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Direct comparison of recombination dynamics in cubic and hexagonal GaNÕAlN quantum dots
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We report on time-integrated and -resolved photoluminescence~PL! data on self-assembled GaN quantum
dots ~QD’s! embedded in AlN, in both cubic@zinc-blende~ZB!# and hexagonal@wurtzite ~Wz!# crystallo-
graphic phases. The comparison of the optical properties of ZB and Wz nitride QD’s allows us to distinguish
pure dimensionality effects from the influence of the large polarization-induced electric fields present in the Wz
nanostructures. Specifically, the PL energy of the ZB QD’s is always higher than the bulk cubic GaN band-gap
energy, in contrast to the Wz QD’s where a 7-MV/cm polarization field gives rise to below-gap PL emission for
sufficiently large QD’s. As a further consequence of the internal field, the low-temperature PL decay times of
the Wz QD’s are significantly longer than the ZB ones, and increase strongly with the QD height in contrast to
the ZB ones, which exhibit only a small size dependence. For both types of QD’s, the PL intensity is found to
be weakly dependent on temperature, underscoring the strong zero-dimensional exciton localization in the
GaN/AlN system. In spite of the strong localization, however, we show that the nonradiative channels cannot
be neglected and have a significant contribution in the PL decay time for both ZB and Wz QD’s.

DOI: 10.1103/PhysRevB.68.035312 PACS number~s!: 78.67.Hc, 78.55.Cr, 78.47.1p
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I. INTRODUCTION

Wurtzite ~Wz! InGaN/GaN quantum wells~QW’s! have
been extensively studied for their use in blue and green lig
emitting devices.1,2 More recently, a lot of effort has bee
dedicated also to the optical study of Wz GaN/AlGaN QW
Aside from their potential use in UV laser diodes, the Ga
AlGaN system is, in principle, well suited to investigate t
generic optical properties of nitride QW’s, since the we
consist of a binary compound and are free of the local co
position fluctuations present in InGaN QW’s. However,
was found that two effects dominate the recombination
namics of Wz GaN/AlGaN QW’s and raise serious difficu
ties for understanding their properties. The first one is
presence of very large polarization-induced electric fields3–8

of the order of MV/cm, perpendicular to the QW plane. Su
fields separate spatially the electrons and holes leadin
reduced wave-function overlap and increased radiative
combination times. As an example, in a GaN/Al0.24Ga0.76N
heterostructure the polarization field was found to be as h
as 1.3 MV/cm,8 a value which cannot be ascribed merely
piezoelectric effects, but rather is the outcome of the co
bined action of piezoelectric and spontaneous polarizat
in the structure. The second limiting effect is the varyi
from sample-to-sample degree of in-plane exciton locali
tion due to QW width and polarization field fluctuation
which can overshadow the intrinsic effects that govern
recombination dynamics in GaN QW’s.

In this work, we compare systematically the photolum
nescence~PL! and time-resolved photoluminescence~TRPL!
properties of cubic@zinc-blende~ZB!# and hexagonal~Wz!
GaN/AlN quantum dots~QD’s!. Studying QD’s instead of
QW’s allows us to deal at all temperatures with strong
localized excitons, rather than a thermodynamic balance
0163-1829/2003/68~3!/035312~7!/$20.00 68 0353
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tween free and localized excitons in the QW case. Furth
more, comparing the optical properties of ZB and Wz QD
allows the deconvolution of pure dimensionality effects fro
the influence of the giant 7-MV/cm polarization field prese
in the Wz QD’s.9 The paper is organized as follows: th
samples and the experimental setup are described in Se
The PL results on several ZB and Wz GaN/AlN QD samp
are discussed in Sec. III. In Sec. IV, we report and comp
the low-temperature TRPL results obtained on Wz and
GaN/AlN QD’s. The dynamic behavior as a function of tem
perature is presented for both phases in Sec. V. A summar
the main results and conclusions is reported in Sec. VI.

