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1. Method for Manufacturing Goup Il11-V Conmpound Sem conduct or
BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to a nmethod for nanufacturing a group Il-V conpound

sem conduct or useful for a light-em tth ng device, and the |ike,
represented by the general fornula In[err]G[err]A[err]N (where x+y+z =
1, O<x<l1l, 0 <y<l1, and 0O<z<l). Description of the Related Art There
has been knoMethodr fop Manufactmprdmyl Gremp KRkt Gompepndsent ed by t he
general formula In[err]Gferr]A[err]N (where x+y+z = 1, 0<x<l, O<y<l, and
O0<z<l) as aSemieondhctor a |ight-emtting device such as an wultraviolet,
bl ue, or green light-emtting diode, or an wultraviolet, blue, or green
| aser di ode. Hereinafter, in sonme cases, the x, y, and z in the general
formula nmay be referred to as InN m xed crystal ratio, GaN m xed crystal
rati o, and ABACKGROUNEr 9Ft IHEr INVENTIONectively. In the
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 In,Ga,Al,N (where x+y+z =1, 05x=1, 0
<y=<1, and 0=5z=1).
Description of the Related Art
There has been known a group III-V compound
semiconductor represented by the general formula
In,Ga,Al,N (where x+y+z = 1, 0=xS1, 0=Sy=1, and 05z=1)
as a material for a light-emitting device such as an
ultraviolet, blue, cr green light-emitting diode, or an
ultraviolet, blue, or green laser diocde. Hereinafter, in
some cases, the X, y, and z in the general formula may be
referred to as InN mixed crystal ratio, GaN mixed crystal
ratio, and AlN mixed crystal ratio, respectively. In the
group III-V compound semiconductors, especially with the
one containing 10 % or more of InN mixed crystal ratio, the
emission wavelength in a visible region can be regulated

in accordance with the InN mixed crystal ratio, and hence

it is especially important for the display applications.
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group I11-V conpound sem conductors, especially with the one containing 10
% or nore of InN m xed crystal ratio, the em ssion wavelength in a visible,
region can be regulated in accordance with the InN m xed crystal ratio,
and hence it is especially inportant f%r the di splay applications.

Exanpl es of the manufacturing nmethod of the group II1-V conpound

sem conduct or include nol ecul ar-beam epitaxy (hereinafter, may be referred

to as MBE) nethod gxaiis1alé s hemymRoacRiRs garitid ofRaiegrabiberiI iy be
referred to as MOVPE) nethod, and hydride vapor phase epitaxy

(herei naf t er coRpodifi rdmidsbidieeds IMPRIdEEhn62dcul Arbhgain @pd tadyhods,

MOVPE net hod enabl es the uniform crystal growh over a |large area, and

hence it is i(Rdiaiifter, may ¥ eréf&rik@@oBas ©8E)Maetddd,C, and the
| i ke as acceptor type dopants for inparting the p-type conductivity to

t he conpound nfetyd Iyt ®rvagdr tflesse dfitaxgaphbreiabftiety aapntbieng hi gher
p-type conductivity than other dopants, and hence it is wdely used at
present. The dedldriddito as MOVPE} method, and hydride vapor phase

epitaxy (hereinafter, may be referred to as BVPE) method.

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, 2n, C, and the like as
accepto&: type dopants for imparting the p~type conductivity
to the compound semiconductor. Of these, Mg is capable of
implementing higher p-type conductivity than other 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 dopants.

As Mg sources for use in MOVPE method, there are known
bis—cyclopentadienylmagnesiﬁm ( (CsH;),Mg, hereinafter, may
be referred to as Cp,Mg), bis-
methylcyclopentadienylmagnesium ( (C,H,CH,),Mg, hereinafter,
may be referred to as MCp,Mg), bis-~
ethylcyclopentadienylmagnesium ( (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



description will be given by taking My as an exanple, however, it is well
known that there occur the sane troubles with the other p-type dopants.
As. My sources for use in MOVPE net hod, there are known

bi s-cycl opent adi enyl magnesium ((C[err]HMerr])[err] M), hereinafter, may be
referred to as Cp[err]My), bis- nethylcycl opentadi enyl magnesi um
((derr]JHerr]CHerr])[err]M), hereinafter, may be referred to as

MCp[ err] M) criyistal @itarte) eliepedl adleny ldmeedhéNsupply of a dopant
((derr]Herr]err]Herr])[err]M, hereinafter, nmay be referred to as

ECp[ er r] My) soairde.heallsiés. tAeyeobccigese a Witdulbke stli@tgtyeadsor bed on gas
pi ping, a reactor, and the |ike, and hence the incorporation of the

dopants int @ncorporaticy ¥ alopdrfis Sigv ghadudtliaycahised the supply of a
dopant source. Also, there occurs a trouble that the incorporation of

dopants is ghdat@inticaldsd inughet £0Ll6Wwahhyrunst 8etéol tiveidpwitnsimft er
the gromh in which a dopant source has been flown. These are generally
referred towaichhe depany sfdmsd hels beddpfbbwn. These are generally
referred to as the memory effect of a dopant.
The large deficiency of the memory effect is especially
in that the layer required to be highly pure for use in the
emitting layer of a light-emitting device is doped
unintentionally with a dopant, and it makes difficult to
obtain a layer having a desired quality. These dopant
sources react 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 cannot be grown. Further,
in large equipment of industrial importance, a large amount

of dopant source must be supplied, and hence these troubles

have been particularly serious problems.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method for manufacturing a high-quality group III-V
compound semiconductor successively with reducing the
memory effect of a dopant.

As a result of conducting various investigations in



The | arge deficiency of the nenory effect is especially in that the |ayer
required to be highly pure for use in the emtting |ayer of a
light-emtting device is doped wunintentionally with a dopant, and it nakes
difficult to obtain a layer having a desired quality. These dopant

sources react with the materials constituting gas piping or a reactor,
after which inpurities are gradually released fromthe materials, also

causing 2 tullg bl ¢ JSYEL HIPULAG Ppdesicad N gD mﬁéarsmé be

grown. Further, |"arge equr p ustr I mportance

ggggntpar ﬂcu ar y Seri g&% %lééjp%éegmgg g%%%gg&% hzxe
obj ect of { e raRenln LR 1208 od ofsd U1 A6l n RO Gl ,gw; geuring a

hi gh- qual i ty gr oup conmpound sem conduc CCESSI ve reduci ng

the menory @cf%cl:t Wed d9RP3hother f@%&ézesiﬁ twt?ﬁfct?%% I SR 4 PUS

I nvestigations
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 system group III-V
compound semiconductor repeatedly.

The present invention relates to [1] a method for
manufacturing a group III-V compound semiconductor
represented by the general formula In,Ga, Al N (where x+y+z
=1, 0Sx=1l, 0=SyS1, and 0=52=<1) by metalorganic vapor
phase epitaxy method, the group III-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 a reactor
for growing the semiconductor layer consisting of a p-type
dopant-nondoped layer and a reactor for doping a p-type
dopant are mutually different.

