1 SPECI FI CATION TI TLE OF THE I NVENTION Light Emitting Device BACKGROUND OF
JHE INVENTION 5 (Field of the Invention) This invention relates to a
Night emtting device provided with a nitride sem conductor (for exanple,

In,AlyGl , YN, 0 x, Oc y, x+y < 1) including |ight emtt| [ such
‘as LED (light emtting diode) and LD (laser 10 diode). dmmmmmmmmmmmm
Recently, the light enitting device i ncltidi ng nitride sem cohgdyetor |ayers
such as a blue LED or LD has attracted attention. Since the device nade of
nitride sem conductor 15 has a high nelting tenperature and a rel atively

hi gh heat resistance, it has a snall tegﬁfrature dependence and is
expected to find application in nGFESHRFOAIN enitting devices but al so

various kinds of devices. Al so, the LED has excellent pr ‘ " ||H mh as
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Light Emitting Device

BACKGRQOUND OF THE INVENTION
5 (Field of the Invention)
This invention relates to a 1light emitting device

provided with a nitride semiconductor (for example,

InAlGa;, N, 0=x, 0=y, x+ty=1) including light emitting
devices such as LED (light emitting diode) and LD (laser
10 diode) .
{(Prior art)

Recently, the light emitting device including nitride
semiconductor layers such as a blue LED or LD has attracted
attention. Since the device made of nitride semiconductor

15 has a high melting temperature and a relatively high heat
resistance, it has a small temperature dependence and 1is
expected to find application in not only light emitting
devices but also various kinds of devices.

Also, the LED has excellent properties such as low

20 power consumption and long lifetime and has an effect on
the economy of power consumption and the decrease of
maintenance frequency. Therefore, the LED holds promise as
a light emitting source for the traffic signals and a high

bright LED which can give sufficient visual identification

25 outdoors 1is expected to be developed. The light in the



20 power consunption and long lifetine and has an effect on the econony of
Jpower consunption and the decrease of maintenance frequency. Therefore,
the LED holds promise as a light emitting source for the traffic signals
and a high bright LED which can give sufficient visual identification 25
-outdoors is expected to be devel oped. Thf light in the 2 yellowregion is
often used in an indicator that attracts® attention such as directional
signals of the car and a bulletin board for traffic information other than
the aforenentioned traffic signal. 5 The LED made of Al Gal nP has been

al ready reali.zed as the high_bright LED which emts the |ight having a
wavel engt h ¥ 1%e 5RIIF FR-gPERCTHERETeriD tHe E@fﬂﬁﬁﬁ%rthagIGQQﬂ@QE%j

| ar ge t enperature dependence and particularly, the em ssion output thereof
decr eased SHTRHHAR abUah FBF efavafEdOPRApeT A Shchthe dééfeadd of t he
em ssion output at an el evated ten?erature beconmes a | arge probl em

parti cul ar BpLiletime PRE@rEat 6PTwhiEATf3C ol @Enati orathemhitdians fd@ause
generally, the tenperature within the _indicator is very high in sunmer
when t he s@f@remggitdongs 155 igesy 9Edong or in the regions such as tropic
zones and the decrease of the em ssion output in the situations that the
sol ar % adi ati on Tih¢ Jéiy Badengf| Ad&a1n8 tiee derseagbrordyt Keavigadl as
identification. Such a fact beconmes an extrenely |large problemfor the

i ndi cat or ﬁﬁﬁthhé@mtshﬁ%ﬂﬂﬁ LED which emits the 1light having a

wavelength in the yellow region. However, the LED made of

AlGaInP had large temperature dependence and particularly,

the emission output thereof decreased extremely at an

10 elevated temperature. Such a decrease of the emission

output at an elevated temperature becomes a large problem,

particularly in the indicator which is mounted outdoors.

This 1is because dgenerally, the temperature within the

indicator is very high in summer when the solar radiation

15 is very strong or in the regions such as tropic zones and

the decrease of the emission output in the situations that

the solar radiation is very strong leads to the decrease of

the wvisual identification. Such a fact becomes an

eXtremely large problem for the indicator which emits light

20 in the yellow region and is often used as an indicator that
attracts attention.

It is known that the active layer is made of mixed

crystal containing indium (In) and the mixing ratio x of In

is large to decrease the band gap energy, with the result

25 that the wavelength of the emitted light is long, so as to



20 in the yellow region and is often used as an indicator that attracts
attention. It is known that the active |layer is made of m xed crystal
containing indium(In) and the mxing ratio x of In is large to decrease
the band gap energy, with the result 25 that the wavelength of the emtted
light is long, so as to 3 enit the light_having a wavel ength in the yell ow
region corresponding to yellow of the t¥affic signals in the light
emtting device including nitride sem conductor |ayers (for exanple,

In, AlyGal , YN, Ox, Oy, x+y < 1) . However, if the 5 wavel ength of the
emtted light is mde |ong by increasing_ the mxing ratio of indiumin the
active | ay&mitto et LEREL 1RGN Rhadi r‘(@‘ﬁel\/ﬁ‘é\f?é'{hengflhgqr}? t ielye¥| dRI1eg on
using the light emitting device having nitride sem conductor |ayers, the
probl em of ‘PeErERSEXRG ¥sildevoetfp fhenittr fifder sdg@als dn tthe rilgibig
rati o of indiumcomes up. The em ssion output decreases markedly fromthe
poi nt wher €MIHE 18¢ devidge viaddlveigon nd ta lidse slesdcossgaher Raversr | ( fore
active layer including indium(In) in the amount required to achi eve an
em tting waexelngrdgt h IofAdlmyt, SO0 MiExhad Ay, extryend) y bAdweSesur fidicehst at e
and then, the problemthat the sem conductor |ayers having a good

crystdl | i nwayedgmasth o fidraneeinicitedichight sig f madet hengobycdmes egs i nGUMVARY

OF THE I NVENTI ON 20 Thi s invention has been acconplished to solve the
the mixing ratio of indium in the active layer to emit the

light having a wavelength in the yellow region using the
light emitting device having nitride semiconductor layers,
the problem of decrease the emission output with increase
10 of the mixing ratio of indium comes up. The emission
output decreases markedly from the point where the emitting
wavelength Ad is about 550 nm. Further, the active layer
including indium (In) in the amount required to achieve an
emitting wavelength of about 590 nm has an extremely bad
15 surface state and then, the problem that the semiconductor
layers having a good crystallinity cannot be formed on such

a surface thereof comes up.

SUMMARY OF THE INVENTION

20 This invention has been accomplished to solve the
above-mentioned problems. It is an object of the present
invention to enhance the emission output of the 1light
emitting device including an active layer made of nitride
semiconductor c¢ontaining In, particularly, of the 1light

25 emitting device which emits a light having a wavelength



above-nentioned problens. It is an object of the present invention to
-.enhance the em ssion output of the |ight
active layer made of nitride sem conductor containing In, particularly,
the light 25 emtting device which enmts a Iight having a wavel ength 4

Ionger (not less than 550 nm) than that jn the yellow region. It is

anot her object of the present invention to enhance the crystallinity of
the sem conductor |ayers which are forned on the nitride sem conductor
5 the l'i ght having a mavelength in the yell ow region.

achi eve the above-nen ned obj ect, cor he prese inve ntion,
there is pﬁ S9Fed én? ?%Fﬁg g@?%gt%ﬁﬁécﬁpveqFéyéﬁ Between
the n-type senlconductor and the p pe sem conductor |ayer, 10
char act eri Z6FLOR 't hatt t b2 ae¥%58r|§§é@0$oﬁﬁ¥

| ayer which emts

In,t1Gal |clN x1>0 contalnlng In and a first barrier |ayer nade of

AIyZGal y2RE?

emtting device including an

BRESRIT 1DHGBELRRAECof
nCaivsitRg LAR ity Réd then sekd C\‘R/@Fiﬂlcft&%llayleﬁst W8 ichght

of

To

emtting |ight deV|ce havi ng such a 15 structure according to the present

i nventi on, &fe

devi ce,

sem cénducttre [Lapsit

that in the yell ow region can be 20 enhanced. Al so, the sem conductor
| ayers formed oot mchieve the above-mentioned object, according to

10

15

20

25

the present invention, there is provided a light emitting
device having an active layer Dbetween the n-type
semiconductor layer and the p-type semiconductor layer,
characterized in that the active layer comprises an well
layer made of In,Ga, N (x1>0) containing In and a first
barrier layer made of Al,Ga, ,N (y2>0) containing Al formed
on the well layer.

In the 1light emitting light device having such a
structure according to the present invention, the emission
output of the nitride semiconductor light emitting device,
particularly of the light emitting device comprising a
nitride semiconductor layer which emits a light having a
wavelength longer than that in the yellow region can be
enhanced. Also, the semiconductor layers formed on the
well layer and the first barrier layer can be improved in
crystallinity.

Also, in the light emitting device according to the

present invention, the well layer is made of ternary mixed

crystal, In,,Ga, . N (0.6=x1=1), resulting in that the well

e PP BOE pil tEH den S HGATIM HEH conrict BRiFhgRMi&si tting
partlcularl%ﬁpf the light emtting device conprising a nitride
ViRded Wavglenght Ravichg ¥elhaveleddon -l onger than



well layer and the first barrier |ayer can be inproved in crystallinity.
Also, inthe light emtting device according to the present invention, the
wel | layer is made of ternary mixed 25 crystal, In,,G1 x1IN (0.6x11),
resulting in that the well 5 layer and the first barrier layer forned

thereon can be inproved in crystallinitnSand the sem conductor |ayers
formed on the first barrier layer can be further inproved in

crystallinity. 5 1n the light emtting device according to the present
invention, the well layer may contain Al that is diffused fromthe
adjacent layer. In the light emtting device according to the present

i nventi on, V&Y i $§ﬁ1%&r§%ygﬁrﬁg9rc&ﬁ¥ﬁ§1fﬂr?ﬁ%tqh§reﬂ9cﬁ$?u§@d from
the adjacent layer. In the light emtting device according to the present

i nvention, WHREOYSH ndPpr 6pBFEROGAIREESF #Hdi Fhthe sEECangsitoy s legkiitol | ed
to be not less than 0.6, resulting in the |ight em ssion of a wavel ength
in the yel IToF™e&givh he Itrpbnherrifrsdavier 1 | bgnfusiheri Agraeviede
according to the present invention, the mxing proportion xI of In in the
wel | | ayer s psiteddbiy tadj usted to obtain the |ight emnission having a

wavel ength of not |ess than 530 nm 20 Further, in the |ight enittin%
devi ce accordin@ntﬁhﬁuilght emitting device according to the presen

invention, the well layer may contain Al that is diffused
from the adjacent layer.

In the light emitting device according to the present
invention, the first barrier layer may contain In that is

10 diffused from the adjacent layer.

In the light emitting device according to the present
invention, the mixing proportion x1 of In in the well layer
is controlled to be not less than 0.6, resulting in the
light emission of a wavelength in the yellow region or

15 longer.

Also, in the light emitting device according to the
present invention, the mixing proportion x1 of In in the
well layer 1is preferably adjusted to obtain the 1light
emission having a wavelength of not less than 530 nm.

20 Further, in the light emitting device according to the
present invention, the mixing proportion y of Al in the
first barrier layer is preferably not less than 0.1,
resulting in, particularly, the improvement of the emission
output of the device which emits the 1light having a

25 wavelength in the yellow region or longer.



present invention, the m xing proportiony of Al in the first barrier
layer is preferably not less than 0.1, resulting in, particularly, the

i nprovenent of the emission output of the device which emits the |ight
having a 25 wavelength in the yellow region or longer. 6 And the m xing
proportiony of Al inthe first barrier _layer is nore preferably adjusted
to be not less than 0.15, nost preferaﬁ?y not less than 0.2. Thus, the

i ncrease of the mxing proportion y2 of Al 5 in the first barrier |ayer
enabl es the threshold voltage to be decreased. And in the light emtting
device according to the  present invention, the active |layer preferably

conprises a se W8 Milerl NdaperPREdd 0gf Y| AX3AL 3Baths FaNst(barsyisr. 5o, 3,
0 10 <y3 < 0.1, x3+y3 < 0.3) and thereby, the well layer formed thereon
can be i npréVEd s &oyst Brefsireplvasgivstere toi §8t nek tessg tdeni e 15,
according to the present invention, the second barrier |layer is nore
pr ef er abl y Medde Par fegppdry neitx d@ser yoeal 0-Bax3Gal _x3N (0:-5x3:-5 15 0.3) or
bi nary m xed crystal, GaN which corresponds to x3=0 and thereby, the
crystal defectsTyé t Fhehelnpreasened the mHi&ingt trapadristant? befwdén t he
barrier layer and the well |ayer can be decreased and the deterioration of
the &rystal ithiet fightt bersdeandalysrr eapbllggethiet soirestiod dt yo20akieghoni xed
crystallization of In can be prevented,

be decreased.

And in the light emitting device according to the
present invention, the active layer preferably comprises a

second barrier layer made of In,AlGa.,;..N, (0=x3=0.3, 0

10 Sy3=0.1, x3+y3=0.3) and thereby, the well layer formed

thereon can be improved in crystallinity.

And in the 1light emitting device according to the
present invention, the second barrier layer 1is more
preferably made of ternary mixed crystal, In,Ga,..N (0=x3=

15 0.3) or binary mixed crystal, GaN which corresponds to x3=0
and thereby, the crystal defects due to the difference in
the lattice constant between the barrier layer and the well
layer can be decreased and the deterioration of the
crystallinity of the second barrier layer itself due to

20 high mixed <crystallization of In <can be prevented,
resulting in the improvement of the well layer in
cystallinity.

Since the 1light emitting device according to the
present invention comprises the second barrier layer, the

25 well layer and the first barrier layer, even when the



resulting in the inprovenent of the well layer in cystallinity. Since the
Jdight emtting device according to the present invention conprises the

second barrier layer, the 25 well layer and the first barrier |ayer, even
when the 7 mxing proportion of Inis large, the active |ayer having a
.good crystallinity can be formed. Such active layer may be nore
suitable for the active layer in the multi-quantum well structure. 5 And

inthe light emtting device according to the present invention, it is
preferable that the n-type sem conductor |ayer conprises an n-type
cladding layer to confine the carrier within the active |layer and the
p-type seﬁP@&ﬁ@U@F8P0F§98P ngﬁpl§§slérﬁetyﬁgecﬁgaﬂyﬁglﬁg§érh981?6 éonfi ne
the carrier within the _active |ayer, the device _conprising an n-side
second cIa@&Pﬁchgﬁéﬁl%é&étﬁfCﬁPtPPdé°r§€ﬁ100§HGBt8P eShi¥enitAYSFnMB¥t ween
the active_ layer and.  the n-type cladding lLayer and a p-side second

cl addi ng P&y@Prﬁa§@l6ﬁbﬁﬁtﬁpaet@@nﬁ@@ﬁaﬁcﬂéﬁeéoﬁ@a?ﬁﬁn&uﬂﬁlﬁépﬂééﬁm‘15 t he
active layer and the p-type cladding layer. In the light emtting device in
such a contiegdr &tirvsturehe n-si de second cl adding | ayer and the p-side
second cladding |ayer can prevent the deterioration of the crystallinity
and te occurrehdd oint Hhaundéshtabtrel Poing sdevtlicen facendingt itee thger due

to the difference in the
present invention, it is preferable that the n-type

semiconductor layer comprises an n-type cladding layer to
confine the carrier within the active layer and the p-type
semiconductor layer comprises a p-type cladding layer to
10 confine the carrier within the active layer, the device
comprising an n-side second cladding layer made of nitride
semiconductor containing In between the active layer and
the n-type cladding 1layer and a p-side second cladding
layer made of nitride semiconductor containing In between
15 the active layer and the p-type cladding layer.

In the light emitting device in such a configuration,
the n-side second cladding layer and the p-side second
cladding layer can prevent the deterioration of the
crystallinity and the occurrence of the undesirable

20 distortion in the active layer due to the difference in the
lattice constant between the n-type cladding layer and the
p-type cladding layer, resulting in the enhancement of the
emission output.

As described above, according to the present invention,

25 the emission output of the nitride semiconductor device,



| attice constant between the n-type cladding | ayer and the p-type cladding
Jlayer, resulting in the enhancenent of the em ssion output. As described
above, according to the present invention, 25 the em ssion output of the
nitride sem conductor device, 8 particularly the nitride sem conductor
Jdight emitting device which enmits the |jght having a wavel ength | onger
than that in the yellow region (not |Iess than 550 nm can be enhanced.

The cystallinity of the nitride sem conductor |layers on the 5 nitride

sem conductor | ayer fromwhich the Iight having a wavelength in the yell ow
region is emtted_can be inproved. Particularly, in the case that the

mi Xi ng pr opSAGiGNI6F LN theonihrife FRRSEOBAGER gy suitidng Seyickan
0.1, that 1is, y2 ? 0.1, the above-nentioned effect is brought to the 10
fore. FurtM&LCH fEI&H ddie | Sl sohpy brlicedWaiet ArIbleclergeY ot heRe tigteshol d
voltage of the light emtting device on condition that y2 ? 0.15,

pref er abl y iyp thegy2llgr ERIBESCRRPY| ERFOFETHE PRAAMNGS 5 g ¢rhpnceda
schematic cross sectional view of the |[|ight enittin% di ode of the first
enbodi ment &€ sVEtEg el tvhe fprtdse it tirddentsedr copdyctor d ayesehematihe cross
sectional view showing the configuration of the active |ayer of the first
emboditent nitzdde gerg qondacieerkayer cfoe® whéchortdle vl bahshbavigdt ke

configuration of the active layer of a nodified exanple of
wavelength in the yellow region is emitted can be improved.

