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Method for Manufacturing Group III-V Compound

Semiconductor

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a method for

manufacturing a group III-V compound semiconductor useful

_for a light-emitting device, and the like, represented by

the general formula InGaAlN (where x+y+z = 1, 0Sx<1, 0
<y=<1, and 05z=<1). '
Description of the Related Art

There has been kncswn a group III-V compound
semiconductor represented by the general formula
InGaAl N (where x+y+z = 1, 05xS1, 0Sy=1l, and 05zS1)
as a ma_terial for a light-emitting device such as an
ultraviolet, blue, cr green light-emitting diode, or an
ultraviolet, blue, or green laser diode. Hereinafter, in
some. cases, the x, Y, and z iﬁ the general formula may be
referred to as InN mixed crystal ratio, GaN mixed crystal
ratio, and ALlN mixed crystal ratio, respectively. In the
group III-V compound semiconductors, especially with ﬁhe_
one containing 10 % or more of InN mixed crystal ratio, the
emission wavelength in a visible region can be regulated
ih accordance with the InN mixed crystal ratio, and hence

it is especially important for the display applications.




Examples of the manufacturing method of the group III-V
compound semiconductor include molecular-beam epitaxy
(hereinafter, may be referred to as MBE) method,

‘metalorganic vapor phase epitaxy (herxeinafter, may be

referred to as MOVPE) method, and hydride vapor phase

Among these methods, MOVPE method enables the uniform
crystal growth over a large area, and hence it is important.

There are known Be, Ca, Mg, 2a, C, and the like as
acceptor type dopants for imparting the p-type conductivity'
to the compound semiconductor. Of these, Mg is capable of
implementing higher p-type conductivity than cther dopants,
and hence it is widely used at present. The following
descriptionwill be given by taking Mg as an example, ‘however,
it is well known that there occur the same troubles with .
the other p-type doéants.

As l.Mg sources for use in MOVPE method, there are known
| bis—cyclopentadienylmagnesiﬁm ((CsH;),Mg, hereinafter, may
- be referred to as Cp,Mg), bis- |
methylcyclopentadienylinagnesium { (C4H,CH,) Mg, hereinafter,
may be referred to as MCp,Mg), bis-
ethylcyc-lopenta'die'nylmagnesium ( (CsH,C,H;) Mg, hereinafter,
may be referred to as ECp,Mg), and.the like. Any of these
will be strongly adsorbed on gas piping, a reactor, and the

like, and hence the incorporation of the dopants into



crystal sférts with a delé& after the supply of a dopant
source. Also, there occurs a trouble that the
incorporation of dopants is gradually caused
unintentionally in the following runs after the growth in
which a dopant source has been flown,‘ These are generally
referred to as the memory effect of a dopant.

The large deficiancy of the memory effect is especially
in that the layer required to be highly pure for use in-the-
. itting layer of a lighﬁ—emitting device is doped
unintentionally with a dopant, and i; makes -difficult to
obtain a layer. having a desired quality. These dopant
sources feact with the materials constituting gas piping
or a reactor, after which impurities are gradually released
from the materials, also causing a trouble that a layer
having a desired high quality cannpﬁﬂbe grown. Further,
in large equipment of industrial importance, a large amount
of dopant source must be supplied, and hence these troublels |

have been particularly serious problems.

SUMMARY OF THE INVENTION

An object of thée present iﬁvention is to provide a
method for manufl'a:ct-uring a high-quality group III-V
compound semiconductor successlively with r_educing the

memory effect of a dopant.

As a result of conducting various investigations in




an attempt to solve the ab_qve problems‘, the J'_.nVentors have
founa that by einploying two growth reactors, e.g., one
reactor in which a raw materiél having the memory effect
is not used, and another reactor in which a raw material
having a memory effect is used, and growing layered
structures required for a light-emitting device
successively, thereby reducing the memory effect of a
dopant more than in the case where the growth is performed
in one growth reactor. This enables the stable
manufacturing of a high~-quality nitride systém group III-V
compound semiconductor repeatedly.

