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Description

Field of the Invention

[0001] This invention relates to Group III nitride based
light emitting diodes (LEDs).

Background of the Invention

[0002] Light emitting diodes are widely used in con-
sumer and commercial applications. As is well known to
those having skill in the art, a light emitting diode gener-
ally includes a diode region on a microelectronic sub-
strate. The microelectronic substrate may comprise, for
example, gallium arsenide, gallium phosphide, alloys
thereof, silicon carbide and/or sapphire. Continued de-
velopments in LEDs have resulted in highly efficient and
mechanically robust light sources that can cover the vis-
ible spectrum and beyond. These attributes, coupled with
the potentially long service life of solid state devices, may
enable a variety of new display applications, and may
place LEDs in a position to compete with the well en-
trenched incandescent lamp.
[0003] One difficulty in fabricating Group III nitride
based LEDs, such as gallium nitride based LEDs, has
been with the fabrication of high quality gallium nitride.
Typically, gallium nitride LEDs have been fabricated on
sapphire or silicon carbide substrates. Such substrates
may result in mismatches between the crystal lattice of
the substrate and the gallium nitride. Various techniques
have been employed to overcome potential problems
with the growth of gallium nitride on sapphire and/or sil-
icon carbide. For example, aluminum nitride (AlN) may
be utilized as a buffer between a silicon carbide substrate
and a Group III active layer, particularly a gallium nitride
active layer. Typically, however, aluminum nitride is in-
sulating rather than conductive. Thus, structures with alu-
minum nitride buffer layers typically require shorting con-
tacts that bypass the aluminum nitride buffer to electri-
cally link the conductive silicon carbide substrate to the
Group III nitride active layer.
[0004] Alternatively, conductive buffer layer materials
such as gallium nitride (GaN), aluminum gallium nitride
(AlGaN), or combinations of gallium nitride and aluminum
gallium nitride may allow for elimination of the shorting
contacts typically utilized with AlN buffer layers. Typically,
eliminating the shorting contact reduces the epitaxial lay-
er thickness, decreases the number of fabrication steps
required to produce devices, reduces the overall chip
size, and/or increases the device efficiency. Accordingly,
Group III nitride devices may be produced at lower cost
with a higher performance. Nevertheless, although these
conductive buffer materials offer these advantages, their
crystal lattice match with silicon carbide is less satisfac-
tory than is that of aluminum nitride.
[0005] The above described difficulties in providing
high quality gallium nitride may result in reduced efficien-
cy the device. Attempts to improve the output of Group

III nitride based devices have included differing configu-
rations of the active regions of the devices. Such attempts
have, for example, included the use of single and/or dou-
ble heterostructure active regions. Similarly, quantum
well devices with one or more Group III nitride quantum
wells have also been described. While such attempts
have improved the efficiency of Group III based devices,
further improvements may still be achieved.
[0006] EP 1063711A1 discloses a Group III nitride light
emitting diode comprising an undoped GaN / InGaN su-
perlattice and an active region with a GaN / InGaN mul-
tiple quantum well structure.
[0007] JP 2000-068594 A and JP 2000-244072 A dis-
close a Group III nitride light emitting diode comprising
a silicon-doped GaN layer, an undoped GaN / silicon-
doped GaN superlattice directly on the silicon-doped
GaN layer, and an active region with a GaN / InGaN mul-
tiple quantum well structure.
[0008] EP 0942459 A1 discloses a Group III nitride
based laser diode comprising a silicon-doped GaN / sil-
icon-doped InGaN superlattice light guide structure.

