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-1 - DESCRIPTION METHOD AND APPARATUS FOR ACTIVATING
COMPOUND SEMICONDUCTOR 5 Technical Field [0001] 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 10 by melting the compound semiconductor having a high

melting point at a normal pr re or a low pressure close to the normal
pressure, and slowly and gra%gjsﬁ%%igi%%dqa molten liquid. Background

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

blue-violet seithhduETN tasePED)INY E£highChugUueTcyrdevice has
been attracted. 20 The GaN-based semiconductor device is realized by
heteroepitaxial growth of a GaN-based thin film deposited on a substrate

f sili on carbide (SiC) or sapphire by an organic metal vapor
Tecgé)égs%g&i%saix% (MOVPE) method or a molecular beam epitaxy (MBE)

methgd.dpihis case, since 25 the thermal expansion coefficients and the
lattice constants of the GaN-based thin film and the substrate are
signifidantly dfferant fromeadchaather disleeation @hatethod and an

apparatus for activating a compound semiconductor in which
the activity of the compound semiconductor can be improved
by melting the compcound 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
Liquid.

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-viclet semiconductor laser (LD), or a high
frequency device has been attracted.

The GaN-based semiconductor device is realized by
hetercepitaxial 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. 1In 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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- 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 (LD), and the high frequency
device, the development of a higﬁ-q%aﬁty GaN substrate having
dislocation density of 104 CM -2 or less is required and various
technolggies have heen developed in, various research, institutions (for

151 o garfifieS Ribh-PAEAT #0 BidEunfsits 1tahe3). [B00AT NovrPBRRE occurs
in l@ggur@gﬁt“%éss@(gleﬁgirgh.ﬁ%ﬂ on GaN crystal growth by a molten liquid

growth method, in which it was confirmed by experiments that, when GaN
is 15 ¢ongrpiently melted without decomposition at a nitrogen pressure of
6 GPa (about 60,000 atm) or more and a high temperature of 2220C or

abové!'and'thé rioltelliquidlist coolefiztheimalten ligeidvs ieversibly, the

p1ueturned to aSGaN é&%}al hase. 20 Non-Patent Document 2 is a
report on Gan' & s?al%rﬁ%‘fh by A fruEREthode ifwAieh it was

researc

£ reCPRflMEd By £xperimentsihat high-auality Gal grystal can be.grown,

under growth conditions of a temperature of 800C and a "nitrogen
subpressure of57MRa (Abolt 58 atan). 28 f0005) Adnethot for dctivatingsan i s

impurictiy ion implanted
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 ligquid growth method, in which
it was confirmed by experiments that, when GaN is
congruently melted without decomposition at a nitrogen
pressure of & GPa {(about 60,000 atm) or more and a high
temperature of 2220°C or above and the molten liguid is
cooled, the melten liquid is reversibly returned to a GaN
crystal phase.

Non-FPatent Document 2 is a research report on GaN
crystal growth by a flux methoed, in which it was confirmed
by experiments that high-guality GaN crystal can be grown
under growth conditicns 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 $iC or GaN is disclosed in
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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’s ftransition energy between band gaps)
of a semiconductor material is irradiated to the semiconductor material, to
which predetermined impurity elements are doped by ion implantation, in
Pat&%?até)%%%tth% -semiconductor material is heated. 10 [0006]
[Non-PateniDoguraent 1 Watary UTUM, ef af., A new method {of
congruent melting gaﬁlum Aitride a%agh@h %ressure ahd grovVlng single

impQrystads Spspg -8 user intormationcdamualy, 2004 15 [Non-Ratent, 1o s e
Document 2] Shoji SARAYAMA, et al., "High-quality crystal growth of
phogaffiurmnsitrigle bysa dgxaiethody RibdlyFechnibaln Repertdio30, energy
December, 2004 [0007] 20 [Patent Document 1] Japanese Laid-open
(LrBhteht APPIEATONIFUBIREBRN G 2 26029895850, Amettitic fo defivating

mat &% iUty i%:lf'g*cﬁ’laﬂ%‘é layer: [Q008L,25-3ngg Lhe melling point of Ga

is approximately
which predetermined impurity elements are doped by ion

implantation, in a state in which the semiconductor
material 1s heated.

