1 METHOD OF PRODUCI NG BONDED WAFER BACKGROUND OF THE | NVENTION Field
of the Invention 5 The present invenjion relates to a nethod of

produci ng a bonded wafer by bonding a wafer for an active |layer and a
waf er for a substrat METHO@DWOF PRODUCINGBONDED WAFERi on filmin

bet ween, and thinning the wafer for the active layer. Priority is-

cl ai med on Japanese Patent Application No. 2006-251252, filed

Sept enber 15, 2006, the content of which is |ncorporat ed herein by

reference. 10 Descripti lf@'ilﬁtlf" a bonded wafer
denotes an SO (Sili conﬁgﬂcﬁ nsu ator}:%-h?er or exarrpl e, the bel ow
describ re di scl osed as net hods of producing a bonded

waf er . Fﬁlﬁﬁg%ﬁﬂtoé‘rl ndi ng- pol i shing net hod) described in Non Patent
Reference 1 15 (Science of silicon, edited by UCS sem conductor basic
t echhol ogy wothedieisnt ingentiondelates ko am&@ﬁéoﬁBmd!EQQSabpﬂdﬂé ghy after
bondi ng a non-oxi di zed wafer for a substrate and an oxidized wafer
for an bendinga wafgefor an hetivedaykir aedia wafa forf osubsinae aithowenterposingias made
into a thin filmof a predeterm ned thickness by grinding and

pol i shi fagultién fil fnewerh, atithintigahe wafer fsrihé srveldyeEi on separation

nmet hod descri bed in Patent Reference 1 20 (Japanese Unexam ned Patent

Application, prdrity .sPdlﬁaJﬂe&%u&samdaqrakhﬁ ,gﬂc’aﬁbn m”mom;zaz ftep of

formng an ion-inplanted l'ayer by inplanting |1 ght elerrent I ons such

et ve Sapyapte 1520 e BSOS B b BB L ot anc

t he fer for the substrate i nterposing an insulation filmin
bet ween, a step of delam nating the wafer at the above-descri bed

I on- |rrplanted | ayer,
Description of Related Art

In general, a bonded wafer denotes an SOI (Silicon On Insulator) wafer. For
example, the below described methods are disclosed as methods of produging a bonded
wafer. Ina mcthéd (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
- a thin film of a predetermined thickness by grinding and ﬁolishing the surface of thg
wafer. An ion implantation separation method described in Patent Reference 1
20  (Japanese Unexamined Patent Application, First Publication, No.H5-21128) comprises a
step of forming an ion-implanted layer by implanting light element ions such as Hy 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 above-described ion-implanted layer,

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



25 and a step of form ng an active |ayer of a predeterm ned thickness
by thinning an active 2 |ayer portign exposed by the delami nation. In
addi tion, a bonded wafer may be produced by so-called Smart-cut

met hod layergpostien exposedagetiha déihminitiony eln additienpd barcled ediferadizyrbei s
proposed as a wafer used for sem conductor devices of the next

gener at poduedibydoldalled SRuttRheEhbE (RpI8RIcdfideMaR)] On. For exanple, 5
Pat ent Reference 2 (Japanese Unexam ned Patent Application, First

Publ i cati on, - g}gy\% MaTegTel:t | %

I nsul ation | a&g?v%g%gggléﬁ%g‘gose pﬁﬂ%t me%%ﬂv\sﬁ?&r orébgﬁ&att%ﬁ ive
-layer and.the fer, for t.he substrate. . This type of fer .is

cone: dePerelor ¥ ei ateiS cXRRiR b sl BicTaoWEF SofumBRAg | Farxemele: of
productjon rocess of a caonposite crystal substrate_and i nprovenent

of per i Batretfrafergnce 2 {dapangsengxamingd Ratent Applisstipe it Beblication. No- pat ent
Reference 2, after bonding the wafers having a natural oxide film

t he waf 2000:36446 hshoswstaibpadédawyafier inswiniehian insulation lalyeris nat/isterposéd er t hat ,
the bonded wafer is subjected to a heat treatnent, thereby formng a

bonded betivesr the evaiféd fordii aetivelayerdid thé wafer forlthe substiaib. | Thie type 9E dafer
However, in the bonded wafer produced by the above-descri bed nethod of

15_Pat eplooBRAGEERC divaliigiols Wase ibRAs bf MELAIBIAcRST & prbdiguib Ur

oxide filmin the bonded “interface locally aggregated'to formi sl and

a1 and BUSFRS b B cEl SihoRARREN Tphov et W REHHRLES oFRE sfbifFRE (S
or ol FEhe Ttad derivad i Brucr ptergioey, s PO e s WelsrNIReS e cl o
for defects, thereby causing 20 reductjon of yield, for exanple,
becauseo¥ifle timthe wéchsﬂbe akivp dayepigieade intefadhinrdaver3 Aferihafethe
Unexam ned Patent Application, First Publication No. H8-264398)
“descr i bbendad mafdrdsisubpcteddo a bieatgreamhent, dherebyifesminga thaded interfisg in n t he
* 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 natural 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 causihg
20 rcciuction .oif yield, for example, because of unsatisfactory chips.
Patent Reference 3 (Japanese Unexamined Pateht 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 f;om 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,



bonded interface. In this nmethod, before bonding wafers, surface
natural oxide filnms are renoved from,¢the wafers by dipping the wafers:
in a solution of HF or the like. 25 However the nethod of Patent

