-1 METHOD FOR EVALUATI ON OF BONDED WAFER BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention 5 [0001] This invention relates to a nethod for

eval uati ng a bonded wafer formed by directly bonding a wafer for active

| ayer to a wafer for support substrate w thout using an insulating film and
thinning the wafer for active |layer. 2. scription of the Related Art

[ 0002] Recently, sem conductor substrateS having a SO structure by 10
forming a silicon layer or so-called active |layer on an oxide filmare

adaptabl e for the speaiTigODPFOR EieA] UATIONIOF BONDEDhW ARB¥Er consunption
and excellent in the pressure resistance, environnental resistance and the
like, so that they are used as a wafer for high-performance LSI in electron

devices. Particularly, it isBAﬁR?ﬁ%@ﬂP;(ﬁFﬁ{ ﬁ@@Fﬂqﬁlgﬁd waf ers having a

hi gher quality acconpanied wt integration of the sem conductor
devi ce, and hdnc@idld of ¢he Ineeisi ngly denanded to produce a bonded wafer by
thinning a thickness of a buried oxide film/(e.g. thickness of about 20

rinm as cofpad@¥Phli t h Thieinyenticaelatrsdp agaythoditar evalupinpa popdedovafss a waf er
df | . i i i.n,: i , th
528 Tor 2 vt GOUSR FFILE R, DU g ons, et

surfaces of asubstete Witho@aisingean iayatighfilnd andifléfinifi@ the Waffep fortactubRiyeat e with
HF liquid or the Ilike and directly bonding these wafers w thout using the
oxi de film and-t Resciptianrfihe Relatéefdr for active layer as disclosed, for

exanple, in J Olﬁfﬁb S- glje%gl‘ﬁg/, Saﬂﬁﬁn&cl?ﬂﬁggf%%{fgwﬁ%? g@;'sﬁﬁgu%sb > a

beneficial wafer rn a porn e sinpli i on € producti on process

and i npr agengsnimiaf apdidonriapst @ Soichlled dotivetayer ¥h afloxidel filft atiadaptablost r at e.

[ 0004] However, the bonded wafer formed by directly bonding w thout the

i nsul ating fi ifesthe speadingpraf deydces anddow iphsimosver chafumptionpadsxerllsat i on st ep
of the bonde f s i de: . ace t fer is

| ocally 30 agg?)é%alﬁ éﬁu&?e%ﬁéfaﬁ?%(’se 215@%%%%%&%%1 %&d\?\%?i]%g’psgﬂpﬁ}ﬂg}é%i ns in a
bonded i nt er fusekbas alwafep fesiEHpE-®efbrmsanch L1 inXleckeor derdess. t Pertitalaelyl nriat i on of

t he device . )

required to produce bonded wafers having a higher quality accompanied with a

15  high integration of the semiconductor device, and hence it is increasingly
demanded to produce a bonded wafer by thinning a thickness of a buried oxide
film (e.g. thickness of about 20 nm) as compared with the conventional SOI
wafer.
[0003] Also, as a wafer used for a low power consumption device in

20  subsequent generations, there is mentioned a novel bonded wafer formed by
removing an oxide film from surfaces of a wafer for active layer and a wafer for
support substrate 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 by 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.



characteristics and forns a nucl eus causing defects at the production step
of the device to lower the chip yield or the like. -2- [0005] Therefore,
when the bonded wafer is produced by direct bonding wthout the insulating
film it is required to suppress the formation of the oxide in the bonded
interface as long as possible, but also it is an inportant subject matter
to develop a nethod for detecting isl and’-%haped oxi des, which are apt to be
5 generated in the bonded interface of the bonded wafer. SUMVARY OF THE

| NVENTI ON [ 00@6dos) t | Fherfehste ShRdrhe B30n @R Watkr RiprbdiRell HYQIHeLOPorddngdr OVi de a
met hod for evaluating a bonded wafer wherein the nunbér and size of

i sl and- shaped vathpulethe insilatisig fHme itiprequired éo genpeesatthelfarmatiobofithedxidstior f ace,

can be detected.in . the defect ,10 eval uation qf fhe bonde f.er formed by

i rectly bond bRt nsprteces ek GufbsiRle, Bl slee & e BROGHnt STty € b Yt
wi t hout an i nedidiéVelopda mlethbdaoedétbétip islgnd-shependkRlesf WhicRGd 8 tb 8yer. [0007]

