"~ SPECI FI CATION AN SO WAFER AND A METHOD FOR PRODUCI NG
THE SAME Technical Field The present invention
relates to an SO wafer, nore particularly, to an SO
waf er having extrenely high electrical reliability
and high quality, and to a nmethod for produci ng such
an SO wafer. Background Art Conventionally, as a
s_ub_strate for a devgegcTrOC3ATOAf er wherein a
silicon active layer (an SO layer) is forned on a
support substrate has been widely utilized. As a
met hod for producing such an SO wafer, for exanple,
it is knowNtbhall alAFERaANSd AoHETHOREERR in which
two silicon wafers are bonded together via an oxide
film In ion inpPRURUICINGETHEH naBMEN et hod which
is one of bonding nethods, an oxide film (which is
also referred to as buried oxide filmor interlevel
dielectric oxide film is formed as insulating |ayer

TectimBacalr fliatelad a silicon wafer (a bond wafer) to
become a silicon active |layer or a silicon wafer (a
basEheafer ¢ seatbeia vrppdan 1rsutst eat £O afd an0l Water,
ion-inplanted |ayer (a mcro bubble I%¥er) is formed

mo riensp de ttiheu @l Waf éro bgn SOI wafer Having

extremely high electrical reliability and high
quality, and to a method for producing such an SOI

wafer.

Background Art

‘Conventionally, as a substrate for a device,
an SOI wafer wherein a silicon active layer (an
SOI layer) is formed on a support substrate has
been widely utilized. As a method for producing
such an SOI wafer, for example, it 1is known that a
so-called bonding method in which two silicon
wafers are bonded together via an oxide film.

In ion implantation delamination method which
is one of bonding methods, an oxide film'(which is
also referred to as buried oxide film or
interlevel dielectric oxide film) is formed as
insulating layer on a surface of a silicon wafer
(a bond Wafer) to become a silicon active layer or

a silicon wafer (a base wafer) to be a support



i'mpl anting ions such as hydrogen ion from one side
surface of the bond wafer. Further, after the surface
of the ion-inplanted side of the bond wafer is bonded
to the base wafer via the oxide film delam nation is
performed at the ion- inplanted |ayer by heat
treatment. Thereby, an SO wafer in which a thin
subSit £08  acthde drayebni-si mpardaredean I hechaséawafecro a
the oxide filmcan be obtained. Further, after the

pupfald M h3td N, itheFerms® ahsol dentltasbonfawa agady
treatnent (a bonding heat treatnent) for inproving

impR@neE DEg stoaRItdu bat weenhyfter sglerconoactfven ayee dride
the base wafer, cleaning with hydrofluoric acid for
surfFemyi BF apheximendi wa bart.ne Burtdeer, oafher ikee is
performed. A silicon single crystal grown by
sur€zasdr alfski h et dme i0QY1 aetted) sdéabe be fyehlPa 9 dsed
as a silicon wafer for producing an 5Q wafer as
wa fé@sct sbebrbede. t bowher baige reeeR Y y¥ars, thige ogdehd
for thinning the silicon active layer and the buried
£ilaxi déeflidmi hadrieases.s ape nfieraefmdt e qddhTy of a
_ silicon wafer applicable to this has also becone
impdtanted Bspyeiralby, heahad 1RetNFdhosed AR 11 8n

single crystal with | ow defec [ [
y . ] t.density is %%PWPa%e%Ddis

SOTa w Fegon maidri aht [ Hi BA Tquad Lty OBt &iTlet
formed on the base wafer via the oxide film can be
obtained. Further, after the delimitation, there
are also some cases that a heat treatment (a
bonding heat treatment) for improving bonding
strength between the silicon active layer and the
base wafer, cleaning with hydrofluoric acid for
removing an oxide film on the surface, or the like
is performed.

A silicon single crystal grown by Czochralski
method (CZ method) can be generally used as a
silicon wafer for producing an SOI wafer as
described above. However, 1in recent years, the
demand for thinning the silicon active layer and
the buried oxide film increases, and the demand
for quality of a silicon wafer applicable to this
has also become strict.

Especially, it has been proposed that silicon

single crystal with low defect density is grown



fromthe crystal is used as a bond wafer to becomre

the silicon active layer. Hereafter relations between
pulling rate when growi ng silicon single crystal by
gfochralskl nmet hod and defect of the silicon single

that in the case of changing a gromﬁh.rate V from

andlighssneedohoWomegpaetit hn Hheh diuattiton obte sRpst al
growth axis in a CZ pulling apparatus with a usual

fr ol PAee &t yyetur ei 6haisedneas Ha) bomidciwryfaxl apgebecome
tenperature gradient G at the vicinity of a

theSO{ dildowi doitteef dceyemr .2 crystal, a defect
distribution diagramas shown in Fig. 9 can be
obtmkred £ BrFige 19t Monegilbatiween r Bgilohl PRatrate when
contains a large amount of vacancies, i.e,,
grePiEss DS compi ssngtet lr ¥ ske leavged 1YChal 8K 1
silicon atonms, and | region is a region that contains
meﬁhégr@mdadmﬁucbfqﬁstb@n$éﬁ§Qﬁncﬁ&ﬁ%i§(ﬁrgf&%g to
silicon atoms caused by existence of interstitial
befgtommwwhéﬂ|bﬁeﬁ&géayﬂ¢@m1atmm. It has al so
been confirmed that there exists a neutral .
(heLei nia$ t N ot asitonl By abBfeiatEd Qfs R FRGLee @
that contains no (or |little) |agck or .excess o tq
grQth1mﬁV@eN\ff@@cﬁlgﬁj@P?&§2ﬁ9 R dEPST & T the

g ted OBF (Qd datlon, | nduest 3 agking FRUl)ca o di1ing
apparatus with a usual furnace structure (hot
zone: HZ) inducing a large temperature gradient G
at the vicinity of a solid—liquid interface in a
crystal, a defect distribution diagram as shown in
Fig. 9 can be obtained.

In Fig. 9, V region is a region that contains
é.large amount of vacancies, i.e., depressions,
pits, or the like caused by lack of silicon atoms,
and I region is a region that contains a large
amount of dislocations or clusters of excess
silicon atoms caused by existence of interstitial
silicon that is excess silicon atoms. It has also
been confirmed that there exists a neutral
(hereinafter occasionally abbreviated as N) region
that contains no (or little) lack or excess of the
atom between V region and I region, and defects

called OSF (Oxidation Induced Stacking Fault) are



distributed in a ring shape (hereinafter occasionally
referred to as OSF ring) near a boundary of V region
when observed in the cross section perpendicular to a
crystal growth axis. Wien the growth rate is
relatively high, there exist grown-in defects such as
FPD,.LiTD andf CCP,EL whi ch are consi dered due to voids
dis bk iaf pogherer ahedyaqancyet eirnt
g?gcts, at a highqunsisgjovgr t he gﬁfﬁ?e radi al
occ%qsr £6hi:0m §f rdhererast 8b, 29d0BF egiiony conkami ag
these defectts becones V region. Further, along with

bounYEeriNG of v theg doewt khiat eobker W8B rimgths Cross
generated from the periphery of the crystal, and N
sedtedh AN JeSrpaanrel eheh UL de thystad (gtokdieragiced
side).  Wien the growth rate is nuch further |owered,
t hegh €8F theg pheinks tattchei senteelast wdkywdfeghand
di sappears, so that the entire plane beconmes N
theregi ekiMegrdengion derfat et bs Swehhers | BRéredbSTD and
there exist at a low density, L/D (Large - D sl ocation:
copgn whBreyi atrieoncbors i deeest | dugl tdi OIS GPPF 10T
such as LSEPD, LFPD and the |ike), defects (huge
of dighdcaténatedisvers)naithyPar ® @bhsi die e Tue/ t Gt 2
' di sl'ocation |loops consisting of agglaonerated .
hightéestsittal avércdheardihse mRfon whei& qdedon of

defects exi st becones | regi [
thet ocay SHDLy eginR) & N £ 8GN Poe SH B Gebh ahe (et etts

regi on and the : :
becomes V region. Further, along with lowering of

the growth rate, the OSF ring is generated from
the periphery of the crystal, and N region is
generated outside the ring (at lower speed side).
When the growth rate is much further lowered, the
OSF ring shrinks to the center of the wafer and
disappears, so that the entire plane becomes N
region. When the growth rate is further lowered,
there exist at a low density, L./D (Large
Dislocation: an abbreviation for interstitial
dislocation loop, such as LSEPD, LFPD and the
like) defects (huge dislocation clusters) which
are considered due to dislocation ioops consisting
of agglomerated interstitial silicon, and‘the
region where these defects exist becomes I region
(occasionally referred to as L/D region) .

N region located between the V region and the



4 1 region and outside the OSF ring beconmes a region
contai ning no FPD, LSTD and COP to be generated due
to voids as well as no LSEPD and LFPD to be generated
due to interstitial silicon. In addition, it has been
recently found that-by further classifying N region,
as shown in Fig. 9, there exist Nv region (the region

Mheee a 1 of ofy r¥acanCci e exbst )radgagestomedhe region
od$5|éh o? Cgél r?ng and Ni regﬁ%n the region mhé}eg;

coﬂ@éi%finénhgi stbbi alt, §irly congexicr) tadjmeentenerkted
region, and that when performng thermal oxidation

dud reat et ast hes ewexi 5t 9 sa har g BRDUENGf ILBBPeno be
precipitation in Nv region and little oxygen

gerPS £eiRid ablien 8 Nint egisani t Atlhosgh isuch .an I regi on
conventionally existed only in a part of a plane of
addwfeion A 16r4sd 8l dewhngdtengilon Gwerndhéherti bey
radial ~ plane (the entire surface of wafer), as_shown
furth el 0o Da shaist glisay berabient,o de remoractimed igy. 9.
controlling V/Gthat is a ratio of a pulling rate (V)
théﬁea@xﬁsa!N@npagﬁone@ﬁhdimﬁg@gmgwhgre a lot of
sollq-lqu|q interface in a crystal. And so, in the
va@@ﬂ@f@$uexxﬁtanaﬁjamﬁxi,tqr@h@i@@t§é§ﬁppaxgég
- a met hod in which a silicon single crystal fer
rimavi BgpdN Negirmg beer (the enePEOBuUrtE&Tesi & Qb & a
bond wafer. For
interstitial silicon exist) adjacent to I region,
and that when performing thermal oxidation
treatment, there exists a large amount of oxygen
precipitation in Nv region and little oxygen
precipitation in Ni region.

Although such an N region conventionally
existed only in a part of a plane of wafer, a
crystal having N region over the entire radial
plane (the entire surface of wafer), as shown in
Fig.9, has also been able to be manufactured by
controlling V/G that is a ratio of a pulling rate
(V) to an axial temperature gradient (G) at a
solid-liquid interface in a crystal.

And so, in the manufacture of an SOI wafer,
there has been proposed a method in which a
silicon single crystal wafer having N region over

the entire surface is used as a bond wafer. FoOr

example, there has been proposed an SOI wafer



exanpl e, there has been proposed an SDI wafer 5
wherein a silicon single crystal is pulled by
controlling a ratio of the pulling rate V to the

axial tenperature gradient G at a solid-liquid
interface of the crystal (VG within a predeterm ned
range when it is pulled by Czochral ski nethod, and

- the.siljcge i Noqregh ' d f
g B e T e B e e e TRk a)
coxfprg%qoi]ﬁ&d'%i%at(i@ f296h e pB)1and Japarese B ebhe

ar d-open okai) No. 2001-45@98 (on pages 2 -4, in
axf%g't@%ﬁfgﬁﬂ$fem§@£d@€ﬁk & haseawaf €l iis-1iquid

essent y necessary for supporting an SO |ayer via

i nt0r st ater i Emeapdtdavi ¢ /i) nat tifahrizcat ed
directly on the surfiace of the base wafer. Therefore,

. pré@§£%ﬂ@§n@|oﬁ0r9ﬁ@re prBResesit tiat pa lduedy Loy ade
silicon wafer of which resistivity and the |ike do

C z &\Oh rEEed k Pr edich o 5t aaday dshies ssed casn awbaSer wafrerN
(see Japanese Patent Laid-open (Kokai) No. 11-40786).

redfogenes ahsdd sisews ob onnprwaifrege qdlat yeasdnple, see
productivity and so on, a silicon single crystal

Jap &k nBa¥ aregi wa d-buraher Kuzkaial I§oi.nd GAilmg 4 08P 8
region or Nv region is grown with pulling rate at

(othi phospeed as 8howndnJeigr9esandPatsintcém i dafgen
processed to have mrror surface fromsuch a, _

(Kokai) No. 2001-44398 (on pages 2 -4, 1in Fig. 1)) .

Oon the other hand, a base wafer is
essentially necessary for supporting an SOI layer
via an insulator film, and device is not
fabricated directly on the surface of the base
wafer. Therefore, there has also been proposed
that a dummy-grade silicon wafer of which
resistivity and the like do not meet product
standards is used as a base wafer (see Japanese
Patent Laid-open (Kokai) No. 11-40786).

In general, in view of improving gquality and
productivity and so on, a silicon single crystal
including V region or further partially including
OSF region or Nv region is grown with pulling rate
at high speed as shown in Fig.9, and a silicon
wafer processed to have mirror surface from such a

silicon single crystal grown at high speed has

been widely used as a base wafer.



silicon single crystal grown at high speed has been
wi dely used as a base wafer. 6 Vacancy defects such as
COP consisting of aggl onerated vacancies are forned
with high density on the surface and in the bul k of
the silicon wafer obtained fromsilicon single
crystal grown at high speed as descri bed above, and

Lhepe el 5t JTANCHICTQuRi L6f eels bawigigsthinsi 2 of

€ on the surface of the silicon wafer.

agiﬁ%ﬁ%%%%£§e§%$¥ﬁ@¥eésd%émﬁ%%ﬁéw WS 8 $Lichha

aving many mcro pit defects as a base

den‘é%’illfwg&’ foﬁ-fpfﬁiealéwxri the Gaseithhath@ thinrero £ buhieed

_ mi's formed as recently demanded, there

<1134 SES v PLODI A Lhate A ¢ir dsuliati #8n Psopeyly cxrywtal
retained and electrical reliability is degraded.

gr&%ﬁcBQQHﬁggféﬁéeﬁwﬁﬁﬂdgbEBQHE@SaMOvevmﬁhdnUMBre
acconplis [ vi ew of the aforenentioned problens,

exid¥ hhsy oRkeGtol pilt0 Aedw desamaSAl nwpfehet tmtze of 50
retains ® high insulating property and has an excel |l ent -

nm & EChigr@l ohelibi ISuy fiar alevifce Habsiichl com padesss

even in the case of formng buried oxide filmwth
AnEXIhere! ynt BOT t hiadkaesd,s fproekanptie by 108 ¥mgosuch a

less. In order to achieve the aforenenti oned object,
silicon wafer having many micro pit defects as a
base wafer, especially in the case that a thinner
puried oxide film is formed as recently demanded,
there arises a problem that high insulating
property is not retained and electrical

reliability is degraded.

