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Abstract

Native GaN and AIN substrates cut out of single-crystal boules provide threading dislocations in on-grown III-
nitride materials with the density much lower than that observed in structures on conventional sapphire or SiC
wafers. The native substrates are also expected to enable an easy choice of growth surface orientation that controls
the crystal polarity and, hence, the distribution of polarization charges in a nitride heterostructure. The impact of
these factors on the bandgap engineering of advanced electronic and optoelectronic devices is discussed in this paper
in terms of numerical simulation with the focus on high-electron mobility transistors and light-emitting diodes.
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1. Introduction

Group-III nitride optoelectronic and electronic
devices have been fabricated for a decade, using
commercial sapphire and SiC substrates. Cheap
sapphire substrates are found to be quite suitable
for a large-scale production of planar low-power
blue/green light-emitting diodes (LEDs), while
relatively expensive SiC substrates are used for
fabrication of compact vertical low-power and
high-power LEDs [1,2]. In addition, SiC substrates

* Corresponding author.
Ematl address: karpov@semitech.us (S. Yu. Karpov).

Preprint submitted to Elsevier Science

are currently indispensable for making high-power
field-effect transistors (FETSs), which is due to the
extremely high thermal conductivity of SiC nec-
essary for a proper thermal management of the
devices [3].

Today, however, disadvantages of sapphire and
SiC substrates have become quite evident. First, a
large mismatch between the lattice constants and
the thermal expansion coeflicients of the substrates
and nitride epitaxial materials [2] produces a high
threading dislocation density, ~ 108 — 10'° cm ™2,
in device heterostructures grown by metalorganic
vapor phase epitaxy (MOVPE) or molecular beam
epitaxy (MBE). On the one hand, threading dis-
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locations induce an intensive non-radiative carrier
recombination in optoelectronic devices, LEDs and
laser diodes (LDs), resulting in a low internal quan-
tum efficiency [4-6]. On the other hand, the high
dislocation density leads to an enhanced degrada-
tion of both optoelectronic and electronic devices,
especially under high-current operation conditions
[7]. Second, the large difference between the refrac-
tive indices of sapphire (1.75) and nitride semicon-
ductors (~ 2.3 in GaN, ~ 2.15 in AIN, and ~ 2.9 in
InN [8]) is the origin of light waveguiding in a het-
erostructure on a sapphire substrate, which lowers
the efficiency of light extraction from the LED. The
waveguiding effect is negligible in LED structures
grown on SiC substrates. However, SiC substrates
are transparent only to visible light, making their
application in ultra-violet (UV) LEDs problem-
atic. The problems of light extraction are so critical
that they have initiated the development of special
technologies of substrate removal after the growth
of LED structures, aimed at increasing the over-
all LED efficiency [9,10]. In the case of FETS, the
high dislocation density in nitride materials grown
on silicon, sapphire, or SiC substrates reduces the
device reliability and lifetime, initiates premature
breakdown, and leads to a greater noise [11].

A natural solution to the above problems is to
employ native GaN and AIN substrates. The sub-
strate materials are complimentary rather than
competitive. Being readily doped with silicon, GaN
substrates are quite suitable for fabricating high-
power LEDs and LDs operating in the visible and
UV spectral ranges [12-14]. It has been demon-
strated that the dislocation density in nitride het-
erostructures on bulk GaN substrates does not ex-
ceed ~ 10* cm™? [15], which should resolve the
problems of non-radiative carrier recombination
and a rapid degradation of optoelectronic devices.
In the case of UV LEDs, especially of those oper-
ating at 250-300 nm, AIN substrates seem to be
more advantageous due to (i) their potential trans-
parency to emitted light and (ii) a lower (compres-
sive) strain in the epilayers grown on these sub-
strates (for comparison, AlGaN layers on GaN ex-
hibit a tensile strain, frequently resulting in their
cracking). Having a high thermal conductivity, ~
70% of that of SiC, and a high intrinsic resistance,
AIN is apparently the best substrate material for

high-power FETSs. In addition, a dislocation den-
sity of ~ 10% cm ™2 demonstrated in the FET struc-
ture on a native AIN wafer [11] has allowed a con-
siderable reduction in the leakage current.

