'SPECI FI CATION  METHOD OF PRODUCI NG SOT WAFER AND SOT WAFER Technical Field
The present invention relates to an SOT (Silicon On Insulator) wafer
sui<.abl e for sem conductor device fabrication. Background Art An SO wafer
is produced as follows, for exanple. An insulator filmsuch as an oxide
film (Box layer, which is to beconme a buried oxide film (insulator film)
is formed on at least one of a first silicon wafer {hereafter, called

"bond wafer" from which an SCplayeghs fofged) having at |east one
flattened and mrror-polished main surface and a second silicon wafer
(hereafter, called "base wafer", which is to become a support substrate).
Each main surface of the two S|I|con wafers is bonded and joined to each

other via the imsuoat cor PiHopUAiier $be wefers ane subiesiedz=ro a heat
treatment to firmy join them the other main surface opposite to the

bonded main surface of the bond wafer is ground and polished to have a
predeterm ned thickness, and thereby an SOT | ayer (an elenent fabrication
| ayer) i sTéohmed-ah tkhies1di nsulator film so that an SOT wafer is produced.
It is often the case that such a production nethod is mainly used for
produci ng an SOhe wafesent invention relates to an SOI

(Silicon On Insulator} wafer suitable for

semiconductor device fabricatiocn.

Background Art

An S0I wafer is producéd as follows, for
example. An insulator film such as an oxide film
(Bex laver, which is to become a buried coxide film
(insulator film)) is formed on at least one of a
first silicon wafer (hereafter, called “bond wafer”,
from which an SOI léyer is formed) having at least
one flattened and mirror-pclished main surface and
a second silicon wafer {(hereafter, called “base
wafer”, which is tc become a support substrate).
Each main surface of the two silicon wafers is
bonded and joined to each other wvia the insulator
film. After the wafers are subjected to a heat
tfeatment te firmly Join them, the other main
surface opposite to the bonded main surface of the
bond wafer is ground and polished to have a
predetermined thickness, and thereby an SOOI layer

(an element fabricaticn layer) is formed on the




Jhavipng an SO |ayer having a thickness of about 0.5 pmor nore. On the
~other hand, nmaking an insulator filmand an SO |ayer thinner has been
devel oped, and an SO wafer having an SO |ayer and an insulator film
.whi ch have a thickness of about 0.4 pmor less respectively, has al so
been produced. In this case, although the SO wafer is difficult to be
produced by the above nethod, a production nethod of an SO wafer based

on an ion iijph aptali op; del and fatien A8t ket (ahse cal ked * SR Lut Met hod”
(registered trademark)), for exanple, disclosed in Japanese Patent

Lai d- open (Kokaio) Pubbireati opnio.cH53211428; seath be ptiddzedidm the ion
i npl antation delam nation nethod, for exanple, an insulator filmis forned

on at |eastrwne afs anbond yaf & drader ob rsidh e9npidgl goxcrywstalr to forman
SO layer and a base wafer nade of silicon single crystal to be an support

substrat ehzarhhgr arbubblie llzayer hsforged ithibkendoadomfasoy iopanting
gas ions froma nmain surface of the bond wafer. Then, the ion-inplanted
mai n surf aee of tlhe-dond wafer is bonded to a main surface of the base
wafer via the insulator film 2 4 , i thereafter the bonded wafer is
subj ected to aChedthet pédtarenh atnal dehakiimat eant hensafertsoat ftilen rdo

an S0I layer thinner has been developed, and an SOI

wafer having an SOI layer and an insulator film,

‘which have a thickness of about 0.4 pm or less

respectively, has also been produced. In this case,

although the S0I wafer is difficult to be'produced

by the above method, a production method of an SOI

wafer based on an ion impilantation delamination

method (alsoe called “Smart Cut Method” (registered

trademark)), for example, disclosed in Japanese

Patent Laid-open (Kokai) Publication Neo. 5-211128,

can be utilized.

In the ion implantation delamination method,

for example, an insulator film is formed on at

least one of a bond wafer made of silicon single

crystal to form an SOI layer and a base wafer madé

of silicon single crystal to be an suppert

substrate, a micro bubble layer is formed in the

bond wafer by implanting gas ions frcm a main

surface of the bond wafer. Then, the ion-implanted

main surface of the bond wafer is bonded to a main

surface of the base wafer wvia the insulator film,




bubb) e I ayer as a border, and the delam nating plane to forman SO

| ayer is subjected to a slight polishing to produce an SO wafer. For bond
wafers used in the above two production nmethod, there are commonly used
wafers obtained froma silicon single crystal grown by a Czocl-iral sk

met hod (hereafter, called "CZ nmethod"), by which substrates having a | arge
di aneter can be produced at |ow cost (hereafter, such a wafer may be

cal | ed "CZrwafer )teﬂ"oﬂ‘ﬁ eﬁaor@&%%%&fék' d ggﬁbﬁ@a%a' 1 i ﬂ%&ead

Particle) exist on sur ace and t he |nS| waf er,

becone a E&%@‘rﬂbh% acée&@qeampﬁg%%%héh%a%rss anec gk gﬁg@&@' def ect s

introduced in crystal growh, typically, Is a void type ect having a

regul ar ogh@tﬁﬂéahagxéycw%(%Mﬂea:tyg%)d shewad Mt gatZngnd is
generally formed with a size of 60- 130 nm When a surface of “a silicon

wafer is P&medo B fRaas foad parfdel e scombee did@ctly afsen gnt
mrror-polishing or after cleaning the mrror- polished surface with a

m xed sol gbiloslel ngnmgi proandca hAydrogen weefoxi. de solution, this COP 10 is
detected as a bright spot together with real 3 particles. |In addition,
there al so exiBbg GFhdlwwavng ased in the above two
production method, there are commeonly used wafers
obtained from a silicon single crystal grown by a
Czochralski method (hereafter, called “CZ method”),
by which substrates having a large diameter can be
produced at_low cost (hereafter, such a wafer may
be called “CZ wafer”).

However, defects caliled COP (Crystal Originated
Particle) exist on a surface and the inside of the
CZ wafer,-and-may become a problem in a device
process.

The COP is one of crystal defects introduced in
crystal growth, typically, is a void type defect
"having a regular octahedral structure (single type)
shown in Fig. 2, and is generally formed with a
size ¢f 60-130 nm.

When a surface of a silicon wafer is measured
by means cf a particle counter directly after
mirror-pclishing or after cleaning the mirror-
pclished surface with a mixed solution of ammonia

" and a hydrogen peroxide solution, this COP 10 is

detected as a bright spot together with real




doubl e-connected structure (twn type) as showmn in Fig. 3 or COP having a

‘triple-connected structure (triplet type).. It was reveal ed that these
COPs are fornmed in the order of a size of 100-300 nmdue to the fact that
single type COPs grow in a cooling process of a growing single crystal. If

a CZ wafer having COPs is used as a bond wafer to produce an SO wafer,
the bond wafer has harnful effects on, for exanple, Tine Dependent

Di electri§ %ﬁgggggﬁp (TDDB) and Time Zero Dielectric Breakdown (TzZDB) of
an oxi de F1n1 I'th are inportant electric characteristics for devices.

Mor eover , therfaa\rﬁg%?ggocnaseéhte% %% @%ié,ttisng«;@}? %15%%gﬁ€é‘ﬂéo be

bonded of a bon perfet rate an | ayer an ormpin Tn such

a case, b BXAIDLEnAlcLAR ALen Sl msqRarali By f) base dpbgn and an SO

layer is etched with an "etchant in an etching pre s or an atnosphere gas
I'n arwatF@§¥“ﬂ?6&l@é@eﬁ%ﬁf%?u$'Ekib@@lé@nn@dﬁ@&eéﬁ%ﬁb%h%g;are

generated in a wiring process o cause breaking of a wre. Consequently,

there was (gauseted RIVHLeM sueh fhat ndebdield achdeviigees BEOCRSSs Was
decreased. In order to solve such a problem there is disclosed in

Japanese Ratentokaiedt openthiokair A Rubl beati pa NE 14014%436na tRedni que

that a hydrogen anneal ed wafer, an intrinsic gettering '
to the fact that single type COPs grow 1in a cocling
process of a growing single crystal.

