

furnace.



30FIG. 7 is a schematic cross-sectional view of a heat-treatment flow using the conventional
heat-treatment furnace. FIG. 8 illustrates a time sequence of heat treatment using one exemplary
heat-treatment furnace of the invention. FIG. 9 illustrates a time sequence of heat treatment using
another exemplary heat-treatment furnace of the s invention. FIG. 10 illustrates a time sequence
of heat treatment using the conventional heat-treatment furnace. DESCRIPTION OF EMBODIMENTS
10[0014] Embodintents of e inyentier are;desaribeskhplewda demihwiilk referensrterthe
drawings, but the invention is not limited thereto. Throughout the drawingfs to illustrate the
embodiment&Sies FAVnG THaBAmREfu H@ﬁo%_stgr%aﬁggﬁgﬁﬁgﬁao%i ndthErald &RE tHRER iterative
description is omittedr@0159 i1 Ri6t tdltusiraies theestauciurenafonefexeraplary eatentibe included
in the heat-treatment fur ah?e of the inantionhzo {QE'G- %ma %@inj(:jrical core tgLJb% 1 has openings 2a,
2b at axially o5F I%%Eit&&%a 373 5p85§§{nep efids and s concentrica y en%ﬁ%%aeoyoa cyﬁ]r?drical heater 4
which is snstalleddntaileat-treatment furnace (not shown). A boat 6 on which semiconductor
substrates 5 are rest ay ed into,and 25 out of the core tubegw ugh ejther one of the
openings 2a, 2b. The%glp@ehir%gg ia,Yz Sr%ra?/ eessﬁbs%ﬁnt?al@eb%l&%%ear? sea%a b%/r“edasgy\é-:; ,
respectively. Thedipistre Zhoaresintetpalbyl plovidedowith thisgas fnleheorduits 8a, 8b which penetrate
through the lids 7a, 7b in a gas-tight manner for

DESCRIPTION OF EMBODIMENTS

10 [o014]

Embodiments of the invention are described below in
detail with reference to the drawings, but the invention is
not limited thereto. Throughout the drawings to illustrate
the embodiments, parts having the same functions are

15 designated by like numerals and their iterative description
is omitted.
{00157}
FIG. 1 illustrates the structure of one exemplary core
tube included in the heat-treatment furnace of the invention.
26 In FIG. 1, a cylindrical core tube 1 has openings 2a, 2b at
axially or longitudinally opposite ends and ig concentrically
encloged by a cylindrical heater 4 which is installed in a
heat~treatment furnace (not shown). A boat 6 on which
semiconductor substrates 5 are rested may be moved into and
25 out of the core tube through either one of the openings 2a,
2b. The openings 2a, 2b may be substantially blocked and
sealed by lids 7a, 7b, respectively. The lids 7a, 7b are
integrally provided with thin gas inlet conduits 8a, 8k which
penetrate through the lids 7a, 7b in a gas-tight manner for
30 introducing gas into the core tube. With the iidsg 7a, 7b
closed, gas can be fed from the selected one of gas inlet
conduits 8a, 8b. The gas inlet conduits 8a, 8b need not

necessarily be integrated with the lids 7a, 7b or protruded



30 introducing gas into the core tube. With the lids 7a, 7b closed, gas can be fed from the selected one
of gas inlet conduits 8a, 8b. The gas inlet conduits 8a, 8b need not necessarily be integrated with the
lids 7a, 7b or protruded from the lids 7a, 7b. A separate structure is acceptable which consists of
bores in the lids 7a, 7b and gas inlet conduits such that the conduit may be fixedly engaged in the bore
by snug fit. [0016] FIG. 2 illustrates the structure of another exemplary core tube included in the
heat-treatmeni-turnace of ikisinvention: In BlG ehareylindecaloore tubel & hasepenings:2a, 2b at

axially or longitudinally opposite e 10 and thin_gas inlet conduits 9a, 9h disposed near the opposite
ends and at t kla %gve%)%rlldgegﬁ%se &?ﬁ: Gbe T i%%o%%%n?ﬂ“caﬁy Zﬁéloségd %9%;1 gy%%dﬁ%%ﬁt]:eater 4 which
is installed incavhéat-treatment fuirecet(not skoviin)i tA heat Gen Wwihiehl $gmecardyetorisubstrates 5 are
rested may bg rxngv%d 15511iQtO '%uldC out of the core tube through either one of the openings 2a, 2b. The
openings 2a, 25 mayybe sugstantlailly blocked and sealed by lids 7a, 7b, respectively. With the lids 7a,

7b closet, gdg)6an be fed from the selected one of gas inlet conduits 9a, 9b. The gas inlet conduits 9a,

