1 METHOD OF PRODUCI NG BONDED WAFER BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention 5The present invention relates to a nethod of

produci ng a bonded wafer by bonding a wafer for an active |ayer and a
waf er for a substrate without interposing an insulation filmin

bet ween, and thinning the wafer for the active | ayer. Priority
ks clainmed on Japanese Patent Application No. 2006-251252, filed

Sept enber 15, 2006, the content of which is incorporated herein by
reference. 10 Description of Related Art In general, a bonded
waf er denotes an SO (Silicon On Insul &tor) wafer. For exanple, the

bel ow descri bed net hod ' se hods. oducing a
bonded wafer. In a net m&%&ﬁﬁﬁﬁ‘&‘ %‘?‘Mﬁh&' et ogd#ﬁ;descri bed in
Non Patent Reference 1 15 (Science of silicon, edited by UCS

sem conduct or basic technol ogy workshop, Realize Inc., June 28, 1996,
p 459-462), after bonding a non-oxidized wafer for a substrate and an
oxi di zed wafer for an act i BACKEGROUNR QF THE INVINTIEY er for the active
| ayer is made into a thin filmof a predeterm ned - thickness by

gri ndi ng akgtldefitheshienfionhe surface of the wafer. An ion inplantation
separation nmethod described in Patent Reference 1 20 (Japanese
Unexam fied Pat erTheAmgskntdadention reftasté a Puthiod ofipioducindNobdniled RifeP By
conprises a step of formng an ion-inplanted | ayer by inplanting

li ght el emBgddingoWafstfol aigctive ldyeid fwafle foreniblttatewilhRe Bite@pdsinpes
depth in the water for an active layer, a step of -bonding the wafer

for the aleF?f?ﬁ&;?ﬂlS{in%@ﬂvéeﬂ,eanWﬂfiﬁ‘:ﬁnéﬂéﬁa&@f&%é&i@éﬁﬁémterpOSi ng an

i nsul ati on min between, a step of delam nating the wafer at the

above-described papad {T4RLLGh fgﬁ%ﬁﬁlge iﬁ&tﬁﬁ@@ﬁ?ﬁ:} KB, Rios 2817520 Fed"

active layer of a predeterm ne ckness nning an active
September 15, 20086, the content of which is incorporated herein by reference.

10
Description of Related Art
In general, 2 bonded wafer denotes an SOI (Silicon On Insnlator) wafer. Feor
example, the below described methods are disclosed as methods of pmduping a bonded
wafer. In a method (grinding-polishing method) described in Non Patent Reference 1
15 (Science of silicon, edited by UCS semiconductor basic technology workshop, Realize
" Inc., June 28, 1996, p 459-462), after bonding a non-oxidized wafer for a substrate and
an oxidized wafer for an active layer, the oxidized wafer for the active layer is made into
. 2 thin film of a predetermined thickness by grinding and ﬁoﬁsbjng the surface of th_e
wafer. An ion implantation separation method deseribed in Patent Reference 1
20  (Japanese Unexamined Patent Application, First Publication, No.H5-21128) comptises a
step of forming an ion-implanted layer by implanting light element ions such as H; ions
or He ions to a predetermined depth in the wafer for an active layer, a step of bonding the
wafer for the active layer and the wafer for the substrate interposing an insulation film in
between, a step of delaminating the wafer at the ahove-described ion-implanted layer,

25  and a step of forming an active layer of a predetermined thickness by thinning an active



2 | ayer portion exposed by the delam nation. In addition, a bonded
waf er may be produced by so-called Smart-cut nmethod (registered
trademar k) . A novel type of bonded wafer is proposed as a wafer
used for sem conductor devices of the next generation exhibiting | ow
el ectric power consunption. For exanple, 5 Patent Reference 2
¢Japanese Unexam ned Patent Application, First Publication, No.

2000- 36445) shows a bonded wafer in which an insulation |ayer is not
i nt erposed between the wafer for an active |layer and the wafer for
the substrate. This type of wafer is c8nsidered as an advant ageous

wafer in terns of the simplifjcation of,pr t] SS a
conposite 93305‘}0‘13%325{5?&? éhca‘#’? BVewg%lggféﬁ’ aplgo?‘fl%{ﬁéfeﬁg@aﬁe t he
substrate. 1Q In.the t.hod describ i n, Patent Reference 2, after
bondi ng th@qaﬁ?egﬂsﬂ'zi&r %%Fm%‘}“%gw&fﬁ%ﬂﬂﬂfmﬁfﬁi wafer for the
active layer i's nmade_into_a thin |ayer. Aftfer that, the bonded wafer
i s subj ected to Anpeehiype pEbandadwater prenoyed asaiyaier usedion srericonduelet ace
in which an insulation filmis not i nt;;i)os'ed. However, in the bonded
waf er pr oddedessof themextgsoeraticresxhitiitingdowelastiic poWen eonmamplinn. REprexemple,
2, there have been problens in that the natural oxide filmin the
bonded 5nt @ateatReféremcal?l (Japaneye EinetandnedPatent Applisation] Fusti RiblicationiMdy t he

fabrication process of a bonded wafer and nunmerous island oxides

remai n i n 2bHeo-besasrchows b oiided evaferlie whick as igalatidn hf@sena titeipssedauses. a
deterioration of device properties. In the production process of a

sem conducbgkvestethi Wafer Fé@niashivdayep %hdBs wakh RrehedbRed. € ThisaypLsiagdrs,

t her eby causing .20 reduction of yield, for exanple, because of

unsati sfact all R §\RLENE ARt cARoR ' iobat ent
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e e e TS e L
o 0" S R R 08 BB b o
probl ers. Fo(:):{de %%,WBL ~\(?\r’afcr for the active layer is made into a thin layer, Afier that, the
bonded wafer is subjected to a heat treatment, thereby forming a bonded interface in
which an insulation film is not interposed.
However, in the bonded wafer produced by the above-described method of
15  Patent Reference 2, there have been problems in that the natuml oxide film in the bonded
interface locally aggregated to form island oxides during the fabrication process of a
bonded wafer and numefous island oxides remain in the bonded interface. The presence
of these oxides causes a deterioration of device properties. In the production process of
a semiconductor device, the island oxides behave as nuclei for defects, thereby causi.ng
20  reduction of yield, for example, because of unsatisfactory chips.
Patent Reference 3 (Japanese Unexamined Patent Application, First Publication
No. H8-264398) describes a method for reducing island oxides (oxide islands} in the
bonded interface. In this method, before bonding wafers, surface natural oxide films are
removed from the wafers by dipping the wafers in a solution of HF or the like.