If a CZ wafer having COPs is used as a bond
wafer to produce an SCI wafer, the bond wafer has
harmful effects on, for example, Time Dependent
Dielectric Breakdown (TDDB) and Time Zero
Dielectric Breakdown (TZDB) of an oxide film, which
are important electric characteristics for devices.

Moreover, there are some cases that COPs
existing on a surface to be bonded of a bond wafer
penetrate an SOI layer and form pinholes. In such
a case, for example, an insulator film separating a
bazse wafer and an S0I layer is etched with an
etchant in an etching process or aﬁ atmosphere gas
in a heat treatment process intruding from the
pinholes and steps are generated in a wiring
process to cause breaking of a wire. Consequently,
there was caused a problem such that yield of a
device process was decreased.

In order to solve such a problem, there is

disclosed in Japanese Patent Laid-open (Kokail)



wafer, or an epitaxial wafer, in which COPs near its surface are reduced
or elim.nated, is used as a bond wafer. Wen such a bond wafer in which
COPs are reduced or elimnated is used to produce an SO wafer, the SO
waf er containing no COP in the SO |ayer can be obtained. In this case,
since the bond wafer with high quality and high cost as described above is
needed, the base wafer mﬁth reduced cost is sonetines used. The base wafer
used for
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Since the; dumy: grade. siLi canyalers, lars;gmgaeardke d alsabouts half the

price of regular wafers, It has a great ect on UCtI on I n cost.

Hovever | guel wheredhe iaibhogh dal e oh ahiglre C0PR i eadueadsas

af orementioned is uSed as a bond wafer, when a thinner SO layer and a
thi nner 5ak@$£éﬁ96éh|6&aQQJmEﬂ§%éd’Péo@ééﬁaﬂosgroM@E@’aMmB@mfﬁw

been required recently, there are sone
wafer, the S0I wafer containing no COP in the S50I
layer can be obtained.

In this case, since the bond wafer with high
gquality and high cost as described above is needed,
the base wafer with reduced cost is sometimes used.
The base wafer used for the SCI wafer is required
originally for supporting an SOI layer wvia an
insulator film, thus, no element is formed on
surface of the base wafer. Therefore, a wafer
having CCPs on its surface 1s used as the base
wéfer, and mdreover, as disclosed in Japanese
Patent Laid—open (Kokai) Publication No. 11-4(3786,
a dummy-grade silicon wafer ¢f which resistivity
and the like do not meet product standards 1is also
used as a base wafer. Since the dummy-grade
silicon wafers are being marketed at about half the
price of regular wafers, it has a great effect con
reduction in cost.

However, even where the silicon wafer in which
COPs are reduced_as aforementioned is used as a

bond wafer, when a thinner SOOI layer and a thinner



cases that a considerable nunber of COPs are detected in the inspection of
the SO .layer af.ter conpleting the SO wafer, and al so there arose the
phenomenon that a high quality wafer as expected can not be obtained.

Di scl osure of the Invention Accordingly, an object of the present invention
is to provide a high quality SO wafer that, even where an insulator film
and. an SO layer are forned to be thinner in the SO wafer, COPs are

har dl d f th f f
Copl ot edt "R b BEF ¢ : %;fgﬁgéksq“ Ehetie abBve? oﬁ{iegtte%%e%lnﬁ’%o%ﬁ of the
t t COoP
et octed Ttk TAgpatt Fn St heo2a ¢ B8 N e BnAdt g "8 oot ron
i cr oscope (s-@wt%ﬁr%d found Jhal  OBRS, dh gl i stobD the SOT layer, but

exi sted on a ~surface of €r serving as a support substrate, as

shown 1N Eede doBRTR] Venbl lhegﬁ 1%§anthﬁ{es'S'@ﬁe 185 %0afayer and the

i nsul at or m wer e made th s existing 1n the had been
det ected é‘%m St ¢Xl tﬁ}@é 'sfmif hﬁa%ar, | ayer .o Bsb Myepxerrdd 8. theshows
anot her bserve he TEM -In this case also, it was reveal ed that

_phenomenon that a high quality wafer as expected

can not be obtained.

Disclosure of the Invention

Accordingly, an object of the present inventicn
is to provide a high quality SCI wafer that, even
where an insulator film and an SOI layer are formed
to be thinner in the SOOI wafer, COPs are hardly
detected in inspection of the SOI layer after the
S0I wafer was completed.

In order to accompiish the above objeét, the
inventor of the present invention observed cross
sections of portions including COPs 'detected in the
inspection of the SOI layer using & tunneling
electron microscope (TEM), and found that COPs did
not exist in the S0OI layer, but existed dn a
surface of a base wafer serving as a support
substrate, as shown in Fig. 4. Namely, it became
clear that since the SO0I layer and the insulator
film were made thin, COPs existing in the base

- wafer had been detected as COPs existing in the SOOI

layer.



the COP did not exist in the SO |layer, but existed on a surface of the
base waf.er, and noreover, the insulator filmand the base wafer could not
be ..bonded in the region in which the COP existed, resulting in a mcro
void. It is considered that such a mcro void was generated by reason that
the insulator filmhad a thickness of 100-200 nm (0.1- 0.2 pn), a gap

bet ween the base wafer and the .insulator filmcould not be filled in by

fl f _the i I il d L hed ' id.
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inorder™ to acconp above

obj ect. tRRIe 4 @yprovideg, 2. nrtdod,qfs productags an .ol yaker:coppri sing at

| east the steps of formng an insulator filmon at east one of a bond

vaf er madeqof Sbbl e LB By erystal {0l ¥an an,3M. | aper andia hase vafer

made of silicon single crystal to be an support -s trate, ndi ng each

mi n_surf age 0f; Lbe hondo svalier Bad d heabase vaher wdAcbhe s psukalor film
ona wa

and nmaki ng the er bonded to the base wafer thinner, wherein one

silicon wafer, selest e { homy gheum £9BShaliag efoangepidaxbal wafer, an
FZ wafer, a nitrogen doped wafer, a hydrogen annealed wafer, an intrinsic

getteringpwaf®iad annitxoger dopediandyHianneshedowaf esxiagnded@n entire

N-region wafer is used as the base wafer.
resulting in a micro void. It is considered that
such a micro void was generated by reason that the
insulater film had a thickness of 100-200 nm (0.1-
0.2 pm), a gap between the base wafer and the
. insulator film could not be filled in by even
flowage of the insulator film, and-thus remained as
a micro void.

Accordingly, in the present invention, in order

to accomplish the above object, there is provided a
method of producing an SOI wafer comprising at
least the steps of forming an insulator film on at
least one of a bond wafer made of silicon single
crystal to form an SOI layer and a base wafer made
of silicon single crystal to be an support
substrate, bondingleach main surface of the bond
wafer and the base wafer via the insulator film,
and making the bond wafer bonded to the base wafer
thinner, wherein one silicon wafer selected from a
group consisting of an epitaxial wafer, an FZ wafer,
a nitrogen doped wafer, a hydrocgen anneaied wafer,

an intrinsic gettering wafer, a nitrogen doped and



As described above, when the SOT wafer is produced by bonding the bond
wafer ta the base wafer via the insulator filmand thinning the bond
wafer, if an epitaxial wafer, an FZ wafer, a nitrogen doped wafer, a
hydr ogen anneal ed wafer, an intrinsic gettering wafer, a nitrogen doped
and annealed wafer, or an entire.Nregion wafer is used as the base
wafer, an SO wafer that COPs hardly exist near a surface of the base

