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Silicon wafer for sem conductor and manufacturing
nmet hod thereof Detailed Description of the Invention:
Field of the Invention 5 The present invention rel ates
to a silicon wafer obtained by perform ng heat
treatnment of a silicon wafer(hereinafter, referred to
as "substrate") that has not undergone heat treatnent
in a stage in which the latter silicon wafer has just
been sliced froma silicon 10 single crystal ingot in a
sem conduct or wafer manufacturing technical field, and
Sk i P taFéraE ok OsdmSkd iRt ovahi ﬂﬂﬂdfa@%ﬂglngu@éﬁﬁdﬁ thereof
that does not include crystal defects in a
sem conductor device form ng region by suppressing
DOESLUI 4L MRT rabt $bh Po fli SO GRteARi o@Nd war page and a
facturing nmethod thereof. 15 Background of the
Ffﬁgg ?Alg VEPELAM waf er used as a substrate for a
sem conductor device or the |ike is manufactured by
licing a silicon single crystal jngot 20 to perform
ThE ARG TR REREN PP OFLARAS SRl ASt DE A AEEReOPERIRA DY
pstfead igngedt U%Eaamﬁﬁﬂuﬁﬁﬁtiﬂﬂlﬁ@nnﬁﬂﬂﬁﬂihQEeSH@htét, referred

siligon single crystal in for exa there is
S STt SRt des 022 RatnbinS SHE Boediliiqin o stage
1m&v¢:uphe$dm£¢t¢1asﬁlDéommﬁtﬂéﬁmtaurﬁnﬂfb@erSlsﬂhG@B fSrIoﬁlgel @ilicon
t beCﬁuse of such a%reason t hat

g ' it easy,
PR Bt REPRT i e Rk taphp gaSe SRS
teia:lanieiadr faeldpnéndl irofpadefiecl sr ts o aliaticvel yagaswith high

J.Itclygrt]:hzsaltn l & Cr St al l(lg% g?’ %Lil | egﬁg¥?tr]hge%§{ns.conguctor

crys?d? féct’S ca
dél"me:eCZe&mmkegl mmby%@ppxygerngano@@r teatdesceS sinpaislocation

af&%r%%tg‘ér algd, st bc%‘nﬁ UREr 3kl ?t ed oxygen
oxygen preC|p|ta |on caus s |n uction of ~ fine
defects called "BMDs" (Bulk Mcro Defects) in a. heat

B%Jéﬁ%'ﬂﬁﬁtof(@ﬁ£m¥ﬂ9e nducted thereafter. In order to

a sem conductor device on a silicon wafer, it is
35 required that no crystal defect is present in a

A%%Tﬁ%ﬂd&z' cror dew ge gdsev%b%rt@agg f&91 OQemTQbr?dL'létor device or

ecause en crysta ects are presen I N a sur ace
the Likechs maonfeat vrehdy dlbeifpenpdlicercisiogle dnvesakl ingot

tc?\)/ég %}:r& h{-:(&; lt§e§§1'rﬂéi$p heemd Eglfjsql%cgl Emeqrik]g to the sliced

required that th con wa
ingRfl.udesa mfua@tarpn@p@rtfmﬁﬂoeﬁtmscft ﬁeﬁélthOWrFemBN@scrYStal

1§ﬁﬂyef59 981k Sl e MRIRIr el FRUELL I8 A2 1 BRI | hdtEhod Nekahethod) .
npurities cause sem conductor device mal functions.

The CZ method occupies most part of manufacture of a silicon single

crystal ingot because of such a reason that it is easy to obtain

a single crystal ingot'with a large diameter or control of defects

is relatively easy.

A silicon single crystal (CZ-Si) pulled by the CZ method includes
crystal defects called “grown-in defects”. The CZ-Si takes in
oxygen among lattices in a supersaturated state, but such
supersaturated oxygen (oxygen precipitation) causes induction of
fine defects called “"BMDs” {(Bulk Micro Defects) in a heat treatment
{anneal) conducted thereafter.

In order to form a semiconductor device on a silicon wafer, it is

required that no crystal defect is present in a semiconductor device
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In order to satisfy the above requirenents, a technique
for performng high-tenperature anneal to a silicon
wafer to induce BVMDs 10 in the silicon wafer to form
an 1G (intrinsic gettering) |ayer and di m ni shing
grown-in defects present in a surface of the silicon
wafer to forma DZ (denuded zone) |ayer where crystal
defects are reduced without limt is used. 15 As a
specific exanple, a nethod Zor perform ng
hi gh-tenperature anneal to a nitrogen-added substrate

I rate | t V. L reg Q
Do 5T et oot el Bet €19 10k e, 3F brosen
inhe swbBtgeaa Which or miBWDLE neardidngenfermogrbn aasicow st break
I.ngide e 0 - Ay 10- cp
a0 B 0T Sh166T . Mpnsere e wethdi, e 1o
reauéentrthdtorid e gibzcpayerfef dngddden BMurihagerapeer @mount
thebaek. SuihagRDel s&rpd l{ LR WL Che i) B urities or the like.
above-nentioned high-tenperature anneal process are
Mek el e HBPYL 1 oV €@ ugBeseni o diaterndfviHee fiipsl fomegfions.
oxygen during heat treatment. As a result, since

restraint of dis|location defect extension on the wafer
Isupraee tard Wadk Shefakeve cleid resnst derafloghndappsior

pedicsLRLHE hohh deémsd St urlasidas1exd end 1@l fd M8 £ aWaued BMDs
the surface and the back surface introduced in the

ignhalsigleeBseaiaht soal vl BP fhi dRtEé8al € I9Fedder) sbrygr and
dRMORL &M AN Afr SinF@AJEAE &f t S R eSht CON AafugirakbevBf Stkl®ilicon
tg extension of such slip dislocation. For exanple

Waheh P SO BnDbefdenufgd onfdalt@yer nheG SFYStRAtAS teqts are
rsupped ek Hyntheakitr eatwayd. ports or the like, slip

di sl ocations often extend fromthe supported portions
around the back face of the wafer. There is such a case
AggatﬁﬁﬁcﬁﬂﬂqJedb&baﬁatéCTFKﬂﬁbeﬁés Eéfﬁbﬁmﬁﬂd MFQH—%Bﬁpﬁrature
edge, portion. 3 the strength of the silic waf er
ARBeRH B3 b faena 20BRE S HAE. S enoHOSE T4 PORe ich not
oalywaf etrdgendamrgedsorhidaigen dor kaguceramidwactinr tagestepn a
ocgurs. ver he DZ | ayer is. inevitable for 5

ST Rfuchr UREHERT GPWArPR. S d e 5Pt Pdont hagagn o5 core
ihbadle hdse aubAtrhayehaanskdrs pewpeké@nt JB1A-SU0~GAQU A and

rop. A en required. |Ina conventional art
Jge§c$¢@%&%ﬁﬁgggJA-10-98047 or JP-A-2000-281991

attention was not paid to strength |lowering of a

HEWEL EON o %gé’coan%% %Qa?i&i,é iig\%‘z‘i? SES%'}%{E%C§;&‘%EQIJPé’ace and
Stch & et Rod coul'd not " avoi extension of slip
adbatlocatifece MEaawhilieson wadedefint theradooret-meot upnehce

h%%hi?%ﬂb%?agﬁrgiﬁhg gﬁi ces g?gh&&kféH%%%ﬁﬁ%ﬁ@EEdiﬁgﬁgb
gh density has ‘been proposed.” 1

external diffusion of oxygen during heat treatment. As a result,
since restraint of dislocation defect extension on the wafer surface
and back surface lowers considerably, slips (dislocation defects)
easily extend from fine flaws on the surface and the back surface
introduced in the anneal process into a bulk, which results in such
a problem that strength of the silicon wafer lowers due to extension
of such slip dislocation., For example, when a silicon wafer is
annealed in a state that it is supported by heat treatment ports
or the like, slip dislocations often extend from the supported
portions around the back face of the wafer. There is such a case

that slip dislocation extends from a silicon wafer edge portion.
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Specifically, a silicon wafer manufacturing nmethod

where oxygen precipitation nuclei with sizes of 20nm

or less in an amount of 1x101 atons/cnB or nore are

formed in the BVD | ayer by applying rapid tenperature

rising/falling heat treatnent to a substrate sliced

from20 a silicon signal crystal ingot at a tenperature

of 500 to 1200C within a range of 1 to 600 m nutes

under atnosphere of m xed gas of nitrogen gas and

inert gas or m xed gas of ammonia gas and inert gas

has been proposed (JP-A-2006-90980). A silicon wafer

where BMDs w th a high concentration of (1x1010

vatmhen&fh@gmlal Bl & NE/1G EBA Qéfaawelweeen geél%ratsgsi &hcern

re eat| g_heat treatnent steps several tines

SHrBRBoBH Ok G835 1300MeT ASwEdBReed) G dipken Guring

mhrﬂmatenroﬁgatepl d>¢m/frr|s}/vaf Iedix;]dxﬂeﬁ ncme@seph}andlle in@plidable for

tenper si.n al |1 eat treatment utpllz

BRI he faid O RE SR RTAS 7 S YEqeREFSE odd Fae = 07

Irageentnyehs Sexdyadieties iacstir ¢renae pebpsktp ith slaeat reguired.

war page occurred in a wafer becones problenmatic. An
illustrative diagramof slips and warpage introduced by

Trhe cRiRen3toredad rt deatnivdd is JPhawh0+ 8 HQor TP-5H2 PE0-281491,
re it yc f t Nole] b en a

FPorThAHAC R FT B b BRI REIRG S8 o F I Baser, ano

a stilodaceda &41 prnefeendreéd By Sl@hdiar sethomh, colidchot avoid

SAURETNAY P15 1ATRAR 18k DIGAKI NG TN some cases. The

warpage is a henonmenon ere a wafer is deforned due

to heat strain during the 5 RTA heat treatnment. In a

M&@E%l@é ]J.Qloopéi@f'%o Jl%rve%)ﬁaé@&reﬂcewgbéhnsl%.lf.‘aarﬁ’Péjlocatlon,
portion and a vall ey-shaped portion appear, as shown

3 pefFhed for Aenarphbes AMPs 8t13 dowhwdeesitn h@sSbage pfoposed.
shipping is equal to or less than 10pm However, such

a case that a difference in height between the

SeeaghtAFdl Bhd & e liapneye feadhasf3eyeE Avg teatdofo WPAT dhefygen

pRedh bl €00 HAhEE1S SwaPRs Ileevaftibrn@a} ﬂegeqtm&mameuﬁh @S x 10
RTA “ocgurs. Wen the warpage becones |arge,

a§€ﬁ?é@ﬁd&€tﬁPrle@F%ef° Pn &R %ﬂ?eéxﬁéséap%ﬁﬂQQ rapid

teRbeka sifd 2€€inynfLh le@useesc tﬂé’ﬁn{e&@ td A see.ert.eea@i@@wéd from

devi ce %leld Besi des. s] i hi gh-density dIS|O &i

3 §1;l5i%% mignedi geYatat |4 \ﬂéfért%ré‘té’rleaf’ée rtp?ag}éoo c

wibhbasa omwher ed. 1l to i &t;:mﬁludesedn&&mtatmeeaeeawe iked gas
em of the warpa

o e 0o sibi ANGEF HAsuPE MEE SRt BB et e s gt inert

gae It st heen ﬁﬁ@msrs}edide’+A zaaoa—nmessn bl & $ Dl 0 dafdihehere BMDs

probl em by only sinp ti.pg .t he BMD _co frati

R SRRt s A etnebatE S fI4D Yol 4L 8 LR FE T Ao ey

hihoe e §¢ oo tveaf By rwipieh thhghhegurat fdatremat s does spoéral times

hasclae'gﬁ also proposed (JP-A-08-213403).

