[ DOCUVENT 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 dislocation and

war page occurrence can be suppressed in a sem conductor wafer nmanufacturing
technical field, especially, in a device manufacturing 10 process, and a
met hod f or [PRGUMESTUNANE It BEECIFECATBOKkgr ound Art] [0002] A silicon wafer

used as a suhghtrabs HoR GnveRmreiductor device or the like is manufactured
by 15 slicing a silicon single-cg%ftal %%ggt and perform ng heat treatnent,

mrror-like finSIMingN HAFERe AND METHOD, MANEEACEGSING wétfod for
manuf act ur ifn@gchmGlraa FSieliqgon single-crystal ingot, there is Czochral sk
met hod (Eﬁrﬁi fter, called "CZ nethod"), for exanple. The CZ 20 net hod
occupie§ d 03 rt of manufacturing the silicon single-crystal ingot
because of suchTaer epsonehbatinteritsioreasylia@eabt abn & IiNdlewrer yatak i ngot

wth a lar di a er..or_defects, can be controlled relatively easily.

[0003] 25 AUSEFi Gn TG B0 y St S eRa ) efeBart e et eded 2ot ca up
by the CZ et hedppmelssees c¢nysktal sdmfieonductalkl edafgrownannfdetectisy. The
CZ-Si takes,_l rstiti OXYQen. {; uper.sat ur t -
supersaturZFggkggé%geggégﬂées I'n Lﬁﬁ#ﬁ n o?hf?%e e gﬁfsﬁégnggEBEFEBM cro 30
Def ect 1@ hebgiongBtser angaldl 8¢ thRDIP L Mmaguiest Uriagt st Safenneal ) conduct ed
thereaf t er. pgl0@04unlin agder to forma senmiconductor device on a silicon
wafer, it is required that no crystal defect is included 35 in a
seniconducﬂ@@oagvice formng region. This is because, when crystal defects

?FE present ondabfagﬁlgﬁO?mhMQﬁgﬁ chmgyﬂa BS fqgnegubgkkgugt bm@akagehor tEe
i ke is caused by the defect,. t he other hand, it is required that the
silicon wafERICREYGESTBVEE VL a Prop&he aaﬁgﬁt ﬁﬁer@?ﬁy%?ﬁFE Fg pB¥ause

such BWPs se@rivdnigo a silicon single-crystal ingot and performing
heat treatment, mirror-like finishing, or the like to the
sliced ingot. As a method for manufacturing such a
silicon single-crystal ingot, there is Czochralski method
{hereinafter, called “CZ method”), for example. The C2Z

20 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]

25 A silicon single-crystal (hereinafter, called “CZ-
Si”) pulled up by the CZ method includes crystal defects
called “grown-in defects”. The CZ-51 takes interstitial
oxygen in a supersaturated state, but such supersaturated
oxygen causes induction of fine defects called Bulk Micro

30 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

35 in a semiconductor device forming region. This is
because, when crystal defects are present on a face on
which a circuit is formed, circuit breakage or the like

is caused by the defect. On the other hand, it 1is



getter metal inpurities or the like which causes sem conductor device
mal function. 5 [0005] In order to satisfy the abovenentioned requirenents,
a method for performng high-tenperaturg anneal to a silicon wafer to
i nduce BMDs inside the silicon wafer to forman Intrinsic Gettering |ayer
(hereinafter, "1G 10 layer") and di m nishing grown-in defects present in a
surface ofr?ﬁélgﬁﬂlébﬁbmﬁhﬂ'ﬁhiﬁqgﬂnW§ﬂaﬂuknﬂiwﬁﬁﬂaBM@ﬁnln(hePéDnafter

cal | ed "DZahaygk) wﬂ@f@lﬁryst%l@ef €6t SpatLusd Nfdlid elpupedyesdel spysed.
[0006] 15 Specifically, a method for performng high- tenperature anneal to

a nitrogen988888 sisdtdlat elPBULBHBRe §row:hh dé#é@ts”ﬁhlcil suFfagesSof the

substrate @aﬂlcbﬁaﬁbswﬁsden@b@dmagfahbtgggn as nuclei inside the substrate

has bee ﬁﬁﬁgfd (Patent Literature 1). 20 [0007] However, oxygen

concent? at it n DZ layers formed on both a front face and a back face of

a silicon wafer Ini pridee aowsiteEfondct highydmeaper aied eragoeatnendspess have
been | ower ed coggogerfbly due. to outm@{d dlfoSIO 25 of ox%qen durlng heat

treat nment. L sifice OFEAG afie of TIPS 5 %on 288F3dt &%t efisi on on
t he waf er sfilérbnf aedeanda haﬂ:tkCé aBM¥D$ omessds| drhief ia:dmdqn walfst otati on

def ect (hereinafter I nd fro i ne
fl aws o§1 tﬁglrﬁlr otr?'(t?1 facgﬂéﬁ% )tbe%%g}sﬁrjfa?%rel n %f(;eu%%dfltl!% thenla(%neal
step, Whi chayess mlt%nqlncg@tlmleﬁmml gnPrRatNst dehREhsS ofPRafeT | iidona waf er

lovers duegh@rgxbens @ReOls 19U Sated PRI pDddidEXapPhe. 14pep a
silicon wafer is anneal ed under being supported by a heat treatnent boat or

the |ike, d$hppe3Badiérocseildfs maf éﬁﬁ@ﬁ'ekﬂ%ﬁﬁFfQQ%ﬁﬁﬁQar‘%ﬁ%%%ﬁt%ﬁeportlon

of a back fagenetetherwalieedsuppastad by the heat treatnent boat. Further,
there is a that slip dislocation extends froman edge portion of the
silicon 3 [@gﬁgﬂ [0008) Wien the strength of the silicon wafer |owers,
there 13s a concseenitfthatldyeh aasi tmathod thédrt hepsmafermisg high-

temperature anneal to a nitrogen-added substrate to
reduce grown-in defects on a surface of the substrate and
form BMDs including nitrogen as nuclei 1inside the
substrate has been proposed (Patent Literature 1).

20 [0007)

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

25 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

30 the back surface introduced in the anneal step, which
results in such a problem that strength of the silicon
wafer lowers due fto 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

35 dislocations may often extend from near supported portion
of a back face of the wafer supported by the heat
treatment boat. Further, there 1s a case that slip
dislocation extends from an edge portion of the silicon



5 damaged or broken during manufacturing step occurs. However, the DZ | ayer
is essential for sem conductor device formation, and a silicon wafer having
a DZ layer and excellent strength propgrty has been required. [0009] 10 In
t he conventional nethod described in the following Patent Literature 1,
strength lowering of a silicon wafer has not been considered so that

ext ensi on wafeslip dislocation is unavoidable in a silicon wafer
nanufacturﬁgo@g jsuch a nethod. 15 [0010] Meanwhile, a nethod for generating
BMDs at a high density has been proposed in order to prevent occurrence of
such slip dislotaeRohhe[ 681EPIthoOEpédier isdailiopr a/afiasy crekterthere

manuf act ur i 89 aretbade rwhediea OX¥geR pi e@iRidadtioon AHEteichM t hasezesi®f 20nm
or les |a t he anpunt gf X 1010at ons/cn8 or nore are formed in the BMD
o o go

| ayer PIPRTng°Fap ERpeEINE r HAUFG CATGn HER 198Nt to a

substrate Bbweedrfromm@ Zﬂ:sukucﬁﬂ &sngéeseﬁyséal fogotsemtlesndaidpspher e of
ni trogen gas - %rr %% % 21 Ranm ia gé.andlrﬁ? as at a

t enper at ur % %0 g 5886|%P fa é oP™1 %0 B0 et 8s as

proposed (Patepkctlientt ateeRythAprepertpnhaafeeenheeguB®s.with a hrgh
concentratL g X 30 1010atons/cnB8 to 1 X 1012atons/cnB) have been

gener ated by re peati ng heat treatnent step several tinmes has been proposed
(Pat ent0 Li t er at Errle Hhe parenveptienatur enathop- AAEGIEEFH  Pafentthéterature

2: JP-A-2006: #998Rg ImRalent, ikt airer e1 3: sltPre‘}sggéiﬁl 23_{%44%%1& s¢l ogure of

I nvention] [Problemto be solved by |nvention] %A In recent years,
however, s?hcécansﬂﬁﬂ9ﬁ1Q@ﬁePOFstﬁﬁ@ré§§§fQQF aﬁ@té@%%uﬁ% s ER d

t enper at urefrmwgdlembd@\a@oheaist edtiedably aifRapi dsTheesal Wopeal er
(herernafter ntly used, besides 5 occurrence of slip

freque
di sl ocat i ofi2" ?55§Eeapggrng§ o™ % thgdfer becomes probl ematic.
15 [0010]

Meanwhile, a method for generating BMDs at a high
density has been proposed in order to prevent occurrence
of such slip dislocation.

(0011}

20 Specifically, a silicon wafer manufacturing method
where oxygen precipitation nuclei with sizes of 20nm or
less in the amount of 1 X 10toms/cm® or more are formed
in the BMD layer by performing rapid temperature ramping
up/down heat treatment to a substrate sliced from a

25 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 of 1 to 600
minutes has been proposed (Patent Literature 2). A
silicon wafer where BMDs with a high concentration (1 X

30 10*%toms/cm® to 1 X 10*2atoms/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

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

[Problem to be solved by Invention]
(0012]



[0013] An illustration diagramof slips and warpage introduced by the RTA
heat treatnment is shown in FIG 1. 10 Slips are introduced from contacting
poi nts between a wafer back face and agwafer holding portions. The
introduced slips extend in a 110 direction, which causes wafer damage or
breakage in sonme cases. The war page is a phenonenon where a wafer is

def ormed due t olRh&SRENTIEYSRF 2 nNAHEVAEG: t IF REA hediliFeat mafter Fof

exanpl e, hihkresBaped Pogt inaseandnval i1y - shppad RefHd AN APPERhp PRga waf er
of 100-pl ane,, .as sh in FIG 1. Warpage of_ a ilicon fer before heat

) wWn .
treatment PBf9PHPar ?‘reﬁ(f} d&LiSRET SN ot tides Ei"ﬁ”tcﬁe Theerat s LBABHCER i s
suppressed (her2@pa2etn, orcdEissi PRIRVEr iswvhenedieahtlyeaiseent sashdas the RTA
is perfgrneg to. the silicaon,waf Iy suc@.g.case that a differgnce i n hei ght
between’ a R-FPEARACE vt | &y 8n & 34757 coi maf'8FPrESc heS S BV EF Al Teng ni cron
neters occuwrser Waenmbhepwabpagethecones | arge, a sem conductor device 25
pattern ca?0695 be exposed on a wafer surface accurately, which causes
| owering of semniconductor device yield. [0014] The problem of the warpage
becones signifidant Wherstzatiedrer diageesr ofachesipgomarnst nweepaaad it is

30 i npossi bhe bQua¥al §t he ol e by PPEYhegt! gt %%]ome BME-£oncentration

to a hi@h concentration S|quy like the above, [0015] Therefore, a problem
to be &bl vEdiBY tHee priddeiducesl | A¥eRt | SPNFICENPr RAdE 2 SPEVWESR wAf er t hat

can suppregsrbet hpgerurrease &d sld p wdirslrocabilan ngndpeeetibhence ofhewar page
L B devl ool aEung Prohess: A0 3 TRHNOH L AR uEtiTLagethe sare
the abovenrrfitironedageoblreireatkdagepries enind meariar s Trayewarpage fiedat hat
to 1013 i reglelely “ERBedehel 3 ST S o TOOGNE: cadidi hg  HACETSE, and
have obt ashedisudnrangi mdiendgTrhateadc duraaamemtof sTép ananpiver phgelin a
devi ce ”angﬁgﬁgaﬂﬂgkﬁgéﬁfsﬁnﬁam%¥ﬁey—shaped portions appear on a
wafer of 100-plane, as shown in FIG. 1. Warpage of a
silicon wafer before heat treatment for imparting desired
properties to the wafer is conducted is suppressed to 10p
20 m 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
25 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 i1t is
30 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
35 1invention 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.



significantly suppressed by controlling the density of 10 BMDs with a
predeterm ned size to conplete the present invention. [0017] That is, the
present invention relates to a silicon swafer where BVMDs with small sizes
are formed in a high 15 density and a J%nsity of BVMDs with |arge sizes is
reduced, preferably, interstitial oxygen concentration is further reduced,
and a met hd¥eppp AaRuFaévanRonghenhBrshiem] The present invention includes the

followi ng invenjsong (kksult@ (bW . 1RQd OQ8lebh A /i) | camyaigr where a
shape of BMDs is octahedral wherein a density of BMDs whose di agonal

| engt hs ar 8PPHeReNE 4RF8A0f AXRHHAE 50nThe of PBRBSTpr e SEMETHOLS delepVPosi ti on
2? \ggi ch ialham@ﬁéaygs%&igmﬁbsﬁﬁmn@lwéﬁacm Ofag%ﬂildcﬁpnwwéerv\r%»vea ﬂi stanc?e
0 pm or_nmre, .i c or re epsi of BMDs ose di agona
engt et ar 1380/ tor A3 ELE 6T RS UG Redtht 18 Boddbh ULl LTSHRERIER (o 30
i nwardly spheedeirsdamya ctir fate df0ldmsi | teoprdiaier thy aidiest aarok 0dv&0p m or
nore, is 1 LgnB | ess,.angd interstitial gen.co ntratp,on is 5
oét%gﬁﬁﬁorsﬁéh g(fyﬂgﬂgﬁFit%a% cch%ﬁe%é% oF gﬁgged%%

X 1017 atons €ss. con warer ere pl ate- and
35 oct ahedvakpByBs dre p2esdptvicghersinufagensing oproceahedrcdin BNB8 whose

di agonal | engths: i,n GNGEs f BMPs t a deep
position mﬁ?ghh?écgﬁgé?dlfp%pace&ggr%ﬁﬁgﬁéﬁF?ggglg€ a b6 g?ﬁgzgg Wg er by a
di st ant® oBMBe1Wikhor amptedgtemined o3izrentcorcompieta doesipyespnt

pl at e- shapedBlPsonhose di agonal |engths are 750nm or nore, of BMDs present
at a deep 5. .position which is inwardly spaced froma surface of a silicon
waf er by a[Qpi?énce of 5011 mor nore, are 1 X 107/cnB or less, and an

interstitial oxypes dencad abiddents bnvedPldn atoaBEENB Oral €55icd® (3) A
silicon vafer where 2 sOape Of cBMEndS PLALESSN3R®% o rmed in a hign
15 density and a density of BMDs with large sizes 1is reduced,
preferably, interstitial oxygen concentration is further
reduced, and a method for manufacturing the same. The
present invention includes the following inventions (1)
to (11).
20 [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
25 which is inwardly spaced from a surface of a silicon
wafer by a distance of S50pm 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 1is
30 inwardly spaced from a surface of a silicon wafer by a
distance of 50um or more, is 1 X 107/em® or less, and
an interstitial oxygen concentration is 5 X 10%

} or less.

atoms/cm
(2) A silicon wafer where ©plate-shaped BMDs and
35 octahedral BMDs are present, wherein
a density of octahedral BMDs whose diagonal lengths
are 1n a range of 10nm to 50nm, of BMDs present at a deep

position which is inwardly spaced from a surface of a



wherein a density of BMDs whose di agonal lengths are in a range of 10nmto
120nm of BMDs present at a deep position which is spaced inwardly from a
surface of a 15 silicon wafer by a dist@nce of 5011 mor nore, is 1 X

1011/ cnB or nore, a density of BMDs whose di agonal |engths are 750nm or
more, of BMDs present at a deep position which is spaced inwardly froma
surface of SalsFPRcoiRifer PYby A DEENEE aREe VI BD- i oMOkBre,15 521X 107/ cnB
or less, angiarnbersbitial oxygen concentration is 5 X 1017 atons/cn8 or

| ess. (4) The nethod for manufacturing the silicon wafer according to the
above (1), wher@i ndgPRe&Y t rfat nehet§sShaBed ePYPRed WPSE subsivarel

i ncludi ng (&ngthas| avd enpenat b heak,t reat mms condsehed a8 a desperature
of 600 to 750C for 3Q .m,nutes to 10,.hours; &B) . a step i cludi%g
t enper at ur B afpPhg WH ¥b 1800 A ¥ eRBEFEPurE Fanpi n%“‘ 7%t &0f?0.1 to
30 1C/ mi nusiélioon5waded0 wuas diatance) :ofa hDglmt empematrer, e disat 1t Peat nent
step condugt at _a erature of 1000C to 1250C such that a diffusion

| engt h of ?ﬁtéﬁ%tpﬁié%%ggyﬁgﬁpis in arange of 30pmto 50m 35 (5)_A nethod
for manufacturiag tietersttorhafsygeaccopdragtratihe above (29, WMhérein a
heat treatgeshsisnd Rerfoided to a substrate, the heat treatnent including

A . a ste f performng a heat treatnent at a 7 tenperature of 600 to

( of perf !
750C f Ht 3(()9?71' Rueédirenivafegr ¥hgse & 13wRceffeRiRF el haata teedtdred, st ep;
(B): a stephtpghyding tenperature ranping up to 800C at a tenperature

ranping up rate of, 0.1 to mnute for,.1 to 20 hours as a tenperature
ramping up step gﬁnéltheofok%énﬁg?%%rglﬁgafwirélﬁr?ﬁat}ts stép; 0?2 a step
i ncl udi ng ranpengofowdsie Hair Nmm,t eryier 8Mdse pkeachenpetat ar edeappi ng
down rate of 1 10¢ m nut e, t aki out substrate outside furnace at 10

the fur nac@o?éﬁ%gPatwglrlec ef’ﬁ/eésrf) gitrolw%%&:yantzro%ogl isn%r %%esﬁlgstarate down
to thelyoosiieaper atafreer ;landa (D)stanst epfi Adwdi ngit akbng, a isubst rat e
i nsi de thelO”/cm? or more,
a density of BMDs whose diagonal lengths are 750nm
or more, of BMDs present at a deep position which 1is
spaced inwardly from a surface of a silicon wafer by a
20 distance of 50um or more, is 1 X 10"/em® or less, and
an interstitial oxygen concentration is 5 X 10V
atoms/cm® or less.
{4) The method for manufacturing the silicon wafer
according to the above (1), wherein a heat treatment is

25 preformed to a substrate including

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

(BY: a step including temperature ramping up to
1000°C at a temperature ramping up rate of 0.1 to

30 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 is in a range
cf 30pm to 50um.

