
-1- BONDED WAFER AND METHOD FOR PRODUCING BONDED WAFER
BACKGROUND OF THE INVENTION  1, Field of the Invention
5 [0001] This invention relates to a bonded wafer and a
method for producing  a bonded wafer, and more
particularly it is to suppress residua[ oxide in a
bonded  face as far as possible. 2. Description of the
Related Art [0002] As a typical production method of a
bonded wafer, there are known a  10 method wherein two
silicon wafers are bonded through an insulating film
such as  an oxide film or the like or directly bonded
without the insulating film and then a  wafer for
active layer is grinded and polished to form an active
layer (grind- polishing method), and a method wherein
ions of hydrogen or the like are  implanted into a
surface layer portion of a silicon wafer for active
layer to form 15 an ion-implanted layer and bonded to a
silicon wafer for support substrate and  then subjected
to a heat treatment to exfoliate the wafer at the
ion-implanted  layer to thereby form an active layer
(ion implanting separation method) or so- called smart
cut method (registered trade mark) (see JP-A-H1 1-67701
and JP-A- H05-211128). 20 [0003] However, when the two
silicon wafers are directly bonded after the  removal
of a native oxide by immersing in a HF solution, or
particularly when  two silicon wafers having different
crystal orientations (for example, (110) face  and
(100) face) are directly bonded without using an
insulating film such as an  oxide film or the like, an
oxide trapped in an interface therebetween may locally
25 concentrate and retain in the interface as a
step-like oxide in the production step  of the bonded
wafer (heat treatment step). As a result, there is a
problem that  such a residual oxide deteriorates the
device characteristics but also forms a  nucleus of
defect in the preparation step of the device. SUMMARY
OF THE INVENTION 30 [0004[ It is, therefore, an object
of the invention to advantageously solve the  above
problems and to provide a method for producing a bonded
wafer wherein  the retaining of the oxide in the
interface can be effectively removed when the  two
silicon wafers are directly bonded without the
insulating film as well as a 



-2- bonded wafer obtained by such a production method.
(0005] There will be described the development of the
invention below. That is, when two silicon wafers are
directly bonded without an insulating film, it  is
considered that an oxide retaining in a bonded
interface is formed by 5 condensing the oxide trapped
in the bonded interface. In order to prevent the
retaining of such an oxide, therefore, the bonding is
usually conducted after the  wafers are cleaned with a
HF solution to remove a native oxide from the surface
of the wafer. Even when the surface of the wafer is
cleaned with the HF solution or  10 the like prior to
the bonding, however, the step-like oxide may be
retained in the  bonded interface. [0006] The inventors
have made various studies in order to solve the above
problems and obtained the following knowledge. That is,
when wafers to be bonded are cut out from an ingot, it
is 15 common that the cutting angle is not more than 1
in both of X-axis and Y-axis.  However, it has been
found that the retaining of the step-like oxide in the
bonded  interface can be effectively removed by
strictly controlling the cutting angle from  the ingot
to a range of 0-0. 1 (compound angle) with respect to a
predetermined  crystal face, and as a result the
invention has been accomplished. 20 [0007] That is, the
summary and construction of the invention are as
follows.  1. A method for producing a bonded wafer by
directly bonding a  silicon wafer for active layer and
a silicon wafer for support substrate without an
insulating film and thinning the silicon wafer for
active layer to a given thickness,  characterized in
that a silicon wafer cut out from an ingot at a cutting
angle of 0 25 0.1 (compound angle) with respect to a
predetermined crystal face is used in  each of the said
silicon wafer for active layer and silicon wafer for
support  substrate. [0008] 2. A method for producing a
bonded wafer according to item 1,  wherein the silicon
wafers for active layer and for support substrate are
bonded at  30 a state of hydrophobic face. [0009] 3. A
method for producing a bonded wafer according to item
1,  wherein wafers having different crystal
orientations are used as the silicon wafers  



