23 June 2006 SPECI FI CATION METHOD OF PRODUCI NG SO WAFER AND $3 JiWeBbos
Technical Field The present invention relates to an SO (Silicon On

| nsul ator) wafer suitable for sem conductor device fabrication. Background
Art An SOT wafer is produced as follows, for exanple. An insulator film
such as an oxide film (Box layer, which is to becone a buried oxide film
(insulator film ) is fornmed on at |east one of a first silicon wafer

(hereafter, called "bond mafer"SPE&&gﬁﬂ&%&ngﬁn SO layer is forned) having
at least one flattened and m rror-"pol7ished main surface and a second

silicon wafer (hereafter, called "base wafer", which is to becone a
support substrate) Each main surface of the two silicon wafers is bonded

and j oi ned tomﬁﬁﬁﬂaﬁtbﬂ? yheogrerihsw s i ft t ers are
subj ected to a heat treatngnt to ?i?ﬁ?@oﬁggﬁhig%ﬁp Eﬁ%lo?%ér 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

el ement frdyheatd-on Fagerg is formed on the 1 23 June 2006 insulator film
so that an SOT wafer is produced. ,
The present invention relates to an SOI

(8ilicen Cn Insulator) wafer suitable for

semiconductor device fabricatiocn.

Background Art

An S0QOI wafer is producéd as follows, for
example. An insulator film such as an oxide film
(Box layer, which is to become a buried oxide film
(insulator film)) is formed on at least one of a
first silicon wafer (hereafter, called “bond wafer”,
from which an S0OI layer is formed) having at least
one flattened and mirror-polished mzin surface and
a second silicon wafer (hereafter, called “base
wafer”, which is to 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 subjeéted tc a heat
tfeatment to 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 SOI layer

(an element fabrication layer) is formed on the



It is often the case that such a production nethod is mainly usz3lJjine 2006
produci ng an SOT wafer having an SOT | ayer having a thickness of about 0.5
umor nore. On the other hand, nmaking an insulator filmand an SOT |ayer

t hi nner has been devel oped, and an SOT wafer having an SOT | ayer and an
insulator film which have a thickness of about 0.4 umor |ess
respectively, has also been produced. In this case, although the SOT waf er

o f T Ciblsd Do beProdiped s by hae, abovediethgdea nggggﬁodé&?e@t hod of an

SOT wafer based on an 1on inplantation del'am nation al’'so called

"Smart Qut Methed™ {register , appl Lsclosed in
Japanese Pate?? E§§dégggﬁp(ﬁgﬁaﬁ%ﬁgﬁgﬁpgg%i%ggﬁbé%Sggfﬁ%%§F§egﬁn be

_Uti l'ized. m'eFtHcB‘& kan rﬁé@h@ﬁ'ft atsen %@”b@%td@@iﬁ‘ét hod, soforygxanpl €, an
insulator filmis forned on at | east one of a bond wafer nade of silicon

single chrystiabgt anf goT anaS@r| ayer; @gdza thasexwalfes prdeyp&fhcsid igon
single crystal to be an support substrate, a mcro bubble layer is forned
in the boanad svafebrky. i nplanting gas ions froma main surface of the bond
waf er. Then, the ion-inplanted nain surface of the bond wafer is bonded to
a main surfacenoftiidechase waked vimakhe d nsal dragulkmr 2 23m) uned2006

an SCI layer thinner has béen developed, and an S0I

wafer having an SOI layer and an insulator film,

which have a thickness of about 0.4 um or less

respectively, has alsc been produced. In this case,

although the S0I wafer 1is difficult to be‘produced

by the above method, a production method of an SOI

wafer based on an ion implantation delamination

method (alse called “Smart Cut Method” (registered

trademark)), for example, disclosed in Japanese

Patent Laid-open (Kokai) Publication No. 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 SCI layer and a base wafer made

of silicon single crystal to be an support

substrate, a micro bubble layer is formed in the

bond wafer by implanting gas ions from 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 via the insulatcor film,




thereafter the bonded wafer is subjected to a heat treatnent t28 deh@2006te
the wafers at the mcro bubble |ayer as a border, and the del am nati ng
plane to forman SO layer is subjected to a slight polishing to produce
an SO wafer. For bond wafers used in the above two production nethod,
there are commonly used wafers obtained froma silicon single crystal
grown by a Czochral ski nethod (hereafter, called "CZ nethod"), by which

bstrat ' [ - - I fter,
Substrat cephadl e g Bl abe. Pradusesalyl el cosh Gher et ter
(Gystal (rbonpled darfeaaiexis! Kleagudaceandipeaside of the €
waf er, and nmay becone a problemin a device process. e I's one of

crystal defigeliss i phreduced in porystal gnawdh e typical] ¥adi$, @ voi d type
TsPral h

defect having a regular octahedral structure (single type own in Fig.

2, and i spyanes af by firmrednWddr a1 asicze 95 60rd-30-amg Wen 2 suihage of a
silicon wafer is neasured by neans of a particle counter directly after

mrror-pobbshigih 0 afd e reldeand ngnt gy M {kaTer pol i shed surface with a _
m xed sol ution of ammobnia and a hydrogen peroxide solution, this COP 10 is
det ected as a Hoighiosoivatfeget heg o thnr eale 3above two
prcoduction method, there are commonly 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 called COP (Crystal Originated
Particle) exist on a surface and the inside of the
CZ wafer, and.may become a problem in a device
prccess.

The COP is one cof 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 of 60-130 nm.

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

and a hydrogen peroxide sclution, this COP 10 1is

detected as a bright spot together with real



23 June 2006 particles. In addition, there also exists COP 11 dmyihée 2006
doubl e-connected structure (twin type) as shown in Fig. 3 or COP having a

triple-connected structure (triplet type)., It was reveal ed that these
COPs are formed 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,
t he bond %%H_ s harnful effects on, for exanple, Tine Dependent
Dielectri reakdowi (TDDB) and Time Zero Dielectric Breakdown (TZDB) of

an oxide film.uhichy; arg.| MopLant el eatrie; charaqipristics, far devi ces.