Particularly, in the case that the mixing proportion of

Al, y2 in the first barrier layer is not less than 0.1, that

is, y2 2 0.1, the above-mentioned effect is brought to the

10 fore. Further, the effect is also produced on the decrease
of the threshold voltage of the light emitting device on

condition that y2 = 0.15, preferably y2 .= 0.2,

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a schematic cross sectional view of the
light emitting diode of the first embodiment according to
the present invention,
Fig. 2 1s a schematic cross sectional view showing the
configuration of the active layer of the first embodiment,
20 Fig. 3 is a schematic cross sectional view showing the
configuration of the active layer of a modified example of
the first embodiment,
Fig. 4 is a schematic cross sectional view showing the
configuration of the active layer of another modified

25 example of the first embodiment,



the first enmbodinment, Fig. 4 is a schematic cross sectional view show ng
the configuration of the active |ayer of another nodified 25 exanple of
the first enbodinent, 9 Fig. 5 is a schematic cross sectional view show ng
the configuration of the active |layer of the second enbodinment, Fig. 6 is
.a schematic cross sectional vieM/shomﬁng)the configuration of the active
| ayer of a nodified exanple of 5 the setond enbodinent, Fig. 7 is a
schematic cross sectional view showing the configuration the active |ayer
of another nodified exanple of the second enbodinment, Fig. 8 is a
schematic cross _sectional view showing the 10 configurati .t | aser

. on of th

di ode of the thifrd -erbddi RefChedecdfdi ﬁ&stsoS@ﬁélBPé%eNtlean?g‘HWBH, %ﬁieg. 9
is a graph showi ng the relation between the driving voltage and the m xi ng
proporti onCHPFIGUTALIeN PHe the) AT iNgr Lp¥eTI Qfefhei ReFREBY PRRPIGREREY ng
di ode according 15 to the present invention, Fig. 10 is a graph show ng
the rel ati on betfwden &t Ré 2eSICESMGR 16UCHAE Saf§CERENAILX VAGWpEBRYE R okhey2 of
Al of the first barrier layer, in the light enitting.dlode accordin% to
t he presenFOPﬁQQWF@GAPHZQfﬁqﬁeJﬂ?ﬁ%Y%i%ﬂ¥ﬁﬁl%ﬁo@ﬁﬁ@ téladi exapelfeen t he
PL em ssion output and the m xing proportion, y2 of Al of the

5 the second embodiment,

Fig. 7 is a schematic cross sectional view showing the
configuration the active layer of another modified example
of the second embodiment,

Fig. 8 is a schematic cross sectional view showing the

10 configuration of the laser diode of the third embodiment
according to the present invention,

Fig. 9 1is a graph showing the relation between the
driving voltage and the mixing proportion, y2 of Al of the
first barrier layer, in the light emitting diode according

15 to the present invention,

Fig. 10 is a graph showing the relation between the
emission output and the mixing proportion, y2 of Al of the
first barrier layer, in the light emitting diode according
to the present invention,

20 Fig. 11 is a graph showing relation between the PL
emission output and the mixing proportion, y2 of Al of the
first barrier layer, in the light emitting diode according
to the present invention, in the intermediate state of the

device,

25 Fig. 12 is a graph showing the temperature



first barrier layer, in the light emtting diode according to the present
Jdnvention, in the internediate state of the device, 25 Fig. 12 is a graph
showi ng the tenperature 10 characteristics of the light emtting diode
,according to the present invention, conpared to those of the conventional
dight emtting diode nade of Al Galn, Fi%¥)13 is a schematic cross sectional
view of the 5 configuration of the lig emtting diode of the fourth
enbodi ment according to the present invention, Fig. 14 is a AFM phot ograph
showi ng the surface norphology of the first barrier layer (in which m xing
proportion of Al is 0.15) 13 of the |light emtting diode 10 according to
the presentlPR@&heErdfLtifsSy.cfsthg 4 pEBt bgtAph KRG RETWE RS f &Ce
nmor phol ogy .of the first barrier Jayer (in which mxing _ proportion of A is
0.30) 13 ofththe PrERenEn tITRPATUe &O8OREESY t 6Ot hetipE&entof nvEREI on,
15 Fig. 16 is a AFM photograph show ng the surface norphology of the first
barrier | aFeRvVertighedh lAdkitngmisitdpar fitofeomage P B148Yn13 of the |ight
emtting diode according to the present invention, Fig. 17 is a AFM
phot ogr aph showfAg -t he3 stisf dceSCREMABEEhSITOFP ofeEhECRAE stV igHr rofer thayer
(in which mxing proportion of Al is 0.60) 13 of the Ii%ht emtting diode
5 configuration of the light emitting diode of the fourth
embodiment according to the present invention,

Fig. 14 1is a AFM photograph showing the surface
morphology of the first barrier layer (in which mixing
proportion of Al is 0.15) 13 of the light emitting diode

10 according to the present invention,

Fig. 15 4is a AFM photograph showing the surface
morphology of the first barrier layer (in which mixing
proportion of Al is 0.30) 13 of the light emitting diode
according to the present invention,

15 Fig, 16 1is a AFM photograph showing the surface
morphology of the first Dbarrier layer (in which mixing
proportion of Al is 0.45) 13 of the light emitting diode
according to the present invention,

Fig. 17 1s a AFM photograph showing the surface

20 morphology of the first barrier layer (in which mixing
proportion of Al is 0.60) 13 of the light emitting diode
according to the present invention,

Fig. 18 is a graph showing the driving voltage versus

the mixing proportion Z of Al in the light emitting diode

25 according to the present invention,



according to the present invention, Fig. 18 is a graph show ng the driving
voltage versus the mxing proportion Z of Al in the light emtting diode
25 according to the present invention, 11 Fig. 19 is a schematic cross
sectional view showing the conflguratlon of the active layer of the fourth
.enbodi ment according to the present inv qylon Fig. 20 shows the energy
[evel of the active layer and 5 the reglons close to the active |ayer of
the fourth enbodi ment according to the present invention, Fig. 21 is a
schematic cross sectional view showing the configuration of the active

| ayer of the fifth odi ment according to the present i nventi .10 Fig.
22 is a schenatlégbrdgg %%cﬁ(ﬁéh eNA et sREAFRg SStre BGHs i %ﬁﬁ%l?gﬁwéthhe

active layer of a npdified exanple _of the fifth enbodi nent accardin

t he presethanéﬁPﬁéﬁurPFéOHZBOﬁs &hgr apRteNEwi n§YERe PEI atPEn HEMRE n the
em ssion output and the wavel ength in the light emtting 15 diode of the
fifth enbo&PRERLM&EE0RECARGLHI ke 6P§séﬁ?sepgvéﬁYPBﬁloﬁETAl LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Enbodinent 1 20 Fig. 1 is a schematic view
showi ng the confitgur aCi 6ROVSF thRe SPRGRY éﬁy?ﬁlﬁé Ghedeche¥sr dpHgTt 8 ehe

first enbodiment of the present invention. The |light emtting
5 the regions close to the active 1layer of the  fourth

embodiment according to the present invention,

Fig. 21 is a schematic cross sectional view showing
the configuration of the active layer of the fifth
embodiment according to the present invention,

10 Fig. 22 is a schematic cross sectional view showing
the configuration of the active layer of a modified example
of the fifth embodiment according to the present invention,

Fig. 23 is a graph showing the relation between the
emission output and the wavelength in the light emitting

15 diode of the fifth embodiment according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1
20 Fig. 1 is a schematic view showing the configuration
of the 1light emitting diode according to the first
embodiment of the present invention. The light emitting
diode has such a configuration as a buffer layer 102, an
undoped GaN layer 103, an n-type contact layer 104, an n-

25 type cladding layer 105, an active layer 106, a p-type



di ode has such a configuration as a buffer |layer 102, an undoped GaN | ayer
103, an n-type contact |ayer 104, an n 25 type cladding [ayer 105, an
active layer 106, a p-type 12 cladding layer 107 and a p-type conatct |ayer
108 are successively lam nated on a substrate 101 and an n- el ectrode and
.a p-electrode are forned on the n-type contact |ayer and the p-type
contact 108, respectively. 5 The substradte 101 is used to form desirable
nitride sem conductor layers (InxAlYGl ,t YN O <x, 0 <y, x+y <
1)t hereon and sel ected appropriately. The buffer layer 102 is forned for
t he purpose of rel axi ng | attice constant = m smatch between the substrate
101 and t h&lFdr e 18YSEN LohddECor 2 (1R APRGaFONayRE olaygr oW yargry <
1) . The wundoped GaN |ayer 103 is forned for the purpase of _inproving the
n-type contS¥SCEss&eLlYos LafileRtied t 8Tbed f SHREFTER8r edRli n28FysERI | Prity.
The n-type contact |ayer 104 is formed for the purpose of realizing the
ohmi ¢ 15 céAEe&drodpheandt ype Braderhgotayerraosfamngdr e fibe t Retyper pose
of confining the carrier within the active layer 106. The active |ayer 106
is formed condmct [liagier. aTHe the Pypebel £98itagTtl aP8r IOPPESTA¥EA¥d for the
purpose of confining the carrier within the active |ayer 106, |like the 20
n-type cl addi ng Theyesullgsratmelplt yise edRd atp Ifoyar desirable opdtdifer the
pur pose of realizing the ohmc contact with the p-electrode 112.
semiconductor layers (InAlGa,,. N, 0 =x, 0=y, xty =

l)thereon and selected appropriately. The buffer layer 102
is formed for the purpose of relaxing lattice constant

mismatch Dbetween the substrate 101 and the nitride

A

10 semiconductor (InAlGa,,. N, 0=x, 0=y, xty=1). The
undoped GaN layer 103 1is formed for the purpose of
improving the n-type contact layer 104 which is to be
formed thereon in crystallinity. The n-type contact layer
104 is formed for the purpose of realizing the ohmic

15 contact. The n-type cladding layer 105 is formed for the
purpose of confining the carrier within the active layer
106. The active layer 106 is formed to emit light. The p-
type cladding layer 107 1s formed for the purpose of
confining the carrier within the active layer 106, like the

20 n-type cladding layer 105. The p-type contact layer 108 1is
formed for the purpose of realizing the ohmic contact with
the p-electrode 112,

The substrate 101, the buffer layer 102 and the

undoped GaN layer 103 of the above-mentioned light emitting

25 device may be removed selectively, 1if necessary, for the



The substrate 101, the buffer layer 102 and the undoped GaN | ayer 103 of
Jthe above-nentioned light emtting 25 device may be renoved sel ectively,

if necessary, for the 13 purpose of the enhancement of the eni ssion output
and the decrease of internal absorption of the light, after the formation
-of each layer on said substrate and saigt%ayers. In this specification,
The growi ng direction of each layer 5 i efined as upper direction.
Therefore, in the enbodinment 1, the p-type sem conductor |ayers are in the
upper direction fron1the n-type sem conductor |ayers. Conponents of the
nitride sem conduct or ght emttin di_ode of the first enbodi nent

accordi ng tpélrtg?éeprcéfse?ﬁe Bh?ﬁi%%ﬁ‘\?gl%no\fm 5hen F e IR PR BRIE | ARdeltdRl s

bel ow. The substrate 101 may be made of, in addition_to sapphire haV|ng
the princi f&ICESIE&Se ?h enﬁileéﬁlé‘ SRR el OMaitngthe i ﬁ&igﬁéll prarRE | APR plane
or A plane, insulatin substrate such as _spinel (M or _ot her
senlconducﬁ@ﬁmﬂi%ﬁﬂa &aChs v es %ﬁ(}?h@lﬁﬂbﬁ@rﬁFﬁ ﬂFﬁ3€?leﬁSYeZﬁO GaAs
and GaN. The buffer layer, 102 is formed for the purpose of relaxing
lattice cordt dhlsmishpfidH weiimen The $tpira@iraciiendofheanht Arger

sem conductor (InxAl Gal_x_YN, 0 <x, O<y, 20 x+y S 1) and for exanple, is
formed by dowidRfimEed @GN, URPEEN, digestiostc. ThEhegiwFel ayeh 10Remay be

formed at a tenperature of not nore than 900 C to a thickness of 10
embodiment 1, the p-type semiconductor layers are in the

upper direction from the n-type semiconductor layers.

Components of the nitride semiconductor light emitting

diode of the first embodiment according to the present
10 invention will now be described in details below.

The substrate 101 may be made of, in addition to
sapphire having the principal plane in C plane, sapphire
having principal plane in R plane or A plane, insulating
substrate such as spinel (MgAl,0,), or other semiconductor

15 substrate such as SiC(including 6H, 4H 3C), ZnS, Zn0O, GalAs
and GaN.

The buffer layer 102 is formed for the purpose of
relaxing lattice constant mismatch between the substrate
101 and the nitride semiconductor (InAlGa,, N, 0=x, 0=y,

20 x+y = 1) and for example, is formed by growing AlN, GaN,
AlGaN, InGaN, etc. The buffer layer 102 may be formed at a
temperature of not more thén 900 C to a thickness of 10
angstroms to 500 angstroms.

The undoped GaN layer 103 is made as a GaN layer which

25 is not doped with an impurity. According to the Embodiment



angstrons to 500 angstrons. The undoped GaN |l ayer 103 is made as a GaN
layer which 25 is not doped with an inpurity. According to the Enbodi ment
14 1, the undoped GaN | ayer 103 is further forned on the buffer layer 102,
to inprove in crystallinity the n-type contact |ayer 104 which is to be
fornmed on the undoped GaN |ayer 103. 5 The n-type contact |ayer 104 is
usual |y doped with an n-type inpurity sifth as Si in a concentration of not
|l ess than 3 x 1018/ cnB and preferably not |less than 5 x 1018/ cnB. The
conposition of the n-type contact |ayer 104 may be |nx5Al y5Ga, x5 YSN, (O
< x5, 0 <y5, x5+y5 1) , but the present 10 invention is not limted to
such a corréosi?lil%n.u ol t GE Idfffact OPaye? iy therpr EPEREBI YThadBeof GaN
or AlyGal_ yN (the value of y is not nore than 0.2) to obtain a nitride
seniconducé@ﬁﬂ%ﬂﬁﬁaMﬁﬁh19%m1éﬁ&s%%@rQMﬂeéﬂsﬁrMﬁiath%Mh@SEh%fnrﬁ§Pﬁ-type
contact layer 104 is controlled to 15 be 0.1 to 20 a in, preferably 0.5 to
10 p m andgomseet gesrdr ANy whitdh 5is madoasteenedrom ahha- shdepepddealill
thereon, but is not limted to the above-nentioned range. Next, the n-type
cl addi ng | dpaner, 195.is preferably in the structure conprising at |east
three | ayers of a undoped 20 n-type cladding first layer, a n-type
cl addidng second They & tdmge ¢onitEs tanl avay ped4 nigurisya bhyl dop@dopédhnanype
cladding third layer. And the n-type cladding |ayer 105 may further

n-type impurity such as Si in a concentration of not less

than 3 x 10Y/cm® and preferably not less than 5 x 10Y%/cm’.
The composition of the n-type contact layer 104 may be
InAl,sGa. s N, (0=x5, 0=y5, x5+y5=1), but the present
10 invention is not limited to such a composition. The n-type
contact layer may be preferably made of GaN or AlGa, N
(the value of y 1s not more than 0.2) to obtain a nitride
semiconductor layer with few crystal defects. The
thickness of the n-type contact layer 104 is controlled to
15 be 0.1 to 20 u m, preferably 0.5 to 10 g m, and more

preferably 1 to 5 um so as to form an n-electrode 111

thereon, but is not limited to the above-mentioned range.
Next, the n-type cladding layer 105 is preferably in
the structure comprising at least three layers of a undoped
20 n-type cladding first layer, a n-type cladding second layer
doped with an n-type impurity and a undoped n-type cladding
third layer. And the n-type cladding layer 105 may further
comprise layers other than the aforementioned first to
third layers. The n-type cladding layer 105 may be close

25 to the active layer 106. Otherwise, there may be provided



conprise layers other than the aforenentioned first to third layers. The
n-type cladding | ayer 105 may be close 25 to the active |ayer 106.

Gt herwi se, there may be provided 15 another | ayer between the n-type

cl adding | ayer and the active |layer 106. The n-type cladding first to
.third layers may be made of various conggsition of nitride sem conductor
(InAIYGl , YN 5 0 _x, O<y, x+y<l), but may be preferably nade of GaN
The conposition of one of the first to third |ayers of the n- type cladding
| ayer 104 may be different fromthat of the other layers or may be the
sanme as that t he, ot her | ayers. _The thickness of the_ n-type cl addi ng
ayer 305 PEORBTOmTENT chLYEE pF cPaBpe] LA 08 R e oL e
preferably 1000 tq 10000 angstronms and nost preferably 2000 to 6000

angst rons, A5 Vies 1791 ilf-ed to the above- mentioned range. If the

t hi ckness of the n-type claddin | ayer 105 is wthin the above-nentioned
range, the 15 optienifzdtyPén Cﬂfadgﬂn@a e tacdh R AnteYSES Wha¥isPandagieat i ¢
vol tage can be enhanced. The total thickness of the cladding |ayer 105 may
be prefer & yagdarpoFPEECS bt ben wi Mt tile FHureemducsasd In a: pyN,
controlling each thickness of the first to third layers 20 of the n-type
cl additng | &K, apE pprkaydl)., Bach maydre e ferabdysmadet o Gad .n- Thpe

cl addi ng | ayer 105 may be made of sem conductor having a conposition of
In.AIYGaI_Egmﬂpsé@iQP of one of the first to third layers of the n-

type cladding layer 104 may be different from that of the
other layers or may be the same as that of the other layers.
The thickness of the n-type <cladding layer 105 is

10 controlled to be preferably 175 to 12000 angstroms, more
preferably 1000 to 10000 angstroms and most preferably 2000
to 6000 angstroms, but is not limited to the above-
mentioned range. If the thickness of the n-type cladding
layer 105 is within the above-mentioned range, the

15 optimization of Vf can be achieved and the withstand static
voltage can be enhanced.

The total thickness of the cladding layer 105 may be
preferably controlled to be within the aforementioned range
by controlling each thickness of the first to third layers

20 of the n-type cladding layer appropriately. Each layer
which constitutes the n-type cladding layer 105 may be made
of semiconductor having a composition of InAl.,Ga,,. N, (0=x,
0=y, x+y=1l), preferably a composition InAlGa; . N having
a low mixing proportion of In and Al, more preferably GaN.

25 In the first embodiment, the active layer 106 having a



Oy, x+y < 1), preferably a conposition In. Al YGIl _,t_YN having a |ow m xing
.proportion of In and Al, nore preferably GaN. 25 In the first enbodi nent,

the active layer 106 having a 16 single quantumwell structure, as shown in
Fig. 2, is fornmed on the n-type cladding |ayer 105. The active |ayer 106

-conprises a second barrier layer 11 mhiéﬁiis formed under the well [ayer
12, an well layer 12 where the carrier s reconbi ned and the |ight
emtted and a first barrier layer 13 which is forned on the well layer 12.

Further, the uppernost layer 14 is formed on the first barrier |layer 13
to grow the p-type cladding | ayer 107 having a good crystallinity. 10 The
second bar Fir8PflRay@panunp g §FTUEERTBxart e SPOMMt r #8e Kk condudfor
represented by the general formula, 1nx3A1"3Gl x3 "3N, (0 x3, 0 < y3,
x3+y3 < 0. Ie¥meAcradithg 2-dvPemsileddigitentayafel B ed FRrontFhEVam gVaY,
alum num (Al), gallium(Ga) and nitrogen (N). The second barrier |ayer 11
15 preferabP¥ EERIIASE ng presedd i barkiedr lpgest 1h vhigh, iseSpewefvely,
of x3:-150.3, y3:-50.3, x3+y3 < 0.3, in order to formthereon an well
| ayer 12 wﬁpéﬁrhﬁgeaweéédla&??sﬂabIﬁﬁiW?lénéaygrnﬁaewhﬁrﬁiFhﬁd@arrler
sem conduct or having a Iarge m xi ng proportion of In required to emt
| i ght Shavi i§ 2CPWEE®ngnd ithe hblglt | elinded and ha Tyt bauraer the
second barrier layer is preferably nade of ternary mixed crystal of
| nx3Gal_x33Hyefx33. Phigth bipafyprmededrerifee avebd layer 12.  Further,
the uppermost layer 14 is formed on the first barrier layer
13 to grow the p-type cladding layer 107 having a good
crystallinity.
10 The second barrier layer 11 is made of, for example,
nitride semiconductor represented by the general formula,
In,;Al,;Ga; ,3.N, (0=x3, 0=y3, x3+y3=0.1) including 2 or
more elements selected from indium (In), aluminum (Al),
gallium (Ga) and nitrogen (N). The second barrier layer 11
15 preferably has a mixing proportion x3 or y3 of In or Al,
respectively, of x3=0.3, y3=0.3, x3+y3=0.3, in order to
form thereon an well layer 12 which has a good
crystallinity and is made of nitride semiconductor having a
large mixing proportion of In required to emit light having
20 a wavelength in the yellow wavelength. In particular, the
second barrier layer is preferably made of ternary mixed
crystal of In,Ga,,;.N, (x3=0.3) or binary mixed crystal of
GaN to decrease the crystal defects due to the difference

in lattice constant between the second barrier layer 11 and

25 the well layer 12 and to prevent the deterioration in



GaN to decrease the crystal defects due to the difference in lattice
.constant between the second barrier layer 11 and 25 the well |ayer 12 and
to prevent the deterioration in 17 crystallinity of the |ower barrier |ayer
11 itself as the m xing proportion of In increases. In such a case, the
.cystallinity of the well |ayer 12 which 'F formed on the second barrier

| ayer 11 can be enhanced. The t hi ckness 0f 5 the second barri er | ayer 11 is

preferably 10 angstroms to 100 angstronms to inprove the well layer 12 in
crystallinity. The mell Iayer 12 is made of, for exanple InitlAIylGal
x1-y1N, (xI >0, i ncl udj ng |nd|um al um num (Al)

galI|unl(GﬁfyéﬁﬁlﬁFP95§eﬁf(N5 Iﬂ?Wﬁ&lH@rr19rp#6§8Ftﬁ&n%ﬁSQ%%|%%1Fhﬁ)

al umi num (Al)) ,and gallium (Ga) is determined in such a manner that the peak
wavel engt hE109d HEORGRHIMN thE A&nge BFed3e 550 hnfeel 620rfAR t hBerange
beyond such a range, where the effective yellow |ight em ssion can be

obt ai ned. Fﬁsﬁa###eataroﬁrﬁh%1w¢hé 18 Ygiroplct t Wiohch x L soff ormgicure® | BRei n t he
wel |l layer 12 is controlled to be xI-0.6 to obtain a preferable wavel ength
of yel |l ow BE§RRG Heweter, layerhd Imicamdpropmiiash x| T thickeeesases, the
lattice constant increases and the lattice nismatch 20 between the wel |

| ayer Sand the &tlseind danridmckaweesll Ther oreferably vid | angyeron te

needed to be fornmed on the Ilayer having a relatively snmall lattice
const ant dilfPepBgeéroms to improve the well layer 12 in crystallinity.