[000e]

[Non-Patent Document 1]

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

[Non-Patént Document 2]

Sheji SARAYAMA, et al., “High-quality crystal growth
of gallium nitride by a flux method”, Ricoh Technical
Report No. 20, December, 2004

[0007]

[Patent Document 1]

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

[00081]

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

gas at this melting point reaches about 6 GPa {about 60,000
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2220C or more and the equilibrium pressure with nitrogen gas at this
melting point reaches about 6 GPa (about 60,000 - 4 atm) or more, GaN
decomposes to Ga metal and nitrogen gas at a high temperature under a
low-pressure nitrogen atmosphe"re‘lan‘d thus single crystal growth means
for obtaining single crystal by slowly cooling the molten 5 liquid performed
by silicon or the like cannot be applied. Although the GaN crystal can be

atm ey diin BY e nfotEn RGraRREHRE ffetisd BER. INGRP AeTREREREL,
5 a lem.that since;the nitrogen pressure of 6 _GPa
o RO D00 S O ot A o Pigh T EsMLRo S 10 D396 or

about 60,0 or more and the rlﬁpera?t

atmBaare reguireds ap Wtrahigh dempesaturs/ulirashigh prassuse durable
apparatus is required. [0009] In the flux method of Non-Patent Document

obtaithienth eqaitibiura vapbe préssurd avatempelature 6fB800tol86OC can
be reduced to several tens of arm, but a high-pressure device is re%uired.

11 IAs Y Patd it BEnent . BV wRen Shigon t4fbidé B daliim itRde 761 -
an neg@gh%@wsgqi;éaﬁjemgégf@tg‘f”@n‘:%@ O%IE §iE r%){zmﬁlq A& 1 v en

vacuum atmosphere or a nitrogen atmosphere. Thus, it IS difficult to
1iqatcomplsht highequaliy srystakgrowth.Riselesure-ef thednventiop, 25

hasﬂggég 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 required, 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 is 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 cf the Invention
[0010]
The present invention is contrived to solve the

above~described problems. That is, an cbject of the
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The present invention is contrived to solve the above-described
problems. That is, an object of the 5 present invention is to provide a
method and an apparatus for activating a compound semiconductor in
which the activity of the compound Zeficonductor can be improved by
melting the compound semiconductor having a high melting 5 point, such
as GaN, without decomposition, at a normal pressure or a low pressure

PregRaé 1o RS préssife RFRY by Icwipeabify arfoken Fauid Zfo011]

A ing. to_ one_aspect of the present inyention, 10 there is provided a
formge%%g%{;%%%é:/ﬁincgog %8?71%&% "SeRTicondt chc?gr, which i]h%?’udte?%ethe

act$teps pliiaeing thergampeund-semicondueior inateactionyassely by
replacing atmosphere in the reaction vessel with a low-vapor-pressure

ne lgas whose egoilibriumdvaporipressiretata meltinggpaintafdd thelting
.compound semiconductor is one atmospheric pressure or lower; causing

PO e lofATEbd? redalive ThS How SIoRGRE $hffaed of fe ormipativd
P vaILS saal 18 of HgHer than T Salloih APb! Plogsurs oG ™
by istashiatinge pulsed-laserdight whose:pheton energy is higher than a band
gap of the compound semiconductor to the surface of the compound
semiddtitiuttor, thereby permitting only a part of the compound |
O g 3 2N LR PR L D R e e o
there is provided a method for activating a compound
semiconductor, which includes the steps of: placing the
compound semiconductor in a reaction vessel; replacing
atmosphere in the reaction vessel with a low-vapor-pressure
gas whose eguilibrium vapor pressure at a melting point of
the compound semiconductor is one atmospheric pressure or
lower; causing the low-vapor-pressure gas te 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
surfaée of the compound semiconductor, thereby permitting
oniy a part of the compound semiconductor located at an
irradiation position cof the pulsed-laser light to be melted
while allowing an atmospheric temperature of the low-

vapor-pressure gas to be kept at a room femperature or a

temperature not higher than a decomposition temperature.



10

15

20

25

25 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. 6 - E00121 According to another aspect of
the present invention, there is prbv@e‘d an apparatus for activating a
compound semiconductor, the apparatus including: a reaction vessel 5
configured to receive therein the compound semiconductor under an
airtigﬁtoﬁét?e]; a gas supplying device configured to supply

Iow-ﬁ(g Qr-pressure gas whose equilibrium vapar pressure at a melting,
o s e o AoSphERE BrocuLiErLon.

thelower intethe reaction1Q yessel-a gas temperaiure-adiysting-devics . 4
configured to keep an atmospheric temperature of the low-vapor-pressure

semgasatdcoom, telriperatore or atemperdture equal4o oedowenthareasel
decomposition temperature; and a pulsed-laser irradiating device

concartigiired t irfitfiate WplidEd Jader 15l Gt WOSepItIBH ERBRY SO«
ancQBNERMANA PR aap.a Lhe SomRoUNd sSMisahdUgE 19,8 SUHRgE Heq

the compound 'semiconductor, thereby W%Jgnt%e Inner gas in the
to egetion vesseldahereplacedivith theslowr¥aRorR{essure-gasmaidpor
allowing the low-vapor-pressure gas to flow along 20 the surface of the
pregompeund senficordiuctorreiiletkating thes dmemat pressuteohthector
reaction vessel at a value equal to hig%her than the equilibrium vapor
I

18 SRSSHIE A YGRhEr BoRTY the Bulded Fset Tight tbibe maRiHtedbnto

ves@@l; a gas temperature adjusting device configured to
keep an atmospheric temperature of the low-vapor-pressure
gas at a room temperature or a temperature egual to or
lower than a decemposition 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 allowing 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 equal
to higher than the equilibrium vapor pressure, and further
allowing the pulsed-~laser light to be irradiated onto the
surface c¢f the compound semiconductor such that only a part
of the compound semiconductor which is located at the
irradiation position of the pulsed-laser light is melted.

