- 1 - METHOD FOR EVALUATI ON OF BONDED WAFER BACKGROUND OF THE

I NVENTION 1. Field of the Invention 5 [0001] This invention relates to
a nethod for evaluating a bonded wafer fornmed by directly bonding a
waf er for active layer to a wafer for support substrate w thout using
an insulating filmand thinning the wafer for active |ayer. 2.
Description of the Related Art [0002] Recdntly, sem conductor
substrates having a SO structure by 10 formng a silicon |ayer or
so-cal | ed active | ayer ARTADIPKOREVALUARICN BFaRsABED folpEshe
speedi ng-up of devices and low in the power consunption and excellent
in the pressure resistance, environnental resistance and the |like, so
that they are used as a waf in electron
devices. Particularly, it i gé}r\‘éggl rﬁﬁi@%mgggﬁ%d waf er s havi ng
a higher quality Bieklosfhe\leentivrt h a 15 hi gh integration of the

sem conductor device, and hence it is increasing lP/ demanded to
produce a b&nddW0kf er Ty inventinn relgtes tq amethed Sor cypluating p peled wWalis fi | m
(e.g. thicknes geatyal t al sO
waf er. [0003] N%gglgdggqgg%%?%@%sggawfor géﬁgﬁ%%%r%%%g?ﬁﬁdggpdew ce
in 20 subsequembsggne\rlﬁloubmﬁsng arhigswdating fHhwrand dhisuing theovakr foondibd layaf.er
formed by reno i ng.an PXIIIgFt IR| fr[g)m surfaces of a wafer for active
| ayer and a waf'er ForPs pporf su strate with HF liquid or the like
and directly bgedzng tmﬂlmémrcsnductdﬂ@wstrum hevih'® SOX stectiire lbsn and
then thinning the wafer, for active |ayer as disclosed, for exanple,

0 JP- A MOS0 2 1 ioPRing astlisprelanes qa eercatlseptive Ay on G i Tm age BARERISG | al

wafer in a poi mrtmspksmngwaku&h&@fah@@“% tﬁé‘g?xpér%gifﬁﬁﬂ nRh ﬁ:gﬁﬁerﬁmd

i nprovenment of performances in a mxed cryst orientation trate.
[ 0004] However , intthe ptssside tesistamnes, eﬂvrmnwraslstaeg@ myi the hilié,rsg thait theyate

the insul ating e tha

producti on stel|5geg1ﬁgnif’1 f%%ﬁlthl b g?@%%ge}tj '8 e or gmﬁgﬂaﬂfi'tls
surface of thereyafrat toi lﬁ-odmabhd/edaﬁhfaggm&gga ﬁfthéquﬁaﬁtyrmcbsﬁlpﬁﬁiecB\hﬂ}ped
oxi de, whlch partly remains in a bonded interface. The, presence of
such an oxilde %ghg}éggr Hon ?ifZQ’%F?I%‘F%R ugiar g ?W‘i%énqaj]é"x?FEé‘%H‘&Fe&EF Vistics
and forms a nueéﬁaﬁe@w&&eqeéo%écﬁw% Emu%pgdyﬁﬁdmesss;f%uﬁéd 5hee
device to | ower the chi [ 0005] Ther ef or e,

when t he bondeﬁlnwéﬁ @rthncgnqﬁ eﬂ@hpétjﬂbymblw@mpawdwdtm@e\mmmnaﬂ Re!

i nsul ating fi I% is required to suppress the fornmation of the
oxide in the bonéed interface as long as possible, but also it is an
i mportant subj pO03)at tLko,tas adeafel wpd &rﬁ%xh@dwémondﬁilﬁhﬁﬂdeglce in

i sl and- shaped oxi des, which ar to.be 5 ra nded
interface 4 tMPSHORHEFIGRETERS € %@mlﬁgd *F%EW%W%?\‘#W@%"% gﬁ is
therefore, an phiRels B oxidefiin ¥R ish@ikes Of Divaret ﬁﬁ“ 2011 WelaPQhnfl Qrwafer for

eval uati ng a bonded wafer wherein the nunber and size of
i sl and- shaped &sppewsubstrate with HF liquid or the like and directly bonding these wafers

without using the oxide film and then thinning the wafer for active layer as
disclosed, for example, in JP-A-H05-211128. Such a bonded wafer is noticed as
25  abeneficial wafer in a point of the simplification of the production process and
improvement of performances in a mixed crystal orientation substrate.
[0004] However, the bonded wafer formed bf directly bonding without the
insulating film as mentioned above has a problem that at the production step of
the bonded wafer, native oxide or water on the surface of the wafer is locally
30 aggregated to form island-shaped oxide, which partly remains in a bonded
interface. The presence of such an oxide causes the deterioration of the device
characteristics and forms a nucleus causing defects at the production step of the

device to lower the chip yield or the like.



