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1 . GROUP I 4!V COMPOUND SEM CONDUCTOR AND LI GHT- EM TTING  ‘HelkEs- ©

BACKEROUND OF THE I NVENTION Field of the Invention The pripgent

i nvention relates to a Goup I11-V conpound sem conductor represented by
the general formula In[ferr]Ga[err]Al[err] (provided that u + v +w=1, 0
[err] u [err] 1, O [err] v [err] 1, and [err] w[err] 1), and a
light-emtting device using the sane. Description of Related Art

As a material of light-emtting devices such as ultraviolet or blue

l'i ght - eni tti nggrbuwe 1 1I-4r aQOMPEINDI SERTCONDIcTORdi Avte, LEGHT~ERIGrONG | 11-V

conpound sem conductor represented by the general fornula
Inf[err]G[err]pgerag N (provided that x [err] y [err] z =1; 0 < x [err] 1,
O f[err] y <1, and 0 [err] z < 1) has been known. Hereinafter, x, y and z
in this general fornula are sonetines referred to as an "InN mixed crystal
ratio, a "GaN m xed crystal ratio" and an "AIN m xed crystal ratio";
respectivel y. PACKGRAUNDIIOE ITHE IGVENEIONI |-V conpound sem conductors

containing InNin a mxed crystal ratio of not |less than 10% are i nportant
for display apnelxhtofbrthebdmseneianl uni nescence wavel ength in the visible

range san The present invention relates to a Group III-V compound
semiconductor répresented by the general formula InGaAlN
(provided that u + v+ w=1, 0 Su =<1, 0 Sv=1, and

0 Sw&=1), and a light-emitting device using the same.

Description of Related Art
As a material of light-emitting devices such as
" ultraviolet or blue light-emitting diode, ultraviolet or
blue laser diode, etc., a Group III-V compound semiconductor
represented by the general formula InGaAl,N (provided that
x+y+z=1,0<x=1,0=Ly<1,and0 £ z <1} has been
known. Hereinafter, x, y and z in this general formula are
sometimes referred to as an "InN mixed crystal ratio, a "GaN
mixed crystal ratio" and an "AlN mixed crystal ratio",
respectively. Particularly, Group 1III-V compound
semiconductors containing InN in a mixed crystal ratio of
not less than 10% are important for display application
because a luminescence wavelength in the visible range can

be adjusted according to the InN mixed crystal ratio.

By the way, the compound semiconductor and light-
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be adjusted according to the InN m xed crystal ratio. By the way, the
conmpound sem conductor and |ight- 2

em tti ng device using the same had the foll ow ng probl ens. First, a
trial of formng a filmof the Goup Ill-¥ conpound sem conductor on

vari ous substrates (e.g. sapphire, GaAs, ZnO, etc.) has been nade.

However, a crystal having sufficiently high quality is still to be

obt ai ned because lattice constants and chem cal properties of the
substrates ar emjtitingdiévirents ingotrhehssme dfad hbecHopboming grickdrehsct or .-
Therefore, a trial of firstly growing a crystal of GaN whose |lattice
constants and cheni Earspropetrial of cforming raylfilmiafi Ithe GoronpoddIeV t he
conmpound sem conductor and growi ng the conmpound sem conductor thereon to
obt ai n an excekbmpbundsestigiondustbron vaxioys aphetrat @at eny - Kapphinsg.
55-3834). It has recently been reported that a high-efficacy
| i ght - eni tti ngGdasi cZnaretss )r daki been madsnt Howevey, t hecrystiak bavingf a
| um nous layer to about 20 [err] in a light- emtting device conprising a
sem conduct or sefféciently yigh iqualdtegafisr FEALL pro el abhaiaedk becpusel, 0 <
Xx <1, and 0 <y < 1) as an active layer (Japanese Journal of Applied
Physi cs, 1995, lavbice :pnsiapds ud chemicali prepeetismpnd/the substratesso
been reported that the | um nous efficacy is |owered as the InN
arequitedifferent fromthose of the compound semiconductor.
Therefore, a trial of firstly growing a crystal of GaN whose
lattice constants and chemical properties are strikingly
similar to those of the compound semiconductor and growing

" the compound semiconductor thereon to obtain an excellent
crystal has been made {(Japanese Patent Kokoku No. 55-3834).

" It has recently been reported that a high-efficacy
light-emitting device can be realized by controlling the
thickness of a luminous layer to about 20 A in a light-
emitting device comprising a semiconductor represented by
InGaN (provided that x + y =1, 0 <x <1, and 0 <y < 1)
as an active layer (Japanese Journal of Applied Physics, 1995,
Vol. 34, page L797). In this case, however, it has also been
reported that the luminous efficacy is lowered as the InN
mixed crystal ratio of the luminous layer is increased.

Second, a lattice constant of the Group III-V compound
semiconductor depends largely on the InN mixed crystal ratio
and the lattice constant becomes larger as the InN mixed

crystal ratio increases. Therefore, even if a trial of
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m xed crystal ratio of the lum nous |ayer is increased. Second, a

| attice constant of the Goup II1-V conpound sem conductor depends |argely
on the InN m xed crystal ratio and the lattice constant becones |arger as
the InN m xed crystal ratio increases. dherefore, even if a trial of

3 growing the Goup Il I-V conpound sem conductor having a large |InN

m xed crystal ratio on a Goup |Ill-V conpound sem conductor containing no
In (e.g. GN, etc.) is nmade, only those having sufficiently small film

t hi ckness showggewdngdiiesEroup ALTyV compundrsenicangnaiearhainhatlangat is
difficult to obtain a crystal having a lattice constant which is largely
di fferent fromIndatmdked REYFER} ayr@tisecfisedof GreuR o-IH1Ved compound

regul ation effect of the m xed crystal ration to |lattice matching when the
film thickness semisaappctorigantiadnipgino fadie shoF@aN+ BEE- ) 1S Bades omd t to
forma thin filmof the conpound, sem conductor, having_high I nN m xed
crystal ratio &hosBeb3¥ARgoRRGELSECR LR SR of Hith FHICKReSs Shgw gord
etc.). Accordingly, it was difficult to |engthen a wavelength of the

| i ght - eni tti ngCa¥staslppityicr cBOMWRYCEne 1Y nﬁ??ﬁ Regnckpopa that ot 1s oy
the other hand, ,as.,a process of obtaining a  |i %ht-enj tti ng devi ce having a
| ong | uni nescegégfmggpwhtalna crystal’having a lattice constant which

is largely different from that of a ground layer because of
a so-called self regulation effect of the mixed crystal
ration to lattice matching when the £ilm thickness is small.
That is, this fact shows that it is @ifficult to form a thin
film of the compound semiconductor having high InN mixed
crystal ratio on the semiconductor layer containing no In
(e.g. GaN, etc.). Accordingly, it was difficult to lengthen
a wavelength of the light-emitting device by increasing the
InN mixed :crystal ratio.

Oon the other hand, as a process of obtairing a
light-emitting device having a long luminescence wavelength
by using a luminous layer having low InN mixed crystal ratio,
there has been suggested a process of substantially lengthen
a luminescence wavelength by applying a tensile stress to
a luminous layer in a light-emitting device comprising a
quantum well structure using the Group III-V compound
semiconductor as the luminous layer (EP-A-0716457
specification). In order to apply the tensile stress to the

compound semiconductor having a lattice constant larger than
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by using a lum nous layer having low InN m xed crystal ratio, there has
been suggested a process of substantially Iengthen a |um nescence
wavefength by applying a tensile stress to a lunminous layer in a
light-emtting device conprising a quantgmwell structure using the Goup
[11-V conpound sem conductor as the Ilumnous |ayer (EP-A-0716457
specification). In order to apply the tensile stress to the conpound
sem conductor having a lattice constant |arger than
4 that of thhafp ofinthé graunddagess howevam st can notbecdvoibded drom a | ot
of msfit dislocations on the interface between the ground |ayer and
| umi nous | ayerfaamda iotref arisfitddisioocations aut tﬂ!nelnt9sfa¢¢|bﬂm&e€m‘ t he
| um nous | ayer could not be avoided. The term"m sfit dislocation"” used
herei n means &h# sgoeundontdyemeandn lumpinensr flayerbeanden thewefonesr s
because of a difference in lattice constant between two |ayers |am nated
each other. detemimmetdpnTRE FWEF«H‘YWlllnltYI'I‘Féf fehetlumpinaus danere
present invention is to provide .a Go | - V_conpound seni conduct or of
hi gh crystal | icondg ngkdba @ﬁ%ﬁ%‘#tt)’meaﬁ&r& f'#ngﬁingnﬁl%ﬂ%*d’ém c&sgsi ng t he

same, which has high | um nous efficacy.,
herein means a dislocation formed on the interface between

two layers because of a difference in lattice constant

between two layers laminated each other.

SUMMARY OF THE INVENTION

The first object of the present invention is to provide
a Group III-V compound semiconductor of high crystallinity

" and high quality, and a light-emitting device using the same,

which has high luminous efficacy.

The second object of the present invention is to provide
a light-emitting device capable of inhibiting formation of
a misfit dislocation on the interface of the luminous layer
and easily emitting light having a longer wavelength.

Under these circumstances, the present inventors have
intensively studied. As a result, it has been found that,
by providing a specific ground layer composed of at least
three layers between the luminous layer and substrate, the
crystallinity of a layer grown on the ground layer is
remarkably improved. Thus, the present invention has been

accomplished.
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The. second object of the present invention is to provide a light-emtting
devi ce capable of inhibiting formation of a msfit dislocation on the
intefface of the lum nous layer and easily emtting |ight having a | onger
wavel engt h. Under these circunstanges, the present inventors have
intensively studied. As a result, it has been found that, by providing a
specific ground | ayer conposed of at |east three |ayers between the

| um nous | ayer and substrate, the crystallinity of a |layer grown on the
ground | ayer is réditah&splgoibgeamieund That, hyheopreskhing hherRlidmiked been
acconpl i shed. 5 It has al so
been found tharystaloatiopfiatgleast ang kfyestbetwess the Yuminous layer east
one | ayer between the |um nous |ayer and the substrate within a specific
range and contans [theysubsksatetvitkiecspenific reegeuandocentrgkling a
val ue | arger than that of the ground |ayer, the |um nous |ayer having a
conpr essi ve stthe Aatticeqanstantcofitthe luminousdayesuhd 4 apdue larger eby
inhibiting formation of the msfit dislocation and | engt heni ng t he

| uni nescence WeAA ERGERCE THIR growadplayert the duminows Rayepebaving a
acconpl i shed. That is, the first part of the 1Eresent I nvention

relates to aSORRESSERVERIEEPolhioseaddaerrtant vith sbggranndlayer,

thereby inhibiting formation of the misfit dislocation and
lengthening the luminescence wavelength. Thus, the present
invention has been accomplished.