Summary of the Invention

[0009] The present invention provides a Group III ni-
tride based light emitting diode according to claim 1. In
an embodiment of the present invention, the quantum
well structure includes a first Group III nitride based bar-
rier layer, a Group III nitride based quantum well layer
on the first barrier layer and a second Group III nitride
based barrier layer on the quantum well layer.
[0010] In further embodiments of the present invention,
the Group III nitride based light emitting diode includes
from about 2 to about 10 repetitions of the at least one
quantum well structure.
[0011] In accordance with the present invention, the
superlattice includes a gallium nitride based superlattice
having at least two periods of alternating layers of
InXGa1-XN and InYGa1-YN, where 0 ≤ X < 1 and 0 ≤ Y <
1 and X is not equal to Y. In accordance with an embod-
iment of the present invention, a first Group III nitride
based barrier layer provides a well support layer com-
prising a Group III nitride and the second Group III nitride
based barrier layer provides a cap layer comprising a
Group III nitride on the quantum well layer.
[0012] In such embodiments, the cap layer may have
a lower crystal quality than the well support layer.
[0013] In still further embodiments of the present in-
vention, the well support layer comprises a gallium nitride
based layer, the quantum well layer comprises an indium
gallium nitride layer and the barrier layer comprises a
gallium nitride based layer. In such embodiments, the
well support layer and the cap layer may be provided by
layers of InXGa1-XN where 0≤X<1. Furthermore, the in-
dium composition of the well support layer and the cap
layer may be less than the indium composition of the
quantum well layer.
[0014] The well support layer and the cap layer may
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also be provided by a layer of AlXInYGa1-X-YN where
0<X<1, 0≤Y<1 and X+Y≤1, Furthermore, the well support
layer and the cap layer may be undoped. Alternatively,
the well support layer and the cap layer may have an n-
type doping level of less than about 5x1019 cm-3. The
cap layer and the well support layer may also have a
higher bandgap than the quantum well layer. The com-
bined thickness of the well support layer and the cap
layer may be from about 5 nm (50 Å) to about 40 nm (400
Å). The thickness of the well support layer may be greater
than a thickness of the cap layer. The quantum well layer
may have a thickness of from about 1 nm (10 Å) to about
5 nm (50 Å). For example, the quantum well layer may
have a thickness of about 2 nm (20 Å). Furthermore, the
percentage of indium in the quantum well layer may be
from about 15% to about 40%.
[0015] In additional embodiments of the present inven-
tion, a Group III nitride based spacer layer is provided
between the well support layer and the superlattice. The
spacer layer may be undoped GaN.
[0016] In accordance with the present invention, the
bandgap of the quantum well is less than the bandgap
of the superlattice.
[0017] In further embodiments of the present invention,
the light emitting diode includes a second well support
layer comprising a Group III nitride on the cap layer, a
second quantum well layer comprising a Group III nitride
on the second well support layer and a second cap layer
comprising a Group III nitride on the second quantum
well layer.
[0018] In additional embodiments of the present inven-
tion, the gallium nitride based superlattice comprises
from about 5 to about 50 periods. The alternating layers
of InXGa1-XN and InYGa1-YN may have a combined thick-
ness of from about 1 nm (10 Å) to about 14 nm (140 Å).
[0019] In particular embodiments of the present inven-
tion, X = 0 for layers of mXGa1-XN of the superlattice. In
such embodiments, the InGaN layers may have a thick-
ness of from about 0.5 nm (5 Å) to about 4 nm (40 Å) and
the GaN layers may have a thickness of from about 0.5
nm (5 Å) to about 10 nm (100 Å).
[0020] In further embodiments of the present invention,
the gallium nitride based superlattice is silicon-doped to
a level of from about 1x1017 cm-3 to about 5x1019cm-3.
The doping level of the gallium nitride based superlattice
may be an actual doping level of layers of the alternating
layers. The doping level may also be an average doping
level of layers of the alternating layers. Thus, for example,
the light emitting diode may include doped Group III ni-
tride layers adjacent the superlattice where the doped
Group III nitride layers are silicon-doped to provide an
average doping of the doped Group III nitride layers and
the superlattice of from about 1x1017 cm-3 to about
5x1019cm-3. The bandgap of the superlattice may be from
about 2.95 eV to about 3.35 eV and, in certain embodi-
ments, may be about 3.15 eV.
[0021] In other embodiments of the present invention,
the quantum well structure includes a well support layer

