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[ DOCUMENT NAME] SPECI FI CATION [TITLE OF THE | NVENTI ON|
SI LI CON WAFER AND METHOD FOR MANUFACTURI NG THE SAME

[ Technical Field] 5 [0001] The present invention
relates to a silicon wafer where of both slip

di sl ocation and war page occurrence can be suppressed
in a sem conduct or wafer manufacturing technica

or GEROMERC BhBEL s pb PR TeRCr et ur i ng t he “sane.
[Bﬂﬂﬁgﬁo@ﬁdTﬂEtINVEwﬂnﬁﬂ A silicon wafer used as a
substr af I%IE?& ﬁAFf[g”At@[?eréﬁfo%r £f) Vhﬁl@uﬂcﬂf}g e e, SAME

manuf ac icing a si |con Si ng
kﬂﬁcﬂﬂ%§aéeFﬂéiﬁing heat treatnment, n1rror-I|ke
flguoﬂm ng, or the like to the sllced ingot As a

nmet hod manuf acturing such a_ silicon single-crystal
i ngot , Pﬁer@???@ o&ﬁVﬁgEk?nné?ﬁaaes(ﬁe}ePndg ort water

catHeart "ofZ baehhed'ip, dﬁsloea%ﬂqﬂ(andﬂwaﬁﬁég%Ooﬁebhodnce can
Pig ary  of f. t 1) :
ol ST DpTRR e tn g conteBEhHLERR AR A ReBntpcryring
§efé§§3¢atlo blrldn aseeatpelyryseald | dgoiced manafparygeing
PRI, O ndef est Shs@Ne e nontrhet hedng e&@é RV

ea [ ] ) 0003 5 A silicon single-crystal
§PL§ £Efled "CZ- Si") pulled up by the CZ

neﬂhmm i ncl udes crystal defects called "grown-in

defects". The Si es | rs tial in
super‘sa urséltmelac% <’:lt"ég egut su s%%)er gat ur ;E%’ %atgxygfeonr a
c s ondagtbirondefife nerdeftbet sltked | eis Bulanuflactor8d by

Def|ct; nghek ei haf cahk I%J\Qa)llnne?gea&n rs@weﬁhng

(anneal) conducte therea?ter 0004 er to form
a heat &fmaeaﬁ dByrEerohl ke sﬁmlcsélﬁngmpér thet like to the

r&ﬂMd&d i hgdt no cmgsta':ll méeheat fy | faehuﬁleetﬁém@ &uch a

sem.conduct.,or .devi ce rmn i on. 9 ause,, o

o P CAR S G BE7 S af e i Do 4 SE8 DR LaRERE

ci frardinag thoy med,l ledr izt netdakdge dort exampke . The C2
method occupies most part of manufacturing the silicon
single~crystal ingot because of such a reason that it is
easy To obtain a single-crystal ingot with a large
diameter or defects can be controlled relatively easily.
[0003]

A silicon single-crystal (hereinafter, called "“CZ-
Si”) pulled up by the CZ method includes crystal defects
called “grown-in defects”. The CZ-Si takes interstitial
oxygen in a supersaturated state, but such supersaturated
oxygen causes induction of fine defects called Bulk Micro
Defect (hereinafter, called “BMD”) in a heat treatment
(anneal) conducted thereafter.

[0004]

In order to form a semiconductor device on a silicon
wafer, it is required that no crystal defect is included
in a semiconductor device forming region. This 1is
because, when crystal defects are present on a face on
which a circuit is formed, circuit breakage or the 1like
is caused by the defect. On the other hand, it 1is



10

15

20

25

30

35

is caused by the defect. On the other hand, it is 2
required that the silicon wafer includes BVDs in a
proper anount therein. This is because such BMDs serve
to getter netal inpurities or the |ike which causes
sem conduct or device mal function. 5 [0005] In order to
satisfy the abovenentioned requirenents, a nethod for

erf h t f
S oaaea BBE THE! Bel T S Feon "Frars 31D} off Arproper
| moupgi cthettaliar.i ng Tayer ichereransfet esuch| GMIBs | agerd) to
Agdedem Nehlalg Ak B del get s dRkesanld N s I 86 tses

of" the silicon wafer orm a Denuded Zone ayer
( PEMCRRANEEOT cRFY P Wﬁéfpﬁﬁéﬁ?nmhere crystal defects

ar@ooisnfinitely reduced is used. [0006] 15
Speci ficall a_mnet hod o erforntn erature
aneal oo EUF L FBoRRL Stk R TS 6o Pl e aRL Fanencs,

graOMetlmodeffeIrt spenfarmumq amghf—tEinpesmmm ataennatad to a
Q7 BRS E@%EU%”%%E&OS@B ag, el elpd nsi dg. 4 rh%afzeor to

substrate been ose Patent L|terature
[GGG?H PBme@éFrlﬁiy@e YRIEMOr attRYRE |ﬁhEE¢¥@@%¢%rr “IG

fqerye@‘" onarb;ot bmlﬁwmnj ageoandia @@‘f’écftac Afséht in a
|I|%on wa

he abovenenti qned h| er at ur
rsEPler Brokte R Lo yR o el e dogtn g, @Pa&g@ UiRS tpver
outhearednditénsi oal P&d ofDDXyyer) duheng begbthl edtfients are
Agn%lgesgh% %éﬁgga ﬂ;%&%%lnt of di sl ocation defect

ext ensi on fer ront face and a back face
| dWEP&1si gnificantly, dislocation defect (hereinafter,

cal | edgpgkipidaEBp) | Y a exk@fHS4i N @, bul |f3efrrf6mnf1h§e hlgh—
flaws on the front face and 30 the bac

i FBEGEEHTEn AR Ehned <t et WHRITER 2 é@?gl t§u‘i’ﬁt§%’i:%
prreduem tglnatmstne@gfébmsf drhes sidrifeor ofatke tsowetsamjeand

t%%te%ﬂo%n Qe ;Mn "ngté{;é’&atéé’” nudPdi EXAND) & the
when a silicon Wa s ainneaf ed unde el ng supporte
byudshaatet heathesn maosed tReteénkeiitgigras 1)
di@loegati ons may often extend from near supported

ortion
P However, oxygen concentrations in DZ layers formed

on both a front face and a back face of a silicon wafer
in the abovementioned high-temperature anneal process
have been lowered considerably due to outward diffusion
of oxygen during heat treatment. As a result, since
restraint of dislocation defect extension on the wafer
front face and a back face lowers significantly,
dislocation defect (hereinafter, called “slip”) easily
extends in a bulk from fine flaws on the front face and
the back surface introduced in the anneal step, which
results in such a problem that strength of the silicon
wafer lowers due to extension of such slip dislocation.
For example, when a silicon wafer is annealed under being
supported by a heat treatment boat or the 1like, slip
dislocations may often extend from near supported portion
of a back face of the wafer supported by the heat
treatment boat. Further, there 1is a case that slip

dislocation extends from an edge portion of the silicon
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of a back face of the wafer supported by the heat
treatnment boat. Further, there is a case that slip
di sl ocation extends from an edge portion of the silicon
3 wafer. [0008] Wen the strength of the silicon
wafer | owers, there is a corgcern that such a situation
that the wafer is 5 danaged or broken during
gfacturing step occurs. However, the DZ | ayer is
ed8éhitral for sem conductor device formation, and a
silPPEBh waf er having a DZ | ayer and excellent strength

proper fiyehashd tg%oggglﬁo& f%gr$%weﬁiu t%ere

conventi onal net escrlb In t oW n
LPFeﬁhtE?%cﬁrnsﬁpéﬁgﬁﬂxﬁbm%rﬁﬁ@uéFl%n §Wpﬁcdﬁmmaﬁéfeﬁa§3

ndhmb@é@ C@ﬁSIﬁﬁwﬁﬂuthhﬁﬁb emﬁﬁﬂﬁh@ﬂurfﬁg3|éﬁbp occurs.
hslocatlo%' idable in a si

i s )
manuf act ur e&laoyldguc "5 et ffod®® ﬁ%}t[ﬁéiO]foE/Eaﬁ?Wr‘F@d%tor
néehgdef@prgeh9®mxlagdBNDSlaucanhwgﬁerdbasnng hazbeeryer

p%ﬂ@°§§8‘ ilﬂerpt{ dsecrﬁe%]%tmr gxfgg %%%% r%t; sych slip

di sl ocation v, a siiicon wafer
mafBPAtt uri ng method where oxygen preC|p|tat|on nucl ei

W th sizes tok 20dAwint logss | mdddanogedc©fbed X in  the

1Q10at / t he. BND | ay. b

PP PR PR AArE + SrpehGe bR Aot Hage Of 2
t!sééftnemt waben babstoat desini c:exﬂusfldemzd 25 dildtcosktension
Sbﬁg'sf:‘fi yél?ioé 3} UE‘QG n%b@é&@féelﬁf DiLL Q%Bnagﬁa%er

gas ammoni a gas and inert
aﬂaauf®ﬁ$Rﬁ%ﬂLh%a%ﬂChSGOm?éh@QOOC in arange of 1 to 600
mipptes has been proposed (Patent Literature 2). A

silicop wafer. where B th a hi conc ration (
30 1010RIIHEI L T o F LROR0 T8 L RS G S e @ hish
gdaasatgdhhy beepeptopgsdrtain toxddment stepesteveralrrence

Pat ent Literat 3). Patent
R By P YRt et Literanure 9. Pt

Spec1flcally, a silicon wafer manufacturing method
where oxygen precipitation nuclei with sizes of 20nm or
less in the amount of 1 X 10*%toms/cm® or more are formed
in the BMD layer by performing rapid temperature ramping
up/down heat treatment to a substrate sliced from a
silicon single-crystal ingot under atmosphere of nitrogen
gas, inert gas, or mixed gas of ammonia gas and inert gas
at a temperature of 500 to 1200°C in a range cof 1 to 600
minutes has been proposed (Patent Literature 2). A
silicon wafer where BMDs with a high concentration (1 X
10%toms/cm® to 1 X 10atoms/cm®) have been generated by
repeating heat treatment step several times has been
proposed (Patent Literature 3).

Patent Literature 1: JP-A-10-98047

Patent Literature 2: JP-A-2006-40980

Patent Literature 3: JP-A-08-213403
[Disclosure of Invention]

[Problem to be solved by Invention]
(0012]
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Patent Literature 2: JP-A-2006-40980 35 Patent
Literature 3: JP-A-08-213403 [Disclosure of Invention]
[Problemto be solved by Invention] [0012] 4 In

recent years, however, since a silicon wafer is
increased in dianeter and thed4rapid tenperature ranping
up/ down heat treatnent by a Rapid Thermal Anneal er
(hereipafter.. ga "R IS fre ently sed bes des.
5 occu?r(?lenr(%eeé1 Q%ee'ﬂ %V%:eé’tel ion° ?pa S eretat S §5n 1S
a 1%@@6%@6#&@@%@@’& cthq 0@4;3}01 Aﬁmper@*sw@t r@rnplng

d'tﬁg’rd@%Of h§btp3t§EQtM@{tpa 'em R g@gldTh)éanE@ Rifnealer
I.PS are

t trea [ "

@\%&d&lé‘ TeFOmC&JerFact ﬁ?g‘ ;50|lr?t sflfféﬂﬁé’éﬁ]rya ugider Ppatdes
fam@uamdnaemaﬁbrshn¢ddmglpoatimws wdheage ngeaduaedd in a
ydd§%re%E8 e%n%fbﬂféﬁéyreCt'on whi ch causes wafer

e or eakage 1 n sone cases. The warpage is a
ph #8non where a wafer is deformed due to thermal 15

strai nagduriing JsheaRIBnhedti ahr8at MmeRrt . ML LXadW €, warpage
hill- shap Sd ortions_and vall ey- shaped portlons appear

on E FOREFE 166- BranBeahstEpdWrth i ghavn vig

ofsld pssi dare:orinwabancbef dremheddnid@dtngenpo Ot s i meamtebng a
d%%kr%d g& 8 thxﬁﬁﬁﬁfFééléﬂQQU 5¥%H$ns The
suppresse m or |'ess

trléré;trﬁénpeéuéﬁlas t’s‘héeR(TAlnl 8 pePfdinedtiont hehsehicawses

V\@faefrear %Mﬁﬁgé eassr&éa@;g@ 1rﬁlé‘a‘n%r eacesi N RELohLrPeiNeen 5
hill and alle I|con waf er reaches severa

téﬁ?”ﬁﬂ@PSH ﬁ%@%&% 6%0H?§er Vifen B RBTIRT patte béConklermal
| angainadaetthGOBHECROR Keat cere2impatt er Bo@aﬁxﬁmpl@ﬁ hill-

expas on mafer S rfa urat e I which_g¢ S
Iowenp%gig fot sleorrﬁsco‘irlln uct o?f?ﬂ% a<-3De e%fértlfﬁ)li 8‘1:’%? on @
prestflegm of 1%@—N\hmmgea$3egbms snngliGl cant wiempage of a

ngfylc@haWSESE B@@GP@Shégﬁkﬂ?éEEd@%Eefo@anbBrt§ng3@e51red
i mpossi bl.e to avoid the problem by ly regul atin

BVISOR6REREr &P hewasewg% %W&@ﬁteéatlﬁoﬁugpﬁﬁ{sf,eq? ST

the or less. However, when heat treatment such as the RTA
is performed to the silicon wafer, such a case that a
difference in height between a hill and a valley on a
silicon wafer reaches several tens micron meters occurs.
When the warpage becomes large, a semiconductor device
pattern can not be exposed on a wafer surface accurately,
which causes lowering of semiconductor device yield.
[0014]

The problem of the warpage becomes significant when
a wafer diameter reaches 200mm or more, and it is
impossible to avoid the problem by only regulating the
BMD concentration to a high concentration simply like the
above.

[0015]

Therefore, a problem to be solved by the present
invention is to provide a silicon wafer that can suppress
both occurrence of slip dislocation and occurrence of
warpage in a device manufacturing process and a method

for manufacturing the same.
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above. [0015] Therefore, a problemto be solved by the
present 35 invention is to provide a silicon wafer
that can suppress both occurrence of slip dislocation
and occurrence of warpage in a device manufacturing
process and a nethod for marnufacturing the sane. 5

[ Means for solving the Problem As a result of keen

rqﬁggﬁghfgpgﬁi _Mhﬂaveh%rngg?Fnentioned probl ens, the

esent 1nv ors ed that BMDs included in
a siliddn aaf eeshbive &f 5 Kficde sieseadcktrfont i oplsuch dade

1@50‘&7@mé@ﬂ-§éﬁé’@ resab oy the defisddentor Phidh 30N ave

ardi.n and av obtalned such a findi
t GAE 65&%%6%3 S0, i3 dnarpayeSt hieeVRERT have a
nwndéasuaa|ﬂ}qnnmba$&ooamube aS|@nﬁfnnanl@?/embpre&a&dng

b 0 ng.t he .de t.h
)éhge?ﬁea?l%llhgdgsrl ?)e tsoongdorrp et gjg[%ﬁ%me\ggnt | nven nIdon}‘}ave
[@M?]mecrhaftuqfs at hélmle%%ntthuaﬁvew¢wermeat ¢ teldp and

Sialr a Be waﬁer avhed &y BMDs nvartdfa%%ﬁ&hnél K/%?o%@%sforcﬁ%d be
wth |ar

iL,gh 15 density and a _densit
SP}QQngC?%Bh%e&UPP Fared abby, 9 I@ﬁ&ﬂpﬁlaT Rx Ggﬁlgy of
CcBNOentwiathi can psefletéheined esliwedtoandmpleaethathef oggresent
ing the same. The present invention includes
nqgg%ggﬁg&ﬂng inventions (1) to (11). 20 [0018] (1) A
sill00édh wafer where a shape of BMDs is octahedra

wher ei fhat d@QSI weotorg%ﬁt m@m@l&gmade%ngwsa ag €1 i1ddn

range . of mto 50nm resent. at
péfélfFFor‘i’hefS \WDcsh ‘Ylstqﬁ rﬁ/%?r% ys%%e%lr? rBﬂ?’ﬁe@uFPaé‘e fggh
adenkiconanaf erddysatWict @amoe efithOparge sbres is Hedlced,

%gké{f%gg % ggEgrselglarhSI5))’%#3]:1‘»8'%%@%8%%%%1 aglogl urther

esent at
posdured, wangh a smethod for manufacturlng the same The

present invention includes the following inventions (1)
to (11).

[0018]

(1) A silicon wafer where a shape of BMDs is octahedral
wherein

a density of BMDs whose diagonal lengths are in a
range of 10nm to 50nm, of BMDs present at a deep position
which 1is inwardly spaced from a surface of a silicon
wafer by a distance of 50uym or more, is 5 X 10''/cm’ or
more,

a density of BMDs whose diagonal lengths are 300nm
or more, of BMDs present at a deep position which is
inwardly spaced from a surface of a silicon wafer by a
distance of 50um or more, is 1 X 107/cm® or less, and

an interstitial oxygen concentration is 5 X 10%7
atoms/cm® or less.
(2) A silicon wafer where plate-shaped BMDs and
octahedral BMDs are present, wherein

a density of octahedral BMDs whose diagonal lengths
are in a range of 10nm to 50nm, of BMDs present at a deep

position which is inwardly spaced from a surface of a
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30 inwardly spaced froma surface of a silicon wafer by
a distance of 50pmor nore, is 1 X 107/cnB or |ess, and
an interstitial oxygen concentration is 5 X 1017
atons/cnB or less. (2) Asilicon wafer where

pl at e- shaped BMDs and 35 octtahedral BMDs are present,
wherein a density of octahedral BMDs whose di agonal

| 809t BSn §hfekn 1A r@”@?s@zﬁné@n&tgog%mof’f BMDS is 5 x
present ;at a deep position which i mvvardfny Spaced
f EOM/ENSUPF ¥ %f a 6 silicon wafer by a distance of

5|Op m er deneitys %X plgﬂémra?pem rm/n:%h aviansi tyidfonal
p -sShape B}\% se _di_agon ngths are 750nm o

m%?éf&t%? %!f/%s presen ratmogedeeogE g&g%siptriegﬁnﬁhiacth fs dleep
i praitiignspadel firomavasutifacepafed Srbncon wafBrcdhyod a

disst ap6s QEraOULY & IDIEnA &l 30u A0 LENBQte, ! %3%7 1 X

and,an ., nterstitial oxygen concentration is 5 X
at-8nEFenBrotePessad0 (3) A silicon wafer where a shape

of BMDsni Sirpleaisg¢ishapechxyganer €bdcentdensicny 08 BVDx 10V
Lagonal, lengths are in a range of 10nmto
e a5t

présent at a deep position which is
spaced bhhbeoh ywdfoomuwhengr fasbapt af 18MB$ | i €op aved-erhaped,
aydibstance of 50u mor nore, is 1 X 1011/cnB or nore,
a density of BMDs whose diagonal |engths are 750nm or
nore, ®f 9BRBtHr &LeMMlft WP REG ont ST jare in a
zgaggé icmvarlcdinyh 8 eom &k, f ac€ OofMBs siﬁéie;s@%wafae:r dY dkep
L. st ance,of . 50p. m or re, 1s X107/ c or.1ess
ARG ARLBRT Erder i th "BRTGEN CORREMY of FOR s BUSEAGITOT @
asédstonBweferedy. { 4%1iTheneret abdSPpmnepuf acreari ig theX
shbtoen3wef eforfccording to the above (1), wherein a

heat treatnment i's 25 prefornmed to a substrate
i ncl ud®ngepAaytYacfoRMPenmpdrsetudd agean Lt eagibst are 750nm

cordusdred asdf apMpenpefaidnte &f 80Qded 7pOE £ Don 3@hich is
"EB%ES& E%w%?d??“%%bm a surface of a silicon wafer by a

distance of 50pm or more, is 1 X 107/cm® or less, and

an interstitial oxygen concentration is 5 X 10%7
atoms/cm® or less.
(4) The method for manufacturing the silicon wafer
according to the above (1), wherein a heat treatment is
preformed to a substrate including