[0013]
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surface of the compound semiconductor such that only a part 25 of the
compound semiconductor which is located at the irradiation position of
the pulsed-laser light is melted. [0013] - 7 In a preferred embodiment of
the present invention, the comp6ur7d semiconductor is comprised of
gallium nitride, and the low-vapor-pressure gas comprises a gas selected
from ammonia gas, hydrazine %?_ls and mixed gas thereof. 5 [0014]

Prefet8bly, e pASEa-thsePhight R Homodertizéd RifRrEsHEpet ByFE ™o
tnehOTAASRIRE” e e dshapet NG REATS [0t FUIPEL Rreterablyy

the pulsed-laser light Is 10 irradiated onto the surface e compoun
andsemiconsivetarpwhile ransferingthe cempeounrd semicansdustor alengia
laser irradiation surface. Still further preferably, rare earths and transition
f royh Ersichragemiurn B2 terbiting ¢Fb 2 edropisad Eug or tiethedike is
ion i Eélgggg%d into the compound semiconductor. Preferably, alkali metal
such odium, potassium, lithium or the like is ion implanted into the

compounel. seycondugtor Gyithey preferably; g,p-type impnity, anytype

20 impurity or p-type and n-type impurities is ion implanted into the
andcempoandisemicondustem 0046] t¢c become a2 shaped line bean.

[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), eurcopium (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) cr more, decomposition of

GaN to Ga metal and nitrogen gas takes place at a high
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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 metaland nitrogen gas takes place at a high
- 8 temperature under a low-pressure nitrogen atmosphere. In contrast,
the equilibrium vapor pressure is low in ammonia and hydrazine and the

CempRaifbHGM VEIYT préssti® “R1RE FHEIRNG bbirt 9F G AL RpatRia Fitride) is
one & atmaspheric.pressure it il be herginpelow referred {9.as ;1 apy)

%IGSS
or lower. Accordingly, by using ammonia or hydrazine gas (low-

in VAPNPressHee gas)rtheiequilipriun vaper pressure; ahihe meling-paist re
of the gallium nitride may be 1. atm or lower. 10 However, since ammonia

at drpyfazinabedgiad io-be HeGathposed Lionitrogén add hydrogereat the
atmosphere temperature of 300C or more, the low-vapor-pressure gas is

2t _BSpoSed WiR&N fie domipddnd sBmiCSHHREISr Se R¥atetits 36UE oF 25

1 aMore By ahygal-treating device. 15 Accordingly, in the present invention,
only the compound semiconductor at the irradiation position of the

pulsext:laser lightls instantlydieatedancnnelted-while keepirg thes (low-
atmospheric temperature of the low-vapor- pressure gas at a room
Vapfamperatiirerst Setperaiife 7ot 20 Higherthas addedonfgositioh at the

emperature, so that.the compound semicpnductor is melted witho
mel é&%ﬂ%SéﬁEnO%h%he gé%ﬂlum.nl%rl e may De f atm orLgower.

However, since ammonia or hydrazine begins to be decomposed
to nitrogen and hydregen at the atmosphere temperature of
300°C cor more, the low-vapor-pressure gas 1s decomposed
when the compound semiconductor is heated to 300°C or more
by a heat-treating device.

Accordingly, in the present invention, 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 semicenductor is melted without decomposition
thereof while suppressing the decompositicn of the low-
vapor-pressure gas.

[0017]

Accordingly, the following effects can be obtained
by the method and the apparatus according to the present

invention,
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thereof while suppressing the decomposition of the low- vapor-pressure
gas. [0017] 25 Accordingly, the following effects can be obtained by the
method and the apparatus according to the present invention. -9 (1)
Since the pulsed-laser light whose photon energy is higher than the band
gap of the compound semiconductor is irradiated, the compound
semicgonductor can be heated to the melting point of several tens of

nanoséconts!§92) B (Rig i dffisshherdfis (10RAFaptisprass ieer gy
is gaghuosalie equiibylum vangr BiEssie aLhemaling painbisch. g o

ower, it is possible to configure an apparatus having a transferring

is systen £3)eSincethe decgmpngitionef e aimesphesiggase 10cande o
suppressed by instantly melting the compound semiconductor by the
Ehepiigediasertight:ta variatorcinahe tequlisrun yapeepessare is always

reluctant tq.occur. (4) Sipce the pulsed-laser light is shaped to a line
eaim e 15 hERbENbATof By P el S T8 NBiHegBRaR =

gasdndhessubsieate is,alowed 1o,be fransferred, Jtispossible o perform a
process of activating the wafer of a large-sized substrate. Brief

poibesdrptionaainthe Drawings, 20t{0038kigs 1lis a schemati€ biackediagram
illustrating the:

apparatus naving a transferring system.