The present invention also relates to [2] a method for
manufacturing a group III-V compound semiconductor

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



an.-attenpt to solve the above problens, the inventors have found that by
enploying two growh reactors, e.g., one reactor in which a raw materi al
having the nenory effect 1is not used, and another reactor in which a raw
material having a menory effect is usé, and growing | ayered structures
required for a light-emtting device successively, thereby reducing the -
menory effect of a dopant nore than in the case where the gromh is
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manuf act uri conpoun uct or resented by the

| f : = ; 1, d
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consisting of a p-t 'ayer “and a reactor opl ng a

-type do t I | f fef ent r i on al so
p-typ p%&n;gbﬁseﬁo%ﬁé Oér’téﬂ»é & €l (1)growIB% Bl ea@ikondnetior0

relates to [2
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 cbtained in
the reactor again to grow é. semiconductor layer including
a p-type dopant-doped layer on the semiconductor layer
consisting of a p-type dopant-nondoped 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
the 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 layered structure
of the light-emitting device separately even if one growth
reactor is used. The yield of manufacturing an epitaxial
wafer for a high luminance light-emitting device can be
greatly increased, and the present invention is extremely

useful, and has a great industrial importance.



manuf acturing a group I11-V conmpound sem conductor represented by the
general fornmula In[err]Ga[err]Al[err] N (where x+y+z

5 =1, 0x<1, O<y<l, and 0<z<l) by netal organic vapor phase epitaxy
met hod, the group I11-V conpound sem d®nductor having a seni conduct or

| ayer consisting of a p-type dopant-nondoped | ayer, and a sem conduct or
| ayer including a p-type dopant-doped | ayer, wherein the nmethod conprises -
the steps of : (1)growing a sem conductor including one or nore |ayers
consisting of a p-type dopant-nondoped |ayer in one reactor, and taking it

out of the pRasFODIsTRIEPION OO DERITN@Hduct or obtained in the
reactor again to grow a sem conductor |ayer including a p-type

dopant - doped | ayepigirkhe senhcepgdusigechkavaal #as S01wEtHfatdny tome
dopant - nondoped |l ayer in this order, and at |east one of the steps (1)or

(2)is repeat ggtapbplldlof tHhE Tonstrudeiet bNdat fedbBopr é8abllei AnerHeON, the
i nfluence by contamnation in the growmh reactor can be suppressed and
present invention;

Figure 2 is a cross-sectional view illustrating
another example of the construction of the reactor 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...susceptor
2...substrate
3...sapphire substrate
4...buffer layer
5...n-type GaN:Si layer
6...nondoped GaN layer

7...nondoped GaN layer

8...InGaN light emitting layer



the repeating reproducibility can be largely inproved, by sharing the
gromh of the |layered structure of a light- emtting device with the first
and second growth reactors, or by carrying out the growmh steps of the

| ayered structure of the light-emttin§ device separately even if one
growth reactor is used. The yield of manufacturing an epitaxial wafer for
a high lum nance light-emtting device can be greatly increased, and the
present invenyiQnangatixtiragyay y useful, and has a great industrial

| mport ance. _ _ _ 6_ _BRIEF DISCRIPTICN OF THE
DRAW NGS 10FL9ubdihate £C m&&r%e?t.—b_aaaknva efi &t Ut St h Nl €0 €xanpl e
of the construction of a reactor usable in the present invention;

Figure 2 is a ciene ¥e¢idtonpdredadyy il lustrating another exanple of the
construction of the reactor usable in the present invention; Fi gure

3 is a cross-sgectianghnvilewdd | ustrating the construction of sem conductor
| ayers manufactured in :

12...p-type GaN:Mg layer

13...laminate of layers grown in a second growth reactor
{the seéond 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 a group III-V compound semiconductor
represented by the general formula InGaAl,N (where x+y+z
=1, 05xS1, 0SyS1, and 0S251). |

As a crystal growth appai'atus by MOVPE method for use
in the method for manufacturing a group III-V compound
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 the top of a substrate; and the apparatus

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



exanples 1 to 5; Figure 4 is a cross-sectional viewillustrating the
construction of sem conductor |ayers manufactured in exanple 6; and
Figure 5 is a cross-sectional viewillustrating the construction of

sem conductor |ayers nanufactured in d&kanple 10. 1...susceptor
2...substrate 3.. .sapphire substrate 4...buffer layer 5...n-type GaN: S
| ayer 6.. .nondoped GaN | ayer 7...nondoped GaN layer 8...InGN |i ght

emtting | agabstrate. In these, the substrate is’plac®d .rdgily ajrer

10...lam nate of layers growmn in a first growth reactor (the first

portion) the up direction. Contrarily, the apparatus in which the
substrate is placed in the down direction can be also used.
In this case, example thereof jincludes the one in which a
rawmaterial is supplied from the lower part of the substrate,
or is sprayed from the side of the substrate. In these
reactors, the substrate is not required to be horizontally
oriented correctly, and the case is also included where the
substrate is oriented almost vertically, or completely
vertically. Typical examples thereof are shown in Figures
1 and 2. The same will also apply to a growth apparatus
capable of processing a plurality of substrates at the same
time, applying 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 compound
semiconductor represented by the general formula In,Ga,Al,N
(where x+y+z = 1, 05x=1, 035y=1, and 0=z=1) by
metalorganic vapor phase epitaxy method, the group III-
V compound semiconductor having a semiconductor layer [the
first portion] consisting of a p-type dopant-nondoped layér,
and a semiconductor layer [the second portion] including

a p-type dopant-doped layer, wherein a reactor for growing

the semiconductor layer consisting of a p-type dopant-



11... Al GaN | ayer 12. .. p-type GaN. My | ayer 13...lam nate of |ayers
grown in a second growh reactor (the second portion) 14. . .1 nGaN

| ayer 15...InGN wel | layer 16...GN barrier |ayer DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Her ¥ nafter, the present invention wll
be described in detail. A group I11-V compound sem conductor in the
present invention is a group IIl-V conpound sem conductor represented by

the general Aondepéd 1Hyasr heal & vdaddsy £bY avbeng %(/R?‘Ft)épe‘-dbpa(ﬂf)(éi!e O<y<1,
y

and 0<z<1l). As a crystal growh apparatus b met hod for use in

the method fipitWRDLY ach8epefdendr aHa QkkEf¥reakpound sem conductor of the
present invention, an apparatus having a known structure can be enpl oyed.

