
-1- METHOD OF PRODUCING BONDED WAFER BACKGROUND OF THE INVENTION  1. Field
of the Invention 5 [0001] This invention relates to a method of producing a
bonded wafer  comprising the steps of implanting ions of a light element
such as hydrogen or  helium to a predetermined depth position of a wafer for
active layer, bonding the  wafer for active layer to a wafer for support
substrate and then exfoliating the ion  implanted portion through a heat
treatment. 10 2. Description of Related Art [0002] As the production method
of the bonded wafer, there is known a so- called smart cut method comprising
the steps of implanting ions of a light  element such as hydrogen, helium or
the like into a wafer for active layer at a  predetermined depth position to
form an ion implanted layer, bonding the wafer 15 for active layer to a
wafer for support substrate directly or through an insulating  film having a
thickness of not more than 50 m, exfoliating the wafer for active  layer at
the ion implanted layer and thinning an active layer portion exposed by  the
exfoliation to form an active layer having a predetermined thickness. In
this  smart cut method, the portion of the wafer exfoliated after the
bonding can be 20 recycled as a wafer, which is different from the
conventional bonding technique.  By such a recycling can be used one wafer
(wafer for the active layer) in the  bonded wafer plural times, which leads
the way to reduce the material cost.  Also, the wafer produced by the smart
cut method is excellent in the uniformity  of film thickness, so that the
smart cut method is noticed as a production method  25 with future
potential. [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 -2- 



treatment can not be completely incorporated into the buried oxide film and
the  remaining gas 15 results in the occurrence of voids or blisters. [0004]
As a means for suppressing the occurrence of voids or blisters, it is
useful to use a method wherein the thickness of the active layer is changed
in 5 accordance with the thickness of the insulating film or concretely the
strength of  the active layer is enhanced by diminishing the thickness of
the active layer  corresponding to a portion of the insulating film thinned.
For example, as  disclosed in JP-A-2004-259970, there is a method wherein
the thickness of the  active layer having a strength capable of suppressing
the voids or blisters before 10 thinning can be experimentally calculated
with respect to the thickness of the  oxide film to set conditions for
obtaining a suitable thickness of the active layer  in the implantation of
light element ions. 100051 In the method of JP-A-2004-259970, however, as
the thickness of the  oxide film is thinned to not more than 50 mu, the
thickness of the active layer 15 should be thickened over 750 nm, which
means that the implantation depth in the  ion implantation also exceeds 750
nm. If the ion implantation is carried out up  to such an implantation
depth, it is required to use an expensive apparatus  capable of applying a
higher voltage and also a polishing quantity for the  subsequent thinning of
the active layer becomes larger, and hence there is a fear 20 that the
uniformity of the thickness of the active layer is not sufficient. [00061
For this end, it is desired to develop a method wherein the occurrence  of
voids or blisters can be suppressed without thickening the thickness of the
active layer before the thinning even in the production of the bonded wafer
having a thinner thickness of an oxide film (particularly not more than 50
nm) or  25 the bonded wafer having no oxide film. SUMMARY OF THE INVENTION
[0007] It is, therefore, an object of the invention to provide a method of
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 30 strength without thickening the thickness of the active
layer before thinning even  when the thickness of the insulating film is not
more than 50 nm (inclusive of no  insulating film). [00081 In order to
achieve the above object, the summary and construction of -3- 