Disclosure of the Invention

The present invention was accomplished 1in
view of the aforementioned problems, and its
object is to provide an SOI wafer that retains
high insulating property and has an excellent
electrical reliability in device fabrication
process even in the case of forming buried oxide
film with extremely thin thickness, for example,
100 nm or less.

In order to achieve the aforementioned object,
according to the present invention, there 1is

provided an SOI wafer in which a base wafer and a



according to the present invention, there is provided
an SO wafer in which a base wafer and a 7 bond waf er
respectively consisting of silicon single crystal are
bonded via an oxide film and then the bond wafer is
thinned to forma silicon active |ayer, wherein the
base wafer is formed of silicon single crystal grown

bon@/&%?%Pf%égbé@%EWbhFa@bﬂﬁﬁsﬂmmg uf f add iofothe

Is"with regi on outside OSF region and

singﬂeén ey dchude; fe dafeabd egian aiet estiatie bf iGm, and
eposi ti'on nmethod, or the whole surface of the base

thetef ﬁe'%d\hﬁhlvfhﬁerfeﬂisom:muﬁﬁledie OSF froagion, Slbéde en
include a defect region detected by Cu deposition

act@ﬂ@OQa @ﬁq|wwéﬁ@¥nlthﬁubaseNWafmﬂmlduﬂ@émﬁQmOf
cl uster due tointerstitial silicon. As descri bed

31F¥EWQ,Sihgm%(é$§aﬁalh@ﬁEWn W eF zioelwhpdis khemethod,
whol e surface of the base wafer consisting of CZ

anditheonsohgl eswrysiaed bE wihhi Pader &F BAToUtSi He (kD
region and doesn't include a defect region detect

N rhyg Cordeposistica m&moﬁegxﬁér@Q%e§Q%ﬁne%H&nﬁﬁH4k a
defects on the surface of the base wafer. Therefor

de fnc80remi on wtrgtad &Y r 6Hel9eRRSE! | LA éil%glﬂ‘fél or

~reliability is obtained, of which dlelectrlc
t hebrehlodomwns prdireeey 0 f sthet Pegreadédtode 18 &%EQ&PO%

the surface of the base wafer, even |n
reghookmessssfde OSF region, doesn’t 18 gea! hal

defect region detected by Cu deposition method,
and includes I region containing dislocation
cluster due to interstitial silicon.

As described above, in the case of the SOI
wafer in which the whole surface of the base wafer
" consisting of CZ silicon single crystal is within
N region outside OSF region and doesn’t include a
‘defect region detected by Cu deposition method,
there does not exist micro defects on the surface
of the base wafer. Therefore, an SOI wafer having
an extremely excellent electrical reliability is
obtained, of which dielectric breakdown property
is not degraded due to defects on the surface of
the base wafer, even in the case that thickness of
the buried oxide film on the base wafer is thin
like 100nm or less.

On the other hand, in the case of the SOI



the buried oxide filmon the base wafer is thin 1|ike
100nmor less. On the other hand, in the case of the
SO 8 wafer wherein the whole surface of the base
wafer consisting of CZ silicon single crystal is
within a region outside OSF region and doesn't
include a defect region detected by Cu deposition

wa £t hgd candi nt ke bag@ dwéesdmehudesof mtdgeobase wafer
contai ning dislocation cluster due to interstitia

condiid€9Rg shere dges invbnex st gliecroryadamty idef edtdhin
on the “surface of the base wafer. Therefore, an SO

a ﬁ@ﬁfbnh@ﬂ@giaée@B@Nmégﬂnmehndndebanthénclude a
reliability is obtained, in which dielectric

deflreakdeyy o8 @t baprened ydutut demeandyl def astshogh and

the surface of the base wafer, even in the case that
thet b gkaesem pérbuined unké de If it @gdon heoses@ i DAET Br i s

thin Iike 100nmor less. Further, in the case that a
dishaseawdfeat td uwoopr sbdeoft,o fbntaxahpitelad S11e6Pn,

waf er the whole surface of which is I region, since
thestghdaesi |notn awiert cahcise PREAREY WeheCdaPht i vRe

ease, the SO wafer can be obtained with lowcost. In
surtfia secask, thiee IS0 ewaf @ Eils. prERerf 9T Sor o%che%O]gy

ion inplantation delam nation nethod in which ion
wafae haptiamgedr nedturRmednt Warerl L ahd b et Rlrer

is thinned by del am nation at : . .
reliability is obtained, in which dielectric
pbreakdown is not happened due to vacancy defects
on the surface of the base wafer, even in the case
that thickness of buried oxide film on the base
wafer is thin like 100nm or less. Further, in the
case that a base wafer is comprised of, for
example, a silicon wafer the whole surface of
which is I region, since such a silicon wafer can
be produced with comparative ease, the SOI wafer
can be obtained with low cost.

In this case, the SOI wafer 1is prefefably
produced by ion implantation delamination method
in which ions are implanted into the bond wafer
and the bond wafer is thinned by delamination at
the ion-implanted layer.

There is another bonding method, in which

after bonding a bond wafer and a base wafer, the

bond wafer is thinned by grinding and polishing to



the ion-inplanted | ayer. There is anoth [

met hod, in which after bonding a bond 3;f2?ngh3ga
base wafer, the bond wafer is thinned by grinding and
polishing to 9 produce an SO wafer. However, in this
case a thickness of SO |ayer of this SO méfer
becones relatively thick. On the contrary, according

broi?ch 0l ] hantal kan delpieatd '
roduc . épn net hotli depsls of a
p |on-|npla2$eg l'ayer, that is, t hi ckness of aﬁ sa

N i .
il AUEL sGan, Pe saphi e%ed MPotfo ENtsere0y e fiekeve COFE S
recently demanded, thereby an SO ma%er W th

relagfggg ?h@bgym(myﬁﬁ@ e wbtraimed. ak chickiiegs ter
the oxide filmcan be in the range from10 to 100 nm
ionggﬂﬁé]ﬁ%%?tﬁfc_itdl@ Beni i axtteohi Imethodlendrdddht @ he
nmor so in recent years. The SO wafer of the
iongfﬁﬁg@_taﬂ-@é@nt]_@yelrs, nohadegi adedchigkdiesectaf can SOI
reakdown property and retains high insulating
1lay¥Opesly s¥erndhithedase that esticheave L Bxthemdl ¢ SHEh

v ChevSh b aksnaed aybh onbont b0 | FERS! M
crystal which is grown by Czochral ski, method, and the
extWhohe 15ur hagg offuaki thyi Samt kien WPFegivhdout side  OSF
regi on apd doesn't include defect _region detected
Cu Hepdsi tkore et lodd. the oxide fll% can BECLE éﬂe
range from 10 to 100 nm.

Thickness of the buried oxide film is
demanded to be 50 nm or sO in recent years. The
SOI wafer of the present invention is not degraded
in dielectric breakdown property and retains high
insulating property even in the case that such an
extremely thin oxide film is formed.

Further, it is preferable that the silicon
active layer consists of silicon single crystal
which is grown by Czochralski method, and the
whole surface of which is within N region outside
OSF region and doesn’t include defect region
detected by Cu deposition method.

As mentioned above, when the silicon active
layer also consists of silicon single crystal
grown by Czochralski method, and the whole surface

of the silicon active layer 1is within N region

outside OSF region and doesn’t include defect

10



As mentioned above, when the silicon active |ayer
al so consists of silicon single crystal grown by
Czochral ski nethod, and the whol e surface of the
silicon active layer is within Nregion outside OSF
regi on and doesn't include defect 10 region detected
by Cu deposition nmethod, the region for fabricating

devi c as_n C |
reagiy e REgr aunl oy SER e E e et he

reiﬂéﬂC%%fw£5§i#@%EEﬁ@dd@¥ﬁcQUmé@ &g dgelfayet sar eand

destr oye ue to Tdefects of the silicon active

an %ﬁﬁrw%ﬁ@¥i%fﬁﬁ cGasechring subjreched 1 btel emanndpe

ofluoric acid. Mreover, in the present

ob€5W§@H‘¥h thereni g hal s 1pr e¥indetcpines hbdyfear and the

produci ng an SC] waf er as nentioned above. Nanely,

buiNese dssi REoviHedra a w@t hask f g srpdyeichigdar SO waf er
conpri sing at east the steps of form ng an oxide

defdfsatet eagle HN1aNHLRI aabave Vi gerareiverbohd Wafer
respectively consisting of silicon single crystal,

caddPbantd fgsu@ise bike the hohdawdfrey wWd flor myghrof luoric

ion-inplanted |ayer, bonding the surface of the
acil@n-inplanted side of the bond wafer and the base

wafer via the oxide film delam nating the bond wafer

at iloed oneimpl ant éth ¢ apere asnd bbukeartyl OPuhet BEF § hé S

base wafer is used, which is fornmed of
also provided a method for producing an SOI wafer
as mentioned above. Namely, there is provided a
method for producing an SOI wafer comprising at
least the steps of forming an oxide film at least
on one of a base wafer and a bond wafer
respectively consisting of silicon single crystal,
implanting ions into the bond wafer to form an
ion-implanted layer, bonding the surface of the
ion-implanted side of the bond wafer and the base
wafer via the oxide film, delaminating the bond
~wafer at the ion-implanted layer as a boundary,
wherein the base wafer is used, which is formed of
silicon single crystal grown by Czochralski method,
and the whole surface of the base wafer is within
N region formed at lower speed than OSF region
generated in a ring shape when grown with

gradually decreasing pulling rate from high speed

to low speed, and doesn’t include defect region

11



silicon single crystal grown by Czochral ski nethod
and the whol e surface of the base wafer is Wit hin ’N
region formed at |ower speed than OSF region
generated in a ring shape when grown with gradually
decreasing pulling rate fromhigh speed to | ow speed
and doesn't include defect region 11 detected by Cu ’

det\%ﬁéidit 'Sbo% ?Ellt h9dp o¥i ¢ P8Rk e hSdr faae ehet hehbase

naregion formed at | ower speed than

surg%Fcée?{fgn’ag%neééts%d wAf e {80 vshape nvhenrgiopivonwi t h

radia ecreasing pulling rate fromhigh speed to

for@ge"k%sa%edlo 8SNshedCt uds defoaet reedicon detreeteddry in

eposition nethod, and includes I region

a radHY akmy dirsé Acatd @pnclhustAr ghiedue ihyedscrealsin
sﬁﬂ?con. en prod?iing an SO &§$er by ign J

puﬂﬂﬁ%?n%%{@nﬂ%%ﬁ”ﬂﬁﬁhoﬁp@éﬁoioiﬁdw(§paddpodoesn’t
singfe crystal wafer the whole surface of which is

incdefget -d£ e As PeRtioONedeabove dd byedmsdapmasetion
waf er, an SO wafer having high electrica

me thebd abidn &y ianel hicghs qhamdyican benfroduédd even in
the case that a buried oxide filmis formed with a
di st e kreissn ofc 98 tem cdukesso Beraesetittigdesnidicon.
happen Fhat.dlelgctric breakdown property of the
oxi WR e | priceldedmadeand@ I ovwdef @€t Y ekPSting on the
base wafer during bonding heat treatnent and the_ .
imdli&etation delamination method, if a CZ silicon
single crystal wafer the whole surface of which is
defect-free as mentioned above is used as a base
~wafer, an SOI wafer having high electrical
reliability and high quality can be produced, even
in the case that a buried oxide film 1is formed
with a thickness of 100 nm or less, because it
doesn’t happen that dielectric breakdown property
of the oxide film is degraded due to defects
existing on the base wafer during bonding heat
treatment and the like.

On the other hand, when producing an SOI
wafer by ion implantation delamination method, if
a CZ silicon single crystal wafer which doesn’t
include defect region detected by Cu deposition
method, and includes I region containing

dislocation cluster due to interstitial silicon as

mentioned above, is used as a base wafer, an SOI

12



On the other hand, when producing an SO wafer by ion
i npl antation del am nation nmethod, if a CZ silicon
single crystal wafer which doesn't include defect

regi on detected by Cu deposition method, and includes
I region containing dislocation cluster due to
interstitial silicon as nentioned above, is used as a

base . . : S . .
waFlase vafer . an S0 b2 wakarchavirngl hiaght Bieot raval high
fgi'ggﬁgﬁég and” high quality can be producgg even ing
quatlhet ast?aﬁh?)te a%r@éfd@gdm@'@i@nf iim thd ocase: wihata 2

I Ckness o I00 nmor | ess, because it doesn't

pulapRen that i ehegtd i € obmealdonnt r aperby cofneme of
OXI%G f%?nwls degraded due to vacang€ de%ects

LoEXiStiNg eadde phaseuwal ef t dddegnbandiagowmat that
treatment and the |ike. Further, since a silicon

dié%%?%ﬁ@@dﬁ%é@kd&%@ pafepertor efamile, opted@hdliel ™ is

surface of which is within | region, can be produced

ded¥ihedidgl cont veldedcyange fant ai Eix cofparat Phe the
ease, it follows that an SO wafer with high qualit

ba SN al¥ee pr ediiced gwils bndaseg ahde &t Kéﬁ%%@ﬁnﬁnaﬂémE%e
cases, it is preferable to use the bond wafer which

e oo el . &t 08 51 i
bade ! e dcrcof on Forwen 1t Fovor M0 FhaTt CBF 15hi on
e it e g, Ve 952" ol SLANNA Y
wider controlled range and with comparative ease,
it follows that an SOI wafer with high quality can
be produced with ease and at low cost.