That is, the first part of the present invention relates

" to a Group III-V compound semiconductor (1) comprising at
least a luminous layer and a charge injection layer on a

substrate, the luminous layer being a Group III-V compound

semiconductor represented by the general formula In,Ga,Al,N

(provided that 0 < x =1, 0 S y<1l,0=<z<1,andx+y

+ 2z = 1), the charge injection layer being a Group .III-V
compound semiconductor which is represented by the general
formula In,.Ga,.Al, N (providedthat0 < x' £1,0 S y' £1,

0 =z S1,andx' +Y¥' +2' =1) and has a band gap larger
than that of the luminous layer, the luminous layer being
interposed between two charge injection layers in contact

with them, which is characterized by having a ground layer
composed of at least three layers' between the luminous layer
and substrate, each layer constituting the ground layer being

a Group III-V compound semiconductor represented by the
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| east a | um nous | ayer and a charge injection |ayer on a substrate, the
Iumﬂous | ayer being a Group II1-V conpound sem conductor represented by
t he general formula In[err]Ga[err]Al[err]N (provided that 0 < x [err] 1, O
[err] y <1, O [err] z <1, and x +y +gz = 1), the charge injection |ayer

being a Group I11-V conpound seni conductor which is represented by the
general formula In[err]Ga[err]AI[err]N (provided that O [err] x'" [err] 1,
0 [err] y' [err] O [err] z' [err] 1, and X' + Y + z' = 1) and has a

band gap |ar g@enetrﬁénfﬁmiﬂl%flmﬁévﬂm mlirsvidgdsrthatthé Eumi Sods DPagew being
i nter posed bet ween two charge injection layers in contact wth them which
i s characterizZedl, a‘hhﬁg a Pduhd Vayew = danpetecdeast aoné dagtent limee

| ayers between the |um nous layer and substrate, each |ayer constituting

t he ground | ajde geowrd layerobeing |W%@¢§GQHUEWQGWQULQRIS davdagnt ed by
t he general formula

In[err] Ga[ er r BRI EBNrpiKed rexystal magico anérlﬂFrutPénr'!}halt af [ther layer [err]
1, O [err] wlerr] 1, and u +v + w= 1), at |least one layer in t he
ground | ayer ErélW?%%Vﬁ%%é@eﬂet%ﬁnFW%@mrﬁgm ofntheNayexed
crystal ratio_smaller than that of the | ayer in contact wiwth them the

| NN i xed cry%PE?rPaFFG hatweed Fhe&wo 1aveEs heydagrsmadaerniny méxpdyer s
havi ng a smallers ?il m xed crystal ratio being 0.05 or nore |larger than

that of a |aySFYStah Taincibeinfily 45,071 m0%e larghr: BRan fhatraf @ dAHer and at

in contact with the layer from the substrate side, and at
least one layer between the layer at the substra:te side among
the two layers having a smaller InN mixed crystal ratio and
the luminous layer being doped with an n type impurity.
The present invention also relate to a light-emitting
" device (2) using the Group III-V compound semiconductor of
the above (1).
The second part of the present invention.also relates
to a light-emitting de.{ri'.c.éa comprising a structure that a
ground layer of a Group III-V compound semiconductor
répresented by the general formula In,Ga,AlN (provided that
0Sa<1,0<b<1,0.06Xc<1l,anda+b+c=1), a
luminous layer of a Group III-V compound semiconductor which
is represented by tt_ze general formula InGaAlN (provided
that 0 < x =1, 0Sy<1, 05z<1,andx+Y¥Y+ 2z =1)
and has a band gap smaller than that of the ground layer,

and a protective layer of a Group III~V compound

semiconductor which is represented by the general formula
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| east one | ayer between the |ayer at the substrate side anong the two

| ayers having a smaller InN m xed crystal ratio and the | um nous | ayer
bei n doped with an n type inpurity. The present invention al so
relate to a light-emtting device (2) uspng the Goup III-V conpound

sem conductor of the above (1). The second part of the present

I nvention also relates to alight-emtting device conprising a structure
that a ground layer of a Goup Ill-V conpound sem conductor represented
by the general Ttloﬁﬁulhé-c%[(@rp}fgpértlpa&t[Qerﬁ]N (prloviddedbt h&t 1,00[ & ' a <
1, 0<b<1 0.05(err] c<1, anda+b +c =1), a lumnous |ayer of a
G oup I11-V coﬁpéundnéeaﬁ chrifuct &' whilohandshagpa deand eghmh\l angendhamnal
formula Inferr]Ga[err]Al[err]N (provided that O < x [err] 1, O [err] y <
1, 0 [err] z <thatmef therlyminous layer;pgehbaminated egah oFherekn thds t hat

of the ground layer, and . a protectlve | ayer of a Group IIl-V conpound

seni conduct or RKAEK; |3éldréﬁ-raé§é-ﬁlee%f”k§/ e Ofcrhe Anminews layer is larger

7 In[err]Gﬁ rr]AI[err%ﬁ] provided that O [err] a' <1, O [err] b" [err]
1, 0 [err] c' thanithapph the gropnd layer ap ﬁﬁo@m‘@aﬁurasgem han

that of the | um nous Igg are | am nated each other. in this order; and a
lattice const aRPP&EeEnko | the njdﬂ%u}%ﬁ?er ayen dngdhe JPARADGhALrBFtipR- gr ound

| ayer and a conpressive stress is

BRIEF DESCRIPTION OF THE DRAWINGS

Figurel is a sectional view illustrating one embodiment
of the Group III-V compound semiconductor of the present
invention.

Figure 2 is a sectional view illustrating one
embodiment of the Group III-V compound semiconductor used
for the light-emitting device of the present invention.

-Figure 3 is a sectional view 4illustrating the
light-emitting device of the present invention made in
Example 1.

Figure 4 is a sectional view illustrating the

light-emitting device of the present invention shown in

Example 6.

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

First, the first pairt of the present invention will be
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applied to the lum nous layer in the joining direction. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a sectional viewillustrating
one enbodi mrent of the Goup Ill-V conpound senmi conductor of the present
i nventi on. Figure 2 is a sectiongal view illustrating one
enbodi mrent of the Goup Il1-V conpound sem conductor used for the
light-emtting device of the present invention. -Figure 3 is a
sectional view illustrating the light-emtting device of the present

i nventi on nadeexplaineipl e 1. Figure 4 is a sectional view _
illustrating the light-emtting device of the present invention shown in

Exanpl e 6. DETAITHeD GPESSRI PT+O¢oBipotitid saEdihdi¢ctor in The presemt
invention will be explained in detail, hereinafter. First, the first
part of the priseentioneompaises| B pround layer and a layer of gquantum
8 expl ai ned. The G oup Il11-V conmpound sem conductor in the present
well structure on a substrate in this order. The guantum
well structure means that in which a layer (hereinafter
referred to as a "luminous layer", sometimes) represented
by the general formula In,Ga,Al,N (provided that x + y + z
=1,0<x £ 1,0 Sy<l,and0 S z<1)is interposed between
layers (hereinafter referred to as a "charge injection
layer") which are represented by the general formula
In,.Ga,.Al,.N (providedthat 0 S x' £1,0 Sy ' £1,0 £ z'
£ 1, and x' +Y' + 2z' = 1) and have a band gap larger than
that of the luminous layer in contact with them. Provided
that x', y' and z' in the general formula representing two
charge injection layers may be the same or different.

The ground layer in the present invention is.composed .
of at least three layers and all layers are represented by
the general formula InGa, Al N (wherein0 S u =<1,0 S v £
1, 0 =w=1,andu+v+w=1). Provided that u, v and
w in the general formula representing at least three layers
in the ground layer may be the same or different.

In the ground layer in the present invention, at least
one layer in the ground layer is interposed between two layers

having an InN mixed crystal ratio smaller than that of this

layer in contact with them.
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I nvention conprises a ground |layer and a | ayer of quantum well structure
on a substrate in this order. The quantum well structure nmeans that in
whi ch a layer (hereinafter referred to as a "luminous |ayer", sometines)
represented by the general formula In[erg]Ga[err]Al[err]N (provided that x
+y +z =1, 0 <x [err] 1, O [err] y <1, and [err] < z<1l)is interposed
between |ayers (hereinafter referred to as a "charge injection |ayer")
whi ch are represented by the general fornmula In[err]Gaferr]A[err]N
(provided that 0 [eﬂlf aY‘E’ér#’}te_lFRPﬁ%ir betyeenciayers aying|a smallesrr] 1,
and x' [err] Y + z' = 1) and have a band gap larger than that of the
| umi nous | ayer InN BHRERAQTYAtal TRE4L PRoVRQEFoundadayer in the presemtt he

general formula representing two, charq%e i njection |ayers may be the sane
or different. inventiga b?oiﬂﬂ?q% nefergedptasanta j Hrghingd ilayesitposed
of at least three layers and all ers_are represented by the general
fornula In[err] Gaf e?&}‘%f%’?g T ﬁﬁégwﬁdd—a[YéIrYl‘agr@f]lazermq @gm]ta\szt[ er L]
1,0 Jerr] w]er ded that u, v an win the
general formul ¥* &%&&&%&?W%gayﬁﬁﬁr%%@sl“ @Féteﬁﬂ?-dﬁwea&rl&fﬁé'elfl&?er may
be the sane or | a er In the present

i nvention, at f‘dl i?ﬁrﬁ‘ftéeq aﬁ’:é’lstlar} Fﬁ&"@ gﬁﬁﬂe? e atnainad,deyerhandeen

O YO ot 8T8l " A S5 S Ehn " The” ST Yijer "Bron the' °
substrate s:.de is not less than 0.05, more preferably not
less than 0.1, most preferably not less than 0.2. When the
difference in mixed crystal ratio is smaller than 0.05, the
effect of the present invention is not sufficient.

A thickness of the strained layer is preferably not less
than 5 A. When the thickness of the strained layer is
smaller than 5 A, the effect of the present invention is
not sufficient.

Sinceithe strained layer has a lattice strain,.defects
are formed sometimes when the thickness is too lafge. In
this case, the cryStallinity of a layer grown on the strained
layer is deteriorated after all, and it is not preferred.
The preferred upper limit of the thickness of the strained
layer depends on a difference in InN mixed crystal ratio
between the strained layer and the layer grown before the
strained layer. Specifically, the thickness of the strained
layer is preferably not more than 600 A when the difference

in InN mixed crystal ratio is 0.05. The thickness of the



9 . The | ayer interposed between |ayers having a snmaller I NN m xed
crystal ratio in the ground layer in the present I nvention is sonetines
referred to as a "strained | ayer". Conparing the strained layer with
the layer in contact wth the strained hgyer fromthe substrate side, a
difference in InN mxed crystal ratio between the strained |ayer and the
| ayer in contact wwth the strained |ayer fromthe substrate side is not

| ess than 0.05, nore preferably not less than 0.1, nost pr§£erably not

| ess than 0. 2. stimainedelayprfis arafenabiv8atcR9Ee Fhamilild A when [t t han

0.05, the effect of the present invention is not sufficient. | A

t hi ckness of t [iffiersngedin At mizedrerystal yagde 1eds 34 hZhat 8¢ rghe when

the thickness of the strained layer is snmller-than 5 A the effect of the

present inventipuedust ref shef iddfference in gmixed: HEYRYS nEatiayanchas a

lattice strain, defects re formed sonetines when the thickness is too

large. In thi $higkaessntAdr 9t ehe ishrained hayeyds BrevRraRly ek Mosiened

| ayer is deteriorated after all, and it is not preferred. The preferred

upper linit of tH@ #Ri vReRsthedifferancs d8q InNBired oritabFatif fifer ence

in InN mxed crystal ratio _between th rai ned_| ayer and the I£g§ﬁ_gromn
T

before the st PRENBATE [RAR 0. Speciti& & Iiamﬁﬁﬁ i £ §§§ab?e@hlea T di®ned
mxed oryStal PHESTROLE BEE WS SRR 00s ApheRcths d1ESESIES id TN
mixed crystal ratio exceeds 0.3.

Although the effect of the present invention can be
obtained when the number of the strained layer is one, the
larger effect can be sometimes obtained by using a plurality
of strained layers. Examples of the ground layer include
a structure of (2m + 1) layers comprising m layers having
a larger InN mixed crystal ratio and (m + 1) layers having
a smaller ThN mixed crystal ratio which are laminated each
other. Inaddition, m is a positive integer of not less than
2.

In the ground layer of the laminated structure
containing a plurality of these strained layers, the InN
mixed crystal ratio may be changed little by little or not
changed while maintaining the thickness of each strained
layer. The thickness of the layer may be changed little by
little unless the thickness exceeds the critical film

thickness while maintaining the InN mixed crystal ratio of

each strained layer.
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10 . strained layer is preferably not nore than 100 A when the difference
in InN mxed crystal ratiois 0.3. That is, the product of the difference

in ntxed crystal ratio and thickness ([err]) of the strained |layer is

preferably not nore than 30 when the difference in InN mxed crystal
Is not nore than 0.3. The thickness of the strained layer is preferably

not nore than 100 [err] when the difference in InN m xed crystal
Al t hough the effect of the present invention can be

exceeds 0. 3.

rati o

rati o

obt ai ned when the rmnbke layenschaving padIniymixedscoyetal Fatiossmaller f ect
can be sonetines obtained by using a plurality of strained |ayers.
Exanpl es of t hehagr thatl dfagbe $twainkd layery uthe ZaNgnixedcrysralayatio
conprising mlayers having a larger InN mxed crystal ratio and (m+ 1)
| ayers havi ng omthdekness|of thexdayers seay beachanggd ditdde P¥n Hef¥Rl each
other. In addition, mis a positive integer of not less than 2.

the ground | aysr m#fy tiee thgnsameedssiFuéfure
t hese strained | ayers,
by little or

containing a plurality of
the InN mxed crystal ratio may be changed little

In

not ~dfahg@Psfible Rainamankah] vt HBPIPVE EhEsSTHFL %¥ ai ned
| ayer. The thickness of the |ayer may be changed litt] e by

of a layer grown on the ground layer by providing this ground
layer containing the strained layer between the luminous
layer and substrate. Although this effect is also
recognized when the compound semiconductor is grown at an
atmospheric pressure using an organometallic vapor phase
epitaxy process described hereinafter, the effect is
remarkable when growing under a reduced pressure.

