DESCRI PTI ON  SI LI CON WAFER SUPPORTI NG METHOD, HEAT TREATMENT JI G AND

HEAT- TREATED WAFER TECHNI CAL FI ELD [ 0001] The present invention relates to
a method of supporting a silicon wafer on the back side thereof on the
occasion of heat treatnent thereof, a heat treatnent jig for heat treatnent
of a silicon wafer, and a heat-treated wafer obtained by heat treatnent.
BACKGROUND ART [0002] In the process for silicon wafer production, there
are a nunber of steps in which sﬁ%i& &ﬁ%ﬁrs directly contacted and
supported on their back sides by S 338 g nenber are subjected to heat
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1 BACKGROUND ART
[0002]

In the process for silicon wafer production, there are
a number of steps in which silicon wafers directly contacted
and supported on their back sides by a supporting member are
subjected to heat treatment. For example, a heat treatment
step using a vertical boat, an RTA (rapid thermal annealing)
step, a single-feed type epitaxial growth step and an SOI heat
treatment step are relevant, and in such many heat treatments,
silicon wafers directly contacted and supported on their back
sides by a supporting member are subjected to various

- processes.

[0003]

For example, in the heat treatment of silicon wafers in
a vertical batch-wise heat treatment furnace, use is made of
a wafer supporter (hereinafter referred to as “supporting
boat”) , as shown in Fig. 1, which supports each wafer at three
or four points in an outer peripheral portion on the back of
the wafer. Thus, the supporting boat 1 comprises three or four
columns 3, a top end plate 5 and a bottom end plate 6 that
respectively are attached to the upper and lower ends of the
columns 3, and a sideways opening 2. Each of the columns 3
has a row of wafer-supporting elements 4 and, after placing
silicon wafers on such supporting elements 4 through the

sideways opening 2, the whole boat is inserted into a vertical



heat treatnment furnace for each intended heat treatnent. [0004] However,
when silicon wafers are placed on such supporting boat and subjected to
heat treatnment, a problemis encountered; nanely, crystal defects called
slipinitiating fromthe damage incurred at the point of contact between
the wafer and each supporting el enent surface nmay appear in each silicon
waf er, and such slip grows and devel ops under the influence of the thernal
stress caused during heat treatnment, wth the result that a wafer yield is
decr easedhebh theataset durwater $olmawviand andicadeideheaft 30Gatmeort | ar ger,
such slip[gb h and extension may al so be caused by the stress resulting
from the warer's own weight (gravity stress). [0005] As a neans for solving
such problem tHeweves, knben ailmaberwgﬁpp@rBkﬁgpﬂﬁqeﬁnowhS@whan area of
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0005]

As a means for solving such problem, there is known a
wafer supporting jig in which an area of contact between each
wafer and each supporting element is widened so that the load
incurred by the wafer’s own weight may be dispersed and the
gravity stress may be reduced as much as possible.

[0006]

However, a groove (corresponding to a gap between
surfaces of two neighboring wafer supporting elements 4 in the
supportinngoat shown in Fig. 1) in this supporting jig should
have different machining accuracy or induce different contact
surface conditions (flatness and surface roughness) and, for
some grooves, the stress incurred by wafer’s own weight may
not be dispersed all over the contact surface but may be
concentrated at a specific position, for example single point,
and this contact point may act as an initiation point for slip
generation.

[0007]

For avoiding the state such that the contact point may
act as an initiation point for slip generation in the wafer
supporting jig, control is made so that each wafer may come
into contact with the whole relevant surface of each supporting

element at each groove; however, this is actually difficult.



2 Thus, the supporting jig having an increased wafer-supporting contact
area cannot be said to exhibit a satisfactory slip inhibiting effect.

[ 0008] On the other hand, it is known with regard to silicon crystals that
the stress contributing to slip extension varies depending on the crystal
orientation. Japanese Patent Application Publication (Kokai) No. He

09- 139352 di scl oses an invention concerning a wafer boat for a vertical
furnace whi ch stress generation, by wafer's own weight can be reduced;
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generation in silicon wafers.
[0009]

According to those results, along the crystal
orientations <110> and <100>, slip generation hardly occurs,
and it is concluded that the slip generation can be suppressed
by supporting the wafer having crystalline (001) face in a
direction of the crystal orientation <100> or <110> on its back
side.

[0010]

However, even if this technology is utilized to suppress
slip generation, it is difficult to suppress slip growth using
the above-mentioned wafer supporting jig having an increased
-wafer-supporting contact area in the support since the crystal
orientation varies according todirections on the wafer surface
and the stress (shear stress) contributing to slip extension
varies accordingly and the wafer-supporting element contact
point which acts as an initiation point for the slip cannot
be singled out.

[0011]

This problem of slip generation is not limited to a
vertical batch-wise heat treatment furnace but common to
processes in which wafers locally supported on their back sides

are subjected to heat treatment, for example in a single-feed



are subjected to heat treatnent, for exanple in a single-feed 3 type heat
treatnent furnace or epitaxial gromh treatnent furnace. DI SCLOSURE OF

| NVENTI ON [ 0012] As nentioned above, heat treatnent of a silicon wafer
supported on the back side thereof may result in slip generation "in the
silicon wafer as the wafer-supporting el enent contact point serves as an
initiation point, followed by slip growt h and ext ensi on under the influence
of the thernal SLr QfoOt ers, duri %fheat treatment, with the

is
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prevent tfhirsiager.obl ens. [0013] The present |nvent| on has been nade to sol ve

such  pr eRl-ens 3% i e, and an object thereof is to provide (a)a
met hod of “supporting a silicon wafer with the crystal orientation <100> or

<110>, adéérdilng to which the wafer-supporting positions are specified to
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and with such jig. [0014] The present inventor made investigations to

acconpl i Q@lqthéeéﬁﬁ\?eaébf‘@c%nl%a*'al‘P%SQﬂ’-‘tntt e 3 rRmed &Y fSgumd JRHtt s hear

stress cemd ERUEhBEhOShE P tevt @ﬂﬂ@@n@é&ﬁﬁ Ft‘heV@ﬁéEﬁa@CéC@Eéis&@,g amTO@lngS| tions
inacircunferential direction in a silicon wafer w th yst al or| ent ati on

<110> or O%EPGFS afBr tRdttihacehcarea Tt ess "adh B@esﬁwlefsgaatt%@ E&w | evel

and sl i pygreQut hsapdduexdensi as aamrheuspps essose whesl gacte wafterhsgppor ti ng
position &sgﬂfortl ng area) is adequately specified. [0015] These findings
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[0013]

The present invention has been made to solve such
problems as mentioned above, and an object thereof is to provide
(a)a method of supporting a silicon wafer with the crystal
orientation <100> or <110>, according to which the
wafer-supporting positions are specified to minimize the
stress (shear stress) contributing to slip extension and to
suppress slip growth, thereby markedly improving a silicon
wafer yield in heat treatment, (b)a heat treatment jig to be
used in carrying out such method, and (c)a high quality
heat-treated wafer obtained by such method and with such jig.
[0014]

The present inventor made investigations to accomplish
the above object. As a result, the inventor found that shear
stress contributing to slip extension greatly varies according
to positions in a circumferential direction in a silicon wafer
with crystal orientation <110> or <100> and that the shear
stress can be suppressed to a low level and slip growth and
extension can be suppressed when each wafer-supporting
position (supporting area) is adequately specified.

[0015]

These findings have now led to completion of the present

invention, which consists in (1) a method of supporting silicon

wafers, (2) a heat treatment jig and (3) heat-treated wafers,



i nvention, which consists in (1) a nmethod of supporting silicon wafers, (2)
a heat treatnent jig and (3) heat-treated wafers, 4 respectively nentioned
bel ow. [0016] (1) A nethod of supporting a silicon wafer having crystal
pl ane {100} on its main surface (hereinafter, sinply referred to as
"silicon wafer having crystal orientation <100>" or "<100> wafer") or a
silicon wafer having crystal plane {110} on its main surface (hereinafter,
sinply referred to as "silicon wafer having crystal orientation <110>" or
"<110> mabepﬁctdWe1heabntne&@mem@1bhereof is characterized in that: (i)in
the CaSﬁ the <110> wafer, the silicon wafer back side is supported (a)
"a fa shaéed regi on of mafer surface in the range of 40 to 60 relative
to t he rdfler endemdihedt bbnsiippoparabl el stdithe waEbcohawahng$yeta¢e" (dat um

reg o) pyage (%ewmt% geh Q@rpaeaggor{gpéqgme Sl HR2esLLLcon vafer

toward < in other regions waf er” surfa
det er mi né@ By r@ﬂéﬂﬁ@@sW@ﬁéﬁh@&%ﬁﬂ%ﬂQﬁﬂﬁHﬂitgﬁ%ﬁhﬁ&ﬂﬂpntﬁkﬁ9>%nﬂf(l|) in

the casewof ghRe,5:Q0>) wezeé,sibfcéma%} waffim g Racksixd l'a% Xg@@r}ted (a)in
"a fan-shaped region o waf er surface region |n the range of 40 to 60
rel ati ve °Pot thBalpeT e rekta rer ( gangmyreyi o ed the ¥ EpéLénes

di recti ogafhei Hgyﬁﬁgﬁégy§ﬂé@>o§{@mﬁ§ﬁiﬁnOii"?ﬂb'f eg mnﬁ %ff%rr sypface
whi ch ar%ﬁdeternlne Itrgotatlons of the datumregio each tinme.
S

[0017] &t &rpPtigRt ﬁéﬁoﬁegﬁéncaﬁrﬁéFéFl§ﬁﬁfé@etpﬁ¥thélﬁéﬁgéheof 40 to
60" as U&%@ehalfeitlherf&dll@ﬁwfa&@-rsh&p@d Jiegicyh defﬂertedaachy {iade aigadial |ine

segnent in_a direction_of_the above- eflned e_of 40:gb a.radial |ine
Seqment FNERCHFECtFon7ol 2t he"” SRBUBLdET P HEY Sndi e Of 60 Bis H bePAg
connect edawigieh otthd 0 °c et &0 *ofretllaer iwaf ero ashd he frerdrece afitdet fan,irmand (c) a
\rN:I:Iie;I :pﬁg:ggfé%rler%%e rt'ﬁ;lcon an Ar.c Sqlorrftalcoer), aEthe frae[lﬁ]?et weetnnthe t wo
gnent’s an- shape regi on of ace constitutes a

datun1regﬁdﬁk@@pp ofrepeion being from the center of the silicon wafer

toward <100>, and (b)in other regions of wafer surface which

are determined by rotations of the datum region by 90° each

time; and (ii)in the case of the <100> wafer, the silicon wafer

back side is supported (a)in “a fan-shaped region of wafer

surface region in the range of 40° to 60° relative to the

reference direction” (datum region), the reference direction

being toward <110> and (b)in other regions of wafer surface

which are determined by rotations of the datum region by 90°

each time.

[0017]

The term “fan-shaped region of wafer surface in the range

of 40° to 60°” as used herein means a fan-shaped region defined

by (a)a radial line segment in a direction of the above-defined

angle of 40°, (b)a radial line segment in a direction of the

above-defined angle of 60°, both being connected with the

center of the wafer as the vertex of the fan, and (c) a wafer

circumference portion as an arc portion of the fan between the

two radial line segments. This fan-shaped region of wafer

surface constitutes a datum region/part of the

wafer-supporting positions. The range of “40° to 60°” may be

settled either in the positive direction (the counterclockwise

direction being referred to herein as “positive direction”)



waf er - supporting positions. The range of "40 to 60 may be settled either in
the positive direction (the counterclockw se direction being referred to
herein as "positive direction") 5 or in the reverse direction with respect
to the above the reference direction. [0018] The above-nenti oned "ot her
regions of wafer surface which are determ ned by rotations of the datum
region by 90 each tine" indicate other positions for supporting the wafer.