The present invention relates to [1l] a method for
manufacturing a group III-V compound semiconductor
represented by the general formula InGaAl N (where x+y+z
=1, 05x=1, 0Sy=1l, and 0=5z=<1) by metalorganic vapor

phase epitaxy method, the group III-V compound
" semiconductor haviﬁg a semiconductor layer consisting of
a p-type dopant-nondoped layer, and a semiconductor layer
including a p-type dopant-doped layer, wherein a reactor
for growing the semiconductor layer consisting of a p-type
dopant-nondoped layer énd a reactor for doping a p—type
dopaﬁt are mutually‘different.

The present inv_ention also relates to (2] a method for
manufacturing a group III-V compound semif:onductor

represented by the general formula In,Ga,Al N (where x+y+z

-




=1, 05x=21, Oéyéll, and 05z=1) by metalorganic vapor
'phasé epitaxy method; the group III-V compound
semiconductor having a semiconductor layer consisting of
a p-type dopant-nondoped layer, and a semicon&uctor layer
including a p-type dopant-doped layer, wherein the method
.comprises the steps of : (l)growing a semiconductor
including one or more layers consisting of a p-type
dopant-nondoped layer in one reactor, and taking it out of
the reactor, and(2)putting the semiconductor obtained in
the reactor again to grow ; semiconductor layer includin
a p-type dopant-doped layer on the semiconductor layex
consistingof a p-type dopant-nonddped layer in this order,
and at least one of the steps (l)or (2)is repeated plural
times.

According to the present invention,-the influence by
contamination in'the'growth reactor can be suppressed and
Ithe repeating reproducibility can be largely improved, by
sharing the growth of the layered structure of a light-
-emitting device with the first and second growth reactors,
or by carrying out the growth steps of the layereci structure
of the light-emitting device sepa;ately even if one growth
reactor is used. Thé yvield of manufacturing an epitaxial
wafer for a high luminance light-emitting device can be
greatly increased, and the present,invenﬁion is extremely

useful, and has a great industrial importance.
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BRIEF DISCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view illustrating one

example of the construction of a reactor usable in the
présent invention;

‘Figure 2 is a cross-sectional view illustrating
another example of the construction of the resactor usable
in the present invention;

Figure 3 is a cross-sectional view illustrating the
construction of semiconductor layers manufactured in
examples 1 to .5;

Figure 4 is a cross-sectional view illustrating the
construction of semiconductor layers manufactured in
example 6; and

Figure 5 is a cross-sectional view illustrating the

construction of semiconductor layers manufactured in .

example 10.
1...susqeptor
2...substrate
3...sapphire substrate
4...buffér layer
5...n-type GaN:Si layer
6...nondoped GaN layer
7. ..nondoped Ga& layer

8...InGaN light emitting layer
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9...AlGaN layer

LSS

_10};.1amina£e of -layers gran in’a first growth reactor
(the first portion)

11...AlGaN layer

12...p-type GaN:Mq'léyef

13...laminate of'layers grown in a secoﬁd growﬁh reactor
(the second portion)

14...InGaN layer

15...InGaN well layer

16...GaN barrier layer

DETAILED DESCRIPTION OF THE INVENTION

Hereinéfter, the present invention will be described
in detail. |

A group III-V compound semiconductor in the present
invention is algroup III-V compound semiconductor

'repreSented by the general formula In,Ga,Al.,N (where x+y+z

=1, 0Sx=1, 0Sy=S1, and 05z=1).

As a crystal growth appaﬁatus by MOVPE method for use
in the method for manufacturing a group III-V éompound
semiconductor of the present invention, an apparatus having
a known structure can be employed. Concrete examples
thereof include the apparatus in which a raw material gas
is sprayed from thé top of a substrate; and the apparatus

in which a raw material is sprayed from the side of the



substrate. In these, the substrate is placed roughly in
the up direétion. Contrarily, the apparatus in which the
substrate is placed in the dpwn direction can be alsoc used.
In this case, exampie thereof includes the one in which a
rawmateriélissuppliédfromthelowerpartofthesubstrate?
or is sprayed from the side of the substrgte. In these
reactors, thé substrate is not raguired to be horizontélly
oriented correctly, and the case is also i-ncluded where the
substfate is oriented almost"ve:tically, or completely
vertically. Typical examples ﬁherebf are shown in Figuras
1 and 2. The same will also apply to a growth apparatus
capable of processing a plurality of substrates at the same
time, applyihg such placements of the substrates and gas
supply.