The i nventors have made various studies for solving the above problem and

found t hat 5i ngenvsatpd e heatled intesfare @f e biinded waferbondi ng the 15 wafer for
active layer and the wafer fo i ut the insulating
film native oxide is remvedé?mogm@{@w{?@oacti ve layer in the
bonded waf er [Gpd] t hent igtthé@estt, 4 JH&t 8f Bfe thtihtRGlth PRovidy & netifod fefoved by
etching with an etching I|qU|d having an etching rate to a materi al

constituting evauatkie bangded ayafen Whareintihe nemberandsizgeofoslandrehangd oxidgs,,

whereby the material constituting.th fer 20 is first . r ved t.0. make an
outl ine of t notraboR s el dhoifednertnshoean {e det HPUERE AT, det ect
the presefge gyalaRfRNeh®boidtd wabafoemedBpate@l bbhdid s waksidor dtat t he
nunber and size of the island-shaped oxi des can be accur atelé detected by

adj usting an yehinse wefarton sipgor srbsitate Wiheut apdhalatinghaln sndihinitgped oxi de
exposed on thggs\%éa eai ﬁv jniaturized by excessive etching, and as a
result, the VHVetY i heen acconpl i shed. [0008] In order to achieve

]E he above obj 7] t heTRY IHRAMr AR eGRARIVatohS SdRE forl 3SvihPURMb0S are as
ol lows: (1) met hod for evaluating a bonded wafer forned by directly

problem, and found that in the bonded wafer formed by directly bonding the

15  wafer for active layer and the wafer for support substrate without the insulating
film, native oxide is removed from the surface of the active layer in the bonded
wafer and then at least a whole of the active layer is removed by etching with an
etching liquid having an etching rate to a material constituting the wafer faster
than that to an oxide of the material, whereby the material constituting the wafer

20 is first removed to make an outline of the island-shaped oxide clear and hence it
is possible to detect the presence or absence of the island-shaped oxide, and also
that the number and size of the island-shaped oxides can be accurately detected
by adjusting an etching depth to a certain level before the island-shaped oxide
exposed on the surface is miniaturized by excessive etching, and as a result, the

25 invention has been accomplished. /
[0008] In order to achieve the above object, the summary and construction of
the invention are as follows:

(1) A method for evaluating a bonded wafer formed by directly

bonding a wafer for active layer and a wafer for support substrate without an

30 insulating film and 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 the wafer faster than that to an oxide of the



bonding a wafer for active |ayer and a wafer for support substrate w thout
an 30 insulating filmand thinning the wafer for active |ayer, which
conprises steps of renoving native oxide froma surface of an active |ayer
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 -3- 'n%tt'erial to renove at | east a whole
of the active |ayer, and detecting island- shaped oxi des exposed by the

et ching, in wmatéridlhe rahetd atdedss a odwoid efthedétivvedaps, il daedtingfiylaad-r el ati on of
T<_ X<_ T+500 Bme\gher, in Tis. a %hi ckness of, the active layer (nm and X is
an et chi ng deph#Pediydassxaeteddy theetchingoy Whigh thy otehige is ¢asried pul sergte haped

oxi des [ 000943} heIRLAGH T O% LY2b4tALh AhefeiRANIGUNNRARS REROLRHRY O | tem
e out by Y

(1), wherein't etching step i's carrie previ ous grasping a kind,
concentr at i on layed (dreypel Htisae etehinghdepei @i )ng defequihd nusddr and $ibeofthehi ng and
then cal cul ati ng %r}ipa&equate etching tinme fromthe etching rates of the

material 18 codid-shaprd§X196& wafer and the oxide thereof so as to render the

et ching depth jnt o ear X <y . . met hod
for eval uati né%aoggondé%ﬁmgflgé}gg%g%r%?ﬁam%aib?%—{%%?%f@%%w[)%g%g 10\/\{%%%% t he

et chi ng | i qui dvheseianhedtklbing Beeplis carridd ofit hyepreaivablyydraspimmna kind, hydr oxi de, KOH
or NaOH. 15 [0011] According to the jinvention, the thod fqor the eval uation
of the bonde&omﬁtl%a%tfnwrﬁvﬁe@émets@ﬁaihﬁaldtlrﬁégew etglpe 4ed fhgB | ayer

and the wafer cafcﬁfatiﬁggﬂggéqlﬁ@&[flgggI:?in){g fréthe «L,tleﬁin-gr}étlég ?‘Hh@%étblllgf' and then

t hi nni ng the wafer ctive conprises stéps of renoving native

oxi de frompa sundtactngfheavnfercinidvie okidy elieréot sbhws tbesndedtheatehing defph &cti ng t he
bonded wafer to an etching with_an 20 etching liquid having an etching rate
to a material kg ¥atnﬁf3i°ﬁgftﬁe<-%§(¥)rnmaster than that to an oxi de of the

