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We report on time-integrated and -resolved photoluminescéPlcedata on self-assembled GaN quantum
dots (QD’s) embedded in AIN, in both cubizinc-blende(ZB)] and hexagonalwurtzite (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/AIN 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.
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[. INTRODUCTION tween free and localized excitons in the QW case. Further-

more, comparing the optical properties of ZB and Wz QD’s

Wurtzite (Wz) InGaN/GaN quantum well§QW’s) have allows the deconvolution of pure dimensionality effects from
been extensively studied for their use in blue and green lightthe influence of tghe giant 7-MV/cm polarization field present
emitting device:?> More recently, a lot of effort has been N the Wz QD's” The paper is organized as follows: the

; ; '« Samples and the experimental setup are described in Sec. II.
dedicated also to the optical study of Wz GaN/AlGaN QW S'The PL results on several ZB and Wz GaN/AIN QD samples

Aside from their potential use in UV laser diodes, the GaN/are discussed in Sec. III. In Sec. IV, we report and compare
Aﬁgﬁlcsgsi?cr; |s,rc|)n eprrtlire]gpcl)?,nvi\{?i!le‘su(lgt\e/\(/j'stosﬁ\/ceezStgﬁstsvéTlithe low-temperature TRPL results obtained on Wz and ZB
9 P prop ’ GaN/AIN QD’s. The dynamic behavior as a function of tem-

consist of a binary compound and are free of the local CoMpe 4t e is presented for both phases in Sec. V. A summary of
position fluctuations present in InGaN QW's. However, itihe main results and conclusions is reported in Sec. V.
was found that two effects dominate the recombination dy-

namics of Wz GaN/AlGaN QW'’s and raise serious difficul- Il. SAMPLES AND EXPERIMENT
ties for understanding their properties. The first one is the .
presence of very large polarization-induced electric fiétds, Itis well known that even though nitrides are grown natu-

of the order of MV/cm, perpendicular to the QW plane. Suchf@lly in the Wz phase, under certain conditions, they can be

fields separate spatially the electrons and holes leading fé]_duced (thth'OW also il?' tlhe ZB gha%lié?rhe Qg Zag]pll\les D
reduced wave-function overlap and increased radiative reaiSCUSSed here are muttiple period seli-assembled >a QD’s

AT . on AIN, grown by molecular-beam epitaxy qa00SiC/Si
combination times. As an example, in a GaNy/AlGe. 7N . substrates for the ZB phase and®axis GaN/A},O; for the
heterostructure the polarization field was found to be as hig

. . z one. The growth was monitored situ using reflection
as 1.3 MV/cm® a value which cannot be ascribed merely to hi g g

. lectric off b her is th £ th gh-energy electron diffraction, which allows to control ei-
piezoelectric effects, but rather is the outcome of the cOMy, o the formation of two-dimensional layers or the Stranski-

