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ABSTRACT

Here, we develop a technological approach to the formation of three-dimensional island-like structures in the
active medium of InGaN/GaN based light emitting diodes with an enhanced efficiency with respect to reference
quantum wells emitting at the same wavelengths. The reference structures contain two-dimensional InxGa1−xN
quantum wells with x ≤ 18% immediately overgrown after their formation. The method consists in the appli-
cation of a growth interruption in N2 or N2–H2 mixed atmospheres at different H2 flows and times after the
deposition of In0.18Ga0.82N quantum wells, prior to their overgrowth by a GaN layer. The growth interruptions
allow a controlled blue shift of the emission peak position with respect to that of the In0.18Ga0.82N structure.
The integrated photoluminescence intensity of the so-formed structures is about 1.5 times higher than that of
the reference structures emitting at the same peak wavelengths. Light emitting diode structures subjected to
growth interruption exhibit higher external quantum efficiency than the reference structures emitting at the same
wavelengths. We demonstrate that the observed phenomenon is related to a better charge carrier confinement
within a quantum well due to the transformation of planar InGaN layers into laterally connected flat islands.

KEYWORDS: Metalorganic Vapor Phase Epitaxy, Growth Interruption, Indium Gallium Nitride, Quantum Wells,
Quantum Dots, Light Emitting Diodes, Luminescence.

1. INTRODUCTION
The development of high efficiency and high brightness
monolithic and hybrid III–V semiconductor based light-
emitting diodes (LED) would pave the way to superior
white LEDs capable of replacing all conventional light
sources over the coming years. A dramatic reduction of
internal and external losses in LEDs is targeted through a
clear improvement of crystalline quality and a significant
enhancement of light extraction along the entire process
chain from semiconductor epitaxial layer growth to the
application (e.g., light engines). To achieve this goal, new
knowledge on the control of semiconductor properties on a
near-atomistic scale is essential and requires novel crystal
growth, design and technology according to the different
materials.
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An active medium of modern LEDs based on
InGaN/GaN materials is composed of thin two-
dimensional (2D) layers serving as quantum wells (QWs)
which are elastically strained and plastically relaxed to
some extent. Carriers are free to migrate in the plane of
the QWs that have a homogeneous distribution of indium
and, thus, can easily reach and recombine at the cores
of dislocations that exist at a high density in GaN/Al2O3

materials.1,2 The presence of indium rich nanometer-sized
inclusions within InGaN layers serving as quantum dots
(QDs) might provide more effective localization of carri-
ers: Their transport towards defect areas will be stopped
and, thus, ensure a higher efficiency of LEDs despite
a high dislocation density. Moreover, an inhomogeneous
indium distribution within QWs has been demonstrated to
allow an expansion of the emission range of InGaN-based
LED, even towards red emission.3,4

In general, a local variation of In composition within
InGaN materials is caused by phase separation that can be
stimulated by nonequilibrium growth conditions. Changing
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the QW growth parameters (an indium flow or growth
temperature,5–9 a NH3 flow,10 a hydrogen admixing11,12)
or applying the QW post-growth treatment (an anneal-
ing in molecular nitrogen atmosphere,13 injecting NH3 in
a cyclic periodic interrupted mode,14 using growth inter-
ruption (GI) during deposition of InGaN QW,15 changing
the growth conditions of a GaN layer covering the InGaN
QW16) all strongly affect phase separation.
Despite obvious advantages, an inhomogeneous indium

distribution within an InGaN layer provokes the local
formation of additional dislocations that might deterio-
rate LED properties.17 The formation of laterally extended
InGaN islands, instead of a continuous layer, can be con-
sidered as an alternative to a phase separation approach.
Recently, a possibility to form InGaN islands under an
external stress field has been demonstrated.18 However,
such a specially designed heterostructure inherently con-
tains a high density of defects.
In this work, we exploit a chemical activity of hydrogen

atmosphere to form islands from two-dimensional layers.
For this, we studied optical and morphological properties
of metalorganic vapor phase epitaxy grown InGaN/GaN
quantum wells subjected to growth interruptions in pure
nitrogen or nitrogen-hydrogen mixed atmospheres prior to
their overgrowth by a GaN layer. An evolution of indium
composition, thickness and morphology of InGaN quan-
tum wells was followed as a function of growth interrup-
tion time/hydrogen flow and compared with photo- and
electroluminescence data.