The well layer 12 is made of, for example, In,,Al,Ga;

x1-y1N/ (x1>0, y120, xl4yl = 1) including indium (In),
aluminum (Al), gallium (Ga) and nitrogen (N). The mixing
10 proportion of indium (In), aluminum (Al) and gallium {Ga)

is determined in such a manner that the peak wavelength, A

d is within the range of from 550 nm to 610nm or the range
beyond such a range, where the effective yellow light
emission can be obtained. In particular, the mixing
15 proportion, x1 of indium (In) in the well layer 12 is
controlled to be x120.6 to obtain a preferable wavelength

of yellow light.
However, as the mixing proportion x1 of In increases,
the lattice constant increases and the lattice mismatch
20 between the well layer and the other layers increases.
Therefore, the well layer 12 is needed to be formed on the
layer having a relatively small lattice constant difference
from that of the well layer 12 and having a good
crystallinity. According to the present invention, the

25 well layer 12 1is formed in combination with the above-



fromthat of the well layer 12 and having a good crystallinity. According
.to the present invention, the 25 well layer 12 is forned in conbination
with the above 18 nentioned second barrier |layer 11 and therefore, the well
| ayer 12 having a good crystallinity can be forned. Mreover, even the
-layer of which the lattice constant is ggrgely different fromthat of the
well layer 12 can be 5 formed to have a od crystallinity. The well |ayer
12 may be preferably nade of ternary m xed crystal of Inx1Gal it1N or

bi nary m xed crystal of GaN, so as to grOM/the Iayer having a good
crystallinit The thi ckness of the well |ayer is preferably 10
angstroms ?ﬂﬁs ﬁﬁrﬁﬁ%rfﬁﬁgﬁrbéﬁHQQdIE@%¥ Harés ﬁﬁleWﬁﬂlf(N
exanpl e, Inx2AIy I x2 y2N, (x2>0, y2> 0, x2+y2 1) including indium
(In), al umWrﬁr(Nzl?a JATNGm @Ga)IoRsl GTSGGen IONEYTheans | Pt BREes: | ayer
13 includes alum num (Al) as an essential elenment_and therefore, the

out put of ?ﬁg‘QWﬁﬁfjﬁy VERg A2WBTePéngtH Ghh e Vet Thoer egnehathi & s
emtted in the well Iayer 12 can be enhanced. \Wen the first barrier
layer 13 idarsiakyd SifEerent EsaPositatonoft hde Uikl mbaveraydr aanhkeing a
good crystallinity can be forned on the first barrier layer 13. The first
barri et 20 fogped 1D k@yebd goetecanisyadadaisty .t eThar yerilx d@d veiry  Lamayf
Aly2G1_Y2N, so as to grow the |ayer having a good crystallinity. The

m Xi ng pro@@ﬂﬂnﬂfaﬁahﬂy|m?4ﬂwﬁﬁﬂﬁﬁﬂ%ﬁry mixed crystal of In,Ga, N or

binary mixed crystal of GaN, so as to grow the layer having
a good crystallinity. The thickness of the well layer 12
is preferably 10 angstroms to 100 angstroms.

10 The first barrier layer 13 is made of, for example,
In,,Al,,Ga; ., ,N, (x220, y220, x2+y2 =< 1) including indium
(In), aluminum (Al), gallium (Ga) and nitrogen (N). The
first barrier layer 13 includes aluminum (Al) as an
essential element and therefore, the output of the 1light

15 having a wavelength in the yellow region which is emitted
in the well layer 12 can be enhanced. When the first
barrier layer 13 1is formed of such a composition, the
uppermost layer 14 having a good crystallinity can be
formed on the first barrier layer 13. The first barrier

20 layer 13 may be preferably made of ternary mixed crystal of
Al,,Ga;_,N, so as to grow the layer having a good
crystallinity. The mixing proportion of Al is preferably
y220.1, more preferably y220.15. The band gap energy of
the first barrier layer 13 is preferably higher than that

25 of the second barrier layer 11. The thickness of the first



y2>10.1, nore preferably y2?0.15. The band gap energy of the first barrier
layer 13 is preferably higher than that 25 of the second barrier |ayer 11.
The thickness of the first 19 barrier layer 13 is preferably 10 angstrons
to 100 angstrons. The uppernost |ayer 14 is nade of, for exanple,
1 nx4Al y4Gal-x4-y4N, (0 < x4, 0 < y4, x4+y4 < 0.1) including indium 5 (In),
al um num (Al), gallium (&) and nitrogeﬂ' N). The uppernost |ayer 14 is
preferably controlled to have a mxing proportion of In or A of 0-:5x4,
y4: 50.1 and x4+y4 0.1, so as to grow a p-type cl adding | ayer having a
good crystallininty on the uppernost |ayer 14. Moreover, the 10 upper npst
| ayer 14 né?rﬁéeﬁreﬁ@ﬁﬁﬁly]ﬁhdé“%f RS TRIIP I xetl cryeslarons AF?4G§§Oy4N or
binary m xed crystal of GaN, so as to grow the p-type cladding | ayer 107
havi ng a g88dSt&PPStal linity thereon. The thickness is preferably 10
angstrons to 100 angstrons. The_ uppernpst |ayer 14 may 15 have the_sane
constitution asTPRat UBPetRestecbaehartteris| &pste 125/ ThéogboFEaRBAEY Oned
each layer of the active layer 106 may be sel ected appropriately from an
undoped | ayarAl,iGraut-yan {Gisurd t yO Sand n- ¥ §ped dohel) | ayetudhnghihdidoped
with an 20 n-type inpurity such as_Si and a p-type doped |ayer which is
doped wi t h (@npt IS inne i {3l sucHadsiNg. %bﬁor@@%gnﬁﬁrﬁﬁénfﬂﬁﬁb enBbBEi ment ,
the active layer is

uppermost layer 14 1is preferably controlled to have a

mixing proportion of In or Al of 0=x4, y4=0.1 and x4+y4 =<
0.1, so as to grow a p-type cladding layer having a good
crystallininty on the uppermost layer 14. Moreover, the
10 upper most layer 14 may be preferably made of ternary mixed
crystal of Al ,Ga, ,N or binary mixed crystal of GaN, so as

to grow the p-type cladding layer 107 having a good

crystallinity thereon. The thickness 1is preferably 10
angstroms to 100 angstroms. The uppermost layer 14 may

15 have the same constitution as that of the second barrier
layer 11.

The above-mentioned each layer of the active layer 106
may be selected appropriately from an undoped layer without
an impurity, an n-type doped layer which is doped with an

20 n-type impurity such as Si and a p-type doped layer which
is doped with a p-type impurity such as Mg.

According to the first embodiment, the active layer is
made by laminating successively the second barrier layer 12,
the well layer 12, the first barrier layer 13 and the

25 uppermost layer 14 on the n-type cladding layer 105.



made by | am nating successively the second barrier |ayer 12, the well
the first barrier layer 13 and the 25 uppernost |ayer 14 on the

Jayer 12,

n-type cladding |ayer 105. 20 However, the present invention is not |limted
to this configuration. And instead of the active |layer, as shown in Fig.
.3, the active |layer 106a can be used which is made by |am nating

successively the first barrier |ayer 13,2 he 5 second barrier |ayer 11,
wel | |ayer

the first

the second _barrier layer 11 is fornmed on the n-type cladding |ayer 105

t he

12, the first barrier layer 13, the uppernost |ayer 14. Thus,

barrier layer 13 having a band gap energy higher than that

side with FOYSYEL t othRe REFFSTay dMVERTHEN o igonfPhe tHEL R riter Kbl

effectively within the well

of

, | ayer 12. As long as the lattice constant of
the first SRPEIGMratdps. 1 0t EheketReofatitiec @ die arver, the phoype
cl addi ng | ayer_ 107, instead of the active layer, as showmn 15 in Fig. 4,

t he

active |ayéR fo6b i e RetHeauphereibsi06a agar ha pnsednivhied éanmbdeused.
the active |ayer may be formed by lam nating the first barrier

Certainly,

| ayer
barrier

10

15

20

25

13, byh

layer. 20 In other words, according to the present invention,
t here dmay BECpRevi eBrbary lkavan st lparther Wedyler lagercohd ai iy Aliret at
| east one well layer. As long as the

barrier layer 13, the uppermost layer 14. Thus, the first
barrier layer 13 having a band gap energy higher than that
of the second barrier layer 11 1is formed on the n-type
cladding layer 105 side with respect to the well layer 12
to confine the carrier more effectively within the well
layer 12,

As long as the lattice constant of the first barrier
layer 13 matches the lattice constant of the p-type
cladding layer 107, instead of the active layer, as shown
in Fig. 4, the active layer 106b in which the uppermost
layer 14 1is omitted can be used. Certainly, the active
layer may be formed by laminating the first barrier layer
13, the second barrier layer 11, the well layer 12 and the
first barrier layer.

In other words, according to the present invention,
there may be provided only a first barrier layer 13
containing Al on at least one well layer. As long as the
minimum requirements can be satisfied, various
modifications can be made.

A p-type cladding layer 107 is formed on the active

d agd@erid N rs Gete Ssdyverl vl 1the hied kel | baeyieer 1Pawed LBe ther st



m ni mum requi renments can be satisfied, various nodifications can be nade.
.25 A p-type cladding layer 107 is forned on the active 21 |ayer 106. The
p-type cladding |ayer 107 may be a nmulti- layered filmformby |amnating
the the p-type cladding first layer having a higher band gap energy and
-the p-type cladding second | ayer havin f band gap energy lower than 5
that of the first layer, or may be a si%ﬁ e layer made of Al bGal bN, (0bl)
containing a p-type inpurity. Wien a nulti-layered film the concentration
of the p-type inpurity of the p-type cladding first |ayer may be different

fromor the sa that of the p-type .cl adding second |layer. 10 Next, the
p-type cla &Xﬁfﬁia r o1 ehBV%MBGaChﬁpgﬂpglgfg d (ﬁimﬁ%r e(qup¥rltiattice
structure) will be _descrjibed in details below The thickness of the p-type
cl addi ng fi]waé’terle&beflilﬁd fjotrﬁ‘e BY ¢ Y80 dd gt R c GG | Ry eYPoNiICIIEERSt i t ut e
the p- 15 si.de cl.adding | ayer 107, which is a nmulti-layered filmis

control |l ed %fﬁﬁa%ﬁﬁeﬁéhﬁy%qﬁﬂ?]Rﬁggé@s??%ﬁsgaﬁréF%ngl9ndn5ben@F§YPﬁan 70
angstrons gﬂg¥£gre preferably within the range of 10 to 40_angstrons. The
t hi ckness NEL (SRS SRR hghe ViR PaperidheiphecRPEI ¥ ahBWas Ghan
different from 20 that of the_ p-type cladding second |ayer. Wen the

t hi ckmess o ada@f IE@yRer TEbhkt L aUEF ngorh@ayulag -3 ayreke f 1#¥er | Badenodfol | ed

to be within the above-nentioned range, the
Al,Ga,; N, (0=Db=1) containing a p-type impurity. When a

multi-layered film, the concentration of the p-type impurity
of the p-type cladding first layer may be different from or
the same as that of the p-type cladding second layer.

10 Next, the p-type cladding layer 107 having a multi-
layered structure (super lattice structure) will  Dbe
described in details below.

The thickness of the p-type cladding first layer and
the p-type cladding second layer which constitute the p-

15 side cladding layer 107 which is a multi-layered film is
controlled to be not more than 100 angstroms, preferably
not more than 70 angstroms and more preferably within the
range of 10 to 40 angstroms. The thickness of the p-type
cladding first layer may be the same as or different from

20 that of the p-type cladding second layer. When the
thickness of each layer constituting the multi-layered film
is controlled to be within the above-mentioned range, the
thickness of each layer is within the elastic strain limit
and the nitride semiconductor layer having a better

25 crystallinity can be grown compared to the case of a large



t hi ckness of each layer is within the elastic strain limt and the nitride
.sem conductor |ayer having a better 25 crystallinity can be grown conpared
to the case of a large 22 thickness. Since the nitride sem conductor |ayer
having a good crystallinity can be grown, when a p-type inpurity is
-doped, the p-type |ayer having a | arge rrier concentration and a smal
resistivity can be obtained, 5 resultiné in the decrease of Vf and
threshol d of the device. Two kinds of |ayers having such a thickness is
defined as one pair and the nulti-layered filmis fornmed by |am nating
the pairs several tinmes, The total,K thickness of the p-type nulti |ayered
cl addi ng | &P&FXP&sont FdMcEd TP tf; st oS S AR Sk b ¥e bf Ra%eRd| dyer of
the p-type cladding first |layer and the p-type cladding second, |ayer and
adj usti ng PREA CENHALILREYMESRD Tife T tHITkresR™oYP® h&MBUY{ b8 Adl ti -

| ayered cl adding | ayer is not specified, bhut is not nore than 2000
angst r oms, 9pPefer abFyenotPrbyYRe t hatP P00 I EYkt r Gms, lah@enor E2pFéfEr abl y
not nore than 500 angstrons. The p-type cladding first |ayer is desirably
made by gFEWCRHLERELAN: ride FeniSBodductefiebayhfhi Mpmat Deeasbtafined,
preferably Al,Gl_,,N (0<nl) and the p-type cladding second |ayer is
desirabl y Keaelbyngr éni ket Hechreprdei2lisanficbhiaehotdopfblhar Jei ged

crystal or ternary mxed crystal such as Al pGal-pN (0 cp < 1, n> p) and
| nrGal _rN f@o- %inds of) layers having such a thickness is defined as

one pair and the multi-layered film is formed by laminating
the pairs several times. The total thickness of the p-type
multi layered cladding layer is controlled by adjusting the
10 thickness of each layer of the p-type cladding first layer
and the p-type cladding second layer and adjusting the
lamination times. The total thickness of the p-type multi-
layered cladding layer is not specified, but is not more
than 2000 angstroms, preferably not more than 1000
15 angstroms, and more preferably not more than 500 angstroms.
The p-type cladding first layer is desirably made by
growing the nitride semiconductor containing at least Al,
preferably Al,Ga,. N (0<n=1) and the p-type cladding second
layer is desirably made by growing the nitride
20 semiconductor of binary mixed crystal or ternary mixed
crystal such as AlpGal-pN(0=p<1,n>p) and InGa, N (0=r=

1).
In the p-type cladding layer, the p-type impurity
concentration of the p-type cladding first layer 1is

25 different from that of the p-type cladding second layer.



In the p-type cladding |layer, the p-type inpurity concentration of the
p-type cladding first layer is 25 different fromthat of the p-type

cl addi ng second | ayer. 23 One layer has a larger inpurity concentration and
the other Jlayer had a smaller inpurity concentration. As in the case of
.the n-type cl adding | ayer 105, the p-type cladding first |ayer having a
hi gher band gap energy preferably has a:535 type inpurity concentration

| arger than that of the p-type cladding second |ayer having a | ower band
gap energy. The p- type cl addi ng second | ayer having a | ower band gap

ener gy is referabl undoped | aye wever, the present |nvent|on IS
not Iinmited 1‘30 B (A \? arréﬁtr%ﬁeam%@}r&amf F@HF&PFSﬁtlﬂﬁdaPﬁetBet gpeer

cl adding first layer havin a hi gher band gap energy nay have a p-type
inpurity JéwE&ntr&t PosTe ﬁFe#mPHéﬁtﬂh&?“&ﬁnﬁﬁétﬁgpypeAéléBdFH@ C§§80nd

| ayer haV|n% a |l ower band gap energy. The anount of doping in the p-type

cl addi ng f PEstheapetyresciladgiagelabey &8/t r 6hEel %NpﬁlﬁlédﬂéﬁgefﬂFéﬁll X
1018/cnmB to 1 x 1021/cnB, or nore preferably within a range from1l x
1019/ cnB t dayex TepUimnehs NWE#@Eh@anﬂpaﬁptFn@mﬂﬁﬂﬁﬁﬁﬁqnﬂbhﬁ hagwer Prhan 1
X 1018/ cnB, the carrier concentration is low. On the other hand, when the
i mpurixy C GHBEN HIMPUTGH Vi SAHIGRdratd arharprer 19vem clpst @ﬁetbﬁyﬁ?rél&/pﬁni ty
deteriorates. Meanwhile the p-type inpurity concentration in the p-type
cl addi ng sdedddnbapecongy laveat hawine el lewet dmpdsgap ¢rerovier Than

p-type cladding second layer having a lower band gap energy

is preferably an undoped layer. However, the present

invention is not limited to the above-mentioned

10 configuration. And the p-type cladding first layer having

a higher band gap energy may have a p-type impurity

concentration smaller than that of the p-type cladding
second layer having a lower band gap energy.

The amount of doping in the p-type cladding first layer

15 is preferably controlled within a range from 1 x 10%/cm’ to

1 x 10**/cm’, or more preferably within a range from 1 x

10°/cm® to 5 x 10*°/cm®. When the impurity concentration is

lower than 1 x 10%/cm’, the carrier concentration is low.

On the other hand, when the impurity concentration is higher

20 than 1 x 10°*/cm’, the crystallinity deteriorates. Meanwhile

the p-type impurity concentration in the p-type cladding

second layer may be at any level as long as it is lower than

that of the p-type cladding first layer, but it 1is

preferably lower than on tenth of the latter. Most

25 preferably the p-type cladding second layer 1is undoped, in



that of the p-type cladding first layer, but it is preferably |ower than
.on tenth of the latter. Mdst 25 preferably the p-type cladding second | ayer
i s undoped, in 24 which case a |l ayer of high nobility can be obtai ned.
However, because the p-type cl adding second |ayer is thin, sonme of the
-p-type inpurity diffuses fromthe p-typ 4 cladding first layer into the
p-type cladding first layer. 5 Therefore€;” the p-type inpurity concentration
in the p-type cladding second |ayer including the above-nentioned
diffusing inmpurity is desirably within 1 x 1020/cnB and |lower than that in
the p-type cladding first |ayer. The effect is_  the sane also in case that
t he p-typeW@FS di hgSEi rdt %%@%ﬁ- P& h&PRg BOREGhEY 1A $H ekérdPers doped
with less anbunt of p-type inpurity and the p-type cl adding second | ayer
having a FOWENSBan®e5aHSEndtgy B YRSped A G reRE/I abdRE 6F phifype
impurity. The p-t¥pe impurity is selected fromanong the 15 elenents of

| I A group &RBe||BIgr&hp oP~tHee pelTieh £t Y amdie fusipsn d¥omy, the, e©atyre Be
and preferably selected from anong , Ca and the like. In conponent
nitride sefi-é8AHBEL SiTPaydrYesnstut FiRy PTREPD- Eypddiraddirgt| Ap¥Er107 in
the multi-layered 20 structure, the |ayer doped with the inpurity in a

hi ghe condBRERAPEBN thepmsfioPshl YRIBPdY sePRFrpt Afdipra 1] gﬁei patiyBa of

impurity concentration is obtained, that
cladding second layer including the above-mentioned

diffusing impurity is desirably within 1 x 10*°/cm® and lower
than that in the p-type cladding first layer. The effect is
the same also in case that the p-type cladding first layer
10 having a higher band gap energy is doped with less amount of
p-type impurity and the p-type cladding second layer having
a lower band gap energy is doped with greater amount of p-
type impurity.
The p-type impurity 1is selected from among the
15 elements of IIA group and IIB group of the periodic table
such as Mg, Zn, Ca and Be and preferably selected from
among Mg, Ca and the like.
In component nitride semiconductor layer constituting
the p-type cladding layer 107 in the multi-layered
20 structure, the layer doped with the impurity in a higher
concentration 1is ©preferably doped so that such a
distribution of impurity concentration is obtained, that
the impurity concentration is high in the middle portion of
the semiconductor layer in the direction of thickness and

25 is low (preferably undoped) in the portions near the ends,



the inmpurity concentration is high in the mddle portion of

,sem conductor layer in the direction of thickness and 25 is |ow (preferably
undoped) in the portions near the ends, 25 resulting in the decrease of the

t he

resistivity. Next, the p-type cladding |ayer 107 in the single |ayer

-structure made of Al bGal _bN (0bl) contai gng a P_type inpurity wll be

descri bed bell ow. The thickness of 5 the”p-side cladding

ayer

107 is

controlled to be within 2000 angstrons, preferably within 1000 angstrons
and nore preferably within a range from 100 to 500 angstrons. The p-type
cl addi ng '%%55 107 in the single layer structure has a little worse

Wongdt édt 119 KECTRR S5 QfpdhQ dddimd 1Vayer in

crystallini

t he

mul ti-layered structure, The p-type cladding |ayer 107 in the single |ayer
structure in cofithat £68 W1hR%e cladpiade] dadehg 1%y edn10Bhe n tipgle

mul ti-layered structure can provide a good crystallinity.