comprising a Group III nitride, a quantum well layer com-
prising a Group III nitride on the well support layer and a
cap layer comprising a Group III nitride on the quantum
well layer.
[0022] The cap layer may have a lower crystal quality
than the well support layer. The well support layer may
be provided by a gallium nitride based layer, the quantum
well layer may be provided by an indium gallium nitride
layer and the barrier layer may be provided by a gallium
nitride based layer. In such embodiments, the well sup-
port layer and the cap layer may be provided by layers
of InXGa1-XN where - 0≤X<1. Furthermore, the indium
composition of the well support layer and the cap layer
may be less the indium composition of the quantum well
layer. Similarly, the well support layer and the cap layer
may be provided by layers of AlXInYGa1-X-YN where
0<X<1, 0≤Y<1 and X+Y≤1.
[0023] Furthermore, the well support layer and the cap
layer may be undoped. Alternatively, the well support lay-
er and the cap layer may have a doping level of less than
about 5x1019 cm-3.
[0024] In further embodiments of the present invention,
the cap layer and the well support layer have a higher
bandgap than the quantum well layer. The combined
thickness of the well support layer and the cap layer may
be from about 5 nm (50 Å) to about 40 nm (400 Å). For
example, the combined thickness of the well support lay-
er and the cap layer may be greater than about 9 nm (90
Å). Similarly, the combined thickness of the well support
layer and the cap layer may be about 22.5 nm (225 Å).
The thickness of the well support layer may be greater
than the thickness of the cap layer.
[0025] In additional embodiments of the present inven-
tion, the quantum well layer has a thickness of from about
1 nm (10 Å) to about 5 nm (50 Å). For example, the quan-
tum well layer may have a thickness of about 2.5 nm (25
Å). Furthermore, the percentage of indium in the quantum
well layer may from about 5% to about 50%.
[0026] In further embodiments of the present invention,
the well support layer is on the superlattice. The super-
lattice may have a bandgap of about 3.15 eV. Further-
more, a Group III nitride based spacer layer may be pro-
vided between the well support layer and the superlattice.
The spacer layer may be undoped GaN.
[0027] In still further embodiments of the present in-
vention, a second well support layer comprising a Group
III nitride is provided on the cap layer. A second quantum
well layer comprising a Group III nitride is provided on
the second well support layer; and a second cap layer
comprising a Group III nitride is provided on the second
quantum well layer.
[0028] In particular embodiments of the present inven-
tion, the Group III nitride based light emitting diode in-
cludes from about 2 to about 10 repetitions of the quan-
tum well structure. In accordance with the present inven-
tion, the Group III nitride based light emitting diode in-
cludes a gallium nitride based superlattice having at least
two periods of alternating layers of InXGa1-XN and
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InYGa1-YN, where 0 ≤ X < 1 and 0 ≤ Y < 1 and X is not
equal to Y.
[0029] In further embodiments of the present invention,
the gallium nitride based superlattice includes from about
5 to about 50 periods. For example, the gallium nitride
based superlattice may include 25 periods. Similarly, the
gallium nitride based superlattice may include 10 periods.
[0030] In additional embodiments of the present inven-
tion, the gallium nitride based superlattice comprises
from about 5 to about 50 periods. The alternating layers
of InXGa1-XN and InYGa1-YN may have a combined thick-
ness of from about 1 nm (10 Å) to about 14 nm (140 Å).
[0031] In particular embodiments of the present inven-
tion, X = 0 for layers of InXGa1-XN of the superlattice. In
such embodiments, the InGaN layers may have a thick-
ness of from about 0.5 nm (5 Å) to about 4 nm (40 Å) and
the GaN layers may have a thickness of from about 0.5
nm (5 Å) to about 10 nm (100 Å). In still further embodi-
ments of the present invention, the gallium nitride based
superlattice is silicon-doped to a level of from about
1x1017 cm-3 to about 5x1019cm-3. The doping level of the
gallium nitride based superlattice may be an actual dop-
ing level of layers of the alternating layers or may be an
average doping level of layers of the alternating layers.
[0032] In certain embodiments of the present inven-
tion, doped Group III nitride layers are provided adjacent
the superlattice. The doped Group III nitride layers are
doped with an n-type impurity to provide an average dop-
ing of the doped Group III nitride layers and the super-
lattice of from about 1x1017cm-3 to about 5x1019cm-3.
[0033] In additional embodiments ot the present inven-
tion, a bandgap of the superlattice is about 3.15 eV.
[0034] In accordance with the present invention, the
Group III nitride based light emitting diode includes a
Group III nitride based active region on the superlattice.
Additionally, a Group III nitride based spacer layer may
also be provided between the active region and the su-
perlattice. Such a spacer layer may be undoped GaN.
[0035] In accordance with the present invention, the
active region comprises at least one quantum well,
wherein a bandgap of the quantum well is less than a
bandgap of the superlattice.
[0036] In an example of a method of fabricating a
Group III based light emitting diode, not forming part of
the present invention, the quantum well structure is fab-
ricated by forming a well support layer comprising a
Group III nitride, forming a quantum well layer comprising
a Group III nitride on the quantum well support layer and
forming a cap layer comprising a Group III nitride on the
quantum well layer.
[0037] In an example not forming part of the present
invention, forming a well support layer comprising a
Group III nitride is provided by forming the well support
layer at a first temperature. Forming a quantum well layer
is provided by forming the quantum well layer at a second
temperature which is less than the first temperature.
Forming a cap layer is provided by forming the cap layer
at a third temperature which is less than the first temper-

ature. In an example not forming part of the present in-
vention, the third temperature is substantially the same
as the second temperature.
[0038] In an example not forming part of the present
invention, the well support layer comprises a gallium ni-
tride based layer, the quantum well layer comprises an
indium gallium nitride layer and the cap layer comprises
a gallium nitride based layer. In such examples, the first
temperature may be from about 700 to about 900 °C.
Furthermore, the second temperature may be from about
0 to about 200 °C less than the first temperature. The
indium gallium nitride layer may be formed in a nitrogen
atmosphere or other atmosphere.
[0039] Preferably, forming a well support layer and
forming a cap layer are provided by forming a cap layer
of InXGa1-XN, where 0≤X<1 and forming a well support
layer of InXGa1-XN, where 0≤X<1. Also, the indium com-
position of the well support layer and the cap layer may
be less an indium composition of the quantum well layer.
[0040] In additional examples not forming part of the
present invention, forming a well support layer and form-
ing a cap layer are provided by forming a cap layer of
AlXInYGa1-X-YN, where 0<X<1, 0≤Y<1 and X+Y≤1 and
forming a well support layer of AlXInYGa1-X-YN, where
0<X<1, 0≤Y<1 and X+Y≤1.
[0041] Further examples not forming part of the
present invention include forming a superlattice, where
the well support layer is on the superlattice. Additional
examples not forming part of the present invention in-
clude, forming a Group III nitride based spacer layer be-
tween the well support layer and the superlattice. The
spacer layer may be undoped GaN. Additional examples
not forming part of the present invention include forming
a second well support layer comprising a Group III nitride
on the cap layer, forming a second quantum well layer
comprising a Group III nitride on the second well support
layer and forming a second cap layer comprising a Group
III nitride on the second quantum well layer. In such ex-
amples, the second well support layer may be formed at
substantially the first temperature, the second quantum
well layer may be formed at substantially the second tem-
perature which is less than the first temperature and the
second cap layer formed at substantially the third tem-
perature which is less than the first temperature.

Brief Description of the Drawings

[0042] Other features of the present invention will be
more readily understood from the following detailed de-
scription of specific embodiments thereof when read in
conjunction with the accompanying drawings, in which:

Figure 1 is a schematic illustration of a Group III ni-
tride based light emitting diode according to a first
embodiment of the present invention;
Figure 2 is a schematic illustration of a Group III ni-
tride based light emitting diode according to a second
embodiment of the present invention; and
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Figure 3 is a schematic illustration of a quantum well
structure and a multi-quantum well structure which
may be used in the Group III nitride based light emit-
ting diode according to the present invention.