Tn these cases, it is preferable to use the
pond wafer which is formed of silicon single
crystal grown by czochralski method, and the whole
surface of which is within N region formed at
lower speed than OSF region generated in a ring
shape when grown with gradually decreasing pulling
rate from high speed to low speed and doesn’t
include defect region detected by Cu deposition
method.

As mentioned above, in the case that an SOI
wafer is produced by using defect-free wafer as a
bond wafer, device to be formed on the SOI layer

is not affected adversely, degradation of

dielectric breakdown property of interlevel oxide
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rate from high speed to | ow speed and doesn't include
defect region detected by Cu deposition method. As
nmenti oned above, in the case that an SO wafer is
produced by using defect-free wafer as a bond wafer
device to be fornmed on the SO |ayer is not affectea
adversely, degradation of dielectric breakdown

ﬁeggrnt yb8f fsihus fé?fe%r@@edl?’ #hlh® can O BuUNelfer

O wafer wth extremely high

wi takl yr&ﬁ@l H&%‘H‘Céﬁafﬂf_%h@ant her ep hasibeed .

recent y proposed™a nethod that in the case that an

SO pyafeteirs  Pheducedaly hoan Mptastmailgnproposed a
del ami nati on nethod del am nat ed bond waf er

meﬂﬁSHa@HE%eQﬂ%%ﬁ@ 5 sesubheaet egnt § 0 Bclaifie pr dcess
is reused as a base wafer (or a bond wafer) (see

&&Béfé%ﬁeoﬁatl%hﬁ 1l Haopent { Kokady Lbmina+297683.e thpd,
exanmpl e).” Accordingly, if the bond wafer that is

deﬂ&ﬁ%ﬁaﬁé@ebéﬁdmwﬁfemﬂkdbawmlsaME@ wad eheén 1s
del am nated wafer is subjected to reclaimprocess and
sub $ecreused casr achasemwaier ces sa doAd Waf S Ak eby 2
producti on cost can be | owered and an SO wafer wth
badbghvafaki topran heopdotaEdr )As (8RS al APRBeFe, Fatent
according to the present invention, there is provjded
La 28 -9@enaf(&o khérei ko .t Hel wA8ITed 8 ar f ac@Tofe ¥ ABPIARL -
wafer is within N
Accordingly, if the bond wafer that is defect-free

as mentioned above is used and then delaminated
wafer is subjected to reclaim process and is
reused as a base wafer or a bond wafer, thereby
production cost can be lowered and an SOI wafer
with high quality can be produced;

As explained above, according to the present
invention, there is provided an SOI wafer wherein
the whole surface of the base wafer is within N
region and doesn’t include a defect region
detected by Cu deposition method. Such an SOI
wafer has excellent dielectric breakdown property
even in the case that a thickness of the buried
oxide film is 100 nm or less. Therefore, if a
device is fabricated by using such an SOI wafer, a
device having an excellent electric property can
be fabricated with high yield.

Further, according to the present invention,

14



regi on and doesn't include a defect region detected
by Cu deposition nethod. Such an SO wafer has
excel l ent dielectric breakdown property even in the
case that a thickness of the buried oxide filmis 100
nmor less. Therefore, if a device is fabricated by
using such an SO wafer, a device having an excel |l ent

nei €7 hs SEEINULA AT sbe fabEigatfH owid hnhitghe yisiall e

according to the present invention, 14 there

suqf@@rmGPegp@“Sﬁ%é%%§$é@e£§HWihﬁﬂMmheré@twaeof

base wa is wthin a region outside OSF region,

outPESe o éﬁCE 16dk”86%sﬂ€€|@h65hdﬁed ke Bact
ep05|t|on d, ‘and includes | region containing

reﬁého%eéﬁéet%&%gf cduaidobhtershi et hsid i cond I n

case, since "the base wafer can be produced with

ingPHEE Aat Ve £RE8, dbATUCEH DNgcadt starde llavercddster
f Explanatlon of the EXamFﬁgs Fig. 1is a

dud | ewchait cshaw 8aan exanptenaf dnmihufaccadeg since
process of an SO wafer according to the present

the M¥ARL ORa fY. can( Apei prodexEAnutdrly CicaP 8Hal Hge
an exanple of a region of a crystal used for

ead@Nuicsduicigl an ¥@ swafeEn abeordpwgnedt-he present
invention. Fig. 2 (B) is -an explanatory view show ng
Brief Explanation of the Drawings

Fig. 1 is a flowchart showing an example of a
manufacturing process of an SOI wafer according to
the present invention.

Fig. 2 (A) is an explanatory view showing an
example of a region of a crystal used for
manufacturing an SOI wafer according to the
present invention.

Fig. 2 (B) is an explanatory view showing
another example of a region of a crystal used for
manufacturing an SOI wafer according to the
present invention.

Fig. 3 shows an example of an apparatus for
producing a CZ silicon single crystal that can be
used in the present invention.

Fig. 4 (A) shows the relationship between a
growth rate of a single crystal and a cutting

position of the crystal.
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anot her exanple of a region of a crystal used for
manuf acturing an SO wafer according to the present
invention. Fig. 3 shows an exanple of an apparatus for
producing a CZ silicon single crystal that can be
used in the present invention. Fig. 4 (A shows the
rel ati onship between a growh rate of a single

crystal apd gycuiting, peytieptdryheicyssadowibhyg the
Fi g. % (%? #s)an explanatgiy Vi ew s omﬁndythe J

re 18 2bin@ishi PrRatween aa guyavédit hatea eed sgadh eeghomegion.
Ag. I's

. n expl anatory view show ng a nmet hod for
pr g%ng:—j ai garnph e ka5 1 Su depeyi tibaw eladwatriona Fig.
6 sho (A wafer lifetinme and (B) Cu deposition

meﬁﬁ%&c%%fnpﬁdawé§n chi gmmpee civri Gy degrgsiglion
engthwi se. Fig. 7 shows a growth rate and a(ﬁﬁtting

evaPOshtii@n of a crystal in Experinment 2. Fig. 8 shows a
defect distribution of each region of a crystal by Cu

deppsigti o BBidwd: (W) wd fegi dn,f¢Bjme ragicon(B) Cu
(geperat|on of Cu deposition defects), (C Nregion ,
ded 91 €4 slepasifid on sdefrci) .Cr BEG.~ D FE 1 eX @Ralarlyt 109
vi ew showi ng a
a crystal lengthwise.

Fig. 7 shows a growth rate and a cutting
position of a crystal in Experiment 2.

Fig. 8 shows a defect distribution of each
region of a crystal by Cu deposition method:

(A) V region,

(B) N region (generation of Cu deposition
defects), _

(C) N region (no Cu deposition defect) .

Fig. 9 is an explanatory view showing a
region of a crystal.

Fig. 10 (A) shows the relationship between a
growth rate of a single crystal and a cutting
position of the crystal.

Fig. 10 (B) 1s an explanatory view showing a
growth rate and each region.

Fig. 11 is an explanatory view showing each
growth rate of grown silicon single crystals.

Fig. 12 shows defect distribution by Cu

deposition method:
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region of a crystal. Fig. 10 (A) shows the

rel ati onship between a growh rate of a single
crystal and a cutting position of the crystal. Fig.
10 (B) is an explanatory view showng a growth rate
and each region. Fig. 11 is an explanatory view
showi ng each growth rate of grown silicon single

cryshal s phEis@ W3 rehewaidef eat vdiségiimjon by Cu
deposition nmethod: 16 (A) a base wafer within V

regicgn, d Bhaadage rwaf ewiwibhnI regiion (HaduCu
deposition defect). Best Mde for Carrying out the

depdyentiian deaeatpaf.ter, the present invention will be
explained in nore detail. The inventors of the present

invention performed the thorough investigations for

effect given to a buried oxide filmby a base wafer
Besdf HBJSO owafs rpryaduged by &hsonBnng medload.

Consequently, it has been found that, when an SO

waf He riesi paddieeed udiegpa &3 éhtoni RVegliel epysibll be

grown at hi gh speed conventionally used in general,
explaamehed shl moonewsfetafdvi ng many vacancy-type micro

defects with the size of 50 nmor nore on the

sur Tace, inwerHeotase f hah & BUFISRM bxildeY £t 07

performed the thorough investigations for effect
given to a buried oxide film by a base wafer of an
SOI wafer produced by a bonding method.
Consequently, it has been found that, when an SOI
wafer is produced using a silicon single crystal
grown at high speed conventionally used in general,
namely a silicon wafer having many vacancy-type
micro defects with the size of 50 nm or more on
the surface, in the case that a buried oxide film
has enough thickness of éeveral hundred nm oOr more,
problems like degradation of dielectric breakdown
property due to effect of the base wafer are
hardly arisen, however, in the case that the
buried oxide film is a thin film having a

thickness less than 100 nm, there’s a possibility
of having difficulties in retaining insulating
property due to effect of the base wafer. It has
also been found that particularly in the case that

the buried oxide film is formed with thickness
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has enough thickness of several hundred nm

probl ens |i ke degradation of dielectric brenggage’

property due to effect of the base wafer are hardly-

arisen, however, in the case that the buried oxide

filmis althln filmhaving a thickness | ess than 100

nm there's a possibility of having difficulties in .

aro[)eﬁgl I gn{nnsl%ﬁénngaspa%‘?@éh&ie@eiho méteatt ofeahss, a

Se water. It has also been found that particularly

conPehia $25¢ thati dhep burd edadxinleatid
conye i addreatifiects foreedustfd
rPﬂlckness 17 around 50 nm | evel as denmanded in recent

ox V€8T $1 Pn EQIVERY WehdY g chehasetwafetnaifteca s Hehe
uri éd “oxide fil'mduring bonding heat treatnent and
liﬁ@?_§dk€h§¥’th@réhgréxxE@mHﬂmlﬁtﬁ@@@gpossibility
possibility that high insulating property cannot be
tha{ﬁt aiingd iandi ehedin g calr opbiraby | q‘:aymcstdéga aHed 2 Jhef
the inventors pf the present invention thought that
an@ne§gcﬁ@ﬁ@alwt@ﬂﬁ@bﬂﬁktyﬂkﬁjdegﬁagﬁﬂity of
whi ch dielectric breakdown property is not degraded
everHdant hér case vidrat ortre @b itdte DY m Y Sbrhéd
with a thickness of 100 nmor |ess, can he ogtainef
théMghaduchag: nkor & QEf wetle bf Withe BasE w&r'e? ¢ tand @
further performed the follow ng investigations an
resi?®1$ltﬁrsf,WH1QQSQx@ﬁe@ﬁﬁﬁctkﬂe ?Wquﬁﬁaegty
silicon single crystal, in the ca ’
is not degraded €ven in the ca%%(ﬁhggﬂwﬁglkuried
oxide film is formed with a thickness of 100 nm or
less, can be obtained by reducing micro defects of
the base wafer, and further performed the
following investigations and studies.

First, it has been known that, when pulling a
silicon single crystal, 1in the case of gradually
lowering a growth rate from high speed to low
speed from a shoulder fo an tail of straight body
of the crystal, as mentioned above, OSF shrinks at
a certain growth rate, and after that, phases of,.
in order, Nv region, Ni region and I (huge
dislocation clusters generating) region are formed
in lower speed regions. Recently, 1t has been
also found that there partially exists in Nv
region, a region where defects can be detected by
Cu deposition method immediately after A

disappearance of OSF (hereinafter occasionally
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| owering a growth rate fromhigh speed to | ow speed
froma shoulder to an tail of straight body of the
crystal, as nentioned above, OSF shrinks at a certain
growth rate, and after that, phases of, in order, Nv
region, Ni region and | (huge dislocation clusters
generating) region are formed in | ower speed regions.
refEFEA Yol G Na8yD&EEH o 1501 baundle Ebalt t herel pant,i @ by
exrsts in Nv region, a region where defects can be
sndighequpdrby - G depositicn erthasl eymesizat alapaficere
di sappear ance of F (hereinafter occasionally 18
19aE§B§Tﬁ%9iHQ«ﬁ§eEN depersiit) opodef-€201rkegBon), as shown
inFg. 2 (A (for exanple, see Japanese Patent

Lai gn0Ppgapkokei br2002 1203893 Lumedposit iTmr met hod
is a nethod for evaluating a wafer, by which
ev@@ggﬂpﬁ?(y wefFeat s biyn whiel cpodidt bongafef ef®ets
accurately neasured, detection limt for defects in
in the s Serteontlueterr wabdieranaie bapeovedr ah@lei ner
defects can be accurately nmeasured and anal yzed. The
mesBediddy et eatiiom mtimoiitoff ar wakdre CEGnpRséde
formng an insulator filmwth a predeterm ned
s ehhictess tar awsfrénceaol bRe MBPECY @) e @R et
destroying the insulator filmon the _defect par.t
defetes pear héeasirhaed ol vt Meagiered %ﬂgd@g&%¥?ﬁ8'

el ectrolyte such as Cu at the
The specific evaluation method of a wafer

comprises forming an insulator film with a
predetermined thickness on a surface of the wafer,
electrically destroying the insulator film on the
defect part formed near the surface of the wafer,
and depositing electrolyte such as Cu at the
defect part. Namely, Cu deposition method is an
evaluation method utilizing the fact that when
electric potential is applied to an oxide film
formed on the surface of the wafer in the ligquid
where Cu ions are dissolved, electric current
flows to the part where the oxide film is degraded,
and Cu ions are precipitated as Cu. It is known
that defects such as COPs exist in the part where
an oxide film is apt to be degraded.

