;e3eYV4l 6>T ~ .~ JUN 2~~ 1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON Li ght
Emtting Device BACKGROUND OF THE I NVENTION 5 (Field of the Ivneﬂﬂi@

This invention relates to a light emtting device provided with a nitride
sem conductor (for example, InxAlYGl x YN, O 5 x, 05y, x+y 5 1)
including light emtting devices such as LED (light emtting diode) and LD
(laser 10 diode). (Prior art) Recently, the light emtting dgm [ i ng
nitride sem conductor |ayers such as a blue LED or LD has at mmmﬁm‘mmmm
attention. Since the device nmade of nitride sem conductor 15 has,ga,hi gh
melting tenperature and a rel ati vegpebighcheaonr esi stance, it has a small

t enper at ure dependence and is expected to find application in not on

| i ght emitt+pgrdeyircesebutkvaheoonari ous ki nds of devi ces. AIﬁﬂW“N”H“IﬁE“
excel l ent properties such as | ow 20 power consunption and |o

has an effect onpi§gteepneeyngf peoYBE consunption and the decr easeone

mai nt enance frequency. Therefore, the LED holds promse as a light emtting

source for ghextraikbcopi gpal snafTacki gh bright LED which can give
sufficient visual i1dentification 25 outdoors is expected to be devel oped.

The light ipri8€d of the Invention)

has
and

This invention relates to a 1light émitting 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 is
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 is expected to be developed. The light in the



1~1 ,1UN 200 2 yellow region is often used in an indicator that attracts
attention such as directional signals of the car and a bulletin Pbat 200
traffic informati on other than the aforenentioned traffic signal. 5 The LED
made of Al Gal nP has been already realized as the high bright LED which
enmits the light having a wavelength in ti2e yellow regi on. However, the LED
made of Al Gal nP had | arge tenperature dependence and particularly, the

em ssi on out put thereof decreased extrenely at an 10 el evated tenperature.
Such a decrease of the em ssion output at an el evated tenperature becones a
| arge probl gg11par tegtibar lis idrtdre Lo Ccahoranvhidy ¢stoputhet attdaerts.
This is because generally, the tenperature within the indicator is very
high in sungetedPednt k1P| 85 @ttt hdD isTgnaNy S&FORr chp tdify r §gi ons
such as tropic zones and the decrease of the em ssion output in the

situations fhaict{R SOSAFAT aglh Al |1k #6i & erih I rndtd drfadt Hed T h@adeckgase of
the visual i1dentification. Such a fact becones an extrenely | arge problem

for the indealoneMbPi SR8t tsrkightigRaln the yellow region and is often
used as an indicator that attracts aftention. It is known that the active

layer ks made OfTHEXEQDC%%fealoﬁoﬂié‘%ﬂﬁﬁghggdiblépé‘n(Iﬁr@é@ytPQam§é&ga§ati 0

x of Inis large to decrease the band gap energy, wth the result 25 that

the wavel engh ofsphe gaibhed LightyhschondniBe 28nk 133nt JHbl,2004 § e

the light having a“wave gth rn the yellow region corresponding to yell ow

o Coniec 4 ORI 308, RO SRR IO gD ek

sem conduct of Tayers exanpl I nX B

Hovever , | }]éahqﬁ ga&/a\iglrggg;é%m%{ﬁrha%%reemc}]ée;?éjncjtlérgfpé éﬁd%??t&eﬂ?aPég,l i ght

i ncreasing e mXxing rati 1IN the active | ayer"to em _
209 2 UELTB N oL AR Va8 LR | Y Ol
out UL U 1 05LERE A Ble BT X1 LR L0 BLL U £RTRR P IO ko
SRR A o et b T R
nm has an eé;é?f?&Yang in the indicator which is mounted outdoors.
This is because generally, 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 visual 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



15 surface state and then, the problemthat the sem conductor I?ﬁeﬁ®%having
a.good crystallinity cannot be fornmed on such a surface thereof 'co 2@%.
SUMVARY OF THE | NVENTI ON 20 This invention has been acconplished to solve
t he above-nentioned problens. It is an object of the present invention to
enhance the em ssion output of the Iight mtting device including an
active layer nade of nitride sem conductor containing In, particularly, of
the light 25 emtting device which emts a |ight having a wavel ength 11
JUN 200 4 longer (not less than 550 nm) than that in the yellow region. It
i's another ehjiecttinf Lhghpr esAiiing Ny enaEvl dngténhancetdeyelyskalddgiicny of
the sem conductor |ayers which are forned on the nitride sem conduct or

| ayer whi chegirbspontiifigl tehiyehavivnefatwavekafgtie isighle syl ewe’ adight. To
achi eve the above-nenti oned object, according to the present invention,

there is pr em&_ge@ng beghteeThtt LBYngeKH €8 1BAVisBAi BBNAGIHLYY hayRrDetrpgen
the n-type sem conductor |ayer and the p-type sem conductor |ayer

10
oo 2t BB L N s G e 20y LAyt e ol

| nxi Gal _x~N contarmni ng and rier’layer

Al VZGa%_YZM&%&égg%?EH”B@ R0 o hQUdTEd gHY 118 NEAL hBYET byl NI ddighy

emtting lig vice having such a 15 structure according to the present

| nvention, the {am@bo aRibPWle Afndifify A ke 2ot ondugber cbl Gl el i ng

devi ce, particular of the I'ight emtting device conprising a nitri

fﬁ?t Ciogdgﬁfe ?%Qm?y%ra\WﬂigCha e%(r%é@géitﬁhtirpaﬁ’ﬁé'g xg%\ggv,e'ﬁwitéh ! 809RY thgn

OW region can enhanced. t he Sem con or

ayers formdand e ekl AR AN Hh1g, ThI ks Bar SRS ANGE6aN g i oved

in crystallinrt _ tt1ng devicCe accor

precent | Tuenbl Rhoghle, Y| baerods YR AL Byt R Skt

5 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 containing In, particularly, of the 1light

25 emitting device which emits a light having a wavelength



| ayer and the first barrier layer fornmed thereon can be inprove 'bnl} 2004
crystallinity and the sem conductor |ayers forned on the first b& r4@#

| ayer 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.41n the light emtting device
according to the present invention, the first barrier layer may contain In
that is 10 diffused fromthe adjacent layer. In the light emtting device
according to the present invention, the m xing proportion x1 of In in the

vel | layer hgngaptrpoldedil@sberngh |5p hhan Ghdn s tiAg tHe t RR 1hbght
em ssion of a wavelength in the yellow region or 15 |onger. Also, in the

light emttipgidRYi Caactordhhgnkp bBGeRLETANIHNSREs O LHOeALXbAT to
proportion x|l “of Inin the well layer is preferably adjusted to obtain the

i ght e"issgﬂﬂaﬁégigﬂeac?@¥€5§T hB+9f 0ROk nkeSent BBAdRELoR ™M a$BrEUKARE, N

the light emtting device according™to the present invention, the m xing

proportion y,of A} iy the a}ﬁéShi@?gag_erséna%mu%tggezgfg YwhR9Ln! 885 tkhan

0.1, resulting in, particularly, e i nprovenment o m ssi on out put of
regi onsor 1 bger IRt AavEfigy nol VBT KN Y AR e B BT Y n the
st pref erably £g 1BUET 806 FENALAE I Gol8CEY" qdsid g ot
DrOPOrLT O XBeObrRheRs AT BREFH ! BEARIRP 25 1R BEosbat

vol tage to mtting devicé according-to

e e gbOYERL Ghydl? PSPl B PG o ERREE' S SRERNe,
1, x3+y3 0..3 th b th | 1 f d th b

For v | nSERiCPRARPRPEy TAYRE | ATChethPgHE BT ¢ SRT R ts o AVRS o
th t ion, th d i J i ef bl f
Lo a8 o XEROERG LR 2o i N Tyt HE oLay Sy T on 2 Ehydral
GaN whi ch corresponds to_x3=0 and thereb t he crystal fefects du?_to t he
di fference +AYBRe Ma%% i2E 58w§PanﬂqbZF§§éﬂ19ﬁP N fAy &P ChESkel |

| ayer can be decreased and the deterioratjion of the crystallinity of the
segond bar r PRFTL@fel2yeEePpdguett &lyGar-pN (y2>0) con£¥1n1ng AL ¥o?med

on the well layer.
In the 1light emitting 1light device having such a
15 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
20 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

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



20 high mxed crystallization of In can be prevented, resulting in the

i nprovenent of the well layer in cystallinity. Since the |ight eqtJuNQ00s
devi ce according to the present invention conprises the second barrier

| ayer, the 25 well layer and the first barrier |ayer, even when the 11
JUN 200 7 mxing proportion of Inis large, the active |layer having a good
crystallinity can be fornmed. Such an active |ayer may be nore suitable for
the active layer in the multi-quantumwel |l structure. 5 And in the |ight
emtting device according to the present invention, it is preferable that

the n-type $gibeOnMHICt Bhel 31 stCOBRELEEE A YEL YEErabAdAMG ddtY CEah O be
confine the carrier within the active |ayer and the p-type sem conductor

| ayer CQ”erﬁB§o%eH‘tYHe EEPSEA PO hBY G 480 LONTd i ddRIEARISH er W N
the active layer, the device conprisinhg an n-side second cl addi ng I"ayer

made of nit g})gggae%coa}@% Pfsffoﬂég%rglagg 111 rﬁefﬁﬁ?é heygehiye i'crj@i(;%][ve%”d

the n-type Ing | ayer and a p- e sec ng | ayer nma

nitride semgo zont.ai ning I n between 15 the active |ayer and the
p-type clag%ﬁnggyg§§?;gﬂgkgﬁe light emitting device in such a

contioyation, "the Brsl e ec il ol ol gL aveL-A0dal e poskde sseand
oeeurr ence.oh e URIERILANL 20 ) slofd | onLa b A6 er! Bherdue g the

the p-type ¢l addj I [ esulting in the enhancenent of the em ssion
out put. As §£§%r#ﬁgda§ﬁ§$SPEa§§8F5rng to the present invention, 25 the

em ssi on out put 9f %Fe i,tride semconductor device,. 1.1 éH%hZOO 8 ¢
particularly thelhi fffdd g8k N YYHS AT A FetPe PEFSER s
the light having,a wavelengt.h |onger than that in the yellowregjon (not

| ess tgan 556Vﬁﬁ§188n bee%%dﬁﬁéggaﬁﬂkeﬁy%FXFFiﬁ?%®'QﬁR%qﬁP¥#?rgbﬁg 48
sem conduct qr, Ia%ers on the 5 Ltrid% igniconductor | ayer from which the

| i ght Ravinglgf §8l ERGPNERR BRE2FEPFOWAYESion is enitted can be inproved.

Particularly, in_the case that the mxi roportion, of Al, yv2 in the first
barrier |ayer isIﬂthFeZ&g%ﬁaﬁm&§ﬁquuég%§%ey@c%pf§ﬁPgtﬁg Eéﬁvgxﬁéﬁpﬁoned

effect is brought,to the 10 fore. Further, the effect .is al so 3roguced on
the decreaseN¥Enthent hFREHBLE1DE| PEGROSE PR X i@ﬁtlﬁnﬁPtFﬁﬁ Evilcé3YRT

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 is 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.



condition that y2 ~ 0.15, preferably y2 ~ 0.2. BRI EF DESCRI PTI ON OF THE
DRAWNGS 15 Fig. 1 is a schematic cross sectional view of the |1ghtyUN 2004

emtting diode of the first enbodi nent according to the present
Fig. 2 is a schematic cross sectional

active layer of the first enbodinent, 204ig. 3 is a schematic cross
vi ew show ng the configuration of the active |layer of a nodified

secti onal

exanple of the first enmbodinent, Fig. 4 is a schematic cross sectional
showi ng the configuration of the active |layer of another nodified 25

exanpl e of the fhnat +RELRALILIRE! propbriidNy282 R1Fig. thel $i2stChamRl e

cross sectional view show ng the configurafion of the active |ayer of the

i nvention,
vi ew showi ng the configuration of the

Vi ew

second enbody Rt § sFhgrebpkararishgmakiGsebaSEoSBE! hBRAN e¥is€WhahoW. Ag the 5
t he | f a nodif

configuration o

active layer 0 no i ed exanple of the second

enbodinent,mggg.gzekgrgbigggg?tg%sgrgﬁESSQQE[onal vi ew showi ng the

configuration th

10

15

20

25

active anot her nodi fied exanpl e

Thus, the increase of the mixing proportion y2 of Al
in the first barrier layer enables the threshold voltage to
be decreased.

And in the 1light emitting device according to the
present invention, the active layer preferably comprises a
second barrier layer made of In,Al,Ga,.;..,.N, (0=x3=0.3, 0
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 is more
preferably made of ternary mixed crystal, In,Ga, N (0=x3=
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
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

well layer and the first barrier layer, even when the



of the second enbodinment, Fig. 8 is a schematic cross sectional vig
showi ng the 10 configuration of the |aser diode of the third enbéd‘n@HtZMk
according to the present invention, Fig. 9 is a graph showing the relation
between the 15 driving voltage and the m xing proportion, y2 of Al of the
first barrier layer, in the light emttirng diode according to the present
I nvention, Fig. 10 is a graph showing the relation between the 20 em ssi on
out put and the m xing proportion, y2 of Al of the first barrier layer, in
the light emtting diode according to the present invention, Fig. 11 is a

graph showipgy {0k abtOPoPEiNRESrt PR P5 eat§ei obheubBYivandal/Be Rb¥hiRg a
proportion, y2 of ‘Al of the first barrier layer, in the light emtting

giOde accorgbag LoyLbgl PLRSEt cLAVER! Folmedl) tBEchNLAT gBEigbe1a Lol the
evice, 25 Fig. 121s a graph show ng the tenperature 1 1 JUN Z004 10
be more suitable for the active layer in the multi-quantum-
well structure.