The crystallinity can be recognized by the density of
etch pit formed on the surface of the cdmpound semiconductor
treated with a heated mixed acid of phosphoric acid and
sulfuric acid. It is considered that the ground layer
inhibits transmission of dislocations which are present in
the compound semiconductor crystal because the effect of the
ground layer appears as a decrease in etch pit density.

Furthermore, the present invention is characterized in
that at least on_e".layer between the layer at the substrate
side among the two layers having a smaller InN mixed crystal
ratio and the luminous layer being doped with an n type
impurity. Specific examples thereof include those wherein

the strained layer or layer having a smaller InNmixed crystal
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a
little unless the thickness exceeds the critical film thickness while
mai ntai ning the InN mxed crystal ratio of each strained |ayer.
In the layers having an InN mxed crystal ratio smaller than that of the
strained layer, the InN m xed crystal rajso or thickness of the |ayers may
be changed little by little, or may be the same as it is. : It is
possible to remarkably inprove the crystallinity of a |layer grown on the
ground | ayer by providing this ground |ayer containing the strained |ayer
bet ween t he | urathosgrowyeoh athe stiratinetdelayenl isoieped iwith @&ff actypes
al so recogni zed when the conpound sem conductor is grown at an
at nospheri c prémpurgtysi ng an organonetal lic vapor phase epitaxy process
descri bed hereinafter, the effect is remarkable when grow ng under a
reduced pressure. UsingThe stysctire desgribedhebeeRoditi 28 PassitHe density
of etch pit formed on the surface of the conpound seniconductor treated
with a heated sveid thaticerrphospimidctesdcane airFomhiined in the gtrafineds
considered that the ground layer inhibits transm ssion of dislocations
whi ch are presgayernand Hehatoriivugecorhipahiortoff1eaay din fdeadyminpusef f ect
of the ground |ayer appears as a decrease in etch pit density.
layer is lowered even if the band gap of the strained layer
becomes smaller than that of the layer to be joined with the
strained layer, because the InN mixed crystal ratio of the
strained layer is higher than that of the layer to be joined
with the strained layer.
A preferred concentration of carriers of the n type
doped layer is not less than 1 x 10*’ cm™, preferably not less
than 1 x 10*® ecm™.
One embodiment of the structure of the Group III-V
compound semiconductor of the present invention is shown in
Fig. 1. The embodiment shown in Fig. 1 is that in which a
ground layer of a strained layer 2, an n type layer 1 and
an n type layer 3, a layer of a quantum well structure wherein
two charge injection layers 4, 6 sandwich a luminous layer
5 in contact with it and a p type layer 7 are laminated each
other in this order.
A current is injected by providing an n electrode on
the n type layer 1 or n type layer 3, providing a p electrode
on the p type layer 7 and then applying a voltage in the forward

direction, thereby obtaining an emission from the luminous



8
Futthernore, the present invention is characterized in that at |east one
| ayer between the |ayer at the substrate side anong the two |ayers having
a smaller InN mxed crystal . ratio and the | um nous | ayer being doped with
an n type inpurity. Specific exanples tjlgereof include those wherein the
strained | ayer or layer having a smaller InN m xed crystal
12 rati o grown on the strained layer is doped with an n type inpurity.
Using the structure described above, it is possible to avoid that carriers
injected are Neyerts and d bighe-anitt ivegldelrdge o fatite presehbd nvendrilonnat i on
efficacy in the lumnous layer is lowered even if the band gap of the
strained | ayer bewhenstimmebheenthabiomaif nftypeccényibersd dnbehe ahaseden t h
the strained |ayer, because the InN m xed crystal ratio of the strained
| ayer is highdnjebadonhkayex 4t he dufifdrcitentily hibghedheintéledtraste maged

| ayer. A preferred concentration of carriers of the n type doped
| ayer is not besformed ¢nxthé€[echajgeninjedtiqn dlagrexbBy not | ess than 1 x
10[err] cnferr]. One enbodi nment of the structure of the Goup II1l-V

conpound sem condu¥hen tie tHandpgaperf theventype liayexhdwhs ikarger than
that of the luminous layer, the n type layer 3 may also serves
as the charge injection layer without distinguishing the n
type layer 3 from the charge injection layer 4 as another
layer, and the charge injection layer 4 may not be grown.

When the concentration of p type carriers in the charge
injection layer 6 is sufficiently high, an electrode may be
formed on the chafge injection layer 6. In this case, the
p type layer 7 may not be formed.

When the charge injection layer 4 or charge injection
layer 6 is*doped in high concentration, the.crystallinity
of these l&yers is sometimes deteriorated. In this case,
luminous characteristics or electrical characteristics are
deteriorated, and it is not preferred. In this case, it is
necessary to reduce the concentration of impurities in the
charge injection layer 4 or charge injection layer 6. The
concentration range where the crystallinity is not
deteriorated is preferably not more than 1 x 10*®* cm™, more
preferably not more than 1 x 10* cm™.

By the way, it has been known that those having

comparatively high quality can be easily obtained for the
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Fig. 1. The enbodinent shown in Fig. 1 is that in which a ground |ayer of
a strained layer 2, an n type layer 1 and an n type layer 3, a layer of a
guantumwel | structure wherein two charge injection |layers 4, 6 sandw ch a
| umi nous layer 5 in contact with it andiga p type layer 7 are |am nated
each other in this order. A current is injected by providing an n

el ectrode on the n type layer 1 or n type layer 3, providing a p el ectrode
on the p type layer 7 and then applying a voltage in the forward

di rection, thecepouhdasemiconrdnetiar soptafindngt he Inrynhousing a proper

13 |l ayer 5 and a light-emtting device of the present invention.

When t he concehuffer dia¥sr ningrmpanisiosrwithy thieccompoupd senicondogtpiyer 4
is sufficiently high, the n electrode may be fornmed on the charge

i nj ection | ayerontaining IpherTheretnnsr §hpgsdprefrrred yparowidhe ghpsgear ger
than that of the lumnous layer, the n type layer 3 nmay al so serves as

t he charge inj ésieehieriayes anduluBiReUs dAYEN A e layerypentagsing from
the charge injection |layer 4 as another |ayer, and the charge injection

| ayer 4 may noRChé&ngo@ukhe substgpdie-t hdowaVesnt Mo mHInG thpelareriers
in the charge injection |ayer 6 is sufficiently high, an electrode may be
formed on the €RBFyERIRG oBR | ¥h the Shagge dndecsienasdayege defects are

sometimes formed in the charge injection layer due to lattice
mismatch between the charge injection layer and the layer
containing no Inwhich was previously grown on the substrate.
In this case, formation of defects in the charge injection
layer can be inhibited by interposing the ground layer of
the invention between the layer containing no In which is
previously grown and the charge injection layer.

Next, the luminous layer will be expiained.

Since the lattice constant of the Group III-V compound
semiconductor varies largely depending on the mixed crystal
ratio, the thickness of the luminous layer is preferably
reduced according to the amount of the strain formed by
lattice mismatch when there is a large difference in lattice
constant between the luminous layer and charge injection
layer of the Group III-V compound semiconductor.

The preferred range of the thickness of the luminous
layer depends on the amount of the strain. When the luminous
layer having the InN mixed crystal rétio of not less than

10% is laminated on the layer represented by Ga, A1, N (provided
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p type layer 7 may not be forned. When the charge injection | ayer 4
or charge injection layer 6 is doped in high concentration, the
crystallinity of these layers is sonetinmes deteriorated. 1In this case,
| um nous characteristics or electrical chgracteristics are deteriorated,
and it is not preferred. In this case, it is necessary to reduce the
concentration of inpurities in the charge injection |ayer 4 or charge
injection layer 6.. The concentration range where the crystallinity is not
deteriorated i thateferabl § hotOnSre8 £hdn BnR P0Feh IS ch] &% |thenstharge
preferably not nore than 1 x 10[err] cnferr]. By the way, it has been
known that thosmjestiog layﬁparhhevm-‘?fﬂtgﬁl qeisigknessaphdheaiuningmsai ned
for the - 14  conpound seni conduct or
contai ning no layey iswighanmhepeange fyomed toadk A . i Whempheitduickuess t he
conpound semni conductor containing In. Therefore, it ig preferred to grow
t hecharge i nj et ithe ﬂapénoaﬁdlﬁnﬁrnéﬁssma%éﬁroﬁh§%e5LgyeﬁhﬁniﬂﬂkﬂQHf no
In on the substrate. However, when using the |ayer containing In as the
charge inj ecti @ffligpey bepames ingrEficdapti nidn FBeMkhem hapd, Waeyshe
I njection layer due to lattice msmatch hetween the charge injection |ayer

and the | ayer tddskapsFnyS HRTIEIMERGR 8sApr ARTEGEFyaEe ofpreed tapd the

substrate. . ) o
luminous efficacy also becomes insufficient.

Since charges can be injected into the luminous layer
in high density by reducing the thickness of the luminous
layer, the luminous efficacy can be improved. Therefore,
itispreferredtocontrolthethicknesgoftheluminouslayer
within the same range as that §f the above embodiment even
if the difference in lattice constant is smaller than that
of the above embodiment.

When -the luminous layer contains Al, impurities such
as oxygen are easily incorporated and the luminous efficacy.
is sometimes lowered. In this case, there can be used those,
which are represented by the general formula InGay\N
(provided thatx+y=1,0<x £ 1, and 0 £ y<1) and contain
no Al, as the luminous layer.

A difference in band gap between the charge injection
layer and luminous layer is preferably not less than 0.1 eV.
When the difference in band gap between the charge injection
layer and luminous layer is smaller than 0.1 eV, injection

of carries into the luminous layer is not sufficient and the
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In this case, formation of defects in the charge injection |ayer can be

I nhi bited by interposing the ground | ayer of the invention between the

| ayef containing no In which is previously grown and the charge injection
| ayer. Next, the lum nous |ayer wi{g be explained. Since the

| attice constant of the Goup Ill-V compound sem conductor varies |argely
depending on the m xed crystal ratio, the thickness of the |um nous |ayer
is preferably reduced according to the amount of the strain forned by
lattice m snatTdmiders tdfficadcy dsl aogerdif f afoxec priefelrabliy¢eitcbsnsnemt
between the | um nous | ayer and charge injection |ayer of the Goup II1-V

conpound seni Cpggliciian 0.3 ev. Thon whef ethet hamdge wifert lthet baokngss af t he
| um nous |ayer depends on the anmount of the strain. Wen the | um nous

| ayer having t{ige chbirgedarjectishdlayer erceéds GteV etshetvrdrtagkOpeqisitedi nat ed
on the layer represented by GaJerr]Al [err] N (provided
15 t hat a +fdr ©hhrge firfeftiop dedonmks anghlapdy rdhergfore], thedsande
charge injection layer, the preferred thickness of the lum nous |ayer is
wi thin the rangsp bforhé&chargé ingrection\iayex e prefsnaddy not mowre than nous
| ayer is smaller than 5 A, the lum nous efficacy becones insufficient. On
t he ot her hands ewhen the
The thickness of the charge injection layer is

preferably from 10 to 5000 A. Even if the thickness of the

charge injection layer is smaller than 5 A or larger than

5000 A, the luminous efficacy is lowered and, therefore,

it is not preferred. More preferably, it is within the range

from 10 to 2000 A.

The luminous layer may be composed of a single layer

or a plurality of layers. Examples of such a structure

include a-laminated structure of (2n + 1) layers, wherein

n luminous:layers and (n + 1) layers having a band gap larger

than that of the luminous layers are alternatively laminated.

Provided that n is a positive integer and is preferably from

1 to 50, more preferably from 1 to 30. When n is not less

than 50, the luminous efficacy is lowered and it takes a long

time to grow and, therefore, it is not preferred. Such a

structure having a plurality of luminous 1layers is

particularly useful for the case of making a semiconductor

laser to which a strong light output is required.