whi ch are apt to be generated in a bonded interface, can be detected
in the defect 10 evaluation of the bonded wafer forned by directly
bondi ng a wafer for active |l ayer and a wafer for support substrate
wi thout an insulating filmand thinning the wafer for active |ayer.
[ 0007] The i nventors have made various studies for solving the above
problem and found that in the bonded waf2er formed by directly
bonding the 15 wafer for active |ayer and the wafer for support
substrate with t he t] ' V. i S & ved. from
t he surface of ﬂ{dhs act#ﬂ\}gc%%ybevﬁg}%% ﬁﬂedegg}nakergs ﬁ%fhgcr%déjﬁdﬂ rt% er?ng]tngl east
a whol e of thewihtitvie inspleting Sln, énpvegdirbd/tostpressghafdrmation ef thbbxige in
| i qui d havi ng nbet i.n%grate to a matﬁri al f:onstituti n t?i&éwafer
faster than t hf PPRledintiiperasdpng Heromiibler ubplse fiHs AR BYPATHET sHRIoSH majter
constituting t{elewabph redhddSof HEtSdting SN abEU SBER, RRicRYLd dppt 1f the
i sl and-shaped oxide clear and hence it is possible to detecCt the
presence orS abssgratedsn thhkorided interfash abhhg bexdedavefernd al so that the
nunber and size of the island i curately
detected by adjusting an etch??g ep?ﬁﬁgﬁgmﬁﬁevel before the
i sl and- shaped [@déle edXpsehdreforefdneobfust dithe inventionto pramideethethpd for

excessi ve etching, .and.as result, .the 25 invention. has. heen,
acconpl i shed. T‘@g’@ f$ﬁb8?@§rwa§% ‘51?%?15&5’ II“HE’%?JU&%“O%?QE‘E‘!* 2Red etidstar y
and construct i @RicRard 3@ td B/ QiR iR hBoAged i Rlel BWS can( He) defecid if Ak dedict
eval uating a bonded wafer forned by directly bonding a wafer for

active | ayd¥ a¢valuationpbthebondedupaien formeddut dispctly hpnding e wafer Sgr active
insulating fil el f j 3 i :
compr | sesst ey ard aindel Bl 4l She ok SR N Wl Efoing, |
| ayer in the bihacadrdafative faybi.ect i ng t he bonded wafer to an etching
with an etchin i.qui d..havi n etching.rate to a t.erial

Const ruti ng. + RAVUAY o ToeaEeBfbed Fuvk st d S afioled Forng 1 boves

material to replyRmAbnd HASE tiat Whiak ﬁorﬂfedm&r@'@ﬁﬂe\d%ﬁ/!d@ﬂé@ﬂly b@iHhg the
detecting island-shaped oxi des exposed by the etching, 1n which the

et chi ng i sltarVelsuiosaetivdaye apd theayalerfpr duppeit aelsyateorithpusti imsgltipg m
wherein T is % GGt RSV fhels f eteﬁ%@acﬁwl%e tﬂé‘%&{d%" ng

depth (nm to det'ect the nunber and size e 5i sl and-shape
oxi des. [ 0009]¢&r dudtheatdedson whekl af dlie avgjvalayemid esmovafl by cthogrditngn t o

it 1), wherei,n_the .etchi [ i ed out by.. [ |
or aepi g a ki ridchgh g RFapR dn HiferRait hefral BpetbaRE BEnAS Hrg o
used in the etmbh gt AN ddidofahd fledbll Mierdby thd @tHieH A colstihiting thd Wifer

fromthe etching rates of the materjal 10 constituting the wafer and
the oxide therigdirstagmanedity makp anpuling obthe fslang-haprdpxds dleas aphbencaHge

of T X T+500 OLS%QJO@%%@J%&% &%@5@;@@@% i}}%d_@shg ievad £41so

according to item , erein the iquld 1s an
al kal i ne |i qui thatathe tenberast] lvize afithen$lamd-shagedodidis, cak BHaauratiPidetedtsd