Thus, thogse SUPRAI ifRG NAY Hi0RAIE LW dihe dasshaped Hegins. Ol vafer
surface resulting fromrotations (shifts) of the datum region nentioned

above by 9GI&IERCE FELStta@i-rcunferential direction. Since rotations are
made each oigmg by 90 (in other words, shifts are made each time by 90 in
the positive direction or in.the reverse direction) , four-tines shifts,
for instance, ofStRECIEIMEGIGT (HEFar-SsHaped Hedidtd FUHECT ange of
40 to 60, waiitdhemriendtherposeti ¢ dot&ELb08 OF tie ddteunt eveyise diyr @0 on
shoul d cause tge fourth rota&g%hre%ion .to oyerlap the dat t he

! fUfs]

first 40. 65FEh G pe P RHTBS OBHEFS S BOF GRTPRT B D% PP B Rg
candi dat e Thocsat tbhose (warmas)imhereithenshese ist tbssf aorthagnd regibass! ip

extension ,Canepe ‘%&%rc%sfggui‘e' Aql ] E¥eL, ;| Hscgﬂj}’%{‘% g%.ttﬁ{%at%%ppo”‘ ng
nmet hod of the 1 nvention, 2'wat eP i's genera Py upported in three areas
out of fowegsfont hesEiop@O18PovE2PYAILT |¢xdn Walerirheattitrceatimeentiiiag whi ch

5 confi guedciS0.,aS_ SOnSURROK . A5l LieoR METEICAYLEG, oSt al,y BEhent ati on

<100> or a silicon wa aving crystal orientation <1I0> on the back side
t her eof , "®reifar &tidiliszed s madsatcaqh tine the Thseln gfhe Heosdipse waf er, t he

ji1g conprigesd i9#pRerid Recerpersd ofi r4ARANE | Rgut-heisiki sonrvaf e, (a)in "a
fan-shaped region of wafer surface in the range of 40 to 60 relative to the
r ef er ence IS EGG%n 9in FH&r SAtem L& HRE /sitihice SR TwER e esLedden 10d&¢m

region) , Ay effen@rce odiguegt ieqrhkei NG thempblke taert i reeft itdie osi limcon
warf er tom@&%a%e%%&%%thggeé gg;’s ggl&bga&QeQEgghfourth rotated region
to overlap the datum region, the first 40°-60° fan-shape region.
Thus, there are four wafer-supporting candidate locations
{areas) where the shear stress contributing to slip extension
can be suppressed to a low level. 1In carrying out the
supporting method of the invention, the wafer is generally
supported in three areas out of four of these.
[0019]
(2) A silicon wafer heat treatment jig which is configured
so as to support a silicon wafer having crystal orientation
<100> or a silicon wafer having crystal orientation <110> on
the back side therecof, is characterized in that: (i)in the case
of the <110> wafer, the jig comprises a supporting member for
supporting the silicon wafer (a)in “a fan-shaped region of
wafer surface in the range of 40° to 60° relative to the
reference direction in parallel to the silicon wafer surface”
(datum region), the reference direction being from the center
" of the silicon wafer toward a direction <100>, and (b)in other
regions of wafer surface which are determined by rotations
of the datum region by 90° each time; and (ii)in the case of
the <100> wafer, the jig comprises a supporting member for

supporting the silicon wafer (a) in “a fan-shaped region of



regi ons of wafer surface which are determined by rotations of the datum
region by 90 each tinme; and (ii)in the case of the <100> wafer, the jig
conprises a supporting nenber for supporting the silicon wafer (a) in "a
fan-shaped region of 6 wafer surface in the range of 400 to 60 relative to
the reference direction" (datumregion), the reference direction being
toward <110> and (b) in other regions of wafer surface which are determ ned

by rotati engeaf duigdat um reg anrye ¥ eachdigr [O020]ve (B) the
heat-treated. silico i

waf er. havi crystal orientatiaq <100>.or a,
heat - { 1 eat'd T IGoR AaFer Oflavi HETEPyST&I " bt i it AT B <1160 ™
char act er icegchg notvhatd €L)0bnatdie(lcpse otdiet heeldils> aafwarfert Barfakcer i s
heat-trea S i (a)in."a fan p regl on, t hereqf,.i n the
range of Bf'%‘qlcgl 8% @%F%?Lﬁ@gé?g& hé:agrteafncelroennscg)r%dfs“ggc fgglﬁ%?%e%%é%ﬁyeﬁoto t he
silicon weafcdr tsimef.ace" (datumregion) , the reference direction being from
t he center[ocbf2ot]he silicon wafer toward <100> , and (b)in other regions of
waf er surface which are determned by rotations of the datumregion by 90
each time;(3dnd @ hyatntrepeedayiel bton Weferobevivad erry il watlentiagion

heat - t r eatadhas DeiNGhesuppULed) (f)11dbn avd @l shapedy regi om of wafer
surface in the range of 40 to 60 relative to the reference direction”

(datum r&GiiGDtatid péfetthte 1di FRRERGRCHAFRE tOVAET ‘<1102NaME C9)SSi n
other regignshekiwabesaseff ace Wi &h iaree et er & ned dybe 19§ atuipprstely t he

datum regi on by 90 _each tinme. [0021] According.to the silicpn wafer .

supporti ng(a:}étr%o& Bf*nfﬁaapgﬁvjé%(é’?%ﬂ,tkﬁ?r?%gdﬁ’sgithﬁl &angR ﬂga{) tréatfent of a

sil i con wafedratihavitbg:lod yetfalregidectit abt0nos 100 a0fa 14EIOP o€ B 1119 cmppor t ed

on the back fsi de tl%ereqf reduce the %hressfé?hear stress %%qtri buti ng
w

to slip ext ensi SHraﬁgfesuﬁ%%ggrg rﬁ?lﬁ)%)r d “and %%?%bylrneacr?j?eodf yl r%]]r ove a
heat - t r eatfedbrsithieccoanwaterf yitet i li@02 %k fEur therrdt Kl 80suppord i(tvg imet hod
can be Ca%%ﬁ%%‘@édl&ﬁgu%f wafer surface which are determined by
rotations of the datum region by 90° each time; and (ii) in
the case of the <100> wafer, the wafer is heat-treated as being
supported (a)in “a fan-shaped region of wafer surface in the
range of 40° to 60° relative to the reference direction” (datum
region), the reference direction being toward <110> and (b)in
other regions of wafer surface which are determined by
rotations of the datum region by 90° each time.
[0021]

According to the silicon wafer supporting method of the
invention, it is possible, in heat treatment of a silicon wafer
having crystal orientation <100> or <110> which is supported
on the back side thereof, to reduce the stress (shear stress)
contributing to slip extension and suppress slip growth and
thereby markedly improve a heat-treated silicon wafer yield.
[0022]

Further, this supporting method can be carried with ease
using the silicon wafer heat treatment jig of the invention
and can provide the high quality silicon wafer of the invention
as having few slip and, in particular, having no long and large
slip.

BRIEF DESCRIPTION OF THE DRAWINGS



using the silicon wafer heat treatnent jig of the invention and can provide
the high quality silicon wafer of the invention as having few slip and, in
particular, having no long and large slip. BRI EF DESCRI PTI ON OF THE
DRAWNGS 7 [0023] Fig. 1 shows an exanple of configuration of a

sem conductor silicon substrate-supporting boat for use in a vertical heat
treatnent furnace. Fig. 2 shows naxi mumresol ved shear stresses in different
posi ti ons[omp 3jhe vvafer circunference for a silicon wafer having a dianeter
of 300 mm and c¢Jyst rientation <100>. .3 shows maxinmum resol ved shear
stresses in di flé?’re 61 Ao I %@M%ﬁk‘?@iﬁfrﬁ%e‘?ﬁeﬁfor a silicon
waf er ha\Eiemchcﬁlcﬂjc&Tﬁa:t erl1dfc03£)@urﬂsmtaladec@m@@@lrtqwgebbatl opr<ddd>=nkEg. 4 is
an expl anat ¢ agt n enbodi ment of the invention and shows an
exanmpl e i'm N\ i efetr aViNYg * crystal orientation <100> is
supported at tﬁheﬁ b@lhm mdx gnub neso&veeixgﬂuaalatsctrr}esctrewingiiﬁfmrﬁnbodi ment

of the V. h i (o] vin
crystal CEQJI en lﬁq{goﬁﬂ<f§%gg?g§supp%%ee ér? %roge o?r%t s(%l ‘Ea%ig‘ le% ?
schemat i & rdspmesierit arf o fmmednd pary st of Om@m‘@@bmm n‘glﬁﬂr@?rber i n a
four-poi nt SUDF]‘EQL% bealuls 2% MRah rle's%lvfe%lr sl'"l'égr sr%r%s\é%rst 1 635 f1eal. fir eat ment

furnace. Fig. 7 s positions which turn Iinitiating points in the
silicon m@t%ﬁ%ﬁﬁlmﬁaiﬁﬁrtwmwe Iflog a Sll(léi)m \gaf@r havd nease of a

vaf er havj ng fiasdaloord @ntad | sy %%tapwrférgtaﬂ@a ks169r the case of a
waf er havi ng cszstaI orientation <110>. BEST MODES FOR CARRYI NG OQUT THE

| NVENTI ON [ 0024191 A 1h&T 6KPORPAGOTYhBT VI RS i e @iﬂbgéﬁa%mil Py 5t hod,

the heat iiweatt®it ajnidgs Aeds tdie cheatriter eatwadh wafer i obtahnedre & herabyy and

Lher eut t b ech aceording Lo (i, Preselt, LOvet! 90 2L¢ gesribed Tn more

Fig. 5 is an explanatory drawing of an embodiment of the
invention and shows an example in which a silicon wafer having
crystal orientation <110> is supported at three points.

Fig. 6 is a schematic representation of main parts of
a supporting member in a four-point support heat treatment jig
for use in a vertical heat treatment furnace.

Fig. 7 shows positions which turn to slip initiating
points in the silicon wafer as employed in the examples. Fig.
7(a) is for the case of a wafer having crystal orientation <100>
and Fig. 7(b) 1s for the case of a wafer having crystal
orientation <110>.

BEST MODES FOR CARRYING OUT THE INVENTION
[0024]

In the following, the silicon wafer-supporting method,
the heat treatment jig and the heat-treated wafer obtained
thereby and therewith, each according to the present invention,
are described in more specifically.

[0025]

The silicon wafer-supporting method of the invention is,
as mentioned above, a method of supporting a silicon wafer
having crystal orientation of <100> or a silicon wafer having
crystal orientation of <110> for heat treatment thereof and

is characterized in that: (i) in the case of the <110> wafer,



[ 0025] The silicon wafer-supporting nethod of the inventionis, as
nment i oned above, a nethod of supporting a silicon wafer having crystal
orientation of <100> or a silicon wafer having crystal orientation of <110>
for heat treatnment thereof and 1is characterized in that: (i) in the case of
the <110> wafer, 8 the silicon wafer's back side is supported (a) in "a
fan-shaped region of wafer surface in the range of 40 to 60 relative to

the referepceiditeatifhetNs PAA behetOs ts'ﬂl%p%‘ﬂt'egpr(lay\@flera fsaw fac@ed dat um
region), the reference direction being from the center of the silicon wafer

towar d <TGOSCTaid (19 Sn SBEHECe rditdns SR Mmdr 4Nr £:8c & Ahirer adriee
det er m neth bihe otefldr@iseofdi e idat Um egi=on d1y t30 ach itliiin arde i) in
t he case ofefthe,,<é%>wafer t.he I|c waf er hack side.is su%ported (a)in

"a fan- siaped Tegi ‘ot of" warer® nQtjrft e 59 17 5% erecﬁjftlzi)(f1 51760 F& At i ve to
t he ref erdrceecditieectifontie (diatiomn egifen) fowvhed kéberented dily)eiat iodheei ng

toward <110> b 0 er_surface ich are term ned
by rot atljlil)e %{kdt a’% é@féa%%%hblcﬁbﬁ Xyafc rmlneﬁo% Vmﬁantlc%r%ryl ng out
this sil itden deatier rsgpporl@‘yrﬁjJ"rretah:d)ldtlmEheaﬂ'R@atlJt)realt r&hntceﬂeomﬁ)azé@es a heat

treat ment using, Ao Verdjcal; heal, treal tc]p%ficﬁe A Rpddaalmenh sfy whi ch

the heat treatnent 'duration time can mar ke Si ngJ1 e-feed
type epitaxifanphomad aeyiom s@ wRESE weﬁeﬁen@n tlaqamlr@n@@ hefr 409 ra hese

treat mentg st %attl% *E%aEherf?é%gF@Bce'élﬁél&{igg"o%ﬁaﬂxﬂu%:e?}l%r? SLE% that the
silicon wafer's back side is directly contacted and supporte

support i fififeisEre dangctwRente hed wereird s140ppoid d8) Adar Thae r@(ﬂd@rb@ort i ons

thereof dywhhersupposdd Raieleaeaicst SfiddBbanessat TooFathagidhgn waf er
center vicinit vvlt the égg& vicinity a tenperature difference AT (AT - !

