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SOI WAFER AND METHOD FOR PRODUCING 
THE SAME 

[0001] This is a divisional application of Application Ser. 
No. l0/473,352 ?led Sep. 30, 2003. The entire disclosure of 
the prior application is hereby incorporated by reference in 
its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to a method for 
producing a SOI Wafer by bonding of an ion-implanted 
Wafer and a Wafer and delamination, so-called ion implan 
tation delamination method (also called a hydrogen ion 
delamination method or smart-cut method), Which can sup 
press generation of SOI islands generated in a terrace 
portion and generation of LPD generated in a surface of the 
SOI Wafer, so that device failure can be reduced. 

BACKGROUND ART 

[0003] The ion implantation delamination method is a 
method of producing a SOI Wafer by bonding of a Wafer into 
Which hydrogen ions or rare gas ions and a Wafer and 
delamination. HoWever, there is a case Where a SOI layer is 
not transferred on an edge portion of the SOI Wafer after 
delamination, and accordingly a terrace portion Where a 
surface of a base Wafer (support substrate) is exposed is 
generated. This is mainly due to that the bonding strength 
betWeen the bonded Wafers is Weak in the edge portion of the 
Wafers, and therefore, a SOI layer is di?icult to be trans 
ferred on a base Wafer side. When the SOI terrace portion 
Was observed by a optical microscope, it Was found that SOI 
islands Which are pieces of isolated island-shaped SOI layer 
Were generated in the edge portion of the SOI layer. It is 
expected that such SOI islands come off from the Wafer by 
etching to eliminate a buried oxide ?lm (may be called a 
BOX oxide ?lm) during a cleaning by use of an aqueous 
solution containing HF (hydro?uoric acid) in a device 
fabrication process, and accordingly, they cause device 
failure because they adhere to a device fabrication region of 
the Wafer again as silicon particles. 

[0004] FIGS. 1 shoW cross sectional vieWs of an edge 
portion of the SOI Wafer produced by an ion implantation 
delamination method. 

[0005] FIG. 1(a) is a SOI Wafer 10, and FIG. 1(b) shoWs 
the detail of its edge portion. FIG. 1(b) schematically shoWs 
the state that the SOI Wafer 10 comprises a SOI layer 25, a 
buried oxide ?lm 26 and a base Wafer 27, and a terrace 
portion 43 Where a surface of the base Wafer is exposed and 
SOI islands 42 Which are pieces of isolated island-shaped 
SOI layer are generated in the edge portion. 

[0006] On the other hand, as SOI Wafers produced by the 
ion implantation delamination method have been observed 
by an optical surface inspection apparatus, it has been found 
that defects detected as LPD exist. The LPD (Light Point 
Defect) is a generic term of the defect, Which appears as a 
spot When a surface of the Wafer is observed under a 
condenser lamp. Although this defect has not been identi 
?ed, it is considered that a device yield is affected because 
nearly all the defects are shalloW pits and become holes 
Which pass through a SOI layer When a SOI layer is oxidiZed 
to be thin. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been accomplished in 
vieW of the above-mentioned problems, and a main object of 
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the present invention is to provide a SOI Wafer produced by 
an ion implantation delamination method Wherein genera 
tion of SOI islands generated in delamination are suppressed 
and the defect density of LPD existing in a surface of the 
SOI Wafer is reduced, and also provide a method for 
producing the same, so that the device failure is reduced. 

[0008] In order to solve the above problems, the present 
invention provides a SOI Wafer produced by an ion implan 
tation delamination method Wherein a Width of a SOI island 
region in a terrace portion generated in an edge portion of 
the SOI Wafer Where a surface of a base Wafer is exposed is 
narroWer than 1 mm. 

[0009] As described above, in the present invention, the 
SOI Wafer of Which Width of a SOI island region in a terrace 
portion generated in an edge portion Where a surface of a 
base Wafer is exposed is narroWer than 1 m can be 
obtained. And if the Width of a SOI island region is narroWer 
than 1 mm like this, there Will be feW cases Where SOI 
islands come off from the Wafer by etching to eliminate a 
buried oxide ?lm during a HP cleaning in a device fabrica 
tion process, and they cause device failure on the ground that 
they reattached as silicon particles to a device fabrication 
region. Accordingly, the device yield can be improved. 