25 However the method of Patent Reference 3 includes problems. For example,



3 even though the surface oxide filnms are renoved fromwafers, oxygen
atons in the interior of the substrate locally condense to the bonded
interface and form oxides. Therefore, the reduction of island oxides
cannot be perforned sufficiently. An object of the invention is to
provi de a a nethod of producing a bonded wafer 5 by bondi ng a wafer
for an active layer and a wafer for a substrate w thout interposing
an insulation layer in between, where a formation of island oxides is
suppressed by controlling oxygen concentrations in surface portions
at | east including bonded surfaces of the wafers. 10SUMVARY OF THE

| NVENTI ON A first aspect of the present invention is a nethod
of produci ngven thonghethie swafaer pxidofilms x¢ regroved from wafers, oxpgangtdmsiditey of

a first sem conductor wafer and a second sem conductor wafer w thout

i nt er posi ng iaRribrefthesibsuate lotallyicondeateve dir bondetl ihtepfacd andrfompoxidhésnni ng
of the second sem conductor wafer, wherein surface portions at

| east i ncl udrheeefdie tReRdsdtioh A€ Rfand bxidBrcahhdt b peddmeanaiicicptly. waf er and
t he second sem conduct or wafer have an oxygen concentration of LOX

1018at orns/ cnB ( Oag oﬁg;dg@rf tﬁr%‘}{’f‘g&é is'ztg pf&ﬁie%%&h&?%rﬁ?ﬁﬂlg R withe

first sem conductor sem conduct or “waf er

constitutd n : fal ] HQ@IQ
devi ce (%I/af g’fﬁo g&gggﬁgﬁf(‘r@yeg, ee{!r?([}g e ?éfggfﬁgﬁggﬁﬁlﬂgtgﬁﬁ%@gr %eéan_
may be a seniconduct or. er caonstitutin n.active | ayver of

seni conduct dPs"gﬂé\?P g"’é’er('%g’i% ee?’c}’?’%eéena éi’g? tf/‘%q és;}/aé'@)qmaees 15y presgedl% second
aspect of the present invention is a t hod, of produci nded 25
waf er accor &°H§°lﬁ%g ?W&e’h%?%‘!tﬁ@g%srmﬁ%"g‘?‘f* PP’%’P“%@QE@& , %85 g?rﬁi%@ frglaces
first sem conductor 4 wafer and the second sem conductor wafer are
hi gh-t enper fthee¥alffieal ed waf ers whi ch have been subjected to a heat

treatnent at a tenperature of 1000C or nore in an Ar gas or 112 gas
at nosphere.

10 SUMMARY OF THE INVENTION
A first aspect of the present invention is a method of producing a bonded wafer,
comprising:
performing bonding of a. first semiconductor wafer and a second semiconductor
wafer without interposing an insulation film in between; and
15 performing thinning of the second semiconductor wafer,
wherein surface portions at Jeast including bonded surfaces of the first
semiconductor wafer and the second semiconductor wafer have an oxygen concentration
of 1.0 X 10%atoms/em® (01d ASTM) o less.
In the above-described method, the first semiconductor wafer may be a
20  semiconductor wafer constituting a substrate (supporting substrate} of a semiconductor
device (wafer for a substrate), and the second semiconductor wafer may be a
semiconductor wafer constituting an active layer of a semiconductor device (wafer for an
active Jayer).
A second aspect of the present invention is a method of producing a bonded

25  wafer according to the above-described first aspect, wherein the first semiconductor



A third aspect of the present invention is a nethod of producing a
bonded wafer 5 according to the first aspect, wherein the second

sem conductor wafer is a SO wafer having an insulation |ayer and an
active layer, and an oxygen concentration of the active |ayer of the
SO wafer is 1.0 X 1018 atons/cnB (A d ASTM or |ess. A fourth
aspect of the present invention is a nethod of producing a bonded

waf er according to any one of the above-described first, second or
third aspect, wherein 10 the first sem conductor wafer and the second
sem conductor wafer have different crystgl orientations. Afilth
aspect of the present invention is a nmethod of producing a bonded

waf er accor diafer and tarspcondaemicondueton bafer atddgh-fetnperafure-sinesled wafers which
aspects, wherein bonded surfaces of the first sem conductor wafer and

the second gewE seenduisibaed toatRat tisagnehbatitetapdiinai of 1600°Cae aRore in an Ar gés
si xth aspect of the present invention is a nethod of producing a
bonded vvaferorqﬁ%ﬁgg{hfagphg&; any one of the above-described first to
fifth aspects, erein the thinning of the second sem conductor wafer

[ erfornmed by an 4 I ' . [ d?%ﬁjo ' viafer
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formation of island oxides in the_bonded.,interface. S FIG | is a

flow chart flaverefikhe SOhmaEr is 16 S0 Caoms/on’ SOILASTY) ar B¥nded wafer in

accordance with the nethod of producing a bonded wafer according to
the present inventa fourth Apsitefthepreveitdiivehtion iaa ntethiddwd pralyeing abonded
wafer for a substrate. B shows the wafer for an active |ayer and the
waf er for a wabsdctating Wamivriday thekBbeve-devtiiteg fiew, seebnd or third aspect, wherein
10 the first semiconductor wafer and the second semiconductor wafer have different crystal
orientations.

A fifth aspect of the present invention is a method of producing a bonded wafer
according to any one of the abave-descﬁbed first to fourth aspects, wherein bonded

' surfaces of the first semiconductor wafer and the second semiconductor wafer are
15  hydrophobic surfaces.

A sixth aspect of the present invention is 2 method of producing a bonded wafer
according to any one of the aﬁove-described first to fifih aspects, wherein the thinning of
the second semiconductor wafer is performed by an ion irnplantation separation method.