2. EXPERIMENTAL DETAILS
Epitaxial structures were grown using two metalorganic
vapor phase epitaxy (MOVPE) systems with horizontal
reactor geometry: standard AIX2000HT with Planetary
Reactor and home developed Dragon-125 MOVPE sys-
tem with horizontal-flow inductively heated single-wafer
reactor. Detailed growth investigations carried out dur-
ing the last few years show that both of these MOVPE
systems ensure the same results provided the same
growth regimes and conditions.19,20 Ammonia, trimethyl-
gallium (TMGa), triethylgallium (TEGa), trimethylindium
(TMIn), trimethylaluminum (TMAl), biscyclopentadienyl-
magnesium (Cp2Mg), and silane (SiH4� were used as
precursors. Both reactors were equipped with in-situ
optical reflectance monitoring (ORM) systems. Growth
experiments were performed on (0001) sapphire substrates
utilizing the conventional low-temperature GaN nucleation
technique.1

Two series of samples were grown. The samples from
the first series were intended for optical investigations and
do not contain p-type AlGaN current blocking layer and
GaN contact layer to avoid their possible strong effect on
the photoluminescence data. Each structure contains five
InGaN quantum wells separated by GaN barriers with a
period of 12 nm. The series is divided into three sets.

The first set contains InGaN QWs that were overgrown by
a GaN layer immediately after their formation (Table I,
set 1). The reference structure contains 3 nm-thick InGaN
layers grown at 760 �C with a TEGa flow of 250 sccm
and ammonia flow of 7 slm (Table I, set 1, Ref.). Other
structures from the set 1 contain QWs grown at a higher
temperature, a lower In flow or a shorter time (Table I, set
1, O2–O6). The InGaN QWs from the set 2 and 3 were
grown at similar to the Reference structure conditions and
then subjected to a GI prior to their overgrowth by a GaN
layer applied either in nitrogen (N2� (Table I, set 2) or
nitrogen/hydrogen mixed (N2+H2� atmospheres (Table I,
set 3) at different GI time/hydrogen flow conditions.
The second series of samples was dedicated to electro-

optical investigations. An active region of the LED struc-
tures was composed of a single InGaN QW embedded
between an InGaN/GaN short-period superlattice (SPSL)
lying beneath and a p-type AlGaN current blocking layer
and GaN contact layer lying above. The SPSLs were
formed by applying cycle GIs during the growth of a
thick InGaN layer. The details of the growth procedure
and the properties of the InGaN/GaN SPSL have been
described previously.21,22 The series is divided into two
sets. The first set contains 3.8 nm-thick InxGa1−xN QWs
with x ≤ 18% that were overgrown by a GaN layer imme-
diately after their formation (Table II, LED-Ref, LED-
Ref1, LED-Ref2). The QWs in the LED-Ref, LED-Ref1
and LED-Ref2 structure were grown at 760 �C, 765 �C
and 770 �C, respectively. The InGaN QWs from set 2
were grown at similar conditions to the LED-Ref structure
and then subjected to a GI prior to their overgrowth by
a GaN layer applied in nitrogen nitrogen/hydrogen mixed
(N2+H2� atmospheres at different GI time/hydrogen flow
conditions.
All structures were studied by various characteriza-