(A): a low temperature heat treatment conducted at a
femperature of 600 to 750°C for 30 minutes to 10 hours;

(B): a step including temperature ramping up to
1000°C at a temperature ramping up rate of 0.1 to
1°C/minute for 5 to 50 hours, and

(C): a high temperature heat treatment step
conducted at a temperature of 1000°C to 1250°C such that
a diffusion length of interstitial oxygen 1is in a range
of 30pm to 50um.
(5) A method for manufacturing the silicon wafer
according to the above (1), wherein a heat treatment is
performed to a substrate, the heat treatment including

(A): a step of performing a heat treatment at a
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(B): a step including tenperature ranping up to 1000C
at a tenperature ranping up rate of 0.1 to 30

10 mnute for 5 to 50 hours, and (C): a high
tenperature heat treatnent step conducted at a
tenperature of 1000C to 12500 such that a diffusion

l ength of interstitial oxygen is in a range of 30mto

oS BupdBe( e P oI DAL 1L Rnuce <o
t PedPehemparayery d}er@écdttr@a*am@,@bsstr@:e t he heat

treat nepy . i nel us@le@g {A21udihst e@mg%f)@nfe&fé;gomé ig 28@;5 to
0 or

§§ nt at_a tenperature of
m' tes £b 19 hB‘EfP%e FUrg | SRTPenPer W urkiteatot 0.1 to
trleﬁt/mrenutstépr [Byo a0sheprs nes uali ngmpergparnad Uramping up

[ 4R nng@rt&%m 81%@&%&“ @fs@gpg 1‘?%]% & /2MRI.NG up Late of

nut e fO ours as a te Péture
ran‘pl ngClp &t ejFoff t dnclpdingw tampiaat dp@nhe‘ahe furnace

tﬂ:@ﬁ\b@?ﬁtuﬁé ept (aC)terﬂaeitaQﬁrbn(ilalrl?ﬂlﬁ@ TR nJQat(cj@V\th 'ﬂf to
ure ranpin own rate

#rnef tenrperaﬁjure at a tenrgera %
BinykRy ntAGLRI O 8 ’Psﬁr%'iﬁosPPB’Féd uttgirgace at
f uhracéuahad® then;ﬁwmne t @apecahur €0bdt weesn 60T A 0 and

8%@91%9 tﬁémgdégk%%§% %%Qﬁ gtg?ﬁéﬁﬂg¥%g%%%ragggg ;and

enpera ure ;a
substr &Pe: i Aspdeprt hQCquhraq:et@tlrtq]ea f SpRigeE tee Mpeigieurtde

b&h\fvﬁﬁeeﬁgﬁ)ctﬁ@ B@%c@%n{p@f@tﬂgeuﬁeﬁﬂeé@o@@% B 800°C
erature ranpjng 0 _10C/ m nute and

p@ of ARG % %a?ot}(gcgq r?eﬁtt at tﬁmpﬁﬁﬁt'r”é‘? uF RN gpcate
t 0f125@6 d0ék/mhatta dhéif pstbormirengt heaft ittearttantti alt a

0’%&@ %éuké‘ aer g 3 1'2‘5%6 %%Rast fi gh diffusion

ure heat reatrre step od fo
néﬁ!}ﬂ‘abt afi hgt@nétsmakowmverls 21@1 Fecrfiangf o3Q Hen to

ab;@\lﬁm( &k aWVAEER| f‘erﬁbé‘ﬁattﬁﬁgeelﬁeﬁen@?@&thﬁédto%ﬂéb a
%stratels in a _range of X 1019at ons/cnB to 1 X

dPsat S /MGt o%hndt oF he‘&"l‘m%frac.gétuﬁéﬁﬂ i $N5er ror st o WaE T

stabsblramg tdechdesdovier gaf penherérad udi ng: 25 (A): a | ow
tenmperat uyrg AL, tESRLIRYaSURAUEt €4 aLuBstrate is in a
range of 5 X 10Yatoms/cm® to 1 X 10*®atoms/cm®, and

a heat treatment is performed to the substrate, the
heat treatment including:

(A): a low temperature heat treatment conducted at a
temperature of 600 to 750°C for 30 minutes to 10 hours;

(B) : a step including temperature ramping up
conducted up to 1000°C at a temperature ramping up rate
of 0.1 to 1°C/minute for 5 to 50 hours; and

(C): a high temperature heat treatment step
performed at a temperature of 1000°C to 1250°C such that
a diffusion length of interstitial oxygen is in a range
of 30um to 50um.

(7) A method for manufacturing the silicon wafer
according to the above (2), wherein

a nitrogen concentration in a substrate is in a
range of 5 X 10Yatoms/cm’ to 1 X 10'°atoms/cm?, and

a heat treatment is performed to the substrate, the
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tenperature of 600 to 750C for 30 mnutes to 10 hours;
(B): a step including tenperature ranpi ng up conduct ed
up to 1000C at a tenperature ranping up rate of 0.1 to
1C/ mnute for 5 to 50 hours; and 30 (C): a high
tenperature heat treatnent stgp perforned at a
tenperature of 1000C to 1250C such that a diffusion

h_of nterstlt oxygen is in a range of 30pmto
581§%1tt g ”dl%nuf acturing the silicon wafer

35 accoml ngat osttdpa aboverf2ynindereireat ntreageent at a

C N~EN substr S f
[RERLAS Lo Do ROR RO sl 7 AIBRLIS 6 nowss

t PSafmefY F%mfﬁ%‘f?tdﬁ?eé‘elaé tKB2ETPRYE r¥ti®® the 8 heat

t reat meqs) i ncl ust@g i8N udifdgStempeiraparbor raniehi ry hept to
rg@togent at _a eral} ure of 600C to 750C for 30O 1 to
tes £5 18 hB %ts | SR PeRfer 4P ur 2 hdat ©f

trleé;t/menutsté@; b t(CB)ZOalrx@tuep,l ncl udi ng tenperature
ran'pl ngcyp to SAQC %%c%uh?ﬂfgerf’énﬁﬁﬁgr angi,Rg HHeraf@erJce

to 1C m nute for hou C
i ﬁ@W&Fﬁ@uF%wﬁana doHRP R IR U Gr rFa?é‘é’l“tgeri%%T”at H"I”ée apfal to

t amperatbaee ) arpkaggdamt rat eupbttat® ok@s18€/ mMurwhee at
ki ng .out a_su strat utS|

f f
t GfiSor SaPaCBot BB EIOR S o HOUESRndc0e6! | H (PED T ard
sm@ﬂnagetugmums)tn&tea rr:kwm tenpee atanme teanpebraitDye: ; and
step inghudingt kllﬂgladgh]?S{éﬂ | nsLdes g e d U{rE‘saﬁ% Alhe

the furnace tenperature ween OCt 800C
r fprageuptt *éhQOéB@fa‘fe ot IRARFSL AL Br éeF‘aﬁ%P nBOpC re eB00°C
Ofanll tr@mwﬁ:(;rmpuw 200 TeerdtoramicRe: raeatetfgﬂpﬂ@@tugatraa;e
Epelhatt ur.e, 100 C to 1250% suc di ffusi
SHhot R S S R i e T
t(tem@@gatruae athi hod Ehpeoatlkse *Aeagudir ehakenta stepfuidn
lerf3eHPLBOd 8L HBOUL ACh LY G0 oo 4 NGaAd (02 3HWME o

reln a
§tF‘ata@ at ﬁéghhéarflpw@tatrrﬁemeatnéraaprﬁ@nt step.

(8) A method for manufacturing according to the above (3},
wherein

a heat treatment is performed to a substrate, the
heat treatment including

(A): a low temperature heat treatment for performing
a heat treatment at a temperature of 600°C to 750°C for
10 minutes to 10 hours;

(B): a temperature ramping up step including a step
of performing temperature ramping up to 1000°C at a rate
of 0.1°C/munite to 1C°/minute for 5 to 50 hours; and

(C): a high temperature heat treatment  step
conducted at a temperature of 1000°C to 1250°C such that
a diffusion length of interstitial oxygen is in a range
of 20pm to 30um.

(9) A method for manufacturing a silicon wafer according
to the above (3), wherein

a heat treatment is performed to a substrate, the
heat treatment including:

(B): a step of conducting heat treatment at a
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(A): a low tenperature heat treatnent for performng
25 a heat treatnent at a tenperature of 600C to 750C
for 10 mnutes to 10 hours; (B): a tenperature ranping
up step including a step of perform ng tenperature
ranping up to 1000C at a rate9 of 0.1C/ nunite to
1C/m'nute for 5 to 50 hours; and 30 (C): a high

heat eat pen tep. conducted at a
t enp %gpgeog‘%lé%c@t gelgg@ steh ?ﬁalfllmét%‘? f¥Qst Bnhours
| éxfgtah lew Fﬂmeeswmr@lh@cyg@namemh stemnge of 20umto

3qom (9%) A net Bedpf qrndl%@l‘iﬁgcw&dﬁéérg:g{%#%gl'Eé}ﬁblvl@cfeﬁp to

g&[%’e g 35 to the above
s peFFHF%@t?%ear?ﬂﬁ%Pﬁat 8P tRateneaf 0.1 to
trlé’a:t/m&nutenfbndllngo M) howrsstp softemprddetirsgrbestg step

Lr.eatiueqheal . Ocn ) SIRSTAl WS- OL 800G 10 J50C Tor 10

m nut €s as a | Wte eF At
t reat men€) st ep; SCCIP algebpdinel mdmpgngerﬁmfrat the furnace

r aJE?dp@Qa‘t'QrEO at800C: ah @rétﬁjﬂéerﬁnkﬂl%gr R NOr&Pe I 8k€ 10fro
mnutefor to 20 hours as a . tenperature

r ﬁh ﬁ:g/“‘%f‘%e' afttaé?nfgheo‘}‘bv\iat SHperattte OI"féétldFr &inrgse at
Ste, (fornaaest epmpachd tidtag beanmpieng @00ACt heof uBD@TE and

GO ERer LBt A M ot PP PO el iR e T2h
10 the f(mnaéest@npemglmlel%étake@g aoggbts@rsoeoaﬁdde the

CC{QJr’n%@et he %HESEﬁ%Ec@'OH‘é}nﬁé)ratt*ﬁﬁcer QQ%E@HPGO@P@" @o’ e
a st mcumggé king a substrate insid

€ et
f Lﬁ“ﬁja@@aétlgﬂhépf GPna t‘érﬁferaattlﬁ“@eﬁéttﬁéénréi%@? ou%obﬁe
ang heaid rﬂg)wmﬁui@oaﬁdabeafbem&j a4 Un€at atpeagnar at a

r gt 4 L nute erf heat, . .
relertRt e T gl o ube B0 R oheE okt fhupion
a MWQFCEPSlO(fn lnltelifgtcht@ﬁll Axegen i i$ aln oxygemge¢ sofnZ@u m to

rafigenPfa LG l}hl'@ht Qemﬁ@ﬁafﬁh@é @am ghchenprt ause, heat
treatment step. The net hod, for manufacturln

acddr ditig t“%?tt}}?@ aflﬁ’évé‘anzléaeé)lrbrﬂg (35O B ghe above

ni tgnogen (opncenéraimon in the substrate is |n a

a nitrogen concentration in the substrate is in a
range of 5 X 10 atoms/cm® to 1 X 10'® atoms/cm’.

{11) The method for manufacturing a silicon wafer
according to any one of the above (4) to (9), wherein

a carbon concentration in the substrate is in a
range of 2 X 10 atoms/cm® to 3 X 10'° atoms/cm’.
[0019]

Here, in the present invention, the BMD having an
octahedron shape means a BMD surrounded by a plurality of
[111] planes and other planes, as shown in FIG. 2. There
are generally an octahedron shape surrounded by eight
faces of [111) plane, as shown in FIG. 2(1) or FIG. 2(3),
and one surrounded by [100] plane together with ([111]
plane, as shown in FIG. 2(2). Another plane other than
the [111] plane or [100] plane may appear on the BMD.
[0020]

The shape of BMD present in a wafer may be plate-

shaped in addition to the octahedron shape, and a plate-



10

15

20

25

30

35

range of 5 X 10'9 atons/cnB to 1 X 1016 atons/cnB. (11)
The method for manufacturing a silicon wafer according
to any one of the above (4) to (9), wherein 25 a carbon
concentration in the substrate is in a range of 2 X
1015 atons/cnB to 3 X 1016 atgys/cnB. [0019] Here, in
the present invention, the BMD having an octahedron
shape neans a BMD surrounded by a plurality of 30 [111
Dbt hdr ap B ssusRe Byh r¢igtivelphekar gar gwo
gefrte:realdny anoort @medéoenah@maesurpueneaed a@y :ﬂlcghi in FIG.

2?%?4% Of [CF]TErEe su?pgur@feé&% \Mflﬁgf 'I%?mz'g og%t ﬁg!Fr%\?thn a

[1qu]drlm1@nesha§eshow mhqwma 12(2§IGAnca tfer. pl aRegarding

otdeycriiana89ohnBeldddd Phans-1QUhddlBR] sRhaBeABY tARPSRL e
on the BMD °§ﬂr1’ap‘1e"d The shape of BMD present in_a wafer

MmN ERE plat &8 Blf- a&dlﬁPSH folPRESHCcPARedf oRizes of
shblnml adtiracpl ad eaiha [s(lruaneddBf@ctﬁora BiBwadr rixtoaded001)
by el.y. | e ,of 00] .plane and o
pldanr:esc&t g\é S Somrﬁerl?grn \p%ed %%4) oarr{cf:E }g?g ®L 1 Refd éﬂgfeOf
t hies BMFapx\esieatedr nedsin B, de%kﬁltlthqnﬁip@ftas,shomﬂlled

I nHhG ﬁ%@@kg”ﬁegﬁr@'ggo§ gé§§r1§nd3¥ﬂd%@ Q%t%%e%ctgﬁedron
oct ahedron shape and the plate shape, as shown in FI G

3,5RaRsh avhbhgel/Bnetmiessiings be° [LEO(ﬂefdlr}eéjct?%n 3nglate
[ GHYpedi ree’uin@e vur&vml romvib0atiodsreati IEMDI Shape in a

r epr.ese a_shorter one there i S
! s
r esglr elscé3 a‘asf3 rB e(r ﬁ‘e‘P%Ena?t eabo%%ll | e etllber the BMD

" eﬂanqsmtcuuy")a ofafie’s b5 lagssodtghdekionedskapanor a plate
0041@41%1&% b%h?feee }My' h&a & B 8xeeadilg altpiulx%ﬁegﬂ BedpMps

as plate sh aE Si nce there are variations in
st‘%‘if’e“‘qrﬁ 2t sft E%ﬁer\‘/i?af%?s”d’é%“esr mhati §RE8Bod° V\ﬂ%‘ﬁfé‘r an
thevd?d\dae presert itherawdf er He&eaﬁaﬁﬁéahedbamléhapeat)érage

hap be . made b ring A'B
SR ioPPEalR B TaEn o (FRFHIAnTo ool 5ls Ayezeoe
mmaelmet cexiseaisn b av@halgetbal aeet e coflihepsraads et ; S,

Caéﬂﬁéin AEpnage sl kk%tglt Qtlad?ed a%‘i;%man'B&@ ‘ﬁ\.@eEH%ged
not theé aver age val ue excee . 5. VWen the aver age
Vdﬁbdjéﬁbe@HSOHFEWal BMD size dlstrlbutlon for suppres3ing

occurrence of slips and warpage are changed.
[0021}

Further, in the present invention, the diagonal
length of the BMD means a 1longer one A of the
abovementioned [100] direction and [010] direction.
[Effect of the Invention]

[0022]

The silicon wafer according to the present invention
where a density of BMDs with predetermined sizes is
controlled in the abovementioned manner so  that
occurrence of both a slip and warpage 1s considerably
suppressed in a device manufacturing process and which
has a DZ layer while can prevent strength lowering has a
large diameter (typically, 200mm or more) and makes it
possible to manufacture a device with a high quality.
[0023]

The silicon wafer according to the present invention
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20 strain applied to crystal lattice around a BMD is
changed, so that an optinmal BMD size distribution for
suppressing occurrence of slips and warpage are
changed. [0021] Further, in the present invention, the
di agonal 25 length of the BND neans a | onger one A of
t he abovenentioned [100] direction and [010]

diceebhpBeq [ ELf sséuﬁerﬁége Afvseﬂpar Ws1 T e warpage

i con waf er accordin ese i nhvention
wAEr ECRPAERS| VY Thf asmgrm Wapeedeheshi Aedssngés hiaye BMD

centtolh eshd mdheighovyesesatienedhimarger so that
OE ?éﬁnce of both a slip and warpage is considerably

gg sed in a device manufacturing process and which
has a Dz | siykicarhidaf ecamcpoedeng 6 rengt ¢ oever | ingrends on
ac I | (t.ypi cal : e)..an

s, LE TS o hart dtur Sa Righe BT f0 g
qhiaPREYENT [ ooR3P Tﬁlévspﬁu O U raBgor B Pge$d tand

ppesesht | e dteitel b is3 1p8dHAE WA Fo LEL WUENGE e %Ha&ge

WBFEPIGh Gh ADESY Rt e Tl BidoR LHEVErk - ahioRad hign: 10

getoesiony @y lesg. [0024] 5 The silicon wafer

agggg%kgg to the present invention can reduce change

0 distribution at a heat treatnent in a device
manuf aR¢ERTHGg Dr bR esbeamPnEdACt pF V@ nhebledr pegesdong to

skhps pGewar pagerituent, 0 4 heithasge wa@@@al@ie @8Ae present

| BLEESLLA 2haPRge SN BLLN 2o K 401D Wacerined

nahuﬁac¢am|bq;muﬂﬁﬁa@tamedrdlng to the present _

g%ggﬁ'ﬁgb %yﬁ% ng85t°€h§r¥%d¥ﬁ?i%ﬂt i nvention
exce t

ving such roperties as described 15 above
caR0Bel nanuf act ured. [Best Mode for Carrying out the

I nventt98)] prk88RE] invention will be explained in detail
below along embodiments.

[0027]

(Silicon Wafer)

A silicon wafer according to the present invention
is characterized in that occurrence of both of slips and
warpage 1in a device manufacturing process can be
suppressed to a considerably small amount.

[0028]

Here, a size (diameter and thickness) of a wafer
where the present invention is realized and
presence/absence of dope of various elements are not
particularly limited. These features can be properly
selected according to kinds of semiconductor silicon
wafers required.

[0029]

A semiconductor device manufactured using a silicon
wafer of the present invention is not particularly
limited and a silicon wafer of the present invention can
be applied to manufacturing various semiconductor devices.