9b 20 need not nece%i]y Qe #%tﬁggag%gg\g@ Qtrh%rogyggg E@%t@fcgﬁéwg ;efé?h% ) structure

is acceptable which consists of bores and gas inlet conduits such that the conduit may be fixedly
engaged in theberd BYsnigdit YOed7Lr5RIGE Jiastraesahasttctivaphaduiertédéemplary core

tube included in e heal-tregimentdurnace of 1he inyention InFJG. 3, geylindrigal core tube 1" has

openings 2a, 2b at axially or longitudinally opposite ends and a gas inlet conduit 8c disposed near the
longitudinal 3PEER@E andat tRE® uppersidalthe ebrel kel s toAcentricRRPEALIBSERBT a

cylindricgl heater 4 whichiisdnstalled in-a heat-treapentiyrpace (ot shawn). A Reabgenwhich
semiconductor substrates 5 are rested may be moved into and out of the core tube through either one
of the ends and at the lower gide. The core tube 1' is

concentrically enclosed by a cylindrical heater 4 which is

installed in a heat-treatment furnace (not shown). A boat 6

on which semiconductor substrates 5 are rested may be moved

15 intc and out of the c¢ore tube through either one of the
openings 2a, 2b. The openings 2a, 2b may be substantially
blocked and sealed by lids 7a, 7b, respectively. With the
lids 7a, 7b closed, gas can be fed from the selected cne cof
gas inlet conduits %a, 9b. The gas inlet conduits %a, 9b

20 need not necessarily be integrated with or protruded from the
core tube 1'. A separate structure ig acceptable which
congists of bores and gas inlet conduits such that the
conduit may ke fixedly engaged in the bore by snug fit.

[0017]

25 FIG. 3 illustrates the structure of a further
exemplary core tube included in the heat-treatment furnace of
the invention. In FIG. 2, a c¢ylindrical core tube 1" has
openings 2a, 2b at axially or longitudinally opposite ends
and a gas inlet conduit 8¢ disposed near the longitudinal

30 center and at the upper gside. The core tube 1" isg
concentrically enclosed by a cylindrical heater 4 which is
installed in a heat-treatment furnace (not shown). & boat &

on which semiconductor substrates 5 are rested may ke moved



openings 2a, 2b. The openings 2a, 2b may be substantially blocked and sealed by lids 7a, 7b,
respectively. The lids 7a, 7b are integrally provided with thin gas inlet conduits 8a, 8b which penetrate
through the lids 7a, 7b in a gas-tight manner for introducing gas into the core tube. With the lids 7a, 7b
closed, gas can be fed from the selected one of gas inlet conduits 8a, 8b, Sc. If gas is fed into the core
tube from the gas inlet conduit Sc with the lids 7a, 7b kept open, 10 then the gas may flow toward the
openings 2a,i2lx.d hehgasinletogoneuwts Ser 8b L bedeer ol siecessatidy-berktegratedavith or
protruded from the, lids 7a, 7b or core tube 1". A,se%)?arate structure is acceptable which consists of

bores and gad ikt CBRdARS sath thatifie WRBuRFFay Be fixEdR)Ps &SyayEatihaRE Hdtre by snug fit.
[0018] The coxe tubedidscanid-gavinlatichnduids used heegipace typidally made af high-parity
quartz, high-purity silicon _carbide. (SiC) or similar material in order that the 20 components are
resistant to tﬁg) h%ﬂete%nnpteergﬁa}ejé(h%%f) ??égt]?ncgen 12%% é%%lﬁleeqpa eJT:lﬁrnea{:ceclﬁflegr]}%)lr%feagn‘—’.1 10019]
The sizesof ti#é ceteltuiheds met paricutdilydimited ehelinder demeter afthe gpeningssatopposite
ends of the 25 corertulge ma){l%% sged S0 as to allo (t)h emicondu? resubsg%%c%ggin ,%'oat to be

moved into and 6Ut of the core tu%el,igﬁg ¥ Brae?er]é% y at east 9% of the inner diameter of the core

tube at the c&rter,7and-typicafly evpal tetheliendrediafmeater dfithe wole tubedatthe cehtera80[ 0020]
The gas inlet.conduits S.a{gogtgr diameter of prefe t%y plo25 m{nﬁg’gor@q%reé%rgglyt% {0 20 mm,
y ra [

an inner diameter of preferably 3 to 20 mm, more pref ly 5to 15 mm, and a protrusion length of
preferably 50E66CR00 Frem Sanore- preferabEoa to §50wih Wiken thedgas/imlet Bondais appen,

10 then the gas may flow toward the openings 2a, 2b. The gas
inliet conduits 8a, 8b, 8c¢ need not necessarily be integrated
with or protruded from the lids 7a, 7b or core tube 1". A
separate structure is acceptable which consists of bores and
gas 1inlet conduits such that the conduit may be fixedly

15 engaged in the bore by snug fit.

