
WO 2011/066310 
	

PCT/US2010/057857 

What is claimed is: 

1. A method of reorganizing the structure of a solid material, comprising: 

exposing the solid material to pulses of energy to progressively m 	the solid 

material, forming a molten material; and 

recrystallizing the molten material. 

2. The method of claim 1, wherein recrystallizing the mo -n material comprises 

progressively crystallizing the molten material from a loca '•n of the molten material 

near an interface with a subjacent layer to the surface • the molten material. 

3. The method of claim 1, wherein each en- • y pulse melts a portion of the 

solid material, and a duration between delivery .f a first energy pulse and delivery 

of a second energy pulse immediately follow g the first energy pulse is selected to 

allow a portion of the solid material melte. •y the first energy pulse to refreeze. 

4. The method of claim 3, who ern progressively recrystallizing the molten 

material comprises delivering pulses of energy to the molten material, the pulses of 

energy designed to form a crys :Hine solid from the molten material by progressing 

a crystallization front throu2 	the molten material in a direction opposite the 

direction the melt front pr. •ressed through the solid material. 

5. A method of fo 	ing a solar cell, comprising: 

forming 	I. ge crystal domains in 	an 	active layer of the solar cell 	by 

progressively 	elting and recrystallizing the active layer using pulses of spatially 

uniform las• r light. 

6. he method of claim 5, wherein each pulse of uniformly distributed laser light 

ex • ds a melt front within the active layer. 

The method of claim 5, wherein the active layer comprises a p-type doped 

semiconductor layer, 	an intrinsic semiconductor layer, 	and 	an 	n-type doped 

semiconductor layer. 
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8. A method of forming a memory device, comprising: 

forming a first conductive layer on a substrate; 

forming a polycrystalline or monocrystalline semiconductor lay• 	on the 

substrate by a process comprising: 

depositing a semiconductor layer on the substrate; 

progressively melting the semiconductor la -r by 	exposing the 

semiconductor layer to pulses of energy, formino a molten semicondutor 

layer; and 

recrystallizing the molten semicondu 	.r layer; and 

forming a second conductive layer on t - substrate. 

9. The method of claim 8, wherein t 	pulses of energy progress a melt front 

through the semiconductor material. 

10. The method of claim 8, wh rein each incident pulse of the plurality of laser 

pulses is separated from the n 	t pulse by a duration selected to refreeze a portion 

of the semiconductor materi- melted by the incident pulse. 

11. The method of c ,im 10, wherein each pulse of the plurality of laser pulses 

overlaps at least part -Ily with neighboring pulses. 

12. A method of forming a photonic device, comprising: 

formirg an compound semiconductor layer over a ceramic substrate; and 

stallizing the compound semiconductor layer by a process comprising: 

directing pulses of energy toward the compound semiconductor layer, 

progressively melting the compound semiconductor layer to form a molten 

layer; and 
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crystallizing 	the 	molten 	layer to 	form 	a 	crystalline 	compoun• 

semiconductor layer. 

13. The method of claim 12, wherein directing pulses of energy to 	.rd the 

compound semiconductor layer comprises directing a plurality of I..er pulses 

toward the compound semiconductor layer, each pulse having energy selected to 

melt a portion of the compound semiconductor layer, and progre 	ing a melt front 

through the compound semiconductor layer. 

14. The method of claim 13, wherein the compou 9 	semiconductor layer 

comprises at least an n-type doped layer, a p-type doped layer, and a multiple 

quantum-well layer. 

15. The method of claim 12, wherein each in dent pulse of energy is separated 

from the next pulse of energy by a duration .elected to refreeze a portion of the 

molten layer smaller than the portion of th= compound semiconductor layer melted 

by the incident pulse. 
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What is claimed is: 
1. A meilaxl of treating a substrate, eon:qising.: 
identifying a first treaunent zone; 
forming a molten area o lute first treatment zone by expos-

ing a surface of the first treatment zone to a first laser 
pulse and a second laser pulse, wherein the first laser 
pulse and the second laser pulse have the same duration 
and intensity; 

recrystallizing the molten area of the first treatment zone 
while exposing the first treatment AMC to a plurality of 
laser pulses, wherein each pulse of the plurality of laser 
pulses melts a portion of a recrystallized area; 

identifying a second treatment zone adjacent to the first 
treatment zone; and 

repeating the forming a molten area and the recrystallizing 
the molten area with the second treatment zone. 

2. The method of claim 1, wherein a duration between the 
first laser pulse and the second laser pulse is less than a time 
necessary for a portion of the molten area to refreeze. 

3. The method of claim 1. wherein each pulse of the plu-
rality ollaser pulses has the same duration and in tensityas the 
first laser pul8e. 

4. A method of treating a substrate, comprising: 
identiljiing a first treatment zone; 

Conning a molten area of the first treatment zone by expos-
ing a surface of the first treatment zone to a first laser 
pulse; 

recrystallizing the molten area of the first treatment zone 
while exposing the first treatment zone to a plurality of 
laser pulses, wherein each pulse of the plurality of laser 
pulses melts a portion of a recrystallized area, wherein 
each pulse of the plurality of laser pulses has a duration 
or an intensity that is different from the first laser pulse; 

identillying a second treatment zone adjacent to the first 
treatment zone; and 

repealing the forming a molten area and the recrystallizing 
the molten area with the second treatment zone. 
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5. The method of claim 4, wherein the second treatment  
zone and the first treatment zone share a boundary. 

6. The method of claim 4, wherein the forming a molten 
area of each treatment zone thriller comprises exposing the 
surface °leach treatment zone to a second laser pulse. 

7. A method of treating a substrate, comprising: 
identifying a treatment zone of the substrate; 
delivering a first plurality of laser pulses to the treatment 

zone, wherein each pulse of the lint plurality of laser 
pulses melts a portion ofthe treatment zone, and a dura-
tion between each pulse of the first plurality of laser 
pulses is less than a time to freeze the portion of the 
treatment zone that melted: and 

delivering a second plurality ollaserpulses to the treatment 
zone of the substrate, wherein each pulse of the second 
plurality of laser pulses melts a portion of the treatment 
zone, and a duration between each pulse or the second 
plurality oflaserpulses is more than a time to freeze the 
portion of the treatment 7one that melted. 

8. The method of claim 7, wherein each pulse of the first 
plurality of laser pulses overlaps with adjacent pulses. 

9. "fhemethod Declaim 7. wherein a duration between each 
pulse of the first plurality of laser pulses and adjacent pulses 
of the first plurality of laser pulses is the same, and wherein a 
duration between each pulse of the second plurality of laser 
pulses and adjacent pulses of the second plurality of laser 
pulses is the same. 

10. The method of claim 7, wherein an intensity of each 
pulse ofilie first plurality of laser pulses and of each pulse of 
the second plurality of laser pulses is the same. 
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