However, since a diameter of a silicon wafer is increased and a rapid
temperature rising/falling heat treatment utilizing a Rapid Thermal
Annealer (RTA) is frequently used in recent years, besides

occurrence of slip dislocation, warpage occurred in a wafer becomes

problematic.

An illustrative diagram of slips and warpage introduced by the RTA

heat treatment is shown in Fig. 1. Slips are introduced from a
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crystal defects in a sem conductor device form ng
region while suppressing occurrences of slip

di sl ocation and warpage in a device 25 manufacturing
process and a manufacturing technique thereof is

I ncreasi ng under such a technical background.

Di scl osure of the Invention Problemto be solved 30 It
is an object of the present invention to provide a
silicon wafer wth high quality where both slip

di sl ocation and war page are suppressed to be
considerably small, which is suitable for dianeter

&M A GERENPO I B Pt WegRUP A TRT RECetHddcenar@ot wadsrsholding

peadionf.or Tisd| Mi b dulded P o £raxkReapi gsent1d MeR®E8n, which
have carried out extensive studies about a

TRISRS ORSAF pY ARBIHY BVOTSPEEND 5T WGt FBRSSs| {The warpage is a

sheérl pRAbhOThe BNG WOLYAIRAGET S BfiedTakE NG lhtea@0§§i£aredtﬁemg the
t he

n@gg%ggt re an excellent sjlican fer satisf
B e maRA MM a FBshI Y2 r¢hepradetansn Gr'EMRLSe @
rﬁdmﬂaflinedhape@pbirmbn BND ssv B &i-shepbdtpoet i bAlappear, as shown

f gyent oth S|Ip:$IS|OcatI0n nd var page_an hgve : .
bddfed t hé YPrEEENCH Avihti Tl ”i €I (1PrReSphf @St SN1PPING 13
eqneantoorr tekattgsart a0fihe mohbomngu(:h)atams(elﬂ})at (alallfﬂference

silico fer wherei n a.densit f
Shuee s Boanel Chied Drallt s eRh bt it S cons

- irs whpaces iflioonawa Sar flaCEppD)fl&Ii snthmumﬁ:eatrbgnta such as RTA

ST i 3, Fothr oo SRER 1y SrleReb PR, Rvice
i ttegnof ar8B0n e crxpwsied ¢1s acepidr tsorf)arcet,esialtha:rauses lowering

(rfIJs%/m‘iEﬁn (&) o N e g?_@ﬂ"af% gﬁégr Plgégn hl ?ah‘éeﬁ‘?Pé’f

: |nc udi ng ni trogen (3)
disdociebédniis phesembvesfdy aosi{on watkndiege hydrggerarprage

%‘% (o%);uér@@nufﬂcagrwrgsj;@é%g}d tgg\t/gtr?é%é %(sgaftﬁé warpage.

escribed in any one
conprising growng a silicon single crystal ingot

M &mmééltwenga@afg%%éwnésagfgalrh%aw\g?ed B mleemlaameter
center tenperature of crystal during silicon sin

Recpesl eHOWER ehdiRfes th ek ARTTe0TY 3 toHe G R AP ntcb,avoa.d
{HR BiroBNém afy anl@pﬁhl‘ﬁb[‘g heatl a23nhr €9d BB doPcBntration to a

substrate sliced fromthe ingot at a tenperature of
MEBCePBe BRI it 3d kRi AR e3P 4 hours, appl yi ng heat
treatment to the substrate at a tenperature of 1100C

to 1250C for 10 m nutes
A demand for a silicon wafer with high quality that does not include

crystal defects in a semiconductor device forming region while
suppressing occurrences of slip dislocation and warpage in a device
manufacturing process and a manufacturing technique thereof is

increasing under such a technical background.

Disclosure of the Invention

Problem to be solved

It is an object of the present invention to provide a silicon wafer
with high quality where both slip dislocation and warpage are
suppressed to be considerably small, which is suitable for diameter

enlargement, and a manufacturing method thereof.
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to 2 hours under atnosphere of rare gas having an
impurity concentration of 0.5% or |ess at a vol une
rati o or under non-oxidizing 30 atnosphere where a

t hi ckness of an oxidized filmafter heat treatnment is
suppressed to 2nmor |ess as a high-tenperature annea
step. (5) The manufacturing nethod of the silicon
waf er described in the above (4), wherein an oxygen
concentration of the substr@ate just after being sliced
froma crystal is in a range of 7x1017 atons/cnB 35 to
9x101% atons/cnB. 6 6% The manufacturing nmethod of
MeRBSSEPF cIM Wd¥e hGeBEPPHEY in the above (4) or (5),

wherein a nltrogen concentration of the substrate just

ter being s on1a cr stal falls in a ran of
1 Bian dente oo aA pra i eEaRet censivs) SEhdte anout
rréaauiammrp ngnomgt BRI 6f z¢ hei ssirlibeenonaf €ri pesenbbediém, and
rein thngromﬁ of the silic

e Rar Bt bl ag MCDSS RS SEEHRE A E£XSEN0enE SR Teon
wialfiat srattr-ﬂ'gemgf ahksabova dange. ofs IxI@kG1al oosé ibsent

X 9 at.o The nufa thod, o
l% %Qc%ﬁs V\}b er & é%?‘ci(L 2 H‘ma 6Mone %f nﬁEl %88\%‘3’2 4°r
pteveﬂganwhﬂublalapthHhmgem1cmnnehvaapagn1ana htlie reached the

t t _after being sliced froma crystal falls
p§g?§$§gﬂgth%Pn1xlolz atons/cnB to 5x1016 atons/cnB.

(9) The nanufacturing nmet hod of the silicon wafer

Tﬁssgé?&& R v'ela%ioﬁbp £.{8) ’towggéef@lltcﬂﬁ oY 9 h.of (1de

con single crysta |ngot under
(i ndsphlarcenwiwe £ er hylk tjien agasnasstscomuBN@@ustyh sizes of 20nm

tbnﬁéﬂﬁ%cfeﬂmﬁgcﬁrééﬁk %tCQr@@é;H ?%E?t?én tﬁ%éﬂngo%&eﬂﬁ%rom a

falls in a range of 01% % at a volune ratio.
sprfycaRE aemidfigenur? FRY Wt ol séRnthee®iali EorpmaPEss than 20um

ide8rhi Dethd Br &W100MEnDE olde) @b%ﬁ‘* (4)q G Odéﬁgzty@@rﬁ*lﬂ: with
a silicon single crystal layer 20 (epi-|ayer) §

Sdepdstt POBP Epi Pak? al S RIS taf Periatie thah 1x107/

(P} gt LNRRLAtWH & A ibell fEehe @bot b8 1) n\&%tmes]ngﬁnwsgen
silicon wafer of the present invention makes

(PbsipFéleen ﬁﬁﬁ@ﬁa@?ﬁ‘?@%%#ﬁ%aﬁm%r(% R 52 rargeluding
hdapeeder (typically, 200mm or nore) with high quality
(grigerforn1ng such setting that, a density of BMDs with

Bappiaphps 19 A6RRPEOBRDE hreee et desggdped in any one
opcwetame whh oo i 8) Sf@@ﬁp@llﬁf@@gaosurﬁcj acei Ofcon §ir|1<j13é3l3rystal

di stance of 30 .20mor npre is in a ran

D PR R S TO0%) & FECIANA P iRaREit JanBF BMEELGf ehcenter
t Shzes tafre30DRMYSE a PR iing Eifubonti reyl el @ﬁﬁs'daha@rdwth changes
107/ N ’°gX%heE§$ycsur‘P%r %SSI ngozporﬁohresil Iaﬁd a tggqatpgp ylngdheat
treatment to a substrate sliced from the ingot at a temperature of
400°C to 850°C for 30 minutes to 4 hours, applying heat treatment
tc the substrate at a temperature of 1100°C to 1250°C for 10 minutes
to 2 hours under atmosphere of rare gas having an impurity
concentrationof 0.5% or less at a volume ratic or under non-oxidizing
atmcsphere where a thickness of an oxidized filmafter heat treatment
is suppressed to 2nm or less as a high-temperature anneal step.
(5) The manufacturing method of the silicon wafer described in the
above (4), wherein an oxygen concentration of the substrate just
after being sliced from a crystal is in a range of 7X10!” atoms/cm®

to 9%x10'7 atoms/cm®.
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smal . The silicon wafer of the present invention is
reduced in occurrence 35 of slip dislocation and

war page as conpared with a mrror wafer that 7 has no
BMD inside a wafer, and it is also excellent in
gettering ability. Best Enbodi ment for carrying out
the Invention 5 Silicon Wafer A feature of the silicon
waf er according to the present invention lies in that
a density of BVMDs with sizes of 20nmto 40nm of BMDs
present at a deep position which is spaced froma

ace of a con 1 fer by di st an of 20 r
(h 5PS G (3Rl bES GretBRHotE e T B 1057 ARSC AR the
alh&vlentlt‘)odlﬂce;'d) f wbaYE he apr eseider ByeRdray St ibnnsif nge swdrate

ts_described bel From th It .of th 1l
SRS AT Gifd "6 SLTGPAr LA BT SEVBLS Aib Lbhar it ol TERGRARE X 10

avafer caf tter Shemlstarteﬂisﬁe:mf whi ch has been conducted by
Hhe resen ven ors, t%sent i nvent

ave , .
(@ arl |mggusﬁ url %&ethﬁgtoa WEdRt B PR YR g??i STCTdRefsin the
qmpesenﬁ)ArwheBhEB tAdgrowtheoprigeent 1 i nwerdiorgd ehavestal ingot

. ' hi .

SEPEh A AR ISR 2R LD YA, oy o o
okhil&h 0i'§ aet;@a@e‘@mf’ r togm 1a¢ SWfat@nayfcné silicon wafer by a

(%' S%‘I@Q‘f'ﬂ%ngEachPg%é) <H68 @Pthenéillﬁ%%eﬁﬁfgle descrlbad in any

characteristics PS and war page
onieo ival ra o VAs é)r@su{’t Mheyehave mmr@igﬁedcamﬁm@artg,on of

tgedSQJ?l)Csrt: rQ@g f.%'tog\ftill BEHB%{'S@.QCQQ ﬂ%ﬁ'ﬁky%@@ %laé?sfi%ra range

prevent %ng S generating
ofj 2&405 azt@mm/t:m 4t0hrﬁ>é%0a @w@/tow 25 of 5x1011/crr8 to

(@)*ﬁQJ%é%U@ack@PﬁHf%m@Boé'dp%hg%ﬁjﬁ%o%UQQf@§%ﬁch9bed in the
equal to or less t Wien the | engths of slips

ajpEeelfilal Whesedr tragrowdh abihe Ehbledn Fdngle @bystal ingot

i8XPOSEsk e Ansdkf e@ﬁogghéﬁée whekd i By oRhehas Evencdrt lamously
slip occurs at a wafer edge portion, when  the Ienga
lls in a

16Fr?‘l“1‘ec%4 |5b‘ChstE%|'EJa? CPGCBF‘tF%"s% Otfhéhe 11@fﬁﬁ°9t9ﬁ‘eg§f5|
rdﬁ@é‘ S0 al1y @achsaasesn ganMect-atigdevi ce form ng
glon and it does not. influence. a deV|§e adver se

VRE T IS BRRU (7 BNDE 9aP Rt 16 811 1en S 2bHiR b2 egmsggﬁgegyin any
ohé<iﬁ$5etiﬁﬁve 3x10dl/(omB, wHIMAS ndD s1Qt cERIYMAS 8rystal layer

suffjcie t barrier respect tqQ s|i

BPop orkS FREPSTES o AR <17 hi BSThed HE taENEPEy and
h8gh st egse raft uBWMDanweath may serve as a barrier to slip
propagati on, but upper Iimts of ranges of the BMD

density and the size realized in
Effect of the Invention

The silicon wafer of the present invention makes it possible to
manufacture a silicon wafer with a large diameter (typically, 200mm
or more} with high quality by performing such setting that a density
of BMDs with sizes of 20nm to 40nm of BMDs present at a deep position
which is spaced from a surface of a silicon wafer by a distance of
20pm or more is in a range of 5X10'/cm® to 5X10%%/cm®, and a density
of BMDs with sizes of 300nm ormore is equal to or less than 1X107/cm?,
thereby suppressing both slip dislocation and warpage extremely
small.

