1& HMop 111-v COVPOUND SEM CONDUCTOR AND LI GHT-EM TTI NG DEVI 104 -0
BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to a Group |11-V conpound semi conductor represd

t he~-general formula In[err]Ga[err]AI[err]|N (provided that u + v +w=1, 0
[err] u [err] 1, O [err] v [err] 1, and '0 [err] w([err] 1), and a
light-emtting deV| ce using the sane. Description of Related Art

As a material of Iight em'tting devi ces such as uItravi ol et or blue
light-emtti Ukt T &Y, or, [11-V
conpound sem (fpgor represe S@@Wgeneral Lf%ﬁTLEﬁI&EHE'
In[err] Gaf er D]EQ}(#%W]N (provi ded that X +y +2z = 1 0 < x [err] 1, O
[err] v < 1, [err] z < 1) has been known. Hereinafter, x, y and z in
this general fornmula are sonetinmes referred to as an "InN m xed crystal
ratio, a "GaN m xed crystal ratio" and an "ALN m xed crystal ratio"l

respectivel y.pacrcrRong OF afdey rnvedmaen [11-V conpound sem conductors
containing InNin a mxed crystal ratio of not |ess than 10% are inportant

for display 3pRljif ¥t Yhe BRAERS R | UM nescence wavel ength in the visible
range can be adjusted according to the InN m xed crystal ratio. By

the way, the conmpawipsestaendifdriticdel h88E-to a Group ITI-V compound

O

semiconductor represented by the general formula InGaAlN
(provided that u + v+ w=1, 0 Sus1l, 0£v =1, and

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

Descriptiqn 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 In,GaAl,N (provided that
X+y+2=1,0<x=51,0=Sy<1l,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 III-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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2- enftting device using the same had the follow ng problens. First,

a trial of forming a filmof the Goup Ill-V conpound sem conductor on
vari ous substrates (e.g. sapphire, GaAs, ZnO, etc.) has been made.
However, a crystal having sufficiently high quality is still to be

obtai ned because lattice constants and €heni cal properties of the
substrates are quite different fromthose of the conpound sem conductor.
Therefore, a trial of firstly grovving a crystal of GaN whose lattice

constants an f the
stant s cgumgm gr Kl §ger,s Sihé ! the $bTh bt nhOpto0sEmet

conmpound sem conduct r t he conpou sem conductor thereon to

obtain an excelle (d oppig ser Reeng okurNg.
55-3834). It has%rlercée:l{{%/% elggr?'srée)%g% edg?%a?]ag hi gh-effi caf:é;%

light-emtti r&n&b‘éﬁﬂ@séﬁmcaﬁdﬁeebr%@ﬂvml@@@tshgblctaaewe ¢ hsspprese)f a
| um nous | ayer t'o about 20 [err] in a light- emtting device conprising a

sem conduct OlgaaS %ﬁﬂt echy nhs[Beéh Gd@s [ ] Mowevad , dadctataX rrav:.ngl 0 <
X <1, and 0 <y < 1) as an active |layer (Japanese ‘Journal of Appl i ed

Physi cs, 199%ufiiddientfy RAGH GRALith" ilshistidaseo BeZewesinkd bPésagsse0 been
reported that the lum nous efficacy is |lowered as the InN m xed crystal

ratio of the lldfdmisohay¥ahtsSand Rafierhl properbees st thel shbseLacesst ant
of the Group Ill-V conpound seni conduct or depends | argely on the I nN m xed

crystal rati aregditediffidrient £006 tads et eheTdmpoitid sénidendudtot xed

crystal ratio increases. Therefore, even if a trial of i
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

¢rystal ratio increases. Therefore, even if a trial of



3 growing the Goup Il1-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 made, only those having sufficiently small film

t hi ckness show good crystallinity. Howgver, it has been known that it is
difficult to obtain a crystal having a Iattice constant which is largely
different fromthat of a ground | ayer because of a so-called self

regul ation effect of the mxed crystal ration to lattice matching when the
filmthi Ckneifrdvﬁirﬁifﬁhésro'ﬂiﬁnisv colipdundcé esheradidiedr haviingdi Lhrgel t to
forma thin il mof the conmpound sem conductor having high I nN m xed
crystal ratiomd tnieceskmMorysdall orratdyer omontaai GrogpnoIlii-V( ecgmpGaiNd
etc.). Accordingly, it was difficult to | engthen a wavel ength of the

| i ght-em tti ngenicyomdudyor coneadinhggtreInl e\l gu e, @tcst plismede, only On
t he other hand, as a process of obtaining a |ight-emtting device having a
| ong | unmi nescashrase ViearelmnsuE £ igiernsily smalhi idls thicknéasi ajowogolbdN

m xed crystal ratio, there has been suggested a process of substantially

| engt hen a largstekkinktyayveHewgverby idpphgsndpeen dandwr shagssitoisa

| um nous layer in a light-emtting device conprising a quantum well
structure usidigffim ¥ copbidinaaryshaildhavéngoohdttioe constanfewhighi nous

| ayer (EP-A-0716457 specification). In order to apply the tensile stress
to the conpdudaggelyoddffevennaftom thatiof scgrowrd dayenbgsauseamet

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 difficult to form a thin
film of the compound semiconductor having high InN mixed
crystal rétio 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.

On the other hand, as a process of obtaining 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). 1In order to apply the tensile stress to the

compound semiconductor having a lattice constant larger than



4 that of the ground |ayer, however, it can not be avoided to forma |ot
of- misfit dislocations on the interface between the ground |ayer and

| um nous | ayer and, therefore, deterioration of the crystallinity of the

| um nous | ayer could not be avoided. The term"m sfit dislocation"” used
herein means a dislocation forned on theé interface between two |ayers
because of a difference in lattice constant between two |ayers | am nated
each ot her. SUMVARY OF THE | NVENTI ON The first object of the

present invemhatonfi sheogpinvd dayexr Chowievelr,- Yt coam qiotd becaeeadact®r of
high crystallinity and high quality, and a light-emtting device using the
sane, Wwhi clfoxras ahlgh éfmisfist efifsloaations on the setenflace|metweént he
present invention is to provide a light-emtting device capabl e of

i nhi biting ftdvenagironndf layersfa'nd dimmcmdsonlayerheahm ertleerefdré he

| um nous | ayer and easily emtting |light having a | onger wavel ength.

Under t hese deitenionatrioss oft rtélqarcasmtallmﬁyor@ hzhee lumirenss Vidyperst udi ed.
As a result, it has been found that, by providing a specific ground |ayer
conposed of cgulde aot beharoideder sThet bexm s £ it diics lso¢ atydrn ‘ants ed
substrate, the crystallinity of a layer grown on the ground | ayer is
remar kabl y P@gedreBeangus diskogatiemifdmeashonobhaainperfacadmnwsershed.

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 1ight-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.



5 It has al so been found that, by controlling the AIN m xed crystal
ratio of at |east one |ayer between the |lum nous |layer and the substrate
within a specific range and controlling the lattice constant of the

| um nous | ayer to a value larger than that of the ground |layer, the

| umi nous | ayer having a conpressive strainis formed in contact with the
ground |l ayer, thereby inhibiting formation of the msfit dislocation and

| engt heni ng the | um nescence wavel ength. Thus, the present invention has
been acconpl i shed.1t has alEtbeen found thas hyardnfolhingthecnl N mixedt i on

relates to a Goup Ill-V compound sem conductor (1) conprising at |east a
| um nous | ayerryskthlhratdogef atjleasitoone dpgerdretwean bheraininows lagemous
| ayer being a Goup Ill-V conpound sem conductor represented by the

general for mdmd IteradbEtiratd Alitdvim) W specifiid¢edangat agd<cenkrodling 0
[err] vy <1, O fJferr] z <1, and x +y + z = 1), the charge injection |ayer
bei ng a G oupche lavticenpoustiast it sheutuminoms deyer topr aadmedapgerhe
general fornula In[er-r]GaLerr]AI[err]N(provi ded that O [err] x [err] 1, O
[err] y' [errihan thaYy off Fhe greund layemd the Luminouys layer R&vimgsaa band
gap larger than that of the |um nous |ayer, the |umnous |ayer being

i nt er posed betampressive fEFaeniLy Eexmed InGRRRTHWESRIERE Jrannd kawsy . whi ch -
is characterized by having a ground | ayer _conposed of at |east three

| ayers bet weefherrby Jdabidising, éprmafdon st the aisfidth diglecatden rnGti ng

the ground layer being a Goup Il1-V conpound sem conductor represented by
t he engthening 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 InGaAl,N
(provided that 0 < x £ 1, 0 Sy <1, 0sSz<1l,andx+y
+ z = 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' £1,0S y' £ 1,
0 £z'£1,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



