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ABSTRACT

The present invention proposes variations of the laser sepa
ration method allowing separating homoepitaxial films from
the Substrates made from the same crystalline material as the
epitaxial film This new method of laser separation is based on
using the selective doping of the Substrate and epitaxial film
with fine donor and acceptor impurities. In selective doping,
concentration of free carries in the epitaxial film and substrate
may essentially differ and this can lead to strong difference
between the light absorption factors in the infrared region
near the residual beams region where free carriers and
phonon-plasmon interaction of the optical phonons with free
carriers make an essential contribution to infrared absorption
of the optical phonons. With the appropriate selection of the
doping levels and frequency of infrared laser radiation it is
possible to achieve that laser radiation is absorbed in general
in the region of strong doping near the interface Substrate
homoepitaxial film When scanning the interface substrate
homoepitaxial film with the focused laser beam of sufficient
power, thermal decomposition of the semiconductor crystal
takes place with Subsequent separation of the homoepitaxial
film The advantage of the proposed variations of the method
for laser separation of epitaxial films in comparison with the
known ones is in that it allows to separate homoepitaxial films
from the Substrates, i.e., homoepitaxial films having the same
width of the forbidden gap as the initial semi-conductor sub
strate has. The proposed variations of the method can be used
for separation of the epitaxial films. Besides, the proposed
method allows using the high-effective and inexpensive infra
red gas silicon dioxide CO2 or silicon oxide CO lasers for
separation of the epitaxial films.
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METHOD OF LASER SEPARATION OF THE
EPITAXIAL FILM OR OF THE EPITAXIAL
FILMI LAYER FROM THE GROWTH
SUBSTRATE OF THE EPITAXIAL
SEMCONDUCTOR STRUCTURE

(VARIATIONS)
TECHNICAL FIELD

0001 Group of the inventions relates to the laser treatment
of the Solid materials, in particular, to the method of separa
tion of the semiconductors’ surface layers with laser radia
tion, namely the laser separation of the epitaxial film or of the
epitaxial film layer from the growth substrate of the epitaxial
semiconductor structure.
BACKGROUND ART

0002 Laser separation of the epitaxial layers of the semi
conductor crystals from the growth substrates with their
transfer on to the ungrowth Substrates is widely used now in
manufacturing of the light diodes (U.S. Pat. No. 7.241,667,
U.S. Pat. No. 7,202,141) and laser diodes (U.S. Pat. No.
6,365,429) according to the flip-chip technology.
0003. In the first time, laser separation of the gallium
nitride layers from the transparent growth Sapphire Substrates
was proposed in the work Kelly etal Physica Status Solidi (a)
vol. 159, pp. R3.R4, (1997). In this work the ultraviolet exci
mer laser with wave length a 355 nm satisfying the ratio

27thc/E sus2 thc/E was used, for which the quantum
energy is within the forbidden gap of the substrate E made
of sapphire, but exceeds the width of the forbidden gap of the
epitaxial film E. consisting of gallium nitride.
0004 Later, the method of laser separation based on the
difference between the widths of the forbidden gaps of the
growth Substrate and epitaxial film was improved. In particu
lar, to improve quality of the separated epitaxial film and to
Suppress its cracking, it was proposed to use additional sac
rifial layer with the width of the forbidden gap less than the
widths of the forbidden gaps of the growth substrate and
epitaxial film, as well to use scanning of the heteroepitaxial
interface between the growth substrate and epitaxial film
(U.S. Pat. No. 6,071,795, U.S. Pat. No. 6,365,429).
0005. The general scheme of the laser separation methods
based on the difference between the widths of the forbidden

gaps of the growth Substrate and epitaxial film is shown in
FIG 1.

0006 When exposing to ultraviolet from the side of the
Substrate from heteroepitaxial semiconductor gallium nitride
film 102 grown on the substrate 101 of sapphire having the
width of the forbidden gap more than the light quantum
energy, ultraviolet laser radiation passes through Sapphire and
is absorbed in the thin layer of gallium nitride nearby the
heteroepitaxial interface 105 gallium nitride-sapphire. On
exposure to ultraviolet laser radiation, gallium nitride in the
area 104 defined by crossing of the ultraviolet laser radiation
103 with heteroepitaxial interface 105 is heated up to the
temperature T, exceeding the decomposition temperature
To-900°C., and decomposes into gaseous nitrogen and liquid
gallium, and as a result epitaxial film of gallium nitride sepa
rates from Sapphire.
0007 All before proposed methods of laser separation of
epitaxial films from the growth substrates are based on the
difference between the widths of the forbidden gaps of the