Detailed Description of Preferred Embodiments

[0043] The present invention now will be described
more fully hereinafter with reference to the accompany-
ing drawings, in which preferred embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
In the drawings, the thickness of layers and regions are
exaggerated for clarity. Like numbers refer to like ele-
ments throughout. It will be understood that when an el-
ement such as a layer, region or substrate is referred to
as being "on" or extending "onto" another element, it can
be directly on or extend directly onto the other element
or intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" or
extending "directly onto" another element, there are no
intervening elements present.
[0044] Embodiments of the present invention will be
described with reference to Figure 1 that illustrates a
Group III nitride based light emitting diode (LED) struc-
ture 40. The LED structure 40 of Figure 1 includes a
substrate 10, which is preferably 4H or 6H n-type silicon
carbide. Substrate 10 may also comprise sapphire, bulk
gallium nitride or another suitable substrate. Also includ-
ed in the LED structure 40 of Figure 1 is a layered sem-
iconductor structure comprising gallium nitride-based
semiconductor layers on substrate 10. Namely, the LED
structure 40 illustrated includes the following layers: a
conductive buffer layer 11, a first silicon-doped GaN layer
12, a second silicon doped GaN layer 14, a superlattice
structure 16 comprising alternating layers of silicon-
doped GaN and InGaN, an active region 18, which may
be provided by a multi-quantum well structure, an un-
doped GaN and/or AlGaN layer 22, an AlGaN layer 30
doped with a p-type impurity, and a GaN contact layer
32, also doped with a p-type impurity. The structure fur-
ther includes an n-type ohmic contact 23 on the substrate
10 and a p-type ohmic contact 24 on the contact layer 32.
[0045] Buffer layer 11 is preferably n-type AlGaN. Ex-
amples of buffer layers between silicon carbide and
group III-nitride materials are provided in U.S. Patents
5,393,993 and 5,523,589, and U.S. Application Serial No.
09/154,363 entitled "Vertical Geometry InGaN Light
Emitting Diode" assigned to the assignee of the present
invention.
[0046] Similarly, embodiments of the present invention
may also include structures such as those described in
United States Patent No. 6,201,262 entitled "Group III
Nitride Photonic Devices on Silicon Carbide Substrates

With Conductive Buffer Interlay Structure".
[0047] GaN layer 12 is preferably between about 500
and 4000 nm thick inclusive and is most preferably about
1500 nm thick. GaN layer 12 may be doped with silicon
at a level of about 5x1017 to 5x1018 cm-3. GaN layer 14
is preferably between about 1 nm (10 Å) and 50 nm (500
Å) thick inclusive, and is most preferably about 8 nm (80
Å) thick. GaN layer 14 is doped with silicon at a level of
less than about 5x1019 cm-3.
[0048] As illustrated in Figure 1, a superlattice struc-
ture 16 includes alternating layers of InXGa1-XN and
InYGa1-YN, wherein X is between 0 and 1 inclusive and
X is not equal to Y. Preferably, X=0 and the thickness of
each of the alternating layers of InGaN is about 0.5-4 nm
(5-40 Å) thick inclusive, and the thickness of each of the
alternating layers of GaN is about 0.5-10 nm (5-100 Å)
thick inclusive. In certain embodiments, the GaN layers
are about 3 nm (30 Å) thick and the InGaN layers are
about 1.5 nm (15 Å) thick. The superlattice structure 16
may include from about 5 to about 50 periods (where one
period equals one repetition each of the InXGa1-XN and
InYGa1-YN layers that comprise the superlattice). In one
embodiment, the superlattice structure 16 comprises 25
periods. In another embodiment, the superlattice struc-
ture 16 comprises 10 periods. The number of periods,
however, may be decreased by, for example, increasing
the thickness of the respective layers. Thus, for example,
doubling the thickness of the layers may be utilized with
half the number of periods. Alternatively, the number and
thickness of the periods may be independent of one an-
other.
[0049] The superlattice 16 is doped with silicon at a
level of from about 1x1017 cm-3 to about 5x1019 cm-3.
Such a doping level may be actual doping or average
doping of the layers of the superlattice 16. If such doping
level is an average doping level, then it may be beneficial
to provide doped layers adjacent the superlattice struc-
ture 16 that provide the desired average doping which
the doping of the adjacent layers is averaged over the
adjacent layers and the superlattice structure 16. By pro-
viding the superlattice 16 between substrate 10 and ac-
tive region 18, a better surface may be provided on which
to grow InGaN-based active region 18. While not wishing
to be bound by any theory of operation, the inventors
believe that strain effects in the superlattice structure 16
provide a growth surface that is conducive to the growth
of a high-quality InGaN-containing active region. Further,
the superlattice is known to influence the operating volt-
age of the device. Appropriate choice of superlattice
thickness and composition parameters can reduce op-
erating voltage and increase optical efficiency.
[0050] The superlattice structure 16 may be grown in
an atmosphere of nitrogen or other gas, which enables
growth of higher-quality InGaN layers in the structure. By
growing a silicon-doped InGaN/GaN superlattice on a
silicon-doped GaN layer in a nitrogen atmosphere, a
structure having improved crystallinity and conductivity
with optimized strain may be realized.
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[0051] The active region 18 comprises a single or multi-
quantum well structure as well as single or double het-
erojunction active regions. In particular embodiments of
the present invention, the active region 18 comprises a
multi-quantum well structure that includes multiple In-
GaN quantum well layers separated by barrier layers (not
shown in Figure 1).
[0052] Layer 22 is provided on active region 18 and is
preferably undoped GaN or AlGaN between about 0 and
12 nm (120 Å) thick inclusive. As used herein, undoped
refers to a not intentionally doped. Layer 22 is preferably
about 3.5 nm (35 Å) thick. If layer 22 comprises AlGaN,
the aluminum percentage in such layer is preferably
about 10-30% and most preferably about 24%. The level
of aluminum in layer 22 may also be graded in a stepwise
or continuously decreasing fashion. Layer 22 may be
grown at a higher temperature than the growth temper-
atures in quantum well region 25 in order to improve the
crystal quality of layer 22. Additional layers of undoped
GaN or AlGaN may be included in the vicinity of layer 22.
For example, LED 1 may include an additional layer of
undoped AlGaN about 0.6-0.9 nm (6-9 Å) thick between
the active region 18 and the layer 22.
[0053] An AlGaN layer 30 doped with a p-type impurity
such as magnesium is provided on layer 22. The AlGaN
layer 30 may be between about 0 and 30 nm (300 Å)
thick inclusive and is preferably about 13 nm (130 Å)
thick. A contact layer 32 of p-type GaN is provided on
the layer 30 and is preferably about 180 nm (1800 Å)
thick. Ohmic contacts 24 and 25 are provided on the p-
GaN contact layer 32 and the substrate 10, respectively.
[0054] Figure 2 illustrates a second embodiment of
the Group III nitride based light emitting diode according
to the present invention incorporating a multi-quantum
well active region. The second embodiment of the
present invention illustrated in Figure 2 include a layered
semiconductor structure 100 comprising gallium nitride-
based semiconductor layers grown on a substrate 10.
As described above, the substrate 10 may be SiC, sap-
phire or bulk gallium nitride. As is illustrated in Figure 2,
the LED includes a conductive buffer layer 11, a first sil-
icon-doped GaN layer 12, a second silicon doped GaN
layer 14, a superlattice structure 16 comprising alternat-
ing layers of silicon-doped GaN and InGaN, an active
region 125 comprising a multi-quantum well structure, an
undoped GaN or AlGaN layer 22, an AlGaN layer 30
doped with a p-type impurity, and a GaN contact layer
32, also doped with a p-type impurity. The LEDs may
further include an n-type ohmic contact 23 on the sub-
strate 10 and a p-type ohmic contact 24 on the contact
layer 32. In embodiments of the present invention where
the substrate 10 is sapphire, the n-type ohmic contact 23
would be provided on n-type GaN layer 12 and/or n-type
GaN layer 14.
[0055] As described above with reference to Figure 1,
buffer layer 11 is preferably n-type AlGaN. Similarly, GaN
layer 12 is preferably between about 500 and 4000 nm
thick inclusive and is most preferably about 1500 nm