the invention are as follows. (1) A method of producing a bonded wafer which
comprises the  steps of implanting ions of a light element such as hydrogen
or helium into a  wafer for active layer to a predetermined depth position
to form an ion implanted 5 layer, bonding the wafer for active layer to a
wafer for support substrate directly  or through an insulating film of not
more than 50 nm, exfoliating the wafer for  active layer at the ion
implanted layer and thinning an active layer exposed  through the
exfoliation to form the active layer having a predetermined thickness,  in
which the thickness of the active layer before the thinning is not more than
10 750 mn and an elongation of slip dislocation in a strength test of the
wafer for  active layer before the bonding is not more than 100 m at a
predetermined  thickness. [0009] (2) A method of producing a bonded wafer
according to item (1),  wherein the wafer for active layer contains one or
more components selected  15 from B: not less than 9.0x1016 atoms/cm3, 0:
not less than 1.3x1018 atoms/cm3  and C: not less than 1.0x1016 atoms/cm3.
[0010] (3) A method of producing a bonded wafer according to item (1) or
(2), wherein at least one surface of the wafers to be bonded is subjected to
a  plasma treatment with a gas of nitrogen, oxygen, helium or a mixture
thereof 20 before the bonding. [0011] According to the invention, there can
be provided a method of  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 25 (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). 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  a production
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 -4- 



of bonding both wafers, (e) shows a state -immediately after the exfoliation
of the  wafer for active layer through heat treatment, (f) shows a state of
a bonded wafer  after the exfoliation of the wafer for active layer, and (g)
shows a state of  polishing an active layer of the bonded wafer. 5
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0013] The method of producing the
bonded wafer according to the invention  will be described with reference to
the accompanying drawings. [0014] In FIG. 2 is shown a flow chart explaining
steps of producing a  bonded wafer by the production method according to the
invention. 10 [0015] The production method according to the invention is a
so-called smart  cut method comprising the steps of subjecting at least one
surface of a wafer 1 for active layer to a thermal oxidation to form an
insulating film 3 (silicon oxide  film) on such a surface (FIG. 2(a)),
implanting ions of a light element such as  hydrogen or helium to a
predetermined depth position (concretely not more than 15 750 nm) of the
wafer 1 for active layer (FIG. 2(b)), bonding the wafer I for  active layer
to a wafer for support substrate (FIGS. 2(c) and (d)), and then  exfoliating
the ion implanted portion through a heat treatment (FIG. 2(e)). In  the
bonded wafer produced by the smart cut method, when the insulating film 3
is thin (concretely not more than 50 nm), there is a problem that voids or
blisters 20 are easily generated on the way of the production steps to
deteriorate the yield.  Now, the inventors have made various studies on the
method of producing the  bonded wafer without generating the voids or
blisters when the thickness of the  active layer is not made thick before
the thinning, and found that if the strength  of the wafer for active layer
itself can be enhanced, even when the thickness of 25 the active layer
before the thinning is thin, the swelling can be prevented and  hence the
occurrence of voids or blisters can be suppressed, and as a result, there
is discovered a method capable of reducing the occurrence of voids or
blisters  even when the active layer is thin. [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
-5- 



surface (concretely not more than 750 run) (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 treatment in a nitrogen atmosphere at a given
temperature,  preferably 400-600C to exfoliate a portion 5 of the wafer for
active layer at the 5 ion implanted layer 4 (FIG. 2(e)), and a step of
subjecting an active layer 7  exposed by the exfoliation (FIG. 2(f)) to a
thinning treatment with a polishing  machine 9 (FIG. 2(g)). [0017] Moreover,
it is necessary that the thickness of the active layer 7  before the
thinning is not more than 750 nm. When the thickness is not more  10 than
750 nm, the effect of the invention is developed remarkably. [0018] Further,
it is necessary that an elongation of slip dislocation in a  strength test
of the wafer 1 for active layer before the bonding is not more than  100 m
at a given thickness (typically about 700-800 m). As the strength test  may
be used any strength tests capable of quantitatively knowing a strength of
15 the wafer for active layer from an elongation of slip dislocation, and
there is  mentioned a method wherein an indentation is formed on the surface
of the wafer  by using a micro-Vickers hardness meter under conditions that
a load is 100 g  and a load applying time is 10 seconds and the wafer is
placed in a heat treating  furnace kept at 900C at a charging rate of 200
cm/min and heat-treated for 30 20 minutes and then taken out therefrom at a
rate of 200 cm/min to measure a  moving distance of a punched-out
dislocation generated from the indentation as  disclosed, for example, in
Masanori Akatsuka, Pinning Effect on Punched-out  Dislocation in Silicon
Wafers Investigated Using Indentation Method. Japanese  Journal of Applied
Physics (Jpn. J. Appl. Phys.), vol. 36, Part 2, No. 11A, 25 November 1997,
pp 1422-1425. [0019] Furthermore, the production method according to the
invention may  be applied to a case that the wafer 1 for active layer is
bonded to the wafer 2 for  support substrate without using the insulating
film 3. [0020] Also, the wafer 1 for active layer is preferable to contain
one or more  30 components selected from boron (B): not less than 1.0x1019
atoms/cm3, oxygen  (0): not less than 1.4x1018 atoms/cm3 and carbon (C): not
less than 2.0x1016  atoms/cm3 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 -6- 



