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(57) ABSTRACT

A nitride semiconductor light emitting device includes n-type
and p-type mitride semiconductor layers, and an active layer
disposed between the n-type and p-type nitride semiconduc-
tor layers and having a stack structure in which a plurality of
quantum barrier layers and one or more quantum well layers
are alternately stacked. A net polarization of the quantum
barrier layer 1s smaller than or equal to a net polarization of
the quantum well layer. A nitride semiconductor light emait-
ting device can be provided, which can realize high efficiency
even at high currents by minimizing the net polarization mis-
match between the quantum barrier layer and the quantum
well layer. Also, a high-efficiency nmitride semiconductor light
emitting device can be achieved by reducing the degree of
energy-level bending of the quantum well layer.

300

A 30543




Patent Application Publication  Feb. 26, 2009 Sheet 1 of 9 US 2009/0050875 Al

QUANTUM EFFICIENCY

0 CURRENT

PRIOR ART
FIG. 1

3050

300
L 305a

302 W77

301

F1G. 3



Patent Application Publication  Feb. 26, 2009 Sheet 2 of 9 US 2009/0050875 Al

205b 500
S 2053
203 =
207 22
FIG. 2A
A

2033//
- \(:/
L_/:\J?U%

~__ 2032
f 203b

\ 7~ 203a

\

L  \_203h
=" “-203a
U poat

FIG. 28



Patent Application Publication  Feb. 26, 2009 Sheet 3 of 9 US 2009/0050875 Al

EC -

GaN 303a 303b

nGaN

3.

|
|
|
|
|
|
|
303 | 06 o
X

FIG. 4



Patent Application Publication  Feb. 26, 2009 Sheet 4 of 9 US 2009/0050875 Al

3.6 eV

3.4 eV

GaN—" 0.0 0.10 0.20 0.30 0.40
y Gag pglng. ooN



Patent Application Publication  Feb. 26, 2009 Sheet 5 of 9 US 2009/0050875 Al

m-rm___ﬂ.___“m
mﬂh—-m

=

{

|

il

!

|
i
-
|

s I | Q84
= QB!
£ 0.8 ’ QB5
(O :
T 0T H T —
; T

0'8 4 N - e —
| P
— 0.5 | B2
z W T
— (.4 T e e _
g 0.3 ﬂ gf

. Ref.
<< 7L
T 0. {
I...........
Z 0.1 i

0.0

0 50 100 150 200 250 300 350 400

CURRENT{mA)

FIG. 6



Patent Application Publication  Feb. 26, 2009 Sheet 6 of 9 US 2009/0050875 Al

400
350 QRS ‘! } }\QBE :*‘*Ftef
! t f ]
200) QBSJ‘!* ! ' ;:
! :
= 250 i i
<I, i
E I
[
> 200 fi! B
: o
T 150 ) ;
O fl ,
100 i ;”
| o
50 |

T TS S RS T SR N A T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

VOLTAGE(V)

FIG. 7



Patent Application Publication  Feb. 26, 2009 Sheet 7 of 9 US 2009/0050875 Al

n—GaN QB Qw QB QW QB EBL p~GaN

® & .H ‘9 R ¢
D SIS P EP O =
® COgEPE eeeﬂ' ge e
® OPC ® ee o CIENS
® ODC e e‘? ge &
T VU S VR 5-
FIG. 8A

n-GaN QB QW QB QW QB  EBL y-GaN

DD DD D
ORORORONRO




Patent Application Publication  Feb. 26, 2009 Sheet 8 of 9 US 2009/0050875 Al

EC




Patent Application Publication  Feb. 26, 2009 Sheet 9 of 9 US 2009/0050875 Al

80
5

70
L ‘' COMPARISON EXAMPLE
6 Y\.J
< v EMBODIMENT 2
% 00 f’ﬂh\--
E fj ' \ H""'-w
L1 j "‘-»..___H
§ 50 ’i ~ R
> | [EMBODIMENT ™ . e
z | ST

l T~ T T -
5 40 N~
e ——
e T —
<
=
£ 30
'.m..
b
{§ 1
2
4 () 100 150 200 250 300

CURRENT DENSITY({A cm™2)

FIG. 10



US 2009/0050875 Al

NITRIDE SEMICONDUCTOR LIGHT
EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of U.S. Provi-
sional Application No. 60/956,723 filed on Aug. 20, 2007/, the
disclosure of which 1s mncorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present mvention relates to a nitride semicon-
ductor light emitting device, and more particularly, to a
nitride semiconductor light emitting device capable of mini-
mizing a decrease 1in light-emission efficiency at high cur-
rents.