Mbreover, there are sone cdses extsting on a surtace

bonded of sa.Bond wefieseopepetyatean, SO (aver apddiormpiafipies  dn such

a case, for exanp an rnsulator filmseparatin base waf er and an SO

layer is ptghed whLh s ehghaniqi B aikob ¢BLIL PEBERSS O 13 AL fpspher e gas

in a heat treatnment process inttuding omthe pinholes and steps are

generated(tRigp M ti RGPy OCess s aues, bieaki nh ot apMse. cemmsequently,
there was caused a problem such that yield of a device process was

decreasedarkn ffgigedt A :fokMe BEAed RIPbherm: fdepe i1500d390 asRdaie

Japanese Patent Lai d-open (Kokai) ,
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 S0I wafer, the bond wafer has
harmful effécts 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
base wafer and an S0OI layer is etched with an
etchant in an etching process or aﬁ atmosphere gas
in a heat treatment process intruding from the
pinhcles and steps are generated in a wiring
process tTo 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 prcblem, there is

disclcsed in Japanese Patent Laidfopen (Kokai)



4 23 June 2006 Publication No. 11-145436 a technique that a hysh 9g8& 2006
anneal ed wafer, an intrinsic gettering wafer, or an epitaxial wafer, in
whi ch COPS near its surface are reduced or elimnated, is used as a bond
waf er. When such a bond wafer in which COPS are reduced or elimnated is
used to produce an 501 wafer, the SO wafer containing no COP in the SO

| ayer can be obtained. In this case, since the bond wafer with high

it d, hi.gh t d ib i ded, the b f ith
auallty aggough ost, g, dogqri bpdjaiowe | feefied, | bhe.base wafer wich
oL o P el SRR o S0 L e o o
wafer havi %ICCPS on.ts sgrface i's %ged as_th _ba%S ($@fer, and noreover,
as dISC|d§%£ ' JApafidse"P Pafdritd tal'd-open (KokEY CPullt? tat ifshe No 11- 40786

a durmy-ﬁé‘ge s%f&lsljf&% uaf er r%fddlv%;ésﬁhorreséﬁ_- ‘{Lir%a}’tg%”d i gg'sigggﬁgggggge”eet

pr oduct andar iS al'so use a base wafer. fce

siicon wabehs Al ool ngim kehed, al AR halld hey Pilicen ok dgsgul ar

waf ers, as a great t 'on reduction In cost. wever, ‘even where

the silicopeWalefyb8dMyLhe 1 $PRS AF e educed 25 ALopenRpL Laned, i soysed as a
wafer, the S50I wafer containing no COP in the SOI
layer can be cbtained. |

In this case, since the bond wafer with high
quality and high cost as described above is needed,
the base wafer with reduced cost is sometimes used.
The base wafer used for the SOI wafer is required
originally for supporting an SOOI layer via an
insulator film, thus, no element is formed on
surface of the base wafer. Therefore, a wafer
having COPs on its surface is used as the base
wafer, and mdreover, as disclosed in Japanese
Patent Laid-open (Kokai) Publication No. 11-40786¢6,
a dummy-grade silicon wafer of which resistivity
and the like do not meet product standards is 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 on
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 S$0I layer and a thinner




bond wafer, when a thinner 501 layer and a thinner 5 23 June 208% juRs4oakor
filmare formed to produce an SO wafer which has been required recently,
there are sonme cases that a considerable nunber of COPs are detected in
the inspecticn of the SO |ayer. after conpleting the SO wafer, and al so
there arose the phenonenon that a high quality wafer as expected can not
be obtained. Disclosure of the Invention Accordingly, an object of the

i i IS id hi gh | SOT waf h wh
b1 noul akbF Ui nPAnd 2 86T A ayBF WG T Or A C¥G b L hEARer T RoEhe SOT
fer, . d d.in i [ t he SOT | ft th
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tunnel i ngyefLealdan il Alosconsd JEM:o Angsl aupd Lhat (ths dide, pot exist in

the SOT | ayer, but existe surface of a base wafef Serving as a

support tr a o] i kg 4. | Ve A hat since
t he SOT ﬂ%@@?]éﬂ%f? egﬁﬁgu?g?%gﬂg¥gﬁﬁ1W%ggn%g'eotﬁfﬁﬁgggggcg¥?gﬁP%b in the

base waferchaghdeen dateet ad as,PORs £xi 8l R FBrt hey SOhpected

can not be obtained.

Disclosure of the Invention

Accordingly, an object of the present invention
is to provide a high quality SOI wafer that, even
where an insulator film and an SOI layer are formed
to be thinner in the S0OI wafer, COPs are hardly
detected in inspection of the SOI layer after the
SOT wafer was completed.

In order to accomplish the above objeét, the
inventor of the present invention observed cross
sections of portions including CCPs detected in the
inspection of the SOI lavyer using a tunneling
electron microscope (TEM), and found that COPs did
not exist in the SOI layer, but existed cn a
surface of a base wafer serving as a support
substrate, as shown in Fig. 4. Namely, it became
clear that since the S0I layer and the insulator
film were made thin, COPs existing in the base

- warer had been detected as COPs existing in the SOI

layer.




llayer. 6 23 June 2006 Moreover, Fig. 5 shows another COP observgg jone J006
TEM In this case also, it was revealed that the COP did not exist in the
SO |ayer, but existed on a surface of the base wafer, and noreover, the
insulator filmand the base wafer could not be bonded in the region in
whi ch 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

b f dth
| nsul ator, 111 HEBAITRDE Be'7 11 Ped 1By a%xé}aget “ﬁa‘ilﬁae GeeRdnstrator
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crystal to be an support substrate, bon each main surfate t he bond

waf er andi hhe, hase Waf £1 qVixa d h@hbn%ggéoa«affém cAndamaking, ghe bond waf er

bonded to the base wafer thinner, wherein one silicon wafer selected from

a group pensisdi ig afnanreR)itexi aly Weth €bh Ah EZCWRS eExisted,
resulting in a micro void. It is éonsidered that
such a micro void was generated by reason that the
insulator 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 £ilm, 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, 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 cbnsisting of an epitaxial wafer, an FZ wafer,
"a nitrogen doped wafer, a hydrogen anneaied wafer,

an intrinsic gettering wafer, a nitrogen doped and




a nitrogen doped wafer, a hydrogen anneal ed wafer, an intrinsiz3gaht20089
waf er, a nitrogen doped and 7 23 June 2006 annealed wafer, and an entire
N—reglon wafer is wused as the base wafer. As descri bed above when the SOT
wafer is produced by bonding the bond wafer to the base wafer via the
insulator filmand thinning the bond wafer, if an epitaxial mafer, an FZ
wafer, a nitrogen doped wafer, a hydrogen anneal ed wafer, intrinsic

gettering,yafer, .a 0 d{@pe“ %Ocﬁ’egna%ql fg?@e"ﬁ %‘g%é?’?mg{ g?ﬁé{] Jce:%tolsrﬁardly