According to the present invention, it is possible to produce a bonded wafer

20  while controlling the oxygen concentration of the surface portion at least including the

bond surface of each of the first semiconductor wafer and the second semiconductor
wafer to be 1.0X 10" atoms/em” (Old ASTM) or less. As a result, it is possible to

inhibii a formation of island oxides in the bonded interface.

25 | BRIEF DESCRIPTION OF THE DRAWINGS



5 heat treatnent in Ar gas or a H2 gas atnosphere and/or renoval of
natural oxide filmin a 1-1F solution. C shows a state of bonding the
two wafers shown in B. D shows a state of the bonded wafer after
renoving a portion of the wafer for an active |ayer by grinding or by
del ami nation. E shows a polishing state of the active |ayer of the
bonded wafer. FIGS. 2A-E are photographs obtained by showi ng results
of observation of 10 occurrence of island oxides forned in the bonded
interfaces of Exanples 1 to 4 and Conparative Exanple 1 using a | aser
m croscope. FIG 2A shows Exanple 1, FIG 213 shows Exanple 2, FIG
2C shows Exanple 3, FIG 2D shows Exanple 4, and FIG 2E shows

Conpar at i ve ExanplFEGI1 is 25IokTohhit D eRpSinRigRTirGiucGbn fidEesk MUEDSHdSwafer in
In the follow ng, a nmethod of producing a bonded wafer according to

the present dcByrdsice Withithe Ruabdbfwodusingh boplder wiferactsrdingeo the pydsags .
FIG 1 is a flowchart for explaining production process of a bonded

waf er in acGauadMeRe Mishdvd I'Fafer REMCIN0O 1E A vaffer!fhies SUbRRRANT B shows
i nvention. 20A method of producing a bonded wafer according to the

present invept gﬁfér firah E#tg\r%si?ﬁr SdRe hrePRIdishich tc‘gﬁ'gﬁg ha\fngee@r&PﬁﬁétEd’ﬁ a

|'ayer (sem con tor waf or an active layer Tor a
substrate (sen.conductor wafer . for a substr i 1 NOSH

an insul ati Mﬁaﬁﬁ’ﬁ%@{ 5@@5,&1—%%5 33“’3%%c’“ﬁ‘@%%@%‘oﬁ‘ﬂ%?ﬁ‘g?ﬁﬁg‘a
waf er for an_active | r intoadhipn film 25A conventiongl, bond

wat or whi ch BB G Saue Batiept bpuBaeiin B AR GOVR By i gbos s side
i ncl udi ng the, above-descri bed steps in¢luded a problemjn_ that the,
natural oxi déthqbq%ﬂﬁ%weﬁéa&mm&ﬁ@w%%f% i1 g’f %@‘f"é@éﬁyéﬁ’ﬁ%’ m
i sl and oxides in the subsequent step of producing the bonded wafer
(heat treat msdy delaginatignd EFM{WSWFIB%“%% phihg agiiiedursr Pgﬂ?ﬁp?{@&d Watefne
bonded interface. After extensive investigation into the nechanism of
5 forming the isl &HaS.RA4-Base phomrams/ebtmvxgbx Soming mats obglservation afe
case of not providing an insulation filmin the bonded interface, by
r educi ngilx ygpewmreea ofistand bxidessfonfieddn tedoedgdonterfaces ofExdnepiest1 todainddi ng
bonded surfaces of the wafer for an active layer and a wafer for a
substrate, iCompsathedxanbk Iteingadaeemidiescepez e FOG. 2/ Hiemd Bxampled, Fig). 2Bd
in the bonded interface and reduce the nunbers of the island oxides.
10I'n a pract shotk ERaRAE 2[TRIG. 2C{shéReE pintyle s, (RIGr2isitdwadExatoplee apt Fitie RE

i nvention, as shown in FIG 1, a wafer 2 for an active layer and a
wafer 3 for ghotnes SvEBGmplay, Ng a natural oxide filmin a nornal
state are prepared (state A of FIG 1). Next, by subjecting the wafers
to a predeterm ned treatnent, a wafer 2' for an active layer and a
-wafer 3' for a substrate are fanned such that the oxygen

concentrpfion of a surfaserPRED BASERIPTEERIOF THE INVENTION
Tn the following, a method of producing a bonded wafer according to the present
invention is explained with reference to the drawings. FIG. 1 is a flow chart for
explaining production process of a bonded wafer in accordance with the production
method of the present invention.

20 A method of producing a bonded wafer according to the present invention
comprises a step of bonding a wafer for an active layer (semiconductor wafer for an
active layer) and a wafer for a substrate (semiconductor wafer for a substrate) without
interposing an insulation film in between, and a step of working (thinning) the wafer for
an active layer info a thin film.

25 A conventional bonded wafer which has been produced in accordance with a



15 including a bond surface of each of the wafers 2', 3" is
controlled to be 1.0 X 1018 atons/cnB (A d ASTM or less (state B of
FIG 1). After that, the wafer 2' for an active |layer is bonded to
the wafer 3' for a substrate (state Cof FIG 1). After performng
grinding or delam mation of the active layer portion 5 of the

obt ai ned bonded wafer 4 (state D of FIG 4), the active |ayer portion
5is worked to a thin filmusing a 20 polishing apparatus (state E of
FIG 1). Asilicon wafer may be applied as the sem conductor wafer
constituting the wafer 2 for an active lgter and the wafer 3 for a
substrate. It is also possible to use nultilayered wafers having at

| east one Simethytinciding thie Bocrddsayied sfeps imehideha problemvin fleat the|namerd ofidem
a single crystal. An 501 wafer having an insulation |ayer and a 25

sem conduct oflm i3 ¥Ies bonadd iterfacdiBcdllyAdgregated to form {slandl 8xideih MWesubseqhdnat
the wafer 2' for an active layer and the wafer 3' for a substrate

whi ch have hggns$ Hﬁu@l‘ﬁF Atk HoRdd v BER frBatRes: sHp? Wnuﬁﬁrous island oxuies