35 (5) A method for manufacturing the silicon wafer
according to the above (1), wherein a heat ftreatment is
performed to a substrate, the heat treatment including

(A): a step of performing a heat treatment at a



furnace at the furnace tenperature between 600C to 800C and ranping up to
1000C at a tenperature ranping up rate 15 of 1 to 10C/ m nute and perform ng
a heat treatnment at a tenperature of 100C to 1250C such that a diffusion

|l ength of interstitial oxygen is in a range of 30 u mto 50mas a high
tenperature heat treatment step. (6) A method for manufacturing the silicon
wafer 20 ééﬁﬁﬁaﬁhgr?oofhéoﬁb@@e7@@)C vilear i0h mimittasoden thnkeewrs azdon in a

substrate ESih{) gembggggugg ﬁegtlg;ga@hgﬂglggg to 1 X 1016atons/cnB, and a
heat treatment is performed to the substrate, ?e heat treatnent including:

25 (A): a |ow t éBper af urgtIRatinGItimeht teBR@FStEFSat TAMPEBAPePRL LFR of 600
to 750C fog0oB8Ocn ayt es t ackPeianise (@Bpidgstep i nedui rtgftemmprat@re

ranpi ng. up.,eqnduct ed t 000 t tenperature ra |ng rate of 0.1 to
L ot o 3R PEEHER ) Rsurls EanP SOTES a8 A GBS AR RS 1+ PBat ment
step perfoetapdadtea tharpéoatuampef:afmﬁ@CnEQt125@€tmenh thap; a diffusion
| engt h of |nterg& tlag o§¥g 2 3§ ggdfgéanggm C?g%%he n1f&7%?A nmet hod

for manufacturing fhe si accor ove wherein
a ni trogenteopesatraei gt i a dcsvesatatre |Jsammlra_:} dawge Ioaftes ¥f1014wbons/ cnB

Lo L LoLEBYeRARNBe, and e febul! oAt TEBECkaLRETINIRIL | Qukhacalbat Tat ¢

the 8 heat treatnEnt ormn eat treatnent
at a i‘bnpé’{’latuférﬁﬁcéoo@eﬂ‘@e?%@rﬁor b@(‘iwme@ute@ot@ 1(¥ChOlﬁ%0 G@s andiow

tenperat ur goheahgt £Rat SBALL8hER: ddwhBlo 8nst 980!(1”%#1 b@gthﬁgpeaaaure ranmpi ng
up to 800C at aterrperature ra |ng ugrateo . C/mnutefor lto

20 hours; (C): aPsfep iHARIdHHG: 2 oA ?hé“@@Fﬁ%&? IESS atlfe at a

t enper at ur euragpengtdewa rf@trﬁha@fe Jte&r@;ethqu@C/wwﬂee} dakimgcougo@°substrate
out side furnace_at .the furna 0t e,g,};er ature bet ween 600C to 800C and cooling

the substraPe &8HRIPE f’lﬁ’etlpo AraturE RGRE TS PR YRCTAET ng
t aki ngl®a sulbfstlr atee 1 Ael rivtes fandager Abrmheg f ar haee ﬁannﬂmanureﬂbeameen

600C to 8oggﬁperature of 1000°C to 1250°C such that a diffusion
length of interstitial oxygen is in a range of 30um to
50um as a high temperature heat treatment step.
(6) A method for manufacturing the silicon wafer
20 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
heat treatment including:

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

(B) : a step 1including 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

30 (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 50pm.
(7) A method for manufacturing the silicon wafer
35 according to the above (2), wherein

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

a heat treatment is performed to the substrate, the



15 and ranping up to 1000C at a tenperature ranping up rate of 1 to

10C/ mnute and performng a heat treatnent at a tenperature of 1000C to
1250C such that a diffusion |length of gnterstitial oxygen is in a range of
30mto 50mas a high tenperature heat treatnent step. 20 (8) A nmethod for
manuf acturi ng according to the above (3), wherein a heat treatnent is

per formed heas supstmans, ingéudheat treatnent including (A): a | ow

tenperature heaté featyregte OQNPGEEQEBkﬁgngZQaahBQ%t Eféﬁ%ﬂ@ﬂ% %k aa
tenperature of 600C to 750 O.mnputeS tgo 10 hours; terrperature

ranpi ng up-ERBETRREFGdPg ¥ % ed© ?S%e(FfB’PFn g f“éﬁ”b‘érea?tlfr% %%n‘b‘?‘ﬁﬁsup to

1000C at aakabelo@f tEmpelraynirbentatl€rgabubatlf step;t o 50 hours; and 30 (O):

a high tenperat u(riﬁ heat treatnent steﬁg conduct ed at tenperat ure of 1000C
0

to 1250C such t h&f’ *a Hi FAFE on"FERGI R of FF BT AL 1L alraé‘WIj‘egn M ih°a range
of 20mto 800AC (& Aanettleogefrart urenufrastaimiong wp sitdioon oif e@. Aeccoedi ng 35

to the aboye e n e ment is performed to a substrate, the
heat treat\f(re%?%%ﬁg ES"_» (E\? % h?ggg()f conducting heat treatnent at a 9

t enper at ure of GGOJC t@ 75@@13f onngbumnqt esamping hdows Bkea fowraesperature
heat treat %ﬂbe§5%8re( B & %te%e'ﬂ%@u%' “xgaxﬁygﬂ’i{% abwhe f&wipg up £g 800C

at a tenperature ranping up rate mnute for 1 to 20 hours as
a tempd? at tPeCrYminngest e kidrg ePUF-hea | éwbtséﬁﬁéﬁatw%sh%%t fureCGfentt st ep;

(c): a stephknclrughager a'fk‘:'rn?@sr@(@w}et h%eftWe'%@xce sieperad urg@tc a dggperature
ranpi ng down ate OI] lto C/mnutet gsgout a substrate outside
furnace at C?E@ tRE FOPnSEBStERPEr PP BetRBehCBBOESTERE86ELEnd 2 E00l i ng t he

substrate down t(D)the ramp tempRiding etaRbdg éD)sub&tsdae:raa |mwh nghé&aki ng a
substrate i.nsi de th

furnace at q:r furn ace terperatur 6)0 to 800C

andheat | nCBRSES. 100GECat b AR S LR T 10 15 620005
10C/ m bt eaaddrpmpﬁngrmpgt@ RSO 1 et raaruenq:texaammme:ranpmeg oﬂlp 10890€ to
1250C SUCho%h%tf%(ﬁgddVﬂthte and performing a heat treatment at a

temperature of 1000°C to 1250°C such that a diffusion

length of interstitial oxygen is in a range of 30um to

50pm as a high temperature heat treatment step.

20 (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

25 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

30 (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 20pm to 30um.
(9) A method for manufacturing a silicon wafer according
35 to the above (3), wherein

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

(AY: a step of conducting heat treatment at a



| ength of interstitial oxygen is in a range of 20g mto 30mas a high
tenperature heat treatnment step. (10) The nethod for manufacturing according
to the above 20 (8) or (9), wherein a gitrogen concentration in the
substrate is in a range of 5 X 1014 atons/cnB8 to 1 X 1016 atons/cnB. (11)
The met hod for manufacturing a silicon wafer according to any one of the
above (4) tempgratwer ¢ifn €8 L cw bon0 cOnéent A8t idmuitest Heo slibskeare is in a
range of 2,X éOiéwaE@ﬁgéea%u&@ ﬁeétlg%@a%ﬁgﬁﬁlgﬁﬁ ;[0019] Here, in the

present invention MD havi ng_an_ oct ahedron s ape neans a BMD
surrounded by a bbhr alqt;ﬁt@l’? 36nFivding a?@gp%?ﬂt%%err%ipalﬁ& uRs Efown in
F][G[lil Thepe-~car @tgﬁraera;lelmplze%@mzeahw Flngﬁ 5 swdwgdeﬂ by. ei ghbd Bages
o] 3 shqQwn i.n or ope, surrounded by
T100] ot and FeBeRRER RN T FRIE0 SloHRS 3 SHAPLLR eIt STTo5S" SRRt ner

pl ane ot heaftkantB8t fibe ¢tihperpktame arafl@Eaphane Bfagpappear on t he BMD.

[ 0020] The shape BVD p esent I hap i ddition
to the oct ahedror(uglhapl\ge) e & a &Caqtu%]%@ shaﬁx(rj]% I\/% ofig® E Eu]r”r]%u(%ded by
rel ativel ytbatpgeattume faxceaofte[m_p@(l]atpﬂmnamlm hehowpl atrﬁetse a$ shom in FIG
2(4) of Flen-2lnubgsl deaplu NOyBID, Mayae LorTed, 0,8, dediidd Caghape, as

shown in F ég ar i'scrimnation between the oct ahedron shape

and t hé0p| &he sfhléﬁéceas t@ﬁWaitNrIEI Gbegwagmen @4 Ghgdro on@0®iCsigegd of

[ 100] d're@bb@ﬂn@”@hhoégbs@ké%@tH@anhémﬁﬁefE@Hh[@@%berﬁtﬁ%%t'@Hd‘S
represented as A and a shorter qne thereof is represented, as

B

(herei nafter, calPéd 2oSteP ipGlacy9) tGking aorsqk?fsfsrqfse d%ﬁ‘?’h%'%l Qé an
g_ct ahedLonfua‘shap@, athithe N\ﬁr@tféeet(ﬁﬁ@;&rjat@ﬁés b&jl‘wa&d as?%cptcgt 800 8bape.

ince there are variations i e in a silicon wafer et erpi nation
Sbout whet RBE DRECENB "1 ESertOith G Sttt S AT e niB e BF e A pl atf &
15 shap® cafi ke umdbi)‘by/mﬂmmim@dApBrﬁbrmlpguealhetaﬁ afrBNbentpraseat at
di fferent n ' t ai v Y | ue
(herei naftgrgﬁlbgl‘r(lgllgz1 S a%%\r/\g € t':IDI |§t ?lcz:gt@ %ug de er% lFJ?Ll nébmﬁg%‘é?
t he averagéength of 1nterst1t1al oxygen 1s in a range of 20um to

or not

30pm as a high temperature heat treatment step.
(10) The method for manufacturing according to the above
20 {8) or (9), wherein
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
25 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
30 {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
35 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-



val ue exceeds 1.5. Wen the average val ue exceeds 1.5, 20 strain applied to
crystal lattice around a BVMD i s changed, so that an optinmal BM size
distribution for suppressing occurrencg of slips and warpage are changed.
[0021] Further, in the present invention, the diagonal 25 length of the
BVMD neans a | onger one A of the abovenentioned [100] direction and [010]
direction. ShEPEECtBN} the d nb¥Rt isowjroundg22]bTheedakived ywafargeacteedi ng to

the presente,iRvest i fﬂoogo pihele ﬁn@eeﬁhu gha%'\é@ W L N sREGAet ”F?éd si zes

is controlled in t ovenenti oned manne occurrence of both a

slip and warlfaget &ionst drabl InssdppPEssby ﬁNDa“H@VﬂE% FRAWActr fng

process andewdhc@mlchagha pe7 | ager swhivhe €an prevenp (s§rengt Rehavaihgg has a
35 Iargg dianeter .(typica I% 200 nDre and kes it g055| leto
u i :ﬂﬂﬁ

manuf act ur 828 CH&T-E8 oPh cGhH iqGFan 319 cbhevat ke
accordi ng thapke preestdwr nvenkI®n 31 whenr edll(b@@eirl’l AL US T enteeof ol i p

di sl ti f h t h
BD Cher oA Caid BHEC AL BAT BAT b (18G CAbi T TRt 100201 ks ornd e | CORThater
accordi ng tidrekéipnesient repwesenoed ean A eduteacisiwogeeaf @andMbhdisbfi bution
at a heat ,ir eatr%gﬂleser?lt%ddev'a%e mepuf a }E' ”%}Pé?&%&éfé‘é‘? canc, pf gyent

occurrence of sIips and war page due to t ecause’ an rnterstitia
oxygenléoncdedtiatieatys)sof 10567 orloleﬁa)mﬂ c,dmfmecﬂ e3$. af0ogtphedrenrding to

the manuf aghggleng WRLhod meroediagatag thes pigsentei ANt ON, apshibcon

waf er of the present 1 nvention haV|ng such excel | ent ropertles as
descri bed sD8Pghove Sdaehetharaf ateur Earipbéenswode BYP GraREngoud t he

Invention] 5i10@36] Therdy eseqétéAvEndtdonW bbolie expleaihred ithsletaub bel ow
al ong enbod&g%g% EQ L9027¥er is an octahedron shape or a plate
15 shape can be made by measuring A/B of a plurality of BMDs
present at different positions in a wafer to obtain an
average value thereof {(hereinafter, called Taverage
ellipticity”) and determining whether or not the average
value exceeds 1.5. When the average value exceeds 1.5,
20 strain applied to crystal lattice arcund a BMD is changed,
so that an optimal BMD size distribution for suppressing
occurrence of slips and warpage are changed.
({00211}
Further, 1in the present invention, the diagonal
25 length o©f the BMD means a longer one A of the
abovementioned [100] direction and [010] direction.
[Effect of the Invention]
[0022]
The silicon wafer according to the present invention
30 where a density of BMDs with predetermined sizes is
controlled in the abovementioned manner ={e] that
occurrence of both a slip and warpage 1is considerably
suppressed 1in a device manufacturing process and which
has a DZ layer while can prevent strength lowering has a
35 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



(Silicon Wafer) A silicon wafer according to the present invention is
characterized in that occurrence of both of slips and warpage in a device
manuf act uri ng process can be 25 suppreﬁsed to a considerably snmall anount.
[0028] Here, a size (dianeter and thickness) of a wafer where the present
invention is realized and presence /absence of dope of various elenents are
not 30 pariBcdegucgd iy teecumirizee f ebit glép ddsliveaprioperanyd werpeged

according 59 Kongharfd SeniCoRdusteh rSidean ww@é@raoéeqworte%a&&%% A
sem conduct or device manufactured using a silicon 35 wafer of the present

i nvention FEeHSEnpépglBBPaPF9hIgﬁFFéalaﬁdanéﬁFVcon wafer of the present
invention ¢aepz4lpe applied to nmanufacturing various sem conductor devices.
Speci figally, ilicon wafer of the present ention 12 can be, wi dely
ool 1 e 10 banuTaE GERRG an B3 PEaACaO TG T TP o 197 s BRPRSkPEI | ayer
on a surfacent heedote achkagenaded S0 BMAf edisanilShidnwader ahikdabas been
subl ect ed 19 SHARKL(Sgrarat! any Bo! RLARLed, Qvagm) o poBLOC eSS 0f AR S O

waf er for on a saur OF "t he |ke [0030]
A feature pteuestl pcenermﬁer odf stiiespresemarpapeertieortd itsei ahahae, in a

silicon wa r or; .0c{ akedrpon, or
pl at e- shapggEavl%/gl\/@Ds(?ié’tlndl octa egcrlg%l %g%r?f%ﬁ%%gﬁ?é@?gaeﬁg ?;’/ gf dlEgpl\/Ds whose

di agon&? Iéﬁ@mﬁécﬁre3¥nl%§$ange of 10nmto 120nm included in BVDs present
at a deep pgsption which is spaced inwardly froma surface of a silicon
wafer by a 15 distance 50mor npore, is 1 X 1011/cnB or nore in the case

that the shape BFCBRBANPs 1R abBEs MR aCiid 129 JRALIPY GBIV rhoke
di agonal | engt hsrdsenth anvangeodf, d0mnltiedrOnmuref Bi\@StﬂléeSpflés@Iﬁta deep
805|t|on m?hggﬁianngﬁgggﬁz 38% ed fr a surfacg o{ a SI ié L me% by a 20
i stance o 1GFFE S REPRSThithe 2 %cale T hit®t he” shape
of BMD$5i sabotvahednohe fhhsfestbhasdd upon the inventors' finding explained
bel ow. [Best Mode for Carrying out the Invention]
[0026]

The present invention will be explained in detail

below along embodiments.
20 [0027]
(Silicon Wafer)

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

25 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

30 particularly limited. These features can be properly
selected according to kinds of semiconductor silicon
wafers required.