tion methods, including X-ray diffractometry, transmis-
sion electron microscopy (TEM) and spectroscopy of
photoluminescence (PL) and electroluminescence (EL).
An analysis of X-ray diffraction spectra allowed a precise
determination of an InGaN/GaN period thickness and a
weighted In composition (x�In�� defined as x�In� = xInGaN×
dQW /(dQW+dbarr�, where xInGaN is an In content in a QW,
dQW and dbarr are QW and barrier thicknesses, respec-
tively. The PL investigations allowed an estimation of
the PL spectrum peak position, its full width on a half
maximum (FWHM) and its integral intensity as func-
tion of QW growth parameters and GIs. The PL spec-
tra were recorded in the temperature range from 10 K to
300 K. Geometric Phase Analysis (GPA)23 of high reso-
lution transmission electron microscopy (HRTEM) images
has been applied to map strain with a subnanometer spa-
tial resolution allowing to extract the alloy composition
and thickness variations within QWs. Weak-Beam Dark-
field (WBDF) TEM technique has been used to follow
crystalline quality of the structures. Cross-sectional (CS)
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Table I. Optical and structural properties of the multi quantum well (MQW) samples.

QW GI H2 QW QW PL Integral
growth TMI time, flow, growth T, Weighted in period, peak FWHM PL intensity,

Set Sample time, sec flow, sccm sec slm �C content, % nm (300 K), nm (300 K/10 K), nm arb.un.

1. No GIs Ref. 87 150 0 0 760 4�9 12�1 503 26/15 50
O2 87 75 0 0 760 4�1 12�0 472 19/10 103
O3 65 150 0 0 760 4�1 11�6 480 22/11 59
O4 53 150 0 0 760 3�5 11�1 461 20/11 68
O5 87 150 0 0 777 4�1 12�1 473 21/10 134
O6 87 150 0 0 784 3�6 12�1 454 17/9.5 186

2. GIs in N2 N2 87 150 64 0 760 4�1 12 484 25/13 83
N3 87 150 128 0 760 3�3 12 472 25/16 136
N4 87 150 256 0 760 2�0 11�8 470 28/22 178

3. GIs in N2 +H2 H2 87 150 20 1 760 3�5 12 484 28/19 94
H3 87 150 20 2 760 2�1 11�9 473 26/18 141
H4 87 150 20 4 760 1�2 12 461 30/28 171
H5 87 150 20 8 760 0�26 7�2 432 24/30 124

�54̄1̄0� TEM specimens were prepared by tripod mechan-
ical polishing followed by Ar+ ion milling. The exper-
iments were performed at 200 kV in the SACTEM—
Toulouse (Tecnai—FEI) microscope, equipped with image
aberration corrector (CE0S). The HRTEM images were
analyzed using GPA Phase 3.5 (HREM Research Inc.),
plug-ins for the image processing package Digital Micro-
graph (Gatan Inc.). The X-ray diffraction investigations
were performed on a D8Discover high resolution X-ray
diffractometer (Bruker AXS, Germany). Photolumines-
cence spectra were recorded under the excitation by the
He–Cd laser with a wavelength of 325 nm and a power
density of radiation equal to 25 mW/cm2. Closed cycle
helium cryostat was used for investigations of the PL in
the temperature range from 10 to 300 K. Electrolumines-
cence investigations have been carried out on a wafer using
indium contacts with a contact area of about 0.4 mm2.

3. RESULTS
3.1. PL Investigations of MQW Structures
Let us consider the first set of samples containing QWs
grown without GIs (Table I, Ref. and O2–O6). The ref-
erence structure has a PL peak position at 503 nm and
integral PL intensity of 50. It can be seen that decreas-
ing the QW deposition time (O3, O4), the In flow (O2)
or increasing the QW growth temperature (O5, O6) with
respect to the reference structure leads to a blue shift of
the emission peak, a decrease in the FWHM and to an
increase in the integral PL intensity. The effect is more
pronounced for the structure containing a QW grown at
the highest temperature of 784 �C (O6). A comparison
between PL and X-ray data leads to the conclusion that
this effect is induced by a change in only one QW charac-
teristic with respect to the reference structure: a decrease
in the QW thickness (O3, O4) or a decrease in the QW
composition (O2, O5, O6), respectively. Such behaviour