Tc - Tel t° H&E waf er center tenperature and To denotes the
waf er edg[ei)(tMﬂpeyature), i's unavoidably generated in the wafer plane due to
\t,\g|e| f" frerence 1 in Lhe tNeTA! (GNQ W19 M8N LAY o ST omdhg d ur nace

the heat treatment encompasses a heat treatment using a

vertical heat treatment boat, an RTA treatment by which the

heat treatment duration time can be markedly reduced, a

single-feed type epitaxial growth and an SOI heat treatment,

among others. In these treatment steps, the heat treatment

is carried out in a state such that the silicon wafer’s back

side is directly contacted and supported by a supporting member

and, when the wafer is supported near the edge portions thereof

by the supporting elements, for instance, in comparing the

wafer center vicinity with the edge vicinity a temperature

difference AT (AT = |Tc - Te|, where Tc denotes the wafer center

temperature and Te denotes the wafer edge temperature), 1is

unavoidably generated in the wafer plane due to the difference

in the thermal energy given by radiation from the furnace wall,

in particular during raising or lowering temperature in heat

Lreatment.

[0027]

This temperature difference AT causes thermal stress,
which contributes to slip growth and extension occurring in
the wafer at the wafer-supporting element contact points.

Thus, the stress acts as a driving force for slip growth and



in particular during raising or |lowering tenperature in heat treatnent.
[0027] This tenperature difference AT causes thermal stress, which
contributes to slip growh and extension occurring in the wafer at the

waf er - supporting el enment contact points. Thus, the stress acts as a driving
force for slip growth and 9 extension. This thermal stress varies as the
tenperature difference AT in the wafer plane varies in response to the gap

di f f er ence, et wesh . neighbar g yef erse pl aged; 00 , vaf Rk - SURPOrLi Rge el ement s
in the furpnace and to variations in_tenperature raising or lowering rate.

[0028] Thelthersafe &t dosthausrifodice® VATERE SPITTIPWE 0 THA 3

occasi on @f rheaént&eptoRBEnagksgRBoshAgr wskFEesSpMikel ogauses slip growth
and extensi gn and causes scooting .deformgtion (shearing deformation), and
thi's sheal?StFesiPPQLr1aE GHEMtTse depbndi @r%ﬁcgdgr%ﬁ&ngarﬁaalaaﬁe+n

ci rcunf ereanpatatirecthoningsodesewebeddgl akee herein. [0029] The slip

gener at ed 68 g silicon wafer as nentioned above nobves on a silicon crystal
(111 facé |% lhree [110] directions. A silicon crystal has four equival ent
(111) faces, soThdatharmabtstredstuviehyepsddpcsysiensheani becoonsafier ed.

Hovever, they, . can. be gatsgqrized intg.a.certain nupber of sLLp,sysfens. The
nunber of "slip sy§%ens hus cé&egorlzeg varies depending” on waf et Crysta
ori ent ati oagsepnsthe gasetbf andsekieoninaf end havsrg facetanigent ati on <100>,

for instaggeo hbeldnONbieabenasaary haciake | aha 39@§i@%%%&ig%r%g%e slip
systens, nanely resolved shear stresses in'five directions (stress resolved
in a respBefioe greptdyreepPrbAing ansPprpipians) in[ @0%efeTherefore, first, a

princi pal -$tEga8-60APPRENL B-Ri1 WAl €hs PBLareiway dgtermhpedihy a finite
el ement nethod and then resolved in slip directions, and resol ved shear

stresses i
The slip generated in a silicon wafer as mentioned above

moves on a silicon crystal (111) face in three [110] directions.
A silicon crystal has four equivalent (111) faces, so that a
total of twelve slip systems can be considered. However, they
can be categorized into a certain number of slip systems. The
number of slip systems thus categorized varies depending on
wafer crystal orientations; in the case of a silicon wafer
having face orientation <100>, for instance, it is only
necessary to take into consideration five slip systems, namely
rescolved shear stresses in five directions (stress resolved
in a respective slip direction on a slip plane).

[0030]

Therefore, first, a principal stress component in a wafer
plane was determined by a finite element method and then
resolved in slip directions, and resolved shear stresses in
respective directions of slip extension were thus calculated.
[0031]

The data shown in Fig. 2 were obtained by subjecting a
silicon wafer having a diameter of 300 mm and crystal
orientation of <100> to heat treatment and determining, by the
finite element method, a maximum resolved shear stress on each
point of the wafer circumference during raising temperature.

As mentioned above, the resolved shear stresses are stresses
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respective directions of slip extension were thus cal culated. [0031] The
data shown in Fig. 2 were obtained by subjecting a silicon wafer having a
di ameter of 300 mm and crystal orientation of <100> to heat treatnent and
determning, by the finite elenment nethod, a maxi mumresol ved shear stress
on each point of the wafer circunference during raising tenperature. As
menti oned above, the resolved shear stresses are stresses 10 resolved in

slip di re.@éédlﬁﬁecpﬂnt gglgldjprdo&@n%ﬁtont beel & MBp td1aine bheckbipins rgener at ed,
so t hat el gJesrS t he va ue culat |s referred to as "maxi num
resol ved tgf?easr Jeneyff & ¢ uEL Bt i nEaC a%@aifesul t of

conbi nat |cmnlcﬂfawefsalrelfes:@b\ﬁedosaga‘rm@timﬁeﬁeg@ﬁp@@tsn@hy saGldsyy i n a
predeterm ndedcglpom tion i E‘ﬁt he.vi ci nlff)@in()f the circunference. .of the silicon

waf er havi'hg Cry's{SPior F8ft $7i8h 24 SAr 9B I ¢ £oHS AP ssa
denot es tdfe gzosEtd lonr o Itviesd wafeery st e e rreyapes casi vexipr esseichg nirt er ns  of

angle () V. e ef i rec efi.ne i from
t he centeﬂ éoa%ﬂ ’%nlne e&)tot\(/a\l/a(r%{jelgjietcpCL |‘ﬁ%§lram§{%§%t e “si %ied:ne%wa er
surface. dhetlengliel camdiaiaeshahieneiccyst el emceepostieon<l@def erence

posi tion) O/@*Bege the reference direction as being fromthe wafer center
toward <110> |ntersects the wafer circunference. Wien the wafer is placed

hori zontal | y i AraFifammethewihs ¢hasa denqdesi ther @ (Fiederantle pesiat on) is

set on tde hgdfe Sdifie aréa@%lp\i’e%tse@ qnclc@%sp9§léhgﬂe g rase ofi g dPp View,
the position 90 indicates the right-ha id o' clock) position on

e edge
t he waf ertt§ FEARFENSRCRT AREt { A i idﬁﬁlne@OaF rﬁﬂlcrs& & ornEh ¢ ¢l tednd si de

edge (9 Q>ﬁ3|ﬂ£‘é<)wdm§ﬁ ti O r O 1 he> Wah e5a €4 T TDT e6 enge. s[ 0033h Asrshown in
Fig. 2, thefa resolved Shear, stress  gets to a relative paxi num at. the
posi ti on T{r¥i%er B 19 o) NAHP gt st G FErBREFLRMAF nPABHT ATt he

posi tion m@@emycé@dsrmmh)e wrefer ence poSddrote dinedtel @t iage bdinigrum
from the wafer center toward <110> intersects the wafer
circumference. When the wafer is placed horizontally in a
manner such that the position 0° (reference position) is set
on the near side, namely at 6 o’clock position in case of a
top view, the position 90° indicates the right-hand side edge
(3o’clock)positionon thewafer circumference and the position
-90° indicates the left-hand side edge (9 o’clock) position
on the wafer circumference.
[0033]

As shown in Fig. 2, the maximum resolved shear stress
gets to a relative maximum at the position 0° (reference
position) and gets to a relative minimum in the position away
by 45° from the reference position. The relative minimum
stress i1s about half of the stress at the position 0°. While,
in the figure, data are shown for the semicircle (-90° to 90°)
of the wafer, the same is true in the other semicircle; the
positions (angles) of the relative maximum resolved shear
stress and the positions (angles) of the relative minimum
resolved shear stress respectively appear at 90° intervals.
[0034]

The relative maximum value and relative minimum value

of maximum resolved shear stresses and the positions where to
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stress is about half of the stress at the position 0. Wile, 1in the figure,
data are shown for the semcircle (-90 to 90) of the wafer, the sane is
true in the other semcircle; the positions (angles) of the relative

maxi mum r esol ved shear stress and the positions (angles) of the relative

m ni mum resol ved shear stress respectively appear at 90 intervals. [0034]
The rel ati ve maxi num val ue and rel ative m ni nrum val ue of maxi mum resol ved

shear strgsses: Rbdethe1 pOSI (i 9RSr WaeEEuhPerdl Baye st RESAYaLURS s (vaf er
circunference positions) remain constant irrespective of ‘differences in

heat treatPptantohbresbast 1rhi ef appffescarss i8 hratstrrasmewsf er havi ng

crystal otbgatetons, <hi{s adpiched ssentioneds bel oWeon [PHBSI Hheidgt a shown
in Fig. 3 were fbtalned bX C&|Cﬁh?tln . the maxi mum resol ved shear stresses

in positioh8S bl t At sRfaFToRi FEUHT er BB of SamePFieBRAEEEPYhavi ng cryst al
orientati opmo35L10> in the sanme manner by the finite el ement nethod. Each

maxi num r esol v shear stress sho in the fiqure, is. the valu obt ai ned as
a result of coﬁﬂ?%a&%ﬁ?‘n DLVt aﬁ(\ﬂ? EQ%N{F&F st ned rk@ésceazi(?@s%@c?‘? vely
acting onthdenstinwonresaflercdvshhathetresyssaln rasentiatrioon<dd®>asem | arly
to the case. of fe with the crystal, orientati on <100>. [0036] Since
Lhe o e e Ot DENBLEE e AP LS B b A0 B T o et B o) Tre
silicon waf &p>wn hthde agrey staaine movehat ifoni€2002emehé makhodm riesoh ved

shear st rrﬁ§§irgﬁﬁfféseolxjegjogil1]ce%%r ]%BI:eE%OéHc?]vﬂ? i%aéﬁeoh%\?lee waf er v i, 4 he
crystal orientation <100> 1Tn Fig. 3, the coverage the abscissa is
further exbeadeddfaom 960Ul ©hecwholattion ff eegrcel( ro960lved2gingar [ 0037]

In Fig. 3gribesabseissacdepeiesathenposhttan anithe water girgurherence as
expressed in terns of angle () relative to_ the reference direction which is

defi ned agrbgpﬁb Rt Helon <110>, similarly to the case of the wafer
with the crystal orientation <100>.