6 general formula In[err]Ga[err]Al[err]N (provided that O [err] u [err]
1, O [err] v Jerr] 1, O [err] w[err] 1, and u + v + w= 1), at |east one
| ayer in the ground | ayer being interposed between two |ayers having an
I nN m xed crystal ratio snmaller than tha% of the layer in contact with
them the InN m xed crystal ratio of the”l ayer interposed between the two
| ayers having a smaller InN mxed crystal ratio being 0.05 or nore |arger
than that of a layer in contact with the layer fromthe substrate side,

and at Ieastg_eﬁerhﬂyﬁsrﬂﬂa\mﬁcapa.hawfoﬂdéaecnsa&)si te Side engng the
two |ayers having a smaller InN mxed crystal ratio and the |um nous |ayer

bei ng doped wig h ,am Etyps Lppandty + v + w FhE) presaadtn e layer 4o
relate to a light-emtting device (2) using the Goup Ill-V conpound

seni conduct or thé giditndileyer( Being interpusaibetwepar twofldyerphavdny
invention also relates to a light-emtting device conprising a structure

that a groundnl ag¥rmbked crystal |tatic amedilet drharc aohditc bdr theepageent ed
by the general fornmula In[err]Gferr]A[err]N (provided that O [err] a <
1, 0 < b < 1, ifi.ddmtasrty ¥ith<hkem,avkle InN mixed cryskalarat imofictise Layer of a
G oup I11-V conpound sem conductor which 1is represented by the general
formul a | n[ er thGafposediHatwden theowwalddyerisabaving a fmallet ImN pdxeld v <
1, O [err] z <1, and x + Y + z = 1) and has a band gap smaller than that
of the groundctygbtal ramib dedngt <05 \ar mayer Latger Ghamthet-of @ipyend
sem conductor which is represented by the general formla .

in contact with the layer from the substrate side, and at

least one 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.

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&iéé comprising a structure that a

ground layer of a Group III-V compound semiconductor

represented by the general formula In,Ga,Al.N (provided that

0 £a<l,0<b<1l,0.055c<l,anda+b+c=1), a

luminous layer of a Group III-V compound semiconductor which

is represented by the general formula InGaAlN (provided

that 0 < x S 1, 0SS y<1,0=fz<1l,and x+ Y+ 2 =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



7 Inf[err] Ga[err]bAl[err]N (provided that O [err] a" <1, 0 <Db' [err] 1
O ferr] ¢¢ <1, and a* + b'" + ¢ = 1) and has a band gap |arger than that
of the lum nous |ayer are |lam nated each other in this order; and a
lattice constant of the luminous layer i$ larger than that of the ground

| ayer and a conpressive stress is applied to the lum nous layer in the
joining direction. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
sectional view illustrating one enbodinent of the Goup IIl-V conpound
seni conduct orzfGcahrlpNegpprdbvidedenhatnd S a' <Filgube<d' £sla 8eH icdna
view illustrating one enbodinent of the Goup Il1-V conmpound sem conduct or
used for the|llghdndmtt+ iy devd'ces df) and rassentband/ gap diarger thal gure
3 is a sectional viewillustrating the Ilight-emtting device of the
present inventhan afatthe huminonpl kayer are lamigatedieachaotheriimahis ew
illustrating the light-emtting device of the present invention shown in
Exanpl e 6. omiEn b0 DESCRIRE consrartef] RENuMGNous layegeldp lagger
invention will be explained in detail, hereinafter. First, the first
part of the prhamrmhatehtthe giqunddayer and a compressive stress is

applied to the luminous layer in the joining direction.

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 Groﬁp III-V compound seniiconductor used
for the light-emitting device of the present invention.

-Figure 3 is a sectional view illustrating 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 part of the present invention will be



8 expl ai ned. The G oup Il1-V conmpound sem conductor in the present

I nvention conprises a ground |ayer and a | ayer of quantum well structure
on a substrate in this order. The quantum well structure neans that in
which a layer (hereinafter referred to@s a "lumnous l[ayer", sonetines)
represented. by the general formula In[err]Ga[err]Al[err]N (provided that
X +y +2z =1,0<x [err] 1,0 [err] y<1,and O[err] z<l1l)is interposed between
| ayers (hereinafter referred to as a "charge injection layer") which are
represent ed axpglwirgeheral fornula In[err]Ga[err]Al[err]N (provided that 0

[err] x [err] 1, O [err] y' [err] 1, O ferr] z' [err] 1, and X' + Y +
z' = 1) and have aHeGlogppIla+yYeromprund tseaticonduntdniinntbe prgsentn
contact with them Provided that x', y and z' in the general fornula

repr esent i ng inwentcionr goniprises angirapads laygrbandha tayeroefdgeantent .

The ground |l ayer in the present invention is conposed of at |east three

| ayers and alwellhyshimchure @w @éssmbstrare tine thasepzderer nihe quantum
Inferr]Ga[err]Al[err]N (wherein O [err] u [err] 1, O [err] v [err 1, O
[err] w [err]well sgkicuctune means 1¢hatr dn wbdchhat layer atereinattes
general fornmula representing at |east three layers in the ground | ayer nmay
be the same crekgrged & as a "luminpHe L4A¥EARI | S9Betimes hergpEgsfnted
invention, at |least one layer in the ground | ayer is _interposed between
two |ayers Hithe mnqﬂehﬂfm%@aga@dﬁwo(sﬁawwdtF.Bﬂttﬁaif Bf*tRis

| ayer in contact with them
y =1,0<x_§_1,0§y<1,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 £ x' £1,0Sy' £1,0 5 z'
£ 1, and x' + ¥' + 2' =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 InGaAlN (wherein0 S u <1,0 S v s
1, 0 Sw=s1l,andu+v+w=1). Provided that u, v and
w in the general formula representing at least three layers
in the grouhd 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.



9 The | ayer interposed between | ayers having a smaller InN m xed
crystal ratio in the ground layer in the present invention is sonetines
referred to as a "strained | ayer". Conparing the strained |layer with
the layer in contact wth the strainedg ayer fromthe substrate side, a
difference in InN mxed crystal ratio l?etween the strained |layer and the
| ayer in contact wwth the strained |ayer fromthe substrate side is not

| ess than 0.05, nore preferably not I|ess than 0.1, nost preferably not

| ess than 0.2. Vike lhperdifiterposedibetween rayetsl|hawing a smaEléxr than
0.05, the effect of the present invention is not sufficient. A

t hi ckness of IhNemixediceylstal aratiio dmeftheabirpundt 1bges inhhtime pifegedt Wien
the thickness of the strained layer is snaller than 5 [err], the effect of
the present invention is sometimésiréferred to asiachtreingd diapart ayer
has a lattice strain, defects. are fornmed soneti nes when the thickness is
too large. In thfempaséngtthe straimed hrygrovibh |the dayeswin aontect
strained layer is deteriorated after all, and it is not preferred. The
preferred upPeER|thf stspingd kavafces tiie snbstratemidle | ayddif tranals on a
difference in InN m xed crystal_ratio between the strained |ayer and the

| ayer grown bBfERN Ri¥edsFFystal rakde befeenthe |strained Hiayerandf the
strained layer is preferably not nore than 600 A when the difference in

I nN ni xed cry8€aa¥Qn olR sCONEBCETHE 4| EhpeS&raringse layer from the

substrate side 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 SQQ A when the difference

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



10 strained |l ayer is preferably not nore than 100 A when the difference
inInN mxed crystal ratio is 0.3. That is, the product of the difference
in mxed crystal ratio. and thickness (A of the strained |ayer is
preferably not nore than 30 when the didference in InN m xed 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 whestidad nednlayeaf ishereferabry noty atore thzm 1tove A | whagrtigs f ect
can be sonetinmes obtained by using a plurality of strained |ayers.

Exanpl es of

diffgrence LayEnN micdedierystallrratis eisonf0.32m Thak Lsayetise

conprising mlayers having a larger InN m xed crystal ratio and (m+ 1)
| ayer s havi nprogductal ¢£r theN difkferengst dn rmixed Wairyistale ratiioatast each
other. In addition, mis a positive integer of not |less than 2.

the ground | &pdckaesshéA nwfnshedstrainedlayemisaprefigrabpyunat ingref

In

these strained layers, the InN mxed crystal ratio nay be changed little

by little or than ;
| ayer. The thickness of the |ayer may be changed little by

éhwhgadthai 4L ferencs nimginhanisted lomesstal macio sty ai ned
l[ittle unl ess

t he t hi cknes80ExBRERSERaR Oo3i-t i cBlre fiigknesofetbevwstrainedntayer nig t he
InN m xed crystal ratio of each strained, |ayer

referably not more than 100 A when the difference in InN
mixed crystal ratio exceeds 0.3.