of slip dislocation is not less than 100 m), Moreover, the upper limit of
the  content of the above element(s) is not particularly limited but may be
a solid  solution limit. As the method of adding these elements is
mentioned, for  example, a method wherein the element(s) are added to a
crucible containing a 5 single crystal material before the pulling through a
Czochralski method.  Moreover, the measurement of the B, 0 and C contents is
not particularly limited,  but is carried out, for example, by a measuring
machine of SIMS (Secondary Ion  Mass Spectrometry), FTIR (Fourier transform
infrared spectroscopy) or the like.  [0021] Furthermore, it is preferable
that at least one of the wafer 1 for active 10 layer and the wafer 2 for
support substrate is subjected to a plasma treatment  with a gas of
nitrogen, oxygen or helium or a mixed gas thereof prior to the  bonding
step. By the plasma treatment can be more enhanced the activation of  the
bonding interface and the adhesive force of the bonding interface based on
the removal of organic substances adhered to the bonding interface. 15
[0022] Although the above merely shows an example according to the
embodiment of the invention, various modifications may be added within a
scope  of the invention. [0023] (Test Example 1)  Example 1 20 In this
example, the length of slip dislocation in the wafer is  measured by the
above strength test with respect to a silicon wafer for active  layer having
a size of 300 mm cut out from a silicon single crystal containing  boron
added at a boron concentration of 1.0x1019 atoms/cm3. After the
measurement, an oxide film is formed as an insulating film on the wafer for
25 active layer at a film thickness of 150 nm, 100 nm, 50 nm, 20 nm or 0 rim
(no  formation of oxide film), respectively. Then, the wafer for active
layer is  subjected to an ion implantation of hydrogen gas (acceleration
voltage: 50 keV,  dose: lxlO17/cm2) 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 500C 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 -7- 



at the oxide film thickness of 50 nm, 480 nm at the oxide film thickness of
20 nm,  or 500 nm in case of forming no oxide film. [0024] Example 2 A
bonded wafer is prepared in the same manner as in Example 1  5 except that
boron is added at a boron concentration of 9.0x1018 atoms/cm3.  [0025]
Example 3 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
1.4x1018 10 atoms/cm3. [0026] Example 4 A bonded wafer is prepared in the
same manner as in Example I  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 1.3xlO'8 15 atoms/cm3. [0027] Example 5 A
bonded wafer is prepared in the same manner as in Example I  except that
carbon is added at a carbon concentration of 2.0x1016 atoms/cm3.  [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 1.0x1016 atoms/cm3.
[0029] Comparative Example I A bonded wafer is prepared in the same manner
as in Example 1  except that boron is added at a boron concentration of
8.Ox1018 atoms/cm3.  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 1.2x1018  atoms/cm3. 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 9.0x1015
atoms/cm3.  [0032] Comparative Example 4 -8- 