[0029]

A semiconductor device manufactured using a silicon

35 wafer of the present invention 1is 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



[0031] That is, the BVDs present at a deep position which 25 is spaced
innwardly froma surface of a silicon wafer by a distance 50m or nore
influence properties of slips or warpagge, and in a silicon wafer where the
BMDs having predeterm ned diagonal lengths are formed at a high density
with a predeterm ned density or higher, 30 occurrence of slips is

consi der ablogny dgucdidie iy aarpeeadito R SR RO 2 t R | eplpestesswafer

speci fi cal Imrﬁleldpsmﬂ@n%ateeﬂ@gﬁﬂuppaﬁél%e%nt 0x 190Prakel OSSe rJhiEr €y, even
if aslipis generated at a wafer supporting portionin a device

manuf act ur i ﬁﬁ‘l&a&@é’ssSOtIheW§Ifie|§fcaﬁnbesﬁMQ?fenf’éée% FhéffbePA§ eRB68ed to a
surface of sﬁlque$t|eld00ftdl\/af$}mo>and(8@yeﬂd‘hﬂiforﬁ Sy P mpgsn@éat edxggen)waf er
edge p05t| on, can be p, g ente m reachi.n g éﬂ%g ﬁuctor devi ce
nmanuf ac uré’rroézﬁls(?r‘i Yo H'hat HATVER %r PEUEACH LS &Y AYCTaf"bé

pr event ed s(@E32Z tWeerodi,aganahe dédigiehs of octahedral BMDs are | ess than
10nm or ct%to%t& dral BMD density is less than 5 5x1011/cnB, or when di agonal

| engths of ‘plrate-like BMDs are less than 10nmor a octahedral BMD density
is less than 1R10"earBireBVRE. da noiiksierve asvafsuf fOEi ebhebaprieeentwit h

respect L0 BARILIPAON] ofh There b3 0O MARGn LidRd:S dife b, dbagpaa

| engt h of serve as a barr gat1on, but
upper Pm 10§ 0$M1P%mg}§s Pb@t@héthloégoﬁ@Fah@ﬁEj@hr rééH i E’éét?nséﬁpaét ual

silicon wah@is aifd S98FxhEatAE ease QArochpbedia) B'Vlaer%'lftﬂ@fWBMDB the
case of plate-like BVD, as_described as follows. re present

at a hi gh #&Rst )fjlaiﬁcf"tatﬂal fgngEhy) preoiting %o?%‘flg%noéxw h‘é‘g/Diggﬁ‘T“pl t at ed
as BMDs. Neanwhiclde, ihheMpsbereebnexygen aat aaréppr;ﬁ@:tmi@rﬁl Rthiah BMDs does

not exceed the nunber O%Jp’gx%gen atons_di ssol % in ﬁgl id
B S L kL R M Rt SR r v
concentlpat |d1r$t|a$1cabo&ﬁu hx| @18 ®eret ons/ dnBXatl ogem® Waen mBives ametpeesent at

a high de 1 " r r el th oxygen
atons pr ec:a% %t }thg% )%g/Dngg%Qhe(gPt gBMudé %ni E"lﬁta%%a%cki’tagha ’ i ?nlds él nost
const ant (ai@@@tltwmfwl%l&%wh@ﬁs magdmmé tlye)n.qtlhsthssi@ta?te;ala@edpégonal

length of BMP% to 50nm, of BMDs present at a deep position which is

inwardly spaced from a surface of a silicon wafer by a

20 distance of 50um or more, is 5 X 10Y/ecm® 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

25 1is spaced inwardly from a surface of a silicon wafer by a

distance 50um or more influence properties of slips or

warpage, and in a silicon wafer where the BMDs having

predetermined diagonal lengths are formed at a high

density with a predetermined density or higher,

30 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

35 from being exposed to a surface of the silicon wafer, and

even 1f 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



25 increases, a density of BMDs becones small. Accordingly, it is

i npossible to realize octahedral BVMDs present at a density of 5x1011/cn8B
such that their diagonal lengths are npye than 50nm and it is inpossible
to realize plate- |like BVMDs present at a density of 1x1011/cn8 such that 30
their diagonal |lengths are nore than 120nm [0033] Since the pl ate-shaped
BVMD has a Bapr per peeveatede slip propagati on stronger than that of the
octahedral [ByBp; it is expected that it can exert slip suppression effect
35 even at a denS|ty | ower than octahedron. [0034] _\Wen BMDs fornmed in a

hi gh density ar@em siegonadedengths ofppsranssicals BMDS ReeddfRSsy of the
BMDs haVInghéﬁ 1dhagerak bemrghBsiran aM@hd@neange1581és§ tﬁé&/cnﬁ or nore,

or the dia o d}e&gths of all,.the B % ngl i %@bhe density of
BVDB whbse il & 7| 8RgtRENard 2858AM 16PIFBSs Ot sP aXeTd i EFC DS when BV
formed in arhlgbss dhaslﬂﬁnmreroatahedhahraﬂtBMQ peesétgblie flkats t he density

of the B \Y; d1 na ngt.hs _i.n ran 8 or
more or CREo ASa00 ARERe BrDSO R ARk £8H6R, Be aNdGs e et BRAEIEES,
density of wBMDs refipset dicagdial rkrepguhsiane 50herer isess UPPErX 1011/cn8. 10

Thereby. thepheadth ehergabippdangeabed b Buenchakn deyi e aRuGact uring

process can be suppresse i ca , bnMmor less). In
a devi é& i A Rargderese @éﬁ@r@ﬁpéﬁgaﬁh@ﬁrtﬁétléﬁ@?ﬁ éﬂmat§|pé ire@ngggppr essed

to 10mm or gkespe Bﬁope@ab%ﬁchqehgthBebaihaea iﬁ anskkkean wafiekohs used up
to a regl on of its e ge as a device regiron In t he next generatlon devi ce

appl i ed wi YREeSugkea 24BY R FG?ecéﬁe58ﬁnPSFaP§§§allPMPS 88l 140P8 that the

Iﬁngtg of &het&bl@abé sipplassedike Bmmloésle§§CﬁhB@aﬁhs Z@ln@w@ddi¥ion to
the a ove tIOI’l racteristic ture, nat her, _char ac erl tic feature
AU ENB hipBn 214

of the SI| Efafﬁepﬁ?éggﬁt n9e PREL¥n PHEFUELdEnsity of
pl at e- $ﬁapadlBNBBlWheséuduagonaygbengahspae31§5®anedrasnBM@s included in

oS B eeefheflpd deeRioslin2h. WAL C S SeERECRULMCbY g s fnce
This is BMDs does not exceed the number of oxygen atoms dissolved
in CZ-8i as a solid solution, and thus the upper limit of
the solid solution oxygen concentration is about 1x1018
20 atoms/cm’® at most. When BMDs are present at a high
density like 1x10*'/cm® or more, it can be seen that the
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
25 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
30 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 1s expected that it can exert slip suppression effect

35 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



based upon the inventors' finding described below [0036] That is, when
thermal stress acts on a wafer, high- 30 density dislocation is easily
generated inside the wafer from BVDB Wi {h a predeterm ned size or nore of
BVMDB present at a deep position which 1s spaced inwardly from a surface of
a silicon wafer by a distance of 50}imor nore as a startlng poi nt, so that
the wafer iF42gsnsiladenadinsy ideforded anenomr bage s tAlden’ By medeei ng

such BVDB e &nd eitiid Nerklonal s (41X 101/ &1k Ure |2m OFcHpEence of

war page in a general devi ce _nanufacturing process can he suppressed
remar kabl y2PFs they iy ¢5 BYBSniBpPspesd agrme lpi kanartdtmpeEr BMERMEr e
harder to gener@ée dissl pcati qrmlbrtﬁme amﬁqersmayswaﬁme\@arpﬂg%th@@ht he

octahedral BNMDB. Therefore, preferabl Wi t

predet e$ Aggsditye 35 o e diate mr‘{%@ﬁha? nt%%dii’f’flﬁﬁgi’o t he

abovenent i efed hehaMnt ehfaxs:tn}q: di&@d:mxaibsleagahbeﬁncIsa:roaxctaerra&tg@ feature of

the silicon, af the sent vent.i.qn S|nt at the oct ahedr al

BVDB whose d| agor{rcimlenlgt hig %fe%é.’r o dla Onaﬁ %t & Pr% Qj\;%s %Prlesent at
a deep posBtiDsn ahécH (ren gpacxedrenwmctil yhfer odelassuyfam‘ré cBMDas swhpeen waf er

by a distanges )éqee%ggtﬁgp e |55% 1%%/ cg%%%r 1%885|T>b| S en /t sed upon

the i nventors i ndin escri er mal
stress l@ct §h6ﬁe&Ywaf‘élfle Higgietdersi t§ (ﬁlélpocgﬂléﬁailgdea@ﬂ ¥ genBraREd i nside

the waf er dfeRrQ'E'eB%anElBth@'iﬂé ShEESe §5 %\A?B Heesabpale sadeeRo PRSI tion
which is spaced inwardly froma surface of a 20 silicon wafer by a distance

of 50p m O?U%P§Ia§m§l§t PG e gt @ 1 Hﬁsst e Wit e $€VpFasifcal |y
def or med aﬂ:drr‘éﬁltpa@g%rieira(t&ltﬁf;d wseci ghey, 1BVpshwhose & agengb Lengths

are 300nm or_nore 9 t,CO % Wltlh | ar e SIZ eeasH serv ener ation
source of dHSPSESE 81n sd V58 (Hat Setu %‘?% %re §u€eﬁéP§F devi ce
manuf ads ur ang idriaces swabsr bessuppdeaped:cr emardx@bdny oft yxmscaddge 4® 20p in or
less by Su@@%ﬁ%%iQ%d§5H]f@m¥%éon%xtxg%gé %Q§o%rdé¥RCe applied with
such a design rule of 50nm or less, it is desirable that
the length of the slip is suppressed to 5Smm or less.
[0035]
20 In addition to the abovementioned characteristic
feature, another characteristic feature of the silicon
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
25 is spaced inwardly from a surface of a silicon wafer by a
distance exceeding 50pm, is 1 X 107/cm® or less. This is
based upon the inventors’ finding described below.
[0036]
That is, when thermal stress acts on a wafer, high-
30 density dislocation is easily generated inside the wafer
from BMDs with a predetermined size or more of BMDs
present at a deep position which 1is spaced inwardly from
a surface of a silicon wafer by a distance of 50pym or
more as a starting point, so that the wafer is
35 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,



[0039] 30 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 characterisjfjc feature explained above. [0040]
35 Here, the interstitial oxygen concentratlon is generally neasured
regarding the whole silicon wafer, and not only the BMD | ayer but also the
DZ | ayer i§vPicedded td &Omﬁ@sﬁﬁbhbﬁﬁs{egﬂbﬁ Hat@reahapschcBMPheabZ | ayer

is 16 congjxderabl yot deraddanthe BVRIaY ehs 1 bk %nw%%ert heaa@&nghat the

interstitial oxygen concentration neasured over the whole silicon wafer is
the sane a§aﬁﬁége|nFBﬁ§t|FF§I *xYyYerEdhc et i on T TEHO VD HayelSs 5

[0041] Thepregsenbmay thet i @h@hStBMIDéi| wlxygen peagenkrathen d4is:speei fied
over thg ol e silicagn maf in this manner is based upon the inventors'
ed

unexpect ed PERdERG PrHET SR aF@btlnal BMVD di stribution (size and density)
expl ai ned 1@0abdve changes due to precipitation of interstitial oxygen

dependi ng on conditi Qf._he t t me deyi nuf.acturing process
and slips or wa?%agggﬁétlggcu%%duégg E%VEH gtlone?ooﬁ fraf eF%S£ 3¢

pr ef er abl e fielhdtirelse |ametlzert cabraxygenstaonc@ﬂtnarte onfi stie Xsi0itoat ons/ cnB
or |less '”d@%¥¥ tOr agﬂ ev HQ@%&@““%%&%Hé%%n C@lége q%pertgqu,shge | ower

limt of the interstitial oxygen concentration is aroun

at ons/ 408, ortiadeidy aje BiPse WieRe et RnNetivD angy 1ebmar arunerter a

consi der abliychop@dt i 08 igMsl f biredklh tQtr%ﬁ|aé€ hecaUsEon t WS dieayired in
order to further reduce the interstitial ¥ en concentration beyond the

| ower |im SPYCGG43INwaELY E50Fr &f e3 @b aCe haE theSBMreR z#adiett rhbuii on and

t he Interstdlltsltahcw,\ég@ée@qmemomahl omsexpkallrtédcmBOMe aees.reahkgedsover the
whol e waf er _surface, realized on. %gpa t|aI regi on of the

whol e waf eP3SECF FoET gﬁﬁeﬁﬁﬁﬁﬁtSEs ppiPEafBo e e Y‘For exanple, in
30 ordeés tqopké&jent only a typical sllp i ntroduced fron1an

That 1s, when thermal stress acts on a wafer, high-
density dislocation 1is easily generated inside the wafer
from BMDs with large sizes of BMDs present at a deep
position which is spaced inwardly from a surface of a

20 silicon wafer by a distance of 50um or more as a starting
point, so that 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, so0

25 that occurrence of warpage 1in a general device
manufacturing process can be suppressed remarkably,
typically, to 20um or less by suppressing such BMDs to 1
X 10"/cm® or less.

[0039]

30 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]

35 Here, the 1interstitial 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



edge portion of a wafer, it is only required that the abovenentioned BVD
size distribution and interstitial oxygen concentration are realized on a
regi on spaced from the center of a wafgy by 80%or nore of a wafer radius.
35 This is because the slip introduced froman edge portion of a wafer

mai nly occurs on a region spaced fromthe center of a wafer by 80% or nore
in many caSessipgrrebder thdnpesvehhaonl yheypPdBl havpige df acamfebe it is

only 17 requiged t halat he taRoverend i oped: BVD $ix2@ el St ELRUEL PP+ 20H

interstitial oxygen concentration are realized on’a region positioned
i nsi de by ME8SULREN Cd6% Jhen WA E? SHhireR. YIReEs s BéCauxsung yps chle

hi gh- densi tytdirgk@eatinoBxygensicdackhe rvaigh ¢aushBgpWAr pageroccurs in a
ned i nside by 80%or |less of the wafer radius. [0044] The

regi on poilbhg
silicor® waft@P43f the present invention is remarkably excellent regarding
such a fact thathel idessand whi0 ties piages gemier iad e dokgen deyhecentrauiant uri ng

process are_snall .. re specificall the,silicon wafer cording tg the
D esent | nUEnCRES CaaseaaT v he K Ron haPeP WAGFE Bhoe TRV Heef
control | edien bielsedabira nendeinuadtehese unerpercser ifalndngerhaontkat rati on
has been reduceds |EmBS eharagteriged (dydhabap | aaALh-of ae%ﬂgigsaerat ed
even in th ol fTow ng heat treatnent Is considerably short typically, a
| engt h1®f abeNep chanpegmdse |tes Premididmt labunt bitsvasbhigbabf cuvdlher after

heat treat gRBEnHInd0UMR Qond@3Sbns?20oE0045]t Thakatfends figaly theaiaent for
eval uating resistance to occurrence of slips or warpage in a device

manuf act ur PAGUHAEEEEANG: MBS gt §1E2% nBAt "AEERESa MY et &t ufBein a

t enper at ur e of €georh@hgéQ0C to 1100C is 25 ranped up/down at a tenperature
ranmpi ng up .rate. of 30C/ second or nore and the raised tenperature is held at
a tenperatdpg42ﬂ 1100C or higher. [00461 Such heat treatnent is done in the
tenperafure 30Itegiien whesfesdbhps othmar papes |inteasyt itoiofcusxagdnt her ma

St 1 ess DecORRRREALLLEAl L MRXhT: L ef R <l dibDat 17 ShLdgoncyeler
achieve the above object. On the other hand, the lower
limit of the interstitial oxygen concentration is around
2 X 10" atoms/cm®>. This is because heat treatment at a

20 low temperature for a considerably long time is difficult
to realize, because it is required in order to further
reduce the interstitial oxygen concentration beyond the
lower limit.

[0043]

25 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

30 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.

35 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



war page in all a general device manufacturing process is considerably
reduced i s obtained by preventing occurrence 35 of dislocation in the
tenperature range at the tenperature rgmping up/down rate. [0047] For
measur enent of the shape of BMD, the diagonal 18 I|ength and the nunber of
BMDs expl ai ned above can be perforned by an ordinary known neasuring

met hod. Morequdpesl fFear| ychesuehoneasnténaad |ﬂ%muG@§ened$atémhhtlout|I|Z|ng

a transm sgingn ﬁh?&ﬁg@&ﬂpre§<{‘§eﬁ @Z’ﬁfa@rﬁ%fatt%ron 5a£:@| lr%@l EE,M )o@ng
optical Precipitate Profil erelnafter cal |l ed 48] There IS

no |initat FEF1C8gaPaP bl ARES uridhEhfie oPYa 12%% p tdiad) oégﬁldﬁfoﬁ‘awﬁéﬁér

measur enentraeifi ua warma\c& 1D wamalnde el @l e ahhadénsi ot h@gloaadlbhey can
be neasured bﬁ hhizing ordinar% known et hods. More speC|f|caII§

X-ray topogrdphiccan'be UEfFFzePFot"d meRadent S the 1810 f dF§POREI o

and an anopwtidfionwar pagddeabyb@0évalrudesd by péef eafieng rebidersvat i on 15
utilizing FF manuf actured by N DEK Corporation or the |ike. [0049]

Furt her, FJrrie transforminfrared absorption spectroscopy (FTIR) can be
used for nmeasurThg armild dom enstfigy alofoxygen conessnt at iovent{00501s( Met hod
for Manuf aghiliansiy idgon MR - el Sidd Gl efa ACCOngt Ng11 05t BRP esent
i nvention has eature expl al ned above. Accordingly, any th 25 for
manuf ad® ur WAFPA 9§ | AT AeFer lﬁa\ﬁ ndesieh Hapsiegrardan Her bt earw t hout

|'”‘tat'0”sm§QQCV“ME¥é)épééﬁfléﬁllfK”tHEﬁéil{EBHerfQE abeyeaenyi eped

feature can, be nanufactured controllin ? S|ngle cr stal romﬁ
condi ti ons "8 ALRISQT F&PY??@E%%*r%F@ecéa& Yst & oot ?%t@heéecrUC|ble
rotation, wsflrmMe apdet heohitke)l 1e iheatthéraabn‘entmae@mil tadiswhasbeat
Hemnmntemmr 1=t a tine, a&e %yﬁme LS /fmge %mggehkw
pr operl y. §f]S la oXygen conce ation een ’
15 characterized in that a length of a slip generated even
in the following heat treatment 1s considerably short
(typically, a length of a slip is 10mm or less, and an
amount of warpage of a wafer after heat treatment is 20um
or less).
20 [0045]

That is, as heat treatment for evaluating resistance
to occurrence 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

25 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.
[0046]
Such heat treatment 1is dcone in the temperature
30 region where slips or warpages 1s 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 is
considerably reduced is obtained by preventing occurrence
35 of dislocation in the temperature range at the
temperature ramping up/down rate.
[0047]
For measurement of the shape of BMD, the diagonal



35 In the present invention, especially, it is preferable to perform heat
treatnent to a substrate in a stepw se manner. [0052] 19 Here, the term
"substrate" neans a silicon wafer beforg being subjected to heat treatnent,
and the substrate includes one which has been sliced froma single-crystal
i ngot and has been subjected to such a 5 step as chanfering step properly
except for leRgtheagndt rideg nekber005B8] BMPser expsapvptheabepecidainc Penitati on

about Si ze pehdiRMBHE by t ALCkNESSHa AN KhBEn! s nePREERLA. 10 lbpktat i on
about presence/ abhsence of dope of various elenents,” and these factors can
be sel ect e§PRELEAGPAGYr0 PREDI r RPATHENGTT pelfGingfSe oMeaSYrETeBh wafer.

