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Abstract. Time resolved and time-integrated photoluminescence (PL) spec-
troscopy is used to investigate the trapping and thermal activation dynamics of
excitons bound to single twin defects in individual GaAs–AlGaAs core–shell
nanowires. The GaAs core exhibits two distinct spectral emission features that
are attributed to free and bound excitons. Time resolved measurements reveal
lifetimes of τFE ∼ 1.4 ns and τBE ∼ 4.0 ns for the free and bound excitons, re-
spectively. For temperatures above 30 K, the global PL intensity is quenched
due to non-radiative carrier recombination. In contrast, for temperatures below
20 K we observe clear evidence for thermal detrapping of bound excitons into
the continuum. By comparing the time-resolved PL spectra with a two-level rate
equation model, quantitative values are obtained for both the exciton trapping
and detrapping rates. Our data is consistent with a temperature independent ex-
citon trapping rate >20 GHz that dominates the population dynamics of bound
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excitons at T = 6 K. At elevated temperature, the detrapping rate is found to
adhere to a thermally activated behavior characterized by a thermal activation
energy of EA = 5.8 ± 1.0 meV, very close to the energy spacing of bound and
free exciton emission features. This observation implies that bound excitons are
thermally activated into the excitonic continuum without the need to overcome
additional energetic barriers.

While most III–V semiconductors adopt a zincblende crystal structure in their bulk forms,
III-As and III-P nanowires are often found to form mixed wurtzite/zincblende crystal structure
or high densities of stacking faults under ambient conditions [1, 2]. Many groups have
investigated the influence of growth parameters on the crystal structure of nanowires [3], with
the goal of achieving crystal phase purity [4–12] or as a route to controllably modulate crystal
structure [13–17]. The crystal phase mixing within nanowires alters the nanowire electronic and
optical properties via a modification of the electronic band structure [18]. In most materials,
the polytypic crystal structure leads to the formation of type-II heterostructures inducing
a localization of electrons (holes) in zincblende (wurtzite) segments of the nanowire [18].
This charge carrier localization was found to dominate the electronic transport properties in
InAs [19, 20] and InP [21] nanowires at low temperatures and has, for example, been used to
produce electronic miniband-like effects in periodically modulated crystal nanowires [22].

The impact of crystal phase mixing on the optical properties of nanowires has been
studied by various groups [16, 23–27]. The type-II band alignment was shown to produce PL
features via recombination of spatially indirect excitons at wurtzite/zincblende heterointerfaces
in InP [23, 24] and GaAs [25, 26] nanowires. These emission centers are localized along the
nanowire axis and are typically red shifted with respect to the bandgap emission and have a
longer lifetime [23–26]. For polytypic nanowires with predominant wurtzite structure, emission
above the band gap energy of zincblende GaAs was reported [27]. Sufficiently small dimensions
of the crystal phase segments lead to charge carrier confinement and, thus, to the formation of
crystal phase quantum dots, that exhibit single photon emission [16]. While most existing work
focuses on the impact of crystal structure on the energy and lifetime of photogenerated charge
carriers, the trapping that leads to the localization of excitons is less studied. Recently, Graham
et al [28] reported an S-shaped temperature dependence for the emission energy of localized
excitons in polytypic GaAs nanowires and attributed the effect to thermally activated hopping
of excitons into energetically more favorable crystal phase segments.

