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3-5 GROUP COMPOUND SEMICONDUCTOR .A_ND LIGHT EMITTING DEVICE

BACKGROUNG OF THE INVENTION
- Filed of the Inventio_n
| The present invention relates to a 3-5 group compound
semiconductor represented by the general formula _InxGayAl'zN'
(x+y+r=1, 0=x=1, 0Sy=1, 0=z=1) and a'light emitting device
obtained by using the - same . B
Description of the Related Art
Asmaterialsof lightemitting devices such asultraviolet,
~ blue or green light emitting diodes , ultraviolet, blue or gre_en
‘laser diodes and the 1ike, 3-5 .grouplcompound semiconductors
' | represented by the general £ Ormula InyGayAl;N (wherein, x+y+z=1,
_ I_ 0=x=<1, OSYSI 0=z=1) are known. Hereinafter X, vy and z
in this general formula are described as InN crystal mixing :
ratio GaN crystal mixing ratio and A1N crystal mixing ratio,
'in some cases. '~ Of the 3-5 group compound semiconductors those
.containing InN in a crystal m:l.xing ratio of 10% or more are
_particu.larly-im_portant for display uses since it is possible
- to control a light emitting wavelength in the visible region,
depending on Inl.\llcrystal mixing ratio.
It is known, incidentally, that this"c'ompound
semiconductor manifests"physiCal ‘properties varying-
s‘ignificantiy depending .on :crirstal mixing ratio. For example,

GaAlN-type mixed crystals containing no I'n_ can be produced under



a growth temperature of 1000T orfmore, for obtaining crystal
with an excellent thermal stability. On the other hand,
InGaAlN-type mixed crystals containing In are generally grown
at a temperature of about 800TC vhich is relatively lower as
such coﬁpound semiconductors, since thermal stability is not-
sufficient depending on In.N'lcrystal mixing ratio. Therefore,
regarding heterojunction using an- InGaAlN type mixed crystal
which is important as a 1ight emittlng device in the region
of visible light it is necessary that a layer grown directly
after an a_ctive layer, what is called a barrier layer, is grown
at the same level of low growth-temperature as that of the active "
layer. 'On.the other.hand, since a barrier layer_regulates
"_current-injection'into an'active layer,'the-carrier
| conc'entration should be' controlled strictly. However, it has
'been difficulthto control'the.concentration of a remaining.
carrier in a 1ower'range, the concentration being believed to
be derivedlfrom nitrogen vacancy. Consequently, uniformity
andreproducibilitYoflightemittingefficiencyweresometimes
not sufficient, in the case of a.light emitting device.
| An object of the present 1nvention is to provide a 3-5 -
group compound semiconductor having a concentration of ap-type
dopant of 1><1017 em™ or more and 1X10% c.m”. or less, which
can be-laminated to COntrol-the carrier concentration of an
- InGaAlN-type mixed crystal in’a.low'ranée'with high

re_producibility. Another object of the present invention is_ "
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to provide a 3-5 group compound semiconduc_tor- in wﬁich the
carrier concentration of an inGaAlN-type mixed crystal is
controlled in a low rahge with high reproducibility, and a 1ight
: emitting device having high light’émitting‘ efficiency obtained

by using this 3-5 group compound semiconductor.

SUMMARY  OF THE INVENTION
| The present invenfors have intensively studied, in view
of the above—'mentioned ij:oblems, and resultantiy found that
ann-type 3-5 grbqp compound sémiconductor ﬁaving asmall carrier
: conce'ntration can be produded ﬁith. high r'ep'roducibi]..ity- when
a p.-.type' dolpantl is do’ped at a specific concentration, in growth
ét iow temperatures at which cari;'iei' concentration cannot be
_. controlled easily, leading to completion of the invention.