Thus,

t he use of

such a si nglaydmystrigtwonbhadei ofi WliGaliN of hé&rblSayer coonbigingt kom-can
prevent the deterioration of the device properties. Such a single |ayer
can al | ow tH@e nERRHECrVhll pPeceescrdbge diadgiont.i edThad thd cknesablag to

mass production. The p-type inpurity concentration in the p-type

20

cl addithg | && Royider £haddingl davayerl &t r bist waatireollednt kol bed wiitthdinn a

range from 1l x 1018/ cnB8 to 1 x 1021/ cnB,

2000 angstroms, preferably within 1000 angstroms and more

preferably within a range from 100 to 500 angstroms.

10

15

20

25

The p-type cladding layer 107 in the single layer
structure has a little worse crystallinity compared to the
p-type cladding layer in the multi-layered structure. The
p-type cladding layer 107 in the single layer structure in
combination with the n-type c¢ladding layer 105 in the
multi-layered structure can provide a good crystallinity.
Thus, the use of such a single layer in combination with
other layer configuration can prevent the deterioration of
the device properties. Such a single layer can allow the
manufacturing process to be simplified and is suitable to
mass production.

The p-type impurity concentration in the p-type
cladding layer 107 in the single layer structure is
controlled within a range from 1 x 10Y%/cm® to 1 x 10*/cm’®,
preferably within a range from 5 x 10"%/cm’ to 5 x 10%°/cm’,

and more preferably within a range from 5 x 10¥/cm® to 1 x

10%°/cm?. When the impurity concentration is within the

aforementioned range, a good p-type film can be obtained.



preferably within a range from5 x 1018/cnB to 5 x 1020/ cn8, and nore
preferably within a range from5 x 1019/cnB to 1 x 1020/ cnB. Wen the
“inpurity concentration is within the 25 aforenentioned range, a good
p-type filmcan be obtained. 26 According to the present invention, it is
.preferable that the p-type contact layer 108 is doped with My and the
conposition of the layer is binary nixedz%rystal nitride sem conductor,
GaN, including no indiumand no alumnum 5 If the p-type contact |ayer
includes In or Al, good ohmc contact thereof with the p-electrode 112 can

be obtained, resulti in the decrease of, | um nous efficiency. The

t hi ckness of th ﬁ?gﬁi¥§%xﬁﬂaE?el8§§PeT68%Q¥%quﬂqlth% 1P aRGE TREGMLE. 001
gmto 0.5m, _preferably within the range 10 fromQ0.01 g mto 0.3 It mand
nor e prefeﬁQﬂR/{%QFHTFXHﬁacQ%ﬁ%ﬁ¥f#%ﬁﬁ@.b%8gh§t%09¢@8wh¥hvﬁénapﬁethe

t hi ckness of the p-side contact layer is |ess than 0.0018 m a short
circuit mePTORSIUY OFccf BBEwddyathel - Bl vodeiXerd apdstak pitypee GaAl N
cladding layer, resulting in the deterioration of 15 function of the p-side
contact | apémirogdugitege tFRN.GalncésBaiaet Nayerdbimbiamsk ynon rdundnyst. al
which has a conposition different fromthat of the contact |layer is

formed on tie WGEAIIN e¥RRIdC Pt 2@y et agPrt dngaiylesi Xad ar Y&t al goofinohhéccase

of the thickness being nore than 0.5 g m 20 crystal defects tend to occur
in the p_sp@@t@§m(ﬁhﬁ4ﬁgf with the p-electrode 112 can be obtained,

resulting in the decrease of luminous efficiency. The
thickness of the p-side contact layer 108 is within the
range from 0.001 um to 0.5um, preferably within the range
10 from 0.01 uzm to 0.3 yum and more preferably within the
range from 0.05 um to 0.2 um. When the thickness of the
p-side contact layer is less than 0.001um, a short circuit
may easily occur between the p-electrode 112 and the p-type
GaAlN cladding layer, resulting in the deterioration of
15 function of the p-side contact layer 108. Since the GaN
contact layer of Dbinary mixed <crystal which has a
composition different from that of the contact layer is
formed on the GaAlN cladding layer of ternary mixed crystal,
in the case of the thickness being more than 0.5 u m,
20 crystal defects tend to occur in the p-side GaN contact
layer 9 due to «crystal mismatch, resulting in the
deterioration of crystallinity. In term of the luminous
efficiency, the less the thickness of the contact layer,
the 1lower Vf 1is, with the result that the luminous

25 efficiency can be enhanced. The p-type impurity which is



| ayer 9 due to crystal msmatch, resulting in the deterioration of
.crystallinity. Intermof the lumnous efficiency, the |ess the thickness
of the contact layer, the lower Vf is, with the result that the | um nous
25 efficiency can be enhanced. The p-type inpurity which is 27 doped in the
-p-type GaN contact layer 9 is preferably,pg and thereby, the p-type
characteristic can be easily achieved d the ohm c contact can be easily
achi eved. The concentration of My is controlled within a range of from1 5
x 1018/cnB to 1 x 1021/cnB, preferably within a range from5 x 1019/cnB to
3 x 1020/ cnB, and nore preferably to a x 1020, /cnB The type
contact |ay@Pe §qnﬁb%epc5¥%%s§é of °& BC% %ﬁﬁnacisfprgfeF%9%§ Wﬁde of
undoped GaN and a p-type .10 contact second | ayer nade of Ng doped GaN The
n- el ectrodénflltP?rFB med tOR tﬁetﬁpﬁypéhééﬁ‘f%@ 1stiger €284, Sndef"ﬁé Y

p-el ectrode 112 is formed on_the My doped p-type GaN contact |ayer 9. In
the presenfCPA¢¥sc 6rd tpﬁeoﬁﬁﬂérFQPtéFttﬁénnbeaﬁésﬁlyeﬁgéﬂﬁﬁags 1??9 112
is not 15 specified but for exanple, the n-electrode 111 may be nmade of

W Al and tﬁ@nﬁe@FééFﬂG@eof1¥9nﬁﬁtﬁ?QﬁﬁR¥¥ﬁ N Ao | & ¥ﬁ%g?|@ﬁtféﬁmtﬂ|ng

di ode of the first_enbodi nent because the active layer 16 conprises a
first SbarrixedOf'dgad tonlan h@i/Cmayéﬁefﬁﬁ@bddrwuéhl@aﬁ enger éreff Scixent | y

20 confi ned mnthln t he wel | Iayer to enhance the | um nous .
10*/cm’® to 3 x 10°°/cm’, and more preferably to about 1 x

10%°/cm’.

The p-type contact layer 108 may be composed of a p-

type contact first layer made of undoped GaN and a p-type
10 contact second layer made of Mg doped GaN.

The n-electrode 111 is formed on the n-type contact
layer 104, and the p-electrode 112 is formed on the Mg
doped p-type GaN contact layer 9. 1In the present invention,
the material of the n- and p- electrodes 111, 112 is not

15 specified but for example, the n-electrode 111 may be made
of W/Al and the p-electrode 112 may be made of Ni/Au.

In the light emitting diode of the first embodiment,
because the active layer 16 comprises a first barrier layer
on an well layer, the carrier can be more efficiently

20 confined within the well layer to enhance the luminous
efficiency.
Embodiment 2

The light emitting diode of the second embodiment

according to the present invention will be described below.

25 As described above, since the well layer 12 and the



efficiency. Enbodinment 2 The light emtting diode of the second enbodi nent
.according to the present invention will be described below. 25 As
descri bed above, since the well layer 12 and the 28 |ayer formed on the
first barrier layer can have a good crystallinity, the present invention
.can be applied to the nmulti quantumwel|_structure. The light emtting
devi ce of the second enbodi nent 5 accoruing to the present invention is a
light emtting diode conprising an active |layer 106c having a nulti
guantum wel | structure, as shown in Fig. 5, instead of the active |ayer
106 of the_light Fnitt'ng de%%%e of the first enbodinent. The |ight

etbn

enitting di'6d&ToftAHRE Etbdbi hent ifds PY¥S i FaR OGVe g%rgPPSn to
that of the first _ enbodi nent except for the active |layer. |n the |ight
emtting d&VYEEadf iPHE Yae toifd RIS e RVen{RD 3% o1 ahRt 1886ECh&PENg a
mul ti quantumwell structure is formed by |am nating a second barrier
| ayer 11, anlkd| [Quentpgyeelin sEFYCiUferst barrier layer in this order over
and over again. In this case, an uppernost layer 14 is formed after the
top first barriéhel aje¥hts epgitiddd THeVseeorf baEr isgcIn epmpedimgetnel |
| ayer 12, the first barrier |layer 13 and the uppernost |ayer 14 which
const it ut e aCFer2dngct Foe The/epreseptarn¥enmien | A st he sEtaprastindt he
diode comprising an active layer 106c having a multi
quantum well structure, as shown in Fig. 5, instead of the
active layer 106 of the light emitting device of the first
embodiment. The 1light emitting diode of the second
10 embodiment has a similar configuration to that of the first
embodiment except for the active layer.
In the light emitting device of the second embodiment,
the active layer 106c having a multi quantum well structure
is formed by laminating a second barrier layer 11, an well
15 layer 12 and a first barrier layer in this order over and
over again. In this case, an uppermost layer 14 is formed
after the top first barrier layer is formed. The second
barrier layer 11, the well layer 12, the first barrier
layer 13 and the uppermost layer 14 which constitute the
20 active layer 106c are formed in the same way as in the
first embodiment.
The light emitting device of the second embodiment
which has such a configuration has excellent properties as

described below.

25 In the prior yellow light emitting device without the



first enbodinment. The light emtting device of the second enbodi nent

.has such a

configuration has excellent properties as described bel ow

In the prior yellow light emtting device without the 29 first barrier
| ayer containing A, the active layer was in the formof a nulti quantum
-wel | structure including several well gﬂ%ers and the crystallinity is

deteri orat
in the yel
cont ai ni ng
ina nulti
em ssion o
configurati
the first

the n-type
f ormed has
as shown i
cl addi ng |
| am nati ng

barri & 20 | ayeHoweVieii;s otder tveer a6d Lovier hyahh amniftitiald y fleviiceg

10

15

20

25

ed, resulting in the decreas
low light emtting device conprising a first barrier |ayer

whi ch
25

f the em ssion output. 5 However,

Al as an essential elenent, even if the active layer is fornmed

..quan un1we|| structure |nclud| several well |ayers 12,
&e% T AR EON A Y ool tBh% h%CtJfée phREET dEFFCdD

t he
The

i mhlch t he second barrier |ayer the well layer 12 and
Gg]rer' gPrF“ayQ[f 13 grel Fbr MRy ¢ ersuor &&rrweandnﬁx}é‘fil%al n on

cl adding layer 105 and finally, the up gernnst | ayer 14 is
ngeﬁéénvﬁé%%r¥%ﬁﬁfs H v elRe SEE%FE?%@H%

Yt hE Gﬁé§éﬁpratﬁ¢ent|on

n Fl% , the first barrier layer 13 is formed on the n-type

FpSlltong dRd thigedecrraseaeti del gpdssiopdollpube nade by
the second barrier layer 11, the well layer 12 ant the fir
comprising a first barrier layer containing Al as an
essential element, even if the active layer is formed in a
multi quantum well structure including several well layers
12, the emission output can be enhanced, in contrast to the
prior device.

The configuration in which the second barrier layer 11,
the well layer 12 and the first barrier layer 13 are formed
in this order over and over again on the n-type cladding
layer 105 and finally, the uppermost layer 14 is formed has
been described. However, according to the present
invention, as shown in Fig. 6, the first barrier layer 13
is formed on the n-type cladding layer 105, and then, the
active layer 106d may be made by laminating the second
barrier layer 11, the well layer 12 ant the first barrier
layer in this order over and over again and finally forming
the uppermost layer 14 1like in Fig. 5. Thus, when the
first barrier layer 13 having a band gap energy higher than
that of the second barrier layer 11 in the side of the n-
type cladding layer with respect to the first well layer 12,

the carrier can be confined more effectively within the

st



the uppernost layer 14 like in Fig. 5. Thus, when the first barrier |ayer

.13 having a band gap energy higher than that of the second barrier |ayer

11 in the side of the n- type cladding |ayer with respect to the first well

| ayer 12, 25 the carrier can be confined nore effectively within the 30

first well layer 12. As long as the lattjce constant of the first barrier

| ayer 13 matches that of the p-type cla ng | ayer 107, the uppernost

| ayer 14 nmay be omitted in the active |ayer

106d 5 of Fig. 6, as shown in

Fig. 7. The active layer having such a configuration is designated as 106e

in Fig.

barrier

7.
| ami nat i ng fEREts¥Eddd 1Beri P -1 ayer 11, the well |ayer 12
| ayer in this order over and over

the first barri & I18p as bhe LREtACRyFONS

Certainly, in the active |ayer 106d which is fornmed by

and the first
10 again after the formation of

i IRf 1'eyer f10st PRETEEPer nost

| ayer 14 may also be omtted. As described above, in the light emtting
acde¥@irng 3t atisdesr £8akt oifnkdst PoikyPearileddirgdilpivest L8is ths can

devi ce

be made as long as a first barrier layer containing Al is forned on at

| east one WEPEIFgpsr lamear didomay thre grisleed imvenei entédn bavappliéd to

the |aser device as described bel ow. 20 Enbodinent 3 The light emtting
| aser devi €& H1F he¢t higgd shown in Fig. 7. The active layer having

10

15

20

25

such a configuration 1is designated as 106e in Fig. 7.
Certainly, in the active layer 106d which is formed by
laminating the second barrier layer 11, the well layer 12
and the first barrier layer in this order over and over
agaln after the formation of the first barrier layer 13 on
the n-type cladding layer 105, the uppermost layer 14 may
also be omitted.

As described above, 1in the light emitting device
according to the present invention, various modifications
can be made as long as a first barrier layer containing Al
is formed on at least one well layer.

Therefore, the present invention can be applied to the

laser device as described below.

Embodiment 3

The 1light emitting laser device of the third
embodiment according to the present invention will be
described.

Fig. 8 is a schematic view showing the configuration

of the semiconductor laser device according to the third



enbodi nent according to the present invention will be described. Fig. 8 is
.a schematic view show ng the configuration 25 of the sem conductor |aser
devi ce according to the third 31 enbodi ment of the present invention. In
the nitride sem conductor |aser device of the third enbodinent, a buffer
-layer 202, an n-type contact |ayer 203, _an n-type cladding |ayer 204, an
n-type optical waveguide 5 | ayer 205, a p=type optical cladding |ayer 208
and a p-type contact |layer 209 are fornmed successively on the substrate
201 and an n-el ectrode 211 and a p-electrode 212 are forned on the n-type
contact |layer 204 and the p-type contact |ayer 208, respectively. 10 The

substrate f@?Odﬁﬁ@nﬁupﬁeFhPaFéﬁs?@i PRETTIOPpe  contact |ayer 203 and the
n-type cladding |ayer 204 are fornmed in the same manner as in the first
and second enbdd &élﬁtélltwﬁdtehéeﬂlﬁr:p@d@%@m reFer 86VdfgopédthaNthayer nay
formed between the buffer er 202 and the n-type 15 contact |ayer 203, in
a |like way eabodimend, f@r?ﬂf fd tR¥ers@d@end adnmbodiyrencontaetnleype 8p8i cal
wavegui de | ayer 205 constitutes an optical waveguide in conjunction with
t he active @nayertvigs. clai@dird otayerh@0d-t e wptyral opbvegli veviegyedei s
formed in 20 such a manner that the refractive index of the n-type optical
wavegwh de Hayer 20%,i @ ot vicgr gty cdilf ceedatinfr dmyer 208 and a p-type

contact layer 209 are formed successively on the substrate

201 and an n-electrode 211 and a p-electrode 212 are formed

on the n-type contact layer 204 and the p-type contact

layer 208, respectively.

10 The substrate 201, the buffer layer 202, the n-type
contact layer 203 and the n-type cladding layer 204 are
formed in the same manner as in the first and second
embodiments. In the third embodiment, an undoped GaN layer
may formed between the buffer layer 202 and the n-type

15 contact layer 203, in a like way as in the first and the
second embodiment.

The n-type optical waveguide layer 205 constitutes an
optical waveguide in conjunction with the active layer 206,
Therefore, the n-type optical waveguide layer is formed in

20 such a manner that the refractive index of the n-type
optical waveguide layer 205 is not largely different from
that of the active layer 206, but 1is different to a
sufficient degree from that of the n-type cladding layer
204.

25 In the third embodiment, the active layer 206 is



that of the active layer 206, but is different to a sufficient degree from
.that of the n-type cladding layer 204. 25 In the third enbodi nent, the
active layer 206 is 32 fornmed in the same way as in the first enbodi nent.
However, the present invention is not limted to this configuration and
-the active layer 206 may be fornmed in a |ti quantum well structure as in
the case of the second enbodinent. 5 The lti quantumwel | |ayer can allow
the output to increase. The p-type optical wavegui de | ayer 205 constitutes
an optical waveguide in conjunction with the active layer 206 in a like

manner as the n-type ti cal waveguide | ayer. . 105. 10 Therefore, the p-type
opti cal ma§8§@?8e¥ga§gg 567<i ¥3¥of ted™ Fﬁgsgéﬁs ﬁﬁﬁﬂé?m?ﬂ t tﬂgw?g?gacgﬁve
i ndex of the n-type  optical waveguide |layer 207 is_not largely different
ffom that BE BIREBREH VOIERAOTR T | UNHE 9] cFanthEs SOnLqPRFEr et

degree fromthat of the p-type cladding |ayer 15 208. The p-type cl adding
| ayer 208 &Rd Fﬁ?[ﬁQR&ﬁ?(ﬁ#&%itzggaQE ?GQ@%%?@@N%RHFiWP%E% égﬁﬁtﬁﬁnner

as in the first and second enbodinents. In the case of the |aser, the
p-type cl ¥8dilng 1 ayEru8asandt hehp- CRse cdht &8€ 138N D08MBPELBENEL ched
to the vicinity of the boundary surface of the p-_type optical waveguide
| ayer 5207 ffoef oW bir i @pnlgebntey layer can alldéw the output to

increase.

The p-type optical waveguide layer 205 constitutes an
optical waveguide in conjunction with the active layer 206
in a like manner as the n-type optical waveguide layer 105.

10 Therefore, the p-type optical wavequide layer 207 is formed
in such a manner that the refractive index of the n-type
optical waveguide layer 207 is not largely different from
that of the active layer 206, but 1is different to a
sufficient degree from that of the p-type cladding layer

15 208.

The p-type cladding layer 208 and the p-type contact
layer 209 are formed in the same manner as in the first and
second embodiments. In the case of the laser, the p-type
cladding layer 208 and the p-type contact layer 209 are

20 etched to the vicinity of the boundary surface of the p-
type optical waveguide layer 207 to form a ridge geometry
with a stripe width of 1.5 um (the stripe ridge), with the
result that the emission from the active layer 206 focuses
under the stripe ridge and the thresholds can be decreased.

25 Particularly, the layers above the p-type cladding layer are



wth a stripe wwdth of 1.5 u m(the stripe ridge), with the result that
.the emssion fromthe active |ayer 206 focuses wunder the stripe ridge and
the threshol ds can be decreased. 25 Particularly, the |ayers above the
p-type cladding | ayer are 33 preferably in the formof the ridge stripe.
-The n-el ectrode 211 and the p-el ectrode 2 are formed in the sanme manner
as in the first and second enbodi nents. urther, an insulting film230 is
formed on the outer 5 surface of the laser. The nitride sem conductor

| aser device of the third enbodi nent which has such a configuration as

descri bed _abqve npris ap firs arrier layer, containing Al on the

wel | Iayer?rﬁgeFﬁgﬁﬁelEagéeo Othe® iéhﬁ Eﬂdﬁ%ﬁﬁéﬁh?elo embodi ment s,
resulting in the decrease of the threshol ds. Enbodi nent 4 The |i ght

em tting devi ce [R€ ghelemteersg2diloddy She PRELLGEFPACerbEdPHENECARES! di ng
to the present invention 15 has the sane configuration as that of the

li ght enittPndh§ R OMAMEEY (3%t R_nbodi ARt aRAsABFARANCEPGILPEntaxcept
that the active |layer 106f which will be described bellow in details is
provi ded i ASTéRGTof &he WMIUMSENAYER ENZAR I8 t $REMRAI tPR | S eQ@UEPFM 105a
is further provided between 20 the active |ayer 106f and the n-type

cl addi™ng | &¥&Face50% fhei §ases. el enments sinilar to those of the first

enbodi ment are designates as |ike nunber.
The nitride semiconductor laser device of the third

embodiment which has such a configuration as described
above comprises an first barrier layer containing Al on the
well layer, as in the case of the first and second

10 embodiments, resulting in the decrease of the thresholds.

