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(57) ABSTRACT 

A semiconductor Wafer and its manufacturing method are 
provided Where the current driving capability of a MOS 
transistor can be sufficiently enhanced. An SOI layer Wafer 
in Which an SOI layer (32) is formed has a <100> crystal 
direction notch (32a) and a <110> crystal direction notch 
(32b). The SOI layer Wafer and a supporting substrate Wafer 
(1) are bonded to each other in such a Way that the notch 
(32a) and a <110> crystal direction notch (1a) of the 
supporting substrate Wafer (1) coincide With each other. 
When bonding the tWo Wafers by using the notch (32a) and 
the notch (1a) to position the tWo Wafers, the other notch 
(32b) of the SOI layer Wafer can be engaged With a guide 
member of the semiconductor Wafer manufacturing appara 
tus to prevent positioning error due to relative turn betWeen 
the Wafers. Thus an MOS transistor With a sufficiently 
improved current driving capability can be fabricated on the 
semiconductor Wafer With the tWo Wafers positioned in 
crystal directions shifted from each other. 
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SEMICONDUCTOR WAFER AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
Wafer and a manufacturing method thereof. 

[0003] 2. Description of the Background Art 

[0004] In a conventional SOI (Silicon On Insulator or 
Semiconductor On Insulator) Wafer, an oXide ?lm layer 
resides on one main surface of a supporting substrate Wafer 
made of, eg a silicon substrate, and an SOI layer resides on 
the top surface of the oXide ?lm layer. Such SOI and oXide 
?lm layers are formed by bonding to the supporting sub 
strate Wafer an SOI layer Wafer that has a silicon substrate 
With an oXide ?lm formed on its main surface and then 
removing part of it. 

[0005] After the supporting substrate Wafer and the SOI 
layer Wafer are bonded together, an unWanted portion of the 
SOI layer Wafer is removed by adopting a method such as 
SMART CUT (Registered Trademark) or ELTRAN (Regis 
tered Trademark); refer to Patent Document 1 shoWn beloW. 

[0006] When a MOS (Metal Oxide Semiconductor) tran 
sistor is formed in the SOI layer, it is arranged so that its 
channel direction is parallel to a <100> crystal direction of 
the SOI layer, for eXample. It is knoWn that arranging the 
channel direction in parallel With <100> crystal direction 
enhances the current driving capability of the P-channel 
MOS transistor by about 15 percent and also reduces the 
short-channel effect. 

[0007] It is thought that the current driving capability is 
enhanced because the hole mobility in <100> crystal direc 
tion is larger than that in <110> crystal direction, and that the 
short-channel effect is reduced because the value of the 
boron diffusion coef?cient in <100> crystal direction is 
smaller than that in <110> crystal direction. 

[0008] NoW, With SOI Wafers, the SOI layer Wafer, in 
Which SOI and oXide ?lm layers are formed, may be bonded 
to the supporting substrate Wafer With their crystal directions 
shifted at 45° (or 135°) With respect to each other. Speci? 
cally, the tWo Wafers are bonded together in such a Way that 
a <100> crystal direction of the SOI layer and a <110> 
crystal direction of the supporting substrate Wafer coincide 
With each other. The reason is shoWn beloW. 

[0009] (100) Wafers cleave along {110} crystal planes. 
Accordingly, When the SOI layer Wafer and the supporting 
substrate Wafer are bonded together so that the <100> crystal 
direction of the former coincides With the <110> crystal 
direction of the latter, the Wafer can be cleaved, for experi 
ments and studies, along {110} cleavage planes of the 
supporting substrate Wafer 1 that forms a large part of the 
Wafer thickness. On the other hand, in the SOI layer Whose 
crystal direction is shifted, an MOS transistor can be formed 
so that its channel direction is parallel With a <100> crystal 
direction. 

[0010] Thus, When cleaved, the supporting substrate Wafer 
1 breaks along <110> crystal direction, While the SOI layer 
breaks along <100> crystal direction. In this Way, bonding 
the tWo Wafers With their crystal directions shifted from each 
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other provides the advantage that a section along the MOS 
transistor channel direction can be easily eXposed. 

