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-1 - DESCRIPTION METHOD AND APPARATUS FOR ACTIVATING
COMPOUND SEMICONDUCTOR 5 Technical Field [00011 The present
invention relates to a method and-an_apparatus for activating a compound
semiconductor in which the activity of the compound semiconductor can
be improved JO by melting the compound semiconductor having a high
melting point at a normal %Eﬁ?@f Qw pressure close to the normal
pressure, and slowly and gradually cooling a molten liquid. Background

Art 15 [0002] Reqemtinod SRS ORNEHRIRLBeriCRMising a GaN-based
material such as a blue light emitting diode (LED) , a white LED, a

blue-violet SHETEYFAGUNG IGOMEOLY D oBEMIIGIONRILEORY device has
been attracted. 20 The GaN-based semiconductor device is realized by
heteroepitaxial growth of a GaN-based thin film deposited on a substrate

Techx{‘i@éﬁd @fig'li(&on carbide (SiC) or sapphire by an organic metal vapor
phase epitaxy (MOVPE) method or a molecular beam epitaxy (MBE)

meth@0l0 i) this case, since 25 the thermal expansion coefficients and the
lattice constants of the GaN-based thin film and the substrate are

The present invention relates to a method and an
apparatus for activating a compound semiconductor in which
the activity of the compound semiconductor can be improved
by melting the compound semiconductor having a high melting
point at a normal pressure or a low pressure close to the
normal pressure, and slowly and gradually cooling a molten
liguid.

Background Art

[0002]

Recently, a semiconductor device using a GaN-based
material such as a blue light emitting diode (LED), a white
LED, a blue-violet semiconductor laser (LD), or a high
frequency device has been attracted.

The GaN-based semiconductor device is realized by
heteroepitaxial growth of a GaN-based thin film deposited
on a substrate formed of silicon carbide (SiC) or sapphire
by an organic metal vapor phase epitaxy (MOVPE) method or a
molecular beam epitaxy (MBE) method. In this case, since
the thermal expansion coefficients and the lattice

constants of the GaN-based thin film and the substrate are

significantly different from each other, dislocation (that
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significantly different from each other, dislocation (that 2 is, a defect)
having high density of 109 cm-2 or more occurs in the GaN-based thin
film. [0003] Meanwhile, in order to fabricate the white LED, the 5
blue-violet semiconductor laser (BD¥, and the high frequency device, the
development of a high-quality GaN substrate having dislocation density of
109 cm -2 or less is required and various technologies have been

is, adeedeptd ifamiings respardemstiigions (fod exemipleo NamsPatentdirs

, Documents 1 and 2). [0004] Non-Patent Document 1 is a research report

in th&n %%E\T%ﬂ%?ﬁ? gtrB\?vfh li}&’?nolten liquid growth method, in which it was
co 6&5@%@1 by experiments that, when GaN is 15 congruently melted
without decomposition at a nitrogen pressure of 6 GPa (about 60,000

atmpanmoreendinhigh dempesaitys of 832aC vrabaya aadike malien
liquid is cooled, the molten liquid is reversibly returned to a GaN crystal
blue-pgHd#ske PosRBA FRreit PovtnareXis iksearshdepbr oni@aN crystal

£ u%rowth %lf a flux mc thod, in wgich it was confirmed by experiments that
reHRY BT AN G I ORBRRA GHridt ol SHHEignS G
substPERETARE 0 889C AOdA NUFORM, RIESSUS-Of MR abgut 39 atm)
required and various technologies have been developed in
various research institutions (for example, Non-Patent

Documents 1 and 2).

[0004]

Non-Patent Document 1 is a research report on GaN
crystal growth by a molten liquid growth method, in which
it was confirmed by experiments that, when GaN is
congruently melted without decomposition at a nitrogen
pressure of 6 GPa (about 60,000 atm) or more and a high
temperature of 2220°C or above and the molten liquid is
cooled, the molten liguid is reversibly returned to a GaN
crystal phase.

Non-Patent Document 2 is a research report on GaN
crystal growth by a flux method, in which it was confirmed
by experiments that high-quality GaN crystal can be grown
under growth conditions of a temperature of 800°C and a
nitrogen pressure of 5 MPa (about 50 atm).

[0005]

A method for activating an impurity ion implanted

layer for semiconductor such as SiC or GaN is disclosed in
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25 [0005] A method for activating an impurity ion implanted layer for
semiconductor such as SiC or GaN is disclosed in 3 - Patent Document 1.
In the "method for activating the impurity ion implanted layer" of Patent
Document 1, laser light whose™ photon energy is equal to or higher than
the photon energy 5 (transition energy between band gaps) of a
semiconductor_material is irradiated to the semiconductor material, to
PatenfiarPR&Rtertined impurity elements are doped by ion implantation, in

2 515 kil . semconclelqr materl 1 hegted 10 000¢

[Non-Patent Document aru a?., "R Rew meétHod for

implaf@earuesy dreltinggalivehpitidR-aha AighPresuye Andigowing, single
crystal”, Spring-8 user information, January, 2004 15 [Non-Patent

photoDoenargy 2} SheiSARANAMIA, et ghgHiginguality erysttatgmwinafgy
gallium nitride by a flux method", Ricoh Technical Report No. 30,

(tranpitifhef PN 086 Y 28 PARH BHRRMen? 33apanisondirssen

mater PRIEN £nplication RublicatiopNo.;2002-28550. 54 method foy activating
an impurity ion
which predetermined impurity elements are doped by ion
implantation, in a state in which the semiconductor
material is heated.
[0006]

[Non-Patent Document 1]

Wataru UTUMI, et al., “A new method for congrueﬁt
melting gallium nitride at a high pressure and growing
single crystal”, Spring-8 user information, January, 2004

[Non-Patent Document 2]

Shoji SARAYAMA, et al., “High-quality crystal growth
of gallium nitride by a flux method”, Ricoh Technical
Report No. 30, December, 2004

[0007]

[Patent Document 1]

Japanese Laid-open Patent Application Publication No.
2002-289550, “A method for activating an impurity ion
implanted layer”

[0008]

Since the melting point of GaN is approximately
2220°C or more and the equilibrium pressure with nitrogen

gas at this melting point reaches about 6 GPa (about 60,000



implanted layer" [0008] 25 Since the melting point of GaN is
approximately 2220C or more and the equilibrium pressure with nitrogen
gas at this melting point reaches about 6 GPa (about 60,000 - fl atm) or
more, GaN decomposes to Ga metal and nitrogen gas at a high
temperature under a Iow-press"urél‘ nitrogen atmosphere and thus single
crystal growth means for obtaining single crystal by slowly cooling the
molten liquid performed by silicon or the like cannot be applied. Although
atmh oG AP ERstaPEaRBeCGRAE Dy theGnoreha ligaitfg FovirrraRithed of the
at gog-iP%tetnt Document 1 tgere th been a %roblem IEhat since the

fitrogen prassure o1 6 GPa (about 80,600 % re

ure ni (S .

mlf or more and the high

atrdSspperatue,of 22206 Qrdnere ae raquiedyan Wirarkighor
temperature/ultra-high pressure durable apparatus is required. [0009: In

obtinerfluxg msthotcofoMpatRaternt Dedument 2othe reguilibrinml zepor
pressure at a tem%%rature of 600 to 800C can be reduced to several tens