material tor at 4east . } : {.ng
i sl and- shaped?g% es é?poée%égé\@tﬁi@vglﬁlgﬁﬁ%?Sé%eﬁ%%fgﬁﬁcﬁgdlgg&ﬁﬁgﬁ)}dsr

carried out sd@2ysvhereis #id aéhing ligeldds amalkafind KquiX of tetiaht@lylammenémei n T is a
t hi ckness of the active layer (nn) and Xis an etching depth (nm, whereby it
is 25 possi bl gygr@ EQH pRd2 er and size of the island-shaped oxi des at

the bondeds [0011] According to the invention, the method for the evaluation of the

bonded wafer formed by directly bonding the wafer for active layer and the wafer
for support substrate without the insulating film and then thinning the wafer for
active layer 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

20  etching liquid having an etching rate to a material constituting the wafer faster
than that to an oxide of the 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), 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 is 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



interface. BRI EF DESCRI PTION OF THE DRAWNGS [0012] FIG 1 is a flow chart
illustrating steps in the evaluation nethod of the bonded wafer according
to the invention. 30 FIG 2 is a graph showing a relation between a
concentration and an etching rate when tetranethyl ammoni um hydroxide is
used as an etching liquid, wherein FIG 2(a) shows a relation between a
concentration of tetranethyl anmoni um hydfoxi de and an etching rate of
silicon, FIG 2(b) shows -4- a relation between a concentration of

t et r anet hyl amaoelation bytdveen iadencentration oftetlamethyiahmonifunmahydaxide andhis.  2( ¢)

shows a rel ation. between a t afure of tetyanethyl anmoni um hydr oxi de and
an et chi ng raFH’[ﬁH’fg @qumﬁﬁﬁ%%é&%ﬁ%ws %W@W@n eFeca 3 ‘i?ﬁlpﬁé"{t\%é’g a

t enperature of ﬂm i iefl; ] i e of an
oxide. FIG 3 ?tga%gertgr apﬁ%gL ow 2%‘1‘551‘?? g?lﬁoen méee(ﬁfsgpﬁcog%%ﬁipgg}' ?ig%t h and a
si ze of an i skbows s hdptérh oetivden a tenreeatetecdfitetganndth gl amonoehduin by fimixideaanidng  a

t hi ckness of an agtive I%yer O&e 150 nm FIG 4 is an optical photom crograph
of i sl and- ShapRilcoIefat Waod¥edf 10 after the removal of an active |ayer by

the etching nmethod aceqsd NG, %@%1%E&vﬁ%%}é%&%ﬁ&?bfﬁve?ﬁ%ﬁ%{ézﬁﬂx & arfll a

collecting lanp. FIG 5 1s a ng a relation en an etching
depth and a sizzefeh idmd-siaped ozidapetheetilieg ofabonded wafeltaind 2 1. FIG 6 is
a graph show nfg a relation. beitvve%(] etching depth and a 15 size of an
i sl and- shaped BKESS ARAL LG leyer ég‘gp@-z. DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS - [ 0013]  Theg eihaddiiehl Iﬁ?@t%dé}?}dg@%ﬂmsﬁﬁﬂgﬁé&’pe\&@&‘%{es%ﬁﬁ%&@i ng to

the invention will be described w erence to t cconpanyl
dr awi ngs. 10[ O@ftds thElrénovaliof am aétiventagérart the ktchixtgrmethng asdoedingito thehe

eval uation nethod _.of 20 the bonded wafer according to the invention. [0015]
The eval uat i of%FBHARAS %lﬁséb‘fe&i'ﬁ‘aelf%c? “P%@"é‘?ﬁ'i on is a method for evaluating

a bonded wafer formedpRy S Lahpl sRARHE BFe1atidRb&wetR bn @chingtddptYSld a

size of an island-shaped oxide measured in Example 1.
FIG. 6 is a graph showing a relation between an etching depth and a
15  size of an island-shaped oxide measured in Example 2.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] The method for evaluating the bonded wafer according to the
invention will be described with reference to the accompanying drawings.
[0014] FIG. 1 is a flow chart illustrating steps in the evaluation method of
20 the bonded wafer according to the invention.
[0015] The evaluation method according to the invention is a method for
evaluating a bonded wafer formed by directly bonding a wafer for active layer
and a wafer for support substrate without an insulating film and then thinning the
wafer for active layer. Concretely, as shown in FIG. 1, it is an evaluation
25 method comprising a step of removing native oxide 3 from a surface of an active
layer 2 in a bonded wafer (FIG. 1(a)) with, for example, a 0.5% HF liquid (FIG.
1(b)) (native oxide removing step), a step of subjecting the bonded wafer to an
etching with an etching liquid having an etching rate to a material constituting
the wafer such as silicon faster than that of an oxide of the material such as SiO,
30 toremove at least a whole of the active layer (FIG. 1(c)) (etching step for
removal of active layer), and a step of detecting island-shaped oxides exposed by
the etching (FIG. 1(d)) (island-shaped oxide detecting step).
[0016] (Native oxide removing step)