[0018]

The core tube, lids, and gas inlet conduits used
herein are typically made of high-purity quartz, high-purity
silicon carbide (8iC) or similar material in ordexr that the

20 components are resistant to the high temperature of heat
treatment and can keep the furnace interior clean.

[0015]

The size of the core tube is not particularly limited.
The inner diameter of the openings at opposite ends of the

25 core tube may be gized so as to allow the semiconductor
substrate~carrying boat to be moved into and cut of the core
tube, and is preferably at least 95% of the inner diameter of
the core tube at the center, and typically equal to the innerx
diameter of the core tube at the center.

30 [0020]

The gas inlet conduits have an outer diameter of
preferably 5 tc 25 mm, more preferably 10 to 20 mm, an inner

diameter of preferably 3 to 20 mm, more preferably 5 to 15 mm,
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provided near opposite ends and at lower side of the core tube as shown in FIG. 2, the gas inlet
conduits are 5 preferably spaced inward a distance of 10 to 200 mm, more preferably 20 to 150 mm
from the openings. [0021] Though not shown in FIGS. 1 to 3, besides the core tube, at least one
boat station is preferably provided 10 outside the core tube and in proximity to the opening where the
boat 6 having substrates 5 rested thereon is on standby. More preferably at least one boat station is
provided at aaprédetermined distance=friomieach qpeniegabie/baat statiom mayrhe made of the same

material as the care tube, li dil s inlet conduits. The size of the boat statign is not particularly
gore,Lube, 05 And 19 ggs let cgpduits, | :

limited as Ior%ras ft&no &t to stan%}r%'y. or exampﬁe,géSL Boat 'station %vfﬁb 2 wall thickness of

4 mm, a lengtiro¥ 1089 measy anckeeddthof200smemand definmgansardaatefcuriied surface with a

radius of 100_mm and an, 20 anglg cg]_ag_.mgy bghues_ed. OOZHZJe - ggglpfgt-treatment process using

u .7 . ale .
the heat-treatment fﬁrnace oﬁhe Invention is described. §em|con uctor suﬁstrates are heat treated in
the heatstreapmefeforidce 2bzomprisingardore tibeteiithe strictlfe s shoWmin FIGS:< to 3.

Preferably a E‘@EEW&%WSZS(PC@O""%%@% nﬂo&ﬁntq{eoglggﬁﬁggr_od uced from the gas inlet conduit

while the high-purity gas may escape from the furnace through a Small gap between the lid and the
core tube. Tho§as-flow prevents 30 the ambient air from entering the furnace and keeps the

atmosphere in the furpagg glean-qduring.heatitreaiment. Then,an arfgy of semieenpdyctor.substrates on

the boat positioned at the center of the core tube can be heat treated without a substantial loss of the

carrier lifetime“étehe 3 micdducdicsUtidtrates-30023) 1is preferably provided

1¢ outside the core tube and in proximity to the opening where
the boat 6 having substrates 5 rested thereon is on standby.
More preferably at least one beoat station igs provided at a
predetermined distance from each opening. The boat station
may be made of the same material as the core tube, lids, and

15 gas inlet conduits. The size of the boat station ig not
particularly limited as long as it allows the boat to stand
by. For example, a boat station having a wall thickness of 4
mm, a length of 1,000 mm, and a width of 200 mm and defining
an arcuate curved surface with a radius of 100 mm and an

26 angle of 60° may bpe used.
{0022}

The heat-treatment process using the heat-treatment
furnace of the invention is described. Semiconductor
substrates are heat treated in the heat-treatment furnace

25 comprising a core tube of the structure as shown in FIGS. 1
to 3. Preferably a high-purity gas such as argon, nitrogen
or oxygen is introduced from the gas inlet conduit while the
high-purity gas may escape from the furnace through a small
gap between the lid and the core tube. The gas flow prevents

30 the ambient air from entering the furnace and keeps the
atmosphere in the furnace clean during heat treatment. Then
an array cf semiconductor substrates on the boat positioned

at the center of the core tube can be heat treated without a
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Next, specific heat-treatment processes are described. S FIG. 5 illustrates an exemplary
heat-treatment flow using a heat-treatment furnace comprising a core tube according to the invention
and FIG. 8 illustrates a time sequence of this heat treatment. The core tube in FIG. 5 is the same as in
FIG. 1. 10 (1) A predetermined number of semiconductor substrates 5 are rested on the boat 6, which
stands by at the boat station 10a (FIG. 5(a) and FIG. 8 (i)). The substrates used herein may be p- or
n-type silicorssulsstratdsi erlthedike. (R) With thedidi 2ar ol theedonedube 1topeneet: iheoboatcd &5 having
semiconductgt suhstrates 5 rested thereon is forcedly moved from the boat station 10a to a
predetermined position at the furnace center (FIG. 5(a) and FIG. 8 (ii)). (3) With the lid 7a closed, the
semiconductdP§ddstrates 5 are heat treated according to a predetermined thermal profile 20(FIG. 5(b)