(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
eguilibrium vapor pressure is always reluctant to occur.

(4) Since the pulsed-laser light is shaped to a line
beam due to homegenization 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 is a diagrammatic view illustrating a
reiationship between a temperature and an equilibrium vapor
pressure in several gases of gallium nitride {GaN);

Fig. 3 1s a diagrammatic view i1llustrating a
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configuration of an activating apparatus according to the present
invention; Fig. 2 is a diagrammatic view illustrating a 25 relationship
between a temperature and an equ%ggrium vapor pressure in several
gases of gallium nitride (GaN); Fig.3"is a diagrammatic view illustrating a -
10 relationship between a laser output and a maximum arrival
temperature of the surface of a thin film in a case where a, substrate is

re R med of SicBi 1G4 i€ a'diagrantiilit: Vied/iflustratitg 4 S e fatibnSfiib
cenfPEEN,B° ampgratye AL e anor prossure 1qf 8- G248 Aneze

lagrammatic view illustrating a relationship between the temperature and
suthenvaper pressurensaf GaP . <10 Figo6;is a diagrammatic view illustrating a
relationship between the temperature and the vapor pressure of GaAs.
Best Féde fér Carryingicia TReTwehtior 1 €5 [0010) Herainafter,a
empla ,emgggmwents of the gresent inventionaN be described in

ill
e getal W TIPSR B the” G oMBSASIAY dranivgs: The GoRifoR =<5+

of RQrtons of the drawings are denoted by the same reference numerals
and the 20 duplicated description will be omitted. Fig. 1 is a schematic
block Hiagram iflgsteatihipthheammatic view illustrating a

relationship between the temperature and the vapor pressure
of GaPb.

Fig. & 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 commen portions of the drawings
are denoted by the same reference numerals and the
duplicated description will be omitted.

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

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

adjusting device 16, a gas discharging device 18, a
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configuration of an activating apparatus according to the present
invention. As shown in this drawing, the activating apparatus 25 10
according to the present invention includes a reaction vessel 12, a gas
supplying device 14, a gas temp‘ér:}[&re— adjusting device 16, a gas
discharging device 18, a - 11 -substrate movement device 20 and a
pulsed-laser light irradjating device 22. [0020] . The reaction vessel 12 is a

SUBE & Fe KT RIS 5 Sbsttaté 1h&ViRg t6fibotRd SEmidditiuctor
i rr%rgﬂr'éeﬁq{%acgetpje{:%ofﬁ placed under an airtight state. In the present

invention, the compound semiconductor is, for example, gallium nitride
(GaN).cHowever, the present invention is not limited thereto. The
compound semiconductor may be 10 nitride-based semiconductor, InP,
GaP 3GaAsa {0021 THRsgas sugplyingadlevicestdlinchifesla gaswhich a
sypplying _saurce for supplying low-vapor-pressure gas 2 at a

Subpslr{lg]g%%eefm}n%‘aa Bﬁe%%ufe(?‘%}él%%gu ,%egt% ﬁ&%‘fi?b?ta%ﬁuﬁfh gHE g rface

£ PWMAPAE-NEESSWE JaS SUBRliediframdhe gas,$upplying SPUECE 102 o ¢
pressure equal to or higher than an equilibrium vapor pressure at'the

invmeltibgrpointraf thengempound semicomnductor, drd aflow etesadjuster for
supplying the low-vapor-pressure gas 2 at a predetermined 20 flow rate,

ga 4 8upplies tHE IR por-piessaire gas Plisteresent invention is

not limited thereto. The compound semiconductor may be
nitride~based semiconductor, InP, GaP or Gals.

(00217

The gas supplying device 14 includes a gas supplyving
source for supplying low-vapor-pressure gas 2 at a
predetermined pressure, a pressure adjuster for adijusting
the low-vapor-pressure gas 2 supplied from the gas
supplying source to a pressure egual to or higher than an
equilibrium vapor pressure at the melting point of the
compound semiconductor, and a flow rate 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.