Li g Gk B &TRigh preSeure devide I Feduiféd ST Patent BTt 1,
even when siligon carbidg orgalium nitride.is annealed by pulsed:laser

light, melting cannot be performed at a vacuum atmosphere or a
liquid growth method of the Non-Patent Document 1, there
has been a problem that since the nitrogen pressure of 6
GPa (about 60,000 atm) or more and the high temperature of
2220°C or more are reqguired, an ultra-high
temperature/ultra-high pressure durable apparatus is
required.
[0009]
In the flux method of Non-Patent Document 2, the
equilibrium vapor pressure at a temperature of 600 to 800°C’
can be reduced to several tens of atm, but a high-pressure
device 1s required.
As in Patent Document 1, even when silicon carbide
or gallium nitride is annealed by pulsed-laser light,
melting cannot be performed at a vacuum atmosphere or a

nitrogen atmosphere. Thus, it is difficult to accomplish

high-quality crystal growth.

Disclosure of the Invention

[0010]



nitrogen atmosphere. Thus, it is difficult to accomplish high-quali™’y
crystal growth. Disclosure of the Invention [0010] Example embodiments
may provide a method and an apparatus for activating a compound
semiconductor in which the activity of the compound semiconductor can
be improved by melting the com_po%n_d semiconductor having a high
melting point, such as GaN, without decomposition, an a normal
pressure or a low pressure close to the normal pressure and by slowly
Extlifig ARefeRagGiT. 1001 1P 7ActH?@ing tBoneebpeetofihedftesgitt us
forin\é%ncti{)‘p%here is provided a method forggg\é%ting.a cgwngnghe

semlconauc]tgﬁ aor%ﬁﬁglﬁbl ?‘r?e Etee%}sco%plamngrthé%ompound

actsemiegnductor, dn aggaetionvessel.Jeplacing.an inner gas i thereagtion
vessel with a low-vapor-pressure gas whose ecuilibrium vapor pressure
me lat anmelting peincozthe cempowndisemicoriductards oreiatmosphetiag
pressure or lower; causing low-vapor-pressure gas to flow along a
POy tac 6 thé ofrPpdunt SehfitondiRtsahiie keepingtan mtémparnal
puessure of the feaction vesselat_a value equalto or higher than the, _
equﬂfbrium vapor pré)ssure; and irradla%ng a pulsea-(faser igﬂ%wﬁose
by Rhoten enesay ishigherthana band.gag of the compound
semiconductor to the surface of the compound semiconductor, thereby
permitting bnly a part of the compound semiconductor

pr

According to one aspect of the present invention, there
is provided a method for activating a compound semiconductor,
comprising the steps of: placing the compound semiconductor
in a reaction vessel; replacing an inner gas in the reaction
vessel with a low-vapor-pressure gas whose equilibrium vapor
pressure at a melting point of the compound semiconductor 1s
one atmospheric pressure or lower; éausing low-vapor-pressure
gas to flow along a surface of the compound semiconductor
while keeping an internal pressure of the reaction vessel at
a value equal to or higher than the equilibrium vapor
pressure; and irradiating a pulsed-laser light whose photon
energy 1is higher than a band gap of the compound
semiconductor to the surface of the compound semiconductor,
thereby permitting only a part of the compound semiconductor
located at an irradiation position of the pulsed-laser light
to be melted while allowing an atmospheric temperature of the
low-vapor-pressure gas to be kept at a room temperature or a

temperature not higher than a decomposition temperature.



located at an irradiation position of the pulsed-laser light to be melted
while a-lowing an atmospheric temperature of the low-vapor-pressure gas
to be kept at a room temperature or a temperature not higher than a
decomposition temperature. 6- Q012] According to another aspect of the
present invention, there is prbvﬁje*d an apparatus for activating a
compound semiconductor, comprising: a reaction vessel configured to
receive therein the compound semiconductor under an airtight state; a
gas %@J%Rﬂng device configured to supply low- vapor-pressure gas whose

equilipri g]d\]/_a}pgor resgureata melting paipt Qﬁtgfg&r@%%ﬁcndinvention,
semiconducior is one” atmospheric pressure or Tower into the reaction

the ¥6SSel; @ 19as temaperatuie agiusting deviceseanfigaraditp keepaBound
atmospheric temperature of the low-vapor-pressure gas at a room

semigmpetatiieror & wrpdraiure ecal trortlower Wsesa Ldesompasitied to

te,mperg‘gure; and a pulsed-laser irradiating device configured to irradiate
e gt h &gy bt

FeCE plised et fight WhoSE pHatsh EfilrgyI8 Hitihe? that'd Bang yp orthe"©
stafeMmPoURdssemigonductor 1.3 siface,of the, campeund semicondyetor,

thereby permitting the inner gas in the reaction vessel to be replaced with
vapthe-lonegaparepressurergas: andwallowing the Yavpwappr-pressuee gas 0

flow along the surface of the compound semiconductor while keeping the
me litamabpréssurd dfte FOatioR Ve sEBIMAI L ValHE HOF IowWerthdn the

atmospheric pressure or lower into the reaction vessel; a
gas temperature adjusting device configured to keep an
atmospheric temperature of the low~vapor-pressure gas at a
room temperature or a temperature equal to or lower than a
decomposition temperature; and a pulsed-laser irradiating
device configured to irradiate a pulsed-laser light whose
photon energy is higher than a band gap of the compound
semiconductor to a surface of the compound semiconductor,
thereby permitting the inner gas in the reaction vessel to
be replaced with the low-vapor-pressure gas, and allowing
the low-vapor-pressure gas to flow along the surface of the
compound semiconductor while keeping the internal pressure
of the reaction vessel at a value not lower than the
equilibrium vapor pressure, and further allowing the pulsed-
laser light to be irradiated onto the surface of the
compound semiconductor such that only a part of the compound
semiconductor located at the irradiation position of the
pulsed-laser light is melted.

[0013]
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equilibrium vapor pressure, and further allowing the pulsed- laser light to
be irradiated onto the surface of the compound semiconductor such that
only a part of the compound semiconductor located at the irradiation
position of the pulsed-laser light Ts melted. [0013] - 7 In a preferred
embodiment of the present invention, the compound semiconductor is
comprised of gallium nitride, and the low-vapor-pressure gas comprises a
gasTsele RE8 Hegin efn rABhRARe Yy dezind gad ned emixed. gastitarent, 5
the C[h’qr(l)1§gr|13éefseéakilé,otrq8]?uj%lsed-Iaser light is homogenized _and shaped by a
Omogenizer 1o become a8hab2diMBF =R 60157 BUkPEMRpFrEEbRE -
and ce DRediasr Ightds dddoagiated gpjaecuriace ol e qampaynd
semiconductor while transferring the compound semiconductor along a
from HEemoriradigdien shfdee Stillfugther prefermbis dargparthsandransition
metal such as erbium (Er), terbium (Tb) , europium (Eu) or 15 the like is
iorf Qﬁﬁl%ted into the compound semiconductor. Preferably, alkali metal
sug@g&s}%&n&, pQt ssium, lithium or the_like is ion implanted into the

compound” serhicon =t ‘eErnapsrsf%r&I&I?,hﬁ piFpd MRFR) 128 P-type

and shaped by a homogenizer to become a shaped line beam.

