US 20140077157A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0077157 A1l

NAKAMURA et al. 43) Pub. Date: Mar. 20, 2014
(54) NITRIDE SEMICONDUCTOR DEVICE Now. 6, 1997 9-304328
Nov. 18, 1997 9-317421
(71) Applicant: Nichia Corporation, Anan-shi (JP) Dec. 18, 1997 0-348972
Dec. 18, 1997 9-348973
(72) Inventors: Shuji NAKAMURA, Anan-shi (JP); Jun. 8,1998  (JP) wooveoeieeeeceeeees 10-176623
Takashi Mukai, Anan-shi (JP); Koji Jun. 8, 1998 (IP) covoooveeeeeeeeeeeeeeee 10-176634
Tanizawa, Anan-shi (JP); Tomotsugu Jun. 29,1998 (IP) ooeeveeeeeeeeeeeeeeeeeeeeean. 10-199829
Mitani, Anan-shi (JP); Hiromitsu
Marui, Anan-shi (JP) Publication Classification
(73) Assignee: Nichia Corporation, Anan-shi (JP) (51) Imnt.ClL
HOIL 33/06 (2006.01)
(21) Appl. No.: 14/087,081 HOIL 33/32 (2006.01)
(52) US.CL
(22) Filed: Nov. 22, 2013 CPC oo HOIL 33/06 (2013.01); HOIL 33/32
(2013.01)
Related U.S. Application Data USPC et 257/13
(60) Continuation of application No. 12/068,063, filed on (57) ABSTRACT

Feb. 1, 2008, now Pat. No. 8,592,841, which is a divi-
sion of application No. 09/463,643, filed on May 1, A nitride semiconductor device used chiefly as an LD and an

2000, now Pat. No. 7,365,369, filed as application No. LED element. In order to improve the output and to decrease

PCT/IP98/03336 on Jul. 27, 1998. VT, the device is given either a three-layer structure in which
a nitride semiconductor layer doped with n-type impurities
(30) Foreign Application Priority Data serving as an n-type contact layer where an n-electrode is

formed is sandwiched between undoped nitride semiconduc-
9-199471 tor layers; or a superlattice structure of nitride. The n-type
9-235524 contact layer has a carrier concentration exceeding 3x10'°
9-286304 cm?®, and the resistivity can be lowered below 8x10™> Qcm.

Jul. 25,1997  (IP)
Sep.1,1997  (IP)
Oct. 20,1997  (IP)

1
30

33
N L

:'.‘.-..:-.-.'u.'.-..:-,-.'.;: 'i:::::::;::::-;::z.e»-"""'ﬂgs
TR Ry
. f//////////_//// ///}’ﬂfj’?// :
STLLLLTAL LSS ILLLLL LS STR
N R

24 N

T .
LAgreedersnal
R i

23—k = —

.

O~} oD

o % %
3
b
A3
b
-
Jre
rd
r
%%
bn
59
. B %
b N

F SETTe ey

m BRI NN

ataBivabymyean repnynperey.

:

O D A L T o i
: R R A e L N e S S S S N A A S A S NN Ny L Lt
i,irT,,yr(;ryxlv:rriirrliriffflfllr!llfflf’I'TTT?I{(:I;rT?
#ffffftIllffllldll"!ilIfllfﬂli}llIlldlllfl#[lllllﬁld}fﬂ((

PIEPLEERI PP EEPEPECEEOPIIPPICFELIFPP P PEFPEEPOP TSI OPITPP PP

L M N N Y R AR AAA R AARA AR AR R AARAARAR R AR A AL L B d

Zi. PLPPPPPIPIPPPEPPSIPII TIPS OPPIES PO ITCOIP PP T PIPPOTI PP
;;//pa;p(,rfpr!é(llf!ft'?lff&tlillrtllilflﬂr/lllrlfllfrf;f

PP PP IROPIPECEELPPPIIEIT PRI IP O RELPPPIIIEPP PO 627 P30

A N Y N N N R A R R R R R R R R R R R RN Yy YY,

P EFFPPCEFIPPECELR NPT IFERPP OO AL PP PP IR PPIRIEEEOPEPP 00

M N NN R A AR AR AARA AR AR AR AR LA AR AR R AL
f;ffarrvlflfff#ll/ffrttﬁffrffflfrfJta//fr/lIWJf#/ff»af’ff/

Y Y Y Y A A A R AR AR AR A AR AR LA AR R AR AR AR A A
,,f,,;,,af,pprfdrffalﬂrlf/vrf#f{ffvrFldfl#'fft/r!fﬂlﬂrpy'p

Y Y Y Y Y A A R R AR AR AR AR A AR AR A AR I X

GEPEP PP FEPOCIIERELPEP PP OL AV IO ILPRP Y23 ISE I PP PSP RIS P
PIPEPIGILELCONIIF P IOV P OETPEPE R I CP OGP PRSP I LIPS PGP iy




US 2014/0077157 Al

11

12

ALl LG

LI

e

0

IR

N

Mar. 20, 2014

NNSOLANARERAN L AR SRV RNA AN A LT

PAPIITNTIIIIIENES

ARIRIRNINRY

m
PLLIIIER
e
EARNAN

B

AAAT:

oo

£

BTRABVIIRRDBE RS

SOAIRARAR AR
P A% % %% S AR NN
AR
B3R/ BRBRN
ARSI
A Sa
SRR
hSALBLRRRE{N
SIS
AN

LR RUAGDRS

LEP
PLP
&2
PO
,Pe
P44
ese
e
,LE
e

TRURBRABNE
VERQA[ G AN

DA

BALLRARHLLAS
BULRABAARLLEN
SO RN
MR DR RN N

—
53-“—'—

4

Patent Application Publication
Fig. 1

w4

\

Pig. 2

34

N S S,

stesnsrturasirstatetar,

14N
///(:/.. NN
PR NN
P RN AN
) LSRR NN
s ”” )
h ) NN
N 1van /J,/
N 224 NN
AN 24 Y ”
N2 NN
Lg WIN
sl A PO N
PR L NN
aapvy N
NRPAR B ZNEN
Y ATR ” ”
N

oD e S S 3

3
N
3
P

0

R

2
W
“
7
7
?
7%
[/
7
Z

N

7
7
2

i

A
L

i

AN LA LRIRN

AR AU AR RN ANR Y
LsenutanuuNeLNG Y
AR AB VAR ABUGY
BB AN RYRAANGARAN
BRSO
SR
NRVERBINCR N

LLPPE
LA
AL
sree
#
o
&
LA
I
7
¢
#
-
4

Se%eRNBBNLY
N BNARTIBRR AR
TRABLBRRLABL O,
FeWBRIVRBRALNNL S
L340 BERVB RN
SAA AR
AIOO AR IIRY
AR BR B BLRVNRRR NN
SRR IO
LS9 BRRABUNCRNTY
TARBBHVBBRBARCE Y
ARRUBIRRLR RGN,
BRBLEBLARB LAY,
AU BRBRNRCLALY
ABEBENLBHLANG LN
AR AR R
A% BARVTRRBRAGY
L SR RIRARAALRB NS
L AN BAULRURLB BN
hbrsitaaganananay
Laasaasaiistegag
SRR AR
SRS
SRR
SRR AR
hAtAhuRERIRN LN
ARSI
BAI R AR A
F A0 RB LN LNNY
SRR AR
AR

AN eRN RN A%,
AR ARV BENEN G NN
LRTAABL LRGN NN,
ELBVARBRBBRRBALAS
LARAR ARG ALY
A
AR AR
A AR
AR

24
22—

23

[ )
N N




US 2014/0077157 Al

NITRIDE SEMICONDUCTOR DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/068,063, filed Feb. 1, 2008, which will issue
as U.S. Pat. No. 8,592,841 on Nov. 26, 2013, which is a
divisional of U.S. application Ser. No. 09/463,643, filed May
1, 2000, now U.S. Pat. No. 7,365,369, issued Apr. 29, 2008,
which is the U.S. national phase of international application
PCT/IP98/03336 filed Jul. 27, 1998, now WQ9905728,
issued Feb. 4, 2009, which designated the US. PCT/JP98/
03336 claims priority to JP Application Nos. 9-199471, filed
Jul. 25, 1997; 9-235524, filed Sep. 1, 1997; 9-286304, filed
Oct. 20, 1997; 9-304328, filed Nov. 6, 1997; 9-317421, filed
Nov. 18, 1997;9-348972, filed Dec. 18, 1997; 9-348973, filed
Dec. 18, 1997; 10-176623, filed Jun. 8, 1998; 10-176634,
filed Jun. 8, 1998; and 10-199829, filed Jun. 29, 1998, the
entire contents of these applications are incorporated herein
by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] This invention relates to a device provided with a
nitride semiconductor (In,Al,Ga, N, 0=X, 0<Y, X+Y=<1)
including light emitting devices such as LED (light emitting
diode) and LD (laser diode), solar cells, light receiving
devices such as optical sensors and electronic devices such as
transistors and power devices.

BACKGROUND OF THE INVENTION

[0003] Nitride semiconductors have been recently pro-
duced as materials used for a high bright pure green LED and
a blue LED in various light sources for a full color LED
display, a traffic signal and an image scanner and the like.
These LEDs basically have such a stricture that a buffer layer,
a n-side contact layer made of Si-doped GaN, an active layer
of SQW (Single Quantum Well) made of InGaN or MQW
(Multi Quantum Well) including InGaN, a p-side cladding
layer made of Mg-doped AlGaN and a p-side contact layer
made of Mg-doped GaN are laminated sequentially on the
sapphire substrate. Such LEDs show excellent properties and
for example, at 20 mA, for blue LED having a light emitting
wavelength of 450 nm, 5 mW of output and 9.1% of an
external quantum efficiency can be achieved and for green
LED having a light emitting wavelength of 520 nm, 3 mW of
output and 6.3% of an external quantum efficiency can be
achieved.