Although the effect of the present i;nvent'j-‘.c‘m 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 InN mixed crystal ratio which are laminated each

other. Im@addition, 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.



In the layers having an InN m xed crystal ratio smaller. than that of the
strained |layer, the InN mxed crystal ratio or thickness of the | ayers may
be changed little by little, or nmay be the same as it is. It is
possible to remarkably inprove the crysfﬁllinity of a layer grown on the
ground | ayer by providing this ground yer containing the strained | ayer
between the lum nous |ayer and substrate. Al though this effect is

al so recogni zed when the conpound sem conductor is grown at an

at nospheri c presspf@hélagess gy an phNinmtiseporyphaierateio smal lgmocess
described hereinafter, the effect is remarkable when growi ng under a

reduced presenag.that of dhe stnssinmdd Layey, celte InN miérgdi ey tal acigensi ty
of etch pit fornmed on the surface of the conmpound sem conductor treated

with a heat efr ihickmes sl off theokayers mae b ehdngedl| 1ittle iy dititle,s
considered that the ground layer inhibits transm ssion of dislocations
whi ch are presemayibe the sampoasditemsconductor crystal because the effect
of the ground |ayer appears as a decrease in etch pit density.
Furthernore, the Ptdsecpbossibiettoremankailyinprove the criystadtlinddyt one
| ayer between the |ayer at the substrate side anong the two |ayers having
a smal | er | ndfrd Lagerrgmawn onrtle grgvnd hayeohnpgovidyag thisgresmsd wit h
an n type inpurity. Specific exanples thereof include those _wherein
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 one layer between the layer at the substrate
side among the twoc 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



the strained |l ayer or layer having a snmaller InN m xed crystal

12~ ratio grown on the strained |ayer is doped with an n type inpurity.
Using the structure described above, it is possible to avoid that carriers
injected are reconbined in the strained ayer and that the reconbination
efficacy in the lum nous |ayer is |ower even if the band gap of the
strained | ayer becones snmaller than that of the layer to be joined with
the strained |ayer, because the InN m xed crystal ratio of the strained

llayer is highegtiBagrbuft ofif thBest X €helO18pet 0l Hedopdd tWitRea®tn ot

| ayer. A preférred concentration of carriers of the n type oped
layer is not ligpariRen 1 x 10[err] cnferr], preferably not less than 1 x
10[err] cnfierr]. One enbodi nment of the structure of the Goup II1l-V

conpound sem condugkQhgothé - ricRSHd deB¢efibednabovée o isnpossgblé.tdhe
enbodi nent shown in Fig. 1 is that in which. a ground |ayer of a strained

layer 2, an navppd thyelcakrrikts dhjectedcarayscohbihddiar thé scxpimedim
wel | structure wherein two charge injection layers 4, 6 sandwich a

| um nous | ayelayeri andothatt thethecdmioimavion tepLidayerin the Iumimaisd
each other in this order. A current is injected by providing an n
el ectrode on lakernis\ylmwemsdreverpifnthgpfmnidyymp 8f phevstrainedpafext r ode
on the p type layer 7 and then applying a voltage in the forward
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*® cm™.

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 layver
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



direction, thereby obtaining an em ssion fromthe | um nous

13 layer 5 and a light-emtting device of the present invention.
When the concentration of n type carriers in the charge injection |ayer 4
is sufficiently high, the n electrode be formed on the charge
I njection |ayer 4. When the band gap of the n type layer 3 is |arger

than ‘that of the lum nous |ayer, the n type layer 3 nay al so serves as
the charge injection |ayer w thout distinguishing the n type layer 3 from

the charge iﬂh?é&"S)Bnhaéliﬁgﬂtaémiﬁeﬁ.hgrdewiﬁy@bf ttel ptes e Rairgfentijdcs i on
| ayer 4 may not be grown When the concentratlon of p type carriers

in the charge i njygehi e lcoyient riat ionf 6F i ezbbycélrﬁberﬁriretﬁétdmdﬁgémy be
formed on the charge injection layer 6. In this case, the p type layer 7

may not be f@hAedtion layshen ilshsuebBacgenthycsigion ey areleotrodeamysy
injection layer 6 is doped in high concentration, the crystallinity of

t hese IayerbelSosmﬁdtbmeshéebhamgeauagecthnntﬂagemaﬁe | um nous
characteristics or electrical characteristics are deteriorated, and it is
not preferred. |nWhensthessand tgars ofnthessarype daystudeis hbangm:e:ﬂtarat i on
of inpurities in the charge injection |ayer 4 or charge injection |ayer
6.. The conthatref tive lumimoudhdayerhetbe ystybeilder Bmayelsdaarves at ed
is preferably not nore than 1 x 10[err] cnferr], nmore preferably not nore
than 1 x 10[ esrthen¢karge injectiRn tlayexaylithoutadibbéngkhashanghble tthose
havi ng -
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 charge 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 ldyers is sometimes .deteriorated. In this case,
luminous characteristics or electrical characteristics are
deteriorated, and it is not preferred. 1In 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 10Y ecm™.

By the way, it has been known that those having

comparatively high quality can be easily obtained for the



conparatively high quality can be easily obtained for the

14 conpound sem conductor containing no In by using a proper buffer

| ayer, in conparison with the conmpound sem conductor containing In.
Therefore, it is preferred to grow the ﬁ¥arge i njection layer and | um nous
| ayer on the |ayer containing no In on the substrate. However, when using
the layer containing In as the charge injection |ayer, defects are
sonetinmes formed in the charge injection |ayer due to lattice m smatch

between the chaidRndsemlicenduarer apdthiaihgyne Inobyansing acpropehi ch
was previously grown on the substrate. |In this case, formation of defects

in the char gg fHeRCl apar, |3y ebmpat iBeni whtivhdcbypbahdryemsicondetgr ound
| ayer of the invention between the |layer containing no In which is

previously gicaMtadmdnighen chamgardftrest iorid pyeferred to disow thiehehange nous
| ayer wi Il be expl ai ned. Since the lattice constant of the G oup
| 1'1-V conpourgjetaiictodyeroand dlumindws delyeremenlienjayeartdentaeingr yst al
ratio, the thickness of the lum nous layer is preferably reduced according
to the anpbuntnoofin hensthei substrateny However, nwhemt ubingerthenelayes a
| arge difference in lattice constant between the | um nous |ayer and charge
injection | aartadhninie I& asp the chaxgpdnieaeinn diafier ordefects ane
preferred range of the thickness of the |uminous |ayer depends on the
amount of t hesctetdimes fprmed ia theichesrge injection layer due to lattice
ismatch between the charge injection layer and the layer )
containing no In which 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 explained.

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
feduced 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 ratio of not less than

10% is laminated on the layer represented by Ga,A1.N (provided



| ayer having the InN m xed crystal ratio of not less than 10%is |am nated
on the layer represented by Ga[err]Al[err] N (provi ded
15 that a + b =1, 0 [err] aferr] 1, and O [err] b [err] 1) as the

charge injection layer, the preferred i}éﬂckness of the lum nous |ayer
within the range from5 to 90 A. Wen t

Is smaller than 5 A, the lum nous efficacy becones insufficient. On the
when the thickness is larger than 90 A defects are fornmed and

ot her hand,

the |um noushatfacacy & 19 beconessSipsuindcoestb < 1) a8 I’&}%C&}ﬁﬁ%
be injected into the [um nous |ayer in high density by reducing the’
t hi ckness of ihjectionndayer!, ayhe, pre€elrrednahd ckiidssadf e Qe iAyur/ed.
it is preferred to control the thickness of the |um nous |ayer
wi thin the siaperamgwithinhtiie ahngkef mdmwBet@9i00d nemhetyvehe tHidKiress
difference in lattice constant is snaller than that of the above

enbodi nent. of theWisminphe layemous |smadlexonttsmss AR, itheunlivnigfugich

Ther ef or e,

oxygen are easily incorporated and the |um nous efficacy
| oner ed. | n efficagydecores insuificient .t hORethe wiher haad; epies aiecd by

t he general

preferably nbumipgystaffilgagyeylsovipesomae dnstEfinientn band gap between

i's sonetines

can

S
e thickness of the |um nous |ayer

as

fornmul a In&err]Ga[err]'N (provided thatx+y =1,0 <x [err] 1, and
0 [err] vy <thimkpeasais lawgey than 3 A undebests aaxce .formed ahdlitheer ence
i n band gap between the charge injection |ayer and |um nous |ayer is

t he charge injection

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,
it is preferred to control the thickness of the luminous layer
within the same range as that of 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 InGa,N
(provided that x+y=1,0<x £ 1, and0 £ 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



| ayer and | um nous layer is smaller than 0.1 eV, injection of carries into
the lum nous layer is not sufficient and the