of the emission is conventional in the considered range of
wavelengths.24,25

The data on the evolution of the composition/thickness
and optical parameters of the structures with QWs sub-
jected to GIs in N2 atmosphere as function of a GI time
are summarized in Table I, set 2. A GI in N2 atmosphere
leads to a blue shift of the emission peak, an increase in
the integral PL spectrum intensity (N2–N4), a decrease in
the weighted indium composition and the period thickness.
The effect is more pronounced for the structure subjected
to the longest GI time of 256 sec (N4). In contrast to the
structures from the set 1, a GI in N2 atmosphere either
weakly affects the FWHMs of the PL spectra (N2, N3) or
leads even to an increase in the FWHM of a PL spectrum
(N4) with respect to the reference structure. It is worth
noting that the integrated PL intensity of the N4 sample
is 1.3 times higher than that of the O5 sample emitting in
the similar range of 470 nm.
As such, the fact might indicate a variation of a

QW thickness in the N4 sample rather than an essential
decrease of an average indium composition within the QW.
A combination of PL and X-ray data allows us to conclude
that a GI in N2 atmosphere affects both a QW thickness
and composition as well as its morphology, provided that
the GI time is long enough.
The last set of samples from this series contains QWs

subjected to a GI in N2+H2 atmosphere during 20 sec at
different hydrogen flows (Table I, set 3). Qualitatively, the
impact of a GI in N2 +H2 atmosphere on the modifica-
tion of an emission peak position, a PL integral intensity,
a weighted In composition and a period thickness is sim-
ilar to that observed for the N2–N4 samples. However,
the effect is much more pronounced in spite of the con-
siderably shorter time of a GI and becomes stronger as
a hydrogen flow increases. The most apparent effect of a
QW thickness/morphology and composition modification
is observed for the H5 sample. The H5 sample is charac-
terized by the essential blue shift of the PL peak position
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(down to 432 nm), the decrease of the period thickness
(down to 7.2 nm) and a weighted In composition (down to
0.26) accompanied with the decrease of the integrated PL
intensity with respect to the H4 sample. The sample H3,
having the emission peak position at 473 nm, is character-
ized by better emission efficiency than that of the samples
O2 and N3 emitting in the same wavelength range. There-
fore, we can conclude that an admixing of H2 accelerates
the effect of a GI and may enhance optical properties of
the structures emitting in the blue wavelength range.
The transformation of a two-dimensional layer into

islands and/or QDs under GI is confirmed by a compar-
ison of the temperature dependence of the PL spectra of
the samples grown with different GIs (H3, H4 and H5)
with respect to the reference structure (Ref) (Fig. 1). First,
the slope of the temperature dependence of the integral
PL intensity of a PL spectra allows the localization energy
(Eloc� of the carriers in a structure to be estimated.26,27

According to the integral PL intensity graphs plotted as
function of (1/T ) for Ref, H3, H4 and H5 samples, the
Eloc of the corresponding structures were found to be of
10 meV, 15 meV, 23 meV and 30 meV, respectively. Thus,
a GI in the N2+H2 atmosphere gives rise to a higher local-
ization energy than in the reference structure. The effect
becomes more evident as the hydrogen flow increases. The
observed phenomenon can be explained by a partial con-
version of InGaN to GaN28 at the surface of the InGaN
QW. As a result, the effective thickness of the InGaN QW
decreases and a very thin (about 1–2 nm thick) GaN layer
of a varying thickness is formed above. In the case of nar-
row QWs this conversion leads to a partial transformation
of the continuous 2D InGaN QW to 3D islands.
It is seen a principal change in the temperature depen-

dence of the FWHMs of the structure PL spectra as a H2

flow increases (Fig. 1, insert). The FWHMs of the Ref and

Fig. 1. Temperature dependence of the integral PL intensities and
FWHM for the MQW samples grown without and with GIs in the H2+N2

atmosphere.