5 And in the 1light emitting device according to 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 layer 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,



characteristics of the light emtting diode according to the present

i nvention, conpared to those of the conventional |ight emtting dﬂdﬁéum¥m¥
of AlGaln, Fig. 13 is a schematic cross sectional view of the 5
configuration of the light emtting diode of the fourth enbodi nent
according to the present invention, Fig. d4 is a AFM phot ograph show ng the
surface norphology of the first barrier layer (in which m xing proportion
of A1 is 0.15) 13 of the light emtting diode 10 according to the present
invention, Fig. 15 is a AFM phot ograph show ng the surface norphol ogy of

the first bgpetebulayey the WOEEIdE XeMOcHRAROFSH oML @t Amil 1% ihBAevideOf
the light emtting diode according to the present invention, 15 Fig. 16 is

a AFM phot ograph shQWsngHe sy acsy imy p)Qohggxleﬁﬁﬁe;hle_lBhaaz Rakhi @haltayer

(in which mxing proportion of" AL is 0.45) 13 of t ight emtting diode
according to,t p i i H 144 EM o iqng t he
surface 20 %r)lr Eﬁgl 833%’ %ﬁgfﬁrggo%a%gis%rgﬁl%@e%(?ir{r\#\)vmh%:rﬁgjn?ia%hr%rh%wd'

proportion %?Aéxiﬁﬁ?é%ﬁ;’?s@; tfgr%g Fﬁ%i&nhee@eaﬁiaa%éi@ﬂc%% 3¢5RLdi Bg k@t he

present invénti show ng the driving voltage versus
th S _ . e ; Ly i ode. ) "
the or Ssont PLEDERE] Sbrd Bhalibeod, (s BEE USRS Sl ELay, PREOIAL1A 1O

ti | Vi howi.ng. th i i f, aGti I : f th
erbods ment - HELBTARRERL b Fa pPELE Hegibifiis, MitFed Sam bRl ifiprbled: oV
I | of th i l d 5 i I 3. i l f
the Tourth embodFREECAERBIal niPt O rEmBt echht it it i TlopbtriBhebs
Toyer of thBIrTVEniBrbhAl FERet ARt P hateiet vt sy an A0 TR o
22 is a schematic Qf 0SS sectional view show ng the configuration of the
active | ayeiSof Y& modPriled tBRadpodesmentd opeet RTERBSIILFe Pt RIS &Pnd o t he

present invention, Fi 23 i s a graph showing the relation between the

em ssit8n ouFBEF'anEuF%BeﬁavéiénﬁgﬁeFﬁ fffe ALSHh L LOFIE; 6“1§Rﬁﬁg§§z' SFhe
fifth enbodi nent according to the present jnvention. TAI LED DESCRI PTI ON
OF THE PREFERREDENHCIFRRANS ERbGACRemE 1508 RIGNT] $TLLE NheHaYHCe vPBw
showi ng the configuration of the light emtting diogf according to the
first enbodcapditéent Heaprededmt O-hientirefersRdY| ¥§he éhid+ing 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 | ayer
106, a p-type ~:1 JUN 2004 12 claddin% | ayer |07 and a p-type conatct

| ayer 108 aBBIEEcPESSRYEILYONaRFnaHEd DBAWANG bstrate 101 and an n

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 is 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,



el ectrode and a p-electrode are fornmed on the n-type contact |ayer and the
p-type contact 108, respectively. 5 The substrate 101 is used to ¥brduN 2004
desirable nitride sem conductor layers ( InxAlYGl X YN, 0 Sx, 0 Sy, Xty
1)t hereon and sel ected appropriately. The buffer layer 102 is forned for

t he purpose of relaxing lattice constant 9n smatch between the substrate 101
and the nitride 10 sem conductor ( InxAlYGl _x yN Oc x, 0 Sy, x+ty S 1)

The undoped GaN | ayer 103 is forned for the purpose of inproving the

n-type contact layer 104 which is to be formed thereon in crystallinity.

The n-type contagliglageisl@4sthehatiiedckotst Becplibpase vikw ehbwadingg thiee
ohm c 15 contact. The n-type cladding |layer 105 is formed for the purpose

of confiningohhggGartiehn vt Bhe hbeiast Lugelrayer th@bsetbadaehbeveimayer, 106
is formed to emt light. The p type cladding |layer 107 is formed for the

purpose of confipigy khescar skREm#tiBi BrbBe settienbkayeiedOBholiilg tthe 20
n-type claddi ng | ayer 105. The p-type contact |layer 108 is fornmed for the

pur pose of ESﬁkhéthtEBE Bhnkﬁecg%%%vé\MéibﬁfEEFheh6&1EQQa é%gmgIQeof
substrate 101 e buffer layer 102 and the undoped GaN | ayer th

above- gent i Hgd hbgga 8Hb§8hﬂ9n@5 device may be renoved selectively, if
necessary, UN ?i 711 13 purpose of the enhancement of the

em ssi on out put L hes degr eangngl 1 ENEeLaal s3RPgEARIOY Al LB nGNneal ter

the formati on of e ch layer on sai strate an sald ayers.

SPECifiCati%ﬁg;%@ﬁrﬁE?&h”?Re e%%g ”fﬁyﬁf‘Jﬁ“éﬁ@%hér'ﬁoﬂ?%h@ dea%mgﬁaef

direction ore, n ment e p-type seni conductor "Tayers

are in the p d n-type sem conductor |ayers. Conponents
of the nltrg egé8n$%§§§ %F€6ﬂlttlng di ode of the first enbodi nent

R R g B s SRUETALSE Pk e e g R
prlnC&BaI pL%H%lhﬂrat?éﬁn%f éﬁ@hiaser diode of the third embodlment
according to the present invention,

Fig. 9 is a graph showing the relation between the
driving voltage and the mixing §roportion, 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



havi ng principal plane in R plane or A plane, insulating substrate such as
spi net (MgA1209), or other sem conductor 15 substrate such as SlC(unQUNqnng
6H, 4H 3C), ZnS, ZnO, GaAs and GaN. The buffer layer 102 is fornea for th
purpose of relaxing lattice constant m smatch between the substrate 101 and
the nitride sem conductor ( InxAlYGl _x yi 0 Sx, 0 Sy, 20 x+ty ~ 1) and
for exanple, is formed by growi ng ALN, GaN, Al &GN, InGaN, etc. The buffer

| ayer 102 may be forned at a tenperature of not nore than 900 Cto a

thi ckness of 10 angstrons to 500 angstrons. The undoped GaN | ayer 103 is

made as a G@Nakaaeerwgt@bs%f stpet depad whibteAgi MWde YacASEQ@Lsly Ngot 0
t he Enbodi nent ~.:1 JUN 2001 14 1, the undoped GaN |l ayer 103 is further

formed on thﬁebuAﬁﬁésé@ver ¥BPant o, "Pr Qvtpak e Ystal | i ehdyet hey -t ¥pe
contact |ayer which is to be formed on the undoped GaN | ayer 103. 5 The

n-type contaghybAYebndP415§nusuak by idgred oWkt hadd Bt ¥RGaTAPUrity such as
Si in a concentration of not less than 3 x 1018/ cm and preferably not | ess

than 5 x |Oelc Th OKPOS| t e e I be
| DXSATySGaL. 5. Teig’ g orBY: % seﬁeﬁatw &ots\ép §5991@ﬁ£1 %%?,e;&éﬁt TRy

oo Aisha 68 B e % GO g o8 L St

may be prefera ue of y is not nore than

0.2) to Obt€ﬁ€ﬁ§1ﬂ§b5'98089 g ﬁgc%grlgggg%ngﬁag ystal defects. The

t hi ckness o con ayer I'S con fo 15 be 0.1 to 20
~ m preferably Q. to, 0 Iy S form
an n-el ectrode 1?& fheréonfsbu? IS no#ﬁ} 4§%§H) S qﬁgvghggn ngggg
range. Next pe I in yer ra i ure
conpri sing %?rngs?gyhr%é Igyergl% akﬁ%%§ %iygéxcﬂgl ngﬁéﬁggp
| ayer, a n-f addi n ond lLa d a
undoped n- t@%gpefgaapnggt??ﬁdlfayéﬁ%)An t%g ﬁhgygg' d%ﬁngg?ﬁéer 8@% ma

ri se han_t he_af renentloned first to third

furth
Ig;er§6 The ﬁc?§3én§eé8d£h8 Péﬁé?nio%nﬁﬁ9 B&%¢l ose 25 to the active |ayer

106. Qherw se, H_\Sr.e ey :Pse pa[OVAqudphotograph 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 is a AFM photograph showing the surface
morphology of the first barrier layer (in which mixing
proportion of Al is 0.45) 13 of the light emitting diode
according to the present invention,

Fig. 17 1is 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,



~ i ~uN 200 15 another |ayer between the n-type cladding |ayer and the
active layer 106. The n-type cladding first to third |layers may ¢ Jond@oef
vari ous conposition of nitride sem conductor ( InxAl Y&l _x-"N, 50 s x, 0s
y, Xx+tyS 1) , but nmay be preferably nmade of GaN. The conposition of one of
the first to third layers of the ntype cladding | ayer 104 may be different
fromthat of the other |ayers or may be the sane as that of the other

| ayers. The thickness of the n-type cladding layer 105 is 10 controlled to
be preferably 175 to 12000 angstromnms, nore preferably 1000 to 10000
angstronms and nogig pr gberiabl y 2@0@nad ic00r@sgsseohipnbilit viswioshdéwimged to
t he abovenenti oned range. If the thickness of the n-type cladding |ayer 105
is within tte abhoref igntd oiwd rehgethé headbiwpt i ndyeat i oof of thé cBoubeh

achi eved and the withstand static voltage can be enhanced. The total

t hi ckness ofmidiei d i  deb tdiveg 05t @Yo bes el pivdhyiewntrol led to be
within the aforenentioned range by controlling each thickness of the first

to third layers Ry of24 hendwd yiree céﬁ@ﬂ?ygléweroﬁpwemmeé ylaf@€ hahayer
which constitutes the n-type cladding layer 105 may be made of

sem conductfe hard it CNMRRN titdN @hel méé't)[@@' _Xa¥hlr (&B8X, tReS Fouxtty 5 1
preferably a conposition InxAlyGal _x "N having a | ow m xi ng proportion

of 1N and AlpndWfrerdt cfasaRln Bl 28 Torshent | rserabod) ment. the active

| ayer 106 having a 1 1 JUN 2 16 single quantum wel | structure as

shown in Fig. 2,pi$ foimad of GheechnktiRe &ty Qgcl:@hﬁﬁéll%ew-rhﬁl&@iﬁ%e
| ayer 106 conprlses a second barrier layer 11 which is fornmed under t

wel | | ayer 12 phelg t hg Gakkl en R,dS rEeonideds pagh t he
light emtte and a #é?%?y a?rlg?hlg§gr %gﬁwhﬁch F?Iforned on the well

| ayer 12. Féh{ﬁcibe{ rg@ea ﬂ;F t%ﬁg a&/}e§# é%{]o rﬁ"i?é’n@fbﬁ he first barrier

| ayer 13 to grom/ ype C I ng aving a good crystallinity.

10 Thfo second baE” er % % g‘ 'c%efﬁ{%‘l% rgsog géé?ﬁégillmvt e'{fj)ého%lng( 0 -

sem conduct or repr sen eneral ornula

x3, 0 s y3, I n

i ndi um (1 n)theal nﬁl%ﬁi&l’)cgn g&l%‘lﬁ% %&f réfgﬁq%%§ﬂ|%e sec
barrier |aye 11 referab p ggg; r or
Al, respectcf et‘r]?/e % %mlbOA%“er?% %CLg&%(%mg(BEé)B ng%ggntr)l 1I¥‘?‘er Jtc%)lpf orm
t hereon an wel | 2 whi ch has a qood cryst al [ n de
nitride senicond%5¥ aﬁﬁndiagFgPaeéﬁgwﬁﬁfpﬁ% O%F|8%X8$ %ﬁﬁ%ﬁ%ﬁr%ﬁ
emt light having 20 a,wa elen in the eII MIMBV engt, Iar
t he second %W’e‘?nl S%PU g??abl 7 r‘?& tet n lfly %E{h&- cr yﬁggfr?

| Nx3&Gl_x3, X ry m.xed (Cr stal ,of t decr he
crysta? def (ge dlS)(; tBh efo]dﬁtfq? Fg%@éllfnﬁfﬁ Fﬁ%r%bﬂ%teath %8 éﬁ%%né
second barrjer Iey 11 and 25 the well Iayer 12 and to prevent the

det eri or at i GWeH 100 1 JUN 2004 17 crystallinity of the Iower barrier |ayer
11 itself as the m xing proportion of In increases. In such a case, the

cystallinity of the well layer 12 which is fornmed on the second barrier

| ayer 11 can be enhanced. The thickness_of
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



5 the second barrier layer 11 is preferably 10 angstrons to 100 angstrons
to improve the well layer 12 in crystallinity. The well |ayer 12 i1s! 004
of, for exanple, Inxl AlYIGal_ xI-YIN, (xI>0, ylzZO xl+yl s 1) including
indium (In), alum num (A1), gallium (Ga) and nitrogen (N). The m xing 10
proportion of indium (In), alumnum (Al) l&d gallium(G) is determned in
such a manner that the peak wavelength, ~, d is within the range of from
550 nmto 610nm or the range beyond such a range, where the effective
yellow | i ght em ssion can be obtained. In particular, the mxing 15
proportion, cxhd@ingndiayeof | 1)o7 nahlie aelg-dyayeer cddatetcobayer! exbg o ake

x| >-0.6 to obtain a preferable wavel ength of yellow |light. However, as the
m Xxi ng propenttessx¥ed{ | DahNgaeadesont ha | subséeagenstiant ianer eases nand

the lattice msmatch 20 between the well layer and the other |ayers
i ncreases. dheeetgae, am vl lplayest dadé s aredembrimede dror md om-thgel ayer
having a relatively snal Iattlce constant difference fromthat of the well

layer 12 andshaytpoia geognariﬁteabLttheycoA%aercdwg t @b cRAGRER,
i nvention, the 25 wel Y | ayer 12 is formed in conbi nation with thé above 1

1 JUN 2004 18 m@héors%s%%%d Peirijer daver +41 rgh thes et ee h&%rwabl

| ayer 12 having a good crystallinity can be fornmed. Moreover, even the

| ayer of Wh%ém él&ggggégkgrelneggksgangﬂ ill eggel dif fergnt arg_r&t hat 3?)f<t he

wel | | ayer ve avgoott crystéTllhlty Tayer
12 may be pif&ﬁ%?ga% gﬁgesgieEgéaaa%PEb§?9aEEX%talTGE bl 1% uroﬁoé'”ary

m xed crysta so as to gro ayer having a good crystallinity.