for active layer and for support substrate. -3- [0010]
4. A method for producing a bonded wafer according to
item 1,  wherein the thinning of the silicon wafer for
active layer is carried out by an ion
implantation-separation process. [0011] 5. A bonded
wafer obtained by directly bonding a silicon wafer for
5 active layer and a silicon wafer for support
substrate without an insulating film  and thinning the
silicon wafer for active layer to a given thickness,
characterized  in that a silicon wafer cut out from an
ingot at a cutting angle of 0-0.1  (compound angle)
with respect to a predetermined crystal face is used in
each of  the said silicon wafer for active layer and
silicon wafer for support substrate, 10 [0012]
According to the invention, there cane be largely
reduced the remnant  of step-like oxide, which has been
feared when the two silicon wafers are directly  bonded
without the insulating film. BRIEF DESCRIPTION OF THE
DRAWINGS [0013] FIG. 1 is a schematic illustration of
cutting angle and compound  15 angle. FIG. 2 is TEM
photographs (a) and (b) of bonded interfaces of
Example 1 and Comparative Example 1, respectively.
DESCRIPTION OF THE PREFERRED EMBODIMENTS  [0014] The
invention will be described in detail with reference to
the  20 accompanying drawings below. [0015] In the
invention, it is important that when a silicon wafer is
cut out  from an ingot, the cutting angle is controlled
to a range of 0-0.1 (compound  angle) with respect to a
predetermined crystal face (which is also called as a
standard face). When the cutting angle (compound angle)
exceeds 0.10, the 25 step-like oxide retains in the
bonded interface, which badly affects the  preparation
step of the device and properties thereof. [001.6] The
term "cutting angle" used herein means an angle of the
cut face  with respect to X-axis or Y-axis of the
standard face as shown in FIG. 1, while  the compound
angle 0 compounding an inclination angle 0x of the
standard face 30 in X-axis direction (cutting angle in
X-axis direction) and an inclination angle 0y  of the
standard face in Y-axis direction (cutting angle in
Y-axis direction).  



[0017] In the invention, it is also important that the
compound angle of each  of the two silicon wafers to be
bonded is 0-0.1  because the remnant of the oxide -4-
can not be reduced if the compound angle of either of
the wafer is controlled.  [0018] Although it is not yet
clearly elucidated that the remnant of step-like  oxide
in the bonded interface can be largely reduced by
controlling the cutting  angle of each of the two
silicon wafers from the ingot to a range of 0-0.1 5
(compound angle) according to the invention, the
inventors have guessed as  follows. In the bonded
interface, it seems that oxides are formed on the face
of  the wafer to be bonded and aggregated in the bonded
interface and finally retain  as step-like oxide.
Therefore, it is considered that the remnant of the
step-like 10 oxide in the bonded interface can be
suppressed by bonding silicon wafers each  having a cut
face substantially parallel to the standard face of the
crystal.  [0019] In the bonding of the two silicon
wafers, it is required to clean the  surface of the
wafer as far as possible. In the invention, it is
advantageous that  the surface of the wafer is rendered
into a hydrophobic face by cleaning the 15 wafer
surface to remove native oxide film or the like before
the bonding of the  wafers. The term "hydrophobic face"
used herein means a clean face having no  oxide film
and the like. Also, the cleaning method is not
particularly limited,  and can utilize the
conventionally well-known method of cleaning in HF
solution  and the like. 20 [0020] Moreover, the
invention is effective to the direct bonding of silicon
wafers having different crystal orientations, for
example, the direct bonding of  (110) crystal and (100)
crystal. [0021] In the invention, an ion
implantation-separation process with  hydrogen gas or
the like can be utilized as a method of thinning the
wafer for  25 active layer. This ion imp]
antation-separation process is a method wherein a rare
gas such as hydrogen gas or the like is implanted into
the silicon wafer for  active layer from its bonding
face to form an ion implanted layer before the  bonding
and then the silicon wafer for active layer is bonded
to the silicon wafer  for support substrate and
subjected to a heat treatment at about 500C to
exfoliate 30 a part of the wafer for active layer
bounding the ion implanted layer. By using  