| Namely, the present inve_nti"o‘n relat_es.to [1] a 3-5 group
compound semicopductor represe_nta;ld'by the general formula |
InxGéyAlzN (x+y+z=1, loéxél, 0<y=<1, 0=z=<1) in which.._the
'concentr_ation of ann-type carrieris 1X10"” cm™or less , wherein
the concentration of a p-type dopant is '1X10’_"’ cm™? or r.nore.and -
1X10* em™ or 1less. |
| Furthe'r, the presenf inventidn relates to -[2] a 3-5 group

compound semiconductor having a structure in which a second

- layer composedofa 3-5 group compound ser_niconductor represented

by the general forrhula In,GayAl,N (u+v+w=1, o<u=z1, 0§v<1,

0=w<1) is ‘adjacent to a first layer comp'osed' of a 3-5 group



compound.'s'emiconductor represented by the general formula
InGaALN (x+y+z=1, 0SxS<1, 0=<y=<1, 05z<1) in which the
concentrationof ann-type carrieris 1X10” cmor less, wherein
the concentration of a p-type dopant is 1X10*7 cm™3 .or_more' and
1X10* cm™ or less, and tne_ band gap is larger than that of
| the above—htentioned second 'layer.

Further the present :|.nvention relates to [3] a 3 -5 group
compound semiconductor having a structure in which a layer
-composed of a 3-5 group compound semiconductor represented by _'
the_general formula In,GayAl,N (x+y+z=1, .Oéxél, Oéyéi; 0
'=z=1) in which the concentration of an n-type 'carrier is 1
X10" cm™ or less, wherein the concentra_tion of a p-type dopant
is 1X10Y cm™ or more and 1><'1021 cm™? or less is adjacent to

_a layer composed of a p-type 3- 5 group compound semiconductor

- represented by the general formula InaGabAlcN (a+b+c-l, 0=a

=1, o§b§1, 0§c§1) .

Further, the pres'e'nt "in_vention rel_ate's to [4] a 3-5 group
c_ompoundls_emiconductor having a structure comprising at least
~one :_l.ayer-compOSed of. a 3—5 group compound semiconductor
represented by the general formula' 'InxGayAlz.N (x+y+z=1, _0§x
=1, 0=y=1, 0=2=1) in which the.'concentration of an n—ty_pe
carrier is 1X10* cm™ or 1-e_ss, ‘wherein the concentration of
a p-type dopent is 1X10'7 em™® or more and 1X10* cm™ or less,
| between a layer composed of a 3-5 _group' comp.oun:d semiconductor

're'presented by the general' formula In,Ga,Al,N (u+v+w=1, 0_<u
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- =1, 0=v<1, 0§v§<1) and a layer composed of a p-type 3-5 gro;:lp
- compound semiconductor represented by the general formula
‘InGapAlN (a+b+c=1, 0=a=<1, 0=b=1, 0=c=1).

Further, the present invention relai:es'to [5]a 345 group
compound semicondu_ctor héving a structure comprising a second
iayer‘cdmpo'-set:i of a 3-5 group compound semiconductor represented
by the general formula In,Ga,Al.N (u¥v+w=1, o<u=1, o=v<1,
0=w<1) carrying thereon é. laminated layer composed of ann-type
3-_5 group compound semiconductor represénted'by the general
formula In,GagAl.N (p+g+r=1, 0=p=1, 0=q=1, 0=r=1) havihg
largér band gap than that of the above-mentioned second' layer,
~ and at l_eé.st one layer compose@i of_ a 3-5 groﬁp compound
semiconductor represented by the general formula In.GayAl;N
(x+3.{+z.=1,. 0=x=1, 0Sy=1, 0=z=<1) in which the concentration

of an n-type carrier is 1><1019 cm™?

or le_ss; wherein .the
concentration of a p-type dopant is 1X10' em™® or more and 1
Xlozi cm"’_‘ or less, betwéeh th_é a;bove-'mentioned' layer composed
of the n-type 3-5 group compound semiconductor and a third 1ayer
comp.osed of a p-type .3'-'_5 group compound s_emiconductof
répresented by the ge_ne_.ral :f_orm.ula InaG.vabA.lcn- (a+b+c=1, 0=a
=1, 05b=1, _Oécél), on the opposite side to the.
above-mentioned second layer. ' |

Furthe_r, th_e-present' invention relates to [6] a method

of producing a 3-5 group compound semiconductor according to

any 6f [1] to [5], comprising growing a 3-5 group compound



semiconductor represented by the general formula IngGa,Al,N
(x+y+z=1, déxél, oéy._é_l., 0=z=1) in which the concentration
of an n-type carrier is 1X10* cm™ or _less,.-wherein the
concentration of a p-type dopant is 1X10'” cm™ or more and 1
~ X10* cm® or less, at temperatures of 600 or more and 950
or less according to ametal organic vapor phase growth method
) Further, the present invention relates to [7] a 1ight
emitting device obtained by using a 3-5 group compound

semiconductor according to any of [1] to [5].