epitaxial film E. and substrate E. These methods can be
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Successfully used for separating the epitaxial films obtained
using heteroepitaxy method, i.e., technology of growing the
epitaxial film onto the growth substrate made of the material
which differs from the epitaxial film material.
0008. However, to obtain high quality epitaxial films with
out integrated mechanical stresses, it is often happened to be
necessary to use a homoepitaxy method, which provides
growing of the epitaxial film on the growth Substrate from the
same material as the epitaxial film. In this case growth Sub
strate and epitaxial film have an equal width of the forbidden
gap, and the usual laser separation method disclosed above
becomes unapplied.
0009. The object of the present invention is an expansion
of the method application field, namely providing the possi
bility of separating the epitaxial films from the substrates
made of the same crystal material as the epitaxial film.
DISCLOSURE OF INVENTION

0010. To solve this object, two variations of the method for
laser separation of the epitaxial film or epitaxial film layer
from the growth substrate of the epitaxial semiconductor
structure were proposed.
0011. In the first variation of the method in growing the
epitaxial film or epitaxial film layer, selective doping with
Small donor or acceptor impurities of some areas of the epi
taxial structure is used, so that the resulting concentration of
the Small impurities in the selectively doped areas Substan
tially exceeds the background concentration in the undoped
areas. Then, the focused laser beam is directed onto the epi
taxial structure consisting of the Substrate and epitaxial film
so that the beam focus is placed in the selectively doped areas
of the crystal structure in which absorption of the laser radia
tion takes place. Laser beam is moved with Scanning the
selectively doped areas of the epitaxial structures with beam
focus with partial thermal decomposition of selectively doped
areas and decreasing their mechanical strength. After laser
scanning the epitaxial structure is glued on the temporary
substrate and the epitaxial film or the epitaxial film layer is
separated from the growth substrate or the growth substrate
with a part of the epitaxial film by applying mechanical or
thermomechanical stress.

0012. The second variation of the method is characterized
by the same features, and differs from the first method in that
the epitaxial structure is glued on the temporary Substrate
before laser Scanning, then laser scanning of the epitaxial
structure glued on the temporary Substrate is performed, and
after laser Scanning the epitaxial film or the epitaxial film
layer is separated from the growth Substrate or the growth
Substrate with a part of the epitaxial film by applying
mechanical or thermomechanical stress.

(0013 Preferably, the epitaxial film or the epitaxial film
layer is grown by the homoepitaxy method.
0014 Preferably, the selectively doped area is the sub
strate or the surface layer of the substrate.
00.15 Preferably, the selectively doped area is the epitaxial
film or the lower layer of the epitaxial film.
0016 Preferably, the material of the crystalline structure
consisting of the Substrate and epitaxial film, is the semicon
ductor from the elements of the forth group or the semicon
ductor compound from the elements of the forth group, or the
semiconductor compound from the elements of the third and
fifth group, or the semiconductor compound from the ele
ments of the second and sixth group of the periodic system.
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0017 Preferably, the laser wave length for separating the
homoepitaxial films from the growth substrate is in the fol
lowing wave length range: for silicon, germanium and gal
lium arsenide semiconductors in the range of 6 Jums ws48 pm,
for gallium nitride in the range of 4 ums wis32 um, for silicon
carbide 3 ums)ws24 um, for alumina nitride in the range of 2.5
ums,ws20 um, and for diamond 2 Lums) is 16 Jum.
0018 Preferably, infrared gas pulse pumped silicon diox
ide CO, or silicon oxide CO is used as a laser.
0019. The proposed variations of the laser separation
method allow separating the homoepitaxial films from the
Substrates made of the same crystalline material as the epi
taxial film.