[0010] Further, the SOI Wafer according to the present 
invention is the SOI Wafer produced by an ion implantation 
delamination method Wherein a density of pit-shaped defects 
having a siZe of 0.19 um or more existing in a surface of a 
SOI layer detected by a LPD inspection is l counts/cm2 or 
less. 

[0011] As described above, in the present invention, a SOI 
Wafer having extremely feW pit-shaped defects can be 
obtained. And if a density of pit-shaped defects having a siZe 
of 0.19 pm or more existing in a surface of a SOI layer 
detected as a LPD is 1 counts/cm2 or less, device failure can 
be reduced, and thus, device yield can be improved. 

[0012] Next, a method for producing a SOI Wafer accord 
ing to the present invention is the method for producing a 
SOI Wafer by an ion implantation delamination method 
Wherein a loWer limit of an implantation dosage of hydrogen 
ions or rare gas ions is determined by a delamination 
phenomenon, and an upper limit of an implantation dosage 
of hydrogen ions or rare gas ions is determined by a Width 
of a SOI island region in a terrace portion or a density of 
pit-shaped defects detected by a LPD inspection of the SOI 
Wafer. 

[0013] If the implantation dosage of hydrogen ions or rare 
gas ions is determined by this manner and the ions are 
implanted, the SOI Wafer such that generation of SOI 
islands, Which is easily generated in delamination, are 
suppressed or a defect density of LPD existing in a surface 
of the SOI Wafer is reduced can be produced. 

[0014] Speci?cally, the implantation dosage of hydrogen 
ions is 5><l0l6 ions/cm2 or more and less than 7.5><l0l6 
ions/cm2. 

[0015] According to this method, since a Width of a region 
of SOI islands Which are easily generated in delamination 
can be reduced to 1 mm or less, the SOI Wafer of Which a 
SOI layer can be certainly transferred to a base Wafer and a 
defect density of LPD existing in a surface is extremely 
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reduced can be produced. Further, by determining the 
implantation dosage in the above range, the Wafer can be 
stably delaminated. 

[0016] As described above, according to the present 
invention, a SOI Wafer produced by an ion implantation 
delamination method Wherein generation of SOI islands 
generated in delamination is suppressed and a defect density 
of LPD existing in a surface of the SOI Wafer is reduced and 
a method for producing the same can be provided, and 
accordingly device failure can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIGS. 1 include schematic diagrams shoWing a 
terrace and SOI islands generating in an edge portion of a 
SOI Wafer; 

[0018] (a) A SOI Wafer, and (b) an edge portion of the SOI 
Wafer. 

[0019] FIG. 2 includes optical microscope photographs 
shoWing variations of a SOI island region Width and a 
terrace Width depending on the ion implantation dosages 
(ions/cm2); 
[0020] (a) 5.5><l016, (b) 6.5><10l6, and (c) 7.5><l0l6. 
[0021] FIG. 3 is a diagram shoWing variations of LPD 
densities (counts/cm2) in Wafer surfaces relative to ion 
implantation dosages. 
[0022] FIG. 4 is a How chart showing one example of a 
production process of a SOI Wafer according to the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] Hereinafter, the present invention Will noW be 
described in detail. 

[0024] Inventors of the present invention found that, in 
order to produce a SOI Wafer by an ion implantation 
delamination method Wherein generation of SOI islands 
generated in delamination is suppressed or a defect density 
of LPD existing in a surface of the SOI Wafer is reduced, it 
is sufficient to control an implantation dosage of hydrogen 
ions or rare gas ions Within a predetermined range, and they 
carefully examined its conditions and accomplished the 
present invention. 