bined action of piezoelectric and spontaneous polarizationgyastanow transition for the formation of QD’s. The metal
in the structure. The second limiting effect is the varyingfjyxes were provided by standard effusion cells, while active
from sample-to-sample degree of in-plane exciton localizanjtrogen was derived from the radio-frequency dissociation
tion due to QW width and polarization field fluctuations, of N, using a plasma cell. The samples were grown at 700 °C
which can overshadow the intrinsic effects that govern theand at stochiometry conditions proper to induce the Stranski-
recombination dynamics in GaN QW's. Krastanow transitiod.The QD’s studied here have a typical
In this work, we compare systematically the photolumi- height of 30 A with a diameter-to-height aspect ratio of 5 in
nescencéPL) and time-resolved photoluminescen@®PL)  the Wz casé! and of 10 in the ZB cas¥.The QD density is
properties of cubidzinc-blende(ZB)] and hexagonalWz) a few times 18 cm~2.13 More specifically, the two samples
GaN/AIN quantum dotgQD’s). Studying QD’s instead of studied in detail in TRPL spectroscopy have the following
QW's allows us to deal at all temperatures with stronglycharacteristics: the Wz sample consists of 72 periods of GaN
localized excitons, rather than a thermodynamic balance bedD’s separated by 100-A-thick AIN spacer layers, grown on
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FIG. 2. Energy shift of QD PL with respect to the GaN strained
FIG. 1. PL spectra af=10K of ZB (solid curve and Wz  band gap as a function of QD height for ZBquares and Wz
(dashed curve GaN/AIN QD’s. The respective unstrained and (triangle3 QD samples of different QD heights. The open symbols
strained band gaps for GaN in each phase are indicated for conindicate the samples studied in detail in this work. The error bars
parison(solid and dashed lings correspond to the width of the QD-height distribution for ihaxis
and the PL full width at half maximum for thg axis. The curves
a 0.5um-thick AIN buffer layer deposited directly on a sap- are calculated estimates as a function of internal electric field.
phire substrate. The ZB sample was grown on a 3C-SiC/Si ]
pseudosubstrate, covered by a 500-A AIN buffer layer, andand offset, deformation potentialMoreover, such a hy-
followed by ten periods of GaN QD's separated by 100-A-pothesis does not affect the value found for the electric field
thick AIN layers. present in the Wz structures, since this value depends only
The TRPL experiments were performed in a standarcn the relative energy variation of the excitonic emission as a
streak camera setup having an instrument response of 2 génction of QD height(see Fig. 2 Then the energy shift
and the excitation source was 1-ps pulses with a 76-MH»etween the two emission bands in Wz and ZB GaN dots is
repetition rate of a frequency-tripled Ti-sapphire laser witha clear manifestation of the polarization field present in the
\=266 nm. Using this setup we were able to extract longWZ QD’s, which redshifts the intrinsic QD transitions by the
decay timeg2—10 n3 by fitting the acquired decay curves, quantum—cpnfmed Stgrk effect. The Iarg_e PL Imeywdth in t.he
taking into account corrections related to contributions to théVz case is also a side effect of the internal field, which
streak signal from more than one linear region of the sinuamplifies the PL line broadening by QD size fluctuations.
soidal high voltage. The average power density of excitation he PL spectra of Fig. 1 were obtained under identical exci-
was 10 W/crf, for which the generated per pulse exciton tation conditions, in order to be able to compare the spec-
density is two orders-of-magnitude below the QD densitytrally integrated PL intensities of the two samples in an ab-
therefore, we can safely assume in our analysis that we agolute manner, a point that will prove very useful in the
dealing with single-exciton recombination and that screeningliscussion of the recombination dynamics of Sec. IV.
effects in the Wz QD's are negligible. It should be noted that  The relative shift of the QD PL energy with respect to the
the energy of excitationH,=4.67 eV) is below the AIN GaN strained band gap is reported in Fig. 2 for several ZB
energy gap and, hence, the GaN QD's were pumped by dire@d Wz QD samples of different QD heights. As described

absorption in the QD excited states. elsewheré? it is possible to vary the QD size in both phases
by employing a ripening stage during the growth of the
Ill. PHOTOLUMINESCENCE EXPERIMENTS QD’s. The QD height is determined by atomic force or

transmission-electron microscopyEM).>*1~13we observed

In Fig. 1, typicalT=10-K time-integrated PL spectra are a dramatic dependence of the Wz QD PL emission energy on
shown for both the Wz and ZB QD samples. As argued inthe QD size, compared to the smooth variation in the ZB
Ref. 9, the PL spectra are due to intrinsic emission from the&ase. Note, in particular, that 56-A-high ZB QD’s still emit
QD ground states. The relative positions of the two PL peakabove the ZB GaN strained band gap. In order to estimate
contain important information. The PL peak of the ZB QD isthe electric field present in the Wz QD’s, we compare the
centered at 3.8 eV, i.e., 0.3 ebovethe strained cubic GaN experimental results with calculations of the QD ground-
energy gap. In the latter, we have included an estimatedtate transition energy as a function of the QD size for vari-
strain-induced blueshift of the gap 6f0.25 eV due to the ous input values of the electric fieltbr details of the calcu-
2.5% biaxial compression present in the GaN QD’s. For thidation see Ref. @ The variation of the exciton binding
estimate we have used Wz coefficiett©n the other hand, energy with the electric field and the QD size have been
the Wz QD PL peak is centered at3.3 eV, i.e., 0.4-eV taken into account for the calculated curves. As can be seen
belowthe Wz GaN gap under stralfi.Let us note that the in Fig. 2, by assuming an internal electric field of 7 MV/cm
strain GaN gap energy position reported in Fig. 1, for bothwe can reproduce well the experimental points of Wz QD’s.
crystallographic phases, has been estimated assuming an ufilke strength of the field is in accordance with the giant pi-
form strain throughout the dot. However, the uncertaintieszoelectric and spontaneous polarizations expected to be
related to this assumption are less important than the onpresent in Wz nitride$>® On the other hand, the zero-field
related to the GaN parametdiwle effective mass, valence- curve correctly predicts the ZB QD emission energies, con-
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FIG. 3. PL decay curves of Wz QD{®pen trianglesof various . s 3 / )/
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intermediate-, and high-energy sides of the Wz PL peak in Fig. 1. e 7B QD 2 _1
The QD heights are deduced according to Fig. 2. For comparison § 06| P ]
the PL decay curve of ZB QD’s withl =25 A is also plottedsolid - 04 L7
& 04} - .
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firming the absence of any internal field in the ZB QD’s in d

