SPECI FI CATION AN SO WAFER AND A METHOD FOR PRCODUCI 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

substrate for a devi%ﬁ?Ecg 8$ggTw@ﬁ@r wherein a

silicon active |ayer (an 'ayer) is formed on a
support substrate has been widely utilized. As a
nmet hod for producing such an SOT wafer, for exanple,

it is knownfthajor wagrerl hed bengirg: oet hasri n whi ch
two silicon wafers are bonded together via an oxide

film In ion inpladabiyorgel ammag e net hod whi ch
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
Teonhaistgfage cofda silicon wafer (a bond wafer) to

becone a silicon active layer or a silicon wafer (a

base TV ep) ctae e drsoppantornl sedsttate,t@ndnarB0l wafer,

ion-inplanted layer (a mcro bubble layer) is forned
nomnsi pethechdrr waf,ertyan SOI wafer having
extremely high electrical reliability and high
quality, and to a method for prcocducing such an SOI

wafer.

Background Art

Conventionally, as a substrate for a device,
an S0I wafer wherein a silicon active layer (an
S0I layer) is formed on a support substrate has
been widely utilized. As a method for prcducing
such an SOI wafer, for example, it is 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) 1is formed as
insulating layer on a surface ¢f 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
treatnent. Thereby, an SO wafer in which a thin
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treatnent “(a " bonding heat treatnent) for inproving
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the base wafer, cleaning with hydrofluoric acid for

st e agcan wxkde Jid mwerrd he sunfaceergr 4hedd kenel s
perfornmed. A silicon single crystal grown by

sezochral skei et heth { CApTed hod)ld candke @eneha |lyonsed
as a silicon wafer for producing an SO wafer as

wa€esar i bedhaloved Hovevar bhaseecenfeyearsa tthee denana

for thinning the silicon active layer and the buried
fokxinde dé&lewi nocatedses, iang¢héodenadd atf orhgualdty of a
~silicon wafer applicable to this has also become
impdizgtt eBspecyakl yovihelds beed pnepdsed Tharesivi cem

single crystal with |ow defect density is grown 2 and .
S@alsid ten viat evhdiath Ai gt buasiltyl epraikeglive layer 1s
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 S0I wafer as
described above. However, in 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 demnsity is grown



fromthe crystal is used as a bond wafer to becone
the silicon active |layer. Hereafter relations between
pulling rate when growi ng silicon single crystal by
Czochral ski  nethod and defect of the silicon single
crystal to be grown will be explained. It is known
that in the case of changing a growh rate V from
allggjg%t sgff%&'&\é{(%lfe%ﬂ{htﬁg rdi et 00y 0b 1t £1 yetal
growth axis in a pul T'i ng agbaratus with a usua
£ LUhNA0e. SLIUEL e (hot ,zone: s 57); 119duel NGa@darge necome
enperature gradient G at the vicinity of a
t@ghé&%&gwﬁié@%@g@cgyyé@_(jysta!,zadefem
I'stribution diagramas shown in Fig. 9 can be
obt ainedealfit &+ 91 9 a Vilet OPeitsv@chegiwhltihat rate when
contains a |large anount of vacancies, i.e.,
g fepriessi ans, i cPht &1 9f lichec kivke chused dbyokhoka bE ki
silicon atons, and | region is a region that contains
ma@thay@ea namiet eoft db §l agati ens ool usiegd eofceyeessl Lo
silicon atons caused by existence of interstitia
bsi lgircownnt heitl 1 sbexcesp lsidmeon atons. It has al so
been confirnmed that there exists a neutra
(her ei nafitterk mowasi ohaltl yi mbbhevi a2 66 oL NFhaggonrd a
that contains no (or little) lack or excess of the
gaboerhiberaden YV fagionhdmd | 5Pe§ dnt CandPYefd@ed 1n the

called OSF (Oxidation Induced Stacking Fault) are 3 .
direction of a crystal growth axis 1n CZ pulling

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 siliccon 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
silicén 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




7distributed in a ring shape (hereinafter

occasionally referred to as OSF ring) near a boundary
of V regi on when observed in the cross section
perpendicular to a crystal growth axis. Wen the
gromh rate is relatively high, there exist grown-in
defects such as FPD, LSTD and COP, which are

et \ t f t ed
Skt e%o. 3, oLeg saress '“%f%h eﬁéi%?irivir
oéggs?gﬂéf df@% f@@tgﬁ]gg d néH@ a
conlt n| ng t ese ects ecorres regl on.
h
R
S%%%f%ltc%{’ 'l‘gaé\ha%gi@ﬁa!rs + geperatedaut sk dewithe skng .

ed side When the growth rate i s nuch

furt mﬁ{ehO\&@{@dgr h OBk trd ng sshté Mk itwe L e reemher
of the wafer an di sappears, so that the entire pl ane

t hegenesx Ns tr egi-efm Wen ddree geewtdu cat e $ SEPArt hBETD and
| onered, there exist at a |ow density, L/D (Large

c@Pslmhﬂcnnaﬁe alr evdatricon Haore i nbenstidbalconsisting
di sl ocation | oop, such as LSEPD, LFPD and the Iike)

ofleheat sofkuget dis ocas hory ct uptersyiwti che fares, at =
consi dered due to dislocation | oops consisting of

haghl chenatiédy | overstibealest Lreorradadt héliresyi bpn of
where these defects exist beconmes | region

tiieccasyohalll y aatlera ededd @k EOD FegioMd Rhwesfofcfects

| ocat ed between the V region and_the
becomes V region. Further, along with lowering of

the growth rate, the O0SF 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, sc¢ 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 f{huge dislocation clusters) which
are considered due to dislocation loops consisting
of agglomerated interstitial silicon, and.the
region where these defects exist becomes I region
(occcasicnally 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
containing 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
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hat when perform ng thernmal oxidation
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precipitation in Nv region and little oxygen

gPhes pibat ipnei r N i feairon: 1 Alithough 1siuebnan N egi on
conventionally existed only in a part of a plane of

adafieri oa, cryshals hawkeng N eegitonyoferuridie térttrey
radial plane (the entire surface of wafer), as shown
fhrtHd 8. 9.1 hasidghsion heeh wbbe cro, be smertubwect uredFby . 2,
controlling VVGthat is aratio of a pulling rate (V)
theran axiialt tkupeareagiloe gfadieente¢Gpratwhaere a lot of
solid-liquid interface in a crystal. And so, in the
vaaeuf@ateer eof san SOliwafent tchethehayibediproposyl
a method in which a silicon single crystal wafer
rhavi n@MNir &gi onegu@n  { hd ent O Wur FAGE ¢ saudedt a8 fa
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 toc be manufactured by
controlling V/G that is a ratio of a pulling rate
(V) to an axial temperature gradient (G) at a
solid-ligquid interface in a crystal.

And so, in the manufacture of an SO0I 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. For

example, there has been proposed an SOI wafer




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

axi al tenperature gradient Gat a solid-liquid
interface of the crystal (MG wthin a predeterm ned
range mhen it is puIIed by Czochral ski nethod, and
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On the other hand, a base wafer is
essentially necessary for supporting an S0I layer
via an insulator film, and device 1is not
fabricated directly on the surface of the base
wafer. Therefore, there has alsc been proposed
that a dummy-grade silicon wafer of which
resistivity and the like do not meet procduct
standards is used as a base wafer (see Japanese
Patent Laid-open (Kokai) Nc. 11-40786}.