Concrete exanpl ehat Rer,edf thecd tste ihheh fPRAMY 83rE8 pdi€ion isagrowheri al
gas is sprayed fromthe top of a substrate; and the apparatus in which a
raw mat eri aland cdise@sk ively it Sedond pdition is grown in the same
reactor is repeated, the aforementioned troubles arise at
the time of the second and later growth of the first layer
due to the memory effect of a dopant. For preventing such
a deficiency, the present invention is characterized in
that a reactor for doping a p-type dopant and a reactor for
growing the semiconductor layer consisting of a p-type
dopant-nondoped layer are mutually different.
Consequently, a number of compound semiconductors having
grown the first 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 method, the substrates can be taken into the
air out of one growth reactor once, and then be reset in
another growth reactor. In this case, the taken out
substrates can be examined, and the next growth is not
necessarily conducted 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 growth reactor,



8 - substrate. In these, the substrate is placed roughly in the up
direction. Contrarily, the apparatus in which the substrate is placed in
the down direction can be also used. |In this case, exanple thereof
includes the one in which a raw materit is supplied fromthe | ower part
of the substrate, or is sprayed fromthe side of the substrate. In these
reactors, the substrate is not required to be horizontally oriented

correctly, atHet&ebsesates MmhgobéNphiERErWIgsRe8NRitRURaLERL eok?aﬂri'bent ed
al nost vertically, or conpletely vertically. Typical exanples fhereof are

shown in Fi gsobeent, adtRe 1ike ,S6fsubijdctido @ ah @ty PoaBBar at us
capabl e of processing a plurality of substrates at the sane i me, applying

such pl aceneas stof réineveubher akédealdyeds ons e surface Higer@egf act uring
method [1] of a group Il1-V conmpound sem conductor of the present

i nvention i sCaxﬂnarateeexampllel ofhat prbcblﬁelmnmfawaﬂﬂalngfd@té\whpﬁ t he
group I11-V conpound sem conductor represented by the general forrrul a

I n[err] Ga[ erinclfide rdDealivhersodtytions sucld) as<koH)<NabH,aad0sgaddubY
nmet al or gani ¢ vapor phase epitaxy nethod, the group III-
ammonia, mixed solutions of an alkaline solution and
hydrogen peroxide solution, or acids such as hydrofluoric
acid, hydrochloric acid, and nitric acid, and mixed
solutions thereof.

Alternatively, without taking out the substrate into
the air, the substrate can be taken out of the first growth
reactor under an inert atmosphere such as nitrogen and argon,
in an atmosphere of hydrogen, or in a vacuum, to be set in
another growth reactor. Further, the substrate may be
moved between the growth reactors together with an
instrument called susceptor 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 InGa,AlN
(where x+y+z = 1, 0Sx=1, 0Sy=S1, and 05z=<1) by
metalorganic vapor phase epitaxy method, the group III-

V compound semiconductor having a semiconductor layer (the

first portion) consisting of a p~type dopant-nondoped layer,



V compound semni conductor having a sem conductor |ayer [the first portion]
consisting of a p-type dopant-nondoped |ayer, and a sem conductor |ayer
[the second portion] including a p-ty?e dopant - doped | ayer, wherein a
reactor for growi ng the sem conductor ﬂayer consi sting of a p-type dopant-
9 nondoped | ayer and a reactor for doping a p-type dopant are nutually
I ndependent and different. That is, if the step in which the first
portion i s ghdwa, serbdonductont Lagky {(khesseoonddpporthonisigedwding t he
same reactor is repeated, the aforementioned troubles arise at the tine
of the secoadpatypéadepant-eidpedildyer | iwhdrdiay ershe techod chmprasesy ef f ect
of a dopant. For preventing such a deficiency, the present invention is
charact eri zeHei stephaif a (Eagrowihgradogmicordpetopea mopaitngrohea oreact or
for grow ng the sem conductor |ayer consisting of a p-type
dopant - nondmpeed Layersacensustahgyocdi &f pregbe dGpastguentbpedalayeirer of
conpound sem conductors having grown the first portion can be manufactured
successi vel yn one reactor, and taking it out of the reactor, and
{2)putting the obtained semiconductor 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-nondoped layer in the reactor, on this
order, wherein at least one of the steps (1) or (2)is
repeated plural times.
Thus, after sequentially repeating the manufacture of
semiconductor substrates having only the first portions
grown in one growth 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 arising on the first portion.
It is noted that in the step (1), one or a plurality
of semiconductors including one or more layers consisting
of a p~-type dopant-nondoped 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 first portion is to be

performed again after a series of runs of growing each second

portion are completed, it is preferable toclean the inside



and then, each second portion thereof can be grown in another reactor.
This can elimnate the nenory effect of a dopant in the second and |ater
growth after doping a p-type dopant at the first tine. In this

met hod, the substrates can be taken intb2the air out of one growth reactor
once, and then be reset in another growh reactor. In this case, the taken
out substrates can be exam ned, and the next growh is not necessarily

conduct ed f oof titee areasctdY Glo dhakotheaéfséyti B tisd Prdypl a@g,amr fnaxrrance,
thereby the final generation of defectives can be suppressed. fter

t aki ng the smbstamiss. othatf isneigr ehehabooet @escribed manufacturing
10 the substrates may be further washed with water, organic solvent, or

the like, ormetihpdcfdheopseskntnigvehtignpr 2eebs prefdrapRieKat! BRe0Xi de

| ayer on the surface thereof. Concrete exanples of a processing materi al

for etchi ng metiddidmrtleat imeludas thesstepl33soRK@iedvaity thediagigaus

ammoni a, m xed solutions of an al kaline solution and hydrogen peroxide

sol ution, orofithésrsactonsubsirqpidntotdothe step (2), and that the steps
(1)to (3)are repeated.

In any of the cases [1] and [2], when the substrate is
once taken out into the air, it is difficult to avoid
oxidation or contamination of other dopants. Also even
when the substrate is moved without being faken out into
the air between the reactors, contamination of the surface
may occur due to dopants. Accordingly, when the second
portion is grown, the device characteristics may be
sometimes deteriorated. 1In such a case, a step of holding
the substrate at a high temperature after setting it in a
reactor can 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. Wwhen 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



acid, hydrochloric acid, and nitric acid, and m xed solutions thereof.
Alternatively, w thout taking out the substrate into the air, the
substrate can be taken out of the firsH grow h reactor under an inert

at nosphere such as nitrogen and argon, "~¥in an atnosphere of hydrogen, or in
a vacuum to be set in another growmh reactor. Further, the substrate may
be noved between the growh reactors together with an instrunment called

suscept or OrsoMEtimédeunddsys atlferfial "Wegradation tdhenwvailf aainfddyy net hod
[2] of a group II1-V conpound semnm conductor of the present invention is

char act eri zatbudhnédeittheréde, neipus aTéading 8ot adestirabdegraguldd .-V
conpound sem conductor represented by the general formula

In[err] Ga[ err] Al hpildifwhedimexeffaceive Drxeshe Hoyding gpwbdegsIigamy
nmet al or gani ¢ vapor phase epitaxy nethod, the group Ill- V conpound
sem conduct tje pproprd iy gedected hayerdinketof thsttempératyrecssi sting
of a p-type dopant-nondoped | ayer,
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 temperature is held at 1100 °C,
a holding time is preferably in the range of 30 seconds to
10 minutes. When held at 900 °C, a holding time is
preferably in the range of 1 minute to 30 minutes. However,
holding for é too long time causes the deterioration of the
compound éemiconductor, and hence it is undesirable.
Further, in the method for manufacturing a group III-V
compound semiconductor according to the present invention,
itispreferablethatatleéstonelayerofthesemiconductor
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



and a sem conductor |ayer (the second portion) including a p-type
dopant - doped | ayer, wherein the nethod conprises the steps of : (1)grow ng
a sem conductor including one or nore |ayers consisting of a p-type
dopant - nondoped | ayer in one reactor, thd taking it out of the reactor,
and (2)putting the obtained sem conductor in the reactor again to grow a
sem conduct or |ayer including a p-type dopant-doped |ayer on the

