METHOD FOR MANUFACTURI NG BONDED SO WAFER AND BONDED SO WAFER MANUFACTURED
THEREBY FI ELD OF THE | NVENTI ON 5 The present invention relates to a nethod
for manufacturing a bonded SO wafer having a gettering |layer for renoving
process-induced heavy-netal inpurities that may have a negative inpact on
the device operation, and also relates to bonded SO wafers manufactured by
the nethod. 10 DESCRI PTI ON OF THE RELATED ART Wth the advances in
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DESCRIPTION OF THE RELATED ART
With the advances in miniaturization and high-density integration of
semiconductor devices, wafer contamination has an increasing impact on the
characteristics of the devices. Gettering techniques have conventionally
15 been used to remove process-induced contamination subjected in wafer
processing and/or device manufacturing processes, particularly heavy-metal
impurities, from the active regions of the integrated circuits.
Well-known gettering techniques include, for example, depositing
polycrystalline silicon on the rear surface of a semiconductor substrate by a
20 low-pressure CVD method to use a deposited silicon as a gettering source
and utilizing heavy-metal impurities trapping capability due to oxygen
precipitates or crystal defects such as dislocations.
There are many examples in which the gettering in conventional
semiconductor substrates is applied to SOI (Silicon On Insulator) wafers
26  each with an SOI layer formed on an insulator. However, for SOI wafers, an
insulating layer such as an oxide film provided between an SOI layer and a
Si supporting substrate disturbs the movement of heavy-metal impurities,
resulting in an insufficient gettering effect.

For this reason, it becomes necessary for effective provision of a



gettering source to enploy a structure in which a gettering source is forned
at the interface between the SO |ayer and the insulating |ayer (oxide film
and the provided gettering source has no negative inpact on the device

regi on. However, SO wafers go through very conplicated manufacturing 5
processes and thereby require significantly higher production costs than
typical wafers, and thus adding a further process of providing a gettering
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P heat-treated so that oxygen is precipitated with carbons as nucleus at the

interface between the oxide film and the SOI layer substrate. However, this
method requires processes of implanting carbon ions into the oxide ilm on
15 the supporting substrate and heat-treating for formation and growth of
precipitation nuclel after bonding, which alsc results inevitably in an

increase in production cost.

SUMMARY OF THE INVENTION

20 It is an object of the present invention to provide a method for
manufacturing a bonded SOI wafer having a simple and inexpensive
gettering source formed at the interface between an SOI layer and an
insulating layer {oxide film) and having a function of effectively removing
heavy-metal impurities that may deteriorate the characteristics of the device
25 and/or the withstand voltage characteristics of the oxide film, and also to

provide a bonded SOI wafer manufactured by this method.
In order to achieve the foregoing object, the inventors have made
studies on the method of providing a gettering source in conventional SOI

wafer manufacturing processes without adding a further process to



consequently find that bonding in a state where organics exist on the
surface of a wafer before bonding allows mcro crystal defects having a
gettering effect to be forned at the bonded interface in the subsequent
heat treatnment for bonding reinforcenent. 5 The present invention has been
made based on the finding above, and the gist thereof resides in (1) a

nmet hod for manufacturing a bonded SO wafer and (2) a bonded SO wafer
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a natural oxide filmformed on the surface of the active |ayer wafer and/or
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wafer and/or on a surface of a supporting wafer and heat-treating for
bonding reinforcement is performed in a state where said organics are
15 trapped at an interface between said active layer wafer and said supporting
wafer to form crystal defects at an interface between said active layer wafer
and said oxide film and/or at an interface between said supporting wafer and
said oxide film.
The above-mentioned term “crystal defects” means carbon
20 (C)-induced micro crystal defects generated through bonding and
heat-treating for bonding reinforcement in a state where organics exist on
the surface of at least one wafer and thereby decomposition of the organics
takes place. Itisnoted that the existence of carbons at the bonded interface
where crystal defects are formed can be verified by secondary ion mass
25 spectrometry (SIMS), while the existence of carbons at the bonded surface
can be verified by gas chromatography mass spectrometry (GC-MS), etc.
Also, the “state where organics exist” means the state where organics
are contained in a natural oxide film formed on the surface of the active layer

wafer and/or on the surface of the supporting wafer when cleaning or



3 dry-storing the wafer, or the state where organics are attached to the
surface of the active |layer wafer and/or to the surface of the supporting
waf er during cleaning or drying and-storing. In the nmethod for

manuf acturing a bonded SO wafer, the state 5 where organics exist on the
surfaces of the active |ayer wafer and/or on the surface of the supporting
waf er may be obtained by cleaning the surface of the active |ayer wafer
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surface of the active |ayer et and/or the surface of the supporting

wafer. (2) A borgedh&GhetbEforranhatictitiigby boeder SO vaden! tHagrdte (1)
25 (including the above-described enbodi nents of the nethod), wherein the

bondedld nt ehicae ergatics daxsstoar hhe-sunfheeexf thiecaativer kgteal walfefr entdBor bn thiee
bonded SO wafer, the crystal defects nmay have a size of 5 to 50nm That
i s, the cryarfate gbthesupportingtwales|maymlse be| ebtagnebbgdnying thheactive

layer wafer and/or on surface of the supporting wafer wafer after cleaning in
an atmosphere containing the organics.
In the method for manufacturing a bonded SOI wafer, the state
15  where organics exist on the surface of the active layer wafer and/or on the
surface of the supporting wafer may further be obtained by treating the
surface of the active layer wafer and/or the surface of the supporting wafer
with a cleaning solvent containing the organics.
In the method for manufacturing a bonded SOI wafer, the state
20 where organics exist on the surface of the active layer wafer and/or on the
surface of the supporting wafer may also be obtained by applying or dripping
a treating solvent containing the organics onto the surface of the active layer
wafer and/or the surface of the supporting wafer.
(2) Abonded SOI wafer manufactured by the method according to (1)
25 (including the above-described embodiments of the method), wherein the
bonded interface includes carbon-induced micro crystal defects.
In the bonded SOI wafer, the crystal defects may have a size of 5 to
50nm. Thatis, the crystal defects are extremely small. It is noted that the