Presently, commercial GaN and AIN substrates
are not available. This is because of the lack of
growth technologies suitable for industrial produc-
tion of AIN and GaN bulk crystals. Much progress
has been made in the development of growth tech-
niques in recent years. In particular, sublimation
growth of AIN bulk crystals of 20 mm long and
15 mm in diameter was demonstrated in [16]. AIN
wafers cut out of these crystals exhibited a dislo-
cation density less than ~ 103 cm™2 and a high
crystalline quality confirmed by X-ray difractome-
try [17]. These substrates were successfully used for
the fabrication of UV LEDs [18] and high-electron
mobility transistors (HEMTs) [11].

At the moment, the high-pressure crystal
growth from the solution remains the only reli-
able technique providing bulk GaN crystals of
sufficient size [19]. However, to use this method
for a large-scale production, we should resolve
the problems associated with the low growth rate
and poorly controlled crystal shape [20]. So, al-
ternative approaches have been developed, using
quasi-bulk materials (boules and thick epitaxial
layers with reduced dislocation density) grown by
hydride vapor phase epitaxy (HVPE). Two-inch
GaN wafers with a dislocation density less than
~ 10* cm~2 obtained by this technique have been
demonstrated in [21]. Besides, quasi-bulk GaN
templates with a dislocation density in the range
of 2—5x 107 em~2 are available commercially [22].
Recently, the HVPE technique has been applied
to grow quasi-bulk AIN [23]. These achievements
in the fabrication of GaN and AIN wafers has pro-
vided their ever broadening use in technology of
advanced wide-bandgap semiconductor devices.

A specific feature of III-nitride heterostructures
is a strong piezoeffect and spontaneous electric po-
larization producing huge polarization charges ac-
cumulated primarily at the interfaces [26]. Polar-
ization charges may negatively or positively af-
fect the device characteristics, depending on the
device structure. In addition to a low-dislocation
density, a proper cutting of substrates from bulk
AIN and GaN would enable easy control of the
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growth surface orientation for epitaxy of nitride
heterostructures. In analogy with conventional III-
V compounds, this seems to be much easier than
the use, for instance, of conventional non-polar
substrates, as the latter normally results in a high
density of dislocations (~ 10'° cm~2) and stack-
ing faults (~ 10° cm™!) for materials grown on
both sapphire and SiC substrates [24,25]. The po-
larity control through the choice of native substrate
orientation opens new opportunities for designing
device heterostructures, which have not been dis-
cussed in literature.

This paper is aimed at a better understanding of
a possible impact of native substrates on bandgap
engineering of IIl-nitride devices. We have simu-
lated a specific charge distribution in HEMT het-
erostructures on AIN and have examined strain ef-
fects on sheet electron concentration in the chan-
nel. The role of a structure polarity in the car-
rier confinement in visible and UV LEDs and the
threading dislocation effect on the internal quan-
tum efficiency of the devices is evaluated by mod-
elling. The theoretical predictions are compared
with available observations.

2. Modeling

The simulation of HEMTs was based on a self-
consistent solution of the coupled Poisson and
Schrodinger equations for both electrons and holes,
which accounted for possible two-dimensional hole
gas (2DHG) in some III-nitride heterostructures.
The complex valence band structure of nitride
semiconductors was allowed for within the ap-
proach of Ref.[27]. The Fermi-Dirac statistics was
used to consider high carrier concentrations in the
electron and hole channels.

To simulate the LED operation, we used the
SiLENSe package [28] implementing a 1D-model
based on the Poisson equation for the electric po-
tential and the drift-diffusion transport equations
for the electron and hole concentrations. The bi-
molecular radiative recombination of the carriers
and their non-radiative recombination on thread-
ing dislocation cores [6] were considered to predict
the internal quantum efficiency of an LED. Light

emission spectra were found from the Schrodinger
equations for the electron and hole wave functions.
A uniform spectral broadening was assumed in the
spectrum computations.

We accounted for the specific properties of ni-
tride semiconductors, like a strong piezoeffect, the
spontaneous electric polarization, a low efficiency
of acceptor activation, and a high threading dislo-
cation density typical to epitaxial materials. The
numerical models employed were capable of ana-
lyzing graded-composition layers providing both a
built-in pulling field and a distributed polarization
doping [29].

3. HEMTs on AIN substrate

Generally, a HEMT on an AIN substrate forms
a double-heterostructure (DHS) with a narrow-
bandgap GaN channel between a wide-bandgap
AIN substrate (or an AIN buffer layer) and an Al-
GaN cap layer. If the DHS is grown in the [0001]
direction, which corresponds to an Al-faced growth
surface, a large negative polarization charge arises
at the GaN/AIN interface, and a smaller positive
charge is accumulated at the AlGaN/GaN inter-
face. The latter favors two-dimensional electron
gas (2DEG) formation at the AlGaN/GaN inter-
face, irrespective of whether the AlGaN cap is
doped with donors or not.