0020. This new laser separation method is based on the
usage of the selective doping of the Substrate and epitaxial
film with the fine donor or acceptor impurities. In the selective
doping, concentrations of the free carriers in the epitaxial film
and Substrate may significantly differ, and this can lead to a
strong difference between the light absorption factors in the
infrared region near the region of the residual beams, where
free carriers and phonon-plasmon interaction of the optical
phonons with free carriers make an essential contribution to
infrared absorption of the optical phonons. With the appro
priate selection of the doping levels and frequency of infrared
laser radiation it is possible to achieve that laser radiation is
absorbed in general in the region of strong doping near the
interface substrate-homoepitaxial film. When scanning the
interface substrate-homoepitaxial film with the focused laser
beam of sufficient power, thermal decomposition of the semi
conductor crystal takes place with Subsequent separation of
the homoepitaxial film.
0021. To realize the proposed method of laser separation,
it is preferably to use laser radiation with wave length Abeing
within the infrared region of relative transparence of the
undoped semiconductor, namely near the edge of the residual
beams region where a strong absorption of light at the
expense of one- or two-phonon processes is not possible, but
a relatively weak absorption of light may present at the
expense of three- or more phonon processes.
0022 Preferably, wavelength A of the laser beam is within
the range of c/4vos).2c/vo, where Vo is a frequency of LO
optical phonon for a semiconductor material of the growth
Substrate, c is a light Velocity.
0023 The inequality given above follows that the prefer
able laser wave length for separating the homoepitaxial films
from the growth substrate is within the following wave length
ranges: for silicon, germanium and gallium arsenide semi
conductors in the range of 6 ums.ws48 um, for gallium nitride
in the range of 4 ums.s32 um, for silicon carbide 3 ums)ws24
um, for alumina nitride in the range of 2.5ums.ws20 um, and
for diamond 2 ums ws 16 Jum.
0024. The technical result of the proposed invention con
sists in offering a new method of laser separation of the
epitaxial films in comparison with the known ones which
allows to separate homoepitaxial films from the Substrates,
i.e., homoepitaxial films having the same width of the forbid
den gap as the initial semiconductor Substrate. Also, the pro
posed method allows using the high-effective and inexpen
sive infrared gas silicon dioxide CO or silicon oxide CO
lasers for separation of-the epitaxial films.
BRIEF DESCRIPTION OF THE DRAWINGS

0025. The present invention is illustrated by the drawings
in which the prior art is shown FIG. 1, schemes illustrating the
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realization of the present invention FIG. 2-5, and calculated
spectral dependences of the light absorption factor in gallium
nitride at various levels of doping with fine donor impurities
FIG. 6.

0026 FIG. 1 shows the scheme of the known prior art
method of laser separation of the heteroepitaxial film of semi
conductor crystal from a foreign growth substrate using
focused laser radiation with wave length. A for which a light
quantum energy is within the forbidden gap of the Substrate

E, and exceeds the width of the forbidden gap of the epi
taxial film E material.

0027 FIG. 2 shows a scheme illustrating the proposed
method of laser separation of the homoepitaxial film from the
semiconductor Substrate consisting of the same semiconduc
tor material as the homoepitaxial film. The scheme illustrates
laser separation for the case of selective doping the Substrate
and homoepitaxial film with fine donor or acceptor impurities
when the doping level in the homoepitaxial film exceeds the
doping level in the semiconductor Substrate.
0028 FIG. 3 shows a scheme illustrating the proposed
method of laser separation of the homoepitaxial film from the
semiconductor Substrate consisting of the same semiconduc
tor material as the homoepitaxial film. The scheme illustrates
laser separation for the case of selective doping the Substrate
and homoepitaxial film with fine donor or acceptor impurities
when the doping level in the semiconductor Substrate exceeds
the doping level in the homoepitaxial film.
0029 FIG. 4 shows a scheme illustrating the proposed
method of laser separation of the undoped upper layer of the
homoepitaxial film from the undoped semiconductor Sub
strate with a laser beam passing through the Substrate and
absorbed in the lower level of the homoepitaxial film doped
with fine donor or acceptor impurities.
0030 FIG. 5 shows a scheme illustrating the proposed
method of laser separation of the undoped upper layer of the
homoepitaxial film from the undoped semiconductor Sub
strate with a laser beam passing through the upper undoped
layer and absorbed in the lower level of the homoepitaxial
film doped with fine donor or acceptor impurities.
0031 FIG. 6 shows the calculated spectral dependences of
the light absorption factor near the residual beams region for
semiconductor crystal of gallium nitride at various levels of
doping with fine donor impurities. Dependences 601, 602 and

603 refer to the doping levels 10'7, 10' and 5'10" cm

respectively.

BEST MODE FOR CARRYING OUT THE

INVENTION The present invention will become
readily apparent from the following detailed
description of exemplary embodiments.
0032. It should be noted that the consequent description of
these embodiments is only illustrative, but not exhaustive.
EXAMPLE 1.

0033 Separation of homoepitaxial gallium nitride film
doped with fine donor impurities from the undoped semicon
ductor gallium nitride Substrate with laser beam passing
through the substrate.
0034 FIG. 2 shows a scheme of laser separation of
homoepitaxial gallium nitride film 202, 50 um wide from the
semiconductor gallium nitride substrate 101, 200 um wide.
Level of doping with fine silicon donor impurities in the

homoepitaxial film 202 is of 5-10' cm, and exceeds the
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background concentration of fine oxygen and silicon donors

in the semiconductor substrate 101 equalled 10'7 cm.

