Met hod of manufacturing bonded wafer BACKGROUND OF THE | NVENTI ON FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to a nethod of

manufacturi ng a bonded wafer such as an SO wafer having a thin BOX | ayer
and a DSB wafer. DI SCUSSI ON OF THE BACKGROUND [0002] In contrast to
conventional silicon wafers, silicon-on-insulator (SO) wafers afford the
advant ages of device isolation, reduced parasitic capacitance between device
and substrate, and the ability to formthree-di nensional structures.
Utilizing these advantages, SO wafers have been enpl oyed in high-speed,

| ow power consunption LSIMeth6d of emgacinend bunded whfepn i ntegrated circuit) and
the like in recent years. [0003] A conventional SO wafer is conprised of

two wafers bonded through a relatively thick (for exanple, about 1,500
Angstrom oxide film However, with the use of new devices in recent years,

demand has been increasi BGkFROBNESFHE RVENGION n  oxi de fil ms and
direct sild i wafers in which two wafers are directly bonded
wi t hout E#@%&gﬂgﬂﬁg’ﬁ It is known that nultiple voids formon the
bondi ng ce when two wafers are directly bonded to manufacture a DSB
waf er. TO reduce these voids, Japanese Unexam ned Patent Publication

(KOKAI) No. 209Rs da6enf thvehtidi@ldtho h ANUNGOSE thaiifd Yuri rouaﬁ%agert% 971 A

proposes a nethod in which the two wafers are bonded™ I n oxide

film af bein 901 whiethdigry a thie BOXERyeriaad aBRIsafd to renove the interface
oxide film [0005] 1

DISCUSSION OF THE BACKGROUND
[0002]

In contrast to conventional silicon wafers, silicon-on-insulator (SOI) wafers
afford the advantages of device isolation, reduced parasitic capacitance between device
and substrate, and the ability to form three-dimensional structures. Ultilizing these
advantages, SOI wafers have been employed in high-speed, low power consumption LSIs
(large scale integration integrated circuit) and the like in recent years.

[0003]

A conventional SOI wafer is comprised of two wafers bonded through a
relatively thick (for example, about 1,500 Angstrom) oxide film. However, with the use
of new devices in recent years, demand has been increasing for SOI wafers having thin
oxide films and direct silicon bonding (DSB) wafers in which two wafers are directly
bonded without an oxide film.

[0004]

It is known that multiple voids form on the bonding surface when two wafers are
directly bonded to manufacture a DSB wafer. To reduce these voids, Japanese
Unexamined Patent Publication (KOKAI) No. 2006-156770 or English language family
member EP 1 818 971 A1 proposes a method in which the two wafers are bonded through
a thin oxide film, after which a heat treatment is conducted to remove the interface oxide
film.

[0005]



Normal Iy, a vertical furnace is used to forma BOX oxide film However, when
enpl oying a vertical furnace, treatnent for at |east several tens of m nutes
is required to produce an oxide film Further, in vertical furnaces, the

hi gher the oxidation tenperature, the nore rapid the rate of gromh of the
oxide film nmaking it difficult to control the filmthickness. Accordingly,
formng the thin oxide filns that have been in ever greater demand in
recent years with uniformthickness in vertical ovens requires

| owt enperature processi ng. However, |owtenperature processing presents the

risks of the gpyhlly, afveRIcalfulide@ls RBd RHfolfia BOXIRRIMRIET HWhveX Ghes! Ve

precipitation, resulting in the problemof failed lIithography and the |ike

in devi cenpl®ins s vedical FuMYAR reafmehtifor! ANVERT B al {eﬂ@@ﬁhiﬁﬂeﬁﬁﬂ@(ﬁ.ﬁreﬂftot he
present invention provides for both a high-quality SO wafer aving a thin
BOX oxi derdducen am tdxide dihinf or Rurther,c kmessticahnftirmacts, gthe ghighert yheDSRidatiber .

[ 0007] The present inventors conducted extensive research, resulting in the

di scover yempaiaiuray ghe meregrapid: the Jatg pligrewithepipbie sideelilm, makieg itqlifficnly t0
t h heat i fer t i bed t t to f id
e ool ibe SRb R Kisolnelf PETER b Tarnaok fUgs i B DGR a0 or

less than, 80 e} Behfi e H1RRGy RN @iolth thfilddl Ty Bicattdle Adlmof equal

to or less't nmin SS W th a unitormthickness, Tor “exanple,

and to r gswgEmpISuRUprkcdkifg O ﬁ%@&&,ﬂo@ﬁ%{gg%raﬁ% bldResdRE Preschl P &S SRt

invention was devised on tThis basis. [ ] An aspect 'of the present
i nvent i onhd gloatlesf precipitativhmadleDin theawafeaahdietdessive procipittridny@belting ndhe i si ng:
an oxidation step in which an oxide filmis forned on at | east one surface
of a bageohlerhef failgd hithography sadtheilife whdavicetirecessisg waf er on whi ch the oxi de
filmhas been forned is bonded to a top wafer to forma bonded wafer, and
SUMMARY OF THE INVENTION
[0006]
An aspect of the present invention provides for both a high-quality SOI wafer
having a thin BOX oxide film with a uniform thickness, and a high-quality DSB wafer.
[0007]
The present inventors conducted extensive research, resulting in the discovery
that by rapidly raising the temperature in an oxidizing atmosphere and heating a wafer to
a prescribed temperature to form an oxide film, it was possible to rapidly form a thin
BOX oxide film of equal to or less than 30 nm in thickness, or even an ultra thin BOX
oxide film of equal to or less than 2 nm in thickness with a uniform thickness, for
example, and to reduce the bulk micro defects (BMDs) in the wafer; the present invention
was devised on this basis.
[0008]
An aspect of the present invention relates to a method of manufacturing a
bonded wafer comprising:
an oxidation step in which an oxide film is formed on at least one surface of a
base wafer,

a bonding step in which the base wafer on which the oxide film has been formed

is bonded to a top wafer to form a bonded wafer, and



2 a thinning step in which the top wafer included in the bonded wafer is

t hi nned, wherein the above oxidation step conprises heating the base wafer
to a heating tenperature ranging from800 to 1300 C at a rate of
tenperature increase ranging from1l1l to 300 C/ second in an oxidi zing
atnosphere, and the above bonding step is carried out so as to position the
oxide filmforned in the above oxidation step at an interface of the top
waf er and the base wafer. [0009] In one enbodi nent, the oxidation step can
be carried out in a Rapid Thermal Processor. [0010] In one enbodi nent, the
oxi dati on step aGRRNRYG sk ihi WitlciPte 18P waferlifcladidThaRe BXddR wdidd iSwighin&t | east
one surface of the base wafer to the extent that the total thickness of the
oxi de fi lwhep&isi ti oned at the interface is equal to or less than 30 rim