N-regi on Wafer 18 usé e base wa

exi st ne a of fer can be obtained. Therefore, even if
MsB P UL RO IRE BN - hat

the insulator film an are thinner, there is no case

many OOPs due £o b DAsE MRT250d1e d,%eﬁt%e' 8olhe,Lpspection after the

SO wafer was conpl et ed, us neasurenments which precisely reflect the

nunber ofp EERS daat By, $dnkayes €88 be,per farded. - Andhal §g,s@ high quality

SO wafer that generation of MmMcro voids at an interface between the base
waf er andyslie d nsubatie fi hidhiss sURPIEsERda6N PR nkf0dyced.c ﬁ%h@er

according to the present invention, there is provided a nmethod of

produci ngrafie3Q iwaker SeIRE:S A aladeast athergtepssof , farnm ng an
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 S0I wafer that COPs hardly
exist near a surface of the base wafer can be
obtained. Therefore, even 1f the insulator film
and the SOI layer are thinner, there is no case
that many COPs due tc the base wafer are detected
in the inspection after the 50I wafer was completed,
and thus measurements which precisely reflect the
number of COPs in the S0I layer can be performed.
And also, a high quality SOI wafer that generation
of micro voids at an interface between the base
wafer and the insulateor film is suppressed can be
produced.

Further, according to the present invention,
there 1s 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 S0I layer and

a base wafer made of silicon single crystal to be




insulator filmon at |east one of a bond wafer nade of SIH(KNQ@JPHEQOOG
crystal to forman SOT |ayer and abase wafer made of silicon single

crystal to be 8 23 June 2006 an support substrate, forming a mcro bubble

| ayer in the bond wafer by inplanting gas ions froma 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 nating

T Sl PR B DR S R o
f er, an intrinsic

getteri nguat St D8 A (13081 dapedt BT BILH cbf Rarer.c and h Sent i re

IVreg|m1%§E%ré§r§%%% ?f“%§$§§8§%ﬁﬁﬁfe?am%gn W@ﬁ‘%ﬂequM@fer's al so

pr oduced the 1on 1 nplant am nati‘on net tHe"“silicon

waf er thaimg@a%l@ée redueed as descldbedh .apayea! 34 3 used g3 Lhenbase vater,

an SO wafer that COPS do not exist or are extrene uced on~a surface

of the baserwafes @%nﬂﬁ%pb@@é*Wafe%”$iﬁu@HéyLn@ﬁi £B.t he; £ase of
making the SO layer extremely thinner by the ion inplantation

del am natioa rR!hefine: DA gORine ap bew LDPraduer t 9+ thes basewafer are
detected in the inspection after the SO wafer was conpleted, and thus
there carbbeble laver as a border, wherein one silicon wafer
selegted 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 anneazled wafer, and an
entire N-region wafer is used as the base wafer.
Namely, when an 30I 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
CCPs do nbt exlist or are extremely reduced on a
~surface of the base wafer can be produced.
Particularly, even in the case of making the S80I
layer extremely thinner by the ion implantation
delamination method, no or only a few COPs due to
the base wafer are detected in the inspection after
the S0I wafer was completed, and thus there can be
produced a high quality 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,




produced a high quality SO wafer that generation of mcro VOiﬂ?Jﬁhe?@OG
interface between the base wafer and the insulator filmis suppressed. It
is preferable that as the bond wafer also, 9 23 June 2006 one silicon wafer
sel ected froma 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-regi on wafer
is wused. |f the.SO wafer. is grgduceqdb¥ usi ng the above wafer as the
bond waf eP! Ssi Ht& O3S Rardy SRISCTT0 tRETST PHRHDT 67 FEémd he bond
waf er as |1_as__on the_surface of the_pase fer, there are fewer cases
t hat CCPSXygreal e?g&%eacf{%ﬁit it %Epe&qoﬁgofﬁa%{\%gfsé PAy&PH Rer the EO
waf er was e . an h here can b oduced an_extrenely high
qual ity Sg%%&gﬁe%ggﬁﬂﬁhighk'g%%%%??o&“&?eﬁﬁc(% W@%f i 8% urt her ) )
effectivel %%PQ S Ahe. pr.esent iogvent it ] 0ssi bl.e that the
Sa Iayerh%ﬁ(;C e %g?&%ggrt&h}%iﬁgness’ o% gl%ﬂ]?ﬁ%e& (;%E%dsa%%dt he

i nsul at or 5 £l be. f d t_hj S .« : ) QI | es As
describedagggg%%Qahgﬁtgig?séﬁﬁfaﬁgrE%H%E?%e%q?%%gﬁgFg?%gFFﬁfaf% t hi nner,
COPS on tfhecsurface of the base wafer are detected as COPs of the SO

If the S0I wafer is produced by using the above
wafer zs 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 SOTI layer after the S0I wafer was completed,
and thus there can be produced an extremely high
quality SOI wafer in which generation of micro
voids 1is further effectively suppressed.

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

As described above, when the S0I layer and the
insulator film are thinner, COPs on the surface of
the base wafer are detected as COPs of the SOT
layer. However, in the present invention, sihce 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 S0I layer

having a thickness of 0.3 pm or less is formed by

- 10



| ayer. However, in the present invention, since a silicon mafeﬁ3ggﬁgéaag3
do not exist or are extrenely reduced on its surface or in its Insi I's
used as the base wafer, even when the SO layer having a thickness of 0.3
umor less is formed by 10 23 June 2006 the ion inplantation delam nation
met hod, or the insulator filmhaving a thickness of 0.4 umor less is
formed, the inspection of the SOT |ayer after conpletion is not affected

h - . fer. . Th f t.he present
Crvent s onc e ety B R b e AR SP et h b ot W (B hi nner SOT
ol i . I fil , rding to the present
nvent s ont HeRATEORC S LS A gl R RIGREL Rertid PR 1 Epg"cﬁ,dceddby
h f i t o i bed. ab LA-the S er _produce
by 1t e pr o o AR S ARt RO T el B D e Cor

are extregBhy Iadiged n hbe Sprlaeeelpihedasequalor, Tharglace. even

when the S | ayer or the insulator fil orned to i nner, COPs on

the surfase ehd hsghase,yaber are,-petrfet ected iﬁr%%%@ﬁ&“ on. And al so,
generation of mcro voids at ‘an interface between the base wafer and the

i nsul at orifivbmdSoSuppy essed, HWrutihereFen e B high @yal ikt SO swaf er

satisfying the _ |
forming the thinner SOI layer and the thinner
insulator film.