II. SAMPLES AND EXPERIMENT

It is well known that even though nitrides are grown na
rally in the Wz phase, under certain conditions, they can
induced to grow also in the ZB phase.10 The QD samples
discussed here are multiple period self-assembled GaN Q
on AlN, grown by molecular-beam epitaxy on~100!SiC/Si
substrates for the ZB phase and onc-axis GaN/Al2O3 for the
Wz one. The growth was monitoredin situ using reflection
high-energy electron diffraction, which allows to control e
ther the formation of two-dimensional layers or the Strans
Krastanow transition for the formation of QD’s. The met
fluxes were provided by standard effusion cells, while act
nitrogen was derived from the radio-frequency dissociat
of N2 using a plasma cell. The samples were grown at 700
and at stochiometry conditions proper to induce the Stran
Krastanow transition.9 The QD’s studied here have a typic
height of 30 Å with a diameter-to-height aspect ratio of 5
the Wz case,11 and of 10 in the ZB case.12 The QD density is
a few times 1011 cm22.13 More specifically, the two sample
studied in detail in TRPL spectroscopy have the followi
characteristics: the Wz sample consists of 72 periods of G
QD’s separated by 100-Å-thick AlN spacer layers, grown
©2003 The American Physical Society12-1
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a 0.5-mm-thick AlN buffer layer deposited directly on a sa
phire substrate. The ZB sample was grown on a 3C-SiC
pseudosubstrate, covered by a 500-Å AlN buffer layer, a
followed by ten periods of GaN QD’s separated by 100-
thick AlN layers.

The TRPL experiments were performed in a stand
streak camera setup having an instrument response of
and the excitation source was 1-ps pulses with a 76-M
repetition rate of a frequency-tripled Ti-sapphire laser w
lx5266 nm. Using this setup we were able to extract lo
decay times~2–10 ns! by fitting the acquired decay curve
taking into account corrections related to contributions to
streak signal from more than one linear region of the si
soidal high voltage. The average power density of excitat
was 10 W/cm2, for which the generated per pulse excito
density is two orders-of-magnitude below the QD dens
therefore, we can safely assume in our analysis that we
dealing with single-exciton recombination and that screen
effects in the Wz QD’s are negligible. It should be noted th
the energy of excitation (Ex54.67 eV) is below the AlN
energy gap and, hence, the GaN QD’s were pumped by d
absorption in the QD excited states.

III. PHOTOLUMINESCENCE EXPERIMENTS

In Fig. 1, typicalT510-K time-integrated PL spectra ar
shown for both the Wz and ZB QD samples. As argued
Ref. 9, the PL spectra are due to intrinsic emission from
QD ground states. The relative positions of the two PL pe
contain important information. The PL peak of the ZB QD
centered at 3.8 eV, i.e., 0.3 eVabovethe strained cubic GaN
energy gap. In the latter, we have included an estima
strain-induced blueshift of the gap of;0.25 eV due to the
2.5% biaxial compression present in the GaN QD’s. For t
estimate we have used Wz coefficients.14 On the other hand
the Wz QD PL peak is centered at'3.3 eV, i.e., 0.4-eV
below the Wz GaN gap under strain.14 Let us note that the
strain GaN gap energy position reported in Fig. 1, for b
crystallographic phases, has been estimated assuming an
form strain throughout the dot. However, the uncertaint
related to this assumption are less important than the
related to the GaN parameters~hole effective mass, valence

FIG. 1. PL spectra atT510 K of ZB ~solid curve! and Wz
~dashed curve! GaN/AlN QD’s. The respective unstrained an
strained band gaps for GaN in each phase are indicated for c
parison~solid and dashed lines!.
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band offset, deformation potential!. Moreover, such a hy-
pothesis does not affect the value found for the electric fi
present in the Wz structures, since this value depends
on the relative energy variation of the excitonic emission a
function of QD height~see Fig. 2!. Then the energy shift
between the two emission bands in Wz and ZB GaN dot
a clear manifestation of the polarization field present in
Wz QD’s, which redshifts the intrinsic QD transitions by th
quantum-confined Stark effect. The large PL linewidth in t
Wz case is also a side effect of the internal field, whi
amplifies the PL line broadening by QD size fluctuation
The PL spectra of Fig. 1 were obtained under identical ex
tation conditions, in order to be able to compare the sp
trally integrated PL intensities of the two samples in an a
solute manner, a point that will prove very useful in th
discussion of the recombination dynamics of Sec. IV.