16 | um nous efficacy is lowered. Mre preferably, it is not |[|ess than
0.3 eV. On the other hand, when the banqéﬁap of the charge injection |ayer
exceeds 5 eV, the voltage required for arge injection becones high and,
therefore, the band gap of the charge injection |layer is preferably not
nore than 5 eV. The thickness of the charge injection layer is

preferably frmg&ow?gﬁ ris eer]‘bdf Ma%et?, gred 1gfdotﬂteltscwcge

injection |ayer s smaller t [ 'ar ge

lum nous ef figagy ﬁt?ax%%"!ei %ir.anen EHg&EH&f ‘hand, iwhdPttHY Hatd %l-puow e

preferably, it Is wthin the range rom 10 to 2000 A m nous

llayer may be @R&Eﬂ%&@eoinfe&mﬁga&éwxc&d@sr&w %hletx)’oprfaé@)&% airbyanpl es
of such a structure “include a lamnated structure of (2n + 1) Iayers

wherein n |Uf6f‘%%§aﬂg’@’@!n%e@ﬂon( Betohbs! RY§h Sakdy itHereftve, e phagger
than that of the |umhous | ayers are alternatively |am nat ed.  Provided

that n is a pespofvend inRGRYe dRfettidh Uafierbly PriciBrablyndl . md®s €han
preferably from1 to 30. Wien nis not less than 50, the lum nous efficacy

Is |lowered amgl &¢.takes a long tinme to grow and, therefore, it is not
preferred. Such a structure having a plurality of | um nous | ayers is

particul arly usef uthé ortHilvkmase of nBKeénckasge canjbedivn 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 layers is
particularly useful for the case of making a semiconductor
laser to which a strong light output is required.

It is possible to emit light having a wavelength, which



| aser to which a strong |ight output is required. It is possible to

emt |ight having a wavel ength, which 17
is different fromthat of the band gap of the |um nous |ayer, by doping
the lum nous layer with inpurities. This,is referred to as an "inpurity
em ssi on" because of an enmission from urities. In case of the inpurity
em ssion, the |um nescence wavel ength vari es dependi ng on the conposition
of the Group IIl element and inpurity elenment of the lumnous layer. In

this case, t ] @ | ag YFi {13 ulvineusi Sapeef er abl
not | ess thang%Sé/?FS\hggéﬁtéhfefﬁﬁl\:lﬁh%%5%%2%2? rdatio S srrﬁhﬁlhl er thgfl 5% d
al most al | ofJ i b ingNithecdl ibintisd aYagket Wiitght impdrities.i mmissi bse to
feel a sufficient brightness. The | um nescence wavel ength becones | onger
as the I nN mpgd e tal as anl OimpPer £6¢ emidsd ori"hBetauseast ancemiwsedbengt h

can be adjusted fromviolet to | ue, then green. As the inpurity
suitabl e for fdym i MpMFivied] ssiwncasé&r efpthe dmprritty aemeigsides rebe When
doping My, Zn or Cd anong the Group Il elenents, the lum nous efficacy is

hi gh and, themgfrdssendd wavepeafehratkies depeadiagtomr ther ¢gmpes £t toned.
The concentration of these elements is preferably within the range
from 10[ err] dothe[@rsdp CrIcsldmentThad inpurniis elepentnaf the tumihoasecous! y

doped with Si or Ge, together with these Group Il elenents. The
concentrati ortaydr Si I tBis camesf arheeb|EnNvmined tdnystaigerdation ad[ehe] to
Hoterr] luminous layer is preferably not less than 5%. When the InN )
mixed crystal ratio is smaller than 5%, almost all of light
exﬁitted 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. zZn 1is particularly
preferred. The concentration of these elements is
preferably within the range from _].()‘a to 10*2 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%
-3

cm .

In case of the impurity emission, the emission spectrum



cnerr]. In case of the inpurity em ssion, the em ssion spectrum

18 generally becones broad. As the anpbunt of the injected charge

i ncreases, the em ssion spectrum sonetines shifts. Therefore, when high
color purity is required or when it is ecessary to concentrate a | um nous
power within the narrow wavel ength raﬁﬁg, a band-edge em ssion is
utilized. It is preferred to reduce the anmount of inpurities contained in
the lum nous layer so as to realize a light-emtting device due to the

band-edge egkasrally beSRes’ iHr¥dd. Adethéoansahtabironnel Hlifserég such
as Si, GCe, , Cd and Zn is preferably not nore than 10[err] cnierr], nore .

preferably nehapgeeinthaAsé8| cthé &fi®sidn spectriihafomst bed Neh B edge
em ssion, the |um nous efficacy depends on defects in the |um nous |ayer

and is | owerhdraforbs Whenigi cddbecharhegoi®redixsd olhwhehoie, isit s
necessary to reduce the anmobunt of defects in the um nous | ayer as smal |

as possi bl e. nedessadiyngd corndentrataiadlumimous pdWwer pithdnt thewetten has a
| arge effect for inproving the |Ium nous efficacy of the band-edge type
| i ght -&mi t.tiwgvddength range, |a Hamsd-Edyep emilss\i onpdgoutdl sesdconriucior,
when the InN mxed crystal ratio of the Ium nous layer is high, the
thermal st apreifeyred hot redic¢ecthratamount def eimmrrit tes adordtteeined in
sem conductor sonetimes arises during the crystal growh or
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 2Zn is
preferably not more than 10* cm™, 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 III-V compound semiconductor, when the InN
mixed crystal ratio of the luminous layer is high, the thermal
stability is not sufficient and. deterioration of the
semiconductor sometimes arises during the crystal growth or

semiconductor process. For the purpose of preventing such

deterjoration, a function as a protective layer can be



function as

seniconductor'process. For the purpose of preventing such deterioration, a
a protective |ayer can be 19
the charge injection layer 6 having a snmall InN m xed crystal

i nparted to

ratio by lam nating the charge injecti O£?| ayer on the |lum nous |ayer

having a high m xed crystal ratio (her

nafter the charge injection |ayer

‘in this case is sonetinmes referred to as a "protective layer"). The m xed

crystal rati
nore than

sufficient pro ective function to the protective |ayer

the InN m xadxeaycsfyaétamﬁauoswqtanfmfaeutda_;aﬂné" eAi abﬁ%ncxavﬁﬁéﬁl
ayer

ratio i s not
preferably f
function to

On the ot her

| umi nous ef f someyimes| peferdednth ad lererotectivei Sapei " pt efthe atixddr e

preferably,

o of InN and AIN of the protective layer is preferably not

RéedOto! €186 dHiyd YnjecIBACi Ayet ys ha¥ i a\'%;wgosmarpﬁrfnw

| ess than 10% he t hi ckness of e protective

re preferably,

is

vamthe0 Janimchsy etajezfn n@vm%t & higar hlﬁeEUEfﬁy@t@]I Hiective

the protective |ayer. Wen t
hand, when the thickness 1is larger than 1 [err] m the

it is wthin the range from50 to 5000 A It is

e thickness of the protective
| ayer is smalheretihafite® [ther [chargrifinfectiorfIegér £ANthds kasebtid ned.

preferred tharystalpratdot iofe Imyeandiakl® pft ghe peonduciive ayier isw of
the efficacy of current injection intothelight-emttingdevice. It
i snecessar yt préfpeably =ot acwers othappel 0 ¥puand y niot hlgsscotitamt 5%, on so

as to

respectively, so as to impart a sufficient protective i

function to the protective layer. More preferably, the InN
mixed crystal ratio is not more than 5% and ALN mixed cryscal
ratio is not less than 10%.