and a wafer for support substrate without an insulating filmand then
thinning the wafer for active layer. Concretely, as shown in FIG 1, it is
an eval uation 25 nethod conprising a step of renoving native oxide 3 froma
surface of an active layer 2 in a bonded wafer (FIG 1(a)) with, for
exanple, a 0.5% HF liquid (FIG 1(b)) (_nﬁt_i ve oxide renoving step), a step
of subjecting the bonded wafer to an etching with an etching |iquid having
an etching rate to a material constituting the wafer such as silicon faster
than that of an oxi de The natige qaiderémvisgmthpiasa Seoef 8onewng themativavxideast a

whol e of th | f t
yer) o ana: adpcLps i st ekt Bré s bR st SRS 1 hET et ohf ng
(FIG 1(d)) (|e§dhﬁfgdwﬁﬁ'aﬂ%@@xﬁﬁbl@&h@@"ﬁ/@ﬁﬂ@qtﬁ&ﬁmhov{zrpﬁllﬁﬂG (1t | vigeOXi de

removing step) -5-  The native oxide renobving step is a step of renmoving the
native oxide 301f1®ntreuomnf thheHEuqmdoeecbfortthﬁaetamngv@n¢‘ra;aemotﬂa1ﬂ3nhmﬁted Honded

waf er 1(FIG .1 ghin f.or .exanp o HE i quid as
shown in FPG érﬁ%')ra@&é) féé%cé%tg? zﬁl? BRate tf‘ﬂ%lsﬁkpﬂl%ﬁ?a lckaPssgﬁe et chi ng
i's not parti cyhdsdtiveloxide £ thdebndenirtidt §ftRE AM 1YqRd, B %6 p@ke?ﬁ’olybhjel(; reating
time is dependent on the thickness of the natlve oxi de and the

concentrati onnghutehe HF |iquid, but is preferably 0.5-10 minutes. [0017]

Etch t f in FIG 1 , th
(etcﬁi Inggsfegpil{’)@u he%ﬁh\?%l“ao If\fgegn%gf’f/%mvféaxeémgrl ins a ste|(ocg)f reremvi ng

at | east a whole of thg sa6whig FIGYRE), Zhddtciihg MepFomitehembPl Ttk ddfige! | qui d
having an etching rate to a material constituting the wafer, e.g. silicon

faster thdf t H@ter tfa sipp ok regeovang etleastavéroledt the agtlvesiam 2 by etchingivsitta gr aph

h t t et th TNVA d
e A Sxamot o T PR E L oA AR R e PR R L3, on°
between a 15 eiiefMstatithanthat of &1 6308 bhhk aMAABHMI U NSid),0X FEE. A EMAMpand an

etching rate of silicon at a liquid tenperature of 70C, and FI 2(b) shows
a relation béh%@@g 28 eé@n@@mw az&lp@tﬁtr@fneﬂydmmenwm hydrenida T MAdoigueed and an
etching rate ture of FIG 2(c)
shows a rel at |a% %’6 glfl{}% hﬁljl Ei"f) ﬁﬁ)g@ " Oan ertekagwﬂ wff%aof

silicon whgn fcbﬁ’centratlon of tetramethylammomum hydroxide (TMAH) and an etching rate

of silicon at a liquid temperature of 70°C, and FIG. 2(b) shows a relation
between a concentration of tetramethylammonium hydroxide and an etching rate
of silicon oxide at a liquid temperature of 70°°and FIG. 2(c) shows a relation
between an etching temperature and an etching rate of silicon when the

20  concentration of TMAH is 8%, and FIG. 2(d) shows a relation between an
etching temperature and an etching rate of silicon oxide when the concentration
of TMAH is 8%. From FIGS. 2(a)-(d), it can be understood that the etching rate
of silicon is larger by several thousands times than that of the silicon oxide. In
fact, when the bonded wafer is etched with the etching liquid such as

25  tetramethylammonium hydroxide, the active layer 2 and the support substrate 5
each being made of silicon are removed at a faster etching rate, but the island-_
shaped oxides 4 are etched at a slower etching rate, so that the oxides are
substantially retained without removing by etching as shown in FIG. 2(c). Asa
result, it becomes easy to detect scattered island-shaped oxides at the subsequent