[0015]

Further preferably, the pulsed-laser light is
irradiated onto the surface of the compound semiconductor
while transferring the compound semiconductor along a laser
irradiation surface.

Still further preferably, rare earths and transition
metal such as erbium (Er), terbium (Tb), europium (Eu) or
the like is ion implanted into the compound semiconductor.

Preferably, alkali metal such as sodium, potassium,
lithium or the like is ion implanted into the compound
semiconductor.

Further preferably, a p-type impurity, an n-type
impurity or p-type and n-type impurities is ion implanted
into the compound semiconductor.

[0016]

As described above, since the melting point of GaN
is approximately 2220°C or more and the equilibrium
pressure with nitrogen gas at this melting point reaches
about 6 GPa (about 60,000 atm) or more, decomposition of

GaN to Ga metal and nitrogen gas takes place at a high



20 impurity or p-type and n-type impurities is ion implanted into the
compound semiconductor. [0016] As described above, since the melting
point of GaN is approximately 2220C or more and the equilibrium 25
pressure with nitrogen gas at this melting point reaches about 6 GPa
(about 60,000 atm) or more, decomposition of GaN to Ga metal and
nitrogen gas takes place at a high - 3 temperature under a low-pressure
nitrogen atmosphere. In contrast, the equilibrium vapor pressure is low in

tempARAGHAAnd iRIFaZine AftRhe St AT YAsG prassrertt sthe -
me-WiLing boint of. Gap (galiym nitide) js ope,, amosphericpressure Lt ;
elo dtg as i V\{f .A% i

will be'herein w feferre atm) or lower. Accordingly, by using
amm8ABoNia or hydrazine gas flew: vapegpressuie gas)y tigoequilirigure at

vapor pressure at the melting point of the gallium nitride may be 1 atm or
thelowert Howevernsineé apefoniacdrnydraziaé begins td hecdecomposed

to n u.rogen and hydrogen at the atmosphere temperature 300'C or more
A RISV AP GHpTESStTE ggstis%%in% aRg e 0 s

Dsed "Wher the Compotnd

1 a§9micgpdyg§9é is heated to 300'C or more by a heat-treating dev..-ce.
Accordingly, in example embodiments, only the compound semiconductor

at the\rrashationopasitiary ofithen pulseddaser light is/instantlyheated dndw-

melted while
vapor-pressure gas), the eguilibrium vapor pressure at the
melting point of the gallium nitride may be 1 atm or lower.
However, since ammonia or hydrazine begins to be decomposed
to nitrogen and hydrogen at the atmosphere temperature of
300°C or more, the low-vapor-pressure gas is decomposed
when the compound semiconductor is heated to 300°C or more
by a heat-treating device.

Accordingly, in example embodiments, only the
compound semiconductor at the irradiation position of the
pulsed-laser light is instantly heated and melted while
keeping the atmospheric temperature of the low-vapor-
pressure gas at a room temperature or a temperature not
higher than a decomposition temperature, so that the
compound semiconductor is melted without decomposition
thereof while suppressing the decomposition of the low-
vapor-pressure gas.

[0017]

Accordingly, the following effects can be obtained

by the method and the apparatus in example embodiments.
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keeping the atmospheric temperature of the low-vapor- pressure gas at a
room temperature or a temperature not higher than a decomposition
‘temperature, so that the compound semiconductor is melted without
decomposition thereof wh'i'le suppressing the decomposition of the low-
vapor-pressure gas. [001?[ Accordingly, the following effects can be
obtained by t_he method and the apparatus in exampl-e embodiments. -
9 (191Sinéd reepiibed uderdighl whese phioton artesgy iph@k@ﬁt@f%ﬂ‘@y

, pand gap of the compound semiconductor is irradiated, the compoun

1S h%@%ﬁ&%nﬁ?ﬁbr?&% 2R R0 theheiiRgFoRNRA sEearhrRpgustor

Ce 4 S. ) ' e 0 as_(low-vapor-pressur
e lfglgg)aév%?égjfheﬁéc%uiﬁ%ﬁ?ﬁ%ﬁﬁ%ﬁéﬁ?g g}%‘érméﬁ%ﬁgg Soirgtelgglea mt8r
the teieriids pessiblede conligues ar aapparaiug havisgs Haasferring
system. (3) Since the decomposition of the atmospheric gas 10 can be
suppressill Bisihsanthenelting srhearmpgarsd sbmiconguctondnethsure
pu sed-la%%r light, a yariation in the equilibrium vapor pressure is always
4

9as) (HieRGt fo'Sccti e the’ FiSEd-Rise? figitSs Shaps§ 16" Hikang
poinbedd dueiadamogepzaion by an opiigasyelem {2l hamedenized

1
and the substrate is allowed to be transferred, 1t is possﬂ) e to perform a
appa paicesslod attivatingrtheny&fer ring system.

gl

(3) Since the decomposition of the atmospheric gas
can be suppressed by instantly melting the compound
semiconductor by the pulsed-laser light, a variation in the
equilibrium vapor pressure is always reluctant to occur.

(4) Since the pulsed-laser light is shaped to a line -
beam due to homogenization by an optical system (a
homogenizer) and the substrate is allowed to be transferred,

it is possible to perform a process of activating the wafer

of a large-sized substrate.

Brief Description of the Drawings

[0018]

Fig. 1 is a schematic block diagram illustrating the
configuration of an activating apparatus according to the
present invention;

Fig. 2 1s a diagrammatic view illustrating a
relationship between a temperature and an equilibrium vapor
pressure in several gases of gallium nitride (GaN);

Fig. 3 is a diagrammatic view illustrating a
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of a large-sized substrate. Brief Description of the Drawings 20 [0018]
Fig. 1 is a schematic block diagram illustrating the configuration of an
activating apparatus according to the present invention; Fig. 2 is a
diagrammatic view illustrating.a 2§ relationship between a temperature
and an equilibrium vapor pressure in several gases of gallium nitride
(GaN)r Fig. 3 is a diagrammatic view illustrating a - 10 relationship

relat PEMGENA RseroPY anda maximun.artyal terpsratiig of the; surface

of a thin film in a case where a substrate is formed of silicon; Fig. 4 is a
t empe dEgraramaficiiew dlusfrating ab eelationshifi betweendhe terapensdte a
and the vapor pressure of InP. Fig. 5 is a diagrammatic view illustrating a
substgA&fonship BEMRL rPthetémbeRftire and the vapor pressure of GaP. 10

Fig. .6 is a,diagrammatic view illustrating a relationship_hetween the
te%;l)gratljlrelagnaa th%:l\‘/El %a}nf)rf‘gé:slu(r:e vojfgeé]a e‘lt’iEﬁ"essJ%)lif%()g:dlen%r %:arrying out

relatQBHQW@ﬁkﬁéﬂ§4Q91%Hée%ﬁﬁﬁ%&d@ﬁ%@mgé@emﬁgdWE¥6%0E¥E%sure

present
of InP.

