-1 - METHOD FOR PRODUCI NG BONDED WAFER BACKGROUND OF THE | NVENTI ON | .
Field of the Invention 5 (00011This invention relates.to a nethod for
produci ng a bonded wafer, which conprises steps of inplanting ions of
a light elenment such as hydrogen, heliumor the like into a wafer for
active layer at a predeterm ned depth position, bonding the wafer to
a wafer for support substrate, and thergafter subjecfing to a heat
treatnent to exfoliate the ion inplanted portion as well as a bonded
waf er 10 produced by suc febhe Rel ated Art
(00021As the method for Ignrg ucing a %DU h é:'rEie1 is, for
exanpl e, a so-called smart cut nethod conpr|5|ng a step of inplanting

ilons of a light elenent suc ' the like into a
waf er for active |ayer at aﬁ‘}gﬁgﬁg)g@{tgﬁﬁiﬁéwéﬁosition to form
an ion inplant &d Fieldef thednwehtign of bondi ng t he vvaf er for active |ayer
to a wafer for port., sybstrate throu I ns atl Il a step
of exfoliat anm?ﬁ #@F‘%‘F’“ﬁ% Hhto ?‘g‘ﬁtf@ﬂ”f’ H%Fdé”r%‘t‘ep of
thinning a porivhizh c&iqfn@.es @@ﬁs'oY%ﬂIﬁt‘iiﬁ? mawpﬁ%t Q?!méﬂi‘é‘u&)&ﬁ Q) drégehON

t hr ough pollshlngto orm an active layer having predeterm ned film

t hi ckness. Acchtlismgy thejikedntp ajwates ﬁq;raﬁuwdeyeh@tawmcwamm depthrpogition, he
f f ol h
waf er exfoliat G&hdﬁ{gtxﬁéw&fa%la%g@ %@ﬁgfgﬁtg&%@h%@e@ Lﬁﬁméﬁh' c

is different fro he conven I ni que
recycling can beat treatdent toexfplfate th¢ maﬁreplaﬁtcﬁpoa@cmmmuayebwd:dl%ﬂae

bonded waf 6 pé“d&&f‘li’}%ga ixgi ﬁh | eads the way to reduce the material

cost. Also, by the smart cut nethod is excellent
in the unlfornitynﬂtnﬁuohbfmsm:hhdlmess, so that the smart cut nethod

is noticed as odu ti,on th futu tenti al

50091 Honover , (OBAIC SRS e a6 neibusihe 3 Pt bbbk B for el

{Tﬁt hodt damlagesd:éanad)m ckOfhethBll tifisig alsapbhﬁ:;ﬂmmt m&e&hlsgmtf ace of
e active ay

exfoliati f.the ion_i a ortion.
Therefore, it sm?véa'eﬁﬂlraéﬁv %%dl%&ma °%“F‘b%ﬂ’ﬁ%h§°‘%?’ ﬂ@?ﬁﬂ, ng the

damage, angst hﬁ:@&t&rﬁmﬁdmp&sﬁ:fdn% fd?ﬁ&'aﬂ@dn'xﬂﬂlaﬁt%d Pay&r}’ﬂ)ktﬁﬁbfﬁoﬁ&iﬂ i que
therefor. When the sacrificial oxidation is conducted at a

tenperat ure, htaapter forpetisedasestocayalerdoruppoasimbsmatetibrovgl %m@%ll#nbn
existing in thﬁlggﬁg%?%?c_:{f&g}’aﬁﬁg%%ﬁ&@&&@&ﬁ:&ﬂ&t&m&&?@ﬁ asteperactive

| ayer during t

thinning a portion of an active layer exposed by the exfoliation through polishing
to form an active layer having a predetermined film thickness. According to

20 this smart cut method, a portion of the wafer exfoliated afier the bonding can be
recycied as a wafer, which is different from the conventional bonding technique.
By such a recycling can be used one wafer (wafer for active layer) in the bonded
wafer plural times, which leads the way to reduce the material cost.  Also, the
wafer produced by the smart cut method is excellent in the uniformity of film

28 thickness, so that the smart cut method is noticed as a production method with
future potential.
[0603] However, as for the bonded wafer produced by the smart cut methed,
damage of about 100 nm remains in the exfoliated surface of the active layer due
to the exfoliation of the ion implanted portion. Therefore, it is required to

30 conduct a treatment for removing the damage, and there is a sacrificial oxidation
a3 a typical technique therefor. 'When the sacrificial oxidation is conducted at a
high temperatore, however, there is caused a problem that dislocation existing in

the damaged layer extends into the inside of the active layer during the heat



treatnment and conmes to the surface as a surface defect at the
subsequent step. Also, the wafer after the sacrificial oxidation is
di pped in hydrofluoric acid (HF) to renove an oxide film and
subjected to a reinforcenent heat treatnent and a planari zation

heat -treatment for enhancing the bonding strength, but the peeling 5
of the active layer is caused by the sufhsequent planarization heat
treatnent (high-tenperature heat treatnent at 1000-1200C in an argon