H3 samples increase with the temperature. This is a typical
for a QW behavior.29,30 However, the temperature slope
becomes less pronounced for the H3 sample, is quasi zero
for the H4 sample and changes its sign for the H5 sam-
ple. Thus, such a temperature dependence of the FWHMs
reflects an enhancement in the formation of islands in the
structures subjected to GIs in N2+H2 atmosphere as the
hydrogen flow increases.
It should be noted that the two sets of structures O2,

N3, H3 and O3, N2, H2 have similar emission peak posi-
tions at wavelengths of 472–473 and 480–484 nm, respec-
tively (Table I). An increase in the FWHM along with
an increase in the integral photoluminescence intensity by
a factor of 1.5 for the structures subjected to a GI with
respect to the reference structures might be related to a
transformation of the 2D InGaN layer into 3D islands.
Therefore, strong modification of the structural and opti-
cal properties of the InGaN QWs subjected to a GI should
affect the properties and efficiency of a LED structures.

3.2. LED Structures
3.2.1. Electroluminescence Investigations
The EL and structural properties of the LED samples are
summarized in Table II. The samples contain QWs grown
without a GI (LED-Ref, LED-Ref1 and LED-Ref2), QWs
subjected to a GI in the N2 (LED-H4) or in the N2 +H2

(LED-H1, H2, H3, H5, H6) atmospheres during different
times and at different hydrogen flows. The EL properties
of the structures are described by an EL peak position, a
FWHM of the EL spectra (measured at a low pump cur-
rent of 10 mA) and an external quantum efficiency (EQE)
(measured at a high pump current of 100 mA) obtained by
on-wafer measurements.
The reference structures LED-Ref, LED-Ref1 and LED-

Ref2 have an EL peak position at 494, 480, 470 nm, a
FWHM of 25, 25, 26 nm and an EQE of 3.55, 4.74 and
5.2, respectively (Table II). The observed blue shift of an
EL peak position and an increase in the EQE with respect
to the LED-Ref structure should be related to a decrease
in the In composition within a QW as the QW growth
temperature increases.
A GI applied in the N2 atmosphere during 16 sec after

the formation of a QW grown at similar to the LED-Ref
structure conditions (LED-H4) gives rise to a short wave-
length shift in the emission peak position, an increase in
the EQE and does not affect the FWHM of the spec-
trum with respect to the LED-Ref samples. During a
GI, an addition of even a small amount of a H2 flow
into the atmosphere amplifies a short wavelength shift,
an increase in the EQE and results in an increase in the
FWHM of the spectrum (LED-H5). Moreover, the effect
is more pronounced for a higher H2 flow of 5.5 slm
(LED-H6). The similar phenomenon is observed as func-
tion of GI time at the same H2 flow of 5.5 slm (LED-H1,
H3, and H6). Indeed, the longer the GI is, the stronger
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Table II. Electroluminescence and structural properties of the LED samples.

GI time, H2 flow, QW QW EL peak FWHM EQE (100 mA),
Sample sec slm thickness∗∗ , nm in content∗∗∗∗ , % wavelength, nm (10 mA), nm arb.un.

LED-ref 0 0 3�8 18 494 25 3�55
LED-Ref1 3�8∗ 16 480 25 4�74
LED-Ref2 3�8∗ 15 470 26 5�2
LED-H1 3 5.5 3�5 16 488 24 4�15
LED-H2 11 1.4–2.8∗∗∗ 16 474 30 4�85
LED-H3 6 5.5 1.7–3∗∗∗ 16 481 26 4�82
LED-H4 16 0 3�5 16 489 23 4�0
LED-H5 1.8 – – 476 30 4�16
LED-H6 5.5 1.4–3.4∗∗∗ 16 469 30 5�71