[0004] The inventors have first realized laser emitting of
410 nm at room temperature by using the above nitride mate-
rials and reported it in Jpn. J. Appl. Phys. 35 (1996) .74 and
Jpn. J. Appl. Phys. 35 (1996) L.217. The laser device com-
prises the DH structure where the active layer is MOW having
InGaN well layers and showed the following data:

[0005] Threshold current: 610 mA;

[0006] Threshold current density: 8.7 kKA/m2;

[0007] Wavelength: 410 nm;

[0008] (pulse width 2 um and pulse cycle 2 ms)

[0009] The inventors have first succeeded in CW (Continu-

ous-Wave) Oscillation or Operation at room temperature and
reported it in Gijutsu-Sokuho of Nikkei Electronics issued on
Dec. 2, 1996, Appl. Phys. Lett. 69 (1996) and Appl. Phys.
Lett, 69 (1996) 4056.
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[0010] The laser diode showed a lifetime of 27 hours at 20°
C. under the threshold current density of 3.6 kA/cm?, the
threshold voltage of 5.5 V and the output of 1.5 mW.

[0011] Thus, nitride semiconductors have been produced as
materials for a LED. And for a LD, continuous-wave oscilla-
tion or operation of as long as a few tens hours can be
achieved. However, a further enhancement of the output is
required in order to use LEDs for illumination lights, outdoor
displays exposed to the direct rays of the sun and the like. And
it is necessary to improve L.Ds, in order to decrease the thresh-
old in LDs and realize a longer lifetime of the L.Ds and to use
the LDs in light sources such as the light-pick-up, DVD and
the like. Said LD showed a forward current of 20 mA and a
forward voltage (V1) of near 3.6V. Further decrease of VI
leads to decrease of generation of heat in the device, resulting
in increase of reliability. It is extremely important to decrease
the threshold voltage in the laser devices to realize a longer
lifetime of the devices.

[0012] In view of such circumstances, this invention has
been accomplished. The main object of the present invention
is to enhance the output of the nitride semiconductor devices
such as LED and LD and to decrease VT and the threshold
voltage thereof, resulting in the enhancement of the reliability
of the devices. Particularly, the first object of the present
invention is to increase the carrier concentration in the n-type
contact layer and decrease the resistivity thereof.

[0013] Further, the second object of the present invention is
to provide an n-type nitride layer structure in which the carrier
concentration in the n-type contact layer is increased and the
crystallinity of the nitride semiconductor layer formed on the
n-type contact layer can be enhanced.

DISCLOSURE OF THE INVENTION

[0014] According to the present invention, there is provided
a nitride semiconductor device comprising an above-men-
tioned n-type contact layer in a specific three-layer laminated
structure or a super lattice structure.

[0015] According to a first aspect of the present invention,
there is provided a nitride semiconductor device, which is a
light emitting device, comprising at least a substrate an n-type
contact layer forming an n-electrode, an active layer where
electrons and holes are recombined and a p-type contact layer
forming a p-electrode, each layer being made of nitride semi-
conductor, wherein the n-type contact layer is made of a
nitride semiconductor doped with an n-type impurity and has
a first surface and a second surface, and undoped nitride
semiconductor layers are formed close to the first and second
surfaces, respectively, resulting in the three-layer laminated
structure of the n-type contact layer.

[0016] Inthis case, an undoped nitride semiconductor layer
means an intentionally not doped layer and includes a nitride
semiconductor layer which may contain an impurity origi-
nally contained in the raw material, unintentionally intro-
duced by the contamination within the reactor and by diffu-
sion from the other layers which is intentionally doped with
an impurity, and also a layer which is considered to be a
substantially undoped layer because of doping in a very small
amount (for example, resistivity of 3x10~! Q-cm or more). An
n-type impurity includes Group IV elements such as Si, Ge,
Sn and the like and Si is preferred. The nitride semiconductor
layers which are laminated therewith, including the n-type
contact layer may be made of for example, GaN, InGaN and
AlGaN and preferably, the n-type contact layer may be made
of GaN including no In or Al in the term of the crystallinity.
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While the undoped nitride semiconductor layers which are
formed on the both sides of the n-type contact layer will be
described below in detail. In the case that the n-type contact
layer is the second layer of the three-layer laminated struc-
ture, the first nitride semiconductor layer formed on the sub-
strate side thereof may be preferably made of GaN or AlGaN
and the nitride semiconductor layer formed on the opposite
side of the n-type contact layer to the substrate may be pref-
erably made of GaN, InGaN or AlGaN. Particularly, the rep-
resentative of the three-layer laminated structure may include
the three-layer laminated structure of undoped GaN layer
(third layer)/Si-doped GaN layer (second layer)/undoped
GaN layer (first layer) in which the n-type contact layer
(second layer) doped with Si is sandwiched between the
undoped GaN layers.

[0017] The second nitride semiconductor layer (n-type
contact layer) can have a carrier concentration of not less than
3x10"°/cm?® and the resistivity is less than 8x10~> Q-cm in the
term of the mobility of the layer. The resistivity of the con-
ventional n-type contact layer has been limited to 8x107>
Q-cm (forexample, U.S. Pat. No. 5,733,796). The decrease of
the resistivity can lower VE. The resistivity of 6x107> Q-cm or
less can be achieved and more preferably, 4x10~> Q-cm or
less. The lower limit is not specified and it is desirable to
adjust to 1x107> Q-cm or ore. Ifthe resistivity becomes lower
than the lower limit, the amount of the impurity becomes too
much and the crystallinity of the nitride semiconductor tends
to decline.

[0018] Moreover, a buffer layer which is grown at a tem-
perature lower than that for the first nitride semiconductor is
preferably formed between the substrate and the first nitride
semiconductor layer. The buffer layer may be made by for
example, growing AIN, GaN, AlGaN and the like at the tem-
peratures ranging from 400° C. to 900° C. to the thickness of
0.5 um or less and acts as a underlying layer for relaxing a
lattice mismatch between the substrate and the first nitride
semiconductor and growing the first nitride semiconductor
layer having a good crystallinity. Particularly, in the case that
the first nitride semiconductor layer is made of GaN, the
butter layer may be preferably made of GaN.

[0019] Further, the thickness of the third nitride semicon-
ductor layer may preferably be 0.5 um or less. More prefer-
ably, the thickness of the third nitride semiconductor layer
may be 0.2 pm or less, most preferably 0.15 pm or less. The
lower limit is not specified and it is desirable to adjust to 10 A
or more, preferably 50 A or more and most preferably 100 A
or more. Since the third nitride semiconductor layer is an
undoped layer and usually has a high resistivity of 0.1 Q-cm
or more, in the case that the third nitride semiconductor layer
is thick, Vf tends not to decrease.

[0020] According to a second aspect of the present inven-
tion, there is provided a nitride semiconductor device, which
is a light emitting device on a substrate, comprising at least an
n-type contact layer forming at least an n-clectrode on the
substrate, an active layer where electrons and holes are
recombined and a p-type contact layer forming a p-electrode,
each layer being made of nitride semiconductor, wherein the
n-type contact layer is a super lattice layer made by laminat-
ing at least a nitride semiconductor doped with an n-type
impurity and an undoped nitride semiconductor layer doped
with no n-type impurity. Also, as in the case of the first nitride
semiconductor device described above, it is preferable that
the first and third nitride semiconductor layers are not doped
with an n-type impurity or are doped by the concentration of
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an n-type impurity smaller than that in the super lattice layer
and are formed close to the first and second surface of the
n-type contact layer, respectively in a manner that the second
nitride semiconductor layer (n-type contact layer) is inter-
posed between the first layer and the third one.

[0021] In the second nitride semiconductor device, the
super lattice structure means a structure made by laminating
the nitride semiconductor layers which has a thickness of 100
A orless, more preferably 70 A orless and most preferably 50
A or less in the multi-layered structure. And in this specifica-
tions, the super lattice structure or layer includes a type of
multi-layered film made by laminating layers which have
different constitutions from each other and a type of multi-
layered film made by laminating layers which have the same
constitutions and different amounts of a n-type impurity from
each other. Further, an undoped nitride semiconductor layer
means a nitride semiconductor layer which is not intention-
ally doped with an impurity and has the same meaning as in
the case of the above first light emitting device.

[0022] Also, in the second nitride semiconductor device, a
buffer layer which is grown at a lower temperature than that
for the first nitride semiconductor layer may be formed
between the substrate and the first nitride semiconductor
layer. The buffer layer may be made by for example, growing
AIN, GaN, AlGaN and the like at the temperatures ranging
from 400° C. to 900° C. to the thickness of 0.5 pm or less and
acts as a underlying layer for relaxing a lattice mismatch
between the substrate and the nitride semiconductor and
growing the first nitride semiconductor layer having a good
crystallinity.

[0023] The second nitride semiconductor layer may be
made by laminating two kinds of nitride semiconductor lay-
ers which have different band gap energy from each other and
may be made by laminating another nitride semiconductor
between said two kinds of nitride semiconductor layers.
[0024] Inthis case, said two kinds of nitride semiconductor
layers preferably have different concentrations of an n-type
impurity doped from each other. Hereinafter, the configura-
tion of the super lattice layer in which the nitride semicon-
ductor layers have different concentrations of an impurity
from each other is called modulation doping.

[0025] Also, in the case that the second nitride semicon-
ductor layer is formed by laminating two kinds of layers
which have different band gap energy from each other, the
layer having a higher band gap energy may be doped with a
n-type impurity in a larger amount or the layer having a lower
band gap energy may be doped in a larger amount.