The manufacturing method [1] of a group III-V compound
semiconductor of the present invention is characterized in
~ that in the manufacturing method of the group III-V cémpound .
semiconductor represented by the general formula In,Ga,Al.N
(where x+y+z = 1, 0=xS1, 0Sy=1, and 0S5z=<1) by
metaloréanic vapor phase epitaxy method, the group III-
V compound éemiconductor having a semiconductor layer {the
first portion] consisting of a p-type dopant-nondoped layer,
and a semiconductor layer [the second portion] including
a p~-type dopant—dopéd layer, whefein.a reactor for growiné

the semiconductor layer consisting of a p-type dopant-
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nondoped layer and a reactor for doping a p-typée dopént are
mutually independent and different.-

That is, if the step in which the first portion is gréwn,

and cdnsécﬁtively the second portion is grown in the sameé
reactor is _repea.ted,__t_he' afofeme_ntioned troubles arise at
_the time of the second and later growth d_f the first layer
due to the memory effect_ of a dopant. For plrew(en.tin;; such
a deficiency, the present invention is characterizéd_in
.that a reactor for doping a p-type dopant and a reactor for
growing the semj.'condu.cto.r layer consisting of a p-—‘.;_ype
dovant-nondoped layer are mutually different.
Conseguently, a number of compound semiconductors having
grown the fir‘st portion can be manufactured successively,
and then, each second portion thereof can be grown in another
reactor; This can eliminate the memory effect of a dopant
in the second and later growth after doping a p~type dopant
at the first time.

In this méthcd, the substrates can be taken into the
air out of one growth reactor once, and then be res_.et in
ano'_cher growth reactor. In this case, the taken out
substrates can bé examined, and the next growth is not
necessarily conductéd for the ones which do not satisfy the
standardized performance, thereby the final generation of

defectives can be suppressed.

After taking the substrates out of one gfowth reactor,

e i
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the substrates'may be further washeq witﬁ .wat;.e‘r:., organic |,
solvent, or the like, or subjected to such an etching process
'as to remove the oxide layer on the surface thereof.
Concrete examples of a processing matexrial £for etching-
inclqde alkaline solutioﬁs such as KOH, NaOE, an.d agueous
ammonia, mixed solutions of an alkaline solution and
_hydroéen peroxide solution,l or acids such as hydrofluoric:’
acid, hydrochloric acid, and nitric acid, and mixec:‘.'",
solutions thereof.

Alternatively, without taking out the substraﬁe in;co
the air, the substrate can be taken out of the filrst growth
reactor under an inert atmosphere s:uch as nitrogen and argon,
in an atmosphere of hydrogen, or in a vacuum, to be set in
ariother growth reactor. Further, the substrate may be
moved between the growth reactors together with an
instrument called suscéptor on which the substrate is
mounted.

The manufacturing method [2] of a group III-V compound
semiconductor of the present invention is characterized in
that in the manufacturing method of the group III-V compound
semiconductor represented by the general formula In,Ga ALN
(where x+y+z = 1, 0Sx=S1, 0SysS1l, and 05z=51) by
metalorganic vapor phase epitaxy method, the_ group III-

V compound semiconductor having a semiconductor layer (the

first portion) consistingof a p-type dopant-nondoped layer,
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and a semiconductor layér.l (the second portion) including
a p-type dopant-doped layer, wherein the meth‘o-d- comprises
the steps of : (l)growing a semiconductor including one or
more layers consisting of a p-type dopant-nondoped layer
in one reactor, and taking _it cut of the reactor, and
{2)putting the obtainea semiconductor in.the reactor again
to grow a semiconductor laver i:zcludin.g a p-type
dopant-doped layer on the semiconductor layer consisting
of a p-type dopant-nondoped layer in the reactor, on this
order, w‘ner_ein at least oﬁe of the steps (1) or (2)is
repeated plural times.

Thué, after sequentially repeating thé manﬁfacture of
semiconductor substrates having only the first portions
grown in one gréwth reactor, the growth of the second

portions can be repeated for these substrates in the same

growth reactor sequentially, which prevents the memory .

effect of dopants from ariéing on the first portion.