0035. For separating of the homoepitaxial gallium nitride
film, CO pulse pumped laser is used operating at the wave
length v10.6 um and generating pulses of energy 0.1 J.
duration 50 ns and repetition rate 100 Hz.
0036) Absorption factor of laser radiation with wave
length =10 um in the homoepitaxial gallium nitride film 202
doped with fine silicon donor impurities of concentration

5-10'cm, equals 410cm, whereas the absorption factor

of this radiation in the undoped semiconductor gallium
nitride substrate 101 with background concentration of fine

oxygen and silicon donors equalled 107 cm is 5'10" cm.

0037. The respective spectral dependences of the light
absorption factor near the residual beams region which we
calculated for the semiconductor gallium nitride crystals with
different levels of doping with fine donor impurities are given
in FIG. 6. The curves 601, 602 and 603 refer to the doping

levels 10'7, 10' and 5-10' cm respectively.

0038 Scheme in FIG. 2 shows that infrared laser beam
203 passes through the substrate 101 and is focused into the
spot 1 mm in diameter which provides the energy density of

10J/cm. Under the action of infrared laserbeam 203 of pulse

CO laser with wave length v10 Lum focused into the spot 1
mm in diameter weakly absorbed in the undoped semicon
ductor gallium nitride substrate 101 and strongly absorbed in
the homoepitaxial gallium nitride film 202 doped with fine
donor impurities, local heating of the homoepitaxial film 202
takes place in the region 204 defined by crossing of the
infrared laser beam 203 with the homoepitaxial interface 205
between the undoped semiconductor substrate 101 and the
doped homoepitaxial film 202. Local heating above tempera
ture 900° C. leads to chemical decomposition of gallium
nitride crystal into gaseous nitrogen and liquid gallium in the
region 204. Movement of the laser beam 203 focus with
velocity of 10 cm/s in the horizontal plane which is parallel to
homoepitaxial interface 205 leads to subsequent decomposi
tion of gallium nitride in the set of regions 204 and weakening
of the homoepitaxial interface 205 between the undoped
semiconductor substrate 101 and the doped homoepitaxial
film 202. Then when pasting the homoepitaxial film 202 on
the temporary metallic ceramic or plastic Substrate and apply
ing Small mechanical or thermomechanical stress it is pos
sible to separate the homoepitaxial film 202 from the sub
Strate 101.
EXAMPLE 2

0039 Separation of undoped homoepitaxial gallium
nitride film from semiconductor gallium nitride substrate
doped with fine donor impurities, by means of laser beam
passing through the homoepitaxial film.
0040 FIG. 3 shows the scheme of laser separation of
undoped homoepitaxial gallium nitride film 100 um thick
from semiconductor gallium nitride Substrate 1 mm thick.
The background concentration of fine oxygen and silicon

donors in the homoepitaxial film 202 is 10'7 cm and is

essentially less than the concentration of fine silicon donor
impurities in the doped semiconductor substrate 101 equalled
5.10 cm.

0041. For separating of the homoepitaxial gallium nitride
film, CO pulse pumped laser is used operating at the wave
length v10.6 um and generating pulses of energy 0.1 J.
duration 50 ns and repetition rate 100 Hz. Absorption factor
of laser radiation with wave length v10 um in the undoped
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homoepitaxial gallium nitride film 202, with background

concentration offine oxygen and silicon donors equalled 10'7
cm, is of 5-10' cm', whereas the absorption factor of this

radiation in the semiconductor gallium nitride substrate 101
doped with fine silicon donor impurities of concentration

5-10 cm, equals 410 cm. The respective spectral

dependences of the light absorption factor near the residual
beams region which we calculated for the semiconductor
gallium nitride crystals with different levels of doping with
fine donor impurities are given in FIG. 6. The curves 601, 602

and 603 refer to the doping levels 10'7, 10' and 5-10 cm

respectively.
0042 Scheme in FIG.3 shows that the infrared laser beam
203 passes through homoepitaxial film 202 and focused into
the spot 1 mm in diameter which provides the energy density
of 10 J/cm.

