Silicon wafer for semiconductor and manufacturing met hod thereof Detailed
Description of the Invention: Field of the Invention 5 The present
invention relates to a silicon wafer obtained by perform ng heat treatnent
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 conductor
waf er manufacturing technical field, and in particular to a silicon wafer
with high quality that does not include crystal defects in a sem conductor
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war page and a manufacturing nethod thereof. 15 Background of the Invention A
silicon wafer used as a substrate for a sem conductor device or the like is
Wanufacturmétdﬂieﬂ|Debﬁguﬁtfﬂﬂidﬂ)ﬁhéing¢éhﬁma¢3ta| ingot 20 to perform heat
treat ment, I 95"?9+593 or the like to the sliced ingot. As a
nanufacturlng n@tho & silicon single crystal ingot, for exanple,
there i the Czochral ski method (CZ nmethod). The CZ nethod occupi es nost
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(Cz-Si) puld ed %ﬁ&%%"m@m&dhw%{d&%defg@ﬁ%t@éa@%fr%gt:ﬁeﬁél ined stglewn-in
defects". The CZ-Si takes in 30 ox %en anong lattices in a supersaturated

state, butifsuehc {iperisdtaraticd oy r(mwéﬁtﬁae@& PHEd B gatiddson |

i nductjoon Hfngifl Be gl@épqtrﬁ;cﬁcalllnea sBMXEonduBublk Mhesp dafeGlshringa heat
t r eat ment (anneag conducted thereafter. In order.to forma senlconductor
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Meanwhi | e,and wiagpagequid ed ntamadf athersid incahovateerémt! udes BMDs in a proper
anount, 5 therein. The BVDs serve to getter netal inpurities or the like.

Background of the Invention

A silicon wafer used as a substrate for a semiconductor device or
the like is manufactured by slicing a silicon single crystal ingot
20 toperformheat treatment, mirror polishing, or the like to the sliced
ingot.-As a manufacturing method of such a silicon single crystal
ingot, for example, there is the Czochralski method (CZ method).
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
25 a single crystal ingot'with a large diameter or control of defects

is relatively easy.

L silicon single crystal (CZ-Si) pulled by the CZ method includes

crystal defects called “grown-in defects”. The CZ-Si takes in
30 oxygen among lattices in a supersaturated state, but such

supersaturated oxygen (oxygenh 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

35 regquired that no crystal defect is present in a semiconductor device



Metal inpurities cause sem conductor device malfunctions. In order to

sati sfy the above requirenents, a technique for perform ng high-tenperature
anneal to a silicon wafer to induce BMDs 10 in the silicon wafer to form an
|G (intrinsic gettering) layer and dimnishing grown-in defects present in a
surface of the silicon wafer to forma DZ (denuded zone) |ayer where
crystal defects are reduced w thout I2i mt is used. 15 As a specific
exanple, a method for perform ng high-tenperature anneal to a

ni trogen- added substrate or a substrate added with not only nitrogen but
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fromfine flaws on the surface and the back surface introduced in the
anneal process into a bulk, which results in such 30 a problemthat strength
of the siligosrdsaf e beMBSydttl'ee tatb okt eaqmufEme(mftssuahtsd:mrplqiiesIf@eati on. For,
exanpl e, whenfar sllnl i con \At/aem A a§ ragmelg fqol n.astate t r% B orted
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a situati omidratoafomteér D% (daneded zonehr HKETF GherRgCr YRR detartngist ep
occurs. HowWeV&leq tRenDZ: | aYef: 11 iagMitable for 5 sem conductor device
formation, and a silicon wafer that has a DZ layer and is excellent in
strength property has been required. 1In a conventional art described in
JP-A- 105 980474 %rpewaCZQQQn;Z&M%l metBbl efd i PrriRImINY ]ﬁ)ﬁdjl'd—ﬂé?ap%tréeﬁgé h

| onering of a silicon wafer, %ﬁf} % silicon wafer manufa ed by such a
met hod coutif tevaitd trageRReT U GHOSFFRETIcd %cséﬁs&ﬁatl%% thinetor der

t 0 preventoioeurirengenobus ULhs s lhvardysh ocatiediice grown-in defects on a
surface of the substrate and form BMD including nitrogen as core
inside the substrate has been proposed (JBE-A-10-98047 and

20 JP-A-2000-281491).

uch

However, oxygen concentrations in DZ layers formed on a surface and
a back surface of a silicon wafer in the above-mentioned
high—température anneal proéess are extremely lowered due to

25 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)
gasily extend from fine flaws on the surface and the back surface
introduced in the anneal process into a bulk, which results in such

30 a problem that strength of the silicon wafer lowers due to extension
of such slip dislocation. For example, wheﬁ a silicon wafer is
annealed in a state that it is supperted by heat treatment ports
or the like, slip dislocations often extend from the supported
portions arcund the back face of the wafer. There is such a case

35 that slip dislocation extends from a silicon wafer edge portion.



a nethod for generating BVDs at a high density has been proposed. 15
Specifically, a silicon wafer manufacturing nmethod where oxygen
precipitation nuclei with sizes of 20nmor less in an anount of 1X1010
atons/cnB or nore are forned in the BVMD | 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 mxed gas3 of nitrogen gas and inert gas or
m xed gas of amonia gas and inert gas has been proposed (JP-A-2006-40980)
A silicon wafer where BMDs w th a high concentration of (1X1010 atons/cnB
to 1X1012 toms/crrB ave ener at ed by repeating heat treatnent
steps sevelBFP tilfedtr ﬂ%%gbé’efntggfes%’%plr%%g ¥ JoNRI58- 5}1%21%?)5 HOWSRBT, si nce
a di anet ertipdt as&iH iscentuwat £sn ithdtner easet andiamayagi dr HesHReY @it 8y
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slips and warnage 4 nir gQ?QFPerPty hh%tﬂgg%?%%‘é%frﬁ& EQE B0 | \@h%@ in Fig.

1. Slips are introduce roma cont etween a back
surface and a wafer holding portion. The introduced slips extend in a 110

direction, 1\RiChvehaYSRS1 \A@fteores@a«ﬁage ;@Qrgmnzeakingod N o$ QR AC2E68-2 g War page
is a phenorrenon where a wafer is deforned due to heat strain during the 5

RTA heat t#EERTHeM "3f RetvRR el tof SHERFianere g9 ekahplalicer adaht &t shaped

porti org ang salM&Jdneyzaebamﬁn@wcxﬂu&eda@pe@ﬁah as mzhewn com dirbt bvofdwar page
of a silicon wafer in a sta e of p| ng is equal to or less than 10m

However, sTEHY %8 tﬁé%p in height between the mountain and
the val | ey reaches several tens 10 pm when a silicon waf er is appl i ed wth
heat treat et SliCh as RTA occurs, Wien the vvarPa&e be Raragt
111 orpFr to 8 %t Bccurrence ch s %P is 1on
sem conductot” élew ce &rn Bahho € éxposed on r surface, ch
causes | owemiertdpodi ﬁosegnmadtu@goBMme\ﬂtce 19’12&311 @l.enBewciess Seiep, pngirrredienm ty
dislocation is present inside a silicon wafer where a | arge warpage 15 has
occurred. It is considered that these cause the warpage. The problem of the
war page betwarisisiedhivs i e amiligren valeaf ernwizarerénd betorevheggabxyoer nore
than 200mmy . and, itk ¢l §nidRAesiRl@ § 0, AVOF onm or less in an amount of 1X10%°
atoms/cm® or more are formed in the BMD layer by applying rapid
temperature rising/falling heat treatment to a substrate sliced from
200 a silicon signal crystal inget at a temperature of 500 to 1200°C
within a range of 1 to 600 minutes under atmosphere of mixed gas
of nitrogen gas and inert gas or mixed gas of ammonia gas and inert
gas has been proposed (JP-A-2006-40980). A silicon wafer where BMDs
with a high concentration of {1X10% atoms/cm® te 1X10* atoms/cm®)
25 have been generated by repeating heat treatment steps several times

has been also proposed (JP-A-08-213403).

However, since a diameter of a silicoen wafer is increased and a rapid

temperature rising/falling heat treatment utilizing a Rapid Thermal
30 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

35 heat treatment is shown in Fig. 1. Slips are introduced from a



the problemby only sinply regulating the BVMD concentration to a 20 high
concentration |ike the above. A demand for a silicon wafer with high quality
that does not include crystal defects in a sem conductor device formng
region while suppressing occurrences of slip dislocation and warpage in a
devi ce 25 manufacturing process and a manufacturing techni que thereof is

i ncreasi ng under such a technical -background. Disclosure of the Invention
Problemto be solved 30 It is an objedt of the present invention to provide
a silicon wafer wth high quality where both slip dislocation and marpage

are suppressesttingdeceAnShdialabl ¥ wdmdd ba%'ﬁl’kﬂa%esléh&laé)h%ffegh&ilcﬁﬂ%t
enlargenent and a manufacturin nﬁthod t her eof . Means for solving the
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war page a " I i nt_ J s tion
rel ates tggtﬁﬁ%%%ﬂ %%WP ?1?2 ?%?%a%Q%F2ﬁw%gd %%t%gge %%gféfﬁﬂé ensity
of BMDs wiih Bigzed . ofa ﬂ@ﬁpﬁg@mﬂ@nmbiccswmfpre@@m sapga weepippsng iien which

is spaced fgrom a, stnkaseciofn aofhl i GRNWRES s & ISt BACE LAVt fHQr nore
than 20pm 15 is in a range of 5X1011/cnB to 5X1013/cnB, and a density of

BVDs with 12ibedghstbaoman she mstiatod nediifhitheovdrl qvesgahem SEVEORE IS 2) The

si | i comp Wafighwndesgrd heddnnwhher alko¥sp(1dd Mlltﬂcﬂléﬂ?{:l RGeBthERQO®UCch £3)rTENE
silicon wafer descrjbed in the above ( %ﬁ g@ %lncludlng hydrogen. 20 (4)
r

A manuf act WWTHG nelfhod Ji® &3TPRPEoRE Gt eFHTRRICERE 9B %he above

(1) to (3)patmﬂipﬁaﬁmmtg bgr expdgcaosid wadar sulaghee,cmyﬁbalcausaag;olomlln@
mai nt ai ni n a caol |§g £ate in a rangg mhlch a center ngeEature of
A a gro

crystal du r%llclon %Fn% T Q(S:Lte g e'(S’:hSlgpe’s gh- de

dlslocatlon is present inside a silicon wafer where a large warpage

15 has occurred. It is considered that these cause the warpage.

The problem of the warpage becomes significant when a wafer diameter
becomes egqual to or more than 200mm, and it 1s impossible to aveoid
the probklem by only simply regulating the BMD concentration to a

20 high concentration like the above.

A demand for a silicon wafer with high quality that does not include

crystal defects in a semiconductor device forming regicn while

suppressing occurrences of slip dislocation and warpage in a device
25 manufacturing process and a manufacturing technique theréof is

increasing under such a technical background.