' duct InS L : d - | in th
enctor . on T SEGRAIrkhatn Bheels LKRRCPAPEE, 1O WEREY WSS 1) | o
repeated pl WalsihdFsched bethdan b So9eddS lﬂa&ﬁgé?%' s%rétg)ft i ons

manuf acture of sem conductor substrates having only t r

grown in One4RAYAP £Rak!Lhat! BE Qﬁ%%ﬁi%ftitthl 4o ROSA £ O0E &7 be

repeated for these substrates in the sane growth reactor sequentially,

whi ch prevendFeddiei SoH¥B0e Shiard effi t4qR i?x%k%ﬁé{ hgh% PP L PEREY, O
portion. It is noted that In the step , one of “a pruralrty?of
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can be grown. In case that the growt eac portion rs‘to be
each bandgap 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 quantum well in which a layer
having a large bandgap (hereinafter, may be referred to as
barrier layer), and a layer having a small bandgap
(hereinaft.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 ifx 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



perfornmed again after a series of runs of grow ng each second
portionareconpl eted, itispreferabletocleantheinside

12 of the reactor so that the effect of the p-type dopant may not arise.
That is, in the above described manufact®iring nethod of the present

i nvention, it is preferable that the nethod further includes the step(3)
of cleaning the inside of the reactor subsequent to the step (2), and that
the steps (

Nto are repeated, . . any_ of t cgses. [ nd [2],
when the sub¥ Fai”gi%ls 138'&52%#1&“ Q#]’ocf%técgr rr%%ﬁ at?*slsd’l ﬂlll%ul t[tL
avoid oxidatjpon, or contapjnati f_other d ve he
substrate isghfﬁgﬁe\ﬁst ﬁgughBeV‘ﬁgft FERT otT R’f?gg}?%é‘ﬁaﬁ tgle \I%'/é"lé1 h%eft
reactors, contam nation of the surface _nmay occur due_to dopants. '
Accor di ngl y, 2wherF2? l?é’osé%on%“sﬁ?ﬂ‘ﬁ HFS§Le %ﬁéﬁ,l‘} ﬁ"g‘edg\?f’@@ §ﬁa$a‘c&t & stics
may be soneti B'E deteriorated. In such a case, a step of holding the
substrate at 3% h?gh tenperature after setting it in a reactor can be

e S0 haP @&n'dife 02142 $6c1608%1 1kt Gepd fad b Boblfis 11 19
such as oxygen with ease. Accordingly, when used as an
emitting layer, there are some cases where the luminous
efficiency is reduced. In such a case, the one including
no Al, and represented by the general formula In,Ga,N (where,
x+y = 1, 0Sx=51, 05y=1) can be used as a well layer.

In the group III-V compound semiconductor, when the InN
mixed 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 ch.arge 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 AIN mixed crystal ratio of the protective layer
are preferably 10 % or less, and 5 % or more, respectively.
More preferably, the InN mixed crystal ratio and AlN mixed

crystalratioare5 % or less, and 10 $ or more, respectively.

For allowing the protective layer to have a sufficient



ammonia is included in an atnosphere for controlling the thermnal
degradation of the sem conductor. The hol ding tenperature is
preferably in the range of 500 [err]C to 1300 C, nore preferably in the
range of 600 C to 1200 [err]C and nodf preferably in the range of 650
[err]Cto 1150[err]C. When the holding tenperature is | ess than 500
[err]C, the effect of this step cannot be recogni zed. \Wen the

tenper at ur e EELEEEi+E FudAtid, thieethibkhepel 6f WhdpYotective layer
13 soneti mes undergo thermal degradation to entail surface roughness

thereof, thugs|gpei8gablyuifieshbakatgecdd 19 A to The A9l dhAdmbiee
effective in the holding process can™ be appropriately selected according

to the tenpggpdséLabPy PR BRbArafgacod by, Avhes sHeohll di phehnemper ature is
high, the holding tine may be short. The suitable holding tine has a

tendency to pgret&aeevei Layardraseaseniknedzeiort Wekss afhdmel Hokdi ng step.
When tenperature is held at 1100 [err]C, a holding tinme is preferably in
:Ihre]rE r;agge of sPf betentsetbectOcannotede Bhaaimidl an1eeq Wwdrey G a hol di ng
thickness of more than 1 # m, the luminous efficiency is
reduced, thus leading to the undesirable result.
It is noted that, as described above, when the substrate
is held at a temperature in the range of 500 °C to 1300 °C
in an atmosphere containing ammonia prior to the growth of
the second portion, in the semiconductor to be subjected
to the step, the surface layer of the semiconductor layers
consisting of p-dopant nondoped layers may be a
semiconductor represented by the general formula In,Ga,Al,N
(where x+y+z = 1, 0<x=<1, 0Sy<l, and 0=z<1).
Concretely, in this case, on the protective layer, a
semiconductor represented by the general formula In,Ga,AlN
(where x+y+z = 1, 0<x=1, 0=Sy<l, and 0=52<1l), 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



preferably in the range of 1 minute to 30 m nutes. However, holding for a
too long tine causes the deterioration of the conpound sem conductor, and
hence it is undesirable. Further, in the nmethod for manufacturing a
group I11-V conpound seni conductor accbfding to the present invention, it
Is preferable that at | east one | ayer of the sem conductor |ayers

consi sting of p-type dopant-nondoped |layers is in contact with, and is

pandn ched b leel, WEdANER TP of LRLSRLRUAIIDIRaT gL ELel T
Comound oCLSPIUELSS ot b P ReCIUB AL DL SR I P21 1RSE, 28 e
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wi th high efficiency,
the protective layer is grown, then the substrate is once

taken out of the reactor. Thereafter,_ the substrate is set
in the reactor for the growth of the second portion. The
protective layer may be grown, first, and then the growth
of the p-type dopant—doéed layer. Alternatively, prior to
the growth of the protective layer, 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 layef can be performed.