The thi ckneig % fz{be > wel L 1 ayer Fﬁuzf 'ésegr%fferggigx g ANGSL ¢ QB EganQth

angstrons. rst barFier 3 1s nade o for exanp

InXZAIYZGaiF¥sma %* (é%%%g)%27 Iu§2+¥3b§t%ﬁ§ |ngb§dlngind HQ1(hﬁkr1de

al um num ( nitrogen barrrer Tayer 13

i ncl I t I d-th f h t of
the 1 10nt  15SRAPRUCGL RBvel BHaRreTrr-hie Yo B rogs off whrehsi e { L8 i n°
the well layer, 12 ca nhance VWhen t rr

formed of s Eﬂ Be gon%%@it?%ﬁerthgoappéﬁnnggrpggerf?% EV|nggé%é8%§ Igf
crystallinity can, be f n the fi arrier The first
bayrler ¥8§8Y13§ Y &fer SBF a %¥e{eH%Mfywﬁﬁ§8d %?ygialef
A!YZGal_yZN SO as %o rom1the | ayer haV|n ﬂ@oa C£ stal |i g

m xi ng propbPFReR &he OPSlBréFy 1, TT mphEPer GBI ag 26a¥gr The
band f t first. b 13 f bl h th

that 25 of LRE sttorkP s Sefprf‘;%bfe R TOU I Lt R e

JIN 2984 19contact. 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 is 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 is
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, if necessary, for the



barrier layer 13 is preferably 10 angstrons to 100 angstrons. The upperqﬁaﬁ
| ayer 14 is nmade of, for exanple, InY4Al Y4Gal aa "~N, ( 0 s x4, 01d yﬁy
x4+y4 S 0 ,1 ) including indium5 (In), alum num (A), gallium (&) and
nitrogen (N). The uppernost layer 14 is preferably controlled to have a

m xi ng proportion of In or Al of O~ x4, y460.1 and x4+y45 0.1, so as to
grow a p-type cladding | ayer having a good crystallininty on the uppernopst

| ayer 14. Moreover, the 10 upper nost |ayer 14 may be preferably made of
ternary m xed crystal of Al Y4G1l_Y4N or binary m xed crystal of GaN, so as
to grow t hepprpype olfaddiegehlyrced®nt hati nhea eyaicd icnyséatpuni apdt lrdreeon.
The thickness is preferably 10 angstrons to 100 angstrons. The upper nost

| ayer 14 mayedbebawe dheisgeenadnsdbiatpioioms ofhathef 1tibatsecafitde barthieer

| ayer 11. The above-nentioned each |ayer of the active |ayer 106 may be

sel ect ed apphepatabal vff @Bhan adopsd sayer subs toat e aandMmei bt Vayarrsn-t ype
doped | ayer which is doped with an 20 n-type inpurity such as Si and a
p-type dopedn! anes Wpedl fizadaper] WHd grdwinpedirgetisy s8CBaad Mayer
According to the first enbodinent, the active layer is made by |am nating
successi vel yst hgieagRad had rigppbayedikecttibe . wel | taywesrdee, t henfi tgle
barrier layer 13 and the 25 uppernost |ayer 14 on the n-type cladding | ayer

105.  1-1 difNo39ReR® Howevge, pl-ReypR es&mt cditedtdOn1hgeat drdri tedthe this
configuration. And instead of Fhe active layer, as shown in Fig. 3, the

active 'ay?ﬁpﬁgﬁadgé%cée?ﬁz%gomhkﬁ% hs tRde sy baAknatbRy18yegassi vel y the

first barriet layer 13, second barrier layer 11, the well layer 12,

1
the first barrie&obgﬁgén%g’o%h@h%pﬁ?gﬁgﬁk E@MﬁEoﬁéuc?BQsiiﬁﬂﬁ bhyigkiRgrrier

| ayer 13 having a gap energy r than that of the Second barrier

layer 1L isqfgpged,on dihie psbxpe 0 AeolA9 5] deo W i, T g3t 0

the well |ayer to confine the carrier nore e tively wthin the

wel | er l.ang. t i : t apt d i barrier |ayer
15 it Bhes thuefi§ipfcids hBh b8 eSR:8R A1 aBLatde BRTSk DR €l staad

of the active |aygr, as shoun. 19 KLg. A GRACHEYe 1aYeladihin noghi ch

the uppernost |ayer 14715 om “can use rtainly, the active layer
0 O TR RG AR A BRsa [ed 2VEh B2 ot i sesaBipiner
oo O B SRS IR pL 480, LSLSTR DB PEON . L RS,
LT COULEEEILS S30.0% £ TR0 ofaE Bl TR, HLgRl! AR R

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

The buffer layer 102 is formed for the purpose of
relaxing lattice constant mismatch between the substrate
101 and the nitride semiconductor (InAl,Ga,.. 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 than 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



1 1 JUN 2004 21 |ayer 106. The p-type cladding |layer 107 may be a

mul tilayered filmformby |aminating the the p-type cladding firgt] [Jaie00
havi ng a hi gher band gap energy and the p-type claddi ng second | ayer having
a band gap energy lower than 5 that of the first layer, or may be a single
| ayer made of AlbGal bN, ( O ~ b s 1) caMaining a p-type inpurity. Wen a
mufti-layered film the concentration of the p-type inpurity of the p-type
cladding first layer may be different fromor the same as that of the
p-type cladding second | ayer. 10 Next, the p-type cladding |ayer 107 havi ng
a multi |ayejecisd r uelddped( SeaRr latdd caost rust Wdlthed | fbemda@swri betei n
details below. The thickness of the p-type cladding first |ayer and the

p-type cl adghRgeseqaydr aye?, WiioChimgensté t dhe ddvestallbrsitde ehadd-rgpeayer
107 which is a nmufti-layered filmis controlled to be not nore than 100

angstroms, ppgtgrabhy,aet 10ar qriilkan i ©hasé r egEmeddoAERe PLREEHAR! YaW t hi n
the range of 10 to 40 angstrons. The thickness of the p-type cladding first

| ayer may bfa&%ﬁ sgRe as or different from20 that of the p-type cladding
second | ayer. en the thickness of each |ayer constituting the

nuf ti-tayered fibgmi %—;ES}BU oln?d dt0 108/ tIA4 {d1€,800VEy Qﬁéﬁnﬁﬁtﬁaﬁﬁe,

the thickness of each layer is wthin"the elastic strain limt and the

nitride Se”LQEQBHCH%u:;@a@r et @slf‘iP%hera %rﬁ]ﬁﬁdéﬂéﬂ LYt CABL D§ cgEOWN

conpared tot case o | arge ~ 22 ness. Since the nitride

Tipur Uy | sCRBRed. % n2 KAy pe fayar vty arrh EESeatrihy KancdhtidrFon
and a SnallTﬁS“é%ﬂﬁ@éP@ﬁﬁp Q%‘%ﬁéﬂ E-"--ct’ype contact layer 104 may be
In,Al,Ga, . sN, (0=x5, 0=y5, x5ty5=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 Al,Ga, N
(the value of y is not more than 0.2) to obtain a nitride
semiconductor layer with few crystal defects. The
thickness of the ﬁ—type contact layer 104 is controlled to
15 be 0.1 to 20 u m, preferably 0.5 to 10 yu m, and more
preferably 1 to 5um 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



5 resulting in the decrease of VW and threshold of the device. Two ki nds of
| ayers having such a thickness is defined as one pair and the nuli Jyhay®hed
filmis formed by lamnating the pairs several times. The total thickness
of the p-type nufti |ayered cladding layer is controlled by adjusting the
10 thickness of each |layer of the p-typeld adding first |layer and the
p-type cl addi ng second | ayer and adjusting the lamnation tinmes. The total
t hi ckness of the p-type multi |ayered cladding |ayer is not specified, but
is not nore than 2000 angstrons, preferably not nore than 1000 15
angstrons, andthere lwirerpbtivesnt iy enthgpeSH) attlisig oayeTheand t yhe
cladding first layer is desirably nmade by growi ng the nitride sem conductor
containing attieastaMdr poeferably Al~Gal ~N ( O<n S 1 ) and the p-type

cl addi ng second | ayer is desirably made by growing the nitride 20

sem conduct or of 7é naryypbXedagHyYflalf i@kttt elonaiA fd XEsyery Shay BHChaas
Alp&l-pN ( Osp <1, n>p) and InrGi _rN( O Sr S1) . In the p-type

claddi ng | ayeryat iy 9-domsod MBWH OF GARGARl 3kn9BoabuER8rRThYPE Gal adg ng
first layer is 25 different fromthat of the p-type cladding sécond™l ayer.

L LBl 200428 Qo 4ery R3S A g8l HIPWEE:SRACERLER baNaAN | ipeot her

| ayer had a Sndl | er i doncentration: case of the n-type

cl addi ng | aa&ﬁ;?ogr)g%jrérbeoﬁ- bxee o addi ng; £if Sto! %}ﬁ%dhai\s!y&sf &# 9bge Rand

gap energy pre y has a p5 type Inpurity concentration | arger than that

of the p-type.gl addiagnseqayd,l aver Hayi g asleuecnband.gan prergy. cibe

p-type clad g secon aye avi ng ower gap energy 1s preferably

an undoped. LVer  XDURY Sl 1P 1Y SRDe Al G kL] B hhd e 1L9et e

above-nenti one nt i gurati on p-type cladding first

havi ng a hi r ] energy hav p- I qpur it nc raton
smal | er thaﬁﬁgha?ﬁggkgggsp-ggge C addﬁngyégco%égﬁg§e héﬁ%ﬁgpa fg%era and

ot oFdbly TORFOTTED et i BEPERBebIP M REqCIRRE Slodson ) Thets ' <,
feraply with 1 x_1019/cn / h

i mpur §L§5%%?¥“a%?%21§‘%6Eﬁ%:%i@ﬁg‘ﬂaﬁ#&gﬁf%@fﬁ&ﬁsx {8FpErbLy 2880 11

gher 20 than G095 ARG e T SO 1 PGy 148 4Py 5Pbs ERRECRURTFe the

oy T evel dRERTHRAS FERBe- | odkt RaNCRRERnGrS: 1 P pe CTanabREonrEar
e i et PR O BRSPS
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+yS1l), 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



1 1 JUN 2004 24 which case a layer of high nobility can be obtai ned.Jun 2004
However, because the p-type cladding second layer is thin, sonme of the
p-type inpurity diffuses fromthe p-type cladding first layer into the
p-type cladding first layer. 5 Therefore, the p-type inpurity concentration
in the p-type cladding second | ayer incl ddi ng the above-nmentioned diffusing
inpurity is desirably within 1 x 102/cm and |l ower than that in the p-type
cladding first layer. The effect is the sanme also in case that the p-type
cladding first layer 10 having a hi gher band gap energy is doped with |ess
anount of psingle | Muantiyn andllhestprigipere) addi nghswoonin| a&isy. h&vi nijsa

| ower band gap energy is doped with greater anount of p type inpurity. The
p-type i npufdined Ssosetket rdtipencaaddgnyhdalerell®tent sTrod dd#ige obayend |1 B
group of the periodic table such as My, Zn, Ca and Be and preferably

sel ected fripe agengriBesCa apdcbne |bdeeridm togpenant whiehde sefbemaduct or
| ayer constituting the p-type cladding |ayer 107 in the nmulti-I|layered 20
structure, (et ayes V@Dﬁdlé(%éﬁ 1he anpueity1dve 12 olesrsorkentaptiop is
preferably doped so that such a distribution of inpurity concentration is
obt ai ned, tihat rER8mbIALAI tahd OBRENtIYHIONeh st BEAh dnd the aidd epppriépn of
the sem conductor layer in the direction of thickness and 25 is | ow

(preferabl y; ajpdoped) whiachh@ POFd#REE BRACHNGi&NS1ayer 12]! Dl Fugbher,
resulting in the decrease of the resistivity. Next, the p-type cladding

layer 107 ighd Rpd A S | BWRLx St UL U Srii@d eof 1Y bERds BN L - Pi 61 b1 Sydr)

containing a ptype inpurity wll be described bellow The thickness of 5

the p-si de ©0f agdl Nk d@y ehel - d b ORLBRAIIAY { Lanier Whbh! 20D aRISEE0HE.

preferably wt angstro nor-e ly within a”rangé from

100 to 500 gggg; .Ihe p-type cladding layer 107 in the single |ayer
structure has a f%%ﬁ%; orse crystallinity conpared to the 10 p-type

claddipg |ayer ig hge%&k.@if;g?m@dl% ot e;  Thep- Lype £l,addi ng,{ ayer

107 in the single Tayer structure in conbination wth t e n-type ¢ addi ng

Thus, the Jod oS iEBERFLF, hBRHSRA WPV LE BRiR CHE LS

25 ngl e | AP baREartoly t HE Tt abebiing THOReE 15 b CIRARTP & Ghd i<

o type 20 QIR RGeRayEr TATa ahe iy siaayhy CRNct areon8lnidLf] oo

ange 1 rom L B clGah A £ 4RI i) and e s araBt Y TR &1 fange

I Lce)ml55 X 10p~r9e{fcen1;abtloy ]h%(s 1gZ/m%.r}T<11'ngV\h§Po;goh§tJi.g£u{<i.’>t %rcoyr‘?eg%r ?tnl %'} igl,Wi thin
respectiveiy, of x3=50.3, 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



25 aforenentioned range, a good p-type filmcan be obtained. é
26 According to the present invention, it is preferable that the y~ 004
contact layer 108 is doped with My and the conposition of the Iayer is

bi nary m xed crystal nitride sem conductor, GaN, including no indiumand no
alumnum 5 If the p-type contact |ayer ililicludes In or Al, good ohmc
contact thereof with the p-electrode 112 can be obtained, resulting in the
decrease of |um nous efficiency. The thickness of the p-side contact |ayer
108 is within the range from0.001 a mto 0.5u m preferably within the
range 10 frorgfcdlll iwitnytofOtle, Laweancbaprcepr dhgeablly vittdelf tde thage
from0.05 ,u mto 0.2 a m Wen the thickness of the p-side contact | ayer
is |less thams$rd pubpoatibartofti [AUIindmassasi | y Ioccsuclhebwemse,hethe

p-el ectrode 112 and the p-type GaAl N cl adding | ayer, resulting in the
deteriorati@opsedllbnftpcoronnef W&kl piayde aontwcich ayer ttedSigicethbe GaN
contact |ayer of binary mxed crystal which has a conposition different

fromthat ofeddied contacér! aygeri 311 eanedOneiHihda N thadeh Dekhaysr o of
ternary m xed crystal, in the case of the thickness being nore than 0.5 ,u

m 20 gryst@le dete6hs baeshbg QGG 1M the preirdeaGal cantacdstsmgs 8o due
to crystal msmatch, resulting in the deterioration of crystallinity. In

term of theldcvnam@y@r&ﬁ& | &b effyrobdechesgel he1 s Péskngssn Ok r { H€a CONL BEY .
| ayer, the | ower with the result that the [um nous 25 efficiency can

be enhanced. Therystyge; | myéktmwschna&e of, 1f59Ne?<Q9ip3.E dqmeqlul :4,he

p-type GaN contact | ayer |s prefera My, and t hereby, { he p e
characteristig, can asi h| 1 ard ta gpsily
achi eved. Thé&'"donc iﬁééil fy?gcoﬁtr%*leggglﬁﬁfﬁga ?%%ggﬂof?¥ron1l 5