It is possible to emit 1light having a wavelength, which
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thickness is larger than 90 A, defects are forned and the | um nous

ef ficacy al so beconmes insufficient. Si nce charges can be injected
into-the lumnous layer in high density by reducing the thickness of the
| um nous |ayer, the |lum nous efficacy cap be inproved. Therefore, it is

preferred to control the thickness of the |um nous |ayer wthin the sane
range as that of the above enbodinent even if the difference in lattice

constant is smaller than that of the above enbodi ment. When t he
| umi nous | ayer igodiffesert frionmpthat pfstlsebandagapefdare Anpisaysiiayer, .
I ncorporated and the |um nous. efficacy. is sonetinmes lowered. In this

case, there camybedaginy tbhee lumimoul drayercprithenispubjties. gBhdsalis
formula In[err]Ga[err]N (provided that x + y =1, 0 <x [err] 1, and O
[err] y < 1) anwferredto asoaml"impurtily emissinn" bagause of an emifisiowy ence
i n band gap between the charge injection |ayer and | um nous |ayer is
preferably not firems imparitieseV. InVaset ipd dibfef cmpvgd tiyn ap6is$ i98p Bdeneen
the charge injection layer and |um nous |layer is smaller than 0.1 eV,
injection of dmminescence warelendtiovariesdependisg authpgamnosdtdome

16 | um nous efficacy is lowered. Mre preferably, it is not. |less than
0.3 eV. On the odft the Grouy IThedenpat Andiigppr bty element of the luminous

layer. In this case, the InN mixed crystal ratio of the
luminous layer is preferably not less than 5%. When the InN
mixed crystal ratio is smaller than 5%, almost all of light
emitted is ultraviolet light and it is impossible to feel
a sufficient brightness. The luminescence wavelength
becomes longer as the InN mixed crystal ratio increases and

" the luminescence wavelength can be adjusted from violet to
blue, then green.

As the impurity suitable for the impurity emission,
Group II elements are preferred. When doping Mg, Zn or Cd
among the Group II elements, the luminous efficacy is high
and, therefore, it is preferred. Zn is particularly
preferred. The concentration of these elements 1is
preferably within the range from 10 to 10 cm™. The
luminous layer may be simultaneously doped with Si or Ge,
together with these Group II elements. The concentration
of Si or Ge is preferably within the range from 10* to 10%
cm™. |

In case of the impurity emission, the emission spectrum
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the. charge injection |ayer exceeds 5 eV, the voltage required for charge
i njection beconmes high and, therefore, the band gap of the charge
injettion layer is preferably not nore than 5 eV. The thi ckness of
the charge injection layer is preferablygfrom 10 to 5000 A. Even if the
t hi ckness of the charge injection layer is smaller than 5 [err] or |arger

than 5000 [err], the lum nous efficacy is |owered and, therefore, it is
not preferred. More preferably, it is within the range from 10 to 2000
[err]. Tyenérxai o usedomas brgade dsnpdmedmsurda sifigthe | tyjected. a

plurality of layers. Exanples of such a structure include a |am nated
structure of (Changd)increases,whbectmission Epesisumagonetings ghifty)

| ayers having a band gap larger than that of the |um nous |ayers are

al ternati vel y Thenefars). whepohigh ¢olieat purity dspseuivedion shen dndis s
preferably from 1 to 50, nore preferably from1l to 30. Wien n is not |ess
than 50, the |INgASRAAFYeLPieRSLNTaAt@\arkiMiNANS POVER &lthirpkhe nameow o gr ow
and, therefore, it is not preferred. Such a structure having a plurality
of |um nous. | Haselengtpzangedl arkapdradag emdssior Jeﬁag@léﬂ-zﬁgki ngt als

sem conductor |aser to which a strong light output is required. . It

i s possi bl e t PxEEfargagyRe KgdRAg BheARIWHgOH, ifgrEAties contained i

the luminous layer so as to realize a light-emitting device
due to the band-edge emission. Specifically, the
concentration of elements such as Si, Ge, Mg, Cd and Zn is
preferably not more than 10* em™, more preferably not more
than 10" cm™.

When using the band-edge emission, the luminous

- efficacy depends on defects in the luminous layer and is
lowered as the amount of defects becomes larger. Therefore,
it is necessary to reduce the .amount of defects:in the.
luminous dayer as small as possible. Accordingly, the
ground layer in the present invention has a large effect for
improving the luminous efficacy of the band-edge type
light-emitting device.

In the Group I1I-V compound semiconductor, when the InN
mixed crystal ratio of the luminous layer is high, the thémal
stability is not sufficient and. deterioration of the
semiconductor sometimes arises during the crystal growth or
semiconductor process. For the purpose of preventing such

deterioration, a function as a protective layer can be



17 . is different fromthat of the band gap of the |um nous |ayer, by
doping the lumnous layer with inpurities. This is referred to as an
"inmpurity em ssion" because of an emi ssion frominpurities. In case of the
impurity em ssion, the |um nescence wavglgength varies depending on the
conposition of the Goup IIl element and inpurity elenment of the | um nous
|l ayer. In this case, the InN mxed crystal ratio of the |umnous |ayer is
preferably not | ess than 5% Wen the InN mxed crystal ratio is snaller
than 5% al nostiimphirted to gite chargecihjectildr dayekef havihg arsindll iIaN.

I npossible to feel a sufficient brightness. The | um nescence wavel ength
becones | onger miagetherystainratiio byylaminating thecheagesinjpectiom layer

| um nescence wavel ength can be adjusted fromviolet to blue, then green.
As the inpuritypnstheaBumihonst Reyermphevingesi ddigbnmixedogpystadl eatibs are
preferred. Wien doping My, Zn or Cd anong the Goup Il elenents, the

| umi nous ef fi cdbgpresnafydr the, chacgef dngectioni tayexfinrthis cZasei és
particularly preferred. The concentration of these elenents is
preferably w tabmetimes argfernesntoopsra |"pretegitdve] layeet y] . Thehaixedni nous
| ayer may be sinultaneously doped with Si or Ge, together with these G oup
|1 el enents. Thrygbatentti®iof InN 8ndoAlNeofstpeeprpriibtyivet hayerhadsr ange

from10[err] to 1022 cnferr]. In case of the inpurity em ssion, the
em ssi on spectpu@gferably not more than’ 10% and not less than 5%,

respectively, so as to impart a sufficient protective
function to the protective layer. More preferably, the InN
mixed crystal ratio is not more than 5% and AIN mixed crystal
ratio is not less than 10%.

The thickness of the protective layer is preferably from
10 A to 1 u# m so as to impart a sufficient protective
function to the protective layer. When the thickness of the
protective layer is smaller thah 10 A, a sufficient effect
can not be'cbtained. On the other hand,. when the thickness
is larger than 1 um, the luminous efficacy is lowered and,
therefore, it is not preferred. More preferably, it is
within the range from 50 to 5000 A.

It is preferred that the protective layer has a p type
conductivity in view of the efficacy of current injection
into the light-emitting device. It.is necessary to dopewith
an acceptor type impurity in high concentration so as to
impart the p type conductivity to the protective layer.

Specific examples of the acceptor type impurity include Group
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18 . generally becones broad. As the anount of the injected. charge
I ncreases, the em ssion spectrum sonetines shifts. Therefore, when high
color purity is required or when it is necessary to concentrate a | um nous
power within the narrow wavel ength ranggp a band-edge emission is
utilized. It is preferred to reduce the anount of inpurities contained in
the lumnous layer so as to realize a light-emtting device due to the
band- edge em ssion. Specifically, the concentration of elenents such
as Si, Ge, M, ICdehemeqtsi s Anpmgf ctledm,y MptambrZznt ave poefertedp|morg, nore
preferably not nore than 10[err] cnferr]. When usi ng the band-edge
eni ssion, the prefembly ¢gf.i céien ddecprdstent ivé day=r hstdapedimitdbuthéayer
and is |lowered as the anmount of defects becones |arger. Therefore, it is
necessary to rimpueitiheln dnightcapcegsrationi nthrecrystebhbisityyef tkesnal |
as possible. Accordingly, the ground layer in the present invention has a
| arge effect fprotegipivs layerhis deterborated anecyhecharacterdssdgs ofpe
light-emtting device. In the Goup Ill-V conmpound sem conduct or,
when the InN thaddahtyemittingidevice arel semebires degerioraitgd afrer
thermal stability is not sufficient and deterioration of the

all. The concentration range of the impurity where the

crystallinity is not deteriorated is preferably not more than

1 x 10 om™®, more preferably not more than 1 x 10°* cm™.

Next, the substrate used in the present invention and

growing process will be explained.

As the substrate for growing a crystal of the Group III-V
compound semiconductor, for example, sapphire, ZnO, Gaas,
si, SiC, NGO (NdGaO,), spinel (MgAl,0,) and the like are used.
Since sapphire is transparent and a crystal having large area
and high guality can be obtained, it is important.

In the growth using these substrates, a semiconductor
(e.g. GaN, AlN, GaAlN, InGaAlN, etc.) having high
crystallinity can be grown by a so-called two-step growth
in which a thin film 1ike as Zn0O, SiC, GaN, AlN, GaAlN, etc.,
or a lamination of these films on the substrate as a buffer
layer, and it is preferred.

Examples of the process of producing the Group III-
V compound semiconductor include molecular beam epitaxy
(hereinafter referred to as "MBE", sometimes) process,

organometallic vapor phase epitaxy (hereinafter referred to
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seni conductor sonetimes arises during the crystal growmh or sem conductor
process. For the purpose of preventing such deterioration, a function as a
protective | ayer can be 19 I npart ed
to the charge injection layer 6 having azgnmall InN mxed crystal ratio by
| am nating the charge injection layer on the |um nous |ayer having a high
m xed crystal ratio (hereinafter the charge injection layer in this case
is sonmetimes referred to as a "protective layer"). The m xed crystal

rati o of I nN agg "“MOVEE",t semet ites) preceagerhydride eApoalghaseepibaryt han
10% and not |less than 5% respectively, so as to inpart a sufficient
protective fupgéroindftéheafertredttoas 2YVPE *|Vbs amet ies alprpcesiseandN

m xed crystal ratio is not nore than 5% and AIN m xed crystal ratio is not
| ess than 10% the likelThewhén alsiagstiof MBR@rooesecta gas|soarce sopecibanbl y
from 10 Ato 1 [err] mso as to inpart a sufficient protective function
to the protectbean epitaxy\fhardina fiteircketarreasd tolas "GHMARN sometiyes) i s
smal ler than 10 A, a sufficient effect can not be obtained. On the other
hand, when t heprécessewbichsis apgeceshaf fle¢ding amitrogenurdwmateridl cacy
is lowered and, therefore, it is not preferred. More preferably, it is
wi t hin the range.g+ont5ogen ¢g@goanmonia, other nitrogen compounds, etc.)
in the gas state is normally used. In this case, a nitrogen
atom is not easily incorporated into the crystal, sometimes,
because the nitrogen raw material is chemically inert. In
that case, the incorporation efficacy of nitrogen can be
increased by exciting the nitrogen raw material with
microwave and feeding it in the activated state.

Next, the production process according to the MOVPE
process of the Group III-V compound semiconductor of the
present inwvention will be explained.

In case of the MOVPE process, the following raw
materials can be used.

That is, examples of the Group III raw material include
trialkylgallium represented by the general formula R,R,R;Ga
(wherein R,, R, and R, respectively represent a lower alkyl
group), such as trimethylgallium [{CH,;),Ga, hereinafter
referred to as "TMG", sometimes) ], triethylgallium { (C,H.),Ga,
hereinafter referred to as "TEG", sometimes)] and the like;

trialkylaluminum represented by the general formula R,R,R;Al

(wherein R,, R, and R, are as defined above), such as
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It is preferred that the protective |layer has a p type conductivity in
view of the efficacy of current injection into the light-emttingdevice.