In general, in view of improving guality 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
W 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
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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
buried oxide film is formed as recently demanded,
there arises a problem that high insulating

precperty is not retained and electrical

reliability is degraded.

Disclosure of the Invention

The present invention was accomplished in
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

L |



according to the present invention, there is provided
an SO wafer in which a base wafer and a 7 bond wafer
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
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the surface of the base wafer, even in the _case that
re¢bhicknesstgfide OSE region, doesn’t 1nclude a
defect region detected by Cu deposition method,
and inciudes I region containing dislocation
cluster due tTo interstitial silicon.

As described above, in the case of the S50I
wafer in which the whole surface of the base wafer
consisting of CZ silicon single crystal 1is 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, 1in the case of the SOI



the buried oxide filmon the base wafer is thin Ilike
100nmor less. On the other hand, in the case of the
SOT 8 wafer wherein the whole surface of the base
waf er consisting of CZ silicon single crystal is
within a region outside OSF region and doesn't
include a defect region detected by Cu deposition
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containing dislocation cluster due to interstitia
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ion inplantation del am nation nmethod in which ions
wafer nprunted 4nt @xtheelendy wakére 1 hRd it hel B&rdr Waker

is thinned by del am nation at , : :
reliability "is obtained, 1n which dielectric

breakdown 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, 1in the
case that a base wafer is comprised of, for
eiample, a siliccn wafer the whole surface of
which is I region, since such a silicon wafer can
be produced with comparative ease, the S50I wafer
can be obtained with low cost.

In this case, the SCI wafer 1is preferably.
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 another bonding

nmet hod, in which after bonding a bond wafer and a
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 wafer
becones relatively thick. On the contrary, according
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crystal which is grown by Czochral ski nethod, and the
exbelensuyf acegbf qwh Thtiys v nhiore Nobégi ‘onedut si de  OSF
regi on and doesn't include defect region detected by
Cu déposhtiidmeetshod, the oxide film can be in
range from 10 to 100 nm.

Thickness of the buried oxide film 1is
demanded to be 50 nm or so in recent years. The
SO0I 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 is within N region

outside OSF region and doesn’t include defect
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As nentioned above, when the silicon active |ayer
al so consists of silicon single crystal grown by
Czochral ski method, and the whole surface of the
silicon active layer is within N region outside OSF
regi on and doesn't include defect 10 region detected
by Cu deposition nethod, the region for fabricating
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i on-i npl ant ed Iayer bondi ng the surface of the
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wafer via the oxide film delam nating the bond wafer
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base wafer is used, which is forned of
also provided a method for producing an S0I wafer
as mentioned above. Namely, there is provided a
method for producing an SO0I 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
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silicon single crystal grown by Czochral ski nethod,
and the whol e surface of the base wafer is within 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
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single crystal wafer the whole surface of which is
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happen that dielectric breakdown property of the
oxi dé'i enmt sodedgraaded adueS O3 ded 6et’s b¥Bxi€f ng on the

base wafer during bonding heat treatnent and_the
impl@ntation delamination method, 1f a CZ silicon

single crystal wafer the whole surface of which is
defect-free as mentioned above 1s used as a base
wafer, an SOI wafer having high electrical
reliability and high guality can be produced, even
in the case that a buried oxide film is formed
with a thickness of 100 nm or less, because 1t
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 produclng an S0OI
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 SOOI
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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

ngéga\&ﬂ%%;legﬁaic’g ﬁezl‘éﬁgﬁ%{%!%%‘i' rkg%g&%ﬂ)iei f%yi&@!ﬂ high

y “Can produced even in

TR Eo8 By D08 I Br Lost Bechuss 1T dee LT

|"ess, "because It doesn

b@%ﬁ%@l‘f %?%tq%dkg'l%Ct{ i.C dhreakdown: propertyieficddes of

rae €gr aded due to vacancy defects
163! 4 ng.-on wafer ; durjdgshondimgpheat that
?pe5¥%eﬁg andgghe9ﬁ$§ﬁe.6%u%?her, gince a gllicon 2
ayah rc’&’f‘g?: %mﬁéakl%?@x@n. S5pek@y exaniee bhe abolfd Im is
surface o rch is within | region, can be produced

qWhth s wisder, coptr o4 ednfApggeanvist ke xcoaparat i ve the
%gse, |t%¥d§lom5 t hat éﬁpSCl wafer with higﬁ;quality

p§aR Jpereroduced N thoeabien gnthead L1 aw cdsher ahesethe
cases, it is preferable to use the bond wafer which

1igformedrefh i) i edmsengl esitiysiml wgrfown byped as a
Czochral ski nethod, and the whole surface of which is

b Witehi vz Rerregi 60 rf oxpedipdte , | olsr whedd: t Ana TTBFer €4 on
gener at ed in aring shape when grown with gradually

wHheereassngvprhhingl region, can be produced with

wider contrclled range and with comparative ease,

it follows that an SOI wafer with high quality can

be produced with ease and at low cost.

In these cases, it is preferable to use the
bond 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 SOOI layer

is not affected adversely, degradation of

dielectric breakdown property of interlevel oxlde
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rate from high speed to | ow speed and doesn't include
defect region detected by Cu deposition nethod. As
menti 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 layer 1is not affected
adversely, degradation of dielectric breakdown

fE'i?fPe&%P{d?;fet L%ﬁ?relnﬁégzr\%g%ﬁt 13 ff':h@scaé‘nlbgiogﬂrﬁla)fer

prevent e s7a wi't h“extrenely high

ngﬂi% t%@ﬁ@fxpﬁ%ﬁﬁﬁgwﬁﬁﬁﬁﬁg%aﬁh%%aﬁ?%d%@@d.

recently proposed a od that 1n the case that an

SO i.s. p drhys i 9Be a4 o d
ol ol BBt P RO PRSI B0 2P proposea

médelanm pated yaf emei &4 sbi BattedaH0 JEC] A 0¢ess
and Is reused as a base wafer (or a bond wafer) (see

prapaness Patenbn Lahgdiepeis { KekaideNemld=29%583nefdrod,
exanple). “Accordingly, if the bond wafer that is

sdefecinfrees Bsnrenthored abevernbsnusediand fidien is
del am nated wafer is subjected to reclaimprocess and
sipjgecused tas achasei wafrerooesa band vied er suthedelys a
producti on cost can be lowered and an SO wafer wth
bhisgh wabkirt y(can sbeb pnadduceferAs égpleai hepaaboye, Patent
according to the present invention, there is provided
Lan cSGhpeaf efKokerigi not-hel Whal% B8P aceC 6f ctranBase -

wafer is wthin N .
Accordingly, if the bond wafer that 1s defect-free

as mentioned above is used and then delaminated
wafer is subjected to reclaim process and 1is
reused as a base wafer or a bond wafer, thereby
production cost can be lowered and an S0I wafer
with high quality can be produced;

As explained aboeve, according te the present
invention, there is provided an SOOI 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 S50I
wafer has excellent dielectric breakdown property
even in the case that a thickness of the buried
oxide film is 100 nm or less. Therefore, 1f a
device is fabricated by using such an SCI wafer, a
device having an excellent electric property can
be fabricated with high vield.