3 x 102 cnd TR EAHFEL 8?2%?5‘?‘{0 o] B E5HPE MR s pa et ”
St é’ 5958%?61&85&%@2n@yfﬂéy?%%%u%'fr%&" S, BB e
B :: ggﬂgg;%f}f%%ﬂ;ﬁ{ glrgﬂs{l < ner @ha%t tl’t Srea?éoev’av%rfgntglgg, A
d is within the range of from 550 nm to 610nm or the range
beyond such a range, where the effecti?e 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 is formed in combination with the above-



doped p-type GaN contact layer 9. In the present invention, the material of
the n- and p- electrodes 111, 112 is not 15 specified but for d&xadBNe00i he
n-el ectrode 111 may be nmade of WAl and the p-electrode 112 may be made of
Ni/Au. In the light emtting diode of the first enbodi nent, because the
active layer 16 conprises a first barrierl8 ayer on an well |ayer, the
carrier can be nore efficiently 20 confined within the well layer to
enhance the | um nous efficiency. Enbodinment 2 The light emtting di ode of
t he second enbodi nent according to the present invention will be described
bel ow. 25 Ageflesonhibedeabade bayinicar t heyeel L1l ayer Hiemafbide thé wellJUN
2004 28 layer fornmed on the first barrier |ayer can have a good

crystal | i ni Ltgyethelpr eraningnvent yosdcasrietappineédyt octhe brl t ifoguma@at um
wel | structure. The light emtting device of the second enbodi nent 5
accordi ng t@othevRESSeRen MHRNtIDfer So8 Whdlh amd tiagt ktodeonstpntsiigg an
active layer 106c having a nmulti quantumwell structure, as shown in Fig.
5, instead ghrhibeyactitMedeaterrid® @hattheofi ght el i ngydeviiee @int be
first enbodinment. The light emtting diode of the second 10 enbodi nent has

a simkar ceghbingu’ gbi RRvEOat §abaOkriBealihal tgrbodhaenklexegperf a0 WG
active layer. In the light emtting device of the second enbodi nent, fhe

active layepgl . | bie o\ Welde St d& forard Ry
| ami nat i ng gesgggﬁgéﬁg??ig?aFaEer%%%,%gﬁ;melF 151ﬁ§§er 12 and'a fiTst

barri er layB?nEﬁggﬂgg?argfgsegfrofﬂéaﬁyeéoaggiEo b?okhkﬁecﬁé?graﬂa%ﬁﬂér”DSt

| ayer 14 is tor er the top first barrier layer is fornmed. The sécond

barri er |aysrg%,$?4tﬁs‘ﬁllliln@ﬁgﬁ 12rh%]2€1é1%i:§<ﬁtesga'brfi §hd ayef1 1§a9g9 the

upper nost | ay constitute t active layer 106c are forned in

t he sane ma%?ﬁéﬁ%?ﬁ%?§%§iiétaggﬁeggﬂgn o 188 EkﬁQErSHEEting device of the

second enbo has su a conrrguratrio as excellent properties

as deggribed bel g 23,6k WG AL 1¥GLOWS T AN ngBL WY AEYT ERatphROU!
In,Al,Ga; 40..N, (X220, y220, x2+y2 = 1) including indium
(In), aluminum (Al), gallium (Ga) and nitrogen (N). The
first barrier layer 13 includes aluminﬁm (Al) as an
essential element and therefore, the output of the light
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 is 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



1:1 JUN 2pp~ 29 first barrier layer containing Al, the active IaY?Qu”pﬁan
the formof a nmulti quantum well structure including several | ayers
and the crystallinity is deteriorated, resulting in the decrease of the

em ssion output. 5 However, in the yellow light emtting device conprising
a-first barrier layer containing Al as ad%ssential elenment, even if the
active layer is fornmed in a nmulti quantum wel|l structure including several
wel | layers 12, the em ssion output can be enhanced, in contrast to the 10
prior device. The configuration in which the second barrier |ayer 11, the
wel | | ayer H2rmielr t hbaferst 1Bar diser prayferakd var €  oranegis t ronsi stor déPOover
and over again on the n-type cladding |ayer 105 and finally, the uppernobst
| ayer 14 i sargsteshdas 15 been descri bed. However, according to the present
invention, as showmn in Fig. 6, the first barrier layer 13 is formed on the
n-type cl addi ng Ty erug®drmastd tlhweyer t el adis veakdayeofl06dorayekenphde by

| am nating the second barrier layer 11, the well layer 12 ant the first

barrier 20 {2 YE1 R, thi § or@es xaverg &R ,ovel+ pggi0), BndindNadivg f oh8iGE t he
upper nost Iay%r %4 flkﬁ n(Flg 5. Th&? whe&ﬁ?he first barrle? | ayer 13

havi ngs a bapth gapaeariaunhi gher, thaniihat (ob)t hehberopdofanri(@n .| ayerell in
the side of the ntype cladding |ayer with respect to the first well |ayer

12, 25 the gspéimss€andmconiy ned nprerethetyi et vdidd tdee havel dUN
2004 30 first well layer 12. As long as the lattice constant of the first

barrier | ayﬁxﬂ{s %@Eti@ﬁto?f hherPahyRe o 29di ngdayet 104, xuhga<

upper nost Iayer omtted in the active Iayer 106d 5 of Fig. 6, as

shown in Fi 7. sdhasactd verbayar draw SHULdH Pn € ONELaYr #lav@hd Sa dgsbgnat ed
as 106e in %&b %J %gr é?n?r in the égglve Iayé? gd whi ch F; fo?ned by

| ani nati ng rber dayerpddrnbhe vl rlay@r 13 b ddie, f LRt
barrier Iaf%$§|%£¥ﬁls %?% bﬁoJ%?ya%%ﬁo5gr 10 a&%ﬁn after the formation of

the figst DALSLLrmdayeladdr O ey Nl YPLe eLAMSL POnL @Y Chs 10Dk G HPREAMDS!

LA
| ayer e om escr ed above, In t l'1ght emtting

devi ce aCCOép%QQai%% %gserﬁ +PVﬁBB592t mx9ea0%§¥r;req'1f ifatdans 45 gan be

made as | on S a flrs Harﬂﬁér ayer alning AL is fornmed on at [ east

one vell |ayer gr.]_&?recfhoée’pjﬂfpem%s.l.%@dfﬂbveﬁta'y%r} C§@7beh§99hbed_ togbba

crystallinity thereon. The thickness 1s 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 Mq.

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.



| aser device as described bel ow. 20 Enbodiment 3 The |ight em {t4 ngyl ?@pr
device of the third enbodi nent according to the present invention wl
described. Fig. 8 is a schematic view showi ng the configuration 25 of the
sem conductor | aser device according to the third 1:1 JUN 2004 31

enbodi nent of the present invention. In t2e nitride sem conductor |aser
device of the third enbodinent, a buffer |ayer 202, an n-type contact |ayer
203, an n-type cl adding | ayer 204, ah n-type optical waveguide 5 |ayer 205,
a p-type optical cladding |layer 208 and a p-type contact |ayer 209 are
formed succrsseveky othé hersadimtt atiev2dikiand ds metectimidee1tcandhds

p-el ectrode 212 are fornmed on the n-type contact |ayer 204 and the p-type
contact |ayeon20§uraespacti veld/.iddcdde sfbsheatartidd Ydwebuf der shayar
202, the n-type contact |ayer 203 and the n-type cladding | ayer 204 are

fornmed in the sage gentdle aztivd Nafdr stoendaeasandussdodhiient $s hadehe
third enbodi nent, an undoped GaN | ayer may forned between the buffer |ayer

202 and thepp -L¥REndEi6 nts@@:fcels%wa%o%hé Nt Brdd kxeai«/\iayelasmgefh@sti ke and
t he second enbodlnent he n-type optical waveguide |ayer 205 constitutes

an optscal yaxsgyi %ff&@pmn&%@ oMW tfhd hgaaqt i Yaykayer2 20&nelher eker e,
the n-type optical waveguide l'ayer is forned in 20 Such a manner that the

(1o PAERYREL PRI Al | VST B el haceely

sufficient gegree frapethas ehdtihg o AR GAIUNIr§@YRIgher than that
of the second barrier layer 11 is formed on the n-type
cladding layer 105 side with respect to the well layer 12

10 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 lof the p-type
cladding layer 107, instead of the active layer, as shown

15 in Fig. 4, the active layer 106b in which the uppermost
layer 14 is omitted can be wused. 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.

20 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.

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



204. 25 In the third enbodi nent, the active layer 206 is 1~1 JUN 2004 32
formed in the same way as in the first enbodi ment. However, the 1ptr QuRNI04
invention is not limted to this configuration and the active |ayer 206 may
be formed in a nmulti quantumwel| structure as in the case of the second
enbodiment. 5 The multi quantumwel|l |ay&l can allow the output to

i ncrease. The p-type optical wavegui de | ayer 205 constitutes an opti cal
wavegui de in conjunction with the active layer 206 in a |like nmanner as the
n-type optical wavegui de |ayer 105. 10 Therefore, the p-type optical

wavegui de | bygér 20T6i. s frovemas- i ypesuchaddingnéaytbatl Ofhenavefseacs i melthdex of
the n-type optical waveguide |ayer 207 is not largely different fromthat

of the activgyéey®r fAQ& boimi $ydi Lériratihg arsuf thei ¢t grgr eealiaonyt hat
of the p-type cladding | ayer 15 208. The p-type cladding |ayer 208 and the

p-type contafist ayeye20Ragifgf ar adhet tHithdayip naiviedy asnd nthéepfttype and
second enbodi nents. In the case of the laser, the p-type cladding |ayer 208

and the p-typed&onNg askcbaden ad@y aHfLridly et chadat @abheédérf‘cjflldw@f then
boundary surface of the p type optical wavegui de |ayer 207 to forma ridge

geonetgy wifha@ 8FrikRe Widsh ofaykerd aof hhpepst b RAHd1d0E)ayed thaddiecgesul t
that the emssion fromthe active Iayer 206 focuses under the stripe ridge

P type. ol adaa i er are® = 17 PGS 95 Br rer abPpUeAty %Er?&*?%pé the
00" o PO e T MRt biots 2 e SAPIEIY D e
film 230 isofoﬁﬁ@dpgeyﬁgechagfné fyfgecfa9£rtﬂgylBéeﬁlfferent 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



The nitride sem conductor |aser device of the third enbodi nent mhi&nh
such a configuration as descri bed above conprises an first bar r 1dr &@6
containing Al on the well layer, as in the case of the first and second 10
enbodi ments, resulting in the decrease of the threshol ds. Enbodi nent 4 The
light emtting device (light emtting di@de) of the fourth enbodi nent
according to the present invention 15 has the sanme configuration as that of
the light emtting diode of the first enbodi ment, as shown in Fig. 13,
except that the active .layer 106f which will be described bellowin details
i s provi dedthhskessls of shacacthee niaydrdearnskrarcondypmmildyet ayevedgf &l m
105a is further provided between 20 the active |l ayer 106f and the n-type

cl addi ng | ayssd 10bystalFigit3carl paegtrows, MwWhan to p-hogee ofmpheityr sk
enbodi nent are designates as like nunber. In the light emtting device of

the fourth esbed nenthe t hg-agtdeve layeir 106kviisigconat it Ubege ascsheyarin
Fig. 19, 25 by lamnating the second barrier |ayer 11, the well |ayer 11

JUN 2004 34cdricaerd o i ra3ld barrsgall ayedsilscivitPi cf dee Se¥eadheli| MES
on the n-type nmulti-layered film 105a and finally, formng the second

barrieg |ay]?és&ﬂt£’:§k%tﬂ§ tRPr@Sird Y€ o Te 404N thr £8HOLANBA the device.
particularly characterized in 5 that the first barrier layer 13 is nade of

Al ZGal_ZN hayi ngi Aq81 ¥ieng P04 P PFshdn 0f Ral k@ st an & B0hd@ gshance
the effect the first barriér layer 13. In other words, we found that the

hi gher eff e.fhr i 18; 1 o h
gr ow ng th:&i%oé?irlgtalftl)aziir?*%W%%gl%@%%fﬁﬁNp%GggﬁﬁZ\?\la?b% ?aégﬁgtgﬁg 1

and then raiglng {he { LR d O tf&%&%ﬂ%ﬂf@?ﬁé@é”&? eﬁet§ﬁg§§gond

barrier layer 11 and applied the discovery to the LED device of ourth

erod 1o s lF 21 PR SOURTC IM G T2 g rebation betugedalBee iR etect o

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 is

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



nor phol ogy thereof. Figs. 14 to 17 show the photographs of the surface

mor phol ogy of the first barrier layer 13 which is obtained by 16rﬁHM@mﬁhe
first barrier layer 13 at 820 C 20 and then, raising the tenperature to
1050 C, observed by AFM (atom c force mcroscope). Fig. 14 shows the

phot ograph of the case that the mxing pridgportion 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 25 m xing proportion of Al is not |less than 0.30
(z ~ 0.30), 1 1 JUN 2004 35 the surface of the first barrier layer 13 is
in the meshogsérusygrehhavangasgeer ahpuedgignsonbenbraaveni andr taeeolhheed
through the layer. The reasons for this are as follows. Since the first

barrier |ayeayeadra@f aAkfsaNles impuedtet cankbehowateoper apgr én the case
crystallinity and the thickness of the Al GaN | ayer is uneven. Wen the

t enper at ureoEsthai aedype thedtenpelatyrelbe; ghewprgypbecseaandghbat tiser
| ayer after the formation of the first barrier layer 13, In of the well

layer 12 is)gdeepnpasgdq i tHiegHE9i Ban@f gAbCaNewaiyC b itde iy beds a p-

crystallinity and a small thickness. Thereby, the surface of the first

barri eg Iaygy?QSiﬁgﬁéityrc%hée%t@@ﬁﬁ%ﬂfﬂé%?ﬂktﬂﬁédfbﬁﬁt dhusheapP@kbeof

the surface of the well "layer 12 is exposed. It was al so found that when

the mxing Bigaggggoeeéo% /i%tyiﬁg Pl i8S % AR 0 3hd L& Lené£gi ons i ch

cave in or are d through | ayer "occupy not |ess than 10"~ of the

surface of #ﬁgyéégéﬁaaéiﬁgeé baxarlégfghﬂﬁgﬁﬁggéfy%werveghagaa'seﬁéka9nely

decr eased. ts ar own in 8 1's a graph whi ch”shows

of AL ot hee nitts e 240 L BOSOHET aTPEe oe g o e BrasRr e
invention. Jhe pEebgrablg thigkness;icLRe ceBPONeAL | @¥Bbve-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 is undoped, in



of the active layer in the fourth enbodinment is like to that in the first
enbodi nent. 25 In the fourth enbodi nent, the active |ayer 106f 4 11JuUN 280N
200! 36 in a multi quantumwell structure will be described, but the sane
effect can be obtained in the case of the active layer 106f is in a single
quantumwel | structure. In the active |ayd 106f of the fourth enbodi nent 5
4, the band gap energy of the first barrier layer 13 is 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 fornmed close to the well layer 12
after the fwhibehi acrasd tehe lagielr | afer high 1fobhlite faar t lbeenbbdiadeed,. t he
first barrier layer 13 is forned on every well |ayer 12 as a nost

pref erabl e Bxaepee, Botatibe phesenityipeveritdduing smtord nidesr t dbst lthdn,
configuration and it is essential only that a first barrier layer 13 is

formed at |gané obf arieg p-heyged acioheiveerdilffuses wilrom ayke 1p-agget he
second barrier layer 11. The thickness of the first barrier layer 13 is

smal | er thaglid@ingf fibhetseagad Hato ethd ayetydd abaddsngreiesablipyar.
nonoatom ¢ | ayer or |onger and not nore than 100 angstrons. |If the

t hi ckngss ishbeypsee L0Bhangstipas,impudd 1Y ottt dat ffoey niad  bré Weet vbhae

first barrier layer 13 and the well layer 12, resulting in the

deteriorati@na@iitdpe Iduddms ekl engrc1lbengl orehe t haddvieckiass cakdt he
first barrier layer 13 is desirably as small as possible. The thickness of