0043 Under the action of infrared laser beam 203 of pulse
CO laser with wave length v10.6 um focused into the spot
1 mm in diameter weakly absorbed in the undoped homoepi
taxial gallium nitride film 202 and strongly absorbed in the
semiconductor gallium nitride substrate 101 doped with fine
donor impurities, local heating of the substrate 101 takes
place in the region 204 defined by crossing of the infrared
laser beam 203 with the homoepitaxial interface 205 between
the doped semiconductor substrate 101 and the undoped
homoepitaxial film 202. Local heating above temperature
900° C. leads to chemical decomposition of gallium nitride
crystal into gaseous nitrogen and liquid gallium in the region.
204. Movement of the laser beam 203 focus with velocity of
10 cm/s in the horizontal plane which is parallel to homoepi
taxial interface 205 leads to the subsequent decomposition of
gallium nitride in the set of regions 204 and to weakening of
the homoepitaxial interface 205 between the doped semicon
ductor substrate 101 and the undoped homoepitaxial film 202.
Then when pasting the homoepitaxial film 202 on the tempo
rary metallic, ceramic or plastic Substrate and applying a
Small mechanical or thermomechanical stress it is possible to
separate the homoepitaxial film 202 from the substrate 101.
0044 Example 3. Separation of the undoped upper layer
of the homoepitaxial gallium nitride film from the undoped
semiconductor gallium nitride Substrate with laser beam
passing through the Substrate and absorbed in lower layer of
homoepitaxial film doped with fine donor impurities. FIG. 4
shows the scheme of laser separation of the undoped
homoepitaxial gallium nitride film 202,50 um thick from the
undoped semiconductor gallium nitride substrate 101, 200
um thick using the doped lower layer 406 of the homoepi
taxial film, 1 um thick. Level of doping with fine silicon donor
impurities in the lower layer 406 of the homoepitaxial gallium

nitride film is 5'10" cm and exceeds the background con
centration of fine silicon and oxygen donor impurities in the
semiconductor substrate 101 and the upper layer of the

homoepitaxial film 202 equaled 10" cm.

0045. For separating of the homoepitaxial gallium nitride
film, CO pulse pumped laser is used operating at the wave
length v10.6 um and generating pulses of energy 0.1 J.
duration 50 ns and repetition rate 100 Hz.
0046 Absorption factor of laser radiation with wave
length =10.6 um in the lower layer 406 of the homoepitaxial
gallium nitride film doped with fine silicon donor impurities

with concentration 5-10' cm equals 4-10 cm, whereas

the absorption factor of this laser radiation in the undoped
semiconductor gallium nitride substrate 101 and in the
undoped upper layer 402 of the homoepitaxial gallium nitride
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film with background concentrations of fine oxygen and sili

con donors of 107 cm equals 5-10 cm.

0047. The respective spectral dependences of the light
absorption factor near the residual beams region which we
calculated for the semiconductor gallium nitride crystals with
different levels of doping with fine donor impurities are given
in FIG. 6. The curves 601, 602 and 603 refer to the doping

levels 10'7, 10' and 5-10' cm respectively.

0048 Scheme in FIG. 4 shows that the laser beam 203
passes through the substrate 101 and is focused into the spot
1 mm in diameter which provides the energy density of 10

J/cm. Under the action of infrared laser beam 203 of pulse

CO laser with wave length =10.6 um focused into the spot
1 mm in diameter weakly absorbed in the undoped semicon
ductor gallium nitride substrate 101 and strongly absorbed in
the lower layer 406 of the homoepitaxial gallium nitride film
202 doped with fine donor impurities, local heating of the
lower layer 406 of the homoepitaxial film takes place in the
region 404, defined by crossing of the infrared laser beam 203
with the homoepitaxial interface 405 between the undoped
semiconductor substrate 101 and the doped lower layer 406 of
the homoepitaxial film 202. Local heating above temperature
900° C. leads to chemical decomposition of gallium nitride
crystal into gaseous nitrogen and liquid gallium in the region
404. Movement of the laser beam 203 focus with velocity of
10 cm/s in the horizontal plane which is parallel to homoepi
taxial interface 405 leads to the subsequent decomposition of
gallium nitride in the set of regions 404 and to weakening of
the homoepitaxial interface 405 between the undoped semi
conductor substrate 101 and the doped lower layer 406 of the
homoepitaxial film. Then when pasting the undoped upper
layer 402 of the homoepitaxial film on the temporary metal
lic, ceramic or plastic Substrate and applying a small
mechanical or thermomechanical stress it is possible to sepa
rate the undoped upper layer 402 of the homoepitaxial film
with non-evaporated part of the lower doped layer 406 from
the Substrate 101.
EXAMPLE 4

0049 Separation of the undoped upper layer of the
homoepitaxial gallium nitride film from the undoped semi
conductor gallium nitride Substrate with laser beam passing
through the upper layer of the homoepitaxial film and
absorbed in lower layer of homoepitaxial film doped with fine
donor impurities.
0050 FIG. 5 shows a scheme of laser separation of the
undoped layer of the homoepitaxial gallium nitride film 202,
100 um thick from the undoped semiconductor gallium
nitride substrate 101, 2 um thick using the doped lower layer
406 of the homoepitaxial gallium nitride film 1 um thick.
Level of doping with fine silicon donor impurities in the lower

layer 406 of the homoepitaxial gallium nitride film is 5-10'
cm, and exceeds background concentration of fine oxygen
and silicon donor in the semiconductor substrate 101 and in
the upper layer 402 of the homoepitaxial film equaled 107
cm.