Our simulation of a HEMT heterostructure co-
herently grown on an AIN(0001) substrate, simi-
lar to that reported in [11], shows that in addition
to the 2DEG formed at the AlGaN/GaN inter-
face, a 2DHG is induced at the negatively charged
GaN/AIN interface, as discussed in [11]. This ef-
fect is quite general and should occur in most DHS
transistors.

If the GaN layer is thick enough, the 2DHG
avoids the shunting of the 2DEG by background
electrons in the structure bulk. In this case, how-
ever, the main advantage of DHS, namely, the sup-
pression of electron spillover by the electric field
built-in in the GaN channel, cannot be utilized
in full measure, because the field vanishes with
the channel thickness. A reduction in the chan-
nel thickness improves the electron confinement,
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Fig. 1. Equilibrium band diagrams and carrier concen-
trations in unintentionally doped HEMT structures with
Alp.15Gag.g5N (a) and Alg.3Gag.7N (b) transition layers
[31]. The Schottky barrier height is 0.8 V, according to
[31]. Bandgap is marked by shadow.

preventing the electron spillover towards the bulk.
Nevertheless, the co-existence of the 2DEG and
2DHG in a thin GaN channel may affect negatively
the HEMT performance. Indeed, the ohmic source
and drain contact regions formed by annealing may
overlap both the 2DEG and 2DHG channels. This
is expected to result in shunting the electron con-
ductivity by the parasitic holes. In addition, the
electrons heated in the electric field induced by
the drain-source voltage are capable of penetrat-
ing into the 2DHG region, leading to carrier losses
through the electron-hole recombination. Finally,
the existence of the 2DHG at the GaN/AIN inter-
face makes the application of the back-doping con-
cept [30] problematic.

The parasitic holes cannot be easily compen-
sated for by simply doping the underlying AIN
layer, as this requires thick layers with an ex-

tremely high donor concentration Np , which
is hard to grow because of technological rea-
sons. Even the doping of 1 ym AIN with Np =
5 x 10 cm~3 is found to be still insufficient for a
complete suppression of the 2DHG.

To improve the electron confinement in the GaN
channel, a special Al,Ga;_,N transition layer has
been suggested to be inserted between the SiC sub-
strate and the channel [31]. We have tested this ap-
proach by modelling such a HEMT structure on an
AIN substrate. It turns out that the parasitic holes
disappear from the bottom GaN/AlGaN interface,
if the AIN fraction z in the transition layer does
not exceed 0.15 (Fig.1a). This is due to redistribu-
tion of polarization charges in the heterostructure
and their screening by background electrons. At
x > 0.3 , however, the holes generated by polariza-
tion charges fill up the transition layer, approach-
ing the 2DEG channel (see Fig.1b). This result is
in agreement with estimates made in [31].

Our simulations also predict the sheet electron
concentration to be less than ~ 5 x 10'2 cm™2 in
a HEMT heterostructure with an Alg.15Gag.gsN
transition layer. This value is lower than the con-
centration of ~ 7 — 12 x 10'? cm ™2 normally ob-
served in an conventional AlGaN/GaN single het-
erostructure (SHS). The reason for the reduction
in the sheet concentration in a DHS on AIN is
a compressive strain produced by the lattice mis-
match. This strain induces a negative charge at the
GaN-channel /AlGaN-cap interface via piezoeffect,
which compensates partly for a positive charge due
to spontaneous polarization. As the result, the to-
tal charge at the interface is lower than in the SHS
exhibiting a tensile strain, leading to a reduced
sheet electron concentration in the DHS.

An alternative way of avoiding a parasitic hole
channel invokes a coupled profiling of the compo-
sition and donor concentration in the Al,Ga;_,N
transition layer (see Fig.2a). It includes both con-
ventional and distributed-polarization doping in a
graded-composition layer [29], which provides an
additional degree of freedom for the HEMT struc-
ture design. The coupled composition and doping
profiling allows a complete elimination of para-
sitic holes (Fig.2b), which is predicted to hold at a
widely ranged gate bias.