[0004] 2. Description of the Related Art

[0005] A semiconductor light emitting diode (LED) 1s a
semiconductor device that can emit light of various colors due
to electron-hole recombination occurring at a p-n junction
when a current 1s applied thereto. Compared to conventional
lighting sources such as incandescent lighting bulbs and fluo-
rescent lamps, LED has many advantages such as a long
lifespan, low power, excellent initial-operation characteris-
tics, and high tolerance to repetitive power on/oil. Hence the
demand for LED 1s continuously increasing. Particularly,
group III nitride semiconductors that can emit light in the
blue/short wavelength region have recently drawn much
attention.

[0006] Asshownin FIG. 1, a group III nitride semiconduc-
tor light emitting device has high efficiency at low currents.
However, at high currents, a significant decrease 1n quantum
eificiency, which 1s called efficiency droop, occurs 1n the
group III nitride semiconductor light emitting device. The
elficiency droop 1s becoming a more crucial limitation as
LEDs are increasingly used at high currents as in lighting
devices. However, no methods have been proposed to com-
pletely solve this limitation associated with the efficiency
droop. Theretore, there 1s a need for a high-efficiency nitride
semiconductor light emitting device that achieves high quan-
tum efliciency even at high currents and thus 1s applicable to
a lighting device or the like.

SUMMARY OF THE INVENTION

[0007] An aspect of the present invention provides a nitride
semiconductor light emitting device capable of achieving
high efficiency even at high currents by minimizing a net
polarization mismatch between a quantum barrier layer and a
quantum well layer.

[0008] According to an aspect of the present invention,
there 1s provided a mitride semiconductor light emitting
device including: n-type and p-type nitride semiconductor
layers; and an active layer disposed between the n-type and
p-type nitride semiconductor layers and having a stack struc-
ture 1n which a plurality of quantum barrier layers and one or
more quantum well layers are alternately stacked. A net polar-
1zation of the quantum barrier layer 1s smaller than or equal to
a net polarization of the quantum well layer.

[0009] A netpolarization mismatch at an interface between
the quantum barrier layer and the quantum well layer may be

smaller than a net polarization mismatch between GalN and
In Ga,,_\N (0.15=x=0.25). The net polarization mismatch
at the interface between the quantum barrier layer and the
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quantum well layer may be smaller than half the net polar-
ization mismatch between GaN and In, Ga , N (0.15=x=0.
25).

[0010] A netpolarization mismatch at an interface between
the quantum barrier layer and the quantum well layer may be
smaller than a net polarization mismatch between GaN and
In Ga,,_\N (0.3=x=0.4). The net polarization mismatch at
the interface between the quantum barrier layer and the quan-
tum well layer may be smaller than half the net polarization
mismatch between GaN and In Ga , ;)N (0.3=x=0.4).
[0011] A netpolarization mismatch at an interface between
the quantum barrer layer and the quantum well layer may be
smaller than a net polarization mismatch between GalN and
In Ga,,_ )N (0=x=0.1). The net polarization mismatch at the
interface between the quantum barrier layer and the quantum
well layer may be smaller than half the net polarization mis-
match between GaN and In,Ga, )N (0=x=0.1).

[0012] A quantum barrnier layer and a quantum well layer
adjacent to each other 1n the active layer may have the same
net polarization.

[0013] The quantum barrier layer may have bandgap
energy of the same magnitude as that of GaN. The quantum
barrier layer may have bandgap energy which 1s smaller than
that of GaN and greater than that of In, ,Ga, 4N.