[0036]

Since the slip systems in this case are different from
those in the case of the silicon wafer with the crystal
orientation <100>, the maximum resoclved shear stress profile
is different ffom the case of the wafer with the crystal
orientation <100>. 1In Fig. 3, the coverage of the abscissa
is further extended from 90° to the whole circumference (-90°
to 270°).

[0037]

In Fig. 3, the abscissa denotes the position on the wafer
circumference as expressed in terms of angle (°) relative to
the reference direction which is defined as being from the
center of the wafer toward <100> in parallel to the silicon
wafer surface; the position 0° 1ndicates the reference
position.

[0038]

As shown in Fig. 3, the maximum resclved shear stress
gets to a relative maximum in the vicinity (within the range
of -15° to 15°) of the reference position (0°). In the case
of this wafer with the crystal orientation <110>, the maximum
resolved shear stress gets to a relative minimum in positions

separated by 50° from the reference position (i.e. at -50°,
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center of the wafer toward <100> in parallel to the silicon wafer surface;
the position O indicates the reference position. [0038] As shown in Fig. 3,
t he maxi numresol ved shear stress gets to a relative nmaximumin the
vicinity (within the range of -15 to 15) of the reference position (0). In
the case of this wafer with the crystal orientation <110>, the maxi num
resol ved shear stress gets to a relative mninumin positions separated by

50 fron1the seéﬁaeeﬁ@ Peskth 0B fin€mudt vadle 1é2a591t@m€ L hesr ehahi ye
ﬁlnIﬁUﬁ]VE Eg g %%Ilttle | ess than,a, half of the stress in the vicinity of
Acé Post

the refer ¢ Frregoe8of Pasv iR deht HiontERgense PR&EIHOSIt i ons
(angles) woese] the maxi mumresol ved shear stress gets to a relative maxi mum

t t I f 90 in th f th f t t
o Fentati on <1105, SOF TR QP hEnd. 36 Y07 HRG L158 (PBAG EAnBE) wher e

t he stresshbeneresua retatvee mmemrnsmre$$ugéu53k>90$eﬂammve5makim6ﬁ t he

second at Bcchence, hbe Lot etyalo beppean the  iyistand e sgeqndnls 100),

and t he ence interval between the second an third
is 80). Theyséxrt pﬁhent@mnpn)<ﬂ§03t 280 ahd, othercbaecHuskenforhéhpgositi ons

(angl es) whene;the %&&%ﬁ:sP%ﬁ%%%%ju?sE?%@%H{ 6%%%%g%ﬂhhe xﬂ?h?ﬂhhﬁmappear at

irregul ar 100 or terval alternatel er-supgértlng
met hod of thee fii¢&nPPreatitheissipki cOAwatBe baeckngdi é& P8°suppbeeetnen a

fan- Shape@n&%&b@@ b%Ew@%Be%h%UEﬁé%% bﬂdt@%eréag%ngfléolb@ 60 Gpamehy either
in the ran e of -40_ to -60 or in the ran 60) relative to the

ref er ence tAitFEcEfoh3Pn PAPRFE TRe ol R & |Qﬁﬁwe%ﬁﬁﬁﬁe SHCace 2nfhéheef er ence

dlrectlontaqm@gl%rgwwbhe @ﬁ@tﬁéxtoftheeféuktﬁ@nlﬁaaﬁr2ngaédd<1@9> in the
case of the <110> con wafer, or th ?fe%ence irection elng_fron1the

center of°tf u§ﬁPPcoﬁ PEFLtoRAFd (219985 R&Sch8E SFIERE LT66%SRaf er,

a relative minimum periodically appear at irregular 100° or
80° interval alternately.
[0040]

In the wafer-supporting method of the invention, the
silicon wafer back side is supported in a fan-shaped region
of wafer surface in the range of 40° to 60° (namely either
in the range of -40° to -60° or in the range of 40° to 60°)
relative to the reference direction in parallel to the silicon
wafer surface, the reference direction being from the center
of the silicon wafer toward <100> in the case of the <110>
silicon wafer, or the reference direction being from the center
of the siliconwafer toward <110> in the case of the <100> wafer,
and the objects are to suppress the maximum resolved shear
stress, which act on the slip, generated at each
wafer-supporting element contact point as low as possible to
thereby suppress slip growth and extension by supporting the
wafer in positions where the maximum resolved shear stress
becomes a relative minimum or close to it.

[0041]

In the case of a silicon wafer having crystal orientation
<100>, a position where the maximum resoclved shear stress
becomes a relative minimum is at -45° or 45°, so that the

position is included within the range specified above (-40°
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and the objects are to suppress the maxi numresol ved shear stress, which
act on the slip, generated at each wafer-supporting el enent contact point as
| ow as possible to thereby suppress slip growmh and extension by supporting
the wafer in positions where the maxi numresol ved shear stress becones a
relative mnimumor close to it. [0041] In the case of a silicon wafer
havi ng crystal orientation <100>, a position where the maxi num resol ved
shear stress - dme’c,oms 4@°Leba‘5'ove mTﬂLﬁ@lmﬂTSef aetbdoxﬂ&nwntél@%@ rgdlﬁjet%fg
position i wthint r.an spec ed a -4 13.to -60, or
701 to. 60y 10 TR D AR TR | Sha S SRRt bron a8 Foe GO o ELE8Rds o t he
p05|t|on\MHHQ&Q&&;shnarnﬂmreﬁﬂxbammmsﬁearrslaﬁssehermnmsmaorethéive m ni num

O the P3idicfLhared BecsLeas.soup. & ahus ehese 19 fie el atie

m ni mum v OSI Iron I'n menti on an-s regi on of

waf er surfr@aelmu;nwatlhen th@yp@ﬁgéi@m m@tm @}@oveﬁ@@m}ofrhérfeafrm@aMn t he
waf er Q1 &de 1.0, £ 4y S gf‘aé{af?dwi{ﬁﬂh%‘héh?éﬁ?é okt4hS pgsgpble to
Suppr ess t maxi mum r esol ve ear stress fo a refative m ninumvalue or a

val ue cIosBJOQ%breto The waf er-supporting position may be in any arbitrary

| ocation (area) I"Méﬁéﬂ%ﬂ&ewﬁgﬁ%@ﬁgkéQQ%dsuﬁﬁl?r%QéQL‘%{th?Q'f%Hw dHadesy al so
possible to support the wafer on ane of fan- shaped regi on

of wafer siRFEEehere043]1Gis H’%ﬁl;bl%lt@os‘m%ﬁ%s dASemBE 1B 19SSV SFhf er

having crysdat oriesd atd on ~dild>ivé heiPoshhi 0816 58r 20yuheeectbge Maxi mum
r esol ved sqfar stres beconmes a relative mninumare .included within the

above- speci ?%%t?an& & VEG S SURPO 4G N PBHLLOFhFRY 4 SIS fi ed range

correspondsrisio:tdrey positions(ahese whehimxthunbesermedtsbrad stress
becones a relgﬁlve m ni mum or, t.he 05|t|on 3 erq:the stress .shows a val ue

close to tH HTY e TN Vah T 004415 O 'support the ware

on the whole plane of the fan-shaped region of wafer surface.
[0043]

Similarly, also in the case of a silicon wafer having
crystal orientation <110>, the position (-50°, 50°)where the
maximum resolved shear stress becomes a relative minimum are
included within the above-specified range (-40° to -60°, 40°
to 60°). Thus, this specified range corresponds to the
positions where the maximum resolved shear stress becomes a
relative minimum or the position where the stress shows a value
close to the relative minimum value.

[0044]

Therefore, in the case of a silicon wafer having crystal
orientation <100> or <110>, the maximum resolved shear stress
possibly causing the slip can be reduced to a low level by
supporting the wafer in a fan-shaped region of wafer surface
in the range of 40° to 60° relative to a reference direction
in parallel to the silicon wafer surface, the reference
direction being from the center of the silicon wafer toward
<100> in the case of the <110> wafer and the reference direction
being toward <110> in the case of the <100> wafer.

[0045]
And the reason why in the wafer-supporting method of the

invention, in either silicon wafer having crystal orientation
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Therefore, in the case of a silicon wafer having crystal orientation <100>
or <110>, the maxi numresol ved shear stress possibly causing the slip can
be reduced to a low | evel by supporting the wafer in a fan-shaped regi on of
waf er surface in the range of 40 to 60 relative to a reference direction
in parallel to the silicon wafer surface, the reference direction being
fromthe center of the silicon wafer toward <100> in the case of the <110>

waf er and <t1t1@>r gt-erencs, dinedimyy daiivgt Qwaed s> At ddheosase opfs the
<100> waf er. 0045£?And the reason why in the wafer-supporting nethod of the

i nvent i on 2558l ER dePF@éSﬁ“VbW@ﬁeha%?hﬁa%?§§t5Pt6F98ﬁFa?de“3?@tET10> or

<100>, the-eofiker ( SikSC%MEQFsﬁHp@@Fﬁé@gorpQﬁl #0088 sffaSeheatedned eit her
waf er surface By glons of .the da%O s |on %&trst set fan-sgapﬁd regi on
9

of waf er tloﬁ@&h &58\%e ) Sp u@& fr 56 L™ pFESs Y
naxinuntreSmkue&tremearwﬁhmﬁse;tmhmnht&et&ld@ t ke dldwpasaposewbds possi bl e

to there ress_slip ow h g ext nS|on by s Qrtin the fer in
positions %here Supﬁﬁ?ﬁﬁu%ﬁ%@s%F@% h ear” ?%%émq%p omes © %~reﬁhtﬁee
m ni num omas‘ftmv\&ra ptaiuieoatsoseletm t’d”t@ maetJamLtweremcpﬁvemn s 63t fass he

I f 60 b dl
i1 con valeloid Iy Grshal oL ENLALl O 007 4 N; 12098,0 40 1. 60 br oady

desi gnat es e ran e 40 to 60, and anong

t hem forﬁaiﬂQ¥WﬁamlHMﬂ@ﬁlons of the range of 40 to 60, which lies on the
positive (gmption side relative to the reference position (01) , in the
positive rectlon by 90 each tinme provides with the range of 130 to 150
and furt her t he Inaklge of! i wafeaovitdh qystagt AeieRAAE LI ORHel PYo3i fih6ns wher e

the maxi nuAdRSQvead °stt%areo°swre%%it@ee@f§qs;retreel atev & JHgd mm-ane frig st 45,
135 next and = 225 further next hese are included in the above nment i oned

respectlveegbeBFtF%%:?ﬁhﬁ%éﬁifg t%‘%%o apslhapgngapyems [fga AR SAS CEgar ds t he

si licon waf@ratwidrs blietod yahak Of 4Ot 8HI6WP, which 1lies on the positive
direction side relative to the reference position (0°), in the
positive direction by 90° each time provides with the range
of 130° to 150° and further the range of 220° to 240°. On the
other hand, the positions where the maximum resolved shear
stress becomes a relative minimum are first 45°, 135° next and
225° further next and these are included in the above-mentioned
respective specified ranges (130° to 150°, 220° to 240°).
[0047]

As regards the siliconwafer with the crystal orientation
<110>, positions where the maximum resolved shear stress
becomes a relative minimum are first 50°, 130° next and 230°
further next, as shown in Fig. 3, and both 130° and 230° are
included in the specified ranges (130° to 150°, 220° to 240°)
although the angle 130° corresponds to the lower limit to the
specified range (130° to 150°). Thus, for both the silicon
wafers, whether the crystal orientation is <100> or <110>,
those specified ranges corresponds to the respective positions
where the maximum resolved shear stress becomes a relative
minimum or shows a value close to the relative minimum.
[0048]