(00221

In the present invention, the “low-vapor-pressure

i

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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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" indicates a gas whose equilibrium vapor
pressure at the melting point of tﬁe]c:%m'pound semiconductor is 1 atm or
lower. For example, if the compound semiconductor is - 12 gallium nitride
GaN), the low-vapor-pressure gas 2 is ammonia gas, hydrazine or mixed
galéﬁ#fﬁe?é&?ﬁciﬁe EGrPbunE sentiEYRd R SHRE Tithds-paR&d? 1s

amn3fRICORAUCtOL, INR, GAR.O Gaks, the lowevapor:pressure gas 5 whose

equilibrium vapor pressure at the melting point of the compound

semicohduigtor dshiatmrel lewer iscselectedr The lowesvapor-presswegas

suitable for InP, GaP or GaAs is, for example, PH3 or AsH3. [0023] 10
semfRe s tdraperatind adjgstinegrd&dée 16tihdudes avheater piovided at gas

the downstream side of the gas supplying device 14 and a temperature
VBRSO for BTG bR tSANETR RS of 16 Rt ShdRaS e

+ helempgsature of dhe atmasrhere of the lowsyagor-pressyre; gas, 2-supplied

to 15 the reaction vessel 12 at a room temperature or a temperature not
Thehigherthapa decernpasition; temperatuiel {0024] Theegasdscharging.s is,

device 18 includes a discharge pump for discharging the gas in the
LoreakRAr vBssel 12 Qrid ASHs -

[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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20 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 vacudm pump for depressurizing the inside
of the 25 reaction vessel 12 to vacuum such that the inner gas in the
reaction vessel 12 can be completely replaced with the iow-
vapor-pFesslire gas 2. 13 - 002 51 The substrate movement device 20
inclu %s a S%E)strat% base which can be reciprocally moved and on which

the sUBStr&R Cis Mo B BHEA trivhy dice which 1§ 8%5r feciprocally
supBving:the-subsirate-pase, and-mpyes the, substrate 1 along the surfgee

thereof. The substrate movement device 20 includes a preheater for
theprehieating the Isubstrate:h sadh dhat thegsubstrate Lisheatediodhe is

temperature equal to or lower than the decomposition 10 temperature of
LortheeCoRpaGId sEMRORENEtoF 2hdTERept Heateth §6026]nThaoves the

susRlsedaser light racaing device 22, Includes a laser gsglator 23

Sterm” 2
pulsed-laserlig aping optical system 24, a refléction mirror 25, a

movegRdansesiens-26,@nda condensing jens24 andcondensgs -:andg the

irradiates light onto the surface of the compound semiconductor.
substrate 1 such that the substrate 1 is heated to the
temperature equal to or lower Tthan the decomposition
temperature of the compcocund 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 c¢f 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 semiccenductor is GaN, InP, GaP or
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[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 pulsed-laser
light whose band gap is higher Lhaf that of the compound semiconductor.
The wavelength of the pulsed-laserﬁight 3a can be selected 25 from an
ultraviolet light to a visible light according to the band gap of the
compound semiconductor. If the compound semiconductor is GaN, In

P,
CaREapSr. T4ERAS foFExamble, ekeimeriaSéitight \YAGIESEr light &r °F

tnelhgilike may bedised.as the pylsedilaserdightwhose band gap,is:higher;
than that of the compound semiconductor. [0028] 5 The pulsed-laser light

gapshaping gpticaltystem 24t shdapes thecpuiseddases dght-3a itradiated by
the laser oscillator 23 to a uniform line beam 3b in a long-axis direction
(for exaftypid, a direction orthogonal to the drawing). 10 The pulsed-laser

on epaceiel sy 21 os, i omple n otheagrel,

cylindrical array whic ca o‘the pulsed:=laser li

shagR aste divide thejpulsed-laser light ina Jing.shapeca ¢andensing.leas

tor condensing the pulsed-laser light 15 divided in the line shape to a
cscfocustsurfage, and a firstidyindricahlensdarshaping the damderseds
dirglcjzliszeig}llas(efroli"ghéi%rg;!ifee,beaarg'irection orthogenal 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 condensing 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 orthegonal cylindrical array may be a pair of
cylindrical arrays which are corthogonal 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 is irradiated to the upper surface of the substrate
1 via a transparent window provided in the reaction vessel

12.
{00301
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The orthogonal cylindrical array may be a pair of cylindrical arrays which
are orthogonal to each other. 20 Alternatively, a well-known homogenizer
may be used. [0029] A reference qomgral 25 is a reflection mirror. The
pulsed-laser light 3a is reflected downward by the mirror 25 and is
irradiated to the upper surface of the substrate 25 1 via a transparent
windqw provided in the reaction vessel 12. [003%; 15 Owing to the
oV b EBRTGRATT IRE T A T IB G oS whiol the-
vapBQuilipdun, vapor pressurg, atdhe melting peing of the compeund. . s s re
semiconductor is 1 atm or lower can be supplied into the reaction vessel
at 12gneed siatg where the Subsisate drnisckepti ab atempeatures@foris 1 atm
example, about 500C or less), in which the compound semiconductor is