The relative shift of the QD PL energy with respect to t
GaN strained band gap is reported in Fig. 2 for several
and Wz QD samples of different QD heights. As describ
elsewhere,13 it is possible to vary the QD size in both phas
by employing a ripening stage during the growth of t
QD’s. The QD height is determined by atomic force
transmission-electron microscopy~TEM!.9,11–13We observed
a dramatic dependence of the Wz QD PL emission energy
the QD size,9 compared to the smooth variation in the Z
case. Note, in particular, that 56-Å-high ZB QD’s still em
above the ZB GaN strained band gap. In order to estim
the electric field present in the Wz QD’s, we compare t
experimental results with calculations of the QD groun
state transition energy as a function of the QD size for va
ous input values of the electric field~for details of the calcu-
lation see Ref. 9!. The variation of the exciton binding
energy with the electric field and the QD size have be
taken into account for the calculated curves. As can be s
in Fig. 2, by assuming an internal electric field of 7 MV/c
we can reproduce well the experimental points of Wz QD
The strength of the field is in accordance with the giant
ezoelectric and spontaneous polarizations expected to
present in Wz nitrides.15,8 On the other hand, the zero-fiel
curve correctly predicts the ZB QD emission energies, c

m-

FIG. 2. Energy shift of QD PL with respect to the GaN strain
band gap as a function of QD height for ZB~squares! and Wz
~triangles! QD samples of different QD heights. The open symb
indicate the samples studied in detail in this work. The error b
correspond to the width of the QD-height distribution for thex axis
and the PL full width at half maximum for they axis. The curves
are calculated estimates as a function of internal electric field.
2-2
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DIRECT COMPARISON OF RECOMBINATION DYNAMICS . . . PHYSICAL REVIEW B 68, 035312 ~2003!
firming the absence of any internal field in the ZB QD’s
agreement with symmetry arguments. Knowing from Fig
the exact dependence of the PL emission energy on the
height for both phases, we can associate every spectral c
ponent of the PL spectra of Fig. 1 with a corresponding Q
height.

IV. LOW-TEMPERATURE TRPL EXPERIMENTS

In Fig. 3, we show the PL decay curves~open symbols!
from three different spectral windows of the Wz QD P
shown in Fig. 1, corresponding to QD heights of 25, 30, a
36 Å according to Fig. 2. For comparison, the PL dec
curve~solid squares! for 25-Å-high ZB QD’s is also plotted,
exhibiting a much faster decay compared to the Wz QD
All decay curves can be fitted by single exponentials,
agreement with the absence of screening effects. As the
QD height increases from 25 to 36 Å the PL decay timetD
varies from 1.8 to 7.5 ns, indicating a pronounced size
pendence for the Wz QD’s, which is plotted in Fig. 4~a!. By
contrast, no such dependence is observed in Fig. 4~b! for the
ZB QD’s.

For the Wz structures, the variation oftD with the QD
height is consistent with the larger field-induced electro
hole separation in the larger QD’s. Nevertheless, we obs
in Fig. 4~a! thattD saturates for QD heights larger than 34
We interpret this saturation as an indication that forH
.34 Å tD is dominated by nonradiative processes even
T510 K.

The measured PL decay timetD of a QD with heightH at
temperatureT is related to the radiative and nonradiati
recombination timestR andtNR, respectively, by

1

tD~H,T!
5

1

tR~H,T!
1

1

tNR~H,T!
. ~1!