Disclosure of the Invention
Problem to be solved

30
It is an cobject of the present invention to provide a silicon wafer
with high quality where both slip dislocation ard warpage are
suppressed to be considerably small, which is suitable for diameter
enlargement, and a manufacturing method thereof.

35



from 1000C to 900C in 5C/ mn or nore; and after applying heat 25 treatnent
to a substrate sliced fromthe ingot at a tenperature of 400C to 850C for
30 mnutes to 4 hours, applying heat treatnment to the substrate at a
tenmperature of 1100C to 1250C for 10 minutes to 2 hours under atnosphere of
rare gas having an inpurity concentration of 0.5%or |less at a volune ratio
or under non-oxidizing 30 atnosphere where a thickness of an oxidized film
after heat treatnment is suppressed t8§ 2nmor |ess as a high-tenperature
anneal step. (5) The manufacturing nethod of the silicon wafer described in

the aboveuid)s mfeeLRial Orygaeppaencentration of the substrate just after
being sliced froma crystal is in a range of 7X1017 atons /CM3 35 to 9X1017

atons/cnB. 6 (6) The manufacturing nethod of the silicon wafer described in
the aboverfd)pmsent) inWaet&id vl tEogEsd cancentéadien ufudibe swhst mate

just after_being sliced fro crystal falls.n a range, of 1X1013 atons/cnB
to 8X1015 &f %%%.1953?“?519 s> g&?%ﬂ%@ﬁ?&'hSElegﬁ?PeocﬁﬁlPBona fer
descri bed wargdye faboneski(ng) it whersdbietthremgnoiditwofe bhes:sidlilean singloa
crystal i i r I ed,such_that, nitrogen falls in a
range of %ﬁlﬁa@%%&?{é%&?% a%%z%‘i&%xg?ﬂ%h/ g‘r%rﬁg ](-&89) etgﬁgngfgg?%:ri ng mnet hod
of the silironiwafsehadesectdbielidch aangpt ialofdlofiehedabonidytdpnt ot 7),

wherein a c r:af | £ Lust i liced
rom a cr Y ARRACARER TGl HOM foar {E oS IR LHE QLY halitadm | O

(9) The nePFERXUARN§RAEPMod of the silicon wafer described in the above
(8), whperein the gromh of the silicon single crystal ingot 15 is perforned
under at nosphere where hydrogen ea%s is continuqusly introduced such that a

concent r at B*OPHRE hy dPBERT Yas FAPS Fh T Fengevord ol b1kt d 8% at a vol une
rati o. (10)1)The smangbactafdngheeehada odertdie ySoki Boms wafter sdessrébednin any
one of the éigl ve )EP%[]S)S (pgr)e,sew{gere!andae Si I(i)sc. n %I ‘rﬂ}gl. e cf ;St alc l.ayer 20
(epi -1 ayer° i Elne% ST 15y S8B1 t AkiZal B RTH A e F Pt R T Hhi*§R PEnbEr R ur e
anneal . Effwectacef of fre slihveot iwerfe25bflredsstamom eyak brecobrimerptesertOum
rvent Yo, (B khoBESEL BHA 0 cRGaA £t S SO BET M B LA 00
setting theitzes @dnsPPym or more is equal to or less than 1x10'/cm’.
(2) The silicon wafer described in the above (1), including nitrogen.
{3) The silicon wafer described in the above (1) or (2}, including
hydrogen.
20 (4) A manufacturing method of a silicon wafer described in any one
of the above (1) to (3), comprising growing a silicon single crystal
ingot while maintaining a cooling rate in a range in which a center
temperature of crystal during silicon single crystal growth changes
from 1000°C to 900°C in 5°C/min or more; and after applying heat
25 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
to 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 ratio or under non-oxidizing
30 atmospherewherea1jucknessofancnddizedfilmafterheattreatment
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 7%10' atoms/cm®
35 to 9X10Y atoms/cm’. -



of BVDs with sizes of 20nmto 40nm of BVDs present at a deep position which
is spaced froma surface of a silicon wafer by a distance of 30 20m or nore
is in a range of 5X1011/cnB to 5X1013/cnB8, and a density of BVMDs with sizes
of 300nmor nore is equal to or less than 1X10'/cn8, thereby suppressing
both slip dislocation and warpage extrenely small. The silicon wafer of the
present invention is reduced in occurrence 35 of slip dislocation and

war page as conpared with a mrror waf & that 7 has no BMD inside a wafer
and it is also excellent in gettering ability. Best Enbodinent for carrying
out the | n\lﬁmt’i‘MmaEuShJ:i:@thhg\/\&EEhoA dreahsirs 1qkcohhea 544 desbr wederinaewor di ng

to the present ent i lies in_that a densit th sizes of 20nm
to 40nm of E q\érese%’p N E P pe% |Otgi68nc%?e¥1ﬁxﬁgl%lbé)d€m%h? F&hfgr%tfﬁ"face
of a silicgnstOafeebeiygastisicaicencd 2Omtal AL Es iin enrangange 10§10
5X1011/cnB Egm 13/ g08,p: 8¢ Vé s ntroduced fromthe present inventors'

f é%ﬂ g be tb

findi ngs escri b ow. Fromthe result of the specific
exam nafi ong) otheamgnufecuir BuDethsd genshatsdd licnasi wefer daterikdd én Heat

treatnent whi6h NAS hEEReifOMIGEEHRYo REPE EEEM, IsAKENL QLS s e present

inventors have clarified such a fact that a wide size distribution’is
present i nisBRMEBIOTMREH frf’ﬁem%%saéﬂrﬁeq fient Bt madfacgrantaed 41 él a8 %hshi p

anong the BWDjghes @t%;ngl/gm |@n,1wirulémﬂo§lspeﬁ3ent at a deep position 20
which is Sﬁgced froma surface of a_ silicon . fer ‘}%fa di stance of 20m or
a

more and i nFl Ueifc 88Nt hRC T PEFI e i9ds TBF < ﬁ§n SfafpageEred A8 ¥ ps and
t he V\B.rlpageneASf atrreeeumlotfe theythave ,obhataid aahfyt:ildgﬁlg cortdestiraRedn bet ow,

| f BMVD f t | t
BNDs. i th SRS e2BEEIBhA A S Sren ST GLRer ook o st i7 L T AT o,
| engt hs of ofllbiobzamtbesgmpbrt@weﬁloﬁ& a‘u@qwabm?o or less than 10nm When the
lengths of §|ifg ﬂ&ﬁu?gﬁ:'@lrm Eh&?%\/e%ﬁ?%ﬁqgﬁhp&i(;%cra!rjé?g%%eed i ttkegposed

to a surface of i con er edge
portion, meﬁvet(we | shgrainfthengrsyip dfs thguad Liqpropinegks anvstalomyot he

slip d9§5 30 Mf&ﬁ%‘&huﬁd%”&%@iﬁ%&%r wHEVd GR,dfrBGAhNGa s 6% Qnt@Rdoh 1 Hoes
not influence a device adversely.
1ntroduced such that a concentrate of the hydrogen gas falls in a
range of 0.01% to 3% at a volume ratio.
(lO)VThe manufacturing method of the silicon wafer described in any
one of the above (4) to (9}, wherein a silicon single crystal layer
20 (epi-layer) is deposited by epitaxial methed after the

high-temperature anneal.
Effect of the Invention

25 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

30 20wm or more is in a range of 5X10'/cm® to 5X10%/cm?, and a density
of BMDs with sizes of 300nm or more is equal to or less than 1X10"/cm?,
thereby suppressing both slip dislocation and warpage extremely
small.

The silicon wafer of the present invention is reduced in occurfeﬁce

35 of slip dislocation and warpage as compared with a mirror wafer that



When sizes of BMDs are | ess than 20nmor a BMD density is | ess than
5X1011/cnB, BMDs do not serve as a sufficient barrier with respect 35 to
slip propagation. There is no upper limt to the density and 8 sizes of
BMDs which nay serve as a barrier to slip propagation, but upper limts of
ranges of the BMD density and the size realized in 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

descri bed below That is, when the BVDs are present at a high density, such

a state thﬁbsaﬂlMD ahlsigel hdvs Yt el OXYUemIRaS cREEC] Pid alnededser BMPS
occurs. Em@n the nunber of oxygen atoms precipitating 10 as BVDs does

not exceed?Pherimber of oxygen atons solved in CZ-Si in solid manner and
the upper limt of a SO|Id sol ution oxygen concentration is about

1X1018at0n5/cgf%£g %hereforend %u%agh?eﬁy;hgu Bt that a deneity of

oxygen at ong preC|p etnlng as abou ons/cnB and it is
constanf in a state that BMDs are 15 present at a high density. In this

st at e, mhe 1&? Nuymper. of BMDs increases, individual sizes of BMDs becone
smal |, e number decr eases when the BMVMD si ze becones | arge. That is,
it is undei‘\sf@mﬂret Rit thharid igea uphar accardsng ko heespresentd inkentearsity of

the BMDs present +ahtaa hhds i eetyMnﬁeﬁ%dsﬂgéy,oﬂ bohs tIPATH BEeniy
realize 20 BMDs present at a density of 5Xloll /cnB such that their sizes

are nore PRafeMoAM2 FPRP PPSEELThiIBECh BFSREGeAda Iy SBVDRCHOLR §ikEeornf

20nm onp NDLEESHEY hhat sGalensitt Yok dhecBdDss ii% ADFhdhaF §XL0IG/ 6B o
Therefore, it is ugdeﬁstood that(%HPng of the BMD de nS|t¥ and _the, BMD size
whi ch can 3(pfr €€ B CPriohayat S A Pet BT Rr&d et AP VoBt PRy UFAET P S he

si zes of BM fartas Hasgeibéd2ammw.0 40nm and regulating the density thereof
in a range of 5X1011/cnB to 5X1013/cnB. It is preferable that the BVD
density is higher in such a range. |In order to suppress the length of the
slip to 5nAron flesgesufti of Be mueeigief exabire ttilvats bﬁeaBNDndemé'ByDés equal

{0 Or T eaLhan,  hxAQLEUETE. AN ok oAl Ui ol AR oL gy yeheraccor ding

to the present i1nvention [ies in that the densi sl zes of
300nm or SSNGFEd @YeﬁbalpreﬁQﬂtIh@§§ntﬁeﬁ,H%%OZﬂ@ﬁﬁntTimﬁﬁﬂﬁpﬂﬁaée@eupon t he

9 clarified such a fact that a wide size distribution is present in
BMDs. Then, the present inventors have examined a relationship
among the BMD size distribution, which is present at a deep position

20 which is spaced from a surface of a silicon wafer by a distance of
20um or more and influences the characteristics of slips and warpage,
the slips and the warpage. As a result, they have obtained a finding,
described below, clarifying an optimal BMD size for preventing slip.
That.is, by generating BMDs with sizes of 20nm to 40nm at a density

25  of 5X10%/cm® to 5X10'%/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 tc 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

30 not reach a semiconductor device forming region, and it does not

infiuvence a device adversely.