0051. For separating of the homoepitaxial gallium nitride
film, CO pulse pumped laser is used operating at the wave
length v10.6 um and generating pulses of energy 0.1 J.
duration 50 ns and repetition rate 100 Hz.
0052 Absorption factor of laser radiation with wave
length =10.6 um in the lower layer 406 of the homoepitaxial
gallium nitride film doped with fine silicon donor impurities

with concentration 5-10' cm equals 4-10 cm, whereas
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the absorption factor of this laser radiation in the undoped
semiconductor gallium nitride substrate 101 and in the
undoped upper layer 402 of the homoepitaxial gallium nitride
film with background concentrations of fine oxygen and sili

con donors of 10'7 cm equals 5-10' cm.

0053. The respective spectral dependences of the light
absorption factor near the residual beams region which we
calculated for the semiconductor gallium nitride crystals with
different levels of doping with fine donor impurities are given
in FIG. 6. The curves 601, 602 and 603 refer to the doping

levels 10'7, 10' and 5.10 cm respectively.

0054 Scheme in FIG. 5 shows that the laser beam 203
passes through the upper layer 402 of the homoepitaxial film
and is focused into the spot 1 mm in diameter which provides

the energy density of 10 J/cm. Under the action of infrared
laser beam 203 of pulse CO laser with wave length v10.6
um focused into the spot 1 mm in diameter weakly absorbed
in the undoped upper layer 402 of the homoepitaxial gallium
nitride film and strongly absorbed in the lower layer 406 of
the homoepitaxial gallium nitride film doped with fine donor
impurities, local heating of the lower layer 406 of the
homoepitaxial gallium nitride film takes place in the region
404 defined by crossing of the infrared laser beam 203 with
the interface 505 between the undoped upper layer 402 and
the doped lower layer 406 of the homoepitaxial gallium
nitride film. Local heating above temperature 900° C. leads to
chemical decomposition of gallium nitride crystal into gas
eous nitrogen and liquid gallium in the region 404. Movement
of the laser beam 203 focus with velocity of 10 cm/s in the
horizontal plane which is parallel to the interface 405 leads to
the Subsequent decomposition of gallium nitride in the set of
regions 404 and to weakening of the interface 405 between
the undoped upper layer 402 and the doped lower layer 406 of
the homoepitaxial film. Then when pasting the undoped
upper layer 402 of the homoepitaxial film on the temporary
metallic, ceramic or plastic Substrate and applying a small
mechanical or thermomechanical stress it is possible to sepa
rate the undoped upper layer 402 of the homoepitaxial film
from the non-evaporated part of the lower doped layer 406
and from the substrate 101.
EXAMPLE 5

0055 Separation of the undoped homoepitaxial silicon
carbide 4H SiC film from the semiconductor silicon carbide

4H SiC substrate doped with fine donor impurities by
means of the laser beam passing through the homoepitaxial
film.

0056 FIG. 3 shows a scheme of laser separation of the
undoped homoepitaxial silicon carbide 4H SiC film 202,
100 um thick from the semiconductor silicon carbide
4H SiC substrate 101, 400 um thick. The background con
centration of the fine donors in the epitaxial film 202 is less

than 107 cm, and essentially less than the concentration of
the fine nitrogen donor impurities in the doped semiconductor
substrate 101 equaled 5-10 cm.
0057 For separating of the homoepitaxial silicon carbide
4H SiC film, CO pulse pumped laser is used operating at the
wave length wiš.2 Lum and generating pulses of energy 0.4J,
duration 50 ns and repetition rate 10 Hz. Absorption factor of
laser radiation with wave length a 5.2 m in the undoped
homoepitaxial silicon carbide 4H SiC film 202, with the

background concentration of the fine donors less than 10'7
cm is 10 cm (A. M. Hofmeister, K. M. Pitman, A. F.
Goncharov, and A. K. Speck The Astrophysical Journal, 696:
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1502–1516, 2009 May 10), whereas the absorption factor of
this radiation in the semiconductor silicon carbide 4H SiC

substrate 101 doped with the fine nitrogen donor impurities of

concentration 5'10" cm exceeds 10 cm.

0058 Scheme in FIG.3 shows that the infrared laser beam
203 passes through the homoepitaxial film 202 and is focused
into the spot 1 mm in diameter which provides the energy

density of 50 J/cm.