or hydrogen atnosphere) due tq the scoopi f the insulating film
through the i mf&FERRAE fOmssdo SHTBRCF 85 Bracedetect 3idhe 3 SEATRY HEP-  he
bondi ng st r engtalso, tiaakte Bt thd WakrTidiel ofiaMB G dpfaebhyararidat sdefiagt s

are generated and the thickness uniformty of the active layer is 10
broken. [0004] & isBeVve Hroxidefmand spbjested ot isinforcomeat hesttreptment agd 41 i n

the thickness QfanhfGuAltRdaNFeatBhE For Qﬁﬂnﬂﬂﬁ@??éﬁ?g&?ﬁ%%@femgﬁgp%

i nfl uence on déevi ce char acteristic an
wafer, it i$§ debtheadivedaydes cduaed by thesuberduénd plaparizationi heat tteptmebtihibd

waf er in which_{ e i f LRCLS can b ffective 15
suppressed in tt ﬁ?@%ﬁ%ﬁgg%?%@g?ﬁgn@ﬁﬁﬂgﬂt ﬁi%ﬂfé@o Oﬁ(rr:‘?&%% o8 #’X‘f)he
active | ayer cadne toshesesepinghfite inqutheing film théguph v ilnhersipiah hydrofliorit he
bonded wafer. SU JH ENTI ON [ QO005].1t i.s, therefore, an

obj ect of the Pﬂ%ﬁ&ﬁﬁwﬁ@%@g hanghogpd T ircpygH aPKkded
wafer in whi chthabgefgsyveé péneaftdahd the tiReknsssuBifirhety BEihe Y&tive dF is 20 can
be suppressed S{r‘llgfthe t hi ckness can be uniform zed by continuously

f

conducti ng @ D.heat treatment step of sacrificial oxidation for

reduci ng damaggpog) 2 Seh ﬁﬁ%cﬂaﬂoﬂ%f@&é&é’ﬁdltlﬁ]}é%tteﬁﬁg?ﬁstﬁ‘émjcﬁﬁéw@ the

exfoliation and a 'second heat treatnent step for enhancing the

bondi ng st r ength# agtivedpyep bringabetitignifisan badiinflnense on deyiebuettiristiornder t o
achi eve the abgyg °§19ff§%m°4%§“mﬁ°%§%&§?E‘éﬁf"Pgﬁ"‘md%’ éfrglﬁcing

invention are as pro Ing a
bonded waf er whichlndsd wafer dnewhigh the generation nfthadefeatsean basffestively | | ght

el enment su a |, J the.like | er..fof_active
| ayer at ac'lgr e%’é’? }écrgér’f‘la%g “BQ‘%f%U’g%gﬁdﬁgen‘hHé“ %SOFDE?O%& %ﬁﬁ? é%lfl%ir’ﬁ'eéd 30
| ayer, a step ointeenslirenibhier wamerové the qadity vfthé bonded wafera waf er for
support substrate through an i i of exfoliatin
thgpwaf er at the ion irrgl ant §y%g&&gﬁ$i@5@ Itoreat ment step gf
conducting a sfopos)f i cilwk, thetdfohd] 4nQudjcedf theridvmtingtoGadvidian déthatl forir f ace
of an active |layer exposed, t ro,u%’h,c%he exfoliation and a - 3 -
second heat tr BROpring & Randed waterin which thegepcrpnipn pf defectiipghe active,layss; ¢
the second JjeatanBeQai esedd anll @ thiskdeytah B RifokizEPRAaliRBbudy t er the

fast heat treatnent step w thout renoving an oxide filmformed on the

surface of thecedietipg 2ifagdeat tpgponstep et mcrBeinlsdideton for isduring pmage

ponded vafer agfadfof s kcivtlagdlexpoied WEIgh the bRIitioh Shd b Sbod heat
eat nt phere of n

treatment step is a treat n_an oxygen at nosphe ot
hi gher than 90U&tmEERBFqr3phancing ths bandieg styengihiuedenpredetdroingdd waf er

according to i Eoenmt{o?ig or
25  [0006] In order to achieve the above object, the summary and construction of

the invention are as follows.
" (1) A method for producing 2 bonded wafer which comprises a step
of implanting ions of a light element such as hydrogen, helium or the like into a
wafer for active layer at a predetermined depth position to form an jon implanted
30 layer, a step of bonding the wafer for active layer to a wafer for support substrate
through an insulating film, a step of exfoliating the wafer at the ion implanted
layer, a first heat treatment step of conducting a secrificial oxidation for reducing

damage on a surface of an active layer exposed through the exfoliation and a



(2), wherein the second heat treatnent step is a heat treatnent
conducted in an oxygen or nitrogen atnosphere of not |ower than
1050C for not less than 2 10 hours. [0009] According to the invention,
it is possible to provide a nethod for produci ng a bonded wafer in
whi ch the generation of defects in the active |ayer can be suppressed
and the thickness can be uniformzed by sgcontinuously conducting a
first heat treatnent step of sacrificial oxidation for reducing

damage 15 on a sur g‘ge of the acél ve | ayer, exposed, throutgh t he
exfoliation andeePndbedrstmenstepofasingn boagiag srepgthein ek thysecond

bondi ng strengtmaumﬁenpﬁqﬁewmmgcsm%ahﬁmheﬁ@ﬁ&@ﬁéﬁﬁ!s‘? | ON OF
THE DRAWNGS [0010]FIG 1'is a flow chart show ng production steps of

a bonded waf er Whostremopng anexideoiimforard onshecyrfaenf theactivedayenvent i on,

wher ei h f
oxi dat 1 on. (b) e "TL et Enic i8S ablrchg SRETTD)
i ons, (c) showswhersimthefirst beat geptmentistep Meamcatmc@dip ag lopygen atmespiters of

bondi ng both vvafer an ), (e) shows a state imrediately after
the exfoli ation ﬁ[éﬁe} g@%br active layer through heat treatnent,