As a substrate on which the group III-V compound
semiconductor is grown, sapphire, SiC, Si, GaAs, 2ZnoO,
NGO(NdGaO0,), spinel (MgAl,0,), GaN, and the like can be used.
Among these, sépphire, spinel (MgAl,0,), SiC, GaN, and Si can
grow a high quality group III-V compound semiconductor
crystal, and hence they are preferable. Also, 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.



resulting in high lumnous efficiency. For confining an electric charge in
the emtting layer wwth high efficiency, each bandgap of the two |layers in
contact with the emtting layer is larger than that of the emtting |ayer,
preferably by 0.1 eV or nore, and rmreTQ%ref erably by 0.3 eV or nore.
Further, so-called multi quantumwell in which a |ayer having a |large
bandgap (hereinafter, may be referred to as barrier layer), and a | ayer

"2 nat od T epeatSH o an 55 hBaokEhR, TH Bael L A heE [ormmtion of
mor overent “Fhe kb 13t b ARG oy Pl SRRBReT oLt SrbeoPan | aser
conti ning anaREEe Fcky ARR Y e ARt TR aped kP e BRT RS, (ho
bandgap of thesaiebsh bedsk)| BugRTECks b NElln | AL ) g0l a1 g1 thar
P StV BeEELER T B SO o MO UR L Yo L

((C,H;);Ga, hereinafter, may be referred to as TEG);

trialkylaluminium represented by the general formula

R;R,R;Al (where R; R, and R; each represents a lower alkyl

group having 1-4 carbon atoms) such as trimethylaluminium

((CH;),Al), triethylaluminium ((C,H,),Al, hereinafter, may

be referred to as TER), and triisobutylaluminium ({i-

C,H,);Al); trimethylaminealane ((CH,),N:AlH,);

trialkylindium represented by the general formula R,R,R;In

(where R, R,, and R;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

((C,H;);In). These can be used alone, or ‘in combination

thereof.

Examples of the group V material include ammonia,

hydrazine, methylhydrazine, 1,l1-dimethylhydrazine, 1,2-

dimethylhydrazine, t-butylamine, and ethylenediamine.

These can be used alone, or in combination thereof. Of

these materials, ammonia and hydrazine do not contain a

carbon atom in their molecules, resulting in less

contamination of the carbon into the semiconductor, and



15- the well layer with high efficiency. For this, the thickness of the
well layer is preferably in the range of 5 Ato 500 A, and nore preferably
in.the range of 5 Ato 300 A When the well layer includes A, it
I ncor porates dopants such as oxygen witH ease. Accordi ngly, when used as

an emtting layer, there are sone cases where the lum nous efficiency is

reduced. In such a case, the one including no A, and represented by the
general formy [ r %A’i? e, Xty = 1, 0<x<l1, 0O<y<l) can be used
as a well Ig;l/lleerq'l.éé~I tq{é’% n@x%{eﬂé%% e‘{?'-v conpound sem conductor, when the

o e Sy ol i S DerR el ahd Frely, HigbRhe oL Y
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the raw material for doping Si, silane (SiH,), disilane
(Si,H;), etc, are used.
EXAMPLES
Hereinafter, the present invention will be described -
in detail by way of examples and comparative examples, which
should not be construed as limiting the scope of the
invention.
Examples 1 to §
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.

Sapphire having a mirroi:-—polished( 0001) plane was washed
with an organic solvent and used as a substrate 3. The
growth was performed according to a two-stage growth method
using a low temperature growth buffer layer. First, a GaN
buffer layer 4 with a thickness of 500 A 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



ratio and AN m xed crystal ratio of the protective |layer are preferably
10 %or less, and 5 %or nore, respectively. Mre preferably, the InN

m xed crystal ratio and AIN m xed crystal ratio are5 %or |less, and 10%
ornore, respectively. For all ow ngZQhe protective |layer to have a
sufficient 16 protective function, the

t hi ckness of the protective layer is preferably in the range of 10 Ato 1

[err]m and ¢DER uikd eMPland an&lbﬁilrae}nawéiiQnéAt 9iR00@ s a &Qﬁg? he

protective |ayer has a thickness of Iess than 10 A, sufficient ect
cannot be obg@hdeguert sy, ahéhsap%:wl BEN233 atfe RRIL b ] &ddd ™y the

| um nous efficiency is reduced, thus leading to the undesirable result.

It is noted {hidoped GlasdhyaedsapoMe.a !e/ﬂaek%%ssafslim €& hashgwwﬁt a

tenperature in the range of 500 [err]C to 1300 [err[C in an a _rmsphere
contai ning ammonger; e Cergher EQPE Nyl abBReaseaNdoPakl 1 bia!he

sem conductor to be subjecte to the step, the surface layer
sem conduct oA dEeE GAPNEd S N0 wAft 1P A WA AU Y B JPYR! Fa FBYrHEn 2
with using a carrier gas of nitrogen, TEG and ammonia.
Thereafter, with using TEG, TMI, and ammonia In, ,Ga, ,N layer
(InGaN layer 8) witha thick of 50A which is a quantumwell
light emitting layer was grown. Subsequently, 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 samples were subjected to He-Cd laser radiation
to measure the room temperature photoluminescence
(hereinafter, 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 second growth

reactor to grow the remaining structure (the second portion

13) of the LED. First, in a stream of a mixed gas of ammonia

and nitrogen, the samples were held at 900 °C or 1100 °C for



senm conductor represented by the general formula In[err]Ga[err]Al[err]N
(where x+y+z = 1, 0<x<1, 0O<y<l1, and 0<z<1). Concretely, in this case,
on_the protective layer, a sem conductor represented by the general
formula In[err]Ga[err]Al[err]N " (where &lky+z = 1, 0<x<1, O<y<l, and 0<z<l),
preferably a layer having a high InN m xed crystal ratio may be further

| am nated in advance, followed by thermal deconposition of the Iayer

Ther oaf ter, fhe SR GILREFFbon THS St oie 0o AIBR ELpBLRLERED: o,
portion of 't 1&9&3%@995%%%%4% £ daf'ai U5 nbyhHG B 0P

| ayer is gro ial stage ]

Sore sk IAEAFERARTE0 0., KEE REULA LR AGhgLLh L
Wi oh can pre eﬁ{t&é‘ﬁhéaﬁs?e??“m‘ BRGNS SRS oot TREXTCshE, el y
the protectiy %g??%%éwﬁggé%év& t hen qif&g}eiggﬁt S@taegéign,o o w1%¥1eﬂs(5).¥1t of the

leactor. Ther
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 grown.

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 layer.

