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| NVENTION Field of the Invention The present i nyentl on Jel.ates to a
device for production of a conpound sem conductor. Des¢li’ ptfon<of the
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"MBE", sonetines) nethod, netal organic vapor

DEVICE FOR PRODUCTION OF COMPOUND SEMICONDUCTOR

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a device for production
of a compound semiconductor.
Description of the Related Art

Examples of a method for producing a compound
semiconductor include molecular beam epitaxy (hereinafter
referred to as "MBE", sometimes) method, metal organic vapor
phase epitaxy (hereinafter referred to as "MOVPE", sometimes)
‘method, hydride vapor phase epitaxy (hereinafter referred to
as "HVPE", sometimes) method and the like. Among them, the
MOVPE method is important because there can be formed an
uniform layer having a surface area larger than that of the
MBE method :or RVPE method.

The MOVPE method is a method of supplying precursors and

- carrier gas containing constituent elements of a crystal to

be grown in the molecule on a heated substrate, and
pyrolytically decomposing the precursors to grow the crystal
on the substrate. The substrate is heated by heat transfer
from a heated jig for holding the substrate, which is generally
referred to as a "susceptor”.

Hereinafter, the precursors together with carrier gas

are referred to as raw material gas, sometimes.



phase epitaxy. (hereinafter referred to as "MOWPE", sonetines) nethod,
hydri de vapor phase epitaxy (hereinafter referred to as "HVPE', sonetines)
nmet hod and the |ike. Anong them the MOWPE nethod is inportant because
there can be formed an uniform |l ayer Ipaving a surface area | arger than

t hat *of the MBE nethod or HVPE net hod. The MOVPE nethod is a nethod
of supplying precursors and carrier gas containing constituent elenents of
a crystal to be grown in the nolecule on a heated substrate, and

pyrol ytically demgemasdduptidie il ReHtear syt mthd haich ust ahdu@bibhe
substrate. The substrate is heated by heat transfer froma heated jig for

hol di ng t hepsashdg Alradiehiive heatBie by tosiseimy nedtled @8dahsUskeptor”.

Herei nafter, the precursors together with carrier gas
In the crystal growth by means of the MOVPE methed, the growing
temperature often becomes 500°C or higher and, therefore, a
part whose ‘temperature becomes high temperature such as
several hundreds degrees due to radiation heating, heat
transfer, etc. from the susceptor appears in the reaction
vessel. B

By the way, in the vapor phase epitaxy method of the
compound semiconductor, the member of the device for
production is exposed to a raw material gas atmosphere, such
as hydrogen, metal organic compound, etc., at high
temperature. Therefore, it is necessary that the member of
the device for production is composed of a material which has
high resistance to these raw material gases and causes little
release of .impurities.

Quartz is often used as a material of a member for device
for semiconductor crystal growth by means of the MOVPE method
because it is stable at high temperature and causes little
release of impurities. However, quartz has drawbacks that
the processing precision is poor and that the breakage is
liable to be caused by an impact and a rapid change in
temperature. Therefore, when higher processing precision

and higher mechanical strength are required, a metallic

material is preferably used.



are referred to as raw material gas, sonetines. _ . _
2 . The susceptor is heated by a nmethod such as induction heating,

radi ati ve heating by resistant heater and the like. 1In the crystal growh
by neans of the MOVPE nethod, the growigg tenperature often becones _
500[err] C or higher and, therefore, a part whose t enperature becones high
tenperature such as several hundreds degrees due to radiation heating,
heat transfer, etc. fromthe susceptor appears in the reaction vessel.

On the other hand, since the metallic material having
sufficient processability and sufficient mechanical strength
imparts such properties, elements having an action which
serves as impurities to a semiconductor material are added
in almost all of cases. Therefore, when the alloy is exposed .
to high temperature, the alloy releases impurities contained
therein and the impurities are incorporated intc a crystal
in the crystal growth process, thereby making it difficult
to control the concentration of the impurities in the crystal
or the crystal quality.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a device
for production of a compound semiconductor with high
productivity, which is suitable for the production of the
compcund semiconductor, using ametallic material wherein the
processing Precision is high and the risk of breakage is low.

The present inventors have intensively studied. As a
result, it has been found that, when us ing a metallic member
after cooling to a specific temperature or less in a device
for production of a compound semiconductor using the metallic
member, a device for production of a semiconductor with high
productivity, which is suitable for production of the
compound semiconductor, can be obtained. . Thus, the present
invention has been accomplished.

That is, the present invention relates to a device for
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By the way, in the vapor phase epitaxy nmethod of the conpound

sem gonduct or, the nenber of the device for production is exposed to a raw
mat eri al gas atnosphere, such as hydrogen, netal organic conpound, etc.,

at high tenperature. Therefore, it is4gnecessary that the nmenber of the
device for production is conposed of a material which has high resistance
to these raw material gases and causes little release of inpurities.

- Quartz is often used as a naterial of a nenber for device for

seni conduct produysieh §f oa/vtdbngmumae&mgtzohbecﬁ&m@ neddrad ofb@acaesalit is
stable at high tenperature and causes little release of inpurities.

However, quafganhasraq:'o&y@@&#éepmaxyiul&hbaqeﬂsﬁmnaﬁrae@tﬁnk@mhstpae.r and
that the breakage is Iliable to be caused by an inpact and a rapid change
In a metallic member is used at a part brought into contact with

a gas at an upstream side of a flow of a raw material gas than

a part for growing a compound semiconductor, and the metallic

member is coocled to not higher than 300°C.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a diagram illustrating a structure of the
Group III-V compound semiconductor of Reference Example 1.

Figure 2 is a diagram illustrating a schematic structure
of the reaction furnace used in Reference Example 1.

Figure 3 is a PL spectrum of the sample obtained in
Reference Example 1.

Figure 4 is a schematic diagram illustrating one
embodiment ‘0f the device for production of a compound
semiconductor of the present invention.

Figure 5 is a PL spectrum of the sample obtained in
Example 1 of the present invention.

Figure 6 is a PL spectrum of the sample obtained in
Comparative Example 1 of the present invention.

The denotations used in the figures are as follows.

l: Sapphire substrate

2: GaN buffer layer

3: HNon-doped GaN layer —

4: TInGaN layer ' This Sheet Has Been Replaced
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tenperature. Therefore, when hi gher processing precision and higher
mechani cal strength are required, a netallic material is preferably used.

On the other hand, since the netallic material having suf ficient
processability and sufficient mechanica strength i mparts such
properties, elenments having an action which serves as inpurities to a
sem conductor material are added 5 in alnost all of cases. Therefore, when
the alloy is exposed to high tenperature, the alloy releases inpurities
cont ai ned 5: GaAlN layer

6: Part made of quartz in reaction vessel
7: Substrate
8: Susceptor

9: Metallic member

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained in detail,
hereinafter.

As the metallic member which can be used in the device
for production of a compound semiconductor of the present
invention, a heat-resistant alloy is preferred. Examples of
the heat-resistant alloy -include heat-resistant steel,
stainless steel, nickel-based alloy or titanium alloy.