[0025] A so-called SOI island, Which remains at a certain 
Width in a terrace portion generated in an edge portion of the 
SOI Wafer Where a surface of a base Wafer is exposed, can 
be observed after delamination heat treatment. And it is 
considered that delamination in an ion implantation delami 
nation method occurs due to a groWth of defects induced by 
hydrogen or rare gas generated during delamination heat 
treatment and a strength of rapid volume expansion due to 
vaporization of implanted hydrogen or rare gas. And it is 
also considered that in the edge portion of the Wafer having 
the terrace portion, generation of SOI islands is mainly due 
to that a bonding strength betWeen the bonded Wafers is 
Weak under the in?uence of polishing sags in each edge 
portion of Wafer surfaces to be bonded, and a SOI layer is 
dif?cult to be transferred to a base Wafer side. 

[0026] In consideration of such characteristics of a delami 
nation phenomenon, inventors of the present invention 
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found that if an implantation dosage of hydrogen ions is 
reduced less than a conventional dosage of 8><l0l6 ions/cm2, 
a Width of a SOI island region can be reduced. 

[0027] Namely, if the implantation dosage of hydrogen 
ions is 5><l016ions/cm2 or more and less than 7.5><l016/cm2, 
the Width of a SOI island region can be 1 mm or less and a 
density of pit-shaped defects having a siZe of 0.19 um or 
more existing in a surface of a SOI layer detected by a LPD 
inspection can be 1 counts/cm2 or less. 

[0028] The reason Why the Width of a SOI island region is 
extended When the implantation dosage of hydrogen ions is 
7.5><l0l6 ions/cm2 or more is not clear up to the present. 
HoWever, it is considered that, if an implantation dosage is 
larger than necessary, delamination occurs as hydrogen 
induced defects are insufficiently groWn since the strength of 
expansion due to vaporiZation of hydrogen is too strong, and 
thus, the region Where delamination occurs in the state that 
there is no connection in a lateral direction like SOI islands 
is generated. 

[0029] Further, ifa dosage ofhydrogen is less than 5><l0l6 
ions/cm2, formation of defects and strength of expansion 
due to vaporiZation of hydrogen is not sufficient since the 
implantation dosage of hydrogen is too small. Thus, a SOI 
layer is only partially transferred to a base Wafer, the Whole 
surface of the Wafer is not delaminated. Therefore, it Was 
found that the SOI Wafer can not be made up. Consequently, 
it is necessary to control the dosage of hydrogen to 5><l0l6 
ions/cm2 or more and less than 7.5><l0l6 ions/cm2 in the ion 
implantation delamination method. And in order to stably 
perform delamination, the implantation dosage is preferably 
5.5 x1610l6 ions/cm2 or more, more preferably more than 
6x10 ions/cm2 to produce a SOI Wafer. 

[0030] As described above, as to the implantation dosage 
of hydrogen ions, the existence of the optimum range of the 
dosage Was revealed. And, in consideration of the above 
mechanism, it can be supposed that this phenomenon is also 
applied to the case Where not only hydrogen ions but also 
rare gas ions are implanted. 

[0031] Further, When a surface of the SOI layer Was 
observed by an optical surface inspection apparatus, it Was 
found that a density of defects detected as LPD depends on 
an implantation dosage of hydrogen ions, and When the 
implantation dosage is 7.5><l0l6 ions/cm2 or more, LPDs are 
extremely increased. Although LPDs existed about 2 counts/ 
cm2 or more When the conventional implantation dosage of 
8><l0l6 ions/cm2 Was implanted, LPDs can be sharply 
decreased to l counts/cm2 or less. 

[0032] As described above, in the present invention, an 
loWer limit of the implantation dosage of hydrogen ions or 
rare gas ions is determined by a delamination phenomenon, 
and an upper limit of the implantation dosage of hydrogen 
ions or rare gas ions is determined by a Width of a SOI island 
region in the terrace portion or a density of pit-shaped 
defects detected by a LPD inspection of the SOI Wafer. 

[0033] Hereinafter, the present invention Will be further 
explained in detail With reference to the draWings. 

[0034] FIG. 4 is a How chart shoWing one example of the 
production process of a SOI Wafer in the ion implantation 
delamination method in Which a hydrogen ion implanted 
Wafer is bonded to a Wafer and delaminated. 
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[0035] Hereinafter, the case of bonding tWo silicon Wafers 
Will be mainly explained. 