When sizes of BMDs are less than 20nm or a BMD density is less than
5X10'/cm®, BMDs do not serve as a sufficient barrier with respect

35 to slip propagation. There is no upper limit to the density and



present inventors' finding described below That is, when thermal stress
acts on a wafer, high-density dislocation is generated within the wafer
fromBMDs with large sizes 5 acting as a starting point. As a result, the
wafer is plastically deforned, which causes warpage. On the contrary, when
BMDs serving as the starting point of dislocation decrease, even if thernal
stress acts on a wafer, plastic deformation beconmes hard to occur, and

war page i s reduced. Especially, BVDs With sizes of 300nmor nore 10 tends to
act as a source of generation dislocation easily, and the density of such

BMVDs exceeds 3 X148 enBs HiThogay iivensd deparmahets DaGopeS Ol fensit Y,
whi ch causes a vvarE ge exceedi ngFZO m___Accordi ngl by suppressing the

density of “PRET Wi Ph Qe 5Mm G redRd e 6FFR EDA ZPESSY t he

war page caanmt@upmleieed Wi efr0a 20pM10F> /lced and Fuhkh efe spiek-t t el yWaepages of the
or less th a positional deviation occurring when

f 20i
vva g(ran‘: ioﬁgga]f%? T&ACe d&&?ﬁé?%di ¢-’Iﬂr‘ergxtposed on a silicon wafer does not

exceed an al |l owabl e range. 20 Accordingly, the density of BMDs with sizes of

300nm or Imjpe Tﬁyg%%;th%éeg f‘?bftﬁ%s"ﬁ’%‘ o REEAES ARl LD QL IPLE, t han

20pm undesi Fab treat ment r eval uating resistance
properti esbebovhe Thas &$i phen the RMispage pHesens pf ef &igbl densgtyer form a

heat treatneftatd QhaRek{ssd ng it eapea%tdmelahscs efr@h!als @élpat%%e ol
30C/sec or nore in a tenperature range from70 Cto miintain a

silicon waMBF egcusst en%%?rathﬁleroﬁhmm@eérOﬁrﬁ@geﬂe%om% R ecdRIBAC W t he

heat trngat ABMMELABEEaM @xcse8etnd QulRBe fMPPBbxl§eOratiBrzsbiody 400€738k 1 S
because, when the heat treatnent tenperature%econe equal to or nore than

700C, genellﬁt?%%l‘i{)fmaﬁ“leﬁ ard| bRat ¥R Sor 1B el p ey € 0 13 BRER T ERB WX YERE r eason
why the heabntéeatatrin ﬁ.@rﬂlﬁ:ﬁ.ﬂi ure ot% teels /chd abenegpial Therofotessttdan 1100C

i s because, an at treat ne t terrpera ure in the device
process is® %’lff“%%fo% BSlg%het}ﬁSﬁ% P Happans Ilﬂgaasdg&p *$rocess
heat treat erbm:t Wl@“ﬁatmsmr@dacdeﬁt a{splconsnmrhteh;n laysia-x*aasntmarthMDs are

characher ' SELES R @ n 0GRS EUYL N AN digason by (RS bamealis,

rsing rate IS Set eua to or nore
when the teapeFsaur endisidiegk éIlIZPﬁQPﬁ’ BliBs hecomesserjual whblertheprerkdran 5

300 sec, tREEPBl s (RS cBEHMIOs Ofk BeSbhd LOR-yBSf ernPRGANES: | 8088erstood
that there are upper limits in the size and the density of the BMDs

present at a high density. Accordingly, it is impossible to realize

20 BMDs present at a density of 5X10'/cm® such that their sizes are
more than 40nm, and it is impossible te realize BMDs with sizes of

20nm or more such that a density of the BMDs is more than 5X10%/cm?.
Therefore, it is understood that ranges of the BMD density and the

BMD size which can suppress slip propagation can be achieved by

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

the density thereof in a range of 5%X10%/cm® to 5X10%%/cm®.

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
.30 more preferable that the BMD density is edqual to or mere than

1x10%/cm’.

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

35 mcre is equal to or less than 1x107/cm®. This is based upon the



so that occurrence of slips or a warpage becones significant. Accordingly,
if generation of dislocation is prevented in the tenperature range and the
tenperature rising/falling rate range, it is said that such a silicon wafer
is asilicon wafer where slip 10 di slocation and war page are not generated
in a general device process. The feature of the silicon wafer according to
the present invention lies in that the length of the slip generated in the
abovenentioned 15 heat treatnent is équal to or |less than 10mm and a

war page anmount of the wafer after heat treatnent is equal to or |less than

20pm  Theysiddpon Wahebracceffiing besthesdy %@L'&E« invention includes the
silicon Wa?er added with nitrogen and the silicon wafer added wth 20

hydrogen. This is based upon the present inventors' finding described

regar di ng ahamnuf,acheni egemahogh@fssaasi;éi&ora vafrer:, ACEOrdimgti,o the
pr esent inetlon InC|dentaII measu rrents ng t eBIVDshz_Le di stribution
and the B T 15 IGBRT B C?rﬁEjE Iei“far‘fér TBhRRT Mo a1 L a6 ARSasur i ng

nmet hod.5 Speeifd eal & ystasudhgnpadur ermmta |rash1rd;es:h|@easﬂd§1er1te;npm§ﬂdaaj1®g a

transm ssion. el ec scope _and/or ~an L Precipit Profiler or
the liKke. g%fﬁmedt’d Jr%%:%fa?%?ls i a waf er nc%% 8 ?r%% hggyﬁg[)sc%enrvvelﬁ]tl onal
known rrea@mthﬂgstﬁ@tthodpdiorc @(@nﬂce?atsanmemaseemnn iifnchares. stessur enent

utilizing Qgt%(ina% hQEQQrﬁg stid td@%rmX‘g{cﬁﬁ%%c% o8 MRy &re LN ?Ex?z?”red by

a conventional known asuring neth Specifically, an anouh
war page af t@fpagsat s11edyeecht nEppeckn le BVRS Udtiéd sbyeper® GOfAgobIsaevat i on

using k- SéhadRBULAC LT B dii- N DEKLRLAGI 8L | b1 RAhBR cddiy, Mafiagt uri ng
Met hod of Silicon Wafer 5 A manufacturi ng/ met h a silicon wafer

accor di ng Pty pf edeiht BMPRIsfGSs €44 hd%?—sflé’ica#&ﬁﬁfléb‘%ltﬂﬁ AgiaEEeSi | i con

wa}‘ er haVl]:E‘@:drrhs% hflgalt HERS1 BeSGiHikedcabheye.a R@@@adengx@e@mw ngunet hod of a
silicon sin ta n

d 1 th f t hod of
silicon wef ‘f* effc;%‘)éiéir n}&yt%ﬁpﬁgssgb?%s‘%het I&eﬁgmn?dmun t% “ n%ﬁgﬁhﬁgzecsgr? ge
pr ef er abl y3amed okuhotdec 2 X It/ had canebe, Lﬂxedwbypa@@tcraoi blengum@eyéglen
CO”CE”H at{ O%ﬁgﬁnﬁﬁg' ned | Pungth ubst tat . wlgﬁ gé °c§’¥ enﬁéP ap . be, sc%' ect ed

proper acco 0 a kin ‘a“Seni con |con Mﬂ er per or mance,
or less than 20pm, a positional deviation occurrlng when a

semiconductor device pattern is exposed on a silicon wafer does not

exceed an allowable range.

20 Accordingly, the density of BMDs with sizes of 300nm or more exceeds
1X107/cm®, the warpage becomes equal to or more than 20um

undesirably.

As the heat treatment for evaluating resistance properties to the
25 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 £o0 1100°C tomaintain a silicon
wafer at a temperature of 1100°C or mere. Here, the reason why the
heat treatment temperature 1s set to be equal to or more than 700°C
30 is because, when the heat treatment temperature becomes egual 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

35 and a phenocmenon which happens in a device process heat treatment



15 or the like which is required without including limtation about
presence/ absence of dope of various elenents and a size (a dianeter, a

wei ght or the like) of an intended ingot. A silicon single crystal
manuf act uri ng devi ce used for the 20 manufacturing nethod of a silicon wafer
according to the present inventionis not limted especially and any one
used for silicon single crystal manufacture according to the normal CZ
method is preferably used. 25 A methdd for slicing a substrate froma
silicon single crystal ingot, which is used in the manufacturing nmethod of

a silicon wafele BeEQIEE & aph?okNBa PEBS B ek ANWENOPRL B2 M rildeTickegh apd a
conventional known_nethod can be used. Specifically, a slicer with an inner

peri pher al 1187 dde, Fariiee shareasor HBY tPREBRATBEUIR Edsivy/ IHd Ingtuidd. 30

Devi ces used ddt tthebBeagud 1 eat menhoad dtHAE 0P ghstempenaidaigeanmeal thst ep

according to the present,i ygagltl on are n}gt limted, and conventjonal known
sed. C

n . ]
devi ces cah®BREIHEFEr AbF V"% L8Ge EPFF CRTTIES FREAHENT cF BR9EG 2P he heat
treat nent Bottides ahwentl calrdasr nacen@Somfa aibateh Wame, basdmébhelgdew ce

used in the hi t enper re anneal 12 step includes a vertical furnace of
o hateh (yee Wk PEERELENUL AN 32 o aihddObUiERRE Sl Raat hone o
t he high tkeperdingly, abneesersttepncan tes bordionedscpomevenumusliy tkeéng t he

vertical Tucnace .o 2.0a hd XRe Baylag AN cOXYORI PG fUDELL oy B The

feature of the manufacturing nmethod o silicon wafer ac Ing to'the
present i n¥erts 8alditEemt Aughonisdgiacsitaiesnisingléiepystafier Whgbt satipl e

mai nt ajdi Ngi & S@ibRJahat fatdhfe 238080t MU GRed €8NL €fend SNTPELItUEE Of
crystal during silicon single crystal growth changes 10 from 1000C to 900C

in 5C/ nmin BY°SRH1%. This is based upon the present inventors' finding that
the tenperature range where the abovenentioned cooling rate is naintained
i nfluences_the BMD size . |owering cansiderabl, nd en growth is perforned
whi | o i nET AERBIES 6 EBBIAtG ePArE o ST P Aty & S S Ohst F VP BMDS
with sizeslids afi 300npherlamyté chrthbessiupperssatkd dnlttd aborEnait lcass. _
Furthey, gven,if.cooli ”Qst 'eggB?{&”o'F?eQE %ﬁb‘?} abgyereat] %gggaggog g rate in
a tenpérature range excep r-such a tenperature range, 1t-1 not

ef fective dDrticheaByD sfver reddctiroatmentimishequal to or less than 20um.

The silicon wafer according to the present invention includes the

silicon wafer added with nitrogen and the silicon wafer added with
20 hydrogen. This is based upon the present inventors’ finding

described regarding a manufacturing method of a silicon wafer

according to the present invention.

