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Exciton capture and losses in a stacked submicron array of sidewall quantum wires
on patterned GaAq311)A substrates

U. Jahn, R. Ntzel, J. Ringling, H.-P. Schiherr, H. T. Grahn, and K. H. Ploog
Paul-Drude-Institut fu Festkaperelektronik, Hausvogteiplatz 5-7, D-10117 Berlin, Germany

E. Runge
Institut fr Physik, Humboldt Universitazu Berlin, Hausvogteiplatz 5-7, D-10117 Berlin, Germany
(Received 24 February 1999

The optical properties of stacked Gapd/Ga)As quantum wire arrays, with a 0.am lateral period
fabricated by molecular beam epitaxy on patterned G3BBA substrates, have been investigated. We ob-
serve an unexpectedly high quantum wire related contrast in the lateral distribution of the cathodoluminescence
(CL) intensity, in particular at 300 K. The temperature dependence of this contrast as well as of the integrated
CL intensities in the quantum wires and connecting quantum wells, reveals the loss mechanisms, which cause
a reduction of the exciton transfer efficiency from the well into the wire regions. For low and intermediate
temperatures, exciton localization and nonradiative recombination within the quantum well regions contribute
to the decrease of the transfer efficiency. Near room temperature, the vertical escape of carriers, in particular
out of the quantum well regions into tli&l,Ga)As barriers, is the limiting process. Within the framework of
a detailed model, we determined the transfer time and the ratio of the radiative recombination times in the well
and wire regions by combining the spatially resolved CL measurements with time-resolved photoluminescence
spectroscopy.S0163-182609)12539-4

[. INTRODUCTION of 2 to 3 nm. Hence, the distance, which can be covered by
the excitons during their lifetime, is of similar magnitude as
The electronic properties of single quantum wif@svire)  the lateral width of the Qwell regions. From this point of
as well as of Qwire arrays have been widely investigdtéd. View, it is not expected that the transfer time differs by or-
Most studies in this field have been performed on crescenders of magnitude from the lifetime even for a periodicity of
shaped Qwires grown oiv-groove-patterned GaAk00)  the Qwires of a few 100 nm.
substrates>7Since in array structures the lateral width of  Recently, we reported on the successful growth of a
the connecting quantum wellQwell) regions is usually Qwire array with 0.5 um periodicity on patterned
much larger than the one of the Qwire regions, a fast transfeP@AS31DA substrates, which results in a less complex

of excited carriers from the Qwells towards the Quwires isStructural arrangement compared witigroove structure§?

necessary for a high capture efficiency of the Qwires. ThereWVhile the latter consists of the crescent Qwire and various

fore, the transfer time; of excitons generated in the Qwells QW.e” regions, which differ in thickness and orientatio_n, the
: . : L Qwires based on the Ga&l 1A substrate appear as thicker,
is a crucial quantity for a successful application of suchI : : .

. y . W 1R ens-shaped regions, which are laterally connected with each
Qwire afrays n device structures. The raBp =Ip\/Ip..  giher by thinner, almost smooth Qweli regions. In our sys-
wherelp andlp_are the spatially integrated photolumines- tem the luminescence response solely consists of two well
cence(PL) or cathodoluminescend€L) intensities of the  separated spectral lines, which are assigned to the Qwire and
Qwell and Qwire spectra, is usually applied to estimate thepwell regions. The energy difference between the Qwire and
exciton transfer efficiency’ Such an approach, however, Qwell luminescence lines indicates a lateral confinement po-
neglects nonradiative recombination in the Qwell and Qwiretential of 210 meV. Furthermore, the exciton transfer be-
regions as well as other loss mechanisms. As found previween the Qwell and Qwire regions is very efficient resulting
ously in several works?"**nonradiative decay channels can in high luminescence intensities of the Qwire even at room
actually be of importance for the recombination dynamicstemperature. Therefore, the present Qwire structure allows
even at low temperatures. Therefore, the measuredRatio  for a comprehensive study of the exciton capture, recombi-
probably reflects an overestimated transfer efficiency for theyation dynamics, and escape behavior, which is important
whole temperature range. In Ref. 2, e.g., the authors estfor a basic understanding as well as for a further optimization
mated a value of;<0.1 ps for a 240 nm period Qwire array, of Qwire array systems with regard to device applications.
which is extremely fast. However, if the diffusivityp) and In this work, we present experimental results of spatially
lifetime (7) of excitons in thin Qwells—as determined by resolved CL investigations between 5 and 300 K of a stacked
Hillmer et al’* and Gurioliet al'>—are taken into account, sub-um-pitch Qwire array. We find that nonradiative recom-
exciton diffusion lengths () on the order of 100 nm are bination within the Qwell regions cannot generally be ne-
obtained at low temperatures. This is consistent with theylected. Furthermore, we observe that re-emission of exci-
value of L=130nm found by Grundmanet al* within the  tons, in particular out of the Qwell regions into the
connecting Qwells of a Qwire array exhibiting a well width (Al,Ga)As barrier material, results in an increasing reduction
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of the transfer efficiency, when the temperature is increased
to 300 K. A model shows that a combination of spatially and