[0036] The ion implantation delamination method in 
Which a SOI Wafer is produced by bonding of an ion 
implanted Wafer and a Wafer and delamination has, for 
example, tWo methods of A and B of Which are different in 
the order of processing steps. First, the method A Will be 
explained. 

[0037] In the process 1 of the method A, tWo mirror 
polished silicon Wafers are required to be prepared. That is, 
Wafers 20 and 21, Which are satis?ed With speci?cations of 
a device, are prepared. In the process 2, at least one Wafer, 
i.e., the Wafer 20 is thermally oxidized to form an oxide ?lm 
30 having a thickness of about 01-20 pm on its surface. In 
the process 3, hydrogen ions or rare gas ions are implanted 
(hydrogen ions are implanted here) into one side surface of 
the other Wafer 21 to form a microcavity layer (implanted 
layer) 40 at an average penetration depth of the ions in 
parallel With its surface. And its implantation temperature is 
preferably 25-450o C. The process 4 is the process such that 
a hydrogen ion implanted surface of the hydrogen ion 
implanted Wafer 21 is brought into contact With a surface of 
the oxide ?lm 30 formed on the Wafer 20 to be joined 
together. By contact of each surface of tWo Wafers under a 
clean atmosphere at room temperature, both Wafers are 
joined Without an adhesive agent or the like. 

[0038] Next, the process 5 is a delamination heat treatment 
process such that the joined Wafer is separated into an upper 
silicon 28 (delamination Wafer) and a loWer SOI Wafer 10 (a 
SOI layer 25+a buried oxide ?lm 26+a base Wafer 27) by an 
implanted layer 40 Which is a boundary. When heat treat 
ment is performed at a temperature of 400-6000 C. or more 
under an inert gas atmosphere, the joined Wafer is separated 
into the upper silicon and the loWer SOI Wafer by groWth of 
hydrogen induced defects generated during the delamination 
heat treatment process and strength of rapid volume expan 
sion due to vaporization of implanted hydrogen. The delami 
nated upper silicon 28 is removed. 

[0039] Additionally, as one of ion implantation delamina 
tion method, it has been developed recently that implanta 
tion ions are implanted in a state of plasma so that the 
delamination process is performed at room temperature. In 
this case, the above delamination heat treatment is unnec 
essary. 

[0040] Then, in the process 6, since the bonding strength 
betWeen the Wafers joined With each other in the process 4 
Which is the joining process is too Weak to be used, as it is, 
in a device process, it is necessary to subject the loWer SOI 
Wafer 10 to heat treatment to have a suf?cient bonding 
strength. This heat treatment is preferably performed for 
thirty minutes to tWo hours at a temperature of 1050-12000 
C. under an inert gas atmosphere. 

[0041] Additionally, it is possible to continuously perform 
delamination heat treatment in the process 5 and bonding 
heat treatment in the process 6, i.e., to continuously perform 
delamination heat treatment in the process 5 and bonding 
heat treatment in the process 6 Without removing the upper 
silicon Wafer to be delaminated in the process 5 from the 
loWer SOI Wafer, or it is also possible to perform heat 
treatment as combining the heat treatment in processes 5 
With the heat treatment in processes 6. 
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[0042] Then, in the process 7, Which is a touch polishing 
process, mirror-polishing is performed for a cleaved surface 
50 so that the stock removal of the polishing can be 70-130 
nm, preferably about 100 nm. 

[0043] After the above processes, a high quality SOI Wafer 
10 having a SOI layer 25 With high uniformity of ?lm 
thickness Which is a layer having no crystal defects can be 
produced. 