Fig. 5‘is a diagrammatic view illustrating a
relationship between the temperature and the vapor pressure
of GaP.

Fig. 6 is a diagrammatic view illustrating a

relationship between the temperature and the vapor pressure

of GaAs.

Best Mode for Carrying out the Invention

[0019]

Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. The common portions of the drawings
are denoted by the same reference numerals and the
duplicated description will be omitted.

Fig. 1 is a schematic block diagram illustrating the
configuration of an activating apparatus according to the
present invention.

As shown in this drawing, the activating apparatus
10 according to the present invention includes a reaction
vessel 12, a gas supplying device 14, a gés temperature

adjusting device 16, a gas discharging device 18, a
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invention will be described in detail with reference to the accompanying
drawings. The common portions of the drawings are denoted by the same
reference numerals and the 20 duplicated description will be omitted. Fig.
1 is a schematic block diagram illdstrating the configuration of an
activating apparatus according to the present invention. As shown in this
drawing, the activating apparatus 25 10 according to the present
substingbatiowinghetes almsacten Aesseti13, pgas sdpfllyisg fleyvioght4, a gas
, temperature adjusting device 16, a gas discharging device 18, a 11
irradd@istife Ff5rfert device 20 and a pulsed-laser light irradiating device
22. 6)6)2_91 The reaction vessel 12 is a closed vessel in whicha 5
sutgstrate 1 having compound semiconductor on the surface thereof is
plapgd underanasirtightsatate. 1n the present davenjigastbe compaung, 5
semiconductor is, for example, gallium nitride (GaN). However, the
substpresentlinbertiorgiscnodivnitel temeétooitrecomponind seaicandlicter
may be 10 nitride-based semiconductor, InP, GaP or GaAs. [0021] The
therepfs ds Ry RRIEFinRRidRE H § 89 5uBHIRE - soukde TrasuppRaRGt

inveﬂﬂ’a\fﬂp HYe %%’é}c&i%& A RUSHGIEITLNed resgure, a pressure

uster for adjust
gallium nitride (GaN). However, the present invention is

not limited thereto. The compound semiconductor may be
nitride-based semiconductor, InP, GaP or GaAs.

[0021] |

The gas supplying device 14 includes a gas supplying
source for supplying low-vapor-pressure gas 2 at a
predetermined pressure, a pressure adjuster for adjusting
the/low-vapor-pressure gas 2 supplied from the gas
supplying source to a pressure equal to or higher than an
equilibrium vapor pressure at the melting point of the
compound semiconductor, and a flow raté adjuster for
supplying the low-vapor-pressure gas 2 at a predetermined
flow rate, and supplies the low-vapor-pressure gas 2 into
the reaction vessel 12 at the pressure equal to or higher
than the equilibrium vapor pressure.

[0022]

In the present invention, the “low-vapor-pressure
gas” indicates a gas whose equilibrium vapor pressure at
the melting point of the compound semiconductor is 1 atm or

lower. For example, if the compound semiconductor is
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15 the low-vapor-pressure gas 2 supplied from the gas supplying source
to a pressure equal to or higher than an equilibrium vapor pressure at the
melting point of the compound semiconductor, and a flow rate adjuster for
supplying the Iow-vapor-pressyr(féga_g 2 at a predetermined 20 flow rate,
and supplies the low-vapor-presSure gas 2 into the reaction vessel 12 at
the pressure equal to or higher than the equilibrium vapor pressure.

.[0022) .In the present invention, the "low-vapor-pressure 25 gas”
gall l%ﬁic%%&sré%%s VF\%%SL 'eq%%ﬁbrﬂ;?ﬁ’vgﬁ&oﬁré%gﬁﬁsﬁjfﬁe HRftirfy pSint of

ammont# GpRpOurhsemicardustonis LAt or lpwer &oF example, if the

compound semiconductor is - 12 gallium nitride (GaN), the

lovEfapbrepesspegas 2 snuamondaEtgas, hydrazinendrionixed-gassed
thereof. If the compound semiconductor is the nitride-based

semicQuifiGhadetor MR, €8P dH G SAR Sthe TOR-VhPUr-BRESEMOFES BWR0SE S

equilibrium vapor pressure at the melting point of the compound
Whosesger%cjér%lg%cﬁ%g% 1 &tavor fower 15 selette .hFhé“fgf\;\F\jig A5e85uRkTyas
the CBHBEIMEr dhiCAR @GS iss Tor example, Phier ASH3(0023L 40

The gas temperature adjusting device 16 includes a heater provided at

The lthw-dospstrenneside vétiprgassipplying fdevicd A2 anBzPtemparaiyeis,

controller for controlling a
for example, PH; or ASH;.

[0023]

The gas temperature adjusting device 16 includes a
heater provided at the downstream side of the gas supplying
device 14 and a temperature controller for controlling a
gas temperature of the heater, and keeps the temperature of
the atmosphere of the low-vapor-pressure gas 2 supplied to
the reaction vessel 12 at a room temperature or a
temperature not higher than a decomposition temperature.

[0024]

The gas discharging device 18 includes a discharge
pump for discharging the gas in the reaction vessel 12 and
a pressure adjuster for constantly keeping the pressure of
the gas in the reaction vessel 12, and discharges the
internal gas while constantly keeping the pressure of the
gas in the reaction vessel 12. The gas discharging device
18 has a vacuum pump for depressurizing the inside of the
reaction vessel 12 to vacuum such that the inner gas in the

reaction vessel 12 can be completely replaced with the low-

vapor-pressure gas 2.
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gas temperature of the heater, and keeps the temperature of the
atmosphere of the low-vapor-pressure gas 2 supplied to 15 the reaction
vessel 12 at a room temperature or a temperature not higher than a
decomposition temperature. [0034) The gas discharging device 18
includes a discharge pump for discharging the gas in the reaction vessel
12 and 20 a pressure adjuster for constantly keeping the pressure of the
gas[inghe yeaction vessel 12, and discharges the internal gas while
constantly keeping the pressure of the gas in the reaction vessel 12. The
gadliecisavgitrddscaoihen s desnimeutp fotcbpdessusizing the
inside of the 25 reaction vessel 12 to vacuum such that the inner gas in

SUbSTEE LR aLRGTVALEF R 23 B cSRBIERIP Feplace dMRiR dhaRsh-on which
the YBRALPRLASSURE §3S %Baﬁt 4%?@?1 Jhe Séjlp:%gate mgvement %ng 20

includes a substrate base w can be reu&r%gal yer‘r’]%)(\:/gd i 6h which
for ihespheimie lismeurigdand adiyagdewics adich is5ifrgeeipragally

moving the substrate base, and moves the substrate 1 along the surface
subsgyatef. Thelanstrahe raovdiaest dévioe=2F inclubtes aprehieatsrdor

move %%%eez}g%? the uséé)bsj[rate 1 such that the substrate 1 is heated to the

ey t_d‘BFPd\’l?éﬁhén Hﬁe@é‘&?ﬁﬁbsﬁ% P R1Rpénsretdte
subsH%%E@mﬁogﬂ%ﬁeHH%%“%E@”éHEQ%%QQE 1 is heated to the

temperature equal to or lower than the decomposition

temperature of the compound semiconductor and is kept

heated.