The silicon wafer of the present invention is reduced in occurrence

of slip dislocation and warpage as compared with a mirror wafer that
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an actual silicon wafer are 5x1013/cnB and 40nm
respectively because of the reason described later. 5
The range of the density of BMDs is introduced fromthe
fact described below That is, when the BMDs are
present at a high density, such a state that al nost
all solid solution oxygen has precipitated as BMDs
occurs. Meanwhil e, the nunber of oxygen atons
precipitating 10 as BVMDs dogs not exceed the nunmber of
oxygen atons solved in CZ-Si in solid manner and the
per limt of a solid solution oxygen concentration
h%g &BoBYD| 3 O Buttordfens ard nidsds Fhee ebtred lent éangetpering
dgiaught that a density of oxygen atons precipitating as
SMDs is about |x1018atons/cnB and it is constant in a
state that BMDs are 15 present at a high density. In

Bd¥tS ERbal eme Mhefb ot Ra rRyihgroof BMDI nvkRELSRSES,
i ndi vi dual sizes of BMDs becone small, while the nunber

decreases when the BMD size becones Iarge. That is, it
didicepdenstopd that there are upper limts in the size

a he de .the B resent at hi gh densjt

Aagatara g they s PLicdd saler ettt Foofha) ppent Lnvknt ion

lireasenttiadt a densnty of Bdwkowl{h citesuch 2drad tioheDfim of BMDs
i zes, are and it

HERP3 8 RS R s BT DORRT 51 AEPE Sesier THa t g ilicon
wWdERSi by aofdltslnenBNDsf 120uADbe mdran 15x116)]£/reﬂae of 5x10%/cm’ to

18f ore, i s_under st ood that  ranges BVD, .. ..
orir 1 Aotk Ee o PeRb e A OR e PRt s £indines
gmdopagas | das el badhiveved by 25 regul ating the sizes
of BVMDs in a range of 20nmto 40nm and regul ating the
density thereof in a range of 5x1011/cnB to 5x1013/cn8.
Fromj sheredserldblod tthat spael BVD ecend e yyipss mfgraerstianesgtrBMDs

g%nlé?QQ@d indid¥ ‘éei:akgrsénge%a&h‘éféggﬁrgc tQ{%utJrHe

mm or ess, It nore pre at t
C@eﬁgttgdutsy é‘d’@alprteéeof- hyenttdran the 1OM9ye0ns. lnAﬁot:hesF have

@t ¥l &y Lﬁcthhg ghlt C&{ét""ﬁfﬂdé"%‘i‘ir dapgtfﬁ&trl%npﬁgsﬁfgsent in

invention lies In that the densit wth sizes
BYPs300Mener thespaesent siregnapre oh@re |examinRanal xa b7 tee®ship

akBh§ the @%%‘i 24RO 118,21 oRY %‘i% 1§7¥?Q§@£§ atfd BdbPGosition
descCri bed below That is, when thernal stress acts on a

vareris gPgredehsent ¢ sHFEReR &t érﬁlllslcé’é‘n‘éﬁﬁ?’é@ﬂ/\ﬁt%}ﬁance of

20DR Nt SRA@MBMPEN ¥ & Rhb @hg@astZLSst 1% 36k lsﬁ.‘gp§‘§n@ warpage,
starting point. As a result, the wafer is plastical éﬁndl o
n r

thB O REE N & HaERERS RrdEeRH L iont heh e ¥nePaR e hA

dBNDs: 15&d W Dgw, @3 akthey Sh@hhidid ip@il mMooé i £4 ;ﬁbecp&tewentlng slip.
decrease, even if therpmal stress acts on a

TBRESHS/cPUA DIRG9 BEDmeL RS BT W toa QJPm at a density

of 5%X10%/cm® to 5%X10'%/cm®, lengths of slips can be suppressed to
equal to or less than 10mm. When the lengths of slips are equal
to or less than 10mm, the slips are not exposed to a surface of the
silicon wafer. Even if a slip occurs at a wafer edge portion, when
the length of the slip is equal to or less than 10mm, the slip does
not reach a semiconductor device forming region, and it does not

influence a device adversely.

When sizes of BMDs are less than 20nm or a BMD density is less than
5% 10 /cm®, BMDs do not serve as a sufficient barrier with respect

to slip propagation. There is no upper limit to the density and
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war page i s reduced. Especially, BVMDs with sizes of
300nmor nore 10 tends to act as a source of generation
di sl ocation easily, and the density of such BMDs
exceeds 1x10/cnB, dislocation inside a wafer becones
hi gh density, which causes a war page exceedi ng 20pm
Accordi ngly, by suppressing the density of the BMDs
with sizes of 300nmor nore to 1x107/cnB or |ess, the
war page can be suppressed 1p to 20pm or | ess. Further,

i f the warpage of the wafer is equal to or less than
20pm a positional deviation occurring when a
sigriscohdiPisorh tdevimpy pattern 4 bacxpesdd ehip midpagehion, but

YEHET 10088, NH ¢ aRYCELE @negébg%gngf%%thao g realized in

ingly, 't ensutyo ): Si'zés 0
m@%t@dcéebscorlxaﬁﬂﬁse SPhEO W agel bewonesspeptl vely kscause

JDr§ et Qggsgppagsmqj%l nabky. As the heat treatnent for
eval uating resistance properties to the 25 slip or the

warpage, it is preferable to performa heat treatnent

TH r DRSS OF FhBG RN S BiSs £ IhRY6EALEE BYoATHR iraQ:ttedé)sfcrlbed
30C/sec_ or nore in"a tenperature range from 700C

belovc tDatailht avben Wi Pibh argapepset éttén’b’é}haﬁaflélbﬁ‘r such
al 50QEe O hd™La@moker £1.1 1A 16easant MY okhgen oad p&@@@ﬁf@%ﬂed as

tenperature is set to be equal to or nore than 700C 3

PO EEaNER: HREAWEhEShede TRERATSHt oré%%@attoawsepb%w@émg

£088bs tdbe s0hoBDE R ddtBih & HUmb FEPETAlyRM Bf orfd | |s‘3.>lved 1n Cz-Si
di sl Ecatl on or a warpa becones easy. The reason

& Chédt Mt e t@@n‘ﬁ@?%\{ Ur @ its Of of S?Jolcbesc&ifl‘}élo“t Bxyge“

Dncle@ssa t ham 151806ut 9 ECAsSEn S RPEMolst M tTHArelfd@e, it can
heat treatnent t er at u&e in the device grocess i s

beh5hPudioFEa352 & S&tﬁh‘é SHEAGR WHEhPRED %htsa"rlﬁ‘gaas BMDs is
ateviccexpodeasmsheat atrfcﬁatm?.ﬂtcol&taﬁanirb&a pitediect Bt BMDs are

appr ox |nate Y, exam aracteristjcs to

FERBE T PoP T 49 Teasor FAYE netfseraetr e ninber of BDs

mmemgéa‘.alﬂmdﬂgxda&ﬁe silzessef BMDshee@galsmi 0l prehidkeet idanmber
QC/ sec_is _bhecau when the tenperatuyr

BECeRET ARl ia AL eeBRba equa be of ot Hhdd yossstood

tB@C/ Setxe bherumterstiiesss dot ting sirzeaasd IUheonemmfte,r of the BMDs

9%%89?%1;'93% Pdse%sﬂ?t feh, rd?ﬂ%?y()flftsll.é BRo8hs b IELBI4G1ize

Phecones s cant Accor d ener
BiiDs | praddran aits apdeveit e fi A Xti9é* qrrénpecrfattmee thage siwks are

mtoEg Er?eﬂp%%ur d1:3 9 Q/f dsls181 L AL E L3096 prlds LSt R .J.dzes of

at such a Si ICOﬂ wafer 1s a silicon wafer ere s 1P
Z0omdirsinpratsivem Bimalt m@m}@yawe thetBMpsnés atog@ tiam 5% 107" /cm

T%?SEé'ie deyi ¢e ,AGESSa IS T SﬂéHE%PEhE |§'d|e!n§99 and the

er accordlng to the present vention iles in
BiRes i epigtini adf qalme syPp pe gre ridrigt @éophg@h@mb@\ﬁeﬁénﬁpbh@tﬁd by

regulating the sizes of BMDs in a range of 20nm to 40nm and regulating

the density thereof in a range of 5X10/cm’® to 5%10%3/cn’.

It is preferable that the BMD density is higher in such a range.
In order to suppress the length of the slip to 5mm or less, it is
more preferable that the BMD density is equal to or more than

1%x10'%/cm?.

Another feature of the silicon wafer according tc the present
invention lies in that the density of BMDs with sizes of 300nm or

more is equal to or less than 1x10’/cm’. This is based upon the
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15 heat treatnment is equal to or less than 10mm and a

war page anount of the wafer after heat treatnent is

equal to or less than 20pm The silicon wafer

according to the present invention includes the

silicon wafer added with nitrogen and the silicon wafer
added wth 20 hydrogen. This is based upon the present
inventors' finding described regarding a manufacturing
method of a silicon wafer. gaccording to the present
invention. C lIncidentally, feasurenents of the BMD size
distribution and the BMD 25 density can be nade
rrtedeinzi agven torventinoiab Reswnibesaselpng net hod.
Specifically, such neasurenent includes neasurenent
utilizing a transm ssion electron m croscope and/or an
TRt dal Phewi Piermmad sPrefs| astoont hewhike, 1ByHSidepsity
ﬂsﬁloeﬁﬂﬁbl‘?rls er?ef’?cfegwfmrp?hﬁgagl;%qﬁ BMDs w11:h large sizes
conventional known neasurin or exanple ch
afddadr @frens tppt i nde inteasis @HE‘FIQUU:LI lthei vaf an 1X- ph@ﬁtlcally
&é%%‘%%apmm'é%fébgin\oféiéﬁ OBth\@aé&{tfzﬁﬁ ben IR aMBE L rving

y a convention own nEasurlng
aSpihes pEeatHyg Pakn hRb s 1@F36M¢Ipdgér%ﬁ$%r ehélatlfltlhermal stress

ddteabregt. cady beplea\éallua&@fiomate%f BE8bRGs APSRS & bBur, and
usi ng FT-90A ‘manuf act ur ed by NI DEK Corporation, or the

Waire@ g€ Mot HeAC i nof MaTied Lof BYDS wahhvaizes 5’fA300nm or more

veRadlf estwi B9 dehedeof s %eﬁblrb@%h wakepcRECOK HalRG1L0 and the
the present invention is a hod for manuf act uring a

%emS.lEtSrP-ﬁAéfléP BHMRS RgceRes ELR df:@s: ddsdprpbirmpopdde a wafer

b%%gaésl ROy Wty WBLERG:Afsed §i hbﬁ@&’%@'é‘}&'e%d(ih}gfskwm
ot used 10 in the panufacturin of a silicon

}\ﬁ& EFingbwr dHYnéUPBr?ﬁ%l“%rt@§eﬁ?“§Weﬁtfl bhe BMRs pgth sizes of
3@@5&0& GRIt eb@opl &f1ef abhY oUsegh HUt hb hea FagdmhRoBe Catphessed
gg by c ntrolling an ox% %n concentratlon cont ai ned
DAoL aTe. PRI 6rowt ha e HERE Goan hENS difdeieds eaual to
o@r Qpeslyharacmmndl agpbelmdm:nd d@fdlatﬁ@rﬁf:cﬁﬁmk rhmhqr when a
con nce, e |
P bE Rt s B uESh e iarRgLs FRrSiad B auseditoh Wared does not

epreseénge/ alisentd eoradgpe of various el enments and a size

(a dianmeter, a weight or the like) of an intended

ingot. A silicon single crystal manufacturing device

Agseddioglyt,heh2 Hemmiwlyact BMDmgmtrbtshcmksocbf 3 09nhi @onovnafegreeds
tQ t he nyent i S not

P e ERG S rnes Fare LT i Mgl CF YR a
unepef st e accordlng to the normal CZ nethod is

preferably used.