“size of crystal defects” herein means the size recognizable from an image



"size of crystal defects"” herein neans the size recogni zable froman i nmage
4 taken when observing crystal defects in a transm ssion electron m croscope
(TEM as the maxi mum | ength of each defect (refer to Fig.4 below. Also, in
t he bonded SO wafer, a carbon concentration peak of 5 x 1018atons/cn8 or
nore may be detected at an interface between the active 5 |ayer wafer and
the oxide filmand/or at an interface between the supporting wafer and the
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showi ng an exanple of principal steps in the nethod for manufacturing a

bonded SO swuppertimg wafed amp banddidean pheatnteated fnthanding reinforcement in a

state where organics exist on the surface of at least one of the wafers, so that

crystal defects are formed at the interface between the active layer wafer and

the oxide film and/or at the interface between the supporting wafer and the

15 oxide film. In accordance with the manufacturing method according to the

present invention, a simple and inexpensive gettering source can be formed

at the interface between the SOI layer and the insulating layer (oxide film).

In the bonded SOI wafer according to the present invention that is

manufactured by the manufacturing method, the bonded interface includes

20 carbon-induced micro crystal defects, which allows heavy-metal impurities

that may have a negative impact on the characteristics of the device and/or

the withstand voltage characteristics of the oxide film to be removed

effectively.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a flow chart schematically showing an example of principal
steps in the method for manufacturing a bonded SOI wafer according to the

present invention;

Fig.2 is a flow chart schematically showing another example of



Fig.2 is a flow chart schematically show ng anot her exanple of 5 principal
steps in the nmethod for manufacturing a bonded SO wafer according to the
present invention; Fig.3 is a flow chart schematically showi ng yet another
exanpl e of principal steps in the nmethod for manufacturing a bonded SO
wafer 5 according to the present invention; Fig.4 is schematic views

showi ng observations of bonded interfaces (cross sections) after heat

treatnment fiuy ’\fﬂpis@&)é %nmé(c.g.) d USk haBufALARAD MR RUCEOIWafer

m croscope (TE where Fig.4 shows the case
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wafer while Fig.4(b) shows the case where no N-nethyl-2-pyrrolidone is

cont ai ned; Fi g. 5Fsp8ws @ flovothhet sthemaatically Ghowimg gt raaoitleer exampe v ci nity
of the bonded interface after heat treatnent for bondi ng reinforcenent
nmeasured [Pyin@paingtens ilBntheswethut tfopnmanpfggurslg ian hondedaSOIwweafer 15

N net hy| - 2- pyrrohdone, i s contai ned . in an atnosphere for cleaning the wafer;
and Fig®6 & ng o gh‘? PESSSNLABYORIAOR'C) concentration in the vicinity of the

bonded interfaceafter heat treatnent,for bopding,reinforcepent neasured by
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a bonded SO wafer according to the present invention that Is manufactured
by the met hdtbrei Ntmbthiydi hpkialidodedsedrtafthd pecid atabkyhed fot lehafince to

t he acconpanyi ng drawi ngs. The nmethod for manufacturing a bonded SO wafer
accor dilfg the twafer while Fig.4(b) shows the case where no N-methyl-2-pyrrolidone is
contained;

Fig.5 shows a profile of carbon (C) concentration in the vicinity of the
bonded interface after heat treatment for bonding reinforcement measured
by secondary ion mass spectrometry (SIMS) in the case where

16 N-methyl-2-pyrrolidone is contained in an atmosphere for cleaning the
wafer; and

Fig.6 shows a profile of carbon (C) concentration in the vicinity of the
bonded interface after heat treatment for bonding reinforcement measured
by secondary ion mass spectrometry (SIMS) in the case where no

20 N-methyl-2-pyrrolidone is contained in an atmosphere for cleaning the

walfer.

DETAITLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A method for manufacturing a bonded SOI wafer according to the
25 present invention and a bonded SOI wafer according to the present invention
that is manufactured by the method will hereinafter be described specifically
with reference to the accompanying drawings.
The method for manufacturing a bonded SOI wafer according to the

present invention is characterized in that when an active layer wafer to be



present invention is characterized in that when an active |ayer wafer to be
6 an SO |ayer and a supporting wafer are bonded via an oxide film

t herebetween, the bonding is performed in a state where organics exist on
the surface of the active |ayer wafer and/or on the surface of the
supporting wafer and heat-treating for bonding reinforcenent is perforned
In a state 5 where said organics are trapped at an interface between the
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for manuf achasuiface dichd edtisellayef erafacanddirva the sindace oL senbupporgitig on.
The flow chart will hereinafter be described fromStep 1 through Step 5. In
Step 1, anveafer wad heat-treatiog b2 hondieg aeirforcdnaget isapdriarmedpmoatstate waf er
11 with an oxide film (insulating layer) 13 fornmed on the 15 surface
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interface in the follow ng heat treatnent for bonding 25 reinforcenent. The
det ai | $0wi stepsainddscmiebleold ifor BiammfdctuSper a hondsdtSOHwafer acdotrding tigthde
state where the organics exist on _the surfaces of the wafers include, for
exanpl e, cpeesanignventionat Fbedlosy ehart will hereinafter be described from Step 1