'DETAILED DﬁSCRIPTION OF THE INVENTIONI

As the method of producing a 3-5° group compound
-semiconductor in the present J.n_vention, there are listed a
molecular beam epitaxy (he_re.inaf ter, abbreviated as MBE in some
cases ) method, ametal organic vapor phase epitaxy (hereinafter,
_- abbreviated as MOVPE in some cases) method, a hydride vapor :
" phase epitaxy (hereinafter abbreviated as HVPE in some cases) '
method, and the like. Of them, an MOVPE method is particularly
important' since a crystal .can be grown uniformly over a large
- area. |

In production of a 3-5 group compound -semiconductor_
according to a_n MOVPE method_, the following raw materia]l.s. can
| be used. |
As the Group 3rawmaterial, trialkylgallium of the general _

formula R1R2R3Ga (wherein, Rl, R; and R; represent a lower alkyl o



group) such as trimethylgallinm [ (CH3)3Ga, her’einafter,.
abbreviated as TMG in some cases] ’ tr:.ethylgalllum [ (C3Hs5)3Ga,
hereinafter, abbreviated as TEG in some cases] and the like;
trialkylaluminum of the general formula R;R,R3A1 (wherein, Rl,
_Rzanngrepresentaloweraikylgronp)suchastrimethylaluminum
'[((ﬂh)aAi], triethylaluminum [(C.Hs)3;Al, hereinafter, |
abbreviated as TEA in some cases], trllsobutylaluminum
[(i- C4H9)3A1] and the lJ.ke trlmethylamlnealane [( CH;3)3N:Al1H;];
trialkylindium of the general formula R;R;R:In (wher'ein, Ri,
Rz and R; represent a lower alkyl '_group) such as trimethylindium
[ (CH3)3In, hereinaftef, abbreviated as “IMI” in some cases],
triethylindium [(C;Hs)3In] and the like; and other materials,
are listed. These are used alone or in admixture. |

As the_Grdup-B raw material, ammonia,'hydrazine;-
methylhydrazine, 1,1-dimethy1hydrazine, |
1,2-dimethy1hydnanine-, t-bufylam’ine etnylenediainine and the
_iikearelisted. Theseareusedaloneor1nadm1xture. Of these
raw materials, ammonia‘and hydrazine are suitable since- they.
contain no carbon atom in.the molecule and consequently'cause
small contamination of carbon into a semiconductor

- As the p-type dopant which can be used in the present
invention, Group 2 metals-are 1isted. Speciflcally, Be, Mg,
.Ca, Zn, Cd and Hg are 1isted._ Among them; Be, Mg, Ca, Zn and
Cd are useful since they can be used.simplj. The dopant can

be used alone or in combination of two or more.



Parti'cularly, Mg and Zn can be suitablj .used.since some
materials contalnn.ng Mg and Zn are known to be suitable for
an MOVPE method. Specif:.c examples of the Mg raw material which
~can be used for an MOVPE method include (CsHs ) 2Mg
( biscyclopent adienylmagnesium ), (CsH,CHs3 ) Mg
(bismethylcyclopentadlenylmagnes ium),- (C5H4C2H5 )zMg
( b:LsethylcyclopentadlenylmagnesJ.um hereinaf ter .
abbreviated as ECp2Mg in some cases). and the like. Specific_
. examples of the Zn raw material which can be used for an MOVPE
- 'method include (CzHS)Zn (d:l.ethylz:l.nc) . (CHg)zZn (dimethylzinc).'
and the like. | |

When the above-mentioned compound semiconductor is grown o
by an MOVPE method, the growth temperature is 600C or more

‘and 1000TC or 1less.

The 3-5 group compound semiconductor._tl] of the present
invention is a 3-5 'group compoun_d semi‘ccnductor represented
by the general formula InyGayALN (x+y+z=1, 0=x<1, 0SyS1,
0=z=1) in which the concentration of | an n-type carrier is 1
. l_><1019 cm™? or less, wherein the concentration of a p-type dopant
is 1X 1017 cm or more and 1X10%! . cm™® or less.