It i& necessaryto dopewith an acceptor type inpurity in high concentration
so as to inpart the p type conductivitypbo the protective layer. Specific
exanpl es of the acceptor type inpurity include G oup

20 Il elenents. Anong them M and Zn are preferred, nore. preferably
My. When the protective layer is doped with the i mpurity in high

concentration, tkhifleChysadtmimuh y{ ofH{)HRL ], Pt piechy MVl dntiaim | B( ClEL pailQr at ed
and the characteristics of the light-emtting device are sonetines

deteriorated ahegeinafitér Theeferwsdt r até on asmnge' TEA',he istmetimesyhere the
crystallinity is not deteriorated is preferably not nore than 1 x 10[err]

cnferr], nore prefsobbtylabimimume t hagitCE,JMEY r] anfierr]the likdext,
the substrate used in the present invention and growi ng process wll be
expl ai ned. tridethphbasimedYaxtee f or [(ICHY) NGAAHCT St al tofiaflkyl@nddaml | |-V
conmpound sem conductor, for exanple, sapphire, ZnO GaAs, Si, SiC, NGO
(NdGad err]), spbreseptedherticdgenerplafdrmhdal RiFeRAre (whedeinSRCR,
sapphire is transparent and a crystal having large area and high quality
can be obt ai nedndiR; are dsigefined above), such ahbtrimethyl indivwm {KEEe),In,
substrates, a sem conduct or
hereinafter referred to as “TMI", sometimes) ],
triethylindium [ (C,H;),In] and the like. These areusedalone
or in combination theréof.
Examples of the Group V raw material include ammonia,
hydrazine, methylhydrazine, 1,l-dimethylhydrazine, 1,2-
dimethylhydrazine, t-butylamine, ethylenediamine and the
like. These areused aloneor incombination therecf. Among
these raw materials , ammonia and hydrazine are preferred
because they contain no carbon atom in the molecule and cause
little contamination of carbon into.the semiconductor.
As the p type dopant of the Group III-V compound
‘semiconductor, Group II elements are important. Specific
examples thereof include Mg, Zn, Cd, Hg, Be and the like.
Among them, Mg is preferred because a p type one having low
resistance is easily made.
As the rawmaterial of the Mg dopant, an organometallic
compound represented by the general formula (RC.H,),Mg

(provided that R represents hydrogen or a lower alkyl group

having 1 to 4 carbon atoms) (e.g. biscyclopentadienyl
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(e..g. GaN, AIN, GaAIN, InGAIN, etc.) having high crystallinity can be

grown by a so-called two-step growth in which athin filmlike as ZnQ
SiC® GN, AIN, GAIN, etc., or a lamnation of these filnms on the
substrate as a buffer | ayer, and it ipreferred. Exanpl es of the
process of producing the Goup Ill- V conpound sem conductor include

nol ecul ar beam epitaxy (hereinafter referred to as "MBE", sonetines)
process, organonetallic vapor phase epitaxy (hereinafter referred to

21 as " MOVREgnesdnm,i mes)vinyaethylioy¢iopgentagbenphase owpignesium, .
(hereinafter referred to as "HVPE', sonetines) process and the |ike. Wen
usi ng t he VBEbpsetbyicyalgpentadieryhol ecul amagresiugpi t axy (hodsHpafter
referred to as "GSMBE", sonetinmes) process, which is a process of feeding
a nitrogen raprapyicyclopentadig¢nybgen gas, mAgneSiiam,ot her nit Pdged-
conpounds, etc.) in the gas state is normally used. In this case, a
nitrogen at oprPpyYAcyciapenyadieryborkagnesinm t e&Cenystsl , preferreds,
because the nitrogen raw material is chemcally inert. In that case, the
i ncor por at i onbeFRBEGcPLoit he t FRHAPVAROL PEXESEHE8d by exciting the

nitrogen raw material with mcrowave and feeding it in the activated
st at e. As the n type dopant of the Group III-V compound

semiconductor, Group IV elements and Group VI elements are
important. Specific examples thereof include Si, Ge and O.
Among them, Si is particularly preferred because an n type
one having low resistance is easily made and those having
high raw material purity are obtained. As the raw material
of the Si dopant, silane (SiH,), disilane (Si,H,),
" monomethylsilane (CH,SiH,) and the like are preferred.

Examples of the growing device according to the MOVPE
process, which can be used for the production.of the Group
III-V compound semiconductor, include single-wafer reactor,
multi-wafer reactor and the like. 1In case of the multi-
wafer reactoi, it is preferred to grow under reduced pressure
so as to maintain the uniformity of an epitaxial film in the
wafer surface. The preferred range of the growing pressure
in the multi-wafer reactor is from 0.001 to 0.8 atm.

As the carrier gas, there can be used gases such as
hydrogen, nitrogen, argon, helium and the like alone or in
combination thereof. When hydrogen is contained in the

carrier gas, a sufficient crystallinity is not obtained
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Next, the production process according to the MOWVPE process of the G oup

I'11-V conpound sem conductor of the present invention will be expl ained.
In case of the MOVPE process, the following raw materials can be used.
That is, exanples of the Goup Il raw nmpgerial include trialkylgallium

represented by the general formula RR2ZR3Ga (wherein Rerr], Rerr] and
Rlerr] respectively represent a |ower al kyl group), such as
trimethylgallium[(CH err])[err]Ga, hereinafter referred to as "TMG',
sonmetimes) ], sonethyesawienigrpwihgrthefcompoundr sdhconduereonafavdmg af er r ed
to as "TEG', sonetines) ] and the like; trialkylalumnumrepresented by
the general fohighdm¥ sixe@anysitRleratdd. (Imhethes cafesr it iRheceksang
Rlerr] are as defined above), such as

22 tri met hytal nedecen feCHaatip)l prepsnre of ihydndgenudinndgiine carrier

[(Cerr]Herr])[err]A, hereinafter referred to as "TEA",
sonetines)], @asisobie yPEeifETRANPArT3l QpresSuyeref ) fiydrdgen inatbe the
i ke; trinmethylam neal ane [(CH err])[err]NAHerr]];

trial kyl i ndi unfa¥eieesgas cf Mmpt MOrgefdeal 0t dratha R err]Rerr]Rerr]In
(wherein Rlerr], Rerr] and Rerr] are as defined above), such as
trinethylindi um [ ( QT 51889 |F3ET 19k rgasRE + hydragsrerand) helium aze

"TM ", sonet | mes)lld% triethylindi un{(qerr]_H[er[J:)[qrr] I n) andt hel i ke.
Thesear eusedal BFREeIFed nbeeRBPERaR ORLBFek@oViscosity is "large and a

convection does not easily arise. Helium is expensive in
comparison with the other gas and the crystallinity 'of the
compound semiconductor is not good as described above when
using hydrogen. Since nitrogen gas and argon are
comparatively inexpensive, they can be suitably used when
using a large amount of the carrier gas.

Next, the second part of the present invention will be
explained i#

The light-emitting device in the present invention is
characterized by having a structure that a ground layer of
a Group III-V compound semiconductor represented by the
general formula In,GaAlN (provided that 0 £ a<1, 0 <b
<1, 0.05 = c<1,anda+b+c¢ =1), a luminous layer of
a Group III-V compound semiconductor represented by the
general formula InGaAl.N (provided that 0 < x £ 1, 0 = ¥y
<1, 0=2z<1,and x+Y + 2z =1) and a protective layer
of a Group III-V compound semiconductor represented by the

general formula In,.Ga,Al.N (provided that 0 £ a' <1, 0 <
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Exaopl es of the Goup V raw material include anmmonia, hydrazine,

nmet hyl hydr azi ne, 1, 1-di nethyl hydrazi ne, 1,2- dinethyl hydrazi ne,
t-butyl am ne, ethyl enedianm ne and the |ike. Theseareused al oneor

i nconbi nati ont hereof. Among these raw pgterials, amonia and hydrazi ne
are preferred because they contain no carbon atomin the nol ecul e and
cause little contam nation of carbon into the sem conductor. As the
p type dopant of the Goup Ill-V conpound sem conductor, Goup Il elenents
are i nportant.bSpScilf,i @ Seganpllesantdi@'etfbl rfeclide INyarenanmihatieg egehand
the like. Among them M is preferred because a p type one having | ow
resi stance i s ebbéryinntilbis orderAs The lumimusrlayenfhasez \Npandpgdp, an
organonetal lic conpound represented by the general formula

(RC err] H err]3hatlénthamtbat dull theagrqund gageznard (RrAteEhiver layedwer

al kyl group having 1 to 4 carbon atons) (e.g. biscyclopentadienyl
23 magnesi ungnd a &mynnﬁe@yséyw@p@nt@éi’éh@se threeragaw%n:orms a

bi set hyl cycl opent adi enyl magnesi um . bis-n-

propyl cycl opensedt@akled quantum weddnssruature. Sincepthej ground layer
propyl cycl opent adi enyl magnesium etc.) is preferred because of it's
sui t abl e vaporapd &he protective AgyeEave ppademeicmiartindoeharges v

conpound ) ) .
into the luminous layer, these two layers are sometimes

referred to as a "charge injection layer", hereinafter.

One embodiment of the structure of the Group III-V
compound semiconductor of the present invention is shown in
Fig. 2. Fig. 2 illustrates an embodiment wherein a buffer
layer 102, an n type GaN layer 103, a ground layer 104, a
luminous layer 105, a protective layer 106 and a p type layer
107 are laminated on a substrate 101 in this order. A current
is injected by providing an n electrode on the n type layer.
103, providing a p electrode on the p type layer 107 and then .
applying a voltage in the forward direction, thereby
obtaining an emission from the luminous layer 105. As the
luminous layer and protective layer, there can be used the
same one as that described with respect to the first part
of the present invention.

The ground layer will be explained hereinafter.

The ground layer is characterized in that the A1N mixed
crystal ratio is within the range from 0.05 to 1. When the

AlN nmixed crystal ratio is smaller than 0.05, a change in



senj conductor, Goup IV elenents and G oup VI elenents are inportant.

Speci fic exanples thereof include Si, Ge and O Anong them Si is
partfcularly preferred because an n type one having |ow resistance is
easily made and those having high raw npgerial purity are obtained. As the

raw material of the Si  dopant, silane (SiHerr]), di sil ane
(Si[err]Herr]), nononethylsilane (CHerr]SiHerr]) and the like are
preferred. Exanpl es of the grow ng device according to the MOVPE

process, whi chlemiinéscesee wavelémgph odlscsmanl ahdt HtheGreffect | b£Vthenpound
sem conductor, include single-wafer reactor, nulti-wafer reactor and the
like. In case ptesértnimvéntiomfisy notaobtained.i The &l mackeido cgystalnder
reduced pressure so as to maintain the uniformity of an epitaxial filmin
the wafer surtatto isherpfetablpdframgpetolessehanoldi hy npyms prederablyhe
mul ti-wafer reactor is from0.001 to 0.8 atm " As the carrier gas,
t here can be uset lgmsecshaniChlas When dherRlMnixederysiejoratiekexoredad t he
| i ke alone or in conbination thereof. Wien hydrogen is contained in the
carrier gas, a0s9ftheidrmiving/eetagasopetimesbeobneihigh and, therefore,
24 soneti mes when grow ng the conpound sen conductor having a. hi gh
I nN mi xed crysitlisanot.preferred cadecordinglyectbearyN misededuyetehe
partial pressure of hydrogen in the carrier

ratio is preferably not more than 0.89.

A film thickness of the ground layer is preferably

within the range from10 A tol um. Whenthe filmthickness

of the ground layer is smaller than 10 A, the effect of the

present invention is not remarkable. On the other hand, when

the £ilm thickness of the ground layer exceeds 1 4 m, it takes

a long time to grow the ground layer and, therefore, it is

not suitable for practical use.

The ground layer of the present invention may be doped

with the impurity within the range where the crystallinity

is not lowered. When the ground layer is doped in n type,

characteristics of the light-emitting device such as driving

voltage, luminous efficacy and the like are sometimes

improved and, therefore, it is preferred. Specific example

of the preferred range of the doping amount include the

carrier concentration within the range from 1 x 10* cm™ to

1 x 10* cm™. More preferably, the range of the carrier

concentration of the ground layer is from 1 x 10" cm™ to 1

x 10* em™. When the carrier concentration is smaller than



gas.. The preferred partial pressure of hydrogen in the carrier gas is not
nore than 0.1 atm Anong these carrier gases, hydrogen and helium
are *preferred because a kinetic viscosity is large and a convection does
not easily arise. Heliumis expensive in2yconparison with the other gas and
the crystallinity of the conpound sem conductor is not good as descri bed
above when wusing hydrogen. Since nitrogen gas and argon are
conparatively inexpensive, they can be suitably used when wusing a |arge

amount of the taxri@t gms, the infextion heffimam qfatheotchargepissant.
invention will be explained. The light-emtting device in the
present invent sufificienhasometsimessd 6n theiothex bardctwhen tthe cargistnd
| ayer of a Goup Ill-V conpound seniconductorzrepLesented by the  general
formul a | n[ err bGafentiat o grsokhtger tihan § x 40/ ca”« the gryspaliinity. 05
[err] ¢ <1, and a + b + ¢ =1), a lumnous layer of ~a Goup IIlI-V
conpound seni coficiie grourd leyenticideyer heratrdiapdtheot ymninous efficacy
Inferr]Ga[err]Al[err]N (provided that O [err] x [err] 1, O [err] vy <1, O
[err] z < 1, ahd gRomevimey Lowgredhd a protective layer of a Goup I1I-V
conpound sem conductor represented by the general fornula
In[err] Ga[err] Al [ er®ne 1ayewiered tiatrad iftyy Of dayers of the n type or
25
non-doped compound semiconductor may be interposed between
the ground layer and substrate. As is explained in the first
part of the present invention, a structure wherein a
plurality of thin films of the compound semiconductor having
" a different lattice constant are laminated is particularly
preferred because the crystallinity of a layer to be grown
" thereon is sometimes improved.