[ 0059] Inuﬁ:heéﬂﬁf@e@t ﬂﬁmﬁd ﬂm%mﬁ'@l’b@tdﬁﬂ Lr@p@ni)d@é@iﬁemlaégeiﬁéfaeﬁhape of
BMDs is_octa ral -, ed is nuf act ur e abovenenti one at treatnent
i ncl uded (ﬁf&ﬁgdl ow L enber ﬁpg‘rie Heat HPfégf‘ﬁTentPrce(ﬁﬂ?ﬁr}gtaetc? at gﬁo(féﬁﬁ@r ature
of 600 to (Re@€iharftd@,mcadlled t*0PPO)hours; (B): a tenperature rising step
i ncl udi ng O%ﬁ%ﬁ of tenperature 20 rising up to 1000C conducted at a

tenperature ri'sing rate of 0.1C/ mnute to 1C mnute for 5 to 50hours, and

(O : a high tenféezeures hoat 1imdtakhonstregacolidgetreasatrementbnpdr adure of

1000C to 12350C sgch & i @ difd usi £d£N0 bRtekstitial Qx isin a
range of 3§p9§1 t% 2]5 Jg%ti:i@nm .of \/\/ngnq"f';%l sélrle'i c%%a\%gfleer Ee\/\/rr%erd()afa shapggggeBl\/Ds i's
pl at e- dhapedous tpan@hnget @ed,e Vo tHrst efiiiinedit heandbovies®nt FehedPheat

treatment meelsudes (B @t'iQWzih?Wp@!&é&ﬂé%yheﬁhohﬁeaﬁxge%dgondUCM@Qeat a
tenperature of . 600130 750C for 10 mnutes to 10 hog}rﬁ B

S; f(- & a 30
t enper at ur EPESAPEAG LAY st 8P i FcFAYi NPRPFHB! ofc21 efSer HEdte 2B9nmpf ARG up to
1000C conduetetrament tefpaitai ustiparqidipayt irat,e ahd0. A€ mmauing t of
1C/ m nute, _and h'lgh tegla)ghg%ure heat treatnent ste condgcted at a
1

Lerer at uf 820 29600 1980COUBEHAE A £955 RATRUST O | cRBPREBRE L on
interstfti atidipgeay iFE~-9Aa mangeafurs20bly NIERBdrperaten arsthecon
waf er wher g ;pl.ate-shaped
[0049]
Further, Furrier transform infrared absorption
spectroscopy (FTIR) can be used for measuring an

20 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

25 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 cocling

30 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]

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

[0052]



BMDs and octahedral BMDS are included in a mxed manner is manufactured,

t he abovenenti oned heat treatnent 20 includes (A : a | ow tenperature heat
treatment conducted at a tenperature 0fg600 to 750C for 30 mnutes to 10
hours; (B): a tenperature rising step including a step of tenperature
ranmpi ng up to 1000C conducted at a 5 tenperature ranping up rate of

0.1C/ mnute to Hersi-nutbe tgwm (Cpubstiyiadle“t empenat vt e siddticay edBfignt step

conduct ed b%tfo%eterm@frﬁjur§u}9feé99<.@c to 125Q¢ sushdtidn@ dififiusiae |ength
of interstitial oxygen 1s in a range of = 30pmto 50pm .10 [0055] At the step

(A), when éutbéﬁﬁért&t ut8CilHdeRe ﬁ%ﬁt W?%%tﬁﬁﬁ ikeqres $ ltiesd 66GC€M sPnce

gi ffual on é%fln@;lf)eg-@tys(i:aas ?\Iﬁ@o%aka&ncm nee s:;ﬁén g:sellﬂ:tjle}tteal\/[)céorsﬁﬁiﬂ oR cgn not
e achi eved sufficient ich i,s not preferable ot an

oven 11 5t he EepBFar i B ESE LR ST DTBRBTGY. | FIGSO ort 0 TR et

i nfl uenced trshitolentesults in  undesirabl e wasteful ness. Wen a tinme period
for the ﬁ%bS%reatnent is short, atinme for BVMD nuclei formation is

insufficie Ad t he BMD den5|ty does not reach a 20 predeterm ned density
or nore, which iThexst pef ocdbher (whenifhe héamitptdptmentboutre Bdzkess than

10 m nutes, 4ithe+BYD de@ﬁi&)ﬁnggﬁomasarltfssthgan i %101 g8, 5 @glgﬂen the

tinme is Iess than 30 mi nut és BVD density becones ess
1011/ cAB) . lRpteddonheRoiffe PegsencedeRsances ptnmedereeecdd 1Uaﬁé9ld§

product i vi oy @RS, é’i’(ﬁc@hé§e”950t8f:§f ehable AMedTgecékepn B}oi S
performed for changln the density of BMDs whose di agonal |engths are 5nm

or nore torﬁq@érﬁﬂe&épgrﬁpﬁe@e&éﬁ§WPFC@wﬁénatﬁé1899§ #°dS3)-at e- shaped, the
density is [bp%44011/cnB, and when the BMDs are octahedral, the den5|ty is 5

X 1011/ cnB d._ch th t titial t i
T017at oma e or? |0 HEF L St e 1R Conbol AR eVASEEr 4RGSR up to
35 1000¢€. Wh@mdﬁuadﬁzﬁﬂnﬁﬂlée@@mhheﬁrébssh&mam bamathéacBivbeddi nhei sh and
di sappear g Lol ouing fi mRerakyre feal,daeat et (Q. gg,that the

BVMD density icon Wwaf er a €i ng subj ect ed
temperature heat treatment conducted at a temperature of

600 to 750°C for 30 minutes to 10 hours; (B): a
temperature rising step including a step of temperature
20 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 1is in a range of 30um to
25 50pm. when a silicon wafer where a shape of BMDs is
plate-shaped 1is 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
30 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
35 diffusion length of interstitial oxygen is in a range of
20bm to 30pm. When a silicon wafer where plate-shaped
BMDs and octahedral BMDs are included in a mixed manner

is manufactured, the abovementicned  heat treatment



21 followi ng high tenperature heat treatnment may beconme |less than the
predeterm ned density, which is not preferable. Wen the density of BMDs
whose di agonal lengths are 5nm or noreyjs |ess than the predetermn ned
density, the BMD 5 density in the silicon wafer after the foll ow ng high
tenperature heat treatment has been conducted may become Iess than the
pr edet er m Aagldessi tiR) whi chovs temperptater dislad. WWratnéret | acedsctedal

oxygen congenty a&baaersm@@d%é %oéo%atﬁw(@"%or”@lm&%&%etl@é eyygen 10
concentration exceeds 5 X 1017atons /cnB even in the I licon wafer after

bei ng subj 86t&&:t d B heaquqnﬁﬂﬁ?&%egﬁl%%eﬁ%ﬁmﬂé‘wlw e%t?r’éﬁ? 8f the BMWD
density m@éﬁpb&@tui‘l&aper&ﬁpiﬂf@ BMPB i 50 pl abeositapedontidctbg dizagonal

I t hs_of _t 75Q X107/ nB, .15 which t
or o or abl o oTRFS AL FETRORAISE TARrat | 11 BICARYHERE | hot heCLPIPEDR vl or

buil ds up ahd BNDB whiHieyt h:eampmﬁtsiré|méatoxtyzg@antrh@nexi;eepabbyddctédsed at
t he high tgnperat yre hq_,aattutrreeat nenty qu(? A'([:}:%hl S§ &P s(,E%h \Meﬁn the
an 2

terrperature rarrpmgmL?erate I s 1ess mnute a st

t enper at ur ellnflfsusngnr dtemgddn oot ibeersetured cnygerwisf ia rel mangashfp of
control onsg an{ 5 eaf ment furnace, which is not preferable. Wen the

t enperat ure rarrpl ng up rate exceeds 1C/ minute, BVMDB produced at the step
(A) di $&ppd&PS&iring tenperature 25 rising, so that the BVD density becones

less than 5 X 1Q11{gaB Ated heast aggnahersee tBgpLeaparat Uie Ras rhegn up to
1000C, which is not preferable, \When_ { he step of caonducting tgg}j)er ature

ranpi ng up §Faﬁzﬁ‘§nlterﬂp%ré?ﬁ?ethra§nrﬁ% QUp FhteeofidIvetmin il 98 mi nut e
is 30 conddeted rfayr tegs Pphamed shmﬂlasle%@@,prmduc%rmtattlm sdrepnéh)

di sappear durin rature ra o that the BMD density hecones
esarthan Plle BCTS neHod CABHEYy (UHET  hS BXAe BFE-PFAPRCshapdd. the
densitysi sthe Xotliodn / baﬁd anvevhem £t rteleBl\/DBnpeeaburahMcaaleds héSdéﬂsl ty 35
is 5 X 101 nB) .at i st ate_t hat et e r 1000C,
A (?;/Pa%pr%qtalm {agplﬁ gt hat c}[lé; exff‘f&ér%‘éélé Qﬁich %IHtDep excee d

which is n era en t he ure” T ahping s 50
hours, proddesiiviabyeexvashefylhower s, ioihenh d sthpe m@tm@blf@r 2gheWhen t he

di ffusion %%QQthgéﬂﬂgiﬂr§§r§ﬂéf{9|a0{¥ﬁgnﬂd% BMD nucleil formation

is insufficient, and the BMD density does not reach a
20 predetermined density or more, which is not preferable
{when the heat treatment time is less than 10 minutes,
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
25 time exceeds 10 hours, productivity lowers, which is not
preferable.
[0056]
The step (B} 1is performed for changing the density
of BMDs whose diagonal lengths are 5nm or more to a
30 predetermined density (when the BMDs are plate-shaped,
the density is 1 X 10/ecm®, and when the BMDs are
octahedral, the density is 5 X 10'/cm®) and changing the
interstitial oxygen concentration to 5 X 10atoms/cm® or
less in the stage where the temperature has ramped up to
35 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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AR g 5, BRI A0a 35 0 ETRLALE, BeCaEp
arhl@hygermsnedwalplt&)f@rable This will be because
interstitial oxygen in the silicon wafer builds up at
BMDs while the interstitial oxygen is externally diffused
at the high temperature heat treatment (C). At this step
(B), when the temperature ramping up rate 1is less than
0.1°C/minute, a stable temperature rising rate can not be
secured in view of a relationship of control 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 1is
conducted for less than 5 hours, BMDs produced at the
step (A) disappear during temperature ramping up, so that
the BMD density becomes less 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.
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nore than 30p m. Incidentally, even when the diffusion 5 | ength of
interstitial oxygen is equal to or nore than 30p m the shape of BVMDs with
relatively |arge sizes may be forned ig a plate shape, for exanple, by
adding nitrogen, as described later. S ¢h a hi gh tenperature heat
treatnment that the diffusion length of interstitial 10 oxygen exceeds 40m
requires ex@essi YBet idUEfu-asi t1dggt of OWRld NP estict 1 y1 t YxywBhchid s not
pr ef er abl e. éOOG%% Tgere pq{ticularl js%%f limtation regardhn t.he
berper at ur ¥ FAgRup P om i S (BT 1ot | REYERpSpEFents Aiare dh

ordi nary tetiper atage ramt nghdp teaipe réamree hisedrappetiengbl yo T ofost
general tenpera r X172 rates i s, i.n . a.ran of 1C/ mnute to

10C/ nuni ter%}?é%%&é F%O%g?o I nat{f%sé)cfrééerwplf:ﬁvéﬁt P%E p\fﬁ%ﬁrgﬁo i con waf er
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tenper at ur en 4 AMPhiBe 4Pup0 800G eorduched At c@nabEAPET aEHES LHANKINGJH rate
of 0.1C/ mnute to 1C/ mnute faor. 1 to 10hours, and (C: a step iIncluding

ranpi ng dowfiehelfurRRdElve i ifidirevat LAORe RprHitAe® r BRAPIFRE FHAFC rate of
1 to 10@ m#nke, thakiHghtoutraasubstr ai owdsi deedl ddnigrase=dt ahhe gy nace
tenperature (__Pgt ween 600C to 800C a&q_t cooling the supstrate_down t.o the room

t enper at ur '355d (B A2LPEH ¥ udhd TRId AT at STRSTF REES - i ndi FEHEF ur nace
at the furnkoen teaper atutéibettimen ma00e t® 88O agddoanpirag eupyitth iHD00C at

2 heat {1 edt EATIRT B CAierhi b e 2P 660 1o 12800 BHER DTS BT usi on

| ength of iveerbtalifrnaxggen is in a range of 30p mto 50i mas a high 24
terrperaitsure[mltreat ment step. when a silicon wafer where a shape of BMDs
is plate-shaped 1s manufactured, the abovenentioned heat treatnent includes

(A): a low {enpFeitif® hERE Sreat néht EondeEt €4 LANSangerpdeRrd 6l 5 600
to 750C foro3fyanm nghesat81 40 hauUrisrn(iBly & Dz layer. At this step,

when the temperature is less than 1000°C, a long time is
required for outward diffusion of the interstitial oxygen,

20 which is not preferable in view of productivity. When
the temperature exceeds 1250°C, degradation of the anneal
furnace is accelerated, which is not preferable. The
diffusion length o©of the interstitial oxygen 1s a
numerical value calculated based upon the temperature and

25 the time at this step, and it can be specifically
obtained according to the following equation (i).

[0059]
Diffusion length of interstitial oxygen {(pm) = 2 X
10* X (D X time (second))??® (i)
30 where,
D (cm’/second) = 0.17 X exp (-2.53<8.62 X 107