hi gh-t enper at ure-annealed waf ers Whl ch have beéen subjected to a heat

treatment at C ATl LARRAR

of Ar gas, Eﬁaglgmgfl%bﬁ&damm% 5 ‘$ K anddllgéggﬁiyﬂﬁlgt?f&rm ng %{Iﬁf
above-de ed h he surf ce Vi f t he
Nafer 1ot HERSE P BHaR e iRt Roled el SoR in g oe¥ i alidhaa
outwardly, and the /gen .con ntratlon f .the surface vi.cini.it

the waf ef | SNBUACAEIITSR hepopte CreSyois sy BE7 SoP Bl O SRS
(Ad ASTM. Accordingly, the net hod of produm ng a bonded wafer of
the present Rosiesset sast Insluding horded suefaces of g visHfer %fa&“af’f‘\?df’-‘r"?i@“@hé’ er
wafer for an active |layer and the wafer for a substrate at

t enper at ur e for 2 sbstratenikvas prssible covdnserbesizentidanstrsides rmsd ﬂg‘&S bongpd
gas, or a mxed gas of Ar and H2. It is preferable that the heat
treat nent t einfecface andeedvge the numbem géthe idtand PXBBE t 0 1250C. Where the
heat treatnment tenperature is |lower than 1100C, it is inpossible to
obt ai n al®suf fi ci eih a pfabticd embodimtntaf the gprdductioronetbdd afithe prsent Hvetiotns
other hand, it is preferable to use the heat treatnent tenperature of -
1200C or | esshowd u0FI{(R 1N, 4 WafayDiod atl attive &genand diasfai:for Maulatrawe ebchriabing o
the heat treatment tenperature is in a range from 1100 to 1150C. It

i s pref er abl ganiriaixide oy i0 a0 Btatel Epregured Rt of FIG BAt MRRE, bipsubjecting
controlled in a range from 10 mnutes to 2 hours.

the wafers to a predetermined treatment, 2 wafer 2° for an active layer and a wafer 3’ for

- a substrate are formed such that the oxygen concentration of a surface portion at least
15  including a bond surface ;af each of the wafers 2, 3 is controlled to be 1.0 X 10"
atoms/cm’ (Old ASTM) or less  (state B of FIG. 1).  After that, the wafer 2" for an
active layer is bonded to the wafer 3’ for a substrate (state C of FIG. 1). After
performing grincfing or delamimation of the active layer portion 5 of the obtained bonded
water 4 (state D of FIG.4), the active layer portion 5 is worked to a thin film using a
20  polishing apparatus (state E of FIG. 1).

A silicon wafer may be applied as the semiconductor wafer constituting the
wafer 2 for an active later and the wafer 3 for a substrate. It is also possible to use
multilayered wafers having at least one Si layer and/or SiGe layer formed on a Si wafer
sliced from a single crystal.  An SOI wafer having an insulafien layer and a

25  semiconductor layer may also be used.



Crystal defect-free wafers nay be used as the wafer for an active

| ayer and the 20 wafer for a substrate. By performng the
above-descri bed heat treatnent on the crystal defect-free wafers

t her eby reducing the oxygen concentration of the surface vicinity, it
is possible to obtain the wafer 2' for an active |ayer and the wafer
3 for a substrate that have a surface oxygen concentration of not

hi gher than 1.0 X 10" atonsknB (A d ASTM and are depleted in crystal
defects. 25Epitaxial wafers may be used as the wafer 2' for an active
| ayer and the wafer 3' 8 for a substrat? whi ch have been subj ected
to a predeterm ned treatnent. A near-surface portion of an epitaxial

| ayer of an epit miak pﬂﬁd‘rﬂﬂe thasthe wafex 2 ufon at ative Mdyepdndabe whierd fosa | ower
than that of the general bulk wafer and is not higher than 1.0 X 1018

at onskr n3 (%sﬁ‘ﬁf%mhimr&é@mjec%%a Rectepiihcdtratmepeber s are used,
It IS not necessary to performa heat treatnent of the wafers in a -

hi gh tenper a;%g% ?ﬂﬁﬁﬁ‘“ﬁﬁ : Nffers which h EflibHcted b B BedtRbRO@nOka

producing a according to the present invention may
conprise a s

the. waf or t*efx%ffra&aé SF o eP R ROOR o BleRbr A BAL SR, B o A g2
501 vt o1 100K BhiarBy REHTT i #'@%&ﬁ%ﬁﬁc«%&&tﬁ%@i'Vefﬂ%ersu%%wa
SO vvafer an

(sem conduct or. L ayer co Stltutl n active re conduct
devi ce), andViSRITHR FRfé}Pﬁ?"H?? ]?@He‘ afh?é”aé eF"ﬁ?@? gt%’ﬁ?t%“tgﬁd
waf er be not higher than 1.0 X 1018 atorns/cnB Od ASTM. In th

case, the i nendthe exen papeenitgien obthe syicevicngg of eo'@@'dlfa@mﬂ%ﬂmnéﬁot

for an active layer may be used as a stop layer for polishing or
et chi ng dur i higharittenste1@F atoinikm’ (QIdiASTMonded waf er (state

Accordingly, the method of producing a bended wafer of the present invention

10  may include a step of heat treating the wafer for an active layer and the wafer for a
substrate ata tempetaﬂxre of not lower than 1000°C in an atmosphere of Ar gas, Hj gas,
or a mixed gas of Arand H;. It is preferable that the heat treatment temperature be in
a rangé from 1100°C to 1250°C. 'Where the heat treatment temperature is lower than
1100°C, it is impossible to obtain a sufficient effect of outward diffusion of oxygen.

15  On the other hand, it is preferable to use the heat treattnent temperature of 1200°C or less
in order to avoid unnecessary damage. More preferably, the heat treatment temperature
isin arange from 1100 to 1150°C. It is preferable that the retention time for the heat
treatment be controlled in a range from 10 rnintxtes to 2 hours.

Crystal defect-free wafers may be used as the wafer for an active layer and the

20  wafer for a substrate. By performing the above-described heat treatment on the erystal
defect-free wafers thereby reducing the oxygen concentration of the surface vicinity, it is

possible to obtain the wafer 2’ for an active layer and the wafer 3” for a subsirate that
have a surface oxygen concentration of not higher than 1.0 X 10" atoms/cm’ (Old

ASTM) and are depleted in erystal defects.

