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WHAT IS CLAIMED IS:

1. A method for manufacturing a semiconductor substrate, comprising

steps of:
irradiating each of first to n-th (n>2) single crystal semiconductor/substrates

with ions to form embrittlement layers in each of the first to n-th single crystal

semiconductor substrates;
bonding the first to »n-th single crystal semiconductor substpates to first to n-th

base substrates, with insulating layers provided on at least ong/of the single crystal

semiconductor substrates and the base substrates interposed Jetween the first to »-th

single crystal semiconductor substrates and the first to n-th bdse substrates, respectively;

fixing first to n-th single crystal semiconductorayers to the first to z-th base

substrates by separation of the first to n-th single gfystal semiconductor substrates,

along the embrittlement layers by heat treatment, regpe
irradiating a plurality of regions in the first single crystal semiconductor layer

with laser beams, wherein each of the laser peams has different energy densities from

each other;

detecting a plurality of pegk values of detection signals of reflected

microwaves of the first single crystal semiconductor layer irradiated with the laser
beams, by a microwave photocoptuctivity decay method, wherein one of the energy

densities of the laser beams whgse peak value is a maximum in the plurality of the peak

values is expressed by Elnays’and
irradiating the sgtond to n-th single crystal semiconductor layers with laser

beams whose energy dghsity E satisfies the following Formula 1:

conductor layers, and
wherein o, represents a standard deviation of energy density of each laser beam
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with which semiconductor substrates are irradiated.

2. A method for manufacturing a semiconductor substrate, comprising/ the

steps of:

5 irradiating each of first to n-th (#>2) single crystal semiconductor Aubstrates
with ions to form embrittlement layers in each of the first to n-th single crystal
semiconductor substrates;
bonding the first to n-th single crystal semiconductor substrdtes to first to #-th

base substrates, with insulating layers provided on at least one/of the single crystal

10  semiconductor substrates and the base substrates interposed bétween the first to n-th

single crystal semiconductor substrates and the first to n-th base substrates, respectively;

fixing first to n-th single crystal semiconductor Jayers to the first to n-th base

substrates by separation of the first to n-th single crystal semiconductor substrates,
along the embrittlement layers by heat treatment, respectively;

15 irradiating a plurality of regions in the fifst single crystal semiconductor layer

having a median of thicknesses of » pieces of the single crystal semiconductor layers

with laser beams, wherein each of the lasey’beams has different energy densities from
each other;

detecting a plurality of
20 microwaves of the first single crystal semiconductor layer irradiated with the laser

ak values of detection signals of reflected

beams, by a microwave photocgnductivity decay method, wherein one of the energy

densities of the laser beams whose peak value is a maximum in the plurality of the peak
values is expressed by El,,4; and

irradiating the decond to n-th single crystal semiconductor layers with laser
25 beams whose energy density E satisfies the following Formula 3:

0.90E1,/+39c < E<El_, -390,

whergifi o satisfies the following Formula 4:

o £\@2870,) +0,2,
herein o4 represents a standard deviation of thicknesses of » pieces of the

singlg’crystal semiconductor layers, and
wherein o, represents a standard deviation of the energy density of the laser
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beams for irradiation.

3. A method for manufacturing a semiconductor substrate, comprisin
steps of:
irradiating each of first to n-th (#>2) single crystal semiconductor Substrates
with ions to form the embrittlement layers in each of the first to »n-th single crystal

semiconductor substrates;
bonding the first to n-th single crystal semiconductor subst
o n-th single crystal

es to first to n-th

base substrates, with insulating layers interposed between the fir
semiconductor substrates and the first to n-th base substrates, regpectively;
fixing first to n-th single crystal semiconductor laygfs to the first to n-th base

substrates by separation of the first to n-th single crystal semiconductor substrates,

along the embrittlement layers by heat treatment, respegfively;
irradiating a plurality of regions in the firsy/single crystal semiconductor layer
with laser beams having different energy densitieg from each other, wherein a thickness

of the first single crystal semiconductor layer is the same as, or is the closest to a

median of thicknesses of n pieces of the single crystal semiconductor layers;

detecting a plurality of peak/ values of detection signals of reflected

microwaves of the first single crystgl semiconductor layer irradiated with the laser

beams, by a microwave photocongfictivity decay method, wherein one of the energy

densities of the laser beams whoge peak value is a maximum in the plurality of the peak

beams whose energy depSity E satisfies the following Formula 3:

wherein o4 represents a standard deviation of thicknesses of » pieces of the

single cpystal semiconductor layers, and

wherein o, represents a standard deviation of the energy density of the laser

bedms for irradiation.
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4. The method for manufacturing a semiconductor substrate accordi
claim 1, wherein the laser beams are emittied with energy density with which the

second to n-th single crystal semiconductor layers are in a partially melted stafé.

5. The method for manufacturing a semiconductor substrgte according to

claim 2, wherein the laser beams are emittied with energy density with which the

second to r-th single crystal semiconductor layers are in a partially/melted state.