*stemperature (K))
Thus, the heat treatment where the diffusion length
of interstitial oxygen becomes 20um or more is preferable
35 for forming a wide DZ layer such as a wide of S5um or more.
[0060]
When the diffusion length of interstitial oxygen is
less than 30pm, the BMD shape after the high temperature



tenperature ranping up step including a step of tenperature ranping up to
800C conducted at a tenperature ranping up rate of 0.1C mnute to 1C m nute
for 1 to 10hours, and (C): a step includigng ranpi ng down 10 the furnace
tenperature at a tenperature ranping down rate of 1 to 10C/ m nute, taking

out a substrate outside furnace at the furnace tenperature between 600C to
800C and cAt nd-rertmaist riée 86wn Peehhecomphete@npaeipe HfdtqD) a

step includingpdaki Reidesultst reie sRapBSifR e fokr@cedall t haehuriace
tenperature ]?f ween 00C.to 800C and rangl ng u}P to 1000C at a tenperature
ranpi ng up FatEISFORCARPAGEe 20 1BEPRPRALE2ANPFYRET ofFi RfIHR hekP (3%eat nent

at a tenpermbrk ethbnlGOQGnto IA%ACestial lihatevaerdi kliesi @hel englfuxifon

interstitial 20 oxygen i.s in.a range of 30p mto 50p_m as_a_high

t enper atur ei Tt ?égatlr%trﬁr Srs]ctlg:plaaa]\/\h%y%egi % or AT ef © viffer @Oﬁfg'attél-aghaped
BVMDs and oci@hadr ath8VBbapee dfndMiedvitin wehd kede hpnherges snwest actwr ed,
(A): alow e ;. heat e ndu d np t - 600 to
750C 25 forgggpfenq%#{es ltrg %0 E(E)Lg?% %E?ggé tg%%er%%%n?%ighng)ﬁg%%dlqﬁ ep

i ncl udi ng aYsfepIE, t éFpeteR U PsAnprigrup t 8uU8D0@ bbdabudtampbeataire

tenper at ur e, £ AP PPaBRehat @nak  thhel GAIE AWM £ 01 4G PR NYEe e silia sEQhours,
and (C): a step including ranping down the furnaCe tenperature at a 30

t enper atfur CF YRR rFCR/FS r B Mo SHYIF SFoEARERFd e takiehg Tsatl gt rat e

out si de furnaeer alg thodWENBEEL y | SIPEERL 1K ehdetiyeere §00e [ 0 800C and cool i ng
the substr é(ﬁgfﬁwn to the roomtenperature ;and(D) a step including taking

a substrate e the furnace at the 35 furnace tenperature between 600C to
800C and ranpi ngrhetpe t @ak@QQG latr 1§ t eapaiat diitanpong tegaaiengf thkl/ m nute

to 10C/ mnut e anda elgforrrin @ heat tre oen at pa temperatyre ofC 1000C to
1250C such t’t?{n S5 edﬁrfl%g?%nu?e%ﬁ?lﬁ g#‘ i ﬁ%gPst(l ?I élo oxygen iFs 9 rf’a range
of 20mst o Blerasam brginaeppeempearatheat rampatgenp seép. cap00B3JusEwe reason
heat trea ment R LE) Caniet RS LR P o el dR LA,
perforned tbS imc? eededprobiuki¢iminute nte & CAmenite the 2 ep(B)
[0062]
In the present invention, when a silicon wafer where
20 a shape of BMDs is octahedral-shaped is manufactured, the
abovementioned heat treatment includes (Ay: 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 10Ohours, 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 1length of interstitial
oxygen 1is in a range of 30pm to 50pm as a high



tenperature ranping up to 800C at a tenperature ranping up rate of
0.1Cmnute to 1C mnute is sufficient to 10 get nore predeterm ned BMVD
density ( plate-shaped: 1 X 1011/cnB, egtahedral; 5 X 1011/cnB ). Wen the
heat treatnent process is divided, it is not necessary to ranp up nore
than 800C. It is thought that durlng the step(C) BMDs which is forned after
t he step(C)tampALahitifgedenst UBeabneht i Mced- dWeappear itlidmn sWwadeeD) . So

it s not DRORSSArkHAd agP WDs0 1908C 2k -ERE AP H9mdR TR uRkd,
0.1C mnute to 1C/ m nute |ike continuously processed  one. At thls step (B),

when the t dfiser QPB?’@mP&ﬁﬁPﬁ&duph?%’fetrﬁ?qnéeqtesénf:l]réﬁeé 18 hind e 9% stabl e
tenperatur&er@ﬁxatg;rwm@@m fetabrReftCbRduied @W Of BeipbaktoRshiog of

control t nt furn e which is_not. preferable. en the

t enper atsur equqn& ﬁé F W cetls ™M RERHutEC BWBs BPBGGEed E\t{\ht h& step
(A di sapp&wmﬁ&a:hlmmg rempdangturtep r aspeng upxcht:e]rn@ t e pesp odoifs | ess
than 1 hour uce p ( di,sappear It t enper ature
ranpi ng up, %%Egﬁﬂﬁﬁg%otQSﬁéﬁéBabI%S Jﬁ%n ?ﬁg ?e era#u#gg?angghg %p step
exceeds 10 tempeyatygreodianpng yup onets, oD eh’ Cémnnutpr &belabl/@inB@eAt this
step, when éd?ieﬁr@eiaﬁeafslsahass(&g jhan, 1 FMBa I hkaﬁl@g{gp%nm At the

step (O preferable t0 ra wn at e nper at ure ing rate in a
range d¥ 1Gﬁﬁ nftEnage 1@@¥ﬁ?ﬁ®¥@rﬂhﬁﬂh Bs E%@@e¥%t%r%oﬂV@Hﬂﬂ&haﬁoﬁﬁrnace

35 it is natagr eferabke 10 °taks nil,a tSULSly ade: 4 oBubBeratyr 6@%%1@% t he
furnace tenperature | ess than 600C because of shortenlﬁgﬁ]the [ i

f
heater. It SHO7GE frlefidtant RFR3CE ak@ R 2 LU EUDRE F4ER" f Fh502§0% %rnace at
t he furnaceasricenpes&sLiigg nor ehehan s@BBErabecauswaf de&@ri otBki ng rbbe

material of_ furnacge. At _th e [ eason a he.step (O,
T TS not RS o $3ke B SAbRTER dlTRIHRS Rk L nstR kA Re
f ur nacdst erm&r:aiajr ¢hef fessatdamtBG0@B6ecorfurmaeet t‘t&rmp&]fh@reTh@ett@m&ar ature

ranping up g L9, 100G 1 S04 AafRINe u9' cdChBbONEC kO Al QBRI ch s

used in a Tconve urnace.
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
20 oxygen 1is in a range of 30pm to 50pm as a high
temperature 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
25 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
30 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
35 furnace temperature between 600°C to B800°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



10 There is no limtation regarding the tenperature ranping down rate.
[0064] There is particularly no limtation regarding an 15 apparatus used
in a series of heat treatnents expl ai negsabove, and a conventionally known
apparatus is used preferably. Specifically, such an apparatus may be an
ordinary batch-type vertical furnace, a batch-type vertical furnace with an
oxygen purgfihnfgflﬁﬂm|1—)¢1ng1alhd°lfhént2@5ltllpééal[ ggemEn ¥ thHe Aamandet @f ng

net hod of thm,m@r eseniiVest hORighi tehpePheheeahbgrt habathensubstpat e
cont ai ns nlm en 25 This is because warpage is further suppressed to a

smal |l anou p| cally, 15p mor less) owing to such a fact that the
substrate canieanmsamrﬁrﬁgeaddTm (cn}analf aaktiingngua dehdpeiw thahi diter

per f or manc can, made possibl e further suppressi rpage, .30 [ 0066]
e o pref S5 Tl A cORERACT 1 PR BP=h: FFogeReriaded 1B Ehcs D5 ot 15
in a range Iats Xrk@bmeaitons D) CNBight 1 XelOd€pd omee tyB.paMiBrrnd® to
concentrathgagég d nge, 1 pol ys i zatio ak e so
that yield = §%é&£ﬂ%% S n%f p?% géra%?gJE 8%6 %h%FugﬁﬁgJ%ﬁmhen

ni trogen i st%rm@wm ﬁaISBChgaupc@@ceﬁrﬂorét i@h aahg@peaawése Y@MEEMIs Wit h

relatlvelylﬁy rhakg& 5i gese @aﬂlgétéoﬁﬂﬁdlpé/ﬁlﬂu@ée %@3Q§f€Y§EehB %Hﬁh a
relatively high tenperature heat treatnent that the fusion | ength of

|nterstm%|eﬂe%x?8éﬁ PRSI S T30 Ror BM o fensa ty t%nﬁéﬁé?uﬁ@apﬁﬁge]ofx f or

exanpl e, 111Qﬁ€/@1|h35 Feahs@rd hat = pmssulgﬂ,ldry ofy .ocaueheneeof Hdagl ocati on
causi ng war Ef?e i s reduced. Inmgen%gll in,this case, a shape of BMDs
whose si zest ErE- R LR RRFSS S ks | 95K i th 4FelBFeBERESFATY ﬁlgﬁaggh3|ty is

oct ahedron.ug tmése thaughtothat Tanief tﬁchghﬂpahbedth@lhlgetBl&DﬁJ’aa@:p(e: by 10
& si 1 con vRIG WAOPRG 18 P bra Phr f Dot friods o1 Sprnarosdr a0
manuf acltSur ed; Bhriigk or disappear at the step (D) So it 1is not
necessary to ramp up to 1000°C at the ramping up rate of
0.1°C/minute to 1°C/minute like continuously processed
one.
At this step (B), when the temperature ramping up rate

20 is less than 0.1°C/minute, a stable temperature ramping
up can not be secured in view of a relationship of
control on a heat treatment furnace, which is not
preferable. When the temperature ramping up rate exceeds
1°C/minute, BMDs produced at the step (A) disappear

25 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.

30 At this step, when the temperature is less than 800°C,
BMDs might disappear.

At the step (C) it 1s 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,

35 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



necessary to conduct such a heat treatnment that the 15 diffusion | ength of
interstitial oxygen becones 30p mor nore in a tenperature range of 1100C
or nore. In such a case, it is effectiyg for reduci ng warpage that the
shape of BMDs with a predeterm ned size or nore is made pl ate- shaped by
addi ng nitrogen. 20 [0069] In the manufacturing nethod of the present

i nvention, TYRNaGe pradt ertdi e fRER2CERe GeMREFAEGreoNParAs E8RBonB800TRIs s

because sutfecinRf factadat: BMRS Y tthed mat@atdlvely Mighdensity can be

formed even_if the | ow 25 tenperature heat tmmtmmtpg%owmdatstaa(&
is performdd &CaStEPatiNel y Y &% tEFpELTCUFEFOR #5shoft SHEePnd Can be

obt ai ned ovm'i;mg igl sfufmh arkdetrabhat tbe tanJz]?Shraé@b@@ﬂ%‘gég%rﬁﬁfd&gnthbﬁO?O]

30 It is preferable that a_concentratiaon car a o] .S object is
in a raﬁgei%rQ?%?JEEB %nEFEﬁﬁcet3e§p§rf8f6§t5ﬁgqfﬁﬁiﬁh@ ngggrgoﬁris added
in an anoumtoreexdeedigiy §&bh_a range, the interstitial oxygen after the

heat treat mghl INGHEJSES, MY G4 5y ”g;% g{agéﬁ“ecgb'l%-oo“&e Jf’s5 {r‘?aﬁoQahﬁg”Ot

clear, but interstitial oxygen nmay" be C t'o come toget her to°BMDs by
carbon. [0G7%l] liGéhbewtal | yo t HE'E/imdmde i cebbelhy A6 | iudachti b 28

regardi ng aJdmihed Jrrp addipg-nitrogen or carton to a substrate, and a
conventional ly known nethod can be used preferably. Mre specifically, in a

net hod Wor ddGTRg 15T otk Seibst @R e 4RI htBe nFEPBEEATRFPMIREPAdded to 5
melt for pudwWmaage.a single crystal so that a nitrogen concentration in
the substrate to be obtained can be adjusted. In a nethod for adding
carbon, carbon powder is added to nelt for pulling up a single crystal so
that a carf@@t4goncentration in the substrate to be obtained 10 can be

adj usted. [0072].,..There_is Lcul y lJ.m.t.ation aho suri_ng

met hods of concentra igﬁs ngéggﬁgag%& Sggb&%ﬁﬁﬁ% %&@g%ﬁ %ﬁﬂg% néd in a

substrdbe, aanmhnaiers carede ipr ef esablgs 16 fndasulr edr dytmenveneizpdalingdknown

”EthOdS'lwgﬁ%ve, and a conventionally known apparatus 1s used
preferably. Specifically, such an apparatus may be an
ordinary Dbatch-type vertical furnace, a batch-type
vertical furnace with an oxygen purging function, and the

20 like.

[0065]
In the manufacturing method of the present invention,
it is preferable that the substrate contains nitrogen.
25 This is because warpage is further suppressed to a small
amount (typically, 15pm or less}) owing to such a fact
that the substrate contains nitrogen. Thus,
manufacturing a device with higher performance c¢an be
made possible by further suppressing warpage.
30 [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'fatoms/cm®. When the concentration exceeds such
a range, poly-crystallization takes place sc that yield

35 may lower, which is not preferable.
[0067]
Further, when nitrogen 1is added within such a

concentration range, a shape of BMDs with relatively



specifically, the nitride concentration can be neasured by using a
secondary ion nmass spectroneter (SIMS). Regarding neasurenents of the
oxygen and carbon concentrations, measysenments are conducted by an infrared
20 absorption spectrophotonetry and the concentrations can be obtained from
val ues of JEITA (Japan El ectronics and Information Technol ogy | ndustries
Associ at i onj2ERRdSH&CS cBAVeP8i SATREEL 4Ps2 PERARPFEIPE 2FSPOGTS]SUrHe Jresent

i nveﬂtl g(l lﬁefmpi@ér%d hﬂiﬂet aaal& feeh@u/revm h@agxaﬁme@%meﬁrﬁtdlt%a:cts rtcriedl imted
to the a (0] or cturi nneal e er an

Lot AR Ris iy Lengh Rt oo gt TP RO 8d SOHdBr Civar i ous
condi ti ons rfowed eﬁndlaarremperaondactnamget ycpﬁ foxy getumEneent 1adi°an,omi trogen
concentrat i and c n 0 ta on he Slt f str ht barrel
35 portlﬁnsﬁ%f reg%eﬁ\?ge sﬁggérﬂlg; lrljcr@ls L)’f E’ u‘%w%re cﬁ’t%saos anyaatug? a
wire saw, ﬁmu%ubstwarpegw tils tr‘mdcllmiss sIIZ@sdelmtaP.‘Iz:B, t on750p sm i ned by
applying myrQf plen' Shi %6@ wh %ecuél%'é 'aﬂ£é0t %e‘ﬁ’%%@v@%&’ ”&‘Jaf‘f trates.
The 29 substrates t hus obtai ned were in a batch-t vertica eat
treat nent fefthatearanaresest head hﬁﬁ@aﬁﬁ@ﬁﬂ§¥( AsaRe&tB ealﬁr@na sddonich heat

treatnment (Qlo @ erd onpedekectpe SHbsttad exd nshde bBhe sawBpd unnace

under 5 argon a sphere. The conditions of respective heat treatnents are
as show? | rf“ﬁr‘?%e%)lsmlé‘él%‘a eF B UMD }élgﬂliﬁﬁ%‘?l%fwgsmere
manuf act urefdpd@gthis manner. Incidentally, in the Exanples, a wafer which

has been subj ec ed to heilt tr at ment .and satisfies the fO”?JgI 10
conditions 1) to %5 FEayB ?neH g8 *“a COF WHHSTE BRYIRY Gafér Sthi ch an
epi taxi al |aifen ha$hbe$ne®epaﬂit%ﬁnandr whireh satmshuEsctheedonditt iigns 2)

and 4) is dfgé£§§5 ;ep%&ﬁ%L m@h%%" Thgegtff f%gﬁg%$€gt€h%%gr§%lng 15

interstitia treatrrent was O
t he abokﬁerreqlnfﬁmuoreq@angéh eif) lrr@g@rrsd:l:ﬁgaé t@rwratlu¢@omaﬁd3§utmn@r

according 1,6, 2 t £APET BbiperBLEET PaRbe! BE 136690000CRb Ll CalEPHuchT e heat
treatment conditions
case, it 1s effectlve for reducing warpage that the shape

of BMDs with a predetermined size or more is made plate-
shaped by adding nitrogen.

20 [0069]

In the manufacturing method of the present invention,
it 1is preferable that the substrate contains carbon.
This 1s because such an effect that BMDs with a
relatively high density can be formed even 1f 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 is 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 1is not clear, but interstitial oxygen may be
blocked to come together to BMDs by carbon.

[0071]
Incidentally, there is particularly no limitation



N

each Exanpl e and Conparative Exanple are as follows. The epitaxial |ayer
deposition was conducted by depositing an 20 epitaxial |ayer on a surface of
an anneal ed wafer up to a thickness ofiépn1in a vapor grow h appar at us.
[0075] 1) Table 1 First Heat treatnent: “dfter heat treatnent at a 25
tenperature of 700C for 1 hour, tenperature rising from 700C to 1000C at a
terrperaturere@afpﬁnggum ratehofl fW@ naddieg Sefﬂmml_:;dieabrt repd et to a

t t 1000C t lOOC t t f 30
5G1 i nut o REPRGFAFRG. AP iafer 1Y SH TR ot JHSHT HSO0CE FBP Aot <

Tenper at ur eprebéralglsgt ep: M@eerperp&tqyfe'cacldlyl,nglrﬁ remmetllfdC for700Rimtg a

| ayer Gepost i OROATtor (He HeAt 11 BArHort ZhouRoorn ot 11, C3PCfan 3 30

| ayer E§£03|t|on er t eatne 3 30
Fi rst t Webht fent Puflti®yy haat at séagdentcrtstalt epperhttir @ il 700BH or 4

hours, tem@&ﬁ&eﬁ@r&%ﬂg £ omne700GhE0r4000G @t 1R t epREHALYN echhSiKy rate
of 1C7n1nute 5 Second Heat Treatnent: tenperature rising from 1000C to

1100C at a eenpefafure M s ngekhpd dor 5T9$ﬁm%t%arP@ﬁpeF5¥%¥%lrR%Wqﬁffr(nn

1100C to 1209CagHed tbempearatfiyre ;mpllrkgg rab ea0kihgh Bl RUtetaanktolking a
substrate at a t%rrper ature 1200C

t | t
t enper at ur 2 c &GN fFORTE EE@@?I& ?‘@OCB%\‘? ﬁufl:’éﬁﬁéfig'?lrﬁ%u%’gol‘%}) IJP%ECZ g]E)

1C/ m nutte toaﬁCbe1adjesté@ Table 4 epitaxial |ayer deposition after heat
t r eat ment }E?%?Qj?""” in Table 3. 5) Table 5 the sane as heat treatnent shown

in Table 3. able 6 epitaxial |ayer deposition after heat treatnent
There 1is particularly no limitation about measuring

methods of concentrations of nitrogen, carbon, and oxygen
contained in a substrate, and they can be preferably
15 measured by conventionally known methods. More
specifically, the nitride concentration can be measured
by using a secondary ion mass spectrometer (SIMS).
Regarding measurements of the oxygen and carbon
concentrations, measurements are conducted by an infrared
20 absorption spectrophotometry and the concentrations can
be obtained from values of JEITA (Japan Electronics and
Information Technology Industries Association) used as
conversion factors.
[Examples]
25  [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
30 wafer)

Single-crystal ingots were manufactured under
various conditions (wafer diameter, conduction type,
oxygen concentration, nitrogen concentration, and carbon
concentration), the same sites of straight Dbarrel