Further, according to the present invention,
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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
usi ng such an Sa mafer a device having an excell ent

tﬁ'@?fqtqéig LORRLLY, £21, ey fabEl Rt g LD U oy 4 gl
YRS %Veﬁfﬁﬁesgwm?ﬁ?fﬁgfregﬁg SRS 8o,
Oglgfl oii. S et R SEha 295 des ﬁqgtrlg’gt?ggag?n%?ﬁitng
r?ﬁlor&agigocn clusf eé%e%tﬂle &Qg\)la;é‘tﬂ§5'nt A 8idd coAnd n

since base er can be produced W th

g%mﬁﬁékufar@@%%npE@ﬁEﬁiﬁﬁﬁ§581%¥b@§HﬂUﬁr@duster

pl'anatiron of the Drawings Fig. 1 is a
alik O‘AESaELh@é‘E\éﬂtflgcﬁélle@alnph%oq{ a TARRY AEt WHdY, since

process of an waf er accordlng to the present

thréVeH‘éb%” wé:fgr ?ceﬁﬁ\) Hes ;faﬁ oRMPt @Bataryhvicewnsheaitnigy e
an exanple of a region of a crystal used for

eRaUf aptdngtam Sk owaf ecaactos dilogrd oethe  present
i nvent i on. 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 tc 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 inventiocn.

Fig. 3 shows an example of an apparatus for
croducing 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

pesition 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 exanpl e 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 gand 2,64t 10, posLich o e P AnoMing ene

Fig. 4 vView s

g b f8) s/ e
rprg ST R R ae E, VY B nr Ay 5 mathoray Tegton:

Xplana oW ng a ne

produci g a Sf‘gglraq?if(?gp%ﬁﬁﬁgﬁi(%i) 99 c8Vahuati 98- oFi g

6 shows~(A)” wa i'me an Cu deposition

m?%fh%: S £l %Ifgﬁsqécgﬁgt I-0ns Whem SUFimgcua ddyskak ion

engt hwi se. Wws a growh rate and a cutting
ePasiddenof a crystal in Experinent 2. Fig. 8 shows a
defect distribution of each region of a crystal by Cu

depOSﬂ?Qn grethedis (A) Wva€eiron ifB)t Meegirad (B) Cu
(generafion of Cu deposition defects), (C N region

d€pe Lur depositiren-tef eet )a  clicgs s 9siess mhoaxpila@at anytting
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 ¢f 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) is 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

Gepos 11 of MeTREd" S0 (A 5 bate haf 6 o PhIn v

depos a base wafer wthin VvV

regio (B) S r 'Wthism I7reg n
Goposi ] o 457880y T Beet Wbae Tor | Carrr oG our ¢ he

dkpwent{ep, Heceeafter, 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

BoktanMo 8@ Mmeter produces dyta troadiimgrerthach

Consequently, it has been found that, when an SO

waf eri¢ s efroglficed usthg g sébiecon $nvgetcoystal 11 be

grown at high speed conventionally used in general,
eraiel ynadsili coornvaf éethavl ng many vacancy-type mcro

defects with the size of 50 nmor nore on the

surf dtlee iimvhetease tHatthcbpmeldeax denvignhion
performed the thorough investigations for effect
given to a buried oxide film by a base wafer of an
S0I 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 encugh thickness of several hundred nm or more,
problems like degradatiocn of dielectric breakdown
property due to effect of the base walfer 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 thi ckness of several hundred nm or nore,
probl ens |ike degradation of dielectric breakdown
property due to effect of the base wafer are hardly
arisen, however, in the case that the buried oxide
filmis a thin filmhaving a thickness |ess than 100
nm there's a possibility of having difficulties in

retai t

asag@hciia%r'n”ri’? B0 R PEhanARE N8 SeLEL Oy, o
in the case 1 d

oot oot So M Pt £ e

oA I NS e valer sttty

ng heat treatnent and
lﬂﬁ%gL)ﬁ’tﬁQtt%%: there’' sy exidreiely X FOAY possibility

0S t hat |gh i nsul ating property cannot be

tiﬁﬁtta!ﬂ‘f h alfh‘isﬁfl%% h%alpfﬁ%le@ebd_d{l by ritSo dedreaded « sfhead

e inventors o e present invention thought that

28R 30 cwafer cuht h-di ghrel ectri ciay drejiabield ty of
whi ch dielectric breakdown property is not degraded

even tRetbhe: gase heh tidhes bt eth e oxirdes £nitm i sviertnedn
with a thickness of 100 nmor |ess, can be obtai ned

By U @dHCitg 51 aro slefecisf o whehbasieshaksrs chnd cal
further perfornmed the follow ng investigations and
reflydies 1 iRy st ivhhas bieallnownitchdlyeakeiopol BGRPET LY
silicon single crystal, in the case of gradually

is not degraded even in the case that the buried
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, 1t has been known that, when pulling =a
silicon single crystal, in the case of gradually
lowering a growth rate from high speed to low
speed from a shoulder to 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, it has been
also found that there partially exists in Nv
region, a regilon where defects can be detected by

Cu deposition method immediately after

disappearance of OSF (hereinafter occasionally
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lowering a growmth 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 forned in |ower speed regions.

CBecently: od has heepopalspchaundybale £ hecernaa Laldy

regron where ects can

L B S iy

ereinafter océasionally 18

pRELET el 0, a5, 00 dgge%'tl')onz%@;eﬁ,@orl@wm as shown

, see Japanese Patent

Lai d-0pen LKokat ) 0%90]%@%%983)15 Qu flepasbii am et hod

is a eval uating a wafer, by which

eeaa'&éemﬁfof A0gEEA S, gy arRemICOpORator owal erf cal fiects

accurate neasured detection limt for defects in

ikhe §§ﬂﬂ5§ﬁéﬁ@¥oﬂﬁW§f@ﬁncmhIBEr@ﬁwurmthyner
defects can be accurately neasured and anal yzed. The

m8ReGi f &6, evid Haldtononetihiodi of foomaflerf ecospriseshe
form ng an insulator filmwth a predet er m ned

sthiickpess onca surface adnt be iafiprovedectridafiyer
destroying the insulator filmon the defect part
dbkgraetsnearn t he surface of lyhergasered and HepbailtiFyd -
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 electrclyte 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 liguid
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 18

deposited can be analyzed DYy observation with the

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

eval uation nethod 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

BRTRHEELH ¢ ﬁﬁa%%aﬂn éﬁgr@%ﬁsétx. i S
FF§t?Fég§ r%QedltTQg Hef A 5%%Eqﬁxwgﬁe% here Cu

i‘ted can be ana yze by observation th the

mﬂe%ds gﬁﬁgr ?fb&gk Ligmted d.ghtspr 166t i ebe rd

evalu ron and density thereof
mfgf tdk.eé  (bEoan 2l $0.benconf | £ e byonMher 956@RD
Servat a transmission electron mcroscope