waf er Cana?ﬁue&f&%?pﬁgfelbenfggrgm.%%fﬁ%%%hgﬂgr%gggh?t%Efkh}”lsand the SO

| ayer are I hner, eré’i's no case y due to the base wafer

are detected 51 St&ﬁmgngggg§hggfg&yer the SO wafer was conpleted, and

t hus neasurenents Ich precisely reflect the nunber of COPs in the SO

|ayer can be pecl odiedy A absRe 2 Nbah auabi oo SQhawaher: that generation

of micro voids at an I nterface between the se wafer and the insul ator

filmis suppyessed GAp BenProgueed Fynbhefarascerdlinget p4he present
invention, there is provided a nmethod of producing an SO wafer

conpri si ngaate +east thgesteps, ohthor M DImar nd nsuliatior nhi ltR®Nbathd east one
of a bond wafer nade of silicon single crystal to forman SO |ayer and a

base waf efrarragde, ofi fSidih cenisiaghalcrwstal t mberd amseppord substrate,

formng a mcro bubble layer in the bond wafer by inplanting gas ions from

a nitrogen doped wafer, a hydrogen annealed wafer, an
intrinsic gettering wafer, a nitrogen doped and
annealed wafer, or an entire N-region wafer is used
as the base wafer, an S50I wafer that COPs hardly
exist near a surface of the base wafer can be
obtained. Therefore, even if the insulator film
and the SOI layer are thinner, there is no case
that many COPs due to the base wafer are detected
in the inspectiocon after the S0I wafer was completed,
and thus measurements which precisely reflect the
number of COPs in the S0I layer can be performed.
And also, a high guality S0I wafer that generaticn
of micro voids at an interface between the base
wafer and the insulator film is suppressed can be
produced.

Further, according to the present invention,

there is provided a method of producing an SOI
‘wafer comprising at least the steps of forming an
insulator film on at least cne of a bond wafer made

of silicon single crystal to feorm an SCI layer and

a base wafer made of silicon single crystal toc be



main surface of the bond wafer, bonding the ion- inplanted main surface of
the bond wafer to a main surface of the base wafer via the insulator film
and..del am nati ng the bonded wafer at the mcro bubble |ayer as a border,
wherein one silicon wafer selected froma group consisting of an epitaxial
wafer, an FZ wafer, a nitrogen doped wafer, a hydrogen anneal ed wafer, an
intrinsic gettering wafer, a nitrogen doped and anneal ed wafer, and an
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detected in"the Inspection after the SO wafer was conpl eted, and thus

there cansfe r i oduged: Re hbghs Qupbirtey ST Wafies & haty peperatd pPim of mcro
voids at.an interface between the base wafer and the insulator filmis

suppr essegndl tdd saprefer ahke dhat pandde hentkwaher wlsomi%ame silicon
waf er selected froma group consisting of an epitaxial wafer, an FZ wafer,
a nitrogeBubble layer as a border, wherein one silicon wafer
selected from a group consisting of an epitaxial
wafer, an FZ wafer, a nitrogen doped wafer, a
hydrogen annealed wafer, an intrinsic gettering
wafer, a nitrogen doped and annealed wafer, and an
entire N-region wafer is used as the base wafer.
Namely, when an S0I wafer is also produced by
the ion implantation delamination method, if the
silicon wafer that COPs are reduced as described
above is used as the base wafer, an S0I wafer that
COPs do nét exist or are extremely reduced on a
‘surface of the base wafer can be produced.
Particularly, even in the case of making the SO0I
layver extremely thinner by the ion implantation
delamination method, no or only a few COPs due to
the base wafer are detected in the inspecticn after
the SOI wafer was completed, and thus there can be
produced a high guality SOI wafer that generation
of micro voids at aﬁ interface between the base
wafer and the insulator film is suppressed.

It is preferable that as the bond wafer also,



doped wafer, a hydrogen anneal ed wafer, an intrinsic gettering wafer, a
nitrogen doped and annealed wafer, and an entire N-region wafer is used.
| f the’'SO wafer is produced by using the above wafer as the bond wafer,
since COPs hardly exist in the SO |ayer formed fromthe bond wafer as
well as on the surface of the base wafer, there are fewer cases that COPs
are detected in the inspection of the SO |ayer after the SO wafer was

wafor 1 RSN beAGTAL 1 BREST MTBREC Vol de i rfr PHGrTS] £ r%ﬁs?%'” >
suppressegéééﬂat?§lg&sgfgioﬁﬂbggklanl %Fe§ﬁ9@§§lble ﬁQ@Eqé | ayer to

be forned nes m or and t e i1 nsu or f|In1to be

f or ned haa ae&hkg glfs Qf (g/dlrg Aﬁﬁéa %}d@g@éﬁed %bove when t he SO

| ayer and tHe i nsulator f| n1ar |nner s on the surface of the base

waf er areﬂﬁéﬁfﬁ@ﬁ&;%@ﬂ]‘ h%aé%r 'ay%rltfegt%\fg;?gg@d hen gr esent

i nvention, since a on waf er that’ COPs do n are extrenely

reduced Oaﬂﬁ?saﬁéaf%efgf | B g Sahnsd gl res Mispdgasd hpalrase wafer, even
when the SO Tayer having a thickness of 0.3 ~imor less is formed by 10

the ion iqgplaptation delam nation nethod, or the insulator filmhaving a
t hi ckness of 0.4 }gymor |ess
If the SOI wafer is procduced by using the above

wafer as the bond wafer, since COPs hardly exist in
the S0I layer formed from the bond wafer as well as
on the surface of the base wafer, there are fewer
cases that COPs are detected in the inspection of
the S80I layer after the 5S0I wafer was coﬁpleted,
and thus there can be produced an extremely high
gquality SOT wafer in which generation of micro
voids is further effectively suppressed.

In the present invention, 1t is possible that
the SOI layer to be formed has a thickness of 0.3
pm or less, and the insulator film to be formed has
a thickness of 0.4 pm or less.

As described above, when the 30I layer and the
insulator film are thinner, COPs on the surface of
the base wafer are detected as COPs of the S0I
layer. However, in the present invention, since a
silicon wafer that COPs do not exist or are
extremely reduced on.its surface or in its inside
is used as the base wafer, even when the SO0I layer

having a thickness of 0.3 um or less is formed by

- 10



is fornmed,

the inspection of the Sol |ayer after conpletion is not

af fect ed by COPs on the surface of the base wafer. Therefore, the present
invention is very useful particularly for the case fornming the thinner SO
| ayer and the thinner insulator film Moreover, according to the present

i nvention,

-there is also provided an SO wafer wherein it is produced by

the aforementioned nethod. As described above, in the SO wafer produced

by the product] on eihpdyaf, L, PLEsent; Luvents oo CORS dg. nof, cexi st or

are extrernely re

n the ~surrace o the base ore, even

when the ;gal.)ayer ofigfiedqsphat el dALmis dormed ¢ 0aben L ness OOPs on

t he surface e base wafer not detected in inspe t|on al so,
generations Gfofheto vohds i Smtc%f@%e et vgen they @@seafw@fcer and t he
insulator fil'mis suppreéessé therefore, a high qua ity SOT wafer

SmﬂSfyi”@dﬂﬁiet@%ﬁﬂléeﬁWHE@?ﬁb%ﬁé@ bR mbpy ean breohtatngde I N such
an SO wafer, quality of the SO |ayer on which elenents are to be forned

in a devigg tﬂf@cﬁé%ecaﬁa@é@reOIl@é'r)éﬂdh_S@?CttQﬁb pherefiore, there is no
case that COPS on the surface of the base wafer are detected as COPs in

t he Sol
inferior

| ayiefeddi and thevehys-wetgetled S0k i ovai e 1iys fegarnded assan

product, which has occurred conventionally.
forming the thinner S80I layer and the thinner

insulator film.

Moreover, according to the present invention,
there is also provided an SCI wafer whereiﬁ it is
produced by the afcrementioned method.

As described above, in the S0I wafer produced
by the producticn method of the present invention,
COPs do not exist or are exitremely reduced on the
surface of the base wafer. Therefore, even when the
SOI layer or the insulator film is formed to be
thinner, COPs on the surface of the base wafer are
not detected in inspection. And also, generation
of micrc voids at an interface between the base
wafer and the insulator fiim is suppressed, ahd
therefore, a high quality SOI wafer satisfying the
recent requirements for thinning can be obtained.