[0011] The folloWing list shoWs prior art reference infor 
mation related to the present invention: 

[0012] Patent Document 1: Japanese Patent Applica 
tion Laid-Open No. 2002-134374, 

[0013] Patent Document 2: Japanese Patent Applica 
tion Laid-Open No. 9-153603 (1997), and 

[0014] Non-Patent Publication 1: G. Scott et al., 
“NMOS Drive Current Reduction Caused by Tran 
sistor Layout and Trench Isolation Induced Stress,” 
(US), IEDM, 1999. 

[0015] A conventional SOI Wafer is manufactured by a 
method shoWn beloW, for eXample. 

[0016] First, an SOI layer Wafer and a supporting substrate 
Wafer are prepared, both of Which are a (100) Wafer having 
a (100) plane as a main surface. NeXt, a notch (or an 
orientation ?at) is formed at a <100> crystal direction edge 
of the SOI layer Wafer and a notch (or an orientation ?at) is 
formed at a <110> crystal direction edge of the supporting 
substrate Wafer. Then, the tWo substrates are bonded 
together in such a Way that the <100> crystal direction of the 
SOI layer and the <110> crystal direction of the supporting 
substrate Wafer coincide With each other. 

[0017] In this bonding process, the tWo Wafers are bonded 
so that the notch of the supporting substrate Wafer and the 
notch of the SOI layer Wafer coincide With each other. 
HoWever, When the tWo Wafers are positioned by utiliZing 
these notches only, the SOI layer <100> crystal direction and 
the supporting substrate Wafer <110> crystal direction may 
not be precisely aligned. 

[0018] With such a positioning error betWeen Wafers, the 
MOS transistor channel direction cannot be precisely 
aligned With the SOI layer <100> crystal direction and a 
deviation is caused betWeen the tWo. This is because MOS 
transistors are formed on the basis of the position of the 
supporting substrate Wafer. 

[0019] Then the current driving capability of the MOS 
transistors cannot be enhanced satisfactorily. Furthermore, 
electric characteristic variations Will occur among MOS 
transistors formed on the surfaces of different SOI Wafers. 

SUMMARY OF THE INVENTION 

[0020] Accordingly, an object of the present invention is to 
provide a semiconductor Wafer and a manufacturing method 
thereof in Which the current driving capability of a MOS 
transistor can be suf?ciently enhanced. 

[0021] According to a ?rst aspect of the present invention, 
a semiconductor Wafer includes a ?rst semiconductor Wafer 
and a second semiconductor Wafer. 

[0022] The ?rst semiconductor Wafer has a plurality of 
cuts formed at edge portions in crystal directions, and the 
second semiconductor Wafer has a cut formed at an edge 
portion in a crystal direction. 

[0023] One of the plurality of cuts of the ?rst semicon 
ductor Wafer and the cut of the second semiconductor Wafer 
are formed in different crystal directions. The ?rst and 
second semiconductor Wafers are bonded to each other With 
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said one of the plurality of cuts of the ?rst semiconductor 
Wafer and the cut of the second semiconductor Wafer coin 
ciding With each other. 

[0024] The ?rst semiconductor Wafer has a plurality of 
cuts and the ?rst and second semiconductor Wafers are 
bonded together in such a Way that one of the plurality of 
cuts of the ?rst semiconductor Wafer and the cut of the 
second semiconductor Wafer coincide With each other. That 
one of the plurality of cuts of the ?rst semiconductor Wafer 
and the cut of the second semiconductor Wafer are posi 
tioned in different crystal directions. Thus, When the tWo 
Wafers are bonded together using the coinciding cuts for 
positioning, another cut of the ?rst semiconductor Wafer can 
be engaged With a guide portion of the semiconductor Wafer 
manufacturing apparatus to prevent positioning error due to 
relative turn betWeen the Wafers. This alloWs the tWo Wafers 
to be highly precisely positioned. Thus the semiconductor 
Wafer can be easily cleaved so that a section along MOS 
transistor channel direction is exposed, and a MOS transistor 
having a remarkably enhanced current driving capability can 
be formed on the semiconductor Wafer. 