through Step 5.
In Step 1, an active layer wafer 12 to be an SOI layer and a
supporting wafer 11 with an oxide film (insulating layer) 13 formed on the
15 surface thereof are prepared. These wafers may be produced by any
conventional method.
In Step 2, for the bonding of the active layer wafer 12 and the
supporting wafer 11, organics are provided, that is, a natural oxide film 14
containing carbons is formed on the surface of the active layer wafer and/or
20 on the surface of the supporting wafer (here indicating both the active layer
wafer 12 and the supporting wafer 11}. As for the supporting wafer 11, the
natural oxide film 14 is formed also on the oxide film 13.
This is for forming crystal defects that serve as a gettering source at
the bonded interface in the following heat treatment for bonding
256 reinforcement. The details will be described in Step 4.
Specific methods for obtaining the state where the organics exist on
the surfaces of the wafers include, for example, cleaning in an atmosphere
containing the organics (including subsequent drying), treating with a

cleaning solvent containing the organics, applying or dripping a treating



contai ning the organics (including subsequent drying), treating with a

cl eani ng sol vent containing the organics, applying or dripping a treating 7
sol vent containing the organics, and |leaving the wafers in an atnosphere
containing the organics, said any nethod being effective. Anong the nethods
above, the nmethod of cleaning the surfaces of the wafers in an atnosphere
containing the organics will be described. In 5 manufacturing a bonded SO
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of organics attached onto the surface er after SC-1 cleaning in

an at npsphkefones06# athdérscmhly et fisdd 2s e ro@%ézﬁ@@,eaﬁ aldc0iyCSontalie smadlunt s of
organics are neasured by gas chromat ography nmass spectronetry (GC-M5). It

i s 25 not edntduaits a @arb@Dovoh extehN -metlay] - 2opyurdslonfe st padiedady gantakde ar e
e P fethyl-2 pysrolidone is readily available as & remover for removing wax, | <
the wax being used for scratch prevention when grinding wafers in wafer
processing, and is easily absorbed onto the surfaces of wafers.
15 The pre-bonding cleaning in such an atmosphere containing organics
allows the organics to exist on the surfaces of the wafers. The attachment
(existence) of extremely small amounts of organics onto the surfaces of the
wafers is expected to exhibit an effect of forming crystal defects at the
interface between the active layer wafer and the oxide film and/or at the
20 interface between the supporting wafer and the oxide film.

Table 1 shows measurement results of the total amounts of organics
attached onto the surface of each wafer after SC-1 cleaning in an atmosphere
containing N-methyl-2-pyrrolidone as organics. The amounts of organics
are measured by gas chromatography mass spectrometry (GC-MS). It is

25 noted that about 80% of the total amounts of attached organiés are
N-methyl-2-pyrrolidone. Also, in Table 1, the term “with an oxide film of
0.5 2 m” means that an oxide film (insulating layer) having a thickness of

0.5 1 m is formed on the surface of each wafer.



0.5 ' neans that an oxide film (insulating |ayer) having a thickness of

0.5 u mis forned on the surface of each wafer. 8 Table 1 Total anounts of
attached No. Sanpl e nane C eani ng at nosphere organics (ng/cn2) 1 SC

| cl eanedwafer 3.5 N-nethyl-2-pyrrolidon e SC-1 cleaned wafer 2 contai ned

3.9 (with an oxide filmof 0.5 An) 3 SC-1 cleaned wafer 0.009

N- et hyl - 2-pyrrolidone SC-1 cleaned wafer 4 not contained 0.027 (with an
oxide filmof 0.5 m It is found fro e 1 that over 100 tinmes nore
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supportin

3

er 11. This results|in a state where

ne organlcs
5C-1 cleaned wafer

0.009

N-methyl-2-pyrrolidone
S5C-1 cleaned wafer
not contained 0.027

(with an oxide film of 0.5 u m)
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15

20

It is found from Table 1 that over 100 times more organics (.e.
N-methyl-2-pyrrolidone) are detected at the surfaces of the wafers cleaned in
an atmosphere containing N-methyi-Z-pyrro]idone (sample Nos.1 and 2)
the
N-methyl-2-pyrrolidone (sample Nos.3 and 4).

atmosphere containing no

It is also found that the

than wafers cleaned in an
amount of attached N-methyl-2-pyrrolidone is less likely to be affected by the
existence of the oxide film (insulating layer).

In the next Step 3, the active layer wafer 12 with organics existing on
the surface thereof, that is, with the natural oxide film 14 containing carbons
formed thereon is bonded with the supporting wafer 11 with the natural
oxide film 14 containing carbons formed similarly thereon via the oxide film
13 on the supporting wafer 11. This results in a state where the organics
are trapped at the bonding interface.

In Step 4, heat-treating for bonding reinforcement is performed in
the state where the organics are thus trapped at the bonding interface.
This heat treatment is for ensuring bonding strength as well as forming
micro crystal defects at the interface between the active layer wafer and the

oxide film and/or at the interface between the supporting wafer and the oxide

film. The treatment temperature is preferably 1100 degrees C or more to



15 are trapped at the bonding interface. In Step 4, heat-treating for
bondi ng reinforcenent is perforned in the state where the organics are thus
trapped at the bonding interface. This heat treatnent is for ensuring
bondi ng strength as well as formng mcro crystal defects at the interface
bet ween the active |layer wafer and the 20 oxide filmand/or at the interface
bet ween the supporting wafer and the oxide film The treatnent tenperature