[0014] A quantum barrier layer contacting the n-type
nitride semiconductor layer among the plurality of quantum
barrier layers may have an n-type doped interface with the
n-type nitride semiconductor layer. The interface of the quan-
tum barrier layer 1s S1 delta-doped.

[0015] A quantum barrier layer contacting the p-type
nitride semiconductor layer among the plurality of quantum
barrier layers may have a p-type doped interface with the
p-type nitride semiconductor layer. The interface of the quan-
tum barrier layer may be Mg delta-doped.

[0016] The nitride semiconductor light emitting device
may further include an electron blocking layer disposed
between the active layer and the p-type nitride semiconductor
layer.

[0017] The nitrnde semiconductor light emitting device
may further include a substrate for growth contacting the
n-type nitride semiconductor layer. The n-type nitride semi-
conductor layer may be disposed on a polar surface of the
substrate. The n-type nitride semiconductor layer maybe dis-
posed on a C (0001) plane of a sapphire substrate.

[0018] At least one of the plurality of quantum barrier lay-
ers may have a superlattice structure. The quantum barrier
layer having the superlattice structure may have a structure 1in
which first and second layers respectively formed of InO.
1Ga0.9N and GaN are alternately stacked.

[0019] According to another aspect of the present mven-
tion, there 1s provided a nitride semiconductor light emitting
device including: n-type and p-type nitride semiconductor
layers; and an active layer disposed between the n-type and
p-type nitride semiconductor layers and having a structure in
which a plurality of quantum barrier layers and one or more
quantum well layers are alternately stacked, wherein at least

one of the quantum well layers has a constant energy level of
a conduction band.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
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[0021] FIG. 1 1s a graph showing a relation between a
current and quantum efficiency 1n a related art nitride semi-
conductor light emitting device;

[0022] FIG. 2A 1s a cross-sectional view of a nitride semi-
conductor light emitting device according to an exemplary
embodiment of the present invention;

[0023] FIG.2B1sanenlarged view of an active layer region
of FIG. 2A;
[0024] FIG. 3 1s a cross-sectional view of a nitride semi-

conductor light emitting device according to another exem-
plary embodiment of the present invention;

[0025] FIG. 4 1s a graph showing a conduction band energy
level of an active layer region of the nitride semiconductor
light emitting device of FIG. 3;

[0026] FIG.51llustrates changes in bandgap energy and net
polarization according to the Al(x) composition and In(y)
composition 1 a AllnGaN quaternary semiconductor;
[0027] FIG. 6 1s a graph showing a simulation result of
internal quantum efficiency with respect to a current change
in quantum barrier layers having five exemplary composi-
tions (QB1 to QBS) and a comparison example (a GaN quan-
tum barrier layer) as shown 1n Table 1;

[0028] FIG. 7 illustrates a relation between a driving volt-
age and a current;

[0029] FIG.8A 1saschematic diagram showing a net polar-
ization 1n an active layer region of a related art nitride semi-
conductor light emitting structure;

[0030] FIG. 8B 1saschematic diagram showing a net polar-
ization 1n an active layer region of a nitride semiconductor
light emitting structure according to the present invention;
[0031] FIG. 9 illustrates a conduction band energy level of
a modification version of the quantum barrier layer of FIG. 3;
and

[0032] FIG. 10 1s a graph showing a change in external
quantum efficiency according to a current density (chip size 1
mm~) to explain characteristics of a light emitting device
having a structure of FIG. 9.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0033] Exemplary embodiments of the present invention
will be described below 1n more detail with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied 1n different forms and should not be con-
structed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the present invention to those skilled 1n the art. In the
figures, the dimensions and the shapes of elements are exag-
gerated for clanty of illustration. Like reference numerals
refer to like elements throughout.