[ 0011] In one enbodi nent, the heating tenperature in the oxidation step can
range from 100 tabovk20gidationf GG:p2 ompriseseheatibg dihaebase whfer dri dalidating st ep can
conprise holding the base wafer for 1 to 3 mnutes at the heating

t enper at dfrEP§TANUFeTangng fram N tetldpo0 °¢ eba mie offemperabrgbgreataranging &gkl dat i on

step can f r comprise.l.owerjn tenperature at a rate of tenperature
reduct i Oﬁo3@@3&5@%&&&%@@%3@@@@8@? [0014] In one embodi nent, the
thi nning step ganpge SAAHHE LEH i0¥anid bit'sol b N6RORTHNAISHER forfdEN | NG
light elenent ions into a top wafer to forman Ton I'nplantation lTayer in
the top e fove BRidatic $t&yhts intBAaRAT B WakR and HRIAG WhGr.t he bonded waf er

t o heat
[0009]

In one embodiment, the oxidation step can be carried out in a Rapid Thermal
Processor.

[0010]

In one embodiment, the oxidation step can be carried out so as to form an oxide
film on at least one surface of the base wafer to the extent that the total thickness of the
oxide film positioned at the interface is equal to or less than 30 nm.

[0011]

In one embodiment, the heating temperature in the oxidation step can range from
1000 to 1200 °C.

[0012]

In one embodiment, the oxidation step can comprise holding the base wafer for 1
to 3 minutes at the heating temperature in the oxidation step.
[0013]

In one embodiment, the oxidation step can further comprise lowering a
temperature at a rate of temperature reduction ranging from 50 to 100 °C/second.
[0014]

In one embodiment, the thinning step can be conducted by, prior to the bonding
step, implanting light element ions into a top wafer to form an ion implantation layer in
the top wafer, and following the bonding step, subjecting the bonded wafer to heat
treatment to separate a portion of the top wafer from the bonded wafer at the ion

implantation layer as boundary.



treatment to separate a portion of the top wafer fromthe bonded wafer at
the ion inplantation |ayer as boundary. 3 [0015] In one enbodi nent, the

t hi nni ng step can be conducted by, prior to the bonding step, inplanting
oxygen ions into a top wafer to forman ion inplantation layer in the top
wafer, and follow ng the bonding step, renoving a portion of the top wafer
fromthe bonded wafer at the ion inplantation | ayer as boundary by
grinding, polishing and/or etching. [0016] In one enbodi nent, the nethod of
manuf acturing can further conprise renoving the oxide filmpresent at the
interfacgodyjsubj ecting the bonded wafer to heat treatnent in a

non- OXIdIZIng at nosphere. [0017] The present invention permts the rapid

manuf act uring o ofie &fbodknetethel thitniig stdpndah GerBohdictddies prioBio tha poldidg
conducting the oxidation treatnent at a high tenperature, it is possible to
reduce t IstepBiiplatgingioxygémionhiatowa fopr wafeOOIfBIm As tw iplgntationt lager in dwdop

i nvention, voids qenerat ed in_the bonding step and in the step of thinning

the top wefery apdy n&&u‘c@e}l 11!%18?«5b5¢“}%’5\& ‘tlipﬁﬁloa ofi §n-top yyaferyiromdheled
f 0 t nt, t.h t
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acconpan drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0020] The present
%&éﬂ%

i nvention be described in the followi ng text by the exenplary,
non- i m tpmg) enbodi ments shown in the figures, wherein:

In one embodiment, the method of manufacturing can further comprise removing
the oxide film present at the interface by subjecting the bonded wafer to heat treatment in
a non-oxidizing atmosphere.

[0017]

The present invention permits the rapid manufacturing of a BOX oxide film of
uniform thickness. By rapidly conducting the oxidation treatment at a high temperature,
it is possible to reduce the BMD density in the wafer.

[0018]

According to the present invention, voids generated in the bonding step and in
the step of thinning the top wafer can be reduced, thereby providing a high-quality
bonded wafer.

[0019]
Other exemplary embodiments and advantages of the present invention may be

ascertained by reviewing the present disclosure and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]
The present invention will be described in the following text by the exemplary,
non-limiting embodiments shown in the figures, wherein:
Fig. 1 shows TEM images of wafer cross-sections before and after the heat

treatment in Example 7.



Fig. 1 shows TEM i mages of wafer cross-sections before and after the heat
treatment in Exanple 7. 4 DESCRI PTIONS OF THE EMBODI MENTS [0021] The

foll owing preferred specific enbodi nents are, therefore, to be construed as
nmerely illustrative, and non-limting to the remai nder of the disclosure in
any way whatsoever. In this regard, no attenpt is made to show structura
details of the present invention in nore detail than is necessary for
fundament al understanding of the present invention; the description taken
wi th the draw ngs nmeki ng apparent to those skilled in the art how several
forms of the present i nRESCRIPITONS OF THIHEMBODIMENTSCti ce. [0022] The

nmet hod oqomgqufacturing a bonded wafer of the present invention conprises:
(1) an oxidation step in which an oxide filmis forned on_at |east one
surface of a Bhedolgyiag praferyedsspeeifigicapodimapts are.herefore.ie bpgorstivgf @8 on

whi ch the oxide film has, been. .fornmed is banded a.taop waf,er to forma
bonded naFEFY THeiratys: 474 RORTIHENS (o S FeRANEH Phies SECRaForn i 81 YaEd | n ¢ he

pondec . : AN . !
oorert odluffokter, * B Aoort 6 MtlARUL 2 16 BoSPTRIRCIR e RS0
t enper at YnRntifs P Avee HARY IS i§ HeMskar] %ﬁﬁgdan%ﬁﬁq&a&siaﬂdiﬂg o@?fﬁéﬂg?ﬁgaﬂ

at nosphere, and the bonding step is carried out so as to positi t he oxi de

fil m f or Aikntion;tthe dapstiptidn aRerswil Rt dravingfinaking @epaéntttb thds@ pkilted Brthand t he
base wafer. Each of these steps will be described below [0023] (1)
Oxi dat i orartdtompseveral forms of the present invention may be embodied in practice.

[0022]

The method of manufacturing a bonded wafer of the present invention
comprises:

(1) an oxidation step in which an oxide film is formed on at least one surface of a
base wafer,

(2) a bonding step in which the base wafer on which the oxide film has been
formed is bonded to a top wafer to form a bonded wafer, and

(3) a thinning step in which the top wafer included in the bonded wafer is
thinned.

The oxidation step comprises heating the base wafer to a heating temperature
ranging from 800 to 1300 °C at a rate of temperature increase ranging from 1 to 300
°C/second in an oxidizing atmosphere, and the bonding step is carried out so as to position
the oxide film formed in the oxidation step at an interface of the top wafer and the base
wafer.