[0044] Next, as to the method for producing a SOI Wafer 
according to the method B, in the process 1, tWo mirror 
polished silicon Wafers 22 and 23, Which are satis?ed With 
the speci?cation of a device, are prepared. In the process 2, 
at least one out of tWo Wafers, i.e., the Wafer 23 is thermally 
oxidiZed to form an oxide ?lm 31 having a thickness of 
about 0.1-2.0 um on its surface. In the process 3, hydrogen 
ions or rare gas ions are implanted (hydrogen ions are 
implanted here) from a surface of the oxide ?lm 31 on the 
Wafer 23 to form a microcavity layer (implanted layer) 41 at 
an average penetration depth of ions in parallel With its 
surface. And its implantation temperature is preferably 
25-450o C. The process 4 is the process such that a surface 
of the oxide ?lm 31 serving as a hydrogen ion implanted 
surface of the hydrogen ion implanted Wafer 23 is brought 
into contact With the silicon Wafer 22, and by contact of each 
surface of tWo Wafers under a clean atmosphere at a room 
temperature, both Wafers are joined Without a adhesive agent 
or the like. Next, after the processes 5 to 7 conducted by the 
same processes as the method A, a SOI Wafer With a uniform 
?lm thickness Which have no crystal defects can be obtained. 

[0045] In the present invention, the ion implantation dos 
age at the time When hydrogen ions are implanted into one 
Wafer in the process 3 of the ion implantation delamination 
method is 5><10l6 ions/cm2 or more and less than 7.5><1016/ 
cm2. According to this, a Width of a SOI island region in a 
edge portion of the SOI Wafer, Which is easily generated in 
delamination, can be reduced to 1 mm or less, and a SOI 
Wafer of Which defect density of LPD existing in a surface 
of the SOI Wafer is extremely reduced can be produced. 
Further, When the implantation dosage falls Within the above 
range, the Wafers can be stably delaminated. 

[0046] Hereinafter, the present invention Will be explained 
speci?cally in reference to the example, but the present 
invention is not limited thereto. 

EXAMPLE 

[0047] By using a MCZ method (Magnetic ?eld applied 
CZochralski method) in Which crystal Was pulled While 
applying a magnetic ?eld, a silicon single crystal of Which 
so-called groWn-in defects Were reduced Was pulled While 
controlling pulling conditions. The ingot of the crystal Was 
processed in a normal manner, and mirror-polished silicon 
Wafers (a diameter of 200 mm, crystal orientation of <100>, 
conductive type of p-type, and resistivity of 10 Q-cm) of 
Which COPs Were reduced in the Whole crystal Were pro 
duced. 

[0048] The surface of the Wafers Was measured in terms of 
COP by a surface inspection apparatus (SP-1, product of 
KLA-Tencor Corporation), and it Was found that no COP 
having a diameter of 0.19 pm or more existed. The COP 
(Crystal Originated Particle) Was a void type defect having 
a siZe of about 0.1-0.2 um, Which is one of groWn-in defects. 
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[0049] Next, based on process conditions below, three SOI 
Wafers per each condition Were produced from the Wafers 
produced above by an ion implantation delamination 
method. 

[0050] 1) Thickness of a buried oxide ?lm: 145 nm, and 
Thickness of a $01 ?lm: 160 nm. 

[0051] 2) Conditions of hydrogen ion implantation; 
Implantation energy: 56 keV, Dosages: six standards of 
4.5><10l6,5.5><1016, 6.5><1016,7.0><10l6,7.5><10l6,and 8.5x 
10l6 ions/cm2. 

[0052] 3) Delamination heat treatment; Temperature: 500° 
C., Time: 30 minutes, and Atmosphere: an inert gas (Ar). 

[0053] 4) Bonding heat treatment; Temperature: 11000 C., 
Time: 2 hours. 

[0054] 5) Touch polishing; Stock removal: 100 nm. 

[0055] After the SOI Wafers Were produced based on each 
dosage described above, the SOI Wafers Was measured about 
each SOI island region Width and terrace Width by a optical 
microscope. The results of the measurements are shoWn in 
Table 1 and FIG. 2. 

[0056] From these results, it Was found that the Width of 
the region Where the SOI islands 42 exist Was sharply 
expanded When the hydrogen implantation dosage Was 75x 
1016 ions /cm2 or more. Further, When the Width of a $01 
island region Was expanded, the Width of the terrace 43 Was 
also expanded by the same tendency. 