I
t he second [ : b r.od i t,hiqm2t hesr e 10
angstrons tgfég%ﬂn‘%a%ﬁéfﬁ%gi%ﬁ%gng%%&#ﬁg\ }chi%klnrbes)sl%})f g'?’%e l\%/glglrln
| ayer 12 is f I r 44 Y i [ @M 1@nhangsireers 150 70
angstrons. Flﬁ&?h@q%gu%/?ﬁgggm%%%n#lgtuh%i&;?&rﬁtg?gg&i ng |layer 5 105;, a

mul ti-Tayered. fLLm igiggf gﬁeealjc\%g@'&a@w@depggpéa&fadaﬂnah@iweena ttice

structure constructe ndoped GaN | ayer”and the undoped |nGaN | ayer
L nabS) BTG 35 AR ol ey 0 b grationead pubypler
ook ey, OIS SRR LY ATER N Byl Eivalagegeliis depellsa el
e B R B I, D A At et g2
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 is ©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,



vol tage. As described above, in the light emtting diode of the HO#@ﬁpﬁ%
enbodi nent, there is provided a first barrier |ayer containing A

relatively | arge anount which has a 20 band gap energy higher than that of
the second barrier |ayer to decrease the driving voltage. And the n-side

cl adding layer is constructed of the n-ty®® cladding | ayer 105 and the
second cl adding | ayer 105a to increase the em ssion output and the

wi t hstand static voltage. 25 The forth enbodi mrent has been described with
reference 1 1 JUN 2004 38 to the nitride sem conductor LED device, but

t he present resuéntingnins thet deicmebed od tthe LEDiddiivicy.Even when t he
present invention is applied to the nitride sem conductor |aser device, the
simlar effect cHexlig¢ atheeyedye Ecthaddiegt bajext,l10heihi gtite esiinigilieg

di ode of the fifth enbodi nent according to the present invention will be

described. Theeki @HrRdrtd Ngadd ogde afl the i {6k pabodi eBAtaifid§ a p-
fabricated in"the sane nmanner as the Iight emtting diode of the second

enbodi ment, tgyeepmduidt yarnitsi e seserdbetaddilngw.ayerhel thadeneksnids i de
sem conductor containing In is forned between the n-type cladding |ayer 105

and the actkue gﬁ-)@rdeloéﬁad@ﬂdg alpysirdel GECOBd craddilned ayerbd2 withinde of
nitride sem conductor containing In is forned between the p-type cl addi ng

| ayer 105 aQ_dODh%rﬁg%tﬂr‘b%sLaé;@ieﬂ&%l)} nwiBRihi fitldoenhogk tiesits bhe Moviede
second cl addi ng | ayer 21 and the p-side second cladding | ayer 22 are forned

20 on each §]te_§e9£bwew§€ﬁiffea|@y&5e 1665m t 0 P11QY B0 talgysdebak], or ation of
the crystallinity and the occurrence of the undesirable strains in the

e oo ng-TaSCEE08, IORLIR | RS BeTSIal CR A PThseR e
the n-side gecapduckaddisng |anen Llu@det BBystallinity compared to the
10 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 cladding layer 105 in the
multi-layered structure can provide a good crystallinity.
Thus, the_use of such a single layer in combination with
15 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
20 cladding 1layer 107 in the single layer structure is
controlled within a range from 1 x 10%/cm’ to 1 x 10°'/cnd’,

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

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



1: 1 JUN 2004 39 p-side second cl adding |ayer 22 are effective particularly
in the case that the lattice constant of the n-type cladding IaWéPJPUS%WS
largely different fromthat of the p type cladding |ayer 107 and the active
| ayer containing In 5 in the relatively large anount is fornmed. To be nore
specific, the n-side second cladding |lay@6 21 functions in such a manner
that the well layer 12 is forned with In being dispersed evenly, with the
result that the variation of the conposition of the well |ayer can be 10
decreased. This configuration can prevent the decrease of the em ssion

out put of the |imgbtoedihdi Bg deN geredenth Coupht$es, antacis vpredyeable
including an well layer of highly m xed crystal which contains Inin a

relatively trR4@ecRE0pgAtypdhcenehtect ayerbrnogghts ogdie wote Mpashdcuharly
15 in the case that the active layer 106c in a nmulti quantumwel| structure

in which theonpbditayer ok2 tafe rehgbivalsy higdny fixed Wrisd@ll cANERiAbng
relatively high proportion of In nust be fornmed repeatedly is grown. The

n-side secofdh £taelgh ot 2y aNgl 1Ryl Rei iRdeoofi 2l i t Bhde reeMh CORUHGH O
containing In represented by the general fornula I nx6Gl_xsN. The

above- gent i ppegdp, gf t%g&oeC%r&ea&_xelratf& bettenady 38t LGt hegdGa Wohhia a

range from 0. 0025 to 1 and setting the thickness within a range from 1000

A 10 5000 Aoge.dbiechashde sACANGi Aol OcLAYaE 222acks, U Tobpxihbe, - -

uuN 2on~ 40 undesira strain in ayer of the active [ayer which

active |ayctZi0heada Whi ERer et PR FoRt Lt foRge AR BRI ol O

Cc a results attice constan smat c

petween | heArlkyeel aver H00Cp2-30d I PadyPeGLadddid Layeli it Ihes

action can, particularly, preven he decrease Of the enmission output of
L ayer of hi GHYE e Br Jaf ar Rofk atn Agn et Te A Yoo T b G dndtnt
Thi's fgfethégm 0.0l gzm to 0.3 um and more preferably within the
range from 0.05 um to 0.2um. When the thickness of the
p-side contact layer is less than 0.00l;zm,.a short circuit
may easily occur between the p-electrode 112 and the p-type
GaRAlN 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 g m,
20 crystal defects tend to occur in the p—sidé 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 lower Vf 1is, with the result that the luminous

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



10 brought to the fore, particularly in the case that the active | aye 06¢
ina mlti quantumwell structure in which the well |ayer 12 of11e#u§t?09 |y
hi ghly m xed crystal containing relatively high proportion of In nust be
formed repeatedly is grown. 15 The p-side second cl adding | ayer 21 nay be
made of nitride sem conductor containing2in represented by the general
formula I nx, Gal _x, N. The above-nentioned effect can be exerted better by
setting the X7 within a range fromO0.005 to 0.1 and setting the thickness
within a range from20 100 ~ to 1000 .~. Fig. 23 is a graph showi ng the

em ssi on oudgwdd Pon( fHE yeitsyse tduN weyrteogt Nayed @Onn)s obré herdb it Mg,
emtting diode of the fifth enbodi nent according to the present invention,

conpared taadde gRaveny) onghel i ghtyeai t EhAgadtedest26 Asashowe i Batheygraph
of Fig. 23, the configuration of 1 1 JUN 200 41 the fifth enbodi ment can

prevent the;derdeagcad the SRS 8oneaERUEahNbEhEa¥RY ¢l g8BL BveangeTRE not
| ess than 535 nm An assessnent was nade of the |ight emtting diode of 5

the presentcdiWeit+9Pi 3o ENAgCoRY eRHeRAlIL dd WittrBH td | Pghglh ogle whbghihad
bel ow nmenti oned configurationS, respectively. The light emtting diode of

e, PrESenL, INeALLDI s SUCh A onELRuEaLo) Lilehs OUPLLASE, cith (51
242 108 s fapbyl B (Repebpesfaniagh |erenBly B daned N
constructeq“pﬁ/&EQOped GaN (3000 angstrons) / Si doped GaN

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. In 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 1layer 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



15 (300 angstrons) / undoped GaN (50 angstrons), (5) n-side second cl adding
| ayer : 1no, oosGao. 99sN~ 3500 angstrons, (6) active |ayer 106c 11 (JNs¥bnd
barrier layer made of GaN, 70 angstroms / an well |ayer made of InGN, 30
angstrons / 20 a first barrier layer made of Al GaN, 40 angstrons) X 4 cycle
+ an uppernost |ayer made of GaN, 70 angsigons, (7) p-side second cladding
| ayer 22 ~ My doped I no. ol 4Gao. 986N, 200 angstrons, (8) p-type cladding

| ayer 107 ; undoped Al 0.04ZGJ, g58N, 2500 25 angstrons, and 1 1 JUN 2al
42 (9) p-type contact layer 108 ; My doped GaN, 1200 angstrons. The
conventi onal akke@htridd | 68 diheder st sbalrrd egonfd getr athan Hhad &orfiddses:
( 1) buffer layer; undoped Al ;~Gl xN, 100 angstronms, , 5 (2) undoped GaN

layer; GaN c#y8ta1Minfidy, nt&ﬂép@aféyarﬁ&tlﬂwlor& c&oppd &pPl1iddled tom (4)
n-type cl addi ng | ayer; fhree | ayered structure constructed of undoped GaN

(3000 a”QStan'ifEl é;u§htqiap@@1@a§t€:ﬁ@@u%@gstroms) /' undoped GaN (50

angstrons), 10 buffer super lattice layer ; (&GN, 40 angstrom/
| no. ~3Gao. s, N, _29 ngffgw)em%t%%aﬁl gEikedQ ANgak! %@corﬁd 6)en@%wlm%nltayer
106c ; (a barrler l"ayer” made of 0O angstronms / an well layer made of

InGN, 530 aggé%gam Xt4 g dFrlesen@ar{ﬁf/égnéfaﬁr inpdg oflgqvae\', e%Qthg

angst r ons, Isi de c Al 0, ~sGao. eaN~

2{]83} g%gg /ea%gdggpggraéggg%&oag N, c 2Py @N98L $OF®)1 06 ha\}\igugdo%edmultl
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 gonfiguration 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



( 8 ) undoped Al GaN ; undoped Al 0. 0SGao. 95N, 2800 angstrons, and (9) p-type
contact layer; My doped GaN, 1200 angstrons. 20 In the |ight enidtdUNg208% ode
of the fifth enbodi nent, the active |ayer 106c is fornmed in such a way that
a second barrier layer is first formed on the n-side second cl addi ng | ayer
21. But, according to the present inventiath, as shown in Fig. 22, the
active layer 106c may be formed in 25 such a way that a first barrier |ayer
is first formed on 1 1 JUN 2004 43 the n-side second cl addi ng | ayer 21.

The sane effect can be achieved in the above-nentioned configuration, |ike
in the fifthiesbodateibr Iapeamiontaliite mxap! eshof atbever eagat wagerntn on
w Il be described below. To nmake sure, the present invention is not limted

to the exanphes. fdBmExaaple nding deyissfdd Reanpl & thuctrabr iigatied ing t he
foll owi ng manner. The C-pl ane sapphire substrate is used as a substrate

101. The cogpgaegRt WRYEr 1layedHsOWhd/StHW ér?‘_}téllli’ﬁgﬁpi € SClReGalo PERRA,
deposition (MOCVD) nethod. "15 Trinethylgallium (TM5, triethylgallium

(TEG), trinmpbbyhiRdyuih(Eik) a@RdehbbMBENYhal Ui BYALOTMAEpLS used as a
source of Ill-group”element, Ga, In and Al, respectively. Amonia (NH3)is

used ag a sourceygf Y9t oup; 2l el , N1 MBROSI | 8ier (Sidied thy!SetiedS 2

source of an n-type dopant 20 and bi cycl opent adi enyl nagnesi um (CpZMy) as a

source of acsﬁéggsgg ank. fffgectx}a&ewer Hzlaa{@r Nzccﬁ{@ar}gg.% 2RP G "ig8l gas

and a fl ow ng an auxiltary substrate 101 e of sapphire is

set in the Q@&(Ptggyi gﬁeﬁtgqtt, h%vteﬁml%r Py eac?éix}é]elayer is formed in a
multi quantum well structure including several well layers
12, the emission output can be enhanced, in contrast to the

10 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

15 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

20 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,

25 the carrier can be confined more effectively within the



25 substrate 101 is increased to 1140 Cin HZ to treat the 1 1 JUN 2004
44 surface of the substrate 101. After the surface treatnent of {ihejun 2004
substrate,thetenperature of the substrate 101 is decreased to 510C. Abuffer
| ayer 102 made of GaN having a thickness of about2005angstrons is grown on
the substrate 101 usingTMZtri net hyl galli3dgomy and ammonia as a source of

GaN. After growing the buffer |layer 102, the tenperatureofthe substrate is
increased to 1150C. Using TM5 and ammoni aas a source of GaN, an undoped GaN
| ayer 103 is grownto0lOt he thickness of 1.5 mon the buffer |ayer. Further,
after form pgrap wadopedyeaNipbayer 103, UsingTMG and anmmonia as a source of
GaN and Si Ha as a_ sourceof Si of the dopant, an n-type contact |ayer 104

made of GaNdoped mit hoSly tad Stie 1048£CA8 icongtawe 'oF thee t bi skpepaeh-iagbout
2 a mNext, an n-type Cladding |ayer 105 is forned on then-type contact

llayer 104. The.p- ixpﬁ?ekﬁ@g' BHaEabﬁ?rtﬁQ%SE%ét wsae%gf égm@rt!f@@ claddi ng

fist layer, a second layerand a third | ayer.” An undope | ayer is forned
Source of (URPERRIEK PabeF 14,2, b@ﬂ%éﬁ“%c‘ I THTe D% or R AToges ©

n-typescl adginggecond Layendial ngsl Hraas 2 sogge tiJe o, d,&@ﬁ ﬁg%% The

thlckness of t hen- type cladding first yer second ayer

I 2530 , t 1
T N S Ty o= oI T ek S A L df"? 5a 15 1000
C, d TE t 4 N t

1/n1§nare g%%%Fégﬁlgggﬁghdgg f%£§{€%nl? arsgggﬁg %E@f?g? afg%ﬂﬁgpnage of

undoped Ga haV|§91?% F hIC %ﬂfﬁ %%:gpgfg gslis rnwgfpligﬁ%%eagfe

contact |ay FUAY & casg e seco barfler ayer
ternary m xed CLY;

x3Gal N,  TMA,I t t i
furt her sup?ﬁl?le Ne JtrStE hgafeﬁﬁe)r(iﬁyreer i éndetg{]légg‘g’ag?g %é’%rar?ry Eglvlaﬁ 10
th t of 4. t.h t 3 1/ d TM in th
e B Skt ERT, RegNierkcthe, SPUDN. ofy RO, 20T Lo0g T ol the
| no, , SGao. 25N h t.hi f 35 f t h d
bar 1 or | ayERe é‘v%xﬁa GRS A¥er hont o BF CRESEIBSh 4TS | hoPedoed
15 to 800 C a firs rrier | ayer 13 is forned. TEG in the amount of 18

cc/mn, ﬁotﬂ% %ﬂb%ﬁ? of about 3 1/min and TMA in the amount of 4.5

cc/mn are supplied. Thus, a s .
PP As described above, in the 1light emitting device

according to the present invention, various modifications
15 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.