thick. GaN layer 12 may be doped with silicon at a level
of about 5x1017 to 5x1018 cm-3. GaN layer 14 is preferably
between about 1 nm (10 Å) and 50 nm (500 Å) thick
inclusive, and is most preferably about 8 nm (80 Å) thick.
GaN layer 14 is doped with silicon at a level of less than
about 5x1019 cm-3. The superlattice structure 16 may
also be provided as described above with reference to
Figure 1.
[0056] The active region 125 comprises a multi-quan-
tum well structure that includes multiple InGaN quantum
well layers 120 separated by barrier layers 118. The bar-
rier layers 118 comprise InXGa1-XN where 0≤X<1. Pref-
erably the indium composition of the barrier layers 118
is less than that of the quantum well layers 120, so that
the barrier layers 118 have a higher bandgap than quan-
tum well layers 120. The barrier layers 118 and quantum
well layers 120 may be undoped (i.e. not intentionally
doped with an impurity atom such as silicon or magne-
sium). However, it may be desirable to dope the barrier
layers 118 with Si at a level of less than 5x1019 cm-3,
particularly if ultraviolet emission is desired.
[0057] In further embodiments of the present invention,
the barrier layers 118 comprise AlXInYGa1-X-YN where
0<X<1, 0≤Y<1 and X+Y ≤1. By including aluminum in the
crystal of the barrier layers 118, the barrier layers 118
may be lattice-matched to the quantum well layers 120,
thereby providing improved crystalline quality in the
quantum well layers 120, which increases the lumines-
cent efficiency of the device.
[0058] Referring to Figure 3, multi-quantum well struc-
ture is illustrated. The multi-quantum well structure illus-
trated in Figure 3 may provide the active region of the
LEDs illustrated in Figure 1 and/or Figure 2. As seen in
Figure 3, an active region 225 comprises a periodically
repeating structure 221 comprising a well support layer
218a having high crystal quality, a quantum well layer
220 and a cap layer 218b that serves as a protective cap
layer for the quantum well layer 220. When the structure
221 is grown, the cap layer 218b and the well support
layer 218a together form the barrier layer between adja-
cent quantum wells 220. Preferably, the high quality well
support layer 218a is grown at a higher temperature than
that used to grow the InGaN quantum well layer 220. In
some embodiments of the present invention, the well
support layer 218a is grown at a slower growth rate than
the cap layer 218b. In other embodiments, lower growth
rates may be used during the lower temperature growth
process and higher growth rates utilized during the higher
temperature growth process. For example, in order to
achieve a high quality surface for growing the InGaN
quantum well layer 220, the well support layer 218a may
be grown at a growth temperature of between about 700
and 900 °C. Then, the temperature of the growth chamber
is lowered by from about 0 to about 200 °C to permit
growth of the high-quality InGaN quantum well layer 220.
Then, while the temperature is kept at the lower InGaN
growth temperature, the cap layer 218b is grown. In that
manner, a multi-quantum well region comprising high
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quality InGaN layers may be fabricated.
[0059] The active regions 125 and 225 of Figures 2
and 3 are preferably grown in a nitrogen atmosphere,
which may provide increased InGaN crystal quality. The
barrier layers 118, the well support layers 218a and/or
the cap layers 218b may be between about 5-40 nm
(50-400 Å) thick inclusive. The combined thickness of
corresponding ones of the well support layers 218a and
the cap layers 218b may be from about 5-40 nm (50-400
Å) thick inclusive. Preferably, the barrier layers 118 the
well support layers 218a and/or the cap layers 218b are
greater than about 9 nm (90 Å) thick and most preferably
are about 22.5 nm (225 Å) thick. Also, it is preferred that
the well support layers 218a be thicker than the cap layers
218b. Thus, the cap layers 218b are preferably as thin
as possible while still reducing the desorption of Indium
from or the degradation of the quantum well layers 220.
The quantum well layers 120 and 220 may be between
about 1-5 nm (10-50 Å) thick inclusive. Preferably, the
quantum well layers 120 and 220 are greater than 2 nm
(20 Å) thick and most preferably are about 2.5 nm (25 Å)
thick. The thickness and percentage of indium in the
quantum well layers 120 and 220 may be varied to pro-
duce light having a desired wavelength. Typically, the
percentage of indium in quantum well layers 120 and 220
is about 25-30%, however, depending on the desired
wavelength, the percentage of indium has been varied
from about 5% to about 50%.
[0060] In accordance with the present invention, the
bandgap of the superlattice structure 16 exceeds the
bandgap of the quantum well layers 120. This may be
achieved by by adjusting the average percentage of in-
dium in the superlattice 16. The thickness (or period) of
the superlattice layers and the average Indium percent-
age of the layers should be chosen such that the bandgap
of the superlattice structure 16 is greater than the band-
gap of the quantum wells 120. By keeping the bandgap
of the superlattice 16 higher than the bandgap of the
quantum wells 120, unwanted absorption in the device
may be minimized and luminescent emission may be
maximized. The bandgap of the superlattice structure 16
may be from about 2.95 eV to about 3.35 eV. In a pre-
ferred embodiment, the bandgap of the superlattice
structure 16 is about 3.15 eV.
[0061] In additional embodiments of the present inven-
tion, the LED structure illustrated in Figure 2 includes a
spacer layer 17 disposed between the superlattice 16
and the active region 125. The spacer layer 17 preferably
comprises undoped GaN. The presence of the optional
spacer layer 17 between the doped superlattice 16 and
active region 125 may deter silicon impurities from be-
coming incorporated into the active region 125. This, in
turn, may improve the material quality of the active region
125 that provides more consistent device performance
and better uniformity. Similarly, a spacer layer may also
be provided in the LED structure illustrated in Figure 1
between the superlattice 16 and the active region 18.
[0062] Returning to Figure 2, the layer 22 may be pro-