% Eﬁ@ @ISQQQQIQQJ@éeCtFOH m croscope (SEM, or the
And the inventors of the present invention

perf ofAed fiuk t her d vestd gafi ense apeuts detedtsvéntion
these regions. Specifically, when a growth rate of a

p8irlficcORedsimgtehary st alvd st gnaduabhy |awendd debmdtighin
speed to | ow speed, the V region just before
tdesappeanancesof OSF was subjected to FIB (Focused

|l on Beam) processing after identification of a

coor dipatd thiycalduy f as@ dmspectti ontapparaeut a 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 identificatiocn 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 1is a region just
before disappearance of OSF, however, micro pit
defects in V region remarkably degrade time zero
dielectric breakdown (TZDB) characteristic even 1if
they are cbnsiderably 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 c¢f breakdown
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(MAG CS; trade nanme) Wen the points were observed by
TEM the existence of mcro pit defects with about 20
nm coul d be confirned. 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)

t i Sti i f . i i
i raf;‘q"aliﬁ'qiva%ﬁ, VLRI - Hlek At e Ricrt e ol
a silico - 1 hj :
Ghel ShLES BTN ST YRRl PO "o SRR LS, Koo

ogf%%hgg%m¥@§%m¥?é§E§%§;2§j¥#€tﬁ%r@e@@ﬁﬁgration in

eterioration of "br voltage level as in V

t?ﬁ?c@e @ﬁ?ﬁggmﬂﬁ@lé@%riéu%ﬁ@ék@awﬁiQWDDB)

I cates e In aregion of alnost 100%in pl ane,

c@alri tle deteriorgisonddy  tine dependent dielectric
reakdown (TDDB) characteristic was seen. As a result

of these i nveshngatbenspode stridees.igatwamd onndl
that upon progress of thinning of buried oxide film

sderpnded fior wpartfeuhar dewircaspoecentbyreawms odly in
the case that a bond wafer, nanely a silicon active
t hayet i ngonsf sba rafe domeentéorfal 1y dsew: silkidkohogi ngl e
crystal wafer occupied by V region, OSF region or N
phegi onubMeer eilavAc eepasiaéon ldef eoptregndy in the case
that a bond wafer, namely a silicon active layer
consists of conventionally used silicon single
crystal wafer cccupied by V region, OSF region or
N region wherein Cu deposition defect regiocn
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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exi sts, 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

i khat, 4 hey casge deghadation of filmaquality of the
l%uried ode f?ln1during bondi ng heat treatnent. In

parti€yhakqudcliie case of qkhe thyr ked odi derdh |
having a thin thi'ckness of |less than 100 nm it was

cfeuwnd-thatt thevacancy-eypendefeebs scayseti@tpresent
excellent insulating property cannot be retained,

igkectt ieal fdanht tisagenef ahethzand tdaicel edtricalsOl
reliability 21 is extrenely degraded. Consequently, in

werder te avahtrsuch anrfd eet mxbdrfaidampidadeby N
inventors of the present invention found that if a

rbgieomatbrtofdaes8At vafeluids ewenr & defface wafdsron
occupied by N region that doesn't include even a

ddefeatit e de@itonCudeteet ed thyo Cudeposidti onh Aetchoda Dt g e
can be obtained an SOT wafer which has an excel | ent

okltectn ¢ dalarpr 3pér ta 8ean Wiriche ase atha® el L 80h ed
oxide filmis formed with a thickness of 100 nm or

el esdr HoREY €7 T OPIE of He MR ghdw SR Ei SGhE 81 Agia- 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 1t 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 inventicn
further investigated and found that in the case
that & CZ silicon wafer including I region that
can be easily produced at lower growth rate
without advénced technigque of crystal growth 1is
used as a base wafer, an S0I wafer with excellent
elecfrical 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 include
Cu deposition defect region, the growmh rate is
limted to narrow range, and it has demanded advanced
techni que of crystal growth such as nmaintaining V/G
at a determ ned value. Accordingly, productivity and
production yield is low and that may result in cost

[ f
tt‘eﬁ%ﬁﬁé‘é%n@@it%gg S atd Totnd hat TR TR ehse. that
h b
= Gashiey brBRTbenn gt Hee o ohen P2 B Thout “advanced
Lechnl gue ;of; £LYSLAlgEOMILLE e dISsd aha Basegter,
an wa

er W excell'ent electrical property can

G B &ﬁe%li%gg%c@ﬁ 1:8ve8di fibugiced Oxi g6 fi+eMersring

ormed wth a t hi ckhess of 100 nm or | ess. Thus,

td h%c? agﬁgfgﬂdiéae%f@ﬁl&rﬁenbumven@ qit- e Herei naf ter,

enbo the present invention will be

ﬁ%@h@df@ﬁ iNs dgbai |1 byiref@rthrg-eto .t he appended
draw ngs, but the present inventionis not limted

theretpg.Filg.id ks @l bewchatt sthowing amnexarmphplef @f a
manuf act uri ng process of an SO wafer according to
mi he foreserti i gventd ®asby d dnainm @At atd bar according to
del am nation nethod. First, in the first process (a),
thwopméesent invention by ion implantation
delamination method.

First, in the first process (a), two mirror-
polished silicon wafers, i.e., a bond wafer 21
that is to be S0I 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 by 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, deoesn’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 whichis wthin N
region fornmed at | ower speed than CSF region

ted i . . .
d%ﬁ% BT ng puit | HETST B Regn Seed ™7 o' fow Spesd |
en_gr . : +doesAyle |
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144k %quggﬂfy%liégna(ﬁﬂé'%%%d%@e%ﬂﬂ@dwméﬁ%).
surface o ich'is wthin a region fornmed at | ower

speeg { hap Osﬁléegi@e&%@%%%d Ns @ 1M gn Skapegiie
the case of gradually “decreasing pulling rate from

cf@égﬁ& Speg¢ 0 & oW -speednen i araonn, widesn' s neiuden N

defect region 23 detected by Cu deposition method, and

re%@ﬁb‘hde§nh HLgi ap Ot aiep dgidiisdocatifncel ust@i otuecan
0

0 interstitial silicon (the second enbodinent).
b & Bslowh henaf e earntt poed ishbi TofG sbrghes i coystabrof
the first enmbodi ment which is within N region and has
ePOmMEU ¢lgpasi tappadefteat 3Eyi Horcanr obe grogn anhd Lagle
controlling V/ G by|using, for exanple, an apparatus 30
cfostprbdasi rhawsi ngt eFigrysfal as shown in Fig. 3
The apparatus 30 for pulling a single crystal

The apparatus 30 for pulling a single 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 lccated
outside the guartz crucible.

Recently, it is also often the case that a

method, so-called MCZ method, 1s used in which

magnets not shown are disposed horizontally
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has a pulling chanber 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
rotati on nechani sm (not shown) thereof for rotating
the crucible 32, a seed chuck 6 for holding a silicon
seed crystal, a wre 7 for pulling the seed chuck 6,
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met’hod, “So-ca met is used in which
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e pulling c er 31 and a magnetic field in the
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like 1s applied to the silicon nelt 2 to inhibit

sKgoavecthgnofathe nert iand raehicye stsabdergrowhdiefy az
single crystal. A cylindrical graphite cylinder (heat

gsbiel di nyipl@t ey ity is provsded as, samrdufidimthar in the

grown silicon single crystal 1, and further in the
v¥eeinmity off aaselild:-dirqdighidt enfaecefa ot thef the
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 is
also possible tc 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 refrigeranﬁ inside. Furthermore, it 1is
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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
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enperature insi furnace so that, for

exam% obhes L enper. Ha%cérﬁméﬁﬂlb@ﬂr@lﬁ@l@h@ﬁyéﬁal

t he crystal |s l'ower than that at the center of the

ufh atja%he g eyl bnder o34 dis1 Phaceda 0B ithgl e
graphite cy der 12 to performforced cooling by

cﬂf%vuang r%flrw@r ant 1hngidey Purtdepmurecriktisl 25nal so
possible to prOV|de a cylindrical cooling device that

mg0elsi 21sigmgl eigriyséal iky béewiany teodliagmgdst bong point
shiel ding radiation heat. In order to produce a