Embodiment 4
The light emitting device (light emitting diode) of
the fourth embodiment according to the present invention
15 has the same configuration as that of the light emitting
diode of the first embodiment, as shown in Fig. 13, except
that the active layer 106f which will be described bellow
in details 1s provided instead of the active layer and an
n-type multi-layered film 105a is further provided between
20 the active layer 106f and the n-type cladding layer 105.
In Fig. 13, elements similar to those of the first
embodiment are designates as like number.
In the light emitting device of the fourth embodiment,
the active layer 106f is constituted, as shown in Fig. 19,

25 by laminating the second barrier layer 11, the well layer



In the light emtting device of the fourth enbodi nent,
.106f is constituted, as shown in Fig. 19, 25 by lam nating the second

the active |ayer

barrier layer 11, the well layer 34 12 and the first barrier layer 13 in

this order several tinmes on the n-type nmulti-layered film 105a and

form ng the second barrier Iaxfé 11 on the topnost |ayer. The
r

-finally,

fourth enbodinent is particularly charac

ized in 5 that the first

barrier layer 13 is nade of Al Gal _ZN having a mxing proportion of Al
not less than 0.30 to enhance the effect the first barrier |layer 13.

ot her word
i s brought

In

~ We found that the higher effect of the first barrier |ayer
T2 b FBFe D S oir PG he 19467 114t 1oty PEger PSURARS of

AlZGal _ZN (Q.30 <Z <. 1) and then raising the tenperature to_the grow ng
B

t enper at ur £1§ES P §
the LED device of the fourth enbodi ment.

Eorty WA i Bt hy

rel ati on béCkBeRt fée FSCONPe RS othé afrrstl Lo&Fy LB aypBPsE31aNarehe
nmor phol ogy thereof. Figs. 14 to 17 show t he phot ographs of the

surf ace

surface norphol 3§§¥ SPUERE rMPeAiBgRL df Payér c¥d aplivcRhprgacssraifed 1by

formng t

he first barrier layer 13 at 820 C 20 and then, raising the

94ednd 1 appli%e? t#edditdBavery to
W also found that there is a

of

13

t enperiat ur éhed 1m0 fEr sghderrdg oy avarMl Gatieniie@ deopée APhiet ol Bpdinadrag. 14

shows t he

10

15

20

25

phot ograph of the case that the m xing proportion Z of Al
mixing proportion of Al of not less than 0.30 to enhance the

effect the first barrier layer 13.

In other words, we found that the higher effect of the
first barrier layer 13 is brought to the fore by growing the
first barrier layer 13 made of Al,Ga, ,N (0.30=Z=1) and then
raising the temperature to the growing temperature of the
second barrier layer 11 and applied the discovery to the LED
device of the fourth embodiment.

We also found that there is a relation between the
effect of the first Dbarrier layer 13 and the surface
morphology thereof.

Figs. 14 to 17 show the photographs of the
surface morphology of the first barrier layer 13 which is
obtained by forming the first barrier layer 13 at 820 C
and then, raising the temperature to 1050 C, observed by
AFM (atomic force microscope). Fig. 14 shows the
photograph of the case that the mixing proportion Z of Al
is 0.15, Fig. 15 shows Z = 0.30, Fig. 16 shows Z = 0.45,

and Fig. 16 shows Z = 0.60. As shown in figures, when the

mixing proportion of Al is not less than 0.30 (z =2 0.30),



is 0.15, Fig. 15 shows Z = 0.30, Fig. 16 shows Z = 0.45, and Fig. 16 shows
.Z = 0.60. As shown in figures, when the 25 m xing proportion of Al is not
l'ess than 0.30 (Z ? 0.30), 35 the surface of the first barrier layer 13 is
in the nmesh structure having several regions which cave in or are bored
-through the | ayer. The reasons for this e as follows. Since the first
barrier layer made of AlGN is forned at 5 low tenperature, the
crystallinity and the thickness of the Al GaN |l ayer is uneven. \Wen the
tenperature is raised to the tenperature for grow ng the second barrier

| ayer after_ the formation of the first barrier |ayer In of the mell

| ayer 12 |§h§eéﬁﬁﬁ%§§H ﬁ Fﬁ@ ﬁé@§51Qﬁr9$Q§ﬂ@9M?Ehlﬁa§SaJfb bhg mesh
crystallinity and a small thickness. Thereby, the surface of the first
barri er IaﬁéFuf§U6§v@§VlﬁgoFev§rﬁéré&glpﬁﬁowéﬁcphéaWﬁyéP OThase Rop&Ft of
the surface of the well_ layer 12 is exposed. It was also found that when
the nixi ngPErEFEr thilth kab?rAl Tél%o’{eql%%%stﬁaﬁ ¢hds, a%fe as Fedilens -whi ch
cave in or are bored through the |ayer occu not | ess than 10 % of the
surface of Stheefither TSy g?ar-'qlz%}rer aﬂ@rar%ﬁ Gheoﬁrfﬂf@% 9| fayeedsabxerenel y
decreased. . The results are shown in Fig. Fig. 18 is a graph which
shows 2 he éﬁynéém@ﬁrﬁﬁérﬁnlﬁhﬁgcﬁﬁﬁﬁééélﬂﬂﬁﬁ ?ﬁé hei Ahiekneesopft kBeni xi ng

ratio of Al in the nitride sem conductor LED 25 device according to the
pr esent i ndfeNo.ayer is uneven. When the temperature is raised to

the temperature for growing the second barrier layer after
the formation of the first barrier layer 13, In of the well
layer 12 is decomposed in the region of AlGaN which has a
10 bad crystallinity and a small thickness. Thereby, the
surface of the first barrier layer 13 caves in or is bored
through the layer. Thus, a part of the surface of the well
layer 12 1is exposed. It was also found that when the
mixing proportion Z of Al 1is not less than 0.30, the
15 regions which cave in or are bored through the layer occupy
not less than 10 % of the surface of the first barrier
layer 13 and the driving voltage is extremely decreased.
The results are shown in Fig. 18. Fig. 18 is a graph which
shows the change of the driving voltage with the variation
20 of the mixing ratio of Al in the nitride semiconductor LED
device according to the present invention.
The preferable thickness of the component layer
of the active layer in the fourth embodiment is 1like to
that in the first embodiment.

25 In the fourth embodiment, the active layer 106f



The preferable thickness of the conponent |ayer of the active layer in the
fourth enmbodinment is like to that in the first enmbodinment. In the fourth
enbodi ment, the active layer 106f 36 in a multi quantumwell structure wll
be described, but the sane effect can be obtained in the case of the
-active layer 106f is in a single quant wel | structure. In the active

| ayer 106f of the fourth enbodinment 5 4, " the band gap energy of the first
barrier layer 13 is controlled, as showm in Fig. 20, to be higher than
that of the second barrier layer 11 and the first barrier layer 13 is

surely forned close, to the well layer 12 after t fornati on of the well
layer 12. 1 1% PHETE o GHER tEHL It nenf LT ER uF?r%’ﬂqgarbr*i e e?‘é’;’/&’edis g
formed on every well |ayer 12 as a nmost preferable exanple, But the

present i n&ft iSHS LhRCh | piR ebet PRI dRY iTRiF K3 @hdtPe PSte¥Senti al
only that a first barrier layer 13 is fornmed at | east one anong the places
bet ween 132K& WO LgydR £25iRgleh&USBEURdWBALr SEFUFARER-11. The

t hi ckness of the first barrier layer 13 is smaller than that of the second
barrier layer 11 andlfs theeretabry layerondatoritc they EPVsEh 6RgeA1aRA thot
nore than 100 angstronms. If the thickness is beyond 100 angstrons, a 20

m ni - Pand is fBrarelaBdt Ween erRrgY rof Bdye i Birstybaridesndaviate Wl S| ayer

12, resulting in the deterioration of the
controlled, as shown in Fig. 20, to be higher than that of

the second barrier layer 11 and the first barrier layer 13
is surely formed close to the well layer 12 after the
formation of the well layer 12.

10 In the fourth embodiment, the first barrier layer
13 is formed on every well layer 12 as a most preferable
example. But the present invention is not limited to this
configuration and it is essential only that a first barrier
layer 13 is formed at least one among the places between

15 the well layer 12 and the second barrier layer 11.

The thickness of the first barrier layer 13 is smaller
than that of the second barrier layer 11 and is preferably
a monoatomic layer or longer and not more than 100
angstroms. If the thickness 1is beyond 100 angstroms, a

20 mini-band is formed between the first barrier layer 13 and
the well layer 12, resulting in the deterioration of the
luminous efficiency. Therefore, the thickness of the first
barrier layer 13 is desirably as small as possible.

The thickness of the second barrier layer 11 can be

25 controlled within the range from 10 angstroms to 400



| um nous efficiency. Therefore, the thickness of the first barrier |ayer
.13 is desirably as small as possible. The thickness of the second barrier
l'ayer 11 can be 25 controlled within the range from 10 angstrons to 400 37

angstromnms. The thickness of the well layer 12 is preferably controlled
-Wthin the range from 10 angstrons to 70 angstrons. In the fourth
enbodi nent, the second cl addi ng | ayer 105a, a multi-layered film is,

for exanple, an undoped layer in the super lattice structure constructed
of the wundoped GaN | ayer and the undoped InGaN | ayer, which is forned for

t he purpose of enhan0|ng he e sslon out The n-type. cladding | ayer 105
is fornmed FﬁgP & §§ne 10 Hanndht ??thé&%l?%? efib ﬁ mef¥efo }%créése t he

wi t hstand st ta iin.the fourth emhodi n-si de

Gl addi ng. PRPEE D G CHEFOLAE o A i “DERAA LAY Ty 8P OESS Ol Cot he
second cl a d|n Iayer 105a, a multi-layered filmto 15 increase the

em ssion o ISHFOMFe withstand static voltage. As described above, in
the |ight enlttlng dlode of the fourth enbodinent, there is prOV|ded a

first barrier |dyerth@ohPHriPngEmROdINaHe r EN&t iSPEIRd FrA&HRAINLaNRECh has

a 20 band %ap energy higher than that of the second barrier 25
5 05a, a multi-layered film, 1is, for example, an undoped

layer in the super lattice structure constructed of the
undoped GaN layer and the undoped InGaN layer, which 1is
formed for the purpose of enhancing the emission output.

The n-type cladding layer 105 is formed in the same

10 manner as in the first embodiment to increase the withstand
static voltage.

Thus, in the fourth embodiment, the n-side cladding
layer is constructed of the n-type cladding layer 105 and
the second cladding layer 105a, a multi-layered film to

15 increase the emission output and the withstand static
voltage.

As described above, in the light emitting diode of the
fourth embodiment, there is provided a first barrier layer
containing Al in the relatively large amount which has a

20 band gap energy higher than that of the second barrier
layer to decrease the driving voltage. And the n-side
cladding layer is constructed of the n-type cladding layer
105 and the second cladding layer 105a to increase the
emission output and the withstand static voltage.

25 The forth embodiment has been described with reference



| ayer to decrease the driving voltage. And the n-side cladding |ayer is
.constructed of the n-type cladding |layer 105 and the second cl addi ng | ayer
105a to increase the em ssion output and the withstand static voltage. The
forth enbodi ment has been described with reference 38 to the nitride

-sem conduct or LED device, but the preseg{ invention is not limted to the
LED device. Even when the present inve §onis applied to the nitride

sem conductor | aser device, the simlar effect can be achieved. 5

Enbodi ment 5 Next, the light emtting diode of the fifth enbodi nent

according to the present invention will be described. The |ight emtting

di ode of tH& ﬁ% hE R P NI LCONRG tOTr P B8VE RSt h&Wank MaRRERSRS ¢ he

| i ght enittin% i,ode, of the second enbadi nent, except that an n-side
second clé&ﬁ’ﬁglpgyéﬁ ?quiﬁy%ﬁeQﬂQQiQQ?s%%@c%%ﬂh%%or E¥ARarRPRgtheN i s
formed between the n-type cladding |ayer 105 and the _active |ayer 106¢c,
and a p-si BESSEESNd Uy +ayaPP22eds toadd of NaT Fif8le SEBATEBAYGERST
containing In is formed between_the p-type cladding |ayer 105 and the
active | ayePSero6€VicR t hbef Siif lawbsdifreht caphbenashdevedeond cl addi ng

| ayer 21 and the p-side second cladding |ayer 22 are forned 20 on each side
of the active | ayer 106c to prevent the

Embodiment 5
Next, the light emitting diode of the fifth embodiment
according to the present invention will be described.
The light emitting diode of the fifth embodiment 1is
10 fabricated in the same manner as the light emitting diode
of the second embodiment, except that an n-side second
cladding layer 21 made of nitride semiconductor containing
In is formed between the n-type cladding layer 105 and the
active layer 106c, and a p-side second cladding layer 22
15 made of nitride semiconductor containing In 1is formed
between the p-type cladding layer 105 and the active layer
106c¢c.
In the fifth embodiment, the n-side second cladding
layer 21 and the p-side second cladding layer 22 are formed
20 on each side of the active layer 106c to prevent the
deterioration of the crystallinity and the occurrence of
the undesirable strains in the active layer 106c resulting
from the lattice constant mismatch between the n-type
cladding layer 105 and the p-type cladding layer 107.

25 Therefore, the n-side second cladding layer 21 and the



deterioration of the crystallinity and the occurrence of the undesirable
.strains in the active layer 106c resulting fromthe |attice constant

m smat ch between the n-type cladding |ayer 105 and the p-type cl adding

| ayer 107. 25 Therefore, the n-side second cl adding | ayer 21 and the 39
-p-side second cl addi ng | ayer 22 are effgﬁgive particularly in the case
that the lattice constant of the n-type “cladding |ayer 105 is largely
different fromthat of the p- type cladding |layer 107 and the active |ayer
containing In 5 in the relatively large amount is forned. To be nore
specific, the.,n-side second c|.adding |ay 21 functjons in such.a nner
That tho woTEifa, SEcrsd Cladkiinh VAT |56 bef fig P Spbs SaaPBEERFY 1 S4iFh ¢ he
result that the variation of the conposition of the well |ayer can be 10
decr eased. 1#hi §PBonfR8Er athdh i privfdntcd hEded@ddse odf tPRe BAT¥BFon
output of the light emtting device which conprises an active |ayer

i ncl udi ng &%aﬂéppgléﬁ&ﬁroﬂogi@ﬁl}arﬁﬁi§ddé?§§F8PtmﬁF€ﬁ EBataPAsthe Pa a
relatively large_ amount. This effect is brought to the fore, particularly
15 in the &¥®€ CHACOMRE detiare Y%yandoeee i aCchivel t2YQuafiebhprineny In
structure in which the well [ayer 12 of relatively highly m xed crystal
cont ai°ni ng ikelthei velpthvghyprepeet rBAungf 1pnfauBedbe formed repeatedly is
grown. The n-side second cladding |ayer 21 may be nmade of 20 nitride

sem conduct or c@Rt enmegd rerepridsenttdie by—$ second cladding layer

21 functions in such a manner that the well layer 12 is
formed with In being dispersed evenly, with the result that
the variation of the composition of the well layer can be
10 decreased. This configuration can prevent the decrease of
the emission output of the light emitting device which
comprises an active layer including an well layer of highly
mixed crystal which contains In in a relatively large
amount. This effect 1is brought to the fore, particularly
15 in the case that the active layer 106c in a multi quantum
well structure in which the well layer 12 of relatively
highly mixed crystal containing relatively high proportion
of In must be formed repeatedly is grown.
The n-side second cladding layer 21 may be made of
20 nitride semiconductor containing In represented by the
general formula In,Ga, yN. The above-mentioned effect can
be exerted better by setting the X6 within a range from
0.0025 to 0.1 and setting the thickness within a range from
1000 A to 5000 A.

25 The p-side second cladding layer 22 acts to relax the



general fornula Inx6Gal_x6N. The above-nentioned effect can be exerted

.better by setting the X6 within a range from 0.0025 to 0.1 and setting the

thickness within a range from 1000 A to 5000 A. 25 The p-side second

cl adding | ayer 22 acts to relax the 40 undesirable strain in the well |ayer

-of the active layer which occurs at thq4 i me when the p-type cl adding

| ayer 107 is formed on the active |ayer " 106c and which results from the

| atti ce constant m smatch between the active |layer 106c 5 and the p-type

cl addi ng I ayer 107. This action can, particularly, prevent the decrease of

the em ssion outpu of the light emtting device which conprises an active
; B ’ th ]

| ayer incl WEORGIEARS 15 TR & GhiWF I xeaYeF yStalthe odt B WE ng2¥RYi n a
relatively | arge anount. This effect is 10 brou%ht to the fore,
parti cul ar "PLC OFEUEEs@t (hAe tHEe ybenyéhreapaltYPesclpAdanAul evegualtum
wel | structure in which the well layer 12 of relatively highlg m xed
crystal  coft NS rdt abth¢erGLRVEN Lg¥sForkdas atd Iwhhelst reaut e mégom
repeatedly is aromn. 15 The p-side second cl adding |ayer 21 may be nade of
nitri de sefibCondictice CORCARRNELIERALERr bsEhEen 53\et REtigenépyerf ARGl a
I nX, Gal _X, N. The above-nentioned effect can be exerted better by setting
the X? witkhnd athange-tyeen olapbbined Gaveandl8étti ng'hie tEiditdlemessamwrthin a
range from 20 100 A to 1000 A
particularly, prevent the decrease of the emission output
of the light emitting device which comprises an active
layer including an well layer of highly mixed crystal
containing In in a relatively large amount. This effect is

10 brought to the fore, particularly in the case that the
active layer 106c in a multi quantum well structure in
which the well layer 12 of relatively highly mixed crystal
containing relatively high proportion of In must be formed
repeatedly is grown.

15 The p-side second cladding layer 21 may be made of
nitride semiconductor containing In represented by the
general formula Ing,Ga; y4N. The above-mentioned effect can
be exerted better by setting the X7 within a range from
0.005 to 0.1 and setting the thickness within a range from

20 100 A to 1000 A.

Fig. 23 is a graph showing the emission output Po (mW)
versus the wavelength Ad (nm) of the light emitting diode
of the fifth embodiment according to the present invention,

compared to the conventional light emitting diode.