Specifically, those comprising Fe as a main component
and other alloying elements having a concentration of not more
than 50% are generally referred to as the heat-resistance
steel. A steel comprising Fe as a main component and other
alloying elements having a concentration of not more than 50%,
wherein Cr is contained in an amount of about 12% or more,
is generally referred to as a "stainless steel". Examples
of the nickel-based alloy include alloys prepared by adding
Mo, Cr, Fe, etc. toNi. Examples of the titaniumalloy include
alloys prepared by adding Al, Mo, etc. to Ti.

Examples of the heat-resistant steel used in the present
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therein and the inpurities are incorporated into a crystal in the
crystal growth process, thereby making it difficult to control the
concentration of the inpurities in the 10 crystal or the crystal
quality. SUMVARY OF THE | NVENTION g An object of the present

I nvention is to provide a process for production of a conpound

sem conductor with high productivity, which is suitable for the
production of the 15 conpound sem conductor, using a nmetallic materi al
wher ei n tinraptdems dnequdecal 3ops ¢onbadhivgdii heCo) sketnf. brizakage is

| ow. The present inventors have intensively studied. As a
result, it haklihden towwldrdadt 3 othen. uSxmnpd exedbdlthe stathtesGaddler
cooling to a specific tenperature or less in a process for production
of a conpasad isaMeCpressdtoinveatign inddude aklays contaihéng abquiocess
for production of a sem conductor wi th high productivity, which is

sui t abl e fon2g odumrieoaf @r and 43hby wedrghauat moyend € iducA@refemblee

obt ai ned. Thus, the 25 present invention has been acconpli shed.

That is, thamoumnteof dmeentadnedeisines less gyhrancdss Byweightr aodiaidton of a
conpound sem conductor by neans of a netal
more than 24% by weight, more preferably not less than 16%
by weight and not more than 20%. A preferable amount of Ni
contained is not less than 9% by weight and not more than 15%
by weight.

As the heat-resistant steel or stainless steel used in
the present invention, alloys prepared by adding 0.1% by
weight or more of Si so as to improve the corrosion resistance
are preferred, and alloys prepared by adding 1% by weight or
more of Si are more preferred. It may be used those wherein
the corrosion resistance is further improved by adding a small
amount of Ti, Nb, etc.

The above alloys are described in detail in "edited by
Japanese Standard Society, JIS Hand Book, 86th edition, Vol.
1, Steel”. The alloys are superior in processability and can
be processed in high precision and, therefore, a member having
a complicated shape can be obtained. Since they are also
superior in mechanical strength, a member having high degree
of freedom for various uses can be obtained.

Specific examples of the above alloys include SUS201,

SUs202, SUS301, SUS301J1, SUS302, SUS302B, SUS303, SUS303Se,



organi ¢ vapor phase epitaxy nethod, whereby a flow of a raw
I's brought into contact with a cooled netallic 30 nenber at a position

upstream of a substrate for grow ng the conmpound sem conduct or,
characterized in that the conmpound sem conductor is a Goup Il1I-
conpound sem conduct or

represented by the general

mat eri al

Vv
-4 -

formula In[err]Ga[err]Al[err] N (provided that

gas

X +y +z =1 0 7Jerr] x [err] 1, O [err] y [err] 1, and O [err] z [err] 1)
and consusge4 pf sae3 o N UsRRL ,a805304R1 Gallubagen2| hsvspog Lmnd
wherein the Goup |I11-V conpound sem conductor is formed 5 having a

structure ssud30Hatsvsiey®r, Isus308 ,astisBoBLhi skpsess, svE3mae) ess than 5

angstrons

and not nore than 300 angstrons
SUS310S, SUS316, SUS316H, SUS316L, SUS316N, SUS316LN,

SuUs316J1, SUS316J1L, SuUs317, SUS317L, SUS317J1, SUS321,

SUS321H, SUS347, SUS347H, SUS384, SUS385, SUS XM7, SUS XM15J1,
SUH31, SUH35, SUH36, SUH37, SUH38, SUH309, SUH310, SUH330,
SUH660, SUH661, SUS329J1, SUSJ2L, SUS405, SUS410L, SUS429,
SUS430, SUS430L, SUS430LX, SUS434, SUS436L, SUS444, SUS447J1,
SUS XM27, SUS XM-7, SUH21, SUH409, SUH446, SUH403, SUS410,
SUS410S, SUS410J1, SUS416, SUS420J1, SUS420F, SUS429J1,

SUS431, SUS440A, SUS440B, SUS440C, SUS440F, SUH1, SUH3, SUH4,
SUH11l, SUH600, SUH616, SUH630, SUH631, SUH631JI and the like.

Among these alloys, SUS304 and SUS316 are particularly
superior in mechanical strength and chemical stability, and
can preferably be used in the device for production of a
semiconductor of the present invention.

Examples of the nickel-based alloy used in the present
invention, i.e. alloy prepared by adding Mo, Cr and Fe to Ni,
include alloys such as Hastelloy, etc. Specific examples of
the composition include those containing 15% by weight or more
Cr and 5% by weight or more of Mo in Ni. With respect to the
preferred range of the alloy composition, a proportion of Cr
is not less than 16% by weight and not more than 30% by weight,
a proportion of Mo is not less than 5% by weight and not more

than 28% by weight, and Fe is not less than 2% by weight and



I s sandw ched- between two | ayers having a band gap | arger t han that of

the. layer, the netallic nmenber being cooled to not hi gher than
300[err]C. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
diagramillustrating a structure of the8 Goup I11-V conpound

sem conduct or of Reference Exanple 1. Figure 2 is a diagram
illustrating a schematic structure of the reaction furnace used in

Ref erence Exanple 15 1. Figure 3 is a PL spectrum of the sanple
obt ai ned i nnot Reterehar EX®RNPY evdight. Figure 4 is a schematic
diagram illustrating one enbodi nent of a device for use in the process

for production 28xahpiesoapotinesl wsitdrciond wilay asetdhdnpthsepresanention.
Figure 5 is a PL spectrumof the sanple obtained in Exanple 1 of the
present invénveanion, i.e. thogpirprdpdred B adddnigr ah ahdt Me sanphe

obtained in Conparative Exanple 1 of the present invention. 25 The
denot at i onsinsdddenthd=e forgparedabg adding | by weight or Imore Sdpplhire
substrate 2: GaN buffer |ayer 3: Non- doped GaN Iayer
4: | nGaN kngie®.5% by weight or more of Mo to Ti. With respect to the

preferred range of the alloy composition, a proportion of Al
is not less than 2% by weight and not more than 7% by weight
and Mo is not less than 0.5% by weight and not more than 4%
by weight.

Furthermore, Sn, Zr, etc. may be added to these alloys.
An amount of Sn added is preferably not more than 11% by weight,
and an amount of Zr added is preferably not more than 16% by
weight.

In the device for production of a compound semiconductor
of the present invention, the temperature of the part at an
upstream side than a part for growing a compound semiconductor:
using the metallic member is set to not higher than 300°C,
preferably not higher than 200°C. With respect to the
temperature of the part using the metallic member, the surface
temperature of the metallic member, which is brought into
contact with a gas, may satisfy the above conditions,
specifically. When the temperature is higher than 300°C, the
purity of the grown crystal becomes insufficient, and it is
not preferred.