agreement with symmetry arguments. Knowing from Fig. 2 . : : . :
g y y arg g 9 015 20 25 30 35 40 45 50

the exact dependence of the PL emission energy on the QD .
QD Height (A)

height for both phases, we can associate every spectral com-

ponent of the PL spectra of Fig. 1 with a corresponding QD FIG. 4. (a) Comparison for the Wz QD’s of experimental decay

height. times 7p(H) (solid triangle$ with theoretical radiative times
7r(H,F) (dashed curvescalculated for various internal electric
IV. LOW-TEMPERATURE TRPL EXPERIMENTS fieldsF (|n units of MV/cm) and the hypothesisSD=O.8. The solid

line running through the data points is the theoretiglH) curve

In Fig. 3, we show the PL decay curvéspen symbols  obtained assuming =7 MV/cm and myg=10 ns (b) Comparison
from three different spectral windows of the Wz QD PL for the ZB QD’s of experimentat(H) (solid squareswith theo-
shown in Fig. 1, corresponding to QD heights of 25, 30, andetical 7z(H,F) times (dashed lingsfor various electric fields and
36 A according to Fig. 2. For comparison, the PL decayassumings(30 A)=0.787.
curve (solid squaresfor 25-A-high ZB QD's is also plotted,
exhibiting a much faster decay compared to the Wz QD’s. wr(H,T)
All decay curves can be fitted by single exponentials, in ~ 7(H.T)=— HT)+ r(H.T) =7p(H,T)/7r(H,T).

. . NR ’ R ’

agreement with the absence of screening effects. As the Wz 2)
QD height increases from 25 to 36 A the PL decay tirge
varies from 1.8 to 7.5 ns, indicating a pronounced size
pendence for the Wz QD’s, which is plotted in Figay By

contrast, no such dependence is observed in Fm.fdr the - -
ZB QDs. (Refs. 6 and 1)is that the low temperaturey is purely

For the Wz structures, the variation of with the QD  radiative, i.e,,7(H,10 K)=1. Obviously, however, this as-
height is consistent with the larger field-induced electron-SUmption is not applicable in our case of Wz QD's, since it
hole separation in the larger QD’s. Nevertheless, we obsen/@ould be impossible to explain the observed saturation,of
in Fig. 4(a) that 7, saturates for QD heights larger than 34 A. for H>34 A. _ _

We interpret this saturation as an indication that fdr Instead of making an assumption g(H,10 K) for every

>34 A rp, is dominated by nonradiative processes even af! the problem can be reduced to a unique assumption on the
T=10 K. radiative efficiency of the smaller dotSD), 7gp, with
The measured PL decay timg of a QD with heightH at Hsp=25A by calculating theoretically the oscillator

temperatureT is related to the radiative and nonradiative Stréngthf (~1/7g) as a function oH, with an electric field
recombination times and 7y, respectively, by of 7 MV/cm present in the QD confinement potenti&dr

details of the calculation see Ref). Fixing 7sp is then
equivalent to fixing the proportionality coefficient between