In such an SOI wafer, quality of the S80I layer
on which elements are to be formed in a device
process can be‘precisely inspected. Therefore,
there is no case that COPS on the surface cf the

base wafer are detected as COPs 1in the SCI layer
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As a result, it can lead to yield inprovenent and cost reduction in a

devi ce process. As expl ained above, in the present invention, when an SOT
wafser is produced, an SOT wafer is produced by using as a base wafer a
silicon wafer in which COPs do not exist or are reduced. According to
this, for exanple, even if the SOI |ayer or the insulator filmis thinner,
COPs due to the base wafer are not detected in the inspection of the SO

vafer. There! offe IISPEChLAL ¥t eld 3n (A% d Mt aved caRd A N ghogual ity SOT

waf er in ich ™ "generation M Cro voids 1S suppres can obt ai ned.

Further, in hogn apaber,  hhe  oqT, Layel - 0 i €hn §lGBNLS ~ar ey, f or med
f “bad befo

can be precisely "inspected to see whether 1t Is good or re device

fabricatiag, phpel.oan | sad doni ToYeRpnl ; ol gdayd o%@[{&@n§nroﬁduction

in production cost. Brief Explanation o he Drawngs Figs. |,(a) to (h)

show one examl 8cfy & | PLOAYCt ) OB PFPEESH A c@BsSO wafer by the ion
i npl antation delam nation nethod. Fig. 2°is a typical view of a structure

of a COP. 12 Fhg. &kphSadniepi §Blowd ewishowagpadadntt YpereS®ORPvoi d). Fig.

4 is a cross-sectional observation view
when an SCI wafer is produced, an S0OI wafer is
produced by using as a base wafer a silicon wafer
in which CCPs do not exist or are reduced.
Accdrding to this, for example, even if the SOI
layer or the insulator film is thinner, COPs due to
the base wafer are not detected in the inspection
0of the S0I wafer. Therefore, inspectiocon yield can
be improved, and a high quality SOI wafer in which
generation of micro voids is suppressed can be
obtained.

Further, in such an SCI wafer, the S0OI layer on

which elements are fofméd can be preciseiy
inspected to see whether it is good or bad before

device fabrication, which can lead to improvement

of device yield and reduction in production cost.

Brief Explanation of the Drawings

Figs. 1l(a) to (h) show one example of a
production process of an SCI wafer by the ion
implantation delamination metheod.

Fig. 2 is a typical view of a structure of a

COP.
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‘near, a COP observed by TEM Fig. 5 is a cross-sectional observation view
near anot her COP observed by TEM Best Mde for Carrying out the Invention
Hersei nafiter, enbodi nents of the present invention will be explained in
detail. However, the present invention is not limted thereto. 1In the
present invention, an SO wafer is produced by using as a base wafer for
produci ng the SO wafer, a wafer in which COPS do not exist or are

reduced. Ther t here._i I hi it waf erein COPs
I n the base waf B it Sh iy bi ook otrd S eBRE LT otig | nYPre. so
| ayer duripg ig§8§@5ion of the SCI wafer, are excluded, and at the sane

n

time, genérati mcro voids at an interface between the base wafer and

the insulator FLimis supRrasseds JdwbieReBenbJdweatiion thesSA warer
can be produced-basically in accordance with ordinary processes except

for usingnazhase wafer,98cavsSyrbgcer@i, which COPs do not exist or are
reduced as above. Therefore, for exanple, a production nethod of an SO

waf er by the ipngi.npl aptatd ofro43 -ded @ftikaid pnopRidwdzedribevappl i ed to the
present invention. Figs. 1(a) to (h) are schematic views show ng one

exanpl e ohea proddeticon Poecesss ef-vard SO wafer

Best Mode for Carrying out the Invention

Hereinafter, embediments of the present
invention will be explained in detail. However,
the present invention is not limited thereto.

VIn the present invention, an SOI wafer is
produced by using as a base wafer for producing the
SOOI wafer, a wafer in which COPs do not exist or
are reduced. Thereby, there is provided a high
guality SOI wafer, wherein COPs in the base wafer,
which may be detected as.COPs éxisting in the SOOI
layer during inspection of the SCI wafer, are
excluded, and at the same time, generation of micro
voids at an interface between the base wafer and
the insulator film is suppreésed.

In the present invention, the SOI wafer can be
produced basically in accordance with ordinary
processes except for using a base wafer on a
surface of which COPs do not exist or are reducéd
as above. Thereforé, for example, a production

method of an $50I wafer by the ion implantation

13



by the ion inplantation delam nation nethod in order. In this production
nmet hod, .first, as shown in Fig. 1(a), a bond wafer 1 and a base wafer 2 in
whi ¢h at. | east each one nain surface is flattened and mrror-polished are
prepared. At this point, in the present invention, a silicon wafer
selected froma group consisting of an epitaxial wafer, an FZ wafer, a
nitrogen doped wafer, a hydrogen annealed wafer, an intrinsic gettering
waf er, a it oped neal e r Lr i on waf er
e sed o8 the R e R Cr e b R e A PO, T TR Re B S st or
are reduced.; bt surface. Here, sone silicon wafers used in the present

i nvention as described above are explained as follows. An FZ wafer is a

waf er obtainedF%gqual(gblHggn(ﬁbngg@ec%¥§h§hakqutvgégquggogxrﬁg met hod
It n COPs. Al

(Fl oating Zone ting nethod), and has no . An epitaxial wafer is a
waf er nadgply é}@éﬁ[ﬁﬂga aa epidaxhalcd ByRr pab @8kl igPNa8i Rl e GEYeAl
substrate. Since the epitaxial |ayer has no COPs, if the wafer is used as

a base waber thé Hnldifppeevent ednt hat1 &R of i bhe hasaowfes are detected
as COPs of the SOT |ayer. A nitrogen doped wafer is a wafer doped with

order.

In this production method, first, as shown in
Fig. 1(a), a bond wafer 1 and a base wafer 2 in
which at least each one main surface is flattened
and mirror-polished are prepared. At this point,
in the present invention, a silicon wafer selected
from a group consisting of an epitaxial wafer, an
FZ wafer, a nitrogen doped wafer, a hydrogen
annealed wafer, an intrinsic gettering wafer, a
nitrogen doped and annealed wafer, and an entire N-
region wafer is used as the base wafer 2. In any
of these wafers, CCPs do not exist or are reduced
on i1ts surface.

Heré, some silicon wafers used in the present
invention as described above are explained as
follows. An FZ wafer is a wafer obtained from a
silicon single crystal ingot produced by FZ method
(Floating Zoﬁe melting method), and has no COPs.

An epitaxial wafer is a wafer made by forming
an epitaxial layer on a silicon single crystal
substrate. Since the epitaxial layer has no COPs,

1f the wafer is used as a base wafer, it is

14



nitrogen during its crystal gromh by the CZ nethod. By doping with
nitrogen, growh of COPs can be suppressed, and the size of COPs becones
about 100 nmor less. Wen such a wafer is used as a base wafer, even if
the SOT |ayer is thinner, there are few cases that COP on the surface of
the base wafer is detected as COP of the SOT |ayer, and generation of

m cro voids can be suppressed. Also a nitrogen doped and anneal ed wafer is

of & hyd BT GRS S hn PRer L Ras, O TRl e B tiose  Sor ERECHYD. g

af orementi_ane e nltrogen doped wafer have a size of about

100 nn1oraieégopﬁhéﬁgxfﬁlsqﬁéf Y% urther anneal ed under an at nosphere

of hydrogen, ap i_n S 4N X as, of 1 S_ Qn waf er
RS o83% QpadTaeA 0as ol 100S . GRS QN

surface can be dis u5|ng such a wafer as a base wafer,

s CoPs of W GO [hy6f o T ho epeati o BF -t Bor vl el Taad o

ther ef or ey Mtﬂs%@ragwatggoﬁmerﬁo anneal edovafer (s a

waf er nade nealing a er an atnosphere of 15 hydrogen, an
i nert gassu%r ReFiRy géﬁdoftﬂéog%ze%Eh@@lsab@t%@@gn Anneal ehvafer is

not the sanme IeveI as in the nitrogen doped and anneal ed wafer,
nm or less. When such a wafer is used as a base
lwafer, even i1f the SOI layer is thinner, there are
few cases that COP cn the surface of the base wafer
is detected as COP of the S0I layer, and generation
of micro voids can be Suppressed.