Specifically, a silicon wafer of the present invention



10

15

20

25

30

35

The present invention will be explained in detai

bel ow al ong enbodi nents. 20 [0027] (Silicon Wafer) A
silicon wafer according to the present invention 1is
characterized in that occurrence of both of slips and
war page in a device manufact Ui ng process can be 25
suppressed to a considerably small anount. [0028]

Hekg, ba §id81{dhpPi&d éH“%éHNf%EE@??%gognaeﬂ%%éilaﬂwwgf%r
t?oagﬁ sent invention is realized and™ presence/ absence

8t WParifouRP eI Bhért staneE it 30 SPAFEFEUIergOL, @
I|lamuadtec'fheﬁ331famfl¢rres ean HEMQH opertky sbhiebteths been

agsepgwgdto é’ﬁ}\ {_Sa g@@&ﬂ%or g"&ﬁ Damg@éef cygen)

required uctor device nuf act ur
uPrAGeaS si Prcéﬁ S538e vgp b of oxnnel pridderan iShEentliayier on a
n%hr@aéélﬁwéﬁidﬁ/ ldrimitthediard. a silicon wafer of the
ﬁﬁgﬁi i nvention can be appl i ed to manufacturing
sem conductor devices. Specifically, a silicon
mafer Af féstpresent iawvevitlicond2 weferbeofu dehy present

aEB'vleﬁgl&‘P [rggyf?gtygépg al §pé1)?f%c ? t%ﬁfeerr wﬁe‘%rem%d shape

an epltaXI a er on a sur ereo f
| 9:% faRsd 59 pdatershaped pEX asRéedRAneh Odfaspb@é?rsmped

sgbpected to@taw@%aiswaeatalren pB)éslaH’@I agt %n@ixgera))f BMDs

d t
D RGRRT H8TPRAF cbFRIbhe L REC| FRes F0036] SEA L ER 3%“1&%”
siihic¢ oded wafrer BBDs t Iperepgeasentt hnm&nplqmo$1EBn1nwhhah,

'%g%céalﬁﬁggr&@§e&r@ﬁere §bf¥g@%ecﬁp ﬁa§@§oﬁsnegegn8y a

te-shaped or~ oct ahedron, plate-s ed B _
oéﬂﬁﬁéﬂ?%l SBNDR #e Ib?%%ren%s 31 densft ycBt BRNDEOrfhdse the

dlca?ena%hé@n&tﬂés 8h8pk N ¥ range ofs| Ym0 shdBBA} and a
| chuded L2 S Bresen, ol o, foe, 808t 1L on Mhch L5 o
150dmstan69nﬁopoﬁ1BMDsnpmgsemi dtXalGéépcpBsoriomrwhiah is
tg%wardly spaced from a surface of a silicon wafer by a
distance of 50pm or more, is 5 X 10*'/cm’® or more in the
case that the shape of BMDs is octahedron. This is based
upon the inventors’ finding explained below.
[0031]
That is, the BMDs present at a deep position which
is spaced inwardly from a surface of a silicon wafer by a
distance 50pm or more influence properties of slips or
warpage, and in a silicon wafer where the BMDs having
predetermined diagonal 1lengths are formed at a high
density with a predetermined density or higher,
occurrence of slips is considerably reduced in a general
device manufacturing process, specifically slips
generated are suppressed to 10mm or less. Thereby, even
if a slip is generated at a wafer supporting portion in a
device manufacturing process, the slip can be prevented
from being exposed to a surface of the silicon wafer, and
even if a slip is generated at a wafer edge portion, it
can be prevented from reaching a semiconductor device
manufacture region, so that adverse influence to a device
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case that the shape of BMDs is pl ate-shaped, and a
density of BMDs whose diagonal lengths is in a range of
10nmto 50nm of BMDs present at a deep position which
is inwardly spaced froma surface of a silicon wafer
by a 20 distance of 50p mor more, is 5 X 1011/ cnB or
nore in the case that the shape of BMDs is octahedron.
This %§ based t;ﬁon the inventors' finding explained
bei®WCS(BOSIF " ¥hat is, the BVDs present at a deep
poit3izdn which 25 is spaced inwardly froma surface of
a siligan \%%SBPQY Po gl SANGE o%Q%hggkgi s € 4.0 huence
properties of “slips or> warpage, and in a silicon wafer
L RemBRPS? h%@wbedrmle@g@efiﬁﬂﬁe@w dismgaed thamgt hs
arsx 1foét red, abr awhéghdi LRsilt ¥ et Rs a0 Predatenikeeamps
den3|3é or Blghg@@ESO occurrﬁnge ff%§€V€S 1S .
cSHS d&fsbfiFe 5 £GEREFAF i T SHufEc t6FPng
pridees dx18pecif i cBDy &1 inps sgemer as el arff isuipptedsedier
tQ,; S A f (P d r.at ed
TS honart i hpeition. | Pl BY It
nelidfi&st tPi hfeprbreal theeashi pf cBAPH e Iprdy ditve $e3ye as
f r:ompaleii ag fezsp%;gpl ﬁx?b;ﬁag%ltriﬁ)a;}eg@f &ﬂeez_s:c an@g, Wi @lnges
an ve a slip is genera at a wafer edge ...
G it B’ alafonkl srarthEi sRets on  ach AL silicon
sevafeanduet 60ndeim cehe nasef adt nceanediahn,BM tamat 120nm
adver, [ ugpc devi 1 Ve .
[OSEATS When SPapkee Rl ofs RRE e e
| dhen thenBMDANRBE Rr@dhedr 8l hBUD drmsityy idigtasd ly
than $02%40331 6PBon xyMieN HdisageBnal pl e sa PfBMDS .
pl te-&Lﬁe BNEB ar.e Ig;i t han 10@n1or a Qctﬁgggral BVD
AT | BBE NYPRE 13 GTYPERBS S BVDL Tt ot et iPe 25s
a BMIfsf idoesnhobaexcesd thid mumbspect ¢xysdn @ tpmopagatsodmed
Th, i_%:nQ . upp himt s to t dj I .
BB et e Sobe SR AR TLAR W e 1dhie of
prtdmag;é?tlilén§°%Htl%p@¥yquqo§céfltfaﬁﬁ@s ipfahays BrDO18
di agaRdlenf engtibdeal iwked BRpaNa ACtpialsctit! i2€0R hwgher

are 50 in. th t ahed B\VD, d 12 [
RIS BRI DEOTT kB ENDICAS, deb crHbete B To s e

oxygen atoms precipitating as BMDs reaches to upper limit
and that it is almost constant {about 1x1018 atoms/cm’® in
density). In this state, as diagonal length of BMDs
increases, a density of BMDs becomes small. Accordingly,
it is impossible to realize octahedral BMDs present at a
density of 5x10'/cm® such that their diagonal lengths are
more than 50nm, and it is impossible to realize plate-
like BMDs present at a density of 1x10'/cm® such that
their diagonal lengths are more than 120nm.

[0033]

Since the plate-shaped BMD has a barrier effect to
slip propagation stronger than that of the octahedral BMD,
it is expected that it can exert slip suppression effect
even at a density lower than octahedron.

[0034]

When BMDs formed in a high density are plate-shaped,

it is preferable that the density of the BMDs having



10

15

20

25

30

35

When the BVMDs are present at a high density, virtually
15 all solid solution oxygen has precipitated as BMDs.
Meanwhi | e, the nunber of oxygen atons precipitating as
BMDs does not exceed the nunber of oxygen atons
dissolved in CZ-Si as a solild solution, and thus the
upper Iimt of the solid solution oxygen concentration

| B1300HL1 ﬁé%é‘% ’géﬁﬁ ;C/"{ngﬁté’ 1x% hlcﬁgoﬁb@r? & e

presént at a or nore,

C&R Bées@‘éﬁgpﬁa taegtivkyRfers bk drite (S pineatiGngn @ more
Bwat ItﬁtéC(h@iki)sﬁ.ﬁyU@FGBMDB?Who?@nﬁil&Mal tlét t&lml eth120nm
caonstan abo X al;0nNs | n 1.S
sPat €558 h?aéon%l d?ﬁ ‘of @ﬁg% ggD giﬁgé%% high
ddﬁssuyyoarshcstmm@bnés srealils. pAecerdbhglyhatlthesnens1ty
I QRO b 0 z pr. nt

Eﬁs?%z L B heng S g A R g Fare s !
arXe Bor&Mi hah 9OF%y &Fd The |§1wﬁmlsub¢rég‘%?bs r@’él |a é The

p|B&IES hdﬁé<623Ma)S dlfgﬁaﬁﬁé %tndla ﬂl@é‘ﬁ@%ﬁs@f‘_ leﬁmgw whose
ch tha ir diago engt hs are, nore than
ﬁﬁﬁlona%o%]g *ncé Fhegﬁﬁ”& [ghéﬁéa BVD has 5 bedr (e
eﬂhecebYo tdlel plengpagatfi on sﬂupnggmethaadthat af ddreeral
ogite@tﬂ@gr%arﬁ{@ctdrtln s gxpesdedct gatbéty‘?ﬂ%%r%)égg S{d P pe

PpPressi on ct 5 ‘even at a densit
oéﬁéﬁEaFoﬁma{bosqqplwelry BRYDE PBr AR¥S) n aIrh|Eghd%‘é1rFs€| thp a
arcar@bate §Bﬂ@ﬁ&itlorit IvehdH eftﬂfeabh%nblﬁ&t ire densditiyp ofis

tse 1@%% li onal g gi in such a §qge,is
Xp%?&?% o t'hé‘OdPa at PERYths ofalithce
theSBWDsoar®a3ennueruﬂadeupamd aheeQen9|b¢ dftsBMdgie as a

W@i@%?cg' ?8%3& 'iﬁ‘”%? n@&‘é‘ %@9@ '&é&des a;lp;?iled with

or med density are
oft§Redr desiph rulprefep@Bhneox hh@sq,hel*aeh%u @%/Slltﬁb]t%é'—hat

Bivle hamgty 6 aganallilpengt BephPeSih t Handeri Seds, X

13%@ ggﬁ or nore, or the diagonal |engths of all the
20nm or nore and the density of BMDs whose

di agonah I&mmﬁﬂmxmar&oSOnheoraquﬁmdmi15n§d10¢ﬂénm@teﬁiht1c

Therefy, t ?;%@ oof e 30 Re 9ENE ARG ol 1, g,%%er%lllcon

devi ce mhnufacturing process can be suppresse
wafer of the present invention lies in that a density of

plate-shaped BMDs whose diagonal lengths are 750nm or
more, included in BMDs present at a deep position which
is spaced inwardly from a surface of a silicon wafer by a
distance exceeding 50um, is 1 X 10"/cm® or less. This is
based upon the inventors’ finding described below.

[0036]

That is, when thermal stress acts on a wafer, high-
density dislocation is easily generated inside the wafer
from BMDs with a predetermined size or more of BMDs
present at a deep position which is spaced inwardly from
a surface of a silicon wafer by a distance of 50puym or
more as a starting point, so that the wafer 1is
plastically deformed and warpage is caused. By reducing
such BMDs to a predetermined density (1 X 107/cm®) or
less, occurrence of warpage in a general device

manufacturing process can be suppressed remarkably,



10

15

20

25

30

35

further small (typically, 5mmor less). In a device in

a current generation, when the length of a slip is

suppressed to 10mm or |ess, no problem occurs. But

since 15 a silicon wafer is used up to a region of its

edge as a device region in tise next generation device

applied with such a design rule of 50nmor less, it is
S

desir th I t t lp. i r to
SPREAEY, CPoBI™ 001 e ai o] PGS S (e
aberegentfondgneraractdmsilocpgion edingide amotvader causing
C%&@@?@F | Al ftﬁh%lt }Jb@t@}flecﬁ]@t Slahggon, tw&féf?creﬂa)fret,heit is
presen vention |ies at_a densi of | ,
DPTEESEARDE BB L IRgohtt Foreetarainsgnmise oF
mmoge emnel ptledetshdBMDs present at a deep position which
2§0b§7§paced innmardly froma surface of a silicon wafer
by a distance exceeding 50p m is 1 X 107/cnB or |ess.
Thi s i $n bad@Htigibn tohe thavemtorarentiiogiedg dbscafberistic
bede@wurb8036hothBat drarawhen: thek MbashF€S$racine 08 Bicon
maf%r, hi %éﬁg%den5|t di sl ocati on |§_eaS|Ly generateo!1
i WEITGE t 17 RS iVERTAOPr edefér nithed idfe e
maot abed BYDSBMPs eglende adiayothedp lpagthsoarahiebnm Sor more,
S ' r dl 0 rface_of si |l jcon. waf er . )
e IRg B bSO BreB B’ A0%a 2 adhe” LECELIRT BRBK B
t hpaggferinwa rdd yplfaeom @al $yr fefeoraieda andlhappagefes by a
gw%ggncg{eieﬁl%g%wwﬁsmb B§/D§I i<01@7wnéds&en]gwed This is
nsity C or, |l ess, occurrence war page
i aée&eﬁé% t}a%m‘éegﬁ?&ﬁuf aebarPagiprocdsd %gﬁowe
syppressed remarkably, 15 typically, to 200 mor |ess.
The pl %%gfsggpegggyl)%h@{rrﬁal hﬂgeesrs to.gengl al e‘ﬂ%%e]i’hehigh-

di sl ocation’i hsidé a wafer calsing warpage t
ocleasédvaldiBiPsat Toer éfopasily genepatefcerdbida nHte swaher

BV ENDR REeHetianenesh MsZ€Pr BuBsMY@ 28 at a deep
pl at e- shape. 037 In a stlonéio t he abovenenti oned

pe. [
cPSFELRRT HIED 1hat GPRSSd adBRAEAL L hEF Rt & | SEFEace of a
f edtlicenofate isyla chistanakenfobOfiine opr esept asnyestanning

l'ﬁ%ﬁn&? tggu gﬂg% the wafer is plastically deformed and

warpage 1is caused. Especially, BMDs whose diagonal
lengths are 300nm or more of the BMDs with large sizes
easily serve as a generation source of dislocation, so
that occurrence of warpage in a general device
manufacturing process can be suppressed remarkably,
typically, to 20pm or less by suppressing such BMDs to 1
X 10"/cm® or less.

[0039]

In the silicon wafer of the present invention, it is
further preferable that an average value of interstitial
oxygen concentrations is reduced in addition to the
characteristic feature explained above.

[0040]

Here, the interstitial oxygen <concentration is
generally measured regarding the whole silicon wafer, and
not only the BMD layer but also the DZ layer is included

in a measurement region. However, since the DZ layer is



10

15

20

25

30

35

10 octahedral BMDs whose di agonal |engths are 300nm or
nore, included in BMDs present at a deep position
which is spaced inwardly froma surface of a silicon
wafer by a distance exceeding 50m is 1 X 107/cnB or

|l ess. This is based upon theig nventors' finding

descri bed bel ow. 15 [0038] That is, when thermal stress

acts gn a fer, h- density di sI ocation is easily
g&?&ﬁéﬁsaaﬁﬁgu d%h’c Maft&an f%B BOBS viavedrar ¢é sF%’és be

oftralwgsxtpretsraﬂ atha deeperpostidlon way@énl Scspaefbration
Ly . fr a r 20 SI con, b

d| st aglc%do ng tﬁg (Jﬂ(r&rg?eséﬁl%ogt ar%‘?rngls\’/\?)%l é/mo tha he
t Hotgaseitigl ppazsg¢rtaqqr3se@é:fr@itmed armdthe/vamﬁad@mes
caysad) Especially, BMDs whose diagonal Iengths are
300nmo nor e of tFe BVMDs with | arge sizes easily

serve e aT§BABRar M ¥NntRBuIRE T Iditdilo OV EER, C§8‘393t¥?1%3c°“
odwra;mmefmﬁ weepageei whalgesel atotlevafer in this manner

t?a\“s{ ‘di“@%npr&%esl%v%%'%o?g SHRQL éé@é’dri?f‘i%ﬁ?«%%é at the

m or 1ess eSSI n SucC
1 OFXlI@'ll C%DordMSéergbuFeesg] 813@ Iﬁn@hei%ﬂﬁlitddn fEp eained

ofaddv@ Rhaesgsk Uﬁéeeé|ﬁﬁeciﬁlﬂé%1dEUb¥h§htEE§E§E§§1eoxygen
t hat an .average val ue of interstiti al %/"%e in a device

COIFRERELRE; HE FERFLtARYEY Ph AGdt i brf

crmw:raxcftaeltustng peatuse expl ained @bow&pei@é)élrﬁ)dy S&cur due
Her €. 1k h% [ négr stitial oxygen concentration is

genera Iy fredsur ed regardi ng the whole silicon wafer,
anl@04@dt only the BMVD | ayer but also the DZ layer is

included iR a Jeaeseaent thgg' OBhe"b%‘éékst?c{‘&P tB}@ygen
DZIa er is,16 ,considerabl thlsr(g:ml than the BMD
n

entrakifnpds tholght th%\ttont PEr dESSI AN oX
comrﬁjetveattjh@n aumz&sw‘r@cécm\zer drhec hhodtehesd | harady, V\ﬂ'ﬁ@rldeer

AT o T O B0 Y
o@génl@on@éwdtc il"lalSpembee@lumelneahetmt@ent at a
Sildwe QRmpRi gk uk8 Ebksanggﬁggderably long time is difficult
to realize, because it 1is required in order to further
reduce the interstitial oxygen concentration beyond the
lower limit.
[0043]

It is preferable that the BMD size distribution and
the interstitial oxygen concentration explained above are
realized over the whole wafer surface, but they may be
realized on a partial region of the whole wafer surface
depending on application of the wafer, For example, in
order to prevent only a typical slip introduced from an
edge portion of a wafer, it 1is only required that the
abovementioned BMD size distribution and interstitial
oxygen concentration are realized on a region spaced from
the center of a wafer by 80% or more of a wafer radius.
This is because the slip introduced from an edge portion
of a wafer mainly occurs on a region spaced from the
center of a wafer by 80% or more in many cases. 1In order
to prevent only typical warpage of a wafer, it is only
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IS based upon the inventors' unexpected finding that
the optimal BMD distribution (size and density)
expl ai ned 10 above changes due to precipitation of
interstitial oxygen depending on conditions of heat
treatnment in a device manufatturing process and slips
or warpage may occur due to the change. [0042] 15 It

i fera hat .t he | it al .
SRRSLe ool MARRERELLLIE SO0 O sjopripyeior
t@ndac#ﬂfév’esttlﬁéaébmg@ej é@mce@ﬁrehéoet R&F Weadizedeon a

| @wefionl ipdditforidie iméadsSt bl aleﬁxyﬂl%h C@I@(%enéf atd OPafer
i s _ar.ound 5 . X 1017 at ons/ cnB. s beca
z ‘i?rTle bagn

ciadiiEne P15 30 PeWPYeRper >4o88 AL agr Sbpgation
| ong ideneths difffarcukbtusing r elripage becauwse iin ia region

PLESoll OhEe 0y [N 08T 1pEEYE Sl ud ool

oXygen concentrati o ower |imt
25 0% 4ils preferable that the BVD size distribution and

the | ntraest isueto@xy%efmcoiwenttm@ti geefeéﬁtai DRdedbOMe is
a t he e wafer surface {he
r% P% f%% %1?%%% %4 9r &4FBn2 oFafBetQﬁBlﬁfﬁééeﬁnd
suﬁﬁ@@ee Q&memdmﬁg am &ppdewxue(nwmﬂfdduynmﬂgﬂprdaass are
examle, geréosgeéeflwlw UG AT¥oR LYBLEALCSL fin

|ntroduce from an e por |on o IS 0ONn y
r &4 REE SeRt W@ntaeaveﬁéﬁ@ewrsm §}JZJeCQI? svef%twlafhre

amﬂausntrervset iHdeal c@iﬁj&@ﬁﬂe@oﬁ&erﬂﬂeﬁltdm&ﬁﬁrfrﬁﬁd | et Wbse
a.r§:| on., §§8 ed from the C t & of L % L y(ﬁO% % is
nore “6f "4 P EF s OEE °§ Bbéhu E°P he SUSF Y

imﬁm@@u&edlﬁe@nuanteageapdﬁﬂq@h odf aa sefrergemerated even
OCJ.q’lur§hQn £211 6% 98 Sr%fte‘jt%%érﬂe { SETE S5 i¥fe A1 W?rf eéhort

by 80% or nore in"many cases. | n order to preven
ty%ﬁE&PaﬁéVpaQelémgiﬁmﬁﬁua ?%lﬁsl%nﬂQm@7°rré§@Sne&n an
t hadounlie oboxepegé | ohed WBYRrsaEeedi sédd idayhenands 20pm
|nterst|g|al oxygen concentration are realized on a

re |& Sltioned i nside by less than 80% of a wafer
radiods] This is because typical high-density

ﬁhsgoggﬁa?ggié,i nsi deat he  dafel, (Cas RYMRLRAHS PEEHESance
to ogcurrence of slips or warpage in a device

manufacturing process, there is heat treatment where a
temperature in a temperature region of 700°C to 1100°C is
ramped up/down at a temperature ramping up rate of
30°C/second or more and the raised temperature is held at
a temperature of 1100°C or higher.