It is noted that in the step (1), one or a plurality
of semiconductors inciuding one or more layers consisting
of a p-type dopant—ﬁondoped‘ layer can be grown', while in
the step (2), these are put sequentially or all together
into a reactor, so that each second portion can be grown.

In case that the growth of. each £irst portion is to be
performed again after a series of runs of growing each second

portion are completed, it is preferable to clean the inside
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of the reactor so thé; the effect of the p-type dopant may
not arise. That is, in the.above described manuﬁacturing
method of the present invenﬁion, it is preferable that the
method further includes the step(3) of cleaning the insi;g_"f
of the r;actcr subsequent to the step (2), and that the s_‘\-:-é'ps-?"
(l)te (3)are répeated.

In any of the cases [1] and {2], when thé substrﬁte is;
once taken out into the air, it is difficult to:av;£&
oxidation or contamination -of other dopgnts. 'Also even
when the substrate is moved without beiﬁg faken out into
the air between the reactors, contamination of the surface
may occux due to dopants; Accordingly, when the second
portion is grown, the device characteristics may bg
sometimes deteriorated. In such a case, a step of holding
the substrate at a high temperature after setting it iﬁ a
reactor caﬁ be included to improve the final device
characteristics. In this step, it is preferable that
ammonia is included in an atmosphere for controlling the
thermal degradation of the semiconductor.

The holding temperature is preferably in the range of
500 °C to 1300°C; more preferably in.the range of 600 °C
to 1200 °C; and most preferably in the range of 650 °C to
1150 °C. When the holding temperature is less than 500 °C,

the effect of this step cannot be recognized. When the

temperature exceeds 1300 °C, the first portion may
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sometimes . undergo thermal degradation to entail surface
roughness thereof, thus leading to undesirable results.

The holding time effective in the holding process can
be appropriately selected according to the temperature to
be held. Generally, when the holding temperature is high,
the holding time may be short. The suitable holding time
has a tendency to increase with a decrease in temperature
of the holding step. When teméerature is held at 1100 °C,
a holding time is preferably in the range of 30 seconds to
10 minutes. When held at 900 °C, a2 holding time is
preferébly in the rangé of 1l minute to 30 minutes. However,
helding for ;a too long time causes the deterioration cf the _
compound semiconductor, and hence it is undesirable.

Further, in the method for manufacturing a group III-V
compound semiconductor according to the present invention,
it is preferable that at lea:st one layer of the semiconductor
'layers consisting of p—type dopant-nondoped layers is in
contact with, and is sandwiched between two layers having
a larger bandgap than that of this layer.

That is, according to the present invention, a group
III-V compound semiconductor with high crystallinity can
be obtained, and hence the group III-V compound
semiconductor can be preferably used for a light-emitting
device. Concretely, as the layered structure of the

light-emitting device, so-called double hetero structure
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can be ﬁsed in wh'i.ch.the emitting layer is‘ .placed so as to
be éandwiched between two layers each having a la:ger

bandgap than that of tt;e emitting layer to confine an

electric charge in the emitting layer with high efficiency,
resulting in high luminous efficienéy. For confining an
electric charge in the emitting laver with high efficiency,
each bandgép of the two layers in contact with the emitting
layer is larger than that of the emitting layer, preferably
by 0.1 eV or more, and more preferably by 0.3 eV or more.

Further, so-called multi gquantum well in’ Wbich a layer
having a large bandgap (hereinafter, may be referred to as
barrier layer), and a layer having a small bandgap:
(h'ereinaff.er, may be referred to .as well layer) are
laminated repeatedly can be used as an emitting layer. The
formation of the emitting layer in multi quantum well may
sometimes result in an improvement in luminous efficiency,
or a reduction in threshold of a laser diode. In such a
case, multi quantum well can be preferably used.

For confining an electric charge in the well layer with
high efficiency, the bandgap of the barrier layer in contact
with the well layer is larger than that of the well layer,
preferably by 0.1 eV or more, and more preferably by 0.3
eV or more.