[ f bly.1100 d 9 h .eff . th i d
1 s soPohifl T SRR The oxe floh s selihnd £ BLiidapett isimptedohat po
t t t £ e | t | ' f
br ovent 1 ng S Jiid of BAEREHohs bbnIBAMER, Fiefbldlly SROISERG E °
amount s of f%xﬁ&ﬂbﬁﬁewﬁoih%%ﬂ?@v’iéntﬁ’igBﬁﬁd?élﬂﬁgc??ﬂé?terface | s coagul at ed

| ocal ly through the treatnent above. The s anmounts of organics

(carbons) coagul dhed natussls axidd | il Wohthihiify | 4Aall eadit®t b@nofadibe
natural oxide filmformmcro crystal defects 15 having a size of 50nm or
| ess. 1§ i dcaxbonstat g bénaded inderface istmiguliztfeddbeally Shrnghciirposatneft
"Carbon-Si". 10 Fi ﬁ 4 is schematic views show ng observations of bonded

i nt er f aces abo¥eosEhe sealbseouittserf onganics warbeny) doagulatedi ingasssicidtionc enent

case” aher SR LS TR S0R8ABORAbi6e PACBBH R FRHIP 0N TG SRR deBets

I [ f whi | i g.4 h t he .
!(il- ren{zzl_tn Ih;? 25@%%0??&5 iog 56'5:'%‘ 8%2%55? ngg,fs ﬁ%neﬁlﬁ%?e?a%rf‘g‘ﬁgg revsgal Aefestsar r ows
in Fig. 4(ays A%fogliﬂgghﬁ)bk:«éapy&{_gﬁd done is contained in the atnosphere for

cl eani ng t he ', mcro Ccrys "defects 15 are fornmed through heat

treatmpmt at theFipandedhiniRid HewLShYBRIE bii@‘er%ﬁﬁbﬂf@ dfﬁ)b%rde\a%ﬁérfﬁ&g

| ayer) 12 and the oxide 20 film 13. The size of the faults Is considered to
be about S5Gusersectisnshbuftesohpatr itBertmurithforhdosdile refdbeimaet ashengt h of

0. 54m shown in the
transmission electron microscope (TEM), where Fig.4(a) shows the case
where N-methyl-2-pyrrolidone is contained in an atmosphere for cleaning
the wafer while Fig.4(b) shows the case where no N-methyl-2-pyrrolidone is

15  contained.

As indicated by the outline arrows in Figd(a), if
N-methy!-2-pyrrolidone is contained in the atmosphere for cleaning the
wafer, micro crystal defects 15 are formed through heat treatment at the
bonded interface between the active layer wafer (SOI layer) 12 and the oxide

20 film 13. The size of the faults is considered to be about 50nm or less by
comparison with the scale indicating a length of 0.5.m shown in the
drawing. On the contrary, if no N-methyl-2-pyrrolidone is contained in the
atmosphere, no crystal fault is formed as shown in Fig.4 (b).

Figs.5 and 6 are also findings obtained in the practical examples,

25  showing profiles of carbon (C) concentration in the vicinity of the bonded
interface after the heat treatment for bonding reinforcement measured by
secondary ion mass spectrometry (SIMS). Fig.5 shows the case where
N-methyl-2-pyrrolidone is contained in the atmosphere for cleaning the

wafer, while Fig.6 shows the case where no N-methyl-2-pyrrolidone is
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drawing. On the contrary, if no N-nethyl-2-pyrrolidone is contained in the
at nosphere, no crystal fault is forned as showmn in Fig.4 (b). Figs.5 and 6
are also findings obtained in the practical exanples, 25 showing profiles
of carbon (C) concentration in the vicinity of the bonded interface after
the heat treatment for bonding reinforcenment neasured by secondary ion nass
spectronetry (SIMS). Fig.5 shows the case where N-nethyl-2pyrrolidone is
contained in the atnosphere for cleaning the wafer, while Fig.6 shows the
case V\herec&qta%ggt hyl - 2-pyrrolidone is 10 contained. 1In Figs.5 and 6, the
hori zontal "axis represents the distance (defined as "depth" here) fromthe

active |ayer valgh Wighh Ay 6 thd BYBHntd) S8 HPAISERRY (N8 URtahte & d Sa
d nt o observe

waf er after heat treatnent for bonding 5 rei rcement. The

regi ons of ashéddgdh”| hysy), fiwem dthd idofiveangyauppafet | (BOIAher) TowRed t thg
substrate) are shown in each drawing along the horizontal axis. The
vertical asuppodmesaafes inaa bonded8@hwaler after (ldatnereat@pnt Absbontlhes car bon
concentration indicated by the outline arrow A is a background level_ in the
waf er, @hi reinfercentaion dun obaerved vegions| ofdtkeetFQAl dpyeneoxide! fihw, amdbw B i s
a background level in he( oxi de fil (ingulating layer). It is found from
Fig.5 that SEPPREtERS yaten (Buppantingonubstiated g shayn An edrh drawyphalerg or

cl eaning t fer .the carb concent,ration reaches a . peak at the. bonded

i nterface E‘i‘% m%rﬁ”%%é'r a%’??ve%é’?r%?lemsséep#avg% %98115“’(’}?8“ %d)él film
(insulatin 3 C t.rat | of . A

1020t o/ CgtiRhd. SALE, Mool cobeR BARER SRR buttindtamow

N-met hyl - 2Apygr ol oliid CRAERI A8 ¢hé Nwhi, WhileSBHE @rbR &fcBnration
significant carbon ( concentration peak is detected at any depth (a

car bonig C) isdinatl bat thenoptibde akrdweB ik harbdekxrdiid déwvatsine ide Dides fjlmst
detected at the bonded interface), as shown in Fig.6. In other words,
(insulating layer).

It 1s found from Fig.5 that if N-methyl-2-pyrrolidone is contained in
the atmosphere for cleaning the wafer, the carbon concentration reaches a
peak at the bonded interface between the active layer wafer (SOI layer) and

15  the oxide film (insulating layer), where a carbon (C) concentration peak of 2
x 1020atoms/cm? or more is detected.