As the heat treatment for evaluating resistance properties to the
slip or the warpage, it is preferable to perform a heat treatment
for performing temperature rising/falling at a rate of 30°C/sec or
more in a temperature range from 700°C to 1100°C tomaintain a silicon
wafer at a temperature of 1100°C or more. Here, the reason why the
heat treatment temperature is set to be equal to or more than 700°C
is because, when the heat treatment temperature becomes equal to
or more than 700°C, generation of slip dislocation or a warpage
becomes easy. The reason why the heat treatment temperature is set
to be equal to or less than 1100°C is because an upper limit of the
heat treatment temperature in the device process is about 1100°C

and a phenomenon which happens in a device process heat treatment
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25 A nethod for slicing a substrate froma silicon

single crystal ingot, which is used in the

manuf acturing nethod of a silicon wafer according to

the present invention is not limted and a conventiona
known nethod can be used. Specifically, a slicer wth

an i nner peripheral blade, a wre saw, or the |ike can

be used for the nethod. 30 Devices used in the heat
treatment and the high tenpgrature anneal step

according to the present invention are not limted, and
conventi onal known devi ces can be preferably used.
Bpebrfpredigred phpraeimage lysey xaminénhechatacdastrighics up to
i;@lepde rti

R Ce B Ao R RO IPOR, 2o Pl SRR HiS o 1k R race
isneeldes e vasradlcap Pl—]rTFFafiﬁa thEnald b cyea y-p"ebﬁaﬂpﬁ'g: arhen the
t@ﬁbﬁ)@@@tupé‘rzgﬁslfr}%'lqgnFsz;{b aeoRESt e ediLRLERY; Aedethigin

%h tenperature anneal step can be c
36 t/ﬁﬁaouf'sfpeyrw $G reRs @féﬁdm%an # uf helcen orfafarbb@wmes large

stoyreﬁahaaaagrmwmealpgg 98 TUNGLEQFe B diieed @aGHE &1 ednt .
t he manufacturing nmethod of a silicon wafer according

Ptct‘folfﬁé”?)hé'se]rﬁ geNPEALEBN PF €5 SLRCEEOM NS PIAVENEEA 10 the

%lmﬁghcﬁt@fé/sﬂaﬂge laREOt havhi drpeBE BE &1 il NG f%@@'lh&gra{t%t ®ange,
e.in which a center tenperature of crystal

l&u??n?ga ItPEan‘sq}h@I él%%ifs't HPEGF ovit B %h%ﬂ‘fifé’s ”féeFr‘ﬂ?ﬁre slip
dli@@egatpo@mfa W2 rpehEl Ar&nd®igene Tht &d i $h RATRAHRONAENIRe
resent inventors' finding that the tenperature
pF&ﬁﬁ Swhere the abovenentioned cooling rate is
mai nt ai ned i nfluences the BMD size |owering
onsi der abl nd en gromh is r formed whi l

ERAARenGY "PHes LOUTITES o SSEREGUER & | @& espRE Lavention
ldessirt yhat BMDSenyth i Zl@é s15pafenz@@nB-orn MhkealCArent2@t ioned
suppressed to.1x10/c Iess urther even if
BB R e e Por AL 20 Phel S BB 5 ed e Gol'f HRp9eapBount
oif Ntha Wﬁmeraéttlen:eheanga@t@ept foreqauahta benpesatuhae 20um.
range, it is not effective for the BVD size reduction
so much. 20 It is preferable that the cooling rate is
Thacs Ehisech wafeucicebrduagpeoeuhﬂ'eream@e inved tiibni Snainrdes the
sgﬁ?ggrrl %t‘)alfe {1 w1t%0191 ernagx(‘?d tlhsé gle{L 19 79 er. cﬁJed with

ror &2 “ordef Tt o suppress e density © i
hydzesenf 300am orbamrce upenlki€/ wreseoit hassnt@ﬁsﬁwﬁﬂd@ang

nyf il i f

S EL R & o Y E TRH RGN0 TG e g 3 T BT Bl
agpptyimy tvedthe preaemeninvemtaosubstrate sliced fromthe
silicon single crystal ingot grown by the

abovenenti oned growi ng nethod at a tenperature of 400C
Incidentally, measurements of the BMD size distribution and the BMD

density can be made utilizing a conventional known measuring method.
Specifically, such measurement includes measurement utilizing a
transmission electron microscope and/or an Optical Precipitate

Profiler or the like.

Slip dislocation in a wafer can be measured by a conventional known
measuring method. For example, such measurement includes

measurement utilizing an X-ray topograph.

Further, warpage of a wafer can be measured by a conventional known

measuring method. Specifically, an amount of warpage after heat
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to 850C for 30 minutes to 4 hours, applying heat

treatnment to the 30 substrate at a tenperature of 1100C

to 1250C for 10 minutes to 2 hours in rare gas having

an inpurity concentration of 0.5%or less at a volune
rati o or under non-oxydi zi ng at nosphere where a

thi ckness of an oxidized filmafter heat treatnent is
suppressed to 2nmor |less as a high-tenperature annea
step. This is based upon the 35 present inventors'

finding described below 13 That is, the present

i nventors have found that perform ng heat treatnent at
taepenart \ianybE oty alarmsedabyi e 1dieeméng b seaata ti peag Tt FT-90A
rhSIBSE AL ML HyS NTBER é@p@@ract&floﬁoo&t&é%&e' s remarkably
effective 5 for manufacturing a silicon wafer having

t he abovenenti oned high BMD density froma | ower end
MQBuEQ@tLQerlga)@%FchBQV\@detlrl%o(ﬁeﬁﬁgér of a wafer _

t hi ckness. 'The DZ layer is _then forned by performng

At fnu e ughn A grai e Pénpeiat Gpe warfread Cedeping to the present
ih0ehdesy alsl ¥ .mdth@dhEgh math@rsbtyr £ o1 7@sh DY £EPGaving the
| ow-tenperature heat treatnment did not 10 di sappear
L@HENH ¢ AFFC T HPGR- BBAPRr at ure anneal step. Wen the heat
treatnment tenperature is |l ess than 400C, since

di ffusi on of oxygen does not occur sufficientl t he
RBﬂEf?%ﬂQnadgégwl?ﬁanEESGrOftQ1éﬁéf6?% %%RSIBNEFU%%%}tEPQOt used

1becmdﬁ&&thbaﬁg5a@m&d ®¥Ba Aﬁlﬂbrph;alf@rued@&cﬂabj Qo the
When the heat treatnent tenperature is_nore than

PERRRE dPYEPHESr ardE bfF THEOEMP R BRI BERTARLY R&d Ekmj the £z

meensd t:ynbﬁecoﬁea Hyessnt el imglohl bk ogén C\MﬂlcéhtbStlon contained
undeS|rabIe n the heat treatnent tlne IS Fss tha

1307 ni RS er§te3| ncl EPPIBPORETRAS GRNoRG gRA %% r?&tc’per
aocetdimutdicikentl yf at bem BiMaduerar dokls dvot watet) performance,

therefaore the BMD densi.ty becqnes l.ess than 5x1011/.cnB
e 2HE Rt TR eay LR P Ure 40T P LS e g O 2bout
pee(s;eeccés/azbsbouemf doBd/Df ¢a1t1@|usd£‘l@1ehysea¢ﬂzeechﬁze {a diameter,

2 el B gt Bt e e Rl st - Ex 011 che and

the 25 waf er nanufacturlng step is further prolonged,
A“@{ on sg éf? &P%?%mn%?l t Eﬁ%?cebgk ME%gEEAPQﬁmIt

i $-hecessar press oxidrze oh ‘a

mann faateirahg mhemmafce? aby i pecdorvairg aheOf@irhg)Wlmghe present

11@1@& it %mggr %Hrfin?i%%aleséggpal a%%dgh or(@r@segla‘;f&r silicon
nnsp eré where an inpufrrfy concentration is 0.5% or
simgle actryat\aél vaeufattiue Wienrdimg itepdhiet yocoak ehd metthod is

£ gggﬁ gdbat a volune ratio, the oxidized filmon
P %ﬁ sur acg exceeds 2nm which is undesirable. The

reason for suppressing the oxidized filmon the

A%EE?&%&@M‘&A e§§ub§t£9€e PLOADL NG QU N A déiﬁé@l"ﬂagot
en and facil |tat|n VOl contraction and
w@yghpﬁggp ﬁ@ghqwmnufacturlngmethmiofaslllconwaferaccordlng
to the present invention is not limited and a conventional known
method can be used. Specifically, a slicer with an inner peripheral

blade, a wire saw, or the like can be used for the method.

Devices used in the heat treatment and the high temperature anneal
step according to the present invention are not limited, and

conventional known devices can be preferably used. Specifically,
the device used in the heat treatment includes a vertical furnace

of a batch type, and the device used in the high temperature anneal
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19 the vicinity of the surface. Meanwhile, when the
oxidized filmon the surface exceeds 2nm outward

di ffusi on of oxygen on the surface near the wafer
surface is suppressed. As a result, inner wal

oxidized filnms of voids in the vicinity of the wafer
surface do not 5 nelt so that void contraction and

di sappearance do not occurs during anneal, which is
undesirable. Wen the abovgmentioned anneal tenperature
Is less than 1100C, a contraction rate of voids is | ow
so that voids near the surface 10 remains, which is
UredpesnE bipdes aWentinel awreaket efipebatahet ¥ dedd ng2500Cxygen

iryee rARoF adat i 88 R MBRRSGE St L&t rlche %ﬁ@en@rso&:iéﬁg{é%noéégture

significant, a replacement frequency of )
AL SHfiFrchan pesiAndacitad geassnpabt ey Patredade vartdestd furnace

o> aBg Rk hey b et Lansdy ARl gbi FBndSidess than 10
mnutes, time for the void contraction Is short so

that voids near the surface remains undesirably. Wen

Thizer @niaal ot ithe hARds ui hQWeShod Jrof &li1iaBReAlteli AR ording
becones | orlla:, which results in deterioration of

Yor SBERTRAYY, TRKPEH 97 ldRdelt raoMéng2d SpHe con single crystal

imeyeuf @et 1 mBgn tBidady af cabisinlg eore Waf £rr R¢@01 flivkE chOa center
t he gr esent _ invention includes the manufacturin

. 9
LEPROAT WHe PE Gy SRy giF InCoRtktd ab I BH O F Y Ak2 5 GBSY FAcdanges

firast 1afoer theignge sl isesed mim arChystal This LB Basa@Pon the
of 7x%017 atorrs/,cg@ to ng}l%rﬂ %torrs/chB. This is ba}%ed
PZESERON T HE s et "I nt Bits TP haTRYr Hed & iBadepeieig the
a}')bgteméxsticbyecsebbﬂﬁ]gg afh teX Y g &b itnRdestr &t f Dremfest BRe BMD size
substrate a

ust fter being sliced fr i ngl.e . .