For obtaining high luminous efficiency, the charge

injected to the well layer is required to be confined within
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the well layer with high efficiency. For this, the
thic.kx'xess of the well layer is preferably in the range of
'S5 A to 500 A, and more preferably in the range of 5 & to
300 A. |

When the well layer includes Al, it incqrporatés dopants
such as oxygen wki’ch ease. Accorciinglyl, when 'used as an
emitting layer, there ar= some cases where the luminous
sificiency is reduced. In such a- case, the one including
no Al, and represented by the general formﬁla InGa,N (where,
x+ty = 1, 0=5xS1, 0=Sy=1l) can be used a§ a’ well layer.

In the group III-V compound semiconductor, when the IaN
niixed crystal ratio of the emitting layer is high, thermal
stability is not sufficient, which may sometimes cause
deterioration in crystal growth, or semiconductor process..
For the purpose of preventing such deterioration, on a layer
with a high InN mixed crystal ratio of the emitting layer ,
a charge injection layer with a low InN mixed crystal ratio
can be laminated, to which a function as a protective layer
can be imparted. For allowing the protective layer to have
a sufficient protective function, the InN mixed crystal
ratio and AlN mixed crystal ratio of the protective layer
are preferably_lo %.or less, and 5 % or more, respecﬁively..
More preferably, the InN mixed crystal ratio and ALN mixed
crystalratioareS % or less, and 10 % or more, respectively.

For allowing the protective layer to have a sufficient



protective function, the thicknéss of the protective layér

is preferably in the range of 10 A to 1 & m, and more
preferably in the range of 50 -& to 5000 &, When the
protec’tivé- layer has a thickness of less than 10 &,

sufficient effect cannot be obtained. Also, with a

thickness of more than 1 &£ m, the luminous efficiency is

reduced, thus leac_ling' to ::e undesirable result.

Iﬁ is noted that, as described above, when the sz.._zbst'rate
is held at a temperature in the range of SlOO °C ';o 1300 °C
in an atmosphere containing ammonia prior to the growth of
the second portion, in the sem.iconduc‘;:or to be sub_jected
to the step, the surface layer of the se;miéonductor layers
consisting of p-dopant nondoped layers may be a
semiconductor represénted by the general formula In,Ga,Al N
(where x+y+z = 1, 0<'x§1, 0Sy<1l, and 0=5z<1).

Co_ncretely; in this case, on the protective l_ayer,__.;

' semiconductor represented by the general formula InGaAl.N
(where x+y+z = 1, 0<xS1, 0Sy<l, and 0=2<l), preferably
a layer having a high InN mixed crystal ratio may be further
laminated in advance, followed by thermal decomposition of
the layer having a high InN mixed crystal ratio by the high
temperature process. Thereafter, the second portion may
be' further grown-.

After the first portion of the compound semiconductor

is grown, when a p-type dopant-doped layer is grown in the
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initial sta'gé of the growth of the seco;d portion, the dévice
characteristics may be sometimes dete_riorated finally. 1In
this case, first, 'é p-ty’ée dopant-nondoped layer is grc;wg__,.
then a p-type dopant doped layer is grown, which can prevent
the deterioration in device characteristics. C"oncre‘;ely,
the protective layer is grown, then the substrate is once
taken out of the reactc=. Thereafter, the subst#gte is §e;c
in the reactor for the growth of the second poftion. The
protective layer may be grown, first, and then the growth
of the p-type dopant-doped layer. Alternati‘v’eiy, prior to
the growth of the protective laye:, the substrate can be
held once in an atmosphere containing ammonia, and then the
growth of the protective layer and further the growth of
the p-type dopant doped layer can be performed.

As a substrate on which the group III-V compound
semiconductor is grown, sapphire, SiC, Si, Gaas, 2Zno, .-
NGO (NdGaO,;), spinel (MgAl,0,), GaN, an& the like can be used.
Among these, sé.pphire, spinel (MgAl,0,), SiC, GaN, and Si can
grow a high quality group III-V compound semiconductor
crystal, and hence they are preferable. Aalso, SiC, GaN,
and Si are preferable in that a conductive substrate can
be manufactured.