[ 0011] Accor di t he invention, .the t hod, faor the eval yation. ,of
e bonded war B PEREan g E e B8 § Ralin AT% telbrapSis Rl 378
|l ayer and the sgpbesd dnahe suHROi$ minidisiided b ewbdskiotibtching, dndsiglagtdutgthki | m

and then thinnjng th fer for actjve |ayer conprises steps of
renovi ng nati vlélvgsaoaila%%aécmlfsgei of an active layer in the bonded

waf er, subj ectjpggs)t he IReReth MAfRE teUbave &i6d) (Y swhhrhbryamd 20n e e

l'iquid having an etching rate to a material constituting the wafer
faster than ththe inventien griagéollsvsi he material to renove at |east a

by the etching, in whith PRERSERr Eatt e S A AL b R ey

a relation of Hondinlgea wafebfdd activevibygar enda Wafes far subparksubstsato fwithhet aact | ve

layer (nm 36le ndinéllri:it?ngai?lme %Elfdh tkpn%in%etgé Qa.t(ep H}r ’actmﬁgj?e?}/ wLitch icc?rnprisr-.'s steps of
removing native oxide from a surface of an active layer in the bonded wafer,
subjecting the bonded wafer to an etching with an etching liquid having an

etching rate to a material constituting the wafer faster than that to an oxide of the



25 possible to detect the nunber and size of the island-shaped oxides
at the bonded interface. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] FI G
1lis aflowchart illustrating steps in the evaluation nethod of the
bonded waf er according to the invention. 30FIG 2 is a graph show ng
a relation between a concentration and an etching rate when

t et r anet hyl anmoni um hydroxi de is used as¥n etching liquid, wherein
FIG 2(a) shows a relation between a concentration of

tetramet hyl amm&é;m thVl‘éWé deleand whBleRJ SkY ReveE BlEr, 8id @étédtﬁg Rslarfdl G
2(b) shows - - arelation between a concentration of

t et r amet hyl amréhﬁpaﬁpmdasr espogrst byride aishiag.dhivhdchrthe etebing amcassiedieut sepgio
2(c) shows a r ‘3&@ thal&?o%"&%ef% g;fé ?ﬁ?ﬁﬁf R Whé 3%‘;5 ‘isftt@%geessﬁk%@%{“ eim

hydr oxi de and an rate I'con an
rel ati on bet meﬁyea(ntr@rqnéﬁ@ismnetdhtngtdepma(mp toydetevirtirel numblly ghidosidedsf thend 5

an etching rate. of i d FIG 3 is a graph showing a
rel ation be?vve rﬁ%@e%ﬂ% Sdepth and a size of an island-shaped

oxide in the egm!ugg OJZ)aAbﬂgtﬁﬁéifM@fvﬁhathngd Hiehdéd wfepls&%&ﬁn@{o it (1),

active layer o is an optical
phot omi cr ogr aphvhetein @P&Fﬁhl%h?é%?éél C@%P@e‘ﬁ berm@s@cslmaﬁmgea kinde renoval

of an active | gé(r?c'énllpéﬁ %d%n?n%blref}grer@'iﬁ.éocqwﬁ?gcl?&% %&:dgﬂ thterb?chl ﬁﬁtth&p

as observed under a co l'ect

showi ng a r el atalcwlatixeg avcmieqaaie etling ngled‘m}ni theanding mtezef thb nmenal

i sl and- shap d oxi ure [

o aph showillg SRGNUPESRF BEEwEEHTA KB CITSAG B HendRErS BiE FRUE an

i sl and-shaped @it €@ raRassfred X O TEXGMRhe 2. DESCRI PTI ON OF
THE PREFERRED ENMBODI MENTS [ 0013] The net hod for eval uating the bonded
waf er accor di n§048] t he(3) n%eﬁtﬂihe fapierplugingpdpmdedywefenpachrding eritemrd) b

the accompanyi pg daiaSetch HAh)Con dicimedichloW (ehA Sk HSEEAL | NO

steps in the eval uation net Ing to
t he invention. hfcﬁﬁmﬁ]:'ﬂﬁ@HemaJamﬁl on rret hod according to the invention

2 vator f o> acltGXF) ays it BREREA R e e s PR beng ROt "an

i nsul ating fl | Boded viali@Tofntddrbyi diﬂacﬂ:lﬂBorW%fgethe f;v@ferfl’&talcﬁﬁ‘e Iawnd the wafer
Concretely, as_shown in FIG 1, it is an evaluation 25 nethod

conprising a sfeFusrort hetateyitheytitheingulating finy and thep thinnmecthe wafes for
active layer 2 étﬂ/e%ﬁ? lexﬁgné’é@fsl%ﬁs & rleﬁovﬂié Al db frngE sﬁ?f?&%f%n a@tlve