30 island-shaped oxide detecting step.
[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-



20 concentration of TMMH is 8% and FIG 2(d) shows a relation between an
etching tenperature and an etching rate of silicon oxide when the
concentration of TMAH is 8% FromFIGS. 2(a)-(d), it can be understood that
the etching rate of silicon is |arger by several thousands tines than that
of the silicon oxide. In fact, when the ponded wafer is etched with the
etching liquid such as 25 tetranethyl anmoni um hydroxi de, the active |ayer 2
and the support substrate 5 each being nade of silicon are renpved at a
faster etchi nghapdexidestexistiag iasthardndshiapethcoxi thesbohdad oatdr doiedely a sl ower

etching rate, so that the oxides are substantially retained wthout

renovi ng by etdl‘;rﬁFtﬁigg ¢, thfrpetiNe taver ans ?.SUE%O”&SUbPéétGI‘Ythquf thedpBiggeasy to
detect scatter i 5 : OX| s i - shaped
oxi do. dot ect | r sy RfesE MRACL G i thont BeveHORRHURR s e b, S0P e o
t he active | agenfiswtlespresence at alsseycesofithe EldndrshapedlexideSantHubBeninisvherein T

is a thickness of the active layer (n nd is an etching depth (nm.
Since it I8 kAGRAMRHA® SPeralyingt oA tL%ImIg]%%{gw ag?itﬁf‘eélzéﬁ?%gleilﬁﬁn #hapRd bonded

interface in totlﬁie@%ﬁ'?&ﬂt ﬁ%q}ggtﬁ'}?ﬂeegﬂ/the Q}e5i‘3g td e W{%tﬂ%‘g{ 131‘3%??&10\(1@ layer

and the support su rate i nsul ati1 ng ect the
devi ce, the i ntwdidsamsa mathedrapabiedf ddiedtingtth¢ sizerof tredslayd-shaped orkider mAshe

presence or absence.qf the i.sland-ghaped oxides and further it is 5

Pmpor tant to SHERils it IHSEOEH FapnArut Mahipeacriipiedrunber wad sics af g ipld-

i sl and- shaped | ' ' j ; | Gt

af fected and r?% eﬁs)gﬁég émg'?%g?{gg%gﬁ&églggfﬁgégégg%géqegﬁ%fddﬁﬁ@gsg]}lgé@he si ze
of the ishandeshapedeptixsaeas toAatisfy themldtion dftT RaS<TeeN0 hauntleritt T iat t he

accurate nunber. and sjize of. the island- shaped axi des. produced at the bonded
interface canﬂb‘éﬁ?ﬁ%e ?eé‘&“ﬁ?/i]aé(aié’érfiﬁﬁ‘d)fﬁeanl%‘:}@f‘%ﬂ?ﬁ’fﬁ @&th so as to
satisfy the r jon 4 i 1 rckypess of the
active |ayer ?Jr)(?intyjl ang%g(%assggﬁlhgfﬂé%?tﬁgﬁgé%%vy??lhﬁeatgé%ei?%ggrhgirr—ejgs_on why

t he et chi ng ddpth0nm isiduette thet factthat if thegclong depth iXsiballeF+B00the thickesdue t o

2ctive | ayer CXUPTYRUSEL AT b BoENABAOS 98T o o RS bpB BT AteRace and
15 the ishandyshapad-axpadeskila tB®e 3p&SHd &Y ndf ExfAREd, BHARSE the éeleﬁihg if the
etching depth exceeds a total thickness of the active |ayer thickness plus
500 ri m (X >Tdepth 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-shaped 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+500 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



500 rim, the island-shaped oxides are mniaturized by the etching and hence
the accurate size can not be specified. FIG 3 is a graph showng a

rel ati on between an etching depth and a size of one island-shaped oxide

exi sting at the bonded 20 interface when the bonded wafer having a thickness
of 150 rimis etched with an etching qu.yid cont ai ni ng 8% of

t et r anet hyl ammoni um hydroxi de, fromwhich'it is understood that when the
etching depth is less than 150 rim the active layer is still etched and

t he i sl and- shéigeidsaxtdewmrmue comtentratiors)ynd sadpaattrdye modktheleeching gmeof t he

oxi de can not be.specified, while when jt exceeds ,650, ri the size of the
25 i sl and- shap¥Hs i”&léheoaéé%lrﬁgclhp@dﬁEélﬁullla];?é&gﬁr??féc@fﬂ?@gégg ?%Bﬁieéqhé?ﬁj- shaped

oxide is congbaditiofd wﬁﬂ@heeét&%hraatadew%n%e fefc‘ﬂngf'@QoﬁM&écﬁb%%?s %bt'ﬁbd,[ 00201