(f) shows a st a[nms]z5 oaa) aammdowm@emg%eﬁdeahefeexmfdi@ttb &em of) ok he
waf er for actlv gé{ﬁ@ ows a bonded V\gfer |m"red|D§teI%/ after a
first heat tred °m("h‘§ at TeHFGHSEP G Bat freAtmept 59 P8 g
second heat tregygm '&mnﬁ:gana%h@églﬁzer@oﬁ%ﬂﬁ@rﬂﬁﬁ@ﬁSme%ﬁE@tﬂm@fter the

renoval of an oxide filmwth solution followed by the second heat
treatment, 1) heWsws a bonded wafer i nmedi at el y after a planarization

heat 3117 eat oy Anch kRO ichicl R foshL IS AEL 4 ASboRed

waf er . 21s a flow chart & art of production
steps of a bondeetiupig abomsied wafer inovhichthe gematattpn feets dinthereetive dryer

wh h

For sacr {1 ci s yBARIEe afinP b Elad Bhituldely Bfilyel’ ot Mo

i medi ately af tcendwhm a fastheal treafmeansteprafaacrificlaboxidation i radotiug daomegaf t er
th i f h d . di at ft

2 heat 1 reaPortt SHERE o a1 1 oERoR AR AR B AIRETOND &
waf er, and (d) t&hmwmmpsfbﬂemhmfn pind Bohling gerdnipeh unGdr Ppecdetendiogd

5DESCRI PTI ON OF T E PREFERRED ENMBCDI I\/ENTS [ 0011] The met hod for
produci ng a borf 1Bt er accor di ng to the invention will be described

with reference to the accgmmmmgmﬂmmm@bmﬁ@@ﬂ] FIG 1is a
flow chart s hOWI n% st el'-pa ?Is a%ro(\)wdclljmgtlt ?l%w?ngbg'gc(iju%gomgpi rof a ?a/ondcd wafer by
20 aproduction method according to the invention, wherein (a) shows a wafer for
active layer treated by a thermal oxidation, (b) shows the wafer for active layer
implanted with H" ions, (c) shows & wafer for support substrate, (d) shows a state
of bonding both wafers (b) and (c), (¢) shows a state immediately after the
exfoliation of the wafer for active layer through heat treatment, (f) shows a state
25 of a bonded wafer after the exfoliation of the wafer for active layer, (g) shows a
bonded wafer immediately afier a first heat treatment, (h) shows & bonded wafer
immediately after a second heat treatment, (i) shows a bonded wafer immediately
after the remaval of an oxide film with HF solution followed by the second heat
treatment, (j) shows a bonded wafer immediately after a planarization heat
30 treatment, and (k) shows a state of polishing the bonded wafer.
FIG. 2 is a flow chart showing a part of production steps of a bonded
wafer by the conventional production method, wherein (a) shows a bonded wafer

immediately after a heat treatment for sacrificial oxidation, (b) shows a bonded



t he production nethod of the invention. 10 [0013] The production

met hod of the invention is a so-called smart cut nethod conprising
steps of thermal-oxidizing at | east one-side surface of a wafer 1 for
active layer to forman insulating film3 (silicon oxide filn) on
such a surface (FIG | (a)), inplanting ions of a light elenent such
as hydrogen, heliumor the like into the,wafer | for active |ayer at
a predeterm ned depth p03|t| on 15 (preferably depth position of
400-600 nut) (FIG 1 (b . bonding the wafer to a wafer 2 for support
substrate and e¥rsr immedinielynefter His reragval ofmnritde flm with Fsolyiomafies the

treatment The b%ﬂs&laiv@: csﬁmﬁgcggmﬁwax ;ﬁ%&m&:&aﬁe b 21%%. has a

probl em that defects are ge terrorate due to
damage pr oducedireatmertt éorsnkangiog 2 béndingestremgth aral plamgrizingd water, aink(d)

exfoliation at In the conventi onal
techni que for s %\G/Isﬁgﬁ%cﬁ?golﬁwg%%onggv%ﬁ%m in FIG 2, there is used
a productionsmet hod COWCRMQOHUFGMEPRBBERHDEMI&BI@S 2(a)) of
conducti ng sacr i al de cing the da ge on the
Coriace of the lopfie ?’@Ftﬁ@i%bgr@ AN I ; W ghesipyantion
renoving an oxi gl lfeJdeEBn@@d Gvﬁl?rc&‘ﬂénﬁ:é‘fo&h@ﬁcc&ﬁﬁan%ﬁ@favﬁfd[s)gblo% (b)) and a
heat treat nent stiaﬁ (FLG 25 2(c)) for enhancing the bonding strength

and pl anari zi ngltH waFK 1 ispiew sbﬁ@ns@tnmequﬂnapggmdrd W@fphl?}'
oxidation is C?ﬁg#’ﬁ’q“&i&“ﬁ’{h"gfmg vLﬂtﬁgtl ng tenperature of about