time-resolved luminescence experiments can yield informa-
tion about the excitonic transfer time and the ratios of the

radiative recombination rates in the Qwire and Qwell re-

gions.

The paper is organized as follows. In Sec. Il, the experi-
ments are described. The obtained results are discussed in
Sec. lll, where in the first and second subsections data of
spatially resolved CL investigations obtained at low and high . : . . . :
temperatures are presented, respectively. The third subsec- 160 165 170 175 180 1.85
tion deals with the time-resolved PL results. Finally, in the Energy (eV)
fourth subsection, a model is discussed. Section IV contains
a summary.
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FIG. 1. CL spectrum and CL image of a stacked Qwire array on
GaAg311)A substrate at 5 K. For the uppéower) part of the CL

image, the detection energy was set to the Qu@ilire) CL line of
Il. EXPERIMENT the spectrum.

The GaA$311A substrate was patterned with a Quin
pitch periodic grating by holographic lithography and subse-any Qwire related contrast in the CL micrograph. One reason
quent dry etching to a depth of 15 nm. The samples weréor a reduced exciton transfer efficiency at low temperatures
cleaned in concentrated,80,, and the native oxide was could be the localization of excitons within the Qwell re-
removed in the preparation chamber by atomic hydrogen irgions due to potential fluctuations. This contribution is less
radiation before loading them into the growth chamber. Theelevant at higher temperatures. Consequently, the CL con-
following layer sequence was deposited by molecular bearffast decreases with increasing temperattire.
epitaxy (MBE) on top of the patterned substrate: a 50 nm Figure 2 displays a CL spectrum and a CL micrograph of
GaAs buffer |ayer, 50 nm A]SG%.ﬁsl a stack of 3 QWG”S the Qere array at room temperature. It contains two Impor-
consisting of 3 nm thick GaAs well and 10 nm thick tant results, which seem to contradict each other. The first
Al :Ga, sAs barrier layers, 50 nm ALGa, sAs, and a 20 nm  One is that we establish_ a high Qwire Iuminesqence effi-
thick GaAs cap layer. A reference quantum well was growrciency even at 300 K without notable repopulation of the
side by side on a planar GaA811)A substrate, which re- Qwell regions, WhICh implies a perfect_ transfer of carriers
sults in a nominal thickness of the well layer of 3 nm. towards the Qwires. The second one is that a strong wire-

CL spectra, line profiles, and images were obtained in 4€lated CL contrast clearly re-appears again at room tempera-
scanning electron microsco8EM) equipped with an Ox-  ture, which |mplles a nonp_erfect carrier transfer between
ford mono-CL and He-cooling stage for temperatures rangQWell and Qwire regions. This contradiction led us to a more
ing from 5 to 300 K. The time-resolved PL measurementgJetailed investigation of the loss mechanisms, which can be
were performed using the second harmonic of a modelocked€spPonsible for a reduced transfer efficiency in these Qwire
frequency tunable Ti:sapphire las@oherent Mira with a ~ Structures. _ S
pulse width of about 150 fs and a repetition rate of 76 MHz In Figs. 1 and 2, the rati&®p_of the spatially integrated
as the excitation source. The PL signal was dispersed by &L intensities of the Qwell and Qwire spectra is 0.05 and

0.22 m monochromator and recorded by a streak-camera sygaller than 0.01, respectively. From this point of view, we
tem (Hamamatshin syncroscan operation. would conclude that forT=5K about 95% and forT
=300K almost 100% of the excitons are found within the
Qwires before radiative recombination takes place. Since this
IIl. RESULTS AND DISCUSSION