0059 Under the action of infrared laser beam 203 of pulse
CO laser with wave length a 5.2 um focused into the spot 1
mm in diameter weakly absorbed in the undoped homoepi
taxial silicon carbide 4H SiC film 202 and strongly
absorbed in the semiconductor silicon carbide 4H SiC sub

strate 101 doped with the fine donor impurities, local heating
of the substrate 101 takes place in the region 204, defined by
crossing of the infrared laser beam 203 with the interface 205
between the doped semiconductor substrate 101 and undoped
homoepitaxial film 202. Local heating to temperature above
2800° C. leads to chemical decomposition of silicon carbide
4H SiC of the gallium nitride crystal into silicon and carbon
in the region 204. Movement of the laser beam 203 focus with
velocity of 2 cm/s in the horizontal plane which is parallel to
the interface 205 leads to subsequent decomposition of sili
con carbide 4H SiC in the set of regions 204 and to weak
ening of the interface 205 between the doped semiconductor
substrate 101 and the undoped homoepitaxial film 202. Then
when pasting the epitaxial film 202 on the temporary metallic,
ceramic or plastic Substrate and applying a small mechanical
or thermomechanical stress it is possible to separate the epi
taxial film 202 from the substrate 101.
EXAMPLE 6

0060 Separation of weakly doped homoepitaxial silicon
film from the semiconductor silicon Substrate strongly doped
with fine boronacceptor impurities using laser beam passing
through the homoepitaxial film.
0061 FIG. 3 shows the scheme of laser separation of
weakly doped homoepitaxial silicon film 202, 50 um thick
from the semiconductor silicon substrate 101,700 thick. Con

centration of the fine boron acceptor impurities equals 10'7
cm, and essentially less than the concentration of the fine
boron acceptor impurities in the doped semiconductor Sub
strate 101 equaled 10 cm.
0062 For separating of the homoepitaxial silicon film,
CO pulse pumped laser is used operating at the wave length
w-10.6 um and generating pulses of energy 0.1 J, duration 50
ns and repetition rate 100 Hz.
0063 Absorption factor of laser radiation with the wave
length =10.6 um in the weakly doped homoepitaxial silicon

film 202 with concentration of fine acceptors of 10'7 cm is

12 cm (Hara, H. and Y. Nishi, J. Phys. Soc. Jpn 21, 6, 1222,
1966), whereas the absorption factor of this radiation in the
semiconductor silicon substrate 101 doped with the fine

boronacceptor impurities of concentration 10" cm equals
3000 cm.

0.064 Scheme in FIG.3 shows that the infrared laser beam
203 passes through the homoepitaxial film 202 and is focused
into the spot 0.5 mm in diameter which provides the energy

density of 40J/cm.

0065. Under the action of infrared laser beam 203 of pulse
CO laser with wave length v10.6 um focused into the spot
0.5 mm in diameter weakly absorbed in the undoped
homoepitaxial silicon film 202 and strongly absorbed in the
semiconductor silicon substrate 101 doped with fine boron

Jul. 24, 2014

acceptor impurities, local heating of the substrate 101 takes
place in the region 204, defined by crossing of the infrared
laser beam 203 with the interface 205 between the strongly
doped semiconductor substrate 101 and weakly doped
homoepitaxial film 202. Local heating to temperature above
1400° C. leads to partial melting and amorphicity of the
silicon crystal in the region 204. Movement of the laser beam
203 focus with velocity of 20 cm/s in the horizontal plane
which is parallel to the interface 205 leads to subsequent
melting and amorphycity of silicon crystal in the set of
regions 204 and to weakening of the interface 205 between
the strongly doped semiconductor substrate 101 and weakly
doped homoepitaxial film 202. Then when pasting the epi
taxial film 202 on the temporary metallic, ceramic or plastic
Substrate and applying a small mechanical or thermome
chanical stress it is possible to separate the epitaxial film 202
from the substrate 101.

0066. Despite the fact that the present invention was
described and illustrated by the examples of the invention
embodiments it should be noted that the present invention is
in no case limited by the examples given.
1. A method of laser separation of an epitaxial film or of an
epitaxial film layer from a growth Substrate of an epitaxial
semiconductor structure, the method comprising:
using selective doping of some regions of the epitaxial
semiconductor structure with fine donor or acceptor
impurities when growing the epitaxial film or the epi
taxial film layer, so that a resulting concentration of the
fine donor or acceptor impurities in selectively doped
regions essentially exceeds a background concentration
in undoped regions;
directing a focused laser beam of a laser to the epitaxial
semiconductor structure so that a beam focus of the

focused laser beam is placed in the selectively doped
regions of the epitaxial semiconductor structure in
which absorption of laser radiation takes place
moving the focused laser beam so as to Scan the selectively
doped regions of the epitaxial semiconductor structure
with the beam focus with partial thermal decomposition
of the selectively doped regions and weakening of their
mechanical strength; and
after laser Scanning, gluing the epitaxial semiconductor
structure onto a temporary Substrate and separating the
epitaxial film or the epitaxial film layer from the growth
substrate or from the growth substrate with a part of the
epitaxial film by applying mechanical or thermome
chanical stress.