950C, so that els a emt i slocation existing in the
damage on t &e si#pi¥Hce The prhtb.\camtmwtbOddykmmimﬂsasbmlbdtshmhmi de of

s a surf ace. dePet <brE ceRRl bR oTptindfteaRaESab Rufufforiide

conventi onal t etfomicgive layedte foren ayhhmﬂalﬁng)ﬂlmﬁ (dillb@nsxiﬂé ﬁlm‘:) oﬂfsucthhe active
| ayer retaining h en.i.np] apted d is oxidized.at the,
sacrificial oxi %’ngf%ﬁfgqe(@)'t %%%P“ﬁﬂg?‘ggﬁfg%ngﬁnéd%aﬁ%Ff?g@’ ggu’("bxi de
f: I m11) anﬂ tg&rthéllil& mnsmauafful1rrbrlabnvslﬁy&mwgddmthcwﬁqﬁwbdmoandt 0
elimnate the a | n_thi S weyer, It _tends to
remove a peft ph@%&eléﬂﬁ"é’ ’cq"Bﬁf‘Z’ﬂo G0Q g ﬁé‘?’f &h))ago*ﬂm&fbwefa&'e& at a
terrace region Qifedd@r Wahsit sub!ﬁut&ihd%iﬁﬁaﬁdgaé: ¢ 1&{1%laﬂte89snlbsbf groved.

As a result, at the subSequent heat treatnent step for enhancing the

bondi ng st r engthtebiFratmanh n dbe bomiigd Waler pradused by the swant eutaethod dese pr obl em
that the 5 acti I rization
neat troarmont HoVgauat Pl kaBalcd PRRRRNOIE yiHe T, Buhd
uniformty of tpreduged éntbe suagaee;ofﬂgmm} Iehe aftentbmedoliztibmatdhaingle vari ous
studi es on the | e rodyci ng a
bonded waf ef mﬂ%g %’H%Pﬁlg gﬁé@é f‘g"%@ qsu%‘f&%fg@g&hmﬁmﬁl '%13%
renovi ng t he peshbwharHG. E,dlgmchmﬂmo@kuﬁMethmmh@hsmgaheakmaiﬁemt t he
bonded i nt erfac ou I t tre nent step
for enhancing t (ﬁgﬁg?’h&’ %"f‘ﬁ ‘%&b"g gﬁ@&?‘"‘[’? a@f@p‘ﬁn after
t he heat ;rga; rmaﬁurﬁbeﬂtﬁ@icnf@IQ?drfekp‘ds@d é;b? Fiﬁmman (a]:jstdp%grdm&bgan

t reat nent efore the re of .an | roduced on 't

surface of the "&‘&dtelf{l'@ qnégeg?“af%"ﬁc?fﬂ’é FF‘H"S"%‘F W@-“’&E?‘?ﬂélq -ayer
can be prevent eﬁcﬁrorkﬁﬁnﬁﬂpﬁle%ﬁﬁﬁgﬂk@gﬁmﬂﬁmﬂﬂgaew&rqﬁm&ﬁ 15

step and the generation of defects can be suppressed and the
t hi ckness can &e ¢asvensionsl secgificipbexidstipmiscamisd optet éhﬁﬂPﬂe‘i}@S"QﬁPehﬂfﬁod

O "9 e - b OO AR W defbr bt iskponti M\ isthe Bl g

el enent such as ir are anted I n o a wa or actlv
a thermal |y oxiadithesir thetactive lpyer nxtgnd;mntoﬂsmdef@&e aeweclityeaqtayng to

the heat treatment and comes to the surface as a surface defect at the subsequent

30 step. Also, in the conventional technique, the neighbarhood of the surface of
the active layer retaining a hydrogen implented damage is oxidized at the
sacrificial oxidation step to render the damage area into SiO; (oxide film 11) and

then the oxide film 11 is removed with HF solution to eliminate the damage area,



20 forman ion inplanted |l ayer 4 at a predeterm ned depth position
fromthe surface (FIG 1 (b)): Then, the wafer 1 for active layer.is
bonded to a wafer 2 for support substrate (FIG 1 (d)) and
heat-treated in a nitrogen atnosphere at a predeterm ned tenperature,
preferably within a range _of 400-600C to exfoliate a remmant 5 of the
wafer for active layer at the ion inplanRted layer 4 (FIG 1 (e)). 25
Thereafter, an active |layer 7 exposed By the exfoliation (FIG 1 (0)
is subjected to a sacrificial oxidation (first heat treatnment step)
for reduci ng ddrtiiecash howeves itttnds ¢o whovhepaiphtrdedgapationnfpissed by t he