[0025] According to a second aspect of the present inven 
tion, a semiconductor Wafer manufacturing method includes 
the folloWing steps (a) to In the step (a), ?rst and second 
semiconductor Wafers are prepared. In the step (b), a main 
surface of the second semiconductor Wafer is bonded to a 
main surface of the ?rst semiconductor Wafer. In the step (c), 
oxygen ions are implanted from the ?rst semiconductor 
Wafer side into a neighborhood of a part Where the ?rst and 
second semiconductor Wafer are bonded to each other. In the 
step (d), the portion implanted With the oxygen ions is 
formed into an oxide ?lm layer by a thermal treatment. 

[0026] After the ?rst and second semiconductor Wafers are 
bonded together, oxygen ions are implanted and the oxygen 
ion-implanted portion is processed into an oxide ?lm layer 
through a thermal treatment. Thus, by bonding together the 
?rst and second semiconductor Wafers in crystal directions 
shifted from each other, it is possible to form an SOI Wafer 
that includes an SOI layer and a supporting substrate having 
crystal directions shifted With respect to each other. Further 
more, forming the oxide ?lm layer by oxygen ion implan 
tation and thermal process provides an SOI Wafer With 
reduced SOI layer thickness nonuniformity. The reduced 
SOI layer thickness nonuniformity enhances the current 
driving capability. Thus the semiconductor Wafer can be 
easily cleaved so that a section along the MOS transistor 
channel direction is exposed, and an MOS transistor having 
a remarkably enhanced current driving capability can be 
formed on the semiconductor Wafer. 

[0027] According to a third aspect of the present inven 
tion, a semiconductor Wafer manufacturing method includes 
the steps (a) to (e). In the step (a), a ?rst semiconductor 
Wafer having a plurality of cuts formed at edge portions in 
crystal directions is prepared. In the step (b), a second 
semiconductor Wafer having a cut formed at an edge portion 
in a crystal direction that is different from the crystal 
direction of one of the plurality of cuts of the ?rst semicon 
ductor Wafer is prepared. In the step (c), the ?rst and second 
semiconductor Wafers are bonded to each other While using 
said one of the plurality of cuts of the ?rst semiconductor 
Wafer and the cut of the second semiconductor Wafer in 
order to position the ?rst and second semiconductor Wafers, 
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With another one of the plurality of cuts of the ?rst semi 
conductor Wafer being engaged With a guide portion of a 
semiconductor Wafer manufacturing apparatus. In the step 
(d), oxygen ions are implanted from the ?rst semiconductor 
Wafer side into a neighborhood of a part Where the ?rst and 
second semiconductor Wafers are bonded to each other. In 
the step (e), the portion implanted With the oxygen ions is 
formed into an oxide ?lm layer by a thermal treatment. 

[0028] After the ?rst and second semiconductor Wafers are 
bonded together, oxygen ions are implanted and the oxygen 
ion-implanted portion is processed into an oxide ?lm layer 
through a thermal treatment. Accordingly, by bonding 
together the ?rst and second semiconductor Wafers in crystal 
directions shifted from each other, it is possible to form an 
SOI Wafer that includes an SOI layer and a supporting 
substrate having crystal directions shifted With respect to 
each other. Furthermore, forming the oxide ?lm layer by 
oxygen ion implantation and thermal process provides an 
SOI Wafer With reduced SOI layer thickness nonuniformity. 
The reduced SOI layer thickness nonuniformity enhances 
the current driving capability. Thus the semiconductor Wafer 
can be easily cleaved so that a section along MOS transistor 
channel direction is exposed, and a MOS transistor having 
a remarkably enhanced current driving capability can be 
formed on the semiconductor Wafer. Moreover, in the step 
(c), the ?rst and second semiconductor Wafers are bonded 
together With another one of the plurality of cuts of the ?rst 
semiconductor Wafer engaged With a guide portion of the 
semiconductor Wafer manufacturing apparatus. This pre 
vents positioning error due to relative turn betWeen the 
Wafers. Thus the tWo Wafers can be highly precisely posi 
tioned and a MOS transistor With a suf?ciently enhanced 
current driving capability can be formed on the semicon 
ductor Wafer With the tWo Wafers bonded in different crystal 
directions With respect to each other. Furthermore, electric 
characteristic variations are less likely to occur among MOS 
transistors formed on different semiconductor Wafers. 