The thickness of the protective layer is preferably from
10 A to 1 4 m so as to impart a sufficient protective
function to the protective layer. When the thickness of the
protective layer is smaller than 10 A, a sufficient effect
can not be-obtained. 'On the other hand; when the thickness
is larger than 1 4 m, the luminous efficacy is lowered and,
therefore, it is not preferréd. 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-émitting 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



i npart the p type conductivity to the protective layer. Specific exanples
of -t he acceptor type inpurity include G oup

20 Il elenents. Anong them M and Zn are preferred, nore preferably
My. Wien the protective |ayer is doped with the inpurity in high
concentration, the crystallinity of the““protective |layer is deteriorated
and the characteristics of the light-emtting device are sonetines
deteriorated after all. The concentration range of the inpurity where the

crystallini tyq S e:gfé.er | HHE I hem PrRGeaall ¥ Urd P retdired | HotB[ err]

cnferr], nore preferably not nore than 1°x 10[err] cnferr]. Next, the

substrate usef-dfddilPMISCNTheAUAYE pROTRRE ivel DUy RE DS Qsafgﬁe?ihwihm tRe
(0}

expl ai ned. As the Substrate for growing a crystal e Goup I11-V

conpound sem jeRitualyorin IRIge oA eht aidl / eche Néxyd®dFlinty &F CchelCO
(NdGad err]), spi nelyo(hl\r/lgAl [gerr] Jerr]) and {he i ke are used.y Si nce

sapphire is tgrytelian lagdrais detiedliciatediahd tite eharacret iisitdlesqos! ity
can be obtained, it is inportant. In the growt h using these

substrates, amelightdeaioringedgvicsrd\simetifldy denegAbatedcaytéavi ng
high crystallinity can be growm by a so-called two-step growth in which a

thin filmlikdlas AHe dhcerfabgt o, rdnge Nofetthe, impum tyanvnete obhef
these filnms on the substrate as a buffer layer, and it is preferred.
Exanpl es of tdwysyaideiasi tyf ipmotudeter ideatedis prdferablgponptumat-e than
sem conduct or include nol ecul ar beam epitaxy
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 éemiconductor, for example, sapphire, 2Zn0, 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 £ilm like as 2n0, 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



(hereinafter referred to as "MBE", sonetines) process, organonetallic
vapor phase epitaxy (hereinafter referred to

21 as "MOVPE", sonetines) process, hydride vapor phase epitaxy
(hereinafter referred to as "HVPE", songtines) process and the |ike. Wen
usi ng the MBE process, a gas source nol kul ar beam epi taxy (hereinafter
referred to as "GSMBE", sonetines) process, which is a process of feeding
a nitrogen raw material (e.g. nitrogen gas, ammonia, other nitrogen
conpounds, e4§.9MOVPE heofdt ifbah Srsed¥d Myl idsedapbP dHlise epitaxy
nitrogen atomis not easily |ncorporated I hito the c?ystal, sofret | nes,

because the (héregRartay r@terred toSasheiismt | Ysdntt imed ) pidtdlssCaga the
i ncorporation efficacy of nitrogen can be increased by exciting the

nitrogen ravth@tdked wheh udliing enewmmpgoéassi Wqghb ddurdemdtbuahed

state. Next, the production process according to the MOVPE process
of the G oupbeéan €y itaxyoihersina esiveferret tdias woMeR, soMentines)wi | | be
expl ai ned. In case of the MOVPE process, the followng raw materials

can be used.process fhaichsis axaogess of flekdifgapikrbgeavraminatialaincl ude
trialkylgalliumrepresented by the general formula R err]Rerr]Rerr]G

(wherein R efe]g. Riercjgengasy ammbnias nﬁﬂtéﬂ/ﬂﬁ.ﬁrbgéhmﬁmﬁxd@,\/\é’tcap kyl
group), such as trinethylgallium[(CH err])[err]G, hereinafter referred
to as "TMG',isdhet gass§tate disehbyhgblyiused ( Cirey thibarade ] & ni€eogen
hereinafter referred to as "TEG', sonetines)] and the like; .
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 invention will be explained.

In cdse 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



trial kylalum numrepresented by the general formula Rerr]Rerr]Rerr]Al
(wherein R err], Rerr] and R err] are as defined above), such as

22 trimethylalum num[(CH err])[err]Al], triethylal um num
[(Cerr]Herr])[err]Al, hereinafter éfferred to as "TEA",
sonetinmes)], triisobutylalum num [@<=Cerr]Herr])[err] A] and t he
i ke; trinmethylam neal ane [(CH err])[err]NAHerr]];
trialkylindium represented by the general formula Rlerr]Rerr]Rerr]In

(wherein R egp lr,nmf%grﬁglrl qu[ﬁn:rd A1) ASc ARl LPERPON Bhun S G BOR,) A1,

trinmethylindiu err erei nafter

‘TM” SOWﬁEbE&ﬁh]fceﬂ ri %fei‘ﬂéfr@ﬁ' U%C[ ergdd Hl eigga e”]ér gﬁéﬁ 1 ke.
Thesear eusedal one I n conbi nation thereo the' Group V
raw materi al tk&&kéﬁﬁtﬁm%&numhydr PFiD@ H 'i”%i 1yl hydinazi neche like;

1, 1- di met hyl hydr azi ne; 1, 2- I met hy hydra2| ne, t-butyl am ne,

et hyl enedi a”t@@mé'&ﬁyl@&;nbbh.ﬁne-rhese[@CH Haedial pne or ¢ £00P1 NRd iR
t hereof . Anbng these raw materials, ammbni a and hydra2| ne are preferred

because theyrepgesented bgr@Ba gefsral fHemiDheRH,R BHJ wival&in IRt RS
contam nation of carbon into the sem conductor. As the p type dopant

of the G oupahdlr,\drwapAdsfinetcaboesysueh astelinethytliadeans) @H),In,
i nportant. Specific exanples thereof include My, Zn, Cd, Hg, Be and the

| i ke. Amonghekednalfyeirs prefetrred because as p t"yIMI'Qne lsdmeNinmesy ],
resi stance is easily nade. As the raw material of the My dopant, an
or ganonet al | triethypdnddumer@GEentad dyd the Qicer alfheseataused alone
(RCerr]Herr]) 20
or in combination thereof.
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 thereof. Among
these raw materials', ammonia and hydrazine are preferred
because theéy contain no carbon atom in the molecule and cause
little contamination of carbon intoc.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



(provided that R represents hydrogen or a |ower alkyl group having 1 to 4
carbon atons) (e.g. biscycl opentadienyl

23 magnesi um vi nyl met hyl cycl opent adi enyl magnesi um

bi set hyl cycl opent adi enyl nagnesg m bi s-n-

propyl cycl opent adi enyl magnesi #} bi s-i -
propyl cycl opent adi enyl magnesium etc.) is preferred because of it's
sui t abl e vapor pressure. As the n type dopant of the Goup Ill-V
compound - sefhgaagiahgr G puiyineelyTEE Foruit A iy M ! GEHes At

| mportant. Spegific eganples thereof include Si, Geand O. nong them S

is particul apigephgieyeedpbficadsengn n type mQPﬁeBi\ﬁan | ow regigl-gice is
easily made and those having high raw material purity are obtained. As the
raw nmat eri al prepyleelopentdapenyl sil ane mh§hbbeam)), disil yig-i-
(Siferr]Herr]), nononmethylsilane (CHerr]SiHerr]) and the like are
preferred. propyEzgopbpenthdiénylr omaggestunce aecondi Ag t @ricfered’E

process, which can be used for the production of the Goup |I11-V conpound
sem conduct obecanseudf itngl suibablereapoprpresstites waf er reactor and the
like. In case of the multi- wafer reactor, it is preferred to grow under

reduced pressure Asothe tro typet dopanlte afhi thenmGrpuy BIIePi campalunkd | min
the wafer surface. The preferred range of the growi ng pressure in the
mul ti -waf er semiconductoérpe) IV elem@nasnand Group\sl led ememtisciargas,
t here can be used gases such as hydrogen, nitrogen, argon, heliumand, the
| i ke al one oimp@rtant. 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 reactor, 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



conbi nati on thereof. \Wen hydrogen is contained in the carrier gas, a
sufficient crystallinity is not obtained
24 soneti mes when grow ng the conmpound sem conductor having a high InN

m xed crystal ratio. In this case, it ig,necessary to reduce the parti al
pressure of hydrogen in the carrier gaS.” The preferred partial pressure of
hydrogen in the <carrier gas is not nore than 0.1 atm Anong t hese

carrier gases, hydrogen and heliumare preferred because a Kkinetic
viscosity is slomesdnmsdwhenCgpywingOothd emptiind deinliotdustorHBlaiviiy &
expensive in conparison with the other gas and the crystallinity of the
conpound senhdghdinNaixed eeysgaddrasidesan kadsabgye, eis HEE8Ssary
hydr ogen. Since nitrogen gas and argon are conparatively
i nexpensi ve, tohepduge bhesparahh] predsubencfubydgogdehaigetR80CAEr 9brt he
carrier gas. Next, the second part of the present invention wll be
expl ai ned. gas. Thhe ippafeamied ipartical cpréssthe predgdrodgatenin Ofhé S
characterized by having a structure that a ground layer of a Goup IIl-V
conpound senrceswrdert gasr ésr aotnmedebhiane 0 .demaemal fornul a
Inf[err]Ga[err]Al [err]N (provided that O [err] a <1, 0<b <1, 0.05 [err]
c <1, and a + b Amgng :Thesg |aanmimrs ¢asges, ohydaoGenupntdl lhel inmmmaned
sem conductor represented by the general fornula In[err]Gay[err]Al[err]N
(provi ded t hRreferred| hegause 03[ rifeyic < viscoslidyr |ig dargendnd Y + z
= 1) and a protective |ayer . .
convection does not easily arise. Helium is expensive in
comparison with the other gas and the crystallinity of the
compourd 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.:s
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,Ga,Al N (provided that 0 £ a <1, 0 <b
<1,0.05 =c<1l,and a+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 < Yy
<1, 0=z<1l,and x+Y¥+z=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 <



of a Goup II1-V conpound sem conductor represented by the general fornula
In[err]Gab[err]Al[err] N (provided that 0 [err] a' <1, 0 <