Ref er enCGgh B e Sl QAT Qe SHATB Bom yaE BabiR Ml s ur f ace
oxi de filTE arestemved from wa ers, oxygen atons’ i e rnterior of
t he substrate | ocal copdense to the _bqnded,jnterface_and form

oxi des. IBFROATLhES eﬂ’ég%’éf‘?”tﬁlﬁ“sﬁfm q@ﬁﬁﬂ%@f e@é‘ﬁm €er f or med
sufficiently. An object of the invention is to provide a a nmethod of
pr oduci ngharefra.theiraduetion oftisland exddesicannat bapedermeg sufficientlyi ve | ayer and
a wafer for a substrate without interposing an ~insulation |ayer in
bet ween, wher eAa dbjectaf the mvefitiorsis éoproide demmethod uPprodaciagla bynded wafer
control ling oxygen concentrations in surface portions at |east

i ncl ugi NgyhendiRg a Wardrasesn active dyer MalHNfer foF a ShbdaR withoul IHerp bR ON

A first aspect of the present invention is a nethod of producing a
bonded : hshog. ref ' ' T \,conduct or
o er - andion SYEPGENEn, Reks SRR RN (adid Wpples Ty
insulation filmin between: and,15 perfor.m ng,thjnnj f the second
s cona GEREHILGR e GhReRiGS in SBSLRREPETE 1t Petifhetonidifiaes
bonded surfaces of the first sem conductor wafer and the second

sem cond®Etswalgtfer have an oxygen concentration of 1.0 X

0" 8atons/cnB (A d ASTM or less. In the above-described nethod, the
first sem conductor wafer nay be a 20 sem conductor wafer constituting

a substrate (supporting substrate) of a semi conductor device (wafer
for d0substrate), and the SEMMARYdF THEINVMENTION er may be a

A first aspect of the present invention is a method of producing a bonded ﬁrafer,
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 least including bonded surfaces of the first
semiconductor wafer and the second semiconductor wafer have an oxygen concentration
of 1.0 10%atoms/em? (O1d ASTM) or 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 layer).
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



sem conductor wafer constituting an active |ayer of a sem-conductor
device (wafer for an active layer). A second aspect of the present
invention is a nethod of producing a thnded 25 wafer accordi ng to the

above- descrJ be i rst_aspect,. wherern the first sem conductor 4 ., wafer
o The” S bt St SR PE L afehight e s ppidt
waf ers whi ch have been subjected to a heat treatnment at a tenperature
of 1000C hgve hesncsubigetad tong hept freatgient ot ajemperatwer k08 C ar mpreyig 2 As@as  of
~the present invention is a method of producing a bonded wafer 5
accor di ngrith gahatofdsplsre.aspect, wherein the second semi conduct or wafer
Is a SO wafer having an insulation |layer and an active |ayer, and an

oxygen concent pathirdasptict 6 lie peként énvehBoitis aGhethb®oSspoduiinea boriled wafef
1018 atons/cnB (A d ASTM or less. A fourth aspect of the present

! nven?| Ohrhgé(ggiglgg?%s s%gﬁ:i%éiﬂ%easep ﬂxic:&#iﬁirugﬁr RafePisH 01 W2k, NY

one of t cr first, second or t aspect, erein . 10

the fi rsthasem' contljﬂjﬁtpol waf e(% an% tre sec‘gnd sem conduct.or ert.have
di f f er ent 2 &P ASHFPR ERFTOHACUKE 199F% A %‘b‘é’&geﬁf"?“rﬁ’&&%‘%‘s € delive
invention is a method of produging a bgnded wafer according to -any
one of t Hevespbthe SQdwafeniad.0pf 10t atomsicay (O ASEMI 0% lesivher ei n bonded

surfaces of the first semi conductor wafer and the second sem conduct or

vaf er are 15 hydfoaRhagieet Shihé pRsent infvefition 1§ a3Sdked ofgirodutengd Buiked
I nvention is a nmethod of producing a bonded wafer according to any

one of t REFGHRVGAREIS ahPEhk éfithe ﬁvaQ-dce.istfrfb]?d ﬁ?d?,%&é:df WMEEE ﬁ%eétb@herein

thinning of the second sem conductor wafer is performed by an ion
| ol gt f"‘&tlé’ﬁxis?fe%li dldr WkeD gﬁid &é%?&%ﬂ 'sBitlicbRclciss WAESIBRE alffER TR 1t
I s possi bl'e to produce a bonded warer

orientations.

A fifth aspect of the present invention is a method of producing a bonded wafer
according to any one of the above-described 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 a method of producing a bonded wafer
according to any one of the above-described first to fifth aspects, wherein the thinning of
the second semiconductor wafer is performed by an ion implantation separation method.

According to the preéent 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 1.0 X 10" atoms/cm® (Old ASTM) or less.  As a result, it is possible to

inhibit a formation of island oxides in the bonded interface.