The defect part of the wafér where Cu 1is
deposited can be analyzed by observation with the

naked eye under a collimated light or directly, to
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defect part. Namely, Cu deposition nmethod is an

eval uation nmethod utilizing the fact that when

el ectric potential is applied to an oxide film forned
on the surface of the wafer in the liquid where Cu
ions are dissolved, electric current flows to the
part where the oxide filmis degraded, and Cu ions

évaiﬁ%ﬁéggF%ﬁ?%?&ﬁﬁé%bn'%ﬂé lgravwi tihat hdefeesfs such

exist in the part where an oxide filmis apt

Fuﬁﬁ?@%ﬂ%ﬁgadg% dhe defget war caffiheaeadf by where Cu

eposi ted can be anal yzed by observation with the

mi6¥$$8g2§28g@€r§a%ﬂéhmﬂﬁdthaﬂﬁmmssﬁoac@@&ctaoug

eval u istribution and density thereof.

3 r g : . H .
mléﬁéégag? erEM) can afsanheingnfdYeed hyn miczoeseHEP e

on, a transm ssion electron m croscope

(S )EM ord S8Eanni NPeel ectron mcroscope (SEM, or the
I'ke. And the inventors of the present invg%tion

per & aeth Buritthee nivwest icgft tbes mbestenief darsenition

these regions. Specifically, when a growth rate of a .
perstbiaen sungieeer yistuksitsi gaaduzn sy Atmeted ¢ F Mt gh ™

speed to | ow speed, the V region just before
theth saprapt ance of OSF was subjected to FIB (Focused

| on Beam) processi ng after identification of_a o

cooBgictat £ikya Bl yur fabern mspe&qwhlagsl &t &F 2 silicon
single crystal is gradually lowered from high
speed to low speed, the V region just before
disappearance of OSF was subjected to FIB (Focused
Ton Beam) processing after identification of a
coordinate by a surface inspection apparatus
(MAGICS; trade name) . When the points were
observed by TEM, the existence of micro pit
defects with about 20 nm could be confirmed.
Voids become. finer as V region is a region just
before disappearance of OSF, however, micro pit
defects in V region remarkably degrade time zero
dielectric breakdown (TZDB) characteristic even if
they are considerably fine.

On the other hand, when gradually lowering a

growth rate of a silicon single crystal from high
speed to low speed, as to Cu deposition defect

region immediately after disappearance of OSF,

there is no marked deterioration of breakdown
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(MAG CS; trade name). Wien the points were observed
by TEM the existence of mcro pit defects with about
20 nmcoul d be confirnmed. Voids becone finer as V
region is a region just before disappearance of OSF
however, mcro pit defects in V region remarkably ’
degrade tine zero dielectric breakdown (TZDB)

characteristic ev i re Si ' '
vOlfiRI Gt ner v fi mfgmg%wgrggﬁg?gﬂ(égghiFgﬁ%ﬁgﬁiﬁﬁzfg

TZD?%engr%g?%%ggli% cf ¥gtiata f EQM i flbdspeed & orleayion

éposition defect region imedi ately

affer di sappearanc F, - : \ ,
ot Gt et SERRFL R RERAST, 30" es oL ghesa o o8
tin{%egi'j%gjef’i‘ﬁgnaé t Bouahe Lhe i TZBB chppasirer i( TDEB)

d. tes node in a region of alnost 100%in pl ane,
ch%?ghg £

. deterigrati®8ehn  tine dependent dielectric
;eak omn_?f%%é? characteristic was seen. As a result
0 {J%e%e i-puBst £0a)4 opB eangl istwelbed,gat iwass f ol
t hat upon progress of thinning of buried oxide film

st figanded; forgg parfidenbar et casonepenty es®todnly i
Igﬁe case that a bond wafer, nanely a si?icon actize "

th%@ﬁgfn cemsitsh 8 i@fd comient i ordithydeswndeld cbATsi ngl e
ystal wafer occupied by V region, OSF regjion or N

pa F i1 MherRini Qe depesidn b yef ot reglyn in the case
that a bond wafer, namely a silicon active layer
consists of conventionally used silicon single
crystal wafer occupied by V region, OSF region or
N region wherein Cu deposition defect region
exists, but also in the case that such a silicon
wafer is used as a base wafer, an insulating
property of the oxide film has difficulties and
there is a possibility that failure relating to
electrical properties may be generated.

Further, vacancy-type defects existing in
these regions have a possibility that they cause
degradation of film quality of the buried oxide
film during bonding heat treatment. In particular,
in the case of the buried oxide film having a thin
thickness of less than 100 nm, it was found that
the vacancy-type defects cause that excellent

insulating property cannot be retained, electrical

fault is generated and that electrical reliability
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exists, but also in the case that such a silicon

wafer is used as a base wafer, an insulating property
of the oxide filmhas difficulties and there is a
possibility that failure relating to electrica
properties may be generated. .Further, vacancy-type
defects existing in these regions have a possibility

is it rbhey gadseyrdegradation of filmquality of the
buried oxide filmduring bonding heat treatment. In
pm@bﬁ@gquemﬂlyheﬂnwerdeIhEdNHVeddm$d@Hiam
having a thin thickness of |less than 100 nm it was
e 1 faungdckhat £ atinei yaganclyet yipevdefterts odusehehgrresent
excellent insulating property cannot be retained,
invelreei bincaf ouhalll thias gefieratled sendva B epéctad® c&OL
reliability 21 is extrenely degraded. Consequent | in
wa fesdel st @ auaird sucls wnf aglcecvaifeal PEIAUR 8% HeY K
inventors of the present invention found that if a
rediase whfer doewnSO inaflerdesey i r pord@bPCdce” &P
occupi ed by N region that doesn't include even a
detdsteed negi 6m deped BHipp Aedddi t it hst Hor? Ofere
can be_ obt ai ned an SO wafer which has an cel | ent
obt@llglgtad?_o?lam _ﬁmfpeWﬁ)fdeél?/eWhilrp}tlh@ac%\s@nt R CEHe Bl i ed
oxide filmis formed with a, thickness of 00 n
eldaiss i ClaoeR 80§ ALt del e JgPO\E%%GFI FEst SF%‘@Q% the

buried oxide film is formed with a thickness of
100 nm or less.

However, in order to grow silicon single
crystal that is within N region and doesn’t
include Cu deposition defect region, the growth
rate is limited to narrow range, and it has
demanded advanced technique of crystal growth such
as maintaining V/G at a determined value.
Accordingly, productivity and production yield is
low and that may result in cost increase.

Then, the inventors of the present invention
further investigated and found that in the case
that a CZ silicon wafer including I region that
can be easily produced at lower growth rate
without advénced techniquevof crystal growth is
used as a base wafer, an SOI wafer with excellent
electrical property can be produced at low cost

even if buried oxide film is formed with a
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crystal that is within N region and doesn't |

Cu deposi tion defect region? the growth ratelrg|Ude
limted to narrow range, and it has demanded advanced
techni que of crystal growth such as maintaining V/IG
at a determned value. Accordingly, productivity and
production yield is |low and that may result in cost

thii gggoghgmot@ﬁidwenb@gaofTHusprEﬂay i nventi on
FE?%%er investigated and found that in the case that

accggglﬁr?‘s'ﬂé@nt\f@ eprietdwdi invenegion.that can be

y produced at |ower growh rate w thout advanced

t eqhpl-gue, 9F ey st angsOenss uskdths P HaSEMAf er,
an SO wafer with excellent electrical property can

i nviRe Pl sducedlat Bowesgstaieneh i bieted bxbde Fe¢fmysing
formed with a 22 thickness of 100 nmor |ess. Thus,

to ey apgrenplchedathien gsesdmuti miat Poit S fBrtei naf t er
enbodi nents of the present invention will be ,

i nvexpt abmedi 5nndet al ti byt eef At ®o t he appended
drawi ngs, but the present invention is not |inited
thereta. Fids lai§lavwcbactar 8hsHowfg % @Wﬁ:‘eofog a
manuf acturing process of an SO_ wafer according to
maﬂﬂ@ﬁpmﬂmmnqrp@ﬂﬂﬁﬂﬁb?ﬁ(ﬁmiﬁﬂ%nW%é%ﬁ accdrding to
del am nation nmethod. First, in the Eirst r.ocess (a)
the woreisrgot- invention by 1ion 1mp antation ’
delamination method.

First, in the first process (a), two mirror-
polished silicon wafers, i.e., a bond wafer 21
that is to be SOI layer and a base wafer 22 that
is to be a substrate, are prepared. Here in the
present invention, there is used as a base wafer
22, a silicon wafer the whole surface of which 1is
within N region formed at lower speed than OSF
region generated in a ring shape in the case of
gradually decreasing pulling rate from high speed
to low speed when grown Dby Czochralski method, and
doesn’t include a defect region detected by Cu
deposition method (the first embodiment), or a
silicon wafer the whole surface of which is within
a region formed at lower speed than OSF region
generated in a ring shape in the case of gradually

decreasing pulling rate from high speed to low

speed when grown, doesn’t include defect region
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polished silicon wafers, i.e., a bond wafer 21 that
is to be SO |ayer and a base wafer 22 that 1is to be
a substrate, are prepared. Here in the present
invention, there is used as a base wafer 22, a
silicon wafer the whole surface of which is within N
region formed at |ower speed than OSF region
det%%¥%3t% i gy 445G sshapgni lé BB gxkseaeld gnaduatky I
ecreasing pulling rate fromhigh speed to | ow speed

reg@%ﬁ‘QB%MEQﬁfQQCHWﬁE&ba@ﬂ@ﬁich@dtabedda tacl ude
-“a defect region detected by Cu deposition nmethod (the

intfeif%i%"_f%’ﬁi @A) co®f Brhel |4 sonpnaf emitdaimeote) -
surtface of which is within a region fornmed at | ower

speedrhan Ofk regoeremgrnaraned isiaidaony sHapelien
the case of gradually decreasing pulling rate from
cry@%&?lsﬁﬁ?dth@a|@M&sspeeﬂbwhhhmgnnmnwhdaésnis ivitthder N
defect region 23 detected by Cu deposition method, and
re@ﬂﬁﬁyﬁﬁﬁ|hasxm©nOnNmapmS®thﬂodaﬁqmtcm%ﬁépqﬂﬁﬁn
to interstitial silicon (the second enmbodi nent).
be @ﬁ@hpthimanguamﬁ@hénglVd@w@Vn@%;ngpwﬁgp of
the first enbodi ment which is within N region and has
examplh,dqmsappmrd@umt3@qﬁ@n @ﬁpd@gﬁﬁgw§v%;pgle
controlling V/G by using, for exanple, an apparatus 30
cry&n&amrQﬁmcshgﬂansﬂmglﬁlgery%taI as shown in Fig. 3.
The -apparatus 30 for gulling a single crystal

The apparatus 30 for pulling a glngle crystal
has a pulling chamber 31, a crucible 32 installed
in the pulling chamber 31, a heater 34 disposed
around the crucible 32, a crucible holding shaft
33 and a rotation mechanism (not shown) thereof
for rotating the crucible 32, a seed chuck 6 for
holding a silicon seed crystal, a wire 7 for
pulling the seed chuck 6, and a winding mechanism
(not shown) for rotating or winding up the wire 7.
A heat insulation material 35 is disposed around
heater 34.

The crucible 32 is composed of an inner
quartz crucible for accommodating a silicon melt
(melt) 2 and an outer graphite crucible located
outside the guartz crucible.

Recently, it is also often the case that a
method, so-called MCZ method, is used in which

magnets not shown are disposed horizontally
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has a pulling chamber 31, a crucible 32 installed in
the pulling chanber 31, a heater 34 disposed around
the crucible 32, a crucible holding shaft 33 and a
rotation nechani sm (not shown) thereof for rotating
the crucible 32, a seed chuck 6 for holding a silicon
seed crystal awre 7 for pulling the seed chuck 6,

) 1MechanicsmmbBet Showndfe et
Out%‘l Geang up E{}lgeq% rg CiHBIT/lkbheat in\ggli ati {)r?iﬁgtaertirtg(lzogs
fleiﬁcﬁﬁpgﬁﬁjﬁb@&@on@%ﬂeﬁl%%cﬁﬁ©nwumﬂéev%%nscal

an inner quartz crucible for

dlrg%q:%ggﬁdatdfgt@lé| hiigen 0Bl tapieldd 2ocandhen sout écon
graphité crucible lTocated outside the quartz

melt! L% i pLe. nfﬁ%rittk Yedrvéstdlwo offt erhthenchse ahdt a
so-called MCZ nethod, is used in which

achﬁ%ﬁﬂ?t§ﬂgﬁléhQﬂﬁoﬂhi(bSDQBEﬂlh@ﬂuzomm¥$Va24 out si de
the pulling chanber 31 and a magnetic field in the

hord zgptialndi-iesdiogrdpriver tcgdlinderecthedt or the
like is applied to the silicon nelt 2 to inhibit
shl@m@@ﬁ@(yu@tdﬁmlﬁmﬂsap@o%mdeémagt&ﬂérgﬂﬂﬁhn&=%
single crystal. A cylindrical graphite Ilnder (heat
groshi es dilig phatse)ng2 & scpyeviaiedlas @udr waithen in the
grown silicon single crystal 1, and further i ge
vi odirci it Y Of aa ssol LdA4 1 faid d nt BitfedcEag of 4 tﬂg]t

crystal, an annular outer heat insulation material
10 is provided outside the graphite cylinder. And
in some cases an inner heat insulation material is
further provided inside the graphite cylinder 12.
This heat insulation material 10 is disposed so
that a gap of 2 - 20 cm is formed between the
lower end of the material and a surface 3 of the
silicon melt 2. Thereby, difference between
temperature gradient Gc [C/cm] at the center part
of the crystal and temperature gradient Ge in the
periphery of the crystal becomes small, and it 1is
also possible to control temperature inside a
furnace so that, for example, the temperature
gradient in the periphery of the crystal is lower
than that at the center of the crystal.

A cooling cylinder 14 is placed on the
graphite cylinder 12 to perform forced cooling by

flowing refrigerant inside. Furthermore, it is
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crystal, an annular outer heat insulation naterial 10
is provided outside the graphite cylinder. And in
some cases an inner heat insulation material is
further provided inside the graphite cylinder 12.