[0029] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is the top vieW of a semiconductor Wafer 
according to a ?rst preferred embodiment; 

[0031] FIG. 2 is a cross-sectional vieW of the semicon 
ductor Wafer of the ?rst preferred embodiment; 

[0032] FIGS. 3 to 5 are cross-sectional vieWs shoWing a 
bonding process for forming the semiconductor Wafer of the 
?rst preferred embodiment; 

[0033] FIG. 6 is the top vieW of a semiconductor Wafer 
manufacturing apparatus that is used in the semiconductor 
Wafer bonding process of the ?rst preferred embodiment; 

[0034] FIG. 7 is a cross-sectional vieW of the semicon 
ductor Wafer manufacturing apparatus used in the semicon 
ductor Wafer bonding process of the ?rst preferred embodi 
ment; 

[0035] FIG. 8 is a diagram depicting the semiconductor 
Wafer bonding process of the ?rst preferred embodiment; 
and 
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[0036] FIGS. 9 to 11 are cross-sectional views showing a 
semiconductor Wafer manufacturing method according to a 
second preferred embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] <First Preferred Embodiment> 

[0038] FIG. 1 is the top vieW of a semiconductor Wafer 
according to this preferred embodiment. This semiconductor 
Wafer 100 is a (100) Wafer that has a (100) plane as its main 
surface (in FIG. 1, the circle containing a point inside 
represents an arroW that shoWs the normal direction to the 
(100) plane. FIG. 2 shoWs the II-II section of FIG. 1. 

[0039] The SOI Wafer 100 includes a supporting substrate 
Wafer 1 formed of, eg a silicon substrate, an oxide ?lm 
layer 2 resides on one main surface of the supporting 
substrate Wafer 1, and an SOI layer 32 resides on top of the 
oxide ?lm layer 2. This SOI layer 32 and the oxide ?lm layer 
2 are formed by bonding to the supporting substrate Wafer 1 
an SOI layer Wafer that has a silicon substrate and an oxide 
?lm formed on its main surface and then removing part of 
it. While the SOI layer 32 and oxide ?lm layer 2 and the 
supporting substrate Wafer 1 generally have approximately 
the same diameter, their diameters may be someWhat dif 
ferent from each other depending on the manufacturing 
process. 

[0040] Semiconductor devices, including MOS transistors 
and interconnections among them, are formed in the surface 
of the SOI layer 32. The MOS transistor TR1 of FIG. 1 is 
an example of such a semiconductor device. In the MOS 
transistor TR1, “S” denotes its source, “D” denotes its drain, 
and “G” denotes its gate. 

[0041] This MOS transistor TR1 is arranged so that its 
channel direction is parallel With a <100> crystal direction 
of the SOI layer 32. 

[0042] In the semiconductor Wafer 100, the supporting 
substrate Wafer 1 has a notch 1a formed at an edge portion 
in a <110> crystal direction and the SOI layer 32 has a 
<100> crystal direction notch 32a and a <110> crystal 
direction notch 32b. 

[0043] The bonding of the supporting substrate Wafer and 
the SOI layer Wafer is noW described, Where a SMART CUT 
method is shoWn by Way of example. 

[0044] Before bonding, the oxide ?lm layer 2 is formed on 
a surface of an SOI layer Wafer 320 and a crystal defect layer 
DF is formed by a hydrogen ion implantation IP2 in a 
portion deeper than the oxide ?lm layer 2 by the thickness 
DP1 of the SOI layer 32 (see FIG. 3). 

