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1 METHOD OF PRODUCI NG BONDED WAFER BACKGROUND OF THE
INVENTION 1. Field of the Invention 5 [0001] This
invention relates to a nethod of produci ng a bonded
waf er conprising the steps of inplanting ions of a
light el enment such as hydr ogér;l or heliumto a
predeterm ned depth position of a wafer for active
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for support substrate and then exfoliating the ion

i npl anted portion through a heat treatnent. 10 2.
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[0003] In the bonded wafer produced by the smart cut method, however,
there is a problem that as a buried oxide film (insulating film) 3 becomes thinner,

voids or blisters are easily generated at the bonding interface to deteriorate the
yield as shown in FIG. 1. This is considered due to the fact that when the

30  insulating film has a certain degree of thickness, gases generated by the
exfoliation heat treatment can be incorporated into the buried oxide film, but
when the buried oxide film becomes too thin, the volume of the gas to be

incorporated is decreased and hence the gases generated in the exfoliation heat



treatnment can not be conpletely incorporated into the
buried oxide filmand the remaining gas 15 results in
the occurrence of voids or blisters. [0004] As a neans
for suppressing the occurrence of voids or blisters,
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In order to achi evEUMMARKEVETHE BYENTKN summary and
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producing a bonded wafer wherein the occurrence of voids or blisters can be
effectively suppressed by using a wafer for active layer having a predetermined
strength without thickening the thickness of the active layer before thinning even
when the thickness bf the insulating film is not more than 50 nm (inclusive of no
insulating film).

[0008] In order to achieve the above object, the summary and construction of
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the invention are as follows. (1) A nmethod of
produci ng a bonded wafer which conprises the steps of
i mplanting ions of a light elenment such as hydrogen or
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a view for explaining a problem. of the conventional bonded
wafer and showing a state of generating a blister (swelling) in an active layer.
30 FIG. 2 is a flow chart showing production steps of a bonded wafer by
 aproduction method according to the invention, wherein (a) shows a wafer for
active layer treated by a thermal oxidation, (b) shows the wafer for active layer

implanted with H' ions, (c) shows a wafer for support substrate, (d) shows a state
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of bonding both wafers, (e) shows a state imediately
after the exfoliation of the wafer for active |ayer

t hrough heat treatnment, (f) shows a state of a bonded
wafer after the exfoliation gf the wafer for active

| ayer, and (g) shows a state df polishing an active
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[0016] More concretely, as shown in FIG. 2, the production method

30 according to the invention comprises a step of implanting ions of a light element
such as H+ into a wafer 1 for active layer (FIG. 2(a)) provided on its surface with
an insulating film 3 having a thickness of not more than 50 nm through thermal

oxidation to form an ion implanted layer 4 at a predetermined depth from the



surface (concretely not nore than 750 nm (FIG 2(b)),
a step of bonding the wafer 1 for active layer to a
wafer 2 for support substrate (FIG 2 (d)) and
conducting a heat treatnent g a nitrogen atnosphere
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[0020] Also, the wafer 1 for active layer is preferable to contain one or more
Ow

30 components selected from boron (B): not less than 1.0x1 atoms/em’, oxygen

(O): not less than 1.4x10" atoms/cm® and carbon (C): not less than 2.0x10'¢
atoms/cm’ for increasing the strength of the wafer. When the content is less

than the above range, the sufficient wafer strength is not obtained (the elongation



of slip dislocation is not |ess than 100 nm). Moreover,
the upper limt of the content of the above

el enent(s) is not particularly Iimted but may be a
solid solution limt. As the nethod of adding these
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f|Im s, forped as an insulating filmon the wafer for
GPEeNer at a filmthickness of 150 nm 100 nm