Therefore, when the silicon wafer, whether the crystal

orientation is <100> or <110>, is supported in those wafer
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<110>, positions where the maxi numresol ved shear stress becones a relative
mnimmare first 50, 130 next and 230 further next, as shown in Fig. 3,
and both 130 and 230 are included in the specified ranges (130 to 150, 220
to 240) although the angle 130 corresponds to the lower Iimt to the
specified range (130 to 150). Thus, for both the silicon wafers, whether
the crystal orientation is <100> or <110>, those specified ranges
CorreSpong%rtfgc%hfe?féz@§cﬁééﬂﬁtpﬁ§d tf'rgﬂﬁtumgreeé q%f@ﬁgr@@ewf\/%ﬁ shear
stress becones a refative mnimmor shows osé to the relative

m ni mum <6648] fahereped, TSR ﬂfe@ﬁ?irc%r%%rmewm e Ser B Eal

orientati aaxisumlP0300Ted1dbar i spPoRtady AcktBoss vad 11 L5 -sur bace
regi ons resulé%r fromturns, each tinme by 900, of the dat um f an- shaped

regi on of SH&f ﬁr?&BErﬁéﬁ?dOEQdaaB@VeleWﬁé mBRFRUNR £8E0FVBRCERERF stress,
whi ch act poenttibe ®hihe aay HEbistaLl ardyasigppr( @&%@d i @adowWA eMeke Each

waf er - suppor.tin osition may ocation (area i n_each of
those “waP8r g RiEEe s aEPRES BNt LT TR FEoH LRGSO RaHL GGUt LR by 90
each tinmepyi 0Fseatlsot possiihl e st alsuppossibhe wafarpport tihe whdlee phane of
each of sugh SpecLl)edyleg Qg exist)ng alo. o0 Lateryals, [9049l Here, more
pr ef erabl € suppor g positions ror T5Con *Wafer? aV|ng crys

orientati 80°<i00=rormlsll10> are shomm as follows. Referring to Fig. 2, nore
preferablq %gortlng positions for a silicon wafer having crystal
orlentatlon < are the range of -45 5 (nanely the range of -50 to -40)
or the range of H&ge,Bngxhpredagebdle 4gppor 50Ny adiimgs darunsidngen and

further, ext:ended iaRoesyLesyl o DgntLoMAUENSe> of, they dALE Lange (45 5) in

t he p05|t|ve direction by 90 each tine, nanely the range of 135 5 (the
range of £331°W§-140) and the range of 225 5 (the range of 220 to 230)
[ 0050] Referring to Fig. 2, more preferable supporting

positions for a silicon wafer having crystal orientation <100>
are the range of -45° + 5° (namely the range of -50° to -40°)
or the range of 45° + 5° (the range of 40° to 50°) as being
datum range, and further, extended ranges resulting from turns
of the datum range (45° £ 5°) in the positive direction by 90°
each time, namely the range of 135° + 5° (the range of 130°
to 140°) and the range of 225° £ 5° (the range of 220° to 230°).
[0050]

Thus, more preferable positions for supporting a silicon
wafer having crystal orientation <100> lie in “a fan-shaped
region of wafer surface in the range of 45° + 5° relative to
a reference direction in parallel to the silicon wafer surface”
(datum region), the reference direction being from the center
of the silicon wafer toward <110>, and also lie in those other
regions of wafer surface which are determined by rotations of
the datum region mentioned above by 90° each time. Asmentioned
above, the datum range of “45° + 5°” can be set either on the
positive direction side or on the reverse direction side
relative to the reference direction. Also, the
above-mentioned 90° turns may be made either in the positive
direction or in the reverse direction.

[0051]
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Thus, nore preferable positions for supporting a silicon wafer having
crystal orientation <100> lie in "a fan-shaped region of wafer surface in
the range of 45 5 relative to a reference direction in parallel to the
silicon wafer surface"” (datumregion) , the reference direction being from
the center of the silicon wafer toward <110>, and also lie in those other
regions of wafer surface which are determned by rotations of the datum

regi on ment i oned,abgye,hy. 99, 806N LB A5 BN ONed dAhave, e datum range

of "45 5" can be sef either on't posi tive ect’i on si de or on the
reverse diPpedtilomssif@s si@patitiad ¢ tHe icsfrermaier diadatd oreyHAisb, the

above- nenka%%Qa%QohU2@§OBHYWQ&q@%%%é%é@@ﬁjﬂBeEH@ PPSiHd M€ ardiii&chhon or in
t he reverse dlrectlon [OOS 16 On the other hand, referring to Fig. 3,

more pref & ¥BIFET 66§PPW§€§GP6ﬁ YHEP6r Bi RgXaTST TesR LaFeERaYi A§LEEyst al

orientati grceib@a rehen ieePhessAdni, N 1A MBa Fanl-ROSeANGEES oA £ Aavaker
C|rcunferenc% where a HBX|nun1r3 gﬁgeq hear stress becgnes a relative
f

mni mum 5% e ea ahlshapeger € erd dpr pafanraPeREr 5RELCBF 50 5
and in a n@ﬁesh@pledaro%gul@ﬂ theafremgaurdfacesdn & I r angeatofvdl b therel ative
to the ref%rence di,rection_in parall.el surface, the

Fof e ence LAHFEETTSn b RG LPRoNR B HehilerSob EHEL S T diFE Pl fegtard <1005
(thus, witthet hefamgheeOdaserefienebeenpofné) the Wurstdis dfecausellimonhhe case

of the mak% Q¥E£M§£g§ﬁ%b> P 1§9t%3|%mj§;%gglet & %Q? ?fg§?égrregu) wher e

the stress be cone N nimum a a terna e "ar 100
and 80 i ntlérialis, bsa@atumaat tlhne thesl atdsaee Cnfi mfrmmasﬁerressltﬁosmtysiml (angl e) next

to 50 5 gy %e A%t <81q)0> JThed Qfons 5<C?ang3f eLAN NS ON P %@Péé%i ve

direction Si or on th ereverse lrection si erelatlvetot e rererence
di r ect i onbssiones a FeASZ VEHek efow® apmaé Pkt eralbe by positremsl 3A 080pporti ng

a S"'Co%dﬁﬁ@ﬁ1&%@ﬂ%&ﬂ§Y§&%héﬁtﬁ@%ﬁhd%lﬁQ%Qﬁlﬁﬁﬁsé%%%%ﬁkﬁ%kh%nas
fol lows: 50 5, 130 5
(angle) next to 50° % 5° is 130° (50° + 80°). The range of
“50° £ 5°” canbe on the positive direction side or on the reverse
direction side relative to the reference direction/point.
[0052]

Therefore, more preferable positions for supporting a
silicon wafer having crystal orientation <110> are
specifically as follows: 50° * 5°, -50° + 5°, 130° + 5° and
-130° £ 5° ( the same with 230° + 5°) relative to the reference
direction/point.

[0053]

When, in subjecting a silicon wafer having either crystal
orientation <100> or <110> to heat treatment, the silicon wafer
back side is supported in more preferable supporting pcsitions
as above, the wafer is assured to be supported in positions
where a maximum resolved shear stress acting on the slip becomes
a relative minimum or shows a value close to the relative
minimum and, therefore, slip growth and extension can be more
effectively suppressed.

[0054]

Fig. 4 is an explanatory illustration of an embodiment

of the silicon wafer-supporting method of the invention and

shows, by way of example, the case of three-point supporting

17



-130 5 ( the sanme with 230 1 5) relative to the reference direction/point.
[ 0053] When, in subjecting a silicon wafer having either crystal

orientation <100> or <110> to heat treatnent, the silicon wafer back side
is supported in nore preferable supporting positions as above, the wafer is
assured to be supported in positions where a nmaxi mumresolved shear stress
acting on the slip becones a relative mninmumor shows a value close to the

rel ative i pi qum : e s|.i I - nsi can nor e
effectivefglgugygggggdwgig%Sﬁ?egpa.Eggfgagﬁ%gigﬁgﬁgﬁgﬁy%ﬁ?pj§trgggon of an
enbodinenPrYéFaEh@fé?DFé hoaPér tBapparefhgs ki pod vhfehelsnyenshevinand
shows, by;waynefiexaspleribhe case of three-point supporting 17 of a
silicon wafer having crystal orientation <100>. The «crystal orientation of
t he targeﬂogppﬂcon wafer is as shown in the illustration. [0055] The

silicon wafer 7Ths placednonadesey ©F pehevanbn wakek- syppentikagrel enents 4
provided in_a row al on

provided | hehol B ong ach colum (10 Spouwn) of, =, supbor(i ng, beat . 'The
suppor ti ngnoposhbwon ¢angesugped fiedder.ei Thet hengear enshewn (§Bddéa
f an- shaped region og waf er surfgceoin %he range.of 40.to 60 relative to a
referencepafsggPFBn n bgrﬁPFéﬁ £o°fthé ?lWﬁ%& WaFEr ToGr PEEECT A Tum
regi on) ,pthétieherengesdispectifardbekmginfr ametrke acentsérowof (tahe “si i con
other T ogEBhS BroCget ort Siry aB Ul CHLAPS elor Mol B ordt | GHsCaT t he
datum regkedatbye9toeacte témencd GD56]ctA s Howpaira 1Rieg. t4, thkl sthiécohr ee
waf er - SPpQQEEEPQur§£§QEnE§a‘§‘urEW3ﬂ)n,g.tthrée reRLeknleqdsposed weihyn the
Rl B-SHE RGN S N GE N U R
y

a broken line in the illustration) and (b) other regions of

wafer surface which are determined by rotations of the datum

region by 90° each time.

[0056]

As shown in Fig. 4, all the three wafér—supporting
elements 4 supporting the wafer are disposed within the
supporting position ranges (shaded portions) specified herein.
[0057]

Fig. 5 is also an explanatory illustration of another
embodiment of the silicon wafer-supporting method of the
invention and shows the case of three-point supporting of a
silicon wafer having crystal orientation <110>. The crystal
orientation of the target silicon wafer is as shown in the
illustration.

[0058]

The shaded portions on the surface of the silicon wafer
7 are the supporting position ranges specified herein and, as
shown in the illustration, all the three wafer-supporting
elements 4 supporting the wafer are disposed within the
supporting position ranges specified herein.

[0059]
The modes of embodiment as shown in Fig. 4 and Fig. 5

are both examples of wafer supporting at three points, and this
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[0057] Fig. 5 is also an explanatory illustration of another enbodi nent of
the silicon wafer-supporting nethod of the invention and shows the case of
t hree- poi nt supporting of a silicon wafer having crystal orientation <110>.
The crystal orientation of the target silicon wafer is as shown in the
illustration. [0058] The shaded portions on the surface of the silicon wafer
7 are the supporting position ranges specified herein and, as shown in the

i Il ust ratﬁme%élm%uwo%ﬂﬁ@f 85 SHRPQY 'E;leﬂgra@l@/”@rﬂéﬁoﬁeéUp%ﬁéM t he
waf er are di sposed vmt t%@ﬁt sup orting position ranges specified 'her ei n.