[0045] Next, as shoWn in FIG. 4, the oxide ?lm layer 2 of 
the SOI layer Wafer 320 is bonded to a main surface of the 
supporting substrate Wafer 1. In FIG. 4, the position of the 
bonded plane is shoWn as BD. Note that the supporting 
substrate Wafer 1 and the SOI layer Wafer 320 are bonded so 
that their <100> crystal directions are at an angle of 45° or 
135° With respect to each other. 

[0046] Next, a thermal treatment is applied to Weaken the 
crystal defect layer DF and the SOI layer Wafer 320 is 
separated at the crystal defect layer DF as shoWn in FIG. 5. 
At this time, the peripheral portions of the SOI layer Wafer 
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320, Which are not bonded ?rmly, are also removed. FIG. 5 
shoWs the dividing plane as DT. 

[0047] Then the structure is further heat-treated to increase 
the bonding strength betWeen the SOI layer 32 and the 
supporting substrate Wafer 1, and the surface of the SOI 
layer 32 is lightly polished to remove the residue of the 
crystal defect layer. The semiconductor Wafer 100 shoWn in 
FIGS. 1 and 2 are obtained in this Way. 

[0048] Next, the process of bonding the supporting sub 
strate Wafer 1 and the SOI layer Wafer 320 is described in 
greater detail. The bonding process is performed by using a 
semiconductor Wafer manufacturing apparatus as shoWn in 
FIGS. 6 and 7, for example. FIG. 7 shoWs the VII-VII 
section of FIG. 6. 

[0049] This manufacturing apparatus includes a holder 
HD for holding the supporting substrate Wafer 1, a Wafer 
guide GD2 used as a guide for positioning the SOI layer 
Wafer 320 to be bonded, and an air pin AP for sucking and 
holding the semiconductor Wafer. FIG. 6 shoWs the SOI 
layer Wafer 320 With broken line and clearly depicts the 
supporting substrate Wafer 1 underneath. 

[0050] The holder HD has a recess HL having a depth 
DP2, Where the supporting substrate Wafer 1 is placed. A 
raised portion HLa is formed at the edge of the recess HL; 
the supporting substrate Wafer 1 is placed there With the 
raised portion HLa engaged With or ?tted in the notch 1a. 

[0051] The Wafer guide GD2 is a guiding member that is 
situated on the holder HD to surround the recess HL. The 
raised portion HLa is extended also on the Wafer guide GD2 
so that it can be engaged also With the notch 32a of the SOI 
layer Wafer 320. 

[0052] The Wafer guide GD2 includes another raised por 
tion GD1 that can be moved back and forth along the arroW 
Q shoWn in the draWings. The raised portion GD1 can be 
moved to protrude from the Wafer guide GD2 toWard the 
SOI layer Wafer 320, so that it can be engaged With the 
<110> direction notch 32b of the SOT layer Wafer 320. The 
raised portion GD1 and the raised portion HLa are posi 
tioned on the Wafer guide GD2 at an angle of 45° With 
respect to each other. The raised portion GD1 is situated at 
a level higher than the supporting substrate Wafer 1 placed 
in the recess HL so that it Will not touch the supporting 
substrate Wafer 1 When it is moved. 

[0053] When this manufacturing apparatus is used, the 
raised portion GD1 is set in the WithdraWn position in the 
Wafer guide GD2, the supporting substrate Wafer 1 is placed 
in the recess HL of the holder HD, and then the raised 
portion GD1 is moved to protrude from the Wafer guide 
GD2. Next the SOI layer Wafer 320 is carried With the air pin 
AP and moved doWn onto the supporting substrate Wafer 1 
so that the notch 32a and the notch 32b are engaged 
respectively With the raised portions HLa and GD1, and then 
the SOI layer Wafer 320 and the supporting substrate Wafer 
1 are bonded together. Subsequently, the raised portion GD1 
is WithdraWn into the Wafer guide GD2 and the bonded 
Wafers 1 and 320 are pulled up and taken out With the air pin 
AP. 