One embodiment of the device for prodiuction of a compound
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5: GaAl N | ayer 6: Part made of quartz in reaction vessel 7:

Substrate 8: Susceptor 9: Metallic nmenber DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention will be explained
in detail, hereinafter. As the retallic nmenber which can be used in

the process for production of a conpound sem conductor of the present

semiconductor of the present invention is shown in Fig. 4.
Fig. 4 illustrates a specific cooling device of the part using
the metallic member, e.g. device of cooling with a circulating
refrigeration medium, wherein the inside of the part is
composed of a cavity.

As the refrigeration medium, there can be used a liquid
such as water, ethylene glycol, silicone 0il, etc.; and a vapor
such as nitrogen, air, argon, etc. B

It is alsc possible to increase the cooling efficiency
by processing the part into a structure capable of easily
conducting heat dissipation. |

As the other cooling method, a heat pump or a Peltier
device may be used. It is also possible to use as a device
using these methods in combination. Moreover, in a case where
raw material gas is supplied through more than one gas inlets,
parts to be coocled can be selected properly by taking into
account the gas or the combination of gases supplied through
each inlet.

Examples of the semiconductor capable of producing a
high-purity crystal by using the device of the present
invention include Group III-V compound semiconductor and
Group I1I-VI compound semiconductor. The Group III-V compound
semiconductor refers to a material wherein a Group III element
such as B, Al, Ga, In, etc. is combined with a Group V element

such as N, P, As, Sb, etc. inaratioof 1:1, or amixed crystal
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I nvention, a heat-resistant alloy is preferred. Exanples of the

heat -resi stant all oy include heat-resistant steel, stainless steel,

ni ckel -based alloy or titanium all oy. Specifically, those conprising
Fe as a main conponent and other alloyyng el enents having a concentration
of not nmore than 50% are generally referred to as the heat-resistance
steel. A steel conprising Fe as a nmain conponent and other alloying

el enents having a concentration of not nore than 50% wherein Cr is

cont ai ned ithereafiwunt of about 12%or nore, s generally referred to as a
"stainless steel". Exanples of the nickel-based alloy include alloys
prepared by addiTthe GueupCil-Fg, cempoundNsemichadpdtanine®ans &6l @m al | oy

i nclude alloys prepared by adding Al, M), etc. to Ti. Exanpl es of

t he heat - r stdtazl shegeinsadsionp HE piémént- such as Hg, Mg, Cd, Ca,

Zn, etc. is combined with a Group VI element such as O, S,
Se, Te, etc..in a ratio of 1:1, or a mixed crystal thereof.

With respect to those containing N as a constituent
element of the semiconductor, since the crystal growth is
generally conducted at high temperature, i.e. not less than
600°C, the device of the present invention can preferably be
used. Particularly, inalight-emittingdevice amongdevices
using the compound semiconductor, it is necessary for a
light-emitting layer to have high purity in order to realize
high light-emittingefficiency. Therefore, the deviceof the
present invention can preferably be used.

Specific examples of the Group III-V compound
semiconductor include those represented by the general
formula InGaAl,N (provided that x +y+z =1, 0 S x £ 1,
0=y =£1,and0.-£ z £ 1), which has a structure that a layer
having a film thickness of not less than 5 angstroms and not
more than 300 angstroms is sandwiched between two layers
having a band gap larger than that of the layer.

Particularly, those having a so-called gquantum well
structure wherein a light-emitting layer having a thickness
of 5 to 300 angstroms is sandwiched between layers having a

band gap larger than that of the light-emitting layer

M\_____\
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6 I nvention include alloys containing Ni, Co., etc., in addition to
several % of Cr. Exanples of the stainless steel wused in the present

i nvention include alloys containing about 12% or nore of C and 4% by

wei ght or nore of Ni. A preferable ampunt of Cr contained is not |ess than
16% by wei ght and not nore than 24% by wei ght, nore preferably not |ess
than 16% by weight and not nore than 20% A preferable anmount of N
contained is not |less than 9% by wei ght and not nore than 15% by wei ght.

(hereinafter referred to as a "barrier layer", sometimes),
as a light-emitting device using the compound semiconductor,
are important because the light-emitting efficiency of the
light-emitting device using the quantum well structure is
largely influenced by the purity of the quantum well
structure. -

As the evaluation of the guantum well structure,
evaluation due to a so-called photoluminescence (hereinafter
referred to as "PL", sometimes) wherein strong excitation
light is irradiated and a luminescence spectrum from the
irradiated part is evaluated is simple and important.
Particularly, when using excitation light having an energy
larger than that of a band gap of the barrier layer, a
light-emitting process where electric charges generated in

-the barrier layer are trapped by a quantum well layer and
radiatively  recombine becomes a main light-emitting
mechanism. Therefore, the PL spectrum sensitively reflect
the crystallinity and purity of the gquantum well layer.
Specifically, when impurities, defects, etc., which can be
non-radiative recombination centers, are present in the
quantumwell layer, the intensity of the PL spectrum is lowered.
The structure of the spectrum becomes broad, sometimes.

When the Group I11I-V compoﬁnd semiconduc}:or is produced
by the MOVPE method, the following precursors can be used.

That is, examples of the Group III precursors include

B



As the heat-resistant steel or stainless steel used in the present

i nvention, alloys prepared by adding 0.1% by weight or nore of Si so as to
i nprove the corrosion resistance are preferred, and alloys prepared by
adding 1% by weight or nore of Si arejzore preferred. It nay be used those
wherein the corrosion resistance is further inproved by adding a snall
anmount of Ti, Nb, etc. The above al |l oys are described in detail in
"edited by Japanese Standard Society, JI'S Hand Book, 86th edition, Vol.

1, Steel". tdi@liylguE aie sieflt eliNbpr ORE SGarteta I ormih 1@aR, R REGHr ocessed
in high precision and, therefore, a nenber having a conplicated shape can

be obt ai ned¢wierein (RIgYRATAEAIRS Orespiliviily TefRes@nitcal loweenglkyl a nember

havi ng hi gh degree of freedom for various uses can be obtai ned.
group), such as trimethylgallium [(CH,),Ga, hereinafter
referred to as "TMG", sometimes)], triethylgallium | (C,H;),Ga,
hereinafter'referred to'as "TEG", sometimes)] and the like;
trialkylaluminum represented by the general formula RR,R;Al
(wherein R,;, R, and R, are as defined above), such as
trimethylaluminum {(CH,),Al], triethylaluminum [(C,H;),Al,
hereinafter referred to as "TEA", sometimes)],
triisobutylaluminum [ (i-C,H;);Al1] and the like;
trialkylindium represented by the general formula RR;R,In
(wherein R,, R, and R, are as defined above), such as
trimethylindium [ (CH,),In, hereinafter referred to as "TMI",
sometimes) ], triethylindiurh [(C,H;),In] and the like. These
are used alone or in combination thereof.