exfoliati-on un rm b Lerall v i en
at nosphere of ﬂg{mﬁ%gﬁ@ ﬁ)t": ﬁg&nﬁgé%%@gfsctggﬁggﬁ cﬁlfﬁ%ﬁ@]&l%feﬁﬁdﬁ]}#l g‘g gt he
first heat treawhbaremsvelp, Aas raatigwhthe subEéqGent hedt ) seattont s flrenbiaingaf er
is subjected t heat treatnent under, predeterm ned conditiqns
breforabl y 1 dhE Db stret it P sairnp ek et Sxond 3 moklem Bche
1050C for na lsete lijenfs partﬁﬂjﬂﬁé‘ele‘dioﬁ@liheWﬁhﬁ&t&r@m&ﬁﬁ@gﬁhra&f an
oxide filmon ttgegc[eiérfaangg@m the active layer with HP solution

(second heat tr : Prepk the thickgess gpifermity of thegetivedgyaly of et chi ng
and renoving t go1aKi del‘l;:'iﬁ\’ai%is bt HRH vBodsRRdRe b e l%bﬁvteifo%lehﬁ and

i mrer si ng the bonded waf er in a predetermned cleaning solution

(FIG 1 (i)), tdseoveeadiamethogfor producingsbopded wagerinwhickthahendisestiength heat
treatment (Fl G;gil. .l Egﬁgﬁimﬂpg .Skl F ‘ ).
Thus, it is po§55| ée‘%%gﬁ‘gg’é uce gﬁ%@%@%@ﬁ@%&%‘@&?‘}gm
suppr essi ngl& het e hendad imarfacé bylehtintonsly ortdhetingahe heet treagrent swpdfor
o 100, U M ogh AR BB e Bl

at nospher e of mhtg‘hhtgﬂmgrct:‘mt daﬁciﬁcm _Gﬁdatm]!imrst lkbﬁt mhcnt)memd he gemovaﬁl of

t enper at ure excee , ,there.is ear that the damage in fhe
active |ayer 7“@)‘?{“%@@“?’%‘?{1‘&?‘&%‘]’?’%" %Ofg e pgiiye layer aegiprgg ppeling of
crystalline defiacdcti®f lager dirsBeqrévehtedatdht’ ubqhdhe plafaizatt el WeRknehto
deteriorate the crystallinity. t he ot her hand, when the heat

Ly. N !
treatment i ¥ c@&kBaddbgeensretion of defeisican ke ypprassed sndithethickangs canp e
damaged | ayer camsializcge conpletely renoved. [0017] Further, the second
heat treatnment step is preferable to be a heat 15 treatnent in an
oxygen or nitr d¥dAl at ABsponsrate ppdustion methed according 10Be BvEwion Asishews s

than L0, hour s WeEH, lleodith AE5AL DL ATRETANMGE b8 MR IR

1050C, the suf £ ¢l ent strength canno ai ned,
t he heat treat fayathaving eohmimaliyeskidized asuatingSirhd owitogurfece FKRA(D)ggen or

ni trogen . the sufficient bonding sirenagth,cannot. be obtained at a
heat '? r ea’? i‘ng #?rﬁ;eand?n Ilmé’laélﬁfil]lgﬁr ?%%{e?ﬁi%dﬁpﬁ' ot %‘8“ g‘f’mgfﬁ sl’fﬂ%ﬁ
reducidng gas, ht(F[G. Y )] gg.c:thetxbﬁeralfof aﬁﬁc nf(TrﬁhE?naedﬂo\alavalfs_ﬁﬂe‘ﬁr i Sd f
cause such a gas. reover, the cleaning sol ution used for
t he rermzal e ofsuﬁpﬂ'&s‘&?&ﬁfé&h%ﬁ%“ﬁ&“ﬁ??@&&ﬁﬁw n2MgsPRCEF 88 | ong as
it contains hyglfcﬁétbﬁﬁﬁédﬁm_ﬁﬁérﬂ%&iﬂr&lmblgm 408-800°EXAERTb1Exte 2

n C1- y ma

cl eaning sol ution conpri s%#g 50% ss of _one or 25 nore
organi ¢ acids S@mert:ef the weer fapacivelaper ebthe iy implpntd layen 4 (FIG.Je).

succi ni ¢ acjsd, TgblMleSRRAbREIARE PLIpARADY e Aedlidiiod n?lé.airﬂf)? is%ﬁiggowd
salicylic acid, oxalic acid, "acetic acid and form c acid an
0005- 0. 25% by iussrcficislyoidaton (Srst beah grtatmenft oop)pT reduging damege onrthe

planari zati on heal, Bfrﬁ@h&ﬁ%@?ag%&gﬁ%sg«% E};ﬂ&%%ﬁﬂ?oh%&rgﬁﬁ&cﬁﬂi tment

using a reduction reaction ning the unevenness of the
conditions, preferably in an oxygen atmosphere of not higher than 900°C as

shown in FIG. 1 (g). After the first heat treatment step, as shown in FIG, 1(h),
30  the bonded wafer is subjected to a heat treatment under predetermined conditions,
preferably in an oxygen or nitrogen atmosphere of not lower than 1050°C for not
less than 2 hours without conducting the removal of an oxide film on the surface
of the active layer with HF solution (second heat treatment step). Then, after a