A. Spatially resolved CL

Figure 1 shows the CL spectrum and the CL image of the "%1.0
quantum wire array at 5 K. As discussed in Ref. 15, the CL g
lines centered at 1.61 and 1.83 eV originate from the Qwire
and Qwell regions, respectively. The lateral intensity distri- g
bution exhibits a regular, stripe-like pattern, which clearly 205
reflects the grating period. For the upper and lower part of g
the CL image, the detection energy was set to the spectral 35
position of the Qwell and Qwire emission, respectively. z

0.0 B~ .

Compared with the lateral CL intensity distribution of the '

. . . 1.5 1.6 1.7 1.8
upper part, the lower one exhibits a shift perpendicular to the Energy (eV)
wires by half a period of the wire array. This confirms that
the respective CL arises from spatially separated, neighbor- giG. 2. CL spectrum and CL image of a stacked Qwire array on
ing regions. The fact that we are able to clearly resolve thésaag311)A substrate at 300 K. The detection energy is set to the
Qwire array by CL imaging already indicates an incompletemaximum position of the CL spectrum. Note the strong Qwire re-
transfer of excitons from the Qwell to the Qwire regions. Forlated CL contrast in the CL micrograph, although the Qwell CL has
a complete transfer of Qwell excitons, we would not expectalmost completely disappeared.



11 040 U. JAHN et al. PRB 60

o 1600
£1.0F

c

g

£ 1400 =
| = -
2 v
8 200 =
= . =
E E3
[=}

p=4

—— 5K e 100K —— 300K

3 4 5
Spot Position x (pm)

o
&)
T

FIG. 3. Normalized CL line profiles perpendicular to the wires g 4. Temperature dependence of the CL contaétquares
of a stacked Qwire array at different temperatures. The respectivgnq the ratioRy,> (circles of the spatially integrated intensities of

detection energy is set to the maximum position of the wire line. e Qwire and Qwell CL. The contrast was measured by CL line
scans.

estimate neglects nonradiative recombination channels, we

will discuss another approach to estimate the transfer rate or 1 1 1

efficiency, which is based upon spatially resolved measure- L= \/E- where —= —+ —. D
ments of the Qwire CL intensity. The idea is to generate the T T

excitons within a small limited volume of the Qwell regions

and to detect the portion, which recombines radiativelyBoth D and r vary with T resulting in a temperature depen-
within the Qwires. This approach is realized by recording thedent transfer efficiency, which is clearly reflected by the dif-
Qwire CL intensity, while the electron beam scans along gerent modulation depths of the line profiles in Fig. 3. De-
line perpendicular to the Qwires, i.e., by measuring line protailed experimental data fdd(T) and 7(T) of Qwells with
files of the Qwire CL intensity. Provided that the scatteringdifferent well widths were reported by Hillmest al** and
length of the exciting electrons is smaller than the wire pe-Gurioli et al'®, respectively. In order to decide, which of the
riod (for an electron beam position centered between twoaluesD, 7, or 7, actually controld., we measure@(T)

wires, direct excitation of the wire regions is avoitlethe ~ over the whole temperature range between 5 and 300 K. In
value of the maximum CL contrag=1—1}. /IR _ where Fig. 4, the corresponding results are indicated as squares.
The circles denote the inverse of the railp, as a function

max?
IR andIR_ denote the minimum and maximum intensities X oL © X
o max of T. Starting at 5 K, the value a drops with increasing,
until 100 K is reached. At the same timBy_ increases

of the Qwire CL line profile, is controlled by exciton diffu-

sion. ThereforeC can be considered as a measure for thet VCi i f6F> 100 K showi drasi
transfer efficiency of excitons generated in the Qwell re-S rﬁng Y- m::rga;\?s aggc')% 0 4 300 KsTovl\(/]ng 'at rastic i
gions. The more efficient the exciton transfer is, the smalle nhancement between an - 1ang 1nto accoun

; 14 ol 10 _
the value ofC. Since the transfer efficiency is a function of he results of Hillmeet al.” and Gurioliet al.™ for compa

" . . rable well widths, the decrease and increas€aind Ry
the beam position, we consider the maximum contrastas .
L . - between 4 and 100 K, respectively, are probably due to an
a measure for the minimum exciton transfer efficiency @nd