and FIG. 8 (iii)). In thggase otdapant diffysion treatment. for examnle.tbe aimosghere may.pe an

inert gas such as nitrogen or argon, or oxygen, phosphorus oxychloride, diborane or the like. The
treatmerft terfipératire lahth iR are hot pafitemhaiitdieas taspedysiith theo?s nedexsaty diffusion

profile, oxidefilmthickaess.and ofhsrfactors.chhsrinyention, becoraes mare gitective ipthe.event of a

brief heat treatment profile. During boat insertion and heat treatment, a high-purity gas such as

nitrogen, argbR®r SRYGEHTF iy BEfedF 36 frofn thel g mfdiednduft Bh%oIREPaRE SuRhcit@rior

clean. (4) Afigsdhe heatirgaiment, the lid 7bds epsaed andrthe koats having semicondyctor
substrates 5 rested thereon is moved from the predetermined position in the furnace to the boat

station 10b ahd%oofed for 10 to 30 minutes (FIG. 5(c) and FIG. 8 (iv)-(Vv)). During movement of the
boat intpwandaut of the-eare-lubei adHghrRMABLIRF SIS BN o 2rIANRP4/0en ay he fed

from the gas inlet conduit 8a at a flow rate of 5 to 50 L/min to keep the furnace interior clean.
rested on the beoat 6, which gtands by at the boat station 10a
(FIG. 5(a) and FIG. 8 (i)). The substrates used herein may
be p- or n-type silicon substrates or the like.
{(2) With the 1id 7a of the core tube 1 opened, the boat 6
15 having semiconductor substrates 5 rested thereon is forcedly
moved from the boat station 10a to a predetermined position
at the furnace center (FIG. 5(a) and FIG. 8 (ii)).
(3} With the 1lid 7a closed, the semiccnductor substrates 5
are heat treated according to a predetermined thermal profile
20 (FIG. 5{(b) and FIG. 8 (iii)). In the case of dopant
diffusion treatment, for example, the atmosphere may be an
inert gas such as nitrogen or argon, or oxygen, phosphorus
oxychloride, diborane or the like. The treatment temperature
and time are not particularly limited as they vary with the
25 necessary diffusion profile, oxide f£ilm thickness and other
factors. The invention becomes more effective in the event
of a brief heat treatment profile.
During boat insertion and heat treatment, a
high-purity gas such as nitrogen, argon or oxygen may be fed
30 from the gas inlet conduit 8b to keep the furnace interior
clean.
(4) After the heat treatment, the 1lid 7b is opened, and the

boat 6 having semiconductor substrates 5 rested thereon is
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[0024] This embodiment including two boat stations has the 10 advantage of reduced standby time in
that when the boat is taken out of the core tube and cooled at one boat station 10b, a boat of a next
batch may be moved from the other boat station 10a into the core tube. These boats may be moved
into and out of the core tube at the same time. Notably, a 15 rod of high-purity quartz (not shown) may
be used in moving the boat into and out of the core tube. [0025] FIG. 6 illustrates another
exemplary heatvtegatinemt flohveusing ddisatdreatienb firnacercomptisingfacoredtabe 20taecording to

the invention and FIG. 9 illustr a time sequence of this heat treatment, The tuhe,in,FIG. 6 is
the same a:}lar? #G%agc%l%ﬁA %ﬁ%eﬁ&miﬁ% n%@nk?eorroquaem%%org(?uc[%rn élutbes?rafgsi% ar%e lgggted on the
boat 6, whiclastands by & thé bbat station 10a 25(FIG. 6(a) and FIG. 9 (i)). (2) With the lid 7a of the

core tube 1" opened,ﬁt&q_,pﬁgt glgggmgn%ergilgogﬂgct%ggbsitmggs gr{gsgqgtthggqu(g fg ?gly moved

from the boat station 10a to & predetermined position at the furnace center (FIG. and FIG. 9 (ii)).
30(3) Whh theuleE7a glosedhttelsarhiconddctdr sbbstFates Sragdivat 3eated ascordirgeo aay

predeterminggl thegmak prafile. (RIGy 8(b) and E1G -2 i) Teeating conditigps,may bg she same as
above. (4) After the heat treatment, the lids 7a, 7b are simultaneously opened. The boat 6 having
semiconductdf skistidtes S resri thatediisnABsed bRt iHepredeftmined position in the furnace to
the boat statipggtQfy while another boat having fresh substrates rested thereon is moved from the boat

station 10a to the predetermined position in the furnace. With the lids 7a, 7b closed, heat treatment is