Examples of the group V precursors include ammonia,
hydrazine, methylhydrazine,~i,1-dimethy1hydrazine, 1,2-
dimethylhydrazine, t-butylamine, ethylenediamine and the
like. These are used alone or in combination thereof.

Among these precursors, ammonia and hydrazine are
preferred because they contain no carbon atom in the molecule
and cause little contamination of carbon into the
semiconductor.

PREFERRED EMBODIMENTS OF THE INVENTION

The following Examples further illustrate the present



Speci fic exanpl es of the above alloys include SUS201, SUS202, SUS301,
SUS301J1, SUS302, SUS302B, SUS303, SUS303Se, SUS304, SUS304H,
SUS304L, SUS304N1, SUS304N2, SUS304LN, SUS305, SUS305J1, SUS308, SUS308L,
SUS309S, SUS309Mb, SUS310S, SUS316, US316H, SUS316L, SUS316N, SUS316LN,
SUS316J1, SUS316J1L, SUS317, SUS317L, SUS317J1, SUS321, SUS321H, SUS347,
SUS347H, SUS384, SUS385, SUSXM7, SUS XML5J1, SUH31, SUH35, SUH36, SUH37,
SUH38, SUH309, SUH310, SUH330,
invention in detail but are not to be construed to limit the

scope thereof.
Reference Example 1

A compound semiconductor shown in Fig. 1 was produced
by using a reaction vessel having a structure shown in Fig.
2 according to MOVPE method. A guartz member was used for -
the part brought into contact with a raw material gas at an
upstream side than the substrate of a growing devite shown
in Fig. 2. '

As a substrate 1, those obtained by mirror-polishing the
sapphire c surface were used. GaN was grown at 600°C in a
hydrogen carrier by using TMG and ammonia to form a £ilm having
a thickness of 500 angstroms as a buffer layer 2, and then
a GaN layer having a thickness of 3 u m was formed at 1100°C
by using TMG and ammonia.

After cooling to 785°C, the carrier gas is changed .to
nitrogen from hydrogen and an In, ,Ga, N layer 4 and a Ga, ;Al, ,N
layer 5 were grown by using TEG, TMI, TEA and ammonia for 70
seconds and 10 minutes, respectively. With respect to these
two layers, each growing rate of films grown in thicker film
thickness was 33 angstroms/minute and 30 angstroms/minute,
respectively, so that each film thickness can be calculated,
i.e. about 40 angstrom and 300 angstrom. The mixed crystal
ratio of the Group III element is an approximate value assumed

from the amount of the PL spectrum and raw material supplied.



SUH660, SUH661, SUS329J1, SUSJ2L, SUS405, SUS410L, SUS429, SUS430,
SUS430L, SUS430LX, SUS434, SUS436L, SUS444, SUS447J1, SUS XM7, SUS XM 7,
SUH21, SUH409, SUH446, SUH403, SUS410, SUS410S, SUS410J1, SUS416,
SUS420J1, SUS420F, SUS429J1, SUS431, BPS440A, SUS440B, SUS440C, SUS440F
SUHL, SUH3, SUH4, SUH11l, SUH600, SUH616, SUH630, SUH631, SUH631JI and.the
i ke. Anmong these all oys, SUS304 and SUS316 are particularly
superior in nechanical strength and chem cal stability, and can preferably
be used in the pLaghssof Gr25pnadfxdm anHetCd lasst eaisdfotusedftd hdoptesent
I nventi on. Exanpl es of the nickel-based alloy used in the present
i nvention, B0ei ml| oyipgepalens hyamtldivmpdiated tandhEe samplie, thihacl ude
al l oys such as Hastelloy, etc. Specific exanples of the conposition
i ncl ude t hosktadnedi namd the By fwongtheopanbrio which laser light was
irradiated was observed.
The resulting PL spectrum is shown in Fig. 3. Clear
luminescence having a peak at a wavelength of about 4800
angstroms, as the luminescence from the band edge of the
In, ,Ga, N layer 4, was observed. The peak intensity was 2.6
mv.
Example 1
Using a growing device using a metallic member at a part
brought into contact with a raw material gas shown in Fig.
4, a Group III-V compound semiconductor was produced
according to the same manner as that described in Reference
Example 1. As ametal of themetallic member, SUS316 was used.:
The growth of the Group II1I-V compound semiconductor was -
conducted while cooling water is allowed to flow through a
cavity in the inside of a metallic part 9. At the time of
growing an In, ,Ga, N layer, the temperature of the inside wall
part of the metallic member 9 was not higher than 90°C.
PL of the sample thus obtained was observed. The PL
spectrum is shown in Fig. 5. Luminescence was observed at
almost the same wavelength as Reference Example 1. The peak

intensity was 2.8 mv.

Comparative Example 1



Cr and 5% by weight or nore of Mo in NN. Wth respect to the preferred

a proportion of & is not |less than 16% by
wei ght and not nore than 30% by weight, a proportion of Mo is not |ess

than 5% by wei ght and not nore than 2880 by weight, and Fe is not |ess than
2% by wei ght and not nore than 20% by wei ght. Exanpl es of
the titaniumalloy used in the present
adding A1 and Mo to Ti,

range of the alloy conposition,

nore of Al

According to the same manner as that described in Example
1 except that cooling water was not allowed to flow through
the metallic part 9, a sample was produced. PL of the sample
thus obtained was observed.

The PL spectrum is shown in Fig. 6. Luminescence was
observed at almost the same wavelength as Reference Example
1. Luminescencewas broad and the intensity was also reduced.
The peak intensity was about 20 ¢ V. At the time of growing
an In, ,Ga, N layer, the temperature of the inside wall part
of the metallic member 9 was 340°C.

It is considered that the purity of the light-emitting
layer became high because the amount of impurities released
from the alloy part is inhibited by cooling the metallic part
in Example 1.

Example 2

According to the same manner as that described in Example
1 except that the inside wall temperature of the metallic part
9 described in Example 1 was cooled to not higher than 200°C
by adjusting the flow amount of cooling water, a sample was
produced.

PL of the sample thus obtained was observed.
Luminescence was observed at almost the same wavelength as
that of the PL spectrumwith respect to the sample of Reference
Example 1. The luminescence intensity was almost the same.

By using the device for production of a compound

I nvention, i.e. those prepared by
i ncl ude those prepared by adding 2% by wei ght or

1

THIS SHEET HAS BEEN
REPLACED

|




and 0.5% by weight or nore of Mo to Ti. Wth respect to the preferred

range of the alloy conposition, a proportion of Al is not |ess than 2% by
wei ght and not nore than 7% by weight and Mo is not |ess than 0.5% by
wei ght and not nore than 4% by weightt6 Furthernore, Sn, Zr, etc. may

be added to these alloys. An anpbunt of Sn added is preferably not nore
than 11% by weight, and an anount of Zr added is preferably not nore than.
16% by wei ght. In the process for production of a conpound
sem conduct semicoénduet pr edfethe ipresenitoinvemeisrach fh+qualitierpapt at an
upstream side than a part for grow ng a conpound sem conductor using the
metal | i c nelibE+Vi sompbund senidomiwrtaraan3®e prodGecedpaetieclkl y not hi gher
than 200[err]C. Wth respect to the

productivity and raw material efficiency are also improved.