[0026}

The pulsed-laser light irradiating device 22
includes a laser oscillator 23, a pulsed-laser light
shaping optical system 24, a reflection mirror 25, a
condenser lens 26, and a condensing lens 27, and condenses

and irradiates light onto the surface of the compound

semiconductor.

[0027]

The laser oscillator 23 oscillates a pulsed-laser
light 3a. The pulsed-laser light 3a irradiated by the
laser oscillator 23 is a pulsed-laser light whose band gap
is higher than that of the compound semiconductor. The
wavelength of the pulsed-laser light 3a can be selected
from an ultraviolet light to a visible light according to
the band gap of the compound semiconductor.

If the compound semiconductor is GaN, InP, GaP or
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heated. [0026] The pulsed-laser light irradiating device 22 includes a
laser oscillator 23, a pulsed-laser light 15 shaping optical system 24, a
reflection mirror 25, a condenser lens 26, and a condensing lens 27, and
condenses and irradiates light ongo the surface of the compound
semiconductor. (0027] 20 The laser oscillator 23 oscillates a pulsed-laser
light 3a. The pulsed-laser light 3a irradiated by the laser oscillator 23 is a

GaAs ,Putsed-asentiglt whese hard gapeis highgttharviiat of thercampawnd o
semiconductor. The wavelength of the pulsed-laser light 3a can be

the Isdiectad 25eornsedulaavibles lighiloedvisibielight debordingtee thebdnd
gap aqf the compound semiconductor. If the compound semiconductor is

gapP iSaNIFEGIPRP- thaGaRE, i exGRIPRS WinRF A SENIAE BPAG laser
IighEO%r ét]e like may be used as the pulsed-laser light whose band gap is
higher t%wan that of the compound semiconductor. [0028) 5 The

pulsed-laser dght-shapiig opteal syrtepr 34 Fmpesdhe pylsedraser light
3a irradiated by the laser oscillator 23 to a uniform line beam 3b in a

shapgend-agispaikeaini@sresxakigiB ta dedtivrroitlrdgerhablo tee laser

oscillator 23 to a uniform line beam 3b in a long-axis
direction (for example, a direction orthogonal to the
drawing) .

The pulsed-laser light shaping optical system 24
includes, for example, an orthogonal cylindrical array
which is located orthogonally to the pulsed-laser light 3a
so as to divide the pulsed-laser light in a line shape, a
Condensing.lens for-condenéing the pulsed-laser light
divided in the line shape to a focus surface, and a first
cylindrical lens for shaping the condensed pulsed-laser
light to a line beam.

The orthogonal cylindrical array may be a pair of
cylindrical arrays which are orthogonal to each other.
Alternatively, a well-known homogenizer may be used.

[0029]

A reference numeral 25 is a reflection mirror. The
pulsed~laser light 3a is reflected downward by the mirror
25 and 1s irradiated to the upper surface of the substrate

1 via a transparent window provided in the reaction vessel

12.

[0030]
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drawing). 10 The pulsed-laser light shaping optical system 24 includes,
for example, an orthogonal cylindrical array which is located orthogonally
to the pulsed-laser light 3a so as to divide the pulsed-laser light in a line
shape, a condenﬁngIensforgoqggngngthe[nﬂsedJasenght15(ﬁVMed
in the line shape to a focus surface, and a first cylindrical lens for shaping
the condensed pulsed-laser light to a line beam. The orthogonal

cylipgrical arraypay Qg &Ze@i& QL é:é{li%(jergaclz gﬁrgxs thi(;th. are orthogagnal

to each other. 20 Alternatively, a well-known om%‘éeﬁizé?%’ay Cussy -

vapoi0Qd Fsiafereges NRIMEIaked tha refiaclionshitren g pHIsedaseh-«
light 3a is reflected downward by the mirror 25 and is irradiated to the

at thppBeitdace sohaubbiraize2sommannsparerd nindove pravidad Kem
the reaction vessel 1%.,(0030) - 15 Owing to the above-described

or la¥&HyGaloRSthE 1&R: %rgﬁ}ggs&r}éega’éefﬁ/ﬁ%%{tﬁ’@é&@ﬁbfﬁm VEpOR
statOreARMER dlibe maling paipt of 'E[‘seﬁ?é%p&o% 1%6@'&%”%““%'5 1 Z%Egor

lower can be supplied into the reaction vesse inab stats wher _
examplibstratochis Kepoet adenpesatyre {far wixaawle rboybrE8GEH less), in

which the compound
semiconductor is not decomposed, by the preheater of the
substrate movement device 20 in the reaction vessel 12,
while keeping the temperature of the atmosphere at the room

temperature or the temperature equal to or lower than the

decomposition temperature by the gas temperature adjusting

device 16.

[0031]

The pulsed-laser light 3a is shaped in the line beam
3b in which the long-axis direction is homogenized by the
pulsed-laser light irradiating device 22 such that the

light is uniformly irradiated onto the surface of the

substrate.
[0032)
Using the above-described activating apparatus 10,
in an activating method according to the present invention,
(Step 1) the substrate 1 having the compound
semiconductor on the surface thereof is placed in the
reaction vessel 12,

(Step 2) the inner gas in the reaction vessel 12 is .
replaced with a low-vapor-pressure gas 2 whose equilibrium

vapor pressure at the melting point of the compound
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semiconductor is not decomposed, by the preheater of the substrate
movement device 20 in the reaction vessel 12, while keeping the
temperature of the atmosphere at the room 10 temperature or the
temperature equal to or lower than the decomposition temperature by the
gas temperature adjusting devick®16 [0031] The pulsed-laser light 3a is
shaped in the line beam 15 3b in which the long-axis direction is
homogenized by the pulsed-laser light irradiating device 22 such that the

semi R REHRforidy frahite8fom@WRF surface of the substrate. [0032] 20

Usipg,t vesdescribe ivating apparatus 10, Jn an activati
me!rk?otdE §c?:§c))§r)d %}ge}ﬁég —r)%é%%% T%E/%%%)H ,r@tgg i) %elssu b%ﬁ%?e‘ﬂ%%ving
flow 1B SAFPENAdsseMIGandyEtor 08 themydase thasgelis piaceddn the i 1e
reaction vessel 12, 25 (Step 2) the inner gas in the reaction vessel 12 is
keepimplatbe withite loveVapoe pmssarecfas Revhoseegldibrives sapol2 at
pressure at the melting point of the compound - 16 - semiconductor is 1

a valpg QbwePY8ted B the Rty ptdidut o a¥ 3RS Tir§d 5 W6 aldhf
the guefage of i compound segicarducianyile, kearing s iierral

pressure of the reaction vessel 12 at
is irradiated with a pulsed-laser light 3 whose photon

energy is higher than the band gap of the compound

semiconductor.

[0033]

The compound semiconductor is preferably gallium
nitride (GaN), but the present invention is not limited
thereto. The compound semiconductor may be nitride-based
semiconductor, InP, GaP, or GalAs.

[0034]

If the compound semiconductor is gallium nitride
(GaN), the low-vapor-pressure gas is preferably ammonia gas,
hydrazine, or mixed gas thereof.

