
27 September 2005 SPECIFICATION SOI WAFER AND METHOD FOR PRODUCING THE
SAME. Technical Field 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 implantation delamination method (also called a
hydrogen  ion delamination method or smart-cut method), which can  suppress
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 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 SOT
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 SOT layer is
difficult to be transferred on a base 1  



27 September 2005 wafer side. When the SOl terrace portion was observed  by
a optical microscope, it was found that SOI islands  which are pieces of
isolated island-shaped SOT 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 film (may  be called a BOX oxide
film) during a cleaning by use of an aqueous solution containing HF
(hydrofluoric 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.  Figs. 1 show dross sectional views
of an edge  portion of the SOI wafer produced by an ion implantation
delamination method. Fig. l (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 SOT wafer 10 comprises a SOI  layer 25., aburied oxide film 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. On the other hand, as SOT
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 2 27 September 2005
(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 identified, 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 The present invention has
been accomplished in view  of the. above-mentioned problems, and a main
object of  the present invention is to provide a SOI wafer produced  by an
ion implantation delamination method wherein  generation 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. In
order to solve the above problems, the present  invention provides a SOI
wafer produced by an ion  implantation 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. 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 3  27 September 2005 surface of a base
wafer is exposed is narrower than I mm  can be obtained. And if the width
of a SOI island  region is narrower than-I mm like this, there will be  few
cases where SOT islands come off from the wafer by  etching to eliminate a
buried oxide film during a HF  cleaning in a device fabrication 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. Further, the SOT 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 gm or
more  existing in a surface of a SOT layer detected by a LPD  inspection is
1 counts/cm2 or less. .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. 



Next, a method for producing a SOI wafer according  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 4 27 September 2005
delamination phenomenon, and an upper limit of an  implantation dosage of
hydrogen ions or rare gas ions is  determined by a width of a SOl island
region in a  terrace portion or a density of pit-shaped defects  detected
by a LPD inspection of the SOl wafer. 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 SOT wafer is reduced can be produced.
Specifically, the implantation dosage of hydrogen  ions is 5X1016 ions/cm2
or more and less than 7.5X1016  ions/cm2. According to this method, since a
width of a region  of SOI islands which are easily generated in
delamina.tion.can be reduced to I 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 reduced can be produced. Further,  



by determining the implantation dosage in the above  range, the wafer can
be stably delaminated. 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 5 27
September 2006 reduced and a method for producing the same can be
provided! and accordingly device failure can be reduced. Brief Description
of the Drawings FIGs. 1 include schematic diagrams showing a terrace  .and
SOI islands generating in an edge portion of a SOI  wafer; (a) A SOI wafer,
and (b) an edge portion of the SOI  wafer. 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) (a)
5. 5 X. 10-16 (b) 6.5X1016, and (c) 7.5XIO16.  FIG. 3 is a diagram showing
variations of LPD  densities (counts/cm) in wafer surfaces relative to ion
implantation dosages. FIG. 4 is a flow chart showing one example of a
production process of a SOI wafer according to the  



present invention. Best Mode for Carrying out the Invention  Hereinafter,
the present invention will now be  described in detail. 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 6 27
September 2005 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. A so-called SOT 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 delamination 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
influence of polishing sags in each  edge portion of wafer surfaces to be
bonded, and a SOT  layer is difficult to be transferred to a base wafer
side. In consideration of such characteristics of a  delamination
phenomenon-, inventors of the present invention found that if an
implantation dosage of  hydrogen ions is reduced less than a conventional
dosage 7 27 September 2005 of 8X10" ions/cm2, a width of a SOI island
region can  be reduced. Namely, if the implantation dosage of hydrogen ions
is 5X101'5 ions/cm2 or more and less than 7.5,X10-16 /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 a  m or more existing in a surface of a SOI layer
detected  by a LPD inspection can be 1 counts/cm2 or less. The reason why
the width of a SOI island region is  extended when the implantation dosage
of hydrogen ions is 7.5X101' 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. Further, if a dosage
of hydrogen is less than 5X1016  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 27
September 2005 dosage of hydrogen to 5X101' ions/cm2 or more and less  than
7.5X101' ions/cm2 in the ion implantation  delamination method. And in
order to stably perform  delamination, the implantation dosage is
preferably 5.5  X 1016 ions/cm2 or more, more preferably more than 6X1016
ions/cm2 to produce a SOI wafer. 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. Further, when a surface
of the SOI layer was  observed by an optical surface inspection apparatus,
was found that a density of defects detected as LPD 



depends on an implantation dosage of hydrogen ions, and  when the
implantation dosage is 7.5X1016 ions/cm2 or  more, LPDs are extremely
increased. Although LPDs  existed about 2 counts/cm2 or more when the
conventional implantation dosage of 8X10'6 ions/cm2 was implanted,  LPDs
can be sharply decreased to.1 counts/cm2 or less. 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 9  27 September 2005 or a density of pit-shaped defects
detected by a LPD  inspection of the SOI wafer. Hereinafter, the present
invention will be further  explained in detail with reference to the
drawings.  Fig. 4 is a flow 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.
Hereinafter, the case of bonding two.silicon wafers  will be mainly
explained. 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. 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 satisfied with specifications 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 film 30 having a  thickness of about 0.1-2.0 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 10 27 September 2005 the ions in parallel with
its surface. And its  implantation temperature is preferably 25-450C. 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 film  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.
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 film 26 + a  base wafer 27) by an implanted layer 40 which is a
boundary. When heat treatment is performed at a  temperature of 400-600C or
more under an inert gas  atmosphere, the joined wafer is separated into the
upper  silicon and the lower SO1 wafer by growth of hydrogen  induced
defects generated during the delamination heat  treatment process and
strength of rapid volume expansion  due to vaporization of implanted
hydrogen. The  delaminated upper silicon 28 is removed. Additionally, as
one of ion implantation  delamination method, it has been developed
recently that  implantation 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 11  27 September 2005 treatment is
unnecessary. . 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
sufficient bonding strength. This heat treatment is  