Each of these steps will be described below.
[0023] |

(1) Oxidation step

In the method of manufacturing a bonded wafer of the present invention, an
oxide film is formed on at least one surface of a base wafer. The oxide film that is
formed in this step is positioned at the interface of two wafers in a subsequent bonding

step. Itis thus possible to obtain an SOI wafer having a buried oxide film.



In the nmethod of manufacturing a bonded wafer of the present invention, an
oxide filmis fornmed on at |east one surface of a base wafer. The oxide film
that is formed in this step is positioned at the interface of two wafers in
a subsequent bonding step. It is thus possible to obtain an SO wafer
having a buried oxide film 5 [0024] Two silicon wafers sliced froma single
boron-doped silicon ingot grown by the CZ nethod or the |Iike can be

enpl oyed as the bonded wafers, for exanple. When obtaining a DSB wafer by
removing the oxide filmafter bonding two wafers through an oxide film a
silicon yadxr is enployed as the base wafer and a wafer that is

het er ogeneous with respect to the base wafer or a silicon wafer of different
orientation f e slivenbesersshécdr framm sigle bponydededsilitdreingotpgroavhery. theur t her ,
to reduce BMDs, described further below, it is desirable to bond wafers of

It
reduced && gthadosrcthetlileet casnbe employesyagdhe berdednwatsts, dor exsmmot 'Whee base
waf er and,top waf IS eferahly 8 x. 17 tons/cnB ta 14 x + 17
at ons/ ¢ n@})%#rﬁ%aaeiﬁ WALZBPY TmOng e il aRer oL T 0TS thpYER AR e/ 1.
[ 0025] The. pXi-datiop.ste [ af.J he. wafer whi.ch fhe .oxi de
filmis ?%1 ehﬂ’?’orarré(l:}&ﬁnp% %e”gsi ieng)ﬁ%yggrpéesra utogser ﬁ‘é‘ffng 41raorvr¥a§%50_h}ag 1gSOO C at
a rate OfhelcRIRRRERS With rdspéct §6 8 BROMHAG dr £ Midord RaRPOf HBEERHichiAtioR

oxi di zing atnosphere. The upper linmt of the heating tenperature in a

vertical fronenhd baki shfenean Radmplgyed batiehtdpywafer.C orarbet, o ephceyBNIDY) t he
formng of BOX oxide filns is about 1,200C and the rate of tenperature
i ncr ease descriped furttier pelabpittis desitable20 dond matfas off educed axypenxon@Entrhtyorsever al
tens of minutes are required to forma BOX oxide film Further, as_stated

above, i tIheoxygenecongeniratign g hottthetbase valenandiop vafen iswraferablydax Brelfo form a

t hi i de film qf upif t hi ck ' tical : , th
use o YR AR St gris sl OB L F 31 LHPARESH AIARE i o or ow

i nsi de tr]z Ofm3. resulting in excessive precipitation. Thus, bulk mcro
defects ( Increase in the

[0025]

The oxidation step comprises heating the wafer on which the oxide film is to be
formed to a heating temperature ranging from 800 to 1300 °C at a rate of temperature
increase ranging from 1 to 300 °C/second in an oxidizing atmosphere.

The upper limit of the heating temperature in a vertical oven (resistance heating,
batch type) commonly employed in the forming of BOX oxide films is about 1,200°C and
the rate of temperature increase is generally about 10 to 20°C/minute. Thus,
approximately several tens of minutes are required to form a BOX oxide film. Further,
as stated above, it is necessary to conduct the treatment at low temperature to form a thin
oxide film of uniform thickness in a vertical furnace. However, the use of
low-temperature processing causes SiO, precipitation nuclei to grow inside the wafer,
resulting in excessive precipitation. Thus, bulk micro defects (BMDs) increase in the
wafer, potentially causing lithographic failure in device processing. In a conventionally
employed vertical furnace, it is difficult to achieve both the formation of an oxide film of
uniform thickness (particularly a thin oxide film) and a reduced BMD density.

By contrast, in the present invention, heating is conducted to a temperature of
800 to 1,300°C at a rate of temperature increase that is much more rapid that when

employing a vertical oven, Thus, it is possible to rapidly form a BOX film of uniform



waf er, potentially causing lithographic failure in device processing. In a
conventionally enployed vertical furnace, it is difficult to achieve both
the formation of an oxide filmof uniformthickness (particularly a thin
oxide film and a reduced BVD density. By contrast, in the present

invention, heating is conducted to a tenperature of 800 to 1,300C at a rate
of tenperature increase that is nuch nore rapid that when enploying a
vertical oven. Thus, it is possible to rapidly forma BOX filmof uniform 6
filmthi ckness without causing an increase in the BVMD density. [0026] Wen

form ng dilinhhickwss dethbutl causiig dtiecRBsva thiaBRPiensyyper at ure increase of |ess
than 1 C/second, it is difficult to maintain filmthickness uniformty.

Addi ti ond0026] when the rate of tenperature increase exceeds 300C/ second,
there is a risk of generating slips in the wafer. Wen the heating
tenperature is ofmpisg agbipxide filgratdhe abeyietrate of kampesatusednereasetof lass oxi de

; e wat e BBAHoRAE IR oG o (L HisEh S T, i s B56Fon i
i e od oSSR i AC AR e e T s BT AR 83 7"

t enper at 4 end Wafe aSWhenl IR Héﬁﬁn%)fenﬁﬁrdﬂ@_ 1P ELsEHHaD 80B°CC, AP bECIRRRERUN S
i ncrease and reduction, permtting heating at the aforenentioned rate of

t enper at doen anthineadde fibm bftuniferm ehickiidss.ngWhbe exeedihg f103008C) slipsahaybe oxi de
filmof uniformthickness without increasing the BVMD density. [0028] The
above oxiggnerdted irsthepvafer. a suitabl e nethod for fornming a thin, uniform BOX
oxi de fil ?nd preferably applied, for exanple, when obtaining a bonded
waf er haJ&kﬁ a BOX oxide filmthickness of equal to or |less than 30 nm

further, equal 140 Q%iai§S %eh @R o cMBuct2d by RIP SXAMRICin L 12np e RiPia [ 002°]
Thermal Processor (RTP). In an RTP, a lamp such as an infrared lamp is employed to
heat a single wafer, permitting a rapid temperature increase. The use of an RTP permits
a rapid temperature increase and reduction, permitting heating at the aforementioned rate
of temperature increase, and thus permitting the rapid formation of an oxide film of
uniform thickness without increasing the BMD density.
[0028]

The above oxidation step is a suitable method for forming a thin, uniform BOX
oxide film, and preferably applied, for example, when obtaining a bonded wafer having a
BOX oxide film thickness of equal to or less than 30 nm, further, equal to or less than 2
nm, or, for example, 0.5 to 2 nm.