If the compound semiconductor is the nitride-based
semiconductor, InP, GaP, or GaAs, the low-vapor-pressure
gas whose equilibrium vapor pressure at the melting point
of the compound semiconductor is 1 atm or lower is selected.

Rare earths and transition metal such as erbium (Er),
terbium (Tb), europium (Eu), or the like, alkali metal such
as sodium, potassium, lithium or the like or a p-type
impurity, an n-type impurity, or p-type and n-type

impurities is preferably ion implanted into the compound
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5 a value not lower than that equilibrium vapor pressure, and (Step 4) the
surface of the compound semiconductor is irradiated with a pulsed-laser
light 3 whose photon energy is higher than the band gap of the compound
semiconductor. 10 [0033) The__compq_und semiconductor is preferably
gallium nitride (GaN), but the present invention is not limited thereto. The
compound semiconductor may be nitride-based semiconductor, InP,
semlc Cm %%As 15 (0034) If the compound semiconductor is gallium nitride
the low-vapor-pressure gas is preferably ammonia gas, hydrazine,
or mixgsisgas thereof. If the compound semiconductor is the nitride-based
20 semiconductor, InP, GaP, or GaAs, the low-vapor-pressure gas whose
eqiiibrive \apbi pesssue atthbodelting potitnef the compapindsent
semiconductor is 1 atm or lower is selected. Rare earths and transition

inventdone Gra¥ eHGnPET: feFoibRF(TRYTEGERRINS S BP EHERRE alkal
whichN9@! $YRlL 25:a% Sodiim. potassium. Jithium.or the like ot a petype |

Impurity, an n-type impurity, or p-type and n-ape ype lmpur les iS pré%erasrﬁ -
lasedon Fgplantediigtg Hercomnauntebt e 8e RN 0083 e keeping
the temperature of the atmosphere of the low-vapor-pressure
gas 2 at the room temperature or the temperature not higher
than the decomposition temperature.

[0036]

Fig. 2 is a diagram showing a relationship between
the temperature (horizontal axis) and the equilibrium vapor
pressure (vertical axis) in the several gases of gallium
nitride (GaN). As shown in this drawing, in the nitrogen
atmosphere (a, b and ¢ of the drawing), the equilibrium
vapor pressure becomes 1 atm at about 1200°C and becomes
several tens of thousands of atm at the melting point of
about 2500°C. In addition, a, b, and ¢ of the drawing is
based on other research report in the nitrogen atmosphere.

[0037]

Meanwhile, in ammonia d and hydrazine e, the
equilibrium vapor pressure is low (about 1072 atm at 1200°C)
and the equilibrium vapor pressure at the melting point is
1 atm or lower.

Accordingly, it can be seen from this drawing that
the equilibrium vapor pressure at the melting point of

gallium nitride becomes 1 atm or less by using ammonia or
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By the activating method according to the present invention, only the part
of the compound semiconductor 5 which is located at the irradiation
position of the pulsed- laser light 3 is instantly heated and melted while
keeping the temperature of the atmosphere of the low-vapor-pressure
gas 2 at the room temperature drihe temperature not higher than the
decomposition temperature. 10 [0036] Fig. 2 is a diagram showing a
relationship between the temperature (horizontal axis) and the equilibrium

hydragdpsr feddiffe WRHITARNIS) B #7S SéRrdfgases of gallium nitride
(G eégflh_oxg?r{%éhiagﬁ%\ﬁ{%llgeLr]s@gnnitggg%q%%t%g%s%heée (a, band
ing), t i

c of the draw e equilibrium vapor pressure becomes 1 atm at about

hydro§200€ anstlhaeeosies sexera tensspiibeusands ol atmatdhe meltingre r
point of about 2500C. In addition, a, b, and c of the drawing is based on

than ghRiGetraritepdn itheidogehremospiteré oRoep37ZHeaswhite, in
.ammonia d and hydrazine e, the equilibrium vapor pressure is low (about

gas 150 SEEMMRASSRBE) Fndthe dddiforim DEAGHEsSire Hithd

devidRointis 1 atm or lower. 25 Accordingly, it can be seen from this drawing
that the equilibrium vapor pressure at the melting point of . gallium nitride

benemesdiatnl of, lesa byhsingaswaania®ied8ion, by
irradiating the pulsed-laser light 3 whose photon energy is
higher than the band gap of the compound semiconductor,
only the semiconductor is instantly heated from the room
temperature to the melting point while keeping the
temperature of the atmosphere of the low-vapor-pressure gas
2 at the room temperature or the temperature not higher
than the decomposition temperature. Accordingly, the
semiconductor can be melted without decompressing the low-
vapor—-pressure gas 2 such as ammonia and the activity of
the compound semiconductor can be improved by slowly and
gradually cooling the molten liguid.

[0038]

Fig. 3 is a diagram showing a relationship between a
laser output (horizontal axis) and a maximum arrival
temperature (vertical axis) when the substrate is formed of
silicon, which is obtained by heat analysis. As a result,
in the laser output (10 W or more) in which the Raman half
bandwidth of the thin film is 4.16 cm™, it is judged that
silicon is melted and recrystalized by the laser at the

melting point (about 1414°C) of silicon or more.
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hydrazine as the low-vapor-pressure gas. However, since decompression
to nitrogen and hydrogen is started at an atmosphere temperature not
lower than 300C in ammonia or hydrazine, the low-vapor-pressure 5 gas
is decompressed at the time of hggting of the heating device.
Accordingly, in the present invention, by irradiating the pulsed-laser light
3 whose photon energy is higher than the band gap of the compound
From Semiisorgisiari horordy thesseimicpnductokisdasiantiybgated fror the
room temperature to the melting point while keeping the temperature of
heatiRg dRROSSRTe Y tRe iPVvaser-hessureags: 2t tire reom ¢emipatmittiise

or the temperature not higher than the decomposition temperature.
melt e RS, b T EeRRBHRBON ChR ho ARG HARBE CRonRibesg

h LV sighasa i the activity.of . the
lase%o%%%ﬁ%%%%ﬁ%ﬁ?&% be im%?inv%g}by 3(%% y and %?gﬁjtail%/t{]l zed

such coblng tireemekien diguicu (38 1w 20 &g sisngediagerm showing a
relationship between a laser output (horizontal axis) gnd a maximum
recr y§ivel LteAthetQupS (it AIRE@s) avirernhieaslibatatkilis Yormddhot s#licon,

which is obtained by heat analysis. As a result, in the laser output (10 W
oo By R G o ROF 24 LePERIE ! e (RTRRFI 16 o,

semi dds didoed:thgt silicopyis melted and recrystalized by the laser at the

[0039]

Fig. 4 is a diagram showing a relationship between
the temperature and the vapor pressure of InP. In this
drawing, a horizontal axis is 1000/T (T is a temperature K),
a vertical axis is the vapor pressure (atm), and two curves
in the drawing represent the relationship in the different
molecular structures.

The melting point of InP is 1333 K and corresponds
to 0.75 in the horizontal axis of this drawing, and the
vapor pressure thereof is generally 2 to 10 atm.