: Fuz:_-ther, 3-5 group compound semiconductor [2] of the
present invention has a structuije in wh:.ch a second layer
composed of a 3-5 group ccmpcund semicon'du'ctor represented by
‘the general formula InuGavAle (usviw=1, 0<u=1, 0=v<1, 0

- =w<1) is adjacent to a first layer composed of a 3-5 group



compound semiconductor 'r'epresented by the general formula
InGa,ALN (x+y+z=1, 0=x=<1, 0Sy=<1, 0=z=1) in which the
concentrationof ann-type carrier is 1X10" cm™ or less, wherein
the concentration of a p-type dopant is 1X10%7 cm‘3 or more and
l>< 102 cm? or less and the band gap is larger than that of
the above-mentioned second layer ( hereinafter the first layer
is referred to as low carrier concentration layer, in some
| cases) | | | |

When usecl as a light emitting device, the second layer
has a function as a light emitting layer. For efficient,
recomhination and light--— emission Of. inj.ecte_d charges, it is.
preferable that'a low carrier concentration layer has larger
b'andf gap than that of a light emitting layer. The band gap
of a low carrier concentration layer is larger than that of
"a light emitting layer by preferably 0.1 ev or more, further-
_preferably 0.3 eV or more. - |

Further the preferable film thickness of a low carrier
concentration layer is 10 A or more and 1 £m or less. The
light emittingefficiencyof a .light _emitting device may dec_r_eas_e _
'both when the film thickness cf a low carrier'concentration
.l'ayer is lower than. 10. A and when larger than 1 Um.

When the p-type dopant 'con’cent'ration” is smaller than 1 |
X10'7 cm™, it is difficult to control the n-type- carrier
concentration of a compound semiconductor __doped_ 'with a p-type

impurity, tothe intended smallvalue, withhigh reproducibility.
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When the p-type dopant concentration is larger than 10%* cm3,
the compound se.micond_u'ctor doped with a p-type' impurity

- manifests reduction in crystallinity, and when it is laminated
with a layer (light emitting J_.ayer) compo'sed of a 3-_5 group
compound semiconduotor represented by the general formula
IN,GavAlN (u+viw=1, "0-'<u§1, 0=v<1, 0=w<l1), the properties
of the .1ight emitting laYer.may deorease in 'sohe cases. The -
more preferable concentratlon of a p type 1mpur:1.ty is 1X 1018

‘em™ or more and 1X10%° cm™ or less.

Further, the 3-5 group cotnpound semioondnctor [3] of the
present invention has a structure in which a layer 'cornposed
| ofa3-5 group compound s'emiconductox.' represe.nted by the general.
formula InxGayAlzN (x+y+z 1, 05x=1, osysl ostl) in which
‘the concentration of an n- type carrier is 1><1019 cm™? or 1ess,
wherein the concentration of a p type dopant is 1X10' em™@ or
more and 1><1021 cm™ or less is adjacent to a 1ayer composed
of a p-type 3-5 group colnpound s'emiconductor ‘represented by
.'the general formula In,GasAl:N (a+b+c—1; 0=a<1, 0=b=1, 0

Scsl) _ _ :

The 3-5 group compound semiconductor in which a layer

having a functlon as a barrJ.er layer in which the p-type dopant

concentratlon isina specif:.c range is adJacent with a p-type

layer canbe combinedwitha layer compo sedofa3 -3 group compound
sem_icondu_ctor_ represented by the general formula | In,Ga,ALl,N.

(usviw=1, 0<u=1, 0=v<1, 0=w<1) having a function as a 1ight
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emitting layer, to give a light emit.ting device excellent in
 1ight emitting efficiency.

| Further, the 3-5 gfoup compound sémiconductor [4] of the
present invention has a struct_ure comprising at leaslt one layer
(.‘_I.oﬁ carfier concentration laye;') compose.d of a 3-5 group -
compound SemiconduCtor.repre_sented .by the general. formula
InGaALN (x+y+z=1, 0SxS1, 0Sy=<1, 0S2z=1) in which the
concentrationof an n—type carrieris 1X10%* cm or less, wherein |
 the concentration of a p-type dopant is 1X10' cm™ 6r more and
1X 102 'cm‘3: or less, between a iayér (1ight 'emit.tin.g iayer)
composed of a 3-5 group compound semiéonductor‘ represented by
the genérai formula In,GaAl,N (u+v+w=1, 0<u=1, 0=v<1, 0
§w<1)_ and a layer composed of a p-type 3-5 grbup compound
_ semiconductor represented by the genefal formula In,GapAl:N
| (a+b+c=_1, 0=a=1, 0=b=1, oéégl). | |