This heat insulation material 10 is disposed so that
a gap of 2 - 20 cmis forned between the |ower end of

alstﬁqhggggts?ir%?:@fgépgng faee 3 el thedrSida toramltn

y e between teéenperature gradient Cc

dev{ig%n%nit +the ceater paply1of ciies€pustsy Bibwing

erature gradient Ge i'n the “periphery of the

coé¥¥§?mg§gcggmsﬁm¥1diﬁ t+hdist 8bso poasible to
control” tenperature inside a furnace so that, for

exafpl & 4Be tesPprAgnee o4 adiiani com thengdre pherys ol
the crystal is lower than that at the center of the

usi%[%sftﬁe ApGRokh B CYB ONdes T 1puils] phacesl en tdke
graphite cylinder 12 to performforced cooling by
crydOMINg fekidger anthi ghilde. p buret heodyrer yistta 512R &l so
possible to provide a cylindrical cooling device that
ma GOk s 18 6ENG ¥l teyst ai shyn dhbwichgt ocddl ¢ ngegasiag point
shiel ding radiation heat. In order to produce a :
(apbbsdmated ¢ tapy &C) usimghibeeapparcatius 8@ Fbpd in
pulllng‘a single crystal, first, a highly pure
theotyerysbald i32. ndternal tdiestAiR oAl Ch%attébet § St
neltlng_p0|nt (approxi mately 1420 C), or higher to be
cry®thdd is brought 1into contact with or Immersed
in the approximately central portion of the
surface of the melt 2 by unwinding the wire 7.
Subsequently, while the crucible holding shaft 33
is rotated, the wire 7 is wound up with being
rotated. Thereby, the seed crystal is also pulled
with rotating, and growth of a silicon single
crystal is initiated. Then, an approximately
cylindrical single crystal ingot 1 can Dbe obtained
by‘adequate control of a pulling rate and
temperature.

In order to grow a silicon single crystal
occupied by N region and including no Cu
deposition defect region, for example, a crystal
is grown with controlling a growth rate between
the growth rate at the boundary where"the defect

region detected by Cu deposition method remaining

after disappearance of OSF region generated in a
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the crucible 32. Then, the tip end of the seed
crystal is brought into contact with or imersed in
the approxi mately central portion of the surface of
the nelt 2 by unwinding the wire 7. Subsequently,
while the crucible holding shaft 33 is rotated, the
wre 7 is wound up with being rotated. Thereby, the

ring;fe%hgﬁélﬂfé S b pp dut- ke wikh g oaatiayl yand growt h

con single crystal is initiated. Then, an

dec%%%%iﬂ&“&'@rdwthm¥aﬁ@ shaghe cgystaie) ngof gidancon

be obtained "by adequate control of a pulling rate and

sin r@egayg@alufp@ﬂahithgpeedﬂﬁ@c&mwiayaﬁdrwuﬁﬂng
ccupi ed by N region and including no Cu deposition

puldefggt sl ehe f@r caxapret @ ertystiak Heugdeany witere
contfolling a growh rate between the gromh rate at

1 ntldhes baundal y iher e ctatei def ecoopr egs og edet eater byhan
deposition nmethod remaining after di sappearance of

gradhfaleg aegercraiad ia @Q@Nthngf%hap@fssélsjaﬁﬁéar ed .

. when gradually decreasing a growth rate (pulling

singple) cofysthilcamrsihgte crystal from high speed to
| ow speed during pulling and the growth rate at the
boumam{qxldwmﬁmemnagr@rpw@n gedlocafi oh FéopF82
generate en radual | y decreasing a

simgjlécorystagl ebgﬁlylsﬁ 2pUflir: Rar 15 83?309152%@ "Potited

from high speed to low speed from the shoulder of
the crystal through the tail of straight body
thereof, as shown in Fig. 2 (&), each phase of, in
order, V region, OSF ring region, Cu deposition
defect region, Nv region, Ni region and I region
(huge dislocation cluster generating region) is
formed depending on its growth rate V. And, the
single crystal is grown by controlling a growth
rate between the growth rate at the boundary where
a defect region detected by Cu deposition method
remaining after disappearanbe of OSF ring
disappears in N region and the grdwth rate at
which I region is generated when the growth rate
is gradually lowered further. By this manner, a
silicon single crystal of N region containing
neither of V region defects such as FPD, I region
defects such as huge dislocation clusters (LSEPD,

LFPD), OSF defects, nor defects detected by Cu
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Nanel y, when a growth rate of a silicon single
crystal being pulling is gradually |lowered from high
speed to | ow speed fromthe shoul der of the crystal
through the tail of straight body thereof, as shown
in Fig. 2 (A, each phase of, in order, V region, OSF
ring region, Cu deposition defect region, Nv region,
depbshiedion arctHodegian béugeowsl ocation cluster
generating region) is formed depending on its growth
ratar¥.eAndhd heilsinghe <iygilal ¢sygrioan Igrown as
controlling a gromh rate between the growh rate, at
ded beibaimdabpubeis proefess edegi b QS BETEF by Odut Shed
deposition nmethod remaining after di sappearance of
wa£8F rimg) , ditdepp@at sibn N ebgidoroand ahe TGTHPR fate™ 2
at which I region is generated when the growth _rate,
unis Qradufiblryy ¢awdr etngort Hed OBy 8RS FARRersvgluation
sirflicon single crystal of N region containi neit her
by ofuVdegoen thedactse shed asSFPE T £ OFdyF Bn ﬂg‘ﬂéctsln the

such as huge di sl ocation clusters (LSEPD, FPD :
caslef edt sfrrer @Ef saEedtoct B8 Sy RY: 7 8@6’0???1 Zf'i"er%Eed

met hod can be grown. After the silicon single crystal
as gaowR 38 wads®Fi Bed- above is processed into d

i N : . .
s Poari 'S BorTobacils Pl 08 SR gl
demRosting gﬁa%ugiiggo%ééggfg%h%%fSap@ffiggﬁ active
layer. If the same as the base wafer 22, namely
the wafer the whole surface of which is within N

region formed at lower speed than OSF region
generated in a ring shape, and doesn’t include
defect region detected by Cu deposition method is
used as a bond wafer 21, it turns out that no
micro defects exist in a silicon active layer, and
therefore characteristics of device to be formed
thereon can be improved. And even in the case
that buried oxide film is formed with a thickness
of around 50 nm, degradation of dielectric
breakdown characteristics due to effect of the
base wafer during subsequent bonding heat
treatment and the like can be surely prevented,
and extremely high electrical reliability can be
achieved.

Furthermore, if the same as a base wafer 22
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case of free of defects, the wafer can be applied

a base wafer 22. By the way, a bond wafer 22pcan beaS

sel ected depending on quality required for a silicon

active layer. If the sanme as the base wafer 22,

namely the wafer the whole surface of which is wthin

N region fornmed at |ower speed than OSF region
isOBRE@tad id Bordigwaltape, 2dnd doeknde liagei Dad e debRd

region detected by Cu deposition nethod is used,as a
wabed 1af gruRiedtedutns vetclddm mroAEED a8rkcis

exist in a silicon active layer, and therefore
reGha@cher iméhed miedeiekotn banf GiokdwaheFedi? ¥dl Ge

i nproved. And even in the case that buried oxide film
hifs f@]amﬂ\itfbla taildelesd 1oy @radunlaes,mrﬁ%uceg at a

egradation of dielectric breakdown characteristi
lothear tooeff ect of the base wafer during subsequentCS

bondi ng heat treatnment and the |jke can be surely .

pr evigatwedie r and rexoreiery te gRTOIREER SHCReld a%#ilt(f/on

can be achieved. Furthernore, if, the
wasaher (hE WBOIS 888 TRCR (0hd WHLH <R 5T R d P,
el aminated bond wafer_is. subjected to reclai
V/ﬁﬁﬁ@sﬁﬁﬂmbﬁsC@%E&Qﬂ&@@mﬁ?ﬁéﬁ%@%@(ﬁﬁgg?ggﬁ whole
waf er having high_electri T
grmWKMC§¢Q@g§f|%§é§é§§“§f%ng'ggyégglg%bbform N

region in radial direction of crystal, so that
setting range of growth rate is extremely limited,
further, extremely advanced technique of crystal
growth is necessary, in some cases it results in
cost increase for production.

Therefore, in the second embodiment of the
present invention, as mentioned'above, there can
be uséd as a base wafer 22, a silicon wafer
consisting of CZ silicon single crystal which 1is
within a region formed at lower speed than OSF
region generated in a ring shape when grown with
gradually decreasing pulling rate from high speed
to low speed, does not include defect region
detected by Cu deposition method, and includes I
region containing dislocation cluster due to
interstitial silicon.

Such a silicon single crystal can be grown

without advanced technique of crystal growth as
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However, in order to produce such a silicon wafer the
whol e surface of which is defect-free, V/ G has to be
controlled uniformy over the whole growth step of
silicon single crystal.to formN region in radia
direction of crystal, so that setting range of growth
rate is extrenely limted, further, extrenely

refdvansgd technidugagfe co¥stat owgmoyt biilsi netessangle n
nme cases it results in cost increase for

0
crg;fsocdé@t Qe WS BEOka1r Fa ddieosescdniiclnbiosli wenf eett 1heee -
resent invention, as nentioned above, there can be

Fo¥Sesk ampA daseiehela 22i 1d sohi comgakercry@isa ¢t ithe
of CZ silicon single crystal which is wthin a region
whbQraeduats 4 ewero spedr than ©SE neglom geAerdedim At
ring shape when grown with gradually decreasjn
caPulbéngraka btmibwmrsgmetha1@uemﬁﬁg,w%ggrwt
|nclude.defept region detected by Cu depgsition
cofpfdpdt iand ercd @dennd theyren ot Qi me9ddi®t ocati on
cluster due to interstitial silicon. Such a silicon
re@ﬂmigﬂmqntmikandﬁﬁgr@&ﬂiwqr%Z@;%ﬁh &ﬁmiy in
techni que of crystal_growth as 29 required in the
ramgfalomg?e\zhmm lafcohhg ngk¥ St ysCUT LAY whspestal
surface o ich is defect-free. or exanpl e e
grﬁWthQnsimgtéaxyéﬁmlﬁhéaqméﬁeé%??éﬁﬁgpO%%@#%i?tal
region is grown, it '
is not unif&%m, in the case of producing crystal
occupied by I region, it is possible to use G
higher than that of hot zone used for producing
crystal occupied by N region, namely to use hot
zone having large temperature gradient at the
Vicinity of a solid—liquid interface in a crystal.
Accordingly, depending on design of hot zone, a
single crystal the whole surface of which 1is
within I region can be pulled at higher rate than
growing single crystal the whole surface of which
is within N region. It is because there is no
need to control V/G value in crystal plane
uniformly.
Tn addition, a base wafer 22 in the second
embodiment of the present invention is not limited
to the wafer the whole surface of which is within

I region, and a wafer consisting of silicon single

crystal that includes, in addition to I region, Ni
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can be grown at |ower growth rate and with
conparative ease and there is no need of restriction
like controlling VIGuniformy in radial direction of
the crystal during crystal growh. If the VIGin
radial direction of crystal is not uniform in the
case of producing crystal occupied by I region, it is

reRPSShPLm L PeUse Snthigben dhan tdal idfomol szodemiseaint as
for “producing crystal occupied by N region, nanely to

shHésgahet, #9Be haybng dAsgeiberper ot irecuddi edt at the
vicinity of "a solid-liquid interface in a crystal.

d QO diingh Y g deperdirggamdesiagn bé hotedone,Sance such
I ngle crystal the whole surface of which is wthin

an’ 6gh @R €381k pabkerh at hgher dafedtdmndugr owng
single crystal the whole surface of which is within N

va@ghen.cdt oins tieeauser fhere, i s e dieelde Cd wbat PgeFKGOWn
value in crystal plane wuniformly. In addition, a base
prSerta2 iB thet seeandadenbodivesnt iof the rasentthat
invention is not limted to the wafer the whole
busti ddceoi dghi £hlis Wst liminl. region, and a wafer
consisting of silicon single crystal that includes,
in addi tihe totherediand Nia3bargi sl hREr&ih can be
interstitial silicon is dom nant as _shown in_Fi .ﬁ.
ugdB) dependsmg omclgde 1Git YdetrBaRdsd détdet ar%’r peon
can be used. Since such .
active layer in the same way as the first
embodiment. But since device is fabricated on the
silicon active layer, existence of defects on the
silicon active layer affects the quality of device.
Accordingly, a wafer consisting of silicon single
crystal without micro defects is preferably used
as a bond wafer 21. Therefore, the wafer the
whole surface of which is within N region formed
at lower speed than OSF region generated in a ring
shape, and doesn’t include defect region  detected
by Cu deposition method is preferably used as a
bond wafer 21. .
Next, in the process (b) of Fig. 1, a surface
of at least either of the bond wafer 21 or the
base wafer 22 is oxidized. The bond wafer 21 can
be thermally oxidized herein to form an oxide film

23 on the surface. Here, the oxide film 23 is

formed with a thickness that demanded insulating
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an wafer also doesn't have defects due to vacancies
on the surface, its dielectric breakdown property is
not degraded even in the case that buried oxide film
is thin. On the other hand, a bond wafer 21 can be
used depending on quality demanded for a silicon
active layer in the sane way as the first enbodi nent.

prggtez_sjc%ecgﬁwb@ r&tfabi ket edr an tithe psidsenm active
I'ayer, “exi stence of defects on the silicon active

inkbner 1 df ecbstihengusyl itniof dedide. fiAmcohdivighy, a
waf er consisting of silicon single crystal wthout
thiicRedef e6Fs 1 pmneferhbloy mmectamsad smnbdewaf ermEd .
Therefore, the wafer the whol e surface of which is

withig N regneredoloedlaly osed speédnt ham cbsFasedt on

generated in a ring shape, and doesn't include defect
sindgien deieetrechabynQ deposi vearemeyhddyps &bl y

used as a bond wafer 21. Next, in the process (b) of
deFiegzt &, vai shr fdve safzat olfea8P @imher GFOrBe Panghe

wafer 21 or the base wafer 22 is oxidized. The_bond
sundfece2li sansdrb &Beavad By @xWai R REYRi ANt B PEr HAheT
~oxide film 23 on the surface. Here, the oxide, film 23
isi prédumedwititla ehitvknasd t Ral dendiddl PR BE Ry