[0026] And in the case that the second nitride semiconduc-
tor layer is formed by laminating two kinds of layers which
have different band gap energy from each other, one of the
layers is preferably is not doped with an impurity, that is, is an
undoped layer. In this case, the layer having a higher band gap
energy may be, doped with an n-type impurity or the layer
having a lower band gap energy may be doped.

[0027] Further, in the present invention, said second nitride
semiconductor layer may be made by laminating two kinds of
layers which have the same constitutions except different
concentrations of a n-type impurity from each other. In this
case, one of the two kinds of nitride semiconductor layers is
preferably an undoped layer which is not doped with a n-type
impurity.

[0028] Particularly, a typical n-type contact layer in a form
of a super lattice structure is made by laminating alternately
nitride semiconductor layers selected from the combinations
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of GaN/GaN, InGaN/GaN, AlGaN/GaN and InGaN/AlGaN
and either one of the nitride semiconductor layers is prefer-
ably doped with Si.

[0029] Further, in the case that the third nitride semicon-
ductor layer is provided, it is preferable that the third nitride
semiconductor layer is undoped and has a thickness 0of 0.1 um
or less. More preferably, the third nitride semiconductor layer
has a thickness of 500 A or less, and most preferably, 200 A
or less. The lower limit of the thickness the third nitride
semiconductor layer is not particularly specified and is desir-
ably controlled to 10 A or more. In the case that the third
nitride semiconductor layer is not a super lattice layer, but an
undoped psingle layer, the resistivity thereof is usually as
high as 1.times.10.sup.-1 Q-cm or more. Therefore, when the
third nitride semiconductor layer is grown to the thickness of
more than 0.1 um contrarily, Vftends not to decrease. When
the third nitride semiconductor layer is an undoped layer, the
nitride semiconductor layer has a good crystallinity and the
active layer which is grown thereon also has a good crystal-
linity, resulting in the good improvement of the output.
[0030] The n-type contact layer constituting the super lat-
tice structure can have a carrier concentration of not less than
3x10"®/cm® and considering the mobility of the layer, the
resistivity thereof'is less than 8x107> Q-cm. The resistivity of
the prior n-type contact layer is limited to 8x107> Q-cm, but
the decrease of the resistivity can lead to the decrease of VT, as
in the case of the first nitride semiconductor device. The
realizable resistivity is 6x107> Q-cm or less and more prefer-
ably, 4x107> Q-cm or less. The lower limit is not particularly
specified and desirably controlled to 1x107> ©-cm or more. If
the resistivity is below the lower limit, the amount of an
impurity is too much and the crystallinity of the nitride semi-
conductor tends to deteriorate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a schematic sectional view of the LED
device structure of an embodiment according to the present
invention.

[0032] FIG. 2 is a schematic sectional view of the LED
device structure of another embodiment according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

[0033] The first light emitting device according to the
present invention comprises a nitride semiconductor layer
which has an at least three-layer laminated structure between
the active layer and the substrate. The first nitride semicon-
ductor layer is undoped, so as to grow a second nitride semi-
conductor layer which contains a n-type impurity and has a
good crystallinity. If the first nitride semiconductor layer is
intentionally doped with all impurity, the crystallinity thereof
deteriorates and it is difficult to grow a second nitride semi-
conductor which has a good crystallinity. Next, the second
nitride semiconductor layer is doped with a n-type impurity
and has a low resistivity and a high carrier concentration, to
act a contact layer for forming a n-electrode. Therefore, the
resistivity of the second nitride semiconductor layer is desir-
ably as low as possible to obtain a good ohmic contact with
the n-electrode material and is preferably less than 8x10°
Q-cm. Next, the third nitride semiconductor layer is also
undoped. This is because the second nitride semiconductor
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layer which has a low resistivity and a large carrier concen-
tration does not have a very good crystallinity. If an active
layer, cladding layer and the like are grown directly on such a
second nitride semiconductor layer, the crystallinity of those
layers deteriorates. When the third nitride semiconductor
layer which is undoped and has a good crystallinity is inter-
posed between those layers, the third nitride semiconductor
layer acts as a buffer layer for growing the active layer. Fur-
ther, when an undoped layer having a relatively high resistiv-
ity is interposed between the active layer and the second layer,
the leak current of the device can be prevented and the back-
ward withstand voltage can be enhanced. And the second
nitride semiconductor layer has a carrier concentration of
more than 3x10*%/cm®. An n-type impurity include IV group
elements arid preferably Sior Ge is used, more preferably Si.
[0034] In the first nitride semiconductor light emitting
device, due to the undoped first nitride semiconductor layer
between the active layer and the substrate, the second nitride
semiconductor layer doped with an n-type impurity can be
grown in such a manner that the crystallinity of the second
nitride semiconductor is maintained. Therefore, the second
nitride semiconductor layer doped with an n-type impurity
which has a good crystallinity and a large thickness can be
grown. Moreover, the undoped third nitride semiconductor
layer acts as an underlying layer having a good crystallinity
for the layer to be grown thereon. Therefore, the resistivity of
the second nitride semiconductor layer can be reduced and
the carrier concentration thereof can be increased, resulting in
the realization of the nitride semiconductor device having an
extremely high efficiency. Thus, according to the present
invention, a light emitting device having a low Vfand thresh-
old can be realized and the heating value of the device can be
decreased, with the result that the device having a high reli-
ability can be provided.

Embodiment 2

[0035] The second light emitting device according to the
present invention comprises a nitride semiconductor super
lattice layer as a n-type contact layer between the active layer
and the substrate. This super lattice layer has a first surface
and a second surface and comprises a first nitride semicon-
ductor layer which is undoped or has a lower concentration of
an-type impurity than that of the second nitride semiconduc-
tor layer on the first surface, so as to grow a super lattice layer
having a good crystallinity. The first nitride semiconductor
layer is most preferably undoped and may be doped with a
n-type impurity in a smaller amount than that in the second
nitride semiconductor layer, because the second nitride semi-
conductor layer is in a super lattice structure. The n-type
impurity includes IV group elements and preferably, Sior Ge
is used and more preferably, Si.

[0036] Next, when the n-type contact layer is in a super
lattice structure, each nitride semiconductor layer constitut-
ing the super lattice layer has a thickness of not more than the
elastic stain limit and therefore, the nitride semiconductor
layer having very few crystal defects can be grown. More-
over, the crystal defects developing through the first nitride
semiconductor layer from the substrate can be prevented to
some extent, the third nitride semiconductor layer having a
good crystallinity can be grown on the super lattice layer.
What is worthy of mention is that the effect similar to HEMT
can be obtained.

[0037] This super lattice layer is preferably formed by
laminating alternately a nitride semiconductor layer having a
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higher band gap energy and a nitride semiconductor layer
having a band gap energy lower than that of said nitride
semiconductor layer having a higher band gap energy, the two
layers having different impurity concentrations. Thickness of
the nitride semiconductor layer having a higher band gap
energy and the nitride semiconductor layer having a lower
band gap energy which constitute the super lattice layer is
preferably controlled to be within 100 A, more preferably
within 70 A and most preferably within a range from 10 to 40
A Ifthe thickness of the two layers exceeds 100 A, the nitride
semiconductor layer having a higher band gap energy and the
nitride semiconductor layer having a lower band gap energy
become thicker than the elastic strain limit and microscopic
cracks or crystal defects tend to develop in the film. While the
lower limit of the thickness of the nitride semiconductor layer
having a higher band gap energy and the nitride semiconduc-
tor layer having a lower band gap energy is not specified and
may be of any value as long as it is monoatomic layer or
thicker, it is most preferably 10 A or greater. Further, the
nitride semiconductor layer having a higher band gap energy
is desirably made by growing a nitride semiconductor which
includes at least Al, preferably Al,Ga, N (0<X=<1). While
the nitride semiconductor layer having a lower band gap
energy may be anything as long as it is a nitride semiconduc-
tor having a band gap energy lower than that of the nitride
semiconductor layer having a higher band gap energy, it is
preferably made of a nitride semiconductor of binary mixed
crystal or ternary mixed crystal such as Al;Ga, ;N (0<Y=l1,
X>Y)and In,Ga, /N (0=Z<1)which can be grown easily and
provide good quality of crystal. It is particularly preferable
that the nitride semiconductor layer having a higher band gap
energy is made of Al,Ga,; N (0<x<1) which does not sub-
stantially include In or Ga and the nitride semiconductor layer
having a lower band gap energy is made of In,Ga, N
(0=Z<1) which does not substantially include Al. And for the
purpose of obtaining super lattice of excellent quality of
crystal, the combination of Al,Ga, N (0<X=<0.3) with the
mixing proportion of Al (value of X) being not more than 0.3
and GaN is most preferable.

[0038] When the second nitride semiconductor layer con-
stitute a cladding layer which functions as a light trapping
layer and a carrier trapping layer, it must have a band gap
energy higher than that of a quantum well layer of the active
layer. A nitride semiconductor layer having a higher band gap
energy is made of a nitride semiconductor of high mixing
proportion of Al. It has been very difficult to grow a crystal of
nitride semiconductor of high mixing proportion of Al
according to the prior art, because of cracks which are likely
to develop in a thick film. In the case of a super lattice layer
according to the present invention, however, cracks are made
less likely to occur because the crystal is grown to a thickness
within the elastic strain limit, even when a single layer con-
stituting the super lattice layer is made with a somewhat high
mixing proportion of Al. With this configuration, a layer
having a high mixing proportion of Al can be grown with
good quality of crystal and therefore, effects of light trapping
and carrier trapping can be enhanced, resulting in reducing
the threshold voltage in the laser device and reducing Vf{
(forward voltage) in the LED device.