25 Epitaxial wafers may be used as the wafer 2° for an active layer and the wafer 3°



15 Dof FIG 1) after bonding the wafers. As a nethod for reducing

t he oxygen concentration of the active |ayer, for exanple, it is
possible to apply the above-descri bed heat treatnent in an Ar gas

at nosphere. In the above-descri bed bonded wafer 4, the wafer 2
for an active layer and the wafer 3' for a substrate may be
constituted of wafers having different crystal orientations. 20 For
exanmpl e, two.wafers have different crystal orientations in the bonded
interface, when a (110) crystal (crystal having a (110) plane as a
surface plane to be bonded) and a (100) grystal is bonded, or a (111)
crystal and a (100) crystal are bonded. A crystal orientation of a
waf er may befot astisstrite svhidihage besnsgbjectsl toglpredetepnined trediinket. ¢ Arrteansurfiacey
the pulling axis (growh axis) to correspond to a predeterm ned
crystal ori epdribn 6fan epitskiad Jayet bfan gitaxisladBr hhs andMygen eddicéitracion whioly ise
crystal. 9 It Is effective to have the bonded surfaces of the
wafer 2' for i bt 18 3
hydr ophobi c <ls°ur %&?%g?ﬂﬁﬁng@g‘g%%ﬁ\?ﬁf{sﬁgt%%%3%%6 a%ltgglgl'?!inve

| ayer and t he_waf 3" for_a substrate each_havi ng .an.oxygen
concentrat i O&JISFQ_S%-X grefors, '/‘@"I‘?ﬁp’(t"’d‘ water gre ed*ggsan)(ﬂecﬁ?@ryto
surface portions, oxide layers in the 5 bond surface are further
renoved. Thepasfosna heptfecatmeapyeffhe watessin e fighgpmperatiye gag atmospligtieed and
generation of island oxide is further reduced. Here, the hydrophobic
surface denotes a Angeidingly, Hreanethed ofareduging ¢ bondedpvafenagensding b the present
For exanple, it is possible to obtain a hydrophobic surface by

di ppi ng t he imémioninmyaobprised sitp afifpriihg areépitaxiehleydr oy asurfzce wf edchef thee
film 10Accordingly, a method of producing a bonded waf er according
to the presewkfet PVonin ftiveryercmitid wafered” Sorasubftraper f orm ng a

hydr ophobi ¢ treatnment on surfaces of the wafer 2' for an active |ayer
and the wafer 3' fIpf preferdble tHabihe abdv@rdesorive® vafer fdran btileanieobe £ SOI wafer
treatment nay be a step of renoving a natural oxide filmfroma wafer
by di ppi 0@ t AQinBdnShsuldtiod 1dyEr Sl AdlabO lagkp {epidn@itidrofat cimfae Apactbe
applied for.bonding the wafer 2' for an active |ayer and the wafer 3'

for a subst r%f%ﬁé@ﬂ&ﬂh@m&h@%@&@&ﬁ NedRbntatioh thhéﬁclﬁgétldy‘éﬁofthe

| ayer and the"wafer 3" for a substrate, angl performng a hea
12000, covar ChPRRE R BE ST B RIS i T O ASRUE, MR ch e ¢
constituting ixfm?lgﬁgnvﬁmvg;e% ro? the tS%Ef rv?a%; ugé?inag itlgegwéfgrefmy\alarf aﬁ:;ivez iayc];ronfnay r:: used
as a stop layer for polishing or etching during the step of thinning the bonded wafer (state
15 D ofFIG. }) after bonding the wafers. As a method for reducing the oxygen
concentration of the active layer, for example, it is possible to apply the abave-described
heat treatment in an Ar gas atmosphere.
In the above-deseribed bonded wafer 4, the wafer 2” for an active layer and the
wafer 3’ for a subsirate may be constituted of wafers having different crystal orientations.
20  For example, two wafers have different crystal orientations in the bonded interface, when
a (110) crystal (crystal having a (110) plane as a surface plane to be bonded) and a (100}
crystal is bonded, or a (111) crystal and a (100) crystal are bonded. A crystal
orientation of a wafer may be contr_olled by growing a single crystal while confrolling the

pulling axis (gtowth axis) to correspond to a predetermined crystal orientation, and

25  slicing a wafer from the obtained single crystal.



20 active layer and the wafer 3' for a substrate. A et hod of
thinning the active layer 5 of the bonded wafer (state D of FIG 1)
Is not limted provided that the nethod can be applied to work the
wafer 2' for an active layer into a thin filmby grinding or by

del ami nating the wafer 2'. It is preferable to performthe thinning
using an ion inplantation separation nethod. The ion 25 inplantation
separation nethod has advantages. For exanple, the ion inplantation
10 nmethod is cost effective since the separated portion may be
recycled. In addition, a constant film tdickness is provided to the
bonded wafer wi thout performng grinding. In the ion inplantation
separati on met hodJt ibeftice @Ak the bbded vafResof the whfer 27 forenictigahyauad
as hydrogen gas or heliumgas is inplanted to the wafer 2' for the

active | ayerhOwhiBES G2 subbtidtdsh 13ArdpRobit SRF0ES. © I thayRbe, HOmAthe wafer 2’ for
predeterm ned depth .fromthe surface of the wafer 2 for the active

| ayer. Next, I ' “;aEeg ' : ; er
2' for an aca%l ?&%ﬁllﬁg%?ﬁe O%g‘%gﬁé\%\%g?t’&?gch?gﬁ%gg%g ; g a ﬁ%tg?w%f
treatnment at er al Ue angi f.rom 450C.t 0o _600C. pr.eferabl y at
about " g00c i BerR Tole A M Eer 6xaoh (e Sesed oS o B IS RE T hel
ion-inplanted layer. 10lIt is preferable that the thickness of the
active | &yerbosd pirfackare futhee rasunyed.i dhgraforacthel oxygrn consentption is farther
thickness in a range from50 rimto 100 tun by the thinning. In
t he present redwehsndgenertiien abistgeioxidens Bntheraedwed.of Hgeythabwkophbbiche
wafer for an active layer and the wafer for a substrate before

bondi ng i s cafidealehstet 4 aurface whire b ngfat otiBafiind déks Xotl&iR Fopewdrapl8 (i€ d
ASTM. It is preferable to control the oxygen 15 concentration. of

surfaces of pobgbledf sHtaih@ mf@ﬂ%mw siffadecalippingitht haferad £HF fsolution, thereby
substrate before bonding to be not higher than 1.0>( 1017 atons/cnB