25 As shown in the graph of Fig. 23, the configuration of



Fig. 23 is a graph show ng the em ssion output Po (MmN versus the
.wavelength 2 d (nn) of the light emtting diode of the fifth enbodi nent
according to the present invention, conpared to the conventional |ight
emtting diode. 25 As shown in the graph of Fig. 23, the configuration of
-41 the fifth enbodi nent can prevent thegggcrease of the emssion output in
t he wavel ength range of not |ess than nm An assessnent was made of
the light emtting diode of 5 the present invention and the conventi onal
light emtting diode which had bel ow nmentioned confi gurations,
respectively. The |ight em tting diode of the present invention has, such a
Cont: gur at {517 ¢ Raf CEonGrPSEaheRE (G90p T eren by cria oSeC kAR oM Al LS
100 angstrons,, ., (2) undoped GaN |l ayer 103 ; GN, 1.5 m (3) n-type
contact | ay&ts @% 9§tRﬂ)eanG§gF 1%%@§%Qﬁﬁ%4§aﬂg?yﬁé<ﬂ%&mi%@S|§$@P 105 ;
three | ayered structure constructed of undoped GaN (3000 angstrons) / Si
doped GaN °P> @300 angstrons) / undoped GaN (50 angstroms), (5) n-side

second cl addi ng | ayer ; 1no.oo5Go. 995N, 3500 _angstrons, (6) active |ayer
106c : (a secondfh@ASSessmetfervamdidt “hNthe 7bighhserohbingafiaerl Ofayer

made of InGN, 30 angstronms / 20 a first barrier |ayer made of A GaN, 40
angstﬁbns)t%e4present invention and the conventional light emitting

diode which had below-mentioned configurations,
respectively.
The light emitting diode of the present invention has
such a configuration that comprises:
10 (1) buffer layer 102 ; undoped Al,Ga, N, 100 angstroms,,
(2) undoped GaN layer 103 ; GaN, 1.5 um,
(3) n-type contact layer 104 ; Si doped GaN, 4.165 um
(4) n-type cladding layer 105 ; three layered structure
constructed of undoped GaN (3000 angstroms) / Si doped GaN
15 (300 angstroms) / undoped GaN (50 angstroms),
(5) n-side second cladding layer ; Ing g0sGag e, 3500
angstroms,
(6) active layer 106c ; (a second barrier layer made of GaN,
70 angstroms / an well layer made of InGaN, 30 angstroms /
20 a first barrier layef made of AlGaN, 40 angstroms) X 4

cycle —+an uppermost layer made of GaN, 70 angstroms,

(7) p-side second cladding layer 22 ; Mg doped Ing ,;,Gag. sq6Ns
200 angstroms,
(8) p-type cladding layer 107 ; undoped Al, ¢,,Gay 5N, 2500

25 angstroms, and



cycl e +an uppernost | ayer made of GaN, 70 angstrons, (7) p-side second
.cladding layer 22 ; My doped | no.ol4Gao. 936N, 200 angstroms, (8) p-type
cl addi ng | ayer 107 ; undoped Al10 .042Gao. 958N, 2500 25 angstrons, and 42
(9) p-type contact layer 108 ; My doped GaN, 1200 angstroms. The
-conventional light emtting di ode has 88&2 configuration that conprises:
(1) buffer layer; undoped Al xGal xN, 10 ngstrons,, 5 (2) undoped GaN
| ayer; GaN, 1.5 gm (3) n-type contact |ayer; Si doped GaN, 4.165 ,um (4)
n-type cladding layer; three | ayered structure constructed of undoped GaN
(3000 angstr [ Si ed GaN (300 an roms) / undoped GaN
angst r ons) ,! ?op(§¥PSuFPEEa§Ep%?Y? t¥9%e'3§¥éyﬁxxkéﬁﬂ &gogna§ﬁﬁéﬁ?ms
I n0. 1JGa0. B7N, 20 angstrons) X 10 + GN, 40 angstroms, (6) active |ayer
106¢ ; (a barrlgPeIagepvﬁﬁééOBFlGakngéo e%hb%%?%nﬁjyoéﬁl\ﬂﬁﬂ IS%f&r made of
I nGaN, 30 angstrons) X 4 cycle +a barrier |ayer made of GaN, 200
angst r oms, CP@fGﬂFrﬁtépﬁet@@édﬁpﬁﬁrﬂ§§ér My doped Al 0.16Gao. 84N, 40
angstrons / My doped InO, 03G0, 9 ;N, 25 angstrons) X 5 + My doped
Al 0. 16Ga0, B4AN, b@@féﬁgétab/@#s ungpredddpeth ANGaN00 araspEamAl 0. 05Ga0. 95N,
2800 angstrons, and (9) p-type contact |ayer; My doped GaN, 1200
angst rons. (20 undpped Gght lewett:i 6gNdi dé ofmihe fifth enmbodi ment,
(3) n-type contact layer; Si doped GaN, 4.165 um
(4) n-type cladding layer; three layered structure
constructed of undoped GaN (3000 angstroms) / Si doped GaN
(300 angstroms) / undoped GaN (50 angstroms),
10 (5) buffer super lattice layer ; (GaN, 40 angstrom /

In, ;,Ga, N, 20 angstroms) X 10 + GaN, 40 angstroms,
(6) active layer 106c ; {(a barrier layer made of GaN, 200
angstroms / an well layer made of InGaN, 30 angstroms) X 4
cycle +a barrier layer made of GaN, 200 angstroms,

15 (7) p-side <cladding layer; Mg doped Al, ,Ga, N, 40
angstroms / Mg doped In, ,Ga, N, 25 angstroms) X 5 + Mg
doped Al, ,,Ga, N, 40 angstroms,

(8)undoped AlGaN ; undoped Al; ,Ga, N, 2800 angstroms, and
(9) p-type contact layer; Mg doped GaN, 1200 angstroms.

20 In the light emitting diode of the fifth embodiment,
the active layer 106c is formed in such a way that a second
barrier layer is first formed on the n-side second cladding
layer 21. But, according to the present invention, as
shown in Fig. 22, the active layer 106c may be formed in

25 such a way that a first barrier layer is first formed on



the active layer 106c is forned in such a way that a second barrier |ayer
s first formed on the n-side second cladding I|ayer 21. But, according to
the present invention, as shown in Fig. 22, the active |ayer 106c nay be
formed in 25 such a way that a first barrier layer is first forned on 43
.the n-side second cl adding | ayer 21. The sane effect can be achieved in the
above-nentioned configuration, |ike irn% e fifth enbodi nent. 5 Exanpl es
The exanpl es of the present invention will be described below To nake
sure, the present invention is not limted to the exanples. 10 Exanple 1
The device of Exanple 1 is fabricated_ in the following manner. The C pl ane
sapphire sﬁ%?tPéFédFsS@§88da§qédd§8859?¥@é ?él. The conponent | ayer isp
grown using a netal- organic chem cal vapor depgsitjon (MOCVD) nethod. 15
Tri met hyl gal | i uhPETRERE efifechy CRI PRURCCFEEFT 1Py tREL RYPVRAPEMEEPRET and
trimethylal um num (TMA) is used as, a source of I1l-group elenent, Ga, In
and Al, reSPEEEAVERF I ONaAmdKRa LPNHSF ﬁ%fﬁgeﬁmggdém§88rce of V-group

el enent, N. Monosilane (SiH4) is used as a source of an n-type dopant 20
and bi cycl opent adi enyl nagnesi um (Cp2My) as a source of a p- type dopant,

respectively. H2 and N2 are used as a carrier
5 Examples

The examples of the present invention will be described
below.
To make sure, the present invention is not limited to
the examples.
10 Example 1
The device of Example 1 is fabricated in the following
manner. The C-plane sapphire substrate is used as a
substrate 10l. The component layer 1s grown using a metal-
organic chemical vapor deposition (MOCVD) method,
15 Trimethylgallium (TMG) , triethylgallium (TEG),
trimethylindium (TMI) and trimethylaluminum (TMA) 1is used as
a source of IITI-group element, Ga, In and Al, respectively.
Ammonia (NH,;)is used as a source of V-group element, N.
Monosilane (SiH,) 1is used as a source of an n-type dopant
20 and bicyclopentadienyl magnesium (Cp,Mg) as a source of a p-
type dopant, respectively. H, and N, are used as a carrier
gas and a flowing gas.
First, an auxiliary substrate 101 made of sapphire

is set in the MOCVD device and the temperature of the

25 substrate 101 is increased to 1140 °C in H, to treat the



gas and a flow ng gas. First, an auxiliary substrate 101 nmade of sapphire
.is set in the MOCVD device and the tenperature of the 25 substrate 101 is
increased to 1140 Cin H2 to treat the 44 surface of the substrate 101.
After the surface treatnment of the substrate, the tenperature of the
.substrate 101 is decreased to 510C C. A ﬁgffer | ayer 102 made of GaN
havi ng a thickness of about 200 5 angstr% is grown on the substrate 101
using TMG (trimethylgalliun) and ammonia as a source of GaN. After grow ng
the buffer layer 102, the tenperature of the substrate is increased to
1150C. UsinqlTNG and. anmoni a as, a source of GaN, an undoped GaN | ayer 103
is grown t SUrEGEneLt hrekiEBstefrte. 5% on the buffer Iayer. Further, after
form ng an undoped GaN | ayer 103, Using TMG and anmonia as a source of GaN
and Si H4 as a sé\i@& ofthesi serfaer domatfimendn RIt ypeecomtRiratrer 64 nude
of GaN doped with Si to 5 x 1018/cn8 is grown to the thickness of 15
about 2 p rhemRexetuge ref yiee chudetngte ajet 165 desHdemsesd on Phe (- Hype

contact |ayer 104. The n-type cladding |layer 105 is constructed of a
n-type cl addifdfgrs ilgiverayfe, nadseedndalNajevyingnd Bhi¢inesy Bferabodt ifoped
GaN layer is fornmed as an n 20 type cladding first layer and a third |ayer
usi ng IMG @S tNIABISas 16 sotFewn of oBaN.the Gapvbatatalopbel wi HR1BY t dMS x
(trimethylgallium) and ammonia as a source of GaN.
After growing the buffer layer 102, the temperature of
the substrate is increased to 1150°C. Using TMG and ammonia
as a source of GaN, an undoped GaN layer 103 is grown to
10 the thickness of 1.5um on the buffer layer.
Further, after forming an undoped GaN layer 103, Using
TMG and ammonia as a source of GaN and SiH, as a source of
Si of the dopant, an n-type contact layer 104 made of GaN

doped with S8i to 5 x 10®/cm’® is grown to the thickness of

15 about 2 um.

Next, an n-type cladding layer 105 is formed on the n-
type contact layer 104. The n-type cladding layer 105 is
constructed of a n-type cladding fist layer, a second layer
and a third layer. An undoped GaN layer is formed as an n-

20 type cladding first layer and a third layer using TMG and
NH, as a source of GaN. A GaN layer doped with Si to 5 x
10*/cm® is formed as an n-type cladding second layer using
SiH, as a source of Si of the dopant. The thickness of the
n-type cladding first layer, second layer and third layer is

25 3000 angstroms, 300 angstroms and 50 angstroms, respectively.



1018/ cnB is formed as an n-type cl adding second |ayer using SiH4 as a
.source of Si of the dopant. The thickness of the n-type cladding first

| ayer, second layer and third layer is 25 3000 angstrons, 300 angstronms and
50 angstrons, respectively. 45 Next, the tenperature of the substrate is
-gecreased to 1000 C, and TEGin the a nt of 40 cc/mn and NH3 in the
anmount of about 3 1/mn are supplied instead of TMG Thus, a second
barrier layer 11 made of undoped GaN having a 5 thickness of 50 angstrons
is formed on the n- type contact layer 104. In the case that the second
barrier |ayer of ternary m xe sta f 1nx3Gl it3N, TMA in an
appropri ate annﬁﬁﬁt ﬁrFﬁ@Pe§ﬁéBFFe8% %é%t U#ﬁgrﬁgﬁpéﬁaéﬁFéeF§e&eéPeased
to 750 C. TEGin, 10 the anmobunt of 4.5 cc/nln NH3 in the anount of about 3
1/nmin andlPRP |¢. vR@Safmt it arewh afe4Qussyéa, a’Fﬁué\THzahn Werl

| ayer 12 nmade of 1no, ;5Gao0. 25y having a thickness of 35 gstrons IS

formed on @W€u§5c8ﬁd398PFlérl Y a8y8r 218, Sﬂﬁﬁlﬂﬁgnlnﬁﬁéageﬁﬁep ureTBPSvhe
substrate is increased 15 to 800 C and a first barrier layer 13 is forned.
TEG in thé adRerrd oP2rgiee/ nJrWeli\lHéll iR houmdRredpsatl FaVHRN 2and

TMA in the anmount of 4.5 cc/mn are supplied. Thus, a first barrier |ayer
13 made of tALskpess. 9§ hali ﬂﬁg%tt%@m%khés;()rﬁ‘ie%cpfhn’@%@rBrrEYP§ Corfe&ton the
wel | layer 12. 20 The process for grow ng the above-nentioned first

barrier | ayéverl 10fel | [faydhelxasrl £hakt thar ryagonchyearnizr layer is

made of ternary mixed crystal of 1In,Ga,,;N, TMA in an
appropriate amount is further supplied.
Next, the temperature is decreased to 750 C. TEG in

10 the amount of 4.5 cc/min, NH; in the amount of about 3 1/min
and TMI in the amount of 40 cc/min are supplied. Thus, an
well layer 12 made of Ing.Ga,,;N having a thickness of 35
angstroms is formed on the second barrier layer 11.

And then, the temperature of the substrate is increased

15 to 800 C and a first barrier layer 13 is formed. TEG in
the amount of 18 cc/min, NH, in the amount of about 3 1/min
and ™A in the amount of 4.5 cc/min are supplied. Thus, a
first barrier layer 13 made of Al,,Ga, N having a thickness
of 30 angstroms is formed on the well layer 12.

20 The process for growing the above-mentioned first
barrier layer 11, well layer 12 and first barrier layer 13
are repeated four times. And finally, the temperature of
the substrate is increased to 1000 C and TEG in the amount
of 40 cc/min and NH, in the amount of about 3 1/min are

25 supplied. Thereby, an uppermost layer 14 made of undoped



are repeated four tinmes. And finally, the tenperature of the substrate is
..ncreased to 1000 C and TEG in the ambunt of 40 cc/mn and NH3 in the
anount of about 3 1/mn are 25 supplied. Thereby, an uppernost |ayer 14
made of undoped 46 GaN having a thickness of -about 50 angstronms is forned
-on the topnost first barrier layer 13. Thus, the active layer 106 in the
multi quantumwel |l structure is forned. xt, after form ng the uppernost

| ayer 14, at the same 5 tenperature, a p-type cladding |layer 197 nade of
My doped Al o.iGao.ON having a thickness of about 200 angstrons is forned
on the active layer 106 using TEG NH3 and TMA as a reactive gas and CP2My
as a dopanCalodid NIkt thifEReeTpef afhrEti @ YRR THTRPS ot 956°884dC8 p- 10
type contact first |ayer 197 made of undoped GaN having a thickness of
about 1300 tAfgsPPBREL SifsEnParsnetrnéadPaddrng Tpéﬁert%§iﬁ§tTEG aRyeRH3 as
a reactive _gas. Further, CP2My is added as a dopant source to forma p-
type contadPbséBoRBel BybEd nalden B Np o fdd UGN TIRaSngameds t hi ckness of
about 200 angstronms on the p-type contact first |ayer. Then, the inside of
the reactor is NeBFacBdt®Ft RORDPIRHITh &t URRRIES Sk He Wedat! daniéalthfy Spge
conducted for 5 mnutes. The heat annealing allows the p-type cl addi ng

| ayer 2107 &/BP2B2pUE§pe acdimniade | alriding Lavee ﬂ?&n§¥6¥hﬁﬁgiﬂgodpﬁédp-type

| ayer havin% a high carrier concentration.
Al,.Ga, N having a thickness of about 200 angstroms 1is

formed on the active layer 106 using TEG, NH; and TMA as a
reactive gas and CP,Mg as a dopant source.
Next, the temperature is decreased to 950 C and a p-
10 type contact first layer 197 made of undoped GaN having a
thickness of about 1300 angstroms is formed on the cladding
layer using TEG and NH, as a reactive gas.
Further, CP,Mg is added as a dopant source to form a p-
type contact second layer made of Mg doped GaN having a
15 thickness of about 200 angstroms on the p-type contact first
layer.
Then, the inside of the reactor is replaced with N, and
at 600 C, the heat annealing is conducted for 5 minutes.
The heat annealing allows the p-type cladding layer 107 and
20 p-type contact layer 108 to be transformed into the p-type
layer having a high carrier concentration.
Next, the etching is conducted until the n-type contact
layer 104 is exposed, in order to form the n-electrode 111.
An n-electrode 111 and a p-electrode 112 are formed in the

25 predetermined place on the wafer, respectively.



Next, the etching is conducted until the n-type contact |ayer 104 is
.exposed, in order to formthe n-electrode 111. An n-electrode 111 and a
p-el ectrode 112 are fornmed in the 25 predeterm ned place on the wafer,
respectively. 47 The yellow light emtting diode as fabricated in this way
-conprises an well layer 106 nade of In.. {SGaO. 25N showed the results of
em ssion peak wavelength I d of 590nm H% f width of 45 nm em ssion
output of 1.8 nWand driving 5 voltage of 3.2 V under a forward current
(If) of 20mA. Exanple 2 The light emtting diode of Exanple 2 is fabricated

in the same way. _as in _Exanple 1 except that the active, layer is Q forned
in the foll ow ndfam ngﬂiﬁaﬁrﬁﬁ% %%&uéh%ﬁ?,a%fﬁéprfﬁ?%?%glant 18y pe

cl addi ng | ayer 105, the tenperature of the substrate is decreased to 1000
C and TEG W@Vt HOTRHRRS AN 40¢e/ didyeand ONHB2E® Ohe Bhosfio.of FHOWEI3
1/mn are supplied instead of 15 TMG Thus, a second barrier |ayer 11 nade
of undoped tBgNresalitsg of temiskaiess realbovangbenoms wsd f of m40on, t helf- t ype
contact |ayer 104. Next, the tenperature of the substrate is decreased to
750 C and TEGtPn ¢he4anouiv 6P12550Rc/MIPUINFBL | A -Chemsddk 20 igfingbout 3

1/mn and further, TM in the anount of 40 cc/mn are supplied. Thus, an
wel | 1Payer Vo2 tagge0sf 31 AoY 78mder 2mNorward current (If) of 20mA.

Example 2

The light emitting diode of Example 2 is fabricated in

the same way as in Example 1 except that the active layer 1is
10 formed in the following manner.

According to Example 2, after forming an n-type
cladding layer 105, the temperature of the substrate is
decreased to 1000 C and TEG in the amount of 40 cc/min and
NH, in the amount of about 3 1/min are supplied instead of

15 ™G. Thus, a second barrier layer 11 made of undoped GaN
having a thickness of 50 angstroms is formed on the n-type
contact layer 104,

Next, the temperature of the substrate is decreased to

750 C and TEG in the amount of 4.5 cc/min, NH, in the amount

20 of about 3 1/min and further, TMI in the amount of 40 cc/min
are supplied. Thus, an well layer 12 made of In,,sGag ,sN
having a thickness of about 35 angstroms is formed on the
second barrier layer 11.

And the temperature of the substrate is increased to

25 800 C to form a first barrier layer 13. TEG in the amount



having a t
.l.ayer 11.

forma fir
t he anount
-are suppli
t hi ckness
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increased to 1000 C and TEG in the amount of 40 cc/min and

NH; in the amount of about 3 1/min are supplied. Thereby,
an uppermost layer 14 made of undoped GaN having a thickness
of about 50 angstroms is formed on the first barrier layer
13. Thus, the active layer 106 in a single well quantum
structure is formed.

After forming the uppermost layer 14, the p-type
cladding layer and the layers above the p-type cladding
layer 107 are formed sequentially in the same manner as in
Example 1.

The light emitting diode of Example 2 fabricated in
the above-mentioned way showed the similar results to those
in Example 1. |

Next, the light emitting diode of Example 1 having a
multi quantum well structure will described in which the
first barrier layer is made of Al,Ga, ,N with a mixing
proportion of Al being varied successively. Fig. 9 shows
the relationship between the driving voltage and the mixing
proportion, vy2. The driving voltage as described herein

means a driving voltage required to drive the light emitting

10

er
ially
anpl e

g a
rier



proportion of Al being varied successively. Fig. 9 shows the relationship
.between the driving voltage and the m xing proportion, y2. The driving
vol tage as described herein 25 nmeans a driving voltage required to drive
the light emtting 49 di ode under the forward current If = 20 mA. As shown
-in the drawing, the voltage required to grlve the light emtting device
under the forward current of 20mA tends 1 decrease in the regi on of
y2<0. 15 and becones al nost constant in the 5 region of y2? 0.15. This
indicates that the effect of the increase of the m xing proportion of Al

in the first barrier yer. on the decrease of the dr|V|n volta eaches
the satur&iP8f POORE Fﬁe QrWéﬁa U6t < 26515, 2ReXf ﬁ§g hopns i the
em ssion out put versus the 10 m xing proportion y2 of Al of the |ight

emtting didg w168 E%&hpY%@ﬁ?%%vFﬁ@uérﬁﬂlFP dU&ﬁth?Q%lﬂlnguéﬁﬁﬁélpﬁ whi ch
the first barrier layer is made of Aly2Gl_Y2N. As shown in the draw ng,
the em ssi G¢VeGEpHRdes éﬁﬁhh@@ﬂ“%&%r%#ﬁﬂ%ﬁﬁrPft%@mﬁeﬁpﬁﬁsoﬁoy?@@rfaSES

Ceneral ly, the difference AE of the band gap energy (= Egl - EQ2) required
to conflnelPhéh@aMﬁgéPmr?ﬁlﬁ?ﬂQaééranéléﬁéoﬁﬁﬁl@ém@SGoﬁﬁpéiﬁéteﬁa $beucture
made Al GaAs and InGaAsP is A E ? 0.3eV. (Hroo Yonezu, optical
connuﬁicatw@@lodewﬁcaﬂéﬁgldébrln@hlsI1@@;0@¢ﬁ$tth@ﬁdébﬁceféﬁdtlDéhﬁhzo

receiving device, pp.72 ,1.8 -1 .14, Kougakutosho co. publication.
increase of the mixing proportlon of Al in the first barrier

layer on the decrease of the driving voltage reaches the
saturation point in the region of y2=0.15.
Next, Fig. 10 shows the emission output versus the
10 mixing proportion y2 of Al of the light emitting diode of
Example 1 having a multi quantum well structure in which
the first barrier layer is made of Al,Ga, ,N. As shown in
the drawing, the emission output is enhanced extremely in
the region of y2=20.1.