preferably performed f-or thirty minutes to two hours at  a temperature of
105'0-12OOcC under an inert gas  atmosphere. . 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
delamihation 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 comb ining the heat treatment  in processes 5
with the heat treatment in processes 6. 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. After the above processes., a high quality SOI
wafer  10 having a SOI layer 25 with high uniformity of film  thickness
which is a layer having no crystal defects can  be pro'du ced. 12  27
September 2005 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 satisfied  with the specification 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 film 31  having a thickness of about
0.1-2.0 dim 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 film 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 25-450C.  The
process 4 is the process such that a surface of the  oxide film 31 serving
as a hydrogen ion implanted  surface of the hydrogen ion implanted wafer 23
is brought inta 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 film thickness  which have no crystal defects can
be obtained. In the present invention, the ion implantation  dosage at the
time when hydrogen ions are implanted into  one wafer in the process 3 of
the ion implantation  delamination method is 5X10'6 ions/cm2 or more and
less 13  27 September 2005 than 7.5X1016 /cm2 . According to this, a width
of a SOI  



island region in a edge portion of the SOT 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.
Hereinafter, the present invention will be explained  specifically in
reference to the example, but the  present invention is not limited
thereto. (Example)  By using a. MCZ method (Magnetic field applied
Czochralski method) in which crystal was pulled while  applying a magnetic
field, 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 2.00 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 produced. 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 gm or more existed. The COP 14  



27 September 2005 (Crystal Originated Particle) was a void type defect
having a size of about 0.1-0.2. gm, which is one of  grown-in defects.
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. 1) Thickness of a buried oxide film: 145
nm, and  Thickness of a SOI film: 160 nm. 2) Conditions of hydrogen ion
implantation;  Implantation energy: 56 keV, Dosages: six standards of.
4.5X106, 5.5X1016, 6.5 7.OX1016, 7.5X1016, and  8.5X1016 ions/cm2. 3)
Delamination heat treatment; Temperature: 500C,  Time: 30 minutes, and
Atmosphere: an inert gas (Ar). 4) Bonding heat treatment; Temperature:
11.00C,  Time: 2 hours. 5) Touch polishing; Stock removal: 100 nm. 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. 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 7.5X  



101& ions /cm2 or more. Further, when the width of a SO1 15  27 September
2005 island region was expanded, the width of the terrace 43  wa.s also
expanded by the same tendency. Further, it was found that when the hydrogen
dozage  was less than 5X1016 ions /cm2, formation of defects and  strength
of expansion due to vaporization of hydrogen is  not sufficient since the
hydrogen implantation dosage  was too small, a SOI layer was only partially
transferred to a base wafer so that delamination on  whole surface of the
wafer fell into difficulties, and .therefore a SOI wafer could not be
produced. According to the above results, in order to narrow the SOI
terrace width and reduce generation of SOl  islands in the hydrogen ion
implantation delamination  method, the hydrogen implantation dosage is
preferably  less than 7.5X10'6 ions /cm2 . Further., when the  implantation
dosage is less than 7.5X101' ions /cm2 and  5X101'5 ions /cm2 or more,. the
terrace . width and generation of SOI islands are almost the same level. 16
27 September 2005 (Table 1) Hydrogen ionSOI island regionTerracewidth
\implantationwidth[mm] 



im.dosage[mm] [x10'6ions/cm2] 4 . 5SOI layer could not be transferred to a
base wafer 25. 50. 22.2 36. 50. 32.2 47. 00. 32.2 57. 51. 02.6 68. 51. 53.2
On the other hand, LPD densities in each surface of  SOT 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 4m 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 7.5X10'6 ions /cm2 or more,
LPDs are sharply increased, and when the implantation  dosage is less than
7.5X10'6 ions /cm2, LPDs are suppressed at the same level. Therefore, in
the method of producing a SOT wafer by  an ion implantation delamination
method, the hydrogen  dosage to be implanted is preferably 5X10'6 ions /cm2
or  more and less than 7.5X101 6 ions /cm2, more preferably, 17 27
September 2005 5.5X1016 ions /cm2 or more and less than 7 X 1016 ions /cm2.



The present invention is not limited to the embodiment 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. 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. 18   27 September 2006 C L A I M S 1. A SOI wafer pr oduced
by an ion implantation  delamination method with bonding two silicon wafers
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. 2. A SOI wafer produced by an ion
implantation  delamination method with bonding two silicon wafers.  wherein
a density of pit-shaped defects having a size of  



0.19 Am or more existing in a surface of a SOI layer  detected by a LPD
inspection is 1 counts/cm' or less. 3. A method for producing a SOI wafer
by an ion  implantation delamination method with bonding two  silicon
wafers wherein a lower limit of an implantation dosage of hydrogen ions or
rare gas ions is determined  by a delamination phenomenon that the wafer
can be  stably delaminated, and an upper limit of an  implantation dosage
of hydrogen ions or rare gas ions is  determined so that a width of a
SOI-island region in a  terrace portion is narrower than lmm or so that a
density of pit-shaped defects detected by a LPD  inspection of the SOI
wafer is Icount3/CM2 or less. 4. A method for producing a SOI wafer by an
ion 19 27 September 2005 'implantation delamination method with bonding two
silicon wafers wherein an implantation dosage of  hydrogen ions is 5X10"
ions/cm2 or more and less than 7.5X1016 /cm2. l9a  a  