31 property can be retained. In the prese

X t . .
thnmkmeﬁﬁLOéXﬁQ%Enmt%rnkﬁﬁéef?hﬁlmﬁ&aﬁzﬁllm 18

affected by vacancy defects existing on the
surface of the base wafer and there is a

- possibility that the oxide film is destroyed by
the following bonding heat treatment and heat
treatment during device fabrication process.
However, in the present invention, since a silicon
wafer that is within N region and doesn’t include
even extremely micro defects existing in Cu
deposition defect region (the first embodiment),
or a silicon wafer consisting of CZ silicon single
crystal that doesn’t include defect region
detected by Cu deposition method, and includes I
region containing dislocation cluster due to
interstitial silicon (the second embodiment), is
used as a base wafer 22, the oxide film is not
destroyed even by evaluation of Cu deposition
method. Therefore, there occur no problem like

degradation of dielectric breakdown property even

32



t hi ckness of 10 nm- 100 nm can also be forned. If a
conventionally used wafer such as a silicon wafer
havi ng many vacancy-type mcro defects with the size
of 50 nmor nore on the surface is used as a base
wafer and an SO wafer is produced with a buried
oxide filmhaving a thickness of 100 nmor |ess, the

i de fil f debect oy
gxéesg:rafsf% 3 gfaaﬁhg%baso% S.C 27 C) g%efié @4 5heag whth

evvaeran erel1s a

?f%iz&l'éé ! ERE kdRd 1L i desh ayed ysst he

OMAng gat _treatnment and heat treatnent

d“r | Pg daevtﬁ% Jlﬁ?éb%atéfnt@fé’cé%slde Hgwemer 23 nikhd ess

resent 1 nvention, Since silicon wafer that is

th@ﬁhiﬁ %ﬁegw¥1@QQé@eﬁﬁés'BiﬁémfdﬁﬁﬁoQMI@@Ebhe

mcro defetts existing in Cu deposition defect region

ox&tctk? fE'l]] Sh, eRasb RRt)  their@ $id i£0posd b idonsiystimgt
Cz'siTicon single” crystal that doesn't include

and@f§hﬂé@iﬁ@ plebpetrety by £andepaséet irent aetned, and
includes | region containing dislocation cluster due

Thkd e F BYeS st kthical t Bildlewe st hefseadoadoenbddi fehtip, s
used as a base wafer 22, the oxide filmis not

pr6§§§fgyﬁpyeqenubyogvahuablon of Cu deposition nethod.
Therefore, there occur no problemlike degradation of

di el eat iltebpaakdews ptoper tlyyemmg82 iionKke &Bse t hat

the oxide film23 is forned with
implanted from one‘surface of the bond wafer 21 on
the surface of which the oxide film 23 is formed.
Rare gas ions or mixture gas ions of hydrogen ions
and rare gas ions may also be implanted. Thereby,
an ion-implanted layer 24 parallel to the surface
of the wafer at an average penetration depth of
ions can be formed inside the wafer. The depth of
the ion-implanted layer is reflected in a
thickness of an SOI layer to be formed finally.
Accordingly,‘by implanting ions with controlling
implantation energy etc., it 1is also possible to
control a thickness of an SOI layer and to make an
SOI layer having a thickness of for example 200 nm
or less.

In the process (d), the surface of the ion-

implanted side of the bond wafer 21 and a surface

of the base wafer 22 are bonded together via the

oxide film 23. For example, by contacting the
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a thickness of, for exanple, 100 nmor less. If a
thickness of the oxide film23 is less than 10 nm it
takes less time for formng the oxide film however
there is a possibility that an insulating property ,
cannot be retained. Therefore, the thickness of the
oxide filmis preferably [Onmor nore. In the process
subPacBydroger ienmadrersi Hl annel 22omMiohe RAF elpher

the bond wafer 21 on the surface of which the oxide

uﬁHéﬁ“83dﬁe&@T@ﬂmoé@henﬁmatmﬁmelﬁ&m9ﬁ¥@§§ﬁ%nsb0th
of hydrogen ions and rare gas ions may, al so

walfPrantete braieby, wthanﬁiﬁ@zﬁ@é@ﬂ%N@r%ﬁgnt' or
parallel to the surface of the wafer at an average
thReneikafj on depth of ions can be fornmed inside the
wafer. The depth of the ion-inplanted |ayer is
ref | Rebed, i i thki gknese s dif)sal 3l HRF oote e nRgnd
finally. Accordingly, by inplanting ions mﬁih
waetr @l i hg dephantpeiet edér P8t cORTHNR ghded laver
possible to control a thickness of an SO [ Qﬂg
2 4 doyakes ah ﬂiﬁatﬁﬁﬂthaWEﬂraQﬁﬁ%Ri&ﬁ;6 égﬁe fers
_ exanpl e 200 nm or less. In_the process t
1rgtlmhagzhothtepebp@ﬁi Wapleant ad ahg ?hé@o%%d afer 22
and a surface _of the base wafer 2 ded
anegoomded £eaethRxFd@RT| MDA e%@‘%x?[‘?&%?ﬂby

contacting the 33 ,
treatment under an inert gas atmosphere at a

temperature of about 500 C or more, the wafers
are separated into a delaminated wafer 25 and an
50T wafer 26 (an SOI layer 27 + a buried oxide
film 23 + the base wafer 22) due to rearrangement
of the crystal and aggregation of bubbles.

Here, as to a delaminated wafer 25 being by-
product, there has been proposed a method that its
delaminating plane is subjected to reclaim process
~such as polishing and it is reused as a base wafer
or a bond wafer. As mentioned above, because a
silicon wafer that is within N region and doesn’t
include Cu deposition defect region is used as a
bond wafer 21, a silicon wafer obtained by
processing the delaminated wafer 25 by reclaim
process can be used as either a base wafer or a
pond wafer. Accordingly, by reusing the

delaminated wafer 25, for example, as a base wafer
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surfaces of two wafers 21 and 22 wth each other

under a clean atnosphere at roomtenperature, both

waf ers are bonded without an adhesive agent, or the
l'ike. Next, in the process (e), a part of the bond
wafer 21 is delamnated at the ion-inplanted | ayer 24
by heat treatnent. For exanple, if the wafers in

whi . .
2oWhigh the boueef gntdl ene t bankaskivaf equad 1aye can be
_bonggd together are subjected to a heg?f t reat nent

prB'&ﬂﬁEegq | Neshedas, abinspbem asod  walfjger aa o BA1NG tO
about 500 C or nore, the wafers are separated into a

th@e'ﬁfé gated wafweentd gndcam BE pabedu@ed(an SO
l'ayer 27 + a buried oxide film23 + the bgse waf er

suBt &He it 1gart apgeremé  sof 1ilomr ystfgrangroduction
aggregation of bubbles. Here, as to a del am nated

cowaf egaad el npbgrept oduct, there has been propose
method that its delam nating plane is subjgctgd tg :
recl ahmynecessocesch &§)pol tile ngOandia £ eils 4Ruded as
a base wafer or a bond wafer. As nentioned ahove, . .
subgpavsed tsild conneieg thaati stweefimeNtregibh Lk S
doesn't include Cu deposition defect regi.on js used
prascas shopfl) vaftene2 50h wialff esn Aaf és, B éi%ﬁegysto a
processing the del am nated wafer 25 by recl ai .
hepriocese xbmelet usdd sghi theRPL hasS W@f 8° ot "%%%«hag

wafer. Accordingly, by reusing th '
he2s; tmea&mmﬂ@?té;mgbggpgg%%ng seégggggegd¥%fEient,

since bonding strength between the wafers brought
into close contact in the aforementioned bonding
step (d) and the delamination heat treatment step
(e) is too weak to be used as it is in a device
fabrication process. For example, this heat
treatment can be performed in a range from 30
minutes to 2 hours at 1050 C - 1200°C under an
inert gas atmosphere.

Upon such a heat treatment at high
temperature, bécause the whole surface of the Dbase
wafer 22 is defect-free or the whole surface of
the wafer doesn’t include vacancy-type micro
defects, dielectric breakdown property of the
buried oxide film 23 is not degraded and high
insulating property can be retained.

In the process (g)} an oxide film formed on

the surface of the SOI wafer 26 1is removed by
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34 22, an SO wafer with the sanme high quality can be
produced. Namely, since an SO wafer according to the
present invention can be produced substantially from
one silicon wafer, production cost can be lowered. In
the process (f), the SO wafer 26 is subjected to a
bondi ng heat treatnent. In this process (f), the SO

cle}i‘%{éx@gggﬂr hsqpilﬁgtg%llﬁﬁgr c hgati dreapweninat Righe, if

u as a eat treatnment to make

haondj.nqg stre ffi gl ;19 NERebYdl ng st r gagtiny
Vac@é}%e%%é wa E?g%bs]; o%g%{gt i Jﬁt o cl Ssghg%)nt@act iﬁngt hee
lafgfrfqem

Ared beading, 58t ( d)i @pd tihet dalFant satdloes  a

heat “treafnent step (e) is too weak to be used as it

budSedN ok 084 68 1hahn £ahben Phecess £ &t s exarpl ehethels
hed? treatnent can be pg?$orned in a rangea??on130 !

mié?@ug§%§oa%émgé%é¥aﬂ@@Q(3Ho&%¥Kkunmﬁcausénéhe
gas at nosphere. " Upon such a heat treatnent at high

siltiecff'?Bﬁf 3 s evdetayse the whohe it ace of itlhiecbaseingle
wafer 22 is defect-free or the whole surface of the
cry®f 81 deeseH i Bchisden vacancy etg/penmicror adef eznsl

dielectric breakdown property of the buried oxide
doddhm:23 h 6 1nnde degraeifd candr bigghoni dsut actegt ppiipéit y

can be retained. In the process (g), an oxide film
def®sied ®n method, it will never happen that the
pits enlarge by cleaning with hydrofluoric acid,
and thereby the SOI layer 27 and the buried oxide
film 23 are destroyed.

Further, in the process (h), according to
need, oxidation for adjusting a thickness of the
SOI layer 27 is performed and subsequently in the
process (I), so-called sacrificial oxidation in
which an oxide film 28 is removed by cleaning with
hydrofluoric acid is performed.

In the SOI wafer 26 manufactured through the
processes (a) - (I) as described above, the base
wafer 22 consists of CZ silicon single crystal,
and the whole surface of which is within N region
outside OSF region and doesn’t include a defect
region detected by Cu deposition method, or
consists of CZ silicon single crystal, and the

whole surface of which is within a region outside

OSF region, doesn’t include a defect region
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the surface of the SO wafer 26 is renoved by 35
cleaning wth hydrofluoric acid. At this tine, if
vacancy-type defects exist in the silicon active
| ayer 27, there is a possibility that HF reaches a
buried oxide filmthrough the defects and thereby
mcro pits are generated. However, because the
detddicon prticne hayyss 27iconshstnol sidconcsinges 1
crysta ich is within Nregion overall and doesn't
reg’irkg—%ugz%rﬁtg%frﬁfﬁgr i oNodeiecbad dyudt e deposs t ton
nmethod, 1t will never happen that the pits enlarge by

intd £apiing wnt s hydicefd voric acid, and thereby the SO
ayer 27 and the buried oxide film23 are destroyed.

Hﬂéﬂ@bhéndﬁ@e@rmxﬁa,(mheaaiﬂﬂbmyt@cuﬁﬁg,layer
OX|Qat|on for adjusting a thickness of the SO |[ayer
27 29ohS iR foredcand subsequestingla tdweyspedeesd ythe
so-cal l ed sacrificial oxidation in which an oxide
whd 14 M2 £8 deenoyedvthychl dami wg titih MhyBpefiQier P& taei d©
IS pe{forned. In the SO wafer 26 manufactured through
OSH heegirotesses (alesn(t) lasCdests | Bedeberd TRERRe
wafer 22 consists of CZ silicon single crystal, . and
detidietwlbl leysid adeross Miiieh i Bogi Aln Nl%‘é? ¥ 7 oRfHes ©
GSF regi on and doesn't include a defect region
theteeeetets by Quodeposd BicaiT FEPRodIL6F © BRGRT 8ozt he
silicon single crystal, and %Eg ,
surface of the base wafer . even in the case
that the buried oxide film 23 is formed with an
extremely thin thickness, high insulating property
is retained and extremely high electrical
reliability is achieved. Moreover, because the
SOI layer 27 is defect-free, extremely high yield
can be achieved when device fabrication is

performed.

Hereinafter, the present invention will be
explained in reference to examples, however, the
present invention is not limited thereto.

(Example 1)
(Experiment 1) Confirmation of pulling conditions:

By using the apparatus 30 for producing a
single crystal shown in Fig.3, the experiment on
gradual lowering of a crystal growth rate was

performed as described below and the growth rates
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whol e surface of which is within a region outside OSF
region, doesn't include a defect region 36 detected by
Cu deposition nethod and includes | region containing
di sl ocation cluster due to interstitial silicon. On
the other hand, the silicon active layer 27 consists
o;lgg.shlgcon.single crystal, and the whole surface
[ Wi egi i r &5 '
o e S LA R S sl
exa%%ﬁ?éﬁk'on met hod. Nanmely, because there exists no
vacancy-type mcro defects on the surface of the base

waf gg ey i Rqt hercasal yEhats the 1iuré ed idki derf idm a
23 |SI%§%he§>mﬁthgan egtré%eleithin t hi ckness, high

raw YA 191 PRAPET Chat §elet 8hned qad rext r emed g1 bilgh
electrical reliability is achieved. Mreover, because

navi®g S0qi awert @7 it deflecinthess ¢6t0eneiy highdyial d
can be achi eved when device fabrication is perforned.

si1Her8hnaf1 g1 & herpresent Haventg on dillamee eexplfaithked mm
in reference to exanples, however, the present

wadE%@@WﬂH\I@xwgehimdmdeMHaet¢omEwaﬁﬂ@onﬁrolled in
(Experinent 1) Confirmation of pulling conditions: B

thalstBg ddieo&p@B at-us2 80pfara pr@fBMhd % Vailigt k-cr %‘t%’%

‘ shown in Fig.3, the experinent on '

growing the single crystal, as shown in Fig. 4 (A),

a growth rate was controlled to be linearly and

gradually lowered from a head to a tail of the

crystal in the range from 0.70 mm/min to 0.30

mm/min.