Therefore, the present invention is extremely useful and the

industrial value thereof is great.



tenperature of the part using the netallic nmenber, the surface tenperature
of .the netallic nmenber, which is brought into contact with a gas,

satisfy the above conditions,

t han 300[ er
it is not
process for

r]C, the purity of the growh crystal becones insufficie
preferred. One enbodi nent of a device for use int
production of a conpound sem conduct or of t

present invention is shown in Fig. 4.

What is claimed is:

1. A device for production of a compound semiconductor
by means of a metal organic vapor phase epitaxy method, which
has a structure that ametallic member is used at a part brought
into contact with a gas at an upstream side of a flow of a
raw material gas than a part for growing a compound
semiconductor, and the metallic member is cooled to not higher
than 300°C. -

2. The device for production of a compound semiconductor
according to claim 1, wherein the metallic member is é
heat-resistant alloy.

3. The device for production of a compound semiconductor
according to claim 2, wherein the heat-resistant alloy is a
heat-resistant steel, a stainless steel, a nickel-based alloy
or a titanium alloy.

4. The device for production of a compound semiconductor
according to claim 1, wherein the compound semiconductor is
a2 Group III-V compound semiconductor represented by the
general formula In,GaAl,N (provided that x +y +z =1, 0 £
x£1, 0y =S1,and 0 £z £ 1).

5. The device for production of a compound semiconductor
according to claim 4, wherein the Group III-V compound
semiconductor has a structure that a layer having a film
thickness of not less than 5 angstroms and not more than 3OQ

angstroms is sandwiched between two layers having a band gap

AR O Th”lsii”illﬂsﬂlllil !Iliced

may

specifically. When the tenperature is higher

nt, and

he
he
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Fig. 4 illustrates a specific cooling device of the part using the
netal.lic nenber, e.g. device of cooling with a circulating refrigeration

medi um wherein the inside of the part is conposed of a cavity. As
the refrigeration medium there can be pyged a liquid such as water,

et hyl'ene glycol, siliconeoil, etc.; and avapor such as nitrogen, air,
argon, etc. It is also possible to increase the cooling efficiency

by processing the part into a structure capable of easily conducting heat
di ssi pati on. larger sbanhhthat hef «ie®lidygeret hod, a heat punp or a Peltier
device may be used. It is also possible to use as a device using these
nmet hods i n conbi nation. Mreover, in a case where raw material gas is
supplied through nore than one gas inlets,

e

e e e

e ——
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Darts to be cool ed can be selected properly by taking into account the gas

or the conbination of gases supplied through each inlet. The
sem conduct or capabl e of producing a high- purity crystal by using the
process of the present i nvention inci@de Goup IIl1-V conpound

sem conductor. The Goup II11-V conpound sem conductor refers to a
material wherein a Goup Il elenent such as B, Al, G, In, etc. is
conbined with a Goup V elenent such as N, P, As, Sh, etc. in a ratio of
1.1. ABSTRACT OF THE DISCLOSURE

DEVICE FOR PRODUCTION OF COMPOUND SEMICONDUCTOR

A device for production of a compound semiconductor by
means of a metal organic vapor phase epitaxy method, which
has a structure that ametallic member is used at a part brought
into contact with a gas at an upstream side of a flow of a
raw material gas than a part for growing a compound
semiconductor, and the metallic member is cooled to not higher
than 300°C. -

The present invention provides a device for production
of a compound semiconductor with high productivity, which is
suitable for the production of the compound semiconductor,
using a metallic material wherein the processing precision -

is high and the risk of breakage is low.

This Sheet Has Been Replaced
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-10 - - Wth respect to those containing N as a constituent

el enent of the sem conductor, since the crystal growmh is generally
conducted at high tenperature i.e. not |ess than 600[ err] C, the device
of the present invention can preferably be 5 used. Particularly, in a
Ilght emtting device anong devices 1usi ng the conpound sem conduct or,

it i's necessary for a light-emtting |ayer to have high purity in order
to realize high light-emtting efficiency. Therefore, the process of
the present invention can preferably be used. 10 Mor e particul arly,
t he G oup I11-V  conpound sem conductor includes those
represented by the general formula In[err]Gaerr]Al[err] N (provided

that x +y + z :1,()[?ibu%éeq] 1,
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O [err] y [err] 1, and O [err] z- [err] 1), which has a structure that a
| ayer having a filmthickness of not |less than 5 angstrons 15 and not nore
t han 300 angstrons i s sandwi ched between two | ayers havi ng a band gap
| arger than that of the |ayer. Particularly, those having a
so-cal | ed quantum wel | structure whgrein a light-enmtting layer having
a thickness of 5 to 300 angstrons is sandw ched between | ayers having a
20 band gap larger than that of the light-emtting | ayer
(hereinafter referred to as a "barrier layer", sonetines),

Figure 2

raw material gas

N

\\\

1

exhaust




as a light-emtting device using the conpound sem conductor, are inportant
because the light-emtting efficiency of the Ilight-emtting device using
thé*quantumwel | structure is largely influenced by the purity of the
guantum wel |  structure. As the evaluation of the quantum wel |
structure, evaluation due to a so-callsed photol um nescence (hereinafter
referred to as "PL", sonetines) wherein strong excitation light is

irradi ated and a | um nescence spectrumfromthe irradiated part is
evaluated is sinple and inportant. Particularly, when using excitation

| i ght having an energy larger than that of a band gap of the barrier

| ayer, a light-emtting process where electric charges generated in the
barrier layer are trapped by a quantumwel | |ayer and
Figure 3
100 T

Intensity (a.u.)
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radi ati vely reconbi ne beconmes a main light-emtting nechanism Therefore,
the PL spectrum sensitively reflect the crystallinity and purity of the

quantum wel | layer. Specifically, when inpurities, defects, etc., which
can be non-radiative reconbination centers, are present in the quantum
wel I. layer, the intensity of the PL spgctrumis |lowered. The structure of
t he spectrum becones broad, sonetines. When the Goup I11-V conpound
sem conductor is produced by the MOVPE nethod, the foll ow ng precursors
(ign be used. Figu%@at:l' s, exanples of the Goup Ill precursors include

raw material gas

cooling water

\\
N

exhaust



trialkylgalliumrepresented by the general formula Rerr]Rerr]Rerr]Ga
(wherein Rlerr], Rerr] and Rl err] respectively represent a |ower alKkyl
group), such as trinethylgallium[(CH err])[err]G, hereinafter referred
to as "TM3', sonetines) , triethylgalliunf (CJerr]Herr])[err] G,
hereinafter referred to as "TEG', sonetgnmes)] and the |ike;

trial kyl alum numrepresented by the general fornula Rerr]Rerr]R err]Al
(wherein Rerr], Rerr] and R err] are as defined above), such as
trimethylalumnum[(CH err])[err]A'], triethylal um num
[((err]Herr])[err]Al, hereinafter referred to as "TEA", sonetines)],
triitsobutylalumnum [(i-Clerr]Herr])[err]Al] and the like; trialkylindium
represented by tipegeyeealgformula Rerr]Rerr]Rerr]In (wherein Rerr],
Rlerr] and Rlerr] aTfe as defined above), such as trinmethylindi um