The internal radiative efficiency of a QD of heightH,
h(H,T), is then defined as

FIG. 3. PL decay curves of Wz QD’s~open triangles! of various
QD heights 36, 30, and 25 Å, corresponding to the low
intermediate-, and high-energy sides of the Wz PL peak in Fig
The QD heights are deduced according to Fig. 2. For compar
the PL decay curve of ZB QD’s withH525 Å is also plotted~solid
squares!.
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h~H,T!5
tNR~H,T!

tNR~H,T!1tR~H,T!
5tD~H,T!/tR~H,T!.

~2!

In order to analyzetD in terms of radiative and nonradiativ
contributions, an assumption is needed at this stage
h(H,10 K).16 The usual assumption employed for QW
~Refs. 6 and 17! is that the low temperaturetD is purely
radiative, i.e.,h(H,10 K)51. Obviously, however, this as
sumption is not applicable in our case of Wz QD’s, since
would be impossible to explain the observed saturation oftD
for H.34 Å.

Instead of making an assumption onh(H,10 K) for every
H, the problem can be reduced to a unique assumption on
radiative efficiency of the smaller dots~SD!, hSD, with
HSD525 Å by calculating theoretically the oscillato
strengthf (;1/tR) as a function ofH, with an electric field
of 7 MV/cm present in the QD confinement potential~for
details of the calculation see Ref. 7!. Fixing hSD is then
equivalent to fixing the proportionality coefficient betwee
tR and 1/f . Knowing thenf (H), we can obtaintR(H) and,
through Eq.~1!, tNR(H). Note that thetR dependence onH
and T does not change withhSD within a multiplication
factor,16 whereastNR(H,T) is very sensitive to the chose
value of hSD. This can be seen in Fig. 5, where we pl

,
.
n

FIG. 4. ~a! Comparison for the Wz QD’s of experimental deca
times tD(H) ~solid triangles! with theoretical radiative times
tR(H,F) ~dashed curves! calculated for various internal electri
fieldsF ~in units of MV/cm! and the hypothesishSD50.8. The solid
line running through the data points is the theoreticaltD(H) curve
obtained assumingF57 MV/cm and tNR510 ns ~b! Comparison
for the ZB QD’s of experimentaltD(H) ~solid squares! with theo-
retical tR(H,F) times ~dashed lines! for various electric fields and
assumingh(30 Å)50.787.
2-3
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J. SIMONet al. PHYSICAL REVIEW B 68, 035312 ~2003!
tNR(H) for different values ofhSD andF57 MV/cm: tNR

is found to decrease withH whenhSD.0.8, and to increase
whenhSD,0.8. A TEM study has shown that the Wz QD’
though free of misfit dislocations, nucleate next to thread
edge dislocations of the AlN matrix,18 which may be one of
the main sources of nonradiative recombination. Sma
QD’s are expected to have larger wave-function penetra
in the AlN and therefore shortertNR. Hence, we conclude
from Fig. 5 thathSD"0.8. On the other hand, this size depe
dence oftNR should be rather moderate based on the fact
due to the very large internal field in the QD’s the carriers
squeezed at the opposite GaN/AlN heterointerfaces,19 where
they face approximately the same triangular potential in
QD-height range with no significant variation in the wav
function tail. In what follows, we assume thathSD50.8,
which corresponds to the simplest situation for whichtNR is
independent ofH and equal to;10 ns. This assumption
allows us to analyze the experimentaltD as a function of QD
height @Fig. 4~a!#.

The dashed lines in Fig. 4~a! representtR obtained from
calculations off for various values of electric field with th
assumptionhSD50.8. First of all, we note that thetR curves
fail to reproduce the experimentaltD , whatever the field
value in the GaN QD, which confirms the contribution
nonradiative channels even at low temperature. On the o
hand, the solid curve running through the experimentaltD
points is obtained by Eq.~1! assumingtNR510 ns is inde-
pendent ofH, andtR(H) is the dashed curve correspondin
to a 7-MV/cm field in the QD, in agreement with the co
clusions of Fig. 2. Clearly, the solid curve reproduces w
the experimental points, including the saturation oftD for
the larger dots. In Fig. 6~a! we plot for the Wz QD’s~tri-
angles! h(H,10 K) as a function ofH, deduced by dividing
the experimentaltD(H) by the tR(H) curve for 7 MV/cm.
We observe a drastic reduction ofh from 0.8 for the smaller
dots (H525 Å) to 0.25 for the larger ones (H536 Å). This
strong decrease reflects the strong reduction of oscill
strength due to the electric field.