[0054] When the depth DP2 of the recess HL is siZed 
smaller than the thickness of the supporting substrate Wafer 
1, the supporting substrate Wafer 1 placed in the recess HL 
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slightly protrudes above the surface of the holder HD. In this 
case, When the raised portion GD1 is moved to protrude 
from the Wafer guide GD2, the bottom of the raised portion 
GD1 and the surface of the supporting substrate Wafer 1 are 
not excessively spaced apart, and then the SOI layer Wafer 
320 can be put doWn While ensuring the engagement 
betWeen the notch 32b and the raised portion GD1. 

[0055] During this process of bonding the tWo Wafers, 
they are positioned so that the notch 1a of the supporting 
substrate Wafer 1 and the notch 32a of the SOI layer Wafer 
320 coincide With each other, While the notch 32b of the SOI 
layer Wafer 320 is engaged With the raised portion GD1 that 
serves as a guide member of the semiconductor Wafer 
manufacturing apparatus. 

[0056] Note that “the notch 1a and the notch 32a coincide 
With each other” does not mean that their shapes perfectly 
coincide With each other. For example, the depths of the tWo 
notches 1a and 32a in the Wafer radius direction may 
someWhat differ from each other. Also, the central angles of 
the tWo notches 1a and 32a, ie the angle betWeen the tWo 
sides of each “fan” shape, may someWhat differ from each 
other. The notch 1a and notch 32a Work as long as their 
shapes coincide With each other to such an extent that the 
positioning can be achieved precisely. 

[0057] Thus, the raised portion GD1 engaged With the 
notch 32b limits the turning movement of the SOI layer 
Wafer 320 in the Wafer plane direction, Which makes it 
possible to more effectively prevent positioning error due to 
relative turn betWeen the Wafers, than in conventional bond 
ing process Where Wafers are positioned using only the 
notches 1a and 32a. Thus the Wafers can be highly precisely 
positioned, so that an MOS transistor TR1 having a suf? 
ciently enhanced current driving capability can be formed on 
the semiconductor Wafer, With the tWo Wafers positioned in 
crystal directions shifted from each other. Furthermore, 
electric characteristic variations are less likely to occur 
among MOS transistors TR1 formed on different semicon 
ductor Wafers. 

[0058] Note that the rest of the semiconductor Wafer 100 
manufacturing process, other than the bonding process, may 
be conducted by adopting other method, such as an ELT 
RAN method, as Well as the SMART CUT method. 

[0059] This preferred embodiment thus provides a semi 
conductor Wafer and a manufacturing method thereof in 
Which the <100> crystal direction notch 32a and the <110> 
crystal direction notch 32b are formed in the SOI layer Wafer 
320 and the tWo Wafers 1 and 320 are bonded together With 
the <100> crystal direction notch 32a and the <110> crystal 
direction notch 1a of the supporting substrate Wafer 1 
coinciding With each other (see FIG. 8). 

[0060] As shoWn above, the SOI layer Wafer 320 has the 
notches 32a and 32b. Accordingly, While the supporting 
substrate Wafer 1 and the SOI layer Wafer 320 are positioned 
by utiliZing the notch 1a of the Wafer 1 and the notch 32a of 
the Wafer 320, the notch 32b of the SOI layer Wafer 320 can 
be engaged With a guide member of the semiconductor 
Wafer manufacturing apparatus to prevent positioning error 
betWeen the Wafers that Would be caused if the Wafers turn 
relative to each other. This alloWs the tWo Wafers 1 and 320 
to be precisely positioned. As a result, it is easy to cleave the 
semiconductor Wafer to expose a section along the MOS 
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transistor channel direction, and it is possible to form an 
MOS transistor With a suf?ciently enhanced current driving 
capability on the semiconductor Wafer. 