_ increase of both, the exciton diffusivity and the lifetime.
averaged over all the positions along the li@®) (@s a mea-  Since for T>100K it is not expected that the diffusivity
sure for the mean transfer efficiency. drops to values comparable to those at 5 K, the contribution
Line profiles of the Qwire CL recorded at 5, 100, and 3000f D to the increase of is probably small in this tempera-
K are shown in Flg 3. The diameter of the electron scattertyre range. Therefore, the re-appearance of the CL contrast
ing sphere amounts to about 200 nm for the chosen value @fhove 100 K is mainly governed by tAedependence of the
the acceleration voltage of 5 kV. Since the connecting Qwelkxciton lifetime, which is consistent with the minimum po-
regions are more than two times wid&Z,is controlled by  sijtion of C at 100 K, where Guriolet al. found a maximum
exciton diffusion and thus directly related to the transfer ef-of - for 2 nm thick Qwell§° Furthermore, since the reduc-
ficiency. For a comparison with the intensity raRg_, we  tjon of the lifetime forT>100K can only originate from the
focus first on the line profile obtained at 5 K. The corre-nonradiative contributionthe radiative lifetime increases
sponding contrast values are determined toCbe0.2 and  continuously with increasing temperattfté9, the observed
C=0.15, whereC is the average value of all adjacent ex- dependence df indicates the presence and influence of non-
trema in the line profile. We conclude that®K less than radiative recombination channels within the Qwell regions.
85% of the excitons are found within the Qwires before ra-Therefore, we assume that besides exciton localization non-
diative recombination takes place. The difference to theadiative recombination can contribute to the reduction of the
value of 95% obtained by the rati®p, can originate from transfer efficiency even at low temperatures. This nonradia-
nonradiative recombination within the Qwell regions. Thetive contribution can vary from sample to sample due to the
exciton diffusion lengthL and thus the transfer efficiency different growth conditions. Hence, nonradiative recombina-
depend on the excitonic diffusivitp as well as on the non- tion of excitons within the connecting Qwell regions is a
radiative and radiative lifetimes,,, and 7,, respectively. It  limiting process for the transfer efficiency at least for tem-
can be written as peratures between 5 and 200 K. The behavioRgf for T
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energy separation between the Qwell and Qwire lines, which
50 amounts to about 210 meV. However, the potential barrier
E, for a vertical escape of an exciton as a whole entity out of
the Qwell and Qwire into théAl,Ga)As matrix is expected
I to be larger than 300 meV. For this estimate, we neglected
: -E i mev' the probability that electrons can be scattered intodhmand
s . ¢ of the (Al,Ga)As matrix, which for the chosen AlAs mole
[
[

10°

-
o
S

. fraction (0.5 is lower in energy than thE band. Moreover,
i E, is much smaller for the Qwells than for the Qwires.
* Quire Therefore, the vertical escape probability is expected to be
. " Quel much higher within the Qwell regions.
0.01 T (K 0.02 0.03 Using the information given above, we tentatively discuss
the experimental data of Figs. 4 and 5 as follows. Since for

FIG. 5. Temperature dependence of the integrated CL intensitie§ > 100K the increase o€ is assigned to nonradiative re-
originating from the Qwirdcircles and connecting Qwelsquares ~ combination within the Qwells, it cannot be linked to the
regions. The dashed lines describe an exponential temperature dgecrease OR;,_l. Moreover, the onset of the reduction of
pendence with the respective activation enerfy)( Rp[ is shifted towards higher temperatures compared with

the one of the contrast increase. Therefore, the decrease of

>150K and the drastic increase 6ffor T>200K will be R;Ll for T>150 K indicates most probably a lateral escape of
discussed in the following subsection. excitons out of the Qwire regions. In consideration of the
value ofE,, the corresponding repopulation of the connect-
ing Qwells is expected to be smaller than 1% under thermal
B equilibrium conditions, which is consistent with the mini-

_ Forvalues off near room temperature, additional mecha- i m vajue ofR5! between 200 and 300. The fraction of
nisms, which result in a loss of Qwire excitons, have genergire excitons, which are thermally emitted into the Qwells,
ally to be taken into account. Since at 300 K the thermal,,q peen found to be remarkably larger for Qwires exhibiting
energy reaches values comparable with the excitonic binding gmajer |ateral confinement potential compared with the
energy, exciton dissociation should be taken into accoun wire system investigated in this wotkThe fact thatR, 2
Nevertheless, as has already been shown previously, the MAcreases again foT>200K as well as the strongI;Lin-
jority of the confined excitons is expected to remain in thecreased value of at 300 K indicate the presence of addi-

