
WHAT IS CLAIMED IS: 

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

irradiating each of first to n-th (.122) single crystal semiconductor substr. es with 

ions to form embrittlement layers in each of the first to n-th single crystal se . iconductor 

substrates; 

bonding the first to n-th single crystal semiconductor substrates t+ 	rst to n-th base 

substrates, 	with insulating layers provided on at least one 	of 	he single 	crystal 

semiconductor substrates and the base substrates and interposed b: ween the first to n-th 

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

creating first to n-th single crystal semiconductor lay• rs to the first to n-th base 

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

substrates, along the embrittlement layers by heat treat p• ent; 

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

having a median of thicknesses of n pieces of the s 	gle crystal semiconductor layers with 

laser beams, wherein each of the plurality of regi ,  is is irradiated with a laser beam having 

different energy density than other laser bea , 	used for irradiation of other regions of the 

plurality of regions; 

detecting a plurality of peak val -s of detection signals of reflected microwaves of 

the first single crystal sernicondueror layer irradiated with the laser beams, by a 

microwave photoconductivity deca 	method, wherein an energy density of a laser beam 

that corresponds to a maximu 	oeak value of the detected signals is expressed by Elmax; 

and 

irradiating the sec• d to n-th single crystal semiconductor layers with laser beams 

whose energy density E atisfies the following Formula 1! 

0.90E max  + 3.96 S E 	El i. —3.90-  , 

wherein a atisfies the following Formula 2: 

a = 	2.87o- d  ) 2  + 6e 2  , 

wha •ein ad represents a standard deviation of thicknesses of n pieces of the single 

crystal 	miconductor layers, and 

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

fo 	radiation. 

53 



with which semiconductor substrates are irradiated. 

2. 	A method for manufacturing a semiconductor substrate, comprisi il the 

steps of: 

5 irradiating each of first to n-th (11.2) single crystal semiconduct. 	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 sub -I ates to first to n-th 

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

10 semiconductor substrates and the base substrates interpo ,. ietween the first to n-th 

single crystal semiconductor substrates and the first to n- 	•ase substrates, respectively; 

fixing first to n-th single crystal semiconduct 4 	layers to the first to n-th base 

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

along the embrittlement layers by heat treatment, 	spectively; 

15 irradiating a plurality of regions in 	first single crystal semiconductor layer 

having a median of thicknesses of n piece • of the single crystal semiconductor layers 

with laser beams, wherein each of the I:  er beams has different energy densities from 

each other; 

detecting a plurality o 	peak values of detection 	signals of reflected 

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

beams, by a microwave ph. °conductivity decay method, wherein one of the energy 

densities of the laser bea I  . whose peak value is a maximum in the plurality of the peak 

values is expressed by 	max;  and 

irradiating , e second to n-th single crystal semiconductor layers with laser 

25 beams whose en 	y density E satisfies the following Formula 3: 

0.90: 	+3.9a ._ E .. _ El. —3.9a, 

w erein a satisfies the following Formula 4: 

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

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

30 ngle crystal semiconductor layers, and 

wherein ae  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, comprisi , g the 

steps of: 

5 	irradiating each of first to n-th (11.2) single crystal semiconduct. 	substrates 

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

semiconductor substrates; 

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

base substrates, with insulating layers interposed between the f 	to n-th single crystal 

10 	semiconductor substrates and the first to n-th base substrates, 	spectively; 

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

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

along the embrittlement layers by heat treatment, res ectively; 

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

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

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

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

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

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

20 	beams, by a microwave phot • .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 second to n-th single crystal semiconductor layers with laser 

beams whose energ density E satisfies the following Formula 3: 

25 0.90E1 	+3.9a 5 E 5 El„, 	— 3.9a , 

whe - n a satisfies the following Formula 4: 

= V(2.87 ad  )2  +6e 2  , 

wherein 6d represents a standard deviation of thicknesses of n pieces of the 

sin e crystal semiconductor layers, and 

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

beams for irradiation. 
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4. The method for manufacturing a semiconductor substrate accord" g to 

claim 1, wherein the laser beams are emittied with energy density with 	ich the 

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

5. The method for manufacturing a semiconductor substrate according to 

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

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

10 

6. The method for manufacturing a semicon• actor substrate according to 

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

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

15 7. The method for manufacturing . semiconductor substrate according to 

claim 1, wherein the laser beams are pulsed : ser beams. 

8. The method for manuf. turing a semiconductor substrate according to 

claim 2, wherein the laser beams ; • pulsed laser beams. 

20 

9. The method f• 	manufacturing a semiconductor substrate according to 

claim 3, wherein the laser • earns are pulsed laser beams. 

10. A s.. 	iconductor device formed using the semiconductor substrate 

25 formed by the m 	ufacturing method according to claim 1. 

1 	A semiconductor device formed using the semiconductor substrate 

formed y the manufacturing method according to claim 2. 

30 12. 	A semiconductor device formed using the semiconductor substrate 

ormed 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 (./22) 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  + 3.96 	E 5 El.-3.9a , 

wherein a-  satisfies the following Formula 2: 

o-  = V(2.87 cr a  ) 2  +o-e
2  , 

wherein ad 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. 
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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 Elma,c; 

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  + 3.96 	E 	El.. — 3.96 , 

wherein cr satisfies the following Formula 2: 

o- =.(2.876,)2  + cr 2  , 

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

crystal semiconductor layers, and 

wherein cre 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 to n-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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