[0057] Further, it Was found that When the hydrogen 
doZage Was less than 5><10l6 ions /cm2, formation of defects 
and strength of expansion due to vaporization of hydrogen 
is not suf?cient since the hydrogen implantation dosage Was 
too small, a $01 layer Was only partially transferred to a base 
Wafer so that delamination on Whole surface of the Wafer fell 
into dif?culties, and therefore a $01 Wafer could not be 
produced. 
[0058] According to the above results, in order to narroW 
the SOI terrace Width and reduce generation of SOI islands 
in the hydrogen ion implantation delamination method, the 
hydrogen implantation dosage is preferably less than 75x 
1016 ions /cm2. Further, When the implantation dosage is less 
than 7.5><10l6 ions /cm2 and 5><10l6 ions /cm2 or more, the 
terrace Width and generation of SOI islands are almost the 
same level. 

TABLE 1 

Item 

Hydrogen ion 
implantation SOI island region 

Exam. dosage Width Terrace Width 
No. [x10l6 ions/crn2] [mm] 

1 4.5 $01 layer could not be 
transferred to a base Wafer 

2 5.5 0.2 2 2 
3 6.5 0.3 2 2 
4 7.0 0.3 2 2 
5 7.5 1.0 2 6 
6 8.5 1.5 3 2 
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[0059] On the other hand, LPD densities in each surface of 
SOI Wafers produced under the conditions of each dosage 
Were measured by an optical surface inspection apparatus 
(SP-1, product of KLA-Tencor Corporation). The measured 
siZe of LPDs Was 0.19 um or more, and the region in the 
edge portion Which is exclusive Was 5 mm. The average of 
LPD densities in the Wafer surfaces in three standars of the 
dosages are shoWn in FIG. 3. It shoWs that When the 
implantation dosage is 7.5><10l6 ions /cm2 or more, LPDs are 
sharply increased, and When the implantation dosage is less 
than 7.5><10l6 ions /cm2, LPDs are suppressed at the same 
level. 

[0060] Therefore, in the method of producing a $01 Wafer 
by an ion implantation delamination method, the hydrogen 
dosage to be implanted is preferably 5><10l6 ions /cm2 or 
more and less than 7.5><10l6 ions /cm2, more preferably, 
5.5><10 ions /cm2 or more and less than 7><10l6 ions /cm2. 

[0061] The present invention is not limited to the embodi 
ment described above. The above-described embodiment is 
a mere example, and those having substantially the same 
structure as that described in the appended claims and 
providing the similar functions and advantages are included 
in the scope of the present invention. 

[0062] For example, in the above-described embodiment, 
it is explained by exemplifying the case Where a silicon 
single crystal Wafer having a diameter of 8 inches is used. 
HoWever, the present invention is not limited thereto and can 
be applied to the case Where a silicon single crystal Wafer 
having a diameter of 4-16 inches or more is used. Further, 
the present invention can also be applied to not only the case 
of bonding betWeen silicon single crystal Wafers but also the 
case of bonding betWeen a silicon single crystal Wafer and 
an insulator substrate (such as quartz, alumina, sapphire, or 
silicon carbide). 

1. A $01 Wafer produced by an ion implantation delami 
nation method Wherein a density of pit-shaped defects 
having a siZe of 0.19 um or more existing in a surface of a 
$01 layer detected by a LPD inspection is 1 counts/cm2 or 
less. 

2. A method for producing a $01 Wafer by an ion 
implantation delamination method Wherein a loWer limit of 
an implantation dosage of hydrogen ions or rare gas ions is 
determined by a delamination phenomenon, and an upper 
limit of an implantation dosage of hydrogen ions or rare gas 
ions is determined by a Width of a $01 island region in a 
terrace portion or a density of pit-shaped defects detected by 
a LPD inspection of the SOI Wafer. 

3. A method for producing a $01 Wafer by an ion 
implantation delamination method Wherein an implantation 
dosage of hydrogen ions is 5><10l6 ions/cm2 or more and less 
than 7.5><10l6/cm2. 