Here, we report investigations of trapping and thermal activation of excitons bound
to single twin defects in individual GaAs–AlGaAs core–shell nanowires. We employ both
time resolved and time-integrated PL spectroscopy to directly probe the luminescence
dynamics and, thereby, the trapping and thermal activation dynamics of excitons localized at
wurtzite/zincblende crystal phase boundaries. In a temperature range of 6–20 K, we observe
PL dynamics, which evidence a thermal activation of bound excitons into the free exciton
continuum. For a quantitative analysis of the exciton trapping and detrapping dynamics,
we compare the time-resolved PL spectra with simulations according to a two-level rate
equation model. This allows us to deduce a lower limit of 20 GHz for the exciton trapping
rate, which dominates the exciton dynamics at low temperatures (∼6 K). Upon increasing
the lattice temperature, the detrapping rate is found to increase exponentially with a thermal
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Figure 1. (a) Schematic representation of investigated nanowire heterostructure
consisting of a GaAs core, AlGaAs shell and GaAs protection layer. (b) SEM
micrograph of as-grown nanowires before transfer to Si templates for optical
characterization. The scale bar is 1 µm. (c) TEM micrograph and (d) HRTEM
detail of a single twin defect recorded from a GaAs–AlGaAs core–shell nanowire
with a 24 nm-thick AlGaAs shell grown under similar growth conditions. A
twinned zincblende crystal structure is found with an average twin defect density
of ∼7 µm−1. Arrows indicate the position of twin defects. The dashed line in (d)
demarks the expected position of the core–shell interface. Twin defects are found
to propagate from the nanowire core through the shell. The black (white) scale
bar is 100 nm (10 nm).

activation energy of EA = 5.8 ± 1.0 meV. This value is in very good agreement with the energy
spacing between free and bound exciton transitions and indicates, that bound excitons are
thermally activated directly into the free exciton continuum without the need to overcome an
additional energetic barrier. For T > 30 K, we find a degradation of the optical efficiency of the
investigated nanowires due to non-radiative recombination.

We investigated GaAs–AlGaAs core–shell nanowires grown by molecular beam epitaxy
(MBE) on SiO2-coated Si(111) substrates. Growth templates were prepared by patterning thin
(∼20 nm) oxide masks using electron beam lithography as reported previously [29]. GaAs
nanowires were synthesized in a Ga-catalyzed vapor–liquid–solid growth mode employing
a substrate temperature of 610 ◦C, a Ga flux of 0.25 Å s−1 and an As flux of 1.03 Å s−1.
Figure 1(a) schematically depicts the structure of the investigated nanowires. To enhance their
optical efficiency, GaAs nanowires were overgrown with an 8 nm thick Al0.25Ga0.75As shell
for surface passivation and a 4 nm GaAs protection layer to suppress oxidation of the AlGaAs
shell. Further information on the growth of GaAs–AlGaAs core–shell nanowires can be found
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in [30]. Figure 1(b) shows a typical scanning electron micrograph of the resulting nanowires
with a length of 7.0 ± 0.2 µm and diameters of 120–150 nm. The resulting nanowires exhibit a
predominant zincblende crystal structure with occasional twin plane defects, as confirmed by
Raman spectroscopy [31] and transmission electron microscopy (TEM): figures 1(c)–(d) depicts
TEM micrographs of a representative GaAs–AlGaAs core–shell nanowire with a 24 nm-thick
AlGaAs shell grown under similar growth conditions. Arrows in figure 1(c) indicate the position
of individual twin defects, as evident from high resolution TEM (HRTEM) (cf figure 1(d)). In
figure 1(d), the expected position of the core–shell interface is marked by a dashed line, which
clearly illustrates, that twin defects propagate from the nanowire core through the AlGaAs
shell. We find an average twin defect density of ∼7 µm−1 along the nanowire axis. Besides
individual twin defects, we do not observe elongated segments of WZ structure. In order to
characterize individual nanowires using µ-PL spectroscopy, nanowires were dispersed onto Si
(111) substrates and cooled to cryogenic temperatures in a He-flow cryostat. PL was collected
along a direction perpendicular to the nanowire-axis after excitation with 4–6 ps duration laser-
pulses at 1.59 eV (80 MHz repetition rate) focused using an NA = 0.5 objective onto the sample
surface. Under these excitation conditions, the absorption length in GaAs is much larger than
the nanowire diameter (∼660 nm [32]), allowing us to probe the entire nanowire cross-section
within the laser spot. The setup provides a laser spot size <1 µm. The re-emitted light was
collected by the same objective and spectrally filtered using a 0.5 m focal length monochromator
(Princeton Instruments Acton, 1200 mm−1 grating) and subsequently guided to a single photon
avalanche diode (Perkin Elmer) for time-resolved detection.