[004¢6]

Such heat treatment 1is done 1in the temperature
region where slips or warpages 1is easy to occur and
thermal stress becomes practically maximum, it can be
said that a silicon wafer where occurrence of slips and
warpage in all a general device manufacturing process 1is
considerably reduced is obtained by preventing occurrence
of dislocation in the temperature range at the
temperature ramping up/down rate.

[0047]
For measurement of the shape of BMD, the diagonal
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positioned inside by 80%or |ess of the wafer radius.

[ 0044] The silicon wafer of the present invention is
remar kably excell ent regarding such a fact that slips
and 10 warpage generated in a device manufacturing
process are small. Mirre speciBBically, the silicon wafer
according to the present invention especially, a

S'll ggﬂ Vﬂcert V{ﬁmb%l\.@lso?a\é Jlipcl%qtnr %l lggmjré] E% be

abové manner an ose ers

cHFEEREMAL] &Y MRS aééhnmdu&@@wnu @egsuehm a@fzéhp@ed iMpre
t'ﬁﬁécdfh@ﬁglﬁ of stchl | maanlead eva-luded Nemeasurement
foII ﬁ hea% treat nent é; nS|derabI short

(PR, SacFBRGRrEBIom SI9GPe TonAPEFoPassherRiPatier.
armaliedof wnmﬁageénﬁia avaf ebpicelr heatcipeatment Prefiler
Zq%%EeQFak€é§ nghiéﬂkggP”That i's, as heat treatnent

for evaluating resistance 'to occurrence of slips or
wd94§é in a device manufacturing process, there is

heat t reat8enls Wﬁ@leﬁltéﬁﬂﬂefaéééﬁdiﬁgambégﬁﬁéﬁéﬁ%eof a
ﬁﬁ f 70 to 1100C is 25 ranped [/ down

PP up or et 5 o F it evarpae
thmomamsedahénpemat@V&id&tﬂuﬂ dmathod, t eaper athiee ofan be

1%@%@11%01“'192 ut%ggl% §!%n§§§"t R GAL MRk nbEsdone pidte

he tenpera i on ere sl I PS oOr marpa es IS
edPPCLEI6aELY, arfd t KoFAHl SIHEFePBec@®s B adtidareg for

rrw@a@wbmehtcaﬁ benhe saildpt hats 1@c§lthbﬁ9n aRf esn V\ﬁéﬁ\bﬁnt of
occurrence of

ip n
QS oE T Ran 6P ac: G nd TBLoebet 89 BrlrasRuliy PBtmeE ion
|snnhnaunngmy9©Aemamﬂfaq}una@ubweNdéEBSCofpdrstD@mtomnthe
nithe tenperature range at the tenperature ranping
upﬁdomn rate. [0047] For neasurenent of the shape of
BNBO4Pte di agonal 18 |ength and the nunber of BMDs

expl ai @ﬁ@ltabﬁve %&rﬁ@r pey O sTREmbY AE RIrdidnar ¥pKEe¥e on
neasurln net ogﬁgg? sgecbflcally S ch measur enent

i ﬁ@eﬁﬁég HeBEur measuring an

interstitial oxygen concentration.
[0050]
(Method for Manufacturing Silicon Wafer)

The silicon wafer according to the present invention
has the feature explained above. Accordingly, any method
for manufacturing a silicon wafer having such a feature
can be adopted without limitation. Specifically, the
silicon wafer having the abovementioned feature can be
manufactured by controlling single-crystal growth
conditions ({(a crystal pulling-up rate, a crystal cooling
rate, a crucible rotation, gas flow, and the 1like) or
heat treatment conditions (a heat treatment temperature,
a time, a temperature rising/falling, and the like)
properly.

[0051]

In the ©present invention, especially, it is
preferable to perform heat treatment to a substrate in a
stepwise manner.

[0052]
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utilizing a transm ssion el ectron m croscope
(hereinafter, 5 called "TEM') and an Optica
Precipitate Profiler (hereinafter, called "OPP").
[0048] There is no |imtation regardi ng nmeasurenent of
a slip dislocation of a wafery neasurenent of a

war page 10 anount, and an eval uation nethod, and they

can beHegSf"S.L{:rheﬁd PY it N gl 0g, pLAi rﬁ\%ra%\sknngéiﬁtc% ASyager
More specifically, an f—ray 6 ograph can be utiTlize
f defoggaskedrEnt sePIeRked| | o di Bedkat Fepatrsnt an arbunihe

ofsubsgirpage Lol iesevahuatwidly peef opeRmg OhsREVakkem a
I por ati1on

15.utilizing, FT-90A manuf actured by N DEK

o Thae-FEREET 0 7ept M hhf® BePl Ssrerbris soch a
| rsftegr egls albdemierong syrgt r pscpgyl  FEkBpptanfde dded heat
f Q. ARa né[ng an 20 interstitial oxygen concentration.

[ 005 % thod for Manufacturing Silicon Wafer) The
sill%%eeh waf er according to the present invention has

t2 gef f e&hbjféf exgl a@ae;dxeabplggecfﬁ@; dﬂiﬂ%'t\é;ti%ﬁy aﬁbb@d size
.or _manufacturing a sillicon er _having such a  _.

{ daraPetBAn beTHAURRE w ALt Vit ¢ AEFBh, RO | Specific
Speaiitecabhy, abdet gideiseoneviabeendmviafy doge of various
a i 0 r e f b -
T i RELY 2 oB a0 oo ot BELHEEE ecoraing to
crapsiudiregukin@gang retformgnepysfar Tobldalg waderate, a
Criweishe rotation, gas flow, and the like) or heat
treatnment conditions (a heat treatnent ti. eratu§e

, a
time, a"tERPePREDFRE rRYHY R FAGD dandltheCt| k@yer where
preoperalpe. of 0880 1850thahdkryir-edaped Asenthafiactured, the

f%%%%ﬁ%wiohédi S heQEeI ¢r-a0t feh P pgkgg?%geat(‘%gr: el"’_‘éa?‘e?”fow

0 a substrate in a stepw se nmanner. 2% ,
t Kemperatusabsepht ETCARRPRE aCedYHEH¢ vilf e temperature of

600 to 750°C for 30 minutes to 10 hours; (B): a
temperature rising step including a step of temperature
rising up to 1000°C conducted at a temperature rising
rate of 0.1°C/minute to 1°C/minute for 5 to 50hours, and
(C): a high temperature heat treatment step conducted at
a temperature of 1000°C to 1250°C such that a diffusion
length of interstitial oxygen is in a range of 30pm to
50pm . when a silicon wafer where a shape of BMDs is
plate-shaped is manufactured, more preferably, the
abovementioned heat treatment includes (A): a low
temperature heat treatment conducted at a temperature of
600 to 750°C for 10 minutes to 10 hours; (B): a
temperature ramping up step including a step of
temperature ramping up to 1000°C conducted at a
temperature ramping up rate of 0.1°C/minute to 1°C/minute,
and (C): a high temperature heat treatment step conducted
at a temperature of 1000°C to 1250°C such that a
diffusion length of interstitial oxygen is in a range of
20um to 30pum. When a silicon wafer where plate-shaped
BMDs and octahedral BMDs are included in a mixed manner

is manufactured, the abovementioned heat treatment
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bef ore bei ng subjected to heat treatnent, and the
substrate includes one which has been sliced froma
single-crystal ingot and has been subjected to such a 5
step as chanfering step properly except for the heat
treatnment. [0053] There is m#ither specific [imtation
about size (di ameter t hi ckness, and the 1ike) nor

| 1 I|mt i O RLES / absence of
?%&FF%SSQA& ema g Qe % #ﬁese f Act grgr%‘gﬁm%%t s%?%@lfcetaed
acédorali hgmp%rat?\eml‘PédWDnd‘-Oan"/cﬁOp@rf@rmaﬁ@em@ﬁuaes to 10
sidougan walera [O@pdtatdie tﬁ%ﬁﬁf%@@%ﬂ&?ﬁ&iﬁ@ aWedp & f

silicon fer where 15 a shape 6
odCAREGR AP € hagIPH 89 mariiy actur edV0? He abBDEHEREFoNEE @
he:@tnpbrcaannenrampmgjdqs e o Ioow CVstmpetat ypbelheatinute,

%%Fg%%}nutHggﬁtﬁgﬂﬁérﬁkﬁfgnﬁgf%t% %ngengog é Zé&gicted

staép iancltgabagahuse eprbf 1&IEr attar e12©0r€35| ﬁgclmp 'tf@)at a

1QQQ@u§QBHU@EﬁQtﬁt of LRAPESAIUE rd:§iqRe ifatig of range of
3é)C/mnut to 1C mnute for 5 to 50hours, and (O):

hi l‘fn?e?fbe Uhre heat treatment step conducted at a

t eig@éisat ure of 1000C to 1250C such that a diffusion

| engt h f e ti OXY of 3 M

o€ Sop?8 HSERERLIah OOEY b° S e ol D0t
§5re}§ltﬁ‘?étsh§pdd?ﬁss trmmn%&q lﬂ'redﬂW eilpﬁfeA‘Selroalbquf @Fggen
ak&\é%rr&mﬂ ongek hepdcd r&@fﬁﬁfﬂen‘t‘l | uges (f@rma%llo@wcan not

nperature heat_ireat cted at_a tenpera

oP® G %}le@ InutBacto o Rohr LroPppebLiag On
t enheerattiare lnarmb,l ngvep dffephenctenbergtaret egkafeds 750°C,
U e gLung %@%h”%s“%azﬁly’ %&%%g%%ﬁt e%%cha results in

tenperature ra m hute
1@nﬁeﬁutrébleancas(t@)fulaeﬁsgh t Emprer at ernéneheater;@@atf@éntthe

stRRtCANd4ehedt ak @hb%peaat%@ %rlﬂﬁﬁcnheléf—5@§a§é1@fbn
that a 35 dlffu5|on in erst|t| en is
GRS et (PEORI VIR FG o 96 oF Sheeech a
plp&{ee}esbameded BMasisang aat aheth,al wBMDs awe mdtC| pdeflerable
heat sreg?pngéatl%rgg%%gégntqﬁé 1%h%eggoxﬁﬂﬁpti§nﬁgnutes,
the BMD density becomes less than 1 X 10''/cm’®, and when
the time is less than 30 minutes, the BMD density becomes
less than 5 X 10'!/cm’®). Further, when the heat treatment
time exceeds 10 hours, productivity lowers, which is not
preferable.
[0056]
The step (B) is performed for changing the density
of BMDs whose diagonal lengths are 5nm or more to a
predetermined density (when the BMDs are plate-shaped,
the density is 1 X 10Y/cm®, and when the BMDs are
octahedral, the density is 5 X 10''/cm?®) and changing the
interstitial oxygen concentration to 5 X 107atoms/cm’ or
less in the stage where the temperature has ramped up to
1000°C. When the diagonal length is less than 5nm, the
BMDs diminish and disappear at the following high
temperature heat treatment (C), so that the BMD density
in the silicon wafer after being subjected to the
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20 includes (A) : a low tenperature heat treatnent
conducted at a tenperature of 600 to 750C for 30
mnutes to 10 hours; (B) : a tenperature rising step
including a step of tenperature ranping up to 1000C
conducted at a 5 tenperature #anping up rate of
0.1C/mnute to 1 mnute, and (C: a high tenperature

heat At S a r r
IR L I 2 Bl LAY, Pl e

i h@nstine Aresergeningdi ﬁeaS%*ahgewlefch SD?n P@t 59ﬁ?fqoable
[m&i] tAle tdessittgp cafA)BMDs/mfbsae teelr r@tlurlaerigtfﬂsheaﬁeaanm
treat t |s ess an 600C, _si nce si on o] e
ddes ot~ t'ake P %céh%%fg i BRTTS- BN ﬁ' ca EEEMD
beleashityveidh stheéi cidnrcbyp, wdfieeh & &temt tpeeffevrldbﬂwengOrhlgh

15_e§r&s%rgw% Rend, t%semézﬁtm&st@é@@réém&%eﬁas become

optlmzatlonlsh rdly 1 nfluenced, whic

rel§u°’lst s ‘Hhﬁm urrd€si PABEStREBE RS n‘é%%SltWren "éf‘ltq}he 15 not

peyreddriblet he wieat the eahaEﬁstitslﬂh%iyg@q t toBRcéRt r&Mdn
nucl e| for rgat |>gn 7 | nsuI/fl ¢l en and

en
doésS reach é(g rﬁ%’&g &Pm neﬁh%ené?{?/r%? %a?l oxygen
vvhjocnh:ensramwpreé:ecrmse 5 when tHéa tew/ deaewent tn nethe
'5%1l§%§ntuﬁ@e%OaE£QPtE§E gtéﬂ%3%¥@egeE§'EM ?89fﬁﬁlﬁgsﬁigh
han 1 X 1 , tine is less
mtfPesatike Br@'@tdéﬁ§|awebéceﬁe§he| &8P td@wgm where the

1%b/p@rr8)>g Etmsé hGIMDsNgQ@ thah@aéhépreﬁﬁt Rt 2het i @Bagonal
excee 1 ro uct owers, ich i [ 3
ReF SRS " EHboayBh RS LM g R, seils' 2 20 e,
chdrigihng itshe mensi pyefefalBiDs V\/nog‘taldl agdddl lEngthgcause

ar;e Rk 9F 1 gPr %xh)%eﬁ 3t PEHQets%&'I'cBﬁd WIS tbfuﬂ@@“ ubNét
are plate-s g he density is 1 X 1011/cnB

BNVDs
arfdDfh @R it Be tBRDSD ?éstbfcltaalhéawglen e egbRENEY 1Y sdbifused

1% lerBhighd tehpagh figrd hecad rﬂr@ﬁ%ﬁnbhtakcpxygﬁﬂ tms step
éentratlo to,5 X 1017at ons/ cnB or £ i,n th

¢ WHETE the FEMRRTRIYF: HEPhp¥y 68 ‘f“ol§5 ﬁeosc?oéha”
Wﬂefi “CHeidiiagonal stanlg htémpdregarehanssng réhe c8MDsot be

digoirel and disarpear aki1bBeohoh I OWRIBhIo1 on a heat

treatment furnace, which 1is not preferable. When the
temperature ramping up rate exceeds 1°C/minute, BMDs
produced at the step (A) disappear during temperature
rising, so that the BMD density becomes less than 5 X
10" /cm® at the stage where the temperature has risen up
to 1000°C, which is not preferable. When the step of
conducting temperature ramping up at the temperature
ramping up rate of 0.1°C/minute to 1°C/minute is
conducted for less than 5 hours, BMDs produced at the
step (A) disappear during temperature ramping up, so that
the BMD density becomes 1less than the predetermined
density (when the BMDs are plate-shaped, the density is 1
X 10%/cm®, and when the BMDs are octahedral, the density
is 5 X 10/cm’) at the state that the temperature has
ramped up to 1000°C, which is not preferable. When the
temperature ramping up step exceeds 50 hours,

productivity extremely lowers, which is not preferable.



tenperature heat treatnent (C), so that the BMD density
in the silicon wafer after being subjected to the 21

foll owi ng high tenperature heat treatnent may becone

| ess than the predeterm ned density, which is not
preferable. \en the density,pf BMDs whose di agonal

| engths are 5nm or nore is |less than the predeterm ned
density, the BVMD 5 density in the silicon wafer after

t HEGrol T Ayt hieghon t bempatitat of etiheatinteeat el l hasydprrenis
cowbmttadarnasfpﬁxecmee lessrdthanatihex V\ﬁfg@ge‘b%h@bﬂﬁgatlon in

¥ |gE r ef er abl eh en the 1000°
te9% aé S GTBREABLFonhagx aEgeds o to 1000°C
1oaﬂcaetems 5/ ¢r8L0* h@tomrt/ennét i thiath deygen pleferable.

co ration exceeds 5 X 10i 7atons/cnB even in the
siticon wafer after being subjected to the foll ow ng
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t reafarents (XgmPest doins ter dpe (rle Wﬁ@ﬁerhéur%npef\atram@mg

radwmgra:u% rad ecHis e tdagn 0é0 aO rla%ﬁhama@wnarﬁt@bh@tmn
nper at ur e Hsmge ﬁte C secured in
(e}

o T ST ATS bR H of TEoREr GFaOhZSe nele ah PRdLRBRY FUERGCEYPS
whvett i lndturpeeter abl e. When the tenperature ranping
up 4 %Eﬁ exceeds 1C/ minute, BMDs produced at the step

(AS | sappear during tenperature 25 rising, so that the
BVD derfSintyiefec dies te®s (Nariss fer miffreaslatinteastitial

St@aﬁ;éwe{%ﬁa@?ie e;ﬁg{g{ aﬂdekrnﬁnlaa% rOZS € 4 . tOAﬂ-gggﬁsnstep,
i v ety Lot (RS thaperGbRcs: FonaiRgtife is

r atequifred Ho/rmmouttva rtio di€f as her eoﬁ s£hX0 mmaadlmedaﬂ.ooxygen,
| e a ur, rodu at . (A)

oS s R A R Lol e
BI\@%IeTr%WH%raﬁé’e‘@n@§Cleé§§ thae” Ci,heiegg depi Rédthe anneal

depgidacd woen atd&lah./@@ear e wplidhe-ishaped, JrlkFedanskly i she
de%%%%mi]&!nc ngt% V\,hef] @I? BNPr?tgz.[setlotcltaq_hedr alg the 1s
numerical value calculated based upon the temperature and
the time at this step, and it <can be specifically
obtained according to the following equation {(i).
[0059]

Diffusion length of interstitial oxygen {(pym) = 2 X
104 X (D X time (second))®?® (1)
where,

D (cm?/second) = 0.17 X exp (-2.53+8.62 X 10°

>rtemperature (K))

Thus, the heat treatment where the diffusion length
of interstitial oxygen becomes 20um or more is preferable
for forming a wide DZ layer such as a wide of 5Sum or more.
[0060]

When the diffusion length of interstitial oxygen 1is
less than 30pm, the BMD shape after the high temperature



35 is 5 X 1011/cnB) at the state that the tenperature
has ranped up to 1000C, which is not preferable. Wen
the tenperature ranping up step exceeds 50 hours,
productivity extrenely lowers, which is not preferable.
22 \Wen the diffusion | ength2opf the interstitia
oxygen is |less than 5p m, the interstitial oxygen
that t he erat ure has
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vertl f'ur nace. [ 0058], Further, the stép
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furnace 1s accel erated, ch I's not preferab
di $9TRS KA Urén GNP ATt HB fﬁ?%r%ﬁ?tﬁ?ﬂp By géR iteegstep (C),
15 nuiedtec adn waldieaedl eehatedt bs echmpion tipe rtaerépebat beeused

{ dit
Sttt "Giirkds EbEPat s R Faping v rate
eqiatinom (na)nge[ @GS@TC/mwmutm 1|Oeﬁgmhn@te| Pt eFBLitial
oxygegp(pm = 2 X 104 X (D X tinme (second))'S (i) 30

wher e, D (cnz/second) 0.17 X exp (-2.53=8.62 X 10- 5.
the present 1nventlon, when a silicon wafer where

20 a shape of BMDs is octahedral-shaped is manufactured, the
abovementioned heat treatment includes (A): a low
temperature heat treatment conducted at a temperature of
600 to 750°C for 30 minutes to 10 hours; (B): a
temperature ramping up step including a step of