IZPFEL A PRGOS T AL 7 EE GReNEiE ® RS hoRed Hipegipintaining
ttensobdyirof MBVBs iwl tihicla denasgey tie Sddralilt y/ efiBBoDs narté sizes

0 n be realized, when heat treat 7 i.Sayperfornmed jn
o3 2 0fn 5 BPRe FN 8 oot BRs bRt 4F TR 485 8er fpdener.
efreom B@opil oy eiss perdohoed st tiBy abeteinagt t dreedoxpgenng rate in
acggrgpegll rt%trleoparq e te@%eﬁgbi%f %‘ﬁghta{) tg%%?}Ztugé %/g%ne'tﬁris not
| €55, cﬁsappear hceé "of ‘grown-1n defSet's present 6h the
ef§fiefares dfont HbesBMDconz avafegiuct $of agd Imtct.ed by t he

hi gh-tenperature 35 anneal. By setting the oxygen
concentration to 9xxl 017 atons/cnB8 15 or less, it
Ibetonese frosdillel shed flg map hiinderOze | g8/ dmagieelied Wi didrh a

tghgépﬂ\ﬁr& MonLge, MaUE act Ui ng ﬁre%%?}%&)&@t@nam\eihggcémgg rate

. venment | onel oxygen 5_ concentration can be a J u_st e
ipyseppeopf ¢ anigt preonre olnl pageart osypepes eomeederat vt BMDs

wi Bh 8] fe s 110 308AREE r Ofic FOtal 1 QRE7 Rfndacer Usd bl e, or

Another feature of the manufacturing method of a silicon wafer

according to the present invention lies in, after applying heat
treatment to a substrate sliced fromthe silicon single crystal ingot
grown by the abovementioned growing method at a temperature of 400°C
to 850°C for 30 minutes to 4 hours, applying heat treatment to the
substrate at a temperature of 1100°C to 1250°C for 10 minutes to
2 hours in rare gas having an impurity concentration of 0.5% or less
at a volume ratio or under non-oxydizing atmosphere where a thickness
of an oxidized film after heat treatment is suppressed to 2nm or
less as a high-temperature anneal step. This is based upon the

present inventors’ finding described below.
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the like. The manufacturing nmethod of a silicon wafer
according to the present 10 invention includes the
manuf acturi ng nethod of the silicon wafer where a
ni trogen concentration in the substrate just after
being sliced fromthe single crystal ingot is set in a
range of 1x1013 atonms/cnB to 8X1015 atons/cnB. This is
based upon the present inventors' finding described
bel ow. 15 That is, when thg3nitrogen concentration in
the substrate just after eing sliced fromthe single
crystal ingot is in a range of 1X1013 atonms/cnB to
8X1015 atons/cnB, a silicon wafer obtained by the

% ng t; t e [
S s e P e S R
tw&r pEGRs atofpariad IvRlYhl @Y caseevituresubsre dthe PWRAREF Hegtment
tRRbeRAMELL Wist iy i FL0peRs 4 WRN LIS Rict { 99 arkably effective
concentration in the substrate is equal to or nore .
fPRaRa Y AT rAGE/ ShBLe Py Hgdgat hdnier thiespbewgnerioned high
BEENGER Y By oBMPSI AR d En8UPPTERSEE 584 Al MREPEYE ARer of
be further reduced coggared with the case of a

asBEEF dthe CKkARER - | S NFoPZatRRF WiSt Bh el tiuged, Prupevframing the

folleohihd QOh-GRAGERLEf @td Qhnies1egtab. t Anek dBREL1 I ANhe high
8X1015 atons/cnB, nulti-crystallization takes place,

dﬁﬁ?&ﬁyrﬁﬂPsrégﬁT?diQYItBﬁe%?Wﬁf%ﬂPer§F%Fﬂ,h%ﬂﬂ ERepgment did not
dupgdpsédndven 38 The sipstveabersanrdeadmalli zedpby
conducting growth of a silicon single crystaF ingot in
the CZ nethod fromnelt added with nitrogen in an
waghUtlie 0feakX1t@26taéONSY iR ra@u X104 9 =0 HAaNB008S, ASnce

Tet hods f ddi it t t, .th i |
RO S PRI BaR I oRa0 b bRt PO T Eperer P Hm does
nbh;aoadﬁc!,nﬁhaeéi_n?clgsa:ihngi_srlulﬂ&;eraiml@t lbl@d‘_l%)nfeﬁf ldbfppﬂ:kgu &x10"/cm’,

er, Wt a NiLLriae | | . e nmanuracturyi ng .
HEER G Bt e g s e ket P TR St as more

thavefid @n isnetadessddrearanatact whengMmethods odcddres, the BMD

silicon wafer .where a gen sconcentration, in._t
Eiey el AT P Bumio O S EUR PO, £F gl ehFe.
crystal ingot is set in a range of 1x1012 atons/cnB to

t C 1S 1§ . S ; .
oSSR Pl U SIS RO BB BEESE e gy cromion
of foxtylgenoxggrenot ormemt saf f oridrg liyel Bite BEPyLdowdoas morteoccur,
bl.e BVD-d [ & f 1 r ican sbe, . . :
BEELEAI S U BRL L, Al QLA g T A
undecioraylst.i ofheérrs téfef begaf igeatment time exceeds 4 hours, a BMD

total density exceeds 5X10'*/cm?®, the density of BMDs with sizes of
20nm or more of all the BMDs becomes less than 5X10'/cm®, and the
wafer manufacturing step is further prolonged, which results in

undesirable productivity lowering.

It is necessary to suppress oxidized film growth on a surface of
the wafer by performing the following high-temperature anneal step
under a rare gas atmosphere where an impurity concentration is 0.5%
or less at a volume ratio. When the impurity concentration exceeds
0.5% at a volume ratio, the oxidized film on the surface exceeds
2nm, which is undesirable. The reason for suppressing the oxidized
film on the surface 2nm or less is for promoting outward diffusion

of oxygen and facilitating void contraction and disappearance in
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for formng a DZ | ayer wwth further reduced crystal

defects. Even 15 if annealing is perforned in a

| ow-tenperature heat treatnment for a relatively short
time, the abovenentioned BVMD density can be realized

by the hydrogen addition. Such a nerit is advantageous
regardi ng a point that an anneal ed wafer with further
reduced surface detects can be manufactured at a | ow

cost. 20 The hydrogen concegptration nust be 1x1012
atons/cnB or nore in order to achieve the

abovenenti oned effect, but when the hydrogen C

tEGNELRHAY 6 et s8d§a5x 10 Meaarbik? cnBenbiiblox idéredtfsiln on
@5 O a d2Y % 08Eds Qﬁﬁurout%'rﬁhdiisfuléqgﬁséf %QIyScen T0€ surface
substrate can be realized by continuously introducing

egdr bhena s SUREECEhES atuRIISIRERE - S g r@ﬁyét al 1@Wﬁll
ox4eh Ehati 13s SPRCRRLT Al itfR Pfcidie Y ErQgena 8as sus rhBe &0 not
range of 0.01%to 3% at a volunme'ratio to perform

ML Eith 8D Vol EFaie aebhee N i GPPeR repse pdr g eacyrs during
anfehesswi tan i@ Uhdesti hgp1ydrogen concentration in the
substrate does not reach 1x1012 atons/cnB or nore,

whi ch i s undesirable. Wen the concentration of the

wREH BgeRLYISmeX ELeRIsd IYnek Der dppdiragere CoONCRNALT eﬁémliorm C, a
the 35 substrate exceeds 5x1016 atons/cnB, whic

CPBEERF S 9h 1GEEuPLehRET Bt 51 7 O%h §BbF 2 et ddss “e(i\/ﬁu Elﬁe girface

rendess s ablieh iEhend@difaaatur imeEmetidadnehbl aeppkir§0lre exceeds

er according tq the presen I nyention includes the
lﬁghuéacﬁﬁﬂﬁen&eaéﬁﬁ%l%‘? Oafe§‘ief“ Eon a? ‘%/\/ﬁ’é'f‘éf‘Y ?‘ér“ace is
sSi;hif:Dcﬂarﬁj nglz@pawsﬁnaht lfagatef €piof | nearete)r si 1se ct@ReGShigd which
% £€ pIE@XIa| ret hod .after the high-tenperature
TSAReRT . IR d5PasaRtS | AN i FPStbe further expl ai ned
bel ow i n detail referrlng to Exanples but the present
t|o i S_not ted t |.es anpl es
ThE s Bl g Rt tsl GRS gk h e B Rt 6 e TepP (RGeS time
foaf ete ]sﬂuélnneateaicmafrens ahdrepsd ahiaal veatisrseaertde surface
red_in the [.l.aw n r ratiaqn
re?‘ai\}{ﬁa nH § Tt anghgg t|h(r% a%\geen vverex%l Of!?.%ugé, a‘total
aunexi b ienei beputnles nbotiaur n&neh 280sshbt=asin @iembtabna'aion of

pg&?u{tem 551 ShE¥ATYs (RdesFOMLD, OF single crystal

The manufacturing method of a silicon wafer according to the present
invention includes the manufacturing method where an oxygen

concentration of the substrate just after being sliced froma crystal
is in a range of 7X10" atoms/cm® to 9X10'7 atoms/cm®. This is based

upon the present inventors’ finding described below.

That is, by setting an oxygen concentration of the substrate just
after being sliced from a single crystal ingot to 7X10'" atoms/cm’
or more, a high density of BMDs with a density of 5X10'/cm? or more
can be realized when heat tréatment is performed in a temperature
range of 400°C to 850°C for a time period from 30 minutes to 4 hours.
By setting the oxygen concentration of the substrate to 9$x10V

atoms/cm® or less, disappearance of grown-in defects present on the
surface of the silicon wafer is facilitated by the high-temperature

anneal. By setting the oxygen concentration to 9Xx10'7 atoms/cm®
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After nelt was prepared by heating the crucible using a

heater, seed crystal was dipped in the nelt and pulled

up, and a neck portion 25 and an expanded di aneter

portion were forned while controlling the nunber of

rotations of the crucible and the nunber of rotations

of the seed crystal. After the expanded di aneter

portion was fornmed, a dianeter thereof was controlled

by utilizing a heater out pytg and a pulling speed, and

a straight barrel portion was grown such that 30 its

| ength reached a predeterm ned |l ength (wafer with

i dreser i bfbeczp@inPod UDkeMtonddem aniwidedPanistyer efith a width

A0Qmy ,20Q9M . Thereafter, a reduced dianmeter portion

was forned and each S|ngle crystal ingot was produced

by separation fromthe nelt. Conduction types of single

MHH%%%@kukDS&t§ Qyained M@%f%d’éﬁ%pgb&péméﬂkl %dbxgagn

n-type 35 (phosphorus-doped). A cooling rate in"a

TORTGELRAEL RN 2B &Rt EG] ttSé#p‘léWa@mreonﬁla@ﬁ;wtcamtr@héh@@an oxygen

J&&%&QQ@&& 0; P QREWash O bl aided oBY r&fig: f5ld aw Bcrucible, or

nmet hod That is, a tenperature distribution of a

téveydi kP - center portion 5 during crystal growth was

cal cul ated by heat conduction analysis and an crystal
rowt h axial direction average tenperature gradient G