On the contrary, if no N-methyl-2-pyrrolidone is contained in the
atmosphere, no such a significant carbon (C) concentration peak is detected
at any depth (a carbon (C) concentration peak of less than 5 x 102atoms/cm3

20 1is just detected at the bonded interface), as shown in Fig.6. In other words,
it is only required to adjust the amounts of organics on the surfaces of the
wafers before bonding so that a carbon concentration peak of 5 X
10%atoms/cm? or more is obtained at the bonded intexface.

In Step 5, the active layer wafer (SOI layer) 12 is thinned. In this

25 step, the thinning is performed by a conventional method such as machining
or chemical etching to achieve a bonded SOI wafer 10.

Fig.2 is a flow chart schematically showing another example of

principal steps in the method for manufacturing a bonded SOI wafer

according to the present invention.
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it is only required to adjust the anpbunts of organics on the surfaces of the
waf ers before bonding so that a carbon concentration peak of 5 x
101Satons/cnB or nore is obtained at the bonded interface. In Step 5, the
active layer wafer (SO layer) 12 is thinned. In this 25 step, the thinning
Is perfornmed by a conventional nethod such as machining or chem cal etching
to achieve a bonded SO wafer 10. Fig.2 is a flow chart schematical |y

o bonded 8o war SH8 Refs g, mi'S SRR $Bise Rbah, (D ERET e AR R A5 o' "
Fig.2 diffgpy £ 1195 8B WMy dwhES: 12 iaﬁ‘ldtfl'?é 51&]%50 “Q?Eid'lﬁ‘gofg’pr e

active layer watfer 12 and the supporting wa anics “are

that is, aapapubaldeaxithgt id,|ahatuCo Hxadifme: G[@rclaﬁﬂémhﬁgfcﬁfm iOfhaan t he
surface of the active Iayer wafer 12 in Step 2. 5 1In Step 3, the active

| ayer waf eonliPomithé stiacaaf thabctive tayefrivafet42 indPtepi i ng carbons formed on
the surface thereof is bonded with the supporting wafer 11 with no natural
oxi de f&1m 14 coln Stepry thar aive layemsvafernt? sdth vhe Itawmkmsideffﬁ]mlﬂs on

t he supporting.wafer 3 is a flow chart chematlca shaowi n

further exSoRlaEREYE Cfﬁl&@? rafl eRephe i sunfage ﬁ@ﬁ%ﬁ torbongeds éﬁ@t}ﬁlr%ﬁg

bonded SO f di th wh d
Do 0 LSS L5k SRESER e BTN b Sl
ded, b f d
provided,  UialohaaToe DA 8 AFuld LS GRRVAR 1 o2 bons 1 Tor e
obtaining the stpigswierenshecipiaphmAialy SRowldle SHHRER Alanfphofiel er

in Step 2 include cleaning the surface of each wafer in an atnosphere
cont ai pd ngptimeiprlgstupss ihefly anbivd figr asanafidteriag abbvade@sSOE! wads dryi ng

the wafer after cleaning in an atnosphere containing the organics. Treating
t he surf acecairdosrto tld present inventiemvhegrefrthetbonding of the active layer
wafer 12 and the supporting wafer 11, organics are provided, that is, a
natural oxide film 14 containing carbons is formed only on the surface of the
supporting wafer 11.

15 Specific methods for obtaining the state where the organics exist on
the surface of each wafer in Step 2 include cleaning the surface of each wafer
in an atmosphere containing the organics before bonding as mentioned above
as well as drying the wafer after cleaning in an atmosphere containing the
organics. Treating the surface of each wafer with a cleaning solvent

20 containing the organics is also useful. In manufacturing a wafer, not only
pre-bonding cleaning but also various kinds of pickling and cleaning are
performed to remove impurities and fine particles on the surface of the wafer,
and in this case, the pickling solvent or cleaning solvent used therefor
contains organics.

25 Applying or dripping the treating solvent containing the organics
onto the surface of each wafer is further applicable. Spreading the treating |
solvent thinly and evenly on the surface of each wafer by applying a spin
coating technique is also useful.

It is noted that in the case of applying such a method, since the

12



20 containing the organics is also useful. In manufacturing a wafer, not
only pre-bonding cleaning but also various kinds of pickling and cl eani ng
are performed to renove inpurities and fine particles on the surface of the
wafer, and in this case, the pickling solvent or cleaning solvent used
therefor contains organics. 25 Applying or dripping the treating sol vent
containing the organics onto the surface of each wafer is further

appl T cabl e.a SRR HSehEEALIAN AR BLYENLe bile BRE, HeRl ol of DR Ur 20

of each waf y applying a n--coatin ‘I's al'so use
noted that wifet NAs6a8F0wE FPPHal! de&dCtd BeMEIiUH, fHde6nédiftration 31! ArdmENt

of extrenely small anobunts ©of organics onto the surface of each wafer also

al l ows cryskginidefieabsphotifdatlgrsprdifiddre concentration of the organics is
not particularly specified. Thus, for exanple, cleaning the surface of each
waf er or the surfThews, f& efample, ckéaenfithm sirfel aft éavh wafear §r fhor sefatdier eon
in an atnosphere containing organics causes a natural oxide film containing
smal | afoumf sthsr or@dtgaﬁ\hr@s(lpavalagmﬁs)layer béormgdhetdeseon Ha sux fatowspheraich
wafer and to be .trgx?gped at the interface. be en the act | ayer wajer and

the suppor CPREINIRE eFSamdeyCRRes $HBAPGAY oK% GPF‘E@PFI%?}‘%V%E‘ BRouRts P
tal defects. 104f t the ipterf b t t] |
vt or and ereatict dedha ' & BF coPinet ' el shGEe "Feroabr4ife b 8 A hg.
f < ! m . f
arovi ng. prigrafedl 86 the ite e Xelbioth! the 41y i WareR fd Ut WfpGBE . O