[0029]

It is desirable to adjust heating and cooling conditions such as the rate of
temperature increase and reduction, the temperature and maintenance period following
heating in the oxidation step to effectively reduce the BMD. The following heating and
cooling process, for example, is desirable to form an oxide film (preferably of equal to or
less than 2 nm in thickness) on the base wafer: heating to a temperature of 800 to
1,300°C, preferably 800 to 1,200°C, more preferably 1,000 to 1,200°C, at a rate of
temperature increase of 1 to 300°C/second, preferably 50 to 100°C/second, more

preferably 75 to 90°C/second; maintaining this heating temperature for 1 to 3 minutes,



It is desirable to adjust heating and cooling conditions such as the rate of
tenperature increase and reduction, the tenperature and nai ntenance period
following heating in the oxidation step to effectively reduce the BVMD. The
foll owi ng heating and cooling process, for exanple, is desirable to form an
oxide film (preferably of equal to or less than 2 mm in thickness) on the
base wafer: heating to a tenperature of 800 to 1,300C, preferably 800 to
1,200C, nore preferably 1,000 to 1,200C, at a rate of tenperature increase
of 1 to 300C/second, preferably 50 to 100C/ second, nore preferably 75 to

90C secorpﬂefeﬁalyntﬁmhﬁ@utédﬂlaﬁd heRitingghd empefa&wn@s()@fo 100°0, prefribly 660 7
preferably | to 2 mnutes; and reducing the tenperature to 500 to 700C,

pr ef er ablty 90, ata BOOCS tampezatnet edodtionesfpsl &i U0 (Ysedoret, ipreferably505 tto
100C/ second, preferably 75 to 90C/ second. It is possible to preheat the
oven bef Q0 sesndictlt iy PossblosQ a@pasrthétow befprrecondupiing theeqwidatignitep-i s, for

exanpl e, -about. 500 to 700C. 30], The t of the oxide fil mthat IS
f or med ca;ﬁleﬁ)éehfﬁtﬁf:’?lmr?@ﬁ“ﬁyfo aﬁ%dlf’r‘i‘g("ftkgéb(%%z(g?&ng and cool i ng conditions
and the &ﬁﬁntratlon of oxygen in the oxidizing atnosphere. The
concentrati of oxygen in the oxidizing atnosphere can be 10 to 100

percent, preferabhpicialsd of the8xiae TikaRhat iEFoMRl 85h B ccﬂﬁ%ﬁéd B?ﬂajuﬁﬁ')g @kso be

present are nitrogen and argon; there is no specific | ation1n this

regard. [He@dly and 2gooBagdionditivhe and ofhk ovdéndentidtien oxf daygannusttm,oxidmngop waf er
and base wafer are bonded so that the oxide filmthat has been forned is
posi t i onéémpspherse n Th eoncruiratihenf oxygmen ameNidigingtatpospherg cge bedAdaded at
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[0031]
(2) Bonding step

Following the oxidation step, the top wafer and base wafer are bonded so that the
oxide film that has been formed is positioned between the two wafers. The bonding step
may be conducted at room temperature using a jig such as that commonly employed in
wafer bonding, for example. The two wafers may be adhered without employing
adhesive or the like by polishing the surfaces of both wafers to a mirror surface.
[0032]
(3) Thinning step

Following the bonding step, a thinning step is conducted in which the top wafer
is thinned. The thinning step can be conducted by an ion implantation separation
method, grinding, polishing, etching, or the like. To highly adjust the thickness of the
remaining top wafer when thinning the top wafer, the use of an ion implantation
separation method or a thinning method employing an oxygen ion-implantation layer,
described further below, is desirably employed. When employing an ion implantation
separation method, ions are implanted prior to the bonding step and the wafer is heat
treated following the bonding step to separate a portion of the top wafer at the ion
implantation layer as boundary.

[0033]



Fol l owi ng the bonding step, a thinning step is conducted in which the top
wafer is thinned. The thinning step can be conducted by an ion inplantation
separation nethod, grinding, polishing, etching, or the like. To highly

adj ust the thickness of the remaining top wafer when thinning the top

waf er, the use of an ion inplantation separation nmethod or a thinning

nmet hod enpl oyi ng an oxygen ion-inplantation |ayer, described further bel ow,
is desirably enpl oyed. Wien enploying an ion inplantation separation

met hod, ions are inplanted prior to the bonding step and the wafer is heat
treated foll owmgetdbovdipndipiantdtion, light tamesnaichs dsyehrdsiiydrogen idis, achle waf er at
the ion inplantation |ayer as boundary. [0033] 8 In the above ion

i mpl ant agabmps,ldrghmxmr@ﬁémdwgmsan(i sobla gasi0ny)chre gaplanted to thettbp wafgado i ons, or
a m xture of hydr.ogen and noble gas iops) ,are inplanted into the top wafer
to formiQE ppipn; Wfa&mnafl il3RT mpkhe ton Wa{;ﬁe thsgonamplantatipp carphe ?%ﬂ}l‘é{ﬁ‘ﬁ) ati on
can be conducte using a known ion inpl ation device.. The,accel.eration
Vol tage. daPEng Rawt i) Bnoatier el TOAE elle iR St caRi 45K e

product i Yisb¥ndafioh 248 be! 16 %o I%Clgz‘l]i};ltfor %x%‘géqgl ewengﬁrohﬁ’d’ﬁvﬁ s gkt g.?(?f is

desirabl e. "However, an excessively low 1 ‘renders separation icult
during t Reccuhagewenicl bEidh ihpRakiiBnis deBagid Fowhesan cxensiveigakilens, the
| evel of ion inplantation is, for exanple, 2 el6 to 1 ell/cn2, preferably 5
e16 to 1 reldetscadhardtion difficiltedaringp ¢heasubsequeht theat treatment. e dBaveditorf drese
separating the top wafer is generally equal to or pigher, than 300C,
pr ef er ablcgnsdsgations gbe Evelgfann implantatigreisafon exanaglethe” thbat /ony eprefesaily f al | s
wthin thiss raln%e, ai r bubbl es can develop in the ion inplantation |ayer,
form ng ot Jgﬂs | ayer that causes separation to take place at the ion
inplantagb@ﬂ_ | ayer as boundary. The heat treatnent period can be from one
m nute t (L hour, and is preferably 1 to 30 mnutes. The rate of
tenperat ure_i Nqheaghpdrsture’ G th€ hatRleatmdéht Yo @parkilfis MeidhBwaftr BfRh&RIY 1 to
5C m nute. The heat treatnent can be conducted using a

equal to or higher than 300°C, preferably 350 to S00°C. When the temperature of the

heat treatment falls within this range, air bubbles can develop in the ion implantation layer,
forming a continuous layer that causes separation to take place at the ion implantation
layer as boundary. The heat treatment period can be from one minute to one hour, and is
preferably 1 to 30 minutes. The rate of temperature increase is, for example, 0.5 to
10°C/minute, preferably 1 to 5°C/minute. The heat treatment can be conducted using a
known heat treatment device.