15 Generally, the difference AE of the band gap energy

(= Egl - Eg2) required to confine the carrier in the laser
diode having a double-hetero structure made AlGaAs and

InGaAsP is AE=20.3eV. (Hiroo Yonezu, optical communication

device engineering - light emitting device and 1light
20 receiving device, pp.72 ,1.8 -1 ,14, Kougakutosho co.
publication.

The Japanese Patent Laid-Open Publication No. Hei6-
164055 discloses that the semiconductor layer comprising an
well layer and a barrier layer made of InAlGa,, N (0=x, O

25 =y, x+y=1) preferably the difference AE of the band gap



The Japanese Patent Laid-Qpen Publication No. Hei 6- 164055 di scl oses that
.t he sem conductor |ayer conprising an well layer and a barrier |ayer nade
of In,tAlyGal _x yN (0<x, 0 25 <y, x+ty < 1) preferably the difference AE of
t he band gap 50 energy between them of not |ess than 0.3 eV. The difference
-of the band gap energy AE of the |ight itting diode of the present
invention nmade of In.Aly&Gl ,s ,,N is estinmated roughly using the
foll owi ng approximation 5 expression: Eg = 3.4 - 1.45x + 2.8y (eV) In the
case that the second barrier layer 11 is nade of GaN and the well layer is

made of 1n0.75G0.25N, AE is about 1. eV. Further, the well layer 12 is
nmade of | noe.nﬁ%r@b.kfgweaﬁ?d e t?gfuﬂogts'gleﬁzf‘r g % erevt1’3 is made of Ale, 2Ga0
N, O Eis about 1.6 eV. The carrier confinenment in the |aser diode needs
to be conducted® Hiffitgrenfanak yrhimdpnchatan eragy ight odnithe Ad Ihdi ode.
L Erequired for, the |aser diqde is higher than 15 that for_the |ight
emtting diGdetiEhSIRAs & tHE dbRaen YoHePn drade Athel ubé gt —aht
first barrier layers 11,13 in_the light emtting di ode according to the
present i MentitdATR&Sdanrexghéifel ySHag getband Wit g RPRTOREFeNdOn from

the well layer 12, conpared to the general barrier 20 |layer. AEg between
the fitst BFRGSSSIORfer 13 and the wel |

Eg = 3.4 - 1.45x + 2.8 y (eV)

In the case that the second barrier layer 11 is made of GaN

and the well layer is made of In, .Ga,,N, AE is about 1.1

ev. Further, the well layer 12 is made of In,.Ga,.,.N and
10 the first barrier layer 13 is made of Al,.,Ga, N, AE 1is

about 1.6 eV.

The carrier confinement in the laser diode needs to be
conducted at higher density than that in the light emitting
diode. AE required for the laser diode is higher than

15 that for the light emitting diode. Considering the above-
mentioned facts, the second and first barrier layers 11,13
in the 1light emitting diode according to the present
invention has an extremely large band gap energy difference
from the well layer 12, compared to the general barrier

20 layer.

AEg between the first barrier layer 13 and the well
layer 12 is minimal in the case that the mixing proportion
y2 of Al in the first barrier layer 13 and the mixing
proportion x1 of In in the well layer 12 are small. Even

25 when y2 is 0.1, the lower limit for having a large effect



| ayer 12 is minimal in the case that the m xing proportion y2 of A in the
.first barrier layer 13 and the mxing proportion x|l of In in the well

| ayer 12 are small. Even 25 when y2 is 0.1, the lower limt for having a

| arge effect 51 on the enhancenent of em ssion output and xI is 0.6, the
-lower Iimt for obtaining a preferable yellow em ssion wavelength, 0 Eg is
about 1.2 eV, which is still extrenely rge. Further, even when y2 is
0.15, the lower Iimt for 5 having an effect on the decrease of the
threshold voltage and x|l is 0.6, the lower limt for obtaining a
preferable el.l ow em ssi on wav l%%gﬁh“ AEg is about 1.3 eV, which js a

y
| arger val 88 SRFerCRPRAFFRRRL bAfr iC8H SS4P8r HHAMHg afarde I xPny  E6C
proportion, y2 of Al  is forned on the well Iager 12 having a |arge m xing
proport i onlo¥ETof LRIt HePleniodidgh 160G pait RFCLFRP1§ gite ldimvt t PRgSEiL8Re can
be enhanced extrenely. The reason for this is considered to lie in the
exceedi ngl yavieaegethi f dEends iapoute bahde Gapileheh gys betikénexhsenelly 15
| ayer and the barrier |ayer. Then, we conducted PL evaluation using a
devi ce in tR&EIEnt efvEdNEe SVATe WHSTh Yo 19-¢ yber sERe copdeEt dimihyEPT whi ch
had an active |ayer 106 conposed of one second barrier |ayer 11, one well
| ayer 212 &adisfe an resfifasdy roer thaydecriegser ¢dr the atBeeshehé dedtege20
elimnating various other factors. As shown in Fig. 11, the PL emn ssion
out put ver s8¢ tHe ¥f x9 ny pEbpodpien dfimpt for obtaining a preferable
yellow emission wavelength, AEg is about 1.3 eV, which is
a larger value.
When the first barrier layer having a large mixing
10 proportion, y2 of Al is formed on the well layer 12 having
a large mixing proportion, x1 of In, the emission output of
the light emitting diode can be enhanced extremely. The
reason for this 1is considered to lie in the exceedingly
large difference in the band gap energy between the well
15 layer and the barrier layer. Then, we conducted PL
evaluation using a device in the intermediate state with no
p-type semiconductor layer, which had an active layer 106
composed of one second barrier layer 11, one well layer 12
and one first barrier layer, in order to assess the device
20 eliminating various other factors. As shown in Fig. 11,
the PL emission output versus the mixing proportion of Al
in the first barrier layer was enhanced in the region of y2
being not less than about 0.12. It is supposed from this

fact that the effect of enhancing the emission output of

25 the light emitting diode comprising nitride semiconductor



inthe first barrier |layer was enhanced in the region of y2 being not |ess
.than about 0.12. It is supposed fromthis fact that the effect of
enhanci ng the emission output of 25 the light emtting di ode conprising
nitride sem conductor 52 |layers which emts the |light having a wavel ength
-in the vyellowregion is achieved mainly by formng the first barrier

| ayer having a | arge m xi ng proportion, of Al on the well layer. In

ot her words, the above-nentioned effect 5 is ascribable to an exceedingly

| arge difference in the band gap energy between the well layer and the
barrier layer in the active |ayer. Furth in the aforenentioned, Japanese
Pat ent Laléayeﬁén‘ﬁﬁﬁﬁ?cﬁPFEE N%l e HhighishGaE NG 12 ¥aH€§€PﬁEgd:FhaFﬁFhe 10
difference in_lattice constant between the well Ia er and the barrier |ayer

of the senﬁ@éﬁ@ﬁbtB?giﬁgerl%WNqﬂ@lfﬁ6ﬁbrm§é§l¥hébﬁelﬁ°q¥%ﬂﬂ &hE t RTBErri er

| ayer made of In, AlYG1l_x_YN (0Ox, 0O: 5y, x+y < 1) is preferably not nore
than 1% ORTERETOLRA¥PThRATINEhE WeFET| By &iNAnBEOBPIEAON, 68A0°5NPANATL5 t he
first barrier layer nmade of Al o0.1Gao.9N have a lattice constant of 3.402
angstroms &h¢ ¥eldllangstr ok, othespretrpvel Fhanadbere-partéoppdt péfect
difference in lattice constant between both |ayers to the lattice constant
of thé wells |ageribapbhole 65 oxCEREIPgLYo $ar FRucAIFAPgERCENA 20hehe
difference in lattice constant of 1 % which is a preferable value in the
Japanese Pheagt €2 degsggy between the well layer and the barrier

layer in the active layer.
Further, in the aforementioned Japanese Patent Laid-
Open Publication No. Hei6-164055, it is described that the
10 difference in lattice constant between the well layer and
the barrier layer of the semiconductor 1laser which
comprises the well layer and the barrier layer made of
InAlGa, N (0=x, 0=y, x+y=1l) is preferably not more than
1%, On the other hand, the well layer made of In,  Ga, N and
15 the first barrier layer made of Al,,Ga, N have a lattice
constant of 3.402 angstroms and 3.181 angstroms,
respectively and the ratio of the difference in lattice

constant between both layers to the lattice constant of the

well layer 1is about 6.5 %. The ratio is much larger than
20 the difference in lattice constant of 1 %, which is a

preferable value in the Japanese Patent Laid-Open
Publication No. Hei6-164055. The well layer made of
In, Ga, ,N and the first barrier layer made of Al, ,Ga, N have
a lattice constant of 3.402 angstroms and 3.174 angstroms,

25 respectively and the ratio of the difference in lattice



Publ i cati on No. Hei 6-164055. The well |ayer nade of [Ino.6G0.9N and the
first barrier |ayer nade of Al 3.2G0.8N have a lattice constant of 3.402
angstrons and 3.174 angstrons, 25 respectively and the ratio of the
difference in lattice 53 constant is about 6.7 % which is further |arger.
.However, the inventors found that the second barrier |ayer of the present

i nvention can inprove the crystallinity the well layer which is forned
on the second barrier layer and the 5 first barrier layer having a lattice
constant which is largely different fromthat of the well |layer and has a
good crystallinity can _be formed on the well |aye r Further, the second

barrier |afonstantorfedboné fore i MEich tife TITOET Har9e&r | APMEVSKirt h t he
result that a nulti quantumwell 10 structure can be forned mnthout t he
det eri or at i%6® olfn‘féﬁétorcsr yseand dhef. HontarotferaFirdfpoi tyen nef pltésent
invention may be based on the effect of the lattice _m smatch resultlng
fromthe | &gl fEVERESORN CRAL tlim@éot‘f@n:?ﬂh&ntcryl%ﬁv\ééﬁlﬁieO\ﬁe[tpel #pald and
the first barrlekﬁggéfr 15 Next, Fi 12 shows the conparison in the
t enper at ur davefa i 5% i 6ermed wean thige 39qsd pAXTiery Havele andt ke
present invention which conprises nitride senm conductor layers and emts
| i ght 5 n t Harpal | barrbgf onlaared t hevisenventliagitdice | ganseantt iy di odé nade
of Al GalnP. The 20 light emtting diode conprising nitride sem conductor
| ayers in Riaggely déflarexhnpremothathecf ity wandl tiayprliagge has a good
crystallinity can be formed on the well layer. Further, the
second barrier layer is formed one more time on the first
barrier layer, with the result that a multi quantum well

10 structure can be formed without the deterioration of the
crystallinity. From another viewpoint, the present
invention may be based on the effect of the lattice mismatch
resulting from the large difference in lattice constant
between the well layer and the first barrier layer.

15 Next, Fig. 12 shows the comparison in the temperature
characteristics between the light emitting diode of the
present invention which comprises nitride semiconductor
layers and emits 1light in the yellow region and the
conventional light emitting diode made of AlGalnP. The

20 light emitting diode <comprising nitride semiconductor
layers in Fig. 12 is an example of the light emitting diode
of this example, which has an active layer 106 in a multi
quantum well structure comprising a second barrier layer 11

made of undoped GaN, an well layer made of In, ,Ga,,N and a

25 first barrier layer 13 made of Al ,Ga,,N. The temperature



of this exanple, which has an active layer 106 in a nulti quantum well
.structure conprising a second barrier layer 11 made of undoped GaN, an
wel | layer nmade of Ino.75Ga0. 25N and a 25 first barrier layer 13 nmade of

Al 0, 2Gao, 8N. The tenperature 54 characteristics in Fig. 12 is represented
-.as an em ssion output under the drivin%?gurrent If =20 mA. As shown in
the draw ng, the deterioration of the e sion output at an el evated
tenperature in the light emtting diode of the 5 present invention nade of
nitride sem conductor is snmaller than that in the conventional |ight
emtting di ode made of . Al GalnP, When the indicator such as a traffic

si gnal con$PPEecERTISFLFRFgh® efi¥ti dg dt DdESPrESERER% 0T 0BR s SMUFS 1PRght

10 emtting diode need to have a |arge em ssion output, in termof an

vi sual i deRUtPIEatInGier ithe HE STintht FoRr it t hE Sok&r ™A-adi AFi SROVWBI AG very
strong. Cenerally, since the tenperature within the indicator is very high
in sumer Ghisellredngo| &her Sgitatiionatsonerf $PPoRGISSIPR CHEPREGRENEN1S
such as tropic zones, the indicator which is used outdoors is preferably
const r uct e@¢léVarieght R td i deviced of Lighitcrettet Hetr €asdeofof héhe

em ssion output is small at an elevated tenperature. Wien the indicator is
used cut do®resenthdnvemsdpat uwasls et delthbde ndpracendetten iLeadHes les C. 20
The emi ssion output at 75 C of the light emtting diode mde of Al GalnP
decr eases [Hraabdiats0% tempaerdenipicenal obhght emitting diode made of

AlGaInP.
When the indicator such as a traffic signal constructed
of 1light emitting diodes 1is used outdoors, the light
10 emitting diode need to have a large emission output, in term
of an visual identification, in the situation of the solar
radiation being very strong. Generally, since the
temperature within the indicator is very high in summer
when the solar radiation is very strong or in the regions
15 such as tropic zones, the indicator which is used outdoors
is preferably constructed of light emitting devices of
which the decrease of the emission output is small at an
elevated temperature. When the indicator is used outdoors,
the temperature inside the indicator often reaches 75 C.
20 The emission output at 75 C of the light emitting diode
made of AlGaInP decreases by about 50%, compared to at room

temperature, 25 C. The emission output at 75 C of the

nitride semiconductor light emitting diode according to the

oo

present invention maintains about not less than 80 ’

25 compared to at 25 TC. Thus, the present invention can



tenperature, 25 C. The em ssion output at 75 C of the nitride

.sem conductor light emtting diode according to the present invention
mai nt ai ns about not |ess than 80 %, 25 conpared to at 25 C . Thus, the
present invention can 55 prevent the decrease of the em ssion output. Thus,
-the nitride sem conductor light emtting.device according to the present

i nvention which emts yellow light has re excellent tenperature
characteristics, conpared to 5 the light emtting di ode nade of Al Gal nP
which emts yellow light. Exanple 3 Fig. 13 is a schematic sectional view
showi ng the 10 structure of the nitride sem conductor LED device according
to one exadPie T ¢ &S et i®ofM™MEeHM €Y3Rh4°1 be described with
reference to Fig. 3. The structure of the |ight_enjtting device according
to the present %WHﬁﬂi?ﬂ?i?ﬂt¥&ﬁelFﬁ?%%ﬂn@BCFaétlbghFi&mgf§?nESQQﬁH¥%r

| ayer 202) The GaN substrate 101 (which may be a sapphire substrate) which
has been fASRFAULIGCa WhHicd AP IR WA PVRTHEE o 19he SuSt varld Oade 36
C-face sapphire of two-inch 0O is set in the MOVPE reactor. A buffer |ayer
102 nade ofP&R) MSAG WRICEH Uead §QMHQﬂé§¥£$(9h%£ﬁﬁ5?r2@61&ﬁ@sﬁﬁ@ﬁ§qe§ dPown

using TMG and ammoni a on the GaN substrate 101. (undoped GaN | ayer 103)
5 the light emitting diode made of AlGaInP which emits yellow

light.

Example 3
Fig. 13 is a schematic sectional view showing the
10 structure of the nitride semiconductor LED device according
to one example of the present invention. Example 3 will be
described with reference to Fig. 3. The structure of the
light emitting device according to the present invention in
not limited to that of Fig. 13.
15 (buffer layer 202)

The GaN substrate 101 (which may be a sapphire
substrate) which has been formed using a widely known
method on the substrate made of C-face sapphire of two-inch
¢ is set in the MOVPE reactor. A buffer layer 102 made of

20 GaN which has a thickness of about 200 angstroms is grown
using TMG and ammonia on the GaN substrate 101.
(undoped GaN layer 103)

After growing the buffer layer, TMG is stopped and the

temperature is increased to 1050 C. At to 1050 °C, using

25 ammonia and TMG as a source of GaN, an undoped GaN layer 103



After growi ng the buffer layer, TMcis stopped and the tenperature is
.increased to 1050 C. At to 1050 C, using 25 ammonia and TMG as a source of
GaN, an undoped GaN | ayer 103 56 is grown to the thickness of 1/um
(n-type contact |ayer 104) Subsequently, at 1050 C, using TM5 and ammoni a
.as a source of GaN and sil ane gas as agﬂinpurity gas, an n-type 5 contact
| ayer 104 made of GaN doped with Si to 10'9/cnB8 1is grown to the
thickness of 4 jim (n-type cladding |ayer 105) Next, only silane gas is
stopped. At 1050C, a first |layer nade of undoped GaN is grown to the
t hi ckness of 3000 10 angstrons using TM5 and ammoni a. Subsequently, at the
sanme t enper& GrewWnt he SRfaRlgEReIS Added™ A second | ayer nade of GaN
doped with Si to 4.5 x 1019/ cnB iﬁ %romm to the thickness of 300
angstroms. FGtHBE, cOnb8equdRYEy, 18fly silane gas is stopped and at the
sane tenperature, a third 15 |layer made of undoped GaNis grown to the
t hi ckness of 50Suksgstiedid Y, Tids, 1@ nG ypesiraddMAg ansdy amMma@sig nas he
three-layered structure having a total thickness of 3350 angstrons is
fornmed. (nSOPFEemett GaNaydr e ¥ians 195%)2207] n1BPEEL bt PR8I #BVEGHYBE | ayer
8) Next, at the sane tenperature, a second nitride sem conductor |ayer
made &f undopédcGaNayergrldifn nade hef GaN doped with Si to 3 x 107°/cm’

is grown to the thickness of 4 um.

{(n—-type cladding layer 105)
Next, only silane gas is stopped. At 1050°C, a first
layer made of undoped GaN is grown to the thickness of 3000
10 angstroms using TMG and ammonia. Subsequently, at the same
temperature, the silane gas is added. A second layer made
of GaN doped with Si to 4.5 x 10%/cm’ is grown to the
thickness of 300 angstroms. Further, subsequently, only
silane gas is stopped and at the same temperature, a third
15 layer made of undoped GaN is grown to the thickness of 50
angstroms. Thus, an n-type cladding layer 105 in the
three-layered structure having a total thickness of 3350
angstroms is formed.
(n-type multi-layered film 105a)
20 {(n-side optical waveguide layer 8)

Next, at the same temperature, a second nitride
semiconductor layer made of undoped GaN 1s grown to the
thickness of 40 angstroms. And then, the temperature is
decreased to 800°C and a first nitride semiconductor layer

25 made of undoped In, ,;Ga, N is grown to the thickness of 20



t hi ckness of 40 angstrons. And then, the tenperature is decreased to 800C
.and a first nitride sem conductor |ayer 25 made of undoped In0O.13Gao.87N is
grown to the thickness of 20 57 angstronms using TM5 TM and ammoni a. These
operations are repeated and the first and second | ayers are | am nated
-alternately in the order of the second nger + the first layer, in 10

| ayers each. And finally, the second nitTide 5 sem conductor |ayer made of
GaN is grown to the thickness of 40 angstrons. Thus, the n-type
multi-layered film105a 1in a super lattice structure having a total

t hi ckness of 40 angstro is formed. (active layer 106f) 10,Next, at 1050
O A cecoRi I PR LRipar THE: s BRY PABCRGR00ONEATRPRECR LSSt BYE
1017/cnmB is grown to the thickness of 200 angstrons usin TEG,[TM,
anmmoni a andePsptafe Q. Wihsbtisht 137D aseg989C, LaVGEF| 35 el @S NREEE  of
Ino.,Go, 7N.is grow to the thickness of 30 angstrons 15 using TM3 TM and
amoni a. Falteeratgly; iy BaerPeferapd the fadendr law@sped Wro0of3Es6. 7N is
grown to the thickness of 10 angstronms using TM5 TMA and anmonia. This
three- | ayeéfd@rst it st ritdled oAnE hblletbhd bAfr FEFOREYBR tTride the
wel |l |ayer 12 and the first barrier layer 13 is 20 lamnated four nore

ti mes Sand FiERACPRAUCRETsE0Fd BrAdS Pl Falerd S1 59T ofrebhe Thid CKPRESact i ve

| ayer 106f in a nulti quantumwell (MM structure having a total
t hi ckness 6f 40 angstroms. Thus, the n-type multi-layered film 105a

in a super lattice structure having a total thickness of
640 angstroms is formed.
{active layer 106f)

10 Next, at 1050 C, a second barrier layer 11 made of
In, ,Ga, N doped with Si to 5 x 10"/cm’® is grown to the
thickness of 200 angstroms using TMG, TMI, ammonia and
silane gas. Subsequently, at 820 C, a well layer 12 made
of In,:Ga,,N is grown to the thickness of 30 angstroms

15 using TMG, TMI and ammonia. Further, a first barrier layer
13 made of undoped Al,.Ga,,N is grown to the thickness of
10 angstroms wusing TMG, TMA and ammonia. This three-
layered structure constructed of the second barrier layer
11, the well layer 12 and the first barrier layer 13 1is

20 laminated four more times and finally, the second barrier
layer 11 is formed. Thus, the active layer 106f in a multi
quantum well (MQW) structure having a total thickness of
1400 angstroms is formed.