0.5% HF liquid (FIG native oxide renoving step), a step o
subj ect i ng t heldyonaddhe barfded wateraqubisrichy thg bowded V@ﬁeréo @mpwgmglvqth@

havi ng an chi gte o a nat i al nstituting f fer su as
ST con T adber e{Hink Mgt hufbe TR <EihifhraGO it BihetiMioh e harBtillsf
30to renove at ta@alsdt taambgie oﬂ{hehmermtd émok@ytedeast kFwGoleldfahe adtive tdyien)g

step for renoval of active | ({ and a step of detectlﬂ X
i sl and- shaped 8% @Fé%"“é‘ﬁb%%r@d ‘P?‘édeéteEPﬁsﬁﬁbX thegtchingy jn which the etching

(island-s haped isahile ARLeed oGSty %IPélam{rp&Jﬁt el ye O Laer e TeVA NY
step) - 5
thickness of the active layer (nm) and X is an etching depth (nm), whereby it is

25  possible to detect the number and size of the island-shaped oxides at the bonded

interface.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a flow chart illustrating steps in the evaluation method of
the bonded wafer according to the invention.

30 FIG. 2 1s a graph showing a relation between a concentration and an
etching rate when tetramethylammonium hydroxide is used as an etching liquid,
wherein FIG. 2(a) shows a relation between a concentration of

tetramethylammonium hydroxide and an etching rate of silicon, FIG. 2(b) shows



. The native oxide renoving step is a step of renoving the native oxide
3 fornmed on the surface of the active layer 2 in the bonded wafer 1
(FIG 1(a)) by etching with, for exanple, the 0.5%HF |iquid as shown
in FIG 1(b). The concentration of the HF Iiquid used for the etching
is not particularly limted, but 5 is preferably 0.5-5% Also, the
treating tine is dependent on the thickness of the native oxide and
the concentration of the HF liquid, but is preferably 0.5-10 m nutes.
[ 0017] (Et chi ng a$di8tRod @iwé&%bedﬁfan@&Bft\éﬁa.r{lé}}{ﬁﬁﬂmﬁﬁnﬁrhgyﬂ?oilﬁ'e HdGn
1(c), the etchlng step for the renoval of the active layer 1s a
step of renovi A Jatsrateaéﬁn exighdile. o) shearsagelatien bejyesn aztebspe@ttmpﬁg

with the etchi el
constituting thLgr mﬁlg;&lg&éﬁrﬂgly @Bcon%E e&ﬁbgrégf) ﬁsa[m)o in&?l%ik%@e of
the materi aI ehcgvs BieliBon BetGeeRa tmmraj;mrapﬁt&&’amwh@gmﬂﬂimﬁﬁm iy drgxida ted
when tetra nonl u xide (TMAH) is used as an exanpl e of
t he etchin é‘i‘] ghfy 8;? 2(a) shows a relation between a 15
concent ratl on of tet ram:t Byd @g&rz@mgwlﬁygf@moﬂ%e&mﬁ& eﬁ:’ﬁﬁl an ﬁtaﬁhlang
rate of silicon at a |iquid tenperature of 70C, and f shows a
rel ati on bet wedige af @pileadrshaped exidefn thétefohmtﬂﬁylban@ﬁddﬁaf@mhmraom de
and an etching i a liquid tenperature of
70"and FI G 2(tl§%ﬁom(/£fa§al?{éfeq?¥eqﬁg§qvﬂ\%en an etching tenperature and
an etching rate of silFIGona 13/\hewpticbﬂqnh2>(bnucmgmphbﬁisland—sbipeﬁfmtdes sxp89%6d

and FIG 2(d) shows a reI etween et.chin ture and an
ot chi ng ratl oftie s CalPvBOAdD AREHETREY A CLHRE BEG 0GR 16 8o¢
From FI GS. 2(a)méﬂ)ondsbe@%Md@ﬂﬁedlﬁbg@laﬁ@at the etching rate of
silicon is larger by several thousands tines than that of the silicon
oxi de. In fact, when tH&: Bmwph«&?wns g relationdgtween An eirhingidgpthiegd a

i quid such ass&?o%&h‘éﬁﬁ?% &&éﬁéu?é/ 'Eﬂ?ls the active layer 2
and the support substrate eac e| ng rra |con are renoved at
a faster etching rate,FIbub 1smgapl$blawdnghaqwmndmtv€b®3 ad ewhingeleptheddat a
sl ower etchLng_.rat he. .oxi des sub ntially retained