In the laminated structure of the ground layer, luminous
layer and protective layer, which was explained above, .the
iattice coiistant of the luminous layer may be made larger
than that of the ground layer so as to obtain a structure
wherein a compressive stress is applied to the luminous layer
in the joining direction, i.e. structure wherein a
compressive stress is applied in the direction in parallel
‘to the joining interface. Inorder toobtainsucha structure,
for example, a process of making the InN mixed crystal ratio
of the luminous layer larger than that of the ground layer

can be used.

Even if the InNmixed crystal ratio of the luminous layer



b _ 1, O[err] ¢ <1, and a" +b'" +c¢' = 1) are lami nated each other in
this order. The lum nous | ayer has a band gap smaller than that of the
ground | ayer and protective layer, and a |lam nated structure of these
three layers forns a so-called quantumygl!| structure. Since the ground

| ayer and the protective |ayer have an action of injecting charges into
the lum nous | ayer, these two |layers are sonetines referred to as a

"charge injection layer", hereinafter. One enbodi ment of the
structure of the mheeplhrheY thanpehad odvithendurdund dfayer, paeméafit
invention is shown in Fig. 2. Fig. 2 illustrates an enbodi nrent wherein a

buffer |ayer d921o&4tibd Mgef&amed anethd Ghter faceubdtvesm the0dumanotsim nous
| ayer 105, a protective layer 106 and a p type layer 107 are | am natedon
asubstrate 1011ayet lin@ groend lapgenracourding tojtem pdobgsproavednditdonn
el ectrode on the n type layer 103, providing a p electrode on the p type
| ayer 107 and $hegrovfngyithgse QayEage|andﬂmaﬁtmuaunhlaxanmunnpfthheeby
obtaining an emi ssion fromthe | um nous |ayer 105. As the |um nous |ayer
and protecti veltmimoys t heyer canises Lamtl tihe cenpressiveasstiess dbscnobed
with respect to the first part of the present invention. The ground
layer will be spplibédetohthei hahipous layerTheTheveforred ayehei $uminous
characterized in that the AIN mixed crystal ratio is within the range from
0.05 to 1. Whebayér halingi xeighcr gsyataldindtys camal het beanobtasned, change
in _ )
sometimes. Whenmaintaining at high temperature (exceeding
1000°C) for a long timé after growing the luminous layer
without forming the protective layer or when growing the
protective layer at high temperature (exceeding 1000°C),
thermal deterioration of the luminous layer sometimes
proceed. In this.respect, the growing temperature is
preferably not more than 1000°C in the crystal growth of the
protectivetlayer.
As the substrate and growing process which are used i
the present invention, there can be used the same one as that
described with respect to the first part of the present

invention.

EXAMPLES

The following Examples further illustrate the present
invention in detail but are not to be construed to limit the
scope thereof.

Example 1
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26 . lum nescence wavel ength is small and the effect of the present
I nvention is not obtained. The AIN m xed crystal ratio is preferably from
not kess than 0.1, nore preferably not |less than 0.15. Wen the A N m xed

crystal ratio exceeds 0.9, the driving | tage soneti nes becone high and,
therefore, it is not preferred. Accordingly, the AIN m xed crystal ratio
Is preferably not nore than 0.09. A filmthickness of the ground | ayer

is preferably wthin the range from10 [err] to 1 [err] m Wen the film
thi ckness of the of guodpl TV ¢compowid semibonddftdy hakéngld sttucturée
present invention is not remarkable. On the other hand, when the film

thi ckness of the pigudl Wy atadex bgeds MOVPEr processt takes a long time to
grow the ground | ayer and, therefore, it is not suitable for practical

use. The groumse Isapphiee ¢ sunfaeecwhsimircrdr-<polimhdik addpealshedth t he
inmpurity within the range where the crystallinity 1is not |owered. \Wen
the ground | aywith anlopgenic solivent, andarken ehesresslvant had ughd-astting
device such as driving voltage, |lum nous efficacy and the like are

soneti mes i npa oxeskstarake-tther B otlee growingpafosyesed. aSpworstepegaompte of
the preferred range of the doping anmount include the <carrier concentration

within the ramgeticdmsing 4N esrd lowftenperatute grovncpuifenflayer. wadr e
preferably, the range of the carrier
used. A GaN buffer layer 9 having a thickness of about 300
A (550°C), an n type layer 1 of GaN doped with Si having a
thickness of about 2.5 4 m (1050°C) and a non~-doped GaN layer
10 having a thickness of 1500 A were grown under pressure
"of 1/8 atom by using hydrogen as the carrier gas. |
Then, an In,..Ga,.N layer doped with Si as the strained
layer 2 was grown at the substrate temperature of 750°C for
70 seconds by feeding nitrogen as the carrier gas, TEG, TMI,
silane diluted to 1 ppm with nitrogen and ammonia in the
amount of 4 slm, 0.04 sccm, 0.6 sccm, 5 sccem and 4 slm,
respectively. Furthermore, an n type layer 3 of Ga,Al,,N
doped with Si was grown at the same temperature for 10 minutes
by feeding TEG, TEA, the above silane and ammonia in the
amount of 0.032 sccm, 0.008 sccem, 5 scem and 4 slm,
respectively.
Provided that "slm" and "sccm" mean units of gas flow.
*1 slm" means that a gas occupying 1 liter of a volume per

minute in the normal state flows, and "1000 scem” corresponds

to "1 slm".
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concentration of the ground layer is from1l x 10[err] cnferr] to 1 X
10[err] cnferr]. Wien the carrier concentration is smaller than
27 * 1 x 10[err] cnferr], the injection efficacy of the charge is not.
sufficient sonetines. On the other handggwhen the carrier concentration
Is larger than 1 x 10[err] cnferr] the crystallinity of the ground |ayer
Is deteriorated and the |um nous efficacy is sonetines |owered. One
| ayer or a plurality of |ayers of the n type or non-doped conpound
sem conduct or nay bregat@ippd ifdimethickiesgrofintiel dgper ahdaubiayare. As
Is explained in the first part of the present invention, a structure
wherein a plugal the qfowing fatess deterinénednfvomdeise titcarichestsoothabeng a
different lattice constant are lamnated is particularly preferred because
the crystallinLayepfgrowmyaderothe samemconthitiennfors asdonyi time ians 43ed.
In the lam nated structure of the ground |ayer, |lum nous |ayer and
protective | aydr/mimhiteh ams XA Animgtepovespedteivalytt | Thereforent thé t he
| um nous |ayer may be nade larger than that of the ground layer so as to
obtain a strucfiim thhekressadevepnined vby scakeglatingpfreom thet Bboveni nous
| ayer in the joining direction, i.e. structure wherein a
growing time is 50 A and 300 A, respectively.
After growing the n type layer 3, a luminous layer 5
{50 A) of non-doped In, ,Ga,.N and a charge injection layer
6 (300 A) of non-doped Ga, ,Al, ,N were grown at the substrate
temperature of 785°C under the growing pressure of 1 atm.
After growing the charge injection layer 6, a p type
layer 7 (5000 A) of GaN doped with Mg was grown at the
substrate temperature of 1100°C. The sample thus made was
heat-treated in nitrogen at 800°C under the pressure of 1
atm for 20 minutes to reduce the resistance of the layer doped
with Mg. ¥
In the above embodiment, the layers 9, 1, 10, 2 and 3
are ground layers. The layer 3 also serve as the charge
injection layer.
According to a normal process, electrodes were formed
on the sample thus obtained to give LED. A Ni-au alloy was
used as the p electrode and Al was used as the n electrode.
A current (20 mA) was passed through this LED in the forward
direction. As a result, it emitted clear blue light. A

center wavelength of an emission peak was 4800 A and a
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conpressive stress is applied in the direction in parallel

t ot hej oi ni ngi nterface. Inordertoobtai nsuchastructure, for exanple, a
process of making the InN m xed crystal ratio of the |lum nous |ayer |arger
than that of the ground layer can be usgd. Even if the I nN m xed
crystal ratio of the |um nous | ayer 28

Is made | arger than that of the ground layer, a msfit. dislocationis
formed on the interface between the |um nous |ayer and ground | ayer
according to themprarneeswag &ffhdaicad.on of growing these layers, and lattice
rel axation of the |um nous |ayer arises and the conpressive stress is not
applied to the lum nous |layer. Therefore, the lum nous |ayer having high
crystallinity can not be obtained, sonetinmes. Wien maintaining at high
tenperature (eSemparativeadeEmpde @) for a long tinme after growing the

| um nous layer wthout form ng the protective |ayer or when grow ng the
protective | ayer atAGFQEAinghied athe eSRBRCBAANRY BSO0ThEY |dgscribed nan

deterioration of the |um nous |ayer sonetines proceed. In this respect,
the growi ng t cFkRIRRA®irke §%Cenyr EPEr GEPYLRGtA RHEELNAYS, layed] 8v r Rhargee
crystal growth of the protective_ |ayer. As the substrate and grow ng

process whi ch Hieqikiap dayer 6 and a p type layer 7 of GaN doped with Mg

after growing a non-doped GaN layer 10, LED was made, and
then LED was evaluated according to the same manner as that
described in Example 1. As a result, it emitted clear blue

light and a luminance was 390 mcd.

Example 2

According to the same manner as that described in
Example 1 except that the layer 3 is GaN doped with Si, LED
was made, and then LED was evaluated according to the same
manner as that described in Example 1. As- a result, a
luminance was 630 mcd (center wavelength of emission peak:

4600 A, quantum efficacy of external quantum: 0.8%).

Example 3

According to the same manner as that described in
Example 1 except for growing a GaN layer 7 doped with Mg under
the growing pressure of 1 atm after growing a non-doped InGaN
luminous layer at 750°C under 1/8 atm using TEG and TMI in

the amount of 0.04 sccm and 0.6 scem, respectively, and



<

t he -present invention, there can be used the sane one as that described
wWith respect to the first part of the present invention. EXAMPLES

The foll owi ng Exanples further illustrate the present invention in detail
but are not to be construed to limt thegoscope thereof. Example 1

29 A Goup Ill-V compound sem conductor having a structure of Fig.

3 was nmade by a MOVPE process. The sapphire C surface was
mrror-polished and washed w th an organic solvent, and then the resultant
was used as a@MSngaBecBarge ihgegtinm ntayrndess nmon-dopedeGagiALY N

met hod using GaN as a | owtenperature grown buffer |layer was used. A &N
buffer |ayer 9ataviSAL andan ki Ssatef ughogt TEG0andeTEA {BStheraodnt af n
type layer 1 of GaN doped with Si having a thickness of about 2.5 [err] m
(1050[ err] ©) afd032nsacEAndl 0GANS| agem, nespect ivelyt LEDkwas smade,l30@ [err]
were grown under pressure of 1/8 atom by using hydrogen as the carrier
gas. TheffheanLER [was praluatedl degandidgptd the (saSie manhbe ¢ thated

described in Example 1. As a result, a luminance was 520

mcd and a center wavelength of an emission peak was 4600 A.

Comparative Example 2

According to the ‘same manner as that described in
Example 3 except for growing a luminous layer 5,. a charge
injection layer 6 and a GaN layer 7 doped with Mg without
growing a strained layer 2 and a Ga,,Al,,N layer 3 after
growing a non-doped GaN layer 10, LED was made. Then, LED
was evaluated according to the same manner as that described
in Example#l. As a result, it emitted very weak light -and

a luminance was not more than 10~* cd.