Also, a nitrogen doped and annealed wafer 1s a
wafer, wherein a nitrogen doped wafer 1s annealed
under an atmosphere of a hydrogen gas, an inert gas,
a mixed gas of those, or the 1ike. As
aforementioned, the COPs in the nitrogen doped
wafer have a size of about 100 nm or less. When
this wafer is fﬁrther annealed under an atmosphere
of hydrogen, an inert gas, or a mixed gas cof those,
COPs on the wafer surface can be disappeared
thereby. By using such a wafer as a base wafer,
there is no case that COPs on the surface of the
base wafer are detected as COPs of the S0I layer imn
the inspection of the S0I wafer, and therefore, no
micro voids are generated.

A hydrogen annealed wafer is a wafer made'by

annealing a CZ wafer under an atmosphere of
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.COPs, can al so be reduced only by hydrogen annealing. An intrinsic gettering
wafer is- a silicon wafer, a surface |layer part of which is a so-called DZ
| ayer, i~e., defect-free layer, wherein gettering is perfornmed based on
mcro defects distributed inside a bulk. In this case also, since COPs on
- the surface of the wafer are reduced, by using the wafer as a base wafer,
the detection of COPs on the surface of the base wafer in inspection and

generatiog_&%ﬁnicro voi ds _can._be prevented. Mor over, a% qiire N-regi on
wafer is ai %gendbtaaﬁlné&%¥5mg§§r’ys?ﬁl agrl%wﬁe n %h° N® egri A5Free from

O ol 1 fig ik 8oRa FRAEGIOR i 651 Sn 6nt 41 6RY Cnb AdEs ITBETEn i &
g Tarer e b e . n_
merhod, 11 Cueh B arbr TS deohehach nerad . SadR i YRR R | oned

PSpect i of A GeReriT On 0l FEarS uhi H8 dar Do Rrsvant et TReAdh e on,

i nspection and generation M Cro Vvoi

the N-region whhl it}?tfi(ﬁ'saiié‘e%e%stefi?hbo"é@aféﬂ asidieqn siagl g Lrystal,

there are a region called a V-region which.contains a 16 relatively | arge

nunber of gvaganebes lafer PlEPLess OpBicPi tSs anddheahitkes; geperated due
to mssing silicon atons, a region called an I-region
layer, i.e., defect-free layer, wherein gettering
is performed based on micro defects distributed
inside a bulk. In this case also, since CCPs on
the surface of the wafer are reduced, by using the
wafer as a base wafer, the detection of COPs on the
surface of the base wafer in inspection and
generation of micro voids can be prevented.
Moreover, an entire N-region wafer is a wafer
obtained from a crystal grown in an N-region fres
from grown—in defects such as CCPs for the whole
crystal while controlling V/G (V: pulling rate, G:
temperature gradient along the axis direction in a
crystal solid-liguid interface) when the crystal is
grown by the CZ method. If such a wafer is used as
arbase_wafer, like the aforementioned wafer, the
detection of COPs on the surface of the base wafer
in inspection and generation of micrc veids can be
prevented.
In addition, the N-region will be explained as

follows. In a silicon single crystal, there are =z

region called a V-region which contains a

16




Wwhich contains a relatively | arge nunber of dislocations generated due to
excess of silicon atoms and clusters of excess silicon atons, and a
neutoral region called an N-region which exists between the V-regi on and
the I-region and contains no (or few) m ssing or excess atons. \Wen the
entire N-region wafer is produced, the nethod disclosed in Japanese Patent
Lai d-open (Kokai) Publication No. 2000-178099 can be applied, for

exanpl e. jI_§l% altyj%xa%%gizleli%gaes”ggﬁlgggg yos% aliaicsa gﬁlelsed :-\L/\h'él_e adjusting a

structure in-a heat ' Fisul a g mat éri‘al s and the like

provi ded geaynd, g sold d-Liqu d | plerdiace of d heeerysial Lud heopul |1ng

furnace soO ‘G “val'ue is contfo maintarn an entire N-region

n 3 radigh dnection:apd Lhasathe nLipe i Teghonq uaher GADgbeobt af ned

fromthe silicon’s crys e“present invention silicon

waf er that ;QEPS. g tnoty, EXESty OF 5 & EXYT §HBl Yo F BUMESIrORE T 1S surface as

qespribed aéove 1S usednas.the ase wafer, and as for the pond waf er al so,
it is prgfenablect bals agahldconewalRie sebededebsom hgiisidbgon wafers as

descri bed above is used as the 17 bond wafer. Nanely, if an epitaxial

vaf er, anabdmaafend &10kteegern dopsd-aakbersiai Bydr cgesmanneah@davaf er, an
neutral regicn called an N-region which exists
between the V-region and the I-region and contains
no (or few) missing or excess atoms.

‘When the entire N-regicn wafer is produced, the
method disclosed in Japanese Pateﬁt'Laid—open
(Kokai) Publication No. 2000-178099 can be applied,
for example. Némely, a silicon single crystal is
pulled while adjusting a structure 1in a furnace by
means of heat insulating materials and thé like
provided around a solid-liquid interface of the
crystal in the pulling furnace so that the V/G
value is controlled to maintain an entire N-region
in a radial direction, and then the entire N-region
wafer can be obtained from the silicon single
crystal.

In the present invention, the silicon wafer
that COPs do not exist or are extremely reduced on
its surface as described zbove 1s used as the base
wafer, and as for the bond wafer also, it is

preferable that a siliccn wafer selected from the

silicon wafers as described abcve is used as the



intrinsic gettering wafer, a nitrogen doped and anneal ed wafer, or an
entire N-region wafer is used as a bond wafer, there can be obtained an
SOT-wafer that in the SOT layer and in the vicinity of surface of the
base wafer, COPs do not exist, or COPs exist but are extrenmely few. Thus,
there are further fewer cases that COPs are detected in the inspection of
the SOT | ayer after the SOT wafer was conpleted. Al so, an extrenely high

quality S r- that generation of mcro voids can be further
effective?%”%@%%%g}%gd at an interface between the base wafer and the SOT

ayer,oan he pragyced. A et e hoNd.ual o[ L and Lhesbase. vater 2 as

descri bed above "are par ed, insulator film’3 "1's forned od at |east

i or 1. A Thbad | e PR ChBes 6l % naY Pt 2t of Thyar 3 (3 ba"f oFed i s

waf er t he i ckness &6f the at or

not imtedparhiscl agbytidy- 10§ WAIESENt J yeptiQbn i hoePogsil € to form

an extrenely thin |ﬁ%ulator f?ln1haV|ng a thickness of © 0.4 pmor |ess.

That is, wheiegaely tihh eknessopf ant hent nswl ayof obiildn and fthe SOTIayer in
t he produced SO wafer is thinner, COPs on the surface of the base wafer

are also def estpdras wEHPs10f therk8 QSObd ayetaidoveven 3Jorthe msesent
invention, since the silicon wafer that COPs do not exist or
- that in the S80I layer and in the vicinity of

surface of the base wafer, COPs do not exist, or
COPs exist but are extremely few. Thus, there are
further fewer cases that COPs are detected in the
inspection of the SO0I layer after the S50I wafer was
completed. Also, an extremely high gquality SOI
wafer that generation of micro voids can be further
effectively suppressed at an interface between the
base wafer and the 50I layer can be produced.

After the bond wafer 1 and the base wafer 2 as
described above are prepared, an insulator film 3
is formed on at least one of these wafers. In Fig.
1(b), an oxide film is formed on the bond wafer 1.