25 temperature ramping up to 800°C conducted at a
temperature ramping up rate of 0.1°C/minute to 1°C/minute
for 1 to 10hours, and (C): a step including ramping down
the furnace temperature at a temperature ramping down
rate of 1 to 10°C/minute, taking out a substrate outside

30 furnace at the furnace temperature between 600°C to 800°C
and cooling the substrate down to the room
temperature ;and(D) a step including taking a substrate
inside the furnace at the furnace temperature between
600°C to 800°C and ramping up to 1000°C at a temperature

35 ramping up rate of 1°C/minute to 10°C/minute and
performing a heat treatment at a temperature of 1000°C to
1250°C such that a diffusion length of interstitial
oxygen 1is in a range of 30pm to 50pm as a high
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.tenperature (K)) Thus, the heat treatnent where the
diffusion length of interstitial oxygen becones 20p m
or nore is preferable 35 for formng a wide DZ | ayer
such as a wide of Sp mor nore. [0060] Wen the
diffusion length of interstitidal oxygen is |ess than
30m the BMD shape after the high tenperature 23 heat
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erabl e I[310061] There_particular|y is
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praggent dgdveRyi onghwhensapstlicon wadgl whese @dlka roon
shape of BMDs i s octahedral -shaped is manufactured, the

alfSFeREAT FoRedeReat Pt r 8atHBRt 1Pﬁ%‘|1%3d‘é% tafing g ofpbstrate
t enpadat utlee h€aknheeataentheorfduated ’o‘tiex@dr@'tmﬁfeat}blétedeen

Oto 0C for .30 mnutesto
teGr%)e(raat urggrga i A9 bR E iR G ﬁ&la E J f):e’ﬁgerature
temr@rlagur elpr anittey upf t ol rgdreducteed la@ @/minute and
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hour s, a step includin
ddv?r?o "CheSPERnakat er?peld)éthPél%‘i‘ al Yrerier &¢ Fur én?SﬁﬁFh"glal
inMi/gelhat esofinl &0 FAGem it 80ut @ki Ngh oBoOpamsubsd r at enigh
%emperature heat treatment step. When a silicon wafer
where plate-shaped BMDs and octahedral BMDs are included
in a mixed manner is manufactured, (A): a low temperature
heat treatment conducted at a temperature of 600 to 750°C
for 30 minutes to 10 hours; (B); a temperature ramping up
step including a step of temperature ramping up to 800°C
conducted at a  temperature ramping up rate of
0.1°C/minute to 1°C/minute for 1 to 10hours, and (C): a
step including ramping down the furnace temperature at a
temperature ramping down rate of 1 to 10°C/minute, taking
out a substrate outside furnace at the furnace
temperature between 600°C to 800°C and cooling the
substrate down to the room temperature ;and(D) a step
including taking a substrate inside the furnace at the
furnace temperature between 600°C to 800°C and ramping
up to 1000°C at a temperature ramping up rate of
1°C/minute to 10°C/minute and performing a heat treatment
at a temperature of 1000°C to 1250°C such that a
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30 furnace at the furnace tenperature between 600C to
800C and cooling the substrate down to the room
tenperature ;and(D) a step including taking a substrate
inside the furnace at the furnace tenperature between
600C to 800C and ranping up tgs 1000C at a tenperature
35 ranping up rate of 1C/ minute to 10C¢ m nute and

per form.n treatrrent .a, tenperature, of 1000
A A b AR RS T b TEVSbr L] nfer 2 FRREY ©F
ox%/fg-én ke Bhum ra@nge hofh30pnprtar B@p herastaehtgbnR4step.
teppegAture heat treatnment step. when a silicon wafer
where a shape of BMDs is plate-shaped i s nmanufactured,

t hé DEo RAATERt iTohefichedte t roatarerRking | WesSto® - 1n toar if
t etpereatdiee theatf urheaksethe ClosriliciRG talend t(@YPeBAt HAE the

60 to 750Cf 30, mnut s tg 10
terrperagu?e rarrpl n@{)up %?l&) e%ef ud’® ﬁ’ﬁrﬁggi’%p oef")formed to
terrpm@ta@reprr@mppmvu‘pyto B@O@mdu@tsed at athe step(B)
éyg%ﬁ%er%@&b@gquFr%BeS@b e. %gy@]Q%%ﬁeEgtagénEQH£§ng

fo to 10hours C): a step, i ncluding I n
dotih IBtEhe Tt it Ha&d™ienper 4Cure tmé‘uttérrﬂe?a?’ﬁlﬁ Sfent to

r aggn n@oﬂ@mpreaat@r@fnédtmdo@émm e( bakikBgshHped: 1 X
tratfe out rnace at f uf nace nper at ure
b:f /e?1m6008 %8%66 'aﬁ% C%O|{LQ /tRe Substiste ggﬁm pgat
thtererajmmntt enpeeatuie danddgd) Jat stseplqtnmlemé|sagryakongamp

%Jeatt% %580'6%0'8%%“ fyﬂ%%% tth%lur%ga‘éﬁe step (C)

t erfper at ur e bet wee ﬁg
athich eh%ef@ffﬁ?% afeepi e uﬁt?ﬁf% aq¢/ APanged t pot

10@&4 MsAYi Bk ARG  dped el’&lrngatﬂ beat stepatmnt @ at is not

tenperature of 1000 %2]@3 sugh hat _a diffusion £
| ENGIET GV e SR iR 20 398 a ﬁ 5°FBhge oF é%ben?
t o0 S0fC /miasita htgh 1°tCa/npeuaEUrleLH$eatonteram¢mme Spepcessed
V\h&ﬂ%_a silicon wafer where plate-shaped BMDs and
octahedral BMDs are included in a mxed manner is
marfUf detiy edter AfB) avhemy FeepEPEPRFRt UL afaRp g mapt rate

corgluctedl @han eIPEVALEEe Of 2 6@8Rable 788fkpaPat @fe 3@amping
m nutes to 10 hour &B% a te erature ra £
StEb (RE UBPhg BF sCBRYETS t affpel et &1 afip r%i{}%ot’%hé@od’
corclucicdd ain a at effearat treatmepi ngfuymarcat,e @hich is
preferable. When the temperature ramping up rate exceeds
1°C/minute, BMDs produced at the step (A) disappear
during temperature ramping up. When a time period is less
than 1 hour BMDs produced at the step (A) disappear
during temperature ramping up, which is not preferable.
When the temperature ramping up step exceeds 10 hours,
preoductivity lowers, which is not preferable.
At this step, when the temperature is less than 800°C,
BMDs might disappear.
At the step (C) it is preferable to ramp down at the
temperature ramping rate in a range of 1°C/minute to
10°C/minute which is used in a conventional furnace,
it is not preferable to take out a substrate from the
furnace at the furnace temperature less than 600°C
because of shortening the life of heater.

It is not preferable to take out a substrate from the
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0.1C mnute to 1C mnute for 1 to 10hours, and (C): a
step including ranpi ng down the furnace tenperature at
a 30 tenperature ranping down rate of 1 to 10C/ m nute,
taking out a substrate outside furnace at the furnace
t enperature between 600C to 830C and cooling the

substrate down to the roomtenperature ;and(D) a step
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%%Wﬁ@?é?ﬁ?g f‘g"l(ﬂ‘b%che up rate of 0.1C/ mnute to

1CIl‘h1enat &si goslfhitaein tediddjey mrbee tpmpdeétnng negiping
BMngerggtgy ( plate-shaped: 1 X 1011/cn8, octahedral;

X 101""/cnB ). When the heat treatnent process is
d| vided, it is not necessary to ranp up nore than
80@Cs4ht is thought that during the step(C BI\/Ds whi ch

IS forgg af t er thetstS%Q have an d not ?m an
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r dreferebiy. |es%p€t @11 nisvighe, 2 3PRBY 2L ¥ nPaY afr &1
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WHSCH A8 InGRT B8 B wbI 2 ‘WG e Ebliger BLOF 6T aniihg:"®
udikat.e exceeds 1C/ m nute, BMDs produced at the step

(A) di sappear 25 during tenperature ranping up. Wen a
time period is |ess
[0065]

In the manufacturing method of the present invention,
it is preferable that the substrate contains nitrogen.
This is because warpage is further suppressed to a small
amount (typically, 15pum or less) owing to such a fact
that the substrate contains nitrogen. Thus,
manufacturing a device with higher performance can be
made possible by further suppressing warpage.

[0066]

It is preferable that a concentration of nitrogen
added for this object is in a range of 5 X 10“atoms/cm’
to 1 X 10%atoms/cm®. When the concentration exceeds such
a range, poly-crystallization takes place so that yield
may lower, which is not preferable.

[(0067]
Further, when nitrogen is added within such a

concentration range, a shape of BMDs with relatively



than 1 hour BMDS produced at the step (A) disappear
during tenperature ranping up, which is not preferable.
When the tenperature ranpi ng up step exceeds 10 hours,
productivity lowers, which is not preferable. 30 At
this step, when the tenperatulg is |ess than 800C,

BVMDs m ght di sappear. At the step (O it is preferable

t o1 5 A4 Sown Q',Iant '?9% ftﬁﬂgﬁr ak ug epfé'vi\i;g’ %Qllpreate%e' nia such a

range of 1C/ m nut used in
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te@f?c%tg"{‘é”% QE laer§s etfl%gthOO arfﬁgodge than EQB shapef by

ure ranping up Fat et i's |n a range
10 1Ollh¢m€§1 tig r@crrﬂnitﬂua@tm ctudhs higbddensaty BMDs.
copyggd i onal furnace. 10 There is no limtation
regarding the tenperature ranping down rate.
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20 [0069]

In the manufacturing method of the present invention,
it 1is preferable that the substrate contains carbon.
This 1is Dbecause such an effect that BMDs with a
relatively high density can be formed even if the low

25 temperature heat treatment performed at step (A) 1is
performed at a relatively 1low temperature for a short
time can be obtained owing to such a fact that the
substrate contains carbon.

[0070]

30 It 1is preferable that a concentration of carbon
added for this object is in a range of 2 X 10%atoms/cm’
to 3 X 10'%atoms/cm®. When carbon is added in an amount
exceeding such a range, the interstitial oxygen after the
heat treatment increases, which is not preferable. The

35 reason 1s not clear, but interstitial oxygen may be
blocked to come together to BMDs by carbon.

(0071]

Incidentally, there 1is particularly no limitation
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amount (typically, 151i mor less) owing to such a fact
that the substrate contains nitrogen. Thus,

manuf acturing a device with higher performance can be
made possi ble by further suppressing warpage. 30 [0066]

It is preferable that a concengration of nitrogen

added for this object is in a range of 5 x 1014 atons

/ C\VB t<§" 1 X 101%(23torrsgcrr8. (Xl\pen t he concentration
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10 debsh te i Redcaldedron. It is thought that an effect

15

20

25

30

35

m‘rg\gﬁf to the BVD shape by 10 nitrogen is hard to
ac uch high-density BMDs. [0068) For exanple,
when a Bidrecois wadetidahanly aoDA irdyert iow taboat measuring

thi A o
| PhEKREES O IR MR 8nk SO0 ASI Sadelorl S apg. ooer
di feusr Ued edft A ofsubstsatei tia@ld okygen dsacones PEGFeaably

O me Bk fed N Byt eNPEAA AN @OnzaNge ofndA0CneEnBREE. I N More
such a, _case, it is effecélve for reducing vvargage t hat

t hEPEREDE 3 10fY ' BVERE Wit hE 2% r EORE R M dedTsi 22" oPe e siiged
made phedimey shapsttdndeagdi dgnni hasgensp& OGEHr | n STNE) .
na uring he pres [ Lon,_ gkt i
prggé%%ﬁ%ed t hg?ﬁ%ﬁ%@rg%&%% ratog cont ai nsr%&?g%t;on.anérhi g%lrgon
becorsenBIRIH Gi$  effe@strenart BVxe wiarfiucted by an infrared

absorption spectrophotometry and the concentrations can
be obtained from values of JEITA (Japan Electronics and
Information Technology 1Industries Association) used as
conversion factors.

[Examples]

[0073]

The present invention is explained in detail below
with Examples, but it is not limited to the Examples.
[0074]

(Method for manufacturing annealed wafer and epitaxial
wafer)

Single-crystal ingots were manufactured under
various <c¢onditions (wafer diameter, conduction type,
oxygen concentration, nitrogen concentration, and carbon
concentration), the same sites of straight barrel
portions of respective signal-crystal ingots were cut out
by using a wire saw, and substrates with thickness sizes
of 725 to 750um obtained by applying mirror finishing to

the cut-out ingots were defined as substrates. The
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relatively high density can be fornmed even if the | ow
25 tenperature heat treatnent perforned at step (A is
performed at a relatively |ow tenperature for a short
time can be obtained owing to such a fact that the
substrate contains carbon. [0270) 30 It is preferable
that a concentrati on of carbon added for thi S obj ect

dtd g éb{g} QEOHQ ?gﬁ 8&9 a_ batch-~type

101 tcros i S adde n an anount
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b TS o BEnEUPEGELHET SeRPLSHIIEEE7 1]der

I rneigtent akhygsphéee e | sTpartcncmmetnloyxsnoofl nidsaid i va8 heat
[ h d gen Q! Lo

B R R A g T

usRE taxriater at@lfyarswbw@rgpeaaméaptyrecﬂn annethdd f ®anner.

adﬂtd’hﬂien‘tlatlIlQQGth atﬁébitxraab@ew th aydid ¥ ogeRchi IHRd Sheen
added. to melt, for gullln smgeceegvstal so.t hat
&

S SHITER orkent  BEPBHIGH e o { bhpe following

ohd@idied otan ihe tcadj)usisedieflined aet hednéateaddhﬂ@r" and a

Cahpn. GATAONPAUel; 0539054, Lo ELL Lol BULELROHP g
a sl ngle cryslta SO E1’1a a car on concen
susitahat e2 s e sobt ke nednd 1ol e be adqiu§t>edxs [@efxjed as

Theég?i‘da%lﬁqr tisddrarly me Idlmft@tlbﬁn 128kgeh %a%rtle@gtltlal
nmet hods of concentrations of nitrog car and

RGN CBnERBedors EoeaEReRaAS SFAinas Ban ipkegrating
prefer albd)\yelﬂéilﬂ’ﬁﬁﬁﬁidf eshydat ieanveint i rm@eith/mmoam temphodsure
te %pet Jr:]éfrd{ <§ ‘E'”A d%eﬁﬁé‘fae{meat gg?_t«%?ﬂ boef the

nmeasu ctro
(S?GNIB’)Dd I‘R@qartmeﬁ@mﬁé‘asur'éh@nh%afoftnﬂﬁéﬂwl}tg@@ndﬁ@lons for

Carnap %nta&@t 8 ?aré@@&?@rﬁ%l% Are %@n%qtladsby The
an infrared 20 absorption spectrophotonetry and t

c ORI &ﬁé’eéaﬁ‘epaéle?%NPe% Cfcﬂﬂ’ﬁc\ygldug’é’ gppggpﬁrhng an
(Jepinuflsgctlm@eircenafdsurface of an annealed wafer up to a

thickness of 5um in a vapor growth apparatus.
[0075]

1) Table 1

First Heat treatment: after heat treatment at a
temperature of 700°C for 1 hour, temperature rising from
700°C to 1000°C at a temperature ramping up rate of
1°C/minute.

Second heat treatment: temperature rising from
1000°C to 1100°C at a temperature rising rate of
5°C/minute and holding a wafer at a temperature of 1100°C
for 4 hours.

Temperature cooling step: temperature cooling from
1100°C to 700°C at a temperature cooling rate of
1°C/minute to 5°C/minute.

2) Table 2
epitaxial layer deposition after the heat treatment shown
in Table 1.

3) Table 3
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I nformati on Technol ogy I ndustries Association) used as

conversion factors. [Exanples] 25 [0073] The present

invention is explained in detail below wth Exanples,

but it is not limted to the Exanples. [0074] (Method

for manufacturing anneal ed waf3er and epitaxial 30

waf er) Singl e cryst al ingots were manufactured under

vari ous con conduction ty

oxygen conrcsent ? ﬁwaeﬁ%f“%ben Elffgﬁgenl??%ﬁl &r’r’eaz}'ﬁl&gt at a

catbmmer@mnttﬁarnfr ardo) forhd sanessitespafatatreqimghting from

ba"/b@*‘ 35080 1pBOSCOf atesBeclicyBoslonAL crystal | BdoLs of
cut out by using a wire saw, and su es Wwth

thﬂc@ﬁéls%uteﬁ zes of 725 to 750p m obtai ned by applying

m rror fggtcal Ngiela@ trige?em%n@u: hwgfsgz%ﬁwee ctq@lra@d &$om
supstrates us taln

?26@6(% ht?ypglg€e$t|%%l "heatiermeeré‘ttffﬁﬁt fr&rsrjr&@e rﬁﬁa of

f| bS€/hipaite t reatpeeats reAr aniin®) £ cond 1 (fcond HEAM °C at a

U eehgPilc L WekengPer{ @l mae tor é}mrﬁ}t@ﬂ "3hgs ASSIOR -

t he sane furnace argon_ at nos
coRdPE ot Gt redsBPerIEURRAt20G rceétoﬁeﬁt BOoHFe as shown

in 1) tore&)p;rémneﬁl eﬁ;owaﬁgr%talad t%ﬁlptealéltake\/\@EQESn@Eerom

ma ctured i S manner ncidenta i,n t
gﬁ%@é ?%é <:Nh Th ras b A Bect %8198ghe§tate of

tréa@h&mumd:cseit iCgfilestehe foll owing 10 conditions 1)

to 6) isdefjhiedsas "anneal ed wafer” and a wafer on

whi ch an epltaX| al_ |l ayer has been dep03|ted and which

sati sf i ¥t ¥are dondiayiedns depoakbion jaftRsf i dwptas treatment

"ephéwxi sl mafer 's.. The diffusion length of interstitial

oxygen i a%g hﬁat treatment was obtai ned by

i nt egr at nga e abovenenti oned equation (i)

regar di tige ssameneer aeatet raadnentt istewaccor Giabget ®. a

t enper atr & patt grn of the second heat treatnent. The

heat treatnment conditions for each Exanple and
Conpar atdRid apigap| dasee adeHsiltdns. Fheer epheaixi direatment

| ayppwelepostdyien swas conducted by depositing an

7) Table 7

First Heat Treatment: after heat treatment at a
temperature of 700°C for 1 hour, temperature ramping up
from 700°C to 800°C at a temperature ramping up rate of
1°C/minute, temperature ramping down from 800 to 700°C at
a temperature ramping down rate of 2°C/minute, taking out
a wafer from a furnace at a temperature of 700°C, and
cooling the wafer down to the room temperature.

Second Heat Treatment: insertion of wafer at a
temperature of 700°C, temperature ramping up from 700°C
to 1100°C at a temperature ramping up rate of 5°C/minute,
and holding the wafer at a temperature of 1100°C for 4
hours.

Temperature ramping down step: temperature ramping
down from 1100°C to 700°C at a temperature ramping down
rate of 1°C/minute to 5°C/minute.