25 b' [err] 1, O [err] ¢ <1, and a° + b' +c' =1) are |am nated each
other in this order. The |um nous | ayer,,has a band gap smaller than that

of the ground | ayer and protective Iay@p and a | am nated structure of
these three layers forns a so-called quantumwell structure. Since the
ground | ayer and the protective |layer have an action of injecting charges

nto the |ugnogs; | ayes, cihese hug daueps Ate SOl amigbRitelath as a

"“charge injection fayer" heréi nafter. One enbodi nent of the
structure ofgd qwueniél oifaefowpfﬂadlﬁﬁﬂheegdqay@& ®fast e PASS \Ag
i nvention is shown In 2. Fig. 2 illustrates™an enbodi nent erein a

buffer |ayeimshOar ¥hah i;uae &@Mnleagﬁauﬁ@%afezgracwsrbe)éeh%@ﬁaferI um nous
| ayer 105, a protective layer 106 and a p type layer 107 are |am nated on

a substrate gyl 4 NLAMisaesdestrudeuréest thésenjthlerd Iy HPVESHRE an n
el ectrode on the n type layer 103, providing a p electrode on the p type

layer 107 angbidgledfianitigh aeldl sagectirele §onhvar€hdi geeah@nlayager eby
obtaining an em ssion fromthe | um nous |ayer 105. As the |um nous |ayer

and protectial tageprotdet bredayee h@ﬁﬂa&h&ctiﬁﬁ&:ﬁ)ﬁ.ﬁjé&thh@tcﬂ&ﬁ &é bed
with respect to the first part of the present invention. e ground

| ayer will himtexptise ntambrees nbayer, these the gqurilaneﬂsémetlmes
characterized in that the AIN m xed
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 J.ayer 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 mixed crystal ratio is smaller than 0.05, a change in



crystal ratio is within the range fromO0.05 to 1. Wen the Al N m xed
crystal ratio is smaller than 0.05, a change in

26 | um nescence wavel ength is small and the effect of the present

i nvention is not obtained. The AN m'xeéi crystal ratio is preferably from
not less than 0.1, nore preferably not Pess than 0.15. Wenthe Al N ni xed
crystal ratio exceeds 0. 9, the driving voltage sonetinmes becone high and,
therefore, it is not preferred. Accordingly, the AIN m xed crystal ratio

is preferabl iuﬂﬁhéﬁ@e@x@%%ﬁexg%hm _iLﬁARInitangtJ}{‘g l;??%] S ¥k ¥ OpRd ! ayer

Is preferably wthin the range

e e ckones bbeken e B0 BbSahaa AL bkl [0

of the pres i nvention I's not renar 0 N the

Filmthicknegatqb E.erﬁéﬁé&!‘%ifgo KoeeiSsd difdd b 'ﬁ?gg:{éf?%?r%t?i;g time

to grow the ground | ayer and, efore,” Tt is not <ul tical

use. The 0l 888 ¢ Hady el 19! therpﬁﬁéﬂuhﬂxsatéfybweréiﬂ%ﬁ%e Lth the
(6] red.

impurity within the range where the crystallinity 7is not we en the

ground | ayer Oi.s,mdrﬁ.ﬂiﬂ?tm%a%ééaﬁé@iﬁéé pekomed i dhankl, lélﬂ-}(éfé‘é&fé g

device such as driving voltage, 1umnous efficacy and the |ike are
someti mes i GRr QsethotN prefEArRir e accbrds nB §f, e thed a 1R e fdL @ﬁéﬂf of
concentration

the preferred range of the doping amount include the «carrier
within the rgageof isnptefetdbey hotmhere] than 4.%.10[err] cnferr]. Mre

preferably, the range of the carrier .

A film thickness of the ground layer is preferably
within therange from10 A tol x#m. When the 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 film thickness of the ground layer exceeds 1 u 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

21 -3 . . A
x 10° cm™. When the carrier concentration is smaller than



concentration of the ground layer is from1 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 sonetinmes. On the other ha when 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

semi conduct of geyo¥echr, e¢RESeHjEet 18RNerERCagyOHRdthay Bha2hd JUbsbRAte. As
Is explained in the first part of the present”invention, a“structure

wherein a pufpi¢ien®fsdmitindd 75 o0af thBeo€REP NHKH S WHSP RN Eak-Haw Nng  a

different lattice constant are lamnated is particu1 arly preferred because

the crystal |l¢ondentfatidmyiey 15@%5.@ EHANV] xt 6% QAT | £hePBRysRRI 1RV Ed.
In the lam nated structure of the ground |ayer, |um nous “|ayer and

protective |lafehe givwdd bageexiyl aetedisbaved ddiethbalin GfowPBSFaBhcyf the
| um nous | ayer nay be nade larger than that of the ground |ayer so™as to

obtain a strisxtsometines cloweredbnpressive stress is applied to the | um nous
|l ayer in the joining direction, i.e. structure wherein a
conpr essi ve stredneé slaymt icerd a4 pIvmalityecf chayerpacel tRE nt eypBeoioi ning
interface. In order to obtain such a structure, for exanple, a process of
maki ng the Indn-rioget coppoandr atnbcondutber| may teid nkayposked Batwbban t hat
of the ground | ayer )

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 .

lattice cofistant 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. Inorderto obtain sucha 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



can be used. Even if the InN m xed crystal ratio of the | um nous

| ayer 28 I's made | arger than that of
the ground layer, a msfit dislocation is formed on the interface between
the lum nous |ayer and ground | ayer ac grding to the process or condition
of growi ng these layers, and lattice refaxation of the |um nous |ayer

ari ses and the conpressive stress is not applied to the |um nous |ayer.
Therefore, the lum nous |ayer having high crystallinity can not be

obtai ned, sQEEiadRS.1 Meh&h atAkB0 ot tHINgEEaREr ahyee , ( X GRESIE 1Y
1000C) for a long tine atfter growi ng the | um nous layer™ without formng

the protecti ygsharationh 18efbriicdoRothéEintEtffd betwedethatliitibus
tenperature (exceeding 1000[err]C), thernal deterioration of the |um nous

| ayer someti TRgerPdfd efbund Da{rék%ed@ﬁﬁtﬁ} tol tife YroWdi® berBiBitich i S
pref erably not nore than 1000[err]C in the crystal growh of the

protective | afeigrowing tBeddclagebs)r an@ Axkigicow RGLAKQELER WH Gihare
used in the present invention, there can be used the sanme one as that

descri bed wi Limiaspsctlayert arifsgsstaniirthef coliprpssiest stiresentisomot

EXAMPLES The follow ng Exanples further 1llustrate the present

i nvention i nagplded et the hotitoudelapastr ueHerefbirsit thee luminous
layer having high crystallinity can not be obtained,
sometimes. When maintaining 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
protectivétlayer.

As the substrate and growing process which are used in.