[0039] Further, it is preferable that n-type impurity concen-
tration is set to be different between the nitride semiconductor
layer having a higher band gap energy and the nitride semi-
conductor layer having a lower band gap energy of the second
nitride semiconductor layer. This configuration is the so-
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called modulation doping. When one layer is made with lower
n-type impurity concentration or is preferably undoped with
the impurity and the other layer is doped in a higher concen-
tration, this modulation doping is also capable of decreasing
the threshold voltage and V1. This is because the presence of
a layer having a low impurity concentration in the super
lattice layer increases the mobility in the layer, and coexist-
ence ofalayer having a high concentration of impurity makes
it possible to form a super lattice layer even when the carrier
concentration is high. That is, it is supposed that the coexist-
ence of a layer of low impurity concentration and high mobil-
ity and a layer of high impurity concentration and high carrier
concentration allows a layer having a high impurity concen-
tration and high mobility to be a cladding layer, thus decreas-
ing the threshold voltage and V1.

[0040] When a nitride semiconductor layer having a high
band gap energy is doped with an impurity in a high concen-
tration, the modulation doping effect is supposed to generate
two-dimensional electron gas between a high impurity con-
centration layer and a low impurity concentration layer, so
that the resistivity decreases due to the effect of the two-
dimensional electron gas. In a super lattice layer made by
laminating a nitride semiconductor layer which is doped with
an n-type impurity and has a high band gap energy and an
undoped nitride semiconductor layer with a low band gap
energy, for example, the barrier layer side is depleted in the
hetero-junction interface between the layer which is doped
with the n-type impurity and the undoped layer, while elec-
trons (two-dimensional electron gas) accumulate in the vicin-
ity of the interface on the side of the layer having a lower band
gap. Since the two-dimensional electron gas is formed on the
lower band gap side and therefore the electron movement is
not subject to disturbance by the impurity, electron mobility
in the super lattice increases and the resistivity decreases. It is
supposed that the modulation doping on P side is caused by
the effect of the two-dimensional positive hole gas. Inthe case
of p layer, AlGaN has higher resistivity than that GaN has.
Thus it is supposed that, because the resistivity is decreased
by doping AlGaN with p type impurity in a higher concen-
tration, a substantial decrease is caused in the resistivity of the
super lattice layer, thereby making it possible to decrease the
threshold value when the device is made.

[0041] When a nitride semiconductor layer having a low
band gap energy is doped with an impurity in a high concen-
tration, such an effect as described bellow is expected to be
produced. When the AlGaN layer and the GaN layer are
doped with the same amounts of Mg, for example, acceptor
level of Mg becomes deeper and the activation ratio becomes
lower in the AlGaN layer. In the GaN layer, on the other hand,
acceptor level of Mg becomes less deep and the Mg activation
ratio becomes higher than in the AlGaN layer. When doped
with Mg in a concentration of 1x10?%/cm?, for example,
carrier concentration of about 1x10'®/cm® is obtained in
GaN, while the concentration obtained in AlGaN is only
about 1x10'7/cm®. Hence in the present invention, a super
lattice layer is made from AlGaN and GaN and the GaN layer
front which higher carrier concentration can be expected is
doped with greater amount of impurity, thereby forming
super lattice of a high carrier concentration. Moreover,
because tunnel effect causes the carrier to move through the
AlGaN layer of a lower impurity concentration due to the
super lattice structure, the carrier is not under substantially no
influence of the AlGaN layer, while the AlGaN layer func-
tions also as a cladding layer having a high band gap energy.
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Therefore, even when the nitride semiconductor layer having
a lower band gap energy is doped with a greater amount of
impurity, very good effect can be obtained in decreasing the
threshold voltage of the laser device or LED device. The
above description deals with a case of forming the super
lattice layer on p-type layer side, although similar effect can
be obtained also when a super lattice layer is formed on the n
layer side.

[0042] When the nitride semiconductor layer having a
higher band gap energy is doped with an n-type impurity in a
high concentration, the amount of doping in the nitride semi-
conductor layer having a higher band gap energy is preferably
controlled within d range from 1x10"“/cm? to 1x10*%cm?>, or
more preferably within a range from 1x10'%/cm? to 5x10%°/
cm®. When the impurity concentration is lower than 1x107/
cm?, the difference from the concentration in the nitride semi-
conductor layer having a lower band gap energy becomes too
small to obtain a layer of high carrier concentration. When the
impurity concentration is higher than 1x10*%/cm?, on the
other hand, leak current in the device itself tends to increase.
Meanwhile the n-type impurity concentration in the nitride
semiconductor layer having a lower band gap energy may be
at any level as long as it is lower than that of the nitride
semiconductor layer having a higher band gap energy, butitis
preferably lower than one tenth of the latter. Most preferably
the nitride semiconductor layer having a lower band gap
energy is undoped, in which case a layer of the highest mobil-
ity can be obtained. However, because each of the component
layers of a super lattice layer is thin, some of the n-type
impurity diffuses from the nitride semiconductor layer having
a higher band gap energy into the nitride semiconductor layer
having a lower band gap energy. Therefore, the n-type impu-
rity concentration in the nitride semiconductor layer having a
lower band gap energy is preferably 1x10*°/cm?> or less. The
n-type impurity is selected from among the elements of IVB
group and VIB group of the periodic table such as Si, Ge, Se,
S and O, and preferably selected from among Si, Ge and S.
The effect is the same also in case the nitride semiconductor
layer having a higher band gap energy is doped with less
amount of n-type impurity and the nitride semiconductor
layer having a lower band gap energy is doped with greater
amount of n-type impurity. Although, the above description
deals with a case of modulation doping in which the super
lattice layer is preferably doped with an impurity, it is also
possible that the impurity amount in the nitride semiconduc-
tor layer having a higher band gap energy is the same as in the
nitride semiconductor layer having a lower band gap energy.

[0043] In the nitride semiconductor layer constituting the
super lattice layer, the layer doped with the impurity in a
higher concentration is preferably doped so that such a dis-
tribution of impurity concentration is obtained, that the impu-
rity concentration is high in the middle portion of the semi-
conductor layer in the direction of thickness and is low (or
preferably undoped) in the portions near the both ends. When
the super lattice layer is formed from the AlGaN layer doped
with Si as n-type impurity and the undoped GaN layer, the
AlGaN layer releases electrons as donor into the conductive
band because it is doped with Si and the electrons fall in the
conductive band of the GaN which has a low potential.
Because the GaN crystal is not doped with the donor impurity,
carrier disturbance due to an impurity does not occur. Thus
the electrons can move easily in the GaN crystal, namely high
electron mobility is obtained. This is similar to the effect of
the two-dimensional electron gas described previously, thus
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increasing the mobility of the electrons substantially in the
transverse direction and decreasing the resistivity. Further,
the effect is enhanced when the central region of the AlGaN
layer having a higher band gap energy is doped with the
n-type impurity in a high concentration. That is, among the
electrons that move in GaN, electrons are more or less subject
to disturbance by the n-type impurity ions (Si in this case)
which are present in AlGaN. However, when end portions of
the AlGaN layer in the direction of thickness are undoped,
electrons become less subject to the disturbance of Si, and
therefore mobility in the undoped GaN layer is further
improved. Similar effect is obtained also when super lattice
layer is formed on the p layer side, although the action is
different somewhat, and it is preferable that the nitride semi-
conductor layer having a higher band gap energy is doped
with the p-type impurity in a higher concentration at the
middle portion thereof and doped in a lower concentration or
undoped at both end portions thereof. Although the impurity
concentration distribution may also be realized in the nitride
semiconductor layer having a lower band gap energy doped
with the n-type impurity in a higher concentration, a super
lattice layer made by doping the nitride semiconductor layer
having a lower band gap energy in a higher concentration
tends to have a less effect.

[0044] Inthe device according to the present invention, the
third nitride semiconductor layer is also undoped or doped
with an n-type impurity in a concentration lower than that in
the second nitride semiconductor layer. If the third nitride
semiconductor layer containing a large amount of impurity is
grown directly on the top layer of the super lattice layer, the
crystallinity of the third nitride semiconductor layer tends to
deteriorate. Therefore, the third nitride semiconductor layer
is doped with an n-type impurity in a low concentration and
most preferably undoped, so as to grow b the third nitride
semiconductor layer having a good crystallinity. The compo-
sition of the third nitride semiconductor layer is not matter of
importance. But the third nitride semiconductor layer is pref-
erably made of In,Ga, N (0=X<1), more preferably In,Ga, _
xN (0<X=0.5) and in such a case, the third nitride semicon-
ductor layer acts as a buffer layer for the layers to be grown
thereon, with the result that the layers above the third nitride
semiconductor layer can be easily grown. Further, when the
layer having a relatively high resistivity such as an undoped
single layer is interposed between the active layer and the
second layer, the leak current in the device can be prevented
and the backward withstand voltage can be enhanced.

Example 1

Super Lattice Structure LED

[0045] Undoped GaN//Si Doped GaN (B)/Undoped GaN
(A)//Undoped GaN.

[0046] FIG. 1 is a schematic sectional view of the LED
structure of one example according to the second embodi-
ment of the present invention. The method of manufacturing
the device of the present invention will be described in con-
junction with this drawing.

[0047] A C-plane sapphire substrate 1 is set in the reactor
and the inside atmosphere of the reactor is fully replaced with
hydrogen. The temperature of the substrate is increased to
1050° C. with hydrogen being flown in order to clean the
substrate. As the substrate 1, in addition to C-plane sapphire
substrate, the insulating substrate such as R- or A-plane sap-
phire substrate and the spinel (MgAl,O,) substrate and the
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semiconductor substrate such as SiC(including 6H, 4H 3C),
Si, ZnO, GaAs, GaN and the like may be used.

Buffer Layer 2

[0048] Subsequently, the temperature is decreased to 510°
C. A buffer layer 2 made of GaN having a thickness of about
200 A is grown using ammonia and TMG (trimethylgallium)
as a source of GaN.