Incidentally, measurements of the BMD gize distribution and the BMD
25 density can bemade 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.

30 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

35 measuring method. Specifically, an amount of warpage after heat



20 It is preferable that the cooling rate is increased in such a
tenperature range, and it is nore preferable that the cooling rate is set
to 7Cmn or nore in order to suppress the density of BMDs w th sizes of
300nmor nore to | x10/cnB or |less. 25 Another feature of the manufacturing
met hod of a silicon wafer according to the present invention lies in, after
applying heat treatnent to a substrate sliced fromthe silicon single
crystal ingot grown by the abovenentibned growi ng nethod at a tenperature
of 400C to 850C for 30 mnutes to 4 hours, applying heat treatnment to the

30 substrat@egtmént mebétwﬁu@ftealwgetr@o%%@fJb%rer%gtﬂbﬂtus%gt pr-Fozhour s
in rare gas having an |rrpur|tg concentration 0.5% or less at a volune
t

ratio or uﬁﬁ@Pfﬁ%Eu%&Yquﬁ MRIRMET Ohhete H'% HildRness of an oxi di zed
filmafter heat treatnent is suppressed to 2nmor |ess as a

hi gh_—terrpeéqa%ﬁgsgﬂgnnea Msé%ggd'r‘ﬁgt%]gl%ofl gprupon the 35 present inventors'

findi ng de§é Bsent inventors have found that
per f or mbng Aheatufdateat ngntetdtodaol ed atiilvedy Wadwrt @equerditngr eowier préhentheat

Lreatment .LGURI S uces it LAAR,00400G o 800C.I:s. Lenprkahly gl ective

5 for manufact urTng a siflicon haV|ng ovefrent | one

density frdepbutonetesendbefl shevdZ | ayer toward the center of a wafer

t hi ckness. The DZ layer is then formed by perform ng the follow ng

hi gh-tenperature anneal step. |ncidentall the high density BVDs forned by
the | owt efperaEine® cheaevwireaardne of ¢ ﬁ’églc‘l@ Hingaspeny s edde i ngAtt pred

hi gh-t goperat the ingaltstkeRy Maibd be Beal1idQatnERl LeAPRIAIHR khel €SS
t han 400C, since diffusion of gxygen does not occur sufficientl t he BMD

f or m does pﬁ‘BFe%tc&&l”enFﬁ%?ef ec’tZ 08 gRhde roboitly reed lf%%h?sﬂzol I
/cnmB, 15 whk€hod &aunﬁbesséaMyecoN\Emthn@ freakyyeeabonesht teIPET abhf £insd nore

than 850C, di f BMD__ densi t
becomos | 648 T hAHEXAOR /LD AR O TEUHIgers BBl B LGt BRGVREAY (1 eat ment

time is | esscdma:mg’saom m.mglsofsa neel chrfdussioons i 2 cof wakyyge peddesmaote , occur

peconed T oSt han iR grtring® iRt e PREER LA RE 1RE R ot et
ti me exceedsedetmutabseacBVy dopt alf Rt e lexcesdsarBXA GLZkc B dithet donsi ty

of BVMDs wi th,s{aas M £n200M.0f s®re Qhrdhled N1 fSMDs beconmes less than
5X1011/cn8 and the 25 wafer manufact uri ng step is further prolonged, which

results in
A silicon single crystal manufacturing device used for the

20 manufacturing method of a silicon wafer according to the present
invention is not limited especially and any one used for silicon
single crystal manufacture according to the normal CZ method is

preferably used.

25 Amethod for slicing a substrate froma silicon single crystal ingot,
which is used in the manufacturing method of a silicon wafer according
£o the present invention is not limited and a conventicnal 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.

30 '

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

35 of a batch type, and the device used in the high temperature anneal



undesirabl e productivity lowering. It is necessary to suppress oxidized film
gromh on a surface of the wafer by performng the foll ow ng

hi gh-tenperature anneal step 30 under a rare gas atnobsphere where an
impurity concentration is 0.5%or less at a volune ratio. Wien the inpurity
concentration exceeds 0.5%at a volume ratio, the oxidized filmon the
surface exceeds 2nm which is undesirable. The reason for suppressing the
oxidized filmon the surface 2nmor HRéss is for pronoting outward diffusion
35 of oxygen and facilitating void contraction and di sappearance in 14 the

vicinity ofsdhe;isuifiace .. Meanvbil unhes dhe exidizedd hhgigg ad %@yéé’ﬁf ace
exceeds 2nm outward diffusion of oxy%en on the surfiace neaf the
#

surface i s FRUFgFr E8Rekionas Botdifia Pephnidieakarpt Wdih?eHlEPIWH?P?WBF@IS in

t he vi cini ta)hn@faltd’iﬂeﬁf\@afrebe%ﬂnﬁ@@@ed@oﬂ@in@otﬁ@}t uSOnd RAE waidceortkagti on and
di sappear ance dgﬁﬁot occurs duri ng anneal , gh i S, undesirabl e. Wen the

abovenent i & =Y t3f%errﬁ’é‘rvépﬁra i YIS PPRER TUHGE°  contraction rate of

voids i $ Iow so that voids near the surface 10 remsu ns, which is

undesi r abl the e rajure excee OC SI nce de dation of
nenmber s fo(r?'[rht x%e%ﬁlﬁé”* ?Pﬁr%r ?l}nfcné&:m%urm %aﬁto(% %srlelF% nf ¥ edﬁéﬁ%y of
menbers bedentle mmemaahentmlmgm n m@@sngai)lahqu:@neasmglm cegstal 15

Wen t he a%\g%@qmu@ﬁgl wﬁﬁngt 5%513; esstd Ban, 1kl €84 chidfBentor the

void contraction i's short so that voids near the surface remains
undesi r abl yeMpREAL EFR CA et ali L iBdceblic P hbiFle cavsrhprodhhehrng e e

beconesygl ongomib6He & ec%llsato@ot:nlﬂe&ecwngrnablromopé pheductiyidan uMBhChnd s
undesi rabl e. 20 The manufacturing nethod of a silicon wafer accordi ng to the

present i AFEAEPONITHEMRISS CABIRRAUTERt (PP NSRRI FHd Sfn ERBIENYRSEFy &

concent r at ia@dveheh htorsdtbsbbal g | tsde aktiefieiingdsl n£rtfde@m Be qmmtaalze isin
a range of . 7X1017 atons/.c rrﬁ%lé(g) 9X1gl7 atops/.cnB8. This |§!§gased on the
present i nv@NESHEY CPPRUPREA LS RPT BRE™ B&PBW! 1T fosme gy ddeiiaig Sﬁn %Y gen
concent rat ithe obolirey sudist dat eujzlmsﬁ raaf;bertﬂneldeglssltwceﬁ EMmEnva t&i Bgkes

crystal X10 t / Jmr ensi f B\Ds wi.th a
densi ty of %gxigqﬂ’; anrgngg{% b% %I%E rdgg ?%iéi&gvxﬁgln Oﬁ:egfg %reat me%?ri S
perforned iemea iemperandries peafgemed a¢001® tabogsoent orned copbiperdadd fxom 30

m nut es toa“'t&%ﬁature range except for such a temperature range, it is not

effective for the BMD size reduction so much.

20 It is preferable that the cooling rate is increased in such a
temperature range, and it is more preferable that the cocling rate
is set to 7°C/min or more in order te suppress the density of BMDs

with sizes of 30C0nm or more to 1x107/cm® or less.

25 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 abovementicned growing method at a temperature of 400°C
to 850°C for 30 minutes to 4 hours, applying heat treatment to the

30 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

35 present inventors’ finding described below.



By setting the oxygen concentration of the substrate to 9X1017 atons/cnB or
| ess, di sappearance of grown-in defects present on the surface of the
silicon wafer is facilitated by the high-tenperature 35 anneal. By setting
t he oxygen concentration to 9Xx1017 atonms/cnB 15 or less, it becones
possible to forma wde DZ |layer with a wdth of 5pmor nore. Manufacturing
a substrate having the abovenenti oned oxygen 5 concentration can be adjusted
by appropriately controlling an oxygek¥ concentration in nelt, the nunber of
rotations of a crucible, or the like. The manufacturing nmethod of a silicon
waf er according to the present 10 invention includes the manufacturing
met hod of the silicon wafer where a nitrogen concentration in the substrate
just afterTBeF nifr dhecedersdimiendrRg kavs i gl thgbt Pesfs@ingnhaat ange of
1X1013 at opsd eiEht ot &X115tatorp/1ewBteriiratuse hased Upemddtet psasesit
inventors' findi descr,i bed bel ow, o H?t ' when the nitro

BPre gef

concent r at FEPTIE THE sTibt P 4@ 9eust ng 1 FeRe ?ﬁgg‘gﬁiﬁrﬁl e
crystalsinfot nswiflacauranges ofilixXb018afat orwicgBthe BXEiEnat onsd dnh a

silicon wa t al.ne t b i nt where t BMVD
density haéﬁ%ﬁ%gfgtgbgﬁéﬁék?%gﬁgd8¥§g%ﬂ%égg%ﬁ1%2%%u%§§%%£ﬁgﬁu83 t?%‘ﬁirpages
conpared &ivdfex thiekontsa slbstPatlavami th ihemebradddey werlionintnogér.  Wien

t he nitrogeg £an rat.L i S tads ey f ITD han 1X1013
atons/an,g%%opaggﬁﬁégko?gﬁﬁéﬁéﬂgzﬁ gﬁﬁéiﬁéﬁﬁ?éd b éﬁ%gﬁg%yfsEgaﬁ%gggsed SO

t hat war page&idiy B¥PEuFeead pEdted %o P%’éﬁwlt%xeﬁﬁet%%@e@fc didulstrate

which ¢ n@isadded wibh DhtiRgengnbebtmpbenudhanfihioged, concentration is
equal to or nore than 8X1015 atons/cnB, nulti-crystallization takes place,

which may result in lowering of vyield, which is undesirable. 30 The
substr at e wiegh heer @abizedebynanondeabe Pgt@reoVitsh 1eksatBah | QEOPcSi Bghee crystal

ingot in the nmethod fromnelt added with_nitrogen in, a anount . of 1X1016
o/ cne. ThrTRIGTOo R G SRR 32 AL ROGE L S hae e SOER 48 el ¢
t he conventéonaicuknovie nefdiedtié Bifadebeiup d:qumetel @it \thaSpeel §i éatly, the
addi ”QIWtMP& 'iQCLllrycge%irable. When the heat treatment temperature is more

than 850°C, since disappearance of the BMD ccres occurs, the BMD

density becomes less than 5X10Y/cm®, which is undesirable.

When the heat treatment time is less than 30 minutes, since diffusion
20 of oxygen does not occur sufficiently, the BMD form does not occur,
therefore the BMD density becomes less than 5X10'/cm®, which is
undesirable. When the heat treatment 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
25 wafer manufacturing step is further preolonged, which results in

undesirable productivity lowering.