Further, it is preferable that the etching stepis carrie

previ ously gr dspieqyired &tichitlg quemtitg whn bt icomtralled Hyethp ¢inat andehente theestdiindi ng
liquid wused i.n the etchi, nd {hep cal cul.ating an_adequate etching tine
fromthe 38 eldEPFii’r‘F@nE’ﬁ‘Fé%‘Pyng‘f}’tlsﬁ%‘jt efqnge ogi.r%%é E’EF f?l%mﬁlheF\‘/b&g%anoéﬁd t he
oxi de t hereof y8Q,38e {dne MERBE! ad HE nBk&GIH RO FRRIAY the WS ik BEnUIRRESRf T<_ X
< T+500 rim Since the etching time 1s determned by the kind,

concent r at i on etwhed aeapemibuteecanfirmitbe eehingidegthl ofithe dionithewithiearof t he

etching rate are previou sfored with various -7- _liquids under various
concentrat i onéd tet@ﬁ%*’ei%%% 102 q4ARfty ioan Bt grashgd {Zirﬂ’é“rs T&duired in the

actual etchingggxyjcal sprabes, &%h@éﬁﬁ%gﬁﬁ%ﬁ‘ﬁ%ﬁ_iﬁ%&Eﬁiﬂggte 61 Hne g

o
conditions with t;]e stored data. \We he etching Is conducted by this
met hod, tihe reyeval eflacticHayky isjpeefierably ap atkabiesobdivnraflté team ety latnendniure  and

hence the etching 5 d can asily ,adjusted to the.range of T6 X 5
Te500 nm . Fur hEe KOMAERAORE dagesepitatntan St RapEpTar B8R | ot i ng
the wafer is gha lficﬁﬁ&%e%hé/tect%rp&ecﬁe tardl-SHAPed O¥idELis R cultPet HRe lezdli NY

depth of the nonitor within an adequate range, the etching quantity can be
grasped furt heynsdiffergnee i) 0R Itchbg sbe betweears siliben end bxidg, dritheisilicesed i n t he

etching step for.the 10 r.enpval, of activye | gyer is preferable an_ alkal

Sol ution of -t EOTIARE RyFeaENcGIE i e ek srsed R BlICoR b Badetor usi ng an
et chi ng sqkut kign 1 HREuitE 3Palhiltfon GRQNE bk bottidiedt he detection of the

i sl and-shaped oxides i's difficult because there is no difference in the

etching rate He422en EDétectom steplofisladd-shapedtdxedes) | i con
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

20  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

25 microscope or an electron micrdscope. 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

30 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



portion is excessively etched because the etching speed to silicon is too
fast, so 15 that the adequate eval uation 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 detecfion neans is not particularly
limted as long as it can specify the numdér 20 and size of the

i sl and- shaped oxi des. In general, the nunber of island-shaped oxides is

nmeasured by t herystslulenettivarof 4t 00)Ardnselde aaptenforag@vhyéimdionsedfornaf er in
a light focusing |anp, the observation with an optical m croscope, the

observati on wiSUPPost sibstrateerespacsively- i Maperimplynteepyes is fyrmeddn pp ksidedi | e t he
size of the i - ' ' PASU £ servation weth an
optical 25 nié@%@g%ﬁgn%gﬁgﬁﬂg%gg¥?g%ﬂgﬁig%§%8%%HOE§e0§H§g¥%%H$8ﬁ%%gsuIts are
shown in FI Gfodactids liylee indiketlydehesd itahe iddfRD]aadd HEAds esltrRnwabefkr on probe
m croanal yzer (EPMA), scanning anal ysis, el ectron m croscope (SEM EDX) and
the |ike. POOSBPPoAS $ubstials WiHoUuABHDS an exide fdmy whigh igiswgctgfl that espect to t he
30 enbodi nent [ | ' [ fi | M.t hin the
scope of the iegéoé%p:g% h@&ﬁ%@gﬁﬁhtgg%%&iﬁﬁgé{ eﬁ’gatf%rg%ﬁpgﬁg‘,’ebl? %%dag?]?el l\é%n waf er s
each havi ng aispkatedflapdQsameafudiatidn faecr Beathewxifel itidh| te reho(dl®F) are used
as a wafer for active layer and a wafer for _support substrate,