In the manufacturing of the group III-V compound

semiconductor by MOVPE method, the following materials can

be used.
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Examples of the group III material include
trialkylgallium represented by the general formula R,R;R;Ga
(where R, R, and R;each represents a lower alkyl group havi_gg

1-3 carbon atoms) such as trimethylgallium ((CH,),Ga,

' ‘hereinafter, may be referred to as TMG) and triethyl_galliﬁm’_ -

((C,Hs),Ga, hereinaf:er, maﬁr be referred to. aé TEG) ;
trialkyialuminiﬁm represe#ted by the general formula _
RlRER;Al (where R, R, and R, each represents a lower alky;
group having 1-4 carbon atoms) such aé trimethylaluminium
((CH,);Al), triethylaluminium ((C,H,),Al, heréinafter, may
be referred to as TEA), and triisobutylaluminium ((i-
C\H,);Al); trimethylaminealane ((CEH,) .,-N.:AlH, y;
‘trialkylindium represented by the general formula R,R,R,In
(where R, R,, and Ry;each represents a lower alkyl group having
1-3 carbon atoms) such as trimethylindium ((CH,),;In,
hereinafter, may be referred to as TMI) and +triethylindium
.((czﬂs),In). These can be used alone, or ‘in combination
thereof.

E#amples of the group V material include ammonia,
hydrazine, methylhydrazine, 1,l1-dimethylhydrazine, 1,2-
dimethylhydrazine, t-butylamine, and ethylenediamine.
These can be used aione, or in combination thereof. Of
these materials, ammonia and hydrazine do noct contain a
carbon atom in their molecules, resulting in less

contamination of the carbon into the semiconductor, and

N
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hence they are preferable.

.As an n-~-type dopant df the group III-V compound
semiconductor, Si, Ge, and O are used. Among these, Si is
preferable, because a low resistive n-type can be formed
with ease and a highly pure raw material is obtainable. As
the raw material for doping Si, silane (Sifi,), disilane
(Si,H¢), etc, are used.

EXAMPLES _

Hereinafter, the present invention will be described
in detail by way of examples and comparative €xamples, which
should not be constryed as limiting the scope of the
invention.

Examples 1 to S

Using a first growth reactor, samples ﬁaving only the
LED lower part structure (the first portion 10) shown in
Figure 1 were grown five times successively.

Sapphireheﬁingandrror—polished(OOOl)planewaswashed
with an organic solvent and used as a substrate 3. The
'-growth' was performed according to a twe—stage growth method
using a low temperature growth buffer layer. First, a GaN
buffer layer 4 with a thickness of 500 & was grown at 550 °C

with using TMG and ammonia as raw materials, and hydrogen

as a carrier gas.

Next, after the temperature was increased to 1100 °C,

an n-type GaN layer 5 with a thickness of 3 4 m was grown




20.
with using.TMG'and. ammonia, ahd silane (SiH,) as a dopant.
Subs'equently', the supg:ly of silane was stopéed, and a
nondoped GaN layer 68 with a thickness of'lSDO A was gﬁoﬁn.

Then, the temperature was decreased to 760 °C, and a
nondoped GaN layer 7 with a thickness of 300 A was grown
with using a carrier gas of nitrogen, TEG and ammeonia.
Thereafter, withusing TEG, TMI, and ammonia In, ,Ga, ;N layer
(InGaN layer 8) with a thick of 502 which is a quantumwell
light e_mitting layer wés grown. Subseguently, with using
TEG, TEA and ammonia an Al, ,Ga, (N layer (AlGaN layer 9) with
a thickness of 150 A was grown.

After the temperature was decreased to room temperature,
the samples were taken out of the first growth reactor..
Then, the sampies were. subjected to He-Cd laser radiation
to measure the room temperaturé photoluminescence
(heréinafter, may be abbreviated as PL), thus evaluating
'optical characteristics. All samples exhibited clear
bluish green fluorescence.

Then, the samples for which the PL measurement have been
completed were subjected_to surface cleaning using acetone,
hydrofluoric acid, and a NaOH/H,0, solution in this order.

Thereafter, the samples were put in a secdnd growth
reactor to grow the remaining structure (the second portion
13) of the LED. Fiist, in a stream of a mixad gas of ammonia

and nitrogen, the samples were held at 900 °C or 1100 °C for
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1, 3 or 5 minutes. The f.::o-ﬂn'ditions of the high temperature
hoi&ing step in ammonia of each sample are shown in Table
1. Thereafter, at 760 °C, TEG and TEA were supplied to grow
an AlGaN layer 1l with a thickness of 150 &. Then, the
temperature was increased to 1100 °C again, and with using
TMG and ammonia, and ECp,Mg as a p-type dopant source, a
p-type GaN layer 12 with a thickness of 5000 A was gzown.