25 BRIEF DESCRIPTION OF THE DRAWINGS



20 while controlling the oxygen concentration of the surface portion
at least including the bond surface of each of the first
seni conductor wafer and the second sem conductor wafer to be 1.0 X |

Qs atons/cnB d, ASTM o ss. JAs.a result, it .is ssible to .
i i 03 £ or mdtPoh iR Ao Alar {5t Hielalbink ¢ Ao aterefs datpafel wifr ing o
DESCRI PTION OF THE DRAWNGS 5 FIG 1.is_ a flow chart for explaining a
pr oduct i RCHiRcesdththe methad of produring 8 honded-walenarcarding 19 the\preseit hod of

produci ng a bonded wafer according to the present invention. A shows
a waf er floventionacAishews ayafer forcancacting ayerfand aswafebfor a aulbstra®. shBwhows he
wafer for an active layer and the wafer for a substrate which have

been subjtaeivafér for an adtiviclayertand i Wiler fon adibstrate whicRhii 1@as subijecaiibar e
and/ or renpval of natural oxide filmin a HF solution. C shows a

st at e sof aa eeﬁrt'?.?é}ng& ol 8BS %agsahﬂ%%hg@ aﬁﬁ/gP@@ﬁ@?&M&id@ﬁld G

bonded waf er t ving a rel wa or an active |ayer
by gri ndi 4Ok by | ami nati op, E. S a | i ghi state of t

not Pve | d9Sporion o et P Ehontis B osf Ry A B LTS
by show ng results of opservation of_ 10 occurrence of island oxides
formed i m%fhfémaéﬁ@wa;er ﬁﬁgrrﬂae&@gafpomp&ﬁﬁ%“@fef foran affive leysmby enpdipg
Exanple 1 using a l.aser_m croscope. FIG 2A shows Exanple 1, FIG 2B
shows Exa&ipydeRmimtion. 2E shewsa pelishing satgof the ectivefaym oftherbendesd wafar. and
FIG 2E shows Conparative Exanple 1. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON | n t F#GS.RA-Brdre photograplishuihindd iyr shdwingmgsultstod otisedvatimh ef
according to the present invention is explained with reference to the

dr awi109s .ocEirfencé of Rladd bkiddés fommed if e bokded ifderfact@ oP ERahiples Do #asdess of

a bonded wafer in accordance with the production method of the

present IdhngiHkdtR2 Example 1 using a laser microscope. FIG. 2A shows Example 1, FIG. 2B
shows Example 2, FIG. 2C shows Example 3, FIG. 2D shows Example 4, and FIG. 2E

shows Comparative Example 1.

15 | DETAILED DESCRIPTION OF THE INVENTION
In the following, a method pf producing a ﬁonded wafer according to the present
invention is explained with reference to the drawings. FIG 1 is a flow chart for
explaining produciion process of Ia 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 (scmiconductér wafer for an
active layer) and a wafer for a substrate (semiconducfor wafer for a substrate) without
interposing an insulation film in between, and a step of working (thinning) the wafer for
an active layer into a thin film.

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



20 A net hod of pr'oduci ng a bonded wafer according to the present
I nvention conprises a step of bondi ng a wafer for an.active |ayer
(seni conductor wafer for an active |aer) and a vvafer for a substrate

ol a1 GHR iR de e e shudg e pronifs Bl PR ooe axide .

for an active layer intg a thin film 25 A convent I,onal bonded waf er
whi ch hasfilguiaihebensed interface docally aggresated \orfonn éslandeoxidss in fheisubseavent he
above-descri bed steps included a problemin that the natural oxide
filmin tsep dprotbeingthebbmed waferfhéay treatmestsiepydnd that oumeross statd oxidde s
I n the subsequent step of producing the bonded wafer (heat treatnent:

step) andeinhinbd i/t behded ifleffack. O A Extehsv@intedightior i€ 1e ntbeHanism of
interface. After extensive investigation into the mechani sm of 5

form ng ti’ﬂﬁmgg kiR R b&iE tﬂé]ﬁvén??f?ﬁq&t@ﬁ%lﬁ\}t%ﬂl d{hgtc er agﬁvfd&fg dn?S€

of not providfng an 1nsulation e bon

reduci ng .9 ncent & at. ur f ortions l eas ncl udi ng
bonded SuREER R AT fatief Mfhos by reRidhe Peipte Sohraflend B ol U5 |
Substrate, |t vva e to, reduce t size of island oxides forned
"n the baivdiRns 2 ke fi&tgn&hﬁpdﬁea ef ﬁgfiﬁ rer@facfws?q ef 2P Wilktes.
10 In a practlcal errbodl ment of the production nethod of the present

i nvent i orfor asubsirateyih was pessible tp reducadifessizeroftigandhoxidest formed imythe bonded o
wafer 3 for a substrate each having a natural oxide filmin a nornal
st at e ar dnferfa@eanddediee dbeenuinbets ¢ithe slandNeides. by subj ecting the wafers
to a predetermned treatnment, a wafer 2' for an active layer and a

vaf ero3’ for  anspRRticallemboditchPbTee pridabticdbthblof B wesent invention, as
concentration of a surface portlon at least 15 including a bond

surface i:?ﬁﬂghmirlt 0% E% uvg‘lagbrs?nﬁWﬁf@}# ?d}atsab&&tée&hiéav’hﬂg’tﬁ

at ons/ an ess tate FIG 1 After that, the
vater 2 H . Soflat e Hfmg t&%%st&ti?&%%@edt@ta{ehﬁofﬁ(f'i) Né,arbfsubjmg

the wafers to a predetermined treatment, a wafer 2’ for an active layer and a wafer 3’ for
- a substrate are fonﬂed such that the oxygen concentratién of a surface portion at least