Notes: ∗estimated using a growth rate calibration, ∗∗±0.2 nm, ∗∗∗minimal and maximal QW thickness is indicated, ∗∗∗∗±1%.

the short wavelength shift of an EL peak position, the
larger the FWHM and the higher the EQE. Generally,
the EL properties of the structures are influenced by a
total GI impact that can be defined as a product of the
H2 flow and the GI time. However, the structures with
similar EL peak wavelengths (LED-H2/LED-H5 or LED-
H1/LED-H4) do not demonstrate similar EQE and vice
versa (LED-H1/LED-H5 or LED-H2/LED-H3). A com-
promise between a desired range of the emission wave-
lengths and EQE can be reached provided that an optimal
total GI impact has been found.

Figure 2 shows the graphs of the evolution of an EQE
as function of a pump current corresponding to the ref-
erence structures LED-Ref (black solid line), LED-Ref1
(red short dash line), and LED-Ref2 (violet short dot
line). The EQE of the LED-Ref and LED-Ref1 structure
rapidly increases at the 0–40 mA current range and satu-
rates/slightly decreases with a further increase of the cur-
rent that is typical for GaN-based LEDs.31 However, the
structures subjected to a GI exhibit an enhanced EQE with
respect to the reference structures emitting at the same
wavelengths. Indeed, an EQE of the LED-H3 (blue dot

Fig. 2. Current dependences of the EQE for LED structures grown with
different GIs.

line) and LED-H6 (green dash line) structures increases
more rapidly and reaches a higher maximum value at a
lower current with respect to the reference LED-Ref1 and
LED-Ref2 structures emitting at the same wavelengths of
480 nm and 470 nm, respectively. The effect is more pro-
nounced for the LED-H6 structure subjected to a longer GI
time and exhibiting a 1.2 times higher EQE at low pump
current than the LED-Ref2 structure.
The EQE current dependence of the reference structures

is typical for a QW with a homogeneous indium distribu-
tion. At any pump current, carriers are free to move within
such QWs and may reach non-radiative centres (cores of
dislocations). At a low current, this event has a smaller
probability than at a higher current and the EQE increases
with the current. In a high current range, an excess of car-
riers is consumed by dislocation cores which prevents the
EQE from rising. Generally, an EQE saturation value is
related to the density of dislocations present in the struc-
ture. At the same current, a relative increase in the EQE
observed in the structures subjected to a GI indicates a
decrease in the QW effective indium composition and an
enhanced confinement of carriers within a QW prevent-
ing their non-radiative recombination. The negative slope
in the EQE observed for the structures subjected to a GI
is inherent to a decrease in the active volume of a QW.32

Both phenomena might be explained by the formation of
islands through a partial selective etching of a QW in the
N2+H2 atmosphere.

3.2.2. TEM Investigations
The aim of the TEM study was to analyze the effect of a
GI on the morphology, thickness, strain and composition
of the QWs presenting in the LED structures.
Figure 3 shows a bright-field (BF) CS �01̄1̄0� images

taken with g = 0002 of the active region of the reference
sample (LED-Ref) and the sample treated with a hydrogen
(LED-H3). For the chosen imaging conditions, the layers
with a different chemical composition exhibit a different
contrast (the InGaN QWs appear in dark). The reference
sample contains a QW in form of a 2D layer with pla-
nar morphology and homogeneous thickness (Fig. 3(a)).
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(a)

(b)

Fig. 3. Bright-field cross-sectional �01̄1̄0� images taken with g = 0002
of the LED structures grown without a GI ((a) LED-Ref) and with a GI
in the N2+H2 atmosphere ((b) LED-H3).