[0034] FIG. 2A 1s a cross-sectional view of a nitride semi-
conductor light emitting device according to an exemplary
embodiment of the present invention. FIG. 2B 1s an enlarged
view ol an active layer region of FIG. 2A. Referring to FIG.
2A, a nitrnde semiconductor light emitting device 200
includes an n-type nitride semiconductor layer 202, an active
layer 203 and a p-type nitride semiconductor layer 204
sequentially disposed on a substrate 201. N-type and p-type
clectrodes 205a and 2056 are disposed at predetermined
regions of the n-type and p-type nitride semiconductor layers
202 and 204, respectively.

[0035] The substrate 201 1s provided for growth of a nitride
semiconductor layer, and a sapphire substrate may be used as
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the substrate 201. The sapphire substrate 1s formed of a crystal
having Hexa-Rhombo R3¢ symmetry, and has a lattice con-
stant of 13.001 A along a C-axis and a lattice constant of

4.758 A along an A-axis. Orientation planes of the sapphire
substrate include a C (0001) plane, an A (1120) plane, an R

(1102) plane, etc. Particularly, the C plane 1s mainly used as a
substrate for nitride growth because it relatively facilitates the
growth of a nitride film and 1s stable at a high temperature.

[0036] The C plane 1s a polar plane. A nitride semiconduc-
tor layer grown from the C plane has a spontaneous polariza-
tion because of intrinsic 1onicity of a nitride semiconductor
and structural asymmetry (lattice constant a=c). If mitride
semiconductors having different lattice constants are succes-
stvely stacked, a strain occurring at each semiconductor layer
causes a piezoelectric polarization. The sum of the two polar-
izations 1s called a net polarization. Net polarization mis-
match 1s formed at each interface by the net polarization,
thereby bending the energy-level. The energy-level bending
in an active layer causes spatial mismatch between wave
functions of electrons and holes, lowering the light-emission
eificiency. A technique for improving the light-emission effi-
ciency by reducing an ifluence of polarization will be
described 1n detail. Instead of the sapphire substrate, a sub-
strate formed of S1C, S1, GalN, AIN or the like may be used as
the substrate 201 for growth of a nitride semiconductor.

[0037] Inthe current embodiment, a nitride semiconductor
LED having a horizontal structure including the substrate 201
for growth of a nitride semiconductor 1s described. However,
the present invention 1s not limited thereto and may be applied
to a nitride semiconductor light emitting device having a
vertical structure in which electrodes face each other 1n a
stacked direction of semiconductor layers with the substrate
201 removed.

[0038] The n-type nitride semiconductor layer 202 and the
p-type nitride semiconductor layer 204 may be formed of
semiconductor materials having a composition formula Al_-
In},Ga(l_x_y)N. (O‘f‘:){flj O=y=] and Oéx.-l-.y-::l) and dioped
with n-type impurities and p-type impurities, respectively.
Representative examples of the semiconductor material
include GaN, AlGaN and InGaN. Si1, Ge, Se, Te or the like
may be used as the n-type impurities, and Mg, Zn, Be or the
like may be used as the p-type impurities. With respect to
growth of a mitride semiconductor layer, aknown process may
be used for the n-type and p-type nitride semiconductor layers
202 and 204. The known process may be, €.g., metal-organic
chemical vapor deposition (MOCVD), molecular beam epi-
taxy (MBE) or hydnd vapor-phase epitaxy (HVPE).

[0039] AsshowninFIG. 2B, theactivelayer203 has astack
structure in which quantum barrier layers 203a and quantum
well layers 2035 are alternately stacked on top of each other
so as to emit light through electron-hole recombination at
quantum well layers 2035. The quantum barrier layer 203a
may be formed of Al In Ga,__ N (0=x=1, 0=y=1 and
0=x+y=1). The quantum well layer 2035 may be formed of
In,Ga;,_,N (0=z=1). Particularly, according to the current
embodiment, a net polarization mismatch at an interface
between the quantum barrier layer 203a and the quantum well
layer 2035 1s smaller than that at an interface of a general
quantum barrier layer/general quantum well layer structure.
Thus, the energy-level bending of the quantum well layer
2035 can be reduced. In this case, the general quantum barrier
layer/general quantum well layer structure may be, e.g., GaN/