[0035]

In the thinning step employing a thinning method using an oxygen ion
implantation layer, oxygen ions are implanted into the top wafer prior to bonding to form
an ion implantation layer in the top wafer. After the bonding step, grinding, polishing,
and/or etching is used to remove a portion of the top wafer at the ion implantation layer as
boundary.

[0036]

Following the thinning step, the bonded wafers can be heat treated in a
non-oxidizing atmosphere to remove the oxide film present at the bonding interface.
This is done because the heat treatment causes oxygen in the wafers to diffuse outward,

lowering the concentration and causing the oxide film present in this region of lowered



known heat treatnent device. [0035] In the thinning step enploying a

t hi nni ng nmet hod using an oxygen ion inplantation |ayer, oxygen ions are
inplanted into the top wafer prior to bonding to form an ion inplantation

| ayer in the top wafer. After the bonding step, grinding, polishing, and/or
etching is used to renove a portion of the top wafer at the ion inplantation
| ayer as boundary. [0036] Follow ng the thinning step, the bonded wafers
can be heat treated in a non-oxidizing atnosphere to renove the oxide film
present at the bonding interface. This is done because the heat treatnent
causes Oxyggm conctdimtivaftediffuse idtofthe seafaut Watds mahnewes ividert (RSB evafaht r at i on
and causing the oxide filmpresent in this region of lowered 9 oxygen
concent r gemprisadofdwe firetlyibonded wafewedan be obtaineli s nanner, a wafer (DSB waf er)
conprise? &f two directly bonded wafers can be obtained. [0037] The
non-oxidigfﬁé at nosphere is, for exanple, a reducing atnosphere or an inert

at nosphere, su as._a_nitrogen atnpsphere rgon.atmosphere. or. hydrogen
Stmosphere. - rade BonERISHERER ARSI bt SRR RERROSIE e Aty ot by
t aki ng i u £ b i Il t waf er
interfac ghg(r)\ ﬁ%ﬁ’eﬂ%}étﬁg gnr%lﬁrrg%e?lgdr?ﬂ g?ﬁ)hgie’yg‘%ﬁn%ﬁ&?’ﬁg%ﬁ gﬁ&%ﬁeanﬁg%{hlaf‘ef eat nent

t enper at Uhe, cohditioSX &Ml &tbo e Redd Gredtnt¥AP ateOdekiraf}P Get BN hkingSinflesdcbadthe 1, 100 to
1, 150C. The heat treatnent period is, for exanple, 0.5 to 2 hours,

desi r abl yhigkress of the oxide filtnepre¢sopt atdlicewafenmtdréace enditheedneenttefi@rof dxygen | ayer by
t he above heat treatnment. Furthernore, the BMD density of the interior of

the base ihrerafetan The heat digatment syperbirenioy exassnle can e 1100840 k2RO°C. wadr ef or e,
o oECOTeRuBSAT ighR R o PR N o REPASh O9R8 sous o
of the desirably 1 to 2 hours. The top wafer can be rendered a defect-free layer by the above
heat treatment. Furthermore, the BMD density of the interior of the base wafer can be
reduced by the above oxidation treatment, Therefore, it becomes possible to obtain a
high-quality DSB wafer.

[0038]

Subsequently, the top wafer lateral surfaces and base wafer lateral surfaces of the
bonded wafer obtained can be polished to obtain a bonded wafer of desired thickness.
[0039]

As set forth above, the method of manufacturing a bonded wafer of the present
invention can be used to achieve a thin oxide film of a uniform thickness of equal to or
less than 30 nm, for example, or even equal to or less than 2 nm, and to reduce the BMD
density in the base wafer to equal to or less than 1 E+5/cm?, for example, or even 1

E+2/cm® to 1 E +5/cm®. The BMD density can be measured by the light etching
method.

EXAMPLES
[0040]

The present invention will be described in detail below based on examples.
However, the present invention is not limited to the examples.

[0042]
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bonded waf er obtained can be polished to obtain a bonded wafer of desired

t hi ckness. [0039] As set forth above, the nethod of manufacturing a bonded
waf er- of the present invention can be used to achieve a thin oxide film of
a uniformthickness of equal to or less than 30 nm for exanple, or even
equal to or less than 2 nm and to reduce the BMD density in the base wafer
to equal to or less than 1 E+5/cnR2, for exanple, or even 1 E+2/cnR2 to 1 E
+5/cnZ. The BMD density can be neasured by the |light etching nethod.
EXAMPLES [0040] The present invention will be described in detail bel ow
based on[Exmm¢ &s. However, the present invention is not limted to the
exanpl es. [0042] 10 &Exarrpl e 1] (1) Preparation of top and base wafers Two
si i con WhffseraAraionl iopandbase wakefonet ers in thi ckness, having a di aneter of

200 mMm a resistiviity of 20 Chns. ¢ and an oxygen concentration of 12
E417/ chB  wor e LIPSHIEPB VAT SRGRaiTing 12SoMCEOBOPIS D PSS Pariag @ diRBERT o own by

the CZ Sl | '
finin byt 20 mayat REFHIED 0 OhBS- By WECH SLRh SolBhEaRH S bFE Lol ™ 1e o
vaf er angyekd) Brephfe@ bydQictdierbiass vvhedoped @ﬁi):of%gmtgifr&ﬁn e the BXnigde film
The variation and average val ue of the thickness of an oxide film-- forned

on the $Subdegoetlef thehsiliconl wafors wat qrolibigidng 2 mitrey fidisiadylaktowmhethodi t h an
RTP (made by Mattson Corp., 100 percent oxygen atnosphere in the processor)
by i ncr e&siced thersilicon avaters wasi employedhassbo ©pt wafeod the othoiGisshe basd waderi nt ai ni ng

5001 secokd) KOITRBTESTa/APRAF B h & ref lect | ve-type 111 m thi cknese
measuring devi The V;rr%%io% a%ldgaiv\e/r%ge PAGE ((jﬁ‘ Heetiu%ﬂﬁeess %?ta\lll\%%pde film -- formed on

the surface of the silicon wafer being employed as base wafer with an RTP (made by
Mattson Corp., 100 percent oxygen atmosphere in the processor) by increasing the
temperature from 600°C to 900°C at 50°C/second, maintaining 900°C for one minute, and
then decreasing the temperature to 600°C at 50°C/second -- were evaluated with a
reflective-type film thickness measuring device. Table 1 gives the difference between
the maximum value and minimum value of the film thickness (film thickness range) at
121 points on the surface, and the average film thickness.
(3) Ion implantation