As mentioned above, DHS HEMTSs on AIN ex-



Refer to: J. Cryst. Growth 281, No.1, 115-124 (2005)/DOI 10.1016/j.jcrysgro.2005.03.019

1.2 [ T T T T T ”A
z a AlGaN transition WwE
8 1.0 layer j107e
< T s &
=) 08 E E 18:':
e S Zz{10°g
o 06} AIN 2 i: e
° substrate S T o
© 04} 410" g
h — o
Z 02f 5
< ) e
6
o
0.0 . . . : 318
300 400 500 600 700 800
Distance (nm)
10 T : : . : —10”
. b 20EG 1~
i 110" E
— 6 L | S
d 10" §
>4k F, { &
o 110" T
c 21 8
“ |-
1
0 background 1o
electrons L
2 1 1 1 1 1 11

-100 200 300 400 500 600 700 800
Distance (nm)

Fig. 2. Dopant concentration and composition profiles (a),
the equilibrium band diagram and the electron concentra-
tion (b) of a HEMT structure on AIN(0001) substrate. The
Schottky barrier height of 1.2 V is taken in the simulations.
Bandgap is marked by shadow.

hibit a sheet carrier concentration lower than that
in the conventional AlGaN/GaN HEMTs. This dis-
advantage can be overcome by using AIN-rich Al-
GaN caps owing to a compressive strain prevent-
ing their cracking. Indeed, the cap cracking lim-
its the AlIGaN composition in SHS HEMTs by a
value of x ~ 0.3 — 0.35 at a cap thickness of ~
25 — 20 nm [32]. Actually, this cuts down the sheet
electron concentration to ~ 2 x 103 ecm=2 [33].
In the DHS HEMTs, the 2DEG concentration can
be effectively controlled by choosing a proper cap.
Our simulations show that the sheet concentration
of 0.5 — 1.5 x 10'3 cm ™2 can be readily obtained
by varying the cap design from 30 nm Aly 3Gag 7N
to 2nm AIN/6 nm Alp 3Gag 7N. As the maximum
of the 2D-electron mobility is reported to be ob-
served at 0.8 — 1.5 x 10'3 cm~2 [34-36], the vari-
ation in the sheet concentration provided by dif-

ferent caps is sufficient to attain high-performance
DHS HEMT's on AIN substrates.

4. LEDs on native nitride substrates

In this section we discuss two aspects of using
native GaN and AIN substrates to fabricate I11-
nitride LEDs. One is the influence of the substrate
orientation on polarization charges at the inter-
faces and, hence, on the LED characteristics. The
other is the effect of threading dislocation density
on the LED internal quantum efficiency (IQE), i.e.
the ratio of the photon emission rate per unit area
to the flux of electrons/holes crossing the structure.

4.1. Substrate orientation effect on LED operation

Substrates cut out of bulk AIN and GaN crystals
would allow an easy control of the growth surface
orientation with respect to the hexagonal axis of
nitride materials, which is the key factor determin-
ing the polarization charges at the interfaces. To
understand the role of crystal polarity in LED op-
eration, we compare the characteristics of the same
AlGaN/InGaN/GaN single-quantum-well (SQW)
heterostructure (see [37] for details) assumed it to
be grown on a Ga-faced, an N-faced, or a non-polar
substrate.

Fig.3 shows the band diagrams of these LEDs
computed for nearly the same density of current
through the devices. It is seen that in the Ga-faced
structure, there is a barrier hindering the electron
injection into the SQW active region. A similar
but slightly lower barrier is also formed in the non-
polar LED structure but no remarkable barrier is
observed in the N-faced one. The latter is due to
a positive polarization charge at the InGaN/GaN
interface, considerably narrowing the space-charge
region in n-GaN. Moreover, there is an excellent
confinement of both electrons and holes in the N-
faced structure due to the p-AlGaN and n-GaN
barriers preventing the minority carrier penetra-
tion into the p- and n-regions, respectively. It is
this factor that increases the IQE of the N-faced
heterostructure, especially pronounced at low cur-
rent densities (Fig.4).
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Fig. 3. Band diagrams of a blue SQW AlGaN/InGaN/GaN
LED on Ga-faced, N-faced, and non-polar substrates at
the bias of 3.0, 2.7, and 2.72 V, respectively.