In, ,Ga, {N.
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[0040] FIG. 3 1s a cross-sectional view of a nitride semi-
conductor light emitting device according to another exem-
plary embodiment of the present invention. Referring to FIG.
3, as 1n the structure of FIG. 2, a nitride semiconductor light
emitting device 300 according to the current embodiment
includes a substrate 301, an n-type mitride semiconductor
layer 302, an active layer 303, a p-type nitride semiconductor
layer 304, and n-type and p-type electrodes 3054 and 3055b.
The nitride semiconductor light emitting device 300 further
includes an electron blocking layer 306. The electron block-
ing layer 306 1s formed between the active layer 303 and the
p-type nitride semiconductor layer 304, and 1s formed of
Al Ga ,_ N (0<x=1), thereby having a high energy level and
thus preventing electron overtlow.

[0041] FIG. 4 shows a conduction band energy level 1n an
active layer region of a nitride semiconductor light emitting
device having a structure of FIG. 3. Referring to FIG. 4, an
energy-level 1s bent at a quantum barrier layer 303q and a
quantum well layer 3036 because of the net polarization
mismatch. The quantum well layer 3035 may be formed of
In, ,Ga, (N used 1n a general blue light emitting device.
According to the current embodiment, the quantum barrier
layer 3034 has a lower energy level and a higher net polar-
1zation as compared to GaN. Accordingly, the net polarization
mismatch at an interface between the quantum barrier layer
303a and the quantum well layer 3035 of In, ,Ga, (N 1s

smaller than that 1n the case of forming the quantum barrier
layer of GaN.

[0042] As the net polarization mismatch decreases, the
degree of the energy-level bending in the conduction band
quantum well layer 3035, that 1s, the gradient (dEc/dx) of the
energy level can be reduced as shown in FIG. 4. Accordingly,
recombination efficiency of carriers can be improved, and
excellent characteristics of little current dependency of an
emission wavelength can be realized, unlike a related nitride
semiconductor light emitting device in which a blue shift of
an emission wavelength occurs as the current increases. In
this case, considering the fact that the magnitude of a polar-
1zation potential caused by the net polarization mismatch 1n
the GaN/In, ,Ga, (N structure 1s about 0.1 V/nmxW with
respect to a thickness (W) of a quantum well layer, the energy-
level bending can be reduced by decreasing the magnitude of
the polarization potential below two third of 0.1 V/nmxW.
Hereinaiter, a method for reducing the net polarization mis-
match between quantum barrier and quantum well layers, and
elfects thereof will now be described.

[0043] FIG. 5 1s a graph showing changes in bandgap
energy and net polarization according to Al(x) and In(y)
compositions in an AllnGaN quaternary semiconductor. In
FIG. §, the compositions of the same bandgap energy are
indicated by a dotted line, and the compositions of the same
net polarization are indicated by a solid line. The graph of
FIG. § 1s obtained from a calculation considering a bowing
parameter and a lattice constant of each element after deter-
mimng the net polarization and the bandgap energy of AIN,

InN and GaN grown on the GaN layer at a temperature of 300
K

[0044] Referring to FIG. 5, as an AllnGaN semiconductor

layer increases in the Al content, the bandgap energy
increases and the net polarization decreases. Also, as the In
content of the AlInGalN semiconductor layer increases, the
bandgap energy decreases and the net polarization increases.
However, degrees of changes in the bandgap energy and the
net polarization vary according to changes in the Al and In
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contents. Thus, 1t can be seen that 1f the Al and In contents are
properly controlled, the net polarization can be reduced while
the constant bandgap energy 1s maintained.

[0045] Inmoredetail, as shown in FIG. 5, arelated art GaN
quantum barrier layer has the bandgap energy of 3.4200 eV
and the net polarization of —0.0339 C/m”. In the current
embodiment, quantum barrier layers QB1 to QBS (also

referred to as QB1 to QB5 quantum barrier layers) are formed
by determining five compositions such that the net polariza-
tion mismatch with a quantum well layer can be reduced
while carrier confinement 1s maintained by making the band-
gap energy similar to that of GaN. Table 1 below shows the
bandgap energy and calculation results of net polarizations in
the five quantum barrer layers QB1 to QBS, as well as the
bandgap energy and calculation results of net polarizations in
a related art GalN quantum barrier layer and a related art
In0.2Ga0.8N quantum well layer.