[(CH err])[err]n, hereinafter referred to as "TM",

100 v
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sonetines)], triethylindium[((err]Herr])[err]lIn] and the |ike. These
are ‘'used al one or in conbination thereof. Exanpl es of the group V
precursors include anmoni a, hydrazi ne, nethyl hydrazine,

1, 1--di met hyl hydrazi ne, 1,2- dinethyl hydrazi ne, t-butylam ne,

et hyl enedi am ne and the |ike. These ar@& used al one or in conbination

t her eof . Anong these precursors, ammoni a and hydrazine are
and cause

preferred because they contain no carbon atomin the nol ecul e
little contam nation of carbon into the sem conductor. PREFERRED

EMBODI MENTS OF THE | NVENTI ON The foll ow ng Exanples further
illustrate the present

Figure 6
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invention in detail but are not to be construed.to-lim-t--t-he
Ref erence Exanple 1 A conpound sem corEiRt ROEHEHDWHEE
1 was produced by using a reaction vessel having a $truecture-sh
2 according to MOVPE nethod. A quartz mgnber was used flor, hﬁ%
. . . . I8
into contact with a raw material gas at an upstream S|de'?han tﬁe
substrate of a grow ng device showmn in Fig. 2. As—a—ststrat-
t hose obtained by mrror-polishing the sapphire c syrface were used.

was grown appS®Rhert b€ TREADISCLOSURE

h Fig.

i nt Fig.
r pught

DEVICE FOR PRODUCTION OF COMPOUND SEMICONDUCTOR

A device for production of a compound semiconductor by
means of a metal organic vapor phase epitaxy method, which
has a structure that a metallic member is used at a part brought
into contact with a gas at an upstream side of a flow of a
raw material gas than a part for growing a compound
semiconductor, and the metallic member is cooled to not higher
than 300°C. -
The present invention provides a device for production

of a compound semiconductor with high productivity, which is

suitable for the preoduction of the compound semiconductor,

using a metallic material wherein the processing precision -

is high and the risk of breakage is low.

(Figure 4)



hydrogen carrier by using TMG and anmonia to forma filmhaving a

t hi ckness of 500 angstrons as a buffer layer 2, and then
having a thickness of 3 [err] mwas formed at 1100 %F

anmoni a.

nitrogen from hydrogen and an Inferr]Gferr]N |ayef
| ayer 5 were grown by using TEG TM, TEA and ammohi
10 m nutes, respectively. Wth respect o these t

a GaN | ayer
Fand A CAl e

After cooling to 785[err]C, thsSubatit

& 589 7i¥&cands and
| ayers, each |grfowi ng

rate of filnms grown in thicker film th tkness was| 33 angstrons/ M nyte and

30 angstrons/ mnute, respectively, so that each f

m t hi ckness can {be

calculated, i.e. about 40 angstrom and 300 angstrom The m xed cryst al
ratio of the GBupthe| cEherehtnds gAngppride mate Mdlcudanatssuimdd. hatgm t he

anount of

10

15

20

30

§J¥¥fﬁié%%#ﬁfdﬁgéyy%iﬁa%@ngkgrE%kf§8?8ﬁ£egechanical strength

imparts such properties, elements having an action which
serves as impurities to a semiconductor material are added
in almost all of cases. Therefore, when the alloy is exposed
to high temperature, the alloy releases impurities contained
therein and the impurities are incorporated into a crystal
in the crystal growth process, thereby making it difficult
to control the concentration of the impurities in the
crystal or the crystal quality.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for production of a compound semiconductor with high
productivity, which is suitable for the production of the
compound semiconductor, using a metallic material wherein
the processing precision is high and the risk of breakage is
low.

The present inventors have intensively studied. | As a
result, it has been found that, when using a metallic member
after cooling to a specific temperature or less in a process
for production of a compound semiconductor using the
metallic member, a process for production of a semiconductor
with high productivity, which is suitable for production of
the compound semiconductor, can be obtained. Thus, the
present invention has been accomplished.

That 1is, the present invention relates to a process for
production of a compound semiconductor by means of a metal
organic vapor phase epitaxy method, whereby a flow of a raw
material gas is brought into contact with a cooled metallic
member at a position upstream of a substrate for growing the
compound semiconductor, characterized in that the compound

semiconductor is a Group III-V compound semiconductor

Ahomzs -y
lé}ffhao



14 Li ght of 325 nmfroma He-Cd | aser was focused to about 50
[err]m using a lens, and irradiated to the sanpl e thus.—.obt.ai-ned,...and t hen

PL fromthe part to which laser |ight was irradi at gdRERSOORSETVEd:T

The resulting PL spectrumis shown in Fig. 3. Sdbestutel S¥62 My -ROO(
peak at a wavel ength of about 4800 angstrons, as the Iup}n&sgence
band edge of the In[err]Ga[err]N |ayer 4, was obsernvdd. Fhe? peakélpt

was 2.6 nv.

-4-

bng a
rogmt he
PNsi ty

represented by the general formula InGa,Al.N (provided that
x +y+z=1,0=2x=21, 02y =1 and 0 £ z £ 1) and

consists of an InGaN layer and an AlGaN layer thereon, and

wherein the Group III-V compound semiconductor is formed

wy

having a structure such that a layer having a film thickness
of not less than 5 angstroms and not more than 300 angstroms
is sandwiched between two layers having a band gap larger
than that of the layer, the metallic member being cooled to
— not higher than 300°C.
10 BRIEF DESCRIPTION CF THE DRAWINGS
Figure 1 is a diagram illustrating a structure of the
Group III-V compound semiconductor of Reference Example 1.
Figure 2 is a diagram illustrating a schematic
structure of the reaction furnace used in Reference Example
15 1.
Figure 3 is a PL spectrum of the sample obtained in
Reference Example 1.
Figure 4 1is a schematic diagram illustrating one
embodiment of a device for use in the process for production
20 of a compound semiconductor of the present invention.
Figure 5 1is a PL spectrum of the sample obtained in
Example 1 of the present invention.
Figure 6 is a PL spectrum of the sample obtained in

Comparative Example 1 of the present invention.

25 The denotations used in the figures are as follows.
1: Sapphire substrate
2 GaN buffer layer
3: Non-doped GaN layer
4 InGaN layer



Example 1 Using a grow ng device using a netallic nenber at a part
brought into contact with a raw material gas shown in Fig. 4, a.(Goup

[11-V conpound seni conduct or was produced according t hbpl_mmaeﬂgﬁ 1S
that described in Reference Exanplel. As Substitute shee 45‘“’3?300

anet al of t herret al | i cnenber, SUS316was used. The gr of, the @u%

I 'l -V conpound sem conductorwas conducted while coolin fér i é‘l’"T‘"oﬁed
to. flow through a cavity in the inside of a netallic phari{_9. _At--the—+t+ne
of grow ng an In[err]{ﬁa[err N | ayer, the tenperature of the inside wall
part of the metalii E3AeNbERYS was not higher than 90[ertlC P—ef—t'he
sanpl e thus obtabi.neg S ogser ed. ‘Ii'__he .PL sp%ctrumeisg ﬁhown in Fig. 5.