[0061] While this preferred embodiment has shoWn an 
example in Which the SOI layer Wafer 320 and the support 
ing substrate Wafer 1 are bonded together to form an SOI 
Wafer, the present invention is not limited by this example. 
That is to say, the present invention can be applied also to 
bulk Wafers that have no oxide ?lm layer 2. That is, the 
present invention can be applied to the formation of a bulk 
Wafer in Which tWo bulk Wafers are bonded together With 
their crystal directions shifted from each other, so as to form 
a bulk Wafer Whose surface crystal direction differs from that 
in the deeper portion. 

[0062] Also, While this preferred embodiment has shoWn 
an example in Which notches are used to indicate crystal 
directions, any cuts of other shapes, such as orientation ?ats, 
may be used to shoW the crystal directions. 

[0063] Moreover, While this preferred embodiment has 
shoWn an example in Which the notches 32a and 32b are 
formed in the SOI layer Wafer 320 respectively in <100> and 
<110> crystal directions, the invention is not limited by this 
example. Notches 32a and 32b may be formed in directions 
other than <100> and <110> crystal directions, and they may 
be positioned in other relationship With respect to each other. 

[0064] <Second Preferred Embodiment> 

[0065] This preferred embodiment shoWs a method suited 
to manufacture SOI Wafers in Which, as shoWn With the 
semiconductor Wafer 100 of FIG. 1, an SOI layer and a 
supporting substrate Wafer are bonded in crystal directions 
shifted from each other. 

[0066] FIGS. 9 to 11 are cross-sectional vieWs shoWing a 
semiconductor Wafer manufacturing method according to 
this preferred embodiment. 

[0067] First, an SOI layer Wafer 321 and a supporting 
substrate Wafer 1, both of Which are a semiconductor Wafer 
that has a (100) plane as a main surface, are prepared and 
bonded together in such a Way that a <100> crystal direction 
of the SOI layer Wafer 321 and a <110> crystal direction of 
the supporting substrate Wafer 1 coincide With each other 
(see FIG. 9). FIG. 9 shoWs the position of the bonded plane 
as BD. At this stage, no oxide ?lm layer exists on the SOI 
layer Wafer 321 and the supporting substrate Wafer 1. 

[0068] Preferably, in this bonding process, a plurality of 
notches are formed on the edge of the SOI layer Wafer 321 
as has been shoWn in the ?rst preferred embodiment and the 
tWo Wafers are precisely positioned by using the semicon 
ductor Wafer manufacturing apparatus shoWn in FIGS. 6 
and 7. HoWever, this preferred embodiment is not limited to 
this example. 

[0069] Next, the surface of the SOI layer Wafer 321 is 
processed by grinding, CMP (Chemical Mechanical Polish 
ing), chemical treatment or the like, so as to thin the SOI 
layer Wafer 321 to form a semiconductor layer 322 (see FIG. 
10). The thickness TH of the semiconductor layer 322 may 
be about 100 to 1000 nm, for example. 

[0070] Next, an oxygen ion implantation IP1 is applied 
from the semiconductor layer 322 side into the portion 
Where the tWo Wafers are bonded to each other (into a 
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neighborhood of the bonded plane BD). Then the structure 
is thermally processed at a temperature of about 1300° C. to 
1400° C. to form the oxygen-ion-implanted portion into an 
oxide ?lm layer 2. Thus the portion of the semiconductor 
layer 322 that is left unoxidiZed forms the SOI layer 32 (see 
FIG.1811). The dosage of oxygen ions can be 1><1017 to 
1x10 cm_2, for example. 

[0071] According to this preferred embodiment, the SOI 
layer Wafer 321 and the supporting substrate Wafer 1 are 
bonded together With their crystal directions shifted from 
each other, implanted With oxygen ions, and thermally 
processed to form the oxygen-ion-implanted portion into the 
oxide ?lm layer 2. 

[0072] In general bonding methods, an oxide ?lm layer is 
formed on a surface of one Wafer and then this Wafer is 
bonded to another Wafer, Without the need for oxygen ion 
implantation. HoWever, nonuniformity of the ?lm thickness 
of the SOI layer can be easily prevented by precisely 
controlling the oxygen ion implantation, so as to form a thin 
?lm With uniform thickness. 