15  including a bond surface ;)f each of the wafers 2°, 3’ is controlled to be 1.0 X 10'8
atoms/cm® (Old ASTM) or less (st#te 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). Afier
performing grinding or delamimation of the active layer portion 5 of the obtained bonded
wafer 4 (state D of FIG.4), the active layer portion 5 is worked to a thin film using a

20 polishiﬁg 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
multitayered 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 insulaﬁon layer and a

25  semiconductor layer may also be used.



performng grinding or delam mati on of the active |ayer portion 5 of
t he obtai ned bonded wafer 4 (state D of FIG 4), the active |ayer
portion 5 is worked to a thin filmusifhg a 20 polishing appar at us

g:%aégngugt orFI ?b’ﬁ@%efﬁ'g‘h%t*’ﬂtﬁlt éae{ﬁ‘eforgé?%vegfﬁg%& 'i‘?ei‘?&?r\?’ef?'aﬁ er and

the wafer 3 for a substrate. s al so possible to use nultilayered
waf er s haﬁﬂbﬁgatwhtcbégtemsg\mta@&amévtm@eanawr forned on a Si

wafer sliced froma single crystal. An SO wafer having an insul ation
| ayer andhigh-2mpeeatureandeai¢dwafersvelichrhavedicem sibgectesi-td a heat trdatrnent at a
preferable that the wafer 2' for an active |ayer and the wafer 3' for

a subst r ab@p¥aiuedlof iR foviRe ManSMBD TS ina dufoshbhRfetsTotraias] { rephied pade

hi gh- terrperature anneal ed wafers which have been subjectfed to a heat
treat gent, e s

of A Sgacot Aigd 1" RS rRing nd oyt ﬂtﬁk'e“;f'f%t REAnt BT IRAATL
above-descr.i bed. heat .treat e r nit of the
wafer for¥ ?n@g@?‘w@fﬁv 2 ity et A5 toe Sy o e b edifiedt iy
outwardly, =~ and the oxygen concentration of the surface vicinity of

t he waf eranddhe-oxygen concgniratiopot the surfage; ety ghthe wajenis controlisd ¢,k vaig

(Ad'd ASTM . Accordi ngll?;m t he rret hod of producing a bonded wafer of the
present ihiglenthianri.0X 00 atonisrord’ (03d ASEMBp of heat treating the wafer
for an active layer and the wafer for a substrate at a tenperature of

Gas of Ar and (5o Ry (RaPhIR BPAGHRIRL » Roodil e R presedl eIk o
AL RE G R
nana, 1 ¢ TS Smpgui et ons el oBh: éﬁ%ﬁ”@pﬂiﬁgﬁﬁ?&?@g 8500C
or less or a mixed gas of Ar and H>.  Itis 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 trcattrlent temperature of 1200°C or less
in order to avoid unnecessary damage. More preferably, the heat tt'eatment tempcrahlte
isina t'ange from 1100 to 1150°C. It is preferable that the retention time for the heat
treatment be controlled in a range from 10 rtlintxtes to 2 hours. |
Crystal defect-free wafers may be used as the wafer for an active layer and the
20  waferfora sﬁbstrate. By performing the above-described heat treatment on the crystal

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 substrate that
have a surface oxygen concentration of not higher than 1.0 X 10'* atoms/cm? (Old

ASTM) and are depleted in crystal defects.

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



in order to avoid unnecessary damage. Mdre preferably, the heat
~treatnment tenperature is in a range from1100 to 1150C It is
preferable that the retention tine for8the heat treatnent be
controlled in.a range from,10 ni.nu to 2, houts.. Crystal defect-free
wafer o, modpr BauGiRfy ok bV ePn FRHjes ey ety et 1A SeBCR
for a substrate. By perform ng the above-descri bed heat treatnent. on
the crystpartiogaf anepitexiablaygrrofan epitaxial pyaferdas an axygen consepatipn which is
concentration of the surface vicinity, it is possible to obtain the

waf er 2' Toorer than deit ofithe lgayeeal bulidwhfre andis awt Bighdraharal .6 XAt Y sores/tinbit
have a surface oxygen concentration of not higher than 1.0 X 1018

at ons/ cnB \ST '

oi taxi al QAT Phef¥Bdte Wher P LAbA wand! 336, M Bt oeSity e

t he er 3. 8 for. a substrate i,ch,have been subjected to a
pred\é\?szarrﬁ%@&ntarl@ﬁmﬁ?f’“tﬂtf#&a‘V- £5510 3 O1Sh THHPEAYEE 6"’?3 ’E'HO Faxi al | ayer
of an epitaxial wafer has an oxygen concentration which is |ower than
that of the gen@cardumly,kthwﬁmdggarngclngp bandpdevateraagorping ty thepprgsent
atons/cnm8 (A d ASTM. Therefore, when the epitaxial wafers are used,
it is notinmentieasmaycomprise petep of forminpat epitaxial lagertonaf surface ofxfach sftha a
hi gh tenperature gas atnosphere. Accordingly, the nethod of producing

a bonded wefefD’ fof avidivedayepaidie RWaB3N for d sib@fikd.ON May conprise a step
of formng an epitaxial layer on a surface of each of the wafer 2