[0059] Thet Gt 1&905‘&. ofst %olx/%"@rr’rFJF?rbl%n&ﬁdlﬁ%te@ tartdlisot h

exanpl es wit \Aa;feellha§LH)]M blenga@t dheeeuppbnt sngastshit Rirsthd & duw-ga>pad nt
supportin sten1|s eneral |y enpl oyed. However, the supporting method of
the inven CT st gt - fb?nted to this but use may al so be nade of a
supporti ngo®®@ar of the four-p0|nt supporting type. [0060] As explained

her ei nabove, n th - Suppor t|n 051 ions lie (a) in "a
f an- shaped regpgn of® (gqéur n§b THt e ?%n ;b “Y% 60 relative to a

refgrencewabefEMppmmtImgMpQﬂﬂmmon$ZEME(anhmcaa ﬁaﬁeshspeﬁaneqlémaimn1
region), f fg c%t DET e%ﬁgéh‘l{ 4Waf§<5 @grié‘fﬁd‘@é% ar&erd “Ed by

rotations tun1re ion eac e reference rec i on
bei ng fro@it@@tt@mtem @arahbeé|t©cbhe &aie¢0nowafdr<$0©£apﬁ”tNéaCa@e of the

<110> waf gL, 804, the, g rghe %”%‘%h%' r?%b'l‘aﬂsbSE”Qa%é?”&&PFaSS”&}?{ |L%ﬁli@];1€rthe

surface tomard <110> in e case o as s eC| A
silicon w%?%@r%£mﬁﬁwhylﬂ§t@§ﬂﬁ@§ of the @&ﬁMﬂuﬁQﬂiOQI%@Chréé@EVQﬂ Shear

stresses gRa herdeduced e ati JPHe idRPUr a0 UncasneaRaL edr Mé tdy 1, fases in

whi ch t he supportlng positions are outside these ranges. As a result, slip
growt h anggfer toward <100> in the case of the <110> wafer and the

reference direction being from the center of wafer surface
toward <110> in the case of the <100> wafer, as specified in
the silicon wafer-supporting method of the invention, the
resolved shear stresses can be reduced by at most about 50%
as compared with the cases in which the supporting positions
are outside these ranges. As a result, slip growth and
extension can be suppressed and the silicon wafer yield on the
occasion of heat treatment can be greatly improved accordingly.
[0061]

The silicon wafer heat treatment jig of the invention
is, asmentioned above, a heat treatment jig which is configured
so as to support a silicon wafer having crystal orientation
<100> or a silicon wafer having crystal orientation <110> on
the back side thereof and comprises a supporting member for
supporting the silicon wafer (a)in “a fan-shaped region of
wafer surface in the range of 40° to 60° relative to a reference
direction in parallel to the silicon wafer surface” (datum
region) and (b)in other regions which are determined by turns
of the datum region each time by 90°, the reference direction
being from the center of wafer surface toward <100> in the case
of the <110> wafer and the reference direction being from the
center of wafer surface toward <110> in the case of the <100>

wafer.
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ext ensi on can be suppressed and the silicon wafer yield on the occasion of
heat treatnment can be greatly inproved accordingly. [0061] The silicon
waf er heat treatnment jig of the invention 1is, as nentioned above, a heat
treatnment jig which is configured so as to support a silicon wafer having
crystal orientation <100> or a silicon wafer having crystal orientation
<110> on the back side thereof and conprises a supporting nenber for
supportingotbe] silicon wafer (a)in "a fan-shaped region of wafer surface in
the range of 40 _tp 60 relative to a.reference direction in parallel to the

silicon wafer shPtd t(&&ﬁ‘%m%ﬂéﬁ) CaRPE 55 6t RePerBgi BPRIMAREN are
det er m nedigyfour sappottihe daEQMhbengaf%&Chabhﬁ@ @1t&@z ihe srefier ence

di t t f f f <10Q0> th

of the <1265 UafErOand CRa Por or-eGe Hi L6 PBR ELAE frmtFhe loent or of
waf er suréabgetbmagdﬂ«ikﬁEJRNHihefeasaoofomhﬁtﬁﬂaﬁat vatetmet® §O062] This
heat t t f t

11 con wif OF hvPhg BT eESydr aheZfT o rase s rearigBPa i the b

silicon wafer n ysta or| 8n°the back
si de t hereofRTA tse@tmemtngathenglérﬁeﬁdmafpe apiteanigltorbeah o©reabnment

using 2 ¥Sitheal beatchraal reniRaat fut alggele such treatments as an RTA

treatnent, a e epitaxia ro an SOT heat treatnent
(Ianlnatléﬂoﬁﬁéatnent) [0063] The tern1"support|ng menber" as used herein

[nol udes, wi thinet hereani g+ hes 6ot rBEbeLs hesadhi et s contagting and

supporting of silicon wafers and anhci nbers thereo For exanple, in
the case Bithhe hbatm%@@a@ﬁeﬁbefﬁgf(s%%®%¢¥$néorb@afeqleo¢0@%@C¢hn@

vertical Bakch d%%ﬂﬁg%fkﬁgakﬁﬁﬁ&afe£§@ﬁ@1aﬁél§b9w?Mémaaﬂ%tﬁerééflncludes
a nunber of wafer-supporting elenents for directly contacting and

suppor t i n§O8i FTHNL S mafeF B HRF T SITuRS e di ridiarded 14 f%ulé%‘i’ﬁtlng
waf er - suppekting foel esenhsa 4ddt i@ d10Watch-wise heat treatment furnace

as shown in Fig. 1, it includes a number of wafer-supporting
elements 4 for directly contacting and supporting silicon
wafers and columns 3 each provided with said wafer-supporting
elements 4 in a row.

[0064]

The reason why the heat treatment jig of the invention
supports a silicon wafer having crystal orientation <100> or
<110> (a)in “a fan-shaped region of wafer surface in the range
of 40° to 60° relative to a reference direction in parallel
to the silicon wafer surface” (datum region) and (b) in other
regions of wafer surface which are determined by turns of the
datum region by 90° each time, the reference direction being
from the center of the wafer toward <100> in the case of the
<110> wafer and toward <110> in the case of the <100> wafer
(hereinafter all of those wafer surface regions are referred
to also as “supporting regions specified herein” or “specified
supporting regions” for short) is to suppress a maximum
resolved shear stress, which acts on the slip generated at each
wafer-supporting element contact point, to a low level to
thereby suppress slip growth and extension, as mentioned above.
Eachwafer—supportingpositioncxnlbejjlanyarbitrarylocation

or area in each of the supporting regions specified herein;
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[ 0064] The reason why the heat treatnent jig of the invention supports a
silicon wafer having crystal orientation <100> or <110> (a) in "a
fan-shaped regi on of wafer surface in the range of 40 to 60 relative to a
reference direction in parallel to the silicon wafer surface" (datum
region) and (b) in other regions of wafer surface which are determ ned by
turns of the datumregion by 90 each tinme, the reference direction being

fromthe center .of the er.toward <100> in the case of the <110> wafer
and 't ovar i Sr3 632 o e B Ee b PR TG0 ulret ofnefe WAt e W 175 't hose
waf er surdébcepeegi oad suepoetengedegional so as "supporting regi ons specified
her ei n" oFoaé? cified supporting regions" for short) is to suppress a

maxi num resolved shear stress, which acts on the slip generated at each

waf er - support i nge e eneiodont@cteporditnenlo af | owe |keat treatmrirebylSuppress

slip gromﬁPo@ﬂge§X®fﬂ§iQnsu?ﬁoﬂ?ﬂﬁboﬂgﬂbé?oéﬁablEﬁ%hSW@BEQE%EEporting _
position can be in any arbitrary I ocation or area’in each of the supporting

regi ons speéRPPT e BeP&F nde20riPEHsPAI8Y- possible to support the wafer on the
whol e surface pi msipecisf bedrsyppof td RELr 84 PASer [ 0065 r SeNgr &l ei®gies of
enbodlnené of the heat treatnent ]Ig provided with a supporting nenber
enabl i ng SuthPRRF B+ IstbpoftthgCar B288&cri BBAPBEFSWE PN "RIL§L 400 Eig. 5, a
set of wateppsHppPestiag &hends £ kStRpYill B¢ thadstl As@ncaéertdtsupports
the wafer _in the  .supporting i ons specified herein shaded and
const 1t ut @ SUPERHIOH FRBPReHer 611 Ho HER bt HOtE 1§ B e fhvent i on.
In this casehitheath| esrpahmkesppportt smgpsysiemn Syt sudper shmgor t hveg waf er at
t hree supggrt&ggeelg tt§ein theosgng plgngei < EQD{Q edaméqggg% Fig. 6is a
schematic 1 8pfesentati on of THePFain Parts a"Suppor ¥y er'Wwith a
four - poi nemslppedt type for a heat treatnent jig for use in a vertical heat
treatnent[gggg?ce.
Fig. 6 is a schematic representation of the main parts
of a supporting member with a four-point support type for a
heat treatment jig foruse in a vertical heat treatment furnace.
Although the heat treatment jig is the one that has amultistage
structure capable of multistage-wise accommodating a number
of wafers, each being horizontally positioned, Fig. 6 just
shows a plan view of an arbitrary stage of the jig. Figs. 6(a)
to 6(c) show how a silicon wafer is supported in the specified
supporting regions. Figs. 6(d) and 6(e) each shows a
supporting member (supporting disk) capable of supporting a
wafer in the specified supporting regions.
[0067]
A heat treatment jig to be used in a vertical heat
treatment furnace is required to be provided with at least one
opening through which silicon wafers can be inserted into the
heat treatment jig, irrespective of whether it is of the
three-point or four-point supporting type. Such
consideration has been given to all the heat treatment jigs
shown in Figs. 6(a) to 6(d).
[0068]
In the heat treatment jig shown in Fig. 6(a), the

supporting member is constituted of four columns 8 and four
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Al t hough the heat treatnment jig is the one that has a nultistage structure
capabl e of nultistage-w se accommobdati ng a nunber of wafers, each being
horizontally positioned, Fig. 6 just shows a plan view of an arbitrary
stage of the jig. Figs. 6(a) to 6 (c) show how a silicon wafer is supported
in the specified supporting regions. Figs. 6(d) and 6(e) each shows a
supporting nenber (supporting disk) capable of supporting a wafer in the

speci fi ed ssHRPEIAI PG LY ANSpdA06H1 A fisaly tieatnentoidghd og be used in a
vertical heat treatg&g%e%u%g ce js required to be provided with at | east

one opening thrd&gh $Eon \RafBFETESA PRTP st tedt AE6AE theat
treat ment jjiigy,in rumespEctdoE f whetdwted toy sarofoudeinddireerpei M e

four - poi nt_.,supporting type. .Such  consideration has_been given_to all the

heat treatrioHiEg Go SHARFTI MOS0 470! 60thEe TOURelY TS e Reat

treat ment gxtgrsleoivarnms F.g. TheafantbBeapsdppemgtiong reber Hys constituted of

four col ums and .f.0 .ext ed. ar 9 respectiv fixed to t
rgl‘ﬁ?%aa%tétﬁg'wgf%rl%a%%’ g t@f;lzxthk%ozl {%ﬁgn gh urF ce07 ot%.e.

col ums 8. € Si i'sTinserte hea reatnment ~7jig in
t he dir ecttitensiiddicoat edfby, arormern 1saed )arrodannshhpedf rguien ahdadierect |y

contacted%ﬂ_qa r e ° xtend ~ 1 - regi ons
shown by asegggggt%gg,P%%é?dﬁégg% 6& Fﬁe §€ Q% %gﬁﬂ?ﬁgb. r?%?g%glof t he
si li con wefremelgonphieseanay of fh- slkaped’ reyitdre alangef ef 48Urfad@ “in t he

range of 4Q 1t ;&Q ;%4%tt§g@%%éﬁliéi@9§c£§8}10{h ;ﬁa}?@é@ié@ td1e HAnge ;Qioy 40 to

-60 or the range o relative to a reference direction _in paralle

to the siad@t swafercssuricadem @@atimn)r égiconP)avd hEd) reHen wégicdn i%hi ch is

det er m nedidne Mnotratd B ft dtherdat uhe @8t @R rRY 190 b5 peci (fsivealilt.caltie
f an- shaped reglon in the range of -130 to -150 or In th range of 130 to

180) .t he 5 SPEREEAHFLoEEPORN bih i FOROENBT To ert Gof 16AS SF IHGH owaf er 7
toward <1G@nddothe3zcass ofboa) , <ddd>ramiwinandirewaidn<dddxgi firdihehease of a

<100> waf%%ﬂ%é} of the silicon wafer 7 toward <100> in the case of a
<110> wafer and toward <110> in the case of a <100> wafer (in
either case, the reference direction is shown by a broken line).
As shown, the silicon wafer 7 is supported in these specified
supporting regions, so that maximum resolved shear stress,
which acts on the slip, is suppressed to a low level and slip
extension is suppressed.