the integrgifefl id e PerfdFhinERBatfeafibhf HAIWRYNRR0 cHRNtAY 88RBEs 10bd he 15
wi t hstand vol tage characteristics of the oxide filmin a device that is

fornedion thenedirsdtade dDitesfiacc@etvayr rthienadiveShlyevakafernmnd fthetoxide filyn t he
above-descri bed nmethod. As described heretofore, in accordance with the
met hod f or and/or at the interface between the supporting wafer and the oxide film.
These crystal defects have a gettering effect of removing
process-induced heavy-metal impurities from the active regions of the
integrated circuits. This can be confirmed by an improvement in the
15 withstand voltage characteristics of the oxide film in a device that is formed
on the surface of an SOI layer in an SOl wafer manufactured by the
above-described method.
As described heretofore, in accordance with the method for
manufacturing a bonded SOI wafer according to the present invention, a
20 simple and inexpensive gettering source can be formed at the interface
between the active layer wafer (SOI layer) and the insulating layer (oxide
film) without adding a particular process.
Next will be described a bonded SOl wafer according to the present
invention.
25 The bonded SOI wafer is manufactured by the above-described
method according to the present invention, in which the bonded interface
includes carbon-induced micro crystal defects. The crystal defects at the

bonded interface are carbon-induced as described with reference to Table 1

and Fig.4 and 5.
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manuf acturi ng a bonded SO wafer according to the present invention, a 20
sinpl e and i nexpensive gettering source can be forned at the interface

bet ween the active layer wafer (SO |ayer) and the insulating |ayer (oxide
film wthout adding a particular process. Next will be described a bonded
SO wafer according to the present invention. 25 The bonded SO wafer is
manuf actured by the above-described nethod according to the present

eryersl ot eot o eSO RAASON DAL 85 cry Pl BAERS PG LARNE SR £ °
car bon-i nd%@ﬁémaﬁcﬁﬁ?ggwﬁﬁ W tthe' ffrebGReCFi R4 T2 R rdfor8NGHE] Qﬁél (gg@'hé- 13

In the bonded SO wa the crystal defécts are extrenely sma

schemat i calckystahdefect chi e suteipotlngrdngh 4f 5 T0SRIAMS, thiehebys cBarRltetihe
crystal defects can be set in the range of 5 to 50nmto thereby characterize

t he bonded tB®bondtdiSQwafati angordingite theqresdént inwventioan. 5 The bonded SO
waf er according to the present invention, which have mcro crystal defects,
can efféctively Abeobented SOhsvaleriassordingety thenresenyt haventiomewhich e

i mpact on the characteristics of the device and/or _the w thstand valtage
char act er i SY3VEsMRFro; HyS 'Q@fsePFﬁ’ rRanTgde Boremeyve heary aeelal drHyuites he

oresent YRR R ke e e S SC AT of B SRR
I 5 o SoRE A ) O R5 BF AMYT FL5, Th 1, e
choy e 25 eThanaxon s abomak 1o 0 rSpoly beruIOaTy 1o
10  highly characteristic carbon concentration distribution in which a carbon
concentration peak of 5 x 108atoms/cm? or more is detected at the bonded
interface as shown in Fig.5. That is, the carbon concentration peak at the
bonded interface can be set to thereby characterize the bonded SOI wafer
according to the present invention.
15
EXAMPLES
Bonded SOI wafers were produced by applying the method according
to the present invention to verify the effects of the method for manufacturing
a bonded SOI wafer according to the present invention.
20 (First Example)
A bonded SOI wafer was produced as follows in accordance with the
steps of the flow chart shown in Fig.1.
That is, an active layer wafer 12 to be an SOI layer and a supporting
wafer 11 with an oxide film 13 having a thickness of 1.0 » m formed on the
25 surface thereof were prepared, and then SC-1 cleaning before bonding was
performed on the surface of at least one of the wafers (here indicating both
the active layer wafer 12 and the supporting wafer 11) in an atmosphere
containing N-methyl-2-pyrrolidone as organics. In the SC-1 cleanilig,

chemicals were added to the cleaning solvent and the cleaning solvent was

14



to the present invention to verify the effects of the nethod for

manuf acturing a bonded SO wafer according to the present invention. 20
(First Exanple) A bonded SO wafer was produced as follows in accordance
with the steps of the flow chart shown in Fig. 1. That is, an active |ayer
wafer 12 to be an SO |ayer and a supporting wafer 11 with an oxide film 13
havi ng a thickness of 1.0mforned on the 25 surface thereof were prepared,

d then SC- ' f bondi d the. f,_at
Meast one. rrelaEtueR 0 e S APIE Cp B oL Bt BPL O iERe T ana
o o ! e -
s or gani c i BRkGEel bbro BTG TBAPREE Skorfi ik BhE S E ATLBIT AR 5Bt | 00"
sol vent andeidieratw@niiihesdbyenk sedventl@as 76266 CL AP YRE cﬁeaﬁmﬁﬁ% @ime0 that

t he concentration of amoni um hydroxi de and hydrogen peroxi de solution was
kept const amas 10tminmtest ed that the tenperature of the cleaning solvent was
75 degrees C and the cleaning tinme was 10 minutes. 5 Next, the active |ayer

waf er 18 and t he Nextpdhe iaetiveakayer mafper 2 apdnthed suppextong tveafperidt weee and
subsequently heat-treated at a treatpent tenperature of 1100 degrees C or
nore, and tb?é’ﬁ%r%ﬁﬁﬂ?%ﬁ%@ﬁ%@cﬂlﬂbsubﬁ%eﬁﬂé[ bepigeatd afuar @eatipent t he