for an active |I@§é%€f,@ﬁglettﬂﬁ MBS HNe-FeschiBld Wafel B {ahakBve hler b X EH Rifep! e
that the above-described wafer for an active layer be a SO wafer 10

havi g c ) : : . I
constit uRBRLA S RIchTEE o BnBTh Borilal s Ml gl e
R ¢ R Rage o o bt Mo ol e
insulation filmlayer of the SO wafer used as the wafer for an active
| ayer mayS@kwaferbe not higher than 1.0X10™ atoms/cm” (Old ASTM).  In this case, the

insulation film layer of the SOI wafer used as the wafer for an active layer may be used
as a stop layer for polishing or etching during the step of thinning the bonded wafer (state
15 D of FIG. 1) afier bonding the wafers. As a method for reducing the oxygen
concentration of the active layer, for example, it is possible to apply the above-described
beat treatment in an Ar gas atmosphere.
In the above-described 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 exaxﬁple, two wafers have diﬁ'erent crystal orientations in the bonded interface, when
a (110) crystal (crystal having a (110) plane as a surface plane to be bonded) and a (1 OO)
crystal is bonded, or a (111) crystal and a (100) crystal are bonded. A crystal
orientation of a wafer may be contxjolled by growing a single crystal while controlling the
pulling axis (growth axis) to correspond to a predetermined crystal orientation, and

25  slicing a wafer from the obtained single crystal.



as a stop layer for polishing or etching during the step of thinning
the bonded wafer (state 15 D of -FI G rlﬁ% after bonding the wafers. As a
nmet hod for reduci ng the oxygen concentration of the active |layer, for

exanple, it |s to a t.h scr heat . treat ment
in an Ar gas alt 2%?{:2\” ﬁaﬁegl%e 8‘5@“‘%@ at?&ﬁdg'a aff atiye layer o
wafer 2' for an active Iayer and the vvafer 3 for a substrate %

const it uﬂ@dwafpr Fdret substate ag hydrophabassurtacess ¢ dn this casefzam thegwaf

exanpl e, two wafers have different crystal orientations in thQ bonded
i nt er f acen aothwerlayer @ad the waferst’ for g subgtrate badhzhaving an oxkydd) coprentratios oy
surface plane to be bonded) and a (100) crystal is bonded, or a (111)

crystal amox fo'é lﬁﬁﬁ/ﬁgﬁﬁ)ﬂcﬁhsil‘m 0P R3S fifthe Surddcé Porlons, Qm&r]b?éré gmef a -

waf er may be control |l ed by grovm ng a single crystal while controlling

crystal 8 %mrém% A roBoust TRl R PeER RRSBIRRR RETREE] g o

crystal. 9 IS effectlve to have the bonded surfaces of t he waf er
2' for aned&e@dm@aeawtmtaﬂﬂstanéovm iy fugherreduegd.s yHeres the &iydrophghie ophobi ¢

surfaces. In this case, fromthe wafer 2' for an active layer and the
waf er 3' sfirfacesiesotbsd smfaecweiedm:dgzm folxy drees nobegsint Fort éxamplef itisl. 0 X
1018 atons/cnmB (A d ASTM or less in the surface portions, oxide

| ayers i poisithe to diadifl adiydiophébiasiafdces by dipingcthie waskr i b BiFejohution, theeby
oxygen concentration is further reduced and generation of island

oxi de i s rdidvid}e4 ndtRFAY6@de fillRr €, the hydrophobic surface denotes a
surface where a natural oxide film does not exist. For exanple, it is

PomoYBLe 1, COREARgh A RS e B A b °,
Rt AR A SR e S e
of the wafer 2’ for an active layer and the wafer 3 for a substrate. For example, the
hydrophobic tteatment 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 wafér 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 substt'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 twtive 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 prtwided 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 ion implantation separation method. The ion

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



wafer 2' for an active layer and the wafer 3' for a substrate. For
exanpl e, the hydrophobic treatnent ‘be a step of renoving a
natural oxide filmfroma wafer by gl%gpi ng the wafer in a HF

solutio N ' ndi t he

waf er 2 an %’rgd é}n&gg [ é\}l,ébé) %]g%/ee@ig %%%t@%v\rg%éﬁﬁg 'lb_b ?% 4 L%&s B%S{Hrd g‘?’é‘ ! Q For
exanpl e, by jolni a wafer 2 for an active Jayer and the wafer 3
for a s u@é‘g‘@é't lj@,m @l‘?f&“ﬁ%ﬂ? Browided to,thg gﬁ’é‘&fjr‘@a;f"h@rﬁg‘ﬁﬂ’e&“ﬁ’%@ ‘ned
tenperature (for exanple, 1100 to 1200C), coval ent bond is forned

bet ween Inithe iondmplestation separationgnathods beforeshanding the wafess, tight elementgas

t her eby bonding the wafer 2' for an 20 active |layer and the wafer 3
for a sudwshashydrogen gikslooteliim pis in bhplantedeo the twafer 2 fyrahe etivie liyee bonded
wafer (state Dof FIG 1) is not limted provided that the nmethod can
be appl i ﬁ&eﬁ?fdﬁ!&ﬁﬁg dlRnYiRbfinted layePin @?xeé@t&hfﬁﬁed UGN Frointhe s@fdcBoPthki | M
by grinding or by delam nating tthe water 2'. It i's preferable to
perform . NRI1 NG, LIS an.l ' ' j The
on 251 Wi toF e eueiape Tiehd Bnk Tk the Blver 001 BNR-IERANE. TIT
ion inplantation 10 . nethod,is cost effective since the separated