By providing at least one iov} carrier concer_:tratibli layer |
as layers between a J,’ight emifting layer and a thype layer,
a light emitting device having high light. emitting efficiency
~can be produced with high reproduéibility. ) Particuiarly, when
alow carriér concent‘rat.ion layer i_s adj acenﬁ 1;0 alight e.mitting _
layer . it ié prefgrab;e that the lowcarrier concentration layer
has a larger band gap than that of the J._ight emitting layer,
for efficient récombination .of eiecfric charges in the 1ight
emitting layer. The band gap of_a_ low carr_;ier concentration.

‘layer is larger than that of a 1ight emitting layer by préferaﬁly
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0.1 eV or more, further preferably 03 eV or more.

Further, when used ln a light -emitting- device, the 3-5
group compound semiconductor 51 has a structure comprising
a second layer composed of a.3-5 group compound semiconductor

represented by the general formula InuGavAle (u+v+w-l 0<u

‘=<1, 0=v<1, 0=w<1) carrying thereona lam:.nated layer composed

of an n-type_3-5 grou'p compound'semiconductor represented by
the general .formula -.Inpéaner (p+g+r=1, 0=p=1, 0=g=1, O

SrSI) having larger band gap than that of the above-mentioned
second layer,. and at least one layer composed of a 3-5 group

compound semiconductor represented by the -general formula

InGaALN (x+y+z=1, 0Sx=<1, 0Sy=<1, 0Sz51) in which the

concentrationof an n-type carrierisi ><_1019 cm'3 or less ,_'wherein

the concentration of a p-type dopant is 1X10'7 cm™? or more and

- 1X10% em™ or less, between the above-mentioned layer compose_d

- of the n-type 3-5 group_ compound semiconductor and a third layer

composed of a p-type 3-5 group compound semiconductor

represented by. 'the_ general formula In,GapAl.N (a+b+c=1, 0=a

=1, 0=b=1, 0=c=1), 'on the opposite side to the

above-mentioned second layer. -

| For example in thls 3- 5. group compound semiconductor,
a light emittJ.n_g layer, n—type. layer, low carrier concentration
layerandp-type layerare adjacent in this._order. For efficient '
recombination and ligh't emisslon- of injected charges, it is

preferable that the bang gap of an n-type layer is larger than
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that of a 1light emitting layer. 'l'he band gap between an n-type
layer and.a light emitting'layer is preferably 0.1 eV or more,
- more preferably 0.3 eVor more. The preferable film thickness
of an n-type layer is 10 A or more and 1 4mor less; 'The light
emittingl;' efficiency of a light emitting device may decrease
both when the film .thickness of a low carrier concentration
layer is lower than 10 A _a.nd whenllarger than 1 #m. Further,
the preferable £ilm thickness of a low carrier concentration
layer is 1.0 A or more and'll I.Lm or' less. The liQ_ht emitting _
efficiency of a lignt emitting device may decre_ase both when
the £ilm thickness of a low carrier concentration- l’ayer is lower
than 10 A and when larger than 1 4m.

In tlie 3-5 group.'cOmpound- Semiconductor'of the present
invention, when the crystal mii:ing 'ratio of InN of a light
emitting layer is high, thermal stability is not sufficient,
an_d.deterioration .may' occur in crystal growth or semiconductor

process.' For the purpose of preventing such deterioration,

a layer having low crystal mixing ratio of InN can be laminated -

on a 1light emitting layer to 1mpart a function as a protective
.layer to this layer. The low carrier concentration layer of_. '
the present invention has a function as a protective layer.
~For giving sufficient protective function to the protective_
layer, it is preferable that the protective layer as an InN
crystal mix:Lng ratio of 10% or less and an AlN crystal mixing _

: ratio of 5% ormore, and it is more preferable that the protective
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layer as an InN crystal mixing ratio of 5% or less and an AIN
crystal mixing ratio of 10% or.more.