(8b f@%lﬁdﬂ%EFCm@ﬂ@|CNSMEJhh@ﬁﬁmatmLmeSQdkned in
pulling a sing crystal, first, a highly pure

tpel yerystialléend?2 matBreal, dfhsi kiignens heat &d & oselfe

mel ting point (approximately 1420 ~C) or higher to be
crglstterdli As brought into 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 be obtained
by adequate controi 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 whereuthe 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 melt 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
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contro ltng a growh rate between the gromh rate at

lﬁla@ Aoupdany: wheke 4 hgrdefiect odiedi an det eeted: dywBen

deposition nmethod remaining after di sappearance of

g BB UEDL 9N eReEateith fnaa Pokithy shape o8 diisappear ed
when gradually decreasing a growh rate (pulling

stage)e of ryidi£on fisingke crystal from high speed to

| ow speed during pulling and the growth rate at the

boundeiyeWer enhiemt ex stirtdvat hdirsl toeatifore | eag i gon

generated when gradually decreasing a growth rate of
s Shhileoncryisngg & bryistal pfakt hewg, is gradually lowered
from high speed to low speed from the shoulder of
the crystal through the tail of straight body
thereof, as shown in Fig. 2 (A}, each phase of, in
order, V region, O0SF ring region, Cu deposition
defect region, Nv region, Ni region and I region
(huge dislocation cluster generating region) 1s
formed depending on its growth rate V. And, the
single crystal is grown by controlling a growth
rate between thelgrowth rate at the boundary where
a defect region detected by Cu deposition method
remaining after disappearanée of OSF ring
disappears in N region and the growth 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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Nanely, when a growh 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,

ring T . ect region, N
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eposition ne ining after di sappearance of

= di spppeass Ry N1 edion aned the grebnr dom a
W§?€ﬂah?gW)V rgg?bn islgeﬁgrated when the growth rate

uh Orpduald yr | awenedi hrdhepl Bykt hingl meheer ,e@aluation
silicon single crystal 'of N region containing neither

bof M rﬁ@'ﬁ@ﬂs defiest smstelo@siEPR et fregied. defests in the
such as huge dislocation clusters (LSEPD, LFPD), OSF

cdefeect 5, Maedeffeci sfeetect edy €a 27 depositéonpplied
met hod can be grown. After the silicon single crystal
aglrewbase desceirbet)2above i s processed into
mrror-polished wafer (PW, the PWis picked out at
r andddyf tdre awagni tal otorfdr wedehr i AdotCdhodle ang Latehed
eval uation by Cu deposition nethod is perfornmed. ,
depesiding hen quality reguired for a silicon 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 as

a base wafer 22. By the way, a bond wafer 21 can be

sel ected depending on quality required for a silicon

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

nanely the wafer the whole surface of which is within
region fornmed at | ower speed than OSF region

:g%gﬁ sl g%éggcjig(sﬁé?g@% And dogsngle J el Hde o defesia

gposi ti on net used as a
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i con ac rve 1layer, therefore
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even in the case that buried oxide film

ihf%' Eﬂ@f?a? @BEKE%%&l@& A OHNE SHARHuced at a
gra tion dielectric breakdown characteristics

€“%I¢q:§ggqct of the base wafer during subsequent
ondi ng heat treatnent and the like can be surely

pr event 8w e @nd; extd eaeky thb g rel @etel calchela abi liitgon
can be achleyed. Furthernore, if the sane as a base
wivaber 2Re 2 bBeusadras ck boAdwiaf en 215 drdect-free,

del ami nated bond wafer is subjected to reclaim
vpcoeess and hs creusedlds drenniicnedmbet owwegn HoE whole

waf er having high electrical reliability can be
gpoedicedtalp aofl svericost .single crystal to form N
region in radial direction of crystal, so that
setting range of growth rate 1s extremely limited,
further, extremely advanced technique of crystal
growth is mnecessary, 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 is
within a regiocn 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 depositiocn method, and includes 1
region containing dislocation cluster due to
interstitial silicon.

Such a silicon single crystal can be grown

without advanced technigue c¢f 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 growh 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
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|nclude efect region ected by Cu deposition

cBRh0d: rand | agkudesnh  Hiegren iconhai niegadist ocation
cluster due to interstitial silicon. Such a silicon

r8khd Bceryst al 1 gan bengroynliwdg MOUG advafceduly in
techni que of crystal growh as 29 required in the

redse of dgravengosi | dconisé nghgystcaystalrihg whoyetal

surface of which is defect-free. For exanple, when a
gsbhitdon sifglteher y¥stal itheradhalle urkadel of NﬁcﬁrM§tal

| regionis grown, it
is not uniform, in the case c¢f 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 is
withiﬁ 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.

In 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 | region, it i

it is
i bl [ . . . ,
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single"crysta sur which is within N
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val'ue 1n crystal plane unlforn1y. In addition, a base
p}é';b@ag]ﬂ?gr N5 t B 566084 3 Lohodiveent 19f the presenthat

nis not limted to the wafer the whol e

pewifagecefi Wi eh 1l wst himinl. region, and a wafer
consisting of silicon single crystal that includes,
in adghitione tethdeghamd Nl a3® gedi om fber €iln can be

interstitial silicon is domnant as shown in Fig.2
uEB)X andpdeashhty iow! ude ICUt ydepasihicend défoecta r egiloncon
can be used. Since such

active layer in the same way as the first
embodiment. But since device 1is 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, & surféce
of at least either of the bond wafer 21 or the
base wafer 22 1is oxidized. The bond wafer 21 can
be thermally oxidized herein to form an oxide film

23 on the surface. Here, the oxide film 23 1is

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.

But d fab d
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generated ina ring and doesn't include defect
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use nd wafer 21 in the process (b) of

dgf%cﬁs %f%ﬂfﬁﬁ% ofzat deasty eimher afotbe dondhe
wafer 21 or the base wafer 22 is oxidized. The bond

swefrerc2lican; s be ther aaldys exidi zed her®i ant 8 ®Or maaner
oxide film 23 on the surface. Here, the oxide film 23

isspfoamedonthra thi phnessdt hati demdnded hesul ayi rig

31 property can be retained. In the present
thivemees, ekt ieémelymt bim bebde fihm kawidg &£31m is
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 i1s 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 toO
interstitial silicon {(the second embodiment), 1is
used as a base wafer 22, the oxide film is not
destroyed even by evaluation of Cu deposition

method. Therefore, there cccur no problem like

degradation of dielectric breakdown property even
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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
waf er and an SO wafer is produced with a buried
oxide filmhaving a thickness of 100 nmor |ess, the

) ide filmi fected by d t ISt
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used as a base wafer 22, the oxide filmis not

p festraysdvevemn Ry evahdatd on of Cu deposition method.
Therefore, there occur no problemli ke degradation of
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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 1in a
thickness of an SOI layer to be formed finally.
Accordingly, by implanting ions with controlling
implantation energy etc., it is also possible to
control a thickness of an SCI 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

t hi ckness of the oxide film23 is less than 10 nm it
takes less tinme 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 10nmor nore. In the process
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para ‘to the surface of the wafer at an average
~penetyakion depth of ions can be forned inside the
waf er. The depth of the ion-inplanted |ayer is

reflegted ina thhd ckiesse ot qr SO al gyertt @ het her fednd
finally. Accordingly, by inplanting ions with
wE@Ri¥ 0P i ngs  dapl-ant akiterd eaer gyhet cogntimpd absed layer
possible to control a thickness of an 50 |ayer and
2tonpkeeart SOkatayenthavithgraetdrmkhess of fidve wafers
exanple 200 nm or less. In the process (d), the
i sumflatehoft it debicord wadlecant 8d sind &h e heabendvadfeer 22
21 and a surface of the base wafer 22 are bonded
aregétheded at chethoxrde f¢ | muEsl e £6€ bxafple, oy T

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
SOI wafer 26 (an S0I layer 27 + a buried oxide
film 23 + the base wafer 22) due to rearrangement
of thé crystal and aggregation of bubbles.