T%@Wﬁﬂﬁ%t&rﬁaﬂg@t&ro d1908 G it1d 9003 iRds2 Gt gl 1Agdt © Ahe present

iGREstabn OfOMdes ahe AvQage WrahyendididH RheWaslicon wafer
obtained, fromthe experinental résult, and VXG [ C m n]

&g edBt Rt HARED SSNGERBBATIRT 100CPat BIBSHHE tReanst after being

sQQEdHCEt&m as spegher 48l NGgEEMAGS ddwati nVasS range of 1x10%3
rcially-avail abl e heat conductlon anal ysi s

a§8f“ Fe to X§|Ong HRPS/EM | ng"of thPIHA Mﬁ’@“r Sbe prpsgnt

inhasgeovber & ddiggCcHystal b&eMeAlowt. enper at ure changed from
1000C to 900C that was calculated 15 according to the

abovenenti oned nmet hod were performed by placing a heat
el el g nlgerp|tabanl”f&d>@ ehrasngeetabt Wb hnemeelshle@trahaaagust after
conduct i on &for or t

DB S b et BN HEE Srpara) CAsbaet Mt AP & 2oRENRed ¥ 107
atbmey 400RG B 190DG Hamspreaperd wilwaberwepot ditaiheatby the

hi el d I I h 20 st
B EhEA Bl s oL pPAPRSIL X0 S AR
a(aa)zevﬁelmtummre@tumy:genbe:dmemr aieldonedrurt wagpages compared

SBACENLLAL [0 <And, DYEL QGRNCORROL TAION JpSHBSL LA

tHeht s an oxygen concen S ArtT
concentratlon 25 and a hydrogen concentratlon in a

W%ngtthr a;l ncenilet% 8?99&%1:%({10% tlb%he SQJbs%Wagg 1@9&%1 t%)or more
than 1><1O13 atoms/cm®, propagation of dislocation generated by BMDs
is suppressed so that warpage can be further reduced compared with
the case of a substrate which is not added with nitrogen, but when
the nitrogen concentration is equal to or more than g8x10%* atoms/cm®,
multi-crystallization takes place, which may result in lowering of

yield, which is undesirable.
The substrate can be realized by conducting growth of a silicon single
crystal ingot in the CZ method from melt added with nitrogen in an

amount of 1X10'® atoms/cm® to 1x10'® atoms/cm®.

As methods for adding nitrogen tomelt, the conventional known method
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Adj ust nent of the oxygen concentrati on was conducted by
controlling the nunber of rotations of a crucible or
the like to control an oxygen 30 concentration in the
crystal. Incidentally, the oxygen concentration in the
substrate was neasured by the infrared absorption
spectrophotonetry and a val ue of JEITA (Japan

El ectronics and Information Technol ogy | ndustries
Associ ation) was used as a__conversion factor. 35 2)

Ni trogen concentration: 191%A rel ati onshi p between
nitrogen mxed in liquid and a concentration of
d&infjb@gﬁ{écﬂ@@‘@ﬂei:@?w%Ssﬁbcy\@ﬁccﬂﬂ@l | Bh@arddiyigokk eh &gl include
an adj ust nent .of the pitrogen concentration was

D BEF BP Rt by ARG i K7 M T PoBORE Lo CEnit 4 BRLF n

melt froma nitrogen 5 concentration introduced in an

i ntend ubstrat and pRI.N substrate wit

ThRPRGE R R R eERET R ¢ 0 LB e1Ae L rSER Ty Bhe Argsent

mhenmadnt mdmxdcéentaéIryandﬂm:tmrﬁh@gﬁa'tmn@enthatd;plndem wafer
he substrate was neasur.ed usi ndar

s BRBisR, ERR-TRIRAS TR B et et Rcohts datat being

seéquad fwonora lsdsglehany Sxd0lidgb® at osst cnnﬁa\/\mngbt af nrmllo”

fromc ul Rs U seg atlo factor

ansgécﬁd%n ?%]Rkoncéﬁgfgplon%gg n%?r&ﬁ@ﬁ 5888dt??135ﬁ§e“t

1nebntozﬂﬂiﬁﬂmglﬁglddsérxnﬂd areloati o of crystal. 3)

Hydr ogen concentration: Crystals were prelimnarily

manufactured in crystal added with high 15
Tbanhcient eatn aif bbe axygenl @onﬁenitmgthymrlcsgealitumlrmﬁpheraemore

pg?fépgolecr t%l 959 <$fl.81tx¥ 2I/(E)r%itS \{:0 4fE éaaﬁ B> reallzed by

T Con war er siice he“ob{’ai Ned crystal s
adé'asmredaﬂoy)yldhregenf r dihed labsgxmaromonspatta‘omotmtfrfyg:t1ve

fgpdfot Qngygrll%gﬁ 89% tnf@ﬂ:@ r%%uggéacl Qafr Q}eé Even

concentrati on 0 a hy ogen oron palr. |ons
ibervssl i2Q L hebardanmedr abid loW- th@pmmmyaabg@emnt for

atPé?Jré’Pl%q s%k?”t?rﬁe,drtb%’t %Ueﬂgﬁﬁ‘:or{(f'a g%he{ﬂ@ MRS be

prel1mna obt al ne _ |
r@@hcmmutbﬁ bydhgerogeidiitarnedfted pnnerithels advantageous

re 9;?&{ W@%td&t ngﬁgeﬁeoCQQfJPLlﬂpg f:@ﬁef’?le&gged ]gurface

ratio o m xe ydrogen. | ncidenta m Xin
dhywtﬁgecr@wv@§ panf b ek sy a5aj hey oelidi -ng hydr ogen from

an argon gas introducing port of a silicon single

crystal nanufacturing apparatus such that hydrogen had
The hydageeraansedtvat Lo muatike L dPcoptems ajorr gage jggrder

S 4 S 18, R KBOL,L B e RS e £ B0 SUBRIY AR ORE 3l Pieh v,

slicing sane portions of straight barrel portions of

coregidctEtiensrigrede rSLal° rhemsAcyr olrbible defects due to

hydrogen occur, which is undesirable.

The substrate can be realized by continucusly intreducing hydrogen
gas into the atmosphere during crystal growth such that a
concentration of the hydrogen gas is in a range of 0.01% to 3% at

a volume ratio to perform growth.

When the concentration of the hydrogen gas is less than 0.01%, the
hydrogen concentration in the substrate does not reach 1x10%
atoms/cm’® or more, which is undesirable. When the concentration of
the hydrogen gas exceeds 3%, the hydrogen concentration in the

substrate exceeds 5X10'® atoms/cm®, which results in occurrence of
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abovenenti oned nethod using a wire saw as a plurality
of sheets to apply a mrror processing to them were
used as substrates. 35 (5) Heat treatnent
(Lowtenperature heat treatnent and 20
hi gh-tenperature heat treatnent): The obtai ned
substrates were put in a vertical type heat treatnent
furnace of a batch type having a purge function where a
tenperature w thin a reaction chanber was held at a
pr edet er m ned tenperature,lg and subjected to heat
treatnment (|l owtenperature heat treatnent) under argon
Wahlat aesphes e JHichaipr ed@éerramied time. Then, they
wer e subjected to high-tenperature heat treatnent
(1200C) under argon atnosphere for a predeterm ned
T%Hd]fﬁar(lmmﬂrlﬁ@&nd'tmldﬁ oB@(Hﬂmficth\ﬁfhmuéésdoﬂdilnth@o $88®resent
furnace erei.na e wafer after the . heat
oA R OISO AT 8&6-%5&%61“%(55051.OQ(%fl%b??%yﬁéﬁr where
d a;yelicdepmmqma)rzcry/smepuped alediayeren tis atdpisGkBessy the
pm S rface portiqn of the

i BATR TR G¢tRg Bhe abAr o RORERS Bpparre ] 15
(herelnafter the annealed waf er deposited with the

pi taxial s called "epitaxial fe !
BasEF edun M carh 1 o P ahREar el Shg behgu in decaid
re;fletraxmgltmﬁﬁemple@ Phe flod lpoweisagt neasnténents apd limited to
t%%akggm%fn about the anneal ed wafer and the epitaxi al

fer Gl ned by the abovenenti oned nethod, nanely,
(1) BMD size distribution nmeasurenent, (3) neasurenent
E%%m ?L§p | engt h and eval uati on of warpage (RTA heat

nent), and (4) neasurenent of width of DZ | ayer,
wer e conducted. Regarding the 25 wafer added with

' ogen, t LoN It ed,
BP0 et b8 PR LAy AR e
Appasleedafierishendneparaxiial nadefer oper manafdcgured in the

fgﬁil{g ?Sshllaq,rpleel'ectron m croscope. As a defect 30
eval uating apparatus based upon an infrared

interferonetry, an OPP (Optical Precipitate Profiler)

A4 oRY o AN .Technol ogi es I nc. was used.
ree portlons positioned at depths of 20pm 100pm

SahycIDO P hdardmdaa TV wele 611 ek hncf Crie kditnbabudl kg dprnace

s8nNdsthe oRiihaxi absyeder-Rrg ifeagured. BMVD sizes were
obt ai ned fron1S|gnaI 35 intensities obtained by

applying electrical signal processing to 21 phase

dr f ferangesrokihyposed siaQnihgsers and an average val ue
of values obtained regarding the three portions was

ARHBPIMEQ tat? SAPT PRPF ¥ BHt AN @V HIUE TR e P dRg @ heater, seed
c268641 iVdd MipRsdaset tH: &elt and pulled up, and a neck portion

and an expanded diameter portion were formed while controlling the
number of rotations of the crucible and the number of rotations of
the seed crystal. After the expanded diameter portion was formed,
a diameter thereof was controlled by utilizing a heater output and
a pulling speed, and a straight barrel portion was grown such that
its length reached a predetermined length (wafer with diameter of
200mm: 1000mm, wafer with diameter of 300mm: 500mm). Thereafter,
a reduced diameter portion was formed and each single crystal ingot
was produced by separation fromthe melt. Conduction types of single
crystal ingots obtained were p-type (boron-deoped) and n-type
{phosphorus-doped) .