bor 1 on WS BeloF B3RV EYeR he BRALES Sler 5 SUDIFHELIR A PP THAPRTE Rifbss | 5
provided to the bonded wafer wthout performng grinding. In the ion
i npl ant demperateprngingdromds (6o 601G peferablyiohabaul 6004 andthe aders2

el ement gas such as hydrogen gas or heliumgas is inplanted to the
waf er 2'fof an adtive layet iswwepdrated at the idneimgilantédblapemg an i on-i npl anted | ayer
in a predetermned depth fromthe surface of the wafer 2' for the
actine | ayer. iNepreferableghatithanhickgess b€ theaktve Byerd D61 the sbovetdesdribednd t he
wafer 2' for an active layer, the bonded wafer is subjected to a beat

treat meMfopdéd Wafel BERREA b 'HikrcS'a! a¥angd féth 400 {001 RGN by Reqthinalg! v at
about 500C, and the wafer 2' for an active layer is separated at the

I on-inpl ant ed yf PheFresent invention, the oxygen concentration of surfaces of the wafer for an

active layer and the wafer for a substrate before bonding is controlled to be not higher
than 1.0 X 1(}_]8 atbins/cm3 (Old ASTM). It is preferable to control the oxygen

15 concentratioh 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 isl_and oxides can be further reduced. The lower limit of the oxygen
concentration is not set since it is preferable to reduce the oXygen conccntration. to as low
a value 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/em®
(od ASTM).. ' |

Ip 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 from the

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



10 It is preferable that the thickness of the active |ayer 5 of the
above-descri bed bonded wafer be givep a thickness in a range from50
nmto 100 nmby the thinning. In the Elresent i nvention, the oxygen
concentr af i ] ' IVE, 3 the
waf er fo?ﬁgpféu}%g? rﬁHaP;éfg%g gx(ri’ééenggtﬁodml ngn% |E lslifggéornlﬁgrho}'Pgdl 0t oat %¥j§o I'gher
than 1.0 X .| O s atons/cn8_ (A d ASTM. It is preferable to control
the oxygdRTM). c Bydhiscenligusations itdspessiblestoseduch the possbilityythatexygen inthe

| ayer and the wafer for a substrate before bonding to be not higher
t han 1. Ointericd bf thetwafer comBer(s& t thShdrded interfiviesardthexefore, litsis possihde ® of
.island oxi des can be further reduced. The lower |imt of the oxygen

concent r fifrtheireldficatiié nfifibers of fstandtoxides.Pr I isahade! prefbablea dbiitrd] e OGN
concentration to as low a value as possible. At present, it is

v or® 1< Sfpet e o RYATR: SPRCEID AL i iin niieRl TR AR higkeRNB 101,

ASTM . In the wafer,f tive layer and the wafer for a substrate
‘whi ch arg(lsoub?t%‘?/gﬁ' (‘SQM'W in the present invention, it is
preferable to control the surface portion fromthe outernost surface
of the bond sufliesabeve desctiptiateqfian emibodithentof the pbesenttinyention ahdvatiops h  of
11 | m to have an oxygen concentration of not higher than 1.0 X 1018

at oms/ cnfhofliBcationsBdy) be rdel talséd GiPIhE is@ipedf icRiims.| tForexanple] whik theé reduce
the possibility that oxygen in the interior of the wafer condenses to

the bondgghve Regirfes elgbéaﬂlehhé{p@%iﬁa’ £eask bf bondESSWifeP fdr @ subdtfale il of €duCe

the nunbers of island oxides. | I's more pre erable to control the
DO PN RufE RS oL el PN AR S3E i SRl R e 1
Var i ous PR P e AR T pbsTaeRty S A BRCPARE For

exanpl e,la%}i | e the

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 orientatibn
(wafer plane orientation) of (100), and a surface oxygén concentration of 1.3 X 10"
atoms/cm’ (Old ASTM). Both wafers were subjected to a heat treatment at 1100°C in
an Ar pas atmosphere (Ar annealing) such that the surface oxygen concentration of each

2b of the wafers was reduced to 1.0 X 1d‘“ atoms/cm’ (O1d ASTM).  After that, the thus
heat-treated two high-temperature-annealed wafers were bonded directly without
interposing an insulatiBn film. So asto improve the bonding strerigth, 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



above-descri bed enbodi ment 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 sem conduct or wafers using tHé Tmethod of the pr esent
invent'ioqe nd subsequently form an additional sem conductor | ayer.
Exanple 1715 Two sem conductor wafers were prepared as a wafer for an
active Iq§§5§®€ a wafer for a substrate. Each of the wafers had a
di anet er nm surface orientation (wafer plane orientation) of
(100), and a surface oxygen concentration of 1.3 X 1018 atons/cnB