Moreover, according to the present invention,
there is also provided an SOI wafer wherein it is
produced by the aforementioned method.

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

In such an SOI wafer, gquality of the SOI layer
on which elements are to be formed in a device
brocess can be precisely inspected. Therefore,

there is no case that COPs on the surface of the

base wafer are detected as COPs in the SOI layer

11



recent requirenments for thinning can be obtained. In such an SGi3\gh&rl2006
quality of the SOT |ayer on which elenents are to be fornmed in a device
process can be precisely inspected. Therefore, there is no case that COPS
on the surface of the base wafer are detected as COPs in the SOT | ayer 11
23 June 2006 and the thus-detected SO= wafer is regarded as an inferior
product, which has occurred conventionally. As a result, it can lead to

ield i | d
AP ot R kLTt Lt LS g e §%§%%ﬁ§éﬁxp%ﬁ' SO
wafer is Pirﬂgi"fgq Hah'&g asxﬂ\c f 1Ras e, waf %rqc?]uEElefog?@%gar%ﬁel ﬂ,l tCﬁ]:S

do not eX|st or are‘reduce cording to

SO | ayepgory t hedisul at er [ hipners, §§5P ;ﬂﬁg e waf er
are not detected F Stﬁe ?Esﬁ%%%?gﬁﬁﬂﬁ £B : %%eré?grg I nspection
yi el d cancche i prrevad; oand 2 ki ae\ﬂy@% g swafer in which generation
of mcro voids is suppressed can be t |ned urther, in such an SO

waf er, the SO nkaysfp, AineH chpehairent s angs f greed can 1be, precisel y
|nspected to see whéiher it is good'or bad begore devﬁee ?abrlcatlon

whi ;:h canwhead 49 i o¥ement ief pdevdeecw,elghard 1 edyetdon kn pr oduct i on

oSt produced by using as a base wafer a silicon wafer
in which COPs do not exist or are reduced.
Accerding 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
cf the SOI wafer. Therefore, inspection yield can
be improved, and a high quality SOI wafer in which
generaticon of micro voids is suppressed can be
ocbtained.

Further, in such an SOOI wafer, the SC0I layer on

which elements are fofmed 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 SOI wafer by the ion
implantation delamination method.

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

COP.
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Brief Explanation of the Drawings Figs. 1.(a) to (h) show one exgphe Ros2
production process of an SOT wafer by the ion inplantation delam nation
method. Fig. 2 is a typical view of a structure of a COP. 12 23 June 2006
Fig. 3is a typical viewshowing a twin type COP (void). Fig. 4is a
cross-sectional observation view near a COP observed by TEM Fig. 5 is a
cross-sectional observation view near another COP observed by TEM Best

Mode for Carryy rel enbo nent of the
present |nvent$g% 9% E%e exp?é'éL ggl $E8etgﬁﬁéwﬁ6“%v%r ﬁpé%ent
i nventionsf o qlted thereto. In the present |nvent|on an SOT waf er
i's produce% be&u5| g as a base wafer for producing the 501 wafer, a wafer

o Tty oot kbl Hr o868 J @O Eeha THERSW: v LPATS, Lo1RIOY 000 @

high quality SOT wafer, erern € base wa

detect ed Aag,GORS @gﬁpstdglgequfet@ebgoTEMayer during |nspect| on of the SO|
wafer, are excluded, and at the Sane tinme, generation of mcro voids at

an interface bejyeer the hase-ryghers@ndiobhe | HBUIAtPsLfiidn 5 upPr essed.

near another COP observed by TEM.

Best Mode fcor Carrying out the Invention

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

In the present invention, an SOOI wafer is
produced by using as a base wafer for producing the
SOI wafer, a wafer in which COPs-do not exist or
are reduced. Thereby, there is provided a high
quality SCI wafer, wherein COPs in the base wafer,
which may be detected as-COPS existing in the SOI
layer during inspectiocn of the SCI wafer, are
excluded, and at the same time, generatidn of micro
voids at an interface between the base wafer and
the insulator film is suppressed.

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 aré reducéd
as abcocve. Thereforé, for example, a production

method of an SOI wafer by the ion implantation

13



In the present invention, the SOT wafer can be produced basicagd Yuh8 2006
accordance with ordinary processes except for using a base wafer on a
surface of which COPs do not exist or are reduced as above. Therefore, for
exanpl e, a production nethod of an SOT wafer by the ion inplantation 13 23
June 2006 del am nation nmethod can be applied to the present invention.
Figs. 1(a) to (h) are schematic views showi ng one exanple of a production

process o i Iant eIa nation nethod in
order. In&tﬁ]s progﬁéféo%g% (2 Eg&lr , q% am n%?g}*ﬁ?%?Pta bond
wafer 1 an gpwafer 2 in which at Ieast each one main surface is
flattened an nlrror-pollshed are prepared. At this point, in the present

invention, a s on r I r con3|st| of. an
;BYtaxial mafé?ib% %ggﬁaﬂéf ?HB q}r%ggﬁl opegli dfe%z Eng§g Hééﬁ%gaagfgled
waf er, a tr, tterisn an

and an eﬂ???eE%§§?gégﬁﬁgﬁa?e?n¥%&§gg Fﬁ%ﬂgggg wa aﬂ Cﬁg %5 Tof these

waf ers, (K?St%br@bneﬁ lghﬁ%ﬁibﬁm&éﬂamﬁ%dﬁfo wﬁé@@og*a) Some
silicon wafers used in t e present invention as escrl e ove are
expl ai nehager.

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
F2 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, COPs do not exist or are reduced
on its surface.

Here, 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 Zone 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



follows. An FZ wafer is a wafer obtained froma silicon single2§E%55§006
i ngot produced by FZ nethod (Floating Zone nelting nethod), and has no
COPs. An epitaxial wafer is a wafer nade by formng an epitaxial |ayer on
a silicon single crystal substrate. Since the epitaxial |ayer has no COPs,
if the wafer is used as a base wafer, it is 14 23 June 2006 prevented that
COPS of the base wafer are detected as COPS of the SO |ayer. A nitrogen

doped wafer is a wafer doped with nitrogen during its crystal growh by
the CZ nePﬁ@d{enﬁé%ddb@,ﬁE WS nPer ogeR, Perscun Hadfe toapsec s bec pressed,

and the size COPS. becones_.about 100 nmor |ess. When such a wafer is
used as aa8a§ggpﬁaf’ ,t%9gﬁx?f-£ﬁ36§bi layer is thinner, there are few

that COP,on .the surface of the_base wafer is detected as COP of the
gglselsaye?, andAgélrJretr%?iJSH P fic M {5t ds Tah H@é%lbp OB, "AHb, a

vefer 15 GRRGATSH" GHGGrhn A roSBHaT e bl o8 HyGhoseh A6, W FREACHAS,
M S e W i B S A
| s furthegyppncat edqindes an 14 BIRRET S e A Uhe 2NINRIL 93y O @
m xed gas of “those,

nm or less. When such a wafer is used as a base

wafer, even i1f the SOI layer is thinner, there are

few cases that COP on the surface of the'base wafer

is detected as COP of the S0I layer, and generation

cf micro voids can be subpressed.