50 0023120 pmRPExénpmigno formation of oxide film,
respectlvel . Then, the wafer for active layer is

subj ect ed #E3amnleilon i npl antation of hydrogen gas

2o accel erati ondec?&&gg the Pgﬁ\éffshﬁi‘aﬁ?ocaﬁ&ﬂ-%ém ji@nd
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formation of 0x1de ﬁlm) respectlvely Then, the wafer for active layer is

subjected to an ion implantation of hydrogen gas (acceleration voltage: 50 keV,
dose: 1x10*"/om?) and thereafter bonded to a wafer for support substrate. The
resulting bonded wafer is subjected to a heat treatment in a nitrogen atmosphere
30  at 500°C for 30 minutes to exfoliate a portion implanted with hydrogen ions.
Moreover, the thickness of the active layer after the exfoliation differs in
accordance with the thickness of the oxide film, which is 350 nm at the oxide
film thickness of 150 nm, 400 nm at the oxide film thickness of 100 nm, 450 nm



at the oxide filmthickness of 50 nm 480 nmat the
oxide filmthickness of 20 Em or 500 nmin case of
formng no oxide film [0024] Exanple 2 A bonded wafer
is prepared in the sane manner. as in Exanple 1 5
except that boron is added atr 7a boron concentration of
9.0x1018 atons/cnB. [0025] Exanple 3 A bonded waf er
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8. Ox1018 at'obsidenmafer juprppsdin ©s Aas ments asiafprarl Ta
bo%%@%t\@t% 1110%11@{11 %aorr?ﬁal' i§ Bﬂaﬁleé %ﬂ@u%?tﬂ@ %ﬁllﬁ% Hyrhdjustmg a
except 2" st Teon st ng crystal
obtrataneni spded o gmntcl'dée ptuthlat syoxpgen dpupshiratiprals 1r3xd Qi i on
15sp s?f & crucible so that an oxygen concentration is
. BABAE “at ons/ cnB. 30 [0031] Conparative Exanple 3 A
bor[dezﬂ]vvaf @xﬂn@lepﬂ' epared in the same manner as in

Exanpl el at carbon.is added at a carbon

concent r at |Aoﬁ ég’ a%? |1@rgpagp€ %‘%@ BT TERRE A Example 1

Conpas At Rafsya WAded aBa carbon concentration of 2.0x10'6 atoms/em”.
[0028] Example 6

20 A bonded wafer is prepared in the same manner as in Example 1

except that carbon is added at a carbon concentration of 1.0x10'® atoms/cm®.
[0029] . Comparative Example 1
A bonded wafer is prepared in the same manner as in Example 1
except that boron is added at a boron concentration of 8.0x10'® atoms/cm?.
25  [0030] Comparative Example 2
A bonded wafer is prepared in the same manner as in Example 1
except that a silicon single crystal is obtained through the pulling by adjusting a
rotation speed of a crucible so that an oxygen concentration is 1.2x10%
atoms/cm’.
30 [0031] Comparative Example 3
A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 9.0x10" atoms/cm’.

[0032] Comparative Example 4
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A bonded wafer is prepared in the same manner as in
Exanple 1 except that the silicon wafer for active

| ayer is added with boron, oxygen and carbon at a
boron concentration of 1.0x1016 atons/cnB, an oxygen
concentration of 1.1x1018 at®ms/cnB and a carbon
concentration of 5.xlIO5 atons/cnB, 5 respectively.

[ 0033] ( EVAIbUﬂ(ﬁéthﬂafﬁEisljﬁebailéd M&smmr h@mtE)ﬁmple 1
waf er s d |n Exgnpl es 1-6 and Co_ngsratl

Ex §Ri5Pe 2y thg st va}ayalblééﬁé%l Wi Pefogsoxpyigen and
bl L5584 8t 4 Soroft Qﬁéeﬁﬁﬁ%nb(}f 1%7{1@5 | atéxﬂs?ﬁﬁmah%%y%kﬁ dddcéhtration
focusi ng Iarrp to,0 btain results shown in 19
MopEbret(' atosistows aad easthonivancepbttiorodS 1. @vewvoattd@s/amd
bI I sters f;\re not ,) existent, and X shows a case that
S ei fRBFUYYPY 0i ds and blisters is existent. 9- [0034]
DvROO33N- V(EvElvﬁhbthtHddi) a= eA oOW ~. ", OOxxx mum
DEw gnpo~ _00xxx UWo, G m + . Wo wW_0 OOOO uc
y + Ow. W@@Gesnfcmthwe@wrsw%m Kyapplps 1-6 an