2. The method according to claim 1, wherein the epitaxial
film or the epitaxial film layer is grown by a homoepitaxy
method.

3. The method according to claim 1, wherein the a selec
tively doped region is a Substrate or a surface layer of the
substrate.

4. The method according to claim 1, wherein the a selec
tively doped region is the epitaxial film or a lower layer of the
epitaxial film.
5. The method according to claim 1, wherein the amaterial
of the epitaxial semiconductor structure is a semiconductor
from an element of forth group of the periodic system.
6. The method according to claim 1, wherein the amaterial
of the epitaxial semiconductor structure is a semiconductor
compound from elements of forth group of the periodic sys
tem.
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7. The method according to claim 1, wherein the amaterial
of the semiconductor epitaxial structure is a semiconductor
compound from elements of third and fifth groups of the
periodic system.
8. The method according to claim 1, wherein a material of
the epitaxial semiconductor structure is a semiconductor
compound from elements of second and sixth group of the
periodic system.
9. The method according to claim 1, wherein for separating
homoepitaxial films from the growth substrate, the method
comprises using the laser with a wave length which is within
following wave length ranges: for silicon, germanium and
gallium arsenide semiconductors within a wave length range
of 6 umsws48 um; for gallium nitride within a wave length
range of 4 ums.s32 um; for silicon carbide within a wave
length range of 3 Lums,ws24 um for alumina nitride within a
wave length range of 2.5 Lums)ws20 um; and for diamond
within a wave length range of 2 Lums)ws 16 um.
10. The method according to claim 1, wherein the laser is
an infrared gas pulse pumped CO or CO laser.
11. A method of laser separation of an epitaxial film orofan
epitaxial film layer from a growth Substrate of an epitaxial
semiconductor structure, the method comprising:
using selective doping of Some regions of the epitaxial
semiconductor structure with fine donor or acceptor
impurities when growing the epitaxial film or the epi
taxial film layer, so that a resulting concentration of fine
donor or acceptor impurities in selectively doped
regions essentially exceeds a background concentration
in undoped regions;
gluing an epitaxial semiconductor structure onto a tempo
rary Substrate;
directing a focused laser beam of a laser to the epitaxial
semiconductor structure so as to place a beam focus of
the focused laser beam in the selectively doped regions
of the epitaxial semiconductor structure in which
absorption of laser radiation takes place;
moving the focused laser beam So as to Scan the selectively
doped regions of the epitaxial semiconductor structure
with the beam focus with partial thermal decomposition
of the selectively doped regions and weakening of their
mechanical strength; and
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separating the epitaxial film or the epitaxial film layer from
the growth substrate or from the growth substrate with a
part of the epitaxial film by applying mechanical or
thermomechanical stress.

12. The method according to claim 11, wherein the epi
taxial film or the epitaxial film layer is grown by a homoepi
taxy method.
13. The method according to claim 11, wherein a selec
tively doped region is a Substrate or a surface layer of the
substrate.

14. The method according to claim 11, wherein a selec
tively doped region is the epitaxial film or a lower layer of the
epitaxial film.
15. The method according to claim 11, wherein a material
of the epitaxial semiconductor structure is a semiconductor
from an element of forth group of the periodic system.
16. The method according to claim 11, wherein a material
of the epitaxial semiconductor structure is a semiconductor
compound from elements of forth group of the periodic sys
tem.

17. The method according to claim 11, wherein a material
of the epitaxial semiconductor structure is a semiconductor
compound from elements of third and fifth groups of the
periodic system.
18. The method according to claim 11, wherein a material
of the epitaxial semiconductor structure is a semiconductor
compound from elements of second and sixth group of the
periodic system.
19. The method according to claim 11, wherein for sepa
rating homoepitaxial films from the growth Substrate, the
method comprises using the laser with a wave length which is
within following wave length ranges: for silicon, germanium
and gallium arsenide semiconductors within a wave length
range of 6 ums) s48 um; for gallium nitride within a wave
length range of 4 Lums,ws32 um; for silicon carbide within a
wave length range of 3 Lums)ws24 um; for alumina nitride
within a wave length range of 2.5 Lums,ws20 um; and for
diamond within a wave length range of 2 ums,ws 16 Jum.
20. Method The method according to claim 11, wherein the
laser is an infrared gas pulse pumped CO or CO laser.
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