I ' ' . o ' f.the b d
“nterface (EFBE 5@@%??—%#6%%%?5%% Sr e, 359 fisnhgrand aRohPEEHIR & ect r on
T or o or ychvails Bhfides SN it RKOL fhyeb e ofifRd ol o Bl o)
nterface bet weeRditvaiiiy Bf 1Y BindE fitelhcdWrost BEcAn dd 501 3vaBlr t her

the carbon (C) concentration in the | wafer nmeasured by 15 secondary ion
Mass spect hpfikg hytraSbMEsion ckdtom hiciostope (THRD &re sehel@icallp)shown in

concentration peak of 2 x 1020atons/cnB indicating the existence of
Fig.4. As shown in Fig.4(a), micro crystal defects 15 of 5 to 50nm in size
were formed at the bonded interface between the active layer wafer 12 and
the oxide film 13.
Further, the carbon (C) concentration in the SOI wafer measured by
15 secondary ion mass spectrometry (SIMS) is shown in Fig.5, where a carbon
(C) concentration peak of 2 x 1020atoms/cm3 indicating the existence of
carbons is detected at the bonded interface between the active layer wafer
(SOI layer) and the oxide film.
Meanwhile, as for a comparative SOI wafer being produced under the
20 same conditions as in the first example except that the pre-bonding cleaning
on the surfaces of the wafers was performed in an atmosphere containing no
N-methyl-2-pyrrolidone, no crystal fault was observed at the bonded
interface between the active layer wafer and the oxide film using a
transmission electron microscope (TEM) (refer to Fig.4(b)) and no carbon was
25  also detected by secondary ion mass spectrometry (SIMS) (refer to Fig.6).
(Second Example)
Abonded SOI wafer was produced in accordance with the steps of the
flow chart shown in Fig.2.

The prepared active layer wafer 12 and supporting wafer 11 with an

15



carbons is detected at the bonded interface between the active | ayer wafer
(SO layer) and the oxide film Meanwhile, as for a conparative SO wafer
bei ng produced under the 20 sane conditions as in the first exanpl e except
that the pre-bonding cleaning on the surfaces of the wafers was perforned

I n an at nosphere containing no N-nethyl-2-pyrrolidone, no crystal fault was
observed at the bonded interface between the active |ayer wafer and the

ide fil ' h SSi I ' ef
P o a(b)) ERReniiR a1 BRREL S9s P 8Fch Rl fRECRRR aam? brionfie bt
4 S8 f
b pr oduc SR PRIGCETRE SHer (oo ineLIEREARE ERI O (IR Attt T ET

The prepar gfidechilnield ayietaiiifzeéarbéndthh SMPBRHaE G WRIIRAst dndVividTeRTherd OXi de
film13 fornmed on the surface thereof were the sane as in the first

exanmpl e. Thedicating endetiverlayenatafdr ni2)t wereretlso dhef sdre nad gn atheativstl

oxide film 14 containing carbons on the surface of at |east one wafer (here
i ndi cath ngextmpdetive | ayer wafer 12) were also the sane as in the first 5
exanple. As the results of Qﬁgservi ng the bonded interface (cross section) in
the produced Sobsdheaeswlis of ghserying the handed mterfasedeross septionscthee (TEM

d ' th b ' by . I |
pect r onot PRAUSSIIOT STtk B GaARS Of @ ireRstigipy curr o nairosieas SFEM:
active 10 | ayer r.12.and e t he nt f organi e |1, it
WasI Vobser g6 tnﬁé;\g"‘t ct %bocr?trgglacg(z)t réaﬁrﬁcgﬁ&%gg% 3’&1 useegaﬂggﬁﬁ \Iz{g’fly ntsl%% |
d ' ' L8 ahfs SUGR, h
agg\rlgazgsc%’%&etg&hﬁﬂﬁgahg*ﬁeb.e d&gmeve%ﬁérﬁeg:}gﬂgrg?set}%{ ﬁfdg?éeegt S 1536(%\’ ef:) 1(:a 0]
S0nm i no si kgyedeivaferohgesng dhapeby thar dduhs of iganidsakicdd feal, of wasX

1020at ons/ cnB was 15 detected.
observed that the carbon concentration peak value was likely to decrease
slightly relative to the case of the SOI wafer produced in the above-described
first example. However, micro crystal defects 15 of 5 to 50nm in size were
observed and a carbon (C) concentration peak of 1 x 102atoms/cm?® was
15  detected.
(Third Example)
Abonded SOI wafer was produced in accordance with the steps of the
flow chart shown in Fig.3.
The prepared active layer wafer 12 and supporting wafer 11 with an
20 oxide film 13 formed on the surface thereof were the same as in the first
example. The other conditions including the method of forming a natural
oxide film 14 containing carbons on the surface of at least one of the wafers
(here indicating the supporting wafer 11) were also the same as in the first
example.
25 As the results of observing the bonded interface (cross section) in the
produced SOI wafer by means of a transmission electron microscope (TEM)
and measuring the carbon (C) concentration by secondary ion mass

spectrometry (SIMS), similar results were obtained to the case of the SOI

wafer produced in the above-described first example.
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(Third Exanple) A bonded SO wafer was produced in accordance wth the steps
of the flow chart shown in Fig.3. The prepared active |ayer wafer 12 and
supporting wafer 11 with an 20 oxide film 13 forned on the surface thereof
were the sane as in the first exanple. The other conditions including the
met hod of formng a natural oxide film 14 containing carbons on the surface
of at least one of the wafers (here indicating the supporting wafer 11)