10

15

20

25

30

35

sensitivity which all owed nmeasurenent of octahedral
BMDs with 5 diagonal |engths of 80nmor nore. The BMD
size was determ ned as a diagonal |ength of an

oct ahedral precipitate. As sanples for the

transm ssion el ectron m croscope, sanples were sanpl ed
fromthe positions at depths.of 20pm 100m and 300pm
fromthe surfaces of the annealed wafer and the

epi taxi al wafer and BMD siags were obtained ¢ 10 from
m croscope i mages obtai ned-By the neasurenents. The BMD
size was determ ned as a diagonal |ength of an

oct ahedr al precipitate. The BMD density mas obtained

fromthe nunb BMDs obse

A sRhel g P S, 3 ra e, Pest g les tian et o "erbral

chlasgedefkonRegan Bt Ny Bhé°BMasdebsainedbg tiwe fBVDosize method.
it _aver val ye of . Y l.ues obt ai ne

ﬁhtl%g Eﬁieag %%i ei%’%él vveres%ﬁe e?:rhorlie gas ?eyp?tese gl vgportlon

dualingscrydis dgmowty ofs Btmmthdsbzeseamﬁoﬂemmi@ 4Dy sis

d f f.3 .
0 5 R 5, BRI 0P L6 B ORI ugosent
Goyl *CHEMDPR sandnFEM £200¢P)C Niot Bﬁgefh icmamttanaedonsﬂi icrystal

f nd } [ S I
oBAnER eI et O (o MEhT e SRR E P e
e*peanrdentaaflt @espoki sy *opl t@@@ﬁwmsdmmmmdasra cooling
QQkder to renmove the outward diffusion | ayers of
nitrogen on surfaces of the wafers, 25 the nitrogen
Tegnbedat rearidnssion vae meffareedepel ngaBiMASd theitnga Sl A/6.

csﬁine&ialﬁft%aﬁabme apogal &4 Rt ¢5n Kk 1§ tsagb?#éti@é er

and warpades thereof: The anneal ed wafer an
Répitavand okl g wérehamreadleg nadienyn énrange RTATeRAp: ¢rystal

c@@éﬂ%‘emﬁ@@@é‘b% kndngdes 4:0s {edd-em 8% 090RMH 11008t culated

tines. Insertion: roomt enperature Terrper ature risin
a500F MY tdoltARNEPOYATRIT ifomed1nat e ¢/er35 PAE Fospibrey: Placing

aarf&‘?;r‘si%?eld-i%%ﬁra%te%@dé‘ albih REta BACE RN cBYh LhAGeat QX duct ion
t enperat ure rpages of the anneal ed wafer and the

(EpFtsampllenaf &t VaRl Gfe thRel LIRTAth RO tiitdgneheraridie crystal

caht&F tdpdFEAuReathsAEat B WBHE  CBAS WREC BoUStfEer]
FT- 90A manuf actured by N DEK Corporation. The anneal e

"RAEEETCO) dhet FiéaFeT%Ph‘e]a‘t”’tgr @APRBNt O WLy BB NG HY 2
s8Pu X Ay ok ORRORARH, shidndi hhe Nl PaIhkbagethpal 1l epdidispeed.

of the observed slips was determ ned

{3} Adjustment of oxygen concentration, nitrogen concentration,
and hydrogen concentration in substrate
Adjustments of an oxygen concentration, a nitrogen concentration,
and a hydrogen concentration in a substrate were conducted in the
following manner.

1) Oxygen concentration:
Adjustment of the oxygen concentration was conducted by controlling
the number of rotations of a crucible or the like to control an oxygen
concentration in the crystal. Incidentally, the oxygen
concentration in the substrate was measured by the infrared
absorption spectrophotometry and a value of JEITA (Japan Electronics
and Information Technology Industries Assoclation) was used as a
conversion factor.

2) Nitrogen concentration:
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as a representative value. 10 (4) Wdth of DZ | ayer of
anneal ed wafer: A surface of an anneal ed wafer was
re-polished at a polishing depth Xpm and defects
present on a whole face of the re-polished anneal ed
waf er were neasured using LSTD scanner (MO 6)

manuf actured by MTSU M NI NG & SMELTI NG CO., LTD.
Since the detection depth obtained by 15 the MO 6 was a
depth fromthe surface of the wafer up to fpm defects
detected after re-polishi ngl up to Xpm were present from
the original annealed wafer surface in a depth range
MoteXat or(sXih) lpmwél'drEnlde&@@t mORes @RSl 1qudid ynwaaswxe&ertt&ation

sensitivit measy r.ement, of own-i.n
o PELRRutY 10ae B0 shup BF B Foe Lo L So Hra Wafitnand
adiamsltmynt)fof rteuajemflembgem,asorm@émlaaﬁed \bg/s obamfdalrmgdt he

tal .nuober of the defectsdtectedb MO-6 by an
eI ARG Pesacopoach et S SR SRRt el qapt o
dopren Rea piodn SJmtrrg:d\mastmonduntteddebl k@bs:thaat@i agdt Hépping a

I.ishi p y ly, pol i dept
s% 8E§?ng$g 5% g géﬁ% iF‘thﬂﬁéﬁéﬁr%ﬁc k g Eﬁgnltrogen
ilme thaemOl 4. plleceﬁenBablry,l et MSr@mrerqnnmedtastaowndt fthe

s%fbstttlgtc?%lag L surL:-PraQ§J.en%]thteo Fggr%aerdf]lo%h&yss spectrometer

neasur enent an eval uat | results un varl
(S3ME) ti Ghe métepgen cendseltowtiB0 Bruaf tdeser Lpss orhaf 5x10™

attlaﬁsgr:rﬁw %So}gfglne]d %@8?3@:@2&%’1%95%?&5 eg(gl gé:ghegion fgc:tor

sl1ps and war page 1 ntrodu ato tr
oZF30. Wy bQS%ch@wsnuuhmswmnwtdpag:r%nstsmm agded in the melt

a'h@' E‘Bé(’%ﬂﬂﬂ%‘é@‘éﬁ rd BVR SiZ6dLstribution and

I p/ warpage, illustrating resufts given in Tables
31 Bydppgen ZqnRenitFpaserates the BMD size distribution

C‘%P@hé‘?g wel e @AMk nWRk €9 0348 | Or SYRRIESSAN Md ROk kh high

Ip and vvarpage 5 anobunt to certaln mn| ma whereas in
canFept Myl oMsireat Fbhse griBvO hypzegen st iabMeiSBAS LS W9

crDs€B) grBwtRPadbal £ vONEMOTaslbP, grsmro%g@afmynéed from
i S undesirably high as illustrated in each of the

tEpi PP W REy € TYE4EB 8s¥Ex TRETS e8| P/ Wl pddeei6f eRsorRfion

spBanSoShd e -pademd Qﬁ’@ﬂydﬁaé’é&ao}lceﬁﬂ&1"_dn9wa§o§BQY\§ed from
Il lustrative diagranms showi ng a rel ationshi p bet ween

theimeaPt L BMEP R i0F e awngemtkf%ﬁma%lry i p/akepagRSh1P betueen
tReSPETina/ & aveas v eaRat ni-asllinysragen exadd Ul @BnE8RUF Sion of

hggrgggﬁﬁgéggd in the crystal was preliminarily obtained by this
method, and the concentration of hydrogen introduced into the
substrate was determined by controlling the volume ratio of the mixed
hydrogen. Incidentally, mixing of hydrogen was performed by
introducing hydrogen from an argon gas introducing port of a silicon
single crystal manufacturing apparatus such that hydrocgen had a

predetermined volume ratio thereof to argon gas.

(4) Slicing method of substrate:
Substrates obtained by slicing same portions of straight barrel
portions of respective single crystal ingots grown by the
abovementioned method using.a wire saw as a plurality of sheets to

apply a mirror processing to them were used as substrates.

(5) Heat treatment {(Low-temperature heat treatment and
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15 wafer and epitaxi al wafer Regarding wafers obtained
by the above nethods under various conditions (oxygen
concentration, nitrogen concentration, hydrogen
concentration, cooling tine, and heat treatnent tine) ,
the results 20 of the above-nenti oned neasurenent (1)
and evaluation (3) of the wafer obtained the
above-nenti oned nethod are shown in Table 1 to Table
5. C BMD size distributions nmeasured regardi ng anneal ed
wafers that had 25 a waferi aneter of 200mm each
conduction type (p or n), various nitrogen

mehecesipet 4 DS Hésadr egeateemoent rations, and oxygen
that were subjected to various

oncentrat an
L SiPht et MEraRETrT § IBTSIraL Ee PRAR)tprdment
fanrhlagb dﬁﬁﬂﬁ’tﬁihﬂt?péﬂﬂﬁﬂ]nlgng putrgeafuiRittionshhdiSe antemperature

t | uat tests 30 we
SRR PSRRI TS bV B S B e e,
a@idsbnbj)mums:orraasur eﬂeate@aftdltmgwamgﬁ@du\maf rest thadatment)

net e 00mm_ e cond i,on type (p
5785, 8481 s “URePhgER LoncoRerRE T OHE St drifFen Then " eney
wegrcemb jattieans o amdhexgmpﬁrdﬂﬁreone&wnﬂnﬂatmest anﬂoa%atunder
ﬁle varlo |OMFt erat .
8§tnenf Fggp%ratu e H?ngﬁd ae%l ES nﬁg¥h 300mm:
tannbahrm@ int tdat gene, fuﬂnqme ahdrewwqﬁnyz ambentsfer after the

hggga£ %gk%%&t%vgxugg di éﬁﬁﬁaﬁlm%rgaggglectlvely shown

Size dlstrlbutlons
neasured regardlng epltaX|aI waf ers that had wafer

g??ﬁﬁ%ﬁﬁ& iaf %QQQng%?% mp. each conduction type (p

| fous’nit en concentrations, hydrogen
Aoarodatiialileyer whith ad)&yg:écne@@mfemm atasoiw,osa’hadtdma@ surface

o\f'e%]epcﬁtl{tﬂoﬁcg?dtﬁé) a%ne%%fjewr@ﬁénawﬁﬁ J]%:eggﬁf‘&gﬁmapﬁﬁgatus

erature anneal i ng treat nt a

(épr@waqueqfay@e angedlepoder danpsiked Hithstm@rnbs pedjelayer

1 @M &y Qghgbggglbyag%ghuatlon tests were collectively
shown in Table as Exanples. BMD size distributions

nmeasur ed regardlng anneal ed wafers that had 15 a wafer

M b &TEL N t0Ta nd0Q0E u Satdh QQ”QHQE&EHH‘ﬁ%@%r(@n@reﬁQtax1al wafer
vari ous nltrogen concentrati ons, hy rogen

concentrations, and oxygen concentrations, and that

THBT £ 1516i Bg! 86 § O SHUHEOUR A OWEILARBEE AlBHE tR8AEnnealed wafer
treatnments (tenperature, tinme) and a hi gh-tenperature

2pAnghH .erpglttaﬁéatlnﬁﬁﬁer 2RE aimeds by p%heaﬁdD%F“ﬁéééo’é%d‘?ﬁ%‘Od

n@ﬂa&w ned )bgpmB0s iealiuat i Opu t B oWl ek d, €GB ViRd 35 SRaWAL of
Table 4 as Exangles and Conparative Exa anpl es.

Sllp length and evaluation of warpage (RTA heat treatment), and (4)

measurement of width of DZ layer, were conducted. Regarding the

wafer added with nitrogen, (2} nitrogen concentration was measured.

{1) BMD size distribution:

The BMD size distribution was measured by the infrared
interferometry and a transmission electron microscope. As a defect
evaluating apparatus based upon an infrared interferometry, an OPP
{Optical Precipitate Profiler}) manufactured by AXENT Technologies
Inc. was used. Three portions positioned at depths of 20pm, 100upm,
and 300pm from a surface of each of the annealed wafer and the
epitaxial wafer were measured. BMD sizes were obtained from signal

intensities obtained by applying electrical signal processing to
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wafers that had a wafer dianeter of 300mm each
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concentrations, and that were subjected to various
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and a high-tenperature annealing treatnment, slips and
war page anounts obt ai ned bél eval uation tests were
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vpbie afhyglugg 107t ahed AS9arAéRy| §he thres REBFMDAELe

déh@imitfa@ 4 £08hhe 8dn @ tSiliePva RRGOMEEH L AR DF y be MDAt 1Asizes
war page anount is suppressed to 20m 20 or less. It is

of £Rddnmmard tdhreRenfiine IERP@RE Nt $1 799 Of s300nm or more

wEPNIARE neWhEFbm it BMDT HIGRN dE 9NEBSIHi/NsOBL i i Adk® by the OPP
substrate becones equal to or nore than 1X1013

ang offdf-cnB, the warpage is reduced. Especially, it is 25
understood that, when the nitrogen concentration is

:§1013 at oms/ cnB . or. more, and th MD_densi t (ég j%i .
A1 BEFHEIAF ToF O EERE FafHonshi RAPpates #2hBE e éﬁﬁu x4qg wrter:
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G nPas b L s AR 5o PRy AP BUER CbrdisE: 5pi Herove
the outward diffusion layers of nitrogen on surfaces of the wafers,

the nitrogen concentrations in the wafers were measured using SIMS.