Lum nescence was ob$8Fvel?at ChIFERta A 576 “W3Vel BRYTH as Ref erence

Exanpl e 1. The pﬁ:aksubstrate

g8: Susceptor

9: Metallic member

DETAILED DESCRIPTION OF THE INVENTION
The present invention will be explained in detail,
A hereinafter.

As the metallic member which can be used in the process
for production of a compound semiconductor of the present
invention, a heat-resistant alloy'is.preferred. Examples of
the heat-resistant alloy include heat-resistant steel,
stainless steel, nickel-based alloy or titanium alloy.

Specifically, those comprising Fe as a main component
and other alloying elements having a concentration of not more- -
than 50% are generally refe;red to as the heat-resistance
steel. A steel comprising Fe as a main component and other
alloying elements having a concentration of not more than 50%,
wherein Cr is contained in an amount of about 12% or more,
is generally referred to as a "stainless steel". Examples
of the nickel-based alloy include alloys prepared by adding
Mo, Cr, Fe, etc. toNi. Examples of the titaniumalloy include
alloys prepared by adding Al, Mo, etc. to Ti.

Examples of the heat-resistant steel used in the present



intensity was 2.8 nV. Conparative Exanple 1 I

15, According to the sane manner as that descri bedpid) xADIE "

except that cooling water was not allowed to flow through R£ﬁkg%E§£§ﬁI$HEET

part 9, a sanple was produced. PL of the sanplSubstithtessivddtai gy Q?

obser ved. The PL spectrumis shéwn in Fig. 6. Lum e&céngﬁgagiﬂﬁ—]
1.

observed at al nbst the sane wavel ength as Reference Exanp]e
Lum nescencewasbr oadandt hei nt ensi t ywas al so reduced.

SUS304, SUS304H, SUS304L, SUS304N1, SUS304N2, SUS304LN,
SuUs305, SUS305J1, SUS308, SUS308L, SUS309S, SUS309Mo, '
SUS310S, SUS316, SUS316H, SUS316L, SUS316N, SUS316LN,
SUS316J1, SUS316J1L, SUS317, SUS317L, SUS317J1, SUS321,
SUS321H, SUS347, SUS347H, SUS384, SUS385, SUS XM7, SUS XM15J01,
SUH31, SUH35, SUH36, SUH37, SUH38, SUH309, SUHE310, SUH330,
SUH660, SUH661, SUS329J1, SUSJ2L, SUS405, SUS410L, SUS429,
SUS430, SUS430L, SUS430LX, SUS434, SUS436L, SUS444, SUS447J1,
dd SUS XM27, SUS XM-7, SUH21, SUH409, SUH446, SUH403, sus41lo,
SUS410S, SUS410J1, SUS416, SUS420J1, SUS420F, SUS4259J1,
SUS431, SUS440A, SUS440B, SUS440C, SUS440F, SUHL, SUH3, SUH4,
SUH11, SUH600, SUH616, SUH630, SUH631, SUH631JI and the like.

Among these alloys, SUS304 and SUS316 are particularly
superior in mechanical strength and chemical stability, and
can preferably be used in the process for production of a
semiconductor of the present invention.

Examples of the nickel-based alloy used in the present
invention, i.e. alloy prepared by adding Mo, Cr and Fe to Ni,
include alloys such as Hastelloy, etc. Specific examples of
the composition include those containing 15% by weight or more
Cr and 5% by weight or more of Mo in Ni. With respect to the
preferred range of the alloy composition, a proportion of Cr
is not less than 16% by weight and not more than 30% by weight,
a proportion of Mo is not less than 5% by weight and not more

than 28% by weight, and Fe is not less than 2% by weight and



The peak intensity was about 20 g V. At the tinme of grown
Inf[err]Ga[err] N |l ayer, the tenperature of the inside wall g{[Fgl'&"{:(9'ﬁ':"{rhéHEET

metal lic nenber 9 was 340[err]C. is considered tthgt the p

the light-emtting |ayer becane high bgcause Sub stitPendh WW @
rel eased fromthe alloy part is inhibited by cooling th a par

Exanple 1. Exanple 2 - According to the sane manner{ as t hat de ed
in Exanple 1 except that the inside wall tenperature of netallic part

9 d bed | ed t t high th 200 C by
adj ﬁ:tc:’ Inget Hiar% rgpﬁgﬁﬂt 9@? gggﬁ"?’nﬁh?matngr ;gsg;rpl ea\r/]vas E)re{)EiLced
PL of the. SanpleE&Qﬁilggtgknggew@ft§%¥§ﬂj %qoy used in the present

invention, i.e. those prepared by adding Al and Mo to Ti,

include those prepared by adding 2% by weight or more of Al
and 0.5% by weight or more of Mo to Ti. With respect to the
preferred range of the alloy composition, a proportion of Al
is not less than 2% by weight and not more than 7% by weight
and Mo is not less than 0.5% by weight and not more than 4%
S by weight.
Furthermore, Sn, Zr, etc. may be added to these alloys.
An amount of Sn added is preferably not more than 11% by weight,
and an amount of Zr added is preferably not more than 16% by
weight.

In the process for production of a compound semiconductor
of the present invention, the temperature of the part at an
upstreamside than a part for growing a compound semiconductor
using the metallic member is set to not higher than 300°C,
preferably not higher than 200°C. With respect to the
temperature of the part using the metallic member, the surface
temperature of the metallic member, which is brought into
contact with a gas, may satisfy the above conditions,
specifically. When the temperature is higher than 300°C, the
purity of the grown crystal becomes insufficient, and it is

not preferred.

One embodiment of a device for use in the process for

production of a compound



Lum nescence was observed at al nost the sane wavel ength as _that of the Pl
spectrumwi th respect to the sanple of Reference Exarrp! e Jj REPEACEMENT ?HEET
QL

| um nescence intensity was al nost the sane. By using lt he-process
production of a conpound Substitute sheet|- 1 20000
seni conductor of the present invention,a high-quality Goup ! | M@vv‘ 86

conpound sem conduct or can be produced and the producti vi t!y ‘and
material efficiency are also inproved. Therefore, the predent invention is

extremely usefdl; and Lhs, INdugtilaleaiGehPeseqls bhodheRl Frg T
’ f‘ig. 4 illustrates a specific cooling device of the part using
the metallic member, e.g. device of cooling with acirculating

refrigeration medium, wherein the inside of the part is

composed of a cavity.

As the refrigeration medium, there can be used a ligquid
such as water, ethylene glycol, siliconeoil, etc.; and a vapor
such as nii:rogen, air, argon, etc. -

It is also possible to increase the cooling efficiency
by processing the part into a structure capable of easily
conducting heat dissipation.

As the other cooling method, a heat pump or a Peltier
device may be used. It is also possible to use as a device
using thesemethods in combination. Moreover, in a case where
rawmaterial gas is supplied through more than one gas inlets,

parts to be ‘cooled can be selected properly by taking into

account the gas or the combination of gases supplied through

each inlet.