It is nhecessary to suppress oxidized film growth on a surface of
the wafer by performing the following high-temperature anneal step
30 under a rare gas atmosphere where an impurity concentration is 0.5%
or less at a velume zatio., 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

35 of oxygen and facilitating void contraction and disappearance in



a nmethod for dipping a wafer with a nitride filmin nelt. The manufacturing
nmet hod of a silicon wafer according-to the present 5 invention includes the
manuf acturi ng method of the silicon wafer where a hydrogen concentration in
the substrate just after being sliced froma single crystal ingot is set in
a range of 1X1012 atons/cnB to 5X1016 atons/cnB. This is based upon the
present inventors' finding described below. 10 That is, even if the oxygen
concentration is relatively low, a note preferable BVD density of
1X1012/cnB or nore can be realized by addition of hydrogen. The |ow oxygen

concentrat g8 4i%i@it9cd# vee §oFrdQr M B84 &, ayedn Wrho kbt Ner £k eduged
crystal defects. Even 15 if annealing is perforrred in a lowtenperature heat

treatment FBF SUEXTREPANAFEY SHbr CUEFAES HLREVSHUY SfeP Y8R BVS BRIy can
be realizgéabyridaalfydr egensesldid isopprSesdy a ngrgtréﬁllagvaahage@m

regardi ng a_poj nt t an anneal,ed_wafer_, WI f e educed surface
detects caﬂxg %f‘g@? f&ea% s &% b V&§tml C’Fﬁéﬁ W@&eﬁuﬁ%ﬁ%ﬂ? &5 on
nmust bes 1 X101 sat dns/ coBd epntpaet ian ancﬂieuisappearﬁnc&a/eomlm abovrengnt irened

effect, bu n ydro ntrati on exceeds 5X1016 at ons/cn8B,
bubbl e def%%?%aelduéﬁ?gﬁ g d‘r%g@%snlcr%%g%r whi ch is undesirable. 25 The

substrate can be reallzed by contlnuously i ntroduci ng hydrogen gas into the

at mospher ey gyl ihg gw@ér@énaro%\@fdhaﬁygﬁ thay Fei‘at&ﬂ!‘ci%nﬁéé‘éi r0f 1 e hydrogen
gas is in arange of 0.01%to 3% at a volune ratio to per ormgrowth 30

When the c®PRERGTECToR2bE ¢heVHiyisr d§ehoazC itdteFoitdparedr (4% shéachydr ogen

concenfg at ;O iy, t fiei SUBStIRIS 18885 NOtneRaGR: dnddil2t @b Orsd |GBe O RS €,
whi ch is undesirable. Wien the concentration of the h ydrogen gas exceeds

3% the hyttobén GIREENEFAEFIHH 4R f’ﬁem%b%liﬁosftorrattéeei‘&%%@s 5¥PeE6 4% ons/ cnB,

which r esu&i@mﬂl@murd eapea@émein?c f bedbire-ydef @etberwhicehmes Hindesiiahl e. The
a. siljcan wafer accordi ng to the pr esent i nvention

manuf acturin S n vaf er e
i ncl udes t:ﬁ%s(% uflgcflﬂfi?ﬁjg "Tr"}"?elte}1oél1 6F23% st i €O 'waf er where 5 a silicon
single crystal layer (epi-layer) is deposi ted by the

15 When the abovementioned anneal time is less than 10 minutes, time
for the void contraction is short so that voids near the surface
remains undesirably. When the anneal time exceeds 2 hours, a total
anneal time becomes lcng, which resulfs in deterioration of
productivity, which is undesirable.

20 _

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

concentratimncfthésubstratejustafterbeingslicaﬂfrmnacrystal
is in a range of 7X10% atoms/cm® to 9X10'7 atoms/cm®. This is based

25 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 7X10Y7 atoms/cm®
or more, a high density of BMDs with a density of 5X10'/cm® or more
30 can be realized when heat tfeatment is performed in a temperature
range of 400°C to 850°C for a time pericd from 30 minutes to 4 hours.
By setting the oxygen concentration of the substrate to g9x10Y’
atoms/cm® or less, disappearance of grown-in defects present on the
surface of the silicon wafer is facilitated by the high-temperature

35 anneal. By setting the oxygen concentration to 9Xx10'7 atoms/cm®



epitaxial nethod after the high-tenperature anneal. The present invention
w ll be further explained belowin detail referring to Exanples, but the
present invention is not limted to 10 the Exanples. Exanpl es

Manuf acturing nethod of anneal ed wafer and epitaxial wafer 15 Anneal ed

waf ers and epitaxial wafers were manufactured in the follow ng manner. (1)
Preparation of Melt: Silicon and doping agent were filled in a crucible in
pul ling furnace 20 so as to obtain aldlesired resistivity. (2) Gowh of
single crystal ingot: After nelt was prepared by heating the crucible using

a heater, %@eﬁes§,r>isct@gcm&sgid%@%lentm&ﬁegtwﬂ@ tuh L edy Up.+and, fedieck
portion 25 and an expanded di aneter portion were fornmed while controlling

t he nunber &f S¥Bt 2 i%HS -of the cruci'ble and the nunmber of rotations of the
seed crystal. After the expanded di aneter portion was formed, a dianeter

t hereof was controlled by utilizing a heater aqutput and ul ling speed,
and a straM@ﬁFfiﬁﬁqﬁﬂngpérFPgﬁtEQﬁF %ﬁgsgéﬁ %ﬁﬁﬁégﬁﬁtFPgege ¥ eached a

pr edet esm nedcéetu th drnedrebe widt) b s déAbgtapp robri 200Nt o AO8OIMIngwaf exyydrt h

di ameter of 300mm_.500 . _Thereafter a reduced di aneter portion was

f or med andcggﬁ?P%ﬁ%ﬁﬁqghg%yg?% ’ﬂ%ﬁb?umﬁﬁg %#633335083 2 6%fﬁgf6hi?féﬁithe
mel t. Condobti bhk¢ ypes of single crystal ingots obtained were p-type
(boron-doped) and n-type 35 (phosphorus-doped). 18 A cooling rate in a
range where a center tenperature of crystal changed from 1000C to 900C was
obt ai ned byhemanudprcbwr by methed of TRaLi¢cen wafermeerating tdi Big bbetdwn of a

cryst ahg CenheEn PO 1:0219464T 49 i Fhaku BT WM cwas 628 il atiad By healr
conduction analysis and an crystal growth axial directjon average

t enper at ur BRFAd dHC OGP AR iFadiFRnYR dte FObSErfbe JURE WaSesbbaitted. A
crystal geontdd ratem aner agegVval aie s¥aimigon]i mascobh ai nechdd om the s

experinmental resulst, a xG [ G/ m.n]l, was, determ ned as a coolin 10 rate.
The heat cBhEfEE ?%ntﬁaggﬁgrf8&&@8fﬁ£rngTﬁﬁNﬂé CREP m%%o%fu“apre%ent

conmer ci al iyvawviadddblféniéaty ¢enchtictedobednal ysis software. R sing and
faIIingsof the cooling rate in a range where the crystal
That is, when the nitrogen concentration in the substrate just after
beiﬁg sliced from the single crystal ingot is in a range of 1X10'°

3 to 8X10'® atoms/cm’, a silicon wafer obtained by the

atoms/cm
abovementioned heat treatment where the BMD density has the
20 abovementioned feature can be further reduced in warpages compared

with a case of a substrate which is not added with nitrogen.

When the nitrogen concentraticn in the substrate is equal to or more
than 1X10%® atoms/cm®, propagation of dislocation generated by BMDs
25 1s 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 8X 10 atoms/cm?,
multi-crystallization takes place, which may result in lowering of
yield, which is undesirable.
30
The substrate canbe realized by conducting growth of a silicen single
crystal ingot in the CZ method from melt added with nitrogen in an

amount of 1X10%® gtoms/cm® to 1X10'° atoms/cm®.

35 Asmethods for adding nitrogen tomelt, the conventional known method



center tenperature changed from 1000C to 900C that was cal culated 15
according to the abovenenti oned nethod were perforned by placing a heat
shielding plate nade fromnmetal w th excellent heat conduction (for
exanple, silver) or the like at a position where the crystal center
tenperature changed from 1000C to 900C to properly water-cool the heat
shielding plate, or properly changing a 20 structure of the heat shielding
plate to change a pulling-up speed. 18) Adjustnment of oxygen concentration,
nitrogen concentration, and hydrogen concentration in substrate Adjustnents

of an oxy.gegncw%ehr%fép&abqynitéwﬁ&i@amptw& h8R) ng e 3G sa1 hydiaen

concentration in a substrate were conducted in the follow ng manner. 1)
Oxygen con@eRtFd orPr Adpaseeehtvadert Hetbxy geit detcéhlPatt difWas conduct ed
by controlling the nunber of rotations of a crucible or the like to control

an oxygen _30 concentration in é\gg crﬁtal. | nci dental |y, the ox%gen
concent r at FB3h "PAYE AT SE FatRe HrEUYBYT RESPREFEY &4 TR on
spect r ophot. at@tt yerandcaudak uehomahblfdAc 4 JapamekEheat s oNiHeEs siandoh nforgrat i on

Technol ogy ] ndustries Associatiqn) . was us as conversi.on _factor. 35 2)
N trogen CehEenct B R RoRE ot ae B o ThsS BuBenERTY ThBun ST RE TIPS T qul o
and a concehicad ifmom of shhyregerysaddedniot iy steal inas pamid mmand 104
obtained, angd, s adisustneay oof St Bg. NLLT 0GR ‘?L%C%Qgéétér;‘?{h e Bgrefé&l'l{md by
determining a nitrogen concentration in nelt froma rogen concentration
i nt r oducedinverirnsit éasddng ubdtyiedahdle¥ pping a substrate with a nitrogen
filmipggthe nelt to control mxed nitrogen in the nelt. Incidentally, the
nitrogen concentration in the substrate was neasured using the secondary
i on mass spet AEmet &R 1ESHNBP*YITHERCEPbERR ChAc T AHVERY ekl 26 | ess
than 5X1018-d£:aiars benBavas: ©ptar ned (' omcak chibied i Bsi REa 81 SY/Yat i on
factor of 0007 b%Sﬁd ugon t he cogcentrati on of nitrogen add?? in the nelt
ToRYFE Py ko

and the sof Pt FiFaOroRYAERPYY of TRFYSPAICX YR Hy OF ST HorCertr SF FOH-1"Er yst al s
wer e preli menadring ngenuiZzattyeedriiith cuyidied raddesd wirtybthl ghefef sconoest r at i on

boron ghi | ¢, xing hvdr ogen 4.0 g nosnhere duridg . SLVRLAl QLMD atqari ous
volume ' rtatios, "a Sil'PFcon ‘wafer slice rom
a relatively short time, the abovementioned BMD density can be
realized by the hydrogen addition. Such a merit is advantagecus
regarding a point that an annealed wafer with further reduced surface
detects can be manufactured-at a low cost.
20

3 or more in order

The hydrogen concentration must be 1X10% atoms/cm
to achieve the abovementioned effect, but when the hydrogen
concentration exceeds 5X10'® atoms/cm®, bubble defects due to
hydrogen cccur, which is undesirable.