35 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



20 shown in Table 5. 7) Table 7 First Heat Treatnent: after heat treatnent
at a tenperature of 700C for 1 hour, tenperature ranping up from700C to
800C at a tenperature ranping up rate ohg25 1C/ m nute, tenperature ranping
down from 800 to 700C at a tenperature ranping down rate of 2C/ m nute,
taking out a wafer froma furnace at a tenperature of 700C, and cooling
the wafer COWEHREIE rbbwst cRPéRANGHe. WSECONdHeat 11T edt nBXLCHia®e i on of

waf er at a yva&36: feqper ddyte OErEQQﬁenEe”pﬁﬁﬁﬁHéé ranphdg udifdiom FQE to
1100C at a tenperature ranl%) 1924 and hol di ng the wafer

u
at a tenperdtIAEGICL16D g’%u?sse‘?ﬁﬁﬁepﬁt"‘ﬁr Erfeélrrﬁlieﬁﬁ d6wn "&TEp:

t enper at ur edfgnE 35 toanshibetrd400Cihei dO0Ehat sambeFRehalcd einfdd¥pi ng
down rate of &dn1mneto ajnl te % Table 8 First heat tmmhﬁ%F after
heat tr&at merdCht “A$FP l'ieerrgperat 8 of BT FOF L hodr PSSt a r anpi ng

up from 700@atonB80C ate aas esipewmt Lnelf abpi AY. upAnacelell wa.fBC/smama e,

terper atur e A ngy downeLrom 80910 200G AL A eer alite T g down

rate of 2C akl ng out "4 substrate Trom a rnace at enperature
of 700C, aﬂfdcledﬁflﬁaﬂglyhelmf@med@mmpdeme g oord fisghpehachr ehas Séeend heat

treatment: dnSpLddon of e3ybst ral ndie aaham%rtaltstﬁfesoftﬁQO%OﬂﬁJm%rgature
rarrpl ng up from 700C to 1100C at a tenperature ranp 3’3@ rate of

5C/ mi nile, corditeinies at Lir Bor &ipilsy Qﬂﬁ%l% ‘(‘ﬁ\“}ﬁiﬁ%}a@ afenboendnd 1200C

at a tenpengitge $RANMPhNEGHUBRHS %rﬁq'tragu@qmar xe s BELA Elléb%m@@@ EQJodl ng a
substrate at. a tenperature of 1200C for erature ra |n dovvn

step: tenpetitht eSPRABLAES fﬁ‘edo%mﬂﬁr‘?ri%o@%ut?ﬁd?oé a5 adeEhp
ranmpi ng dowep irtadsei £f &é?farﬂutem SO/ Miusien Bandebl e£9 ﬂﬁtres:tsthetatal
treat nent: after heat rreat ty gnper at Eelof 7 OCf o qQurs,
tenper at ur STUERI LBt 50T b JBEnE B0, AP 4  feRpEYatt e ATy up
rate OHSOJﬁﬂenahbeemEaupenadummuanumnm dbwmd@andﬂ@p 40 tAO@Erature
and a time according to a temperature pattern of the
second heat treatment. The heat treatment conditions for
each Example and Comparative Example are as follows. The
epitaxial layer deposition was conducted by depositing an
20 epitaxial layer on a surface of an annealed wafer up to a
thickness of Sum in a vapor growth apparatus.
[0075]
1} Table 1
First Heat treatment: after heat treatment at a
25 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

30 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.

35 2} Table 2
epltaxial layer deposition after the heat treatment shown
in Table 1.
3) Table 3



at a tenperature ranping down rate of 2C/ m nute, taking out a substrate
froma furnace at a tenperature of 700C, and cooling the substrate down to
the roomtenperature. 25 Second heat treggtnment: insertion of a substrate at
a tenperature of 700C, tenperature ranping up from700C to 1100C at a rate
of 5C/ m nute, tenperature ranping up from 1000C to 1200C at a rate of
1C/ mi nute, and Hithg Heré agféﬁt@§n5=téﬁﬁéﬁat@ﬁ@toftI2@©@ﬁﬂ§r gt haur. 30
Tenper at ur ex &RAFRH 490 S#OWE SY60° Ct espenahbie ! arRnpa radowa frin208Gd o 700C
at a terrper_? re rarrplgg) down rate of 1C/ mnute to 5C m nute. '10) Table 10
Conpar at i ve' Bkanpl 801 3H0E (st Reat 2t r SAMEFET UL erT R It r €& RentCtat a
tenperaturel of /dOOGEEor 4 hours, tenperature ranping up from 800C to 1000C
at a terperature yanpi ng ratg of 1C/ mnute. 32 Second heat treatnment
and temrfpgr ature r%er’r{)g)r}% d%'%ﬁt st B?apﬂﬁ%arre%ﬁg‘pgﬁ%ﬁﬁeheétlStlrn@at and
t enper at ur €1 00@hPi ngodowd 0§ €p sttowrs | Nt &mpepdeure Tabkénd. rGamparctive
Exanple 2 5 i t . a e r t .at to rat ure of
700C for 15%6%{££?€€%br%%ﬁ?%ggg%%?n%igéngf?%%%733@&?2 Ego&%ogt%ggﬂe%%erature
ranmpi ng up FemeenitunRe miwing Sedendohieal *E/manwent aradt dnpedEr@r & r anpi ng
down 10 stepsthecSae s sfsonsk heatiifeat nest Ankbenperature ranping
down step shown in Exanple in Table 1. Conparative Exanple 3 First heat
treat melft: after TREBRCIFEHINERPCALNG STERFerERIRXL HFUIDOCOPSANI0 fHHUt es,
t enper at ur e1 TEOTE NGt o 1570p °tr omt70QLC toendPdRit @te 2 E6BPERGL UG tANRIMY UP
rate of 3C/ m nute. Secongoh af treatnent: tenperature ranping up from
1000C to 11D0¢/ N4 ehiper st {RFE" ¥ fming up rate of 5C minute and hol ding a
waf er at a tenperfst wrasblaf 4100C 20 for 1 hour. Tenperature ranpi ng down
step: tenperature ranpin own frgm 1100C to 7Q0C at .a _tenperat.ure ranping
down rate of 1(??&?%%%9?0 g%y%¥nuggp051glon a?ger hegfln%reatment

15 shown in Table 3.

5) Table 5
the same as heat treatment shown in Table 3.
6) Table 6

epitaxial layer deposition after heat treatment
20 shown in Table 5.
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
25 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
30 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
35 down from 1100°C to 700°C at a temperature ramping down
rate of 1°C/minute to $°C/minute.
8) Table 8

First heat treatment: after heat treatment at a



tenperature ranpi ng down step: the sane as tenperature 25 ranping down step
shown in Exanple in Table 1. 11) Table 11 Conparative Exanple 4 First heat
treatnent: after heat treatnent at a tefgperature of 700C for 4 hours,
tenperature ranping up 30 from 700C to 1000C at a tenperature ranping up
rate of 3C mnute. Second_heat treatnment and tenperature ranping daown
step: the srfresa Betonat hdA0 “Er €ottneht hawes « ehpePAraFBrer ZFPPAGId3WN st ep

in Exanpl e shewn7pp°dakle ghoad 42) aTQ;Iéh@)e:k%tu@@”Wd@i ampke %First
heat treatrrggtérﬁjlfter heat treatpent at erature o OCfor A hours,

tenperature’r Up® 33t eTPEHT BBDE tré‘mféﬁ‘@C Wiy dEhefd uF‘é’ r&ttbihg up
rate of 1Gim autEmpSeraondehe:atmptur@atdm ﬁamdetefrpemt/mﬂaurtar;rplmjd@m

step: the s S.SES gL Lreatnent nd mperat ur anpj own step
in Exarrgl e gr’r{gm% |Sn gﬁ% r%n%a%gﬂlv Exgrrﬁl eglpﬁlrlﬁgurﬁeéat trdelgtdrjfent
after heat am@atomehinattle wc‘eﬁ@Ermm et of tIvO > drort dmpwora, ute@nper at ur e

TP NG P oy Ora00f e d000E Bhndnt PTRRLELYE BT BIPLNG MR AN ol 10

3C/ m nute. Seco treat nent t enperature ranpin
sane as seckgmperaiture eafneifil dhd tenperature reampngg tdbwﬁrgtneﬁqﬁh CExarrpl e

shown in Tabl e o d3)adakl %eﬂaée%ét@gp%ﬁ\bh}{@ Eéa%ﬁlt% o ig%l/mgRlte,

treatnment: after heat treatnment at a tenperature of 700C for 1 hour
tenpera]touret?WWQJ% rﬁ%@oo@fﬁé‘%e@atd%% cRBEFSEDr el P &P n@Ndh rate

of 0.5¢ mmge@ctaaper a&é&ﬁ;@ef@i@té‘grﬁﬁwﬂn@r @@/&5@@1@@70@&1201:@&@ of
tenperature J(fl ‘?%dom ra 2C/mnu% kl%g out a waf%r fro
furnace at g:{’?rﬂé ur 08¢ 0%/ SY BFFF\S viaf EPMEGHA HS St IR room
t enper at ur el2Betonfbhenthduweat rrent and tenperature ranpi ng down step: the

sare s second. heglytd o3l (N g K5 TBELAL W ep 25 LAPRLRLIEE Sk "

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.



Conparative Exanple 8 First heat treatnent: after heat treatnent at a
tenperature of 700C for 1 hour, tenperature ranping up from 700C to 800C at
a tenperature ranping up rate of 30 2C/ mpnute, tenperature ranping down from
800 to 700C at a tenperature ranping down rate of 2C/ m nute, taking out a
wafer froma furnace at a tenperature of 700C, and cooling the wafer down
to the room t enpePERRf e Ne8Ec oREPHEBRN § r eRENERIRAGE e FANBEEIr &HRThg down

35 step: th@t@@nem& seERNda Headkcbhaatimt @ﬁélaﬁxﬁém@rah@re:enf@éﬂhﬁ"t&éjom
step in Exa in Table 7. Conparative Ex le 9 First Heat

Tr eat ment : n?‘t‘%‘rn%e oW r hEReOwR I FKaRhpetat 1R 911 700C for 4 hours,
t enperat ure rarrplt:rtgnpmrathr\mnr-ﬂ)ﬁ@]t@ B00C at a tenperature ranping up rate

O o, o RIS Y 000, 000 AMB0DLS, 1006 Ehecd, 7SIt v
t enper at ur et@ﬁpeﬂ@tllr%mdfco’idm fy fohe ludfcarr ,dovemper a biere ogAmMpamIert ur e.

second heatrsavmne 2ad loaPer il EARPLED.OUN-aipeRy Lie AT g second

heat treatmept and tenperature ranping tep In shown 1 n Tabl e
8. 10 mnpa3a@fmbn15<%npl e 10 Divisional heat treat ment First heat

treatment: aftergbeshdt heaktmefte Mmént t AR @M S Lfurd0Cahphing hft}tfrﬁ
tenperature ranp from700C to 750C at a tenperature ranping up rate

of 15 0OSC/Wf‘?Rutetg?erﬁﬁé‘t%t%?eSF&ﬁﬁFinﬁle@&vth%W‘?%% P8d76(f@‘p%ﬁa%1re

t enper at ur er &P d od Semns € &b esdwR G Ddiep 14 adeh NgabDeit12 wafer from a
furnace at a terrp(ﬁr at ur 6 of 700C lang3d cooi ng the wafer down to the room
t enper at ur e. Second At -1 Y% %ﬁﬁﬁ A tenperature ranpi ng dowmn 20 step
t he sane as secoriditstat heraeat reattmadit enpiret uheatr anpeagndown stem i n

Exanpl e sho 0&&5&5’}:8 3r LOYeel fCJ]{' 2 d{?\ﬁnEQegxa@fglﬁe%a%Wedeﬁaﬁﬂé%@”d an

interstitia ygen concent ration tenperature o 000C,
subst r atdes wan&fewot 1PEdCurderl GHE'C s@ureacbﬁmper@hgrwer@mpgm mpa dedtech-t ype
vertical hegt 3tfeatgept furnace, and a wafer pulled fromthe furnace

Second heat treatment: temperature ramping up from
1000°C to 1100°C at a temperature ramping up rate of
5°C/minute and holding a wafer at a temperature of 1100°C

200 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

25 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

30 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.

35 12} Table 12
Comparative Example 5
First heat treatment: after heat treatment at a

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



after only the first heat treatnment was perfornmed was prepared in a
continuous heat treatnent, while a wafer 30 pulled fromthe furnace at a
tenperature of 1000C after tenperaturesgising up to 1000C in the second
heat treatnent was perforned was prepared in a case of a divisional heat
treat nent.véé)cg{?g%a% (Measur ement and eval uation of anneal ed wafer and

)

epi t axi al dsuFenmeRP0aRd 3dv A UeRMRFH BF U EfhnEaTRENGaERr $346d Of
epi t axi al vwefemsiabta) ned under the abovenentioned 35 manufacturing

conditions regargdin he foll ow , ), 3), ,and (5) were conduct ed.
Regar di ng a waf é?e% dﬁeﬁngt ﬁﬁﬁﬁ%&, a%%) trﬁ“i&’r‘%ﬁ‘é:ﬁlrceon’é HPtagi fiv"Mas al so
measur ed. Regasdi hgjewakers 4 whcohdohleytt herddtmsdntheahd5 tiampaimsntr enas
conduct gd, | qggpct the t,is shown in Table
2) . TEM%Sarrlg)aﬁaeE%ﬂ([;gij Cgoi)rr%}/%t'rseep 3%2%)?&10 r?easgﬂ?weérreln slragrfsf% 13' and (2) were

col l ected from tGengeoratiions Egfarpleerft ral portion of each wafer and a
portion spaced f @n ef tLhewaf.er Jpy 10 10 gri nding ch waf er
to predeterninedﬁﬁgiths 50p &ﬁ 108g%n1 aS%Sp g§é€§ a preéﬂ%g gf?%ding
machi ne. MaRerARditEe weke 70foRdulcdedl ahoarst dgnrdizat Y usapasNge Ut o

predet er m neebm depy NS (LOPT 00D a1 23 éHEt&té”f%ﬁﬁﬁﬁ@iﬁ%drﬁQ%ikﬁpns
(the ce teré; a/ré)iomtlon spaced from an edge of a wafer by 5 10m) by

utilizi " JBuT%ternination of BMD shape: The BMD el lipticity was
determ ned fromsedaid ohehtsignad trdiitenshlli esnplraivigd byampeaguidaig t he
sanme neasur gnent gﬁrrpl e twice while a s&a niegagE di recti8n of CPthas changed
bet ween <1100 HIFeSAfSn 3hd €188 GfPsctiTit vt PRY &SFESEATS i p

bet ween t heramgtiroy clowm getadp i it éhsdnip los st hien BMb1leel3 i pticity was

exam ned in advar a%gjlteheuel lipticity was obtained fromthe ratio of
signal intensities. asurenent was al so conducted by TEM and t he

el liptildity 25 wénpeaniriee fExemrdari’cr oscope viewed from [001] direction

and obtained at #hic tigne BVDeshaRe, deherainallon vas. onduet o fom these
results. Incidentally, at |east 10 BVMDs were neasured for each sanple, an

average el |i§RYA 1 HRsOBb/E0nEd I3L alehQyitng temperature ramping up
from 700°C to 750°C at a temperature ramping up rate of

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



30 all ellipticities of respective sanples obtained thereby, and the BMD
shape determ nation was nmade based upon whether or not the average
ellipticity exceeded 1.5. (2) BMD diagormgl |ength and density: Regarding
each sanple, the BMD diagonal |ength and density were obtained 35 by using
OPP and TEM From the observation result of BMD obtained by the nethod of
the fol | owi FYPRSrakdre) ofa 708efsifiqr of BREES halPREepREHEEe MAREAAi Wyonal

| ength was f@&ﬁanoedc ltrcigtant@l by, aasdnfpe densid Yrélﬁpﬁll\@suba\ﬁa&@ 3 the
predeterm &Wgonal Ien th, an average val ue es at th,ree oints

has adopt ect FODEBTA) WEALGFERERE BSPRGTEPAOMS GAAT PALeRS 1Y okt dined 5
by el ectri cal tgmlsegmatr@rﬁamp$nggdphaseadef bér efce mihutter, ansikiissy aut aser

due to I?Sl\/Ds asur si.ng _OPP manuf act ure Tec nal ogi es
Inc. A cali ra | gﬁ 31%' gcg TQf 8 Smgeréc%laﬁe&faﬁo%%l\/gvl ASoral® rﬁI enggt h (nrr)
= 153 X (OPFhe l@aéegn@dJWHOtdBtlﬂaar@@mh'a@eplemmagonal l ength (nm 344 X

(CPP o5 anal). O S2.EAP Wikl 2 kool agnnale dnat s, rEaBuned dn - usi ng

OPP and a calibration curve OWI ng a re atlon en S|gna
intensity adeeBVDtERzSalkss c'p&s eparead rhee?da/am@atme@t agonalt amorftat wie BVMD was

obt ai ned fr?&‘ﬂmpﬁ@”@éwﬁ”é@@é'ib{ @Xa#?l@gsﬁmncﬁll'@é@iéo@ curve.
I nci dent al | when t he diagonal _| en was obt ai ned Ghost Si gnal Renoval