FIG. 5. Nonradiative recombination timetNR in Wz QD’s as a
function of QD heightH, assumingF57 MV/cm and various val-
ues ofh~25 Å!. For h(25 Å).0.8 ~solid symbols! tNR decreases
with H, while for h(25 Å),0.8 ~open symbols! it increases. Large
open squares represent theh(25-Å)50.8 case, adopted in ou
analysis, for which we have a constanttNR .
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In order to compare on an absolute scale the decay ti
of the ZB QD’s with the Wz ones, we need to someho
relate the radiative efficiency of the ZB QD’s with that of th
Wz QD’s. This is possible by comparing the spectrally int
grated PL intensity,I PL , for the two samples in Fig. 1, sinc
I PL can be written as

I PL5I 0 .h̄, ~3!

whereI 0 is a normalization factor depending on the numb
of photoexcited carriers andh̄ the spectrally averaged radia
tive efficiency. From Fig. 6~a! we deduce thath̄"0.53 for the
Wz QD’s, which corresponds approximately toh at the cen-
ter of the QD distribution (H530 Å). In order to compare
the I PL from Fig. 1, we normalize theI PL of the Wz QD
sample with 72 QD planes to that of the ZB QD sample w
10 QD planes, by considering the absorption of the exc
tion beam (lexc5266 nm) by each QD layer. We determine
experimentally that each QD layer absorbs 0.7% of the in
dent beam atl5266 nm, which allows us to determine th
correction factor. Then by comparing theI PL of the two
samples, we deduce thath̄ZB50.787.

Considering the small size dependence oftD in the ZB
QD’s, it is reasonable to expect a similar small depende
of h on H. Henceforth, we assume thath̄ZB5h(H530 Å)
50.787, i.e., at the center of the ZB QD distribution. In Fi
4~b! we compare for the ZB QD’s the experimentaltD(H)
points with the theoreticaltR(H,F) times~dashed lines!, ob-
tained for various electric fields and assumingh(30 Å)

FIG. 6. Comparison of radiative efficiencyh as a function of
QD height for Wz and ZB QD’s at~a! T510 and~b! 300 K. Note
the significantly largerh achieved by the ZB QD’s, in spite of the
much shorter nonradiative times.
2-4
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50.787. Clearly, only the zero-field curve can reproduce
small size dependence oftD for the ZB QD’s, as expected.

Knowing tD andtR we can deducetNR, which is found
to be "0.8 ns for the ZB QD’s and almost independent ofH.
Its absolute value is about ten times lower than the one
ferred for the Wz QD’s. This difference intNR between the
two types of QD’s can be attributed to the larger density
defects in the ZB samples~see below!. Finally, we determine
h(H,10 K) for the ZB QD’s, which is reported in Fig. 6~a!.
Contrary to Wz QD’s,hZB increases withH from 0.7 to 0.86
asH varies from 20 to 35 Å. Such a different behavior can
accounted for by the absence of any polarization field in
case of ZB QD’s.