[0046] The QB1 quantum barrier layer (Al, ,In, ;3Ga,
>7N) has the same bandgap energy as GaN and the same net
polarization as the In, ,Ga, (N quantum well layer. The QB2
quantum barrier layer (Al ,oIn,,,Ga, N) has the same
bandgap energy as GaN and has a net polarization mismatch
with the In, ,Ga, (N quantum well layer, which 1s half the net
polarization mismatch between GaN and the In, .Ga, (N
quantum well layer. Also, the QB3, QB4 and QB5 quantum
barrier layers having different compositions are selected,
which have lower bandgap energy than GalN and a reduced
net polarization mismatch with the In, ,Ga, (N quantum well
layer as compared to the net polarization mismatch between
GaN and the In, ,Ga, (N quantum well layer. In Table 1, CQB
represents a related art quantum barrier layer, and CQW
represents a related art quantum well layer.

TABLE 1
bandgap net polarization

composition energy (eV) (C/m?)
QBl1 Alg 4Ing 33Gag 57N 3.4200 —-0.0031
QB2 Alg 5oIng 5, Gag 5N 3.4200 —-0.0185
QB3 Al 1oIng 5Gag 55N 3.0335 —-0.0031
QB4 Alg o5sIng 56Gag g3 N 3.0335 —-0.0185
QB3 Ing 10Gag oN 2.9814 -0.0185
CQB GaN 3.4200 -0.0339
CQW  Ing-,GaggN 2.647 -0.0031

[0047] In the previous example, the In, ,Ga, N quantum

well layer 1s used. However, an In Ga,_,N (0.15=x=0.25)
quantum well layer may be used 1n a blue light emitting
device, an In Ga , N (0.3=x=0.4) quantum well layer may
be used 1n a green light emitting device, and an In, Ga,, N
(0=x=0.1) quantum well layer may be used 1n an ultraviolet
light emitting device. Fach of those quantum barrier layers

may be determined by the same principle described above
with reference to FIG. 3.

[0048] FIG. 6 1s a graph showing a simulation result of
internal quantum efficiency according to a current change 1n
quantum barrier layers having the five exemplary composi-
tions (QB1 to QBS) and the comparison example (a GaN
quantum barrier layer) as shown 1n Table 1. FIG. 7 shows a
relation between a driving voltage and a current. In this case,
the emission wavelength 1s 450 nm, and the temperature
condition 1s set to 300 K. Influences of a crystalline feature of
the semiconductor layer are not considered.

[0049] Referring to FI1G. 6, when the quantum barrier lay-
ers QB1 to QB3 selected 1n the current embodiment are used,
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it can be seen that the internal quantum efficiency 1s signifi-
cantly improved as compared to the GalN quantum barrier
layer Ref. The internal quantum eificiency 1s particularly
excellent in the quantum barrier layers QB3 to QB3 where the
Al and In contents are relatively low. Also, 1n the case of the
internal quantum efficiency at high currents, the quantum
elficiency decreases by about 25% at 350 m A as compared to
the maximum quantum efficiency. However, according to the
current embodiment, the quantum efficiency decreases by
only about 5%, and this reveals that limitations of the related
art caused by the high currents can be overcome. This eflect
1s achieved because the energy-level bending of the quantum
well layer decreases due to a decrease 1n the net polarization
mismatch between the quantum barrier layer and the quantum
well layer. Referring to FIG. 7, the driving voltage signifi-
cantly decreases when the quantum barrier layers QB1 to
QBS according to the current embodiment are used as com-
pared to when the related art GaN quantum barrier layer Ref.

1S used.

[0050] A method for controlling Al and In contents is
described according to the current embodiment. However,
this method 1s merely one way of reducing the net polariza-
tion mismatch between the quantum barrier layer and the
quantum well layer or of reducing the degree of the energy-
level bending of the quantum well layer, and the present
invention 1s not limited thereto.