Example 4

According to the same manner as that described in
Example 3 except for forming a structure obtained by growing
a strained layer 2 and a Ga, ,Al, ,N layer 3 twice after growing
a non-doped GaN layer 10, i.ED was made. Then, LED was
evaluated according to the same manner as that described in

Example 1. As a result, a luminance was 240 mcd.



| ayer 2 was grown at the substrate tenperature of 750[err]C for 70 seconds
by feeding nitrogen as the carrier gas, TEG TM, silane diluted to 1 ppm
with'nitrogen and amonia in the amunt of 4 sim 0.04 sccm 0.6 sccm 5
sccmand 4 slm respectively. Furthernogg, an n type |ayer 3 of
Ga[err]Al[err]N doped with Si was grown at the sane tenperature for 10

m nutes by feeding TEG TEA, the above silane and amonia in the anount
of 0.032 sccm 0.008 sccm 5 sccmand 4 slm respectively. Provi ded
that "slnl andEkxampd® Hean units of gas flow "1 slni neans that a gas
occupying 1 liter of a volune per mnute in the normal state flows, and
"1000 sccm' corresphadsrding” tosithel same manner as that described in

30 Regarding the filmthickness of the layer 2 and layer. 3, the
growi ng rates 8xampienddekcepttfer t(dgrakingss Ga, AR, ;N dagyrergBodm pidee t he
sanme condition for a long tinme are 43 [err]/mnute and 30 [err]/m nute,
respectively. OietbeoBa, AlheN layer thiaditessgrdwingnd rettraineshlayleat 2pg from
the above growing tine is 50 [err] and 300 A, respectively. Af ter
growi ng the n LEpewdspede3, EhennLBDusas eyeluBted srdomdilng vd6 thensdmped
Inf[err]GaJerr] N and a charge injection layer 6 (300 [err]) of non-doped
Gal[err] Al [ er r | maneet af Shat slesardbedpitn Exemple 1. As a result, a center

wavelength of an emission peak was 5050 A and a luminance
was 320 mcd. A luminescence wavelength became longer than

that of Example 3.

Example 6
A Group III-V compound semiconductor shown in Fig. 4
' is grown by vapor phase epitaxy according to a MOVPE process
to make LED having a luminescence wavelength of 5100 A.

After GaN (500 A) as a buffer layer. 9 is formed on a
sapphire (0001) substrate 8 at the growing temperature of
600°C under the pressure of 1/8 atm, using TMG and ammonia,
a GaN layer doped with Si was grown at 1100°C in the thickness
of 3 um.

A In, ;Ga, Al,,N layer doped with Si and a Ga, A1, ,N layer
doped with Si are repeatedly grown six times to form a ground
layer, and then a charge injection layer 4 of a In, .Ga, (Al, N
layer doped with Si is grown.

A luminous layer 5 of a In, ;Ga, ;N layer (150 A) is grown,

and then a Ga, Al, ,N layer is grown in the thickness of 300



tenperature of 785[err]C under the growing pressure of 1 atm After
grow ng the charge injection layer 6, a p type layer 7 (5000 [err]) of GaN
doped with My was grown at the substrate tenperature of 1100[err]C. The
sanpl e thus nade was heat-treated in niggogen at 800[err] C under the
pressure of 1 atmfor 20 mnutes to reduce the resistance of the |ayer
doped wth M. In the above enbodi nent, the layers 9, 1, 10, 2 and 3
are ground layers. The |layer 3 also serve as the charge injection |ayer.
According to afmormal process, electrodes were forned on the sanple thus
obtained to give LED. A N -Au alloy was wused as the p electrode and Al was
used as the n el ect TeR, aAGélirléﬁer(ZOMﬁdvmt@amms hgoosgh £hi $heED i n
the forward direction. As result, it emtted clear blue light. A center
wavel engt h of Ehl%m%ﬁdhfp%%’ s ASHEIA thed growth, the substmabends was
860 ntd. Conmpar ati ve Exanp According to the sane manner as
that descri bedipHoagsd Hiyom fb@XEGEFtP&a@‘ﬂohﬁﬁg-@Qﬂ}?ﬁd\m nizyoges, ah

char ge o .
800°C to reduce the resistance of the Mg~doped GaN layer.

LED having a sharp emission spectrum can be made by
forming electrodes on the sample thus obtained according to

a normal process.

A GaN buffer layer 102 having the thickness of about
300 A (substrate temperature: 550°C, growing pressure: 1
atm), an n type layer 103 having the thickness of about 3
4 m of GaN doped with Si (1100°C) and a layer 104 (1500 &)
of n type Ga, Al, ,N doped with Si were grown, using hydrogen
as the carrier gas.

Then,‘a luminous layer of non-doped In, ,Ga,.N (50 &)
was grown at the substrate temperature of 800°C by feeding
nitrogen 'as the carrier gas, TEG, TMI and ammonia in the
amount of 4 slm, 0.04 sccm, 0.24 sccmand 4 slm, respectively.

Furthermore, a protective layer 106 (300 A ) of
non-doped Ga, ,Al, ,N was grown at the same temperature by
feeding TEG, TEA and ammonia in the amount of 0.032 sccm,
0.008 sccm and 4 slm, respectively.

After growing the protective layer 106, the temperature

of the substrate was raised to 1100°C and a p type layer 107



injection layer 6 and a p type layer 7 of GaN doped with My after grow ng
a non-doped GaN layer 10, LED was made, and then LED was eval uated
according to the sane manner as that described in Exanple 1. As a result,
it emtted clear blue light and a | um nggce was 390 ntd. Exampl e 2
According to the sane manner as that described in Exanple 1 except that
the layer 3 is GaN doped wwth Si, LED was nmade, and then LED was eval uat ed

according to the sa manner as that described in Exanple 1. As a result,
a |lum nance mté,oéggﬁdc@f( gaN: depod el tehdich wes gnewsi oThee siamplesobus, .
quantum ef ficacy of external quantum 0.8%. Exanpl e 3 Accordi ng
to the sane naBAde ¥as theat-deeatiededni pitrogemiar 808XCamddm il gtowtag a GaN
| ayer 7 doped with My under the growing pressure of 1 atmafter growing a
non- doped | nGaRP RipFFRULA Apdrcatthegesistengadef thes Ma—dopsidngayes- and
TM in the amunt of 0.04 sccmand 0.6 sccm respectively, and

32 growi ng a chaASRPTHIRE oA BERAL PIEFeRsn- Qg wWers fermed| at

750[ err] C under 1/8 at m]L.Jsi n% TE}gB and TEA in the anount of ,
on the samplie thus obtalned to give a light-emitting device.

A Ni-Au alloy was used as the p electrode and Al was used
as the n electrode. A current (20 mA) was passed through
this light-emitting device in the forward direction. 2s a
result, it emitted clear blue light. A center wavelength
of an emission peak was 4800 A.

According to the same manner as that described in the
‘above Example except for using non-doped GaN as the ground
" layer 4, a sample was made.

The sample thus obtained was evaluated. As a result,

a2 luminescence wavelength was 4500 A at 20 ma.

According to the same manner as that described in-the .
above Example, a quantum well structure, wherein non-doped
GaN (1100°C), a non-doped InGaN active layer (800°C) and a
non-doped GaAlN protective layer (the same temperature) are
laminated, was made and a_lattice image was observed by using
an electron microscope. As a result, formation of a misfit
dislocation was nct observed at the interfaces of the
luminous layer. Since the lattice constant of InGéN is
larger than that of GaN, a misfit dislocation is not formed

before and after the quantum well structure. Therefore, it
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0.032 sccm and 0.008 sccm respectively, LED was nmade, and then LED was
eval uated according to the sane manner as that described in Exanple 1. As
a résult, a |um nance was 520 ncd and a center wavel ength of an em ssion
peak was 4600.[err]. Conpar ative Exagple 2 According to the sane
manner as that described in Exanple 3 except for growing a | um nous | ayer
5, a charge injection layer 6 and a GaN | ayer 7 doped with My w t hout

grow ng a strained layer 2 and a Ga[err]Al[err]N layer 3 after growing a
non- doped GaNibagkean (thatEd vewpresieivaistresss applied| tattde doGaNdi ng to
the sane manner as that described in Exanple 1. As a result, it emtted
very weak |ighavendinathenintextacesiingctione than 10[err] cd. Exanpl e 4
According to the sane manner as that described in Exanple 3 except for
formng a structure obtained by growwing a strained |ayer 2 and a
Ga[err]Al[err]N layer 3 twice after grow ng a non-doped GaN |l ayer 10, LED
was made. TheBxampbewds eval uated according to the sane nmanner as that

described in Exanple 1. As a result, a |um nance was 240 nctd.
33 According to the same manner as that described in

Example 7 except for growing non-doped GaN in place of n type
Ga,  Al, ,N doped with Si and growing n type Ga, (Al, N (600 &)
at 800°C as the ground layer 104, using nitrogen as the
carrier gas, a sample Wwas made, and then the sample was
evaluated according to the same manner as that described in
Example 1. As a result, it was observed to emit clear green

light. fThe luminescence wavelength at 1 mA was 5200 A.

The Group II1I-V compound semiconductor of the present
invention has high crystallinity and high quality, and a
light-emitting device using the same has high.luminous .
efficacy and its industrial value is large.

The 1light-emitting device using the Group III-V
compound semiconductor of the present invention can inhibit
formation of a misfit dislocation on the interface of the
luminous layer and easily emits light having a longer
wavelength. Therefore, luminescence wavelength can be
easily conducted in the wide range and its industrial value

is large.
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Exanpl e 5 According to the same manner as that described in Exanpfte
3 except for growing a Ga[err]Al[err]N layer 3 in place “"ll I/Hl,”muum
Ga[err]Al [err]N layer 3 after growing a strained | ayer 2iIf

Then, LED was eval uated according to the3dgane nanner as tha desdriBed*in
Exanple 1. As a result, a center wavelength of an em ssion peak was 5050
[err] and a | um nance was 320 ntd. A | um nescence wavel ength becane | onger
than that of Exanple 3. . Exanple 6 A Goup I'll-V conmpound

sem conduct or ¥ABRniFncERymed 1$5 grown by vapor phase epitaxy according to
a MOVPE process to make_LED having a | um nescence wavel ength of 5100
[err]. Akt b GSONP(ED-Y Somppugd semigendugtpreFomprisingraedeasta
sapphire (0001) substrate 8 at the growing tenperature of 600[err]C under
the pressure of HymLnQYR lﬂ?ﬁémcgﬁagsmﬁ%mnal@éﬁ OBy SURSSEATRIFt h Si

was grown at 1 of_3 [err

100 JCin the thick . A
In[err] Ga[err] ﬁfﬁ qué&é}yq(}o}a%%ggﬁfq}%gp Thb-Gcest %\%‘FWF}‘F@“FE?&
d d with Si t edl ' ' tq f d | d -
Chen a Ghar ge FRPEESRGRCT RYLHHA GneYal ForRta Lo oA LN (ERev IdshFhabpoq
ith Si | . Al ' | 5 | & N | 150
Lorrl) 15 orol e XS tneh 5 €afelr] B Berrfntt 388 X & i duk Fhlonathe

thickness of Sggarge injection layer being a Group III-V compound

L 2

semiconductor which is represented by the general formula
In,.Ga,Al,.N (providedthat 0 S x' £ 1,0 Sy' £1,0 £ z*
<1, and x' +Y' + z' = 1) and has a band gap larger than
- that of the luminous layer, the luminous layer being
interposed between two charge injection layers in contact
with them, which is characterized by having a ground layer
composed of at least three layers between the luminous layer
and substrate, each layer constituting the ground layer being
a Group III-V compound semiconductor represented by the
general formula InGaAlN (provided that 0 S u <1,0=v
S£1,0Sw=s1l,andu+v+w=1), at least one layer i
the ground layer being interposed between two layers having
an InN mixed crystal ratio smaller than that of the layer
in contact with them, the InNmixed crystal ratio of the layer
interposed between the two layers having a smaller InN mixed
crystal ratio being 0.05 or more larger than that of a layer
in contact with the layer from the substrate side, and at

least one layer between the layer at the substrate side among



34.. J[err]. Then, a GaN | ayer 7 doped with Ng_.J_s—ng—emn—r—n——t—he——

t hi ckness of 5000 [err]. After the growth, the substr from
the Teactor and heat-treated in nitrogen at 800[ err mmmmm

resi stance of the My-doped GaN | ayer. 38 LED havi ng & sharp e ssion
spectrum can be nade by form ng el ectrodes on the sanple thus obtained
according to a nornmal process. A GaN buffer layer 102 having the
t hi ckness of about 300 A (substrate tenperature: 550[err]C, grow ng
pressure: 1 he twarlayenspbavipgra silisn fgNtmixedicoyséad vatiba@and 3
[err] mof GaN doped with Si (1100C) and a |ayer 104 (1500 [err]) of n
type Ga[err] Ather danidopedlayeh Seingrdoppedwithisima typeodapurdsyt he
carrier gas. Then, a | um nous | ayer of non-doped In[err]Ga[err] N (50
[err]) was gﬂovmhaﬁrphp Kbt campouedrps@ma‘.mmduomosoin@m idoypofadadimng
nitrogen as the carrier gas, TEG TM and ammonia in the amunt of 4 slm
0.04 sccm O0.24 whereimdbe shargedmieatinn Jayer at ther shbshpate side
protective layer 106 (300 [err] ) of non-doped Ga[err]AI[err]N was grown
at the same tampagahargejnjeckipmaayecs wiehingrehe duminens laysant of
0.032 sccm 0.008 sccmand 4 sIlm respectively. After grow ng the
protective | aj8rcanbact itheibeabiqserves as the layer at the luminous

layer side among the two layers having a smaller InN mixed

crystal ratio, which sandwich the layer having a larger InN
. mixed crystal ratio in contact with it, in the ground layer.
3. The Group III-V compound semiconductor according to claim
"1 or 2, wherein the n type impurity is Si and/or Ge and a
concentration of the n type impurity is not less than 1 x
10" em™.
4. The Group III-V compound semiconductor according to claim
1, 2 or 3, wherein a thickness of the layer interposed-between:
two layers having a smaller InN mixed crystal.ratio in the
ground layer is within the range from 5 to 300 A.
5. The Group III-V compound semiconductor according to claim
1, 2, 3 or 4, wherein the ground layer composed of at least
three layers is a Group III-V compound semiconductor obtained
by growing under the pressure within the range from 0.001
to 0.8 atm according to an organometallic vapor phase epitaxy
process.
6. The Group III-V compound semiconductor according to claim