25
The substrate can be realized by continuously introducing 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.

30
When the concentratioﬁ 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

35 substrate exceeds 5%X10'° atoms/cm®, which results in occurrence of



the obtained crystals was neasured by the infrared absorption
spectrophotonetry, and the hydrogen concentration was obtained from the
concentration of a hydrogen-boron pair. A relationship between 20 the vol une
rati o of the m xed hydrogen and the concentration of hydrogen added in the
crystal was prelimnarily obtained by this nethod, and the concentration of
hydr ogen i ntroduced into the substrate was determ ned by controlling the
volunme ratio of the nmixed hydrogen. Lhcidentally, m xing of hydrogen was
performed by 25 introduci ng hydrogen froman argon gas introducing port of a
silicon siRghee ChyRiA s, Mapytact ynineappaiat us such that hydrogen had a
predeterm ned volune ratio thereof to argon gas. (4) Slicing nethod of
substrate: 30 Substrates obtained by slicing sane portions of straight

bgrrel pprrhbg@squqfﬁcgagp@@ﬁﬂe\mo_aidtgéeigw@ﬁ@blfbﬂgaio@l_ rgﬁgmﬁbﬁhé Beecsent |
abovenent1 one net no SN Wre _saw as a ur It of . Sheet to apply a
e A R o R G pr et L LSRR P AR
(Low t efperatilk echreatirtgleatmgatabnk 2@ (kpghldwnperiat depoheadd thveahsent ) :

The obt al ned, sUSLY 4le5,MPLe. BHLAD (A VeLLhGal, fye gat, treat ment f urnace
of a batch type having a purge function ere a enpera?ufe within a
reacti on chanber was held at a predeterm ned tenperature, 5 and subjected to

heat treat REQt, (lowed anpeLAl Uf &, ieathd Rat fENLY, 1%&3% 8L 9on gasiAaLEpsphere
for a predetermned tinme. Then, they were subjé%te_ to high-tenperature
heat treat ¥8RET{IRDGC) Expetes aPybri it RESPHET dnveprtiopriedeperhimidgdt tare
(200mMgonenbogkamBAMM  two hours) in the same furnace (hereinafter, the
wafer after the 10 heat treatnments is called "anneal ed wafer"). (6)

Epi taxi al |ayer deposition: An epitaxial layer with a thickness of 51i mwas
deposi ted @ara@pBa face of a portion of the anneal ed wafer using a vapor
grow h apparatus 15 (hereinafter, the anneal ed wafer deposited with the
epitaxial layer 1is called "epitaxial wafer"). Measurenent and eval uation of
anneal ed widberfandirdpict axicabdwaf emnne20edheafat [2omi rpineasal enefir and

eval uatgonaahoutod he AnnealadoNel.er and Lhe SRId gxLal Rl el off ghged by (he

abovenenti one . anel Srze di'stri Ion neasur enent, (3)
measur enenfobdiowigld panargt h and eval uation of warpage (RTA heat treatnent),
and (4)
(1) Preparation of Melt:
Silicon and doping agent were filled in a crucible in pulling furnace

20 sc as to obtain a desired resistivity.

(2) Growth of single crystal ingot:
After melt was prepared by heating the crucible using a heater, seed
crystal was dipped in the melt and pulled up, and a neck portion
25 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
30 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 fromthemelt. Conduction typesof single
crystal ingots cbtained were p-type (boron-doped} and n-type
35 {(phosphorus-doped) .



measurenent of width of DZ |ayer, were conducted. Regarding the 25 wafer
added with nitrogen, (2) nitrogen concentration was neasured. (1) BMD size
di stribution: The BMD size distribution was neasured by the infrared
interferonetry and a transm ssion electron mcroscope. As a defect 30

eval uati ng apparatus based upon an infrared interferometry, an OPP (Opti cal
Precipitate Profiler) manufactured by AXENT Technol ogies Inc. was used.
Three portions positioned at depths of820pm 100pm and 300pm from a
surface of each of the anneal ed wafer and the epitaxial wafer were
measured. BMD sizes were obtained fromsignal 35 intensities obtained by
appl ying electrical signal processing to 21 hase differences of
transm ssi &n°PasErS LR 4 AvEFRGR WHTFe 20fF T VaT USERSERAIRE I°F €gaiSdithg t he
three port |c@aagm5fxaﬁlopoed°cas:oagomHpmﬁsedswﬁun\ea u@lﬂh% EPel &eidPheSROSI tiVity
was set to sen5|t|v octahedral BMDs wth

lIo d neasurenent
5" i agonal TTaRgthS iR SR Rl bt FHRGCRRD SF b RS Hdy EPRTTod SR 10G
di agonab I@mguhgo¢ryﬂtadcuahedhawaqnuaﬁcpﬂaaﬁdtbykhesanprSudtmom:healy51s
" .
at dopt he. “0F T0er I0Bp . 0UhmerF bos L ho- Lot T ok GerBr TN SRABEFE vat er
and t he epﬁtéx?émnhaﬂe@ &no9BME st s Gvepe?0bt Giveed cbbafned nikc cogsople

i mges obt %‘rBﬁE’hbﬁ’aEé‘eav@%%%Hrﬁms\f e BVP éé@eobt‘é@:%eée%?&ﬁ“ﬂf‘ed as a
di agonal |éngth of an octahedral precipitate. BMD density was_ obtai ned

from t he n@fBEFIBINEBNDSe§BsEr VA VG EiQ/W%ﬁ1fW%?cﬁ%%ﬁiménﬁélﬁﬁnﬁ 6p0tHed sanpl e
correspondi-age{ 0 a region observed. Regarding the BMD density and the BMD
size, their_average 15 value of val bt aj ned, r egar, |ng the three

ot t1 one WA, BT BT A6TT BT AT TE el pHI L & AE G 1 of BMDS wi th
sizes of 26mm@fcn3ﬂhyﬂaaadlhhbedﬁﬂﬂlKwndﬁcfmﬁﬁ amaﬂysiEZESfomaﬂﬂﬂnn1or nor e

wer e obtalﬁed fron1t9 _?ND SE%%udE%E fEJ%nsIthalned ehé%g’sgqp TEM
20 (2) N|trogen concen% 9 6ns ' “annea ep| axi'a ¥

Sanpl es melcensaxrptlegtdetaDMQ kteaagﬂ@élr@dt WHEC am@00RE tEpitt wxs aklwaliered and,
after poli %Eb@gd Oc% tQ 200 UBSvARL{1AlER ﬂné‘%@cff%rfeo é?ﬁ@%ﬁe% tﬁ,g, H?H&

di ffusion layers nitrogen on surfaces e waf e itro en
concent r at adveati hiHaliRafeed aerds Feesue el UM’-%@XSPNB?M heyt Sngueeiryt hs in

anneal ed wakgr anghARi,taxi &b MWefreEnandi MALRAYGS sition where the crystal
center temperature changed from 1000°C to 900°C to properly
water-cool the heat shielding plate, or properly changing a

20 structure of the heat shielding plate to change a pulling-up speed.

(3) Adjustment of oxXygen concentration, nitrogen concentration,

and hydrogen concentration in substrate

Adjustments of an oxygen concentration, a nitrogen concentration,
25 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 l1ike to control an oxygen
30  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 Association} was used as a

conversion factor.

35 2) Nitrogen concentration:



t hereof : The anneal ed wafer and the epitaxial wafer were anneal ed using an
30 RTA (Rapid Thermal Anneal er) under the follow ng conditions ten tines.
Insertion: roomtenperature Tenperature rising: 500 mn Holding: 1100C for
1 mnute 35 Atnosphere: argon 22 Tenperature falling: 30C/ mn Pulling:
room tenperature Warpages of the anneal ed wafer and the epitaxial wafer
before the RTA heat treatnent and after the RTA heat treatnent were
measured 5 using FT-90A manufacturedi®y N DEK Corporation. The anneal ed

waf er after the. RTA heat treatment was observed using an X-ray topograph,

and the maxisgim:h @ﬂgm %feth@egtdl%r%t;emﬁx%taSﬁ{ vedushi-ps yasndetermngd as a
representative val ue. 4) W of DZ | ayer of anneal ed wafer: A surface

of an anne&f e*f GEHEn \ﬁﬁge ellbocfliysgrﬁd Hes POl i ReAg L deph tringsm aafd def ect s

present 0na@;wholedtf @%etﬂé ﬁh@d&?@@bhébﬁ@ra@ﬂ'&%&h@g YBf Sfndehg neasur ed
usi ng LSTD_ scanner manuf act ur ed M TSUI RII NG & SVELTI NG CQO. ,
LTD. Si nce4 ?E%n‘&fé’t]@gt iaoﬂ BEPIH djé’tn&leﬁﬁﬁaé/’ri@nt H‘@lWBOIﬂvaas i t¥SFER from t he

sur f aces of céeenmafaer cupihorddcaefiecta meérﬁ:fcﬁdeduafsteﬁté earfiDldighing ap to
Xpm wer e pr sent fromthe q:rl 'nahl ann emejépger S ace. i n. a depth range

of X to OFDTE e dof et i’sh Sehisty 8t® sr@ﬁ%eldt’i‘%lf Shhi ch
al | oned nmstdreermaritt ofIIgn@im-tﬁﬁ;mefem suwrbbea d@ra@rmatllengm e 100nm 20

The vol ume, t S I b i\ di al
nunber of t é\:éé tt)eéct%s et ect eeglck%l%éﬁ t}?l\%sceléc;%ggya%/%rg m\éfs(lt EgE&ﬁg%{%eLt%gd
regi on and(3I¥basufeerentthasrh cgﬂcqmrﬂ@omomgm nte was Lesondbat edX i’ e

changi g t he,RoAdShi N9 AeRt ReX M eyﬁmat%@l @Slrggogl sty g dephh-when the

vol ume density of the measured detects 25 becane piece/cnB or |ess was
det er ni ned®sd-80GF dasesturte thy conggatratinmppé nll]trpée[l'laé’&eél 5} t8RdWLE
nmeasur enenind@ndhee\sall tiat £ 0fa f Bl Aa% idndercrpfziyos conditions referred to
bel ow. 30 Brief description of t he dr aw ngs
) Hydrogen concentration
Crystals were preliminarily manufactured in crystal added with high
15 concentration boron while mixing hydrogen in atﬁosphere during
crystal growth at various velume ratios, a silicon wafer sliced from
the obtained crystals was measured by the infrared absorption
spectrophotometzxy, and the hydrogen concentration was obtained from
the concentration of a hydrogen-boron pair. A relationship between
20 the volume ratio of the mixed hydrogen and the concentration of
hydrogen added 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
25 introducing hydrogen from an argon gas introducing port of a silicon
single crystal manufacturing apparatus such that hydrogen had a

predetermined volume ratic thereof to argon gas.