(O d ASTM . BotlhExamples, o801 waksr svas sged a5 agwafenfor theastivelayeraandiaooC i n

an Ar gas atnosphere (Ar ‘annealing) such that the surface oxygen

_ concent r ajxiypéh &dnceatdion Of te akhite MpraTthe SO Waldkiaedcdrrolle®tobel N0 210
atons/cn8 (O d ASTM. After that, the thus heat-treated two

hi gh- teenper at,ur e, fers.wer nded di regctdy. wi thout

I nter osiag‘ﬂng iﬁ@ambﬁ?ﬁ?@g%Eea?geﬁﬂfpgﬁ}ﬁ%glﬂ&ﬁtﬁ}rﬁfstrength,
t he bonded wafer was subjected toeﬁ%.hga';\t treatnent at 1100C. The

waf er f or?URAPhEES | Y annasaling Was npthertopged. p By psing ths other gonsitions the gme, n g
the active layer was worked to a thin filmof 100 nmor 12 |ess.
Exanpl e 2sthpsgimBsiraple 1, aborged watdrayaspaedugedd as a wafer for the

active layer, and an oxygen concentration of the active.layer of the
SO waf erExaapledntrolled to be 1.0 X 1018 5 atonms/cnB8 (A d ASTM by
performng a heat treatnent at 1100C in an Ar gas atnosphere. Ar .

anneal i ng was NRExaRpkI; iwdfer Rivids hRGrfide®riehiaion 6D(100) plambwhd\Bes are
as those in Exanple 1, a bonded wafer was produced. anple 3
10 the wafer for a substrate, and a wafer having a surface orientation of (110) plane was
used as the wafer for an active layer. Surface oxygen concentrations of the two wafers

were controlled to be 1.0 X 10'® atoms/cm® (O1d ASTM) by controlling a rotétion ofa

crucible while pulling silicon single crystals as raw materials of the wafers. Ar
annealing of the two wafers was not performed. The other processes ;vere 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/cm’® (O1d 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 a HF solution
composed of 1 vol% of HF and 99 vol % of H;O. 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



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
orientation of (110) plane was - used d3 the wafer for an active | ayer.

Surface oxygen gonc jgons of 4§ t fers re coptrolled.to be
D0 % Topandnmisn ot b e’ (g ATl ey sed Siche Aol B g senve
crucible while pulling silicon single crystals as raw materials of the
waf ers. Adyer amheslafen forahe fippotting subdimtes wikeatindatrpentfin anrAd gasTdtmospherer
processes were the sane as 15 those in Exanple 1, -and a bonded wafer

was produgReot pdefaiiel 8n fhel Wafbrsa MTh& other %x%és@é‘ﬁv&é!l&ed%nﬁ%@ﬂﬁﬂ& At i ons
of two wafers were controlled to be 1.0 X 1018 atons/cn8 (A d ASTM

by cont r%éa}n'ﬁﬂe p_ﬁ@%%ﬁg&@#ﬂgﬁg@@e& while pulling silicon single

crystal as a‘raw nmater| ers. Ar annealing was not

per for.med, 2 n the two wafers. Before the bonding, both wafers were
di ppea i%vﬁpuﬁﬁo%g‘ieﬁlf’fion conposed of | vol % of HF and 99 vol % of H2O
The other processes were the sane as those in Exanple 1, and g bonded
waf er was pr odifceash oftheshwsnrpduced bangsadevafens,the peeragannmber pefcl oy 2| e
1, silicon wafers having a surface oxygen 13 concentration of 1.1 X
1018 at onslandhsxideSI form@dliMthedmndediitatfane wak measifred using anooptizek miceoscormy er
and a wafer for the supporting substrate. Heat treatnent in an Ar gas
at nos pherSizes viithenidep Wetehemdredrusingea luekk aticroscbpe. OFIGS. 2Art0 QBsshow ther e
the sane as those in Exanple 1, and a bonded wafer was produced. 5

Eval uat i g5t bhetetvatiSipsf mPhberhdisiies oPHR SR o8k ded A Sumbér€per

average nunber per 1 cn2 of island oxides formed in the bonded

i nt enhacq YR, dBAR ek NRhE Sxidals AHvaflesT 16498 Whnparative Example 1 are

shown in Table 1.

Table 1 .
Average numbers of Sizes of island
island oxides oxides {um)
(particle/cm?)
Example 1 2.5/cm” 500 to 1000
Example 2 2.5/em” 500 to 800
Example 3 2.5/cor 200 to 500
Example 4 2.5/cm” 100 t0 200
Comparative Example 1 | 5/em® 1500 to 2000

N From the results shown in Table 1, it was confirmed that each of Examples 1to
4in whiéh the surface oxygen cencentrations of wafers were controlled to be not higher
15 than 1.0x10"® atoms/cm® showed satisfactory values of sizes and nﬁmbers qf island
oxides compared to the Comparative Example 1 in which the surface oxygen
t.;.oncentration of the wafers exceeded 1.0x10'® atoms/cm®.  In the Examples 1 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