(A d ASTM . rbRovdik & nftasEoxilidgiiunbers of island oxi des can be further
reduced. The lower limt of the oxygen concentration is not set since

it is pr@}‘ er abl e hec&mg&ﬁ nBRo® ¥ S McHRNORRHEPAR ackGkafig th AW pRosiid| ue

as possible. At present I's considered that an oxygen

Coneot 2 | el e DA s A AR kst e
wafer 2 for an active layer and the wafer 3" for a substrate. For example, the
hydrophobic treatment may be a step of removing a natural oxide film from a wafer by
dipping the wafer in a HF solution.

15 A conventional method may be applied for bonding the wafer 2” for an active
layer and the wafer 3’ for a substrate. For example, by joining a wafer 2° for an active
layer and the wafer 3’ fora subsﬁ'ate, and performing a heat treatment at a predetermined
temperature (for example, 1100 to 1200°C), covalent bond is formed between the
semiconductor materials constituting the two wafers, thereby bonding the wafer 2’ for an

20  active layer and the wafer 3’ for a substrate.

A method of thinning the active layer 5 of the bonded wafer (state D of FIG. 1)
is not limited provided that the method can be applied to work the wafer 2° for an active
layer into a thin film by grinding or by delaminating the wafer 2°. It is preferable to
perform the thinning using an jon implantation separation method. The ion

25  implantation separation method has advaniages. For example, the ion implantation



In the wafer for an active layer and the wafer for a substrate which
are subjected to bonding in the present invention, it is preferable
to control the surface portion fromthe outernost surface of the bond
surface to the depth of 0.5 um preferably to the depth of 11 |p. m
to have an oxygen concentration of not higher than 1.0 X 1018
atons/cn8 (A d ASTM. By this configuration, it is possible to reduce
the possibility that oxygen in the interior of the wafer condenses to-
t he bonded interface, and therefore, it is possible to further reduce
t he nunbers of island oxides. It is norig preferable to control the
portion 5 deeper than 1 |AMfromthe surface to have an oxygen
concent r at | mathod isrcost elfffectiversinch the sépapatéd fodtid maybsrecydded, Olnladdidd 2 The
above description of -an enbodi ment of the present invention and
vari‘ous nmodidnistamtfilantickness herovidid tbdrdonded witer widopepaforningigidingor
exanpl e, while the above-described enbodi nent explains a case of

bondi ng a VBB iochPnpRn@HESicpaaBorfethad, beforetddlink Fe R&¥eRCThY Ble
it is also possible to bond two sem conduct or wafers usi ng the net hod

sem Conduct O ayr i ¢ HEESHIEE SNt L Ui
pr epar e aSya Apker Lo B AGLLLPaLAYEE nAHeANE! Shol Al BeUDELIFhE

Each of the wa mm  sur € orienta

concent rat | A #e@r% °t%£§¢ea«§ éﬁe%eﬁﬁr%oaﬁwgig%‘? Pt st 4

subjected to heat treatpment at 1100C.in as, at nosphere (Ar

anneal i ng) ye@a%ﬁ%m%ew%% geafer F1 ?BW‘HF“E‘Q’HW%O of
the wafers was reduced to 1.0X 1018 a toms/crrﬁﬁé ASTM . After that
the thus helMpeiaBig wagingdom 410°¢ bfforapmieabli #hostiS Q¢ cnd thgayader 2

bonded directly wi thout interposing an insulation film So as to
i mprove t hefosemadtivg layer isiseparated # dheyomitaplated laverwas subj ected to a
heat treatment at 1100C. The wafer for the active |ayer was thinned
by grint®ng and Juisipsdferable thwbthetthicknasstafthe dctiyelayerdbsoileer dbeve-descrbedhi n
filmof 100 run or.

bonded wafer be given a thickness in a range from 50 nm to 100 nm by the thinning,

In the present invention, the oxygen concentration of surfaces of the wafer for an
active layer and the wafer for a substrate before bonding is controlled fo be not higher
than 1.0 10'% atoms/cm® (Old ASTM). It is preferable fo control the oxygen

15 concentration of surfaces of the wafer for an active layer and the wafer for a substrate

before bonding to be not higher than 1.0 X 10" atoms/cm’ (Old ASTM). In this case,
the numbers of island oxides can be further reduced. The lower limit of the oxygen
concentration is not set since it is preferable to reduce the oxygen concentration to as low
avalue as possible. At present, it is considered that an oxygen concentration for a

20  practically available wafer is limited to be not lower than about 1.0 X 10" atoms/cm®
(Old ASTM).

In the wafer for an active layef and the wafer for a substrate which are subjected

to bonding in the present invention, it is preferable to control the surface portion from the

outermast surface of the bond surface to the depth of 0.5 um, preferably to the depth of



12 | ess. Exanple 2 In Exanple 2, an SO wafer was used as a
wafer for the active layer, and an oxygen concentration of the active
| ayer of the SO wafer was controlled to be 1.0 X 1018 5 atonsknB