Although the thickness of the insulator layer 3
to be formed is not limited particularly in the
present inveption, it is possible to form an
extremely thin insulator film having a thickness of
0.4 um or less. That is, when each thickness of
the insulator f£ilm and the S0I layer in the
produced SOI wafer is thinner, COPs on the surface

0of the base wafer are also detected as COPs of the
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COPs are extrenely reduced near its surface is used as the base wafer,
even when the thickness of the insulator filmto be formed is 0.4 pmor

| ess. (bry noreover, 0.1 pmor |less), there can be obtained the SO wafer
such that only a few COPS of the base wafer are detected in inspection of
the SO |ayer after the SO wafer was conpleted. After the insulator film
is formed, as shown in Fig. 1(c), hydrogen ions, for exanple, are

i mpl d.f id |.i shed nai f f. d waf i

[ m At at ﬁ@?‘)?o%z%i;f-ea%%%e?f%f'asofnles B bR, T Chy O m cro bubb e
4 is. insjde.t b f Si h _.of. ]

bbbl < | %&fl"%ﬁ%ﬁfﬁ‘iﬁ'%i&?@ﬁﬂ O PRE ka1 TneT80r ety £ e
1ayer o a5

dapond] ng 0 b T arget: LA st SFGTE SATT aybr, T A ER precont>C

i nventi ong ;SiyNce Bfassé l,gen a S(retnh%hgga%f}g@ E?iticek(ﬂ:l%E sOTo @I ghefXtrenely

f
reduced on its surface 1s used as a base wafer, even if a very thin SO

layer is faried; r bherepin thersecan be-gbtiai nedat hey SO wafes gueh that
COPS are not detected in the inspection of the SO |ayer after the SO

waf er waspeemgieted. o Thepef ase, 1asdpof thetdi ekresse oboihei S6H | ayer to
19 be forned in the present invention, the mcro bubble |ayer 4 may be
formed sothhkats¢hewSGetayerch that only a few COPs of the base
wafer are detected in inspection of the S0OI layer
after the S0I wafer was completed.

After the insulator film is formed, as shown in
Fig. 1l(c¢}, hydrogen ions, for example, are
implanted from a side of a polished main surface of
the bond wafer in an implantation dose of about
10*® or 10 atoms/cm?. Thereby, a micro bubble
layer 4 is formed inside the bond wafer.

Since the depth of the micrc bubble layer 4 1is
reflected as the thickness of the S0I layer to be
formed, the micro bubble layer 4 may be formed in &
certain depth depending on a target thickness of
the S80I layer. 1In the présent invention, since a
silicon wafer that COPs do not exist or are
extremely reduced on its surface 1is used as a base
wafer, even 1f a very thin S0I layer is formed
thereon, there can be obtained the S0I wafer such
that COPs are not detected in the inspection of the
SOI layer after the SOI wafer was completed.

Therefore, as  -for the thickness cf the SOI layer to
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is made extrenely thin, i.e., has a thickness of 0.3 pmor less, or 0.1 pm
or less,. which is required in recent years. Next, as shown in Fig. 1(d),

t heci'on-i mpl anted surface of the bond wafer and the polished main surface
of the base wafer are bonded and joined to each other via the insul ator
film(oxide film 3. After the wafers are bonded, the bonded wafer is

del am nated at the mcro bubble |layer 4 as a border. In this case, for
exanpl e, fer to a,heat treatnent at 400C to

bij i bonded
Sooe heBbortPuied "l PR E e SR BE T A T e 4" ae Cshown
i Fig. 1 .. The -bond f 5, af | i ish i d then,
%Qnd'b% b LE R oo d e B o p e e b R S B e e
t 6 f i S t ini he SOL
Pover s S ik e P ARy 10 81 S 8 L R R 8 e e o

f i i i h i Lg. |LGF)~And, t hen, h
or i nor eelng hondi ng.strengt Noas showd nELG, Wif)enAd then, as shoun

in Figs. and y’subj ecting the cleavage pl ane (del am nati ng

| . pl ane) 8 EQ”§H§£EQPHJPO£%FQhﬂ?’ye%g”§gl waf er is conpl eted. Al though the
u waf e

met hod of pr cing an S y the ion inplantation del am nation
method is 20 explai nedsagaboyeid h@iegeﬁen&)u nvend i 9Brcamahsa cde applied

to a case that after the bond wafer an

surface of the bond wafer and the polished main
surface of the base-wafer are bonded and joined to
each other via the insulator film (oxide film) 3.

After the wafers are bonded, the bonded wafer
is delaminated at the micrc bubble layer 4 as a
border. 1In this case, for example, by subjecting
the bonded wafer to a heat treatment at 400°C to
500°C, the bond wafer can be cleaved at the micro
bubkle layer 4 as shown in Fig. 1{(e). The bond
wafer 5 after cleavage 1s polished again, and thén,
can be reused as a new bond wafer or base wafer.

Cn the other hand, the bonded substrate & (SOI
wafer) having an SOI structure containing the S0I
layer 7 and the insulator film 3 is subjected to a
bonding heat treatment for increasing bonding
strength as shown in Fig. l(f). And then, as shown
in Figs. 1(g) and (h), by subjecting the cleavage
plane {delaminating plane) 8 to a slight pclishing,
an SOI wafer 1is completed.

Although the method of producing an SOi wafer

by the icon implantation delamination method is
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the base wafer are bonded, the bond wafer is thinned to a predeterm ned

t hi ckness by grinding and polishing to produce an SO wafer. Nanely, in
this 'case al so, one silicon wafer selected froma group consisting of an
epitaxial wafer, an FZ wafer, a nitrogen doped wafer, a hydrogen anneal ed
wafer, an intrinsic gettering wafer, a nitrogen doped and anneal ed wafer,
and an entire N-region wafer is used as a base wafer. An insulator film

such as an oxide filmis orned | ea t one f ot 0 and t he
base waf eFZP BR&h dFe? %@r < dnd® F bhass erﬁ?e?ga%%‘ geg to each

other' s mgin %spgg;a%gﬂatvt'gr sa[%%? whator kilp Next o alser, {he, b ded vaf er

is subje |ncreaS|ng bondi hg strengt

th t f b dhe b f
of ‘the  bBHE vaTer VEPSEbLRF S oS Tohottie AR Thet ban méferasﬁoﬁ’ﬁeﬁrto
the'base wgfer 1o & predaermi mltﬁg&keel%kﬁ@gst@}?eehm 5G4 layer is

formed on  the |nsulator§%|In1 en an SO wafer SO producéd by this
method, 1L, (sﬂegebfhg thatp 28ild copnwaier warewhi ch COPs do not exi st
c

or are extrenely re e used as the bond wafer as well as the base
wafer. 21 | EalQthehLiﬁkn?&%S &ﬁléh%dﬁéubéts@, fohe anditherSGFafer
selected from a group consisting of an epitaxial
wafer, an FZ wafer, a nitrcgen doped wafer, a
hydrogen annealed wafer, an intrinsic gettering
wafer, a nitrogen doped and annealed wafer, and an
entire N-region wafer is used as a base wafer.

An insulator film such as an oxide film is
formed on at least one c¢f the bond wafer and the
base wafer, and then the bond wafer and the base
wafer are bonded to each ether’s main surface via
the insulator film. Next, after the bonded wafer
is subjected to a heat treatment for increasing
bonding strength, the other main surface opposite
to the main surface bonded to the base wafer of the
bond wafer is ground and polished to thin the bond
wafer bonded to the base wafer to a predetermined
thickness,.and thereby an S0OI layer 1s formed on
the insulator film.