(p-type cladding layer 107)

25 Subsequently, at 1050°C, a third nitride semiconductor



1400 angstrons is fornmed. (p-type cladding |layer 107) 25 Subsequently, at
.1050C, a third nitride sem conductor 58 |ayer nade of p-type Al0 2Ga0 9N
doped with Mg to 5 x 1019/cnB is grown to the thickness of 40 angstrons
using TM5 TMA, anmonia and Cp2My (cycl opent adi enyl nagnesi um.
.Subsequently, at 800 C, a fourth nitri sem conductor 5 [ ayer nmade of

I n0. 32Ga00998N doped with Mg to 5 x 10 &8 is grown to the thickness of
25 angstronms using TM5G TM, ammonia and Cp2My. These operations are
repeated and the third and fourth |layers are lam nated alternately in the
order of the third layer + the fourth layer, in 5 layers 10 each. An
finally, tHa&YeRki P@dsi ofi de ta®si ddndGetol Paped wishg % @ thel @ i @kness
of 40 angstronms. Thus, the E_'t pe cladding | ayer, a nulti-la&ered film 107
in a super 18 #%qwe % rtkReu Elﬁévﬁﬁé &t dt%l e iaes sudindebMangdtPons i s
formed. 15 (p-type contact |ayer 105) Subsequently, at 1050C, a p-type
contact | ap&ord@ mmd@dof pLP¢EPe GaN (GoFe@PRRERAVETYE 1 x MROPSAERB) i-s
grown to the thickness of 700 angstrons using TM5 ammonia and Cp2My.
After the redstiquentdyeonptetddd the tenperathly enisri@e desriemsetictorr oom
tenperature. Additionally, the annealing is performed to the wafer at 700
Cin rdtrodeyeat mesishes £ Inp t46an. shedppadt ovithsoMas tioo Jrake LOhE opr' t ype

| ayer | ess
grown to the thickness of 25 angstroms using TMG, TMI,

ammonia and Cp2Mg. These operations are repeated and the
third and fourth layers are laminated alternately in the
order of the third layer + the fourth layer, in 5 layers

10 each. And finally, the third nitride semiconductor layer
is grown to the thickness of 40 angstroms. Thus, the p-
type cladding layer, a multi-layered film 107 in a super
lattice structure having a total thickness of 365 angstroms
is formed.

15 (p—type contact layer 105)

Subsequently, at 1050°C, a p-type contact layer 108
made of p-type GaN doped with Mg to 1 x 10°°/cm’ is grown to
the thickness of 700 angstroms using TMG, ammonia and Cp2Mg.

After the reaction is completed, the temperature 1is

20 decreased to room temperature, Additionally, the annealing
is performed to the wafer at 700 C in nitrogen atmosphere
within the reactor, so as to make the p-type layer less
resistive. After annealing, the wafer is removed out of
the reactor. A mask having a predetermined shape is formed

25 on the surface of the topmost p-type contact layer 108,



resistive. After annealing, the wafer is renoved out of the reactor. A
.mask having a predeterm ned shape is formed 25 on the surface of the

t opnost p-type contact |ayer 108. 59 The etching is conducted fromthe
p-type contact layer side wth RIE (reactive ion etching) apparatus to
-expose the surface of the n-type contaq&alayer 104, as shown in Fig. 13.

5 After etching, a translucent p-side electrode including NN and Au and
havi ng a thickness of 200 angstrons is formed on the al nost entire surface
of the topnobst p- type contact |ayer 108, and an n-side el ectrode 21

i ncl udi ng and .on the surface of the n-type contact 10 Layer 104 which
s, been ey o6 by 8 it FOTCHELEr: g™ hig PPEBPRorPoeCPhd SVES PRy LED
devi ce showed. a blue em ssion of 470 mand a drivin ol t age of oV
inder the Fotar i b FEACTIGR StPhetRRANGY 1A AT TRl Boy 1O The her ot
barrier 15 | ayer duriqgla tenperature ris? up tqo the grow n tenperature
of the bar rsiuérfalcﬁyé’rfi ShHoWhYPH PP@Fa?cE. ééfﬁﬁarl&t%'veas&x%kh% % iPTHE9LED
device was fabricated in which the active 20 |layer was fornmed in the

fol |l owi ng fenner, so as to conpare wth Exanple 1. (active |layer) At 1050

C, a barrier layer nmade of 1n011Gao99N doped ,
5 After etching, a translucent p-side electrode

including Ni and Au and having a thickness of 200 angstroms
is formed on the almost entire surface of the topmost p-
type contact layer 108, and an n-side electrode 21
including W and Al on the surface of the n-type contact

10 layer 104 which has been exposed by etching, resulting in a
LED device.

The resulting LED device showed a blue emission of 470
nm and a driving voltage of 3.0 V under the forward current
of 20 mA. The surface morphology of the first barrier

15 layer during a temperature rise up to the growing

temperature of the barrier layer is shown in Fig. 15.

Comparative Example 1
The LED device was fabricated in which the active
20 layer was formed in the following manner, so as to compare
with Example 1.
(active layer)
At 1050 C, a barrier layer made of 1In,,Ga,  ,N doped
with 8i to 5 x 10'/cm’® is grown to the thickness of 200

25 angstroms using TMG, TMI, ammonia and silane gas.



with Si to 5 x 1017/cnB is grown to the thickness of 200 25 angstrons
.using TMG TM, ammonia and silane gas. 60 Subsequently, at 820 C, a well
'ayer made of Ino.;Gao.,N is grown to the thickness of 30 angstrons using

TM5 TM and ammonia. Further, the barrier layer and well |ayer are
.pam nated four tines and finally, the bastier layer 11 is 5 forned. Thus,
the active layer 106 in a nulti quantumwell (MM structure having a

total thickness of 1350 angstronms is forned. Qther constructions are the
sane as those in Exanple 3 except that the active layer is forned in the
above- 10 nentioned manner. The resulting device showed the broad em ssion
peak and aﬁi%kiaﬁ%f\fdm/ag%t 0823, & N aCHRpar ABVEE megifp| & 2lmth&aED dévi ce
was fabricated in which the actlve er was formed in the follow ng
manner, so LWL Ednbae ethiskppen E)?an% NI S YR vléSJr%?eWGAt T?ﬁéSG‘“@ a
barrler | ayer nmade of In0 1Ga0, 9N doped wth Si to x 1017/cnB is gromn
to the thi cRIYE f DEothahgst Fotrs DFSTRGITMRYTM | ara#nmﬁ.lé ablYe¥ | %€ gas.
20 Subsequently, at 820 C, a well |ayer made of Ino 3Gao. 7N i s romm to

the t hi cknelsdnigratsg afpjst r bigesspRg THDALTW, e Rawbreh. 1EUPEheL, 16 fir st

barrier layer 13 nade of undoped Ino.15Gao,, 5N havi ng?L a band gap ener ay
whi ch s bdiamad t hgthus, the active layer 106 in a multi quantum well

(MQW) structure having a total thickness of 1350 angstroms
is formed.
Other constructions are the same as those in Example 3
except that the active 1layer 1is formed in the above-
10 mentioned manner. The resulting device showed the broad
emission peak and a driving voltage of 3.8 V.
Comparative Example 2
The LED device was fabricated in which the active
layer was formed in the following manner, so as to compare
15 with Example 1.
{(active layer)
At 1050 C, a barrier layer made of 1In,,Ga,,N doped
with Si to 5 x 10'/cm® is grown to the thickness of 200
angstroms using TMG, ™I, ammonia and silane (gas.
20 Subsequently, at 820 °C, a well layer made of In, ,Ga, N is
grown to the thickness of 30 angstroms using TMG, TMI and
ammonia. Further, a first barrier layer 13 made of undoped
In, 5Ga, . ,sN having a band gap energy which is between that
of the carrier layer and that of the well layer is grown to

25 the thickness of 10 angstroms. This three-layered



of the carrier layer and that of the well layer is grown to 25 the
.thickness of 10 angstrons. This three-layered 61 structure constructed of
the barrier layer, the well layer and the first barrier layer is |am nated
four nmore times and finally, the barrier layer is fornmed. Thus, the active
layer 106 in a nulti quantum wel | (NCNvggﬁructure having a 5 total

t hi ckness of 1400 angstrons is forned. menti oned above, other
constructions are the sanme as those in Exanple 3 except that the band gap
energy of the first barrier layer 13 is lower than that of the barrier

| ayer and hi gher than that of the |1 layer. The resujtin vice showed
270 ar VB s etue t i hod G G Mo S ob e, TERalpl e A5FRE | ED
device was fabricated i he sane .manner, as.in, Exanple 3 except that the
first barri2® I%ﬁfefi@sgnhﬁﬁéleﬁ Je?cﬁqglel?ﬁ@?‘l?@éle%%dgo% tines

Al 0. 45Gao. 55N. The resultin% LED devi ce shom%d a hl ue bight Snission of
470 nm undéP% FdPediXar GheuPpEkt esr LagemigndoEmar vi AU Svolf&gacstVs. 0 V.
The surface norphol ogy of the first barrier |layer 13 during a tenperature
rise up tolewer2d 0§ dWi g Behper@tantebivehe PAEY| eFLFAGERTFsPEROMR Pn Fi g.
16. Exanple 5 The LED device was fabricated in the sane nmanner as in_ 25
Exanplbe 3 éréapt thigkness Of did Paranetiofkeria 3fernefe As mentioned

above, other constructions are the same as those in Example
3 except that the band gap energy of the first barrier
layer 13 is lower than that of the barrier layer and higher
than that of the well layer. The resulting device showed a

10 driving voltage of 4.0 V, which did not decrease.

Example 4

The LED device was fabricated in the same manner as in

Example 3 except that the first barrier layer 13 in the
15 active layer 106f was made of Al ,;Ga, ssN.

The resulting LED device showed a blue light emission
of 470 nm under the forward current of 20 mA and a driving
voltage of 3.0 V. The surface morphology of the first
barrier layer 13 during a temperature rise up to the

20 growing temperature of the barrier layer is shown in Fig.

l6.

Example 5
The LED device was fabricated in the same manner as in

25 Example 3 except that the first barrier layer 13 in the




62 active |layer 106f was made of Al 0. 60Gao. 40N The resulting LED device
.Showed a blue light em ssion of 470 nmunder the forward current of 20 mA
and a driving voltage of 2.8 V. The surface norphol ogy of the first 5
barrier layer 13 during a tenperature rise up to the grow ng tenperature
.of the barrier layer is showmn in Fig. 1 10 Exanple 6 The LED device was
fabricated in the sane nmanner as in Exarfple 3 except that the first
barrier layer 13 in the active |layer 106f was nmade of Al o, 15Ga0, e; N. The
resulting LED device showed a blue Iight em ssion of 470 nmunder the
forward current of 20 mA and a driving 15 voltage of 3.6 V. The surface
nnrphologyaﬁﬁnﬁﬁhlpﬁﬁ§tloﬁgrﬂﬁ§rmﬁgfegfl§ld@$¥ﬁqd%'tenperature rise up to
the growi ng tenperature of the barrier layer is shown in Fig. .14. 20
Exanmpl e 7 The LE%%Mﬁﬁ%HQFM%Qf%ﬁHiQ%H%RFi PRA 53 ?Hﬁn&éﬁﬁ§sqm+ssé9§nple 3
except that the active |ayer 106f was fornmed in _the foll ow ng manner.

(active | apdr DF7)ympoinger oofte fogaed ofgr Hent i @F PAyBR 2Rdngd&rging

| N311Gao099N 63 .
voltage of 2.8 V. The surface morphology of the first

5 barrier layer 13 during a temperature rise up to the
growing temperature of the barrier layer is shown in Fig.

17.

Example 6

10 The LED device was fabricated in the same manner as in
Example 3 except that the first barrier layer 13 in the

active layer 106f was made of Al; sGa, ¢N.
The resulting LED device showed a blue light emission
of 470 nm under the forward current of 20 mA and a driving
15 voltage of 3.6 V. The surface morphology of the first
barrier layer 13 during a temperature rise up to the
growing temperature of the barrier layer is shown in Fig.

14.

20 Example 7
The LED device was fabricated in the same manner as in
Example 3 except that the active layer 106f was formed in
the following manner.

(active layer 207)

25 At 1050 C, a second barrier layer 11 made of In,,Ga, N



doped with Si to 5 x 101'/cnB is grown to the thickness of 200 angstrons
.using TM5 TM, ammonia and silane gas. Subsequently, at 820 C, a well

| ayer 12 nade of 1no,3Gao,2N is grown to the thickness of 30 angstrons
using TM5 TM 5 and ammonia. Further, a first barrier layer 13 nade of
.undoped 1 n0.3Gao77N is grown to the thiq%¥ess of 10 angstrons using TMG
TMA and amoni a. This three-layered structure constructed of the second
barrier layer 13, the well layer 12 and the first barrier layer 13 is

| am nated four nore 10 tinmes and finally, the second barrier layer 13 is
formed. Thus, the active layer 207.in _.a nulti quantum wel|

: \ : . . (MY
structure Kowesy wittotal £Ai Skredd ofcm4de Swesty dris FRe FhimkReSasof
nmenti oned above, other constructions are the sanme, 15 as thase in Exanple 3
except that? %he2RERERGPr OpDFRT o8 TN Iirn BHEORARI IRYerSMPNS @38- The
resulting device showed a yellow light em ssion of 570 nm under a forward
current of S2®seausnd ly,dratyigRP vl t agewell2lever WRi ctrdedext ebzediaextr enel y
conpared to the driving voltage of 3.7 20 V resulted fromthe device in
whi ch no filSstItati B9 [Ehperthickngss 1of nell aRg st constd utFond™ler e
the same. 64 WHAT IS CLAIMED IS: 1. Alight emtting device having an
n-type semconiieeia| aydrurtdigrt ype fdawitc ekt layer drd B@de aefi ve
| ayer between the n-type sem conductor |ayer and the

undoped In, ;Ga, N is grown to the thickness of 10 angstroms

using TMG, TMA and ammonia. This three-layered structure

constructed of the second barrier layer 13, the well layer

12 and the first barrier layer 13 is laminated four more

10 times and finally, the second barrier layer 13 is formed.

Thus, the active layer 207 in a multi gquantum well (MQW)

structure having a total thickness of 1400 angstroms 1is
formed.

As mentioned above, other constructions are the same

15 as those in Example 3 except that the mixing proportion of

In in the well layer 12 is 0.8. The resulting device

showed a yellow light emission of 570 nm under a forward

current of 20 mA and a driving voltage of 2.9 V, which

decreased extremely compared to the driving voltage of 3.7

20 V resulted from the device in which no first barrier layer

13 was formed and other constructions were the same.



5 p-type sem conductor |ayer, wherein the active |ayer conprises an wel |
layer made of Inl1lGl-x1IN (x1>0) and a first barrier |ayer made of

Aly2Gal "2N (y2>0) formed on the well layer. 10 2. Alight emtting device
according to claim1l; wherein the xI of In,clGl ,cINis set to be not |ess
.than 0.6. 3. Alight emtting device according to claim1; 15 wherein the
xI of In,tlGl ,cINis set so that said Il  layer is capable of emtting
a light having a wavel ength of not less than 530 nm 4. A light emtting
device according to claim1; 20 wherein the y2 of Aly2Gl y2N is set to be

not less thap 0.1. 5 A light emtting device according to claim1,;
wher ei n thgﬁV§j&F;&Ff§%ﬁ¥lﬁgN is set to be not less than 25 0.15. 65 6. A
light emtting device according to claim1; wherein the y2 of A,,2G1 y2N

is set to be notldesdthahdBt2. FIELLIRG | gHEVERFt t iR 1dVi cBPacdor ey to
claim1; wherein said active |ayer conprises ,a second barrier |ayer nmade
of Inx, Al } FEPLGANAUSIQT (6R¥&E <20 B tP&y§erigongduckgrydaygy 3gnd an
active layer between the n-type semiconductor layer and the
5 p-type semiconductor layer,
wherein the active layer comprises an well layer made

of In,Ga, N (x1>0) and a first barrier layer made of

Al,,Ga, ,N (y2>0) formed on the well layer.

10 2. A light emitting device according to claim 1;

wherein the x1 of In,Ga, ,,N is set to be not less than

3. A light emitting device according toc claim 1;
15 wherein the x1 of In,Ga, N is set so that said well
layer is capable of emitting a light having a wavelength of

not less than 530 nm.

4., A light emitting device according to claim 1;

20 wherein the y2 of Al,Ga, ,N is set to be not less than

5. A light emitting device according to claim 1;
wherein the y2 of Al,Ga, ,N is set to be not less than

25 0.15.



10 8. Alight emtting device according to claim7; wherein said second
Jbarrier layer is made of Inic3Gal_x3N (0:x3:0.3) . 15 9. Alight emtting
device according to claim7; wherein said well layer, said first barrier

| ayer and said second barrier |ayer conpose a series of nmulti |ayers and
.wWherein said active layer include a plurality of said series of nulti

| ayers so as to conpose nultiple quantu 20 well structure. 10. A |light
emtting device according to claim1; wherein said n-type sem conduct or

| ayer conprises an n type cladding |ayer to confine the carrier within the
25 active layer and an n-side second cl adding |ayer nade of . 44 66 nitride
sem conduct or containing In between said active |ayer and said n-type

cl addi ng | ayer, wherein said p-type seniconductor |ayer conprises a p- type
cl addi ng | ayer &0 fodfighd e t&dnd feVWiCehitfCOREINY 6t Cdé1lMayér and a

p- si de second cl adding | ayer nmade of nitride sem conductor containing In
bet ween sai d adtiarein fhed ¥hdoEaftv-pat-yPe 1@ 3Rk ngP | B§epot less than

0.2.

7. A light emitting device according to claim 1;
wherein said active layer comprises a second barrier
layer made of In,;Al,Ga;,; ,.N, (0=x3=50.3, 0=y3=0.1, x3+y3
=0.3).
10
8. A light emitting device according to claim 7;

wherein sald second barrier layer is made of In,;Ga,_N

15 9. A light emitting device according to claim 7;
wherein said well layer, sald first barrier layer and
said second barrier layer compose a series of multi layers
and wherein said active layer include a plurality of said
series of multi layers so as to compose multiple quantum

20 well structure.

10. A light emitting device according to claim 1;
wherein said n-type semiconductor layer comprises an n-
type cladding layer to confine the carrier within the

25 active layer and an n-side second cladding layer made of



66

nitride semiconductor containing In between said active
layer and said n-type cladding layer,

wherein sald p-type semiconductor layer comprises a p-
type cladding layer to confine the carrier within the
active layer and a p-side second cladding layer made of
nitride semiconductor containing In between said active

layer and said p-type cladding layer.