[0069]

In the heat treatment jig shown in Fig. 6(b), the
supportingn@mbérincludesfourcolumnsEBamdtwoextendedarms
9 as fixed to two columns 8 among the four columns. The other
two columns 8 with no extended arm 9 are provided with grooves
for supporting wafers (column grooves).

[0070]

The silicon wafer 7 inserted into the heat treatment jig
is supported, in the specified supporting regions indicated
by the symbol S, by the two extended arms 9 and the column grooves
respectively provided in the columns 8, as shown in the figure.
By using such a heat treatment jig comprising the supporting
member thus configured, it becomes possible to suppress maximum
resolved shear stress, which acts on the slip, to a low level

and suppress slip extension and, further, somewhat simplify
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either case, the reference direction is shown by a broken Iine) . As shown,
the silicon wafer 7 is supported in these specified supporting regions, so
t hat maxi mum resol ved shear stress, which acts on the slip, is suppressed
to alowlevel and slip extension is suppressed. [0069] In the heat
treatnment jig shown in Fig. 6(b), the supporting nenber includes four
colums 8 and two extended arns 9 as fixed to two colums 8 anong the four

colums. dhe wihertripensot Umg SnMi thgnecexhendedearaPeake provided with
grooves I(ﬁﬁ)isupportl ng wafers (columm grooves). [0070] The silicon wafer 7

i nserted the heat treatnent jig 1is supported, in the specified
supporting reginonschdidicat edre Dyméite pydbohown by fhe.twocextended arns 9
and the col um grooves  'respe tively proviﬂgd in_the col ums g, as shown in
the 11 gur SPPByC U MIPERRch I OHEReT MERmERl g Bonbri SFRG ThLYEpgor t i ng
menber t hast odnfheubedngidr decddt s i pbsse biren HeosupR! essd faxidrtBnd«esol ved
shear stress ich acts.on t lip, . to | ow |.eve and suppress slip
extensioﬁggﬁ%} ru?%%éf?r%%&ﬁhﬁg?§§¥ﬁbFF?§€m§§ thel R Swnﬁféggﬁén a?%g and
reduce thehsitze théneot.8a WAGN1thé rextendehb rinsehd fended theshowme e, Fig.
6(c), th rti i fo ol s.8 ( ol uy$ms 8 out
& owdPPP d{Eﬁé%%%ﬁ?¥xﬁ¥¥a el %%f% MRS+ Qp g%gégg §a arﬁo,

of them being provi Im’"gr ooves) dnd two ex ar ns
si m | ar | ydispe$ed keat st tedtarpos ijtiignsidoan oppds gte & i(ds of the walerol unms

8a with the &1d a%&ﬂﬁolngéﬁgg Egﬁé? paaﬁgferhpwggfﬁiogiégéﬁl ly

arranged. Thus, the two colums 8a are i sposed so as to be positioned on
opposi t e BifeReBRO¥he dafehowy iantheabhPraphre® BXEEBnds EYWARETACAAf er

i nsertion, ppenhHgon TUFARCENBEBr a8 gSHRWNJ fle t N A A iRl W ¥bBWed ®n
cylindrical rotrusion 11 for supporting the wafer back side is formed on

the tip ofeachP ext ePdied axher8ed[ 96721 The silicon wafer 7 inserted into
the heat tgeatpent jig

The silicon wafer 7 inserted into the heat treatment jig
is supported, as shown in the figure, by column grooves formed
on the two columns 8 and protrusions 11, each formed on the
tip of the extended arm 10, in the specified supporting regions
indicated by the symbol S. The protrusions 11 are formed so
that the extended arms 10 may not come into contact with the
silicon wafer 7 at areas other than the specified supporting
regions.

When a heat treatment jig comprising the thus-configured
supporting member is used, it is possible to suppress slip
extension, facilitate the insertion of silicon wafers into the
heat treatment jig and reduce the size of the heat treatment
jig.

[0073]

The supporting member shown in Fig. 6(d) is a supporting
disk 12. At four sites on the surface of this supporting disk
12, there are formed cylindrical protrusions 14 capable of
supporting a wafer in the supporting regions specified herein.
Further, the supporting disk 12 has an open slot 13 formed so
as to permit forward and backward movements of a wafer transfer
arm carrying the silicon wafer. For holding this supporting

disk 12, the method comprising providing the columns with
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is supported, as shown in the figure, by colum grooves formed on the two
colums 8 and protrusions 11, each forned on the tip of the extended arm
10, in the specified supporting regions indicated by the synbol S. The
protrusions 11 are fornmed so that the extended arns 10 may not cone into
contact with the silicon wafer 7 at areas other than the specified
supporting regions. Wien a heat treatnent jig conprising the

t hus- conf § guseds SUPROIG prher sis g§@ﬂnglalé@199%%&%|@h50g§y§@%§88 slip
ext ensi on faC|I|tate the insertion o? licon wafers into the heat

treat ment 19T g %%@l?%dhEecﬁﬂebgl%Epéieghefﬁéa?X?WQé?nent jig. [0073] The
supporti ngooeaber shown in Flg 6 (d) is a supportlng di sk 12 At four
sites on the Sfoace f this pgrt#ng dISE .12, there are ged
cylindrical pro ?%s?b 5592 %3 % NgF SROAPPor tPRGTESGRal BEOI A Fh €&lipporti ng
regi ons spﬁeatmedthﬁh@mﬁm@ﬂaﬂiﬂgmxuﬂheu@p@p@hh@ngedbék 12 haspantepen sl ot
13 formed to_per or.wa

t ransf er b%rn1c%¥ry|ngl?ﬁe |ﬂﬁ§§ﬁ%%&ﬁé?aﬁﬁgwﬂﬁSP&ﬂﬁbSPHPSrgﬁﬁﬁwg{?%g di sk
12, the nk2hod tbeapspscngipdoviudpngttihg cebmwns wsbhthaﬁ gheowéSpand

i nserti ng Lheysyonorhing dlske 121810, Lhs, orgoussccl oty hol gl ngdd, gan be

appl i ed, exa he siTicon i hser |nto t he
heat treafneastjigeebmpnistay bachuspppesedng nenber is supported by the
cyllndrlc?bopg?tru5|ons 14 formed on the supporting disk 12 in the

speci fied supporting regions, so that the slip extension which tends to
occur on the wafke %%P@%étb%@a@?@heroﬁhﬁﬁatlﬂrEaGHEﬁﬁeéathél§Qp9ressed

[ 0075] Th§u$ﬁ89@£B?Qﬂjﬂ?ﬂ?%ﬁmﬁh&W&Hd&ﬁ%Eac@&%kﬂé%ﬁ“§Qe§eaﬁ%ﬁP@fﬁé@g di sk
15 and, on e surface thereof, there are forned el'evated supporting parts

16 conp|e@éﬁyaﬁﬁ@cﬁPH@OfHénchﬁrFauﬂétF@Wpéﬁtﬁﬁé WRSICE 1REF éResupporti ng
regi ons spggkff@dation of the whole wafer-supporting regions specified

herein.
[0076] ,

When a heat treatment jig comprising such supporting
member is used, the thermal stress acting on the silicon wafer
is dispersed, so that the slip suppressing effect is improved.
Further, when it is used as a susceptor in epitaxial growth,
a space 1s partially formed between the wafer back and the
susceptor, so that the effect of discharging the gas otherwise
retained on the wafer back side is enhanced and a preventive
effect on the phenomenon of autodoping can also be expected.
[0077]

Desirable as materials for the supporting member are
quartz, single crystal silicon, polycrystalline silicon,
silicon carbide and silicon-impregnated silicon carbide, among
others. The material and shape, among others, of the
supporting member can be properly selected according to the
thermal environment in the relevant step.

[0078] |

The heat-treated wafer of the invention is, as mentioned
above, a silicon wafer having crystal orientation <100> or
<110> as subjected to heat treatment in a state supported (a)

in “a fan-shaped region of wafer surface in the range of 40°
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herein. [0076] Wen a heat treatnment jig conprising such supporting nenber
is used, the thermal stress acting on the silicon wafer is dispersed, so
that the slip suppressing effect is inproved. Further, when it is used as a
susceptor in epitaxial gromh, a space is partially forned between the
waf er back and the susceptor, so that the effect of discharging the gas
otherwi se retained on the wafer back side is enhanced and a preventive

ef fect on the phenonenon of autodoping can al so be expected. [0077]

Desi r abl ecasctatssiad svd ofo thersippatdd ngi redbiesn ale pLeerial s ngle crystal

o , Cal i 1 1 bi d 4 sili > Ced
i1 con o BT ag! Vamsitg- S6tREPe. | THE heGrCR RO Chage, Shibhg BLHERS. o the
suppor t i ngt merfieer s cafabe wirisperky &l @ot itk @bgor di agidos tdiethe bt
envi ro””‘%@&%&? J@ ey ttﬁ@%l?- tk%ozélrﬁeﬁﬁc%e?&iér%%S%&%? ford e

, above, [ e g Ccrysta

i nvention | as frenti one a Si con wafer havin
ori ent at i ome <190 prof <dh®>s ki cubjwried tovdedt<i@@athenthe rasstat e

support edc g @)1 ol w2rlpNRhABRd, heal AR of YRl e b rags LRgbhe, Jange of 40

24 to 60 relative to a reference direction in parall o the silicon wafer
surface" (datumbedicsm) “asat(byeppmenhéras éfisshSfersinmatéersur dte2twhi ch are

det er m nedr by h O AtiARY QfvdNe Hat Uk +r egh 9hnbyt Y LACATAI R aliehr ef erence
direction being from the center of the silicon wafer toward <100> in the

case of FHeIQ1b8eGatEre SR t0Werd IEPHED i FOheceaserapr tMABt QDM Swaf er .
The termfiheat treatnent” as used herein refers to heat treatnent using a
verti cal Eﬁgﬁ Lreatnent boat, RTA treatnent, single-feed type epitaxial
growh, S Rht treatment or the |ike. [0079] The heat-treated wafer of
the invention dnes medt-stovwtadywdfd f esencee | n-appedsanges§ rom tdeowi | i con

waf er s SuQR?fo%%erence in appearance from the silicon wafers supported
and heat-treated by the conventional methods. However, the
heat-treated wafer of the invention, which is one supported
in the specified supporting regions and subjected to heat
treatment, as mentioned above, shows suppressed slip growth
and extension as a result of suppression of maximum resolved
shear stress acting on the slip formed at the point of contact
between the wafer and each supporting position during heat
treatment to a low level.
[0080]

Therefore, as compared with the silicon wafers supported
by the conventional methods and subjected to heat treatment,
the heat-treated wafer of the invention is characterized in
that it has few slip and, in particular, has no long and large
slip. Therefore, the use of this heat-treated wafer is
advantageous in that the yield in device fabrication can be
improved.