Pr ocesslthg WP%%%?VP&¥%‘W%? 59 SC| entific Instrunents, vol. 69 (1998) pp.
3283) was condumeﬂm&e@pcmé@@ §§@§tm¢mty was set to such sensitivity

that BVMD with I ld b d 0079
25a2) I\/ba\émurerr:nt ?O%nghﬁé%ng%\raé @FP mo?‘gféﬁi &ieta%u T eég‘g?l lrJrrr‘gEed4 ]
di agonal | ebgtbe nasunbdt af ngdd 0f° Corficer mnmmssppEempagatobtaalmquw up

measur enentf¥%19c17%|ahalt!§y 7564*@ ggngl aq:l?lt%l nrea@{rﬁgthergwéber of BMDs

observed frel View an correspondi ng
to an obser@ed’ @érgllmlmte(3ﬁempEeasure| arlamxylgerﬂcouncémmaﬁﬁﬁn§oof7%r€éal ed
waf er at a temperature ramping down rate of 2°C/minute, taking
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
20 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
25 temperature of 1000°C, substrates manufactured under the
same conditions were put 1in 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
30 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 in a case of a
divisional heat treatment.
[0077]
35 (Measurement and evaluation of annealed wafer and
epitaxial wafer)
Measurement and evaluation of annealed wafers and

epitaxial wafers obtained under the abovementioned



and epitaxial wafer: The interstitial oxygen concentrations in anneal ed

waf er and epitaxial wafer were neasured by utilizing 35 infrared absorption
spectrophotonetry, and val ues of JEI TA gdapan El ectronics and I nfornmation
Technol ogy Industries Association) were used as conversion factor. (4)

Ni trogen concentration of anneal ed wafer and 37 epitaxial waf er: Sarrpl es
were sel ectfRNash HH NhreeR G Vel Br TR GHNY ebhe akPaLowarer (1pel il@Aup to

20p m was cmduchaa t 5t h@erwaf @sdudr & der Eié&;a{ﬁj{ﬂh@ Al typoen ouidear d
diffusion 5 ers. of the surfzce t.her eof , nitro concentr tlons in

t he waf ers"(/ﬁetr t AL REeRur eddby SITHPISE MO tpl‘?réngi"f"ﬁ a
war page- r eSiestanoed evakaghrdmngf waaamealte;d wmfcﬂf canﬂyephéaxhabtwalfeert 10

After the foII (5 r f.or anneal ed vva er nd an
epi t axi al vvarf a%\% I‘gcat ?ea néugge?her ca‘l"?lé%l &l |ﬁulcaotne &
process hea&thet r%uﬂeﬂnti's ihew = (15)T&>i¢\a52repeﬁﬁﬁdsa$plﬂsm@§ waslplpa@rfor med.

var pages ofuIhe Agnegleduyslenandst N, 15.gpi Laxi al valei betare dhg heat

treatment an eat Frear ment were ‘measUred y using
manuf act ur évdyPOKFBERS Cotfpop atdedit-r athePanhiean e@ fnag2eh aMadet handeat

treat ment was-1oRser ‘é?ﬁc@d usk-8g X a)édt;@p%fap&we apd fhe pgaxi gren lbengt h of
the observed slip |l engths was defined “20 as a_representative val ue. (5)-A:

Heat t NBat @HOGISEF 1 § &%l tq (RTRARE S TN giRE IS hbRWIY1 13000,

addi ti onal |3/[)Opllﬂqo%y & herssisachdend ahy ymatRsgel i OMea@dréﬂtbhlthw@lﬂe wer e
conduct ed at Cﬁ'i Cte er at ure of  700C, _all the tenperature risin faII|ng

rates were 5¢ nd & Pgﬁeé"tha AEGHeli3S ek EBnBIECESF SEAdEF %r gon
at nosphere. de(;:B:)hsBCSGmt t]J(EatmenBO@s;nmgaRaIAa brseetieaminedomasdnpenat ure 30

Temer atur e SATILAR AP OGLILONE obBLALTEkod 108 e TRV BRI U e
15 10mm) by utilizing OPP
(1) Determination of BMD shape: The BMD ellipticity was
determined from a ratio of signal intensities obtained by
measuring the same measurement sample twice while a
scanning direction of OPP was changed between <110>
20 direction and <100> direction. That is, a relationship
between the ratio 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 1least 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 determination was made based upon
whether or not the average ellipticity exceeded 1.5.
(2) BMD diagonal 1length 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



At nosphere: argon 35 (Each neasurenent result and eval uation result of
anneal ed wafer and epitaxial wafer) In Tables 1 to 6, regarding anneal ed
waf ers and epitaxial wafers manufacturgg under various manufacturing 38
conditions, densities of BMDs with predeterm ned diagonal |engths and
interstitial oxygen concentrations neasured, slips and warpage anounts
gener at ed byr¢ h@rpsetesmdaeidc edipyorels Lisaathyr e neifteraae cvpleet idfel y

shown as Exgaphes Ht i LONPS 9t & ipa SXAPh €S, Here, the BVD density (1)
shown in Taﬁéi(fmlE Table 2, and Table 5 is a density of plate-shaped BVDs
n

whose di ago gths are in a range of 10nmto 120nm the BMD density (2)
is a density of 1l ateasiegrshiBMusimoserdi gggnall lienghiks tar ebiainedr 10
t r eat ment_ has

nmore, and the B ensity, at a stage where the first heat

been corpl ét¥d ‘?I\@Cgt%]e%%?ﬁt% o?lc-bl}aaa]t éz%%caepsesdln%l\/@g]%eoseqalaqféagro%qe | gt hs are
5nm or noretraimenBMlomehgsey @(be ShoMism Wbl meBsuiadl bydusamdg THH e 6 is
a density | LBMDsx S I l, J.en s arg i : ‘ e of
10nmto SOn%nL?ﬁge%%er??i ty p{\%} i%éa%lg%%gr% iltef g‘%g'pl at‘g-s éélgjd%é{\@%\hose
di agonal | e®ig¥e b3 cag50MM@¥S: nore, and the BMD density at a stage where

the first heat #g&eald®pd) hampbeglssonpl eted gis agqﬁpsu y19% pkatepghaped
BMDs whose di agong| ,J engths are 5nmor nore. "The BMD 20 density (1) shown in

Tabl e 5l%ndEi#Ae 6 is a density of octahedral BWMDS whose di agonal |engths

are in a range of1aténi®edOBMD WhagBMR1densidoh (2imj S=a Janskt yaxfp

oct ahederal BMDs. whpse di agonal | engths are 300nm or nore, and the BMD
density at %l%rfaa]g)e where the first heat 25 treatnent has been conpleted is a
density of octal@Eder ali thBMDs kidvase diagonal |lengitts ake Smeasuradréy I n
Examples 2 and 4 |'I._BMD di agqnal, | engt hs were_ 30nm qr re,. .all the
oD i agonai | hePRE fBRe 2 gr i o anera g0 FEAF b 50

[ 0080] I5ncikerwedh y siginlals| ipsensinaf ersl aBMDwes pag e wasnopmesa pédwafrer s

bef ore vvarp?g@ | uat j ony p | e85 .o t en rations of
anneal ed wa _erargéln%' ‘epjﬁt ;!%gl:,%&\/\%]?erl%irtgh ﬁgr eBM;ﬁddgagvm ?ﬁ?%%t??aog?nfo\%pere t he
35 sane as ¥ IrdYen lodeSittyat | bHs rEsHsWr edtis greahlbration  curve.

Incidentally, when the diagonal length was obtained,
Ghost Signal Removal Processing (K. Nakai Review of

20 Scientific Instruments, vol. 69 (1998) pp. 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 Assocliaticon) were used as conversion factor.

(4) Nitrogen concentration of annealed wafer and



[0081] [Table 1] [0082] 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] AyTable 10] [0091] [Table 11] 20
[0092] [Table 12] [0093] [Table 13] [0094] 25 In Table 1 to Table 13,

regardi ng anneal ed wafers and epitaxial wafers manufactured under various
manuf act ur eSEdh@ripon¥2f8ERsi ties of BVMDs with a predeternined di agonal

length and intersahplal @sreenclcReeNtiall 0N grAsHIed, wakdrslds and
war pages generﬁt ed io IE;% t he pseudo devi ce é)r ocess heat treatment are
s"Bx&Mp

col | ecti vel PEh3HA? | BOLARE Bhp? af TN E EXEfpreRNTt66951° HEM®, the
BMD densitiesfédysi nidabdwderd, ttabremdyve TabteodenTabhewdBfd addffwsion

Compar sty e\ IBUR! o5 cf Sd ot ofaelall e 19, aLg gensi thes of, il algphapec
densities (@ynaertdehspniednofthsl atatatmpecirBVDsenhosasured by using
SIMS.
(5) Slip lengths and warpage-resistance evaluation of
annealed wafer and epitaxial wafer:

10 After the following (5)-A was performed to an
annealed wafer and an epitaxial wafer, heat treatment
{hereinafter, called ‘“simulated device ©process heat
treatment”) where (5)-B was repeated ten times was
performed. Warpages of the annealed wafer and the

15 epitaxial wafer before the heat treatment and after heat
treatment were measured by using FT-90A manufactured by
NIDEK Corporation. The annealed wafer after the heat
treatment was observed by using X-ray topography and the
maximum length of the observed slip lengths was defined

20 as a representative value.

(5)-A: Heat treatment using a vertical furnace

(I): 780°C, 3 hours

(I1): 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



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
waf er has been taken out at a tenperatygge of 1000C at the second heat

treatnent in a case of the divisional heat treatnment are densities 5 of

pl at e- shaped BMDs, whose di agopal |engths are 5Snmor nore. Here, in Exarrpl es
2 and 4, alFORE" BN i SefoRhFLeF efft RYDRelré tB0oRFRER LRERENSFOGYSICO e BVD

density (1)1e‘rxajxlra§ §ndn(in45er'5¢t1|taa8. J;abj@u &Qn&éntaadlbﬁscarawuatela/e
Exanple 9 at,.Table 13 is_a densi ‘%‘ of octa C{a NEE whose d|a naI | engt hs
are in a range® of"1oHRTPISOAMCHNE SIS d: §4 Py 2 ?spﬁeb‘gﬁ’m

pl at e- shapepjrcﬁbm whese 'dra@tmeuhtl engt helaeet Y56hm shownokee, Eaamlatlhaes BMD
densities 15 h tre n asy eted and
at a stége %’to%%r;a has %i%aken %ﬁr%ﬁ %Btggrr%e?atur eseﬂ%f g@dc at

t he second S’féaflntit@aﬂ@@rlte ity aTéla%% 8 tanel dTah ke ohalis heatdenpelivmoft are
densities qf; platgs eﬂmﬁyD%h%%sedléij@r%PlnaheﬁSBHéhsar%r elr5ng1 (%ran??{]m or

Here, in Exanples 2 and 31, all _the di agonal |engths were
nore. [O097 iﬁémBW dé%@ﬂlﬂy (the |WEl“al§1Ie€SStYabﬁ?e) 615Ta€bl gepsityamife 12,

and in COTTRﬂlrzﬂiéNs‘—hd-:p@ﬁmB@ID%o fhodabl®i dedbrifl a1cdensist Yagk ors@hedicad BMDs
whose di agonal rgqahs are in.25 a range of 10nm go 50n t he I\/g denS|ty
(2) is dé‘?%‘fef'y ¢ Pl r GPNBVEE AholeSHRIGoHArTFendend 1&5E

nore, and tﬂ]&a&l‘wﬁérﬁﬁﬁﬁéllﬁée@tc@nﬁl@ﬂ@dthat at Benki kgt ofh@atatter—esantalmmt has

been conpl at a,stage aL_a waf er been taken out,

Conper ator 51 1006RE A SR CLeRRE flodr s r SaP e Tare cast St e

di vi si onal dehwlttstreht mehowar é ndéhdilté €3, ofaplat 6, skapgedlBM3 hose a

di agonal £5 , E.E)Sﬁ%; 7 9 I'l; £ he BMD
Iengt#t%e ggEQEeH'BE? BHB/se wr{dﬁnta @r?af’ l?ﬁgghg ar@ i

di agonal nm or nore. Inci of “waf ers and
war pagels S@aﬁmmﬁsof)flﬂ)me'ﬁ@ benor ethiar pdGedensityt i(8n wer @ Idspshtar | ess.

Ni trogen coficepiLeblonspof aRbeaksdswalfraithi epidgedfl apaf §6onhi oy vere
added with nitrogen were the sane as nitrogen concentrations nmeasured as
grown. 41 more, "and the BMD density at a stage where the first heat
treatment has been completed is a density of plate-shaped
BMDs whose diagonal lengths are 5nm or more. The BMD
20 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
25 treatment has been completed is a density of octahederal
BMDs whose diagonal lengths are 5nm or more. In Examples
2 and 4, all BMD diagonal lengths were 30nm or more, and
all the BMD diagonal lengths were 20nm or more in
Examples 29, 31,47 and 49.
30 [0080]

Incidentally, all slips of wafers and warpage
amounts of wafers before warpage evaluation were 10pm or
less. Nitrogen concentrations o©f annealed wafer and
epitaxial wafer which were added with nitrogen were the

35 same as nitrogen concentrations measured as grown.
{0081]
[Table 1]
[0082]



[0098] Fromthese results, it is understood that, regardless of conduction
type of a silicon wafer, the plate-shaped BVD density (1) becones 1 X

1011/ cnB or nore 5 and the pl ate-shaped3BMD density (2) becones 1 X 107/cnB
or less, or the octahedral BMD density (1) becones 5 X 1011/cnB or nore and
t he plate-sgﬁggd BMD density (2) beconmes 1 X 107/cnB or |less, or the

oct ahedr al 19 ity (1) beconmes 5 X 1011/cnB or nore and the 10

oct ahedral BMB3Eensity (2) becomes 1 X 107/cnB or less, so that |engths of
slips beconﬁnﬁgﬂy1fi | ess and war page anounts are suppressed to 20p m or

| ess even i hhealed wafers and epitaxial wafers having respective

di ameters. [G@DBP] 15 Further, when the plate-shaped BVMD density (1) becane
5 X 101%/cm%églémq , or the octahedral BMD density (1) becane 1 X 1012/cnB
or nore, slips were nade further small (5mmor |less) . Wen the

pl at e- shapelP®MD density (1) was 1 X 1011/cnB or nore and all the BMDs were
30nm or 20 i e 057 the octahedral BMD density (1) was 5 X 1011/cnB or nore
and all the BMDs were 20nmor nore, slips were made further small (5nm or
less). FurtH¥8®kven if the plate-shaped BVD density (2) or the octahedral
BVD density[fah1d Sst he sane, the warpage 25 ampunt is reduced to 15p m or

| ess by _addj jtrogen to a substrate. [0100] Further, from Conparative
Exanplég, w“gﬁs e plate- shaped BMD density (1) was less than 1 X 1011/ cn8B,
or the 30 ofrtrahiedral BMD density (1) was less than 5 X 1011/cnB, as a
result, theuﬁgkghexceeded 10mm Regarding the silicon wafer, the density of
BMDs whose gonal lengths were 5nmor nore was less than 1 X 1011/ cnB or

| ess, or 5 a4 knB or less at the stage that the first heat 35 treatnent
had been cop@¢§§ d and at the stage that the wafer had been taken out at a
tenperature of 1000C at the second heat treatnent in a case of the

di vi si oifal [(Trtake tPkat ment. When the pl ate-shaped BVD density (2) or 42 the
octahedral BAMy@ensity (2) exceeded 1 X 107/cn8, the warpage anpunt
exceeded ZOPTarrk])Ie Rleég]ar ding the silicon

(0091]
[Table 11]
20 [0092]
[Table 12]
[0093]
[Table 13]
[0094]
25 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
30 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
35 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



wafer, the interstitial oxygen concentration exceeded 5 X 107atons/cn8 at
the stage that the first heat treatnent 5 had been conpleted and at the
stage that the wafer had been taken ouyypat a tenperature of 1000C at the
second heat treatnment in a case of the divisional heat treatnent. Further,

under the heat treatnent conditions in the Conparative Exanples, when the
pl at e- shapetf BND d&ifdd y theg ( Dhewadirsk 188 cnd G2 HRse add s néeen

