
WHAT IS CLAIMED IS: 

1. 	A method for manufacturing a semiconductor substrate, comprisin 	the 

steps of: 

5 	irradiating each of first to n-th (Ta2) single crystal semiconductor substrates 

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

semiconductor substrates; 

bonding the first to n-th single crystal semiconductor subst ,:tes to first to n-th 

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

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

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

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

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

along the embrittlement layers by heat treatment, re: actively; 

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

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

each other; 

detecting a plurality of p .. 	values of detection signals of reflected 

microwaves of the first single cry k= I semiconductor layer irradiated with the laser 

20 	beams, by a microwave photoco• • uctivity decay method, wherein one of the energy 

densities of the laser beams wl ,.  se peak value is a maximum in the plurality of the peak 

	

values is expressed by El 	and 

	

irradiating the s 	and to n-th single crystal semiconductor layers with laser 

beams whose energy dt sity E satisfies the following Formula 1: 

25 0.90E1. 	3.9cr 	E 	Elm., —3.9a , 

wherei 	G satisfies the following Formula 2: 

=. 4.7,2 + 0.
,
2 , 

erein at  represents a standard deviation of energy density whose intensity of 

a refl= ted microwave is a maximum in each of n pieces of the single crystal 

30 	se conductor layers, and 

wherein ae  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, comprisin 	the 

steps of: 

5 irradiating each of first to n-th (n.2) single crystal semiconductor • ubstrates 

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

semiconductor substrates; 

bonding the first to n-th single crystal semiconductor subs& tes to first to n-th 

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

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

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

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

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

along the embrittlement layers by heat treatment, re o ectively; 

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

having a median of thicknesses of n pieces o ' the single crystal semiconductor layers 

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

each other; 

detecting a plurality of p 1 	values of detection 	signals 	of reflected 

20 microwaves of the first single c 	stal semiconductor layer irradiated with the laser 

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

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

values is expressed by El 	; and 

irradiating the .econd to n-th single crystal semiconductor layers with laser 

25 beams whose energy a ensity E satisfies the following Formula 3: 

0.90E1m  + 3.9a 5. E 5 E1. — 3.9a, 

whe - 	a satisfies the following Formula 4: 

.1(2.870-4 )2  +6Q 2  , 

herein ad represents a standard deviation of thicknesses of n pieces of the 

30 sing!: crystal semiconductor layers, and 

wherein a, 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! the 

steps of: 

5 	irradiating each of first to n-th (n?2) single crystal semiconductor .ubstrates 

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

semiconductor substrates; 

bonding the first to n-th single crystal semiconductor subst 	es to first to n-th 

base substrates, with insulating layers interposed between the fir 	• n-th single crystal 

10 	semiconductor substrates and the first to n-th base substrates, re - • ectively; 

fixing first to n-th single crystal semiconductor lay , s to the first to n-th base 

substrates by separation of the first to n-th single err,: I semiconductor substrates, 

along the embrittlement layers by heat treatment, respe . ively; 

irradiating a plurality of regions in the firs single crystal semiconductor layer 

15 	with laser beams having different energy densitie from each other, wherein a thickness 

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

median of thicknesses of n pieces of the sin e crystal semiconductor layers; 

detecting 	a plurality of p . 	values 	of detection signals of reflected 

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

20 	beams, by a microwave photocon • ctivity decay method, wherein one of the energy 

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

values is expressed by El.; . nd 

irradiating the se. • nd to n-th single crystal semiconductor layers with laser 

beams whose energy de,. ity E satisfies the following Formula 3: 

25 0.90Elm 	. .9c 5 E 5 Elm,. —3.9a, 

wherein , satisfies the following Formula 4: 

a = 	r  2.87 a d ) 	a e z  , 

w erein ad represents a standard deviation of thicknesses of n pieces of the 

single c 	stal semiconductor layers, and 

30 wherein ae  represents a standard deviation of the energy density of the laser 

• - 	. for irradiation. 
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4. The method for manufacturing a semiconductor substrate accordi _ to 

claim I, wherein the laser beams are emittied with energy density with w 	ch the 

5 	second to n-th, single crystal semiconductor layers are in a partially melted sta - . 

5. The method for manufacturing a semiconductor subst 	e according to 

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

second to n-th single crystal semiconductor layers are in a partiall 	melted state. 

10 

6. The method for manufacturing a semicondu • or substrate according to 

claim 3, wherein the laser beams are emittied with e 	rgy density with which the 

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

15 7. The method for manufacturing a .emiconductor substrate according to 

claim 1, wherein the laser beams are pulsed la • ,r beams. 

8. The method for manufac .. ring a semiconductor substrate according to 

claim 2, wherein the laser beams are , Ised laser beams. 

20 

9. The method for ►  anufacturing a semiconductor substrate according to 

claim 3, wherein the laser be ms are pulsed laser beams. 

10. A sem onductor device formed using the semiconductor substrate 

25 	formed by the man ii cturing method according to claim 1. 

11. A semiconductor device formed using the semiconductor substrate 

formed by 	e manufacturing method according to claim 2. 

30 12. A semiconductor device formed using the semiconductor substrate 

fo • 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 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 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 n-th 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 

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 n-th single crystal semiconductor layers with laser beams 

whose energy density Esatisfies the following Formula 1: 

0.90E1 max  +3.9u < E S El. —3.96, 

wherein , satisfies the following Formula 2: 

a = 11(2 .87 cr d ) 2  + ( s e 2  , 

wherein ad represents a standard deviation of thicknesses of n pieces of the single 

crystal semiconductor layers, and 

wherein ue 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 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 n-th 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 Elm.x; 

and 

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

whose energy density Esatisfies the following Formula 1: 

0.90E1 max  +3.9a 5_ E 5. El. —3.9c , 

wherein a satisfies the following Formula 2: 

a = )/(2.87 ad  )2 + 6
e

2  , 

wherein 0-d represents a standard deviation of thicknesses of n pieces of the single 

crystal semiconductor layers, and 

wherein ae 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 n-th 

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 

single crystal semiconductor layers are in a partially melted state. 

5. The method for manufacturing semiconductor substrates according to 

wherein the laser beams are pulsed laser beams. 

6. The method for manufacturing semiconductor substrates according to 

wherein the laser beams are pulsed laser beams. 

to mth 

claim 1, 

claim 2, 
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