Figure 7 presents the comparison on an absolute s
between the experimental and the calculated values oftR in
Wz and ZB QD’s as a function ofH. The experimentaltR
are obtained from the experimentaltD values of Fig. 4, by
applying Eq.~2! and using Fig. 6~a!. The calculated curves
of tR correspond toa/ f curves estimated for different elec
tric fields, wherea is the proportionality coefficient deduce
from the assumptionhSD(25 Å)50.8 for the Wz QD’s.
Then, as shown in Fig. 7, the agreement for both pha
between experimentaltR points and theoreticala/ f curves is
excellent, assuming that the Wz QD’s contain an inter
field of 7 MV/cm, whereas for the ZB QD’s there is n
internal field. The good agreement demonstrates that the
cillator strength in the ZB nanostructures remains basic
unaffected by the QD height in the range~20–40 Å!, and that
tR is about of 200–300 ps whereas the Wz QD’s show
stead a strong size dependence with thetR ranging from a
few ns to a few tens of ns for QD heights in the range 25–
Å.

V. TEMPERATURE-DEPENDENT TRPL EXPERIMENTS

Based on combined measurements oftD and I PL as a
function of temperature, we can extract bothtR(T) and

FIG. 7. Absolute comparison of experimental radiative reco
bination times tR(H)5tD(H)/h(H) with inverse oscillator
strengtha/ f curves for various electric fields. The proportionali
coefficienta is fixed such thathSD(25 Å)50.8 for the Wz QD’s
and is kept constant for alla/ f curves. Note the very good agree
ment between the ZB-tR(H) andF50-a/ f curve~solid line!. Ver-
tical error bars on the ZB QD’s represent an uncertainty of 2
concerning the absorption coefficient in ZB QD’s.
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tNR(T) from Eqs.~1! and ~3! as follows:

tR~H,T!5I 0•
tD~H,T!

I PL~H,T!
5

tD~H,T!

h~H,T!
, ~4!

tNR~H,T!5tD~H,T!•
I 0

I 02I PL~H,T!
5

tD~H,T!

12h~H,T!
.

~5!

The temperature dependence of the PL intensity for 25
high Wz and ZB QD’s is reported in Fig. 8~a!. We observe a
very similar decrease of the QD PL intensity by less than o
decade between low and high temperatures for both type
QD’s. The small decrease contrasts with GaN/AlGaN Q
samples, which always show a decrease of several orde
magnitude in this range of temperatures.20 This is coherent
with the stronger localization of carriers in the QD’s, whic
hinders thermal escape and effectively protects the carr
from thermally activated nonradiative channels. On the ot
hand, the very similar variation for the two types of QD’s
quite surprising, considering the large difference betweentR
~cf. Fig. 7!, which should have led to enhanced radiati
efficiencies for the ZB QD’s. It can be understood, howev
by the much shortertNR times in the ZB QD’s~"0.8 ns!
compared to the ones in Wz QD’s~"10 nsec!.

In Fig. 8~b! we plot the experimentaltD values versus
temperature for 25-Å-high ZB and Wz QD’s. In contrast
QW’s or quantum wires, where the density of states perm
thermalization of the carriers inducing an increase oftR with

-

FIG. 8. Integrated PL intensity~a! and PL decay time~b! versus
temperature for Wz~triangles! and ZB ~squares! QD’s with H
525 Å.
2-5
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temperature,21–24 the discrete density of states in the case
QD’s forbids any temperature-induced variation of the os
lator strength.25 Hence, provided that radiative process
dominate in the PL decay, we do not expect any signific
temperature variation oftD in our QD’s, in qualitative agree
ment with Fig. 3~b!.

In Figs. 9~a! and 9~b!, we plot the temperature depen
dence oftR andtNR, respectively, for 25-Å-high Wz and ZB
QD’s. tR and tNR are deduced from the experimental da
using Eqs.~4! and ~5!. We observe that for the Wz QD’stR

remains relatively constant in the whole temperature ran
manifesting the zero-dimensional character of the syst
Contrarily, the ZB QD’s exhibit a significant increase oftR

with temperature, suggesting that the dimensionality of
system is somewhere between zero and two dimensio
This different behavior can be associated with the lar
diameter-to-height ratio for the ZB QD’s. At room temper
ture, in spite of the fastertR increase for the ZB QD’s, still
the Wz QD’s exhibit longertR. This tR difference is com-
pensated by a similar ratio between the room tempera
tNR for the two types of QD’s. The variation oftNR with
temperature is similar in both phases as shown in Fig. 9~b!. A
TEM study has shown that a large number of stacking fa
are present along$111% planes in the cubic phase.12 Even if
islands grow preferentially within each domain bounded