vided on the active region 125 and is preferably undoped
GaN or AlGaN between about 0 and 12 nm (120 Å) thick
inclusive.
[0063] The layer 22 is preferably about 3.5 nm (35 Å)
thick. If the layer 22 comprises AlGaN, the aluminum per-
centage in such layer is preferably about 10-30% and
most preferably about 24%. The level of aluminum in the
layer 22 may also be graded in a stepwise or continuously
decreasing fashion. The layer 22 may be grown at a high-
er temperature than the growth temperatures in the active
region 125 in order to improve the crystal quality of the
layer 22. Additional layers of undoped GaN or AlGaN
may be included in the vicinity of layer 22. For example,
the LED illustrated in Figure 2 may include an additional
layer of undoped AlGaN about 0.6-0.9 nm (6-9 Å) thick
between the active regions 125 and the layer 22.
[0064] An AlGaN layer 30 doped with a p-type impurity
such as magnesium is provided on layer 22. The AlGaN
layer 30 may be between about 0 and 30 nm (300 Å)
thick inclusive and is preferably about 13 nm (130 Å)
thick. A contact layer 32 of p-type GaN is provided on
the layer 30 and is preferably about 180 nm (1800 Å)
thick. Ohmic contacts 24 and 25 are provided on the p-
GaN contact layer 32 and the substrate 10, respectively.
Ohmic contacts 24 and 25 are provided on the p-GaN
contact layer 32 and the substrate 10, respectively.
[0065] While embodiments of the present invention
have been described with multiple quantum wells, the
benefits from the teachings of the present invention may
also be achieved in single quantum well structures. Thus,
for example, a light emitting diode may be provided with
a single occurrence of the structure 221 of Figure 3 as
the active region of the device. Thus, while different num-
bers of quantum wells may be utilized according to em-
bodiments of the present invention, the number of quan-
tum wells will typically range from 1 to 10 quantum wells.
[0066] While embodiments of the present invention
have been described with reference to gallium nitride
based devices, the teachings and benefits of the present
invention may also be provided in other Group III nitrides.
Thus, the present invention provides Group III nitride
based light emitting diodes having superlattices and
quantum wells.
[0067] In the drawings and specification, there have
been disclosed typical preferred embodiments of the in-
vention and, although specific terms are employed, they
are used in a generic and descriptive sense only and not
for purposes of limitation, the scope of the invention being
defined by the following claims.