respecti vel y. damageshporiignasithe surigesrofithe achivedayer and e planagizatieon atehe waf er
for active | ayer. hy L npl | r i Ther eaf t . he fer for
active | ayer ?ég{nc??roéltlt:tg? ?q’%%ﬂntg‘gaéﬁ é’?t t? %géha(r)ér??an%ﬁ) lggt}t;retgE S 8%1111 %tﬁ:(g’ 0 the wafer

for 5 support issubsingallt-fied bonded wedfexchavingoad ieiveildyer thiblknels bS130Hphect ed to
an exfoliation heat treatnent to partly exfoliate the wafer for active

|l ayer at the il@3li npEsamels 3 ayer as an exfoliation face. After the
exfoliation, the reno : or 1 4 . S t ctive

| ayer and the pIanari?gP?%%m%ﬂ%aﬂggﬁgﬁgﬁg%gpé%géggﬁgéﬁgpégggﬁgéﬁc ou%repare
a sanpl e for thienttiah o&{li10) a0k walfier or aditellater igditdckitonded tvonsiddonaf er

having an active | ayer thickpess of 150 nm .
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



[ 0025] Exanple 2 In this exanple, 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 mmand a crystal orientation
of (100) as a wafer for 15 support substrate w thout using an oxide film
which is then subjected to a heat treatngnt of 1200C for increasing the
bondi ng force. Thereafter, the wafer for ~active layer is thinned by

grindi ng, polishing and etchlng and further the renoval of damaged portions
at the surf aceaesgpect oghasimples bammplns] ahé 2 prastevinziat Tabiesalr and Z,arri ed out by

a heat treatnent to prepare S l.e far the, eval uat i of n20insu|atin
filmfree bond& eﬁ%‘fﬁg?z 4%3\,% ?‘é’ é’%nggﬁe@ ﬁﬁ§é?°‘f"ﬁ?‘b€#¢é§g 000 rim [002%]
- (Eval uation mgphpr) Thepidus RQE‘&I%'IH@QuFe\i%%% g—[ﬂ?ﬂ&% afid %z@b??s?a%]q with an

aqueous solution of 5% HF for 10 mnutes to r ative oxide m from
the surface tshepedofxidasl t hen subjected at the surface of the active |ayer
to an etching 25 treatnent with an aqueous solution of 8%

t et ramet hyl"ammni um hydroxide (TMAH). In the sanple of Exanple 1, the
etching is cgnduct ed eNGIN RPN | NanflRPHis| lhgmth %9{ 866 oFidihg. active
| ayer to neasure the nunber gnd the|size o%’ 1Slas | 'and- apél oxF&els % H an
optical mcragscope (R0-1000 nagnlfualﬂqpéﬁ))?ﬂdleﬁ the 8PP ovrdeimipl e |2, the
etching is canducted| every 100 nm of (ckidkepnk?) from 30| a position of 800 rim
correspondi ng 1to a degth previouslyfetched off from{he surface of the
active | ayer fto-—reastrethe nunber—and-the size of island-shaped—oxides
with an opticgd m crpSeope (20-1000|magnification). The nmeasured resylts on
t he et ching degpth andlédpe nunmber and _size of island- >haped oxi des wthH -9-
respect to the—sanrptps—of—FExanptes—t—and 2-are—shown{+n—Tables—+—and—2,
respectively,|4and grap¥s of such resdfHs are shown i N7HOGS. 5 and 6. [0027]
Tabl e 1 Resul tss measuﬁ(ﬁp in Exanpl e } gnunber and sizeyof isl and shaped
oxXi des) 5 Et ght mg—aeptn \IIII’ Numbet UI —stand=—Avet age—StZ€ of—tstand-=
shaped oxi deg shaped| ¥ de (1m) 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




(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 -10- [0028] Table 0Results measured in Exanple 2
(nunber and size of island- shaped oxi des) Etching depth Nunber of island-
Average size of (nn) shaped oxides island-shaped (oxides/cnR2) oxide (m 1
0 - - 2 800 - [6028)0 - Table2 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/cm?) oxide (um)