The silicon wafer being employed as top wafer was set in the vacuum chamber
of an ion implantation device and rotation was begun. Under conditions of 40 keV and
5.0 E 16/cm?, implantation was conducted with a hydrogen ion beam to form an ion
implantation layer.
(4) Bonding

The top wafer and base wafer were bonded so that the BOX oxide film was
positioned at the interface. The BMD density in the base wafer of the bonded wafer
obtained was evaluated by the light etching method. The results are shown in Table 1.
[0043]
[Example 2]

A bonded wafer was prepared by the same method as in Example 1 with the

exception that a BOX oxide film was formed on the surface of the silicon wafer being

11



t he maxi num val ue and m ni mum val ue of the filmthickness (filmthickness
range) at 121 points on the surface, and the average filmthickness. (3)
lon inplantation The silicon wafer being enployed as top wafer was set in

t he vacuum chanber of an ion inplantation device and rotation was begun.
Under conditions of 40 keV and 5.0 E 16/cn®, inplantation was conducted
with a hydrogen ion beamto forman ion inplantation |ayer. (4) Bonding The
top wafer and base wafer were bonded so that the BOX oxide fil mwas
positioned at the interface. The BMD density in the base wafer of the bonded
waf er obtpiayed asvii® ase visfidrewittbyn RI® (agh by MatsongCorps h00 perthst dgged t s are
shown in Table 1. Eglg043] [ Exanpl e 2] A bonded wafer was prepared by the
sane net BB@ospBere An thappsicesson)vityt mcreasing dive tgmpietatuneHaom 608K to Xi 196°C iak m was
formed o e su face of the silicon wafer bei ng 11 enp] oyed as the base
waf er w EHJ@ R%@sf%rrpr‘edmﬁute asithere decaepsing ey éﬁipe%;%here in
the proc reasing the tenperature from600C to 1,100C at

50C secoﬁgwngélsﬁ%ca/lg%?n& 1, 100C for one mnute, and then decreasing the

t enper at lﬂ(ﬁ(ﬁmﬂ 600C at 50C/ second. [0044] [Exanple 3] A bonded wafer was
prepared by the sane nethod as in Exanple | with the exception that the
oxygen c{bgsaplé 3fi on of the top and base wafers was changed to 13 E +
17/cnB. [0045] [Exanple 4] A bonded wafer was prepared by the same net hod
as in Exanpl e 3 banded twafer was prepared by the same method as in Example 1 with the

exception that the oxygen concentration of the top and base wafers was changed to 13 E +

17/cm’.
[0045]
[Example 4]

A bonded wafer was prepared by the same method as in Example 3 with the
exception that a BOX oxide film was formed on the surface of the silicon wafer being
employed as the base wafer with an RTP (made by Mattson Corp., 100 percent oxygen
atmosphere in the processor) by increasing the temperature from 600°C to 1,100°C at
50°C/second, maintaining 1,100°C for one minute, and then decreasing the temperature to
600°C at 50°C/second.

[0046]
[Example 5]

A bonded wafer was prepared by the same method as in Example 1 with the
exception that the oxygen concentration of the top and base wafers was changed to 14 E +
17/em’.

[0047]
[Example 6]

A bonded wafer was prepared by the same method as in Example 5 with the
exception that a BOX oxide film was formed on the surface of the silicon wafer being
employed as the base wafer with an RTP (made by Mattson Corp., 100 percent oxygen
atmosphere in the processor) by increasing the temperature from 600°C to 1,100°C at

50°C/second, maintaining 1,100°C for one minute, and then decreasing the temperature to

12



exception that a BOX oxide filmwas fornmed on the surface of the silicon

waf er being enployed as the base wafer with an RTP (nmade by Mattson Corp.,
100 percent oxygen atnosphere in the processor) by increasing the
tenperature from600C to 1, 100C at 50C/ second, maintaining 1, 100C for one
m'nute, and then decreasing the tenperature to 600C at 50C/ second. [0046]

[ Exanpl e 5] A bonded wafer was prepared by the sanme nethod as in Exanple 1
with the exception that the oxygen concentration of the top and base wafers
was changed to 14 E + 17/cnB. [0047] |[Exanple 61 A bonded wafer was

pr epar ed 6B89°G #180%Hsasombt hod as in Exanple 5 with the exception that a BOX
oxide filmwas fornmed on the surface of the silicon wafer being enployed as
the baselW8er with an RTP (made by Mattson Corp., 100 percent oxygen

at nospherg in the processor) by increasing the tenperature from 600C to
1, 100C at[éorgﬁ%ffg‘éec%@p?‘hgfnt ai ning 1,100C for one ninute, and then

decreasing the (E;&efﬂgﬁ a'fér%ﬁsopreﬁé'e@(%ggh%%mtﬁ%%e?}?&f)&dint ﬁ%%gégll. par ative

Exanple 1] A bon waf er was prepar e same ne sSin anple 1

W th t he ex@plicRtHa0 B BOMbxile BBA Wad fdfméd With Waerti@l fiRfacdi(Witha 100 ekt furnace
(wmth a 100 percent oxygen atnosphere within the furnace) by increasing the

t enper at oxggehr atmogileee withinStHefuatacB)Chyrintreasingrhientemipatange KT 7001C € i nut es,
and then decreasing the tenperature to 700C at 2.5C/ m nute. [0049
[ Conpar apgE€ Bk altp r@ing‘qe, maintaining 800°C for 6 minutes, and then decreasing the
temperature to 700°C at 2.5°C/minute.
[0049]
[Comparative Example 2]

A bonded wafer was prepared by the same method as in Example 3 with the
exception that a BOX oxide film was formed with a vertical furnace (with a 100 percent
oxygen atmosphere within the furnace) by increasing the temperature from 700°C to
800°C at 5°C/minute, maintaining 800°C for 6 minutes, and then decreasing the
temperature to 700°C at 2.5°C/minute.