Si zes of the oxides were neasured using a |aser mcroscope. FIGS. 2A
to 2D show the results of observation of nunbers and sizes of the
i sl and oxi des. Average nunbers per 1041cn?2 and sizes of the island

oxides in Exanples 1 to 4 and Conparatiyve Exanp are shvvnin
Tabl e 1.PreausiBe &%%d@f' Meplerrompsising grstegiof bending Péﬁﬂgﬁé"’f aactive 12y amd e

oxides (m artlcle/emZ) Exanple 1 2.5/cm 500 to 1000 Exanple 2 -
2. 5/ cm 5oafer r&@ﬂbstﬁmmhmtﬁltmmnmwulammﬁm irfbeswedne and 2step ofn 100
to 200 Conparative Exanple 1 5/cm 1500 to 2000 Fromthe results shown

i n Tabl ewdrking thamafe o dn' dctide layad inachinofilnd whepsie surfact ortidns at ledst ch
the surface oxygen concentrations of wafers were controlled to be not

hi gher %x@luﬁ%rboﬁdé@‘suﬂﬂ%é fsC48RiSdawREr ﬁéfekﬁn] Pk Qkgenyal ues of

sizes an ers of oxl1 des conpared to e Conparative Exanple
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bonded surfaces were made to be hydrophobic surfaces showed an

excel | enor ledst ect Byfhisiemfigusating, it Was ingdepnssible td depre@Othdfpmatiomaf island he
present. invention, it is possible to provide a nethod of 14  producing
a bondedmmaésemtﬁ@b@{deauma-f@estep of bonding a wafer for an active

layer and a wafer for a substrate wi. "t hout interposing an insul ation
filmin betweeynil@pifeiredleqibo8fments of the invention have been described and
- illustrated above, it should be u_nderstood 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 depaning from the spirit or scope of the present

invention. Accordingly, the invention is not to be considered as being limited by the

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



working the wafer. for an active layer into a thin film wherein
surface portions at |east including bonded surfaces of the first

sem conduct or wafer and the second 5 slém conduct or wafer have an _
oxygen copgcentrati O&‘l, of 1.0 X 1018 atonms/cn8 (A d ASTM or less. By
this conf "JaraCIAeE 1St was made possible to depress the formation of

i sland oxides on the bonded interface. Wile preferred enbodi nents of
t he i nvent.i on Hamsthedeod prsiucing ladwndediwaler, icomprisingd above, it shoul d be
understood that these are exenplary of the invention and 10 are not
to be consi der gérfesmingohding of Aficht sémissnduetir saiferand asedmdistmicondwtorand
ot her nodifications can be made wi thout departing fromthe spirit or

scope Of-ﬁﬁlﬁrﬁ{tﬁ&ﬁﬁﬁterﬂoﬁﬁéﬁﬁiﬂ%ﬁlmi&?ﬁﬂﬁ% Bétivéen;kh® i nvention is not to
be considered as being limted by the foregoing description, and is

[
only lgmted b : e .0 I ; What is clainmed
i Ss: 1§ A nethoﬁmgﬁﬁgi du:Tnéogﬁggﬁggg%%gﬁgﬁgﬂ%gﬁﬁg%ging: perform ng
bondi ng of a first .sem_.conductor wafer d econd sem. conduct or

vl er wi thout  IHREEEP SUTARS PAFiOns gt Jeat inslickng Bhnded BRaanetet the gt s
perform ng thinning of the second sem conduct or wafer, wherein surface
por ti ons S&mi¢ongdugtor waferandhe pesend seraigendpctos waferthaye an pxggen concentration
sem conduct or wafer and the second sem conduct or wafer have an oxygen
concent r aifildhx 16¥ atonis/om*(@1d ASTMY aritéss( O d ASTM) or less. 10 2. A

met hod of producing a bonded wafer according to claim1, wherein the
first sem conductor wafer and the second sem conductor wafer are

hi gh-t enper at ure-anneal ed wafers which have been subjected to a heat

L1 eatygenta 2t 2 4 SUBGHA dhuhe h AR artPhcordily B (hefin B 5845

at nos

semiconductor wafer and the second semiconductor wafer are high-temperature-annealed
wafers which have been subjected to a heat treatment at a temperature of 1000°C or more

in an Ar gas or Hz gas atmosphere,

15 3. A method of producing a bonded wafer according to claim 1, wherein the
-second semiconductor wafer is a SOI wafer having an insulation layer and an active layer,

and an oxygen concentration of the active layer of the SOI wafer is 1.0 X 10"*atoms/em?

(Old ASTM) or less.

20 4, A method of producing a bonded wafer according to any one of claims 1 to 3,
wherein the first semiconductor wafer and the second semiconductor wafer have different

crystal orientations.

3. A method of producing a bonded wafer according to any one of claim 1 to 3,

25  wherein bonded surfaces of the first semiconductor wafer and the second semiconductor



15 3. A nmethod of producing a bonded wafer according to-claima1,
wherein the second sem conductor wafer is a SO wafer having an

insul ation layer and an active |ayer, 16and an oxygen concentration of
the active ] aye f the SO, wafer is 1.0 X 1018atons/cn8 (A d ASTM
or |ess. “éﬁjerzg{'ehy‘i?@ﬂ‘fg’b‘%’%“ﬁ?soduci ng a bonded wafer according to any
one of clains Ito 3, wherein the first sem conductor wafer and the
second sem conductor wafer have different <crystal orientations. 5. A
met hod of producing a bonded wafer according to any one of claiml to-
3, 25 wherein Bomethdd sfiprbduaing oborided wafersiccordimg ¢o anjuaricoof claimed tasyd
the second sem conductor 16 wafer are hydrophobic surfaces. 6. A

met hod ofw i€ Wed finfhgRA B covRf Rmi@MEAES: Waet B RAYAGELY4n fohai s 1 to
3, wherein the thinning of the second sem conductor wafer is :

perfors”equYan?a‘?iohggbéatiom&ﬂ&f‘ti on separation nethod. 10

10