First Nitride Semiconductor Layer 3

[0049] After growing the buffer layer 2, only TMG is
stopped and the temperature is increased to 1050° C. At 1050°
C., in the same way using ammonia and TMG as a source of
GaN, a first nitride semiconductor layer 3 made of undoped
GaN was grown to the thickness of 5 pm. The first nitride
semiconductor layer is grown at a temperature higher than
that in the case of the buffer layer, for example, at 900° C. to
1100° C. The first nitride semiconductor layer 3 can be made
of Iny Al Ga, ;N (0=X, 0<Y, X+Y=1) and the composition
thereof is not a matter of importance. But preferably, the first
nitride semiconductor layer is made of GaN or Al,Ga, N
with X being not more than 0.2, with the result that the nitride
semiconductor layer having a less crystal defects can be eas-
ily obtained. The thickness of the first nitride semiconductor
layer is not a matter of importance and is larger than that of
buffer layer, usually being not less than 0.1 pm. Since this
layer is an undoped layer, it is similar to the intrinsic semi-
conductor and has a resistivity of larger than 0.2 Q-cm. The
resistivity of the first nitride semiconductor layer may be
decreased by doping an n-type impurity such as Si and Ge in
a less amount than that in the second nitride semiconductor
layer.

Second Nitride Semiconductor Layer 4

[0050] Subsequently, at 1050° C., an undoped GaN layer
having a thickness of 20 A is grown using TMG and ammonia
gas. Next, at the same temperature, silane gas is added and a
GaN layer doped with Si to 1x10%°/cm® is grown to the
thickness of 20 A. Thus, a pair of A layer made of undoped
GaN layer having a thickness of 20 A and B layer made of
Si-doped GaN having a thickness of 20 A is grown. The pair
is laminated in 250 layers, resulting in a second nitride semi-
conductor layer 4 in the form of super lattice structure having
a thickness of 1 pm.

Third Nitride Semiconductor Layer 5

[0051] Next, only silane gas is stopped and at 1050° C., in
the same way, a third nitride semiconductor layer 5 made of
undoped GaN is grown to the thickness of 100 A. The third
nitride semiconductor layer b can be made of In,Al.,Ga, -
N (0=X, 0=<Y, X+Y=1) and the composition thereof is not a
matter of importance. But preferably, the third nitride semi-
conductor layer is made of GaN, Al Ga, N with X being not
more than 0.2 or In;Ga, ;N withY being not more than 0.1,
with the result that the nitride semiconductor layer having less
crystal defects can be easily obtained. In the case of that the
layer made of InGaN is grown, when the nitride semiconduc-
tor layer including Al is grown thereon, cracks are prevented
from developing into the nitride semiconductor layer includ-
ing Al.
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Active Layer 6

[0052] Next, the temperature is decreased to 800° C. and
the carrier gas is changed into nitrogen. An undoped In,, ,Ga,
6N layer having a thickness of 30 A is grown, using TMG,
TMI (trimethylindium) and ammonia to form an active layer
6 having a single quantum well structure. This layer may have
a multiple quantum well structure made of InGaN.

P-Side Cladding Layer 7

[0053] Next, the temperature is increased to 1050° C. and
using TMG, TMA, ammonia and Cp2Mg (cyclopentadienyl
magnesium), a p-side cladding layer 7 made of p-type Al,
1Ga, oN doped Mg to 1x10%°/cm? is grown to the thickness of
0.1 um. This layer functions as a carrier trapping layer. This
layer is desirably made of a nitride semiconductor containing
Al, preferably Al,Ga, ;N (0<Y<1). It is desirable to grow a
Al;Ga,_;Nlayer withY being not more than 0.3 to a thickness
of'not more than 0.5 um, so as to obtain a layer having a good
crystallinity.

[0054] And the p-side cladding layer 7 maybe a super lat-
tice layer. When a super lattice layer is in the p-side layer
region, the thresholds are further decreased and a good result
is obtained. Any layer in the p-side layer region may be a
super lattice layer.

P-Side Contact Layer 8

[0055] Subsequently, at 1050° C., using TMG, ammonia
and Cp2Mg, a p-side contact layer 8 made of p-type GaN
doped with Mg 1x10*°/cm?> is grown to the thickness of 0.1
um. The p-side contact layer 8 also can be made of In A-
1,Ga, 4 N (0=X, 0=<Y, X+Y=1) and the composition thereof
is not a matter of importance. But preferably, the p-side con-
tact layer is made of GaN, with the result that the nitride
semiconductor layer having less crystal defects can be easily
obtained and a preferable ohmic contact with the p-electrode
material can be achieved.

[0056] After the reaction is completed, the temperature is
decreased to room temperature. Additionally, annealing is
performed to the wafer at 700° C. in nitrogen atmosphere
within the reactor, so as to make the p-type layers less resis-
tive.

[0057] After annealing, the wafer is removed out of the
reactor. A mask of a predetermined shape is formed on the top
surface of the p-side contact layer which is an uppermost
layer and etching is conducted from the p-side contact layer
side with RTF (reactive ion etching) apparatus, to expose the
surface of the second nitride semiconductor layer 4, as shown
in FIG. 1.

[0058] Afteretching, a transparent p-electrode 9 containing
Ni and Au and having a thickness of 200 A is formed on the
almost entire surface of the uppermost p-side contact layer
and a p-pad electrode 10 made of Au for bonding is formed on
the p-electrode 9. Meanwhile, a n-electrode 11 containing W
and Al is formed on the surface of the second nitride semi-
conductor layer 4 which has been exposed by etching. Finally,
an insulating film 12 made of SiO, is formed to protect the
surface of the p-electrode 9, as shown in FIG. 1. Then the
watfer is scribed and cleaved into LED devices which are 350
um by 350 pm square.

[0059] For this LED device, pure green light omission of
520 nm was obtained at a forward voltage of 20 mA. Vfwas
decreased by 0.2 to 0.4 V and the output was enhanced by 40
to 50% at 20 mA, as compared with the conventional green
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light emitting LED made by laminating on the substrate a
buffer layer made of GaN, n-side contact layer made of Si
doped GaN, an active layer made of InGaN in the form of a
single quantum well structure, a p-side cladding layer made
of Mg doped AlGaN and a p-side contact layer made of Mg
doped GaN sequentially. The static withstand voltage was
higher than that of the conventional LED by 5 times or more.

Example 2

LED in the Form of a Super Lattice Structure

[0060] Si Doped GaN//Si-Doped GaN (B)/Undoped GaN
(A)//Si Doped GaN

[0061] With the same procedures as in Example 1, the first
nitride semiconductor layer 3 is made by growing GaN doped
with Si to 1x10'°/cm? to the thickness of 3 um and the third
nitride semiconductor layer 5 is made by growing GaN doped
with Si to 1x10"7/cm®. The other constructions of the LED
device were the same as in Example 1. Compared with the
LED device in Example 1, the output was decreased by about
10% and VT and static withstand voltage were almost the
same.

Example 3

LED in the Form of a Super Lattice Structure

[0062] Undoped CaN//Si Doped GaN/Undoped InGaN//
Undoped GaN
[0063] The LED device was fabricated in the same manner

asin Example 1, except that the second nitride semiconductor
was formed as follows.

[0064] That is, at 1050° C., using TMG, ammonia gas and
Si gas, a GaN layer doped with Si to 1x10**/cm® which has a
thickness of 25 A is grown. Subsequently, at 800° C., using
TMI, TMG and ammonia gas, an undoped InGaN layer hav-
ing a thickness of 75 pm is grown. In this way, A layer made
of Si doped GaN layer having a thickness of 25 A and B layer
made of undoped InGaN layer having a thickness of 75 A are
laminated alternately in 100 layers, respectively, resulting in
the second nitride semiconductor layer in the form of a super
lattice structure having a total thickness of 2 um.

[0065] The LED in the form of a super lattice structure of
Example 3 had almost similar properties to those of Example
1.

Example 4

LED in the Form of a Super Lattice Structure

[0066] Undoped GaN//Si Doped AlGaN/Undoped GaN//
Undoped GaN
[0067] With the same procedure as in Example 1, the sec-

ond nitride semiconductor layer 4 is made by laminating
alternately A layer made of undoped GaN layer having a
thickness of 40 A and B layer made of Al,,Ga, (N layer
doped Sito 1x10'%/cm? evenly which has a thickness of 60 A,
in 300 layers, respectively, resulting in a super lattice struc-
ture having a total thickness of 3 pm. Other constructions of
the LED device are the same as in Example 1. The LED had
almost similar properties to those of
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Example 5

LD in the Form of a Super Lattice Structure

[0068] Undoped InGaN//SiDoped GaN (B)/Undoped GaN
(A)/Undoped GaN

[0069] FIG. 2 is a schematic sectional view showing the
structure of the laser device according to another example of
the present invention. In this drawing, the device which is cut
in the parallel direction to the resonating plane of the emission
is shown. Example 5 will be described with reference to FIG.
2.

[0070] With the same procedure as in Example 1, on the
C-plane sapphire substrate, a buffer layer 21 made of GaN
having a thickness of 200 A, a first nitride semiconductor
layer 22 made of undoped GaN having a thickness of 5 um, a
second nitride semiconductor layer 23 in the form of a super
lattice structure having a total thickness of 3 um made by
laminating A layer made of undoped GaN layer having a
thickness of 20 A and B layer made of Si doped GaN having
a thickness of 20 A are grown (the second nitride semicon-
ductor layer 4 has the same construction as that of Example
D).