6. The method for manufacturing a semicondugfor substrate according to
claim 3, wherein the laser beams are emittied with epfrgy density with which the

second to n-th single crystal semiconductor layers are iff a partially melted state.

7. The method for manufacturing a gemiconductor substrate according to

claim 1, wherein the laser beams are pulsed lagér beams.

8. The method for manufactdring a semiconductor substrate according to

claim 2, wherein the laser beams are

9. The method for pmianufacturing a semiconductor substrate according to

claim 3, wherein the laser begms are pulsed laser beams.

10. A semifonductor device formed using the semiconductor substrate

formed by the manufacturing method according to claim 1.

11. /A semiconductor device formed using the semiconductor substrate

formed by the manufacturing method according to claim 2.

A semiconductor device formed using the semiconductor substrate

ed by the manufacturing method according to claim 3.
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WHAT IS CLAIMED IS:

1. A method for manufacturing semiconductor substrates, comprising the steps of:

irradiating each of first to mrth (1>2) single crystal semiconductor substrates with
ions to form embrittlement layers in each of the first to m-th single crystal semiconductor
substrates;

bonding the first to m-th single crystal semiconductor substrates to first to n-th base
substrates, with insulating layers provided on at least one of the single crystal
semiconductor substrates and the base substrates and interposed between the first to n-th
single crystal semiconductor substrates and the first to n-th base substrates, respectively;

creating first to n-th single crystal semiconductor layers to the first to mth base
substrates, respectively by separation of the first to mth single crystal semiconductor
substrates, along the embrittlement layers by heat treatment;

irradiating a plurality of regions in the first single crystal semiconductor layer
having a median of thicknesses of n pieces of the single crystal semiconductor layers with
laser beams, wherein each of the plurality of regions is irradiated with a laser beam having
different energy density than other laser beams used for irradiation of other regions of the
plurality of regions;

detecting a plurality of peak values of detection signals of reflected microwaves of
the first single crystal semiconductor layer irradiated with the laser beams, by a
microwave photoconductivity decay method, wherein an energy density of a laser beam
that corresponds to a maximum peak value of the detected signals is expressed by Elmax;
and

irradiating the second to m-th single crystal semiconductor layers with laser beams

whose energy density F satisfies the following Formula 1:

0.90E1_, +3.90 <E<El__ -390,

max

wherein ¢ satisfies the following Formula 2:

o= J(2.870'd)2 +0,”,
wherein o4 represents a standard deviation of thicknesses of 1 pieces of the single

crystal semiconductor layers, and

wherein . represents a standard deviation of the energy density of the laser beams

for irradiation.
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2. A method for manufacturing semiconductor substrates, comprising the steps of:

irradiating each of first to n-th (n>2) single crystal semiconductor substrates with
ions to form embrittlement layers in each of the first to n-th single crystal semiconductor
substrates;

bonding the first to n-th single crystal semiconductor substrates to first to n-th base
substrates, with insulating layers interposed between the first to mth single crystal
semiconductor substrates and the first to n-th base substrates, respectively;

creating first to mth single crystal semiconductor layers to the first to nth base
substrates, respectively by separation of the first to n-th single crystal semiconductor
substrates, along the embrittlement layers by heat treatment;

irradiating a plurality of regions in the first single crystal semiconductor layer with
laser beams, wherein each of the plurality of regions is irradiated with a laser beam having
different energy density than other, wherein a thickness of the first single crystal
semiconductor layer is the same as, or is the closest to a median of thicknesses of n pieces
of the single crystal semiconductor layers;

detecting a plurality of peak values of detection signals of reflected microwaves of
the first single crystal semiconductor layer irradiated with the laser beams, by a
microwave photoconductivity decay method, wherein an energy density of a laser beam
that corresponds to a maximum peak value of the detected signals is expressed by Elmax
and

irradiating the second to n-th single crystal semiconductor layers with laser beams

whose energy density E'satisfies the following Formula 1:

0.90E1,,, +390 <E<El,, ~390,

max max

wherein ¢ satisfies the following Formula 2:

o=2870,) +0,°,
wherein o4 represents a standard deviation of thicknesses of n pieces of the single

crystal semiconductor layers, and

wherein o, represents a standard deviation of the energy density of the laser beams

for irradiation.

3. The method for manufacturing semiconductor substrates according to claim 1,
wherein the laser beams are emitted with energy density with which the second to mrth

single crystal semiconductor layers are in a partially melted state.
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4. The method for manufacturing semiconductor substrates according to claim 2,
wherein the laser beams are emitted with energy density with which the second to m-th

single crystal semiconductor layers are in a partially melted state.

5. The method for manufacturing semiconductor substrates according to claim 1,

wherein the laser beams are pulsed laser beams.

6. The method for manufacturing semiconductor substrates according to claim 2,

wherein the laser beams are pulsed laser beams.
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