After completing the growth, the substrate was taken
out and subjected to heat treatment at 800 °C in nitrogen,
thus the p~type GaN layer 12 was made to be a low resistive
p-type léyér.-‘

The samples thus obtained were processed by the method
described below to form a p-electrode and an n-electrode,
resulting in an LED.

First, a photoresist pattern was formed by a

photolithography method to form a £ilm of NiAu to be used
.as a p-electrode in 1500 A thickness by a vacuum
evaporation method, and formed a p-electrode pattern by a
lif_t-—off method. Then, a photoresist pattern was formed
by a photolithography method to form a film of Al to be used
as an n-electrode in .1000 A thickness by a vacuum
evaporation method, and formed an n-electrode pattern by
a lift-off method.

When a forf;‘rard currenﬁ of 20 mA was passed through each

LED sample in which the p- and n-electrodes have been formed,
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every sample exhibited clear blue light emission, and the

luminance shown in Téble 1 was obtained.

Table 1

Conditions on the Eolding Step Luminance

Temperature (‘C) | Time (Minuteé) (med)
Example 1 1100 S 560
Example 2 1100 3 750
Example 3 1100 1 540
Example 4 900 5 400
Example 5 900 3 680

Example 6

A sample having a structure sﬁown in Figure 4 was grown
in the same manner as in examples 1 to 5. That is, on
sapphire, a buffer layer 4, n-type GaN layer 5, and
nondoped GaN lafer 6 were grown, and further, at 785;C,
a nondoped GaN layer 7 with a thickness of 300 A, a nondoped
InGaN layer 8 with a thickness of 30 A, and an AlGaN layer
9 with a thickness of 300 A were grown; Thereafter, a
nondoped InGaN layer 14 was further grown in 30 A thickness,
and the temperature was decreased to take the sample ocut
of the growth reactor. The InGaN layer 14 had an InN mixed
crystal ratio of approximately 30 %. The sample was
subjected to'heat.treatment-in the second growth reactor

in the same manner as in example 2 to further grow an AlGaN
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layer 11 with a ti:vicknessm;f 150 A at 785 °C, and grow a
p—tfpe GaN layer 12 with a thickness of 5000 A at 1100 °C.
This was procgssed into an LED in the same manner as in
examples 1 to 5. The evaluation thereof indicated that blue

light emission was observed, and the luminance was found

to be 1.4 cd.

Example 7

‘An LED was manufac'.tured on. the same conditions as those
in examples 1 to 5, except thaﬁ the high temperature holding

step in ammonia was not performed, (i.e., the'first portion

10 was grown in the first growth reactor, and the remaining

structure (the second portion 13) was grown in the second
growth reactor). The evaluation thereof indicated that

clear blue light emission was observed, and the luminance

was found to be 150 mcd.
Comparative Example 1
Using a larger type of growth reactor than that used

in examples 1 to 7, a sample having the lower part structure

(the first portion 10) of Figure 1 was grown one time to

measure the room temperature PL, and intensive bluish green
fluorescence was confirmed. Then, using the same growth
reactor, the growth of the upper part structure (the second
portion 13) of .Fi_gure 1 including a step using a p-type
dopant source of ECp,Mg was conducted one time. For

checking the effect of the residue of the p-type dopant
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source in the reactor, the sample of the lcwé;'.' part structﬁ.:e
(thé first portion iQ) of Figﬁre 1 was grown 7 times
successively using the same reactor. Then, the room
temperature PL iﬁtensity'was measured for the samples thus
dbtained

As shown in Table 2, as compared with the sample prior
to the use of a Mg source, every sample after using the Mg
source exhibited very low room temperature PL intensity,
resulting in deterioration in optical characteristics.
The quality was insufficient for growing thé second

structure therson to form LEDs.