Even in such a case, in the present invention, since
the low-vapor-pressure gas whose the equilibrium vapor
pressure at the melting point of the compound semiconductor
is 1 atm or lower is selected, only the part of the
compound semiconductor which is located at the pulsed-laser
light irradiation position is instantly heated and melted
while keeping the temperature of the low-vapor-pressure gas
atmosphere at the room temperature or a temperature equal

to or lower than the decomposition temperature and the



10

15

20

25

melting point (about 1414C) of silicon or more. - 19 From this
experimental result, it is confirmed that a heating process is performed to
a temperature exceeding the melting point of the semiconductor wafer
using the pulsed- laser light and4Re semiconductor thin film is crystallized
5 such that the semiconductor wafer is melted and recrystalized so as to
improve crystal quality. In the present invention, this means is applied to

moltegf"f?a{i@‘é semicopgyciopgiher thanylicon. (039110 Eige &jsa, o«

iagram showing a relationship between " the temperature and the*vapor
the cprassuredofsiaRi doitdsciawingaa haizomnint exisds 1000/T (T is a
temperature K), a vertical axis is the vapor pressure (atm), and two
cuh@4{hlthe drawing represent the relationship in the different 15
malecular_stfuctures, The melti%%goint of InP is 1333 K and corresponds

to 075 'inThé PiofizOMAPATE of BRY HPSwifig “Sid e BaRdPorRESiReD
the tREROfiS aererally 2101 Q2 FYSRJIBSUER aGases i thepresent ¢

invention, since 20 the low-vapor-pressure gas whose the equilibrium
is a \pogrpressirewdirtbe anelting phmt shihe cempewnd sereicoenpetos iade
atm or lower is selected, only the part of the compound semiconductor
and tRHRICKIPRERILETHED I dRAEr light irradiation position is instantly

he@@gzg%h@gg%dpoint of GaP is 1457°C and corresponds

to 0.6 in the abscissa of Fig. 5, and the vapor pressure
thereof is generally approximately 10 atm. The melting
point of GaAs is 1240°C and corresponds to 0.6 in the
abscissa of Fig. 6, and the vapor pressure thereof is
generally about 1.05 atm (800 torr).

Even in these compound semicénductors, when the low-
vapor-pressure gas (for example, PHi;) whose the equilibrium
vapor pressure at the ﬁelting point of the compound
semiconductor is 1 atm or lower 1s selected, by the present
invention, only the part of the compound semiconductor
which is located at the pulsed-laser light irradiation
position is instantly heated and melted while keeping the
temperature of atmosphere of the low-vapor-pressure gas 2
at the room temperature or the temperature equal to or
lower than the decomposition temperature and the molten
liguid is slowly and gradually cooled, such that the
activity of the compound semiconductor can be improved.

[0041]

In the (Step 4), it is preferable that the pulsed-
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25 while keeping the temperature of the low-vapor-pressure gas
atmosphere at the room temperature or a temperature equal to or lower
than the decomposition temperature and the - 20 molten liquid is slowly
cooled, such that the activity of e compound semiconductor can be
improved. [0040] Fig. 5 is a diagram showing a relationship between 5
the temperature and the vapor pressure of GaP, and Fig. 6 is a diagram
lasersHowihg adrela@iohshptidtweennhd ierhpdrataret hed tenpepordressure

. of GaAs. The melting point of GaP is 1457C and corresponds to 0.6 in
semic eRsaBt ﬁé{%,%‘hﬁftﬁs‘?/a%r bR sERP S BHRER ot is gdrferhe

subst@%@@xm%at‘éya]rpsg@i‘enle, n@q@%%?.'gggé%g%} '[4151 112_14%&: Nl pe

corresponds to 0.6 in the absciss e vapor pressure

irradthetenf i€ genetally adal 1035 atie (8QQkepdeven isthese-gempound
semiconductors, when the low- 15 vapor-pressure gas (for example, PH31
whb884d equilibrium vapor pressure at the melting point of the

compound. semiconductor is 1 atm or lower is selected, by the present
in\}égﬁgﬂ, gr?fyr%%er ﬁgﬁaytﬁer&ﬁég&&&d‘geﬁb%naﬁéﬁ?C%v'ﬂiéﬁ FlotAfR*
e&kﬁ?&'ﬂ erdight i jatl 0 hositiop is, | ated
> o %tgﬁeélp while k%%p%%gé?éqsﬁ[%%rﬁf g?rﬁo?p%%%?ﬁ i' éﬁﬁy
the dompemapod-psessitegas S ot thearoase teroperalye s e teraperatine

equal to or
irradiation time of the pulsed-laser light 3 until only the
compound semiconductor is heated and melted can be
extremely shortened.

[0043]

As described above, in the present invention, the
pglsed—laser light 3 whose band gap in which the
equilibrium vapor pressure at the melting point
significantly exceeding 1 atm is higher than that of the
compound semiconductor is irradiated and, in the low-vapor-
pressure gas 2 in which the equilibrium vapor pressure at
the melting point is lower than 1 atm and at the room
temperature or a temperature not higher than a temperature
in which the decompression of the low-vapor pressure gas is

started, the compound semiconductor can be melted without

decompression and thus re-growth and activation can be

realized.
[0044)

The present invention is not limited to the above-

described embodiment and may be variously modified without



lower than the decomposition temperature and the molten liquid is slowly
and gradually cooled, such that the 25 activity of the compound
semiconductor can be improved. [0041) In the (Step 4), it is preferable
that the pulsed - 21 laser light 3pis directly irradiated to the compound
semiconductor on the surface of the substrate 1. If the substrate is
transparent, the pulsed-laser light may be irradiated from the side of the

deparif@nsparesksuisdrateH00S2] Hete dweditactly {vadiatingthe

pulsed-laser light 3 to the compound semiconductor on the substrate 1,
only the compound semiconductor can be locally heated and the
irradiation time of the pulsed-laser light 3 until only the 10 compound
semiconductor is heated and melted can be extremely shortened. [0043]
As described above, in the present invention, the pulsed-laser light 3
whose band gap in which the 15 equilibrium vapor pressure at the melting
point significantly exceeding 1 atm is higher than that of the compound
semiconductor is irradiated and, in the low-vapor- pressure gas 2 in which
the equilibrium vapor pressure at the melting point is lower than 1 atm
and at the room 20 temperature or a temperature not higher than a
temperature
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in which the decompression of the low-vapor pressure gas is started, the
compound semiconductor can be melted without decompression and thus
re-growth and activation can be realized. 25 [0044] The present invention
is not limited to the above- descrized-embodiment and may be variously
modified without - 22 departing from the scope of the present invention. -
23 - CLAIMS 1. A method for activating a compound semiconductor,
comprising the steps of: 5 plaging tae compound semiconductor in a
reaction vessel; replacing an inner gas in the reaction vessel with a
low-vapor-pressure gas whose equilibrium vapor pressure at a melting
point of the cqmpound semiconductor is one 10 atmospheric pressure or

Iotver; Eaditg -7 aBor3TEL S B S B OWFRBHEY SERIGBFikstoT,

Compﬂog’g%%u@léeg@%yug@{ while keeping an internal pressure of the
reaction vessel at'a value equal to or higher than the equilibrium vapor

pressute; e deHeirmashaingnri puleaddaserdight whose pheton-energy is
higher than a band gap of the compound semiconductor to the surface of
vesseahe compound semiconductor,
replacing an inner gas in the reaction vessel with a
low-vapor-pressure gas whose equilibrium vapor pressure at
a melting point of the compound semiconductor is one
atmospheric pressure or lower;
causing low-vapor-pressure gas to flow along a
surface of the compound semiconductor while keeping an
internal pressure‘of the reaction vessel at a value equal
to or higher than the equilibrium vapor pressure; and
irradiating a pulsed-laser light whose photon energy
is higher than a band gap of the compound semiconductor to
the surface of the compound semiconductor,
thereby permitting only a part of the compound
semiconductor located at an irradiation position of the
pulsed-laser light to be melted while allowing an
atmospheric temperature of the low-vapor-pressure gas to be
kept at a room temperature or a temperature not higher than

a decomposition temperature.