Also, a nitrcgen doped and annealed wafer is a

wafer, wherein a nitrogen doped wafer is annealed

under an atmosphere of a hydrogen gas, an inert gas,

a mixed gas of those, or the like. As

afcrementioned, 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 of those,

COPs ¢n the wafer surface can be disappeared

thereby. By using such z wafer as a base wafer,

there is no case that COPs on the surface of the

base wafer are detected as COPs of the SOI layer in

the inspection of the SOI 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

15



COPs on the wafer surface can be di sappeared thereby. By using2syahe®006
wafer as a base wafer, there is no case that COPS on the surface of the

base wafer are detected as COPs of the 501 layer in the inspection of the
501 wafer, and therefore, no mcro voids are generated. A hydrogen
anneal ed wafer is a wafer made by annealing a CZ wafer under an atnosphere
of 15 23 June 2006 hydrogen, an inert gas, -or a m xed gas of those.

Al t hough hydr ogen anneal ed wafer is not the sane |level as in the
nitr oggn %gé%rao%%afarﬁféaF&?%fgﬁs r PSsAcdhtAFSo IR r@%u&‘ébo%ﬁl-y by

Ut ace | Byer pAPE 6 RPeR IS a8 eal Pa 1 SFayar Pte I HePEEE fr oo

[y ' [ d d ' d di_stri buted
| nerae 8 BETEL Rt ATe ke T soCncaORRs DT PR Str led of Stie va e
The " ourf 208 %01° the Tatd BT ar T RCEALpanEy o an! JORa? &t FOH OF 1AM o voi ds

the surface of t ase Wwafer in-inspec . : .
can be prevented. ;Mureoyen.c aePRUL N 120k op vafer L33 yaler,, abtai ned

froma crystal grown in an N-Tegion om grown-in-deféects suc S

Cormer o teogot s, Supgkel plt et aLt o Ve OEo R gt ©
layer, i.e., defect-free layer, wherein gettering
is performed based on micro 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
generation of micro voids can be prevented.

Moreover, an entire N-regicn wafer is a wafer
obtained from a crystal grown in an N-region free
from grown-in defects such as COPs for the whole
crystal while controlling V/G (V: pulling rate, G:
Lemperature gradient along the axis direction in a
crystal solid-liquid interface) when the crystal is
grown by the CZ method. If such a wafer is used as
a base wafer, like the aforementioned wafer, the
detection of COPs on the surface of the base wafer
in inspection and generation of micro voids can be

prevented.

In addition, the N-region will be explained as

follows. In a silicon single crystal, there are a

region called a V-region which contains a
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crystal solid-liquid interface) when the crystal is grown by t$®JGhe 2006
met hod. If such a wafer is used as a base, wafer, |like the aforenentioned
wafer, the detection of COPs on the surface of the base wafer in

i nspection and generation of mcro voids can be prevented. In addition,
the N-region will be explained as follows. In a silicon single crystal,
there are a region called a V-region mhich contains a 16 23 June 2006

dth
| Tko genct SPBd LR Vo 1 A 461 ROCRPPEesH alBReN S %%Z.Séﬁ“%avPEESanaPargg.eon
| t t to

excoss of SPINon: ChCumes Ak ?[%ﬁ?Q?@’Jlgxceségh%f?%ﬁo%ﬁspﬁ%”e’éanﬁ a

Coat 2l efgan sl bed AN LAGAD, T e SXLH Sca RIIPAlNt R e begRn 20

the |-region and contains f ew) Sing~or “excess at ong: n the

entire N-LRgIRN Wafel 155 PLoduce tlg%%byngégggecaﬁﬁL Hased ien Japanese Pat ent

Lai d-open (Kokai) Publication e app ied, for

exanpl e. &@gmdbaﬁléﬂéC@@n@ﬂ&ﬂ@dcﬁﬁ%a{o'%xé@é%a$ﬁméh§ %%ﬁﬁt'ng a

structure in a furnace by neans of heat insulating materials and the |ike
provi ded &t e4ird 2ngolildrdt+awisd ¢ nt esfaces ot itihec ol Wt@hsi n 44 Rul 1ing

furnace so that the V/IG
neutral region 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-region wafer is produced, the
method disclosed in Japanese Patent Laid-open
(Kokai) Publicaticn No. 2000-17809% can be applied,
for example. Namely, a silicon single crystal 1is
pulled while adjusting a structure in a furnace by
means of heat insulating materials and the like
provided around a solid-liguid interface of the
crystal in the pulling furnace so that the V/G
value is controlled tc 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 above is used as the base
wafer, and as for the bond wafer also, it is

preferable that a silicon wafer selected from the

silicon wafers as described above is used as the
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value is controlled to naintain an entire N-region in a radial28yufetiods
and then the entire Nregion wafer can be obtained fromthe silicon single
crystal.. In the present invention, the silicon wafer that COPs do not
exist or are extrenmely reduced on its surface as descri bed above is used
as the base wafer, and as for the bond wafer also, it is preferable that
a silicon wafer selected fromthe silicon wafers as described above is

used as t e 2006 bond wafer. Nanely, if an epitaxial wafer, an
Fz mafer,EEH%%i%%gégﬁ‘doped waf er, a hydrogen anneal ed wafer, an intrinsic

getteri ng vaf ef... L qgen, doped and; anneakeg vafer p o, gp entire -

N-regi on wafer i's used “as a bo er, can

that in tﬂ%%gte%y%oﬁ%%oi%fgf Via“ﬂ'%%%og{( nsgq@gf%\%& %gfg%se waf er,

COPS do not exi , or s exl st but I eme us, thet'e are

further fewarr£A8e% that+ERs G Rad&lect ad 40 LRe o 4 NgpRGL] onaf the SO
. Hso, mel y h

| ayer after the SO wafer was ~conpleted n extr 'gh quality
SO waf epntrhad1generatbon Qfr nkar @ ol gds gan-b ifdﬂtﬁgrfeffsfd?cfu'sveechy