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



scope thereof. Exanple 1 29 A

G oup I11-V conmpound sem conductor having a structure of Fig. 3 was nade
by a MOVPE process. The sapphire C surface was mrror-polished and
washed w th an organic solvent, and thegp the resultant was used as a
substrate 8. As the grow ng process, a -step growth nethod using GaN as

a lowtenperature grown buffer [ayer was used. A GaN buffer layer 9 having
a thickness of about 300 A (550[err]C), an n type layer 1 of GaN doped

with Si having a A Birelpess: & c nd s2nli¥dndu8toORAT EhGld st 2Adtdre .

non-doped GaN | ayer 10" having a thickness of 1500 A were grown under

pressure of J¢ &afom Qyadihdue BAATLIRIVER drtiedadd I i er gas. Then, an
Inf[err]Ga[err] N | ayer doped with™Si as the strained |ayer 2 was grown at

the substrate tenp@idigdapphire’/Merfdde ils miQroeCcpeds shed aad washedr ogen
as the carrier gas, TEG TM, silane diluted to 1 ppmwth nitrogen and

amoni a in tRkgitRERUBgahié SéIverts V4nd eienOtReSEssultant asinged akm
respectively. Furthernore, an n type layer 3 of Ga[err]Al[err]N doped with

Si was grown atsydErsite §.enaer sher §réwingOppboekes abywbesdepggi&ih TEA,
t he above silane and ammonia in the anmpunt of 0.032 sccm 0.008 sccm 5
sccm and 4 simgthodapdnk ¢&% s a low-tdmpsrdarhid growal i £ ferl 1ayeentvagean

units of gas flow "1 sIlnf nmeans that a gas occupying 1 liter of a volune
per 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 sccem, 0.6 scem, S scem and 4 slim,
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 scoem, 0.008 sccem, 5 scem and 4 slm,
respectively.
Provided that "slm" and "sccm" mean units of gas flow.
"l slm” means that a gas occupying 1 liter of a volume per
minute in the normal state flows, and "1000 sccem" corresponds

to "1 slm".



mnute in the normal state flows, and "1000 sccmi' corresponds to "1 slnf.

30- Regarding the filmthickness of the |layer 2 and |ayer 3, the
growing rates determ ned fromthe thickness of the |ayer grown under the
sane condition for a long tinme are 43 m nute and 30 A/ m nute,
respectively. Therefore, the filmthicRness determ ned by calculating from
the above growing tinme is 50 [err] and 300 A, respectively. Af ter

growing the n type layer 3, a lumnous layer 5 (50 A) of non-doped

In[err]Ga[err] N aﬁggar&[i_ﬁ O€hb tgﬁfchﬁ}’é‘srs dF €3Q014) o2 n%% 9% under

Gaferr]Al[err]N weré& gro at t rate tenperature o

the growi ng gre r gL | on
| ayer 6, a pB ygghl ﬁgié'rlﬁ g%?)% %\te iﬁéd f nghé h&l\/g&\?\ﬁ/aggsgr&ofmqpﬂaét t he

substrate teiragé%t zgfswﬁfuﬂé@PQneTaaméagah&lwaﬁ f@éea g Bemb-4r&afpd in

nitrogen at 800[erf]C under the pressure of 1 atm for m nutes to reduce

the resistan@e/mindbe hadesodApasi nudd h :Mhpectlveii‘ t e i MRl ment

the layers 9, 1, 10, 2 and 3 are ground ayers. The |layer 3 al So serve as

the charge ERIRACHhGRKNRSS - determuf&?fﬁtﬂ'@Qlé@latﬂﬁ?m*!roﬁr QGRS above
el ectrodes were forned on the sanple thus obtained fo give LED. A N -Au

all oy was ugeewaagt kéme ¢sesbr ddanddod &\@Sré@ﬁécﬁivéh!? n el ectrode. A
current (20 mA) was passed through this LED in the forward

After growing the n type layer 3, a luminous layer 5
(50 &) 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
injectiog 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



direction. As aresult, it emtted clear blue light. A center wavel ength
of- an em ssion peak was 4800 A and a 31
| um nance was 860 ntd. Conpar ati ve Exanple 1 According to the sane
manner as that described in Exanple 1 qxcept for grow ng a | um nous | ayer
5, a charge injection |layer 6 and a p3type | ayer 7 of GaN doped with My
after growi ng a non-doped GaN | ayer 10, LED was nmade, and then LED was
eval uated according to the sanme manner as that described in Exanple 1. As
a result, itigmihbhadectwasar sbbugscdli ght and a | um nance was 390 ntd.
Exanpl e 2 According to the sane manner as that described in Exanple
1 except that the layer 3 is GaN doped with Si, LED was nade, and then LED
was eval uated according to the sane nanner as that described in Exanple 1.
As a result, cemphpatieacExamplé3D ncd (center wavel ength of em ssion peak:
4600 A, quantum efficacy of external quantum O0.8%. Exanpl e 3
Accordi ng to the Recerdhngetocathenadamesmanhed ias thamplestérdbedptinf or
growing a GaN | ayer 7 doped with My under the growi ng pressure of 1 atm
af ter grow nBxampde- #opxdeptEdt growing a luminous layer 5, a charge
injection layer 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 lajrer 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, guantum 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 sccm, respectively, and



| um nous | ayer at 750[err]C under 1/8 atmusing TEG and TM in the anount
of -0.04 sccmand 0.6 sccm respectively, and

32 growing a charge injection |ayer 6 of non-doped Ga[err]Al[err]N at
750[ err] C under 1/8 atmusing TEG and TEA in the anmount of 0.032 sccm and
0.008 sccm respectively, LED was nade,“and then LED was eval uat ed
according to the sanme nmanner as that described in Exanple 1. As a result,
a lum nance was 520 ntd and a center wavel ength of an em ssion peak was

4600 [err]. gxe n%ﬁ%}é{;’:@% ldtdon lalyeﬁ_ccé)rcﬁi Hod-ddey GAMR1TBRNer as

that describ except for growng a |lum nous |ayer 5, "a

charge injegld 9% 0°gyghderaffs dat@MNis f4§ TEGURREOTIAL BnMin¥ Afiedht EOW Ng
a strained layer 2 and a Ga[err]Al[err]N layer 3 after grow ng a non-doped

GaN | ayer 100.0BR weem"BHE: 0 JHEH sddib, repeaivialed 1aer el fdak9 hhe same
manner as that described in Exanple 1. As a result, it emtted very weak

light and athef NBpCRayasrdliatdd accordihy ebrthé bame m2hHEY Gsithat
According to the sane manner as that described in Exanple 3 except for

formng a st desliideddlin EXAmRY eJNQW 8§ aarestdtped LavMeharcangasd 520
Ga[err]Al[err]N layer 3 twice after grow ng a non-doped GaN | ayer 10, LED

was made. Thewd BhB @asenter! warelen@tioolf h lemildsd ceakawasr 4860t Bat
described in
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 luminancé was not more than 107 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, LED 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.



Exanmple 1. As a result, a |um nance was 240 ntd.

33- Exanple 5 According to the sane manner as that described in
Exanpl e 3 except for growing a Ga[err]Al[err]N layer 3 in place of the
Galerr]Al[err]N | ayer 3 after grow ng a.%étrai ned | ayer 2, LED was nade.
Then, LED was eval uated according to the¥sane manner as that described in
Exanple 1. As a result, a center wavelength of an em ssion peak was 5050 A
and a | umnance was 320 ntd. A |uninescence wavel engt h becane | onger than
that of Exang :Fam%l 5 Exanpl e 6 A Goup IIl-V conpound seni conduct or
shown in Fig. I's grown by vapor phase epitaxy according to a MOVPE’

process to rrake el i &'HH&”%%&%”Q&M'EQ%BM P {1884 ] in
After GaN (500 A) as a buffer layer 9 1s formed on a sapphire (0001)

substrate 8 @!xén’f\%ér})\’éﬂﬂa R rdwiny a @[ AN LE vager 3henppeasare of
1/8 atm wusing TMG and ammﬂnl a, ?GaNr@fayer dopedl’vmtﬁﬁS was gtrsown at

1100[err] C i ot hhe f@a&}gﬂ%a dyer [afFlce® growinglal Bteriheal eaybfl err] N
| ayer doped with Si [err]Al[err] N I'ayer “doped with Si are

repeatedly grmmwasXmidePs Then OLAD vl evaduatddedccopdihfetb ahehsame

injection |ayer 4 of a In[err]Ga[err]AI [err]N layer doped with Si is

grown. manner as that described in Example 1. As a result, a center
wavelength of an emission peak was 5050 A and a luminance
was 320 med. 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, Al, ,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 5of a I.r'xo_sGao,sN layer (150 A) is grown,

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



A lumnous layer 5 of a In[err]Gerr]N layer (150 [err]) is grown, and
then a Ga[err]Al[err]N layer is grown in the thickness of 300