EXAMPLES
[0081]
(Example 1)

Fig. 7 shows locations where each silicon wafer was
provided with slip initiating points in the examples of the
present invention. InExamplel, asshowninFig. 7(a), silicon

wafers having a diameter of 200 mm and crystal orientation <100>
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and heat-treated by the conventional nethods. However, the heat-treated
waf er of the invention, which is one supported in the specified supporting
regi ons and subjected to heat treatnent, as nentioned above, shows
suppressed slip growh and extension as a result of suppression of maxi num
resolved shear stress acting on the slip forned at the point of contact
bet ween the wafer and each supporting position during heat treatnent to a
| ow | evel . [0080] Therefore, as conpared with the silicon wafers supported
by the comyestgrenalddethedssang subi et eflg tgp hedd ot eaknedtatidhe a”
heat-trea}eddwafer %f the invention is,c racter.izgd ifn that_it has few
“slip and, TROPRFTFRGVATL ek RIS ahd YECLBIF ¥ CTHBR i e 1 He use of
this heatpé¢seated (flernicsatatvantageoisn i(indiatatdwebyi eby dnedettae
fabri cat ng[‘]\/\%c Cglcgg.l ﬁ”PefKPVEﬁ- 9@@(@/55581) [008_1] (Exanmple 1) Fig. 7 shows
| ocati ons ere"each silicon wafer was 'provided with slip initiating points
in the exadp¥es of the present invention. In Exanple 1, as shown in Fig. 7
(a) , silicon xaf r§%§y' | agreter g of a y . QrLgntation
<100> 25 were pr oe\elfldae V\ﬂgﬁ’;}% ] nllti%t}hé&%o‘?%%sggtg%h@gﬁ%%a |é'(8)n "a"
(i ndi cat ezgodye alerenprpeldeduidh $hipHa i ighingretntiel éherkaext igosition
(0) and atp#he; b ocation i ngi cated, by, a2)r pway. £4.0m 4 he,d peati opsa” by
900(case 1). Ei)OSZl Al ter%atif/elvfythre,sane,sﬁicon ?/va;lg?s as nemi)gned
above wer®eY ptovi Hedd wFiRcanferenttrat Ahgepbiarsant fhethecaprafionp”
(i ndi cat ed; Ryi bh) c@wey I omRe rrefef 88CE Posi & Ob A Qcasky 245pi o @e .
circunferential direction and at the l|ocation  (indicated by b2) away from
the | ocat?%‘ﬁ lt'cl?at(léé{‘s% (f)lbeZQO‘é’he’T%eS]iJébdﬁl&ﬁsat_(lﬁﬂ PR tRhere %W%n_
initiatingnpeddd © &= 19iwWeRini Bheasgfdrfahpprthhg toeivas espstppdsdi ng
regions Sgggéih?dEkuﬂlslip initiating point was provided by giving an

indentation to the outermost peripheral wafer surface using

a Vickers hardness tester under a load of 1 kg weight.

[0083]

These silicon wafers were subjected to heat treatment,

and then, for each wafer, the lengths of the slips generated

and grown initiating from the point “a” and the point separated

by 90° from the point “a” were measured and the maximum value

was determined. Likewise, the lengths of slips generated and

grown initiating from the point “b” and the point separated

by 90° from the point “b” were measured and the maximum value

was determined for each wafer.

The means of maximal slip lengths in case 1 and case 2

are shown in Table 1.
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[0085]

While the mean slip length in case 1 was 12 mm, the mean

slip length in case 2 was 6 mm, indicating that, in case 2 in
which the slip initiating points were provided in the
the

This is presumably because,

wafer-supporting regions specified herein, slip length
could be reduced to half in case 1.
in case 2, maximum resolved shear stress was suppressed to a
low level, as mentioned above, hence slip growth was
suppressed.
[0086]
(Example 2)

In Example 2, silicon wafers having a diameter of 200

7 (b)

I{4

mm and crystal orientation <110> as shown in Fig. were
provided with slip initiating points at the point “c
(indicated by ¢l in the figure) in the vicinity of the reference
position (0°) and at the point (indicated by c2) separated by
90°
[0087]

Alternatively,

from the point “c” (case 3), like in Example 1.

the same silicon wafers as mentioned

above were provided with slip initiating points at the point

“d” (indicated by dl) separated by 45° in the circumferential

(0°)

separated by 90° from the point “d”
(dl, d2)

direction from the reference position and at the point
(indicated by d2)

4).

(case

The positions given slip initiating points in
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suppressed. [0086] (Exanple 2) In Exanple 2, silicon wafers having a

di aneter of 200 mmand crystal orientation <110> as shown in Fig. 7(b) were
provided with slip initiating points at the point "c" (indicated by cl in
the figure) in the vicinity of the reference position (0) and at the point
(indicated by c2) separated by 90 fromthe point "c" (case 3), like in
Exanple 1. [0087] Alternatively, the sane silicon wafers as nentioned above
were provided with slip initiating points at the point "d" (indicated by

dl
poéiffﬁﬁr?%%ga%fé?l' e G I T A oy s 2 T 3565 om the
poi nt "d"he¢sase. 4). The positions (dl, d2) given slip initiating points in

27 case 4 fall %héhh@aEQEeM@BErréHBEQEt599 5ﬁ9w9n§1§eeghfwgglehqreln The
neasurenent results are shown also in Table 1. [0088] Wile the nean slip

length inl8848813 was 12 nmm the mean slip length |n case 4 was 6 m It is

thus presumabl eyhhat cwher S b@lbnléh§£hﬂﬂuQﬁkﬂ§% MEQQUP%QV'QQQ h8ahhe
waf er - supporting reglons speC|f|ed her ei n, rowt h coul be suEpressed

al so in sPlLitBoheidfBr $0hEFFRg cW§§té|m8r.eﬁ%a%$o u%xabgsumatisntbﬁ

APPLI CABI LhEY s(0p89hiThatshbi penntel eersupportided Mot hod of the invention

is a netho? conS|st|ngﬁln speci fyi $E%§ fer-supﬁgrtln glons on the

occasi on BfTREAFUPPEALABAL IF l%n§e§9 1¥eat® 15 eat fent® ¢ GWﬁ c&H silicon

waf er s habeng;pfgméésadd el kentrat i Dhcsd O e Oy hxlilNg c iliitsh Inet hedt sanoneduce

t he shearmgﬁé which contributes to the extension of the slip generated
r_

at each supportl ng el enent contact point as an initiation,
INDUSTRIAL APPLICABILITY

[0089]

The silicon wafer-supporting method of the invention is
a method consisting in specifying the wafer-supporting regions
on the occasion of heat treatment in a vertical heat treatment
furnace. In silicon wafers having crystal orientation <100>
or <110>, this method can reduce the shear stress, which
contributes to the extension of the slip generated at each
wafer-supporting element contact point as an initiation,
suppress slip growth and markedly improve the yield of
heat-treated wafers. This supporting method can be carried
out with ease using the silicon wafer heat treatment jig of
the invention.

[0090]

The silicon wafer obtained by using the supporting method
and the heat treatment jig has few slip, in particular has no
long and large slip, and is high in quality.

Therefore, the silicon wafer-supporting method, heat
treatment jig and heat-treated wafer of the invention can be
widely utilized in the production of silicon wafers having
crystal orientation <100> or <110> and of devices derived

therefrom.
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suppress slip growh and narkedly inprove the yield of heat-treated wafers.
Thi s supporting nmethod can be carried out wth ease using the silicon wafer
heat treatment jig of the invention. [0090] The silicon wafer obtained by
using the supporting nmethod and the heat treatnent jig has fewslip, in
particular has no long and large slip, and is high in quality. Therefore,
the silicon wafer-supporting nethod, heat treatnent jig and heat-treated
waf er of the invention can be wi delyruytwgized in the production of silicon
waf ers haV|ng rientation, <100> or, <110> devi ces deri ved
ey orromt 08 nresRos R e Bl o0 OB e e T et ey e me
crystal amienftatiiem <1Q@>" ((<10Q> wafferr)) or “a suuu@@m.waﬁem hawun@

crystal orlentatlon <1 0>" <1 waf er.). for ment . th ,

char act er iZ&d i £Hat" t)lor%1 <tj1lgoc>ase Jolflot>h§' E%fd> &hC tﬁg ?ﬁe.nc?on waf er
back si de ke rsuppordred ac)am el ifrarthsitaped )regitdre @fasmfoér téer Kadé> n t he
range of 6 r t.i d|r C a Iwto the
silicon \%v;a%féeor sgcr eagzeéej‘z'ai é)q} hﬁ%}?ee}{;?{)a%}gnscjt%e rsgfgedr%ce %‘?rt@“%n E%)el ng from
t he cent erfagf-sthapes) Irle@o@nmafewafwmtdria_@@irame( b)ainge of D ° rtaitdiis whi ch

are determaqed % rt%t Qt LoRs of cLhgy datpym,r £gi z?ﬁ’ P €achding; apd (i)
th fer

in the case of the <100> wafer, e silircon ack side is supported
(a)in "a fEfeshapedacedgileaten mgé@néurﬂa%erqfrenerrecer &higee BT 40 breg 760

relative o ief erencs dif egld N’ i(Qat WRLLIitdMard Ra geef erence) idi rection
bei ng toward <110> and (b) in other regions which are determ ned by

rot at i ons G athe eddomn Fegichnabg 9ot eaEhnef| g, r@FaVQTn@ QENtQﬁlqa56ﬁ1mafer

heat treatr@®yitorBi,cdVd saceof hguned $91a§nttq1e9@9@@rdf ﬁe%i@)@@ﬂza\@%frer havi ng
crystal orientation <1 0>"?g$%00> mafer ! i]icon wafer V|ng

crystal oriEntatitGR<¥26s 0§1ﬁﬁfb§) %RP??&? adk &t J@ fan-shaped

region of wafer surface in the range of 40° to 60° relative
to a reference direction” (datum region), the reference
direction being toward <110> and (b)in other regions which
are determined by rotations of the datum region by 90° each
time.

2. A jig for silicon wafer heat treatment which is
configured so as to support “a silicon wafer having crystal
orientation <100>"” (<100> wafer) or “a silicon wafer having
crystal orientation <110>” (<110> wafer) on the back side
thereof, characterized in that it comprises a supporting member
for supporting the silicon wafer in such a manner that: (i) the
<110> wafer is supported (a)in “a fan-shaped region of wafer
surface in the range of 40° to 60° relative to a reference
direction in parallel to the silicon wafer surface” (datum
region), the reference direction being from the center of the
silicon wafer toward <100> and (b)in other regions which are
determined by rotations of the datum region by 90° each time;
and (ii)the <100> wafer is supported (a)in “a fan-shaped region
of wafer surface in the range of 40° to 60° relative to a
reference direction” (datum region), the reference direction
being toward <110> and (b)in other regions which are determined
by rotations of the datum region by 90° each time.

3. A heat-treated “siliconwafer having crystal orientation
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t hereof, characterized in that it conprises a supporting nenber for
supporting the silicon wafer in such a manner that: (i) the <110> wafer is
supported (a) in "a fan-shaped region of wafer surface in the range of 40
to 60 relative to a reference direction in parallel to the silicon wafer
surface" (datum region), the reference direction being fromthe center of
the silicon wafer toward <100> and (b)in other regions which are

det er m ned r,otati.ons of. the datumreqi on by.90 each tine; nd.(ii)the
S000 wat e o geTRe B s T Ao A A A TR o bR s MRIAFLe 1
t he range afystalt oGkt atovect e (et Erencefar r ecthandc{enat uedir egi on)
the refer directy i <110> i reqi ich
are dotor i HEd By FOLaC o o Cne A L e By Bo°enoh PRy
heat - t r eat & 115i'ld domwdfarehadhigrerafstal L aor isertfdonn 2 < 1e0we (0£100>
wafer) or g heal -dgealad Sid icon \&%&%&é}@e 00 r ISRl P G0hA 0R 110>
(<110> wafer), characterized in that: (i) the <110> wafer 1s heat-treated
in a state&Bupporten {a)eh swrfarr'sheprim ebrohoni » welkerreliefaeesin the
range of A0-dQ &0 nelald e dp thd eference dingetdion ddy Rarld &lodadq the
silicon wafer surface" (datumregion), the reference  direction being from
the cent er<idt0% RBAs| T EbAtRGTered oot Hhighomse givd B nas BY F&tatd@ivns whi ch

are determmethdyakatattgnsn 19§ ddve sdatumimegi 8AdbY: PPt gachl ¢d»gia rand

(ii)the <100> wafer 1is heat-treated in a state,sq\ppﬁrted %a) in"a

f an- shaped-§ B§R6ATF6RTRATET 2stird at  UPROEFRE S bmben ot ¥BRTaRBBeH ISR e to a

reference dlf nectdonultiatdni egh®mandgdeof ef@r encecdr r el honvebeong toward

GLi0> and (D) dn, ot helJeaions ullkeh are; dg) ermood sby Ll aians of, the
being toward <110> and (b)in other regions which are determined

by rotations of the datum region by 90° each time.
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