. . ’18
exgllthoenlgosr;a;gr;\gann ;t t:%h?eo E'mperature dependencie€ of tional losses, in particular within the Qwell regiqns for
IR . near room temperature. These losses are obviously con-
and_ Rp( In Fig. 4 as _vveII_as of _the Ir_ltegrate_d Qwe_ll_ and pocted with the steep decrease of the integrated Qwire CL
Qwire CL intensities in Fig. 5 gives insight in additional intensity within the same temperature rangd. Fig. 5.

&rom the estimated thermal activation energy of about 270
both, the Qwire and Qwell CL intensity, decrease continu- 9wy

N . meV, which is of similar magnitude &, of the Qwells, we
ously with mcrgasmgT. Moreover, between .50 a”‘?' 150 K, conclude that at temperatures near 300 K preferred exciton
the Qwell CL intensity decreases exponentially with a thersg_oission out of the connecting Qwell regions into the
n;]al actlvatlonhener%yl_ia) of ﬁ‘bc’”t_ 25 _me\{. S'nﬁe ]l‘orhthe (Al,Ga)As barriers is mainly responsible for both, an overall
cdosen 9F°"|Vt conhltloni, the m('jgraft'oﬁ ength of the Ghacarrier loss and an increase®f Since thgAl,Ga)As barrier
adatoms s larger than the period of the Qwire array, thgnaerial ysually builds a reservoir of several kinds of carrier
evolution of thinner Qwell regions near the Qwires acting as[raps acting as nonradiative recombination cerfikié
p°‘ef‘“a' barr|ers.|s not expected. Therefore, we CO.nCIUdgvhose densities are particularly high at the heterointerfaces
that in the sub-micron Qwire array, the thermally activated, ,q hich increase with increasing AlAs mole fraction, the

increase of the transfer efficiency is attributed rather to eXClyertical escape of carriers into the barrier matrix can be con-

ton delocalization than to thermally activated overcoming Ofsidered as a very effective loss mechanism. The lateral car-

a potential barrier betwegn QW|re_ and QV‘_’e” regions as haﬁer escape solely leads to a thermal equilibrium distribution
recently been found for single Qwires fabricated under COMpetween Quwire and Qwell regions, whereby the correspond-

parable conditions™**This conclusion is consistent with the ing repopulation of the Qwell regions is limited by the lateral
extracted value oE,, which is typical for potential fluctua- confinement energy.

tions within the connecting Qwells due to monolayer varia-
tions of the well thicknes¥ For temperatures exceeding 150
K, Ry firstly decreases and then increases again for values
of T near 300 K. The increase & and R;Ll between 200 Figure 6 shows transients of the PL intensity for the
and 300 K coincides with a strong reduction of the Qwire CLQwire and Qwell PL measured & K in the wire array and
intensity within the same temperature ran@é. Fig. 5. unpatterned reference sample. The temporal decay of the
These experimental results can be explained, when the e®well PL follows a single exponential over a wide time
cape of excitons out of the Qwire and Qwell regions is takerrange for both, the patterned and unpatterned sample, indi-
into account. The potential barrieE(), which has to be cating decay time$7) of 250 ps and 340 ps, respectively.
overcome by excitons, in order to be released out of th&his difference cannot be attributed to the thinner Qwell
Qwires into the connecting Qwell regions, corresponds to théayer in the Qwire array compared with the reference
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B. Loss mechanisms at elevated temperatures

C. Time-resolved PL
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I, andT') denote the radiative and nonradiative recombination
FIG. 6. Time dependence of the PL intensity obtained from therates within the Qwire and Qwell regions, respectivély, I, , and

Qwire and Qwell regions of the wire array and from the referencer (x) are the lateral escape rate out of the Qwire into the Qwell
Qwell at 5 K. regions, the vertical escape rate out of the Qwell regions into the