carried out as above. S FREDSGT BRBTFIEROIHA SR (HYRi) CPRE aBbdé bpefatitirmalde repeated
to treat:furthersubstrates. 49(0Q260) ceq RydRGAPVemant of the.heatjptaang eubektheicore tube, the

furnace interior may be kept clean by feeding a high-purity gas such as nitrogen, argon or oxggen from

the gas inlet E8KETt Sehedf tid forgRh8inaleen@Rof fRodgg at one boat station 1

a boat of a next batch may be moved from the other boat
station 10a into the core tube. These boats may be moved
into and out of the core tube at the same time. Notably, a
15 rod of high-purity quartz (not shown) may be used in moving
the boat into and out of the core tube.
[0025]
FIG. 6 illustrates another exemplary heat-treatment
flow using a heat-treatment furnace comprising a core tube
20 according to the invention and FIG. 9 illustrates a time
sequence of this heat treatment. The core tube in FIG. 6 is
the same as in FIG. 3.
(1} & predetermined number of semiconductor substrates 5 are
rested on the boat 6, which stands by at the boat staticn 10a
25 (FIG. é6(a) and PFIG. ¢ (i)).
(2) With the 1id 7a of the core tube 1" opened, the boat 6
having semiconductor substrates 5 rested thereon is forcedly
moved from the boat station 10a to a predetermined position
at the furnace center (FIG. 6{(a) and FIG. 9 (ii)).
30 (3} With the 1id 7a closed, the semiconductor gubstrates 5
are heat treated according to a predetermined thermal profile
(FIG. 6{b) and FIG. 9 (iii)). Treating conditions may be the

game as above.
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15 tube 1" and discharging the gas through small gaps between the lids 7a, 7b and the openings 2a,
2b at opposite ends of the core tube. In this embodiment as well, the standby time may be further
reduced by moving the heat treated boat out of and moving a next boat into the core tube at the same
time. 20[002 7] In the practice of the invention, the structure of the heat-treatment furnace
accommodating the core tube defined herein is not particularly limited as long as it is a horizontal
furnace having a cyfindricat heateranctossag thenre cutestubed028] 7b Tdmecheat-treatment furnace

of the inventiggr@% ?%efﬁjl @ucalr}ra/in% out g'ue h@ﬁg tr%%tarpcer% c:gas“e}%ilconsdur%()crosrg%gtr@te; and
advantageous par |Clﬁaﬁy wheh the 30 semiconductor substrates ate siicoR sUbstrates intended for
the fabricatiosdfsolarcelis Sspesificadly foediffasiondreatmedt 6fqerortiney perddedsimtorsikicon

substrates and oxidation ireatment,of silicon substiates, Besides the dopayt diffysion fiearment and
substrate oxidation treatment, the furnace may be advantageously utilized in any heat treatments
which aré calieitolta BisorfZontdl fariaeer EXAMPEES§002d]le rechExdmphlesvat Comparitve

Examples arg givendielow ar fusther Jlusiiating the inveption.pusdas inveptien is pat ligiggd thereto.
10[0030] Example 1 Lapped boron-doped p-type silicon waters having a diameter of 100 mm, a

thickness of Y04 fim-&fd fek@soriEhtatich CL00Y$fepdredbythe A RiEth6d (RRIviE 18t as
above. See FIG. 6(a) and FIG. 2 (iv} and (i)-{iii). The

above operation may be repeated to treat further substrates.
10 [00z26]

During movement of the beoat into and out of the core
tube, the furnace interior may be kept clean by feeding a
high-purity gas such as nitrogen, argon or oxygen from the
gas inlet conduit 8c near the longitudinal center of the core

15 tube 1" and discharging the gas through small gaps between
the lids 7a, 7b and the openings 2a, 2b at opposite ends of
the core tube. In this embodiment as well, the standby time
may be further reduced by moving the heat treated boat out of
and moving a next boat into the core tube at the same time.

20 [0027]

In the practice of the invention, the structure of the
heat-treatment furnace accommodating the core tube defined
herein ig not particularly limited as long as it is a
horizontal furnace having a cylindrical heater enclosing the

258  cure tube.
[0028]

The heat-treatment furnace of the invention is useful
in carrying out the heat treatment of sgemiconductor
substrates and advantagecus particularly when the