1 _ 1 + 1 (1) 7 and 1f. Knowing thenf(H), we can obtainrg(H) and,

(H,T)  7r(H,T)  7w(H,T)’ through Eq.(1), myg(H). Note that therr dependence oH

and T does not change withysp within a multiplication
The internal radiative efficiency of a QD of heigh, factor® whereasryg(H,T) is very sensitive to the chosen
7n(H,T), is then defined as value of gp. This can be seen in Fig. 5, where we plot

deln order to analyzer, in terms of radiative and nonradiative
contributions, an assumption is needed at this stage for
7(H,10 K).1® The usual assumption employed for QW'’s
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mnr(H) for different values ofpsp andF=7 MV/icm: g o "
is found to decrease witH when 7g5>0.8, and to increase ol : ) -
when 75p<0.8. A TEM study has shown that the Wz QD’s, 20 25 30 35 40

though free of misfit dislocations, nucleate next to threading QD Height (A)
edge dl§|00atI0nS of the AN mat,rb?’Wh'Ch may t_)e one of FIG. 6. Comparison of radiative efficiency as a function of
the main sources of nonradiative recombination. Smallegp height for Wz and ZB QD's ata) T=10 and(b) 300 K. Note

QD's are expected to have larger wave-function penetratioghe significantly larger; achieved by the ZB QDs, in spite of the
in the AIN and therefore shorteryg. Hence, we conclude much shorter nonradiative times.

from Fig. 5 thatygp-0.8. On the other hand, this size depen-

dence ofryg should be rather moderate based on the fact that |n order to compare on an absolute scale the decay times
due to the very large internal field in the QD’s the carriers areof the ZB QD’s with the Wz ones, we need to somehow
squeezed at the opposite GaN/AIN heterointerfd2eghere  relate the radiative efficiency of the ZB QD’s with that of the
they face approximately the same triangular potential in thisNz QD’s. This is possible by comparing the spectrally inte-
QD-height range with no significant variation in the wave- grated PL intensityip, , for the two samples in Fig. 1, since

function tail. In what follows, we assume thaisp=0.8, Ip_can be written as

which corresponds to the simplest situation for whiglg is

independent ofH and equal to~10 ns. This assumption o =10.7, 3
allows us to analyze the experimentgl as a function of QD

height[Fig. 4@)]. wherel, is a normalization factor depending on the number

The dashed lines in Fig.(d representrs obtained from  of photoexcited carriers ang the spectrally averaged radia-
calculations off for various values of electric field with the tive efficiency. From Fig. &) we deduce tha-0.53 for the
assumptionpsp=0.8. First of all, we note that theg curves Wz QD’s, which corresponds approximately #aat the cen-
fail to reproduce the experimentat,, whatever the field ter of the QD distribution i=30 A). In order to compare
value in the GaN QD, which confirms the contribution of the I, from Fig. 1, we normalize thép, of the Wz QD
nonradiative channels even at low temperature. On the otheample with 72 QD planes to that of the ZB QD sample with
hand, the solid curve running through the experimemtal 10 QD planes, by considering the absorption of the excita-
points is obtained by Eql) assumingryg=10 ns is inde- tion beam { =266 nm) by each QD layer. We determined
pendent ofH, and 7x(H) is the dashed curve corresponding experimentally that each QD layer absorbs 0.7% of the inci-
to a 7-MV/cm field in the QD, in agreement with the con- dent beam ak =266 nm, which allows us to determine the
clusions of Fig. 2. Clearly, the solid curve reproduces wellcorrection factor. Then by comparing thg_ of the two
the experimental points, including the saturationrgf for ~ samples, we deduce thatg=0.787.
the larger dots. In Fig. @ we plot for the Wz QD’s(tri- Considering the small size dependencergfin the ZB
angles »(H,10 K) as a function oH, deduced by dividing QD's, it is reasonable to expect a similar small dependence
the experimental(H) by the 7x(H) curve for 7 MV/cm.  of 7 on H. Henceforth, we assume thgbg=7(H=30 A)

We observe a drastic reduction gffrom 0.8 for the smaller =0.787, i.e., at the center of the ZB QD distribution. In Fig.
dots H=25 A) to 0.25 for the larger ones(=36 A). This  4(b) we compare for the ZB QD’s the experimentg)(H)
strong decrease reflects the strong reduction of oscillatgpoints with the theoreticatz(H,F) times(dashed lines ob-
strength due to the electric field. tained for various electric fields and assuming30 A)
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Knowing mp and g we can deduceyg, which is found Temperature (K)

to be-0.8 ns for the ZB QD’s and almost independent-bf ) ) )
Its absolute value is about ten times lower than the one in- FIG. 8. Integrated PL intensitis) and PL decay timéb) versus
ferred for the Wz QD’s. This difference iy between the temperature for Wz(triangles and ZB (squares QD's with H
two types of QD’s can be attributed to the larger density of 25A.