I th in the fi le, 25 As t | t f i
the bonded | nt ertacaeeerihsd aiebfibrs R aborfig B sahe dpEras, Riane. of
a transm %ﬁ%ﬂtﬁﬁh@%‘bﬂh&é&@@i%aﬁ&%onﬁﬂ t0%he ?@P%ﬁiﬁ%ﬁﬁbﬂo&n@@
concentration by secdndary Ion nass spectronetry ., simlar results

ver e obt ai fhchdtielldfer 38fer0hnd fBe SehpoMdl £ walEOFHCBshddl Ahg hahpreadegcr i bed
first exanple. 16 As described heretofore, in accordance with the nethod for

manuf act urfonoadhnnetidforciment e aastety whege bgdnies pxies entthenvefiice@fatsi nce
the active |ayer wafer and the supporting wafer are bonded and heat-treated
f or bordi rigasteioné orfcremafers ao sthat ecrybiead edefectanars femned atnthendondedace of
at 5 | east, one of the wafers so that crystal defects are fornmed at fhe

bonded i rinée¥aes a simplpradingxpavsiye rEattaring soureengar her temeshabdhe or ned

at the interface, betweepn t O | ayer, and t.he insul ating | r Xi de

i A dptorethasiargthe SO et S04 hammgilaGng BYEF eBfle BN onah & hat

i's nmanuf ggtune t n.effectivgly r heayy- net inpurities

10 t hat rra%ehabvog“%&ne%g{ :T\;w(?? ?grpé Orglrll1 & _hté) p%éér/ a%lieeg?ll\{gt }I%:%‘%’I%*o_nt hté}{a&e\r/{? ce

et ha b RARL DY The BN A LB AIf Tplove Kol BiRtal sfburifiobl Al D
10 that may have a negative impact on the characteristics of the device and/or

the withstand voltage characteristics of the oxide film.
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| ayer wafer intended to be an SO |ayer and a supporting wafer are bonded 5
via an oxide filmtherebetween and then said active |ayer wafer is thinned
so that said SO layer is fornmed on said oxide film characterized in that:
bonding is performed in a state where organics exist on a surface of said
active layer wafer and/or on a surface of said supporting wafer; and
heat-treating for bonding reinforcenent is perfornmed in a state 10 where
said organics are trapped at an int eéi?gﬁ/g)et ween said active |ayer wafer
and said supporting wafer to formcrys defects at an interface between
said active |layer wafer and said oxide filmand/or at an interface between
sai d supporting wafer and said oxide film 15 2. The nethod for

manuf act uring a Aenstadd $ot mv@iefachesns 4 behded SOTakafed inCRBICKCAE ACEOE 1 N
that the state where organics exist on the surface of said active |ayer

waf er and/layepwafeeimtentladdodfe aaiSOklayes randng supberting wafet araddndyd| eani ng
said surface of said active |ayer wafer and/or said surface of said
suppor i ngvincgneoxida fidm tharebelveean andthemisayl active layganafer is thonged she

O E e B B A e e S Sh ottt B Lo of s o
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waf er and/or on the surface of said supporting wafer 1s 18 obtal ned by
treatimg thbBesusdidcerganicande acippml hoyer ivatface dutiveent digd sastiveckiyeof sai d
supporting wafer with a cleaning solvent containing said organics. 5. The
met hod f orwafemufad t said nepppdrtimge wafe todoem arystallidefiedts at5Sanl miterface
characterized in that the state where organics exist on the surface of
etween said active layer waler and said oxide film and/or at an interface

between said supporting wafer and said oxide film.

15 2. The method for manufacturing a bonded SOI wafer according to
claim 1, characterized in that the state where organics exist on the surface of
said active layer wafer and/or on the surface of said supporting wafer is
obtained by cleaning said surface of said active layer wafer and/or said
surface of said supporting wafer in an atmosphere containing said organics.

20
3. The method for manufacturing a bonded SOI wafer according to
claim 1, characterized in that the state where organics exist on the surface of
said active layer wafer and/or on the surface of said supporting wafer is
obtained by drying said active layer wafer and/or said supporting wafer after

25 cleaning in an atmosphere containing said organics.

4, The method for manufacturing a bonded SOl wafer according to
claim 1, characterized in that the state where organics exist on the surface of

said active layer wafer and/or on the surface of said supporting wafer is

i8



said active |layer wafer and/or on the surface of said supporting wafer is
obt ai ned by applying or dripping a treating solvent containing said organics
onto the surface of said active |ayer wafer and/or the surface of said
supporting wafer. 10 6. The nethod for manufacturing a bonded SO wafer
according to claiml1, characterized in that the state where organi cs exi st
on the surface of said active |ayer wafer and/or on the surface of said
supporting wafer is obtained by |leaving said active |ayer wafer and/or said

suppor ti ngoyafgsd bip tr%‘é @ée Rt E@gﬁ&ﬁ”& Vel 139 e W dfeP hH@r Ghe shrffoePOnded

SO wafer manufactur accor Ing to any one of clains 1 to 6,
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said oxide filmand/or the interface between said supportl ng 0 waf er and

sai d oxide filmincludes carbon induced mcro crystal defects. 8. The bonded

SO wafer according to claim7, characterized in that said crystal defects
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obtained by applying or dripping a treating solvent containing said organics
onto the surface of said active layer wafer and/or the surface of said
supporting wafer.
10
6. The method for manufacturing a bonded SOI wafer according to
claim 1, characterized in that the state where organics exist on the surface of
said active layer wafer and/or on the surface of said supporting wafer is

obtained by leaving said active layer wafer and/or said supporting wafer in

15 an atmosphere containing said organics.

7. A bonded SOI wafer manufactured by the method according to any
one of claims 1 to 6, characterized in that the interface between said active
layer wafer and said oxide film and/or the interface between said supporting

20 wafer and said oxide film includes carbon-induced micro crystal defects.

8. The bonded SOI wafer according to claim 7, characterized in that
said crystal defects have a size of 5 to 50nm.

25 9. The bonded SOI wafer according to claim 7 or 8, characterized in that
a carbon concentration peak of 5 x 1018atoms/cm? or more is detected at the
interface between said active layer wafer and said oxide film and/or at the

interface said supporting wafer and said oxide film.
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