Here, as to a delaminated wafer 25 beling by-
product, there has been proposed a method that its
delaminating plane is subjected to reclalm 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
bond wafer. Accordingly, by reusing the

delaminated wafer 25, for example, as a base wafer

34



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

like. 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
bond_waf er

h
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' c&@ enggﬁ Rel ng by §&oduct there has been proposed a
hat its e am nating plane is subjected to

feC' af fn %%Ceﬁoc%%‘ as) IOoI ikshd ngoandsd teks T@uUsed as
a base watfer ~or a bond wafer. As nmenti oned above,

shecauseea sb! heopmafiery thakd st webhime htregilon ahd s
doésn't include Cu dep05|t|on defect region is used

p 8% ce s hong waf eh 21s0a sidfean af & chbafjred- by to a
processi ng the del am nated wafer 25 by reclaim

hpeacessceambrtused hd odi thempee basenmfes ar laonisbindg
waf er. Accordingly, by reusing the delam nated wafer
h25;t fioreexanphe, tas mabasebwafeing strength sufficient,
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, because the whole surface of the base
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 S0I wafer 26 is removed by
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34 22, an SO wafer with the sanme high quality can be
produced. Nanely, 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

fer, 26 is, bj d . h . hi
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direl ectric breakdown property of the buried oxide

dbelgn 28 iis, ot qdegs aded @rd hicghi ohnsld aticng: @r bgerdy

can be retained. In the process (g), an oxide film
db@rgedtemn method, it will never happen that the
pits enlarge by cleaning with hydrofluoric acid,
and thereby the $0I 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), sc-called sacrificial oxidation in
which an oxide film 28 is removed by cleaning with
hydrofluoric acid is performed.

In the SOT 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, cor
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 fil mthrough the defects and thereby
mcro pits are generated. However, because the
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waf er 22 consists of CZ silicon single crystal, and
dthke: vhele tsyr tacel of oshichoins wéthionl N réginen v oubsiceuse
OSF regi on and doesn't include a defect region

tdetrest ed ibyt €undepos rirony netiod, mercr ¢odsifstetef @@y the
silicon single crystal, and the .

surface of the base wafer 22, even 1n 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
regi on, 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
of CZ silicon single crystal, and the whole surface

o s BT 00100, fe SRESpdlon, a0

| L;on met hod. Nanely, because there exists no
e%%@@%@%bfype mcro defects on the surface of the base

waf er evefz=in e ied 0xq f4
ba L& eEetayohobn K Ogiﬁf%rlw&:&?ﬁgﬁltuji”égnesglsl,gﬁioéih 8

réf}z%ﬁéggaoi gﬁ%@ y?hbsrd@cﬁaii%eda agga%ﬁ £ emRlyc hbak

ctrical reliability 7s achieve Mor eover, because

hiB8 nPOh lBYShe? & Sodefegt 1 hrees s extg®mehyn jhi ghnyi el d
can be achi eved when device fabrication is perforned.

s Hereldaf tam gl Be presentl imyentd @nawidd ahe t eexpbdi red0 mm
in reference to exanples, however, the present
whBVentban i s oy glinm ted ddiet eba.i ¢ixanpd ecéptrolled in
(Experinent 1) Confirmation of pulling conditions: By
thei ntrhhe appabdt us 3@ fogympr dARTHG 780 vaAgiw®) cr yFihan
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
directicon 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
perfornmed as described bel ow and the growth rates 37
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
hargng a dianeter of 24 inches (600 mm, and a
silicon single crystal having a dianmeter of 210 .
kS b, Orygen RoREenti ey n Gs Loor P bR PR Phbde
range of 23 - 26 ppma STM 79 val.ue) en. ;grow n
fipg s@%éﬁ&%?y@lazﬂp,cag S S n %1!%? ﬁive\?% ,ll%zfpgr ogw h
rate was controlled to_be |inear] a y
eV el Po AoF& t 0™ TAlP o§x¥ﬁgqq%?§ét LY B,
g_r.an e fé mO.70 mfimn to 0.30 mm mn. Then, as shown
Fﬁ; lgg.tinfﬁo and (B), the pulled single crystal was
cut n e. e ' ti.o t r a r h
axi s {7omhe AEmE B he T O aRd T or Crhat o T Meae

CGEILPﬁE%L?L%$8QEO§§gE%ESLéﬁg%j§héﬁe1Qf aémWafrerchaving

a diame were produced. As to one of the

aSFmLe$ o2 GEstribuyien Of g easinr egiion, obhn\d regicon, o f
region and | region, and the gromﬁh rates at the

+Beundar ses 10k nt ha; - r egironsnwerse conf itimed dhiyr eearisof of
wafer lifetime (WT) nmeasurenment (measuring
thRstEupants 1 SEMdsMBy axis. Thereafter, mirror-
finished samples in a shape of wafer with a
diameter of 200 mm (8 inches) 1in a direction
perpendicular to the crystal growth axls 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 Ifurnace for wafer
and to subseguent two-step heat treatment
consisting of heat treatment at 800 C for 4 hours
(nitrcgen 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.

(¢) The seccnd 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.

39



W-85) after heat treatnent for oxygen precipitation.
Furt her, another sanple was subjected to Cu
deposition treatnent after formng 38 a thernmal 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 dianeter of 21Q nmm % cut into blocks by a length
of 101)crer<r9rCi%efld1f?e\(l:vt% giof a crystal growth axis,

and each of hem was then c thwi se in the

di rect} oﬁl&‘lét F’réltcer]§7§tl§ly grgfv\@}ff%ﬁ Thereafter,

mrr f|n|she les in,a s e of fer

di amsi{)er &F“%O@ ngrer?c%eeg) VOEL 28r re\(l:\$| glr%n\%{gs

g endlc to thee%r st growt h axis as shown in
]%?aﬁﬁga & e of the above sanpl es was

subj %ed aﬁulf%%t ge%%%ﬁ Q;nt 6£t2$gg fog %fﬁhouéﬁd

(nltrog%n nosphere) in atment furnace for

spteropand dS‘ft?_'soerFﬂu‘EBt téoﬁo%;eer&ngﬁ%tléﬁ@@t@%erment

conS|s i'ng of heat treatnent at 800 C for 4 hours

%g'#f@%@ﬁifgg%@”§% ank heatiddgatrentcat H10P0ced osuch
ours (drie

oxygen atnosphere) Then it was cool ed
adng a- VT Jep was creatiesh pyn &@@!\:6&’& Wn85.1 (e glihen