8) Table 8

First heat treatment: after heat treatment at a



20 epitaxial layer on a surface of an anneal ed wafer up
to a thickness of Spin in a vapor growth apparatus.
[0075] 1) Table 1 First Heat treatnent: after heat
treatnment at a 25 tenperature of 700C for 1 hour,
tenperature rising from 700C to 1000C at a tenperature
ranpi ng up rate of 1C/ mi nutel3lSecond heat treatnent:
tenperature rising from 1000C to 1100C at a

te iS¢ N e ol
e o P 14000 Yor Y Tgangr o aneded u
TefpePar P e© c68| .898 St 8p: 2t etr?ﬂ@neétaEPéecéél“Ph@ngerate of
1é00€°¢m17rw@ ,att emgeaimerrat ltﬁ&xpﬁlg'@| Hegnr atremofaoo to 700°C
1 u n 3 Tabl.e 2 daxial |ay
depgns:‘gt %gnbgfg%n% i gstcfg%wa MEhE S fepé Ca)( rlf’latt')el etfklng
53) oTabkesgoJoratd rfsnom—l@atfurneatanema mmmrmme of 700°C,

Lreatinessl flg %ﬁeem%%t HbEn Of o AARC Ak 4RBHESture.
tenperature tising from 700C to 1000C at a t emper at ur e

rising YetRorheaC/bHediMents SREdRH Mt o eHthrdiete at a
t egp@pétat erd i sfngobfom téﬁ@@ﬁét@reﬂ-lﬁé)ﬁpiaig aup from 700°C

te e £ rrsin rat.e . of 5C/ m nut e er

R R e s et LR
10r atempérdGirg nueppingd Updirdinpgng deoubsthettveeeat aooo C and

teﬁ@@b%ué‘é %ZQ%%Je%t%rBO%mplQ gg?%ﬁﬁ%(g 88\%' Bdte of

step enperature cooling from to 70

t eﬁp@r‘rﬂ%%?‘ée'co%w n§otaied o SH}E’SHW&R ea‘foaS@eFﬁPﬁlﬂaéurﬂ) of

Tabbeodc ephit axirdjud.ayer dep03|t| on after heat t reat ment

15 sho |n oRﬂ?fleB 5 TabI r{ %

treat me re R% wn S mpera ure ramping
15 down from 1200°C to 700° C at a temperature ramping down

rate of 1°C/minute to 5°C/minute.
9) Table 9
First heat treatment: after heat treatment at a
temperature of 700°C for 4 hours, temperature ramping up

20 from 700°C to 800°C at a temperature ramping up rate of
0.5°C/minute, temperature ramping down from 800 to 700°C
at a temperature ramping down rate of 2°C/minute, taking
out a substrate from a furnace at a temperature of 700°C,
and cooling the substrate down to the room temperature.

25 Second heat treatment: insertion of a substrate at a
temperature of 700°C, temperature ramping up from 700°C
to 1100°C at a rate of 5°C/minute, temperature ramping up
from 1000°C to 1200°C at a rate of 1°C/minute, and
holding the wafer at a temperature of 1200°C for 1 hour.

30 Temperature ramping down step: temperature ramping
down from 1200°C to 700°C at a temperature ramping down
rate of 1°C/minute to 5°C/minute.

10) Table 10
Comparative Example 1

35 First heat treatment: after heat treatment at a
temperature of 800°C for 4 hours, temperature ramping up
from 800°C to 1000°C at a temperature ramping up rate of

1°C/minute.
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6) Table 6 epitaxial |ayer deposition after heat
treatnment 20 shown in Table 5. 7) Table 7 First Heat
Treatnment: after heat treatnment at a tenperature of
700C for 1 hour, tenperature ranping up from 700C to
800C at a tenperature ranping3édp rate of 25 1C/ mi nute,
tenperature ranpi ng dowmn from 800 to 700C at a

t enper aée%cﬁu{ aﬂ?}ﬂf‘g tdeWPmE X €04 %gngkgé'{:ﬁr% 3@nﬁgngmdown

a wafer froma furnace at a tenperat
coBFFRy Fhe RAPEr agovieon % MeatosrheremEaEatiice. t SORedRdure

Heabmg i eqatdent st‘Je@S%hbbmnlﬂfE}V\ﬂf;ﬁre ah @ab3@ Lenperature

of 700C, cl&nperatur up from700C to 1100C at

a tenpera(%mre ranﬁl Xam% ra e of 5C/ mnute, and
hol di ng R twaheat attr@atte‘ﬁpératafrt@rothaﬁocrfeartm&nt at a

hoﬁéﬁpeﬁ?ﬂﬁﬁfaéyr@OOa@pEBQ doWa 3t ERenbePRELREUBmping up
rom 1100C to 700C at  a t enperat ure

i ng
aEEPIﬁgM%V& t?a%éo%f C 187 i ntRAWPRIG IErniTRIPe NIy PTABILE OF
8 BPcghimend., treatnent: after heat treatnent at a 31

temer sy e 0T nZODC,LaL dohoun, temBeLalire LaNmLRg Wun

from?70 errpera ure mprng
0. 5Cépi ntihe, Sﬁ@np@rsataﬂn*@mdaﬁmamg td:@mrnfemmamo ttempRO@Cure

at rﬁmﬁfx‘f@eéﬁryrsecerpa%bwﬁ QQV‘EBanﬁJlFe qf, 2&bAknyte, taking
5 out a substrate froma_ furnace at a tenperature of

700G, acer“F@dféltllﬁﬁ EK&™A&F e? down to the room
t enper atEimst Headnd Meeamehteatafir heser tireatakngd at a

o CPhBEElle oL TRENE P Sf 00 od RS S i
of uBCERPRUT ) C 100t bAPRTGLal ea rmrmengatug/er mp\pn@gd@\nn rate

betpeernc 1RO And 1200C at a tenperature ranping
up/ ranping down rate of 1C/ mnute, and hol ding a

subst r a$2°Rd aheRbpEFrSREPENbf CIDRRRE e 1THBRENG up from
Terpeo &t ure ranEd Ny dews Steppet&PEY atHhBifi@MRipNgratd of

do%cprﬁgrmltlezoaon% thoolmcr)l% %t wgfte%nger at ’E’Iéxgpérarg)ureg 0%0%00 C
for 1 hour.

Temperature ramping down step: temperature ramping
down from 1100°C to 700°C at a temperature ramping down
rate of 1°C/minute to 5°C/minute.
temperature ramping down step: the same as temperature
ramping down step shown in Example in Table 1.

11) Table 11
Comparative Example 4

First heat treatment: after heat treatment at a
temperature of 700°C for 4 hours, temperature ramping up
from 700°C to 1000°C at a temperature ramping up rate of
3°C/minute.

Second heat treatment and temperature ramping daown
step: the same as second heat treatment and temperature
ramping down step in Example shown in Table 3.

12) Table 12
Comparative Example 5

First heat treatment: after heat treatment at a

temperature of 800°C for 4 hours, temperature ramping up



rate of 1C mnute to 5C mnute. 9) Table 9 First heat
treatnment: after heat treatnment at a tenperature of
700C for 4 hours, tenperature ranping up 20 from 700C
to 800C at a tenperature ranping up rate of

0.5C/ minute, tenperature ranpfhg down from 800 to 700C
at a tenperature ranping down rate of 2C/ m nute, taking

OUf réh SBPtd &t fopaa frurhacs tp@“:a@uf:@"?ﬁﬁlﬁiﬁ'&euﬁf rate of
700£ and cool ing the substrate down to the room

te]rrp MHE - 25 Second heat treatnent: insertion of a
subst r &lezcatd chedtenpesatingre odnd 00&npé eperat H&eping down

f 700C 1
[ ehi'a, Hhe T b THRCscblpd MGy OheBalRh By Crnd el Grure
S of rAWIhGiown ahEP kbl Bkatp ehehaaheinafalale ehperat ure

of 1200@Oﬁggrgtmogrgx%l'germer ature ranping dovvn step
t enper g ggg gL down from 1200C to 700C a

t enper KRARSTE &t P Gre L CPRR AU B e ment at 2
SOiemlp‘Eﬂa&ur]aO)ofl' abl & A OforCohphoat) veelpanpt erd B&mpd gt up

of FEBDCTor Fhont S G s AP E P akbengoIRLEAT 3t BODG °F

10to31@@@®1%;t€ a tenperature ranmping up rate of
1C/ M NWeond2 he%ﬁ:coﬁfjei‘tﬁ%nﬂ r &ed ”E&ﬁp@f@td@pﬁérﬁ‘éi&&f down

r@lng own st ep: ane _as. second heat treatnen
an%l TRempetat B7Re Fanﬁﬁﬁanﬁo%ﬁa%t &P hBRAC i ﬁ“%xz&ﬁﬁ‘P&fFE“e
Tabzhnapihg doenparapi Ve Exanplee shownFinsTabkat3 treat nent:

after t at a tenperature of 700C for 1
hour, g?"éﬁera 3%2?$arrp| ng up from 700C to 1000C at a

15 t enper atQ@FnéaFaﬁpVﬁgEWR]eﬁ € of 3C/ minute. Second heat
treat mltrs%ndhésapar@at&%n&anmfltgezdowaatlot§é§aner§meat a

sagrr\;mg; secon\c/i#‘ne_ﬁé jre trre thand tenBerature g}gg
Yo Tabt e tEPPEHRPAT Gt F
Ex£urmm e7030‘R£ rsd h&atcta’eahrreempeﬂéit\m'e hleatpirrgeam;msnatatof
a 0.5°C/minute, temperature ramping down from 750 to 700°C
20 at a temperature ramping down rate of 2°C/minute, taking
out a wafer from a furnace at a temperature of 700°C, and
cooling the wafer down to the room temperature.
Second heat treatment and temperature ramping down
step: the same as second heat treatment and temperature
25 ramping down step in Example shown in Table 7.
Comparative Example 8
First heat treatment: after heat treatment at a
temperature of 700°C for 1 hour, temperature ramping up
from 700°C to 800°C at a temperature ramping up rate of
30 2°C/minute, temperature ramping down from 800 to 700°C at
a temperature ramping down rate of 2°C/minute, taking out
a wafer from a furnace at a temperature of 700°C, and
cooling the wafer down to the room temperature.
Second heat treatment and temperature ramping down
35 step: the same as second heat treatment and temperature
ramping down step in Example shown in Table 7.
Comparative Example 9
First Heat Treatment: after heat treatment at a
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tenperature of 700C for 30 m nutes, tenperature ranping
15 up from 700C to 1000C at a tenperature ranping up
rate of 3C/ mnute. Second heat treatnent: tenperature
ranpi ng up from 1000C to 1100C at a tenperature
ranping up rate of 5C/ minute3and holding a wafer at a
tenperature of 1100C 20 for 1 hour. Tenperature

r agph Sr&‘é’wb S(.I)f'p'iOé eém@&atwﬁomm'%pe%%rf r Qb2 Q9C0p
to 700C_at ngsrture ranpi ng down of

1cﬁﬁﬁ>lﬁuF80t% s Aufeatt énﬁ@?“&?ﬁ?*é“?%nﬁ?ﬂ@l@%mﬁpstfé‘p'e of
t he°sanendse ! elpgicatadtge 2amp 2l digrtl Ofors tegm ROWD 0i° I@ at

ip Tabl e Tabl e at | ve
o BuPefptia T PR Srdmiht) FBR' Rake of carChR AR Bue
t enpéent irem of UTGBE fadr 24 teopesatvespef at U é:,r aamﬂ repolpgng

30 hi 0 7O0Gi iy 200G AL o8t CIRSYALYE .7 anpi ng up rate

of 3C m nute. Second heat treatnent and tenperature
ranpi ng S RIVh h%?%ptr?ﬁém%‘&‘hea% §é&‘8ﬁaal‘%’éﬁ? LRBERERBndown
andtépnpehat dhRe LINHJIBndoOWast efr datmExanpinel s ratture

TabI 3 12) Table oparat i ve le 5 First
heafl t(?roen é ItnggreaOr‘r"lﬁflntlna{%xglirgtgrrperature

of CS@D@E&@VG& Eh@mpé,e flenperature ranping up 33 from

800C t op{PA0C, Al debeMPeEatMe S ranping up rate of
10 m nute. Second heat treatnent_ and tenperature

ranpi ng Jovit Beep: %IRRTESRE: a IfEdonliceatt HePERERENIALE @
andﬂﬁfp@m&ﬁar@f 50@%@&@ glongtird, epténtrpel!?eamﬁee @P@\M’lg up
n a ve a S ea reat ne .
o E0TnaaP CrBH Aokt Cafta® CBNBSPALUFS BFTG0BE Rlr LFoo of
hoQr 5 ° € Anpeute ur eempampitng eug ampi ogn A09C foom0F6C 4 §00°C
t egpeﬁatt!éﬁiﬁeEggﬁ’fé‘gré‘rﬁpf@é edcmn g@cé@fndﬂgﬁnlrl%%%onQaklng

heat treatnent and enperature ranpin own
out a wafer from a furnace at a temperature of 700°C, and

cooing the wafer down to the room temperature.

Second heat treatment and temperature ramping down
step: the same as second heat treatment and temperature
ramping down step in Example shown in Table 9.

[0076]

In order to examine a BMD density and an
interstitial oxygen concentration at a stage of a
temperature of 1000°C, substrates manufactured under the
same conditions were put in a batch-type vertical heat
treatment furnace, and a wafer pulled from the furnace
after only the first heat treatment was performed was
prepared in a continuous heat treatment, while a wafer
pulled from the furnace at a temperature of 1000°C after
temperature rising up to 1000°C in the second heat
treatment was performed was prepared 1in a case of a
divisional heat treatment.

[(0077]
(Measurement and evaluation of annealed wafer and
epitaxial wafer)

Measurement and evaluation of annealed wafers and

epitaxial wafers obtained under <the abovementioned



step: the sane as second heat treatnent and tenperature
ranpi ng down step in Exanple shown in Table 3. 13)

Tabl e 13 15 Conparative Exanple 7 First heat treatnent:
after heat treatnent at a tenperature of 700C for 1
hour, tenperature ranping up 3 rom 700C to 750C at a
tenperature ranping up rate of 0.5C m nute,

t eRPQr A B in3MRICAG 1 H9WAs f £ 5@506191; Cthéo%ﬁ%w%g (2,
te erat ure ranpln down rate of mnute talng out

¥er aPf ok a ftﬁt?aceoatu%t%npeﬁ&eaerelas Pooeafgngadded
co\(nittmg i herowmdrer  down trmﬂﬂm@emoomoheﬁﬁekawbe @esondiso

he e ture ra 9, st
saﬁ%a%gre%%éconde%ggq tnt r eatf%e%t %O H?eﬂ er aYthe %érstc heat
S r abpraignaddwyast egeriducegdnpl(@) sh@@n |3rh FValyke also conducted

Corrad atd (e tEXyRRwd Ehl @Ebf@ai) tre@tmmplefst &t ReRbles
trea t at a el.ﬁrgeperat re o 700C for 1 ho

t SRS at o 475 [ i 7606 113) psgESato Tected fron
t etper pbntEoman‘plfnga U@em’@tfaﬂ opoXi AC/ of nebeh wafer and a

te ur | 0 800. t 00C at
eﬁ%era urgp‘%‘g%%. % oﬁnra g]ofog(‘ﬁ}rhgnu et%rt agyn mm( by
10 a gwedrding eack M@rfﬁac‘eoapredq@mn@tdudepchsm@@lmandooum,

cogh b )t hs valigdawn tonkhey erﬁmer@a@uggmgﬁggnQere

heat treat ment and tenperature ranping d

t heoRMfE sk afecontt 3ttt hatedtardst Yasd Seémper é)tr@ldgtermlned
raﬂ®¢tmsﬁmmnn$tepOpﬁnEXHthﬁ)Sh@Mm predadd wnifed pos1tlons

Co D2 2 atlve rgx Sl%lonrg Heat ”f%dt et er feal by

et terrpera re o‘?r%ﬁe 4Ot11§ours
15teh@i€n)athM eltrléntr;llng QpP. from 700C to 800C at a

t ePEr BE L SRR 4P BvY &Habe : 20N e, ethffﬁ%&@w&ewas
ranpi ng down from 800 to 700C at _a tenperature ranp

dodpt ¢t i est Exemmended 1ot aki AgoRt @Wsértlﬁsombftaﬁﬁﬁéeby
atmea$ PRy attiee 8hmé 00fea ANGnend! | Bgmplide wwefesr done a

to the room rature. %ezg:Pond heat, trea nt, a
te?‘r% Jt“t?redtrlaE:%% g dovvn Step watshecg%rﬁ%e%&eetcwc?neg] héltl(_)>
20t reateretmoran&md efibedat dIEeCtFJaTTpI ngTdeownist ep inelBtdmpbbip

shouyyddh TRk Batic of signal intensities and the BMD

ellipticity was examined in advance and the ellipticity

was obtained from the ratio of signal intensities.

Measurement was also conducted by TEM and the ellipticity

25 was measured from a microscope viewed from [001]

direction and obtained at this time. BMD shape

determination was conducted from these results.

Incidentally, at least 10 BMDs were measured for each

sample, an average ellipticity was obtained by averaging

30 all ellipticities of respective samples obtained thereby,

and the BMD shape determinaticon was made based upon
whether or not the average ellipticity exceeded 1.5.

(2) BMD diagonal length and density: Regarding each

sample, the BMD diagonal length and density were obtained

35 by using OPP and TEM. From the observation result of BMD

obtained by the method of the following 1) and 2), a

density of BMDs having predetermined diagonal length was

obtained. Incidentally, as the density of BMDs having



10 Conparative Exanple 10 Divisional heat treatnent
First heat treatnent: after heat treatnent at a
tenperature of 700C for 4 hours, tenperature ranping up
from700C to 750C at a tenperature ranping up rate of
15 0.5C/ m nute, tenperature r&ping down from 750 to
7OOC at a terrperature ranpi ng down rate of 2C/ m nut e,

ggng&tt@rmeecg £ mg;,@alfuw &f% R LR e of of

cool n Re room
t e\ﬁ?)]é%%ft @te thS@@oﬁdlh'eatht?r extops et - and t enper ature
rapgo g down 20 step the sane as second heat

t t dt t t

Shoun | 1 TABRE S EREDD 78T 74 OB Her S5 oy iHenG 4 YL Lied
5 delmgi teylwtctlaallynt sigtalialocmspgen comesnt rdtfifareacea of

St@ é?t(ls% §>51 'Efé%r Qitulér QOOfBM%gOggs ﬁl@ggﬁ:@&eﬁx using OPP

acture sane conditi ons were p
ba%wt%télr@éir t%anxﬁtéﬁt Techeat aehes f dPRace, Parf@ldbration

Wa(f;@fvepl,ﬁjsl ed froomotybe furnace after onl y the first

Cont i nitehedze e ral eproSHa | senduar 8PRE0 DufFa % r SAFE
10 t heignalndce at a temperature of 1000C after

tenper aiufi& Iy “h%ggg it %1£§QQ§1' Rehfen seand h%@% X (ope

tr eat nent or me

prepared in a case of
di 91 nal’ heat treatnent. [0077] 35 (Measurement and

eval uatgMmn nitanraeatxedm\/atiea?@rm @@h@aw ataswaﬁeas)ured by

Me I I
PRI AT B <% OBt b HAF LR e TBBI et ol 1385
15 maperfwadrur signegbndintieonsty egaddi BMP t bezé olwWaew pgegdned in

(Qavaddd, and E?Egdﬁéf ﬁ%ﬁﬂﬂﬁt ¢t BegadisndoBe YAIA  rom

Wi'th nit {rogen concentration was
al %bgnafﬂeasaneem%gar @Vng Wediar s the whirehibrgyieme curve.

f I t5¢id@ata1a v, r eghBBRNt tv@s ﬁe@d%tedle&@an angh o oAk Red,
o condycte the res i S shown Tabl e
e s‘?a?}fal(l)Regﬁ&w ot
20(2$cymnﬁiﬁmdl éoseduhemtns, vol. 69 (1998 3283) was
conducted. Detection sensitivity was set to such
sensitivity that BMD with a diagonal length of 80nm or
more could be measured.
[0079]

25 2) Measurement using TEM: A density of BMDs with a
predetermined diagonal 1length was obtained from a
microscope image obtained by measurement. Incidentally,
the density was obtained from the number of BMDs observed
within a field of view and a volume of a sample

30 corresponding to an observed region.