W t hout repi%w %e 63%1?1%H gapg °§’H8W?a?uﬁeﬁneé f As a result, it

becomes easy to det ectDBscaRIPaTIeN (DBWBIE(H&TMIDEMBBDMEN’MS
subsequent 30i sl and-shaped oxj de det ecti n cf) %0018 ] Al so, IS
required to coH®ddl t rHeeapethihisr sv2 ‘t‘aﬁ’é‘gé@t Wolar acegrding tt“’cih%atl sfy

a relation of X lhoRf u%memﬁ,@@w?th%fe&nee {oh;h&m% %( wilfgs) Ve

| ayer (nm and X is an etchi ng . SInce nown t hat the
island- - [@M]oed K d;lefsa Wsharhgluatatmeteb@nd@d evaiua;mhan@hodwoft he

bonded waf r active layer and the
support su stra 'E%gd%éﬁ &d}/n ggﬂgetlflgegllttlplghn badly affect the

devi ce, the inp®asprs m\e&aﬂﬁ@ﬁdmdhbdl@dcotcﬁngﬁtli&éme&ﬁ&lh)is amedmﬂffbxr m

t he presence or bsenc% % t he '%l and- s % .des and furthe [
5 inportant to‘f‘é"‘i1 aleind "BHE’“ P& VRS fastive, Y‘the

i sl and- shaped gxd Q%ﬁfe& orREpybit stafastgart@whm aﬁuzsﬁmﬁnghhh Beq deM kGsniho ke
af fected and nmade various studies on a nethod é‘)abl e of detecting
the size of thwafesfordtivhiaped Esnefetelynss dopadnFIC. I it inag eybetionound
out that t a

pr oduced a?gt hgﬁjglgﬁggﬁgl ntgﬁfst%@gfgégﬁo%gg%a%g%? llaéeg@%y adj us t?fr(]ggt l(‘a’elo
et chi ng dept h kxge:a%lrta)btsﬂedwﬁgerfﬁi&ﬂ@D)anﬂQrfom’xafﬂpbé a 0.5 HF 500l (Fhe.

Gt h (rmy - 0o} GRER SadsmtRipRolen) eioen e PEodiend il o o
range of T X 1&5&%&%@&&1@@1 didBavii@Cin dtélahg faie fomanﬁmhlca@stﬁﬁmgh is

smal l er than the thickness of the active |ayer_ ( t he etchin
does not arri vEearafenfachedlepn; ﬁ%t@rt{ﬂ%tb@afaqmnPsldpwéthesmﬁﬁlaa@ﬂ%bp@ 10;

oxides to Qg Sfbﬁgﬁowgg Iéars?aomueeafma%ﬁveyageﬂ zd;fuggg teﬁlﬁggt@gf&epth

exceeds a tota ness of the active ess plus 500 nm
removal of active layer), and a step of detectmg island-shaped ox1des exposed by

the etching (FIG. 1(d)) (island-shaped oxide detecting step).
[0016] (Native oxide removing step)



pr.evi ously grasping a kind, concentration and tenperature of the
etching liquid used in the etching and then cal cul ati ng an adequate
etching time fromthe 30etching rates of the material constituting
the wafer and the oxide thereof so as to render the etching depth X
into the range of T X T+500 nm Since the etching time is determ ned
by the kind, concentration and tenperatuﬁ%'of the etching liquid, the
data of the etching rate are previously stored with various - 7 -

| i qui ds under various Thwesivt beide edisovampcstécinpateptaf r@foviagthe iBve oxide
etching tine rg uir i al etching.is calﬁulated

din the ac I .
cr oss- checki ng ﬁ‘@nﬂié’ﬂﬁ f Swtach Phihe oMYA By rdn e hen %WgﬁebFZ%{Gdé@.by

Wien the etchi gghing vﬁﬂﬂ%ﬁﬁpie%m&b!m ARURAG aslshewh GARIG, §eb)St ¢ ng
quantity can be controlled qt% the tinme and hence the etching 5 depth
can be easily &eljcaniraitbnial thendF ligwdasest foTthe ech®0is not parieuldrby limites!, but

when the sa : ] e ' : ti. i.n h er 1s

si mul taneougl3 y @r%lé%hyag'ghsto@on@%ﬁﬁ% %éagg%ﬁ ?lrerhg ?%Péme?n% ﬁlgﬁl\lé\éa%lé:[ﬁ%ss 8%
the nonitor w theimtiesoxide antithe comeaieationlod tlet B liggidgand preferabing.bao
grasped further ,surely. [0021] Moreover, as the etching liquid used in
t he etching stgﬁn‘*t‘i?r the 10 renoval of active layer is preferable an

al kal i sol utiopoafy] t et (CERL WP RMIE] SR AXIag&) KOH or NaGH In
case of wusing g]n e]tchi ng so%yutlfon ot her thén t e)above liquid, the

detection of the islands sieapda F§Ri el theetahinsr stenfor thsaemaead of themetives
no differenge i { i - ielyl C i : e
silicon poirltﬁ i o%ﬁfltslggfgeg)ssiré\}g?@%%é aggx\%g@gﬁggﬂetﬁ%gvé{}gﬁ%ié}ggﬁ%lg%“ﬁtg