Comparative Examples 1-4, the presence or absence of voids or bhsters is
confirmed by visual inspection using a focusing lamp to obtain results shown in
Table 1. Moreover, O shows a case that both of the voids and blisters are not

existent, and X shows a case that either of voids and blisters is existent.
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cw ~EooCCm v- ~ooo”” o0NOA pod Oo0o ~w
DO dowF> bepOx0 OcDCEDaWWF=w 0
-10- [0035] As seen fromthe results of Table 1, in
Exanpl es 1-6, the elongation _of slip dislocation is
90-100 m and the occurrence "o voids or blisters is
not caused even when the thickness of the insulating

fil[0035% asAk bien fosn BHe-rBhinmf Ta¥led0in Examgiées-6,1the 3loagation
5 do not, cause the occurrence of v0|ds or, blliters
ev&hslEp gigleratiands PRJAP 411 Y the PrRUSLERORE YaidsRI PSR i et

co @Ms@('i ¥ver WhdrOHP i Adlrle¥e€of th RARLER. ﬁhﬁ is 4s1RinGl:000ALIPN
of Ip dislocation i1s 115-150 m and the occurrence

of Alm, Gzamplebllj 3ewt § do scatfaiu@ﬁe whenrenheof wdwré:é,@tem even

the Iat| [ not e t han O

s TeR BE Rt B iy el e OR st gt
pr @@@hpﬁs ] utbealsaﬁgmoﬁaﬂﬂqrdlﬁscatmnlig am;n@o |1m @nmpt
that boron |s added at a borgn concentration of

9 @sz%lfsc%%%lw@haw ig caysed sthgn thesthicaes of Seippiitiog fim

?jﬂd}gﬂ{aﬁ%smg)f both wafers for active |ayer and
support substrate in a nitrogen gas

at rﬁwﬁhere(%e‘fbxaennlhé) bondi ng. 15 [0037] Exanple 8 A
bondéd Mfﬁr%{“@é grepared in the sane manner as in
Exanpl e 1 Et that a silicon single crystal is
obt ai ned t Artougéd whier Burépangl :Jﬂ}thadqmsﬁlmgr as il Btaaiplon

speed of acruclbeso hat an ox C ration

1 P GRrA et Boe Tied & Frborop PaRES I SRRt OO B g a
gﬁ@ﬁg'ﬁégtﬁe%@ ?ssapgfle@fbt BB ahSes 0@ ho@Ovasisi ﬂﬁeadn%’ Gfyer and

and wafer for support substrate in a nitrogen gas

at ssyer wipber sukstrateia agdineengas atmosphere before the bonding.
15 [0037] Example 8

A bonded wafer is prepared in the same manner as in Example 1
except that a silicon single crystal is obtained through the pulling by adjusting a
rotation speed of a crucible so that an oxygen concentration is 1.3x10'®
atoms/cm’ and a plasma treatment is applied to bonding faces of both wafers for
20  active layer and wafer for support substrate in a nitrogen gas atmosphere before
the bonding.
[0038] Example 9
A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 2.0x10'¢ atoms/em? and
25 & plasma treatment is applied to bonding faces of both wafers for active layer and
wafer for support substrate in a nifrogen gas atmosphere before the bonding.
[0039]  (Evaluation method 2)
With respect to the wafers prepared in Examples 7-9, the pfesence o1
absence of voids or blisters is confirmed by visual inspection using a focusing
30  lamp to obtain results shown in Table 2. Motreover, O shows a case that both
of the voids and blisters are not existent, and X shows a case that either of voids

and blisters is existent.
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[0038] Exanple 9 A bonded wafer is prepared in the

sane manner as in Exanple 1

except that carbon is

added at a carbon concentration of 2.0x1016 atoms/cnB

and 25 a plasnma treatnent

applied to bonding faces

S
of both wafers for active Iaylér and wafer for support
substrate in a nitrogen gas atnosphere before the
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of the voids and blisters are not existent, an