30 active |ayer surface, which includes, for exanple, a heat

treatnment at 1000- 1200C in an argon or hydrogen atnosphere. -
100201Al t hough the above is nerely described with reference to an
enbodi nent of the invention, various nodifications can be nade within
the scope of the invention. [0021] (Exanple 1) An oxide film
of 150 nmis fornmed on a silicon wafer for active |ayer having a size
of 300 mm and thereafter ions of a hydﬁdgen gas are inplanted 5
(accel eration voltage: 50 keV, a dose: |1x1017/cnR), and then the

waf er for actisep bﬁgtelnng mdbemaimcg thooxideilirel] fbmiedsmpmﬂdfc:md:rmtlbat e.

The bonded wafe’ heat rea.t t at

nitrogen atnospie m'r(gm\g &%ﬁ?é@ ?At‘ ?Wﬁ?@ GﬁGal

IOB InPl Snt ed my, me@mvcmfer b?&?ﬁ&t%@@l@ﬁﬂzt@ﬁ%%%%t @ﬁ&@dntamonm)s

subj ected to a re nt, for keeping a in_an oxygen

at nosphere for 2 ?‘%&qﬁ”ﬁ‘&ge lightpg, (FAG,, &k@} c Ahuspit i posside o aseducs & nace
(first heat str @ahdd8Wader e@dut ufsugﬁesﬁr%tﬁegeﬂasu&nr&faaﬁamn tﬁpsculs@ﬁgérng at

1050C i n an oxygen atnosphere mhutes wth the sanme

treatment fur naekunifopising tedtinthiclsesrent ). After the second heat
treatment, thecpqpded TS 0 ni ng

0. 5% by mass o{ CIB}EI’I (I:m%%oﬁrr zghs%ﬂén orﬁgﬁ}nc a?géééL%;ahﬁgﬁ&é:@%%ass of
hydr of | uori c au’ntm(-.ﬂfﬁ)a:tmygexmesmkreoﬁmtdhghémhmmtct Heélenshetieaict ed t 0

aplanarlzatlo a tre mant n, at nosphere for
120 minutes to 5”?‘&& 52/8‘3“?08“’ db?%f‘(%ﬁ%‘a‘?ﬁﬁ’(’ﬁ‘é‘q%&ﬁﬁ fe 1)
A bonded wagber 1ayek1o¢xmid£mbtlm1ﬂsﬁeosmmﬁ‘mm&r7 ﬁ&&ﬂtaﬂmmﬁfcaoiaZO
except that ths{y eratur f the first heat reatr‘r? ?)(ng'(c)

[ 0023] ( Conpar afisifed é‘HB? thy et trextment toxdeiesia EPé‘b‘SlW 1 ed in
the same nmannepthdshahd) whed Rl HRatkreRiteRik csﬂaaétcdmna&dwﬁﬁmﬂ&tms of
the first heat treatment is argon [ 0024] (Conpar ati ve Exanple 3) 25A
bonded waf er i 8¥ysendbedamarsd layes canmpteberpampletelyzempyedExanpl e 1 except
that the tenpeygiy ¢ @rhddGnsSEHAbeR Rtk BAMTEHefekiblckd B0 Eheat

[ 0025] (Exanpl e " 2)
15  treatment in an oXygen or nitrogen atmosphere of not lower than 1050°C for not

less than two hours. When the heat treating temperature is lower than 1050°C,
the sufficient bonding strength cannot be obtained, while when the heat treatment
is conducted in an atmosphere other than oxygen or nitrogen gas, the sufficient
bonding strength cannot be obtained at a heat treating time of less than two hours.
20 Incase of using a reducing gas, the etching on the surface of the active layer is
caused by such a gas.
[0018] Moreover, the cleaning solution used for the removale of the oxide
film is not particularly limited as long as it contains hydrofluoric acid (HF), and
includes, for example, 8 cleaning solution comprising 0.1-50% by mass of one or
25  more organic acids selected from the group consisting of citric acid, succinic acid,
cthylenediaminetetraacetic acid, tartaric acid, salicylic acid, oxalic acid, acetic
acid and formic acid and 0.005-0.25% by mass of hydrofluoric acid.
[0019]  In addition, the planarization heat treatment is a high-temperature
heat treatment using a reduction reaction for smoothening the unevenness of the
30  active layer surface, which includes, for example, a heat treatment at 1000-
1200°C in an argon or hydrogen atmosphere.
{0020} Although the above is merely described with reference to an

embodiment of the invention, various modifications can be made within the



A bonded wafer is produced in the same manner as in Exanple 1 except
that the atnospheric gas of the second heat treatnment is nitrogen. 30
[ 0026] (Conpar ati ve Exanpl e 4) A bonded wafer is produced in
the sane manner as in Exanple 1 except that the atnospheric gas of
the second heat treatnent is argon. [0027] (Conparative Exanple 5) -
8 - A bonded wafer is produced 1’n the sane manner as in
Exanpl e 1 except that the treating ti me’of the second heat treatnent
is one hour. [00281( Conparative Exanple 6) A bonded wafer is produced
in the same nafeept obthe fnverioanpl e 1 5 except that the oxide filmon