It is quite surprising that the non-polar LED
structure exhibits a slightly lower IQE than the
Ga-polar one (see Fig.4), in contrast to natural ex-
pectations. The point is that the negative charge
at the InGaN/GaN interface enhances the barrier
hindering the carrier injection into the SQW. How-
ever, the same charge attracts holes that come from
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Fig. 4. IQE (top) and peak emission wavelength as a func-
tion of current density computed for the LED structures
on substrates of different orientations.

the p-AlGaN emitter, increasing the hole concen-
trations by a factor of 1.5-2.0, as compared with
the non-polar SQW. This eventually rases the IQE
of the Ga-faced LED. Keeping in mind that the
overlap of electron and hole wave functions has not
been considered rigorously in the radiative recom-
bination model above, one should take this quanti-
tative result with some caution. Further efforts are
necessary to conclude whether a non-polar struc-
ture is inferior to a Ga-faced one.

Fig.4 also demonstrates the behavior of the
peak emission wavelength versus the current den-
sity computed for the above heterostructures. It
is seen that the Ga-faced LED provides the high-
est wavelength stability in the practical range of
current density variation, 107! — 102 A /cm?. This
is due to the fact that the p-n junction electric
field is opposite to the electric field induced by
the polarization charges at the SQW interfaces.
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Therefore, the bias or, the current density varia-
tion, results in a smaller change of the quantum
well profile with bias and, eventually, in a better
wavelength stability. The poorest spectrum sta-
bility is predicted for the N-faced heterostructure,
where the external and built-in polarization fields
are unidirectional. On the other hand, the shift of
the peak wavelength with current in the N-faced
LED can be employed for tuning the color of the
emitted light from cyan (at a low current density)
to blue (at a high current density).

4.2. LED internal quantum efficiency

An amazing property of I1I-nitride semiconduc-
tors, which was immediately exploited in prac-
tice, is a relatively high IQE of blue InGaN LED
structures grown on conventional sapphire or SiC
substrates, observed in spite of an extremely high
threading dislocation density in epitaxial materi-
als. On the basis of numerous studies, this obser-
vation has been attributed to the InGaN composi-
tion fluctuations in quantum wells, accumulating
non-equilibrium carriers in the local In-rich regions
far from dislocations (see, e.g, [7,38]). However, at
high current densities typical of high-power LED
and LD operation, the non-equilibrium carriers fill
up not only the In-rich regions but also the rest of
the quantum well, reducing the IQE. In UV LEDs
with In-free epitaxial layers, the dislocation effect
on the IQE is a more critical factor limiting the
total efficiency of the device [4,5,14]. Thus, the
use of low-dislocation substrates becomes vital
to the improvement of device performance. Here
this issue is considered with reference to UV LED
heterostructures.

Recently, a UV LED emitting at 290 nm with
a record output power of ~ 1.35 mW has been
demonstrated at the Sandia Labs [39]. Two types
of LED chip, with a rectangular 200x 200 zm? con-
tact geometry and 1x1 mm? interdigitated con-
tacts, were examined in [39]. Using simulation, we
have found a correlation between the IQE of the
LED theoretically predicted for the threading dis-
location density Ny = 10'° cm~2 and the external
emission efficiency measured in a wide range of cur-
rent density (see Fig.5). The low-current discrep-
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Fig. 5. IQE wversus current density computed for the UV
LED structure from Ref.[39]. Circles are external LED effi-
ciency measured in [39] for different device types . Numbers
in frames indicate the corresponding threading dislocation
densities.

ancy seen for both types of device is apparently as-
sociated with a non-radiative recombination chan-
nel other than the dislocation-mediated one. The
discrepancy observed at high currents in the rect-
angular LED may be attributed to the structure
heating. Both factors were neglected in simula-
tions. The predicted IQE can be compared quanti-
tatively with the measured external efficiency, as-
suming the light extraction yield to be ~ 2% .

The simulations show that at Ny = 10'° cm™2,
the IQE varies in the range of 2-7% with the current
density increasing from 1 to 100 A /cm?. Reduction
in the threading dislocation density to 10° cm™2
increases the IQE approximately by an order of
magnitude. Further reduction in N4 to 10® cm™—2
allows one to attain an IQE no longer limited by the
non-radiative carrier recombination on threading
dislocations.

The dramatic rise in the IQE due to disloca-
tion density reduction allows the implementation
of thick active regions in In-free LED heterostruc-
tures. Indeed, in conventional LEDs, the InGaN
active region cannot be made thick enough be-
cause of strain relaxation via generation of misfit
dislocations and V-defects negatively affecting the
IQE. In In-free LEDs, much thicker active regions
can be utilized, which mitigates technological re-
quirements on interface quality, as compared to
quantum-well LED heterostructures. On the other
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hand, the non-equilibrium carrier concentrations
in a thick active region are normally lower than
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those in a quantum-well one. As the IQE rises with
the carrier concentration [6], the use of a thick ac-
tive region requires a reduced threading disloca-
tion density.