second Sanpl e was subjected to
were confirmed.
V region/0OSF 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 S0I 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) tinme of inpressed voltage: 5

m nutes. Results of the experinent The results as

= ABOVE: o OAGHRGKpER REHLS & 14neor BRTEFarec 48 Phe
Doungari es of rsdions sueh o2 . (29 g, 4O region.. N
CLefan BRunac.. 0,028 WLy OBF dsSpbealing:

oL SSBRERT L0, BOUNEL V0,298 LT B PIECAPLAA00 N e
o T o PLRS DL AL N Dol ok o g donary 2 -
2P (el Qe Soos s o8 PaBLEOL Lyshosg: o
o 08 RS SR L BBk SRR ORI <o
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,
LSEP 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 S0I wafers (S80I process). Again, as
"to the eighth PW from the head side, FPD, LFPD,
LSEP and OSF were evaluated, as to the ninth PW, a

distribution of Cu depcsition 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
Experinment 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 udi ng Cu deposition defects were fornmed in the

region f 40 70 '

e 0en, LLom 40, Oy 0,10 ST OL @ o Shr ALl shadp bR s
oxygen concentrati 4 - .26 .

Ifn qﬁh%lF?%n%%ﬁrugﬁﬁgﬁ%sé%dugdﬁ:p@ggggg?ﬁéwké?éthghen

dﬁ%{e&%%ﬁ% ?c])(f] o{:ﬁlieengc}gtsa ’lmg?(]dv?%n%i’fgce@urﬁws(@rom

CFy ers were cuf out in

LRLdSr fromihe head. Side ofaeach erystakibkack abm the

on o e crystal growth axis. nunbers

r%ﬁ%\%rﬁ?@@i ed 9ﬂlgt hee Waf e 5By d Asgr iR &i B SO0was elios .

( he order of cutting, and the wafers were
(g?r%%'gmﬁégﬁﬁt(é% The fEest (PWTiam dbe eadesi debove,

each unit Dblock was divided into 1/4 size, and

+FBD.r 4 FPRn &SER Anda OSF wer e ivesti gatedfrom the
Subsequently, as to the second PWfromthe head side

p 8k 18aCH U # ombla0edka ta 40 stmi bus i 60 ofm Co fdepositrieonght
defects was observed. 5 PW in total that were the

bbliy do PWEHdr oughs t e sevenvh :RWfoomahd K58 siedsl oft/
each unit block were put into a process for
the region up tc approximately 50 cm of the
straight bedy of the crystal was N region where Cu
deposition defects was generated, the region Ifrom
about 50 cm o 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
neat 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, 501
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 Sol process. In

this ner it ' [ L d
of T HETeryOral TBrai haxi e SR f o e hedd: Sras >

b yere evakuaiede i Hiud imt@ngoﬂ@ggiirﬂirﬁlgh RV VEIe
processed into SO wafers. (3) As a result of the

s 8Valuabhor deseniched abeve; cttike regiven- up taehal frak
a block cut fromthe position fromabout 40 cmto 50

b £8eofwarstr ai At n podymefi A hageriyst all avasrVosegh en fandn
CSF region, the region up to approxinmately 50 cm of
liéber staasi ghtabody- o bRe cuysieg) o was v egiedrh sere th
Cu deposition defects was generated, the region from
ambelte 50rém t:0i 20 cni ot arhel styr ai GheMdotlymof t he
crystal was N region wthout Cu deposition defects,
and the megiesuliom hbodtheO0cemefofhe rstndisghtr badyle
of the crystal to a tail thereof was | region. (4) By
fuding Bt ero sdflace eafiatat obihedpett rieehsdit i A§ dhe
5 wafers_in above (%%.as bond wafer and base wafer,
OX A ripl ARt afd Bn Gt bl EHE hohd ks &r WhoRdiSng" W ER 2Te
the base wafer, delam nation heat treatnent, bonding
WhEQﬂqr%aFﬁ&ﬁo?meﬁﬁgreglon and N region 1n which

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 cof 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

43




oxi dation) and so on were performed according to the
ion inplantation del am nati on net hod based on the
processes shown in Fig. 1. After that, SO wafers
havi ng an insulator oxide filmwth a thickness of 70
nmand a silicon active layer wwth a thickness of 200
nm were produced. 42 The SO wafer as produced above
was processed, by se

S
b EREE 1oter, Do nOoEeRl R dapulater coxdeo nkm 1o
CBROCALLG o SECEPEnSil 1 ol MM ey apkentl | 1 e
Rt hoan et Lonale b oxidedibm s 7o, 10

{ T g%@%ﬁ@ﬂ N 1£gi d Nowhitchy | ©¢ depesidd ONinearly

ffects”are generated (see Figs. 8 (A and (B)), and

a %Stecjyggiiu%ﬁg theexicde fibm Mage:ld geperatediiin of the
as waf er t t

. Is wthin N region that doesn't

c%n wde Qy, depesitingedef £6ts 0 IeQi am(see Fig 8.40).
anpl e 2) (Experinment 3) Confirmation of pulling

m&Qngli 4ions: By using the apparatus 30 for producing a
single crystal shown in Fig.3, the experinent on

gr aduph crowes Engodwa drrysFalgsgr omh (&t eawas (B), the
pulled single crystal was cut lengthwise in the
direction of the crystal growth axis from the head
£o0 the tail, and after that, mirrcr-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: SEMITAB
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 c¢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 descri bed 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 ameter of 24 inches (600 mm), and a 43 silicon
single crystal having a dianeter of 210 mm was grown.

Oxygen concentration was controlled i t he .range of
£ 9315 ppdp SRt ASFM 179 @m%ﬁ??e vig %&ngﬁﬁ% gimﬁe

[, [ Fi.g.. 10 )
dg%ﬁ%&%??egﬁiZgﬁbnﬁﬁﬂeéb?fllgﬁgggzaﬁﬁa%{s&ﬁgﬁéregoﬁsgm
tail of _th tal | f
DOTBG A AT 16 6990 L Arfh e Ltren? L84 ‘Shoanih Frgsomn
.10 _(. d (B t | | ed singl |
: fofgihur S 1 Br& 4 REATon of “the o ystal gy owt b

axis{ﬁgmdﬂgeg%mkhéoQﬂgﬁégggﬂggggﬁﬁgg @Eﬁaeqted to

mrro i Ar's sanpl es 1 e of a wafer having

naf ALl BLy 200 MVKENE Roduoetiodes! orpne safadhe

utron o each region of V region,

a %%ﬁﬂé@éﬁfg L neghen.t r@pdrider growha bat esoat videer
oundaries of the regions were confirnmed by nmeans of

ahal ero | 5{:83d 81 AL TY wiBasStERMBIG a ( MRASHE RGNt
Instrunent: SEM LAB W-85) after heat treatnent for

cOXding 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
SEMILARB WT-85.
Results of experiment
From the above-menticned experiment, growth
rates at the boundaries of regions such as V
region, OSF region, N regiocn 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 S0I 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 guartz

crucible. 2 ingots having a diameter of 210 mm
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precipitation. The detail ed eval uation process in

this experinent 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 |engthwi se in the
direction of the crystal growth axis. Thereafter,

w?kr%éé@ﬁé' gt 2 shel 1 2 e of vals Wil 5.