FIG. 9. Radiative~a! and nonradiative~b! recombination times
versus temperature for Wz~triangles! and ZB ~squares! QD’s with
H525 Å. Note the stronger increase oftR for the ZB QD’s, and
thattNR is at all temperatures one order-of-magnitude shorter in
ZB QD sample.
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these stacking faults, we expect that the numerous def
play a significant role on the shorttNR times.

A more detailed study oftNR times in the Wz QD’s tends
indeed to show that the threading dislocations present n
the edge of the Wz dots18 participate in the nonradiative
processes at higher temperatures. While, at low tempera
the emission dynamics of the Wz QD’s are described b
unique tNR for all H, at room temperature we observe a
increase oftNR with increasingH. Thus, for QD’s withH
536 Å tNR53.5 ns at 300 K, whereas forH525 Å tNR
51.2 ns. This shows that the smaller dots are more sens
to nearby defects, which is coherent with the carrier wa
function extending more outside the QD’s.

We would like now to discuss in more detail the tempe
ture dependence oftR in our QD’s. For the Wz QD’s,tR
remains constant up to 130 K and then increases slightly
a factor of 1.6 between 150 and 300 K. This behavior co
be attributed to some carrier thermalization between
ground and first excited states in the QD. The fact thattR
increases above 150 K~corresponding to"E'15 meV) gives
a rough estimate of the energy separation between the
states. This value is coherent with the energy of the fi
excited states resulting from lateral confinement in the pla
considering that the QD diameter is between 100 and 200
Their growing contribution with temperature may thus le
to increasedtR. This picture can also explain the experime
tal results on the ZB QD’s, wheretR remains constant up to
50 K and increases by a factor of 5 between 50 K and ro
temperature@Fig. 9~a!#. Considering that the ZB QD’s have
diameter-to-height ratio of 10 instead of 5 in the Wz QD
the excited states are then closer to each other and the e
on tR by thermalization is more efficient, even at tempe
tures as low as 50 K.

Finally, the room-temperature internal radiative efficien
h as a function of QD height is reported in Fig. 6~b!. For the
Wz QD’s, h is maximum for the smallest QD’s withh(H
525 Å)50.27. When the QD size increases,h decreases
mainly due to the strong increase oftR ~see Fig. 7!. Never-
theless, the decrease is considerably weaker than consid
tR alone, because of the parallel increase with the QD siz
both tR andtNR at room temperature. This is a crucial poi
for understanding the way in which these hexagonal na
structures are very attractive for their optical efficiency,
spite of their longertR. As for the ZB QD’s, in contrast to
the Wz case,h is maximal for larger dots withh varying
from 0.05 to 0.3 forH520– 37 Å. Note that forH.30 Å,
the room temperatureh reaches higher values in the cub
phase, despite limited crystalline quality.

VI. CONCLUSIONS

Time-integrated and -resolved PL spectroscopy has b
used to study cubic and hexagonal GaN nanostructures.
results revealed the important role played by the exciton
calization and polarization fields in the recombination d
namics of nitride nanostructures. Specifically, we dem
strated that the radiative lifetime in hexagonal QD’s is mo
than one order-of-magnitude longer than in compara

e
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cubic QD’s, a fact unambiguously related to the presenc
the internal polarization fields in hexagonal QD’s. Furth
more, we observed a strong size dependence of the radi
decay times in the hexagonal QD’s, also as a consequen
the strong polarization field. We showed that nonradiat
processes should be taken into account even at low temp
a,
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tures (T510 K), and that in hexagonal QD’s they are at lea
one order-of-magnitude less efficient than in cubic QD’s d
to superior crystalline quality. In spite of this, we found com
parable radiative efficiencies in the two types of QD
mainly because of the much faster radiative times in the
bic phase.
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