20 Embodiment 3
The light emitting laser device of the third
embodiment according to the present invention will be
described.
Fig. 8 is a schematic view showing the configuration

25 of the semiconductor laser device according to the third



first barrier layer 13 made of Al o,ZGa~, BN having a thickness og“fo \
angstrons is fornmed on the well layer 12. 20 The process for grov nUNtﬁ@
above-nmentioned first barrier layer 11, well layer 12 and first barrier

| ayer 13 are repeated four tinmes. And finally, the tenperature of the
substrate is increased to 1000 C and TEG31n the amount of 40 cc/mn and NH,
in the amount of about 3 1/mn are 25 supplied. Thereby, an uppernost | ayer
14 made of undoped 1 1 JUN 200 46 GaN having a thickness of about 50
angstrons is fornmed on the topnost first barrier layer 13. Thus, the active

llayer 106 ignbb@imdhtiocguens UPraEbhtSiAVEAEIENLS formed. Next, after
formng the uppernost |ayer 14, at the sane 5 tenperature, a p-type

cl adding | ayer 18{ fR&enotrMedoprdcoh@utEdr. JsBavhBgidet BicCkRaSEhek-gabout
200 angstrons is fornmed on the active |ayer 106 using TEG NH3 and TMA as a

reactive gasmighdl S a u . Xt t I-S
decreased to 9501%§§ﬁg § %?nggpgé%%ﬁtgg?'fgﬁs% FgggrEgggsﬁgdgég?kuﬁggbed

ayer usi ng TG SHACNGE SR YTy PO8E S F R ETL  Haagyagen”
dopant s Sour peuL0 365 2 9 Lybe GonIagt secandnlayel Mmgeeolaly, dgoegocan

havi ng”a 15 i ckness of angstrons o pe con

layer. Then, fhe.{ N$L08:000bNG ke85 Red SUGRAGEA W t8h Wn8 dubstrate

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 is different to a
sufficient degree from that of the n-type cladding layer
204,

25 In the third embodiment, the active layer 206 1is



at 600 C, the heat annealing is conducted for 5 mnutes. The heat nnea&h
allows the p-type cladding |ayer 107 and 20 p-type contact Iayer 9 UNo
transforned into the p-type |ayer having a high carrier concentratlon
Next, the etching is conducted until the n-type contact |layer 104 is
exposed, in order to formthe n-electrodd82111. An n-electrode 111 and a
p-el ectrode 112 are fornmed in the 25 predeterm ned place on the wafer,
respectively. 1 1J UN 200 47 The yellow light emtting di ode as
fabricated in this way conprises an well |ayer 106 nmade of Ino,, SGa~, zsN

showed the fesmiéd sinftRE sshonwPpeaks ey et REJEDrst de@bo82RBAL . halibwiirdih of
45 nm em ssion output of 1.8 mWand driving 5 voltage of 3.2 V under a

forward Curtfteéldpfééén@f iR0BAL i6xanBl @0t Thendtddahttemhisngodeogarat isxanpl e
2 is fabricated in the sane way as in Exanple 1 except that the active

layer is 10;4Qregd betike fehleawaus f’iﬁé"}ﬂ%e foeaed NG D KXBEAD! Quéntaht er
formng an n-type cladding | ayer 105 e tenperature of the substrate is

decreased t,9, 100Q+¢,2R¢ rEEG 4 N1 hh& 1AL 0T A0t g8/ MY MiBohinkhE,
amount of about 3 I/mn are supplied instead of 15 TMG Thus, a second

barrieg |aygple 1l yBde QfyaidgpedesaN DayLpg @ad h'aclleS e 58u%?9%t regs is
formed on t e n-type contact |ayer 104.  Next, the tenperature of the

substrate igRé@§g§%sed to 750 C and TEG i n the anmount of 4.5 cc/mn, NH in
t he anpunt out 3 1/mn and further, in the anmbunt of 40 cc/mn

0
are supplied. T éntﬁgstr ayer 1 2 n&gl tqﬁ}egﬁ%gbz 3%5@@% e & an,

t hi ckness of abou ns I'S second barrrer ayer
. e 1 U 8 30 S 0. S
in a like manner as the n-type optical waveguide layer 105.
10 Therefore, the p-type optical waveguide 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 is 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




of 18 cc/mn, NH3 in the anount of about 3 1/mn and further, TMA | tﬂg
anmount of 4.5 cc/mn are supplied. Thus, a first barrier |ayer ﬁadéU @m‘
Al 0, zGao, BN having a thickness of about 30 angstrons is fornmed on the well

| ayer 12. 5 Thereafter, the tenperature of the substrate is increased to
1000 C and TEG in the anmpbunt of 40 cc/m m3and NH3 in the anmpbunt of about 3
1/mn are supplied. Thereby, an uppernost |ayer 14 nade of undoped GaN
havi ng a thi ckness of about 50 angstrons is formed on the first barrier
llayer 10 13. Thus, the active layer 106 in a single well quantum structure
is forned. ﬁééﬁérémynm the fyReoshd aidgel4Lripe.p-type cl adding | ayer
and the | ayers above the p-type cladding | ayer 107 are formed sequentially

in the same manngreag-eNedbr&danPle indThBel pgbleettblitngldi gde ebrieanpl e
2 fabricated in the above-nenti oned way showed the simlar results to those

in Exanple i PRX! gahBenanglt @F tit] nohdi poes©f akxagpbénd BAMbAIMBnRY .Ml ti
quantum wel | structure will described in which the first barrier Iayer i's

made of Al Y@@%@é&'\l W b shXiiRG PEPPRM 1390 afs AoPREAY 3Ar it8d outer
successi vely ows the relationship between the driving voltage and

the mxing p i ¥&- 1dberdriving voltage as described herein 25 nmeans
a dr|v$ng vo??ggéérgguFréd to ﬁrlve t he Ilght emtting 1 1 JUN 2004 49

di ode under the ’fl{?é“’g\:%rcilﬁ”e@%mi%?ncégng%“ . eShoy, e: he g{ r@gléghe

vol tage required ive evi ce un

et cors o .ngﬂﬁet®?%§{%%%§f%ﬂsﬁh 3 ol .&%3?52“? RecifEs
effect of the eQCégﬂgg gé the ﬂégegbﬁggsu!ngef.)fcéﬁ#nm Ahrsh bagrier

| ayer on t he°9eer he driving voltage reaches € saturation point

0 he redlan pf vaR 1o fenty Bigy 1B APOUS URemigslon gulouLpvetas

the 10 m xi tting .
oL %e® ”“'t'?&“a“tyg‘g’gggﬂ;&ﬁgt%eﬁg LD, Dok ERL BRESLRBILEYST 1 °

made

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 is 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



the draw ng, the em ssion output is enhanced extrenely in the region o f y2
? 0.1 . 15 Cenerally, the difference D E of the band gap energy (gnEms -
Eg2) required to confine the~carrier in the | aser diode having a

doubl e-hetero structure made Al GaAs and InGAsP is DE ~ 0.3eV. (Hroo
Yonezu, optical comuni cation device engi3®eering - light emtting device
and |ight 20 receiving device, pp.72 ,1.8 -1 .14, Kougakutosho co.
publ i cation. The Japanese Patent Lai d-Open Publication No. Hei 6164055

di scl oses that the sem conductor |ayer conprising an well |ayer and a

barrier layep rade fhel FirAtY®drrieN (aQes X3 0iR5 thls Xoyddy Beekenably
the difference DE of the band gap 1 1 JUN 200 50 energy between them of

not |ess thaimBs3 RV t&endithbar ence: i0f1 4 erdndi sap 195y ga/n@Efqhatmsr,l i ght
emtting diode of the present invention nmade of In,~AlYGl _K "Nis

estinated r9HQHEMgU§h895EBSn&OBEQEﬁ89 @apéexnmabhoahé €6§ﬁ6§§|Q8¥eEQ = 3.4

- 1.45x + 2. In the case that the second barrier |ayer i s made
of GaN and the thé e8YeEnl émﬂBg§m@Bt| ng. p§gewcé§hlr19Ech§r%%h%ea §¥-
Further, the well layer 12 1s made of In~,,SGao,, SN and 10 the first

barrieg |aYEﬁaE3Eh§ @§9§t°£a§%9ezcgéysy @ Esl aaQOgEaAlQR?VN E%%lﬁ%r ol er

confinenent 1 nthe |aser dio needs to e conduct e ensi'ty than

t hat th t

i gher ¢ har 12 haETETE Tt | FERL St s g @dﬁ?.dd??%a‘f‘*l RS
t d f t f t I 11, 13 he |igh

o Lt g i SUESaEcoRE Rt S PRI T H3Ehti on has an extremsly | arge

band gap enerqy dh Letgposte maeefssga LALET ch2, 90ARE B bt b ggnera

barrier 20 Iayer fhe first barrier e well Tayer

et TgBiodd o IR S e SV
are srlrall flrst 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 disqovery to the LED
device of the fourth embodiment.

We also found that there is a relation between the
15 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

20 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

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



25 when y2 is 0.1, the lower |imt for having a | arge effect 1 1 JUN 200
51 on the enhancenent of em ssion output and xlI is 0.6, the Ioweiligﬂg i or
obtaining a preferable yell ow em ssion wavel ength, D Eg is about 1 % vm
which is still extrenmely large. Further, even when y2 is 0.15, the | ower
limt for 5 having an effect on the decr&&se of the threshold voltage and
xI 1s 0.6, the lower limt for obtaining a preferable yellow em ssion

wavel ength, D Eg is about 1.3 eV, which is a |larger value. Wen the first
barrier layer having a |arge mxing 10 proportion, y2 of Al is fornmed on

the vell |ayes ddravensd 4196 geipkki Barieporidwdr xB 9k lin the REkASion
output of the light emtting di ode can be enhanced extrenely. The reason

for this isseanstdes elatngi Sev8rhiberaycerdi Nalynl ange dhfber gpeepbretine
band gap energy between the well 15 |ayer and the barrier |ayer. Then, we

conducted Ringy@dnathen 1usidi a dR¥i GRddbderbt ehimdiaie £4 akg11biE, no
p-type sem conductor |ayer, which had an active | ayer 106 conposed of one

second barrggicd ayRe %irsensa\e@hbrlq e rl huad m%fGJwtlyaféfﬁédlgyes in
order to assess the device 20 elimnafing various other factors. As shown

in Figs 11,)4heEholrhsston E’Hé PEE é’@éﬁﬂ%nl{??e%é' EHepEHPEEBéQQ 33 éﬂxe' n

the first barrier 1ayer was enhanc d In the gl on of bei ng not | ess

than about £ ¢y pu%yb? JEPRORRI. OTHALL S chact: dbaly attfa%eeflfs%fapée&nbanm ng
ght emtting e conprising nitrid
senlconductéﬁe temﬁegé%hggofgg 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 wvariation
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 like to

that in the first embodiment.

25 In the fourth embodiment, the active layer 106f



| ayers which emts the |ight having a wavel ength in the yeIIOM/rqu3@ [ A
achieved mainly by formng the first barrier layer having a | arge Nn@”

proportion, y2 of Al on the well layer. In other words, the above-nentioned
effect 5 is ascribable to an exceedingly large difference in the band gap
energy between the well layer and the bard6 er |ayer in the active |ayer.

Further, in the aforenentioned Japanese Patent Lai dOpen Publicati on No.

Hei 6- 164055, it is described that the 10 difference in lattice constant
between the well layer and the barrier |layer, of the sem conductor |aser
whi ch conprises trhel tviel qubayen aedlt etbhactumss Wayér beaddesdribed, but
In,~AlyGl x YN( 0 Sx, 05y, xty s 1) is preferably not nore than 1%.
On t he ot hethéasdnet le€ fiseltl daaydse neldeabhedndn6Ghe, AdsanbfiSthdeatiist
barrier layer made of Al ~.i Gao,oN have a lattice constant of 3.402
angstrons anglyer 18d6anygst fons, siegbectinartymandlli hetrattoref the difference
in lattice constant between both layers to the lattice constant of the well
| ayer is about 6.5 % 1dheheaktivée Dugbrl avger othane2@otihendehbeagnesti n

| attice constant of 1 % which is a preferable value in the Japanese Patent
Lai d- Qpen Pupl igat ikdhdogapeickrek@d055s the waldst aygfriage 1@k ekno. $Gas. , N
and the first barrier |ayer nade of Al~. ZGao.eN have a lattice constant of

3.402 angstéonBraNfed, 144 aAE&h! QR Fidd rmp%ib/@Wi%t@rtﬂ@aﬂiatth%ft he
difference in lattice 1 1 JUN 2004 53 constant is about 6.7 ~, which is

further |arges. sébyRYCharthBri N¥gBYONS fRundHdati tde seepnel basyber 1bayer
of the present invention can inprove the crystallinity of the well |ayer

which is forged,gritherseread dagdd eiol ayge apd i N@a9cki red Rastidrer thayer
having a lattice constant which is largely different fromthat of the well

| ayer and hggrﬁbggggbgfyéﬁgl&épitya§@ pe forned on the well |ayer.