[0051] If the net polarization mismatch 1s reduced at an
interface between the quantum barrier layer and the quantum
well layer, an undesired net polarization mismatch may occur
with respect to another adjacent layer. To prevent this undes-
ired net polarization mismatch, delta doping may be used.
FIG. 8A 15 a schematic diagram 1llustrating the net polariza-
tion 1n an active layer region of a related art nitride semicon-
ductor light emitting structure. FIG. 8B 1s a schematic dia-
gram 1llustrating the net polarization in an active layer region
ol a nitride semiconductor light emitting structure according
to the present invention. Referring to FIG. 8A, a quantum
barrier layer QB and a quantum well layer QW have different
net polarizations. The net polarizations may be set to be equal
to each other as 1n the present invention. However, 11 the net
polarization of the quantum barrier layer QB is increased to
obtain such equal net polarization, a net polarization mis-
match with an adjacent n-type nitride semiconductor layer
n-GalN or an electron blocking layer EBL may occur, which
lowers the light emission efficiency.

[0052] Therefore, as shown 1 FIG. 8B, an mterface
between the n-type nitride semiconductor layer n-GaN and
the adjacent quantum barrier layer QB may be S1 delta-doped
in due consideration of the interface between the quantum
barrier layer QB and the quantum well layer QW and the
relation with other adjacent layers. Similarly, an interface of
the quantum barrier layer QB adjacent to the electron block-
ing layer EBL may be Mg delta-doped. If the electron block-
ing layer does not exist, an interface of the quantum barrier
layer QB adjacent to a p-type nitride semiconductor layer
p-GalN may be Mg delta-doped. Accordingly, the net polar-
ization becomes equal 1n each interface of the entire light
emitting structure, so that the light emission efficiency can be
turther improved.

[0053] FIG. 9 1s a diagram showing a conduction band
energy level of a modification version of the quantum barrier
layer of FIG. 3. According to the current embodiment, a
quantum barrier layer QB has a superlattice structure. As one
example of the superlattice structure, a structure 1n which first
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and second layers respectively formed of In, ,Ga, ;N and
GaN are alternately stacked may be used. The first layer
corresponds to the QBS quantum barrier layer of F1G. 5. Also,
any one of the QB1 to QB4 quantum barrier layers of FIG. 5
may be used as the first layer. FIG. 10 1s a graph showing
changes 1n external quantum efficiency with respect to the
current density (chip size: 1 mm~) to explain characteristics of
a light emitting device having a structure of FIG. 9. In FIG.
10, ‘embodiment 2’ corresponds to the structure of FIG. 9,
‘comparison example’ corresponds to a GaN quantum barrier
layer/In,, ,Ga, (N quantum well layer structure, and ‘embodi-
ment 1’ corresponds to an In, ; Ga, ;N quantum barrier layer/
In, ,Ga, ;N quantum well layer structure. Reterring to FIG.
10, 1t can be seen that the embodiments 1 and 2 achieve higher
eificiency at high currents as compared to the comparison
example. Particularly, the embodiment 2 using the superlat-
tice structure achueves higher efficiency than the embodiment
1.

[0054] According to the present invention, a mitride semi-
conductor light emitting device can be provided, which can
realize high efliciency even at high currents by minimizing
the net polarization mismatch between the quantum barrier
layer and the quantum well layer. Also, a high-efficiency
nitride semiconductor light emitting device can be achieved
by reducing the degree of energy-level bending of the quan-
tum well layer.