(Al,Ga)As barriers, and the exciton transfer rate, respectively.
Qwell—the decay time is found to be almost independent on _
the Qwell thicknessl(,), whenL, is smaller than about 15 Wwherel'; is the averaged transfer rate andw/r the ratio of
nmt®22—put reflects the influence of the exciton transferthe lateral Qwell and Qwire widths. The factoff 1 Eq. (2)
from the Qwell to the Qwire regions resulting in the fasteraccounts for the smaller width of the Qwire regions. In the
decay compared with the reference sample. Hence, the metvestigated Qwire arrayl,;, andI', become important only
sured decay time of the Qwell PL provides the total excitonat elevated temperaturésear 300 K. Since the experimen-
decay rate within the connecting wells, including radiativetally obtained decay rates can only be easily described for
and nonradiative recombination as well as the exciton trandow T, the following consideration refers to low tempera-
fer. With regard to the Qwire PL, the exciton transfer resultstures, and’, as well asl’, are negligible.
in a delayed onset of the decay by about 250 ps. Moreover, With regard to the line profiles of the Qwire CLQ and

an exponential decay can only be observed after about 90® denote the Qwire CL intensity for excitation within the

ps resulting in a value of~450 ps. This part of the Qwire Qwire and Qwell regions, respectively, Whé?kis averaged

transient is a result of the radiative and nonradiative recomg er the lateral width of the Qwell regions. Although the

binatio_n rates within the wires. The delaye_d onset of the PLscattering radius of the electron beam is larger than the width
decay in the unpatterned reference Qwell is attributed to th%f the Qwires, we assume fdé that most of the carriers

high energy level of the used laser mode resulting in a Ve xcited within the surrounding Qwell regions are able to

small excitation depth. The subsequent carrier motion frommove to the Quires before recombination takes place. With

the excited surface layer down to the Qwells causes a delaﬁg]is assumption. the averaged CL intensity ratio is
(in particular, at lowT), which in the patterned sample in- ption, 9 y

creased for the Qwires and decreased for the Qwells. The
statements about the exciton decay rates are in principal Re =
valid only at low temperatures. |
In the following, a model is proposed, which enables us to _
estimate the exciton transfer time as well as the ratio of the Rc_ is related to the averaged CL contrast By=1
radiative lifetimes in the Qwell and Qwire regions by com- —R¢, . Note that the Qwire related CL contrast depends
bining the results of spatially and time-resolved experimentsonly on the rates within the Qwell regions, because the factor
I'RYTR+TR contained in both, the numerator and denomi-
nator of Eq.(3), cancels.

The inverse ofl", can be considered as an effective trans-
The exciton rated’, which are important for the recom- fer time 7°''= 7Y/Rc,, where ™/=1/"" denotes the total
bination behavior of a Qwire/Qwell array, are illustrated in decay time in the connecting wells. Consequently, the exci-
Fig. 7.'"V, TV, 'R, andT'}. denote the radiative and non- ton transfer rate can be determined by measuring the Qwire
radiative recombination rates within the Qwell and Qwirerelated CL contrast and the decay rate of the Qwell lumines-
regions, respectivel\l’;(x), I';, andI', are the transfer rate cence intensity. The experimental data obtained at 5 K

of the excitons from the connecting Qwell towards the Qwire(Rc, =0.85, 7V=250ps) result in a transfer time aof'
regions and the lateral as well as vertical escape rates e£300 ps, which is much larger than previously estimated.
excitons out of the Qwires into the Qwell regions and out ofHowever, since for thin Qwells and at low temperatures the
the Qwells into theAl,Ga)As barrier material, respectively. diffusion length within the excitonic lifetime is expected to
The total rate in the Qwell region§" consists of the fol- be on the order of a few 100 nm, which is of similar magni-
lowing components: tude as the wire period, it is not surprising th%,-ftiff is very
similar to the lifetime in unstructured Qwells. Exciton local-
1 ization due to potential fluctuations is the most effective
W_ W, W T mechanism, which contributes to a reduced transfer rate in
PE=IH Dt Tt Ty ?F, ' @ particular for thinner Qwells and at lower temperatures. Nev-

T, _

EEE
-

D. Model
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ertheless, the Qwire luminescence intensity dominates re- Ng(t) T'WRc,f W 'R, f R
markably over the Qwell intensity even at 5 K, whd®g, N, TR_rwXe t*‘(l— TR_Tw/| <€ 5
=0.05. Since the luminescence efficiency of the wire array is 0 9)

not only controlled by the transfer rate, but also by the ratio

of the radiative and non-radiative recombination rates within — _ _

the Qwire and Qwell, we will now discuss the rafp, in  Wherel'y was replaced bR, X T [cf. Eq.(3)]. Since high

terms of the recombination and transfer rates. transfer rates are desirable" should be much larger than
The spatially integrated luminescence intensity of thel . Hence, the contribution of the first part of B§) disap-