defects in the ZB sampldsee below. Finally, we determine

7(H,10 K) for the ZB QD’s, which is reported in Fig(®.  7nr(T) from Egs.(1) and(3) as follows:

Contrary to Wz QD’s5,g increases withH from 0.7 to 0.86

asH varies from 20 to 35 A. Such a different behavior can be _, MHT)  7pHT)
. . . . TR( H IT) I 0 ' (4)
accounted for by the absence of any polarization field in the lp(H,T)  7(H,T)
case of ZB QD’s.
Figure 7 presents the comparison on an absolute scale H T = r(H.T lo ~ mp(H,T)
between the experimental and the calculated values; af (R D =moH D) o = 1Ty
Wz and ZB QD’s as a function dfi. The experimentatg (5)

are obtained from the experimentg) values of Fig. 4, by
applying Eq.(2) and using Fig. @). The calculated curves
of g correspond tax/f curves estimated for different elec-
tric fields, wherea is the proportionality coefficient deduced
from the assumptionygp(25 A)=0.8 for the Wz QD's.
Then, as shown in Fig. 7, the agreement for both phas
between experimentak points and theoreticat/f curves is

The temperature dependence of the PL intensity for 25-A-
high Wz and ZB QD's is reported in Fig(&. We observe a
very similar decrease of the QD PL intensity by less than one
decade between low and high temperatures for both types of
e(;D’s. The small decrease contrasts with GaN/AlGaN QW
samples, which always show a decrease of several orders of

excellent, assuming that the Wz QD’s contain an internamagnitUde in this range of temperatufEdhis is coherent
field of 7 MV/cm, whereas for the ZB QD's there is no with the stronger localization of carriers in the QD’s, which

internal field. The good agreement demonstrates that the o inders thermal escape and effec_tively protects the carriers
cillator strength in the ZB nanostructures remains basicall rom thermally activated nonradiative channels. On the other

unaffected by the QD height in the ran@®—40 A), and that apd, the very similar_ varjation for the t\.NO types of QD's is
7= is about of 200-300 ps whereas the Wz QD’s show in.duite surprising, considering the large difference betwaen

stead a strong size dependence with theranging from a (cf. Fig. 7, which should have led to enhanced radiative

: : _qefficiencies for the ZB QD's. It can be understood, however,
fAew ns to a few tens of ns for QD heights in the range 25 Siy the much shortery times in the ZB QD's(-0.8 ng

compared to the ones in Wz QID(sl0 nseg.
In Fig. 8b) we plot the experimentaty values versus
temperature for 25-A-high ZB and Wz QD’s. In contrast to
Based on combined measurementstgfand |, as a QW’s or quantum wires, where the density of states permits
function of temperature, we can extract botR(T) and thermalization of the carriers inducing an increaseWith

V. TEMPERATURE-DEPENDENT TRPL EXPERIMENTS
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10 T - . T - these stacking faults, we expect that the numerous defects
’g Hexagonal QD play a significant role on the shorfr times.
g AAAAA A A A more detailed study ofyg times in the Wz QD’s tends
£ AL A A 4 indeed to show that the threading dislocations present near
;§ 1E H=25A . | the edge of the Wz dof participate in the nonradiative
3 b g n processes at higher temperatures. While, at low temperature,
4 [ . the emission dynamics of the Wz QD’s are described by a
g gnu " Cubic QD unique myg for all H, at room temperature we observe an
"§ | increase ofryg with increasingH. Thus, for QD’s withH
R~ 0-10 5'0 ‘1(')0 130 2(')0 2;0 3(‘)0 =36 A r\r=3.5ns at 300 K, whereas fdi=25A ry

=1.2 ns. This shows that the smaller dots are more sensitive
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to nearby defects, which is coherent with the carrier wave-
function extending more outside the QD’s.