Figure 2(a) shows a PL spectrum recorded from the center of a typical, individual
nanowire at T = 6 K after excitation with a time-averaged power density of 250 W cm−2. We
observe emission in the energy range 1.500–1.515 eV. The strong asymmetry of the emission
feature indicates contributions from two superimposed PL peaks. Indeed, the overall peak can
be fitted by superposing two Gaussian peaks representing two excitonic states separated by
1E = 4.8 ± 0.3 meV. This energy spacing corresponds closely to the localization energy of
excitons at a single twin plane defect [26]. Twin defects represent a unit cell inclusion of
wurtzite crystal phase in an otherwise zincblende matrix, and lead to the formation of indirect
excitons with holes confined in the twin plane and electrons in the surrounding zincblende
phase [25, 26]. In order to identify the origin of the two emission peaks we performed spectral
and temporally resolved PL, an example of which is plotted in figure 2(b). Here, the circles
correspond to data recorded after spectral filtering within a ∼0.7 meV bandwidth centered at
1.508 eV, while squares show data recorded around 1.502 eV. The data sets are normalized and
offset for better comparison. At 1.508 eV, a clear mono-exponential decay transient is observed
with a characteristic lifetime of τ ∼ 1 ns, consistent with literature for free excitons in GaAs
nanowires [33]. The spectral position shows a small deviation from the expected literature value
(1.515 eV [34]), an observation that we attribute to weak band bending effects arising from
charge separation within the nanowire core [35]. In contrast to the mono-exponential dynamics
observed at 1.508 eV, the time transient at 1.502 eV exhibits a clear bi-exponential character as
indicated by the solid lines in figure 2(b). This is consistent with the spectral overlap of the two
peaks at 1.502 eV as is entirely apparent from figure 2(a). In addition to the fast decay of the
free exciton, a slow decay component is observed (τ ∼ 4 ns) and attributed to the low-energy
state. Such an increased exciton lifetime is characteristic for the spatial separation of electron
and hole at type-II heterointerfaces [25] and—in combination with the observed characteristic
redshift—indicates that this peak stems from excitons localized at single twin plane defects.
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Figure 2. (a) PL spectrum recorded at T = 6 K from the center of an individual
GaAs–AlGaAs core–shell nanowire. The asymmetric peak can be fitted (black
line) with two Gaussian peaks separated by 1E = 4.8 ± 0.3 meV as shown
by the blue and red lines. (b) Time evolution of PL intensity recorded at
E = 1.502 eV (red circles) and E = 1.508 eV (blue squares) as indicated by the
dashed lines in panel (a). Data sets are offset for better comparison. The solid
lines are guides to the eyes, clearly showing the bi-exponential nature of the
decay transient at 1.502 eV. The fast decay is attributed to the recombination of
free excitons while the slow decay is attributed to the recombination of indirect
excitons localized at single twin plane defects.

We can rule out impurities and point defects as potential source of the low-energy PL feature,
since those typically lead to a reduction of the carrier lifetime rather than a prolongation [36, 37].

In order to quantitatively analyze the observed charge carrier dynamics the observed time
transients were fitted using a rate equation model. The structure of the model is depicted
in the inset of figure 3(a), considering two distinct states for free and bound excitons with
recombination rates 0FE and 0BE, respectively. The coupling between the two states is described
by two additional rates 0T and 0D that phenomenologically describe the trapping of free excitons
and detrapping of bound excitons, respectively. If the degeneracy of the bound exciton states
is ND, the time-dependent population of free and bound exciton populations are NFE(t) and
NBE(t). These quantities satisfy the following rate equations:

dNFE

dt
= −0FE NFE + 0D NBE − 0T NFE

(
1 −

NBE

ND

)
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Figure 3. (a) Calculated time evolution of the PL intensity using the two-level
rate-equation model described in the text. Solid (orange) line represents best
fit to data recorded at E = 1.502 eV. In addition, dashed/dotted lines display
calculated decays for varying degeneracies of the low-energy state ND given in
units of N0, the overall number of excitons at t = 0 s.The inset shows a schematic
representation of the applied rate-equation model as discussed in the text. (b)
Energy dependence of the fitting parameter r, defined as the ratio of slow to fast
decay. Solid line represents the ratio obtained from the quotient of the respective
peak fits in figure 2(a). The overall good agreement validates the applied model.

and
dNBE

dt
= −0BE NBE − 0D NBE + 0T NFE

(
1 −

NBE

ND

)
.

This system of differential equations was solved numerically for the initial conditions NFE(t =

0 s) = N0 and NBE(t = 0 s) = 0, i.e. assuming only a population of N0 free excitons exists at
t = 0 s. Due to the non-resonant nature of the excitation this is likely to be a good description of
the experimental situation. The overall PL intensity I (t) recorded at energy E is then given by

I (t) =
I0 (E)

N0
[NFE (t − t0) + r (E) NBE (t − t0)] + IBG,

where t0 and IBG are constants representing a time offset in our photon counting electronics
and the background PL signal, I0(E) is the initial PL intensity at time t = 0 s and r(E) is
a parameter that represents the ratio of the intensities of the bound and free exciton peaks
at the detection energy. The experimental data were fitted by iteratively calculating I (t),
convoluting the result with the instrument response function and minimizing the mean squared
deviation of the resulting function from the data under variation of the fitting parameters.
Importantly, most fitting parameters are global parameters that are independent of the PL energy
(0FE, 0BE, 0D, 0T, ND), while only t0, IBG, r and I0 were allowed to be energy dependent.
Furthermore, the offset parameters t0 and IBG were found to exhibit no systematic dependence
on E as expected.

Figure 3(a) again shows the time-resolved PL recorded at T = 6 K for E = 1.502 eV
(circles) together with the best fit according to the model described above (solid line). It can

New Journal of Physics 15 (2013) 113032 (http://www.njp.org/)

http://www.njp.org/


7

be seen that the fit provides a very good fit to the experimental data. The best fit was achieved for
ND = (0.16 ± 0.06)N0, 0FE = 0.77 ± 0.33 GHz, 0BE = 0.25 ± 0.05 GHz 0T > 20 GHz, 0D <

1 GHz. For the trapping (detrapping) rate, we can only specify a lower (upper) limit since
variations beyond this value have insignificant impact on fit quality. The rates above correspond
to a trapping time <50 ps, a detrapping time >1 ns and lifetimes of 1.3 ± 0.4 and 4.0 ± 0.8 ns
for free and bound excitons, respectively. As discussed above, the obtained values for the exciton
lifetimes are in excellent agreement with literature values [25, 38]. Also, a trapping time in the
picosecond-regime is fully consistent with literature values for other semiconductors [39, 40]
and indicates, that in our case the process is also mediated by acoustic phonon emission [40].
The value obtained for ND implies, that the bound exciton state is fully occupied by ∼16% of the
total number of excitons generated during one excitation pulse for the particular power density
employed. In addition to the best fit, figure 3(b) also shows calculated PL decays for different
values of the normalized degeneracy factor ND/N0 as dashed/dotted lines. It can be seen, that
small variations of ND lead to large discrepancies between calculation and best fit values. The
limiting cases are also consistent with the physical expectations; for ND → 0 all excitons are
forced into the free exciton continuum and the decay has purely mono-exponential character,
as expected, with the fast recombination time of free excitons. In contrast, for ND → N0

all generated excitons can occupy the bound excitation state and the decay, thus, becomes
mono-exponential with the slower recombination time characteristic for indirect excitons. To
furthermore validate the employed model, figure 3(b) shows the best-fit values of r as a function
of the PL energy E (circles). Per definition, we expect r to directly reflect the ratio of free exciton
to bound exciton contribution caused by the spectral overlap of the two PL peaks. The solid line
in figure 3(b) represents the quotient of bound exciton to free exciton peak as obtained from the
Gaussian fits to the time-integrated PL measurement depicted in figure 2(a). Indeed, we observe
an excellent agreement between fitting parameter and the expected behavior. These observations
confirm that the model developed provides a reliable description of the physics of the observed
system and is well suited to the quantitative analysis of the experimental data.