The semiconductor capable of producing a high-
purity crystal by using the process of the present
invention include Group III-V compound semiconductor.
The Group III-V compound semiconductor refers to a
material wherein a Group III element such as B, Al,
Ga, In, etc. is combined with a Group V element such

as N, P, As, Sb, etc. in a ratio of 1:1.



Substitute sheet - 16 May 2000 -17-
What is clainmed is: 1. A process for production of a conpound

sem conduct or by nmeans of a netal organic vapor pNase Eepitax :
net hod, whereby a flow of a raw mat er Sabstifase ishe gﬁmﬁﬁg@%ﬁ

contact with a cooled netallic nenber at a position b [Fupstream
substrate for grow ng the conpound sem conductor,} F:hcﬁ}apg{a_qr;@@gd
in that the conpound sem cgﬂguctor is a Goupillll-V conpound
sem conduct or represented by the general fornulaj

Inf[err]Ga[err]Al [err]N (provided 10 that x +y + zi=1, 0 [err] X
[err] 1, O [err] [err] 1, and O [err] z [err] 1) and consists ot
an I'nGN Iayerwbﬁ% &HPMEHAN Faydihose contaheiednN aRd 2 GRBEELRUENEhe
Goup Il1-V  conpound sem conductor is fornmed having a structure

such t hatehement of the semiconductor, since the crystal growth is
generally conducted at high temperature, i.e. not less than

600°C, the device of the present invention can preferably be

W

used. Particularly, in a light-emitting device among devices
using the compound semiconductor, it 1s necessary for a
N light-emitting layer to have high purity in order to realize
high light-emitting efficiency. Therefore, the process .of

the present invention can preferably be used.
10 More particularly, the. Group I1I~-v compound

semiconductor includes those represented by the general

1A
e
IIA

formula IniGayAl.N (provided that x + y + z = 1, O 1,

o
A

y = 1, and 0 £ z = 1), which has a structure that a

layer having a film thickness of not less than 5 angstroms

= 15 and not more than 300 angstroms is sandwiched between two
layers having a band gap larger than that of the layer.

Particularly, thecse having a so-called quantum well

structure wherein a light-emitting layer having a thickness

of 5 to 300 angstroms is sandwiched between layers having a

20 band gap larger than that of the light-emitting layer



«

| ayer having a filmthickness of not |less than 5 15 af

nore than 300 angstrons is sandw ched bet ween two | g
band gap | arger than that of the layer, the netallj} 1
cool ed to not hi gher than 300{ err] C. Substitute Shee By 290090
production of a conpound seni conduct ot 20 according tjo | im TR
wherein the netallic nenber is a heat -resi stant aljl oy. ———3——

process for productlon of a conmpound sem conduct or according to

claim?2, whereip the heat-resistant

steel, a stainl8S5O5¢LRY Lot hi ERBE ma%?e‘yas t15‘3§ecbes£4bt§?cgrm§’{aie"f%ﬁ um
aher oi h tnk FETSPT CORBRLLG Teoreqras Tk anignen co 1B chigheh
200[err] C the metallic part 9, a sample was produced. PL of the sample
thus obtained was observed.

The PL spectrum is shown in Fig. 6. Luminescence was
observed at almost the same wavelength as Reference Example
1. Luminescencewas broad and the intensity was also reduced.
The peak intensity was about 20 &£ V. At the time of growing
an In, ,Ga,,N layer, the temperature of the inside wall part
of the metallic member 9 was 340°C.

It is considered that the purity of the light-emitting
layer became high because the amoun£ of impurities released
from the alloy part is inhibited by cooling the metallic part
in Example 1.

Example 2

According to the same manner as that described in Example
1 except that the inside wall temperature of the metallic part
et 9 described in Example 1 was cooled to not higher than 200°C

by adjusting the flow amount of cooling water, a sample was
produced.

PL of ‘““he sample thus obtained was observed.
Luminescence was observed at almost the same wavelength as

that of the PL spectrumwith respect to the sample of Reference

Example 1. The luminescence intensity was almost the same.

By using the process for production of a compound



- 18- 5. The process of any one of clains 1 to 4, in which the

carrier gas conpri ses ni trogen, t he G oup 1]

precursors used include Rlerr]Rlerr]Rerr]G, Rerr]Rerr]Rerr]A and
Rlerr]Rlerr]Rlerr]In, where Rierr] R Suddtitatdsidarr 16 aasp 2000
represents a | ower aI kyl group; 5 and the Goup V E

sel ected from ammoni a, hydrazine met hyl hydr azi nd, ﬁﬂ%AderuroL £ 7
1, 1- di et hyl hydr azi ne, 1, 2- t hyl hydr azi ne, t;b (f T
et hyl enedi am ne. 6. The process g]cscor ding to clai ’l \rqufe &1 en
Goup Il precursors include triethylgallium tr] |Pl?‘ldlél‘fa 0
and triethylalumnium and the G oup V precursor is

7. * The pheteds oflaghgidmi6;: where the netallic nenmber ig cool ed t4
not more than 90[err]C. 15 20 —

—,

1. A process for production of a compound semiconductor by
means of a metal organic vapor phase epitaxy methed,
whereby a flow of a raw material gas is brought into

5 contact with a cooled metallic member at a position
upstream of a substrate for growing the compound
semiconductor, characterized in that the compound
semiconductor is a Group III-V compound semiconductor

o represented by the general formula In,GayAl,N (provided

10 that x + y+z=1, 0 x =21, 0SSy =1, and 0 £ z =

1) and consists of an InGaN layer and an AlGaN layer
thereocn, and wherein the Group III-V compound
semiconductor is formed having a structure such that a
layer having a film thickness of not 1less than 5

15 angstroms and not more than 300 angstroms is sandwiched
between two layers having a band ‘gap larger than that
cf the layer, the metallic member being cooled ‘to not
higher than 300°C.

N 2. The process for production of a compound semiconductor
20 according to claim 1, wherein the metallic member is a

heat-resistant alloy.

3. The process for production of a compound semiconductor
accerding to claim 2, wherein the heat-resistant alloy

is a heat-resistant steel, a stainless steel, a nickel-

Q]
W

based alloy or a titanium alloy.

W

The process according to any one of claims 1 to 3,
wherein the metallic member is cooled to not higher

than 200°C.

AR AR
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The process of any one of claims 1 to 4, in which the

carrier gas comprises nitrogen, the Group IIT
precursors used include R;R;R;Ga, R;R;R3Al and R3R;R;In,
where R; R, and R; each represents a lower alkyl group;
and the Group V precursor is selected from ammonia,
hydrazine, methylhydrazine, 1,l-dimethylhydrazine, 1,2-

dimethylhydrazine, t-butylamine and ethylenediamine.

The process according to claim 5, where the Group III
precursors include triethylgallium, trimethyllindium
and triethylaluminium, and the Group V precursor ' is

ammonia.

The process of claim 6, where the metallic member is

cooled to not more than 90°C.

) T 1