[0071] Other substrate than the sapphire may be used. On
the substrate made of other materials than nitride semicon-
ductor like sapphire, a first GaN layer is grown. A protective
film on which a nitride semiconductor such as SiO, cannot be
easily gown is formed partially on the first GaN layer. A
second nitride semiconductor layer is grown on the first
nitride semiconductor layer via the protective film and thus,
the second nitride semiconductor layer is grown in the trans-
verse direction on Si0O,. The second nitride semiconductor
layer links with each other in the transverse direction. The
second nitride semiconductor layer obtained in this way is
most preferably used as a substrate, so as to achieve a good
crystallinity of the nitride semiconductor. When this nitride
semiconductor substrate is used as a substrate, the buffer layer
is not needed to be grown.

Third Nitride Semiconductor Layer 24

[0072] At 800° C., using TMI, TMG and ammonia, a third
nitride semiconductor layer made of undoped In, ,sGa, osN
is grown to the thickness of 500 A.

N-Side Cladding Layer 25

[0073] Next, at 1050° C., a n-type Al, ,Ga, gN layer doped
with Si to 1x10'®/cm? which has a thickness of 20 A and an
undoped GaN layer having a thickness of 20 A are laminated
alternately, in 200 layers, resulting in a super lattice structure
having a total thickness of 0.8 um. The n-side cladding layer
254 functions as a carrier trapping layer and light trapping
layer and is preferably made of a nitride semiconductor con-
taining Al, more preferably AlGaN. The total thickness of the
super lattice layer is preferably controlled within the range of
from 100 A to 2 um, more preferably within the range of from
500 A to 2 um. Moreover, the concentration of an impurity is
high inthe middle portion of the n-side cladding layer and low
in both end portions thereof.

N-Side Optical Waveguide Layer 26

[0074] Subsequently, an n-side optical guide layer 26 made
of n-type GaN doped with Si to 1x10"7/cm? is grown to the
thickness of 0.1 pm. This n-side optical waveguide layer
functions as an optical waveguide layer for the active layer
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and is desirably made of GaN and InGaN. The thickness of
the n-side optical waveguide layer is usually not more than 5
pm, preferably 200 A to 1 um. This n-side optical waveguide
layer is usually doped with an n-type impurity such as Si and
Ge to have a n-type conductivity and particularly, may be
undoped.

Active Layer 27

[0075] Next, at 800° C., an active layer 27 is made by
laminating alternately a well layer which is made of undoped
In, ,Ga, ¢N and has a thickness of 25 A and a barrier layer
which is made of undoped In, 5, Ga, 55N and has a thickness
of 50 A, thereby forming a layer of a multiple quantum well
structure (MQW) having a total thickness 175 A.

P-Side Cap Layer 28

[0076] Next, at 1050° C., a p-side cap layer 28 which has a
band gap energy higher than that of the p-side optical
waveguide layer 8 and that of the active layer 6 and is made of
p-type Al, ,Ga, ,N doped with Mg to 1x10*°/cm? is grown to
the thickness of 300 A. The p-side cap layer 28 is doped with
ap-type impurity, but the thickness thereof'is small and there-
fore the p-side cap layer may be of i-type wherein carriers are
compensated by doping n-type impurity, preferably may be
undoped and most preferably may be doped with a p-type
impurity. The thickness ofthe p-side cap layer 28 is controlled
within 0.1 um, more preferably within 500 A and most pref-
erably within 300 A. When grown to a thickness greater than
0.1 pm, cracks tend to develop in the p-side cap layer 28
making it difficult to grow a nitride semiconductor layer of
good quality of crystal. In the case of AlGaN having a high
proportion of Al, the small thickness can make it for LD
device to oscillate easily. When Al,Ga, ;N hasY value ofnot
less than 0.2, the thickness is desirably control led within 500
A. The lower limit of the thickness of the p-side cap layer 76
is not specified and but the thickness is preferably 10 A or
more.

P-Side Optical Waveguide Layer 29

[0077] Next, ap-side optical waveguide layer 29 which has
a band gap energy lower than that of the p-side cap layer 28
and is made of p-type GaN doped with Mg to 1x10*°/cm? is
grown to a thickness of 0.1 pm. This layer functions as an
optical waveguide layer for the active layer and is desirably
made of GaN and InGaN as in the case of the n-side optical
waveguide layer 26. This p-side optical waveguide layer also
functions as a buffer layer when the p-side cladding layer 30
is grown. The thickness of the p-side optical waveguide layer
is preferably 100 A to 5 um, more preferably 200 A to 1 um.
The p-side optical waveguide layer is usually to doped with a
p-type impurity such as Mg to have a p-type conductivity, but
may not be doped with an impurity.

P-Side Cladding Layer 30

[0078] Next, ap-side cladding layer 30 is made by laminat-
ing alternately a p-type Al, ,Ga,, ,N layer which is doped with
Mg to 1x10?°/cm?® and has a thickness of 20 A and a p-type
GaN layer which is doped with Mg to 1x10'°/cm® and has a
thickness 0f 20 A, thereby forming a super lattice layer having
a total thickness 0.8 um. This layer functions as a carrier
trapping layer, as in the case of n-side cladding layer 25. Also
this layer functions to decrease the resistivity in the p-type
layers due to the super lattice structure. The thickness of the
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p-side cladding layer 30 is not specified and desirably is
within the range of from 100 A to 2 um, more preferably
within the range of from 500 A to 1 um. The concentration of
an impurity may be high in the middle portion of the p-side
cladding layer and low in both end portions thereof.

P-Side Contact Layer 31

[0079] Finally, a p-side contact layer 10 made of p-type
GaN doped with Mg to 2x10*°/cm? is grown to the thickness
of 150 A. Tt is advantageous that the thickness of the p-side
contact layer is controlled to not more than 500 A, preferably
not more than 400 A and not less than 20 A, so as to decrease
the resistivity of the p-type layers and decrease the threshold
voltage.

[0080] After the completion of the reaction, the wafer is
annealed at 700° C. within the nitrogen atmosphere in the
reactor to make the p-type layers less resistive. After anneal-
ing, the wafer is removed out of the reactor and as shown in
FIG. 2, the p-side contact layer 31 and the p-side cladding
layer 30 which are the uppermost layers are etched with RIE
apparatus into a ridge geometry with a stripe width 4 um.

[0081] After the ridge geometry is formed, as shown in
FIG. 2, the p-side cladding layer 30 which is exposed on both
sides of the ridge stripe is etched to expose the surface of the
second nitride semiconductor layer 23 on which the n-elec-
trode is to be formed. The exposed surface is made of a super
lattice layer having a large amount of impurity.

[0082] Next, the p-electrode 32 made of Ni/Auis formed on
the entire surface of the ridge. Next, as shown in FIG. 2, an
insulating film 35 made of SiO, is formed on the surface of the
p-side cladding layer 30 and the p-side contact layer 31 except
for the p-electrode 32. A p-pad electrode 33 which is con-
nected electrically to the p-electrode 32 via the insulating film
35 is formed. Meanwhile, the n-electrode made of W and Al
is formed on the surface of the n-side contact layer 4 which
has been exposed.

[0083] Afterthe electrode is formed, the back surface of the
sapphire substrate of the wafer is polished to the thickness of
about 50 um. And then, the wafer is cleaved at the M-plane of
sapphire and the bar with the cleaved facet being a resonator
plane is fabricated. The bar is scribed and separated parallel to
the stripe electrode to fabricate a laser device. The resulting
laser device configuration is shown in FIG. 2. When this laser
device was oscillated continuously at room temperature, the
threshold current density was decreased to about 2.0 kA/cm?
and the threshold voltage was about 4.0V, compared to the
conventional nitride semiconductor laser device which could
oscillate continuously for 37 hours. The lifetime was 500
hours or longer.

Example 6

LED in the Form of a Super Lattice Structure

[0084] Undoped GaN//Undoped AlGaN/Si Doped GaN//
Undoped GaN
[0085] With the same procedures as in Example 1, the

second nitride semiconductor layer 4 is made by laminating a
GaN layer which is doped with Si to 1x10"°/ecm® and has a
thickness of 20 A and an undoped Al,, ,,Ga, oo N layer having
a thickness of 20 A and growing such a pair in 250 times,
thereby forming a super lattice layer having a total thickness



US 2014/0077157 Al

of 1.0 um (10000 A). The other constructions are the same as
in Example 1. The similar results were obtained to those in
Example 1.

[0086] As described above, the nitride semiconductor
device according to the present invention is made by laminat-
ing the first nitride semiconductor layer which is undoped or
has a small concentration of impurity, the second nitride
semiconductor layer of a super lattice layer which has a large
concentration of impurity and the third nitride semiconductor
layer which is undoped or has a small concentration of impu-
rity and therefore, the LED which has low VT and the laser
device which has low thresholds can be obtained. Moreover,
since the second nitride semiconductor layer has a low resis-
tivity, the ohmic contact can be easily obtained between the
n-electrode and the second nitride semiconductor layer and
VT is decreased. LED and the laser device have been
described in this specifications, the present invention can be
applied to any device made of nitride semiconductor such as
light receiving devices and solar cells, as well as power
devices using the output of the nitride semiconductor.

Example 7

LED in the Form of a Three Layer Laminated
Structure

[0087] Undoped GaN//Si Doped N-Type GaN//Undoped
GaN
[0088] This LED is fabricated in the same manner as in

Example 1, as shown in FIG. 1, an example of LED device of
the first embodiment according to the present invention,
except that the n-type contact layer is made in the form of the
three layer laminated structure. Therefore, only the n-type
contact layer of the three layer laminated structure will be
described.