0 shows a case that both

d X

sh
e

di
(R
(of(
Exa

10Ws a case that eilther
istent. -11- [0040] Tab
sl ocati on and presence

f _voids
EFIO% El onga

copcenirgient

g

qoncsniation|

SCér%on

@[nétpntratlon

Pl asma treatnment) Bord

'Ex%\b%eﬂ Ca

r@mplegnce

Nt £24410D

pncent rati on concent r at|i
anple 9 9 00E+18 1.3

&QE"‘J— 00E+]

sl
0
0®

VO fféwbp@sétoér

2,
di

Ebr@aﬁémc%&lipohsld@ﬁoﬂOO

II)OO m Thi
nmO OO

ekt T hgat

1 Borle

mnfl
ckifess of 1
50 m*n 00O

bdonm O
20 nm

off voids or bl i2tEFs i g ret—caused
t hi ckness of the20mswl atli@q filmis

Eum nsul at i ng f|Im100

‘ ..
ce Ol
ahl e

nnnn ool el oo g
mojvouru=ourrstc

[O)linﬁlAg nfromth

A=—pres
Orpeul ts o

isQlakixgmphes 718 nhhe |ebongation |Of slip ®)

d the occu

Ao\

slocation is nor e [than 100 m ence

faVal FaY
LA TIC

tesul t

CVveTT v

@ As a 10

off the corrpari s0p with E)@rrpl es 2,

Acand 6 usinpg the

s ronfr e That hie—occurrence of

[ 0042] According to the invention, there

can be provided a nethod of

[0041]

of slip dislocation is not more than 100 pm and the occurrence of voids or

As seen from the results of Table 2, in Examples 7-9, the elongation

blisters is not caused even when the thickness of the insulating filmis 0. Asa
result of the comparison with Examples 2, 4 and 6 using the same wafers, it is
confirmed that the occurrence of voids or blisters can be further suppressed in
Examples 7-9.

{0042]

producing a bonded wafer wherein the occurrence of voids or blisters can be

According to the invention, there can be provided a method of

effectively suppressed by using a wafer for active layer having a predetermined
strength without thickening the thickness of the active layer before the thinning
(particularly not more than 750 nm) even when the thickness of the insulating

film is not more than 50 nm (inclusive of no insulating film}.




produci ng a bonded wafer wherein the occurrence of
voids or blisters can be 15 effectively suppressed by
using a wafer for active layer having a predetermn ned
strength w thout thickening the thickness of the
active |l ayer before the thi aning (particularly not
nmore than 750 nn) even mheﬂ the thickness of the
insulating filmis not nore than 50 nm (i ncl usive of

wﬂLQ_!g'agFme?tlngflln) - 12- What is claimed: 1. A
producing a bonded wafer conprising:

i npl anting ions of a Ilght el emrent such as hydrogen or

el i um ive layer to a
o At b et g&eg Do W%tf‘if g
[ ay o antlﬁs iR g ¥ Bt Gt Wa'i
waf &iive byesigngepdetapined dg PBF‘P%‘E:YOI I AN 1GDH FD) ddgyer;
i nseangingfhe pp ﬁfQifanﬁéfﬂVWeé tq  3iafes 5 FpPRoKt wbstefs @i@ec{lh ar
waf roughman ssulaliag fiirapénotanore anS8nm; eieliaine dha wafer for active
andlaydriat therign tnplaged lagert aybthlmas@dtlvdiamghpqsh@through the
exf olfolitionno faymftbe activh dayachdving 4 mrydaterivanddribickness, in which
pr etietldcknessed thdraativa tayst baforewhd thinninghendthnark tead560dm and
t hearpglbngatioh afdip disibeution ihestidnpthnesngf ihe waldr foidcevé ager
750p4foi@AEk baidingl i9 Aetahdre thaaf108 lninPatdiphédeesainied thitkr@ss.
strength test of the wafer for active |layer before
the bonding is not nore than 100 mat a predeterm ned

bhi EKAGRSH of of %&Wdéﬁ wRIEPHUGI NS 8 cRARdedh¥Ringhe wafer
I"J‘;;i%? J:tﬂ% 14er Goiithi W5 Lo &Enéé@&l@&ed £ MGlot M&s than
notgge %: Q/Em rtgxr%legp{h %(rfrs? %BIBS/ ta%lﬁess(){]ﬁan

1 3& @ﬁa?8ﬁ§F cnB and C. not Iess than 1.0x106
atons/cnB. 3. A nethod of producing a bonded wafer

accordlng to claim1l or erein at | ea

St At bl o e iy honist B’é%édﬂ%fiﬁ atQCLaJB @e&ﬁ?rswt least
o syisace o terngafers i bhbopdedhls subjected ayna labpen with a gas
IEnitipgen oxyeen Relinne o i ﬂt?éMrbéfOf ¢ Botndg.