(A d ASTM by performng a heat treatnment at 1100C in an Ar gas

at nosphere. Ar annealing was not performed. By using the other
conditions the sanme as those in Exanple 1, a bonded wafer was
produced. Exanple 3 In Exanple 3, a wafer having a surface
orientation of (100) plane was used as 10 the wafer for a substrate,
and a wafer having a surface orientationl of (110) plane was used as
the wafer for an active |layer. Surface oxygen concentrations.of the .
two wafers Wametodere sohiygeh camcénsrationofaot bighd thandn@ X d08 ateaisemiON) by
controlling a rotation of a crucible while pulling silicon single

crystals as Arsmrrahymii@&ﬁlﬂ]gimﬁbg i¥¥8 bEdsible t0redidd 81 pbshilty thad 8x ¥R in the

waf ers was not performed. The other processes were the sane as 15

those in Ex ar O%mem&oﬁ)&ﬁ&@% WR bR deWRmerPice UAR hrefbrea TR foséible to

In Exanple 4, surface oxygen concentrations of two wafers were
control |l ed Q41 0 (. d AST t ' S
rotation of & %}re {Je?}?{)élt%e I\%\'%?‘%g%ﬂ%l | nog)éésgﬁ i@c% nﬂ;ésfr%kﬁéa@?&&e&#ﬂ%@%@t}g@v
mat eri al _of .t he fers..Ar ,anneal i ng was not perfo d 20 gn the t
wat or 5 Bot 8o AN DR egURR e PR o pisBAaR of negtst fet I
conposed of 1 vol % of HE and 99 vol % of 1120. The other processes
were the sanelGsatomgen (MASIMY e 1, and a bonded wafer was produced.
Conparative Exanple 1 .
The above description of an embodiment of the present invention and various
madifications may be made based on the scope of claims. For example, while the
above-described embodiment explains a case of bonding a wafer for a substrate and a
10 wafer for an active layer, it is also possible to bond two semiconductor wafers using the

method of the present invention and subsequently form an additional semiconductor

layer.

Example 1

15 Two semiconductor wafers were prepared as a wafer for an active layer and 2
wafer for a substrate. Each of the wafers had a diameter of 300 mm, surface orientation
(wafer plane orientation) of (106), and a surface oxygen concentration of 1.3 X 16'®
atoms/con® (Old ASTM). Both wafers were subjected to a. heat treatment at 1100°C in
an Ar gas atmosphere (Ar annealing) such that the surface oxygen concentration of each

20  of the wafers was reduced to 1.0 X 10'® atoms/em’ (O1d ASTM).  After that, the thus
heat-treated two high-tempetature-anuealed wafers were bonded directly without
interposing an iﬂsulaﬁ{;n film. So as to improve the bonding streﬁgth, the bonded wafer
was subjected to a heat treatment at 1100°C.  The wafer for the active layer was thinned

by grinding and polishing, and the active layer was worked to a thin film of 100 nm or



In the Conparative Exanple 1, silicon wafers having a surface oxygen
13 concentration of 1.1 X 101s atons/cns (A d ASTM were used as the
wafer for an active layer and a wafer for the supporting substrate.
Heat treatnment in an Ar gas atnosphere was not perforned on the

waf ers. The other processes were the sanme as those in Exanple 1, and
a bonded wafer was produced. 5 Eval uation nethod In each of the
t hus produced bonded wafers, the average nunber per |Icns of island
oxi des forned in the bonded interface was nmeasured using an optical
m croscope. Sizes of the oxides were nmeggured using a | aser

m croscope. FIGS. 2A to 213 show the results of observation of
nunbers and ledszes of the island oxides. Average nunmbers per 10 | cn®
and sizes of the island oxides in Exanples 1 to 4 and Conparative
Exanpl e | arExasdplesy in Table 1. Table I. Average nunbers of island
oxi des (particle/cn2) Sizes of island oxides (p.m Exanple 1

In Example 2, an SOI wafer was used as a wafer for the active layer, and an
oxygen concentration of the active layer of the SOI wafer was controlted to be 1.0 X 10'®

5  atoms/om® {Old ASTM) by performing a heat treatment at 1100°C in an Ar gas
atmosphere. Ar annealing was not performed. By using the other conditions the same
as those in Example 1, a bonded wafer was produced.

Example 3
In Example 3, a wafer having a surface orientation of (100) piane was used asl
10 the wafer for a substrate, and a wafer having a surface orientation of (1-16) plane was
used as the wafer for an active layer. Surface oxygen concenirations of the two wafers
were controlled to be 1.0 X 16'° atoms/cm® (Old ASTM) by controlling a rotation of a
crucible while pulling silicon single crystals as raw materials of the wafers. Ar
annealing of the two wafers was not performed. The other processes ﬁcre the same as
15 those in Example 1, and a bonded wafer was produced.
Example 4
In Example 4, surface oxygen concentrations of two wafers were controlled to

be 1.0 X 10" atoms/em® (Old ASTM) by controlling a rotation of a crucible while pulling

silicon single crystal as a raw material of the wafers. Ar annealing was not performed
20  onthe two wafers. Before the bonding, both wafers were dipped in 2 HF selution

composed of 1 voi% of HF and 99 vol % of H;0. The other processes were the same as

those in Example 1, and a bonded wafer was produced.

Comparative Example 1

In the Comparative Example 1, silicon wafers having a surface oxygen



2.5/cn2 500 to 1000 Exanple 2 2.5/cnR2 500 to 800 Exanple 3 2.5/cnR
200 to 500 Exanple 4 2.5/crn2 100 to 200 Conparative Exanple 1 5/cnR
1500 to 2000 Fromthe results shown in Table I, it was
confirmed that each of Exanples | to 4 in which the surface oxygen
concentrations of wafers were controlled to be not higher

13
concentration of 1.1 X 10" atoms/em® (O1d ASTM) were used as the wafer for an active
layer and a wafer for the supporting substrate. ~ Heat treatment in an Ar gas atmosphere
was not performed on the wafers.  The other processes were the same as those in
Example 1, and a bonded wafer was produgéd.
5  Evaluation method
In each of the thus produced bonded wafers, the average number per lem? of
island oxides fortned in the bonded interface was measured using an optical microscope.
Sizes of the oxides were measured using a laser microscope.  FIGS. 2A to 2D show the
results of observation of numbers and sizes of the island oxides.  Average numbers per
10 lcm®and sizes of the island oxides in Examples 1 ta 4 and Comparative Example 1 are

shown in Table 1.

Table 1
Average numbers of Sizes of island
island oxides oxides (pm)
(particle/cm’?)

Example 1 25/m” 500 to 1000
Example 2 2.5/cme” 500 to 800
Example 3 2.5fcm” 200 to 500
Example 4 2.5/cm” 100 to 200
Comparative Example 1 | 5/om” 1500 to 2000

" From the results shown in Table 1, it was confirmed that each of Examples 1 to
4 in which the surface oxygen concentrations of wafers were controiled to be not higher
15 than 1.0x10"® atoms/cm® showed satisfactory values of sizes and nﬁmbars {_)f island
oxides compared to the Comparative Example 1 in which the surface oxygen
(.;oncenn'ation of the wafers exceeded 1.0x10% atoms/em®. T the Examples I to 4,
Example 4 in which the bonded surfaces were made to be hydrophobic surfaces showed
an excellent effect of depreésing the island oxides.