(3) Interstitial oxygen concentrations of annealed wafer
and epitaxial wafer:

The interstitial oxygen concentrations in annealed
wafer and epitaxial wafer were measured by utilizing

35 infrared absorption spectrophotometry, and values of
JEITA (Japan Electronics and Information Technology
Industries Assoclation) were used as conversion factor.

(4) Nitrogen concentration of annealed wafer and



two portions of a central portion of each wafer and a
portion spaced from an edge of the wafer by 10nm by 10
gri nding each wafer to predeterm ned depths (50m 100m
300m) by a precise grinding machi ne. Measurenents were
conducted at a stage that focus was set to

predeterm ned depths(50p m 2$30m 300 mand a
predeterm ned positions (the center, a position spaced

fr@@lagxggga,,@gela waf er by 15 10mm by utilizing OPP.

1) Det ation o The BMD el lipticit S
ge%ermg ?%rﬁ’%re? a?erB]T'\J/chtfe i 5 alnntaé%allle w&bgtezﬁyl’?\é% an
by epireagial ngafdwe, smﬂela’reamjrtmm?m manplse domdeteld [te ahe
scgaebpg dif eetraeg of , ORR W8 C#ﬁ&%eg%rpeb\a'@@ ré“@ffh ion

directi on and <100> direction. a relations
ShelA¥ERSt heOfat | ¢1GF sigHdaCeENt ertsierees and ae B[\ygtrogen

el tbptest ¥t V@iss exant e dvd feduanee gttt stideldptdyCidsying

vvag @Etal ned fromthe ratio of signal intensities.
dfiPenent was al so conduct ed by TEM and t he

el I(bptiliy 2Bngabsneasur @drpaget ce gl ragseopeveleseibn of

fr%%[eggéii wéjféze%tdoo% a2dx0ht awz!‘@egr At this time. BVD

shape eterm nati on s conduc fromthese results.

101 nci deni\éwgl &he | eeBtlopgnBvDd Shet e vidhs PRt Jgeckadte  an
sagphealéd awvgkagead | Ialatlé:p{tﬁém& o4 B ned nby ¢ treatment

0 all it t
obiERBHAR hor oy, E2 bl { et #0D Seshe Fetarm MR radeat
madeebasent Uporwhentret her) -Br meb t hepewtedigetel | itpiness t was

CXgeS gss_ﬂméd o HasDedi agenaled engta,and dgBeLEY: and tne

each di agonal | engt

15deﬁ§nt9xm¥ evabehi PREPTB5 Y hedthg et eid Wl e heat
th@,r@b&iﬂéfv{@t WweRer Q\‘éldlshr@ﬁ Bygugbhtgl rradh gy trﬁﬁudf%&@@eaf by
a dens
b SaBEKr MR aF AdBnal ) FBRgeR RALC offdiec Loer "Ehe  heat
I ncirdehinaht ywaasobherdenshy yu@fnchl\Dsrabavthr;g)qaﬁpMyheand the
' agenal | n U f

Dareifal 2efgEhooe e SHichrel] S GIRpH G cetined

20NE§§uﬁeﬁéﬁ¥e%l%fiﬂ'®tldﬂPva$|u@nal intensity obtained 5 by

el g6h Fhcakéyt st SRImoe8s SNy whasiedi ffienheree of
(I): 780°C, 3 hours
(IT): additionally, 1000°C, 8 hours
Incidentally, insertion and pulling-out were conducted at
25 a temperature of 700°C, all the temperature
rising/falling rates were 5°C/minute, and all heat
treatments were conducted under argon atmosphere.
{(5)-B: heat treatment using RTA
Insertion: room temperature
30 Temperature ramping up: 50°C/minute
Holding: 1100°C, 1 minute
Temperature ramping down: 30°C/munite
Pulling-out: room temperature
Atmosphere: argon
35 (Each measurement result and evaluation result of
annealed wafer and epitaxial wafer)
In Tables 1 to 6, regarding annealed wafers and epitaxial

wafers manufactured under various manufacturing



transm ssion | aser due to BVMDs was neasured by using

OPP manufactured by AXENT Technol ogies Inc. A
calibration curve is as follows: Cctahedral BM

di agonal length (nn) = 153 x (OPP 10 signal) 0,43

Pl at e- shaped BMD di agonal lengdh (nm = 344 x (OPP
signal) 0.52 BVMD with a known di agonal |ength was
MEaSAU B s, URINAG BB 8RdAPS Al ] O 314 bt HMe SN OWaBBnal
a relationship, 15 between signal intensit _ang BVD

si YRS pFRParBEHET P HhAdn RXYIR i CYGHRL TREAGRR FrasNperd,
wasl e admeowd rpage sangnaltsi rfeersbt ¥dbpyusheg psk@do device
cal.j ' urve... Logi t en .t i_agqn

| %%%%ﬁé % tr%a&meﬂ&hggg %éiyéﬁé’%eerl Va%o%n %% %xamples

Wwas obt ai ne i gha foCesSi ng

5 (KkendNalkgnpreet éWe ofEx2mpdesent i Hesel nsitraumBNPs , derpt 1t y69 (1)

(1998)n PPn 32882 Was 1a698duct @elq Bakeet ison; senshbh¥ity of
was. set to such sensitivity that BVMD with a di agona

| et 1 OTRaRFEM BIPS P A REBE Ind Ll etdd. §o79] az5ange
2)ofeasnmendntl AMsinng THeM BMD daeassity ofi2BMIs wi t He@sity of
pr erm dj n l.engt. obt ai from

B A, RS Wl el ch S BT, o

oscope "I mage o nci denta

10 t heodengindy thees BB giepedtir ofn 2 hetagsmiydrensf tBpDEirst Xeat

15

20

25

30

35

obges y@khn tMHAY Benf icehgd1efeyi W Angkfs M) Wre [Afat@-shaped
sanﬁ¢§ 30 correspondinﬁ to. an observed region.
In t o]

(3)
PEPS MEPSF GX¢geR2tonEBALRAL B8Rs B atheBPE] - waf Bre BMD
andeepitax{ bl sweder iMhBabld €3 StTdbla Hxymeh Table 6 is a
co trations al fer an Lt axi f .
ne TSR o s s $ROSE, BoBRuLoELRLrHE SFe in
specrargrhotfoninny toasdnpal tee BYID JEMBA (Y a@an 1s a density

El 6t § o &Ssippsbd HiMdaiHRR TeGRBALPIY enbPHYSEELEIS0Nm or
Associ ation) were used as conversion f

d acfor. (4,
N B TP R e NG FBHEOFY o es) ShdRar e atn shgy First heat
ept t@xtindnnaler beSangoapleeee s€l£cdeats fuyormfaplatreaheded

el ot aﬂqg.oag RS 1 WGl BRLT S Pod 0120 . MMAS BMD

conduct 8d°fs tHe
density (1) shown in Table 5 and Table 6 is a density of
octahedral BMDs whose diagonal lengths are in a range of
10nm to 50nm, the BMD density (2) 1is a density of
octahederal BMDs whose diagonal lengths are 300nm or more,
and the BMD density at a stage where the first heat
treatment has been completed is a density of octahederal
BMDs whose diagonal lengths are 5nm or more, In Examples
2 and 4, all BMD diagcnal lengths were 30nm or more, and
all the BMD diagonal lengths were 20nm or more 1in
Examples 29, 31,47 and 49.
[0080]

Incidentally, all slips of wafers and warpage
amounts of wafers before warpage evaluation were 10pm or
less. Nitrogen concentrations of annealed wafer and
epitaxial wafer which were added with nitrogen were the
same as nitrogen concentrations measured as grown.

(0081]
[Table 1]
[0082)
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35

wafers in order to renove nitrogen outward diffusion 5
| ayers of the surface thereof, and nitrogen
concentrations in the wafers were then neasured by
using SIMs. (5) Slip lengths and war page-resistance
eval uati on of anneal ed waf er 3and epitaxial wafer: 10
After the following (5 -A was perforned to an anneal ed
waf i, andan epitaxial wafer, heat treatnent
(hereinafter, called "sinulated device process heat

tr %Q%nt") where (5)-B was repeated ten tines was
peffaslee®] War pages of the anneal ed wafer and the 15
ep'é&ggi]al waf er before the heat treatnment and after
he reat ment were neasured by using FT-90A

mahldaks rled by NI DEK Corporation. The anneal ed waf er
aft@sggjhe heat treatment was observed by using X-ray
t opography and the maximum|ength of the observed slip
l e B%P’I]SJ)V@S defined 20 as a representative val ue.
(5)edeeHeat treatnment using a vertical furnace (I):
78 urs (I1): additionally, 1000C, 8 hours

I nglp%f)elﬁet gﬂl y, insertion and pulling-out were conducted
at [09&/la tenperature of 700C, all the tenperature
ristngldalyling rates were 5CG mnute, and all heat
treatments were conducted under argon atnosphere.
(SfQ@B]heat treatment using RTA Insertion: room
teppssks wyle 30 Tenperature ranping up: 50C m nute
Hogimﬂ%] 1100C, 1 m nute Tenperature ranpi ng down:

30 humite Pulling-out: roomtenperature Atnosphere:
ar §bab B85 YYEach neasurenent result and eval uation result
of fpesweal ed wafer and epitaxial wafer) In Tables 1 to
6, regardi ng anneal ed wafers and epitaxial wafers
rraﬁﬁ‘?kgjc? urdd under various manufacturing 38
conoldeipns, densities of BMDs with predeternmn ned

di 2gaoal 11,
[0092]
[Table 12]
[0093]
[Table 13]
[0034]

In Table 1 to Table 13, regarding annealed wafers
and epitaxial wafers manufactured under various
manufacture conditions, densities of BMDs with a
predetermined diagonal length and interstitial oxygen
concentrations measured, and slips and warpages generated
in the ©pseudo device ©process heat treatment are
collectively shown as Examples and Comparative Examples.
[0095]

Here, the BMD densities(l) in Tables 1, table 2,
Table 7, Table 10, and in Comparative Examples 7 and 8 at
Table 13 are densities of plate-shaped BMDs whose
diagonal lengths are in a range of 10nm to 120nm, the BMD
densities (2) are densities of plate-shaped BMDs whose

diagonal lengths are 750nm or more, and the BMD densities



| engths and interstitial oxygen concentrations
nmeasured, slips and warpage anounts generated by the
pseudo device process heat treatnent are collectively
shown as Exanples 5 and Conparative Exanples. Here, the
BVMD density (1) shown in TabHe 1, Table 2, and Table 5
is a density of plate-shaped BVMDs whose di agonal

t 1 n n of 2
GeREL P BRokr ndengeie LA 1 AR Bl voer

di EJEHEt 9 igtch £ tarke S?@@ﬁmt@ﬁtle WeLer aﬁa PrenBipken out

dessi 4ytahparstage shereotdhe étrsheheabonar ﬁétaEfEl‘&treE@ﬁent
been gonp Iet efl Ig.a densi tr}/a Iate sha e
hs

di%lrbona Bngt hs &r & Bhd &5 d@ﬁ?l fn(si%es
5 shofwnplatFaphapes] BHUbs ewnosandl?&abnelelueggahsdearm t ynmof or

ochghedr alye BYDs 1%‘E§<%m§&§9°.@a|an|de@,t hs) Br €né Npb Riagonal
range of 10nmto 50nm the BMD density (2) Is a density

of LR 1845ed PBUDST WAS® di agonal | engths are 750nm
or[ocmna‘] and the BMD denS|ty at a st age where the

first tment h it

of pl at apdgﬁ\}%sy aga §onal lb‘t hga%? m)f%kr)le
10 not&. errrcé lBNlﬁOZ@)ad@msNByE(iar)lpbﬁthM‘atl rTa‘bdla é 35 isnd Tabbeéty

6 i @cﬂgﬂgﬂﬂéd‘gNDéNHHay%dH§%g§Ng§ T@Qé?hg'gggnﬁh a range

Ienths are in_a range of Omto 50nm the B

de?si £9nP2)tq 2P yen P?yB@P Hsdhddetdl BRDS V\ﬂjl%%%lty of
diWsHa@j’e@t hsmmewaae@mduraqmae lagtHheaByD 750nm  or

density at ta retheflrst het 25tr at
ha%o%ee’gnaggnﬁﬁ& gajw s %nsoletrfselst yatof 206t Sﬁgdetr ﬁfbsflmt
15 V\/nlmsaet di eepotmednt erag hkseear ecHmmiedednemnel dtn Exabpiesth@t a
? f‘ehr E%ngag' %Q% cuEngihs, Wé‘érgoéoé"éﬂx%r JPr ego@d at

gonal ngt hs were 20nmor_ nore in
Ex‘alh%l gscond Beal7 tRptAeNt30] 008ORSEniidekbal (4 vigipnal

sl host of roaf st a@ﬂe%éﬁ@ﬂ@leﬁ”@ﬂnfﬁa@é m&;@éds brbor @hose

uati.on were. 10p m or
CoNPRR AR A el R BT ona 16Tt sk aERAEPRES 20
20 V\mzmdh er e@ldddée BMPhdhagomglen engrtbst Rere 350 ymner asore.
(?)gﬁn concentrations measured as grown. [0081]
a

0082)
MD den31ty (1) in Table 5 Table 6, Table 9,

Table 12, and in Comparative Example 10 at Table 13 is a
density of octahedral BMDs whose diagonal lengths are in
25 a range of 10nm to 50nm, the BMD density (2) is a density
of octahedral BMDs whose diagonal lengths are 300nm or
more, and the BMD densities at a stage that the first
heat treatment has been completed and at a stage that a
wafer has been taken out at a temperature of 1000°C at
30 the second heat treatment in a case of the divisional
heat treatment are densities of plate-shaped BMDs whose
diagonal lengths are 5nm or more. Here, in Examples 47

and 49, all the BMD diagonal lengths were 20nm or more.
Incidentally, all slips of wafers and warpage
35 amounts of wafers before warpage evaluation were 10pm or
less. Nitrogen concentrations of annealed wafer and
epitaxial wafer which were added with nitrogen were the

same as nitrogen concentrations measured as grown.
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39 [Table 2] [0083] [Table 3] [0084] 5 [Table 4]
[0085] [Table 5] [0086] [Table 6] 10 [0087] [Table
7] [0088] [Table 8] [0089] 15 [Table 9] [0090]

[ Table 10] [0091] [Table 11] 20 [0092] |[Table 12]
[0093] [Table 13] [0094] 254in Table 1 to Table 13,
regardi ng anneal ed wafers and epitaxial wafers
many§eet ured under various manufacture conditions,
dia%onal | engt h

densiti§$ of BgDs with a_ predetferm ned

and i nter¥i t t8PSExy geit W idSmcent T at itdns HRASEF &P andhat:
sl rpgaahiesmar pdgergieiceiahed v3@ i of t he psleiudn dexfee, the
pr _ r .are 160 e} ywshoun

B BEaRe e deéooﬁn@*ai%?l%&éméﬁpké?%éio%gé] TErH®, gy moze
BMNdehlBe t PeatayshaperhiMds densidlyl 22, betghes 4, Tabfe/cm
10orandskn GeMakatdt@nexaap! 8mp7 caRdi8yat(1)3petahks E3 x

o Sytlonst les gl place Shaped Bloe oot dsoctal iy o
becomes 1 X 10'/cm’® or less, or the octahedral BMD
density (1) becomes 5 X 10*'/cm’® or more and the
octahedral BMD density (2) becomes 1 X 107/cm® or less,
so that lengths of slips become 10mm or less and warpage
amounts are suppressed to 20um or less even in annealed
wafers and epitaxial wafers having respective diameters.
[0099]

Further, when the plate-shaped BMD density (1)
became 5 X 10%/cm’® or more, or the octahedral BMD density
(1) became 1 X 10*/cm® or more, slips were made further
small (5mm or less). When the plate-shaped BMD density
(1) was 1 X 10'/cm® or more and all the BMDs were 30nm or
more, or the octahedral BMD density (1) was 5 X 10Y%/cm’
or more and all the BMDs were 20nm or more, slips were
made further small (5mm or less).

Further, even if the plate-shaped BMD density (2) or
the octahedral BMD density (2) is the same, the warpage
amount 1s reduced to 15um or less by adding nitrogen to a
substrate.

[0100]

Further, from Comparative Examples, when the plate-
shaped BMD density (1) was less than 1 X 10*'/cm’, or the
octahedral BMD density (1) was less than 5 X 10/cm®, as
a result, the slip exceeded 10mm. Regarding the silicon
wafer, the density of BMDs whose diagonal lengths were
5nm or more was less than 1 X 10%/cm® or less, or 5 X
10" /cm® or 1less at the stage that the first heat
treatment had been completed and at the stage that the
wafer had been taken out at a temperature of 1000°C at
the second heat treatment in a case of the divisional

heat treatment. When the plate-shaped BMD density (2) or



densities (2) are densities of plate-shaped BMDs whose
di agonal | engths are 750nm or nore, and the BMD
densities 40 at a stage that the first heat treatnent
has been conpleted and at a stage that a wafer has
been taken out at a tenperatd#e of 1000C at the second
heat treatnment in a case of the divisional heat

tr@@é n@@ﬁaﬁé&rﬂewdlcfe%sit@f @ ate@zc%@@QleBwslM\hﬁb?@ the

a onal | engths are 5nm._or nDr Her i.h Examp
PAG | alf‘%‘én%wﬁxﬁﬁﬁaﬁﬂalm“l %‘ngt th‘?/%ar%ils‘tﬁmFB? r?drlécon
[O@Qﬁ@r Tiree BMRedensittiyl (dyyJablesic@nandtdon Tahteeded 5 X

Tebhac A0 Al 30d i QR e Exarele.d gt Tahle dir.

ensi t oct ah e dlagona Ieng
5 arkad nbger aﬁ@@pleteqi OARft 8t50Me StegeBNdadentshe ywedgri gad

a gensi tyked opt ahe- shapade BMDsrahese1 dp@oonat |tﬁ€9tsQ§ond
nSJtIeS at a sta

are 750nm or d
O LR W R e Rt R S R T o R
at a stEqninnﬁ wmderaftére hestbaarataken eohdatians in the

8&%5 f t t t
case o'%[é{{we gl VI Sl ﬁa Y]ﬁg}f ?k?éég gap éh;eégengﬁp éjlseg(s)?ty
10 p| 4tk- vRapdd BMVDEOWiese oFi @@éﬁalauden*gwspéaéesﬁhﬁimd BMD
rma@nsﬂej eez j nvdxanpkes 0220 o%inqe%ls,,[ aJ(r)IIS?t h@eBM2tahedral

n wer e L

AR en st Babts & Tank &ER Ginc e thaes shybed g0
mdéjmsmzy at(ye Eeanplle X0 ab T /faBl eot3 less, densiwhgnof the
OO ERRHLA BB IaR ALR00DT JENOLNEA! S0lcD Boa | e

n1to S a density
15 ofo%'efsm@mlawwem o agorral 1 | éngltonécar eoBOdARP or the

Mg grpadd tdheBNBIdensi tihes @tera shagei hhatsthe 1 r skygen

heat treatnent has been {-e al a stage that a
ettt aah farenten: S ot At EsRr tet o of  T000c at

30[oh@lsecond heat treatnent in a case of the

O oL o B AT, S8 gnald. Shslace estocance
20 npeealyiyion | n Exalpl es aATOmRRIAYA99 al |pr¢@1@mtlon of
di ageaadtdenat hscweire warRMQhdiReeed, | Rl deat alihY coal Wwafer
s! Iggogélnvgvaf %E)S &g V;\ga}res%gt invention where interstitial
oxygen concentration has not been reduced, an effect of
slip and warpage suppression 1is not apparently clear. But
25 when heat treatment (for example, heat treatment at a
relatively low temperature for a short time) where heat
treatment does not accompany precipitation of
interstitial oxygen so much is performed, occurrence of
slip and warpage can be suppressed significantly even in
30 the silicon wafer according to the present invention
where the interstitial oxygen concentration has not been
reduced.
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0102]
35 [FIG. 1] FIG. 1 is a diagram for explaining slip and
warpage introduced in RTA heat treatment.
[FIG. 2] FIG. 2 is an 1illustrative diagram showing
discrimination between an octahedral BMD and a plate-