When an SCI wafer is also produced by this
method, it is preferable that a silicon wafer in

which COPs dc not exist or are extremely reduced 1is

"used as the bond wafer as well as the base wafer.
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layer is also the sanme as in the case of the aforenentioned ion

i npl antati on del am nation nethod. Hereinafter, the present invention wll
be :.€xplained further in detail with reference to Ex anples and
Conpar ati ve Exanple. However, the present invention is not [imted
thereto. (Exanple 1) By using a so-called MCZ nethod in which a nagnetic
field is applied to a silicon nelt a silicon single crystal ingot was
grown at a p rat e of This sili.con_cry ot was
processedt |a|ﬁlib J%B%cd%‘heﬁéfé’r %E}esﬁrb?]ﬁéaté%%hﬁﬁd' ?)%fjl i:h}‘:ﬁg, nd the

i ke, and_wafers, hak%ggg ystal orientati.on aof <l conduct|V|ty
t

typg 01(‘j Ig’at_l%ﬂfp]é I S%F‘elcﬁ?b}&ﬁl Hha gacﬁ%ngge %f 200 nm wer e
T appar Bie EREBI T Praion ARTRAIT eF & o4 b g TR PAGHn: HEtsThg” °"
P oot oo n JERULACT R8T e 83T 0L ROX %tﬂfc% mdfi e At mspher e

bf 100@6hydrogen Secon In' ofder to use the wafers as
oth a bop I f agh, surf a d was polished
with a sto%? \r/\%Ingvﬁanﬂf?Eg%%\% et£ Eaze%%d%t%ﬁﬁgﬁg%enﬂir ated due to

the heat %%atrﬁoﬁfégergn@n fo?rﬁa%v_ﬁé%vwﬁé%p@ée r gtRuede rBy wiskng such a

bond waf er a base ma
present invention is not limited thereto.

(Example 1)

By using a so-called MCZ method in which a
magnetic field is applied to a silicon melt, a
silicon single crystal ingot was grown at a pulling
rate of 1.8 mm/min. This silicon crystal ingot was
processed into silicon wafers by siicing, etching,
polishing, and the like, and wafers having a
crystal orientation of <100>, a conductivity type
of P-type, a resistivity of 10 Q-cm, and a diameter
of 200 mm were produced.

The silicon wafers were subjected to a heat
treatment using an RTA apparatus (Rapid. Thermal
Annealler: a rapid heating/rapid cocoling apparatus,
SHS-2800, manufactured by AST Ccrporation) under an
atmosphere of 100% hydrogen, at 1200°C, for 1C
seconds. In order to use the wafers as both a bond
wafer and a base wafer, each surface to be bonded
was polished with a stock removal of 10 nm so that

haze and the like generated due to the heat
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SO wafer of which SO |ayer has a thickness of 100 nm was produced

t hrough the processes shown in Figs. 1(a)-(h). The main production
condi‘tians are as follows. Oxide filmform ng conditions: 100 nmon the
surface of the bond wafer. Hydrogen ion inplantation conditions:

i npl antation energy: 25 keV, inplantation dose: 8 x 1016 atons/cn®.

Del am nati on heat treatnent conditions: under N2 gas atnosphere, 500C, 30

i nut es. di heat t t t diti : t h ,
T150C, 2 ROTALeres Uh [Ate bt bdcet SOr il BF L fer o GRe8 ved by A
ticl ter. As. L, ot f
e o nunber o/ oui 45 B § X uhen Erald REGA oRE or pBTALe RGPS | Hete OCPS

on the g8 bl BF Cinit? s o da di Shof o St L her B e B 2) A

silicon sipngl r I, Ago KO n [Eg! i
g s A T

a ?S}B’ncm 1 (EL}_EL shig! e_ﬂLé’%é'iﬂ gg%d\u%%péﬂcwim%s%i hireoreswafers by
g, etching, polishing, and the Iike,
follows.

Oxide film forming conditions: 100 nm on the
surface of the bond wafer.

Hydrogen ion implantation conditions:
implantation energy: 25 keV, implantation dose: 8 x
10 atoms/cm?.

Delamination heat treatment conditiocons: under
N, gas atmosphere, 500°C, 30 minutes.

Bonding heat treatment conditions: under N, gas
atmosphere, 1150°C, 2 hours.

COPs on thus prcduced S0I wafer were observed
by a particle counter.

As a result, the number of COPs observed on the
wafer was 9 numbers/wafer. Also, when cross
sections of points where these COPs exist were
observed by the TEM, it was found that 4 COPs were

generated on the base wafer, but micro voids did

not-exist therein.
(Example 2)

A silicon single crystal ingot was grown under

the same conditions as in Example 1 except that the
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.and thereby wafers having a crystal orientation of <100>1 a conductivity
type of P-type, a resistivity of 10 O-cm and a dianeter of 200 = were
produced. Such wafers are used as a bond wafer and a base wafer, and an
SO wafer was produced by the same processes and production conditions as
in Exanple 1. And then, the nunber of COPs was observed by the particle
counter as in Exanple 1. As a result, the nunber of CoPs observed on the

- wafer wasifqrunbges/ WebgEq AlSOn ‘Ml%@ @$S.o £ Sechi ongtofy Pojats-here the
COPs exist were observed by the TEM 1T was found that COPs generated on

the base wakersiege &4 adyBerss Wwaheglot Fm@vgroabgtg%dfom%odlsﬂlm%cﬁw st
therein. (Exanple 3) The sane crystal ingot as in Exanple 2 was processed

into waf ews flyr sl bed ngl i etiehj ngetcpoldshi pdl BgHikke |ike, w@nd wafies s
having a crystal orientation of <100> a conductivity type of P-type, a

resistiviapdoft HOr@oomwane ras dh avdtrey 2 ok r200t M wer Penbai ined. o3uch
silicon wafers were subjected to a heat treatnent under an atnosphere of
argon gas<a{24, 120@CrHduct ihouty kymsdef tRo-tugpethea wakerissasvikoth a
bond wafer and a base wafer, each surface to be bonded was polished with a
st ock rendfall bfQ10mm a0dt katdhaze tard the 40 kemgenvez ated ruduted .he
Such wafers are used as a bond wafer and a base
wafer, and an SOI wafer was produced by the same
processes and production conditions as in Example 1.
And then, the number of COPs was observed by the
particle counter as in Example 1.
As a resulit, the number cof COPs observed on the
wafer was 7 numbers/wafer. Also, when cross
sections of points where the COPs exist were
observed by the TEM, it was found that COPs

generated on the base wafer were 4 numbers/wafer.

Eowever, micro voids did not exist therein.

(Example 3)

The same crysital ingot as in Example 2 was
proceésed into wafers by slicing, etching,
peclishing, and the like, and wafers having a
crystal orientation of <100>, a conductivity type
of P-type, a resistivity of 10 Q-cm, and a diameter
of 200 mm were obtained.

Such silicon wafers were subjected to a heat

treatment under an atmosphere of argon gas at
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heat. treatnment on each wafer surface were renoved. By using the bond wafer
and t he -base wafer, an SO wafer was produced under the sanme processes and
production conditions as in Exanple 1. And then, the nunber of COPs was
observed by the particle counter as in Exanple 1. As a result, the nunber
of COPS observed on the wafer was | nunber/wafer. Al so, when a cross
section of the points where the COP exists was observed by the TEM mcro

voi ds di d1pafpexi $lo4 M LRe baser abelye £ EX@Mi e 4k A Skhireqs sipgle
crystal ingot was grown while controlling the VVGvalue to 0.18 mm®/ Kmi n.

This singlaerysband nx_ggtfe\&asaﬁaosae%@gei RiDr ept i reey b Is@GHPACSI Idgon
wafers by slicing, etching, polishing, and the |Iike, and thereby wafers

having  aper ¥sdakier it abicon of e810PPzha acondyetd widnotype oof 1B-type, a
resistivity of 10 Q-cm and a dianeter of 200 nmm were produced. Such

waf ers wene usedtasta land wafer tard Bi kbasgemater.e@nduan {50 thaf er was
produced under the 25 sanme processes and production conditions as in

Exanpl e lheArd then,tridwetnuresaoh GEPSewasuobservedeby tanpaect.cl e
counter as in Exanple 1. As a result, the nunmber of COPs observed on the
waf er was 4 nufibernsy wafetheAllsondwhemferossnd the base wafer, an

S0I wafer was produced under the same processes and

production conditions as in Example 1. And then,

the number of COPs was observed by the particle

counter as in Exampie 1.