E:v?)t S-Shap&sbnﬁi\z[_tél ﬂiﬁil;éxg(dflg%)l}a%%a%extlﬁﬂ calwﬁda)feﬁh esss m@wgﬁ tlae;egctoa;ft%iral .
ensity S C .t he_pl ate-shape ensi.t was
X 107/ cn8 oﬁ—élésg,%mé’ﬁr\%ﬁé‘ﬁet rPean %@‘?@h‘éd?ﬁl “%ﬁo%‘-’e%‘gﬁiygﬁﬁ %a’?a%“{‘?“%oll/cne
and t he 15 iottahedsal oBMRheensitis id)awasedt Xt #16FftnaBt orrkeskenstiftd eswar page
exceeded 20 _ LNt jt] X nc LO c ed. .5 X 1017
atoms 7 ove g oS E-pSpLH T 1 it é%.j%?nﬁ PR R PERE

eval uati on M@t s adlesepanyi ngxphetepi Latd 6f iPdtertdhe t BMP cdypgeomader e

conduct ed, jdhdiies SidiEOMRISF n&geording to the present invention where
interstitial_ _oxygen concentration has not been reduced, an effect of slip

and war page[%Qﬁﬁﬂressi on is not apparently clear. But 25 when heat treatnent
(for exanple, hemie tpest HBAEiAY A1) etaiiee! ¥ kow tenpeiwiere, f anmeshort
L) e ot oAt J08%, oL acEompaly BLEELPLLaL LoD O b page
can be suppsessetaiségnali BEDE| yheyen diagdbatllhd evidtilconavaf &n aceandjeng to
been T educdil 1PBR R DECGRY TGN BEUTHS AW N 10102] RS T GOTT] F G
1 is a di agriand-othapgd abBMDsg shopearnii agurglage engtthsduged i HRIA leat
Ijr §§$ imrsn'ntnéttn!;dc?necibei?1 \l}vcéiglrltqalaenthcdt§ aﬁ%d_lrgaj{H%I%a%%;%ad%ﬁgééelm@g@ghg%eed fl%lﬁis).t 44 a E
m F m B5m heat treatment has been completed and at a stage that a
wafer has been taken out at a temperature of 1000°C at
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 29
20 and 31, all the BMD diagonal lengths were 20nm or more.
[0097]
The BMD density (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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nr nIH&] octQLedral 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]
15 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
20 more, or the octahedral BMD density (1) was 5 X 10 /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
25 amount is 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
30 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
35 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



g Pte{ {' + + +++ +++++"'+ gWPU>~""4++ p NOO + + "++ KV mn p h W-wmn g
WmP W4 CWwy X EppW n00O0dtWOmMmMS8 ed a NNdeN $ ff'p "6d..ide
NAEN O3 3 NNNN-~ N N NmF~ M NN p E+ + i ++++++++ + p a~ f n
N ﬁ]MIM/C)MIMﬂ1M/MIM/MIMIn1MIM/$ f2 a MMM/hIn n1n1 ww n1n1 EmCo NNOO
NTOp Fm OP NN WIN g EE
Errrnrrnn? n?%rﬁcFaBeqlrﬁ%nﬁWP der’?SlfYﬁlz #xw%eﬁ W iL@O/CT‘Wn e mew N
\éV n V\D 0O< sgaltpaYgé mn@u?lt~ excé_ec\ﬂﬂ@i Q‘Omn‘po 4R¥g@ﬂal\£g Cl:hé %ﬂiﬁd?ﬁ Pﬁ) < E
I Oe t
mp E oW ¥ %P?E v‘v‘*?% Uﬁt‘?\FﬁHtW% %X%g%“ CO%C%HEE%H% %ﬁ%%?ﬂe%}vé ’43] 3 mN
-n N,- na. 107Netdils/qm3\ Nt Nthei €Waget thaf the £irstr heat+ trdatmentt + + +
+ + 'h wW ONOO
100 0 0 0 BIPEY CVRTD GO frm i O £ Y g pagep nad 010,
CE |l OW (reen GAEER PutWar |aV\t(empJefrtatEre lofool(]OQ)CV\ﬁv 'tBeT schinl 1V\pm
00000 Q00 Bdabnth LnUOksD Br EnllaivEdopBiOreat Gufirfer C C €
Vopppp N? O CO0s COOS Oo mo CIX)
-OF0O0 P m m @rtlﬁﬁlm NIRARTr ther .henﬂt rﬁI?ﬁC‘UCIEPI?ﬁ n?gnﬁalElﬁilﬁq Au TRému m E_
m a

M M Comparative Examples, when the plate-shaped BMD density
10 (1) was 1 X 10%/cm® or more and the plate-shaped BMD
density (2) was 1 X 107/cm® or less, when the octahedral
BMD density (1) was 5 X 10''/cm® and the plate-shaped BMD
density (2) was 1 X 107/cm® or less, or when the
octahedral BMD density (1) was 5 X 10/cm® and the
15 octahedral BMD density (2) was 1 X 107/cm® or less, the
warpage exceeded 20p m when the interstitial oxygen

concentration exceeded 5 X 10Yatoms/cm’.

[0101]
In Examples, since slip and warpage resistance
20 evaluation tests accompanying precipitation of

interstitial oxygen were conducted, in the silicon wafer
according to the present invention where interstitial
oxygen concentration has not been reduced, an effect of
slip and warpage suppression is 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 DESCRIPTIQON OF THE DRAWINGS]
[0102]
35 [FIG. 1] FIG. 1 1is a diagram for explaining slip and
warpage introduced in RTA heat treatment.
[FIG. 2] FIG. 2 1is an illustrative diagram showing

discrimination between an octahedral BMD and a plate-
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0~803mri UOGunn3 EaEeoOEo0O000 3W\ nmcoEmm O
2 00EOO EpERY EYy Eop 0zEIl a z50-~ 30 '"EE$SIi ~SoS
ANOU(J UW d go mo Ua a 50 [DOCUVEST NAME] CLAIMS [CLAIM 1] A silicon
waf er where a shape of BMDs is octahedral, wherein 5 a density of BMDs
whose di agonal | enaths are in range of |Onmto 50nm of BMDs present at a
deep positildi¥c Wﬁl\%@] NAME MW% spaced froma surface of a silicon wafer
by a di stangg.xfM 50mor nore, is 5 X 1011/cnB or nore, 10 a density of BMDS
whose di agonal | engths are 300nm. or nore, of B resent at a deep

posi tion which i sglrlrﬁ%c?l?jl‘{/a SACEEFT ofn ﬁhgﬁ?fﬁﬁggs 18i 9L by a

di stance ofwisdmior nore, is 1 X 107/crr8 or less, and an interstitial oxygen
concent rzati on is, 5 [ i con waf er
wher e pFate shapeddéﬂégégnéﬁ§octa g% BﬁBf‘éhalfégéﬁkﬁkmﬁgﬁéliﬁ % a
density of wotahedf al 0rBVOse whidse, d@égblﬂas beagent atre ideep Pasgdion | Onmto

S50nm of BMPS &y e%%ntlﬁ&aédﬁge%g | X tE?Bm‘MB C%drﬁfa‘c’é""af)@' Ya S%@L“i‘i@ofnr om a

surface of a silicon wafer tance of 50 mor nDre 5§
wafer by a dlstance of 50um or more, is 5 X /cm or
more,
10 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 10V

15 atoms/cm® or less.

[CLAIM 2]
A silicon wafer where plate-shaped BMDs and
octahedral BMDs are present, wherein

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

25 a density of ©plate-shaped BMDs whose diagonal
lengths are 750nm or more, of BMDs present at a deep
position which 1s inwardly spaced from a surface of a
silicon wafer by a distance of 50 um or more, are 1 X
107/cm® or less, and

30 an interstitial oxygen concentration is 5 X 10V

atoms/cm’® or less.

[CLAIM 3]
A silicon wafer where a shape of BMDs is plate-
35 shaped, wherein
a density of BMDs whose diagonal lengths are in a
range of 10nm to 120nm, of BMDs present at a deep

position which is spaced inwardly from a surface of a



1011/ cnB or nore, 25 a density of plate-shaped BVMDs whose diagonal | engths
are 750nm or nore, of BMDS present at a deep position which is inwardly
spaced froma surface of a silicon wafgr by a distance of 50 m or nore,
are 1 X 107/cnB or less, and 30 an interstitial oxygen concentration is 5 X
1017 atonms/cnB or |ess. [DCLAI M 3] A silicon wafer where a shape of BMDS is
pl ate- 35 ShapePn whFeFnPy dendithaneeBmbs YhésB! dicdgdharel ed§tis &re in a

range of | Quityeml20nmoraf, BMDs present at a deep position which is spaced
inwardly from a surface, of siljcon wafer b di st ance of m or
more, is 1 X 1G117ehBIbY rgg:]M%F d‘é*ﬁ%f'?y\ggﬁgﬁﬂﬁﬁ \?etﬁi%%t}bef aﬁﬁﬁal7gl(6é’r‘|‘gt hs are
750nm or nmoremoet, BME pMEsenprasemt degp posiddmnpwhiichons wibisipaded
inwardly fr u ilico di 0 re, is
rama.puifaseael &8hligon ualer b a distangg of, 60m gy 1o

1 X 107/c . ess, a nin Ia ygen concentration’is 1017
at ons/ cnB ot dteswe F [CuANM 4F popet hbdl oX ddndtmcter i epsheard| i con waf er

according to cl alin ynouheieidad N6ayoLhCHIRIUn e AU AR, khey peal
treatment includin FA): a low tenperature heat treatnment conducted at a 15
t enper at ur B0t ©r736€Sf.or 30 minutes to 10 hours; (B): a step of
tenperature ranping up to 1000C conducted at a tenperature ranping up rate
of 0.1 to 1C/ mnute for 5 to 50 hours, and (C): a high tenperature heat

t r eat meflt s[tcelpl\‘lb@(f”conduct ed at a tenperature of 1000C to 1250C such that a
di ffusion | engtn of mkbhe#st ifigral RxygeActSrifga rarge sDfidOmM twa¥em [CLAIM
5] 25 A nethod fcf.r mawf actfri ng %he sljll i con waf e{1 gc;:rgr diar,gﬁl tg cl.aim1,
wherei n a HEAHHEH nemt i S 2 PBrfor met" St Rt hedt PB4t neAEEAE Ui g (A) : a
step of perdwrfmmged, heet Hesattmwerdtmednta including

(A): a low temperature heat treatment conducted at a

15 temperature of 600 to 750°C for 30 minutes to 10 hours;

(B): a step of temperature ramping up to 1000°C
conducted 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

20 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 S0um.

[CLAIM 5]

25 A method for manufacturing the silicon wafer
according to claim 1, wherein a heat treatment 1is
performed, the heat treatment including

{A): a step of performing a heat ftreatment at a
temperature between 600 and 750°C for 30 minutes to 10

30 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
1°C/minute for 1 to 20 hours as a temperature ramping up
step after the low temperature heat treatment step;

35 {(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



tenperature between 600 and 750C for 30 mnutes to 10 30 hours as a | ow
tenperature heat treatnent step; (B): a step including tenperature ranping
up to 800C at a tenperature ranping upspate of 0.1 to 1C/ mnute for 1 to
20 hours as a terrperature ranmping up step after the | ow tenperature heat

treatment ste 35 (O): a step including ranping down the furnace
t enper at ur eS@¢ 1 119G chber B8R BT 7 BRAPHPHR dBANtRAt BOOR GSRRETABEFfi naRe, taki ng

gggca sgb;tzrate lowm de sfc@@n&c‘rﬁslaidldﬁdﬁetéw cg baﬂgﬁ&aqumtd&eedh@(()g)c to
an CcO0 trate, down t om t enper r . a
Step inol udFWETIRRI AG BREuDSEPAFE. HOPAESEHES PRINEES AU Re Hortdla

t enper at ur ea:b@t mplﬁQOﬁpt 0©0800Q0 °andtr amtiemgeua turel OGAQ iatg aid engier at ur e
ranpi ng up t L : m rf or r t,at a

t enper atsuur e(ggf ?138 O é@églg suar}hg %%%Bglﬁ)u%} g%aél g%%t%th ?ﬁl nterstitial
oxygen is merapeaarg@r@f g0 aPPB°C50Mm aéZQOhEgrﬁm@nrpéiﬂ’@tturé hebiafi £ 49 deent ment
step. 10 [ GAMB] oA MREROd hen smanuf ReuriNg; 4 hg §bhbgor&fwag‘@ﬁ macgordi ng

to claim2, wherein a nitrogen concentration in a subStrate is in a range
of 5 X 101420 §f8 ASnB NGIR XeTpesatyws/ BRBL &RB2IBCAthE&EPrreatment is
performed to the substrate, the heat treatnent including: (A): a low
terrpera{ ure heat téfat ment conducted at a tenperature of 600 to 750C for 30
m nut es!% o £9" (B): a step including tenperature ranping up 20
conduct ed up to A 0066 taloda tﬁdsrper abun€actaraggr attheof sQlicba 1Gatswte for
5to 50 hoursc a(ﬁld C‘)(,O 1 ]ngh erature heat treatnment step perforned at
a terrperatu?% o] Daa 01410} O3 R e i 0 YR ThAt  a diffusion | engt h of

interstitial oxygemitsragera mnngentZﬁtabnSOhnt & 5@mbdttlagiem 7 Aimetdod for

manuf act uri Pgnégeog Li g(oqo\mrag@(gmsfa&ﬁso i Qg 5t glf§ﬂ563.§%§ﬁ£¢’grn§$$030 a nitrogen

concentration fn a substrate is in a range m to 1 X
1016at ols /cnB, anhdheahebreatrmaniensd pgréermedw@@ et alssttreat etha he

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
20 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 such that
a diffusion length of interstitial oxygen is in a range
25 of 30um to 50um.

[Claim 7]
A method for manufacturing the silicon wafer
according to claim 2, wherein
30 a nitrogen concentration in a substrate is in a
range of 5 X 10%atoms/cm® to 1 X 10%atoms/cm®, and
a heat treatment is performed to the substrate, the
heat treatment including:
(A): a step of performing a heat treatment at a
35 temperature of 600°C to 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



heat treatment including: (A) : a step of performng a heat treatnment at a
35 tenperature of 600C to 750C for 30 mnutes to 10 hours as a |ow
tenperature heat treatnment step; (B) a sgep including tenperature ranping up
to 800C at a terrperature ranping up rate of 0.1 to 53 1C/ mnute for 1 to
20 hours; step iLncludi ng ranpi ng down the furnace tenperature at a
terrperaturel %/rfb}rh‘b oWt rht’e of 0 1r?¥%rSQOC/m nute, taking out a substrate

outsi de furnace at) 5 tde §tugmaciendenpiedat Lh’a@nﬂl&igl\lee;{buﬁQOG:}{e) m.ﬁﬂd
cool i ng the substrate do erature a ste

\ﬁ/ntothe rg,?mé 3 ﬁ;ﬁ) £
i ncl udi ng t aRIg 2 Stbstrat®e FREPAEERES dARRAE at ?Wé FErfacet t dnpet at ur e
bet vveen GOOID't(b/I@i)ﬁ)ﬁeandtamamgi nguiup at osWEHOCa e @ utenper afureacangitng up

A ond Ofrile LordAChaL Ut engBg pRELOT HLBRe By NoRhobECALENG e A Lagporature

of 1000 suc t hat usi on ength o Interstitial oxygen is in
a range of %@omrt% t@@%sarmtgrﬂwm@ athe ermttftmté%tﬁr@mest@bd 15 [CLAI M

8] A nmethod for (@)nuf §C%‘Eébng_r¥d’l%c§t' é;' Cé%fkl"i@gf e& s@66PrELRY ihQ i¢leditRe3,
wherein a heat treatnment is formed to a substrate, the_ heat treatnent

i ncl udi ng 2BRymce a2t obhe eFrBé‘f'laFEr EenBgtatRESt REHIErBr 6;9& forf P04 heat
treatment aind t@fnfpat@twet@f 1600€ct at 780€chperatdrai ﬁ'r%infgou:kp s, (B)
r

2! STRET LTS LAMRLOR U 2Lep Locl uding o Srep ol perionig Lemeratire
hours; and {&Rperatigh tﬁrrpeoao&ce ﬂteattzst)éa_t nanth stept candiicifedsiain a
{emperature Sl A000E LArER0C TS0 Kk, 20 1F e pLength AT gt st il
a silicon V\b@errnaeeoadhmgh tempeaphud¢e hhstefneathment skeptnent |s per f or ned
to a substrate, the 35 heat treatnent including:
15 [CLAIM 8]
A  method for manufacturing the silicon wafer
according to claim 3, wherein
a heat treatment 1is performed to a substrate, the
heat treatment including
20 (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
25 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 20um to 30um.
30
[CLAIM 9]
A method for manufacturing a silicon wafer according
to claim 3, wherein
a heat treatment 1is performed to a substrate, the
35 heat treatment including:
(A): a step of conducting heat treatment at a
temperature of 600°C to 750°C for 10 minutes to 10 hours

as a low temperature heat treatment step;



(A): a step of conducting heat treatnent at a tenperature of 600C to 750C
for 10 mnutes to 10 hours as a |low tenperature heat treatnent step; 54
(B) a step including tenperature ranpi ng4up to 800C at a tenperature rising
rate of 0.1 to 1C mnute for 1 to 20 hours as a terrperature rising step

after the Iowter%erature heat treatnment step; 5 (c): a step including
ranpi ng down the firnade SEBRpeIBIHBING & TORFSTIEGr e TABRPNHg WOWT G ate of

1to 100 idonte, atak r@ér@t@wsﬂmﬂgouﬁ&edeﬁ ugp DBC@oatl dh@ﬁ‘uﬂeﬁﬁce
the room

t enper at ur e, bet n %0% to 800C and coo the substrate (%

tomper at ur Nt 50 OBy ORISR G ST T SR VAR 8 SAnSEER: ARG D4 he

fl(l;(r)gzéce at ldwe ﬁempmneett teies at utr:eedomamlerstﬁﬂf)ﬁ tlo 800C and ranpi Pg up to
a eratur 0 n and: rmng a

heat trtesat n&ecﬁ?pat %a ?t%%era{}gcrj%ewo#r?ém&%frﬂpéinfzw%g{g?chu%ﬁ%t a c83|on915

| ength of itereperdtuze ekydgentespenaturangaenpiinOomiewn 3I@Measohl Hu gte

tenper at ur e fre@fy, 4 .ead ”E'%taksih%p &9—%‘ %&Q&tﬂ_ e Mefutad J0r rRANEECTAY I NG &

silicon wafer 20 according claims erein a nitrogen
concentratigi @?W%%bs??@?%r%ui—"ﬁ abeF‘dﬁ@@ oP08°R 1604 &tog}né‘/ cdido 1 X

1016at ons/ cedlol {Kd-A M 1dip 2o dthe cmrhogb ftEHe MBI AEd b POt @rS1 } dg@n waf er

accordllgg to any one of clains tQ or 9, wherein a carbgn concentration

in the YubstratelPs i §-Pargé€ l?gxtﬁ‘ilﬁ’aﬁ ohePRBLERtS XNF3H8 dt'¢ns/ cns.

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 such that a diffusion

15 length of interstitial oxygen is in a range of 20um to
30um as a high temperature heat treatment step.

[CLAIM 10]
The method for manufacturing a silicon wafer
20 according to claim 8 or 9, wherein
a nitrogen concentration in the substrate is in a
range of 5 X 10 atoms/cm® to 1 X 10*atoms/cm®.

[CLAIM 11]
25 The method for manufacturing a silicon wafer
according to any one of claims 4 to 8 or 9, wherein
a carbon concentration in the substrate is in a

range of 2 X 10%atoms/cm® to 3 X 10%® atoms/cm®.