Or A6HGecoriposed, ByRRe bréhddtdofthe sstiate airenient devicel20 2

stal ethveuhre%%tloc ;Vesssz?ll_)%%’;ia hélelkefglqgatg & tgglpgr%tgie gg:g eu ret %for
atmosphere a e room emperature or the emperature equal o or

exalowes thapthe: degompasition-temperaturgiby the gas tempsEritre

adjusting device 16. [0031] The pulsed-laser light 3a is shaped in the line
sempeamndis Bbrn whictk thellongrands diteclion isthorpogdnized:by the the
subgglﬁggga?negdiggteirgc-a:adciiaetj\?g c%eVZi%e g?} S&?Q tgaétagggion 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 i1s 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 c¢f 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 eguiliprium

vapor pressure at the melting point of the compound
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light is uniformly irradiated onto the surface of the substrate. [0032] 20
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 thé& surface thereof is placed in the
reaction vessel 12, 25 (Step 2) the inner gas in the reaction vessel 12 is
replaced with a low-vapor-pressure gas 2 whose equilibrium vapor
sengreasdrecdtthe helling poirtBf #fevedmpound - 16 - semiconductor is 1

atm or Jower, (Step 3) the low-vapor-pressure gas 2 is urged to flow along
the su(r%aceepotS t e%%)‘cf)npbglﬁvr]avéaé)ﬁ?i%f)ﬁaﬁét%\’lﬁ/%ilg al?eegpigf tHE AEtnaP
£1cRregsuenfihe reactionvessel 12 at sawalua ot lawerdhan hal, wnie
equilibrium vapor pressure, and (Step 4) the surface of the compound
keegemigohdectbr is imadiatedewithy apuise d:laser ightt3 whose phetonl 2 at
energy is higher than the band gap of the compound semiconductor. 10
a Viphys] TRE coRpdtintlsEmitsRduGsis brefekaBly Yl DB eaN)znd

but th(gsocrg%e tin\{%ntion is_not Iimci)t d ghereto. The cdolrr]n ound

semicondu tor)may Be fitride-base Eer%ic%%%g%ﬁ ?%%%?%?L&at@sf

is 15 [00834kted 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
gemiconductor, InP, GaP, or GahAs.

[0034]

If the compound semiconductor is gallium nitride
{(GaN), the low-vapor-pressure gas 1s preferably ammonia gas,
hydrazine, or mixed gas therecf.

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

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

impurities is preferably ion implanted into the compound
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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 20
semiconductor, InP, GaP, or GaAs,lthe”‘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
SeMueeRl Saeh s erbium (Er), terbium (Tb), europium (Eu), or the like, alkali
metaliwg} ?5 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 implarted intortheomppunt-+ba- serisandustaro[0038] Bythen

activating method according to the present invention, only the part of the
invesrhpeand sericonutictor Btwhithisfocatethatithe isadiationgosition of

.the pulsed- laser light 3 is instantly heated and melted while keeping the

b i ehpetatt?E of e atmddphetd HF terlbwPafbtspresSire® fad eatthd sed-
1a5/00M temperature 01&?%5%@ RY e @%*aefm&a@e&q%ef%@ R?éé%oi%ﬁ

temperature. 10 [0036] Fig. 2 i agram showing a relationship betwee

thethedempesature: (harizontal axis) apddhe egailibHyM vapoFzpessyiees sure
(vertical axis) in the several gases of gallium nitride (GaN). As shown in
gasthis drawilig, ineRe nitfdeprature or the temperature not higher

than the decompesition temperature.

[0036]

Fig. 2 1s a diagram showing a relationship between
the temperature {(horizontal axis) and the eguilibrium 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 eguilibrium
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.

00373

Meanwhile, in ammonia d and hydrazine =, the
equilibrium vapor pressure is low (about 107% atm at 1200°C)
and the equilibrium vapor pressure at the melting peint is
1 atm or lower.

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

gallium nitride becomes 1 atm or less by using ammconia or
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15 atmosphere (a, b and c of the drawing), the equilibrium vapor pressure
becomes 1 atm at about 1200C and becomes several tens of thousands
of atm at the melting point of about 2500C. In addition, a, b, and c of the
drawing is based on other reseérc]rﬁre"port in the nitrogen atmosphere. 20
[0037] Meanwhile, in ammonia d and hydrazine e, the equilibrium vapor
pressure is low (about 10-2 atm at 1200C) and the equilibrium vapor

hydhagsHife 3P the ekt PEROS " PEFHBHIGWER 25 Accordingly, it can be
seenfiora fhie drawing.(at Iie sOULDHUM ARG AGISUIE Al ihe melting

point of gallium nitride becomes 1 atm or less by usingammonia or - 18 -
hyd hydrazinesas therlonavaporpressuesgas: HOWaMRH-Sinee: decompressian
to nitrogen and hydrogen is started at an atmosphere temperature not
tharpwiéiCthard B0aTA ahMmeniaotdsarazine, thedowaraporpressiire Ssgas
is_de%ompressed at the time of heating of the heating device. ,
935 ALBordingI R TAE Predent ientioh®hy SirrdRtinG $he pulsed-1a§&Fight
dev 3 hose photon energy is higher than the band gap of the compound
semiconductor, 10 only the semiconductor is instantly heated from the
roomatemperatarestp the meléng pentthilerkeeping-the temperature of
the atmosphere of the low-vapor-pressure gas 2 at the room temperature
irr@gﬂﬁg&%ﬁxggﬁ”@%b§ﬁ@ﬁ%@ser 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 pcint 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 liquid.