35 amounts of wafers before warpage eval uati on were 10p
mor |ess. Nitrogen concentrations of anneal ed wafer
and epitaxial wafer which were added with nitrogen
were the same as nitrogen concentrati ons neasured as
grown. 41 [0098] Fromthese fésults, it is understood
that, regardless of conduction type of a silicon
wafgLped Nvp pl at e- shaped BMD density (1) becomes 1 X
1011/cnB or nore 5 and the pl ate-shaped BMD density (2)
beconmes 1 X 10'/cnmB or less, or the octahedral BMD
density (1) becones 5 X 1011/cnB or nore and the

pl at e- shaped BMD density (2) beconmes 1 X 10'/cnB or

| ess, or the octahedral BMD density (1) becones 5 X
1011/ cnB or nore and the 10 octahedral BMD density (2)
becones 1 X 10'/cnB or less, so that |lengths of slips
beconme 10nm or | ess and warpage anounts are suppressed
to 20p mor less even in annealed wafers and epitaxia
waf ers having respective dianmeters. [0099] 15 Furt her,
when t he pl ate-shaped BMD density (1) becane 5 X

1011/ cnB or nore, or the octahedral BMD density (1)
becane 1 X 1012/cnB or nore, slips were made further
small (5mmor less) . When the pl ate-shaped BMD density
(1) was 1 X 1011/cnB or nore and all the BMDs were 30nm
or 20 nore, or the octahedral BMD density (1) was 5 X
101" /cnB or nore and all the BMDs were 20nm or nore,
slips were nmade further small (5mmor |ess). Further,
even if the plate-shaped BVD density (2) or the
octahedral BMD density (2) is the sane, the warpage 25
amount i s reduced to 15pmor |ess by adding nitrogen to
a substrate. [0100] Further, from Conparative
Exanpl es, when the plate- shaped BMD density (1) was

|l ess than 1 X 1011/cnB, or the 30 octahedral BMD
density (1) was less than 5 X 1011/cnB, as a result,
the slip exceeded 10mm Regarding the silicon wafer,
the density of BMDs whose di agonal |engths were
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1. A silicon wafer where a shape of BMDs i1s octahedral,
wherein

a density of BMDs whose diagonal lengths are in a
range of 10nm to 50nm, of BMDs present at a deep position
which 1is inwardly spaced from a surface of a silicon
wafer by a distance of 50um or more, is 5 X 10*/cm® or
more,

a density of BMDs whose diagonal lengths are 300nm
or more, of BMDs present at a deep position which is
inwardly spaced from a surface of a silicon wafer by a
distance of 50um or more, is 1 X 107/cm® or less, and

an interstitial oxygen concentration is 5 X 10

atoms/cm’ or less.

2. A silicon wafer where ©plate-shaped BMDs and
octahedral BMDs are present, wherein

a density of octahedral BMDs whose diagonal lengths
are in a range of 10nm to 50nm, of BMDs present at a deep
position which 1is inwardly spaced from a surface of a
silicon wafer by a distance of 50 u m or more, is 5 X
10 /cm® or more,

a density of plate-shaped BMDs whose diagonal
lengths are 750nm or more, of BMDs present at a deep
position which is inwardly spaced from a surface of a
gilicon wafer by a distance of 50 u m or more, are 1 X
10"/em® or less, and

an interstitial oxygen concentration is 5 X 10V

atoms/cm’® or less.

3. A silicon wafer where a shape of BMDs is plate-
shaped, wherein
a density of BMDs whose diagonal lengths are in a

range of 10nm to 120nm, of BMDs present at a deep
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1. Asilicon wafer where a shape of BMDs is octahedral,
5 wherein a density of BMDs whose diagonal |engths are
ina range of |Onmto 50nm gf BMDs present at a deep
position which is inwardly spaced froma surface of a
silicon wafer by a distance of 504 mor nore, is 5 X
ﬁ@sﬂﬁmﬂs Q)[hlcllo o1 %pa@e@enﬁmwa/rmy B¥snwhes e udifagenad £
ggt hs ar nm or éfl\gosftfresent at a deep v
t?%n™ Eh ¥ @ 8P§7‘esp? 8 £sufPhte of a1
}sﬁ)]ill/cmh Gl\ﬂfrediré)y a d| stance of 504 mor nore, is 1 X
107/ cm 3ar I.nt st|t| | 0ox n
conceht FarpoRy; 5 Srlg, ShobP fiFersly TREH, age 750mm
ar | moare , wab er BMIaeppéaEHtsmetped BMBp apdsi2@on which is

%ﬁﬁ@% ?gk E%g? %ﬁ%mpr S%ﬂ&fa@%er%%n as@%@%&@/&gfe%gby a

ose di agonal Ien t% freltnara
&f s yonee t ©F %mmoﬁrmepr eseht ><atha/@télepor pbe$si omnd
whi Chyh s sl s3PRCEELEEAM osbd arg: ina j 1 i can 10
waf er by, a di stance of 50°4 m or nore, 1s 5
3009 CFB ST ri’{ﬂ‘séa a density of plate-shaped BI\/Ds V\,hose
di agonal |engths are 750nm or nore, of BMDs present at

a deep position which is inwardly spaced froma
surface of a silicon wafer by a distance of 50 4 in or

opre,par @eth¥d 30407/ ﬁ\Hﬁn@éﬂ‘:ﬁ@S;nganch@ | BLeESbhti @lafer

0X concentration i 101, atoms/cnB or less. 35
LT CofOuat i nere avSREBANof SOVBESs pigretent is
shepechedhetied mea densed ymait BMslwhse di agonal

| engt are range, of

D agel® 818 L BulrekBez Bhel BRMY Rep A s el sty

feqpecatsuré ace ©F0 ato sTEBG)‘C@nfmvaf}a@ mhiynat ek stant@ lodusd;

umo r c onsity. of )
BMVDS v%)ggeeadl agggﬁ)al OFen sgg;rtg“{]%g r%mpgn r ﬁ%r ngoflooo C
BNDEUpred et ab at@mwwe. camghiingh w8 rate of 0.1 to

l1°C/minute for 5 to 50 hours, and

(C): a high temperature heat treatment step
conducted at a temperature of 1000°C to 1250°C for such
time that a diffusion length of interstitial oxygen is in
a range of 30um to 50um, where this diffusion length in
um is given by 2 X 10* X (D X time [second])’?®, with D
[cw’/second] = 0.17 X exp (-2.53/(8.62 X 107 x

Temperature [K]).

5. A method for manufacturing the silicon wafer
according to c¢laim 1, wherein a heat treatment 1is
performed, the heat treatment including

(A): a step of performing a heat treatment at a
temperature between 600 and 750°C for 30 minutes to 10
hours as a low temperature heat treatment step;

(B): a step including temperature ramping up to
800°C at a temperature ramping up rate of 0.1 to
l°C/minute for 1 to 20 hours as a temperature ramping up

step after the low temperature heat treatment step;
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spaced inwardly froma surface of a silicon wafer by a

di stance of 50u mor nore, is 1 X 107/cn8 or |ess, and

an interstitial oxygen conceg%ati onis 5 X 10

atons/cnB or less. 10 4. A néthod for manufacturing the
silicon wafer according to claim1l, wherein a heat
treatent is Juef oritkd.udibgy headhndliheat MM | ﬂt‘h'eUdif[lgnace

w.t t heat t t duct ed
Tomerai e B G00 CaPTE0E T or S0P A AT o 16eho oL - tO
{B)C/maimitep, otakenperaitur a rsammtrtgattm bats0a@eC furnace at
SN, AL ARELALe KOO WPt B 0adot® ana
tenperatihre hesttaeatdmnt St éhe comudtetatataire ;and
fj.e”pegﬁ)“” 8%;%09?815%1}%5%% 9y SHCR L LL PR LNRL B9e (he

i ffusion eng 0 Aterstitial oxygen IS in arange
fbfri30ee mt otBoct wynaher eemhesadif ¢ useowetengPA°CntouRl0°C
drsa 9k MRA Y @p 30900 éE %tan@%ﬁgfggm QQmp%bhuB fate

[ch/second 17 X ex X 10-5
Ienpekat &98 N]Lymts amdném g Oresh LR u\arﬁ@tm@t at a

Sddd Lot el ebr 30pageer diigibgoekai fad, Jueer etima hegdc 4
treatnment is perforned, the heat treatnment jncluding

%D‘éfusﬂao%t%%n%*%hpeﬁf épﬁﬁﬁﬁtéthéét Op¥ESER Hp @ range of
3®pper abuse Lbat ween m@har*’r@mié@&@ thek 3Cal rutesnatl@tep,

ours as,a l.o ture heat treatnment step; . 3% (B
jours es, 2 Lowclemper sture hoat reatnent step: o35 (B)
{®nperamy e[ $angidy) CUE) rat ehob Qcinzt/eec&ﬁl‘lﬂn rUtoe 1f7orx 1exp

r £np erature ra step after the

{%Wz%e}]n‘géje'r% ur e?ﬁeat T rgtne[q(q 5a (O): a step

i ncludi ng ranpi ng down the furnace tenperature at a
tenperature ranping down rate of 1 to 10C m nute,

taking out a substrate outside furnace at the furnace

& enpek at meéhbétweferr 600entbagbeCiagd Sheool $hyliche wafer

Substdat q&tfe‘g @ggbtrgnperature ;and (D) : a
step i nclu ngtalngasu strate inside the , ,

a nitrogen concentration in a substrate is in a
range of 5 X 10Matoms/cm® to 1 X 10'%atoms/cm’, and

a heat treatment 1s performed to the substrate, the
heat treatment including:

{A): a low temperature heat treatment conducted at a
temperature of 600 to 750°C for 30 minutes to 10 hours;

(B) : a step including temperature ramping up
conducted up to 1000°C at a temperature rising rate of
0.1 to 1°C/minute for 5 to 50 hours; and

(C): a high temperature  heat treatment step
performed at a temperature of 1000°C to 1250°C for such
time that a diffusion length of interstitial oxygen is in
a range of 30um to 50um, where this diffusion length in
um is given by 2 X 10° X (D X time [second])”®, with D
[cm’/second] = 0.17 X exp (-2.53/(8.62 X 107 x

Temperature [K]).

7. A  method for manufacturing the silicon wafer
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furnace at the furnace tenperature between 600C to 800C
and ranping up to 1000C at a tenperature ranping up
rate of 1 to 100/ m nute angéperform ng a heat
treatnment at a 10 tenperatu of 1000C to 1250C for
such tinme that a diffusion length of interstitial

LXYPEN NG td A Liange, Afherdduxn to 501;. mas a high
tenperature heat treatnent step,. V\/nerekkhls di ffusi an

| engtth 1 "dRgeS gF%ﬁe’atjf%t%(Olio&f}( A D°¥PEFRgte 1s 1n a

lfa&egmrt;ﬂﬂ 233 62 t)lélotl‘tadan{sC/Wl%ecomd]x q(ﬁBatYomsempf Hnd f
2.53 ' or

$ranuf AT n 6rf3ﬁgm§fl?| ¢8n p\%?ftéjlrmegicco% d?lﬁ% F’BHEf: gnez, the

Nwamm@mlin@gﬂur@ncentratl onin a substrate is

in a (7€ nge of 1 t 0

and a h rea[ISr% g}? i@éer go%%tl 11“ggftjr ate r%
tt@meltartemerecmf 6&@P@dtng75@ﬂﬁ fap o&z@tr@rmetr%ﬁ ute hBahours

34 eatymnte ganduct e %ﬁg}&r . of 600 to 750C
ours a st

ror 30 mnutes to 10 p including
t enper@)ur ear aPpERg UF GBHACt 66MPETASUIE00CEPIRY Up  to

éwraé@rea”§étﬂ19ef§tt:@ré’f rOmpihg 1GHm pyte feE Sote o
50 hours; and (O): hi gh tenperature heat treatnent

Js?%/ﬁ“l%epe@qlbr]wetcpagt d'QWifper at ure of 1000C to 1250C

for sugh: td msddmt adiddivs orratn@ag\tgh efouinnt ehst i trudhace
I%/F?enls in arange of 30mmto ere this
RGN T Rt R i h m%%??‘éuﬁ‘?véﬁmﬁ;}nﬁf Y 3’@69 R i hre to

][(S‘EE/GTES idyt%, wicahibg [@nd /581_?_Csalilﬁis]tr—at0a 1Z)quel§1$ iurnac;]edat
- enper at ur . 0
DSt T AT G % Al UL RN i dla T
alalim@, ttvxhemﬂmsrt:aatm tdogern-c aiceMaat itmparasture ; and

substrate is n f 014a t X1
fiat o{t@ , Sg% a™h Cgat%%{l%e a}ért]g i%s ger é?grrg ggé%ﬁg Qhe
ﬁub&’tcreateet; the fSrheae temaenehurenbleuweag 60AyC: ta 800°C

f L Q9 eat .trea t ur.e
Sl P 001100, Sqet L1 LR 0o LSRELS! Wit race
q%n%epgt@p§Cﬁ@apuﬁee@p@bmeqﬁQleng a heat treatment at a

temperature of 1000°C to 1250°C for such time that a
diffusion length of interstitial oxygen is in a range of
30um to 50um as a high temperature heat treatment step,
where this diffusion length in um is given by 2 X 104 X
(D X time [second])®®, with D [cm®’/second] = 0.17 X exp
(-2.53/(8.62 X 107° x Temperature [K]).

8. A  method for manufacturing the silicon wafer
according to claim 3, wherein

a heat treatment is performed to a substrate, the
heat treatment including

(A): a low temperature heat treatment for performing
a heat treatment at a temperature of 600°C to 750°C for
10 minutes to 10 hours;

(B): a temperature ramping up step including a step
of performing temperature ramping up to 1000°C at a rate

of 0.1°C/munite to 1C°/minute for 5 to 50 hours; and
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(B) a step including tenperature ranping up to 10 800C
at a tenperature ranping up rate of 0.1 to 1C mnute
for 1 to 20 hours; (O: . }Qf) i ncl udi ng ranpi ng down
the furnace tenperature at enperature ranpi ng down
rate of 1 to 10C/ mi nute, taking out a substrate

out si cte furpacenagh 15 dhdnrnace tpaper atwreathiedmeenstep

600 0C an coolln th S rate do o.the
%%e?'ét {r e SToHd t(‘% iﬁgb englou %6t%k?ﬂ§ guch
tsix’msttme anélﬂéu$henfmen@th af thEefrstmad:alt erpegeat Use in
e fo_ 8 r t t
PELNERD, 006 RO0ACs (31 | GBS D! 1006 oy 5o
Lperi@r gungnablyeéat Kré@tméﬁt (At Xa ttmmefadaooedbf ‘1006Cth D

E@mﬂ/%%%% qur suchpt i e that § d|f 2usj S/Q&é e6nzgth 01‘501 e

it érstitial oxygen s in a“ra ge of Into
Bemeeriighre enfper at ure heat treatnment step, where this
diffusion length in umis given by 2 X 104 X 25 (D x
time [second] )05, with D [cnR/second] = 0.17 X exp
(-2.53/(8.62 X 10-5 x Tenperature [K]). 8. A nethod for

ganfz@%éltEM@ the shhieaptwaigy 239iaceendiRag k0 s6Rrling
wherein a heat treatnent is perfornmed to a

t"scbb%]téﬂsﬁ‘e3 tHRETHEAt treatment including (A): a low

t enpes ahwee hesadadnaat nept Jorfqperddrabng aubgatate, the
treatment at a te 1‘(leclrlature of 600C to 750C for 35 10

Brhut €S g9 notrs29¥8]: a tenperature ranping up step
i ncl udimg aast epepof omeréondhngln@npleaéat urtemsaatmnémtg W a

to 1000C at s’ of 0. 1 nut
" t~Oullﬁres gbgl t(DC)7JSag ?&1 ngger arure” h %Ours
as @tmttmmmmmmit atr e ttresrperstap e of 1000C to

1250C for. sychg i ffusi t ;
i nter S{Bﬁtl a# oxy%%ﬁ%%dﬁléj te%%e%%t%%%ng?gﬁéag WP te
HETe ahi & diffasianienyt flng Sattlﬁq iof gf venthy 12’C><Hmmte

Po£ DL Xc bi 9B E%%%%anJL95teﬂﬁéfb@hréCP¥A§§§OQQEB aQt%Z Xhe
exp (-2.53/(8.62 X1 erature

sy h‘b@“@%?a%f%%@f@@“%m i %P waf er accor di ng

{c): a step including ramping down the furnace
temperature at a temperature ramping down rate of 1 to
10°C/minute, taking out a substrate outside furnace at
the furnace temperature Dbetween 600°C to 800°C and
cooling the substrate down to the room temperature ;and

(D): a step 1ncluding taking a substrate inside the
furnace at the furnace temperature between 600°C to 800°C
and ramping up to 1000°C at a temperature ramping up rate
of 1 to 10°C/minute and performing a heat treatment at a
temperature of 1000°C to 1250°C for such time that a
diffusion length of interstitial oxygen is in a range of
20um to 30um as a high temperature heat treatment step,
where this diffusion length in pm is given by 2 X 10% X
(D X time [second])®?®, with D [cm?/second] = 0.17 X exp
(-2.53/(8.62 X 107° x Temperature [K]).

10. The method for manufacturing a silicon wafer
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to claim3, wherein a heat treatnent is perforned to a
substrate, the heat treatnent including: (A : a step
of conducting heat treatnent .at a 15 tenperature of
600C to 750C for 10 minutes % 10 hours as a | ow
tenperature heat treatnent step; (B) a step including

herpeaahyr €or aMRiNJsURrt 9, #ROL.8h a tenperature rising
rate of 0.1 to 1C mnute for 1 to 20 hours as a

t enperat HETPISINS TEH EAEOn he? 289 sWwtsdipdidat ufe 10 2
heatet beat mentl Bt ep;of€) cma t&t ap * nehdicagsyanpi ng down
the furnace tenperature at a tenperature ranpi ng down
rate of 1 to 10C/ minute, taking out a substrate

outsi de furnace at the furnace tenperature between

0C 1.0 800C .and. 25_cool i ng the substrate down,to th
E om %gﬁpe%%)poed : aﬁé?o( I[fﬁjg%ugagttz%l?ﬁ(r:?u% ng\g\_ﬁéglgﬁlg Zwafer

substdate toskedg phe ofuchatesat the8farndcewherein

t enper at 00! r ' t: .
10000 4t RberShGPacrakarhg b rare Sorrutetf MY un a
teai At @ #nd Qéatonsi eny &cheatX t o4t mspmsgcma. 30
tenperature of 1000C to 1250C for such tine that a
diffusion length of interstitial oxygen is in a range
of 20mto 30p in as a high tenperature heat treatnent
step, where this diffusion length in umis given by 2
X100 X (D X time [second])CS, with D [cn¥/ second] =
0.17 X exp 35 (-2.53/(8.62 X 10-5 x Tenperature [K]).
10. The nmethod for manufacturing a silicon wafer 55
according to claim8 or 9, wherein a nitrogen
concentration in the substrate is in a range of 5 X
1014 atonms/cnB to 1 X 1016 atons /CMB. 5 11. The nethod
for manufacturing a silicon wafer according to any one
of clains 4 to 8 or 9, wherein a carbon concentration
in the substrate is in a range of 2 X 10l5atons/cnB to
3 X 1016 atons/cnB. 10