Claims

1. A Group III nitride based light emitting diode (40,
100), comprising:

a silicon-doped GaN-based layer (14);
a silicon-doped superlattice (16) directly on the
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silicon doped GaN-based layer, the superlattice
having at least two periods of alternating layers
of InXGa1-XN and InYGa1-YN, where 0 ≤ X < 1
and 0 ≤ Y < 1 and X is not equal to Y; and
a Group III nitride based active region (18, 125,
225) comprising a quantum well structure with
at least one quantum well (120, 220) on the su-
perlattice opposite the silicon-doped GaN-
based layer,
wherein a bandgap of the at least one quantum
well is less than a bandgap of the superlattice.

2. The Group III nitride based light emitting diode (40,
100) of Claim 1 wherein the quantum well structure
comprises a first Group III nitride based barrier layer
(118), a Group III nitride based quantum well layer
(120, 220) on the first barrier layer, and a second
Group III nitride based barrier layer (118) on the
quantum well layer.

3. The Group III nitride based light emitting diode (100)
of Claim 2, further comprising a Group III nitride
based spacer layer (17) between the Group III nitride
based active region (125) and the superlattice (16).

4. The Group III nitride based light emitting diode (100)
of Claim 3, wherein the spacer layer (17) comprises
undoped GaN.

5. The Group III nitride based light emitting diode (40,
100) of Claim 1, wherein the bandgap of the super-
lattice (16) is 3.15 eV.

6. The Group III nitride based light emitting diode (40,
100) of Claim 1, wherein the bandgap of the super-
lattice (16) is from 2.95 to 3.15 eV.

7. The Group III nitride based light emitting diode (40,
100) of Claim 1, wherein the superlattice (16) com-
prises from more than 5 to 50 periods.

8. The Group III nitride based light emitting diode (40,
100) of Claim 7, wherein the superlattice (16) com-
prises 25 periods.

9. The Group III nitride based light emitting diode (40,
100) of Claim 7, wherein the superlattice (16) com-
prises 10 periods.

10. The Group III nitride based light emitting diode (40,
100) of Claim 7, wherein the alternating layers of
InXGa1-XN and InYGa1-YN have a combined thick-
ness of from 1 nm to 14 nm.

11. The Group III nitride based light emitting diode (40,
100) of Claim 1, wherein X = 0, wherein the InGaN
layers of the alternating layers of InXGa1-XN and
InYGa1-YN have a thickness of from 0.5 nm to 4 nm,

and wherein the GaN layers of the alternating layers
of InXGa1-XN and InYGa1-YN have a thickness of
from 0.5 nm to 10 nm.

12. The Group III nitride based light emitting diode (40,
100) of Claim 1, wherein the superlattice (16) is sil-
icon-doped to a level of from 1x1017 cm-3 to
5x1019cm-3.

13. The Group III nitride based light emitting diode (40,
100) of Claim 12, wherein the doping level of the
superlattice (16) is an actual doping level of layers
of the alternating layers of InXGa1-XN and InYGa1-YN
or an average doping level of layers of the alternating
layers of InXGa1-XN and InYGa1-YN.

Patentansprüche

1. Gruppe III-Nitrid basierte Leuchtdiode (40, 100), Fol-
gendes umfassend:

eine siliziumdotierte GaN-basierte Schicht (14);
ein siliziumdotiertes Übergitter (16) direkt auf
der siliziumdotierten GaN-basierten Schicht,
wobei das Übergitter mindestens zwei Perioden
von alternierenden Schichten von InxGa1-xN
und InyGa1-yN aufweist, wobei 0 ≤ X < 1 und 0
≤ Y < 1 und X nicht gleich Y ist; und
eine Gruppe III-Nitrid basierte aktive Region (18,
125, 225), umfassend eine Quantentopfstruktur
mit mindestens einem Quantentopf (120, 220)
auf dem Übergitter gegenüber der siliziumdo-
tierten GaN-basierten Schicht,
wobei eine Bandlücke des mindestens einen
Quantentopfes kleiner ist als eine Bandlücke
des Übergitters.

2. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 1, wobei die Quantentopfstruktur ei-
ne erste Gruppe III-Nitrid basierte Sperrschicht
(118), eine Gruppe III-Nitrid basierte Quantentopf-
schicht (120, 220) auf der ersten Sperrschicht und
eine zweite Gruppe III-Nitrid basierte Sperrschicht
(118) auf der Quantentopfschicht umfasst.

3. Gruppe III-Nitrid basierte Leuchtdiode (100) nach
Anspruch 2, ferner umfassend eine Gruppe III-Nitrid
basierte Spacerschicht (17) zwischen der Gruppe
III-Nitrid basierten aktiven Region (125) und dem
Übergitter (16).