suppressed at an interface between the base wafer and the ayer can be

produced. aAf terbbhel hendevwaf efhdrand-dhephase,wafieled 8% SOI wafer
‘that in the S0I 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 SOI layer after the SOI wafer was
completed. Also, an extremely high guality S80I
wafer that generation of micro voids can be further
effectively suppressed at an interface between the
base wafer and the SOOI 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. 1In Fig.
i{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 1s possible to form an
extremely thin insulator film having a thickness of
0.4 pm or less. That is, when each thickness of
the insulator film and the SOI layer in the

produced S0I wafer is thinner, COPs on the surface

of the base wafer are alsc detected as COPs of the
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descri bed above are prepared, an insulator film3 is forned onzgguhgngs
one of these wafers. In Fig. 1(b), an oxide filmis fornmed on the bond

wafer 1. Although the thickness of the insulator layer 3 to be fornmed is
not limted particularly in the present invention, it is possible to form
an extremely thin insulator filmhaving a thickness of 0.4 umor |ess.
That is, when each thickness of the insulator filmand the SO |ayer in

the prod d SOr wafer. is thinner s on the urface of t he base wafer
are al so g@?éék%ﬁe5§ CEB§“%Veﬁhe 18 %gﬁ%uﬂgefﬁﬁB Séf”ﬁﬁ% r°THowever, in the

con_ wa 0 not_exist or COPs

h i

g; 2%2:@%%& Oﬁﬁ@e 32 5 tries‘%GFFa h?g ]g gs? tlh% b&Set Taf e?/en
wh h k I be, f d 0.4

Cor  morsacer £581 %X%P&ﬂ@ l?i‘*’@‘%ihé%%&cﬁ‘ne : SheaiEa: * B Js'a-‘?%;%de; hh
h I fis f t
SO 1 ayer*Safths The 0P uardr aug morr B ;‘EJP@A?@%?@%%‘ES:SRS 58 i mis
formed, asnsfiow be fF' Oy Hcbloo NYRRQ008 LS ] 0L, eXarDh &g A7 05,1 Pl ant ed
froma side of a pol |s mai n surface of ~ the bo in a

i Mpl ant ath R ARsErof oabpu§m1Q>1]§ %slsqﬂ fheed cBEn Her §BY.a @ 8hcr o bubbl e
| ayer 4 is formed I nsi de the bond wafer.
the S0I wafer such that only a few COPs of the base
wafer are detected in inspection c¢f the S80I layer
after the S0I wafer was completed.

After the insulator film is formed, as shown in
Fig. 1{(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 microc bubble
layer 4 is formed inside the bond wafer.

Since the depth of the microc bubble lavyer 4 is
reflected as the thickness of tﬁe SO0I layer to be
formed, the micro bubble layer 4 may be formed in a
certain depth depending on a target thickness of
the S0OI layer. In the present invention, since a
silicon wafer that COPs do not exist or are
extremely reduced on its surface is used as a base
wafer, even if a very thin S0OI 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 S50I wafer was completed.

Therefeore, as for the thickness of the S0I layer to
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Since the depth of the mcro bubble layer 4 is reflected as thf?gnhg 8s
of the SOT |ayer to be forned, the mcro bubble layer 4 may be fornmed in a
certain depth depending on a target thickness of the SOT |ayer. In the
present invention, since a silicon wafer that COPS do not exist or are
extrenely reduced on its surface is used as a base wafer, even if a very
thin SO layer is formed thereon, there can be obtained the SOT wafer such

t hat CCPsbare not detecteg_in the inspection of the SO |ayer after the
SO waf er Pfias” ¢ohpi%etd. “HFhd? BESSE T as G T helr hitdkfie®d ©F Ot he SOT | ayer

to 19 23 006 be forned in_the present invention, the mcro bubble
Iayerzlné&%hf?oﬁﬁ%?%o4tmﬂ§tﬂg r@ﬁQeﬁoigﬁﬁﬁk; ?t%&%ﬁ@aﬂﬁ?h i.e.,
has a thig¢ nesgdof qu um.or Iﬁss, or 0.1 ym or Iﬁiii i ch isf requi red
in recent TyedlsIENSRT ST &L Cdnown FH Fi G S1¢d) 2 EhE IO FipiSnt e T surface of

t he bond frer_and_t he i shed i sur.f ace_ of e. se wafer are bonded

and j oi ne 't3o mgagﬁf gt%‘gé)g’viorz}et%gﬁi HJSIFJI §%o?i§%$m %Ngg&ig i3 m 3. After the

waf er s argegﬁﬂgggg_gn§ PQ@@EH:“@E%E? is delam nated at the m cro bubble
orde c

| ayer 4 as r. Inthis se,f%br exanpl e, by subjecting the bonded

vafer 10 a heayelhcat JENG il A09G 11 5200Gaf e chnd; val & 538 2% §1 eaved
surface of the bond wafer and the polished main
surface of the base‘wafer are bonded and joined to
each other wvia the insulator film (oxide fiim) 3.

After the wafers are bonded, the bonded wafer
1s delaminated at the micro 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
bubble layer 4 as shown in Fig. 1(e). The bond
wafer 5 after cleavage is polished again, and thén,
can be reused as a new bond wafer or base wafer.

On the other hand, the bonded substrate 6 (SOOI
wafer) having an SOI structure containing the SOI
layer 7 and the insulatcr 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 polishing,
an S0I wafer is completed.

Although the method of producing an SCI wafer

by the ion implantation delamination method is
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bubble |ayer 4 as shown in Fig. 1(e). The bond wafer 5 after ctggy,ﬁgezdo%
pol i shed again, and then, can be reused as a new bond wafer or base wa

On the other hand, the bonded substrate 6 (SO wafer) having an 501
structure containing the SO layer 7 and the insulator film3 is subjected
to a bonding heat treatnent for increasing bonding strength as shown in
Fig. 1(f). And then, as shown in Figs. 1(g) and (h), by subjecting the

' [ I 8 l'igh | i_shi 501 waf
< conpl cEed 5t %ﬁ‘éu%{%t”%‘%'” holBGt 1or 6RBGI gt 41 °ls'x§f'@”ragrg o9 ek fon
hod J 200 t
or esont | RO Oh Eah BPe8 L ApbIIEd €5 K oasaoL RAT a1 B ThoSBon waf er
d b d hi d.t
or edet or 184 %?%%LR%Q%ESQ%?. RPRGndc i Bt Ry "L B odice an 501 vaf er

Namely, ipnthiSe§age al sy q éﬂn'l%oé‘ "‘@B%rckr?QE%Ct JR-pasitifes 19 oup
F V\B. en

consi sting of an epitaxi Z wafe wafer, a

hydrogenaﬁﬂgpiggglg@ﬁg{q an i 6&9, getterd ng. ¢ g@;er a nitrogen doped

and anne fer, and an ntire reglon wafer is used as a base wafer.