[0055] While the present invention has been shown and
described 1n connection with the exemplary embodiments, 1t
will be apparent to those skilled 1n the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

What 1s claimed 1s:
1. A nitride semiconductor light emitting device compris-
ng:
n-type and p-type mitride semiconductor layers; and
an active layer disposed between the n-type and p-type
nitride semiconductor layers and having a stack struc-
ture 1n which a plurality of quantum barrer layers and
one or more quantum well layers are alternately stacked,
wherein a net polarization of the quantum barrier layer 1s
smaller than or equal to anet polarization of the quantum
well layer.
2. The nitride semiconductor light emitting device of claim
1, wherein a net polarization mismatch at an interface
between the quantum barrier layer and the quantum well layer
1s smaller than a net polarization mismatch between GaN and
In Ga, N (0.15=x=0.25).
3. The nitride semiconductor light emitting device of claim
2, whereimn the net polarization mismatch at the interface
between the quantum barrier layer and the quantum well layer
1s smaller than half the net polarization mismatch between
GaN and In, Ga ;N (0.15=x=0.25).
4. The nitride semiconductor light emitting device of claim
1, wherein a net polarization mismatch at an interface
between the quantum barrier layer and the quantum well layer
1s smaller than a net polarization mismatch between GaN and
In Ga,_\N (0.3=x=04).
5. The nitride semiconductor light emitting device of claim
4, wheremn the net polarization mismatch at the interface
between the quantum barrier layer and the quantum well layer
1s smaller than half the net polarization mismatch between
GaN and In,Ga;,_,\N (0.3=x=04).
6. The nitride semiconductor light emitting device of claim
1, wherein a net polarization mismatch at an interface
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between the quantum barrer layer and the quantum well layer
1s smaller than a net polarization mismatch between GaN and
In Ga,,_ N (0=x=0.1).

7. The nitride semiconductor light emitting device of claim
6, wherein the net polarization mismatch at the interface
between the quantum barrier layer and the quantum well layer
1s smaller than half the net polarization mismatch between
GaN and In, Ga;, N (0=x=0.1).

8. The nitride semiconductor light emitting device of claim
1, wherein a quantum barrier layer and a quantum well layer

adjacent to each other 1n the active layer have the same net
polarization.

9. The nitride semiconductor light emitting device of claim
1, wherein the quantum barrier layer has bandgap energy of
the same magnitude as that of GaN.

10. The nitride semiconductor light emitting device of
claim 1, wherein the quantum barrier layer has bandgap
energy which 1s smaller than that of GaN and greater than that

of In, ,Ga, ¢N.

11. The nitrnde semiconductor light emitting device of
claam 1, wherein a quantum barrier layer contacting the
n-type nitride semiconductor layer among the plurality of
quantum barrier layers has an n-type doped interface with the
n-type nitride semiconductor layer.

12. The nitride semiconductor light emitting device of
claim 11, wherein the interface of the quantum barrier layer 1s

S1 delta-doped.

13. The nitride semiconductor light emitting device of
claiam 1, wherein a quantum barrier layer contacting the
p-type mitride semiconductor layer among the plurality of
quantum barrier layers has a p-type doped intertace with the
p-type nitride semiconductor layer.
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14. The nitride semiconductor light emitting device of
claim 13, wherein the interface of the quantum barrier layer 1s

Mg delta-doped.

15. The nitride semiconductor light emitting device of
claim 1, further comprising an electron blocking layer dis-
posed between the active layer and the p-type nitride semi-
conductor layer.

16. The nitride semiconductor light emitting device of
claim 1, further comprising a substrate for growth contacting
the n-type nitride semiconductor layer,

wherein the n-type nitride semiconductor layer 1s disposed

on a polar surface of the substrate.

17. The nitride semiconductor light emitting device of
claim 16, wherein the n-type nitride semiconductor layer 1s
disposed on a C (0001) plane of a sapphire substrate.

18. The nitride semiconductor light emitting device of
claiam 1, wherein at least one of the plurality of quantum
barrier layers has a superlattice structure.

19. The nitride semiconductor light emitting device of
claim 18, wherein the quantum barrier layer having the super-
lattice structure has a structure in which first and second
layers respectively formed of In, ,Ga, ;N and GaNN are alter-
nately stacked.

20. A nitride semiconductor light emitting device compris-
ng:

n-type and p-type nitride semiconductor layers; and

an active layer disposed between the n-type and p-type

nitride semiconductor layers and having a structure 1n
which a plurality of quantum barrier layers and one or
more quantum well layers are alternately stacked,

wherein at least one of the quantum well layers has a

constant energy level of a conduction band.
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