30 semiconductor substrates are gsilicon substrates intended for
the fabrication of sclar cells, specifically for diffusion
treatment of p- or n-type dopant into silicon substrates and

oxidation treatment of silicon substrates. BRegidesgs the
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is Q-cm) were provided. Ten lapped wafers were manually arrayed on a boat of high-purity quartz
having a length of 540 mm, a width of 100 mm, and a height of 30 mm, and having 100 channels at a
pitch of 2.5 mm. 20[0031] The heat-treatment furnace of the invention included, as shown in FIG.
1, a quartz core tube 1 of outer diameter 150 mm, inner diameter 142 mm, and length 3,000 mm,
provided at opposite ends with openings of inner diameter 142 mm, and 25 lids 7a, 7b each
comprising adguertzdisk Of diainetet 28 merandthickness drmae cosylifeticahquarézhaxnt outer
diameter 14]15}"3L mrpua}:r}ga\évidth 50 m gjﬁj\pnﬂ on%%qltotl}?e C]CISl , andcf gas inlet conduit 8a or 8b of
inner diameté&r's mm pene?ralﬁnét roug the disk and the box. S herboaar%tar?(?by position before
and after heatrtesdtment,sbodt stationsof dagh=padtyoquarizieactbaningabaall thickress.of 4 mm, a
length of 1,000 mm, and a width of 200 mm and defining an arcuate curved surface with a radius of
100 mm and an angle of 60 were provided. Each boat station was spaced 250 mm from the opening in
the core®ube. The distance from the boat standi@yxpdStfiétat the center of the boat station to the heat
treatment po%igggeﬂt the center 5 of the core tube was 2,250 mm. [0032] For each heat treatment
batch, the insertion preparatory time (standby time) taken for setting the boat on the boat station was
about 1 minute per b&€ANRAG the FcSBRNGAINAE tifter Fanral ©f tie Redtireatedeados was15

minutes per Raichy . - favatz od having & lengthaf;2,000 mym ang.an gyier diametes gf 1 mm and

having a boss of 30 mm height protruding perpendicular to the longitudinal direction was is provided
for moving thelBdatSAto-&%d 6&Cof the core tube. The rod was mounted in a full automatic boat loader
whereby,the pggt was moved into and out of the core tube at a constant speed of 200 mm/min. [0033)

Example 1
Lapped boron-doped p-type silicon wafers having a

diameter of 100 mm, a thickness of 200 um and face

orientation (100) prepared by the CZ method (resistivity 1-3

15 Q-cm} were provided.
Ten lapped wafers were manually arrayed on a boat of
high-purity quartz having a length of 540 mm, a width of 100
mm, and a height of 30 mm, and having 100 channels at a pitch
of 2.5 mm.
20 [0031]
The heat-treatment furnace of the invention included,
as shown in FIG. 1, a quartz core tube 1 of outer diameter
150 mm, inner diameter 142 mm, and length 3,000 mm, provided
at opposite ends with cpenings of inner diameter 142 mm, and
25 1lids 7a, 7b each comprising a quartz disk of diameter 170 mm
and thickness 4 mm, a c¢ylindrical guartz box of outer
diameter 141.5 mm and width 50 mm fusion bonded to the disk,
and a gas inlet conduit 8a or 8b of inner diameter & mm
penetrating through the disk and the box.
30 As the boat standby position before and after heat
treatment, boat stations of high-purity gquartz each having a
wall thickness of 4 mm, a length of 1,000 mm, and a width of

200 mm and defining an arcuate curved surface with a radius
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20The heat-treatment furnace was normally set at 830C, and the boat was moved therein. Phosphorus
was deposited for 40 minutes and then driven in at 830C for 17 minutes to effect deeper phosphorus
diffusion. Thereafter, the boat was taken out. 25The gas composition for heat treatment was a gas
mixture of 20 L/min nitrogen, 0.3 L/min oxygen, and 0.45 L/min phosphorus oxychloride (POC13)
during phosphorus deposition, and a gas mixture of 20 L/min nitrogen and 0.3 L/min oxygen during
other steps ingluding standby; ligBGepaning/elasing vasertion anddemovak ot thesbeat, and drive-in.
Under these conditions, diffusion heat treatment was cayried out in accqordance with the heat treatment
flow of FIG. 5 5REIRE RS s SRR ot H1G™8. 16634 Exarmpie™ ™9 A qblifiz TIFE tite°6F outer
diameter 150rmm dpeeadiametenid 2 nam bard lengih 300 0cma, thiavingsepenisgs oh sdanerfdiameter

142 mm at o osige ends gng a %as inlet conguit of jtnner diam%ter 5 mm, at a position spaced a

. oat g lP O.thF eat tre t%ﬁﬁ os%%ﬁon %% the t§r
distance of 1, mm from the fongitudinal opposite ends or the core tube as Shown in . 3'was
provideds Using thiessame semi¢enductor substrates.and 10 heat-treatment furnace as in Example 1
aside from th N tube of the above structure, diffusion heat treatment was carried out in accordance
with the heat treatiment flow of FIG. 6 and the time sequence of FIG. 9. [0035] 15 Comparative
Example 1 For each heat treatment batch, the insertion

preparatory time (standby time) taken for setting the boat on
the boat station was about 1 minute per batch, and the

10  cooling time after removal of the heat treated boat was 15
minutes per batch.