An insul ator firkflesueh as am pxidedd ks, fonREed 0N b 6RSEcQne of the
bond wafer and the
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—regidn wafer is used as a base wafer.

An insulator f£ilm such as an oxide film is
formed con zt least one of the bond wafer and the
base wafer, and then the bond wafer and the base
wafer are bonded tc each other’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 S0I layer 1is formed on
the insulator film.

When an SOI wafer is also produced by this
method, it is preferable that a silicon wafer in
which COPs do not exist or are extremely reduced is

‘used as the bond wafer as well as the base wafer.
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base wafer, and then the bond wafer and the base wafer are bonggduhe agh
other's main surface via the insulator film Next, after the bonded wafer
is subjected to a heat treatnment 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 predeterm ned thickness, and thereby an SO |ayer is
formed on e jnsulator fil Wiaen an CW vaf is also produced by this
met hod, |F%ébp#gﬁ9%ﬁﬁﬁstﬁin5h§I%%%H Eﬁ %m@@ﬂ(§§% 86 Inot " exi st

or are extrenely.reduced i used as the b d waf er as .l as the base
waf er. 21 é‘é’ﬁ%észo%l%s%aéﬁ‘% ht ¢RYTest® of Tt ?n&ﬂfa% oP L V\%Ilherand t he SO

| ayer is a i.n._the case renentloned ion

|nphﬂnat|§%%é$§ﬁlw$%% method™P ?%5&%@ ST REEMCT nUERA - wi | |
be expl ai ned ﬁ%&%&ﬁﬁak@e@?t heM‘HP %{efﬁ Hﬁ%%gﬁgggfﬁg gnd Conpar ati ve

Exanpl e. Howeve resent I'n en |on is (Exanpl e

1) By usipgn s0pedl lade o @y wRanelgold eld s applied to

a silicon I con S|ng$e crys I'ngot “was gromn a pulling

rate of 1E§aqm1@g a%scghgaclogt%@t@l{ab%é Wagowever, the

present invention is not limited thereto.

(Example 1)

By using.a so-called MCZ method in which a
magnetic field is applied tc a silicon melt, a
silicon single crystal ingot was grown at a pulling
rate of 1.8 mm/min. This silicon c¢rystal ingot was
processed into silicon wafers by slicing, 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 cocling apparatus,
SHS-2800, manufactured by AST Corporation) under an
atmosphere cf 100% hydrogen, at 1200°C, for 10
seconds. In order to use the wafers as both a bond
wafer and 2 base wafer, each surface to be bonded
was poilished with a stock removal of 10 nm so that

haze and the like generated due to the heat
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processed into silicon wafers by slicing, etching, polishing, 29duhl2006

| i ke, and wafers having a crystal orientation of <100>, a conductivity
type of P-type, a resistivity of 10 Qcm and a dianeter of 200 mm were
produced. The silicon wafers were subjected to a heat treatnent using an
RTA apparatus (Rapid Thermal Annealler: a rapid heating/rapid cooling
apparatus SHS- 2800, nanufactured by AST Corporation) under an atnosphere

of 100% hydr ogen % 12095, for seconds. I n order to use the wafers as
ot i s bobdeHitap®t A0 &M}S?a SUREACEUTES LB Bohded  was
polished with st.ock renov of 10 that haze and the_.like generated
Poe to the heasyss ST S 8 rhhd Mt ah e R e DTS B e o

Qﬁmegbﬁﬁﬁgﬁ?m b I %m L Brsliehleniouh e
pr ocesses, ahow, 1 5, B asc o 162)- )y, The. ML pLoduct 1 gp cond) {1 gns, ar e as

fol | ows form ng condi t'i ons: n1on t ace o e bond

o RSP Rl g S et e
condi tiongs1yndes

Oxide film forﬁing 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 cconditions: under
N, gas atmosphere, 500°C, 30 minutes.

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

COPs on thus produced 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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NZ gas at nosphere, 500C, 30 m nutes. Bonding heat treatnent cogﬂ%ggﬂgg 06
under N2 gas atnosphere, 1150C, 2 hours. COPS on thus produce P
were observed by a particle counter. As a result, the nunber of COPs
observed on the wafer was 9 nunbers/wafer. Al so, when cross sections of
poi nts where these COPS exist were observed by the TEM it was found that
4 COPS were generated on the base wafer, but nicro voids did not exist

EQﬁLeLBnd‘fﬁéons'@%g? L P TR, S gt ale | gt %ét°c§“a§2”d%ott323
t t

g?gggsgg |nto ?ggﬁﬂgaﬁ?éﬁi 3&§||C|£§ p&iéﬁ?% %£0}? Sﬁgilﬁﬁ ?khgas

i ke, rw'afe%rsebe{ FRU L0 O BndYet 2hod seq%ﬁgéonaf?& TR

conductivity type a reS|st| m and a d

200 wmwea@dprt@lc&hcgg %ﬁew@f%{ vahe L&egr 35 18, bond vaf er .and, a hase

waf er, and an SOI wafer was produced "by t sane processes and productlon
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observed ®n {heq- cm, and a diameter of 200 mm were produced.

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 result, the number of 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.

However, micro voids did not exist therein.

(Example 3)

The same crystal ingot as in Example 2 was
proceésed into wafers by slicing, etching,
pclishing, 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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waf er was 7 nunbers/wafer. Al so, when cross sections of pointszgggﬁggghg
COPs exist were observed by the TEM it was found that COPs generate n
t he base wafer were 4 nunbers/wafer. However, mcro voids did not exist
therein. (Exanple 3) The same crystal ingot as in Exanple 2 was processed
into wafers by slicing, etching, polishing, and the |like, and wafers
having a crystal orientation of <100>, a conductivity type of P-type, a

i stivi o d di f 200 btai ned. Such
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processes an P uction conditions as In n, t he nunber
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Cross By using the bond wafer and the base wafer, an

SO0I wafer was produced under the same processes and

production conditicns as in Example 1. And then,

the number of COPs was observed by the particle

counter as in Example 1.