Since a light_emitting layer generally'has no excellent
~ thermal stability,'it is not preferable to grow, at higher
gtempérature, a:low_carrier conoentration.layer.grownlafter a
light emitting layer. When :_a low carrier concentration' layer
is grown by an MOVPE method, the growth temperature of a-low_:
carrier concentration layer is préferably 9561: or 1ower,.
further preferably 900tlor 1ower, particularly preferably
85013 or lower, for suppre351ng deterioration of a light
emitting layer. Whenalowcarrierconcentration1ayerisgrown_
by an MOVPE method, the growth temperature is preferably 600T
or higher, further preferably 650C or higher particularly '
preferably 700C or higher, for obtaining excellent
'crystallinity. _

As described above, the light'emitting devioe of the
present invention is obtained by using a 3-5 group compound
semiconductor according to'any_oflthe above;mentioned [1] to

[5].

EXAMPLES

The follbwing_eXamplesland comparative examples will
illustrate the present-invention.in detaii below, but do not
limit the ecope of'the_present_invention. | |

Examples 1 to 4, Comparative Example 1
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.First, a 4 um thick GaN was grown at 1060T without
impurity-doping on a l_ow_'_temperature. grown-buf.fer layer on
.sapphire. On this GaN layer, an AlGaN layer was grown with
feeding a Mg material (Examples 1 to 4, and Comparative Example
| l) In growth of AlGaN ammonia, triethylgallium ((C3Hs)3Ga,
hereinafter abbrev1ated as TEG in some cases),
_trimethylaluminum ((C_H;);Al, hereinafter, a_bbreviate’d as TMA
in some cases) , and EcpZMg were ‘used, as raw materials. The
carrier gas was nltrogen and the growth temperature was 785C.

' The AlN crystal m1x1ng ratio measured by X-ray diffraction was
12 to 16%. | |

After growth, the_se samples were taken out _from areaction
| furnace and annealed under nitrogen flow of 1. atm in another
annealing furnace at 800C for 20 minutes. After annealing,'
the samples were subJected to photoelectromotive force
. measurement and capa_city-—voltage (C-V) method, to confirm tha't
| all of ‘them were of n-type, and carrier conCentrations thereof
‘were measured. The resulted carrier con.cent_raltions are shown -
in Table 1. | |

Mg was analyzed on these samples , by a secondary ion mass
spectrometry (SIMS) method.: .The resulted Mg concentrations
‘are shown in Table 1.

Tab_le 1 teaches that when_the'M_g 'dopi.ng. amount is as low
as 1X10%* cm™®, the concentration of an n-'t.ype c.arrier is 1.1

- X10* cm™, while if Mg is doped at a concentration of 4X10t?
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cm™® or more so as to keep the p-type dopant concentration in

' the range from 1X10'7 cm™® to 1X10?' cm™®, the carrier

concentration can be controlled to 5X10'® cm™ or less.

Table 1
Mg concentration Carrier concentration
_ - (cm™?) (em™?)
| Comparative 1.1X10% 1.1X10%?
example 1 ' ' '
Example 1 4.0X10% - =s5X10*®
Example 2 9.4%X10%° 1X10%7
Example 3 1.6X10%° 2X10%¢
Example 4 4.4%X10%° 4X10%
Example 5

GaN was grownasa low telnp_erature buffer _layer onsapphire,
and an n-~type GaN layer doped with Siwas grown thereon, further,
a undoped GaN layer was grown using hydrogen as a carrier gas
~at 1060C. Ammonia, trimethylgallium ((CH3)3Ga hereinafter,
abbreviated as TMG in some cases), and silane were used as raw
| materials. |

Further, five pairs of 15 nm GaN and 2.5 nm InGaN were
laminated at 730°C using nitrogen as a carrier gas to give a
| multiple quantum well structure, and AlGaN was 1aminated to
give a protective layer of 25 nm under the conditions 1n |
Comparative Example 1, then, the-laminate was cooled taken
‘out once from the reaction furnace, and optical properties were-

' evaluated .
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This sample was returned into the reaction furnace again,