34 [err]. Then, a GaN | ayer 7 doped with My is grown in the

t hi ckness of 5000 [err]. After the growmh, the substrate is unloaded from
the reactor and heat-treated in nitroger‘?“'at 800[err]C to reduce the

resi stance of the My-doped GaN | ayer. LED having a sharp em ssion
spectrum can be nade by form ng el ectrodes on the sanple thus obtained
according to ga normal process. A GaN buffer |ayer 102 having the

t hi ckness of "about 300 A (substrate tenperature: 550[err]C, grow ng

pressure: 1 atm, niy I 1 ' | xS o] 3
[err] mof GaN dopTetgéhV\ﬁ tél giSN(%%g%re??]agg%&ngwgelﬁaygr q'ilgg??ol‘é%oﬁg) lﬁhg'.f n

type Ga[err] Al gsuddssiopedsods MRS APEEr SERENgroGtRY BMEr 8@BBtratet RS
carrier gas. Then, a |um nous | ayer of non-doped In[err]Ga[err] N (50

[err]) was difiéaddd tf¥om W rdadoraaidd heat -¢re3®ed v heedogen gkt rogen
as the carrier gas, TEG TM and anmonia in the anount of 4 sim 0.04

sccm 0. 24 scgo@E@d4osikeducecshecte¥eb¥ance of thHet Mgraeped galr ohgeki.ve
| ayer 106 (300 [err] ) of non-doped Ga[err]Al[err]N was grown at the sane
tenperature by fe®RD navidg ahary emiesion i spéberanocah bé Madd2bgccm
0.008 sccmand 4 sIm respectively.

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
i m of GaN doped with Si (1100°C) and a layer 104 (1500 A)
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 A)
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 scem, 0.24 scemand 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



After grow ng the protective |ayer 106, the tenperature of the substrate
was raised to 1100[err]C and a p type |layer 107

35 (5000 A) of GaN doped with My was grown. The sanple thus nade was
heat-treated in nitrogen at 800[err]C qﬂger 1 atmfor 20 mnutes to redu
the resi stance of the M)-doped | ayer. According to a normal process
el ectrodes were formed on the sanple thus obtained to give a
light-emtting device. A N -Au alloy was used as the p el ectrode and Al

was used as (5@on 2| &t QUi doped Wikh! MgZRaB Yy ryea . PASE & 4 18 Ghyd Ni S

light-emtting device in the forward diréction” As a result, It emtted

clear blue | nglle wAsCREAELLYEBNEEENIN MitFoqeh & 89000 PEAKr VBSathBKbA
According to the sane manner as that described in the above Exanple exce

for using nogodapadtéaNasrddifcdthdNdeslisrancéd of CREME-dSFedBdSrer.

The sanpl e thus obtained was evaluated. As a result, a |um nescence
wavel engt h was 4588cpedihgato 20 nd¥mal procdgs)rdlagtiedédaverdergrmuer as
that described in the above Exanple, a quantumwell structure, wherein

non- doped Gahl ¢tHd Gajmple] thus abraindaped divad Rightcehyeing qRBcand a

ce

pt

non- doped GaAI N protective |layer (the sane tenperature) are |am nated, was

made and a | At NiieAui ahjjeyvwas obsed vasl tiye ysielpctarodd enld (L Way esepe.
aresult, formation of a msfit dislocation was not observed at the
i nterfaces ofstftbe huelaectsodeyerda Sirmsntt HRA aiX) wasc pasised thirduy®aN is
this light-emitting device in the forward direction. As 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 olStained was evaluated. As a result,
a luminescence v)avelength was 4500 A at 20 maA.
According to the same manner as. that described in.the
above Example, a qua"ntum 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 InGaN is
larger than that of GaN, a misfit dislocation is not formed

before and after the quantum well structure. Therefore, it

As



| arger than that of GaN, a msfit dislocation is not forned before and
after the quantumwell structure. Therefore, it

36 is clear that a conpressive stress is applied to the InGaN. layer in
the interface direction. Exanpl e 8 3 According to the sane manner as
t hat described in Exanple 7 except for Sromdng non-doped GaN in place of n
type Ga[err]JAl[err]N doped with Si and growng n type Ga[err]Al[err] N (600
[err]) at 800[err]C as the ground |ayer 104, using nitrogen as the

carrier gas, jg 828RretMAE dAsknp ﬁ%ﬂ\i@%ﬁﬁ&ssiﬁphﬁg!@éd éaai:h'étﬁibaN

according to the sane manner as that described in anple 1. As a result,

It was obser ygé¢elroi@ncheCligtergaeandilegittionlhe Iunlnescence wavel engt h at
1 m was 5200 [err]. The Goup Il1-V conpound sem conductor of the

present invention has high crystallinity and high quality, and a
light-emtting device using the sanme has high lumnous efficacy and its

i ndustrial vgkefple Barge. The light-emtting device using the G oup
[11-V conpound sem conductor of the present invention can inhibit

formati on of a mi atecbrdiagoaai ithe osanée manherf ane thathdeskaibedusid ayer

and easily emts light having a | onger wavel ength. Ther ef or e,
| um nescenceEwampllenpigxcept Per grasiing nonddoped GaN tiheplace afangsypand its
i ndustrial val ue
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 was 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. The luminescence wavelength at 1 mA was 5200 A.

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

The light-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.



Is |arge. 37 \What is clainmed is: 1.
Alight-emtting device conprising a structure that a ground layer of a

G oup [11-V conpound sem conductor represented by the general formula
Inf[err]Ga[err]Al[err]N (provided that o [err] a <1, 0 <b <1, 0.05 [err]
c <1 and a+b +c =1), a lumnous ghayer of a Goup Ill-V conmpound

sem conductor which is represented by the general fornula
In[err] Gajvedg Ald ed1d Mddriwi ded that O< x [err] 1, OJerr] y <1, 0
[err] z <1, and x + Y + z = 1) and has a band gap smaller than that of
the groundL) ayea, light-eaitpingecidwisce tayprisbhg a Skwowgpture| Eh¥t a
conpound sem conductor which is represented by the general formula
I n[err] Ga[eredud [ ekager ofpraoviGerp thelI-V Odampdund <semigondustdrr ]
1, O [err] ¢ <1, and @ + b' + c¢' = 1) and has a band gap |arger than
that of tHeePxpFeRtRd| H¥r tre vererat cfowmelr othSasphl hﬁg&row;tm a
| attice constant of the | um noys | ay Is larger than that of the ground
| ayer and @ SofpFedyi V& ~§tg‘e§stii's o'ag%li el Tolth@ R MolR tafer i 12
j oining difection, . Th | Lght-emiting device accordi to cl.aim1,
Wherei n iU GGHRENE ¢ SPFERE ofE af SEOUDer EbTY | PR R aUR LR i m
1lis wthingth fr am e er % %[ h 3.
The |i ght -gsm' t'%eﬁljgrré%%\ﬂt(:eg ag!():%r éﬂ[ﬁgqe})le%?%i rﬁJ or ale g élrgjéﬁﬂn Qg%‘ﬁqr:#ed
thickness ghathe |@mnqus layey ofyclaimd sig w ihi anhe narge ffamp)to
90 A 4. The light-enmtting device according to claim1, 2 or 3

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 geﬁeral formula
In,.Ga,.Al_ N (provided that 0 gz a’ <1, 0 <b’ 51, 0 s
¢’ <1, and a’ + b’ + ¢/ = 1) and has a band gap larger than
that of the luminous layer are laminated each other in this
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.

2. The 1light-emitting device according to claim 1, wherein
a concentration of an n type carrier of the ground layer of
claim 1 is within the range from 1 x 10 cm™ to 1 x 10** em™.
3. The light-emitting device according to claim 1 or 2,
wherein a £film thickness of the luminous layer of claim 1
is within the range from 5 to 90 A.

4. The light-emitting device according to claim 1, 2 or 3,
wherein a concentration of Si, Ge, Zn, Cd and Mg is not more

than 1 x 10* om™3,

R



wherein a concentration of Si, Ge, Zn, Cd and My is not nore than 1 X
10ferr] cnferr]. 38 5. A process
for producing the light-emtting device of claim1, 2, 3 or 4, which
conprises growi ng the protective layer of claiml at the tenperature of
not nore than 1000[err]C. 6. The ligg-emtting device according to
claimi1, 2, 3 ; 4 or 5 wherein a concentration of My contained in the
protective layer of claim1l is not nore than 1 x 10[err] cnierr].

5. A process for producing the light-emitting device of
claim 1, 2, 3 or 4, which comprises growing the protective
layer of claim 1 at the temperature of not more than 1000°C.

6. The 1light-emitting device according to claim 1, 2, 3 ;
4 or 5, wherein a concentration of Mg contained in the

protective layer of claim 1 is not more than 1 x 10 com™d.
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