As a result, the number of CCPs observed con the
wafer was 1 number/wafer. Also, when a cross
section of the pcints where the COP exists was

observed by the TEM, micro voids did not exist in

the base wafer.

(Example 4)

A silicon single crystal ingot was grown while
controliing the V/G value to 0.18 mm°/K-'min. This
Single crystal ingot was processed into entire N-
region silicon wafers by slicing, etching,
polishing, and the like, and thereby wafers having
a crystal orientation of <100>, a conductivity type
of P-type, a resistivity of 10 Q-cm, and a diameter
of 200 mm were produced.

Such wafers were used as a bond wafer and a

base wafer, and an S0OI wafer was produced under the
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sections.of points where the COPs exist were observed by the TEM it was
found that the COP generated on the base wafer was 1 nunber/wafer. However,
a m.cro.woid did not exist therein. (Conparative Exanple) A silicon

singl e"crystal was grown under the sane conditions as in Exanple 1, and
silicon wafers were produced. By using the wafers as a bond wafer and a
base wafer, an SO wafer was produced in the sanme processes as in Exanple

1 except Lhafet s e Wale{ 4 W8 AL SYRIEA 844 e B hsa 4 regt ment by the
e S fer wa I]byt

RTA appar at us. wa observe e particle counter as in

Exanpl & 1g.Asn816esul t.athecpurber nof (RS QbseFvedmn f e wafer was 47.
Al so, when p&?nts where the COPs exi st merg observed by the TEM COPs

gener at edoois d FecbRIS, Waher pyerei40 o nuahersd waher.i andxapceo1v0i d was
observed in the point where twin type COP exists. (inspection yield

exam nation) 28sWien-58uS@, watensaveee oduoed bybtke-refihed wWethe
present invention and inspected, the inspection yield was inproved to 10%

or nore. kafaddi ween, 4 i tunds o gaaffound thakor ckbevoidiBos swhi ch can not be
detected by an ultrasonic reflectoscope, could be elimnated. The present
i nventionsextnbbnki Mf egdotimttdhewhere the COPs exist were

observed by the-TEM, it was found that the COP

generated on the base wafer was 1 number/wafer.

However, a micro void did not exist therein.

(Comparative Example)

A silicen single crystal was grown under the
same conditions as in Example 1} and silicon wafers
"were produced. By using the wafers as a bond wafer
and a base wafer, an S0I wafer was produced in the
same processes as in Example 1 except that the base
wafer was not subjected toc a heat treatment by the
RTA apparatus.

The SOI wafer was observed by the particle
counter as 1in Example 1. As a result, the number
of COPs observed on the wafer was 47. Also, when
points where the COPs exist were observed by the
'TEM, COPs generated on the base wafer were 40
numbers/wafer, and a microc void was cobserved in the

peint where twin type COP exists.

(Inspection yield examinaticn)
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.enbodi ments descri bed above. The above-descri bed enbodinents are nere
exanpl es, and those having the substantially sanme structure as that
descri'‘bed in the appended clainms and providing the simlar functions and
advant ages are included in the scope of the present invention. 27 CLAl M5
1. A nethod of producing an SO wafer conprising at |east the steps of
formng an insulator filmon at |east one of a bond wafer nade of silicon

single crysta«h?tg%bfs% mean SO rlaver, apd gnb@gﬁg% %g%.ﬁétﬂdécon

single crystal e an support substrat ndi ng each nmain surtface of

the bond cwafiare angd dhen base, yefen o asfhe simsybatrafi by and making the
bond waf er bonded to the base wafer thinner, wherein one silicon wafer

sel ected §hePactd6RUP, £ONS Std 8O 1afpBAveR taxi abawadermcas FZ wafer, a
nitrogen doped wafer, a hydrogen anneal ed wafer, an intrinsic gettering

wafer, a nitroggnzdnpediamd aoneal£dalalerscand amgat imiecNor @iofs waf er
is used as the base wafer. 2. A nmethod of producing an SO wafer

conpri si nghiath | east ridie beepsebEcfardni bg am instkatosnfiicl mon at | east
one of a bond wafer made of silicon single crystal to forman SO |ayer
and a baseevdfertoadepof sidirdnbs ngl émdmystad.to be an support
substrate, formng a mcro bubble [ayer in the bond
The present invention is not limited to the
embodiments described above. The above=~described
embodiments are mere examples, and those having the
substantially same structure as that described in
the appended claims and providing the similar

functions and advantages are included in the scope

of the present invention.
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wafer by inplanting gas ions froma main surface of the bond wafer,
bondi ng .the ion-inplanted main surface of the bond wafer to a main surface
of ¢-he .base wafer via the insulator film and delam nating 28 the bonded
wafer at the m cro bubble |ayer as a border, wherein one silicon wafer
selected froma group consisting of an epitaxial wafer, an FZ wafer, a
nitrogen doped wafer, a hydrogen anneal ed wafer, an intrinsic gettering
wafer, a nitrogen doped and anneal eqd A\vghgr, and an entire N-region wafer
is used as the base wafer. 3. The nethod of producing an SO wafer
according to Caiml or Caim2, wherein one silicon wafer selected from
a group consisting of an epitaxial wafer, an FZ wafer, a nitrogen doped

waf er, a 1hydr agefeancenled p@fcﬁfuc@ﬁgi N i BBITC BetEer idmpwafernga
ni trogen doped and anneal ed wafer, and an entire N-region wafer is used as

the bond waf dreadt Tres nethed ob fpreduei Ag an SOh sWalf £F oaCccol inngn t o any
one of Clains 1-3, wherein the SOT |ayer to be fornmed has a thickness of,
0.3 um orakedsza st Thes nefthed wHndr edute rg rand SOb fwaf €1 1 aesording 14 o any

one of Clainms 1-4, wherein the insulator filmto be forned has a thickness
of 0.4 pnroydess. t&@ PAorSOEmafel pragdacedrhy &he armet hed faccomdidag t o any
one of Clainms 1-5. 29 - o

of silicon single crystal to be an support

substrate, bonding each main surface of the bond

wafer and the base wafer via the insulator film,

and making the bond wafer bonded to the base wafer

thinner, wherein one silicon wafer selected from a

group consisting cof an epitaxial wafer, an FZ wafer,

a nitrogen doped wafer, a hydrogen annealed wafer,

an intrinsic gettering wafer, a2 nitrogen doped and

annealed wafer, and an entire N-region wafer 1is

used as the base wafer.

2. A method of producing an S0I wafer comprising
at least the steps of forming an insuiator film on
at least one of a bond wafer made of silicon single
crystal to form an SOOI layer and a base wafer made
of silicon single crystal to be an support
substrate, forming a micro bubble layer in the bond
wafer by implanting gas icns from a main surfacerof
the bond wafer, bonding the ion-implanted main
surface of the bond Wafer to a main surface of the

base wafer via the insulator film, and delaminating
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the bonded wafer at the micro bubble layer as a
border, wherein one silicoﬁ wafer selected from a
group consisting of an epitaxial wafer, an FZ wafer,
a nitrogen doped wafer, a hydrogen annealed wafer,
an intrinsic gettering wafer, a nitrogen doped and
annealed wafer, and an entire N-region wafer is

used as the base wafer.

3. The method of producing an S0OI wafer according
to Claim 1 or Claim 2, wherein one silicon wafer
selected from a group consisting of an epitaxial
wafer, an FZ wafer, a nitrogen doped wafer; a
hydrogen annealed wafer, an intrinsic gettering
wafer, a nitrogen doped and annealed wafer, and an

entire N-region wafer is used as the bond wafer.

4. The method of producing an SOI wafer according
to any one of Claims 1-3, wherein the SO0OI layer tc

be formed has a thickness of 0.3 pm or less.
5. The method of producing an SOI wafer according
to any one of Claims 1-4, wherein the insulator

film to be formed has a thickness of 0.4 um or less.

6. An SOI wafer produced by the method according

toe any one of Claims 1-5.
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