Then, as shown in Figs. 4 (A) and (B), the
pulled single crystal was cut lengthwise in the
direction of the crystal growth axis from the head
to the tail, and after that, mirror—-finished
samples in a shape of a wafer having a diameter of
200 mm were produced.

As to one of the samples, a distribution of
each region of V region, OSF region and I region,
and the growth rates at the boundaries of the
regions were confirmed by means of wafer lifetime
(WLT) measurement (measuring instrument: SEMILAB
WT-85) after heat treatment for oxygen

precipitation. Further, another sample was

subjected to Cu deposition treatment after forming
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gradual lowering of a crystal growh rate was
performed as described bel ow and the growth rates 37
at boundari es between respective regions were

exanm ned. First, 150 kg of polycrystalline silicon as
a raw material was charged in a quartz crucible
having a dianeter of 24 inches (600 nm, and a

a %ﬁ%g%&gg%e/egcﬂﬁ%l hay ng & idi apetait Obrldfmoxide

en concentration was controlled in the

fil%[ﬁgg%f%f(f@g Wwd Pg@fiég@éﬂg valdlegd e t\Wiehe dgr owi ng

ingle crysta as shown in Fig. 4 (A, agrowh
evqﬁgﬁéﬂgﬁ Cg%’@%é%d {19 b& i sneddyrantnyr adual | pe
e roma head to a tail of the crystal in the
giv&ﬁ?gﬁeif8ﬂ10'7o mMmnto 0.30 mm mn. Then, as shown
in Frgs. (A) and (B), the pulled single crystal was

cut (Lenghhui &, ¢8tt heavli@chi @i shetder cofstal Ogmynt Was
aX|§ ?ron1the ﬁ%ad to thé?tail, and after)fthat,g

cutT { 1@ fi Doghed bg;arwl eerigith Sh@péOofcr waf ethRavi ng
a dianeter of 200 mmwere produced. As to one of the
aiségekes, ardisterhutian ofrowadh asgison andy eeglonot
GSF region and | region, and the growth rates at the
thdRuUpEay i eReof ¢he Iegbaisviere tontiterediBie abamd ot
wafer lifetime (W.T) measurement (measuring
thd netrumeal: SEMEAB axis. Thereafter, mirror-
finished samples in a shape of wafer with a
diameter of 200 mm (8 inches) in a direction
perpendicular to the crystal growth axis as shown
in Fig. 5 were obtained.

(b) One of the above samples was subjected to.
heat treatment at 620 °C for 2 hours (nitrogen
atmosphere) in a heat treatment furnace for wafer
and to subsequent two-step heat treatment
consisting of heat treatment at 800 C for 4 hours
(nitrogen atmosphere) and heat treatment at
1000 C for 16 hours (dried oxygen atmosphere) .
Then it was cooled and a WLT map was created by
SEMILAB WT-85.

(c) The second sample was subjected to Cu

deposition treatment after forming a thermal oxide
film on its surface, and a distribution of oxide

film defects was confirmed. The evaluation

conditions were as follows.
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W-85) after heat treatnent for oxygen precipitation.
Further, another sanple was subjected to Cu
deposition treatnent after forming 38 a thermal oxide
film and a distribution of oxide filmdefects was
confirmed. The detailed evaluation process in this
experinment will be given below (a) The ingot having

a dj ter .of 210 mm cut into blocks by a | ength
ofqggnéﬁ?}ﬂetﬁ%LP%rrecﬁ|%ﬁ of a crystal gro&ﬁh axpg
and, each. of . t. . hen I thwi se in the ’
dlg%gtl 6%9 thgé§@§%§gr é?%gzﬁﬁggis. Thereafter

M riory Sl shed aggRl ezeln foshangeaf sahienu eb 2

di anet er inches) in a direction

Res%ef@gnqgfulcgr t@X{ﬁlégficIﬁggt@I growt h axis as shown in
g ed.

.5 Wwer e obt ai (b) One of the above sanpl es was

Su.b%ﬁ%t ed. Lo,1 t heals tdeataeni natr 638 .C 6 oA hends (B)
(nitrogen atnosphere) in a heat treatnent furnace for

werlaf 8h+ ANl SHBReqUest Aywvet-ape hedton edatamperiment,
consisting of heat treatnent at 800 C for 4 hours

and M HEQeen atmsphare)t nad heah da eaement fatr 0DONG 8K Ch
16" hours (dried oxygen atnosphere). Then it was

as GPOLed aHd ,a OMF wRpyies criatredy bpn SEMILAB W¥I8mD
(c) The second sanple was subjected to Cu
were confirmed.
V region/OSF region boundary: 0.523 mm/min,
OSF disappearing boundary: 0.510 mm/min,
Cu deposition defect disappearing boundary:
0.506 mm/min,
precipitation N region/non—precipitation N
region boundary: 0.497 mm/min,

non-precipitation N region/I region boundary:

0.488 mm/min.

(Experiment 2) Manufacture of an SOI wafer:

In the same apparatus as Experiment 1 shown
in Fig. 3, 150kg of polycrystalline silicon as a
raw material was charged into a 24-inch quartz
crucible. In this time, as shown in Fig. 7, a
growth rate was lowered more gradually than that
in Experiment 1 in the range from 0.55 mm/min to
0.45 mm/min from a head to a tail of an ingot with

a diameter of 210 mm, and controlled so that N
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deposition treatnent after formng a thermal oxide
filmon its surface, and a distribution of oxide film
defects was confirned. The evaluation conditions were
as follows. 39 1) oxide film 25nm 2) field
intensity: 6M/cm 3) time of inpressed voltage: 5

m nutes. Results of the experinent The results as

shown i n
regﬁb%@g %%Eug?e%ge%rl ngo(saztl S?%%éﬁé?ge{,ﬁg?ﬁ 22
oundari s .0
regﬂea{loﬁl%d P LGRS B e R MY Ve gron oo
Iﬂggr bo%gld% ‘1-05&31? M Ao GeFtd sappeati bF a

deposi tion defect

dIS eay boun
t '&gz Q¢ daafé’ Q. 506 MEIE B, meei pitpsiel Ny
S ]?%bsgﬁ?non reC|p|tatF n N region bouﬁéarymj6¢497 2%

pr%@Qg?@n§§?£%%EX@ﬁétU%y%bhﬂh@ﬂbbﬂ@gam1®numkﬁy24 -

per i ment Manuf acture of an SO

26 %ﬁ“ L e, appREatUSt RS Experliinept ek showrt ion
%&3&5 ? polycrystalllne silicon as a raw

an#ﬁé?ﬁfﬁfpﬁ§§gidfdwbmé)pe%@oﬁmbdnmccprduu@kﬁ@ the
own in Fig. 7, a

following procedure.

(1) After pulling the crystal, wafers were cut out
in order from the head side of each crystal block
in the direction of the crystal growth axis. The
numbers were printed on the wafers by laser
marking so as to identify the order of cutting,
and the wafers were mirror-polished.

(2) The first PW from the head side of each unit
block was divided into 1/4 size, and FPD, LFPD,
ILSEP and OSF were investigated. Subsequently, as
to the second PW from the head side of each unit
block, a distribution of Cu deposition defects was
observed. 5 PWs in total that were the third PW
through the seventh PW from the head side of each
unit block were put into a process for
manufacturing SOI wafers (SOI process) . Again, as
to the eighth PW erm the head side, FPD, LFPD,
LSEP and OSF were evaluated, as to the ninth PW, a
distribution of Cu deposition defects was observed,

and 5 PWs in total that were the tenth PW through
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growth rate was lowered nore gradually than that in
Experiment 1 in the range fromO0.55 minin to 0.45
mimn froma head to a tail of an ingot with a

di aneter of 210 nm and controlled so that N 40 region
i ncluding Cu deposition defects and N region not

i ncl uding Cu deposition defects were fornmed in the

theggéﬁgltfé}%&gl? S 1R 70 profiat StERgBobodyr otess .

the crystal was produced so that the

In %g%’gn%%{‘ﬁ%@,!f Al yag 2 1t 26 Ppme ST/ Hhe

e quality evaluation and SO processing were

diﬂ%ﬁ%?%ﬁﬁbfc%ﬂgiBgﬁékhhegf@HﬁﬂWagﬂHDCémHWs Eyom

Ing the crystal, wafers were cut out in

rneonges o romkhe; dead i deueft eachrer gatadl i blyockandn t he
direction of the crystal growh axis. The nunbers

remMef £1pg NS edyan be dvap e dyskabei niar k$Ag g2 &S IO
identify the order of cutting, and the wafers viere
(3)NMA &0k peb sshed. of2)t Hbe ehia sthaPWdnode hieridwidspdove,
of each unit block was divided into 1/4 size, and
t heFRR: gikRD, upl SEP Aredl £SB fivex ebilmvekt icyet efrom the
Subsequently, as to the second PWfrom the head side
posaft €aeh finbtn dbook, 40dicst ributi®ncst &b depdsFareht
defects was observed. 5 PW in total that were the
bodhi od Riet lropghathewsesy éht AePW PR ot e Ofdad” S9de> Bt
each wunit block were put into a process fo
the region up to approximately 50 cm og the
straight body of the crystal was N region where Cu
deposition defects was generated, the region from
about 50 cm to 70 cm of the straight body of the
crystal was N region without Cu deposition defects,
and the region from about 70 cm of the straight
body of the crystal to a tail thereof was I region.
(4) By using mirror surface wafers of the lot
consisting of 5 wafers in above (1) as bond wafer
and base wafer, ion implantation into the bond
wafer, bonding with the base wafer, delamination
heat treatment, bonding heat treatment (bonding
oxidation) and so on were performed according to
the ion implantation delamination method based on
the processes shown in Fig. 1. After that, SOI
wafers having an insulator oxide film with a

thickness of 70 nm and a silicon active layer with

a thickness of 200 nm were produced.
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manufacturing SO wafers (SO process) Again, as to
the eighth PWfromthe head side, FPD, LFPD, LSEP and
OSF were evaluated, as to the ninth PW a

di stribution of Cu deposition defects was observed,
and 5 PW in total that were the tenth PWthrough 41
the fourteenth PWwere put into the SO process. In

t hi $ERMET, +AHPBE & 3Nblr uécRWéabbtdiewadi recbicws sed
of the crystal growth axis, 2 PW from the head side

by Wk €@l vat et ERigual With apd t & esaium Nyy 5l rRAs1 der e
processed into SO wafers. (3) As a result of the

sol8yal vat i desesirkedlmbowestitdee Yagieon. upTherhal £hef
a block cut fromthe position fromabout 40 cmto 50

basdn @b fe 5t haivhtg hostyadh the dnystdlatwas ¥xiegeorf ahd
OSF region, the region up to approximtely 50 cm of
layidie weld abghatl batdedfbyh€wr gstpads was N r Bgitdno dhévlet h
Cu deposition defects was generated, the region from
an abbelctadi cmitice Y68 dmoéntshiet gt reeff ghMVboey -of t he
crystal was N region wi thout Cu deposition defects,,
andAsthe regisarl £y orhrabbbe 70a6@ 0P ft A S Laitghe OB
of the crystal to a tail thereof was | regi,on. %4) Bg
£1ilusi ad trex r bomdi haceowatiarsion t AeBHTr e bAikt Phg ©f
5 wafers in above (1) as bond wafer and base wafer,
oxiida ifiplmnwats ofondi brrre bbRd L adee™a bBEE MR with are
t he base wafer, del am nation heat treatnent, bonding
wiu@énfwe@gmgﬂn(b&ﬁﬁngeglon and N region in whrch

Cu deposition defects are generated (see Figs._8
(A) and (B)), and destruction of the oxide film
wasn’t generated in base wafer that is within N
region that doesn’t include Cu deposition defects

region (see Fig 8 (C)).

(Example 2)
(Experiment 3) Confirmation of pulling conditions:
By using the apparatus 30 for producing a
single crystal shown in Fig.3, the experiment on
gradual lowering of a crystal growth rate was
performed as described below and the growth rates
at boundaries between respective regions were
examined.
First, 150 kg of polycrystalline silicon as a
raw material was charged in a gquartz crucible

having a diameter of 24 inches (600 mm), and a
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oxi dation) and so on were performed according to the
ion inplantation del am nati on nethod based on the
processes shown in Fig. 1. After that, SO wafers
having an insulator oxide filmwith a thickness of 70
nmand a silicon active layer wwth a thickness of 200
nm were produced. 42 The SO wafer as produced above

s i VB8 R 05 €% by a8t 8¢t ivevetehi ag di dhepatmssifurd10 mm
]hygrOX|de sgfutlon to rennvekﬁﬂe active F%yer. Then,

wasf hgrol%"ﬁ? a8 g BaVidien £ ekl Phnd. d s uizat ocomti telfliddn in
ayer was evaluated by Cu deposition nethod with an

thé! paltdde el #3i ntensi pyrod GWETHY 74 wardese) t, WWhen
the case of insulator oxide filmafter bondin
gro¥ida) | eRe deshpud i opyeft dhe @xi shdwhmivasFig. 10
confiTmed in base wafers which are within V region,
(AYOSFar egirenrandrivegivas icontimhl led depodia i danearly
defects are generated (see Figs. 8 (A and (B)), and
andegtiietban ¢f 1ohe pedde f olma wasad gener atedli ot the
base mafer that is within N region that doesn't
cryselaidei Gu teposianga defent 9 . §8gian Pade Fpgl8 49)).
(Exanpl e 2) (Experinent 3) Confirmation of pulling
mm £addi tions: By using the apparatus 30 for producing a
single crystal shown in Fig.3, the experinent Q
gr adifaénl,ovies | A& N aler yELEIS gr bft h(%ht 8 1ds ( 1, the
pulled single crystal was cut lengthwise in the
direction of the crystal growth axis from the head
to the tail, and after that, mirror-finished
samples in a shape of a wafer having a diameter of
200 mm were produced.