silicon is tootHeasdhingsliquidbhsimg art dtchinglmipiataomaedd] cahstvatingahe wafer, e

conducted. [002 tection st of. .1 sl and- shaped  de he

det ection stepSIﬁ&fD%ftﬁﬁﬁ’- ﬂ}fzgg‘%b "&ee%tlt %mﬁtseﬁ‘f"algﬁ‘gf gﬁ%e?&&i I8 § SRt

i sl and- shaped ehdvifs 4n pERidy ea6 whyn tdhemeheRinidnain SR@WRidE (THAS) islisdd -
The detection nmeans is_not particularly limted as long as it can
speci fy the nufb®repmpinef the stehise ligwd, WhereindIShé(prehosysiadelstion between a
general, the nusmekfoniotheads R 5ok FPABHTRAARY e vhis U
observation on the tzrippc))tlalar ance eo t he bond do\!,/(vm53 r |E{)a I%ﬁtcnﬁg\é%tgi ng
| anp, the obsepfslicamntwilighidtamperaiucad! HWPCr odddpe?(b) Beovarselatian i on
with a surface f.oreign inspecti devj.c or..th i K ile t.he size
of the 1ol and. BHSSEhP SocRRRTEn R Rl Bon-Ppul el e ot 0 FehPart
optical 25 m cepsiiapeoxide AR IRuRCEMPEafitCsORERAR FIGNR cPiioak daélkish
results are shown in Fl 4. As the oéher detecti gn _neans can be used

an el ectron pr BHECH ¥ eERAE {ReratipRRg an eehing ratg obsilisapsvhendhect r on
- i croscope 0 SEM R} atRRGs PFRIEAH%%@A, z[rﬁéﬁ@] § BRREN L8R BAVR:A & Merely

explained with respect to the enbodi ment " of the invention, various
nmodi fi cati on meighipe temprsdiuisiand ian etchiagseto pésititon ¢rads whemthe eencentration

[ 0024] Exanpl e t i SeeX S| i r ? Vi

size of 300 nm%%ifllg[A}bisé/? Zﬂg}rn?sl FT g},\?%f @\’nlg g.%}‘l %gﬁjngf' I%Eo%gg atgfr?e eét%%le%ages
a wafer for actfsibcdnay&rgartg savandfikousiugls tisiep pleahttheat o sherdlicen oxide. In
respectively. An iqn inplanted Layer is formed j.n an .inside of the
haTor Tor ati P8 RFR AP AHE AR TR BB RS COYAGPLRt or 1 he
waf er for asti w@ramei§lanorhh @§dloyideanelgdivalayeR@ ah®thel siPpcidiBelrate 5
surface to the wafer for 5 support substrate w thout using an oxide

film which iscashibpivgireasetod stisoramsrmencdaha fster cichivguaeneutthy igand| y
exfoliate the wahey ofiLs Hlrelelch &?tyaeﬂo@ér eiéﬂﬁqeg'r%, ém%@ﬂﬂtf ﬁgld!esaa&@f as an
PN & ext o t

exfoliation face ter t Iat1on, removal o amaged
portions at thsubsanfizleretsinedhwittmot lemoving by retching asisbowh anldliG. 2604 ofs ar e

carried out by_a jhe treat nent ,t.o prepare..a | e f.or e
eval uati on of  ERUDaLPRTRRTRE. rPeerr e duRuEl es an e Mg s avent
active layao tBlmknagsedekideoRidatng §0)251Exanple 2 In this exanple, a
silicon wafer having a size of 300 mmand a crystal )
[0018] Also, it is required to conduct the etching of the active layer so as to
satisfy a relation of T £ X < T+500 nm wherein T is a thickness of the active

layer (nm) and X is an etching depth (nm). Since it is known that the island-



orientation of (110) as a wafer for active layer is directly bonded
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and the nunber t}adsidle@ afeh®dctive ﬂ@ﬂﬂfnﬁ:baﬁ@ﬁt io¥h eRBingidepth (nm§ - respect
to the sanples of Fxanples 1 and are shown in Tables 1 and 2,

respectively, &Hd%4raphs rsesorydy tpee%tﬂ}"cl%d%ﬂﬂélsslw to dheange ofT F < 6.