Qwires can be written as a sum of the radiatively recombinPears faster than the second one. Consequently, for large

ing fraction of the excitons, which are excited within the values oft, the transient slope of the Qwire PL is mainly

Quwire regions and those, which are excited within the Qwelldetermined byl'?, and the experimentally obtained decay

regions and subsequently transferred to the Qwires ratel'§, (t—)=T% can be assigned ]+ T}, . Together
with Egs.(2) and(3), Eq. (6) can be written as
IR T, )
IR =lomr—=r | F+ owW
PLTIOPRL TR rv T\rN_ W 0
i 7 TaRpl(f T+ Rey)
=|OW(T+WRCL)- 4

This equation implies that a combination of time- and spa-
The spatially integrated luminescence intensity of the Qwellsially resolved luminescence experiments enables us to deter-
consists(at least for lowT) solely of the radiatively recom- mine the ratio of the radiative recombination times of the
bining fraction of the excitons, which are excited in the Qwires and Qwells in coupled Qwire/Qwell structures. With
Qwell regions our experimentally obtained data at 5 Ry =20, F¢, ~86,
C=0.15, 7X=450ps, and™'=250ps, we obtainr'/ 7"
=12, which is very surprising, since for the respective life-
time ratio of independent Qwells and Qwires the inverse
(7RI 7V~10) is expected® Further effort is necessary to
5) clar_ify the reason fc_>r the experimejntally_ fqund small con_tri-
bution of the radiative recombination within the connecting
Qwells compared with the one in the Qwires. Hence, future
Using the inverse oRp, , namelyRy =15 /115 , we obtain  work will focus on the combination of spatially and time-
the following relation between the radiative and non-resolved experiments in such systems, in particular, with dif-
radiative recombination rates within the Qwells and Qwiresferent lateral and vertical Qwell widths. However, the dis-
cussion of our experimental results reflects a very interesting

W w F_t

Y =1mwW=lo=w——=wW| 1— =w

PL OFW OF:‘N_’_Fx\ﬁ FW
w

= g=w—=wW(1—Regp).
T+ et

Ret TV IR fact: namely that a small ratio of the PL intensities from the
F_XFW+ W~ TRiR’ (6) Qwell and Qwire regions does not necessarily imply a high
et tr i S transfer rate, but can also be due to remarkably different
where recombination rates.
1/f+Re,
FeL= — ] (7) IV. SUMMARY

The high growth selectivity on GaA311A substrates
patterned by a sujpm-pitch grating results in geometrically
flat quantum wire arrays with lateral confinement potentials,
which are as high as 210 meV. Consequently, the exciton
€apture within the wire regions is very efficient, and high
"wire luminescence intensities are obtained up to room tem-

perature. The combined measurement of the wire related CL
- | T ._contrastC and the ratio of the laterally integrated intensities
within the Qwires after excitation by an ultrashort pulse is ot the guantum well and wire luminescence as a function of
determined by the decay rate"=I'"+I'y, within the emperature yields important information about the exciton
leres as well as by the exciton transfer from the Qwells ansfer between the connecting Qwell regions and the
which again depends on the transfer riéf@nd on the decay Qujires, about the influence of nonradiative recombination
rate 'V within the Qwell regions. HencéNg=dNg/dt can  channels, and about the thermally activated carrier escape. At
be written as low temperatureg5—20 K) both, exciton localization and
nonradiative recombination, contribute to a reduced exciton
NR: —T'RNg+ fF_tNoe*FWt, (8) transfer efficiency. While the exciton transfer is nearly com-
plete at about 100 K, which is linked to the maximum of the
whereN, denotes the exciton concentration immediately af-exciton lifetime in this temperature range, it is reduced again
ter excitation. Its solution is for T>100K due to an increase of the nonradiative recom-

Equation(6) contains data from laterally integrateﬂ;(,_l) as
well as from spatially resolvedH;) experiments. In order
to estimate the relation between the radiative rates of th

provided by the time-resolved experiments.
The temporal variation of the exciton concentratidig]
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