t he surface of [@Eg ﬁ(E:%’aﬁW er is renoved by inmrersing in HF
solution after firs eat’ treatnent step and before the second
heat treatnent step. meﬂﬁije(ﬂﬁnafmﬁlﬂnmfmhoﬂ)siﬁammmrfbha:ﬁa@hya

wafers to be t sted .S | rse HE, spolutjian (49 10 mass9%  for
about 30 ni nut BAVINER 2 g eyt oodiod btogen Fermipiebien ] o
observed by srremselﬁﬁummxget smkem%@smp@/cﬁ@) Qtﬂi 1BeH 8¢ ﬂaﬂﬁ‘foﬁ‘ fdtive

density per 1 guar e centineter., Also, the thickness unjf ormtéé

the active | ay&Weyis @&Fmaa%ferfays“a%wm& t fee bonredcwaterds gbiee
active layer Wi e &Jahﬁéwmm@m%&%@% gﬁnﬁg%@mmmﬁ@&t&éfonm

di f ference bet ween maxi num val ue and val ue of

thi ckness in t Fe hxdmoeen iorimplentedepestione o TheconiiedsvaerafisHiboexplietimalsl e 1.
0001 TebLe L o Euf SR A PSS, WS Bt e 1
(def ect s/ crig) Yhinddutes sethuniefiipriticatyiregtneht furnace (first heat treatment) and
further to a heat treatment for keeping at 1050°C in an oxygen atmosphere for
120 minutes with the same heat treatment furnace (second heat-treatment).
After the second heat treatment, the bonded wafer is immersed in HF solution
containing 0.5% by mass of citric acid as an organic acid and 0,01% by mass of
15 hydroﬂﬁoric acid (HF) to remove the oxide film and then subjected to &
planarization heat treatment at 1100°C in an argon atmosphere for 120 minutes 1o
produce a bonded wafer.
[0022) (Comparative Example 1)
A bonded wafer id produced in the same manner as in Example 1
20 except that the temperature of the first heat treatment is 950°C.
[0023]  (Comparative Example 2)
A bonded wafer is produced in the same manner as in Example 1
except that the atmospheric gas of the first heat treatment is argon.
[0024] (Comparative Example 3)
25 A bonded wafer is produced in the same manner as in Example 1
except that the temperature of the second heat treatment is 1000°C.
[0025] {(Example 2)
A bonded wafer is produced in the same manner as in Example 1
except that the atmospheric gas of the second heat treatment is nitrogen.
36 [0026] (Comparative Example 4)
A bonded wafer is produced in the same manner as in Example 1
except that the atmospheric gas of the second heat treatment is argon.
[0027])  (Comparative Example 5)



Exanple 1 0.052 1.84 Exanple 2 0.046 1,77 Conparative Exanple 1 0.25
2.53 Conparative Exanple 2 0.96 3.40 Conparative Exanple 3 0.54 3.36
Conparative Exanple 4 0.73 5.72 Conparative Exanple 5 0. 34
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A bonded wafer is produced in the same manner as in Example 1
except that the treating time of the second heat {reatment is one hour.
[0028]  (Comparative Example 6)

A bonded wafer is produced in the same manner as in Example 1
except that the oxide film on the surface of the active layer is removed by
immersing in HF solution after the first heat treatment step and before the second
heat treatment step.

[0023] (Evaluation method)

Each of the above wafers to be tested is immersed in HF solution (49
mass%) for about 30 minutes, during which HF defect detected in the wafer is
observed by means of an optical microscope to calculate defect density per 1
square centimeter, A1§o, the thickness uniformity of the active layer is ‘
calculated by measuring the thickness of the active layer with a thickness
measuring device and taking a difference between maximum value and minimum |
value of the thickness in the wafér, These measured results are shown in Table
1,

[0030]) iﬂo}ﬂ HF defect density and thickness uniformity of active layer in

Examples and Comparative Examples

HF defect density Thickness uniformity
| defacts/cm?) (am)
Example 1 0.052 1.84
Example 2 0.046 1.77
Comparative Example 1 0.25 2.53
Comparative Example 2 0.96 340
Comparative Example 3 0.54 3.36
Comparative Example 4 0.73 5.72
Comparative Example 5 0.34 2.81
Comparative Example 6 0.78 5.20

[0031)  As scen from the result of Table 1, good numerical values of both the
HF defect density and the thickness uniformity of the active layer are obtained in
Examples 1 and 2 according to the invention as compared with those of the

bonded wafer in Comparative Example 6 according to the conventional method.