Table 2
PL Intensity (Relative
Value)

Prior to use of Mg source 100
After using Mg source TFirst time 0
After using Mg source Second time -
Aftér using Mg source Third time -
After using Mg source Fourth time .
After using Mg source Fifth time .
After usipg Mg source Sixth time 6.7
After using Mg source Seventh time 5.7

Example 8
The large growth reactor used in comparative example

1 was disassembled, washed, and dried. Thereafter, the
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growth reactcsr was assembled and the quartz 'me;nber was
,subﬁected to heat treatment at 1100 °C in hydrogen.

' For confirming that f:he effect of Mg__?ource has stopped,
the lower'part_structure (the first pértion 10) of the LED
.of Figﬁre 1 was grown, and then taken out of the reactor.
The measurement of .the_. ‘réom temperature éIl indicated that
clear bluish green fluo:i'"escence' was exhibited.

The sample for which'ﬁhe room temperature PL measurement
has been carried out ﬁas set in the second growth reactor
used in exaniples 1 to 7. Then, without conducting the high
 temperature holding step in ammonia, the growth of _the
remaining layered structure (the second portion 13)
including a step using a Mg source was performed. On the
sample thus obtained, p~ and n-electrodes were formed in,.
the same manner as that used in examples 1 t_é 7 to pass a
forward chrrent of 20 mA therethrough.

The evaluation thereof indicated that blue light emission
was observed, and the luminance was found to be 115 mcd.

Example 9

Using the apparatus in example 8, a buffer layer 4 with
a thilckness of 500 A, an n-type GaN layer S with a thickness
of 4 #um, a nondoped GaN layers 6 and 7 with an overall
thickness of 7000 &, an InGaN layer 8 with a thickness of
30 &, and an AlGaN layer 9 with a thickness of 300 A were

grown, and the temperature was decreased to take the
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obtained sample out of the 'g"'rc;wth reactor. The sample was
subj‘ected to a heat treatment in the second grow-t:l; reactor
in the same manner as in example 2. Subsequently, an AlGaN
layer 11 with a thickness of 150 &, and a p-type GaN layer
12 with a thickness of 5000 _A were grovfﬂ, and this was

processed into an LED in *the same manner as in examples 1

to 5. The evaluation thereof indicated that blue light

emission was observed, and the luminance was found to be

500 med.
Example 10
In the first growth reactor, a sample with the

structure shown in Figure 5 was grown. That is, in the same
manner as in examples 1 to 5, a buffer layer 4 with a
thickness of 560 A, an n-type GaN lajrer 5 with a thickness
of 3 um, a _non&oped GaN layer 6 with a thickness of 1600
A were grown, followed by the growth of a nondoped GaN lLayer
7 with a thicknéss of 250 A at 785 °C. Thereafter, a 30-
A thick nondoped InGaN well layer 15 and a 150-A& thick
nondoped GaN barrier layer 16 are alternatively grown, 5
times and 4 times, respectively. Further, a 300-A thick
AlGaN layer 9 was grown, and the temperature was decreased
to take the sample out of the growth reactor. 1In the same
manner as in example 9, the sample was subjected to a heat
treatment to grow én AlGaN layer 1l and a p-type GaN layer

12 in the second growth reactor. This was processed into
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an LED in the same manner as in examples 1 to 5. The
evéluation thereof indicates that bluish green light
emission was observed, and the luminance was found to be

3 cd.
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‘What is claimed is-':

1.

A method for manufacturing a group II-V compound semiconductor represented by
the general formula InxGayAlzN (where x+y+z = 1, 0<x<1, 0<y<l1, and 0<z<1) by
metalorganic vapor phase epitaxy method, the group II-V compound semiconductor
having a semiconductor layer consisting of a p-type dopant-nondoped layer, and a
semiconductor layer including a p-type dopant-doped layer, wherein the method
comprising the steps of : (1) growing a semiconductor including one or more layers
consisting of a p-type dopant-nondoped layer in one reactor, and taking it out of the
reactor; and (2) putting the semiconductor obtained in the reactor again to grow a
semiconductor layer including a p-type dopant-doped layer on the semiconductor layer
consisting of a p-type dopant-nondopéd layer, in this order, and at least one of the steps
(1) or (2) is repeated a number.of times.

A method for manufacturing a group III-V compound semiconductor according to

claim 1, wherein the method further comprises a step (3) of cleaning the inside of the
reactor subsequent to the step (2), and the steps (1) to (3) are repeated. '
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