To date, there have been a few examples of suc-
cessful use of thick active regions in violet and UV
LEDs [40,41]. In [40], the low dislocation density of
~ 2 x 107 cm~2 was achieved by the lateral over-
growth of an AlGaN buffer layer on an artificial
saw-tooth template. In [41], the dislocation den-
sity was controlled by adjusting the thickness of a
HVPE-grown GaN buffer. The latter approach al-
lowed a reduction of Ny from 1 x 10° cm~2 to
2 x 108 ecm™2.

Fig.6 shows the band diagram and carrier con-
centrations in the AlGaN/GaN/AlGaN violet LED
structure of [41] computed for the operating cur-
rent density of 25 A/cm?. One can see that elec-
trons and holes are well confined by AlGaN emit-
ters in the thick GaN active region. The IQE pre-
dicted for Ng = 2 x 108 cm~2 is weakly dependent
on the current density, which fits well the mea-
sured external efficiency (Fig.6). In contrast, the
IQE computed for Ny = 1 x 10° cm™2 is found to
increase remarkably with the current density. The
computations also indicate that the IQE up to ~
50% can be obtained at Ny = 2 x 108 cm™2 in
an LED structure with a thick active region (this
estimate accounts only for the non-radiative re-
combination on threading dislocations). At Ny =
1 x 10° em ™2, the IQE is predicted to be about by
an order of magnitude lower, which agrees with the
electro-luminescence data reported in [41]. The re-
duction in the dislocation density below 2 — 5 x
10" cm~? enables a complete elimination of the
dislocation effect on the IQE.

5. Conclusion

We have employed simulation to analyze some
specific features of bandgap engineering of ad-
vanced III-nitride semiconductor devices, HEMTs
and LEDs, on native AIN and GaN substrates.
The low-dislocation density in materials grown on
such substrates and the potentially easy control
of crystal polarity by cutting out the wafers of a
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desired orientation from a boule opens new ways
for improvement of the device performance.

HEMTS fabricated on AIN substrates generally
form a DHS with co-existing electron and hole
gases. We have examined a number of approaches
to avoid negative effects of the parasitic holes on
the characteristics of HEMTs with a thin GaN
channel. Among them, there is an approach based
on a coupled profiling of the composition and dop-
ing in a transition layer between the AIN substrate
and the GaN channel. This procedure is shown to
eliminate completely the parasitic holes in a wide
range of bias values. Additionally, the sheet elec-
tron concentration in such a structure can be ef-
fectively controlled by a proper design of the Al-
GaN cap layer, providing the concentrations cor-
responding to the maximum mobility of 2DEG in
the GaN channel. Compressive strain in a HEMT
structure on AIN prevents the AlGaN cap crack-
ing, which allows exploiting caps with a high AIN
content.

An essential contribution of the crystal polarity
to the LED operation is demonstrated with refer-
ence to a blue SQW heterostructure. An N-faced
LED is shown to provide a better carrier confine-
ment near the SQW active region, as compared
to Ga-faced or non-polar structures. No remark-
able difference in the carrier injection efficiency has
been found for the Ga-faced and non-polar LEDs.
A better emission wavelength stability is predicted
in the Ga-faced LED due to a specific interplay
between the p-n junction electric field and the po-
larization field in the SQW. In contrast, the peak
wavelength in an N-faced LED structure shifts con-
siderably with current through the device.

A dramatic effect of threading dislocation den-
sity on the IQE is shown with reference to In-
free UV and violet LEDs. The found correlation
between the theoretically predicted IQE and the
measured external emission efficiency supports the
idea of a dominant role of the dislocation-mediated
non-radiative carrier recombination. For the LED
structures considered in the paper, a reduction in
the dislocation density below ~ 107 cm™2 elimi-
nates nearly completely the dislocation effect on
the IQE. The use of native GaN and AIN substrates
to provide low-dislocation epitaxial heterostruc-
tures allows the use of rather thick active regions,

which are easy to fabricate in In-free LEDs. This
approach commonly utilized in red AlGaAsP LEDs
provides additional degrees of freedom for bandgap
engineering of high-power UV LEDs.
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