20 According to the present invention, it is possible to provide a method of



15 than 1.0x1018at ons/ cnB showed satisfactory val ues of sizes and
nunbers of island oxides conpared to the Conparative Exanple 1 in

whi ch the surface oxygen concentration of the wafers exceeded 1.0x
1018 atons/cns. In the Exanples Ito 4, Exanple 4 in which the bonded
surfaces were nade to be hydrophobi c surfaces showed an excell ent
effect of depressing the island oxides, 20According to the present
invention, it is possible to provide a nethod of 14 producing a
bonded waf er conprising a step of bonding a wafer for an active |ayer
and a wafer for a substrate without interposing an insulation filmin
bet ween, and a step of working the waf eld, for an active | ayer into a

Sur f aces. of PORRTH's BfabdSERiniriRR lor T S50 u L Y ap o€ aver anta

senm conduct or ve a xygen concent.r ati ﬁn ig 1.0>< 1018

fer h 0

atoms/ ong. ( PRET RS FHRHE Witiou! IHEpoHRE & wspf Fivices, e s ol
possi ble to depress the formation of island oxides on the bonded
i nterface. YoIKing the waferfor pa aciive fayer intp adhisdtimawhersingpripgecortions atlpash
have been described and illustrated above, it should be understood
that these Wehidingbapded syifases ofthe first samicanductorivafer andghasstondo be
considered as limting, Additions, om ssions, substitutions, and
ot her nuofli f semritdndudoroedferdtaveratiexygti fonoéntedpast 1.0y 10 amnisher’ §0ITASTMY
scope of the present invention. Accordingly, the invention is not to
be consi der S baiyicl bt - By: 1 hitel . I

G0 e coguedlcns WSy RN AEREL W R0 Bt

only limted by the“scope 0
oxides on the bonded interface.

T

While preferred embodiments of ﬂ;e invention have been described and
illustrated above, it should be understood that these are exemplary of the invention and
10  are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not te be considered as being limited by the

foregoing description, and is only limited by the scope of the appended claims,



1. A nethod of producing a bonded wafer, conprising: perform ng
heat treatnment of a first sem conductor wafer and a second

semi conductor wafer at a tenperature in a range from 1100 to 1150 C
for aretention time in a range from10 mnutes to 2 hours in an AR
gas; perform ng bonding of the first5sem conductor wafer and the
second sem conductor wafer after the heat treatnent w thout
interposing an insulation filmin between; and perform ng thinning
of the s EM8eni conduct or wafer, wherein outernost surfaces of the
first sem conductor wafer and the second sem conductor wafer before

t he bondi ngl haveetind okygdwcinpnberied atefavrrosfprisme: hi gher than 1.0x1017
atons/ cnB (O geASTNhg land tsaathateopor tfirgnsethicomductoe wafeer amoista senchdce
to the dept fenitorf@ubionwafer htetefperaturs Bind wogelirahidr 00vaf EFS0aQdot hestsgioond
sem conduct gihcvod Bhgh ¥R AMidKEH &2 Bane Bind AR igas) of 1. 0x1018

atoms/ cnB (O GeASHNK %Oboﬂ &85 - of Zhe ARt basic@iduplopduafengamd bdwdeetond

waf er accor Qénngoﬁdqc@ bzt &ﬁer\m@ﬁe%t RedthentSERRNLinSeHo Q%%Uﬁil@a’tm%ﬁﬁrml s
a SOT vaf erphauifng,@n insulation layer and an active |ayer,

oxygen concen e il 5P Eel Sonlonlif iRt B b 12010
at oms/ cn ( ;Cg‘éﬂﬁ g?lrst 5 1% %0 du tor e(? X Ec&?d% ﬁdo@@u&orh&’ﬂ%&%

waf er accor{ e fr tth il and
th d en ﬁoncenta'al ]TOP (s} no 1§h aP; al

4. A et hod g@ﬁ% o iy f”e‘ihe o T to %ap*} fv&ﬁewa. ,
bonded surf§ @g iBF SethisORd g;r ETL Syt & e R B e
seni conduct &cgRfrasion gf &OrIQYr ¥ FARMEorless: A nethod of

produci ng a bonded waf er accordi n to claim2, wherein the thinnin

of the secofd Aemitbeshefirredicing eandpd Wl pesorriug tyclaionl, ihsTeihhaseem
separat i on setibouluctog wakriet F6H eifeiphayingcimipsalationtiee s ar active dndf.ng
to clai m 1, awheneinygtheohiengbtigent ¢ondditeotaymwabt tha S@1t wefes de dritk10'
sem conduct atomahe (ORBASTM) bf lesent crystal orientations. 7. A method
of producing a bonded wafer according to claim1, wherein bodned
surfaces of 3t he nldiiclt ofSRBiedy ebtedwadfer aaotliidi® seaieoddwherein the first

sem conduct edmiWeHdREtoRWaf&lY S RO Bcond WehaesSuctorBwaly MRt AbTREnt crystal
produci ng ashapgesswaf er according to claim1, wherein the thinning

of the second sem conductor wafer is perforned by ion inplantation

separation getlogy,qg of producing a bonded wafer according to claim 2, wherein bonded
surfaces of the first semiconductor wafer and the second semiconductor wafer are
hydrophobic surfaces.

5. A method of producing a bonded wafer according to claim 2, wherein the thinning
of the second semiconductor wafer is performed by ion implantation separation
method.

6. A method of producing a bonded wafer according to claim 1, wherein the first
semiconductor wafer and the second semiconductor wafer have different crystal
orientations.

7. A method of producing a bonded wafer according to claim 1, wherein bodned
surfaces of the first semiconductor wafer and the second semiconductor wafer are
hydrophobic surfaces.

8. A method of producing a bonded wafer according to claim 1, wherein the thinning
of the second semiconductor wafer is performed by ion implantation separation
method.