We would like now to discuss in more detail the tempera-
ture dependence ofg in our QD’s. For the Wz QD’'s;rg
remains constant up to 130 K and then increases slightly by
a factor of 1.6 between 150 and 300 K. This behavior could
be attributed to some carrier thermalization between the
ground and first excited states in the QD. The fact that

Wy - 3 increases above 150 (€orresponding teE~ 15 meV) gives
ol | g a rough estimate of the energy separation between the two
. states. This value is coherent with the energy of the first
Cubic QD EEmgy excited states resulting from lateral confinement in the plane,

considering that the QD diameter is between 100 and 200 A.
Their growing contribution with temperature may thus lead
to increasedy. This picture can also explain the experimen-

- - o tal results on the ZB QD’s, wherg; remains constant up to

FIG. 9. Radiative(a) and_nonradlatlvéb) recomblnatlo’n tn_nes 50 K and increases by a factor of 5 between 50 K and room
versus temperature for "“”'aﬂg'ef’ and ZB(square}sQD,s with temperatur¢Fig. 9a)]. Considering that the ZB QD’s have a
H=25A. Note the stronger increase af for the ZB QD’s, and . ) . . ) ,

) . . diameter-to-height ratio of 10 instead of 5 in the Wz QD’s,
that 7\ is at all temperatures one order-of-magnitude shorter in thethe excited states are then closer to each other and the effect
ZB QD sample. L -

on 7 by thermalization is more efficient, even at tempera-
tures as low as 50 K.

temperaturé;~**the discrete density of states in the case of  Finally, the room-temperature internal radiative efficiency
QD's forbids any temperature-induced variation of the oscil-y as a function of QD height is reported in Figbs For the
lator strengtf> Hence, provided that radiative processeswsz QD’s,  is maximum for the smallest QD’s withy(H
dominate in the PL decay, we do not expect any significant=25 A)=0.27. When the QD size increaseg,decreases
temperature variation afy in our QD’s, in qualitative agree- mainly due to the strong increase 6§ (see Fig. 7. Never-
ment with Fig. 3b). theless, the decrease is considerably weaker than considering

In Figs. 9a) and 9b), we plot the temperature depen- 7y alone, because of the parallel increase with the QD size of
dence ofrg and g, respectively, for 25-A-high Wz and ZB  both 7z and 7y at room temperature. This is a crucial point
QD's. 7 and m\g are deduced from the experimental datafor understanding the way in which these hexagonal nano-
using Egs(4) and(5). We observe that for the Wz QD's; structures are very attractive for their optical efficiency, in
remains relatively constant in the whole temperature rangeSPite of their longerrs. As for the ZB QD’s, in contrast to
manifesting the zero-dimensional character of the systenin® Wz casez is maximal for larger dots withy varying
Contrarily, the ZB QD’s exhibit a significant increase of ~ 1om 0.05 to 0.3 forH =20-37 A. Note that foH>30 A, ,
with temperature, suggesting that the dimensionality of thd1® room temperaturey reaches higher values in the cubic
system is somewhere between zero and two dimensiona‘?.hase' despite limited crystalline quality.
This different behavior can be associated with the larger
diameter-to-height ratio for the ZB QD’s. At room tempera-
ture, in spite of the fasterg increase for the ZB QD’s, still
the Wz QD's exhibit longerrg. This ¢ difference is com- Time-integrated and -resolved PL spectroscopy has been
pensated by a similar ratio between the room temperaturgsed to study cubic and hexagonal GaN nanostructures. Our
7nRr fOr the two types of QD’s. The variation ofygr with  results revealed the important role played by the exciton lo-
temperature is similar in both phases as shown in Rig. & calization and polarization fields in the recombination dy-
TEM study has shown that a large number of stacking fault®yamics of nitride nanostructures. Specifically, we demon-
are present alonffl11} planes in the cubic phaséEven if  strated that the radiative lifetime in hexagonal QD’s is more
islands grow preferentially within each domain bounded bythan one order-of-magnitude longer than in comparable

VI. CONCLUSIONS
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cubic QD’s, a fact unambiguously related to the presence ofures (T=10 K), and that in hexagonal QD’s they are at least
the internal polarization fields in hexagonal QD’s. Further-one order-of-magnitude less efficient than in cubic QD’s due
more, we observed a strong size dependence of the radiatiye superior crystalline quality. In spite of this, we found com-
decay times in the hexagonal QD’s, also as a consequence pérable radiative efficiencies in the two types of QD’s,
the strong polarization field. We showed that nonradiativemainly because of the much faster radiative times in the cu-
processes should be taken into account even at low temperbaic phase.
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