[0027] Tabl e 1 R%Gtiﬂxﬁlm%rtﬁ‘éjfabﬂh@iﬁm@'e&hﬁu <da e5mAN tBinZke Bickness
i sl and. shaped oxides) Etchin th er of 1sland- shaped

oxi des (oxi despﬁﬁhe)acwﬁelmjéx§ifgéhetﬁtchlm @m‘anghqp@@i atghe Hendeg iyterfacg and -

2 50 - 3 140045 island-shaped oxides to be specified are not exposed, while if the etching

depth exceeds a total thickness of the active layer thickness plus 500 nm (X >T+
500 nm), the island-shaped oxides are miniaturized by the etching and hence the
accurate size can not be specified. FIG. 3 is a graph showing a relation between
an etching depth and a size of one island-shaped oxide existing at the bonded

20 interface when the bonded wafer having a thickness of 150 nm is etched with an
etching liquid containing 8% of tetramethylammonium hydroxide, from which it
is understood that when the etching depth is less than 150 nm, the active layer is
still etched and the island-shaped oxides are not yet exposed and hence the size
of the oxide can not be specified, while when it exceeds 650 nm, the size of the

25  island-shaped oxide becomes reduced though the size of the island-sﬁaped oxide
is constant at the etching depth of from 150 nm to 650 nm.
[0020] Further, it is preferable that the etching step is carried out by
previously grasping a kind, concentration and temperature of the etching liquid .
used in the etching and then calculating an adequate etching time from the

30 etching rates of the material constituting the wafer and the oxide thereof so as to
render the etching depth X into the range of T< X < T+560 nm. Since the
etching time is determined by the kind, concentration and temperature of the

etching liquid, the data of the etching rate are previously stored with various
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liquids under various concentrations and temperatures, and the etching time
required in the actual etching is calculated by cross-checking the actual etching
conditions with the stored data. When the etching is conducted by this method,
the required etching quantity can be controlled by the time and hence the etching
depth can be easily adjusted to the range of T <X £ T+500 nm. Furthermore,
when the same material as the material constituting the wafer is simultaneously
etched as a monitor to confirm the etching depth of the monitor within an
adequate range, the etching quantity can be grasped further surely.

[0021} Moreover, as the etching liquid used in the etching step for the
removal of active layer is preferable an alkali solution of tetramethylammonium
hydroxide, KOH or NaOH. In case of using an etching solution other than the
above liquid, the detection of the island-shaped oxides is difficult because there
is no difference in the etching rate between silicon and oxide, or the silicon
portion is excessively etched because the etching speed to silicon is too fast, so
that the adequate evaluation can not be conducted.

[0022] (Detection step of island-shaped oxides)

The detection step of island-shaped oxides is a step for detecting an
island-shaped oxide 4 produced by the etching as shown in FIG. 1(d). The
detection means is not particularly limited as long as it can specify the number
and size of the island-shaped oxides. In general, the number of island-shaped
oxides is measured by the visual observation on the appearance of the bonded
wafer in a light focusing lamp, the observation with an optical microscope, the
observation with a surface foreign inspecting device, or the like, while the size of
the island-shaped oxide is measured by the observation with an optical
microscope or an electron micrc;scope. ' The observation results are shown in
FIG. 4. As the other detection means can be used an electron probe
microanalyzer (EPMA), scanning analysis electron microscope (SEM-EDX) and
the like. ‘

[0023} Although the above is merely explained with respect to the
embodiment of the invention, various modification may be added within the
scope of the invention.

[0024) Example 1

In this example, two silicon wafers each having a size of 300 mm and
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a crystal orientation of (100) are used as a wafer for active layer and a wafer for
support substrate, respectively. An ion implanted layer is formed in an inside of
the wafer for active layer by implanting hydrogen ions. Thereafter, the wafer
for active layer is directly bonded at the ion implanted surface to the wafer for
5  support substrate without using an oxide film, which is subjected to an

exfoliation heat treatment to partly exfoliate the wafer for active layer at the ion
implanted layer as an exfoliation face. After the exfoliation, the removal of
damaged portions at the surface of the active layer and the planarization are
carried out by a heat treatment to prepare a sample for the evaluation of an

10  insulating film-free bonded wafer having an active layer thickness of 150 nm.
[0025] Example 2

In this example, a silicon wafer having a size of 300 mm and a crystal
orientation of (110) as a wafer for active layer is directly bonded to a silicon
wafer having a size of 300 mm and a crystal orientation of (100) as a wafer for

15  support substrate without using an oxide film, which is then subjected to a heat
treatment of 1200°C for increasing the bonding force. Thereafter, the wafer for
active layer is thinned by grinding, polishing and etching and further the removal
of damaged portions at the surface of the active layer and the planarization are
carried out by a heat treatment to prepare a sample for the evaluation of an

20 insulating film-free bonded wafer having an active layer thickness of 1000 nm.
[0026] {Evaluation method)