As to one of the samples, a distribution of
each region of V region, OSF region and I region,
and the growth rates at the boundaries of the
regions were confirmed by means of wafer lifetime
(WLT) measurement (measuring instrument: SEMILAB
WT-85) after heat treatment for oxygen
precipitation. The detailed evaluation process in
this experiment will be given below.

(a) The ingot having a diameter of 210 mm was
cut into blocks by a length of 10 cm in the
direction of a crystal growth axis, and each of

them was then cut lengthwise in the direction of

the crystal growth axis. Thereafter, mirror-
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performed as described bel ow and the growth rates at
boundari es between respective regions were exam ned.
First, 150 kg of polycrystalline silicon as a raw
material was charged in a quartz crucible having a

di aneter of 24 inches (600 nm), and a 43 silicon
single crystal having a dianeter of 210 mm was grown.

s B TR S BRI
o1 GOHERD o A T Bp s Nt B,
b B5HL A8 H L P e prysiales e sanae dsomnoun
i B0 S14elED by pUl e sinol o crystal ves out

axi igf)rog}lgheope@%et bife t 8hlmp BE afdsr ddByected to

mrror-finished sanples in a shape of a wafer having

hedynhtia Ehellt A20 AEYIREE AROMCHbL LS | h oRe Hehhe

Strib n of each region of V region,

at#ﬁ%g%ﬁ&@@fﬁmalHé%&oﬁme@ﬁﬁéﬂﬁ o dceat Bsratwa her
oundaries of the regions were confirnmed by nmeans of

andefer dihelddEe ntWdworrasspe find t (neasatiment
Instrunment: SEM LAB WI-85) after heat treatnent for

cor?$¥&¥%ing of heat treatment at 800 C for 4 hours

(nitrogen atmosphere) and heat treatment at
1000 °C for 16 hours (dried oxygen atmosphere) .
Then it was cooled and a WLT map was created by
SEMILAB WT-85.

Results of experiment

From the above-mentioned experiment, growth
rates at the boundaries of regions such as V
region, OSF region, N region and I region were
confirmed.

V region/OSF region boundary: 0.595 mm/min,

OSF region/N region boundary: 0.587 mm/min,

N region/I region boundary: 0.579 mm/min.

(Experiment 4) Manufacture of an SOI wafer:

In the same apparatus as Experiment 3 shown
in Fig. 3, 150kg of polycrystalline silicon as a
raw material was charged into a 24-inch quartz

crucible. 2 ingots having a diameter of 210 mm
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precipitation. The detailed evaluation process in
this experiment will be given below (a) The ingot
having a dianmeter of 210 mmwas cut into blocks by a
length of 10 cmin the direction of a crystal growh
axis, and each of themwas then cut |lengthwise in the
direction of the crystal growth axis. Thereafter,

werlp hO gl L shad SATRLES LR, £RAPa pf UBIEE i a3

Irhches) 1n a direction

,F:)%_ ol | Cﬁ'gagto%rﬂet hgagzﬁ " Ei@jﬂ $1as SHEWEF i Pst

alfed. e o e above sanpl es was

iniﬁ {%%égp%%lgaa%féﬁaggﬁEfﬁg68%n%€§ﬂt2&@éﬁ%h rate

nosSpherée)in a heat™ treatnment furnace for

of BT gl ﬁﬁgﬁﬁhsfyﬁﬂuEWétM@éﬂE¥Oh%ﬁett@¥PEBE the

consistin heat treatnment at 800 C for 4 hours

cr%%%%%m@a(gﬁgﬁp@mf%gﬂ%hh@@éfrﬁﬁ@ﬁm%o&e1§ﬁQﬂééerof

ours oxygen atnosphere). Then it was

th%ogh%%é‘t'd W T5 AR, @S M@tedwy pSEM &A4B W€ B5.
esults of experinent Fromthe above-nenti oned

se’@&‘@ﬁﬁd BBhs AWM yr bates 2k tideofoundabi esn o imeghi nom
such as V region,” OSF region, Nregion and | region

thél‘nﬁ%ﬁ%ancfioﬁﬁ)i ried. £\ 1 Bgioan/ €8k regiyert dbundar§ord 505
region over the whole surface of the plane. Also,
the crystal was produced so that the oxygen
concentration wés 24 - 26 ppma (ASTM’79). Then
mirror surface wafers processed from each ingot
were used as base wafers.

On the other hand, a silicon single crystal,
which is occupied by N region and does not include
defect region detected by Cu deposition method,
was grown using different hot zone, and a mirror
surface wafer obtained from this single crystal
was used as a bond wafer.

The base wafers the whole surface of which is
occupied by V region or I région and the bond
wafers which are defect-free as mentioned above
were used to produce SOI wafers in which the
insulator oxide film has a thickness of 70 nm and
the silicon active layer has a thickness of 200 nm,
respectively.

The SOI wafers as produced above were
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. OSF region/N region boundary: 0.587 mmmn, N
region/l region boundary: 0.579 mmi m n. (Exper|nent 4)
Manuf acture of an 50 wafer: In the same apparatus as
Experiment 3 shown in Fig. 3, 150kg of
polycrystalline silicon as a raw material was charged
into a 24 inch quartz crucible. 2 ingots having a

prdh AOBIR] 210 amdpyuere: prhilef hased potthestiesul ts

In exper| nt 3. In this time, as shown in Fig 11,

&f@xﬂdé“sbﬁ%ﬂl&@sﬁw|B@h@wﬁﬁ§EéU§Mﬂ£@mﬁaabtlve
gromh rate of 0.65 mMmimn fromthe head to the tail

1ayfrtheTdyst @Ihé Oy dn Vareghom soven gt heemhdieing
surface of the plane. The second ingot was pulled

1n§/ﬁiato€@t bk constiant 1gromthwaad ecofa D85 e iyn Gwom
the head to the tail of the crystal to forml region

dep¥€rh ttihen Whelteh sdr fecehofatt he l @bhei Al §deld heéntensity
crystal was produced so that the oxygen concentration

of We1i8v24m. 26 ppma (ASTM 79). Then mrror surface
waf ers processed from each ingot were used as base
waf Ass.a Qnetshel by hem habd; aasid i eén g sgle eeysraride
whi ch is occupied by N region and does not include

£ i Itef adit e gbom dibnect @d isla T odepodEsiton fd R, ©fwakhe
grown using different hot zone, and a n1rror surface

ox Waéerf iobnaiaed ¢porf t htedi hgl cleydaie W eSed 28

bond waf er.
whole surface of which is occupied by V region as

shown in Fig.12(A). On the contrary, destruction
of the oxide film wasn’t generated in the base
wafer the whole surface of which is occupied by I

region as shown in Fig.12(B).

The present invention is not limited to the
embodiment described above. The above-described
embodiment is mere an example, and those having
substantially the same structure as technical
ideas described in the appended claims and
providing the similar functions and advantages are
included in the scope of the present invention.

For example, in the embodiment, the case of
producing an SOI wafer by using two silicon wafers
by ion implantation delamination method is
explained, but the present invention can also be

applied to an SOI wafer produced by thinning



The base wafers the whole surface of which is
occupied by V region or | region and the bond wafers
whi ch are defect-free as nmentioned above were used to
produce SO wafers in which the insulator oxide film
has a thickness of 70 nmand the silicon active |ayer
has a thickness of 200 nm respectively. The SO
waf ers as. produce _ , 4 dakya
backsedei it eﬁgfﬁ E%gﬁ%fﬁygg}@:r;?gm%fﬁ§g§§§?%e sol ution
t.o .remove the sili ct.i I : n, the base
pol\?ﬁflb%nﬁa\%g rté&rr!ﬁi %lqnq{gé %r?sﬁtﬁ at %?/&Ig(iilyége filmlayer was
eval uated by Cu deposition method with an electric
field intensity of 6M/cm As a result, in the case
of insulator oxide filmafter bondi ng oxidation,
destruction of the oxide filmwas confirnmed in the
base wafer the whole surface of which is occupied by
V region as shown in Fig.12(A). On the contrary,
destruction of the oxide filmwasn't generated in the
base wafer the-whole surface of which is occupi ed by
I region as shown in Fig.12(B). The present invention
isnot [imted to the enbodiment descri bed above. The
above-descri bed enbodinent is nere an exanple, and
those having substantially the sanme structure as
t echni cal
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I deas described in the appended clains and providing
the simlar functions and advantages are included in
the scope of the present invention. For exanple, in

t he enbodi nent, the case of producing an SO wafer by
using two silicon wafers by ion inplantation

del am nation nethod is explained, but the present
invention can also be applaArgsto an SO wafer
produced by thinning 47 backsi de of the bond wafer by
grinding and polishing and the |ike after bonding. 48
CLAIMS 1. An SO wafer in which a base wafer and a
bond wafer respectively consisting of silicon single

lcr%%L%Olarﬁ?fggnQEdefg:éﬁrh %%Qg ia%@rhgd % 3ond wafer

fhickness o nm - m and then th ond wafer is

thinned to forma. silicon active |ayer erein.the
rﬁﬁggcﬁéyggyisc?%§h%31n%fC)'IF%gﬁcgpngf%n%¥€sfﬁBHEF%Mnare
by Czochral ski nethod, . and the whol e, surface q ng
bphdednatier 3% ﬁf%ﬂ?nfﬂlmr&ﬁ%ﬁ?%nﬁsFBéchPSFe@(N% ng® -
doesn't include a defect region detected by Cu
186posi tamh fbehodther hdred whelfer sigf 4ddngfed heopdsam a
wafer is wthin a region outside OSF region, doesn't
siiddkude sctdefect ayeyi owheetkdct ethdybfae degdesi tisnformed
nmet hod, and includes | region containing dislocation
ol usSitleircdwesl%giLat yrsidtddial gsbwh cey. @zodhea Sk wabehod,

according to aim1, wherein the SO

and the whole surface of the base wafer is within N
region outside OSF region and doesn’t include a defect
region detected by Cu deposition method, or the whole
surface of the base wafer is within a region outside OSF
region, doesn’t include a defect region detected by Cu

deposition method, and includes I region containing

dislocation cluster due to interstitial silicon.

2. The SOI wafer according to Claim 1, wherein the SOI
wafer 1is produced by ion implantation delamination
method in which ions are implanted into the bond wafer
and the bond wafer is thinned by delamination at the

ion-implanted layer.
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wafer is produced by ion inplantation del am nation

nmet hod in which ions are inplanted into the bond wafer
and the bond wafer is thinned by del am nation at the
ion-inplanted |ayer. 49 3. The SO wafer according to
claims 1 or 2, wherein the silicon active |ayer
consists of silicon single crystal grown by

Lzaty dckivaidhothcanditidetohol eissr lace @f whleeein the
silicon active layer is within N region outside OSF
Ji8gih aek daesnaletnebude sdef egt $£0i @ndetaghed dystal
Cu deposition nethod. 4. A nethod for producing an

ﬁgwnwﬁgf fci%g%iaﬁjsmq %euhlsest atn@o?ﬁsp%m%ﬁ:e fQLPERge of

an oxi d aving a thickness 10 nm™- 100nm at
lLeast. on qne_ of. a base _wafer .and a .bon er .

B ST P Qonlr st g on s writieh L gLt rhupgice osF
i mpl anting ions jnto the bond _wafer to form an

G P QO Ty r CGORERNG e T GRY LR UFLeRbed by Cu
ion-inplanted side of the bond wafer and the base
dgplosribiiog medhed-de film and del aminating the bond
wafer at the ion-inplanted | ayer as a boundary,

wherein the base wafer is used, which is forned of
silicon single crystal grown by Czochral ski nethod,

and the whole surface of the base wafer is within N
4r.egh ometheonetoat drawkrcispeednt 80T OBRfeegi @mprising at
generated in a ring shape when grown wth gradually

1deGreashag PULbingr ¥ atey ifiong hibah speed teoilpwispead; a
and doesn't include defect region detected by Cu

t‘fjﬁ%%ietsisorbfmtihoqlm OL HR¥®nm at least on one of a base
wafer and a bond wafer respectively consisting of
silicon single crystal, implanting ions into the bond
wafer to form an ion-implanted layer, bonding the
surface of the ion-implanted side of the bond wafer and
the base wafer via the oxide film, and delaminating the
bond wafer at the ion-implanted layer as a boundary,
wherein the base wafer is wused, which is formed of
silicon single crystal grown by Czochralski method, and
the whole surface of the base wafer is within N region
formed at lower speed than OSF region generated in a
ring shape when grown with gradually decreasing pulling
rate from high speed to low speed, and doesn’t include

defect region detected by Cu deposition method, or the

50 °



50 0 whol e surface of the base wafer is wthin a

region fornmed at | ower speed than OSF region

generated in a ring shape when grown with gradually
decreasing pulling rate fromhigh speed to | ow speed,
doesn't include defect region detected by Cu

deposition nethod, and includes | region containing
wicdleocatirdacel usf ertithue Hase | Abépst | isalwsihitom %Fegion
The nethod for producing an SO wafer according to

@ dat WNRKRIM sPpechonthamafl e5Fi sratpiesh wBhelkatsd in a
formed of silicon single crystal grown by Czochral sk

TRl ath 5 p AN O a?@FQH m@:hm%@é‘flzgcge&?e%iﬁﬁ NpWN1ling

regi on fornmed ower speed than F region

ner IN.a,.ri ap, Wi adual,
%ﬁ%ﬁe%&?ﬁg gﬁ?Pingg?gﬁe ﬁ?oﬁg%ﬁ!gﬁg%%%edbgggﬁo%'sﬁéé ude
d%&%g%???%ﬁ&ﬂé?ﬁégggggg%ecéy réﬁ“‘ﬂéé&gf%%éﬁj %%ﬁ%éd, and

includes I region containing dislocation cluster due to

interstitial silicon.

5. The method for producing an SOI wafer according to
claim 4, wherein the bond wafer is used, which is formed
of silicon single crystal grown by Czochralski method,
and of which the whole surface is within N region formed
at lower speed than OSF region generated in a ring shape
when grown with gradually decreasing pulling rate from
high speed to low speed and doesn’t include defect

region detected by Cu deposition method.