[0050]
[Comparative Example 3]

A bonded wafer was prepared by the same method as in Example 5 with the
exception that a BOX oxide film was formed with a vertical furnace (with a 100 percent
oxygen atmosphere within the furnace) by increasing the temperature from 700°C to
800°C at 5°C/minute, maintaining 800°C for 6 minutes, and then decreasing the

temperature to 700°C at 2.5°C/minute.
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A bonded wafer was prepared by the sane nethod as in Exanple 3 with the
exception that a BOX oxide filmwas fornmed with a vertical furnace (wth a
100 percent oxygen atnosphere within the furnace) by increasing the
tenperature from 700C to 800C at 5C/ m nute, maintaining 800C for 6 m nutes,
and then decreasing the tenperature to 700C at 2.5C/ m nute. [0050]

[ Conparative Exanple 3] A bonded wafer was prepared by the sanme nethod as in
Exanple 5 with the exception that a BOX oxide filmwas forned with a
vertical furnace (wth a 100 percent oxygen atnosphere within the furnace)
by increfsng the tenperature from700C to 800C at 5C/ minute, maintaining
800C for 6 mnutes, and then decreasing the tenperature to 700C at

2. 5C/ mi nitable 13 [0051] [Table 1] Oxygen Heating Average film Film BVD

density[ concentrati on of tenp._ tNfCKNESS Thi CKMESS base fer éb) nm
Range (¢m) (xEt 17/H&R (run) Heating ao@yerzgelﬁ@ 22 9.FilgE+02| BMP demsity2) 1100
2.3 0.23 1.43E+02 oCorr%a.t.Ex.iL 800 2.2 Q. g} 42E+ E>i(§ 900 2.3 0.2
2.60E+04 Ex. 4 iLSc T8G9 6T 0 | 278 485-+0 F1C .T‘ﬁc 86 2.4 0.26 2. pOE+05
Ex. 5 900 2.2 0.26 },24F+Q5 Ex. €14 110 mg . 23 3E+04 . Ex. 3 800
2.1 0.2§ 9. 54E+0 o Rty Rebg? ERIP
l (xE+17/cm’) (nm)
Ex.1 900 2.1 0.22 9.76E+02
Ex. 2 12 1100 2.3 0.23 1.43E+02
Comp.Ex.1 800 2.2 0.25 9.42E+03
Ex. 3 900 2.3 0.24 2.60E+04
Ex. 4 13 1100 2.0 0.22 3.48E+03
Comp.Ex.2 800 2.4 0.26 2.20E+05
Ex. § 900 2.2 0.26 1.24E+05
Ex. 6 14 1100 2.2 0.23 1.53E+04
Comp.Ex.3 800 2.1 0.28 9.54E+05

[0052]

A comparison of Examples and Comparative Examples having base wafers of
identical oxygen concentration in Table 1 reveals that oxidation treatment comprising
heating to 800 to 1,300°C at a rate of temperature increase of 50 to 100°C/second
permitted the rapid formation of oxide films of uniform thickness and permitted a
reduction of the BMD density in the base wafer.

[0053]
[Example 7]

The bonded wafer prepared in Example 1 was heat treated for 60 minutes at
1,200°C in an argon atmosphere. Cross-sections of the wafer were evaluated before and
after the heat treatment by transmission electron microscopy (TEM). The TEM image
obtained is shown in Fig. 1. As indicated in Fig. 1, the above treatment removed the
BOX oxide film, yielding a DSB wafer.
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[ 0052] A conparison of Exanpl es and Conparative Exanpl es having base wafers
of identical oxygen concentration in Table 1 reveals that oxidation
treat-ment conprising heating to 800 to 1,300C at a rate of tenperature

i ncrease of 50 to 100C/ second permtted the rapid formation of oxide filns
of* uniformthickness and permtted a reduction of the BVD density in the
base wafer. [0053] [Exanple 7] The bonded wafer prepared in Exanple 1 was
heat treated for 60 mnutes at 1,200C in an argon atnosphere.
Cross-sections of the wafer were evaluated before and after the heat

treat menf0dd¢)t ransm ssion el ectron mcroscopy (TEM. The TEM i mage obtai ned
i's shown in Fi % 1. As indicated in Fig. 1, the above treatnment renoved the
BOX oxi de fi | mIhg peesent pyeatiospermats de mannfacyadny of tigh-gualige SO1 wafern andn
permts htgi%rra ufacturing of high-quality SO wafers and DSB wafers. [0055]
Al t hough WB¥Esent invention has been described in considerabl e detail

W th reg 5(g]to certain versions thereof, other versions are possible, and
alteration pernut ati ons and equi val ents of the version shown w || becone

apparent to th%?tﬁo& {Heéﬂese%?ink@ﬂi(ﬁrﬁas%gﬂ d%scrrg)@&“iﬁlgoﬁgide?m qeeA! igat i on
and study of the draw ngs. so, the wvarious features o t%e ver si ons

herei n cagpab® 160 @EIAR dvirfiodartherdss, Weiher tverdidraV iafte podsiblie! | dakltmatisispns of
the present invention. Furthernore, certain term nology has been used for

t he pur ppsmsutationd @ad equvalems of theiveysionashdwnowillttecbmenapparére tptheseskilledivent i on.
Therefore, any appended clains should not be limted to the description of

t he pref & thejart wpes|arradingrelathg epesibieation andastedioaf dhe deamiegs. ailscs |

ZLEjegggip&Q%‘?u pﬁrég%qtsgééﬁgs?%gggﬁ p%ﬁilrjll ga%l gentccs)mgi%e(fi ailllva\ﬁ\'io{lsh iw%yé rt]g" ptrcr)\ng spirit
additional versions of the present invention. Furthermore, certain terminology has been
used for the purposes of descriptive clarity, and not to limit the present invention.
Therefore, any appended claims should not be limited to the description of the preferred
versions contained herein and should include all such alterations, permutations, and
equivalents as fall within the true spirit and scope of the present invention.

[0056]

Having now fully described this invention, it will be understood to those of ordinary
skill in the art that the methods of the present invention can be carried out with a wide and
equivalent range of conditions, formulations, and other parameters without departing from
the scope of the invention or any embodiments thereof.

[0070]

The citation of any publication is for its disclosure prior to the filing date and should
not be construed as an admission that such publication is prior art or that the present
invention is not entitled to antedate such publication by virtue of prior invention.

[0057]

Unless otherwise stated, a reference to a compound or component includes the
compound or component by itself, as well as in combination with other compounds or
components, such as mixtures of compounds.

[0058]

6 99 66

As used herein, the singular forms “a,” “an,” and “the” include the plural reference
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[ 0056] Having now fully described this invention, it will be understood to
those of ordinary skill in the art that the nethods of the present
invention can be carried out with a wide and equival ent range of
conditions, fornulations, and other paraneters w thout departing from the
scope of the invention or any enbodi nents thereof. [0070] The citation of
any publication is for its disclosure prior to the filing date and shoul d
not be construed as an adm ssion that such publication is prior art or that
the present invention is not entitled to antedate such publication by
Vi rtue olnlpssthe contexeclearbndicth@®bihervidid. ess ot herwi se stated, a reference to a
conmpound or conponent includes the conpound or component by itself, as well
as in cob¥ls ﬁhtl on with other conmpounds or conponents, such as m xtures of
conpounds. 58 used herein, the singular forns " and "t he"
i ncl ude the pr%avﬁlﬂﬁsrmﬂ&% ¢ inglicafed) @&gwpgrés ew%ws q&a@a&eﬁﬁ@g@@&p@s
ot herw se, 005 er w s i.ndi ¢ Xpressing
quant | 1 Sty Rnatight P BRELSA IR Peifirarbh sbCUEis & o B PRERRREE ! “The
specific 0 i al |