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 f£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
lift-off method. Then, a photoresist pattern was formed
by a photolithography method to form a £ilm 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 forward current of 20 mA was passed through each

LED sample in which the p- and n-electrodes have been formed,



in the reactor for the growh of the second portion. The protective |ayer
may be grown, first, and then the growth of the p-type dopant-doped | ayer.
Alternatively, prior to the growh of the protective |ayer, the substrate
can be held once in an atnosphere con?@ining ammoni a, and then the growh
of the protective layer and further the growh of the p-type dopant doped
| ayer can be perforned. As a substrate on which the group I1Il-V
conpound seniconductqr. s Qun, i | Coa S Zn

NGO NdGad effBEY %6?“.?313( Wﬁ?&%gg% ?f&sﬁ“gfﬁg ¢miBtionTTahd the
Anong t hese,,.sapphire, | nel rg{] r SLG GN, and Si can grow
a high quaHHﬁ%%ﬂ%%ﬁ?Iﬁﬁakﬁu%é$£%$%€s£Hé%%néé%?é?egérystaI, and hence they

are preferable. Also, SiC, GaN, and Si are preferable in that a conductive

substrate can be manufact ured. In the manufacturing of the group
[11-V corrpo%%leselm conductor by MOVPE nethod, the followng materials can
be used. 18
Conditions on the Holding Step Luminance
Temperature (°C) | Time (Minute) (med)
Example 1 1100 5 560
Example 2 1100 3 750
Example 3 1100 1 540
Example 4 900 5 400
Exainple 5 900 3 680
Example 6

A sample having a structure shown 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 layer 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 out
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



Exanpl es of the group Il material include trial kylgalliumrepresented by
the general formul a RRRR3Ga (where R err], Rerr] and R err] each
represents a | ower al kyl group having 1-3 carbon atoms) such as
trimethylgallium ((CH3)3Ga, her ei naf t43 , may be referred to as TM5 and
triethylgallium ((derr]Herr])[err]Ga, hereinafter, may be referred to’
as TEG; trial kyl alum ni um represented by the general formula

h t
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t her eof . to npl gs.gf the group V material include amonia, hydrazine,
o y1 e e, "Srstsi ok epe o e Trese can beased ol one: or" i 1
conbi nati on t her éof fjﬁé e‘}ﬂt hese materi al s, ammoni a and hydr azine do not
contain a An LED was manufactured on the same conditions as those

in examples 1 to 5, except that the high temperature holding
step in ammonia was not performed, (i.e., the first portion
10 was grown in the first growth réactor , 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 Figure 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



carbon atomin their nolecules, resulting in less contam nation of the

carbon into the sem conductor, and 19
hence they are preferable. - As anég-type dopant of the group IlI-V
conmpound sem conductor, Si, G, and 4re used. Anong these, Si is

preferable, because a |ow resistive n-type can be forned wth ease and a

hi ghly pure raw material is obtainable. the raw material for doping
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obtained
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 the second

structure thereon to form LEDs.

Table 2
PL Intensity (Relative
Value)
Prior to use of Mg source 100
After using Mg source First time 0
After using Mg source Second time 1.9
After using Mg source Third time 0.3
After using Mg source Fourth time - 3.9
After using Mg source Fifth time 1.4
After using 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



wi th an organi c solvent and used as a substrate 3. The growth was
performed according to a two-stage growh nethod wusing a | ow tenperature
growm h buffer layer. First, a GaN buffer layer 4 with a thickness of 500 A
was grown at 550 [err]C with using TMB%and amonia as raw materials, and
hydrogen as a carrier gas. Next, after the tenperature was increased
to 1100 [err]C, an n-type GaN layer 5 with a thickness of 3 [err]mwas

Iha"S 1 ane (W F52508 AR Arsemaled afd el Ghdivd helifesvag on o
ThorPelel b SONERRES AR BYELemoHt! Be® 1000”008 Rhaldddns 1eS I1 oW
Y Pogen The alputsaz chiing¥hdt YRS OF PUCK o b dine Baciitofedls OF
ot i ol L89G pa tIEBELEBUEE Pind#de i O TDASEILAR 1802

TEG TEA ang, AFRRIA aNwalsl Grbbl Ghal bhbaVeakeh GBY baVehe Redbtdr.

The measurement of the room temperature PL indicated that
clear bluish green fluorescence was exhibited.

The sample for which the room temperature PL measurement
has been carried out was set in the second growth reactor
used in examples 1 to 7. Then, without conducting the high
temperature hblding 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 to 7 to pass a
forward current 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 thickness of 500 A, an n-type GaN layer 5 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 A, and an AlGaN layer 9 with a thickness of 300 A were

grown, and the temperature was decreased to take the



a t-hickness of 150 A was grown. After the tenperature was decreased to
roomtenperature, the sanples were taken out of the first growth reactor.
Then, the sanples were subjected to He-Cd | aser radiation to nmeasure the
room t enper at ure phot ol umi nescence (he?@i nafter, may be abbrevi ated as
PL), thus evaluating optical characteristics. Al sanples exhibited clear
bl ui sh green fl uorescence. Then, the sanples for which the PL

Teasur ement 5ugs REANs TR RHEARE SARERLAhd G SUI e BiRAN s USi NG

acetone, hydrofluoric acid, and a Na utiron in this~order.

Thereafter, é@@?ééﬁ@heéo ‘@h@aﬂ“ﬁr&é‘txﬂeﬁéc%g)cl:lﬁ QWcdnd %i‘B%fEh £Qagtgy the

remai ni ng structure (the second portion of the LE First, 1n a stream
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were supplieth 1pi GhO0¥ thickness of 5000 A were grown, 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 mcd.

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 500 A, an n-type GaN layer 5 with a thickness
of 3 um, a nondoped GaN layer 6 with a thickness of 1606
A were grown, followed by the growth of a nondoped GaN layer
7 with a thickness 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 an AlGaN layer 11 and a p-type GaN layer

12 in the second growth reactor. This was processed into



an-Al GaN layer 11 with a thickness of 150 A. Then, the tenperature was
increased to 1100 [err]C again, and with using TMS and ammoni a, and
ECp[err] My as a p-type dopant source, a _p-type GaN layer 12 with a

t hi ckness of 5000 A was grown. - Af t&f conpleting the growh, the
substrate was taken out and subjected to heat treatnent at 800 [err]C in
nitrogen, thus the p-type GaN layer 12 was made to be a Iow resistive
p-type | ayer an L i ned were roc by he met hod

és

descri bed be D ;{gre%ﬁgmé e%‘{A 3&?2 Hh TR g??o 1?? ng i R an
LED. F
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by a Ilift hen oreS|s

phot ol i t hogr gphy  met hod to forn1a film of AI to be used as an n- electrode
in 1000 A thickness by a vacuum evaporation nethod, and fornmed an

n-el ectrode pattern by a lift-off nethod. When a forward current of
20 mA was passed through each LED sanple in which the p- and n-el ectrodes
have been forned,



every sanple exhibited clear blue |i ght em ssion, and the |um nance

azrnmmuiﬂlﬂlnmummr T ersture (L1 S T

(nmcd) Bxarfpl é 1% s+ 560 Exanple 2
1100 750 Exanple 3 1100 1
540 Exanple 4 900 5 400 Exanple 5
900 hat 3s claimed is:680 Exanpl e 6 A sanpl e having a

structure shovvn in Figure 4 was grown in the same nmanner as in exanples 1

ondoped Gantl avh mEEREA 6r BabiEalurde ot qrbdgl BT R ddhifugy 0C

nondoped GaN | ayer 6 were grown, dﬁped
thi cknoss of * B Rond G e rniisrited np el aRE a1 SSRGS ALNC C
Phi ckness. | GRACFRRTERRCr s S?em— el SxiEd LR PR BB e out o
the growth rgaesPorgdhec! Edk Iphdle ¥ iatk P hdeHidn é%q.d group III-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 a reactor for growing the semiconductor layer
consisting of a p-type dopant-nondoped layer and a reactor
for doping a p-type dopant are mutually different.
2. A method for manufactufing a groué III-V compound
semiconductor represented by the general formula In,Ga,Al,N
(where x+y+z = 1, 05x=1, oéyél, and 05z=<1) by
mefalorganic vapor phase epitaxy method, the group III-
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 : (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 a semiconductor layer
including a p-type dopant-doped layer on the semiconductor