the ion implantation-separation process can be
uniformly thinned the active layer  without using a
grinding, a polishing or an etching. [Examples] -5-
[0022] Example 1 When a silicon wafer is cut out from a
silicon ingot grown by CZ  method, a silicon wafer for
active layer is cut at a compound angle of 0.07 with
respect to (100) face as a standard face, and a silicon
wafer for support substrate 5 is cut at a compound
angle of 0,07. The thus obtained two silicon wafers are
immersed in a HF cleaning solution to completely remove
a native oxide film and  directly bonded to each other
and subjected to a heat treatment at 1100C for 120
minutes for further improving the bonding strength.
Then, the wafer for active  layer is ground and
polished so as to render the thickness of the active
layer into  10 100 nm. An oxide existing in an
interface of the thus obtained bonded wafer is
observed by a plane TEM (transmission electron
microscopy). The measured result is shown in Table I
and FIG. 2(a).  [0023] Table 1 15 Compound angle
Compound angle Step-like oxide  of wafer for of wafer
for active layer () support substrate  Example 1 0.07
0.07 none  Example 2 i 0.07 0.07 none  Comparative 0.12
0.12 presence  Example I Comparative 0.12 0.12 presence
Example 2 [0024] As seen from Table 1 and FIG. 2(a), in
case of using the silicon  wafers cut out from the
ingot according to the invention, the remnant of the
step.  like oxide is not observed. 20 [0025] Example 2
When a silicon wafer is cut out from a silicon ingot
grown by CZ  



method, a silicon wafer for active layer is cut at a
compound angle of 0.07 with  respect to (100) face as a
standard face, and a silicon wafer for support
substrate  is cut at a compound angle of 0.07. Then,
hydrogen ions are implanted into the -6- surface of the
silicon wafer for active layer under conditions of an
acceleration  voltage: 50 keV and a dose: lx1017
atoms/cm'to form a hydrogen ion implanted  layer at a
depth position of about 500 rim from the surface of the
wafer for active  layer. 5 Then, the silicon wafers for
active layer and for support substrate are  immersed in
HF cleaning solution to completely remove a native
oxide film and  directly bonded to each other and
subjected to a heat treatment at 500C to  exfoliate a
part of the bonded wafer bounding the hydrogen ion
implanted layer. Next, the bonded wafer is subjected to
a heat treatment at 1100C for  10 120 minutes for
further improving the bonding strength and further to
an  oxidation treatment to thin the thickness of the
active layer to 100 nm. An oxide existing in an
interface of the thus obtained bonded wafer is
observed by the plane TEM. The measured result is shown
in Table 1, 15 [0026] In this case, the step-like oxide
can not be observed likewise Example  1. [0027]
Comparative Example I A bonded wafer is prepared in the
same manner as in Example 1  except that the compound
angle of the silicon wafer for active layer is 0.12 and
20 the compound angle of the silicon wafer for support
substrate is 0.12, An oxide existing in an interface of
the thus obtained bonded wafer is  observed by the
plane TEM to obtain a result as shown in Table I and
FIG. 2(b).  [0028] As seen from Table 1 and FIG, 2(b),
when the cutting angle of the  silicon wafer is outside
the acceptable range of the invention, the remnant of
the  25 step-like oxide is observed at the bonded
interface. [0029] Comparative Example 2 A bonded wafer
is prepared in the same manner as in Example 2  except
that the compound angle of the silicon wafer for active
layer is 0.12 and  the compound angle of the silicon
wafer for support substrate is 0.12. 



30 An oxide existing in an interface of the thus
obtained bonded wafer is  observed by the plane TEM to
obtain a result as shown in Table 1, [00301 As seen
from Table, the remnant of the step-like oxide is also
observed likewise Comparative Example 1. -7- What is
claimed is: 1. A method for producing a bonded wafer by
directly bonding a  silicon wafer for active layer and
a silicon wafer for support substrate without an
insulating film and thinning the silicon wafer for
active layer to a given thickness, 5 characterized in
that silicon wafers cut out from an ingot at a cutting
angle of 0- 0.1  (compound angle) with respect to a
predetermined crystal face are used as  the said
silicon wafer for active layer and silicon wafer for
support substrate.  respectively. 2. A method for
producing a bonded wafer according to claim 1. 10
wherein the silicon wafers for active layer and for
support substrate are bonded at  a state of hydrophobic
face. 3. A method for producing a bonded wafer
according to claim 1,  wherein wafers having different
crystal orientations are used as the silicon wafers
for active layer and for support substrate. 15 4. A
method for producing a bonded wafer according to claim
1.  wherein the thinning of the silicon wafer for
active layer is carried out by an ion
implantation-separation process. A bonded wafer
obtained by directly bonding a silicon wafer for
active layer and a silicon wafer for support substrate
without an insulating film  20 and thinning the silicon
wafer for active layer to a given thickness,
characterized  in that silicon wafers cut out from an
ingot at a cutting angle of 0.0.1 (compound angle) with
respect to a predetermined crystal face are used as the
said silicon wafer for active layer and silicon wafer
for support substrate.  respectively. 25 