Further, the secon rier layer 1I's fornmed one nore tinme on the first

barrigy |ayer, with t e@@?.“féuf{ﬁ“e%&’?é‘%ﬁénﬂ}’af'ﬁ{e'”ﬂ‘?ék E';%EiéPCEH grcan

be fornmed w thout the ioratron e crystallinity. om anot her

vi ewpoi nt, f@e'gr%%?%éd[%en%ggg%ng¥%?el é?yff Eggéﬁﬁég% ?Le%@ﬁaﬁf&tice

m smatch resultrng from erence in |laftice constant between

the wel | | aé/}ggmﬁfg the fi tsk B@rﬁréie%rt Layer « §,be'\{f‘g<tnoﬂ:i %i-emj%'iz%ﬂ’@ééﬁt%tblgng

conparison i'n the tenpérature - characteristics ween t

and omi s YR TR SRS crhoui F ot o SPOCERE SoRbcRb S ndr FHFER EaR e ny °
Sem conauct 51 FayBre 1 B E 25 o LR et - BRLTn S A (PP oce
Structir e cORprieh holay SochhaRar FiEr-Fege 19 vhab Hithabbed Gan, an wel
N o 2ca0, oN. Thelte e GRTes OF YRS A 5boRhr LRhr bAVEF i 571 L8 TREHEY 12
A Shown | AR CHak A8, LhRoSAEPBR! BAIERGT dPudfe thided off corpeerabTdn
el evated tenperature in the |ight enittingﬁdiod of the 5 gresentigﬂé ntion

made of nit?i qPRRATIBHAUCtdYET s Qhml 1R IEhan?RRatPPh tIARY Conbed

light emtting di ode made_ of Al Gal nP
d anégtroms. 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



When the indicator such as a traffic signal constructed of |ight $§I?@* @I
di odes is used outdoors, the light 10 emtting di ode need to have' 3
em ssion output, in termof an visual identification, in the situation of
the solar radiation being very strong. Generally, since the tenperature
within the indicator is very high in sumsr 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 emtting devices of

whi ch the decrease of the emission output is snmall at an el evated

t enper at ur egnfbepohbe i ndipgat o HitKhedd oW Mooise tlA€L1 enpgyat ur e2i ngisde
the indicator often reaches 75 C. 20 The em ssion output at 75 C of the

light em ttbPSfQI:QS@ynégﬁ_trgBlf*E@aM]E’hQﬁCEﬁés%ﬁnBé @%@Mtlﬁoanggeﬁeﬁgeéoto at

roomtenperature, 25 C. e enm ssion output at "75 of the nitride
sem conduct g gﬁﬁggr Hktting diode according to the present invention
mai nt ai ns about hot [ess than 80 25 conpared to at 25 C . Thus, the present

nvention can - ol cHd Ne30P-RS eRESYGRrNE CoCT S38EnEf 1%&1%%93559 o

output. Thus, the nitride sem conductor light emtting device accor

the prgse”tlbﬁé{e”t' Oﬂugfpkgbagataa yﬁ'dl'nf,‘é" EE?E?CP?ZE?%@%SXC%H eﬂkgopea

t enper at ure chafacteristics, “conpare tfing diodé"made of

Al Gal nP whi it i ght I ' 3. t]

Cecti onal viSYrEndll nEPERG U, FREEGRS or rrene  ralsBsREbElaRs oFheen

devi di I f th t, i i le.3 w.ll b

doscr | bed WIPROPef e BNce t g Fi grds, e P RetL BT | RAVPFo Tt LRy

devi ce according.to th resent invention in no% Iinited.tg thgt gf Fig.

13, 15 (buf FeFRPdyBPT 265 FHEPRSR SbSPPAPE 181 hRnF RS H bR P Bponi re
bst r at whi ch_h b f uUSi i dely Kk t.had th

Substr at o made oFRE: PREGRSagA T T PRSP T o et CFHeRna MAKE FEUEt or.

A buf I 102 d 20, GaN whj ch.h t hi ck b 200

angst t0ms. | 2BRBana ef Gt TROE ARaC aPABAFAMGHC: Fe CANFaDS: FaF o 1bE8 Plfdoped

GaN | ayer 103 Afterégromﬁng the buffer layer, TM5is stopped and the

t enper at ur eSFatiRcYe4kRESt o 1050 C. At to 1050 C, using 25 amonia and TMG

as a source of @GN, an undoped GaN | ayer 103 ) ,
. 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



~ 1 JUN 200 56 is grown to the thickness of lu m (n-type contact #Q%@
104) Subsequently, at 1050 C, using TMG and anmpnia as a source o hﬁghd
silane gas as an inpurity gas, an n-type 5 contact |ayer 104 made of GaN
doped with Si to 3 x 1019/cm is grown to the thickness of 4 a m (n-type
cl addi ng | ayer 105) Next, only silane gasés stopped. At 1050C, a first

| ayer made of undoped GaN is grown to the thickness of 3000 10 angstrons
using TMG and anmoni a. Subsequently, at the same tenperature, the silane
gas is added. A second | ayer nmade of GaN doped with Si to 4.5 x 1018/cnB is

grown to theot hiheknessr Dde 388maagatinerdr FMED heeviswbsequtenthy, perlsensi | ane
gas is stopped and at the sane tenperature, a third 15 | ayer nade of

undoped GaNijgeQE Q¥R £9 hbe UhinGkRAST O tR) MNYSd&éPi®e. ThEGenaRhent ¥Re
cladding layer 105 in the three-layered structure having a total thickness

of 3350 angsiLopgt! &ntf%hft%@n ﬁrgt @gl{@at ol AR efi £ 14 a% 183a) cdBdtetairde

optical waveguide |ayer 8 the sane tenperature, a second nitride
sem conduct pleLaYgLyBO? eteueéfawgr%@fbétgegﬂnbtoat:tt@et,eackness of 40

angstronms. And then, the tenperature is decreased to 800C and a first
nitrid senlconductor | ayer 25 nmade of undoped InJ,|l3Gao.e~Nis grown to.
the thickness of 20 ~ 1 JUN 200 57 angstrons using TM5 TM and anmoni a.

These opera repeated and the first and second | ayers are | am nated
alternatelyé%§8§h@é§ngr of the second | ayer + the first layer, in 10

| ayers each. And]?l% 8@895285 Liqa mtﬁ%”%':ﬂ‘fttﬂr elmﬁ)Sﬁ m&@ge of

GN is grown to trons. e n-t

i ztatizegsd%%'dgté;’%okteag%tgétgd%%s@t.@g g;zisfoétt%ﬁﬁé“ !t 1080
C. a second barr% he f@% f@glng diode of the fifth embodiment is
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 is formed
between the p-type cladding layer 105 and the active layef
106c.
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



I no, | Gao. 9N doped with Si to 5 x 101'/cnB is grown to the thlckness 2@90
angstronms using TM5 TM., ammoni a and silane gas. Subsequently, ég% a
wel | layer 12 made of Ino.3G~.,Nis grown to the thickness of 30 angstrons
15 using TMG TM and amonia. Further, a first barrier layer 13 nmade of
undoped Alo.3Ga~.,Nis grown to the thiclkigess of 10 angstrons using TMG
TMA and ammoni a. This threelayered structure constructed of the second
barrier layer 11, the well layer 12 and the first barrier layer 13 is 20

| am nated four nore times and finally, the second barrier layer 11 is

formed. Thus-side aetb¥a lcaneldih@bfldyera il die quaneotivel bartMMlarly
structure having a total thickness of 1400 angstrons is forned. (p-type

claddi ng | ayer #K) 2bsSubgsequenile, 1att tith0Ccondthintd wift rkde n-type
sem conduct or ~ 1 J UN 200 58 |ayer nade of p-type Al o, zGao, BN doped

with M to o) xadPA§/ 9%&81950% torfbeyt hiekresatokrdfl BHQﬁtbﬁn’éhésF
TMG, TNA, anmoni a and (cycl opent adi enyl magnesi um . Subsequent

800 C gﬁié 8%?&i98 §‘3%§0ﬁ‘é}@c"a‘?{]d H@yﬂtmewgefneoﬁggﬁﬂlﬁgNIHOped

W th cnB”is grown to the thickness of 25 angstrons using

TMS, T&" @hé‘ f‘@fia%m by gfggt ORELALI 98SsBLRefEPeated and the third

and fourth ayers are ernately in the order of the third |ayer

+ the fourth laygg, pihn 5,k %r%ﬂchea% At‘f'-dsfd{aééé‘on&h@l&&'&{ﬁq_nigﬂzége

sem conduct or Iayer s giown to the'thic ness 40 angstrons hus p

e 2002, ey AR SLEHCTECPIALE Ghotn st thge gt
pe cont act
layer 105) 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 is brought to the fore, particularly
15 in the case that the active layer 106c in a multi gquantum
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 IngGa; 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



Subsequently, at 1050C, a p-type contact |ayer 108 nade of p-type Gﬁﬁ& ed
with Mg to 1 x 10z/cnB is grown to the thickness of 700 angstron%‘u éﬁﬁ
TMG, anmonia and Cp2My. After the reaction is conpleted, the tenperature is
20 decreased to roomtenperature. Additionally, the annealing is perforned
t-o the wafer at 700 Cin nitrogen atnosphEre within the reactor, so as to
make the p-type |layer less resistive. After annealing, the wafer is renoved
out of the reactor. A mask having a predeterm ned shape is fornmed 25 on the
surface of the topnost p-type contact |ayer 108. 1 1 JUN 2(b4 59 The

etching i s gRAdyctep1ér @vrahe pid YpReCodlact lhpyer ofi dehani 48t RVE (agRet i ve
ion etching) apparatus to expose the surface of the n-type contact | ayer

104, as shoynitR &t8urd3atSthbt eimet fheAJLha brappkueeaddangl deyelreqtorjode
including NN and Au and having a thickness of 200 angstrons is fornmed on

the al nost egtirbemsdl aca R 4b€itOPMRFL PR GHY aghitRyebstd8s FFGmAn
n-side electrode 21 including Wand Al on the surface of the n-type contact

10 layer 10dnhuhigprhas BRBt&XPOREIMRY Al BBERGen’ €84 bicREvien 18 ykED1@@Y Ce.
The resulting LED device showed a blue em ssion of 470 nmand & driving

vol tagg of 3n8 Mpndel_ghe fenwrid ngur 18Rk x0f 180, M. Thlies SWdiacs memphol ogy

of the first barrier "15 7 ayer during a ténperature rise up to the grow ng
|eTPELa b pAke LLELBALY) SErbRST ImataucbioB o e PRI e e 2
(%o &1 01 g8, THNER1shY Sl e EAUPRA A DBV S (BEL, | gtk
e B Al A0 SDCRR3) 20025 SPONF ARy VSIS ey T
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,.N. 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



Subsequently, at 820 C, a well |ayer nmade of In~.3GJ,,Nis growm to the
thi ckness of 30 angstroms using TMG TM and ammoni a. Further, thé B

| ayer and well layer are lam nated four tines and finally, the barrier

|l ayer 11 is 5 formed. Thus, the active layer 106 in a multi quantum well
(MW structure having a total thickness ©#f 1350 angstrons is fornmed. O her
constructions are the sane as those in Exanple 3 except that the active

| ayer is formed in the above 10 nentioned nanner. The resulting device
showed the broad em ssion peak and a driving voltage of 3.8 V. Conparative
Exanpl e 2 ThRelLEPideni cempodihahti ceard prewbntch the akidrnemdeayerf wahe
formed in the foll ow ng manner, so as to conpare 15 wth Exanple 1. (active
|l ayer) At 1@h@s€iona d@ﬁdﬁuterlhame edee Xdndtiro. F&nge ONfdapsd Wesh Shato 5 X
101'/cm is grown to the thickness of 200 angstronms using TM5 TM, ammoni a
and silane g8s. nga0 Subsequently, at 820 C, a well layer nade of Ino 3Gao., N
is grown to the thickness of 30 angstronms using TM5 TM and amoni a.

Further, a firstphankiselsshane wed Ml of  UAOPedah A0k 868Ny SN RaYI B &

band gap energy which is between that of the carrier layer and that of the

vel | layer Lge0mQWidn® 2bnddiecidhckpassrd Jdohevosidone. 17hhe renlr&e:ﬁa@yered

~ 1 JUN 2004 61 structure constructed of the barrier |ayer, the well Iayer

and the firgy.parri e&h'éexer | ki Naked Lalh tTRhR ! | neeoerfqgur@%hbyps the
barrier layer 1s fornme Thus, the active layer 106 in a nulti quantun1me||

(MQWN struc ;a9 5 total thickness of 1400 angstrons is formed. As
nment i oned a%ggéeggghgryionstructlons are the sane as those in Exanple 3

except that the ?ggd q te% qﬁ%egz?gérii ?ﬁ bgésgﬁye n;gn%§oh0ﬁgr t han

that of the barrier er and e mel I'ayer

resul ting de§h§f85§8“ﬁ99ﬁéegagﬁ'¥5g9 %8b§%ggegf 4.0 V, which did not

decrease evi ce vias ricated in the sane manner as in

o Ps e FPbukRal 1856kl 1Bh PALhBhe KTl N, 108 kg RELRES, | AVer
(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 ; InggesGag.eesN, 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 layer 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 ¢,Gao. 56N/