We can see from Figure 3(b) that the QWs of the LED-
H3 sample form flat 3D islands rather than 2D layers. The
islands have a lateral size varying from 15 to 60 nm and
a height of 2.5± 0.5 nm. A conventional WBDF analy-
sis (not shown) shows that no additional dislocations are
present associated with the formation of islands in the
active region of the LED-H3 sample.
A local thickness and composition of the InGaN QWs

were measured using out-of-plane strain maps obtained by
GPA of HRTEM images (Fig. 4). The HRTEM images
were taken along the �54̄1̄0� zone axis giving the image
of the (0002) planes only. The InGaN QWs appear in

Fig. 4. GPA of the �54̄1̄0� HRTEM images: Maps of the out-of-plane
strain in the QWs of the LED-ref (a), LED-H4 (b), LED-H1 (c), LED-
H2 (d), LED-H3 (e), and LED-H6 (f) samples.

red and yellow colour while the GaN matrix (taken as
a reference) appears in green colour. A profile traced in
the growth direction allows an accurate measurement of
the layer thickness and the out-of-plane strain distribution
within a QW. A chemical composition profile was calcu-
lated from Vegard’s law and linear elasticity theory using
the measured strain and corrected for a thin foil relaxation
effect. The results for a QW thickness and composition are
summarized in Table II.
The reference structure contains a QW in form of a

3.8±0.2 nm-thick 2D layer (Fig. 4(a)) with indium com-
position of 18±1% (LED-Ref, Table II). The GI realized
during 16 sec in a N2 atmosphere or 3 sec in a N2+H2

atmosphere under a H2 flow of 5.5 slm has no impact on
the QW morphology (Figs. 4(b), (c)) but results in the
decrease in indium composition by 2% and in a QW thick-
ness by several angstroms (LED-H4, LED-H1, Table II).
An increase either in the GI time, or the hydrogen flow
does not further affect the indium content but leads to
the corrugation of a 2D layer surface characterized by the
transformation of a flat QW surface into the wavy one
(LED-H2, H3, and H6, Figs. 4(d)–(f)). In other words, a
2D layer is transforming into laterally connected islands.
The effect is clearly dependent on a total GI impact, i.e.
the longer the GI and the higher the H2 flow are, the
stronger is the corrugation of the surface. The most pro-
nounced corrugation is observed in the LED-H6 sample
characterized by an evident decrease in the lateral size
and the minimal thickness of islands (Fig. 4(f), Table II).
As a consequence, the active volume of a QW decreases.
A combination of the structural and electro-optical data
indicates that the continuous transformation of a 2D layer
into islands underlines the previously described optical and
electro-optical properties of the QWs subjected to a GI in
a N2+H2 atmosphere.

4. CONCLUSIONS
We have exploited a technological approach allowing a
controlled modification of morphological, compositional
and, hence, electro-optical properties of InGaN/GaN quan-
tum wells. The method consists in the application of a
GI in N2 or N2–H2 mixed atmospheres after the depo-
sition of In0�18Ga0�82N quantum well prior to its over-
growth by a GaN layer. The effect of a GI was studied
using transmission electron microscopy, X-ray diffraction,
photo- and electroluminescence techniques. We find a lat-
erally inhomogeneous conversion of InGaN to GaN at the
surface of a QW subjected to a GI. As a result, the ini-
tially flat surface of the QW becomes corrugated and the
average QW thickness decreases. The effect can be con-
trolled by a GI impact: the longer the GI and/or the higher
the H2 flow, the stronger is the corrugation of the QW
surface. At a sufficient H2 flow and/or GI time, a two-
dimensional InGaN layer transforms into laterally con-
nected three-dimensional islands. Meanwhile, the average
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indium composition within a QW slightly decreases to
16% and is weakly affected by the GI impact. By tailoring
the desired QW morphology and composition, the control
over emission peak position is obtained within the blue
spectral range from 450 to 490 nm. The so-formed struc-
tures exhibit improved emission efficiency with respect to
the reference structures containing InxGa1−xN QWs with
x ≤ 18% overgrown immediately after their formation and
emitting at the same wavelengths. The effect is related to a
more effective localization of charge carriers within islands
preventing their transport towards defect areas and, thus,
their non-radiative recombination.
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