4. Gruppe III-Nitrid basierte Leuchtdiode (100) nach
Anspruch 3, wobei die Spacerschicht (17) undotier-
tes GaN umfasst.

5. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 1, wobei die Bandlücke des Übergit-
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ters (16) 3,15 eV beträgt.

6. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 1, wobei die Bandlücke des Übergit-
ters (16) von 2,95 bis 3,15 eV beträgt.

7. Gruppe III-Nitrid basierte Leuchtdiode (100) nach
Anspruch 1, wobei das Übergitter (16) mehr als 5
bis 50 Perioden umfasst.

8. Gruppe III-Nitrid basierte Leuchtdiode (100) nach
Anspruch 7, wobei das Übergitter (16) 25 Perioden
umfasst.

9. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 7, wobei das Übergitter (16) 10 Pe-
rioden umfasst.

10. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)(40,
100) nach Anspruch 7, wobei die alternierenden
Schichten von InxGa1-xN und InyGa1-yN eine kom-
binierte Dicke von 1 nm bis 14 nm aufweisen.

11. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 1, wobei X = 0, wobei die InGaN-
Schichten der alternierenden Schichten von
InxGa1-xN und InyGa1-yN eine Dicke von 0,5 nm bis
4 nm aufweisen, und
wobei die GaN-Schichten der alternierenden
Schichten von InxGa1-xN und InyGa1-yN eine Dicke
von 0,5 nm bis 10 nm aufweisen.

12. Gruppe III-Nitrid basierte Leuchtdiode (100) nach
Anspruch 1, wobei das Übergitter (16) auf ein Niveau
von 1x1017 cm-3 bis 5x1019 cm-3 siliziumdotiert ist.

13. Gruppe III-Nitrid basierte Leuchtdiode (40, 100)
nach Anspruch 12, wobei der Dotierungsgrad des
Übergitters (16) ein tatsächlicher Dotierungsgrad
von Schichten der alternierenden Schichten von
InxGa1-xN und InyGa1-yN oder ein durchschnittlicher
Dotierungsgrad der Schichten der alternierenden
Schichten von InxGa1-xN und InyGa1-yN ist.

Revendications

1. Diode électroluminescente à base de nitrure du
Groupe III (40, 100), comprenant :

une couche à base de GaN dopée au silicium
(14) ;
un super-réseau dopé au silicium (16) directe-
ment sur la couche à base de GaN dopée au
silicium, le super-réseau ayant au moins deux
périodes de couches alternées de InXGa1-XN et
de InYGa1-YN, où 0 ≤ X < 1 et 0 ≤ Y < 1 et X n’est
pas égal à Y ; et

une région active à base de nitrure du groupe
III (18, 125, 225) comprenant une structure de
puits quantique avec au moins un puits quanti-
que (120, 220) sur le super-réseau opposée à
la couche à base de GaN dopée au silicium,
où une bande interdite de l’au moins un puits
quantique est inférieure à une bande interdite
du super-réseau.

2. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 1, dans la-
quelle la structure de puits quantique comprend une
première couche barrière à base de nitrure du Grou-
pe III (118), une couche de puits quantique à base
de nitrure du Groupe III (120, 220) sur la première
couche barrière, et une deuxième couche barrière à
base de nitrure du groupe III (118) sur la couche de
puits quantique.

3. Diode électroluminescente à base de nitrure du
Groupe III (100) de la revendication 2, comprenant
en outre une couche d’espacement à base de nitrure
du Groupe III (17) entre la région active à base de
nitrure du Groupe III (125) et le super-réseau (16).

4. Diode électroluminescente à base de nitrure du
Groupe III (100) de la revendication 3, dans laquelle
la couche d’espacement comprend du GaN non do-
pé.

5. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 1, dans la-
quelle la bande interdite du super-réseau (16) est de
3,15 eV.

6. Diode électroluminescente à base de nitrure du
groupe III (40, 100) de la revendication 1, dans la-
quelle la bande interdite du super-réseau (16) est
comprise entre 2,95 et 3,15 eV.

7. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 1, dans la-
quelle le super-réseau (16) comprend de plus de 5
à 50 périodes.

8. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 7, dans la-
quelle le super réseau (16) comprend 25 périodes.

9. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 7, dans la-
quelle le super-réseau (16) comprend 10 périodes.

10. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 7, dans la-
quelle les couches alternées de InXGa1-XN et de
InYGa1-YN ont une épaisseur combinée allant de 1
nm à 14 nm.
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11. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 1, dans la-
quelle X=0, où les couches de InGaN des couches
alternées de InXGa1-XN et de InYGa1-YN ont une
épaisseur allant de 0,50 nm à 4 nm, et
où les couches de GaN des couches alternées de
InXGa1-XN et de InYGa1-YN ont une épaisseur allant
de 0,5 nm à 10 nm.

12. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 1, dans la-
quelle le super-réseau (16) est dopé au silicium à un
niveau allant de 1x1017 cm-3 à 5x1019 cm-3.

13. Diode électroluminescente à base de nitrure du
Groupe III (40, 100) de la revendication 12, dans
laquelle le niveau de dopage du super-réseau (16)
est un niveau de dopage réel de couches des cou-
ches alternées de InXGa1-XN et de InYGa1-YN ou un
niveau de dopage moyen de couches des couches
alternées de InXGa1-XN et de InYGa1-YN.
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