(4) Slicing method of substrate:
30 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.

35 {5} Heat treatment (Low-temperature heat treatment and



Fig. 1 shows a diagramfor explaining slips and warpage introduced by RTA

heat treatnent; 35 23 Fig. 2 shows illustrative diagranms show ng a
rel ati onship between a BMD size distribution and slip/warpage, illustrating
results given in Tables 1-5. Fig.. 2 (A) illustrates the BMD size

distribution clained in Caim1 which | eads to suppression of both slip and
war page 5 anmount to certain mnima whereas in all other conbinations of BMD
size distributions showmn in (B) to (Dgat |east one of slip or warpage
anount is undesirably high as illustrated in each of the slip/warpage

tables (x ns,_ sl i p/ war e"not K", means slip/warpage "good enough").
10 Fig. 3 gﬁ%\}v'stei“lﬁe %5??8%61&?99&}%“2?10\/»& ng a relationship between a
prior art BM bitaéndistubditsiten weuk puitpimar pagelcaRespeeticsa teastmearent
results an val uati on_r S. 9f __ann fer and epitaxial, wafer
Regar di ng \g\}éf%a?cse %Et%?’ﬁggﬁt#yﬁ} %%gag%&%gﬁf%eoégnéﬁh%} W\%SF?oéagem%%%%ﬁ%eons
(oxygen contenir at fergtivin chgebeconcem¥deion preydregeined ropataatieon,

cool i ngsti ggy cheaty %e@gameryrefagmt Flhﬁf_—rt%ﬁy%§§% eiglfeatth@ eatment).

above-nment 1 oned neasurenent (1) and eval uation _ he wafer obtained
t he above- WRiRY GFE@NNERROYLER W EFEWA OF na TR de LErignedablee 5. TRAVD sidy

di stributipos. mRaseredqr egal g .appeat e waker srihatetad 1249-8) Waf gy
di anet er of 200mm each conduction type, ( vari ous _nitrogen

p. or n)
concent r at FBHE ShPAPBYRTE doRcRMTAE5RELReth &1 BRY FAP™C offe® MoR&r | HHEand
that were swhjeeired Lo viadius lrawnbespaiadaihefrBepttid eatreenbr{érmper at ure,

tine) d a high-t erature neal,i n reat nent,, slips and war page anounts
obtain (8 byeEY ﬁ?ﬁ't%fqlgﬁ‘g?eﬁ sc%&%rén%#%cgﬁa\}%ry shown in Table 1 as
Exanpl es. BMD si ze distributions neasured regardi ng anneal ed wafers that had

a wafer di a{;gét er .%f x%anIg eera%tga %gngyglji_i on type (p or n), various nitrogen
concentrati ons, pI%yarogen ncentrations, and oxygen 35 concentrations, and

that were Subpétéeinl daveriwdtd 4 ohdtemper af one b dbpetitacat mesdrface
(tenperat uge,, gbggloﬁ‘”ﬂf i Qﬂﬁ%ﬁ@?%%%%%’%eﬁl F8Gor R IBM pa Sl RS and

war page anount tal ned by eval uation test
15 (hereinafter, the annealed wafer deposited with the epitaxial layer

is called “epitaxial wafer”).
Measurement and evaluation of annealed wafer and epitaxial wafer

20 The following measurement and evaluation about the annealed wafer
and the epitaxial wafer obtained by the abovementioned method,
namely, (1) BMD size distribution measurement, (3) measursment of
slip length and evaluation of warpage (RTA heat treatment), and (4)
measurement of width of DZ layer, were conducted. Regarding the

25 wafer added with nitrogen, {(2) nitrogen concentration was measured.

{1) BMD size distribution:
The BMD size distribution was measured by the infrared
7 interferometry and a transmission electron microscope. As a defect
30 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 20um, 100pm,
and 300pm from a surface of each of the annealed wafer and the
epitaxial wafer were measured. BMD sizes were obtained from signal

35 intensities obtained by applying electrical signal processing to



were collectively shown in Table 2 as Exanples. 5 BMD size distributions
nmeasur ed regardi ng epitaxial wafers that had wafer dianeters of 200mm and
300mm each conduction type (p or n) , various nitrogen concentrations,
hydr ogen concentrations, and oxygen concentrations, and that were subjected
to a lowtenperature heat treatnment and a hi gh-tenperature annealing
treatnent and the 10 epitaxial |ayer is disposed, and the slips and warpage
amounts obtained by evaluation tests2were collectively shown in Table 3 as
Exanpl es. BMD si ze distributions neasured regardi ng anneal ed wafers that had

15 a wafer _di aneter. of 200 ach caonduction type .(p.or._n vari Qus
ni trogen cgglggﬁtctﬁ%{fleorr?sn,ceﬁ?é?og%annScmolr?éo’éLﬁPr%ﬁeorn%;anéingno?&%%é@e Falde ot
concent r at iverhses ariek dilvetd wegerdihy edteedhtree view rtoiussl owst edpetret wrsea heat

{reat ment s LLBDErA LS, (HhB) dpIbONsLATRILALY 6. AP N L eat ment,

and the slipS and warpage anpunts obtal ned uation tests were
col | ect i velsgnghbiwnt §in whalshe 241 e Exeaasiigsmant cICograngdired BYRmpiidd.

BVD-si zg digghpbbat i1QngchBassr eshy eganding anpeaked Waf gis ddalrnhiady & wafer
di anet er of 300mm _each conducti on tyﬂe 1(§ﬁ§£' n), various 25 nitrogen

concent r at Roirs* IMidr BRIt BABhPFPEER -cOMT SRTPAET &, Eifhd t hat
were subj eetgfshDs 3 @USchovht eIPeIRidee shgdled nR3tLMBRLS14d emar ahur e,

time) and a high-tenperature _appeali t reat . Slips._and r page anounts
obt ai ned b?oségja‘i’%tg?oﬂe?é?t-é’f\/\g&@“’c&{ag%‘t iwgé%vé{oghtﬁbﬁﬁgcag cé‘arrpl es
and 30 Comatatheel X aapkesnd tic aeittaaldilay wadlel drideBNIas pagewan®uvbtsiwdd waf er s
before .t he _RTA heat treafment e e to or less than 1 Qi The

i trogdh  Contdn e sRE T e B e e P andt o R « Tht Bl ¢ ha
35 were added dawitdrminedogers démarnal iergttangédf rotmhbdsel measipétaes. 25

grown. The ' 1)._.Ln I S [ | S| zes
of 20nm toTEg%n%g@%ﬁ%tghéagBN%ﬂ-%%ﬁgﬁt ??@)tﬁégﬁgggaegge}%}s?&?%fe%%&ﬁ 5wth
si zes of 380Wkswriigdfeandta (Vo liAgepStidsd SEFDhe TBIresPondimabie a3reftan  when

the anneal gdse WaiLr srapsr 418y eRk teainl ddnvafesty vhi Byvany: A apel eF gveffpar dl ess
of conduction type of the silicon wafers, satisfy the conditions that 10

| : y .
the oxygenvesheedt vaiues PRUeLRe stigerrabe e ithoger RRgElens MerFL7

determined as representative values. The density of BMDs with sizes
of 20nm to 40nm and the density of BMDs with sizes of 300nm or more
were obtained from the BMD size distributions obtained by the OPP
and TEM.
20

(2) Nitrogen concentrations in annealed wafer and epitaxial wafer:
Samples were sampled from the annealed wafer and the epitaxial wafer
and, after polishing up to 20pm was performed in order to remove
the outward diffusion layers of nitrogen on surfaces of the wafers,

25 the nitrogen concentrations in the wafers were measured using SIMS.

(3) 8lip lengths in annealed wafer and epitaxial wafer and warpages

thereof:

The annealed wafer and the epitaxial wafer were annealed using an
30 RTA (Rapid Thermal Annealer) under the following conditions ten

times.

Insertion: room temperature

Temperature rising: 50°C/min

Holding: 1100°C fecr 1 minute

35 Atmosphere: argon



atons/cnB to 9X1017atons /cnB, the tenperature for the |owtenperature heat
treatnent is in a range of 400C to 850C, the tinme for the | owtenperature
heat treatnment is set to 30 mnutes to 4 hours, and the cooling rate in a
range in which a center 15 tenperature of crystal changes from 1000C to 900C
is set to 5Cmn or nore, the BVMD density (1) falls in a range of
5X1011/cnB to 5X1013/cnB, and the BVD density (2) beconmes equal to or |ess
than 1X107/cnB. As a result, it is Wwiderstood that the length of a slip
beconmes 10mm or | ess, and a warpage amount is suppressed to 20pm 20 or

l ess. It I‘?etﬁ%rt%Egogaifﬂg expi /i the BVMD density (2) is constant, when
the nitrogen concentration of the substrate becones equal to or nore than

1X1013 at ofwsl kg : rhemwaepeRes ivger educed. Especially, it is 25 understood

that, whenyihe, s 6@0eN GRREBNLA AL QY bﬁdle@eogél%gm G e rObe FOF £ raRd the
BMVD den5|t (2)"is 1X106/cnB or less, all the warpages becone equal to or

| ess t han ABpheatt Creatgifder §‘P80%Iftc%tthee%% hep ty hee d%GRIEN “ESRCEIR T %on and

the heas 39idqd E’ﬁimhaﬁ@flﬁld:ﬁuﬁﬁ BY BI0BRSIcaRbravhen, t e yrdiagen warter
concentrati n nor e .t han X 1012 atons/cnB8 or go t he
FEHECT al I y

u
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it is undetstbedakhaim lehgth biid engiht elfpeeaihiea vieelad 1 iipisead N@at e ritiewper at ur e
is equal to o Iess EQ?n %gu% the heat treatnment 35 tine is equal to or

more than 30 i ensity (1) becomes 26 equal to or nore than
1X1012 atoms/an and the lengths of slips can be suppressed to 5mm or

| ess. |qci dqezﬂt albyn X\fqﬂﬂq%ﬁ(}fertg %%] Vef $apeLe equal to or nore than 5
a

Sumin all evel s. Especl en the nitrogen concentrati on was equal to
or nore th%ﬁuxﬁigi?faﬁﬁrﬁéﬁ@@eddfaﬁﬁﬁeﬂa%ﬁ@ @%%Q%@ﬁ%@ﬁc@rﬂoﬂaﬁhéﬁg\&@@WXlOl?

at oms/ cnB, xihea i dlelre cof Jrhe BeZ érﬁHQ\fh%l\éefaﬁze sfludle £O 11 iMPke dhaniiem
which resulted in w der widths. 10 is understood from Table 4 and Table 5

that, when"&if& ‘tb%ﬁ‘g@ﬁas%‘?m%éﬁflﬁ%%ﬁ SCRIPRE WPpst marefpstpeed PYRETSPX1017
at ons/ cnB,miNmc BMyEansict yo (LuThecmsel ess dem@&t%ﬂ(l:ﬂelgltqﬁsbtf@n@i posul t,

| engt h of sllp excee 15 1 nci dent al n_the hydrogen gas vol ume
rat o Hur (s $PPF 6GA < SERGRa ARy SrarOg Ok Acis HAL 3UP budbre AUPCEEs
occurred, ov&uecdtedrert ed-pol ighdapal] eo eal watd priesdfiefirthehsi driegenl
Concentratééﬁéaled wafer surface in a depth range of X to (X+1)um. The
| detection sensitivity was set to a sensitivity which allowed
measurement of grown-in defects with a diagonal length of 100nm.
200 The wvolume density of the defects was calculated by dividing the
total number of the defects detected by the MO-6 by an area of the
measured region and a measurement depth of lum. Re-polishing was
conducted while changing the polishing depth X variocusly, and a
polishing depth when the volume density of the measured detects
25 became 0.1 piece/cm® or less was determined as a width of the DZ

layer.