A quartz rod having a length of 2,000 mm and an outer
diameter of 15 mm and having a boss of 30 mm height
protruding perpendicular to the longitudinal directicn was

15 provided for moving the boat into and out of the core tube.
The rod was mounted in a full automatic boat loader whereby
the boat was moved intc and out of the core tube at a
constant speed of 200 mm/min.

[0033]

20 The heat-treatment furnace was normally set at 830°C,
and the boat was moved therein. Phosphorus was deposited for
490 minutes and then driven in at 830°C for 17 minutes to
effect deeper phosphorus diffusicn. Thereafter, the boat was
taken out.

25 The gas composition for heat treatment was a gas
mixture of 20 L/min nitrogen, 0.3 L/min oxygen, and 0.45
L/min phosphorus oxychloride (POCl;) during phosphorus
deposition, and a gas mixture of 20 L/min nitrogen and 0.3
L/min oxygen during other steps including standby, 1lid

30 opening/closing, insertion and removal of the boat, and
drive-in. Under these conditions, diffusion heat treatment
was carried out in accordance with the heat freatment flow of

FIG. & and the time sequence of FIG. 8.

-16-



As shown in FIG. 4, a conventional quartz core tube of outer diameter 150 mm, inner diameter 142
mm, and length 3,000 mm, having an opening of inner diameter 142 mm at one end and a gas inlet
conduit of inner diameter 5 mm at the 20 other end, and a lid comprising a quartz disk of diameter 170
mm and thickness 4 mm and a cylindrical quartz box of outer diameter 141.5 mm and width 50 mm
fusion bonded to the disk were provided. Using the same semiconductor substrates and 25
heat-treatmehffFAdce as in Example 1 aside from the core tube and lid of the above structure,
diffusion he%;_rgﬁﬁg%ntzwas carried out in accordance with the heat treatment flow of FIG. 7 and the
time sequence of FIG. 10. [0036] 30The substrates obtained in Examples 1 and 2 and Comparative
Example 1 were evalfaf@dBiFthecolibwingestet 19skHest festdighed meauidmeAner The
substrate wagigrearsed in 25:i% kot 4ryinutes tempye theglass epating, insed with
deionized water, and dried. The sheet resistance was measured at the wafer center by the four-probe
analysis® 5 2y BURQifSHRBShEAsdrameit 2t HRPSHIHFAE WS iAfifeRe83F 2575 KOH at 70C for
10 minutes te semave the diffusion l@yamdinsed withimdeionizegdvater dmmerseddn 4 wt% HF for 1
minute to be water repellent, and subjected to chemical passivation by the 10 iodine methanol method.

The bulk lifefih8 WHEmeBSuredy tHE micr6iP CBMmefhidd - S et difBEISH Heat FR3fmEAt was
consecutivelygarriesi-euty the-tise taken/ner hatehwof heatireatimentiwasi measured.

Using the same semiconductor subgtrates and
10 heat-treatment furnace as in Example 1 aside from the core
tube of the above structure, diffusion heat treatment was
carried out in accordance with the heat treatment flow of FIG.
6 and the time sequence of FIG. 9.
[0035]

15 Comparative Example 1

As shown in FIG. 4, a conventional quartz core tube of
outer diameter 150 mm, inner diameter 142 mm, and length
3,000 mm, having an opening of inner diameter 142 mm at one
end and a gas inlet conduilt of inner diameter 5 mm at the

20 other end, and a lid compriging a quartz disgsk of diameter 170
mm and thickness 4 mm and a cylindrical guartz box of outer
diameter 141.5 mm and width 50 mm fusion bonded to the disk
were provided.

Using the same semiconductor substrates and

25 heat-treatment furnace as in Example 1 aside from the core
tube and 1id of the above structure, diffusion heat treatment
wags carried out in accordance with the heat treatment flow of
FIG. 7 and the time seguence of FIG. 10.

[0036]
30 The substrates obtained in Examples 1 and 2 and

Comparative Example 1 were evaluated by the following tests.

1} Sheet registance measurement
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15[0037] Table 1 Example 1 Example 2 Comparative Example 1 Average sheet resistance (Q/0) 62.2
62.7 62.4 Average bulk lifetime(sec) 612 603 608

1c

i5

20

The substrate was immerged in 25 wt% HF for 4 minutes

to remove the glass coating, rinsed with deionized water, and

dried. The sheet registance was measured at the wafer center

by the four-probe analysis.

2y Bulk lifetime measurement

The substrate was immersed in 25 wt% KOH at 70°C for
10 minutes to remove the diffusion layer, rinsed with
deionized water, immersed in 1 wt% HF for 1 minute to be
water repellent, and subjected tc chemical passivation by the
iodine methanol method. The bulk lifetime was measured by

the micro-PCD method.