200 angstroms,

(8) p-type cladding layer 107 ; undoped Al; (,;,Gay.45N, 2500

25 angstroms, and



The resulting LED device showed a blue Iight em ssion of 470 nn1undek ﬁﬁf
f.orward current of 20 mA and a driving voltage of 3.0 V. The surtfhdd

nor phol ogy of the first barrier layer 13 during a tenperature rise up to
the 20 growi ng tenperature of the barrier layer is shown in Fig. 16.
Exanpl e 5 The LED device was fabricated 42 the sane manner as in 25 Exanple
3 except that the first barrier layer 13 in the 1 1J UN 2004 62 active
| ayer 106f was nade of Al o, 60Gao. aoN The resulting LED device showed a bl ue
|l ight em ssion of 470 nmunder the forward current of 20 mA and a driving

vol tage of 25)8 pitybee comtdarte lagephabegy Hb tbpelli GaN, 51200 ramgst momey, 13
during a tenperature rise up to the growi ng tenperature of the barrier

layer is shown ithdi Gorhfentagl e 16 gt ThaviltERrdevidiedeashbabr saghedai n
the sane manner as in Exanple 3 except that the first barrier layer 13 in

the active dgyefqdidbfi ypstimdecstipN Ses6CGa~. esN The resul ting LED device
showed a blue light em ssion of J%O nm under the forward current of 20 mA

and a drivipg 35 ¥alt age, of; Jbidhed ELEU fRCC1 0BT PO OBMHS, the first
barrier layer 13 during a tenperature risé"up to the grow ng tenperature of

t he _bagri erfin)a%lnﬁngdc;spseér@é’i@ iﬂfﬁgGiﬁx go? Eﬁ%n*gl e 7 The LED device was

fabri cated ane nanner’ as’ in anp xcept that the active |ayer

1061 vz 1 P 005 AL DO JBINL {ged4a] AYE1 90T 20 A 1050 C

(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; :Gay N, 40
angstroms / Mg doped Ing,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



11J UN 2004 63 doped with Si to 5 x 101'/cm is grown to the thickness
of 200 angstrons using TMG TM, ammoni a and sil ane gas. SubsequentJuy, 208&
820 C, a well layer 12 nade of Ino.BGau,2N is grown to the thickness of 30
angstronms using TM3 TM 5 and anmonia. Further, a first barrier |ayer 13
made of undoped Ino.3GJ,,Nis growmn to #3e thickness of 10 angstrons using
TMG TMA and anmonia. This three-layered structure constructed of the
second barrier layer 13, the well layer 12 and the first barrier |ayer 13
is lam nated four nore 10 tinmes and finally, the second barrier layer 13 is

formed. Thughethespg8ti ¥8cbRNCE128dihg Bapuktpiquantum wel | (MM structure
having a total thickness of 1400 angstrons is fornmed. As nentioned above,

other constructipRs siRetberéafecd® BE hBRSEvEA BagpkeaBoexcmrphtibakdt he
m xi ng proportion of In in the well layer 12 is 0.8. The resulting device

showed a yelbow uﬁ!@él&m ssire oh EHO pirHRdennadimemard current of 20 mA
and a driving voltage of 2.9 V, which decreased extrenely conpared to the

driving voltage of 3.7 20 V resulted fromthe device in which no first
barrier layer 13 was formed and ot her constructions were the sane. 11
JUN 2094 64E§%$§f@§1- A light emtting device having an n-type 5

sem conduct o ayer, a p-type sem conductor |ayer and an active |ayer

petween the n- typge SSEGAULIA ATl Afe me%t% eui8T BNeuskenpkayer
we

wherein the active. | ayer- conpri ses
below.

To make sure, the present invention is not limited fo

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 101. The component layer is grown using a metal-
organic chemical vapor deposition (MOCVD) method.
15 Trimethylgallium (TMG) , triethylgallium (TEG),
trimethylindium (TMI) and trimethylaluminum (TMA) is used as
a source of III-group element, Ga, In and Al, respectively.
Ammonia (NH;)is used as a source of V-group element, N.
Monosilane (SiH,) is 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



of InXlGal-xiN and a first barrier layer made of Al y2Gl_y2N 10 forned on
the well layer, said x1 being set to be not |less than 0.6, said,ky2 ﬁﬁi

set to be not less than 0.15. 2. Alight emtting device havi ng“a1nJ -t%e
sem conductor |ayer, a p-type sem conductor |layer and an 15 active | ayer
bet ween the n-type sem conductor |ayer aridl the p-type sem conductor |ayer
wherein the active |ayer conprises an well |ayer made of Inxl Gl-xiN (x10)
and a first barrier layer made of Aly2Gal y2N forned on the well |ayer,
said y2 being set to be 20 not |less than 0.15, said x1 being set so that

said well |gyefadcs sapaid esusterdtdd ivog.a | i ght having a wavel ength of not
| ess than 530 nm 3. Alight emtting device according to clains 1 or 2;

1 1 JUN 2004 65 mhesei ncidie g fifcesaitdebitiehtbasfi ethé ayaibstyatee, tenke not
less than 0.2. 4. Alight emtting device as in one of clainms 1, 2 or 3; 5

Al yaca S SRt D s A R R, 38 S e TP i s
formed on sgjfrSLCPNGbr 102 made of GaN having a thickness of about 200
5 angstroms is grown on the substrate 101 wusing TMG
(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 Si 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.



barrier layer. 5. Alight emtting device according to claim4; li4whg Sjoiy
said second barrier layer is made of |1 nx3Gal-XsN (O-x3~0.3) . 6. ' ﬂt
emtting device according to clains 4 or 5; wherein said well |ayer, said
first barrier layer and said second barrier |ayer conpose a series of nufti
l-ayers 15 and wherein said active |layer i4idclude a plurality of said series
of nufti layers so as to conpose nultiple quantumwell structure. 7. A
light emtting device as in one of clains 1-6: wherein said n-type

sem conductor |ayer conprises an n 20 type cladding |layer to confine the

carrier within thexacttne téysérangranon- shdesapsondtel addisgréayed fade of
nitride sem conductor containing In between said active |ayer and said

n-type cladfis® CaYehnd TEclin trld MmRRA @S WIeT 8E/mBRI 8n@- kMPein the
sem conductor |ayer conprises a p type cladding |layer to confine the

carrier w tdhdudtheo AcCibyet | 3y e/ meRda fe Ps6pPEL 6€CONEL €4AASE NaME Ay erhipde of
nitride sem conductor containing In between said active 5 |layer and said
p-type cladgi Rgcba¥erparrier layer 11 made of undoped GaN having a
5 thickness of 50 angstroms is formed on the n-type contact
layer 104. In the case that the second barrier layer is
made of ternary mixed crystal of In,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 T™I in the amount of 40 cc/min are supplied. Thus, an
well layer 12 made of In,,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 1l/min
and TMA 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



8. Alight emtting device having an n-type sem conductor |ayer, a p-t ?
sem conductor |ayer and an active | ayer between the n-type senicbﬁdﬂ8i§®

| ayer and the p-type sem conductor |ayer, 10 wherein the active |ayer
conprises an well layer made of InxlGal_xiN (x10) , a first barrier |ayer
made of Aly2Gl_ yZN(y270.3) forned on tH4é well |ayer and a second barrier
| ayer made of | nx3Aly3Gal x3-y3N, (0O-x3~0.3, O-y3c0.1, x3+y30.3), said well
| ayer being fornmed on said second 15 barrier layer. 9. Alight emtting
devi ce according to claim8; wherein said second barrier layer is nade of

| NX3Gai - x3Ns 0K BvIn@) a. tHlcknhddedA dbght 60 tarigeg rdmsi cies aceonekd ngnt o
clains 20 8 or 9; wherein said well layer, said first barrier |ayer and

sai d secondhar fdifiod YLl r HONBPOSE] dr SEAyEs DS . wthhslaynéSaanﬂvwhea?ba sai d
active layer include a plurality of said 1 1 JUN 2004 67 series of nufti

layers so aggé Oif RO uRhe uauaRtlumstebibtateuekUEgrmdd. A i ght
emtting device as in one of clains 8-10; wherein said n-type sem conductor

| ayer conprises ygyf Saﬁty&e_fz:lﬁch&ﬂeax&fgetﬁo%wlh%rt h@,CfaEritﬁé ¥hhBi N

the active |ayer and an n-side second cia ding layer made o

5 temperature, a p-type cladding layer 197 made of Mg doped
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—électrode 111.

An n-electrode 111 and a p-electrode 112 are formed in the

25 predetermined place on the wafer, respectively.



nitride sem conductor containing In between said active |layer and said
n-type cladding | ayer, wherein said p-type semiconductor |ayer cdripsVieliy
p 10 type cladding layer to confine the carrier within the active |ayer and
a p-side second cladding | ayer made of nitride sem conductor containing In
bet ween said active |ayer and said p-typd7cl addi ng | ayer.
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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 1Ing.sGa,,,sN
having a thickness of about 35 angstroms is formed on the

second barrier layer 1l1.

And the temperature of the substrate is increased to

25 800 C to form a first barrier layer 13. TEG in the amount
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10 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

15 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

20 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, y2. The driving voltage as described herein

25 means a driving voltage required to drive the light emitting
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drawing, the voltage required to drive the light emitting
device under the forward current of 20mA tends to decrease
in the region of y2<0.15 and becomes almost constant in the
5 region of y2=20.15. This indicates that the effect of the
increase of the mixing proportion of Al in the first barrier
layer on the decrease of the driving voltage reaches the
saturation point in the region of y2=20.15.
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=0.1.
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 - 1light 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
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The difference of the band gap energy AE of the light
emitting diode of the present invention made of InAl Ga, . N
is estimated roughly using the following approximation

5 expression:
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
eVv. 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 is
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
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10 lower limit for obtaining a preferable vyellow emission
wavelength, AEg is about 1.2 eV, which is still extremely
large. Further, even when y2 is 0.15, the lower limit for
5 having an effect on the decrease of the threshold voltage
and x1 is 0.6, the lower limit 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, xl1 of In, the emission output of
the light emitting diode can be enhanced extremely. The
reason for this is 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
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is ascribable to an exceedingly large difference in the
band gap energy between the well layer and the barrier
layer in the active layer.

Further, in the aforementioned Japanese Patént Laid-
Open Publication No. Hei6-164055, it is described that the
difference in lattice constant between the well layer and
the barrier layer, of the semiconductor laser which
comprises the well layer and the barrier layer made of
InAlGa;.,. N (0=x, 0=y, xty=1) is preferably not more than
1%. On the other hand, 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 3.181 angstroms,
respectively and the ratio of the difference in lattice
constant between both layers to the lattice constant of the
well layer is about 6.5 %. The ratio is much larger than
the difference in lattice constant of 1 %, which is a
preferable value in the Japanese Patent Laid-Open
Publication No. Heié-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,

respectively and the ratio of the difference in lattice
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present invention can improve the crystallinity of the well

layer which is formed on the second barrier layer and the

5 first barrier layer having a lattice constant which 1is

largely different from that of the well layer and 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 light in the yellow region and the
conventional light emitting diode made of AlGaInP. 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 Ing ,Ga,,N and a

25 first barrier layer 13 made of Al, ,Ga,.N. The temperature
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pPpaCqDaEqFafige nakadPhyg, Y8R e er18rdPion of the emission output at an

elevated temperature in the 1light emitting diode of the

5 present invention made of nitride semiconductor is smaller

than that in the conventional light emitting diode made of
AlGalInP.

When the indicator such as a traffic signal constructed

of 1light emitting diodes 1is wused outdoors, the 1light

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 1light 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

present invention maintains about not less than 80 % ,

25 compared to at 25 C. Thus, the present invention can
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has more excellent temperature characteristics, compared to
5 the light emitting diode made of AlGaInP which emits yellow

light.

Example 3
Fig. 13 1is 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
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is grown to the thickness of 1lum.

(n-type contact layer 104)
Subsequently, at 1050 °C, using TMG and ammonia as a
source of GaN and silane gas as an impurity gas, an n-type
5 contact layer 104 made of GaN doped with Si to 3 x 10*°/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 is 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
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angstroms using TMG, TMI and ammonia. These operations are
repeated and the first and second layers are laminated
alternately in the order of the second layer + the first
layer, in 10 layers each. And finally, the second nitride
5 semiconductor layer made of GaN is grown to the thickness
of 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 using 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 is
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
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layer made of p-type Al, ,Ga, N doped with Mg to 5 x 10"/cm’
is grown to the thickness of 40 angstroms using TMG, TMA,
ammonia and Cp2Mg (cyclopentadienyl magnesium) .
Subsequently, at 800 °C, a fourth nitride semiconductor
5 layer made of 1In,,,Ga, N doped with Mg to 5 x 10%/cm’ is
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 is

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,
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with RIE (reactive ion etching) apparatus to expose the
surface of the n-type contact layer 104, as shown in Fig.
13.
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.InoJGam@J doped
with Si to 5 x 10Y/cm’® is grown to the thickness of 200

25 angstroms using TMG, ™I, ammonia and silane gas.
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ammonia. Further, the barrier layer and well layer are

JUN 2004

laminated four times and finally, the barrier layer 11 is
5 formed. Thus, 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 layer 1s 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 10Y/cm® is grown to the thickness of 200
angstroms using TMG, TMI, 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, ,sGa,..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
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~_@ and the first barrier layer is laminated four more times

and finally, the barrier layer is formed. Thus, the active
layer 106 in a multi quantum well (MQW) structure having a
5 total thickness of 1400 angstroms is formed. As mentioned
above, other constructions are the same as those in Example
3 except that the band gap énergy"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 iayer 13 in the
15 active layer 106f was made of Al@“GamﬁN.

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.

16.

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
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active layer 106f was made of Al; ¢Ga,. 4N.
The resulting LED device showed a blue light emission
of 470 nm under the forward current of 20 mA and a driving
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, ¢sN.
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
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10  times and finally, the second barrier layer 13 is formed.
Thus, the active layer 207 in a multi quantum well (MQW)
structure having a total thickness of 1400 angstroms is
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.
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than 0.6, said y2 being set to be not less than 0.15.

2. A light emitting device having an n-type
semiconductor layer, a p~type semiconductor layer and an
15 active layer between the n-type semiconductor layer and the
p-type semiconductor layer,
wherein the active layer comprises an well layer made
of InyGai-xiN (x1>0) and a first barrier layer made of
Al,,Gai-yoN formed on the well layer, said y2 being set to be
20 not less than 0.15, said x1 being set so that said well
layer is capable of emitting a light having a wavelength of

not less than 530 nm.

3. A light emitting device according to claims 1 or 2;
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6. A light emitting device according to claims 4 or 5;
wherein said well layer, said first barrier layer and
said second barrier layer compose a series of multi layers
15 and wherein said active layer include a plurality of said
series of multi layers so as to compose multiple quantum
well structure.
7. A light emitting device as in one of claims 1-6;
wherein said n-type semiconductor layer comprises an n-
20 type cladding layer to confine the carrier within the
active layer and an n-side second cladding layer made of
nitride semiconductor containing In between said active

layer and said n-type cladding layer,
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10. (Added)A light emitting device according to claims
20 8 or 9;
wherein said well layer, said first barrier layer and
said second barrier layer compose a series of multi layers

and wherein said active layer include a plurality of said
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wherein said n-type semiconductor layer comprises an n-
5 type cladding layer to confine the carrier within the
active layer and an n-side second cladding layer made of
nitride semiconductor containing In between said active
layer and said n-type cladding layer,
wherein said p-type semiconductor layer comprises a p-
10 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.