layer consisting of a p-type dopant-nondoped layer, in this
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crystal ratio of approximately 30 % The sanple was subjected to heat
treat nent owth reactor in the sane nmanner as in exanple 2
to furth E@imfcﬂiﬂ%m 23 | ayer 11
V\nthat at 785 [err]@gand grow a p-type GaN | ayer 12
with a th| ckness of 5000 A at 1100 [err]C.  This was processed into an LED
in the sane manner as in exanples 1 to 5. The evaluation thereof indicated

that blue light ems n . was observed, and.the | um nance.was foupd, to be
13 e ofene aid' Y 1435 °BR8 RRCtnanGraBE A LIBn  £hi 2 ERRSEER ¢ ons
as those in exanples % except that t he high tenperature hol ding

step in ammdhi BTRAST %%‘F?%r med, (i.e., the first portion 10 was grown

portion 13 Yas MARire, 48 a”d%“etéfgabﬂé”gae?%rﬁf SRR on
the_reof I ndi 03&#3%%%“%%0% i%%’l:)%ﬁ I{ght lgrfmsi' Owherel%bsﬁ{é/engét angl the

| um nance
further comprises a step(3) of cleaning the ins:x.de of the

reactor subsequent to the step (2), and the steps (1) to
(3)are repeated.

4. A method for manufacturing a group III-V compound
semiconductor according to any one of claims 1 to 3, wherein
the method further comprises a step of holding a temperature
in the range of 500 °C to 1300 °C prior to doping a p-type
dopant.

5. A method for manufacturing a group III-V compound
semiconductor according to claim 4, wherein the surface
layer of the semiconductor layers consisting of a p-type
dopant-nondoped layer is a semiconductor represented by the
general formula In,Ga,Al N (where x+y+z =1, 0<x=1, 0=5y<l1,
and 0=5z<1)

6. A method for manufacturing a group III-V compound
semiconductor according to any one of claims 1 to 3, wherein
in the semiconductor layers including a p-type dopant-doped
layer, the layer to be grown first is a p-type dopant-
nondoped layer.

7. A method for manufacturing a group III-V compound

semiconductor according to any one of claims 1 to 3, wherein

“‘ﬁi‘“‘m i?t



Corrparative Exanmple 1 Usi ng a larger type of gromh reactor than that
in exarlvl'{il es 1 to 7, a sanple having the |ower part structure (the

flrst E m I“IL "lmgure 1 was grown one tine to nmeasure the room
t enper

ensi ve bl ui sh gr%n fl uorescence was confirmned.
Then, usi ng tLhe sarre growth reactor, the growth of the upper part
structure (the second portion 13) of Figure 1 including a step using a
time. Fot checkl ng

d f.E d d
Phe orfect o RE4Eri, a53Re, RE' bl RentRpanictoreyer eontlatingi ne
t th f t t th t 10 f
Fraure 1 bl cFHe dgian%ﬁ%éﬁ%%cfé%m“é%ﬁ SanceFEaiBh: $en, i e
d_f b d
ae shoun | n Tai i S e et UV THREEs Rret o, 8710 85 Re0ead8: T by

sour ce, eve n@& £6£htlélfg gge My source exhibited very | ow room
t enper ature ensi Y



resulting in deterioration in optical characteristics. The quality was
I nsufficient for grow ng the second structure thereon to form LEDs.

Table 2 PL Intensity (Relative

Value) Prior to use of My source 31 100 After using My
source First time O After using My source Second tine

1.9 After using My source Third tine 0.3 After using My source

Fourth tine f usi My source Fifth tinme

1.4 After usiﬁﬁsﬁﬁﬁggup% %l'é tx‘ﬁ'? 3&3 6.7 After using My source
Seventh tine le 8 The Al owt h reactor
used in conpatgihfd Me&m?%%rmngagggﬁgl 551'\?\65% , 5%{:1 dri ed.
Thereafter 25 growt h reactor was
assenbl ed andgﬁ?&ﬁ}%ﬁqczt%nber was subjected to heat treatnment at 1100 C
i n hydrogen. - For confirmng that the effect of My source has stopped,

the | ower part structureéthe first portion 10) of the LED
A method for manufacturing a group III-V compound

semiconductor represented by the general formula In,GaAl.N
(where x+y+z = 1, 0SxS1, 0SysS1, and 0=5z=1) by
metalorganic vapor phase epitaxy method is provided. The
group III-V compound semiconductor has a se;niconductor
layer consisting of a p-type dopant-nondoped layer, and a
semiconductor layer-including a p-type dopant-doped layer.
In themethod, a reactor for growing the semiconductor layer
consiét:i,ng of a p-type dopant-nondoped layer and a reactor

for doping a p-type dopant are mutually different.
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of Figure 1 was grown, and then taken out of the reactor. The measurenent
of the roomtenperature.PL indicated that clear bluish green fluorescence
was exhi bited. The sanple for which the roomtenperature PL
measurenent has been carried out was set in the second growth reactor
used in exanples 1 to 7. Then, without donducting the high tenperature
hol ding step in ammonia, the gromh of the .remaining | ayered structure
(the second porﬂtyiiige including a step using a My source was perforned.
On the sanple thus: ai ned, p- and n-electrodes were formed in the same
manner as that used in exanples 1 to 7 to pass a forward current of 20 mA
t heret hrough. The eval uation thereof indicated that blue Iight em ssion

was observed, and the |um - Exanpl e 9
Usi ng t he appara?ﬁ§9Fngﬁ&ggEL2%?,fafbu++ef—+aye+—ﬁ—mktn\ai;gzzc?ness of 500
A, an n-t r [ thickness of 4 [err]m oed GaN
| ayers 6 ﬁ%ﬁrggg%%ﬁﬁgﬂa%vera t hi ckness of 7000 A, a | Ayer Bxhpest

a thickness of 3grde gl an gl &
grown, and the tenperature was decr

yd N

1 2

f ness of 300 A were
—

eaavdd

he

Figure 2
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26_ obtained sanple out of the growh reactor.