Fro Shunht Sordited. %{% SBL bne Mhova sangled TBg®

l%“fﬁb T?Sta%% té’\wﬂi%‘%e% Eostin i ethahe ur%%éﬁ%rrate*
nsl g?l Hg“ fgﬁreghém@ S%tg 63) ?ff[? ec%t B%sf the

%8)5'{1 ﬁewt%geége\rrek doheal, L peatenipal) 40992406 o

ours (drie Xygen tnDsp ere) Then it

t&éﬁglﬁgaﬁ%‘j a WL map-was qﬁgbecd ws SEM LAB V&ﬁ%

ts of experinent Fromthe above-nentioned

s@AREL h BB o n GEQM A %S&%iv%hatré@@ baunglasisesnf miegi OASm
such as V region, F region, N reglon and | region

ey %ﬁg@nfﬁé mede V- peai onf OB & egirans houndas y £ o@nb95
region over the whcole surface of the plane. Also,
the crystal was produced so that the oxygen
concentration wés 24 — 26 ppma (ASTM’78). 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 SOOI 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. (Experinment 4)
Manuf acture of an 50 wafer: In the sanme apparatus as
Experiment 3 shown in Fig. 3, 150kg of

pol ycrystalline silicon as a raw material was charged
into a 24-inch quartz crucible. 2 ingots having a

p iREL eL O flg_eniﬂ% c?;? WL e?iev}ﬂl agbﬁe@h"?#tﬁsgéﬁﬂt s

i n experinmen this ne, shown

niRe di f 8k ié‘&?g;t‘éia%np%'d e Wik SEE@ @i%%’&%ﬁ”‘éctive

rowh rate o 5 mMmmn fromthe head to the tail

18fdhe  enystal +he fio5 LY reglken 1oyen hervheliding
surface of the plane. The second ingot” was pull ed

iWistdl a sett idgieenst ant daropeh rate efy D1hadad nbr faem
the head to the tail of the crystal to forml region

deyess 1 he oshohetswd are 10f the qol@periAt sfieltdeintensity
crystal was produced so that the oxygen concentration
ofa$ M/ en26 ppma (ASTM 79). Then mrror surface
waf ers processed from each ingot were used as base
waf erss én tdeudtther ihantheacside cod simghd acryst alxide
whi ch is occupied by N region and does not i nclude
fdefrect fEegi dnodetiety ed4nyd €0 ideposdeisdnrwetthony owasthe
grown using different hot zone, and a mrror surface
ORafdey bbtal rnedsf raom £ hirdiad nglre Thysttad sewas ised tase a

bond waf er. , . , .
whole surface of which 1s cccupiled 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.1l2(B).

The present inventicn is not limited to the
embodiment described above. The above-described
embodiment 1s mere an example, and those having
substantially the same structure as technical
ideas described in the appended c¢laims and
providing the similar functicns and advantages are
included in the scope of the present invention.

For example, in the embodiment, the case of
prcducing an SOOI wafer by using two silicon wafers
by ion implantation delamiration method is
explained, but the present inventicn can also be

applied to an S0I wafer produced by thinning
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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 nn1 respectively. The SO

b Bk EI 5Bl iR B TR orasti G Ryaron aa celti on

PABSFTENS, Ry ShEpons g6l e v e base

ng remaining 1nNsu oxide Tilmlayer 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.l2(A). On the contrary,
destruction of the oxide filmwasn'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
isnot limted to the enbodi ment descri bed above. The
above-descri bed enbodinent is nmere 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 app}phedido an SO wafer
produced by thinning 47 backside 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

1 bond wefesgespaetdvely Goskst ighekesikheenr shagle
crystal are bonded via an oxide film and then the

bhaad Waf ek isec thigtnedviq f orena isétieen ofActsivei bayer,
wherein the base wafer is fornmed of silicon single
s chysStal cg by aGzochpal kil wdthodn caniddehe Wwhol,e and
surface of the base wafer is within N region outside
108k riggéobcand deeSatt iisnctbdeneddebectormgionsilicon
detected by Cu deposition nmethod, or the whole
astifecel afyathe bhser aahertlis Wiatde nwa feegiien bargiede of
GSF region, doesn't include a defect region detected
sbyiCwdepdsial en amy hiod,l andoiic|ludes 20 Bgicohs k1 method,
containin% di slocation cluster due to interstjtial, ,
aril itdom. whole surface of the base wafer 1s 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 ocutside OSF region, doesn’t include a
defect region detected by Cu deposition method,
and includes I region containing dislocation

cluster due to 1lnterstitial silicon.

2. The.SOI wafer according to Claim 1, wherein
the S0I wafer is 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.
3. The SOI wafer according to Claim 1 or 2,

wherein a thickness of the cxide film is in the

range from 10 tc 100 nm.

49



2. The SO wafer according to Caim1l, wherein the
SOL wafer is produced by ion inplantation

del am nation nmethod in which ions are inplanted into
the bond wafer and the bond wafer is thinned by

del am nation at the ion-inplanted |ayer. 3. The SO
waf er according to Claim1 or 2, mherein a thickness

f th f | i he ..
42934 mox' %%‘t'h 'rls 266 i Th %Ry g@elgpteglo;@ggqrgms
- erein acti
lor |dl c’(ﬁn \meﬁflgEFJe ir ?1’1%0 la%hvea(é%gﬁ C}f)gg fSlStS
t.he
ENE e
ucgie g‘ﬂlﬁc %dﬁgl%etse&%%@é( 4 @l@@o%'ltli)a‘ﬂon
rmtho or

od’ produci ng an SO waf er

a?%%é Siﬁg]ast O%a%lxt:ﬁ‘f%r?tﬁp%élfloflorcmiﬂgl@ir@a a¥gde region

'm at n one of a base wafer and a bond wafer

ahespRestibvely canrsisibng of csil i€0gisimobiet eartystialy Cu
Inplanting 1ons into the bond wafer to form an

déanéfﬁh%ﬁiqﬁeh@Mﬁﬂ bondi ng the surface of the
ion-inplanted side of the bond wafer and the base

wafer via the oxide film and delam nating the bond

wafer at the ion-inplanted |Iayer as a boundary,

swher ei nmtzhen bas & omaf prr dducused, anhischl | waffermred of

silicon single crystal
comprising at least the steps of, forming an oxide
film at least on one cf 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 1is
used, which is formed cof 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 whole surface of the base wafer is

within a region formed at lower speed than OSF
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grown by Czochral ski nmet hod, and the whol e surface of
the base wafer is within Nregion fornmed at | ower
speed than OSF regi on generated in a ring shape when
growmn with gradually decreasing pulling rate from
hi gh speed to | ow speed, and doesn't include defect
regi on detected by Cu deposition met hod, or the whole
surface of the b se

- Sty Sapedt o % et g LR Juled onSghTRd on
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according to claimb, wher ei n t he bond

r28fef, i sonised chiks §onpeeof csildcon singl eo
&gysfg ogromnm%$n%20%hralskl met hod, and of which the

1bale surface £s1wWiddhn N region formed at | ower
speed than OSF region generated in a ring shape when

grown with gradually decreasing pulling rate from
hi gh speed to | ow speed and doesn't include defect
6 [ egi arn detrectieddbyf €01 depositiiony nehhaDI5kafer

according to claim 5, 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.
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