3) When diffusion heat treatment wag consecutively carried

out, the time taken per batch of heat treatment was measured.
[0037]
Takle 1
Comparative
Example 1 Example 2 Example 1

Average sheet resistance (£/[1) 62.2 62.7 62.4
Average bulk lifetime (usec) 612 603 608
Time per batch of diffusion (min) 67 53 82

[0038]

Examples 1 and 2 display meagurement results of sheet
resistance and bulk lifetime which are comparable to those of
Comparative Example 1 while achieving a substantial saving of

the time taken per batch of diffusion.
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Time per batch of diffusion (mm) 67 53 82 [0038] 20Examples 1 and 2 display measurement results of
sheet resistance and bulk lifetime which are comparable to those of Comparative Example 1 while
achieving a substantial saving of the time taken per batch of diffusion. Reference Signs List [0039] 1,
1', 1", 21: core tube 2a, 2b, 22: opening 54, 24: heater 5, 25: semiconductor substrate 6, 26: boat

Reference Signg List

[0039]
i, 1+, 1w, 21: core tube
2a, 2b, 22: opening
5 4, 24: heater
5, 25: sgemiconductor substrate
6, 26: Dboat
7a, 7b, 27: 1lid
8a, 8k, 8c, 9a, 9b, 23: gas inlet conduit

10 10a, 10b, 30: Dboat station
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7a, 7b, 27:lid  8a, 8b, Sc, 9a, 9b, 23: gas inlet conduit 1010a, 10b, 30: boat station CLAIMS: 1. A
heat-treatment furnace for use in the heat treatment of semiconductor substrates, comprising a
cylindrical core 5 tube which is provided at opposite ends with openings having a sufficient size to
allow semiconductor substrates to be moved into and out of the core tube. 2. The heat-treatment
furnace of claim 1, further 10 comprising lids each of which is detachably mounted to the core tube to
block the openi substantially seal the core tube. 3. The heat-treatment furnace of claim 1 or 2,
further is comprising thin gas inlet conduits penetrating through the lids for introducing gas into the
core tube. 4. The heat-treatment furnace of any one of claims 1 to 3, further comprising thin gas inlet
conduits disposed nefir 26 dppbsits ERGS bf tE B8reGub&Foriffrodticiig GaSAto thETordie. 5.
The heat-treaiment firnane of any omelof laimss], ta-dnioirther aemarising:athin gas irnlet-eonduit
dBpose%ne%dgg which is provided at opposite ends with openings having
a sufficient size to allow semiconductor substrates to be

moved into and out of the core tube.

2. The heat-treatment furnace cof claim 1, further
10  comprising lids each of which is detachably mounted to the
core tube to block the opening to substantially seal the core

tube.

3. The heat-treatment furnace of c¢laim 1 or 2, further
15  comprising thin gas inlet conduits penetrating through the

lide for introducing gas into the core tube.

4, The heat-treatment furnace of any one of claims 1 to 3,
further comprising thin gas inlet condults disposed near
20 opposite ends of the core tube for introducing gas into the

core tube.

5. The heat-treatment furnace of any one of claims 1 to 4,
further comprising a thin gas inlet conduit disposed near the
25 longitudinal center of the core tube for introducing gas into

the core tube.

6. The heat-treatment furnace of any one of claims 1 to 5,
wherein the opening in the core tube has an inner diameter
30 which is at least 95% of the inner diameter of the core tube

at the center.
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25 longitudinal center of the core tube for introducing gas into the core tube. 6. The heat-treatment
furnace of any one of claims 1 to 5, wherein the opening in the core tube has an inner diameter 30
which is at least 95%- of the inner diameter of the core tube at the center. 7. The heat-treatment
furnace of any one of claims 1 to 6, further comprising at least one boat station disposed outside the
core tube and in proximity to the opening in the core tube, the boat station carrying a boat having
semiconductér subStrgted eested tirerevah standby:e8 Sthehratcreatmentirnace of &y 6ne of

claims 1 to 7y whereip the hieat regtment i ntepdeg Lo QHE’EG&BE%Q{%&%%%%% ntecsljepn
substrates. 9. The heat-treatment furnace of any one of claims 1 to 7, whereih the heat treatment is
intended to GligizE€BlRoRWeMSEBERsIN proximity to the opening in the core

tube, the boat station carrying a boat having semiconductor

s substrates rested thereon on standby.

8. The heat-treatment furnace of any one of claims 1 to 7,
wherein the heat treatment is intended to diffuse a p- or
n-type dopant into silicon substrates.

10
9. The heat-treatment furnace of any one of claims 1 to 7,
wherein the heat treatment is intended to oxidize silicon

substrates.

R