A bonded wafer is prepared in the same manner as in Example I except that
the silicon wafer for active layer is added with boron, oxygen and  carbon
at a boron concentration of 1.0x1016 atoms(cm3, an oxygen concentration  of
1.1x1018 atoms/cm3 and a carbon concentration of 5.0x1015 atoms/cm3, 5
respectively. [0033] (Evaluation method 1) With respect to the wafers
prepared in Examples 1-6 and  Comparative Examples 1-4, the presence or
absence of voids or blisters is  confirmed by visual inspection using a
focusing lamp to obtain results shown in 10 Table 1. Moreover, 0 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. -9- [0034]  E u  u u >
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[0035] As seen from the results of Table 1, in Examples 1-6, the elongation
of slip dislocation is 90-100 m and the occurrence of voids or blisters is
not  caused even when the thickness of the insulating film is as thin as
20-50 nm.  Also, Examples 1, 3 and 5 do not cause the occurrence of voids or
blisters even 5 when the insulating film is not formed. On the contrary, in
Comparative  Examples 1-4, the elongation of slip dislocation is 115-150 m
and the  occurrence of voids or blisters is caused when the thickness of the
insulating film  is not more than 50 nm. [0036] (Test Example 2)  10 Example
7 A bonded wafer is prepared in the same manner as in Example 1  except that
boron is added at a boron concentration of 9.0x108 atoms/cm3 and a  plasma
treatment is applied to bonding faces of both wafers for active layer and
wafer for support substrate in a nitrogen gas 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 1.3x1018
atoms/cm3 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 2.0x1016 atoms/cm3 and  25 a plasma treatment is applied to
bonding faces of both wafers for active layer and wafer for support
substrate in a nitrogen gas atmosphere before the bonding.  [0039]
(Evaluation method 2) With respect to the wafers prepared in Examples 7-9,
the presence or  absence of voids or blisters is confirmed by visual
inspection using a focusing  30 lamp to obtain results shown in Table 2.
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.
-11- [0040] Table 2 Elongation of slip dislocation and presence or absence
of void-blister (Plasma  treatment) Boron Oxygen Carbon  concentration
concentration concentration  Example 7 Example 8 Example 9  9.00E+18
1.30E+18 1.00E+16 Elongation of slip dislocation 100 100 100  Thickness of
150 nm 0 0 0  insulating film 100 rim 0 0 0 50 nm 0 0 0  20 nm 0 0 0  0 0 0
0  5 0: no void-blister, X : presence of void-blister [00411 As seen from
the results of Table 2, in Examples 7-9, the elongation  of slip dislocation
is not more than 100 m and the occurrence of voids or  



blisters is not caused even when the thickness of the insulating film is 0.
As a 10 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. [00421 According to the invention,
there can be provided a method of  producing a bonded wafer wherein the
occurrence of voids or blisters can be 15 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). -12- What is claimed is:
1. A method of producing a bonded wafer which comprises the  steps of
implanting ions of a light element such as hydrogen or helium into a  wafer
for active layer to a predetermined depth position to form an ion implanted
5 layer, bonding the wafer for active layer to a wafer for support substrate
directly  or through an insulating film of not more than 50 nm, exfoliating
the wafer for  active layer at the ion implanted layer and thinning an
active layer exposed  through the exfoliation to form the active layer
having a predetermined thickness,  in which the thickness of the active
layer before the thinning is not more than 10 750 nm and an elongation of
slip dislocation in a strength test of the wafer for  active layer before
the bonding is not more than 100 m at a predetermined  thickness. 2. A
method of producing a bonded wafer according to claim 1,  wherein the wafer
for active layer contains one or more components selected  15 from B: not
less than 9.0x1018 atoms/cm3, 0: not less than 1.3x1018 atoms/cm3  and C:
not less than 1.0x1016 atoms/cm3. 3. A method of producing a bonded wafer
according to claim 1 or 2,  wherein at least one surface of the wafers to be
bonded is subjected to a plasma  treatment with a gas of nitrogen, oxygen,
helium or a mixture thereof before the  20 bonding. 