[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 cutput (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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than the decomposition temperature. Accordingly, the 15 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 graduall—y& oling the molten liquid. [0038] 20
Fig. 3 is a diagram showing a relationship between a laser output
Fro&lotr'zontal axis) and a maximum arrival temperature (vertical axis) when

At R ToMMEN ot Jifcont Whictris'obtaned byiseht Gty sis. As a
healieshll, in-thelaser quiput €10 W. ar more) in which %B@%@Jk@é‘é%ﬁg L the

bandwidth of the thin film is 4.16 cm 1, it is judged that silicon Is me

me lanchtegrystatizedtby the laset atthe: selting:peint (ahout 414€) of siican
or more. - 19 From this experimental result, it is confirmed that a heating

1 asglcesd i perfsintdifto e ierhparditgrecexceb dingithemmettingpsint of.theed

emiconductor wafer using the pulsed- laser light_.and the semiconductor
sue hinrp |f?npisg§r€f/st%ﬁf%8 °5 Cs%%%?r?at%ﬁg%%rﬁicsor%ﬂaeuj&c?rdwgf% is melted and

reciegEysialized $0:as @siWOYﬁffﬁ;@l i dn the, present inventiqn, this
means is applied to compound semiconductor other than silicon. [0039]

pre}@fig. dnvendiagram showing:arelationship betweern thetempedature
and the vapor pressure of InP. In this drawing, a horizontal axis is 1000/T

SemﬁC@Qﬁﬁﬁﬁ&ﬁaﬁﬁéﬁﬁlthan silicon.
f0039]

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 ¥ and corresponds
te 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, 1in 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 egual

to or lower than the decomposition temperature and the
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a vertical axis is the vapor pressure (atm), and two curves in the drawing
represent the relationship in the different 15 molecular structures. The
melting point of InP is 1333 K and g rresponds to 0.75 in the horizontal
axis of this drawing, and the vapor g)reésure thereof is generally 2 to 10
atm. Even in such a case, in the present invention, since 20 the
low-vapor-pressure ggs whose the equilibrium vagg ressure at the

oL e ting SRt of the ToMpolntPSerficondictdr 64 Aty et ety ©f
theSelegied, anly 48e padef the .compaund semicopgugtor which is located

at the pulsed-laser light irradiation position is instantly heated and melted
25 wHilEKerping the temperature of the low-vapor-pressure gas
atmosphere at the room temperature or a temperature equal to or lower
than fheSdeconipositich fefipeétatiifeahethe 20¢ Aotteprlitfuidiscsiowien
cooled, such that the activity of the compound semiconductor can be
their%ﬁr%%a& a[6855’) |g(1.a5t;r§ea g%%?éfmpsﬂeg%vslﬁ“grg rgr%allti ﬁ%ﬁipabne weed 5 6

is thedempesatuce and the vapen pressHeof GaR cand Fig. s a.diggram  re
showing a relationship between the temperature and the vapor pressure

andoft@aAs aTlke: mettigppaiat of Ga#ris 1457C and corresponds to 0.6 in
the abscissa of Fig. 5, and the vapor pressure 10 thereof is generally

apprdifiatey 16 2mPPhE mélfinGPbint bf EXASs FMDCaRgeSPonds
to QQ%Q%HQHQEéOQg%gTan of Fig. 5, and the vapor pressure

thereof is generally approximately 10 atm. The melting
point of GaAs 1s 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 fecrr).

Even in these compound semiconductors, when the low-
vapor-pressure gas (for example, PHi) whose the eguilibrium
vapor pressure at the melting point c¢f the compound
semiconductor is 1 atm or lower is selected, by the present
inventiocn, only the part of the compound semiconductor
which is locaﬁed 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 egual to or
lower than the decompesition temperature and the molten
ligquid is slowly and gradually cocled, 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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abscissa of Fig. 6, and the vapor pressure thereof is generally about 1.05
atm (800 torr). Even in these compound semiconductors, when the low-
15 vapor-pressure gas (for examplg PH3) whose the equilibrium vapor
pressure at the melting point of the éom”pound semiconductor is 1 atm or
lower is selected, by the present invention, only the part of the compound
semiconductor which is located at the pulsed-laser light irradiation 20

LaSBEsitidH i instartly Testad ad hiéifsiahfe k&Epihg thé TR Sture of
sem@IROSPIEre OF he lowsvapar-aressure gas.2 afthe room tempergiurg, or

the temperature equal to or lower than the decomposition temperature
subandthe moltenrhaidg is-slow)y and gradually-coled: suchithatihe 25
activity of the compound semiconductor can be improved. [0041} In the
irresteptBdit isrpreféraplesthde tiefpiised t2an Brer fight S igdifectiye -
irradiﬂtoeéj the compound semiconductor on the surface of the substrate
1. If thé “substrate is transparent, the pulsed-laser light may be irradiated

from the side;of the Wapspasent substtate s [Q042] Here by ditectly 5 ot

irradiating the pulsed-laserlight 3 to the compound semiconductor on the
3 tsulistmte dponlyntheseampounid semicanductor cancbe: losaly heatediand

the irradiation time of the pulsed-laser light 3 until only the 10 compound
theg&miisonateto? fTeaRa HitPmeftéd cif beocally heated and the

irradiation time of the pulsed-laser light 3 until only the
compound semiconductor 1s heated and melted can be
extremely shortened.