[Table 1] tc [Table 5] show measurement and evaluation results under
variuos conditions referred to below.
30

Brief description of the drawings

Fig. 1 shows a diagram for explaining slips and warpage introcduced
by RTA heat treatment;
35



in the silicon nelt exceeds 1X1019 atons/cnB, multi-crystallization occurs,
which results in incapable evaluation. 20 It is understood that, when the
cooling rate in a period in which a center tenperature of crystal changes
from 1000C to 900C is less than 5C/ mn, the BVMD density (2) exceeds
1X107/cnB, so that the warpage anount exceeds 20pm 25 When the

| ow-tenperature heat treatnent is not perfornmed before the high-tenperature
anneal i ng, when the tenperature in tl# |owtenperature heat treatnent is

| ess than 400C or it is nore than 8500 and when the tine is less than 30

m nut es, P?BWSH&P@ u%grsav@%a %%vﬁﬁgua%l%/ ﬁgﬁl?be&m% the

| engths of sTips excee nC| gh not descr in Table
5, when th@BYRyger dicdsdbrEiar pod salﬁpt” ﬁérmaﬁstqclabesfefﬁcté@ae@sgbut@mven

atons/ cnB, i 4 heypiedt h-535r0f. theaPZ;h ayed-Mas kL8sSeibas 2PM: sYheput g,
oxidized filmthjickness 2 of the substrate after anneal ed exceeded 2nm or
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Respective measurement results and evaluation results of annealed

15 wafer and epitaxial wafer

Regarding wafers obtained by the above methods under various
conditicns {oxygen concentraticn, nitrogen concentratidn, hydrogen
concentration, cooling time, and heat treatment time), the results
20 of the above-mentiocned measurement (1) and evaluation (3) of the
wafer obtained the above-mentioned method are shown in Table 1 to

Table 5.

BMD size distributions measured regarding annealed wafers that had
25 a wafer diameter of 200mm, each cenduction type (p or n), various
nitrogen concentrations, hydrogen concentrations, and oxygen
concentrations, and that were subjected to various low—-temperature
heattreatment(temperature,time)andaIﬁgh-temperatureaﬁnealing
treatment, slips and warpage amounts cbhtained by evaluation tests

30 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

35 concentrations, and that were subjected to various low-temperature
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Examples.

BMD size distributions measured regarding annealed wafers that had
15 a wafer diameter of 200mm, each conduction type (v 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
20 evaluation tests were collectively shown in Table 4 as Examples and

Comparative Examples.

BMD-size distributions measured regarding annealed wafers that had
a2 wafer diameter of 300mm, each conduction type (p or n), various
25 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 cbtained by
evaluation tests were collectively shown in Table 5 as Examples and

30 Comparative Examples.

Incidentally, all the warpage amounts of wafers before the RTA heat
treatment were equal to or less than 10pm. The nitrogen
concentrations in the annealed wafer and the epitaxial wafer that

35 were added with nitrogen remained unchanged from thogse measured as
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5 with sizes of 300nm or more.

It is understood from Table 1 to Table 3 that, when the annealed
wafers and the epitaxial wafers with any diameters, regardless of
conduction type of the silicon wafers, satisfy the conditions that
10 the oxygen concentration in each substrate is in a range of 7x10Y

3 to 9X10Yatoms/cm®, the temperature for the

atoms/cm
low-temperature heat treatment is in a range of 400°C to B850°C, the
time for the low-femperature heat treatment is set to 30 minutes
to 4 hours; and the cooling rate in a range in which & center

15 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 5X10%/cm’® to
5X10%/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 20um

20 or less.

It is understood that, even if the BMD density (2) is constant, when
the nitrogen concentration of the subsitrate becomes eqgual to or more
than 1X10'* atoms/cm®, the warpage is reduced. Especially, it is
25 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
30 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 equal to or less than 700°C and the heat treatment

35 time is equal to or more than 30 minutes, the BMD density (1) becomes
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10 It is understood from Table 4 and Table 5 that, when the oxygen
concentration in the substrate is less than 7X10' atoms/em®, the
BMD density (1) becomes less than 5X10/cm®. As a result, lengths

of slips exceed 10mm.

15 Incidentally, when the hydrogen gas wvolume 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 1X1019atoms/cnﬁ,znulti—crystallization

occurs, which results in incapable evaluation.

20
It is understood that, when the cooling rate in a period in which
a center temperature of crystal changes from 1000°C to 500°C is less
than 5°C/min, the BMD density (2) exceeds 1X10"/cm®, so that the
warpage amount exceeds 20um.

25

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
30 {1) becomes less than 5inﬂ1/cn9, 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

35 of the DZ layer was less than Sum. When the oxidized film thickness
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was less than 10 minutes, the width of the DZ layer was less than

Sum.
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5 a surface of a silicon wafer by a distance equal to or nore than 20mis in
a range of 5X1011/cnB to 5x1013/cnB, and a density of BMDs with sizes of
300nmor nore is equal to or less than 1x10/cnB. 2. The silicon wafer
according to claim1, containing nitrogen. 10 3. The silicon-wafer
according to claim1 or 2, containing hydrogen. 4. A manufacturing nethod
of a silicon wafer according to any 15 one of clains 1 to 3, conprising
growing a silicon single crystal ingot3%hile maintaining a cooling rate in
a range in which a center tenperature of crystal during silicon single
crystal grewimsehanges from 1000C to 900C in 5C mn or nore; and after
applying heat treatnent to a substrate sliced fromthe ingot at a
tenperature 20 of 400C to B50C for 30 minutes to 4 hours, applying heat
treatment ito thessubsdd ab€eadtwiede@ipeidabyl ey off B0 G it 4256HL of0ronkD

m nutes to 2 hour er_atnosphere of rare gas havj an i nmpur.
concentrat?8n4®?“6$%gggF ¢%§§H§?a 9o$ﬁﬂ%E¥§?%608r£%H§gﬁs ﬁBHESQi%¥¥9ng

at nospher eawherfmca thi < kndssonf vafedivdezétdstfddan 2qualites dreabréregainment is
suppressed,to 2nm.or _| ) i g5 t er & anpeal step. 5..Th
manuf act ur#r’ﬁf:;m et ﬁodaogggg%?fc%}ﬂi%a%%r?”g%c%%gpn o’ cafnacfr% %ifls\l/\}ﬁ%rogﬁ n an
oxygen conB¥bg wathorizeks ¢hé0§ubstratee jiastquaflt ey obeiary tBan 41 ¥dckt.om a
crystal is in a range of 7X1017 atons/cnB to 9x1019 atons/cnB. 6. The

manuf acturing nmethod of a silicon wafer according to claim 4 or 5, wherein
a ni trogen? conc@herdtlisierofa fHeasaupsdi ko jdeimak+ 6pnt8E5N g R§tEPdared from a
crystalgis in a range of 1X1013 atons/cnB8 to 34 8X1015 atons/cnB. 7. The
manuf acturjng nmethod of a silicon wafer according to claim 6, wherein the
growth of fhe sitPRcBh:EFMYIMETETy 8EEPTT IS §1818et 1OF ed SOPOALARTE
addedwi t h mydrqgen such that nitrogen falls in a range of 1X1016 atons/cnB
to 1X1019 atons/cnB. 8. The manufacturing nmethod of a silicon wafer
according to any one of clains 4 to 7, wherein a hydrogen concentration of
the 10 subpstratenimsiacfitramgbeengodlafcedsfriommawerystatcdrsiing ao raarnyge of

iﬁ?gghﬁg@% %?ég%%?%éoﬁg %t gg@#?@inégrw?n%”%%wﬂié&%cﬂ%t begkaf, a
ingot while maintaining a cooling rate in a range in which a center
temperature of crystal during silicon single crystal growth changes
from 1000°C to 900°C in 5°C/min or more; and after applying heat
treatment to a substrate sliced from the ingot at a temperature

20 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 heours under atmosphere of rare gas having an impurity
concentration of 0.5% or less at a volume ratio or under
non-oxidizing atmoéphere where a thickness of an oxidized film

25 after heat treatment is suppresséd to 2nm or less as a

high-temperature anneal step.

5.  Themanufacturingmethod of a siliconwafer according toclaim
4, wherein an oxygen concentration of the substrate just after being
30 sliced from a crystal is in a range of 7X10% atoms/cm® to 9x10%

atoms/cm®.

G. The manufacturing method of a siliconwafer according toclaim
4 or 5, wherein a nitrogen concentration of the substrate just after

35 being sliced from a crystal is in a range of 1X16'® atoms/cm® to



8, wherein the growh of the silicon single crystal ingot is 15 perforned
under at nosphere where hydrogen gas is continuously introduced such that a
concentration of the hydrogen gas falls in a range of 0.01%to 3% at a
volune ratio. 10. The manufacturing nmethod of a silicon wafer according to
any 20 one of clains 4 to 9, wherein a silicon single crystal |ayer
(epi-layer) is deposited by epitaxial nethod after the high-tenperature
anneal . 34

§X10% atoms/cm®.

7. The manufacturingmethod of a silicon wafer according toclaim
6, wherein the growth of the silicon single crystal ingot is
5 performed from melt addedwith nitrogen such that nitrogen falls

in a range of 1X10% atoms/cm® to 1X10%° atoms/cm®.

8. The manufacturing method of 2 silicon wafer according to any
one of claims 4 to 7, wherein a hydrogen concentration of the
10 substrate just after being sliced from a crystal is in a range of

1X10% atoms/cm® to 5X10%° atoms/cmd.

9, The manufacturing method of a siliconwafer according to ¢laim
8, wherein the growth of the silicon single crystal ingot is

15 performed under atmosphere where hydrogen gas is continuously
introduced such that a concentration of the hydrogen gas falls in

a range of 0.01% to 3% at a wvolume ratio.

10. The manufacturing method of a silicon wafer according to any
200 one of claims 4 to 9, wherein a silicon single crystal layer
{epi-layer) is deposited by epitaxial method after the

high-temperature anneal.