The sanpl e was

subj ect ed

to a heat treatnent in the second growh reactor in the same manner as in
exanpl e 2. Subsequently, an AlGaN layer 11 with a thickness of 150 A and

a p-type GaN | ayer
processed into an LED in the same nmanner2as in exanples 1
eval uation thereof indicated that blue light em ssion was observed,

the | um nance was fouaq_

growth reactor, a sanpl
I n the same manner as in exanples 1 to 5, a buffer

That is,

nondoped GaN | ayer 6 with a t
the growm h of a nondoped GaN |
[err]C. Thereafter, a 30- A
thick nondoped GaN barrier |

t hi ckness of 500 A, an n-type GaN layer 5 with a thickness {%j
gro

4 tines,

the tenperature was decreased

respectively. Furthe

500 ntd. ‘Exanpl e 10
eé&r%h§ structure shown in Figure 5 was grown.

| ayer 4 with a

R~

k\\\ \\\X\\\‘\s

o >

[err]m a
oyged by
25 Qat 785

and a 150-A

times and
wgva grown, and
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—
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Figure 4
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and
In the first

12 with a thickness of 5000 A were grown, and this was
to 5. The



to.take the sanple out of the growth reactor. In the same nanner as in
exanple 9, the sanple was subjected to a heat treatnent to grow an Al GaN,
| ayer 11 and a p-type GaN layer 12 in the second growth reactor. This was
processed into 27 an LED in the sane
manner as in exanples 1 to 5. The eval@ation thereof indicates that bluish
green light em ssion was observed, and the |um nance was found to be 3
cd. 28 Substitute sheet - 21 August 2000 What is clainmed is:
1. A nethod for manufacturing a group I11-V conpound sem conductor
represented by the gengtal formula In[err]Ga[err]A[err]N (where x+y+z =
1, O<x<1, O<y<l, and &'iigl‘)r%y nmet al or gani ¢ vapor phase epitaxy nethod,
said group 1I1-V
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WOm 303
conpound sem conductor -having a sem conductor |ayer consisting of a p-type
dopant - nondoped | ayer, and a sem conductor Jayer including a p-type
dopant - doped | ayer, wherein a reactor for grow ng the sem conductor |ayer
consi sting of a p-type dopant-nondoped 3tagebstdndta Sheatt-026 GatobelodiVhg a
p-type dopant are nutually different. 2. A nethod few manufacturing a
group 11l V conpound sem conductor represented by the general formula
Inf[err]G[err]Al[err]N (where x+y+z = 1, 0<x<l, 0<y<l, and 0<z<l) by
met al or gani c ABSDRAQRACE TREt BX§CRHESHBE, the group I111- V conpound
sen conduct or having a sem conductor |ayer consisti n‘cd of g p-type
dopant-nondopndthasierfpraﬁénafaé'réﬁﬁé-@ﬂdlét%ipI5§§?vihe BAPRG a p-type
dopant - doped | ayer, wherein the method conprising the steps of :

(1) growi ng a SeBACESMHSGERSr i ncl uding one or nore |ayers consisting of a
p-type dopant-nondoped | ayer in one reactor, and taking it out of the
reactor; and(2)putting the sem conductor obtained in the reactor again to
grow a sem conducRometiyper formaamifurttupitypa gopapt TAGpEdchampau t he
sem conduct or | ayer consisting of a p-type dopent nondoped |ayer, in
this semiconductor represented by the general formula In,GaAl.N

(where x+y+z" =1, 05x51, 0SyS1, and 05z=1) by
metalorganic vapor phase epitaxy method is provided. The
group III-V compound semiconductor has a se;niconductor
laver consisting of a p-type dopant-nondcped layer, and a
semiconductor layer-including a p~tyve dopant-doped layex.
In the method, a reacter for goowing the semiconductor layex
consi#ting of a p~type dopant-nondoped layer and a reacter

for doping a p-type dopant are mutually different.

(Figure 3)
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order, and at |east one of the steps (1) or (2) is repeated - a nunber.
of tines hod for manufacturing a group I11-V conpound
sem'condumlmlu]lu:mulnmw claim2, wherein the nethod further
conpri se a*stép(8) ™f scl ¢ani ng the ing de of Substitute sheete2t AogustiZ¥quent
to the step (2), and the steps (1) to (3) are repeated.

4. A nethod for manufacturing a group Il1-V conpound sem conduct or
according to any one qQf claims 1 to 3, wherein t he net hod further
conpri ses YP&tedsoflRdM8Angdsa t enperdture in the range of 500

et hod | o Irandf BEERPRNEOS BROBASPERSIAGh A ARAPe T11-V CHRBSActor
e conducE AP AIENE PanErar R brd Y Shrpgeneral LML Tl 1 ayer i
Il or 1] Cal ARPRES SHTR Cutber & iy DEYBIFad 03281 By ang oce)
accor i g 18 oy ot o vapar Ry M e B o TRECTOLCH O

llayers inckudidethnd ReiRendeRedl 4Rty a semi@d&?cfucﬁ&ii & to be grown
first is a p-type dopant- nondoped | ayer. .7 A nmethod for

manuf act Ur kg3 s#HOUP Je lo ¥-89BROUNb ant —nond S50 CRAVHIS] Oin@cgording to any
one of claims 1 to 3, wherein I T

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 and a reactor
for doping a p-type dopant are mutually different.
semiconductor represented by the general formula inxG X1.N
{where x+y+z = 1, 0=5x=1, 0§y_5_1, and 052z=1) b
me{-.alorganic vapor phase epitaxy method, the group III-
V compound semiconductor having a semicehductor layer .
consisting of a p-type dopant-nondg ged layer, and a
semiconductor layer including a p~type dopant-doped layer,
wherein the method comprisjifig the steps of : (l)growind-a
semiconductor includipd one or more layers consisting of
a p-type dopant-ngrffdoped layer in one reactor, and taking
it out of the-reactor; and(2)putting the semiconductor

obtained An the reactor again to grow a semiconductor layer

incldding a p~-type dopant-doped layer on the semiconductor

= 2D g SO E (J siwiw - VY
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ast yer of the sem conductor |ayers consi sti ng '
p typemm m | ayer is in contact with, and - is sandw ched
betwee ng a Iarger bandgap han that of this |ayer.

Substrtute sheet — 21 August 200

a number of times.

3. A methed for manufacturing a group-I1I-V compound
semiconductor according to fim 2, wherein the method
further comprises s-sftep(3) of cleaning the inside of the

reactor bSequent to the step (2), and the steps (1) to

" il = aha =
= g s =

4. A method for manufacturing a group III-V compound
semiconductor according to any one of claims 1 to 3, wherein
the method further comprises a step of holding a temperature
in the range of 500 °C to 1300 °C prior to doping a p-type
dopant.

5. A method for manufacturing a group III-V compound
semiconductor according to claim 4, wherein the surface
layer of the semiconductor layers consisting of a p-type
dopant-nondoped layer is a semiconductor represented by the
general formula InGa,Al N (where x+y+z =1, 0<x=1, 03y<1,
and 0=z<1) '

6. A method for manufacturing a group III-V compound:
semiconductor according to any one of claims 1 to 3, wherein
in the semiconductor layers including a p-type dopant-doped
layer, the layer to be grown first is a p-type dopant-
nondoped layer.

7. A method for manufacturing a group III-V compound

semiconductor according to any one of claims 1 to 3, wherein

IREPLACEMENT SHEET
23 AUG 2000

° S @ A e AR e s, ,