First Nitride Semiconductor Layer 3

[0089] In the same manner as in Example 1, after the
growth of the buffer layer 2, only TMG is stopped and the
temperature is increased to 1050° C. At 1050° C., using TMG
and ammonia gas as source gas, a first nitride semiconductor
layer 3 made of undoped GaN is grown to the thickness of 1.5
um. The first nitride semiconductor layer is grown at a tem-
perature higher than that in the case of the buffer layer, for
example, at 90 to 1100° C. The composition of the first nitride
semiconductor layer is not a matter of importance, but pref-
erably is made of Al,Ga,; ;N with X being not more than 0.2,
with the result that the nitride semiconductor layer having less
crystal defects can be easily obtained. The thickness thereof'is
not a matter of importance, but is larger than that of the buffer
layer and usually is within the range of from 0.1 to 20 pm.
Since this layer is an undoped layer, it is similar to the intrin-
sic semiconductor and has a resistivity of larger than 0.1
Q-cm. Since the first nitride semiconductor layer is grown at
a temperature higher than that in the case of the buffer layer,
this layer is undoped, although this layer is different from said
butter layer.

Second Nitride Semiconductor Layer 4

[0090] Subsequently, at 1050° C., using TMG and ammo-
nia gas and silane gas as an impurity, a Si doped GaN layer is
grown to the thickness of' 3 pum. The second nitride semicon-
ductor layer 3 can be made of In,Al,Ga, ,N (0=X, 0=<Y,
X+Y=1) and the composition thereof is not a matter of impor-
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tance, preferably GaN, Al,Ga, _,, with X being not more than
0.2 or In,Ga, ;N with Y being not more than 0.1, with the
result that the nitride semiconductor layer having less crystal
defects can be easily obtained. The thickness of the second
nitride semiconductor layer is not a matter of importance and
preferably is within the range of from 0.1 to 20 um, because
the n-electrode is formed thereon. In the case that using the
other sapphire substrate which was not in the device structure,
the nitride semiconductor layers were grown to a GaN layer in
the same manner, the carrier density was 1x10'°/cm® and the
resistivity was 5x107° Q-cm.

Third Nitride Semiconductor Layer 5

[0091] Next, silane gas is stopped and at 1050° C., a third
nitride semiconductor layer 5 made of undoped GaN is grown
to the thickness of 0.15 um, in the same manner. The third
nitride semiconductor layer 5 can also be made of In, Al;Ga, _
N (0=X, 0<Y, X+Y=1) and the composition thereof is not a
matter of importance, preferably GaN, Al,Ga, N with X
being not more than 0.2 or In;Ga, ;N withY being not more
than 0.1, with the result that the nitride semiconductor layer
having less crystal defects can be easily obtained. When
InGaN is grown and on said InGaN layer, the nitride semi-
conductor layer containing Al is grown, the cracks can be
prevented from developing in the nitride semiconductor layer
containing Al. When the second nitride semiconductor is
made of a single nitride semiconductor, it is desirable that the
first, second and third nitride semiconductor layers are made
of a nitride semiconductor having the same composition,
particularly GaN.

[0092] The resulting LED device emitted pure green light
01’520 nm at the forward voltage of 20 mA. At 20 mA, Vfwas
decreased by 0.1 to 0.2V and the output was enhanced by 5 to
10%, compared with the conventional LED emitting green
light which was made by laminating sequentially on a sap-
phire substrate, a bufter layer made of GaN, an n-side contact
layer made of Si doped GaN, an active layer made of InGaN
in the form of a single quantum well structure, a p-side clad-
ding layer made of Mg doped AlGaN and a p-side contact
layer made of Mg doped GaN.

Example 8

[0093] Undoped In.sub.0.05Ga.sub.0.95N//Si
N-Type GaN//Undoped GaN

[0094] TheLD deviceis fabricated in the same manner as in
Example 5, except for the n-type contact layer.

[0095] With the same procedures as in Example 1, the
buffer layer 21 which is made of GaN and has a thickness of
200 A is grown on the C-plane sapphire substrate 20. And
then, the temperature is increased to 1020° C. and at 1020°C.,
a first nitride semiconductor layer 22 made of undoped GaN
is grown to the thickness of 5 pm.

[0096] Subsequently, at 1020° C., using silane gas as an
impurity gas, a second nitride semiconductor layer (the
n-type contact layer) made of Si doped n-type GaN is grown.
The resistivity of the resulting LD device was also 5x107>
€-cm.

Doped

Third Nitride Semiconductor Layer 24

[0097] Next, at 800° C., using TMI, TMG and ammonia, a
third nitride semiconductor layer made of undoped In, ,sGa,
98N is grown to the thickness of 500 A.
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N-Side Cladding Layer 25

[0098] Next, at 1020° C., a n-side cladding layer is made by
laminating alternately an n-type Al, ,Ga, gN layer which is
doped with Si to 1x10'7/cm? and has a thickness of 40 A and
an undoped GaN layer having a thickness of 40 A, in 40
layers, thereby forming a super lattice structure. This n-side
cladding layer functions as a carrier trapping and light trap-
ping layer.

N-Side Optical Waveguide Layer 26

[0099] Subsequently, a n-side optical waveguide layer 26
made of n-type GaN doped with Si to 1x10"*/cm? is grown to
the thickness of 0.2 um. This n-side optical waveguide layer
26 acts as an optical waveguide layer for the active layer and
preferably is made of GaN or InGaN. The thickness of the
n-side optical waveguide layer is usually within the range of
from 100 A to 5 um and preferably within the range of 200 A
to 1 pm. This n-side optical waveguide layer 5 may be
undoped.

Active Layer

[0100] Next, at 800° C., an well layer made of Si doped
In, ,Ga, (N is grown to the thickness of 25 A. Next, the molar
ratio of TMI is changed and a barrier layer made of Si doped
Ing o, Gag, 00N is grown to the thickness of 50 A. This opera-
tion is repeated two times and finally, the well layer is lami-
nated, resulting in a multiple quantum well structure (MQW).

P-Side Capping Layer 28

[0101] Next, at 1020° C., using TMG, TMA, ammonia and
Cp2Mg, a p-side capping layer 28 which has a band gap
energy higher than that of the active layer and is made of
p-type Al, ,Ga,, ,N doped with Mg to 1x10*°/cm? is grown to
the thickness of 300 A. The p-side cap layer 28 is doped with
ap-type impurity, but the thickness thereof'is small and there-
fore the p-side cal layer maybe of i-type wherein carriers are
compensated by doping n-type impurity. The thickness of the
p-side cap layer 28 is controlled within 0.1 um, more prefer-
ably within 500 A and most preferably within 300 A. When
grown to a thickness of greater than 0.1 um, cracks tend to
develop in the p-side cap layer 28 making it difficult to grow
a nitride semiconductor layer of good quality of crystal. And
carrier cannot pass the energy barrier by tunneling effect. Ion
the case of AlGaN having a high proportion of Al, the small
thickness can make it for LD device to oscillate easily. For
example, in the case of Al;Ga, ;N with Y being not less than
0.2, the thickness is desirably controlled within 500 A. The
lower limit of the thickness of the p-side capping layer 28 is
not specified, but the thickness is desirably not less than 10 A
as in the case of the laser device of Example 4.

P-Side Optical Waveguide Layer 29

[0102] Next, at 1020° C., a p-side optical waveguide layer
29 made of p-type GaN dope with Mg to 1x10'°/cm? is grown
to the thickness of 0.2 um. This layer functions as an optical
waveguide layer for the active layer, as in the case of the
n-side optical waveguide layer 26. This layer is desirably
made of GaN or InGaN. The thickness is preferably within the
range of from 100 A to 5 pm, more preferably within the range
of from 200 A to 1 um. The p-side optical waveguide layer is
usually of p-conductivity by doping a p-type impurity such as
Mg, but may be not doped with an impurity.
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P-Side Cladding Layer 30

[0103] Next, at 1020° C., a p-side cladding layer 30 is made
by laminating alternately a p-type Al, ,;Ga, ,sN layer which
is doped with Mg to 1x10?%cm?® and has a thickness of 40 A
and an undoped p-type GaN layer having a thickness of 40 A,
in 40 layers, thereby forming a super lattice layer. This layer
also functions as a carried trapping layer like the n-side clad-
ding layer 25. The resistivity and thresholds of the p-type
layers tend to decrease because of the p-side cladding layer in
the form of a super lattice structure.

P-Side Contact Layer 31

[0104] Finally, a p-side contact layer 31 made of p-type
GaN doped with Mg to 2x10*°/cm? is grown to the thickness
of 150 A.

[0105] After the completion of the reaction, the wafer is
annealed at 700° C. within the nitrogen atmosphere in the
reactor to make the p-type layers less resistive. After anneal-
ing, the wafer is removed out of the reactor and as shown in
FIG. 2, the p-side contact layer 31 and the p-side cladding
layer 30 which are the uppermost layers are etched with RIE
apparatus into a ridge geometry with a stripe width 4 pm.
Particularly, when the nitride semiconductor layers contain-
ing Al which are above the active layer are formed in the ridge
geometry, the emission from the active layer focuses under
the stripe ridge, with the result that the transverse mode is
easily simplified and the thresholds are easily decreased.
After the ridge is formed, a mask is formed on the ridge and
as shown in FIG. 2, the surface of the second nitride semi-
conductor layer 23 on which n-electrode 34 is to be formed is
exposed symmetrically relative to the stripe ridge.

[0106] Next, the p-electrode 32 made of Ni/Auis formed on
the entire surface of the ridge. Meanwhile, an n-electrode
made of Ti and Al is formed on the almost entire surface of the
second nitride semiconductor layer 23 of a stripe. The almost
entire surface means the area having 80% or more of the
surface. Thus, it is extremely advantageous in decreasing the
thresholds to expose the second nitride semiconductor layer
23 symmetrically relative to the p-electrode 32 and provide
with an n-electrode on the almost entire surface of the second
nitride semiconductor layer 23. Next, an insulating film 35
made of SiO, is formed between the p-electrode and the
n-electrode. A p-pad electrode 33 made of Au is formed
which is connected electrically to the p-electrode 32 via the
insulating film 35.