1, 2, 3, 4 or 5, wherein at least one layer in the ground
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of the substrate was raised to 1100[err]C and a p type |l ayer 107

35 (5000 [err]) of GaN doped with My was grown. he sanpie thus

was heat-treated in nitrogen at 800C under 1 atmfor lemmm:ﬂlmmmneduce
the resi stance of the M)-doped | ayer. 39 Accordin cess
el ectrodes were forned on the sanple thus obtained to glve a
light-emtting device. A N-Au alloy was used as the p el ectrode and Al
was used as the n electrode. A current (20 mA) was passed through this

| i ght - emi tti nglajees ciss isandwdchedvibetiveln dotd dayehs kavimsdn InNtmewedt ed
cleat blue light. A center wavelength of an em ssion peak was 4800 A -
According to t¢mystak ragtioesmaklemnhabadeshat bédthe layer hbheontacampieh except
for using non- doped GaN as the ground layer 4, a sanple was made.

The sanpl e t hukt pwhennthe Tl Bizéd srystadsrat ieof the laylernincerposed

wavel ength was 4500 [err] at 20 mA According to the sanme manner as

t hat descri bedpetwearn thendwe Eryepschavingiantsmalier IaNrmikedecrydraki n
non-doped GaN (1100[err]C), a non-doped InGaN active |layer (800[err]C) and
a non-doped EGAtiQ psdtaé'aeimﬁhm@at(qmmmmmmthe layémat ed,

was nmade and a lattice |mas%e was observed b using an electron m croscope.
As a result, figromttihen sgbsiraitef side by 0 to 0.3, the product of a

difference in mixed crystal ratio between the layers and a

thickness (A) of the layer interposed between the two layers
having a smaller InN mixed crystal ratio is not more than
30; and when the InN mixed crystal ratio of the layer
interposed between the two layers having a smaller InN mixed
crystal ratio is larger than that of the layer in contact
 with the layer from the substrate side by 0.3 or more, the
thickness of the layer interposed between the two layers
having a smaller InN mixed crystal ratio is not more than
100 A.
7. A light-emitting device comprising the Group III-V
compound semiconductor of claim 1, 2, 3, 4, 5 or 6.
8. A light-emitting device comprising a structure that a
ground layer of a Group III-V compbund semiconductor
represented by the general formula In,G,bAlN (provided that
0 Sa<l,0<b<1i1, 0.05 Sc<1l, and a+b+c=1), a
luminous layer of a Group III-V compound semiconductor which
is represented by the general formula InGa,Al,N (provided

that0<x§1,0§y<1,0§z<1,andx+¥+z=l)
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di skocati on was not observed at the interfaces of the |um nous |ayer.
Since the lattice constant of InGNis |arger than that

of GaN_ a msfit
di sl dcation is not formed before and after the quantu“l“l!lll!@l"ﬂm_imn

Therefore, it ‘40 36 '
conpressive stress is applied to the InGN. layer in the interface
di rection. Exanpl e 8 According to the sanme manner as that

described in Exanple 7 except for grow ng non-doped GaN in place of n type
Ga[err] Al [ err] andobas &i bandsigamémgldernghant $hat Gaf ethé Ayfound Nayeaq .
[err]) at 800[err]C as the ground |ayer 104, using nitrogen as the
carrier gas, aasdnphe pmeteatitve antayemn athe sagrouprasIleval wompdund
according to the same manner as that described in Exanple 1. As a result,
it was observedemdcenductorarhigleds repyesenthd bynthe generxalvfosmudgt h at
1 mA was 5200 [err]. The Group Il11-V conpound seni conductor of the
present invenfhanGahsAke th (puesided thag &n& ‘gl duali€yp' afdla 0 S
light-emtting device using the same has high lumnous efficacy and its
i ndustrial val@é <. andea’ + b' +Tk % ilghandmas isnpandvgap larger chanG oup
-V

that of the lumincus layer are laminated each other in thi

order; and a lattice constant of the luminous layer is larger

than that of the ground layer and a compressive stress is

applied to the luminous layer in the joining direction.

9. The light-emitting device according to claim 8, wherein

a concentration of an n type carrier of the ground layer of

claim 8 is within the range from 1 x 10** cm™ to 1 x 10* cm™.

10. The light-emitting device according to claim 8 or 9,

wherein a film thickness of the luminous layer of claim 8

is within the range from 5 to 90 A.

11. The light-emitting device according to. claim 8, % or 10,

wherein a concentration of Si, Ge, 2n, Cd and Mg is not more

than 1 x 10 cm™.

12. A process for producing the light-emitting device of

claim 8, 9, 10 or 11, which comprises growing the protective

layer of claim 8 at the temperature of not more than 1000°C.

13. The light-emitting device according to claim 8, 9, 10,

11 or 12, wherein a concentration of Mg contained in the

protective layer of claim 8 is not more than 1 x 10" cm™.

-
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conmppund sem conductor of the present invention can inhibit formation of a
m sfi.t dislocation on the interface of the |uminous |layer and easily enits
i ghf having a longer wavel ength. Therefore, |unm nescence wavel ength can
be easily conducted in the wide range and its industrial value 1is |arge.

What is claimed is: 1. A Goup IIl-V cogpound semni conductor conprising at
| east a |lum nous | ayer and a charge injection |ayer on a substrate, the
| um nous | ayer being a Goup Ill-V conpound seni conductor represented by

the general fornmula In[ferr]Gferr]A[err]N (provided that 0 < x [err] 1, O
[err] y <1, 0 [err] z-<HMigwmedlx +y + z = 1), the charge injection

| ayer being a G oup I11-V conpound sem conductor which is represented by
the general formula In[err]Gajerr]Al[err]N (provided that 0 [err] X'

[err] 1, O [err] vy 1, O [err] z' [err] 1, and x* + Y + z' = 1) and has

a band gap larger than that of r, the lum nous | ayer
being interposed between two c ' ayers in contact wth
them which is characterized by 7 composed of at | east
three | ayers between the | umno strate, each |ayer
constituting the ground | ayer bej ound sem conduct or
represented by the /244C4féézzzzz7 s
. e 4
I
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general formula In[err]Gaferr]Al[err]N (provided that O [err] u [err] 1, O
[erL] v [err] 1, O [err] wlerr] 1, and u + v + w= 1), at |east one |ayer
in “the ground | ayer being interposed between two | ayers having an |nN

m xed crystal ratio smaller than that of the layer in contact with them
the InN m xed crystal ratio of the |ayery interposed between the two | ayers
having a smaller InN m gstal rati o being 0.05 or nore |larger than
that of a layer in conﬁ%&@l h the layer fromthe substrate side, and at

| east one | ayer between the |ayer at the substrate side anong

38 the two layers having a smaller InN mxed crystal ratio and the
| um nous | ayer being doped with a 2. The Goup I11-V
conmpound sem conduct or accordi ng in the charge injection
| ayer at the substrate side anon ' ef s sandwi ching the
| um nous layer in contact with i he | ayer at the | um nous
| ayer side anong the two |layers h -ged crystal ratio,
whi ch sandwi ch the | ayer having a stal ratio in
dontact with it, in the ground | a | 11-Yy conmpound
sem conductor according to claim; the nIype inpurity is Si
and/or Ge and a concentration of N y 1$-not less than 1 x
L AL L1
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10[err] cnferr]. 4. The Goup II1-V conpound sem conductor according to
claim 1, 2 or 3, wherein a thickness of the |layer interposed between two
| ayers having a snmaller InN mxed crystal ratio in the ground |ayer is

within the range from5 to 300 [err]. 5. The Goup IIll-V conpound

sem conductor according to claim 1, 2, 3 or 4, wherein the ground | ayer
conposed of. at least three layers is a Goup Il1-V conpound sem conduct or
obtained by grow ng under the pressure within the range from0.001 to 0.8
at m accor di ng AB§TRA r@&n@ﬁﬁtﬁlg FEOS@RBr phase epitaxy process. 6. .The
Goup I11-V cofRpundr3eovCQuirdund aSERICONDUCTOR | AND LIGET-BMITTING S,
wherein at | east one |ayer in the ground

39 Subst i tggvercgheet - 7 July 1998 | ayer is sandw ched between two

| ayers having an InN mxed. crystal ratio smaller than that of the |ayer

in contact with % \dieup herlial mMosghounsst & auefm&heé,lfath

I nterposed between the two | ayers haV| ng a snal nN m xe crysta

ratio is larg kan 15R3k vodndink 8 Sud t L t he
substrate si dg&?)’E I1Oéﬁt oYO ke h'geeﬁfour OJEIE[J%? %?eaa wéi'lbh?eragﬁlc‘:giﬁﬁ dn%‘{(le

crystal rati OuIB‘ih‘Qeﬁib bhfel Ay ¥l haghtifuntisieRsSef £ £64dy alk dota iinaker
I nt erposed between the two | ayers
by providing a specific ground layer composed of at least
three layers between the luminous layer and substrate.:
A light-emitting device <capable of inhibiting
formation of a misfit dislocation on the interface of the
luminous layer and easily emitting light having a longer
wavelength is also obtained by controlling the AlN mixed
crystal ratio of at least one layer between the luminous layer
and the substrate within a specific range and controlling
"~ the lattice constant of the luminous layer to a value larger
than that of the ground layer, the luminous layer having a

compressive strain is formed in contact with the ground

layer.



havi fig a smaller InN mked crystal ratio is not nore than 30HRP wken the
I nN m xed crystal ratio of the layer interposed between the two | ayers
having a smaller InN mxed crystal ratio is larger than that of the |ayer
in contact wth the layer fromthe substrate side by 0.3 or nore, the

t hi cknéss of the layer interposed between3ghe twoSlipstituse shéat NP July mRldger

InN m xed crystal ratio is not nore than 100 [err]. 7. Alight-emtting
device conprising the Goup Il1l-V conmpound sem conductor of claiml, 2, 3,
4, 5 or’ 6.

layer is sandwiched between two layers having an InN mixed.
crystal ratio smaller than that of the layer in contact with
it; when the InN mixed crystal ratio of the layer interposed
between the two layers having a smaller InN mixed crystal
ratio is larger than that of a layer in 'contact with the layer
from the substrate side by 0.05 to 0.3, the product of a.
difference in mixed crystal ratioc between the layers and a
thickness (A ) of the layer interposed between the two layers )
having a smaller InN mixed crystal ratio is not more than
30; and when the InN mixed crystal ratio of the layer
interposed between the two layers having a smaller InN mixed
crystal ratio is larger than that of the layer in contact
" with the layer from the substrate side by 0.3 or more, the
thickness of the layer interposed between the two layers
having a smaller InN m-ixed crystal ratio is not more than
100 A.
7. A light-emitting device comprising the Group III-V

compound semiconductor of claim 1, 2, 3, 4, 5 or 6.
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