As a result, the number of COPs observed on the
wafer was 1 number/wafer. Also, when a cross
section cof the points 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
controlling 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 corientation 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 SOOI wafer was produced under the
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section of the points where the COP exists was observed by thepdG\he BB
voids did not exist in the base wafer. (Exanple 4) A silicon single .
crystal ingot was grown while controlling the v/@value to 0.18 m®2/K mi n.
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

resi stivi byl 20,Qd8 ¢and 7y di £18h 200 anvEs gopraduced.  Such
wafers were used as a bond mafe a base wafer, waf er was

produced waderp1he 25 @éﬂ.duﬁﬁe@pmstﬁ%n%@rﬁ@%%s%aﬁ e@wmggct' on conditions
as in Exanple 1 And then, the nunber of COPS was observed by the

particle cburiwreasdypn Exanpleridi cAs ach8s4lds 4he inunber. A S observed
on the wafer was 4 nunbers/wafer. Al so, when cross secti ‘points

where the COPshexisstrewnet obseevechmyethe TEND pigt d@§e&%&§i bhattﬂéﬂe cop
generated on the base waf er was 1 number/ waf er . However, a mcro void did

not eX|shﬂaﬁen3|mas(@bnmamﬁ@n%&ﬁ&aa@ﬁie).ﬁ&stﬂlqm@eﬁlQﬂi@s@ry5t3| was grown
under the same conditions as in Exanple 1, and silicon wafers

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 number/wafer.

However, a micrc void did not exist therein.

{(Comparative Example)

A silicon 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 to a heat treatment by the
RTA apparatus.

The SOI wafer was observed by the particle
counter as in Example 1. As a result, the number
of COPs observed on the wafer was 47. BAlso, when
points where the COPs exist were observed by the

HTEM, COPs generated on the base wafer were 40
numbers/wafer, and a micro void was observed in the

point where twin type COP exists.

(Inspection yield examination)
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were produced. By using the wafers as a bond wafer and a base ﬂ@ﬁﬁhezﬁﬁs
SO wafer was produced in the sanme processes as in Exanple 1 except t
the base wafer was not subjected to a heat treatnment by the RTA
apparatus. The SO wafer was observed by the particle counter as in
Exanple 1. As a result, the nunber of COPS observed on the wafer was 47.
Al so, when points where the COPS exi st were observed by the TEN, COPS

Generated. on [AReRassy WakAT weFe A ONIDSISuAI BYC 4, I SRR OL q vas

observed in the point where twin type exl st’s. spection yield

exam nat | o) 26 281, 2006 YBER 56 SO gual RS werss pr ogluced by the met hod

of the present invention and iInspected, the spection yield was inproved

to 100 orimefactnoaddiibon, i swasAtsPehound that g creMoids, which can
not be detected by an ultrasonic réflectoscope, could be elimnated. The

present inventInnaddnel o niedwias thesenbodhent:sa desardbedvaqye, The
above-descri bed enbodinents are nere exanples, and those having the

subst ant i @hby-isamenstraet bee dst thate desor kbed i arddenappended cl ai ms and
providing the simlar functions and advantages are included in the scope
of the preséitednesntdpom, could be eliminated.

The present invention 1s 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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27 23 June 2006 CLAIMS 1. A nethod of producing an SO wafer co2pduserdposat
| east the steps of formng an insulator filmon at |east one of a bond

waf er made of silicon single crystal to forman SO |ayer and a base wafer
made of silicon single crystal to be a support substrate, bonding each
mai n 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 froma groupgigonggsting of an epitaxial wafer, an

FZ wafer, a nitrogen doped wafer, a hydrogen anneal ed wafer, a nitrogen
doped and annealed wafer, and an entire N-region wafer is wused as the
base wafer. 2. A nethod of producing an SO wafer conprising at |east the
steps of }erni Agmathnsulat opribididng atn | gast woecof @oﬁ?@qé’@%gr made of
silicon single crystal to forman SO |ayer and a base wafer na of
silicon sthgleasystdle totbp = sipfatmsubstamat ensforatsg a 1 &r ¢ bubbl e
| ayer in the_bond wafer by inplanting gas ions froma main surface of the
bond waf % B&RR hgofite ¢Bnai ipbadt et frak nmeuid ace & 111ke hosdnyafer to a
main surface of the base wafer via the insulator film and del am nating 28

Crystal to form an SOI layer and a base wafer made

of silicon single crystal to be a 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 of an epitaxial wafer, an EZ wafer,

a nitrogen doped wafer, a hydrogen annealed wafer,

a nitrogen doped and
annealed wafer, and an entire N-region wafer is

used as the base wafer.

2. A method of produéing an 50I 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 S0OI layer and a base wafer made
of silicon single crystal to be a support
substrate, forming a micro bubble layer in the bond
wafer by implanting gas ions from a main surface of
the bond wafer, bonding the ion-implanted main

- surface of the bond ﬁafer to a2 main surface of the

base wafer via the insulator film, and delaminating



23 June 2006 the bonded wafer at the m cro bubble Iayer as a tzgdgﬁgzoog
wherein one silicon wafer selected froma group consisting of an epitaxial
wafer, an FZ wafer, a nitrogen doped wafer, a hydrogen anneal ed wafer, a
nitrogen doped and annealed wafer, and an entire N-region wafer is used
as the base wafer. 3. The nethod of producing an SO wafer according to
Claiml or aim2, wherein one silicon wafer selected froma group

consi sti nghef onepid axader wat ethanmFErmfionpra i 1£Qen doped wafer, a
hydr ogen gnnealed wafer, an intrinsic gettering wafer, a nitrogen doped

and anneabed dwf er wheade an cand i e IN-¢ g o fatels d BeHsedy asrhhe Dpond
wafer. 4. The nmethod of producing an 501 wafer according to any one of

G aims 1-3rower epn stiet 50% |@feant ep beakdra®dwhase 8, t Rircknessa0fe 0. 3 um

or less. 5. The nethod of producing an 501 wafer according to any one of

Cains 1-@&, Dilerepant kopasulet ber,fid nhyerey&ar nedth bas <) thhekness of 0.4

pmor less. 6. An SO wafer produced by the nethod according to any one of

Clains 1-5. 29 a nitrogen deped and
annealed wafer, and an entire N-region wafer is

used as the base wafer.

3. The method of producing an SOI 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 énnealed wafer, an intrinsic gettering
wafer, a nitrogen dopedrand 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 SOT layer to

be formed has a thickness of 0.3 um 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 pm or less.

6. An SOI wafer produced by the method according

to any one of Claims 1-5.
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