[G043]

As described above, in the present invention, the
pulsed-iaser 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 eguilibrium 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 inventicn is not limited to the above-

described embodiment and may be variously modified without



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 semiconddctof iSTirradiated 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

dePiGt higierthaR a-efnperaife Af wHieh Bie 86E6mprsEsiohishhe
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-
described 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 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
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a melting point of the compound semiconductor is one 10 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 aAvaliie equal to or higher than the
equilibrium vapor pressure; and 15 irradiating a pulsed-laser light whose
photon energy is higher than a band gap of the compound semiconductor
to the surface of the compound séfi¢bhductor, 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
temperaturenef the oVw-yaparcpressuregas oy kephat a L98Monductor,
temperature or a temperature not higher than a decomposition
comehrigeratre2s 2tahe mdthod according to claim 1, wherein: the
compound semiconductor comprises gallium nitride, and - 24 the
low-vEpGEpReS st g4 BEIRpHSes SHH 86iGEE rdm dmmdRfgas:
hydrazine gas, and mixed gas thereof. 3. The method according to claim
1, wherein the 5 pulsed-laser light is homogenized and shaped by a
homogenizet ineaomermshapesdline.beam. 4Ehe methed aseqrding to a
claim 1, wherein the pulsed-laser light is irradiated onto the surface of the
Lowny esmponing Serticostduetorwisife BansferiTgLiie comsourkessure at

ves

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 peosition 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.

Z. The method accerding to claim 1, wherein:
the compound semiconductor comprises gallium nitride,

and
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semiconductor along a laser irradiation surface. 5. The method according
to claim 1, wherein rare earths and transition metal such as erbium (Er),
terbium 15 (Tb), or europium (Eu) is ion implanted into the compound
semiconductor. 6. The method acc f}diﬁg to claim 1, wherein alkali metal
such as sodium, potassium, or lithium is ion 20 implanted into the
compaound_semiconductor. 7. The method according to claim 1, wherein a

p- type fmpuiity VAR iy e fRpurty, 8PB-tyo&Rhd ASSpe isurfiRsss it
froﬁmem%igtqgg@,c%{ge%%ﬁ%m&ggﬂugmﬁ- ﬁ?&é\%a@p@ﬁ&%@f.

activating a compound semiconductor, comprising: - a reaction vessel
configured to receive therein the compound semiconductor under an
airtight state; a gas supplying device configured to supply low-

vapoE presSufe §as$ Wb se @eiflibkiuin Vaperisréssdre atise 5erheltibiySoint

of the com[]):minld ?] miconductor is one gtmo%{)hc}[m ergs ure or lower into

pultsn@edr_e%\acﬁ%n VES alésasht%nrlﬁ)ﬁeer%tluzr% ad]“‘ﬁls mﬁ Yevice cé’nf%ured to

homKge an Atmospheric lemperaiig Of the low-¥aper;pressure gas ata

room temperature equal to or lower than a 10 decompression
temperature; and a pulsed-laser irradiating device configured to irradiate
a pulsed-laser light whose photon.ener%y is .
4. The method according to claim 1, wherein the
pulsed-laser light is irradiated onto the surface of the
compound semiccnducter while transferring the compound

semiconductor along a laser irradiation surface.

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

{Th), or eurcpium (Eu) is icon implanted into the compound

semliconductor.

6. The method according to c¢laim 1, wherein alkalil
metal such as sodium, potassium, or lithium is ion

implanted into the compound semiconductor.

7. The method acceording 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:



10

15

20

higher than a band gap of the compound semiconductor to a surface of
the compound semiconductor, 15 thereby permitting the inner gas in the
reaction vessel to be replaced with the low-vapor-pressure gas, and
allowing the low-vapor-pressure 'ga%% flow along the surface of the
compound semiconductor while keeping the internal pressure of the
reaction vessel at a value not 20 lower than the equilibrium vapor

pressure, i tifther Sidfing e pHseGFask? ligRERIE irfdthaRébrite e
cor T SR SO SRS L I g o of e
pulsed-laser lightisipeigddevice configured to supply low-
vapor-pressure gas whese equilibrium vapor pressure at a

melting point of the compound semiconductor is cne
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 equal to or lower than a
decompression temperature; and

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

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.