1 0 - -

2 800 - -

3 900 - -

4 1000 7.7 100

5 1100 7.7 100

6 1200 7.7 ' 100

7 1300 7.7 100

8 1400 7.7 100

9 1500 7.7 100

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



4 1000 7.7 100 5 1100 7.7 100 6 1200 7.7 100 7 1300 7.7 100 8 1400 7.7
100 9 1500 7.7 100 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 fromthe results of Tables 1 and 2, the presence or absence and the
size of the island-shaped oxides existigg in the bonded interface of the
bonded wafer can be confirnmed when the e (l,hi ng depth becones the sane as the
t hi ckness of the active layer. Also, it is understood that the nunber and
size of the wafarfor sipppedubstraiewithoet thaalsalagiegliil® aaddhaothéirng thenti | t he
et ching depth 1? reaches 't he tgiiplclkness of the _active |ayer ’E‘l u? 550 nmin
Exanpl es 1 and2{%dor $VERELsVRICN CRRPHESS SRS PR RO PR 828 YR HAT PR Eanpl e 2
but when the gifhicnF andeRLNISXCRAHS bbIRIARIYE shEAlngViBt BEndddNGafBiEREr and
size of the island-shaped oxides becone snmall. "[0030] According to the

i nvention, it efcBingosish bh etchmgdeued hatihgametchimg ratedo d5naera whstitheng

i sl and- shaped oxi des.at the bonded inferface by. the eval uation t.ho of
{he- bondect vallHiEr Fater (yRndRRde ey s i R me el b Emor At et &, BgIaghr and

the -11- waf efhef Liive URRA L dWRIIAR LantLhBOLH o:iBE dxptl Pty 89 ehdplip, &pd t hen
thinning the wafer for active |ayer, which conprises st’eps of renoving

native oxi de fhorh the ewhirfgris eawfedanmt ac hs toesatisfyer relatioh lod Tho Xde d+580 em,
subj ecting the, bonded wafer to et.chjn i th et chi | i,qui d havi ng an
otohing 1ot Poe LA keeshaf the i o6 % danvinn o Sk efing ebb{al o an

oxide of the material to renove at | east a whol e of



the active layer, and detecting island-shaped oxi des exposed by the etching,
in which the etching is carried out so as to satisfy a relation of T5 X <_
T+500 nm wherein T is a thickness of the active layer (nm and X is an
etching depth (nn). -12- What is clainmed is: 1. A nethod for evaluating a
bonded wafer fornmed by directly bonding B waf er for active layer and a

waf er for support substrate w thout an |nsulat|ng filmand thinning the
waf er for active |ayer, which conprises steps of 5 renoving native oxide
froma surfacéVmﬁiadaanuime | ayer in the bonded wafer, subjecting the

bonded wafer to an et an et chin i quj d havyin n ..etching rate to
a material constituti gh’@%?é?r T2 u[aéllng H’é’ﬁg‘?dn‘ﬂflpefﬁ r&%dg%'i ‘Héecgf" t he
material tor %aﬁeﬁﬁé%twéf@@ﬁ)& a@uwﬂra%,@r £id 4 NereAfdr sﬁﬁpdraylﬁfstraﬁ%tm ggting

i sl and- shaped oxi des exposed he etching, in which the etching is

carried out sansadating filén &E;ltthsmyngthﬁWﬁen fonadiveTayer X8hiths0Mhpmisesiepseifn T is a
t hi ckness of the active L (n nd is an etchin e to detect
t he nunber? anaergp\ggggptly%%xﬁ? grloé’n%z‘g?f’iﬁé’gaﬂ%tﬂ\é@slay? lnAg‘ﬁg‘?rﬁ{?H "éag? >eval uati ng
a bonded waf ersuﬁj@@tﬂ{gjﬂh@%oh@ecﬂv@femolan etWiakE Hith M’&cl’ﬁhg Hﬂgllﬁtv%éé carried
out by previously grasping a kind, 15 concentration and tenperature of the

etching liqui dtqhmatmtmmatetlemm@tl‘aIMgttltrﬁewafec&stﬁmItlzaa'n thgt mman@Mthe et chi ng
time fromthe etching rates

oxi de t her eof "SeTAl 10 FerpQyF L fegs ¢ %W@f’n%n‘%rﬁb aféme Q}%' % ‘i)en‘%ﬁllégrelg%gi of a'rll'd <t S
<_, T+500 nm  3pard d%‘(‘i&@@x&wed %é’é‘&:hﬂ@ & WReH et 4efigg 1sa<9dfﬁécfibﬁ‘tgsota9 t&l aim '
or 20 2, wherein the etching IC|UId is an al kaline ITquid
t et r anet h)ll) amsamsfymrelation ok T deX KOH @ nthlaxdidrein T is a thickness of the active
layer (nm) and X is an etching depth (nm) to detect the number and size of the
island-shaped oxides.
2. A method for evaluating a bonded wafer according to claim 1,
wherein the etching step is carried out by previously grasping a kind,
15  concentration and temperature of the etching liquid used in the etching and then
calculating an adequate etching time from the 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+500 nm.
3. A method for evaluating a bonded wafer according to claim 1 or

20 2, wherein the etching liquid is an alkaline liquid of tetramethylammonium

hydroxide, KOH or NaOH.