[0107] Afterthe electrode is formed, the back surface of the
sapphire substrate of the wafer is polished to the thickness of
about 50 um. And then, the polished plane is scribed and the
wafer is cleaved into bars perpendicularly with respect to the
stripe electrode to fabricate a resonator on the cleaved facet. A
dielectric film made of SiO, and TiO, is formed on the facet
of the resonator and finally, the bar is cut parallel to the
p-electrode, resulting in laser devices. The resulting device is
onto the heat sink. When the laser oscillation was tried at
room temperature, the continuous emission at a wavelength
ot 405 nm was observed The threshold current density was
2.5 kA/cm? and the threshold voltage was 4.0V. The lifetime
was 500 hours or longer and enhanced 10 times or more,
compared with the conventional nitride semiconductor laser
device.



US 2014/0077157 Al

Example 9

LED in the Form of the Three Layer Laminated
Structure

[0108] Undoped In, ,sGa, osN//Si Doped N-Type GaN//
Undoped GaN
[0109] The LED device is fabricated in the same manner as

in Example 1, except that a third nitride semiconductor layer
made of undoped In, (sGa, 45N is grown to the thickness of
20 A using TMG, TMI and ammonia at 800° C. The resulting
LED device had almost the same properties as those in
Example 7.

[0110] For the three layer laminated structure, the principal
object is that the carrier concentration in the second nitride
semiconductor layer which functions as a n-type contact layer
is increased, resulting in obtaining the contact layer which has
an as low resistivity as possible. Therefore, the first nitride
semiconductor layer may be doped with an n-type impurity
within the range where the decrease of the resistivity in the
second nitride semiconductor layer is not substantially influ-
enced. The second nitride semiconductor layer is doped with
an n-type impurity in high concentration and the third nitride
semiconductor layer is formed in order that the n-type clad-
ding layer, the active layer and the like which are formed over
the second nitride semiconductor layer may have a good
crystallinity. It should be understood that the doping of an
impurity within the range where the object of the invention
can be achieved be within the scope of the present invention.
When the first or third nitride semiconductor is substantially
doped with Si to not more than 1x10*7/cm?, the occurrence of
leak current and a little decrease of the output is observed, but
the resulting device can be practically useful (see the follow-
ing Example 9 or 11). Such a phenomenon can be applied to
the case of the n-type contact layer in the form of a super
lattice structure. Therefore, in the structure of undoped
InGaN/Si doped n-type GaN or super lattice structure/un-
doped GaN, or undoped GaN/Si doped n-type GaN or super
lattice structure/undoped GaN of tie above-mentioned
Examples, at least either first or third nitride semiconductor
layer may be doped with an n-type impurity, as long as the
second nitride semiconductor layer is not substantially influ-
enced.

Example 10

LED in the Form of a Super Lattice Three Layer
Laminated Structure

[0111] Undoped InGaN/Undoped GaN//Si Doped GaN//
Undoped GaN
[0112] With the same procedures as in Example 1, the

buffer layer 2 is formed and then the first nitride semiconduc-
tor layer 3 made of undoped GaN is grown to the thickness of
1.5 um on the same conditions as in Example 1.

[0113] Next, at 1050° C., using TMG, ammonia gas and Si
gas, a second nitride semiconductor layer 4 is formed by
growing a Si doped GaN layer doped with Si to 1x10™*/cm?to
the thickness of 2.25 pm.

[0114] And then, at 1050° C., using TMG and ammonia
gas, an undoped GaN layer is grown to the thickness of 20 A
and subsequently, at 800° C., using TMI, TMG and ammonia
gas, an undoped InGaN layer is grown to the thickness 10 pm.
Thus, a third nitride semiconductor layer is made by laminat-
ing alternately A layer made of an undoped GaN layer with
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the thickness of 20 A and B layer made of undoped InGaN
layer with the thickness of 10 A, in 20 layers, respectively,
thereby forming a super lattice structure having a total thick-
ness of 600 A. Other constructions are the same as those in
Example 1.

[0115] The resulting LED of Example 10 had the same
properties as those in Example 7.

Example 11

LED in the Form of'a Three Layers Laminated LED

[0116] Undoped GaN//Si Doped N-Type GaN//Si Doped
GaN
[0117] With the same procedures as in Example 7, the first

nitride semiconductor layer 3 is doped with Sito 1x10*"/cm?,
the second nitride semiconductor layer made of GaN 4 is
doped with 8x10'%/cm>, and the third nitride semiconductor
layer 5 is an undoped layer. The other constructions are the
same as in Example 7. In the resulting device, a little leak
current was observed and the output decreased a little.

Example 12

LED in the Form of Three Layers Laminated
Structure

[0118] Si Doped GaN//Si Doped N-Type GaN//Undoped
GaN
[0119] With the same procedures as in Example 7, the third

nitride semiconductor layer 5 is doped with Si to 1x10'7/cm?,
the second nitride semiconductor layer made of GaN 4 is
doped with 8x10'®cm?®, and the first nitride semiconductor
layer 5 is an undoped layer. The other constructions are the
same as in Example 7. In the resulting device, a little leak
current was observed and the output decreased a little.

Example 13

LED in the Form of Three Layer Laminated
Structure

[0120] Si Doped GaN//Si Doped N-Type GaN//Si Doped
GaN
[0121] With the same procedures as in Example 7, the first

and third nitride semiconductor layers 3 and 5 are doped with
Sito 8x10'%/cm?, and the second nitride semiconductor layer
made of GaN 4 is doped with 5x10'®cm>. The other con-
structions are the same as in Example 7. In the resulting
device, almost no leak current was observed and the output
decreased a little.

Example 14

LED in the Form of Super Lattice Three Layers
Laminated Structure

[0122] Undoped GaN/Si Doped GaN//Si Doped GaN//Un-
doped GaN
[0123] With the same procedures as in Example 1, the

buffer layer 2 is formed and then, the first nitride semicon-
ductor layer 3 made ofundoped GaN is grown to the thickness
of 1.5 um on the same conditions as in Example 1.

[0124] Next, at 1050° C., using TMG, ammonia gas and Si
gas, the second nitride semiconductor layer 4 is formed by
growing Si doped GaN layer which is doped with Si to
1x10*/cm? to the thickness of 25 um.
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[0125] Subsequently, at 1050° C., using TMG and ammo-
nia gas, an undoped GaN layer is grown to the thickness of 75
um. At the same temperature, using TMG, ammonia gas and
Si gas, a Si doped GaN layer which is doped with Si to
1x10*/cm? to the thickness of 25 A. Thus, the third nitride
semiconductor layer is formed by laminating alternately an
undoped GaN layer having a thickness of 75 A and the Si
doped GaN layer having a thickness of 25 A, thereby forming
the super lattice structure having a total thickness of 600 A.
[0126] The otter constructions are the same as in Example
1.
[0127] The resulting LED in the form of the super lattice
structure according to the Example 14 had similar properties
to those in Example 7.
[0128] While the invention has been described in connec-
tion with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the
inventionis not to be limited to the disclosed embodiment, but
onthe contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
What is claimed:
1. A nitride semiconductor light emitting device compris-
ing:
at least a substrate;
a buffer layer formed on said substrate;
an n-type contact layer doped with an n-type impurity for
forming an n-electrode;
an active layer where electrons and holes are recombined;
and
ap-type contact layer for forming a p-electrode, each layer
being made of nitride semiconductor,
wherein said n-type contact layer has a first surface on
which a first undoped nitride semiconductor layer is
formed and a second surface on which a second undoped
nitride semiconductor layer is formed to make a three-
layer laminated structure, said three-layer laminated
structure being situated between said buffer layer and
said active layer.
2. A nitride semiconductor light emitting device according
to claim 1, wherein the second undoped nitride semiconduc-
tor layer has a thickness of more than 10 nm.
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3. A nitride semiconductor light emitting device according
to claim 1, wherein said n-type contact layer is formed of GaN
doped with Si as an n-type impurity, and said first undoped
nitride semiconductor layer joined to the first surface of said
n-type contact layer is formed of GaN or AlGaN while said
second undoped nitride semiconductor layer joined to the
second surface of said n-type contact layer is formed of one of
GaN, AlGaN and InGaN.

4. A nitride semiconductor light emitting device according
to claim 3, wherein said n-type contact layer has a carrier
density of more than 3x10"%/cm’.

5. A nitride semiconductor light emitting device according
to claim 3, wherein said n-type contact layer has a resistivity
of less than 8x10~> ohm cm.

6. A nitride semiconductor light emitting device according
to claim 4, wherein said n-type contact layer has a resistivity
of less than 8x10~> ochm cm.

7. A nitride semiconductor light emitting device according
to claim 1, wherein said n-type contact layer has a super-
lattice structure with a laminate of at least a nitride semicon-
ductor layer (B layer) doped with an n-type impurity and an
undoped nitride semiconductor layer(A layer).

8. A nitride semiconductor light emitting device according
to claim 7, wherein said n-type contact layer has a super-
lattice structure of a laminate formed of a combination of
nitride semiconductor layers selected from the group consist-
ing of GaN/GaN, InGaN/GaN, AlGaN/GaN and InGaN/Al-
GaN and either one of which is doped with Si as an n-impu-
rity.

9. A nitride semiconductor light emitting device according
to claim 8, wherein said n-type contact layer has a carrier
density of more than 3x10*%/cm?.

10. A nitride semiconductor light emitting device accord-
ing to claim 8, wherein said n-type contact layer has a resis-
tivity of less than 8x107> ohm cm.

11. A nitride semiconductor light emitting device accord-
ing to claim 9, wherein said n-type contact layer has a resis-
tivity of less than 8x107> ohm cm.
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