8Lihe '?mﬁl'i'ﬁisd%adllnfﬁ A Rs by tljikete#gl ng %jccﬁﬁiénsg@}en s dJa'teﬁQo the

i nstances by the term a out."” Acco to the

contr ary cortfey, tHeBtmeatal Paradkire k& Beh ih tbllomﬁmpefcﬁich@(vn At afeRbed i cation
and attached «clains are approximations that nmay vary dependi ng upon the

desired plabpeart apmoxxoatiorts tha sy vaghdepenmbng ponttheedesirebpopertiessenglitémbe At t he
very least, and not to be considered as an atten‘gt to, limt the application
4

of the d@b@mﬁbyﬁﬁp&iw\meemrs&&em@ lsashgad Bet tp Recensiderpd as amattemnifer i cal
par anet ey, sfoul 4, be CoRstiped | o i A of S Bunhgt. 8% G gty O 07t
parameter should be construed in light of the number of significant digits and ordinary
rounding conventions.
[0060]
Additionally, the recitation of numerical ranges within this specification is
considered to be a disclosure of all numerical values and ranges within that range. For
example, if a range is from about 1 to about 50, it is deemed to include, for example, 1, 7, 34,

46.1,23.7, or any other value or range within the range.
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Additionally, the recitation of nunerical ranges wi th| n th| S specification

is considered to be a disclosure of all nunerical values and ranges w thin
that range. For exanple, if a range is fromabout 1 to about 50, it is
deened to include, for exanple, 1, 7, 34, 46.1, 23.7, or any other value or
range wthin the range. 16 CLAIM5S 1. A nethod of manufacturing a bonded

waf er conprising: formng an oxide filmon at |east one surface of a base
waf er through oxidation, bonding the base wafer on which the oxide film has
been fornmed to a top wafer to forma bonded wafer, and thinning the top

waf er included in the bonded wafer , CLAEMS n t he oxidation conprises heating
t he base wafer to a heating tenperature ranging from800 to 1300 C at a
rate of tlenper dumethod plcmamecturingy banded wiefer cowpd80g:C/ second in  an oxi di zi ng
at nosphere, and the bondi s carried out so as to position the oxide film
formed in the W‘éﬁlaﬁn"’“a‘? fjﬁ i ARttt 58 ore swrdaceopf Rabase Walgr dhwughse
wafer. 2. ‘I('ﬂ t hod of manufacturing a bonded vvafer of claim1, wherein the
oxi dation oGS (farrl ed out in a Rapid Thermal Processor. 3. The nethod of

manuf act uri ng goRARsied vasd RafePbn %\lf}fi’élf'ﬂhé onde%ilmeﬁ bl fdriied tP¥ 't(g%v?f%f‘ s

carried out so as to forman oxide filmon at |east one surfac t he base
waf er soté forin 4 bondedivafer,tahd ckness of the oxide filmposition at the
interface is equal to or less than 30 nm 4. The nethod of nanufacturing a
bonded waf er othizmiyg the top wales intluded By thefendsidrwafedywheremt i ng t enperature in

t he oxidation ranges from 1000 to, 1200 C. 5. The nethod of manufacturing a
bonded waf er ofh€ ipn compriges heptingsthe haserwafgr to mbeaing pmpesHUESARSING e

hol ding tfrom ?&JS 1o 1%6 ¢ a{ a raté o}” Pem%errgt&]rg tir?csrea%é rz;[nrg]ﬁlgl}?oarﬁ W8 306 @EBeec%%B &

an oxidizing atmosphere, and

the bonding is carried out so as to position the oxide film formed in the oxidation
at an interface of the top wafer and the base wafer.
2. The method of manufacturing a bonded wafer of claim 1, wherein the oxidation
is carried out in a Rapid Thermal Processor.
3. The method of manufacturing a bonded wafer of claim 1 or 2, wherein the
oxidation is carried out so as to form an oxide film on at least one surface of the base
wafer so that the total thickness of the oxide film position at the interface is equal to or
less than 30 nm.
4, The method of manufacturing a bonded wafer of any of claims 1 to 3, wherein
the heating temperature in the oxidation ranges from 1000 to 1200 °C.
5. The method of manufacturing a bonded wafer of any of claims 1 to 4, wherein
the oxidation comprises holding the base wafer for 1 to 3 minutes at the heating
temperature.
6. The method of manufacturing a bonded wafer of any of claims 1 to 5, wherein
the oxidation further comprises lowering a temperature at a rate of temperature reduction
ranging from 50 to 100 °C/second.
7. The method of manufacturing a bonded wafer of any of claims 1 to 6, wherein
the thinning is conducted by, prior to the bonding, implanting light element ions into a top

wafer to form an ion implantation layer in the top wafer, and following the bonding,
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6. The nethod of manufacturing a bonded wafer of any of clains 1 to 5,
wherein the oxidation further conprises lowering a tenperature at a rate of
tenperature reduction ranging from50 to 100 C second. 7. The nethod of
manuf acturi ng a bonded wafer of any of clains 1 to 6, wherein the thinning
i S conducted by, prior to the bonding, inplanting light elenent ions into a
top wafer to forman ion inplantation layer in the top wafer, and foll ow ng
t he bonding, 17 subjecting the bonded wafer to heat treatnment to separate a
portion of the top wafer from the bonded wafer at the ion inplantation

| ayer assuipestidgithe badedrivefente head treftmenntof sgparateianppraohoiittie dopwahifer from any of
clainms 1 tqo 6, wherein the thinning is conducted by, prior to the bonding,

i npl ant i H bekdesowalenitdhs opsmplapighon {gyereas bowndagy.m an” i on i npl ant ation | ayer

in the tgp waf apd .fal | ow.ng t he bondin r.enovi.ng.a portion of the top
walf er 11 8m t he B ARG reatlctrind & Gmded Siler ofany of s T 0.5 BRERHary by
grindi ng j@@' t.ching...9: niﬁ{]ohﬂ: L of xgggp tur bonded
waf er of thgﬁ@l 0 c{ggﬁo?rlsagdigd; (t))?’ i vr\hqlgéﬁg bf)%arlﬁ%fer (lzoqnlrr)lgios rie(?rl%v%gyt e oxide
film pregand t8tfoind@niibh ShbRGERLIBY 15¢Piif ¢hd ﬂ% Wwher, PAnPacwial @e doadigat
treatnment in a non-oxidizing atnosphere. 1

removing a portion of the top wafer from the bonded wafer at the ion implantation layer

as boundary by grinding, polishing and/or etching.

9. The method of manufacturing a bonded wafer of any of claims 1 to 8, which

further comprises removing the oxide film present at the interface by subjecting the

bonded wafer to heat treatment in a non-oxidizing atmosphere.
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