{3) Slip lengths in annealed wafer and epitaxial wafer and warpages
thereof:
The annealed wafer and the epitaxial wafer were annealed using an
RTA (Rapid Thermal Annealer) under the following conditions ten
times.
Insertion: room temperature
Temperature rising: 50°C/min
Holding: 1100°C for 1 minute

Atmosphere: argon
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beconmes equal to or nore than 1 X 1012 atons/cnB or
nore, the BMD density (1) becones high and slips are
further shortened. Especially, it is understood that,
when the | owtenperature heat treatnent tenperature is
equal to or |less than 700C and the heat treatnent 35
time is equal to or nore than 30 m nutes, the BMD
density (1) becones 26 equal to or nore than 1x1012
atons/cnB, and the lengths _of slips can be suppressed
to 5mmor less. Incidental P , Wwdths of the DZ | ayers
were equal to or nore than 5 5min all |evels.

TE&pechahtq faMkmmgtheonthﬁngen concentration was equal
nore than 13 atons/cnB, or when the oxygen

r
g%&eﬁtr%ﬁ? %Mﬁfr? 1697 atoms/cnB, the widths of the
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of slips exceed Incidentally, thou
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conducted while changing the polishing depth X variously, and a
polishing depth when the volume density of the measured detects
became 0.1 piece/cm® or less was determined as a width of the D2

layer.

fTable 1] to [Table 5] show measurement and evaluation results under

variuos conditions referred to below.
Brief description of the drawings

Fig. 1 shows a diagram for explaining slips and warpage introduced

by RTA heat treatment;
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a wafer diameter of 200mm, each conduction type (p or n), various
nitrogen concentrations, hydrogen concentrations, and oxygen

concentrations, and that were subjected to various low-temperature
heattreatment(temperature,time)anda}ﬂgh—temperatureaﬁnealing
treatment, slips and warpage amounts obtained by evaluation tests

were collectively shown in Table 1 as Examples.

BMD size distributions measured regarding annealed wafers that had
a wafer diameter of 300mm, each conduction type (p or n}, various
nitrogen concentrations, hydrogen concentrations, and oxygen

concentrations, and that were subjected to various low-temperature
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hék N NeRtNeNtNand a high-temperature annealing treatment and the
epitaxial layer is disposed, and the slips and warpage amounts
obtained by evaluation tests were collectively shown in Tabkle 3 as

Examples.

BMD size distributions measured regarding annealed wafers that had
a wafer diameter of 200mm, each conduction type (p or n), various
nitrogen concentrations, hydrogen concentrations, and oxygen
concentrations, and that were subjected to various low-temperature
heat treatments (temperature, time} and a high-temperature
annealing treatment, and the slips and warpage amounts obtained by
evaluation tests were collectively shown in Table 4 as Examples and

Comparative Examples.

BMD size distributions measured regarding annealed wafers that had
a wafer diameter of 300mm, each conduction type (p or n), various
nitrogen concentrations, hydrogen concentrations, and oxygen
concentrations, and that were subjected to various low-temperature
heat treatments {temperature, time) and a high-temperature
annealing treatment, slips and warpage amounts obtained by
evaluation tests were collectively shown in Table 5 as Examples and

Comparative Examples.

Incidentally, all the warpage amounts of wafers before the RTA heat
treatment were equal to or less than 1l0um. The nitrogen
concentrations in the annealed wafer and the epitaxial wafer that

were added with nitrogen remained unchanged from those measured as
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time (Gok0 th®) WH)-Cler@edaGhoOOgat teatment is set to 30 minutes
to 4 hours, and the cooling rate in a range in which a center
temp'erature of crystal changes from 1000°C to 900°C is set to 5°C/min
or more, the BMD density (1) falls in a range of 5x10Y/cm® to
5X103/cm®, and the BMD density (2) becomes equal to or less than
1X10"/cm’. As a result, it is understood that the length of a slip
becomes 10mm or less, and a warpage amount is suppressed to 20pm

or less.

It is understood that, even if the BMD density (2) is constant, when
the nitrogen concentration of the substrate becomes equal to or more
than 1x10' atoms/cm®, the warpage is reduced. Especially, it is
understood that, when the nitrogen concentration is 1X10? atoms/cm®
or more and the BMD density (2) is 1x10%cm? or less, all the warpages

become egqual to or‘less than 10pm.

It is understood that, even if the oxygen concentration and the heat
treatment condition are constant, when the hydrogen concentration
becomes equal to or more than 1X10'? atoms/cm® or more, the BMD density
{1) becomes high and slips are further shortened. Especially, it
is understood that, when the low-temperature heat treatment

temperature is egual to or less than 700°C and the heat treatment

time is equal to or more than 30 minutes, the BMD density (1) becomes
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Incidentally, widths of the DZ layers were equal to or more than
5pm in all levels. Especially, when the nitrogen concentration was
equal to or more than 1X10'? atoms/cm®, or when the oxygen

concentration was 7X10' atoms/cm®, the widths of the DZ layers were

egqual to or meore than 7pm, which resulted in wider widths.

It is understood from Table 4 and Table 5 that, when the oxygen
concentration in the substrate is less than 7X10' atoms/cm®, the
BMD density (1) becomes less than 5X10%/cm®. As a result, lengths

of slips exceed 10mm.

Incidentally, when the hydrogen gas volume ratio during silicon
single crystal growth exceeds 3%, bubble defects occurred, which
resulted in incapable evaluation. When the nitrogen concentration
in the silicon melt exceeds 1%X10'° atoms/cm®, multi-crystallization

occurs, which results in incapable evaluation.

It is understood that, when the cooling rate in a peried in which
a center temperature of crystal changes from 1000°C to 900°C is less
than 5°C/min, the BMD density (2) exceeds 1X10'/cm®, so that the

warpage amount exceeds 20pm.

When the low-temperature heat treatment is not performed before the
high-temperature annealing, when the temperature in the

low-temperature heat treatment is less than 400°C or it is more than
850°C, and when the time is less than 30 minutes, the BMD density

(1) becomes less than 5X10''/cm’®, so that the lengths of slips exceed

10mm.

Incidentally, though not described in Table 5, when the oxygen
concentration in the substrate exceeded 9x10'7 atoms/cm®, the width

of the DZ layer was less than 5um. When the oxidized film thickness
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Claims 1. A silicon wafer having, at a position 20 um
mre from a wafer surf::g%&ma density of bulk micro
371s with sizes of 20r |G aé 40n n in 5 the range of
@ixan8 to 5xl1 013/ cnB, “&fd havi ng a density of BMDs
with sizes of 300nmor nore edfual to or |ess than
| xI O7/cnB. 2. The silicon wafer according to claiml,.
which is doped with nitrogen. 10 3. The silicon wafer
according to claiml or 2, which is doped wth
hydrogen. 4. A method for manufacturing a silicon wafer
Cladien ding to any 15 of clains.1 to 3, conprising
gromng a silicon single crystal ingot while
mai ntaining a cooling rate in a range in which a center
11 enpear atiuieonfwafier tasimy, Gur angoediysdal gROWIh or more from

changes from 10009C to,9002C at a rate of 52C/ mn or
s e ,ggﬁé’aatd%t‘sﬂt’éé?? Pﬁ@ﬂ]&%ﬁ%@fﬂ st 2PPBIAAORE B ngot at a
tHee ARt YEes0f 04P8RCLosBP0PC P aHh Halh@S a28eh§itdy of BMDs
hours; high tenperature annealing by heat treati ni; jhe,
wildf &rizegt of BeAPErear Urerofeqfdota @r12sggcthap iplo’/cm .
mnutes to 2 hours under an atnosphere of rare gas
having an inpurity concentration of 0.5% or |ess by
2 vol uffbeorilnder waiegnagxpddinggtataissiphdr, ewhwhbr 8% mMdged with
. hrl ckeness of any oxidized filmafter heat treating is
AMor 1 ess. 25 5. The nethod accor di ng to claimd4,
wherei n the oxygen concentration of the wafer

i medj ately. after. being sliced fromthe_. crystal, js i,n
3ihe MaAgE" i HFEFEaRBREF BRBS: b° FORITT LaPone/ CHBLCIGHS doped
witch Tharaghod according to claim4 or 5, wherein the
nitrogen concentration of the wafer imedi ately after
being sliced froma crystal is in a range of 1x1013
4 2t OB/ gEBHEQ B AhPuRLOEE i LYBa i) iTRMNGakBE 42PBE&thg to any
171212D67; CLMS 0701 887 ~iixu....<A .vnJ ~1 VVII17 |
off clping 1 o YThEMPERASENECTHOWA T at &1 1 ePMSE NIkgepBEY$Lal ingot
Hi .qt LLh 144 ihgle cryushal 1 hNQRt ok S
o BRT A Aok el A et AR 10" AAheh % gpeer
tenperathaerddt thgerystndeturind onysbdl griowth changps §fom 10002C

tJ §b6)1@ ﬂ %”%EE’BOE g“l‘.‘)/qnggoratm%'}%/;cﬂgat treating a wafer sliced

from the ingot at a temperature of 400°C to 8502C for 30 minutes

to 4 hours; high temperature annealing by heat treating the wafer

‘at a temperature of 1100%C to 1250%C for 10 minutes to 2 hours under

an atmosphere of rare gas having an impurity concentration of 0.5%
or less by volume or under a non-oxidizing atmosphere, wherein the

thickness of any oxidized £ilm after heat treating is 2nm or less.

S. The method according to claim 4, wherein the oxygen
concentration of the wafer immediately after being sliced from the

crystal is in the range of 7x10'7 atoms/cm® to 9x10Y atoms/cm®.

6. The method according to claim 4 or 5, wherein the nitrogen

concentration of the wafer immediately after being sliced from a

3

crystal is in a range of 1x10" atoms/cm® to 8x10'® atoms/cm’.




5 8. The nmethod according to any of clains 4 to 7,
wherein the hydrogen concentration of the wafer
i medi ately after being sliced froma crystal is in a
range of 1x1012 atoms/cnB8 to 5x1016 atoms/cn8. 10 9.
ff%t hod according to cig B, wherein the growth of
SRR RSN con Si ngl e cryst "‘W“Wf*‘ngot is performed under an
at nosphere where hydrogen ga¥ is continuously
i ntroduced such that the concentration of hydrogen is
within the range of 0.01%to 3% at a volunme ratio. 15
10. The nethod according to any of clains 4 to 9,
wherein in a further step, a silicon single crystal
7 epi - ChpemetBodpatesadding tadepedint éd whereinmheghe growth of the

sfh%nt %”RS&%‘% grs@cr:]fear]xgot is performed from a melt to which

nitrogen is added such that the nitrogen concentration falls in a
3

range of 1x10'® atoms/cm’® to 1x10%° atoms/cm’.
8. The method according to any of claims 4 to 7, wherein the
hydrogen concentration of the wafer immediately after being sliced

3 to 5x10% atoms/cm’.

from a crystal is in a range of 1x10'? atoms/cm
10 9. The method according to claim 8, wherein the growth of the
silicon single crystal ingot is performed under an atmosphere where
hydrogen gas is continuously introduced such that the concentration

of hydrogen is within the range of 0.01% to 3% at a volume ratio.

15 10. The method according to any of claims 4 to 9, wherein in a
further step., a silicon single crystal epi-layer is epitaxially

deposited after the high-temperature anneal.