~ and annealed under an'atmosph_ere of nitrogen/ ammonia at 1000C
for 1 minute, then, cooled to 765C, and. a low carrier
concentration layer of 25 nm was laminated under the cond_.itions
in Example 2. Ammonia, TE‘G”,' TMA and ECp2Mg were used as raw
materials. - Then, aGaNlayerof 200 nmdopedwithMgwas laminated
at 1060TC using hydrogen as a carr:n.er gas. After growth,
~annealing was conducted under the same conditions as in Example
1, .the-n, a light emit.ting device_was 'produced by an ordinary
' method,'and the light emittin.g properties thereof were measured ._
to know that the light emitting wavelength was 430 nm and the
output powder was 700 IJ.W ‘in driving at 20 maA. |
In this example the sample was taken out once from the
reaction furnace, then, returnedinto the reaction furnace again,
_ and a low carrier concentration 1ayer and ap layer were grown
.'Alternatively, a continuous growth nmode may be adopted without
ta]_:ing the sample from the reaction furnace_. |
- Comparative Example 2 | |
A light emitting device was produced in the same manner
_ as in Example 5 except -that a protective l.ayer of .50 nm was
grown and a low carrier concentration- layer was not grown, and
the properties of the device were evaluated. The light emitting
wavelength was 430 nm and the output powder was 460 uw indriving
" at 20 mA. |

A light emi_tti,ng: device'having'_ high output powder can



18

be produced in the same manner as in Eicample 5 except that a
low carrier concentration l'ayer of 50 nm was directly grown
without laminating a protective layer and without taking out
a sample from a reactlon furnace. |
-Examples 7. 8 and 9 | | |

‘An n-type GaN layer, nOn-doped GaN 1ayer. and multiple
quantum well structure were lamlnated on a sapphire substrate
.1n the same manner as in Example 5, then, AlGaN of 6.5 nm was
__further grown as a protective 1ayer. However, the growth
temperature of the multipie quantum well structure was .changed_.
to 750C.. Using this sample, IiEDs were produced as in Example |
__ 5'exce‘p_t. that the production conditions for a low .carrier
concentration layer were changed as shown below.. -Namely, in .
one ekample the Mg doping ‘amount was the same as in Example
5 and the thickness of a low carrier concentration layer was
._ .changed to 31 nm (Example 7), in one example, the Mg doping
amount was the same as in Exam‘ple 5 and the thickness of a low
- carrier concentration layer was changed to 43.5 nm (Example
8). and in one example, the Mg doping amount was 2-fold than
- in Example 5 and the thidkness of a low carrier 'concentration |
layer was changed to 43.5 ‘nm (Example 9) .F.'urther, as a
comparative example LED was produced in the same manner as
in Example 5 exce_pt that the growth temperature of a multiple
guantum well stru'ct'ure was 750C and a low carr'ier concentration. .-

layerwasnot dope_'d-with Mg (Comparat iveExample 3). The average :
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| light output in plane was 1.3 mW, 1..4 mW an_d 2.1 mW in Examples
7, 8 and 9, réspectively, and 0.95 mW in Comparative Example
3.

In the above-mentioned examples, Mg was used as a p-type .
dopant, ho_wever, Zn dan also be used as a p-type dopant to o_btaiﬁ

the same results.

‘i‘h_e 3-5 group co_mbound semiconductor of the present
:I.nventio'n can be laminated to control the carrier COncentratiqn
- of an InGaAlN mix.ed. crystal in a lower range with high
| reproducibility since the p-type .dopant' concentration of the
semiconductor is 1X10Y am™ or more and 1X10% em™® or less.
Fur_t'her, in the 3-5 group dqmpound semiconductor of the present'
o invention, the carrier concentration 6f an InGaAlN mixéd crysté\]_.
'is controlled in a lower range Wifh high repfodﬁcibility-, aﬁd

a-light emitting devicé obtained by using the 3-5 group compound

' semiconductor has high 1ight emitting efficiency.
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Claims:

- 1. A 3-5 group compound semiconductor represented-by the
general formula In;GaYAlzN (x+y+z=1, 0=x=1, 0=y=1, 0=z=
'1) in which the concentration of an n-type carrier is 1X10%?
cm‘s 'or' less, wherein 'the concentration of a p-type dopant .is
1X10' cm™® or more and _1><1021 cm™ or less.