[0073] Thus, this preferred embodiment enables the manu 
facture of an SOI Wafer that has the SOI layer 32 With 
reduced ?lm thickness nonuniformity. The reduced thick 
ness nonuniformity of the SOI layer enhances the current 
driving capability. In this Way, the semiconductor Wafer can 
be easily cleaved so that a section along MOS transistor 
channel direction is exposed, and a MOS transistor having 
a remarkably enhanced current driving capability can be 
formed on the semiconductor Wafer. 

[0074] While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modi?ca 
tions and variations can be devised Without departing from 
the scope of the invention. 

What is claimed is: 
1. A semiconductor Wafer comprising: 

a ?rst semiconductor Wafer having a plurality of cuts 
formed at edge portions in crystal directions; and 

a second semiconductor Wafer having a cut formed at an 

edge portion in a crystal direction; 

one of said plurality of cuts of said ?rst semiconductor 
Wafer and said cut of said second semiconductor Wafer 
being formed in different crystal directions; 

said ?rst and second semiconductor Wafers being bonded 
to each other With said one of said plurality of cuts of 
said ?rst semiconductor Wafer and said cut of said 
second semiconductor Wafer coinciding With each 
other. 

2. The semiconductor Wafer according to claim 1, 

Wherein an MOS transistor is formed on said ?rst semi 
conductor Wafer, and 

said MOS transistor is arranged so that its channel direc 
tion is parallel With a crystal direction of said ?rst 
semiconductor Wafer, 
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and Wherein said ?rst and second semiconductor Wafers 
are bonded together With their crystal directions shifted 
45° or 135° from each other. 

3. The semiconductor Wafer according to claim 1, Wherein 
said semiconductor Wafer has an SOI (Silicon On Insulator 
or Semiconductor On Insulator) structure. 

4. A semiconductor Wafer manufacturing method com 
prising the steps of: 

(a) preparing ?rst and second semiconductor Wafers; 

(b) bonding a main surface of said second semiconductor 
Wafer to a main surface of said ?rst semiconductor 

Wafer; 

(c) implanting oxygen ions from said ?rst semiconductor 
Wafer side into a neighborhood of a part Where said ?rst 
and second semiconductor Wafers are bonded to each 
other; and 

(d) forming the portion implanted With the oxygen ions 
into an oxide ?lm layer by a thermal treatment. 

5. The semiconductor Wafer manufacturing method 
according to claim 4, Wherein crystal directions of said ?rst 
and second semiconductor Wafers are shifted 45° or 135° 
With respect to each other. 

6. A semiconductor Wafer manufacturing method com 
prising the steps of: 

(a) preparing a ?rst semiconductor Wafer having a plu 
rality of cuts formed at edge portions in crystal direc 
tions; 

(b) preparing a second semiconductor Wafer having a cut 
formed at an edge portion in a crystal direction that is 
different from the crystal direction of one of said 
plurality of cuts of said ?rst semiconductor Wafer; 

(c) bonding said ?rst and second semiconductor Wafers to 
each other While using said one of said plurality of cuts 
of said ?rst semiconductor Wafer and said cut of said 
second semiconductor Wafer in order to position said 
?rst and second semiconductor Wafers, With another 
one of said plurality of cuts of said ?rst semiconductor 
Wafer being engaged With a guide portion of a semi 
conductor Wafer manufacturing apparatus; 

(d) implanting oxygen ions from said ?rst semiconductor 
Wafer side into a neighborhood of a part Where said ?rst 
and second semiconductor Wafers are bonded to each 
other; and 

(e) forming the portion implanted With the oxygen ions 
into an oxide ?lm layer by a thermal treatment. 

7. The semiconductor Wafer manufacturing method 
according to claim 6, Wherein said one of said cuts of said 
?rst semiconductor Wafer and said cut of said second 
semiconductor Wafer are formed at positions shifted 45° or 
135° With respect to each other. 