The thus obtained evaluation samples are cleaned with an aqueous
solution of 5% HF for 10 minutes to remove native oxide film from the surface
thereof and then subjected at the surface of the active layer to an etching

25  treatment with an aqueous solution of 8% tetramethylammonium hydroxide _
(TMAH). In the sample of Example 1, the etching is conducted every 50 nm of
a depth from the surface of the active layer to measure the number and the size of
island-shaped oxides with an optical microscope (20-1000 magnification). In
the sample of Example 2, the etching is conducted every 100 nm of a depth from

30  aposition of 800 nm corresponding to a depth previously etched off from the
surface of the active layer to measure the number and the size of island-shaped
oxides with an optical microscope (20-1000 magnification). The measured

results on the etching depth and the number and size of island-shaped oxides with
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17.5 700 - 10 - [0028] Table 2 Results nmeasured in Exanple 2 (nunber
and size of island- shaped oxides) Etching depth (m) Nunber of

i sl and- shaped oxi des (oxides/cnR) Average size of island-shaped
oxide (.1m o

respect to the samples of Examples | and 2 are shown in Tables 1 and 2,

respectively, and graphs of such results are shown in FIGS. 5 and 6.

[0027) Table 1 Results measured in Example 1 (number and size of island-
shaped oxides)
5
Etching depth (nm) | Number of island- Average size of island-
shaped oxides shaped oxide (pum)
. (oxides/cm®)
1 0 - -
2 50 - -
3 100 - -
4 150 17.5 720
5 200 17.5 720
6 250 17.5 720
7 300 17.5 720
8 350 17.5 720
9 400 17.5 720
10 450 | 17.5 720
11 500 17.5 720
12 550 17.5 720
13 600 ' 17.5 720
14 650 17.5 720
15 700 17.5 720
16 750 17.5 715
17 800 17.5 715
18 850 17.5 715
19 900 17.5 710
20 950 17.5 710
21 1000 17.5 700
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[0028] Table 2 Results measured in Example 2 (number and size of island-
shaped oxides)
Etching depth Number of island- | Average size of
(nm) shaped oxides island-shaped
(oxides/em®) oxide (pm)
1 0 - -
2 800 - -
3 500 - -
4 1000 7.7 100
5 1100 7.7 100
6 1200 7.7 100
7 1300 7.7 100
3 1400 7.7 100
9 1500 1.7 . 100
10 1600 : 7.7 100
11 1700 7.7 95
12 1800 7.7 95
13 1900 7.7 90
14 2000 7.7 85
15 2100 7.5 80
16 2200 7.2 75
5 [0029] As seen from the results of Tables 1 and 2, the presence or absence

and the size of the island-shaped oxides existing in the bonded interface of the
bonded wafer can be confirmed when the etching depth becomes the same as the
thickness of the active layer. Also, it is understood that the number and size of
the island-shaped oxides are unchangeable and constant until the etching depth
10 reaches the thickness of the active layer plus 550 nm in Examples 1 and the
thickness of the active layer plus 600 nm in Example 2 but when the etching
depth exceeds the above total value, the number and size of the island-shaped
oxides become small.
[0030]

15  size of the island-shaped oxides at the bonded interface by the evaluation method

According to the invention, it is possible to detect the number and

of the bonded wafer formed by directly bonding the wafer for active layer and the
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wafer for support substrate without the insulating film and then thinning the
wafer for active layer, which comprises steps of removing native oxide from a
surface of an active layer in the bonded wafer, subjecting the bonded wafer to an
etching with an etching liquid having an etching rate to a material constituting

5  the wafer faster than that to an oxide of ﬂw material to remove at least a whole of
the active layer, and detecting island-shaped oxides exposed by the etching, in
which the etching is carried out so as to satisfy a relation of T £ X < T+500 nm

wherein T is a thickness of the active layer (nm) and X is an etching depth (nm).
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wherein the etchlng step is carried out by previously grasplng a

ki nd, con i f C n the
et chi ng a{}a%”@%ﬂ%& gcgleg%'l atin%@@@ﬁggg@fegagéoh&Pgh é?é &92 lethJ #thﬂ%ﬁc‘i'\ g

et chi ng rluiggs ef amhwm@rqf&traumﬁyﬂamm@mwg hvﬁv@xmm@H@ndlaOHe oxi de
thereof so as to render the etching depth X into the range of T X
1+500 nm 3. A nethod for evaluating a bonded wafer according to
claim1l1, wherein the etching liquid is an alkaline liquid of

t et ramet hyl ammoni um hydr oxi de, KOH or NaCH. 4. A nethod for
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