2. The method according to claim 1, wherein:

the compound semiconductor comprises gallium nitride,

and
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thereby permitting only a part of the compound semiconductor located at
an irradiation position of the 20 pulsed-laser light to be melted while
allowing an atmospheric temperature of the low-vapor-pressure gas to be
kept at a room temperature or a temperature not higher than a
decomposition temperature. 25 24rHe method according to claim 1,
wherein: the compound semiconductor comprises gallium nitride, and -

24 the low-vapor-pressure gas comprises a gas selected from ammonia
gad 1Ry dtARE YRSTamF AHRRF §ad HiereOMBL FRE Peth6d BcEsaffRA

clai .wherein the Ised-laser light is homogenized and shapged by a
from hg(;ﬁr#ggé&r\%zgrg t%’b&:%ﬁwrga%%%%pgg ihe %%ém@f?ée %ae%hag %§8§§ing to
claim 1, wherein the pulsed-laser light is irradiated onto the surface of the
10 compound semiconductor while transferring the compound
serdicon@hetonatongch ksepirrbdiaticrosalacens 1Therhmstikdch atberding
to claim 1, wherein rare earths and transition metal such as erbium (Er),

pulsgdiphdiets 16 br eardpRRASRLY REBnIRDIHePRith % Gompound
homo%%{ggg%qd%%gcmg methad 8o@i%t%%|§m1 1, wherein alkali metal

as sodium, potassium, or Tithium’is jon 20 implanted into the
compound semiconductor.

4. The method according to claim 1, wherein the
pulsed-laser light is irradiated onto the surface of the
compound semiconductor while transferring the compound

semiconductor along a laser irradiation surface.

5. The method according to claim 1, wherein rare
earths and transition metal such as erbium (Er), terbium

(Tb), or europium (Eu) is ion implanted into the compound

semiconductor.

6. The method according to claim 1, wherein alkali
metal such as sodium, potassium, or lithium is ion

implanted into the compound semiconductor.

7. The method according to claim 1, wherein a p-
type impurity, an n-type impurity, or p-type and n-type

impurities is ion implanted into the compound semiconductor.

8. An apparatus for activating a compound

semiconductor, comprising:
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7. The method according to claim 1, wherein a p- type impurity, an n-type
impurity, or p-type and n-type impurities is ion implanted into the
compound semiconductor. 25 8. An apparatus for activating a compound
semiconductor, comprising: - 25 a%eaction vessel configured to receive
therein the compound semiconductor under an airtight state; a gas
supplying device configured to supply low- vapor-pressure gas whose
eqeilipéantvapor peesseie aba 5 getténg peintrefdbevwonpairdin the
semiconductor is one atmospheric pressure or lower into the reaction

compaynd o f ER Y5O RSNBEREU Gstffy Gevide ebrfigrired & keep an

atmo ri rature,of the low-vapor-pressure gas at.a room
te%p?girtg@q%lgﬁo% Swer fan g1 %%ggﬁ%régsi&‘r‘?é‘?%ﬁergﬁwé; and
vapore-prissddaserquadinting dexiee copfigyred 1o iadiate aquised-laser
light whose photon energy is higher than a band gap of the compound
me 1t igegnipoddictorftota surrp@ftite sempoondsemicontlsictanel5 thereby
permitting the inner gas in the reaction vessel to be replaced with the

3 LMo SBRSFHOr PFERTE GaSTarkP Hibwir the iR - R e press Ve §aS 16 flow
eegsdie Jufeoliie conanal SRV Sl geeg U

keep an atmospheric temperature of the low-vapor-pressure
gas at a room temperature equal to or lower than a
decompression temperature; and

a pulsed-laser irradiating device configured to
irradiate a pulsed-laser light whose photon energy is
higher than a band gap of the compound semiconductor to a
surface of the compound semiconductor,

thereby permitting the inner gas in the reaction
vessel to be :eplaced with the low-vapor-pressure gas, and
allowing the low-vapor-pressure gas to flow along the
surface of the compound semiconductor while keeping the
internal pressure of the reaction vessel at a value not
lower than the equilibrium vapor pressure, and further
allowing the pulsed-laser light to be irradiated onto the
surface of the compound semiconductor such that only a part
of the compound semiconductor located at the irradiation

position of the pulsed-laser light is melted.
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20 lower than the equilibrium vapor pressure, and further allowing the
pulsed-laser light to be irradiated onto the surface of the compound
semiconductor such that only a part of the compound semiconductor
located at the irradiation positigngotf.the pulsed-laser light is melted. -26-
ABSTRACT A compound semiconductor is placed in a reaction vessel
(12) of which the inner gas is subjected to 5 replacement with a
low-vapor-pressure gas (2) xé@sgaequilibrium vapor pressure at the
melting point of the compound semiconductor is 1 atm or lower. The
low-vapor- pressure gas is urged to flow along the surface of the
compound semiconductor while keeping the internal pressure 10 of the

reAcFONPeS oaf EVARRISNAEREr Hrantthat @GuiiBridmBRMeE pdssure.

Th rfac he compound _semiconductor is.irradiated with a
Vessejbuli%lagegr?%%ﬁ %vlk%%sénp%%]for?%ﬁerb?/ isSH%P\%Ft %‘g tﬁ% band gap of

replad@nSOMpAUE semisqnaugion: Thkiss aplydhatnart ofthgsLompound
semiconductor which is located at the pulsed-laser light irradiation

equil position iy astantlytested and mdlted malle kegping the atmospleeric
temperature of the low-vapor- pressure gas at a room temperature or a

compo LG, SEMIBWYIF 18 Br icwer tha tRE de8iRPositiGh femPerat@Ror -

pressure gas i1s urged to flow along the surface of the
compound semiconductor while keeping the internal pressure
of the reaction vessel at a value not lower than that
equilibrium vapor pressure. The surface of the compound
semiconductor is irradiated with a pulsed-laser light (3)
whose photon energy is higher than the band gap of the
compound semiconductor. Thus, only that part of the
compound semiconductor which is located at the pulsed-laser
light irradiation position is instantly heated and melted
while keeping the atmospheric temperature of the low-vapor-
pressure gas at a room temperature or a temperature equal

to or lower than the decomposition temperature.