2.81 Conparative Exanple 6 0.78 5.20 20 [00311As seen fromthe
result of Table 1, good nunerical values of both the HF defect
density and the thickness uniformty of the active |ayer are obtained
in Exanples 1 and 2 according to the invention as conpared with those
of the bonded wafer in Conparative Exanple 6 according to the
conventional nethod. - 9 - On the other hand, in Conparative Exanple
1 in which the tenperature of the firstgyheat treatnent exceeds 900C,
Conparative Exanple 2 in which the at noSpheri c gas of the first heat

treatnment is a gas other than oxygen, Conparative Exanple 3 in which
the tenper at ur ©5die qthes hande BriZpmpatative Exsmplechin whishshd tomperatuteen§ tte050C,

Compar at{ ve. EXagbhs ot kb o082 LURBRNRK KafiBR 29 whliueoond heat

treatnent is a gas ot an oxygen or-nitrogern, npar ati ve
Exanple 5 in whimpbphenegasroéﬁielfugheatMEatmEnmhegsedmnﬂhammen,r eatment is

| ess than 2 howr e s of bot the 17 defect
density and thg %Rar?}kvegggmnﬁﬁp Pﬁcﬁb‘f’ ?m&eﬁéunég '\’/%"’.c? s c\%D‘r"se
tha][] tho;e af Bv&mh:gIZGSOPmcﬁgip@ﬁn s CERAmpR 4ia vikechitke m&@hﬁudéwoftgc

referred range ccordin this inventjon e can be
v ded a ot SN S H5AORAT RGO R XHEER OF SiRE R capgraive
generation of Q%nﬂﬁéﬁd\ﬁméﬂlﬁc&@énhgﬁm%l?ﬁ& s&ammtﬁéawneﬁa&@uﬁﬂd the
t hi ckness -can be uniform zed by continuously conducting the first

heat treat ment here hegrmsries F#lil%oﬁbf’tbiéedﬂ’t fiC&?f deaity and sl thigkness damage
on the Surfaceuﬂfoﬁﬂfoﬁ&{ Ac¥iGe 1af e@&&?@ﬁﬁ‘ﬁﬁn@%& rﬁﬁié?kﬂ @ﬁxbl?ﬂi cnd the
t men 9

second heat trea step or enhanci ng bon strengt h under
t he predet dfni Maup is withinthepreferred ragge. -

[0032)  According to this invention, there can be provided a method for

producing a bonded wafer in which the generation of defects in the active layer
can be suppressed and the thickness can be uniformized by continuously
conducting the first heat treatment step of sacrificial oxidation for reducing

15  damage on the surface of the active layer exposed by the exfoliation and the
second heat treatment step for enhancing the bonding strength under the

predetermined conditions.



What is clainmed is: 1. A nethod for producing a bonded

waf er, the nmethod conprising: inplantltrg ions of a light el enment such
as hydrogen, heliumor the like into a wafer for active |ayer at a
predet erm ned depth position to forman ion inplanted |ayer; bonding
t he wafBrt BSRiBEkiFve | ayer to a wafer for support substrate through
an insul ating fi |H}ne%ﬁﬂ1rgﬁfdhaﬁlgétt§1d¥hﬁxfzﬁér, B nlehRd ceBprsiayl anted | ayer
at a heat tenperature of between 400 and 600 degrees Celcius; a first
heat t fBRIEHBEIons PEplight semprguadss hydrogens hetiap of fg ke g g waferfgyactive layer at
conducthipREeBmS A depth pbiord il dnQoh ihﬁranfea@uysﬂ;ng_ damage on a surface
of an actjve |ayer exposed through the exfoliation; and a second heat
t r eat npiding thewafgnior plige Byer o wales oF gpgott sbpiertathpugh a igrulgtige filpyg g
bondi ngxf%ria&ﬁg%hﬁaférfaet_hé mORflale@ aydre AL HRRIpSHER JTBLIRGertR0 LhMEEUR M es
conducted after the first heat treatnment step wi thout renoving an

oxi de fFIc#sf ormed on the surface of the active layer, wherein the

second ;e REK Btdihent s@p,theHe@ butlaDR Arst RBpEhhRe fof BFHAGE AL U sforifidiaCd @R b fbr
step occurring after ?he second heat Freat ment steg,_ and

( a
pl anar reeasinsiARAga e f FEieaeinn asiwhavseenpyer tyough il oxdaliation: aahi ng st ep;

wher ei g stdagd hdaf @datfi@Rbtef, CAREABN bt Sde8hdiién rali‘ﬁ@,tfoﬁr'éﬁﬁ% ABRddiAgstr@fth, the
oxygen at nosphere of not higher than 900 . A nethod for

pr oducFefgRaheIbEaenhaFRCIE OBIRTPRY ¢Qyduqtest afenthe frfeheat eaimat denwitiput

heat t r@ajiRAh oRideRirh orRedGifthe SirRad SRRl aci@NEWSt €d i n an oxygen or

ni trogen atnosphere of not | ower than 1050C,~ for not |ess than 2
hour s. wherein the second temperature is higher than the first temperature;

a cleaning step occurring after the second heat treatment step, and
a planarization heat treatment step occurring after the cleaning step;
wherein the first heat treatment step is a heat treatment in an oxygen atmosphere of not higher than
900°C.

2. A method for producing a bonded wafer according to claim 1, wherein the second
heat treatment step is a heat treatment conducted in an oxygen or nitrogen atmosphere of not lower

than 1050°C, for not less than 2 hours.