. 2. A 3-5 group compotind semiconductor having a structure
in 'whi_ch a second layer. COmposed of a 3-5. group compound
semiconductor represented by the general formnla In,GaAl,N
(.u-I;V_‘-II-W=1, 0<u=1, 0=v<1, 0=w<1) is adjacent to a first layer
_ composed of a 3-5 group coinpound_ semiconductor repreSented'by
| .'th.e gener.allformnla In;GeyAl;N (x+y+2=1, Oé_xél, 0§_y§1, 0
ézél) in which the concentration of an n-type carrier is 1
X10'* em™3 or less where:l.n the concentration of a p-type dopant

is ]_._X1017 em™? ~or more and 1X10%* cm?

or 1ess, and the band
gap is 1-arger than that of said s,econd__layer_. | -
3.". A 3-5 group componnd semiconductor having a structure
in which a layer com_posed of a 3-5 group_compound semiconductor
' represented by. the generel- ':forxnu-la I_n,g_GayAlzN (x+y+z=1,i 0=x
=1, 6§Y§1, 0=z=1) in .wnich_ t_he concentration' of an 'n-typ'e |
cerrier is 1X10% cm™> or less, .wherein _ the, concent_ration'of
a p-type dopant "is 1X 1017 cm*? or more and '1><1021 cm™ or less
- is adJacent to a layer composed of a p-type 3-5 group compound

= sem:.conductor represented by the general formula InaGabAlcN

(a+b+c1 Osasl Ogbsl Ogcsl)
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4. A 3-5 group compound_ semiconduétor 'having a structure
comprising at least one layer composed of a 3-5 group compound
semiconductor represen_ted by the general formula InxGayAlzN
(x+y+z=1, 0Sx=1, 0Sy=<1, 0=<z=<1) in which the concentration
of an .n-type carrier is 1X10* cm™ or iess, wherein the
~concentration of a p—type.'dopant is 1><101_7 cm™ or more_and 1
X10** cm 3 or less, between a_lajer composed ofa3-5 'group compound
' semiconductor represented by the general formula In;GavAle
(u+v.+wl'=1; o<u=1, 0§v<i, 0=w<1) and a layer composed of a
_ 'p-type 3-5 Qroup compound semiconductor repres__ented by'the
.general formula In,GapAl.N (a+b+c=1, 0=a=<1, Oébél-, 0<c<
N _ _ . S

5 1.&'3_-5 gr_oup_compound semiconductor having a structure
comprising a sec'ond layer composed of .a 3-5 group compound
semiconductor represented by . the general formula InuGavAle
(u+viw=1, O<u$1 0$v<1 OSw<1) carrying thereonalaminated'
-layer composed of an n- type 3-5 group compound semiconductor _
_ represented by the general formula Iananer (p+q+r=1, OSp :
=1, 0=g=1, Osrsl) hav:.ng 1arger band gap than that of said
s_econd-layer. and at ]_.east one 1ayer composed of- a 3-5 group
: compound semiconductor represented' by the generai formula
" InxGaYAlzN- (x+y+z=l,-0§x§1, osygl,- 'oéiél) in which the-
concentrationof ann-type carrieris 1X10”cm?or less, wherein
'the concentration of a p- type dopant is 1><1017 cm™? or more and

1><1021 cm™3 or less, between._said layer composed of the n-type
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3-5 group compoﬁhd semiconductor and & third layer composed
of a p-type 3-5 group compound semiconductor represented_by
the general formula .InaG.abAlcN (a+b+c=1, 0=a=1, _'b§b§1, 0
=<c=1), on the opposite side to said second layer.
| 6 The 3-5 grbup doinpound se_niiéonductor 'acéording to any
‘.of:Claims 1l to 5 wherein the p?tyée dopant is Mg and/dr Zn.
7.Amethodofproducingas;sgroupcompoundsemiéonduct@r:
according fo-any.df Ciaims 1 to 6, cbmprising_growing a 3-5
Qroup 'co_mpound semicohductor répres enfed by _the general foi'mula_
InGa,ALN (x+y+z=1 0=x<1, 0Sy=1, 05z=<1) in which the
concentration of ann-type carrieris1X _1.019 cmor less, wherein
the cdﬁcentration of a p-type dopént is 1X10% cm® or more. and
1><1Q21 cin‘3: or less;' at_tett.lpera_.ttt.:f:es'of 600-‘C .o'r' more and 950C
| or less according_.to a meté-l organic vapor phase grow_th method.
8. A light 'emitfing device obtained by using a 3-5. .groupl -

- compound semidonductor__according to any of Claims 1 to 6.