In order to study the effect of temperature on the charge carrier dynamics, we recorded
time-resolved PL spectra while changing the lattice temperature in the range T = 6–30 K.
Below 10 K, temperature steps of 1T = 1 K were chosen, while for T > 10 K the step size
was increased to 2 K. We acquired PL decays after spectral filtering within a bandwidth of
∼0.7 meV, employing an integration time of 30 s. On the energy scale, a step size of 1 meV was
employed. Figures 4(a)–(c) show representative time-resolved PL spectra for temperatures of
6, 10 and 18 K, respectively. The two exciton states can clearly be identified in this illustration
by their different decay times. Centered around 1.508 eV, we observe the fast free exciton
decay, while the slower bound exciton decay is centered around 1.502 eV, as indicated by the
respective dashed lines in figures 4(a)–(c). With increasing temperature, the bound exciton
emission becomes increasingly quenched, while the free exciton emission does not exhibit
strong temperature dependence. This observation is in accord with expectations for thermal
detrapping of bound excitons. We continue to quantitatively analyze these expectations utilizing
the model discussed above. Figures 4(d)–(f) show the time evolution of PL as extracted from
figures 4(a)–(c) at energy E = 1.508 eV for T = 6, 10 and 18 K, respectively (circles). In
all cases, the decay is dominated by a single time constant. Besides a marginal decrease in
overall PL intensity the three decay curves remain insensitive to the lattice temperature. To
place this observation on a quantitative footing, the decay curves were fitted with the rate
equation model for all temperatures, assuming all fitting parameters to be functions of the
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Figure 4. Time-resolved PL spectra recorded at three different sample
temperatures: (a) T = 6 K, (b) T = 10 K and (c) T = 18 K. Bright (dark) regions
correspond to high (low) PL intensity, plotted on a logarithmic scale. With
increasing temperature, a reduction of the slower decay centered around E =

1.502 eV is observed. PL decay as detected at energy E = 1.508 eV (circles)
and calculated fits (solid lines) for different sample temperatures: (d) T = 6 K,
(e) T = 10 K and (f) T = 18 K. The time evolution is dominated by the fast
recombination of free excitons and hardly depends on temperature. PL decay
at E = 1.502 eV (circles) and calculated fits (solid lines) for different sample
temperatures: (g) T = 6 K, (h) T = 10 K and (i) T = 18 K. The time evolution
features contributions from both fast free exciton decay (dashed line) and slow
bound exciton decay (dotted line). With increasing temperature, a quenching
of the slow decay is observed due to thermally activated detrapping of bound
excitons.

lattice temperature T. The solid lines in figures 4(d)–(f) depict the best fits to the experimental
data. As expected, the offset parameters t0, IBG and the degeneracy of the bound exciton
state ND/N0 = 0.15 ± 0.03 were found to be independent of T. Also r shows no trend with
temperature—only statistical variations around the mean value r = 0.011 ± 0.003. The small
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value of r supports the initial observation that emission from the bound excitons play a negligible
role in this spectral window, but is two orders of magnitude weaker than the contribution of
free excitons. This small amplitude of the bound exciton contribution also implies, that the
obtained values for 0BE, 0D and 0T are subject to larger errors due to their strong dependence
on the occupancy of the bound exciton state. The free exciton lifetime, however, can be precisely
determined from the fits. It is also found to be constant in the investigated temperature range
with an average value of τFE = 1.4 ± 0.2 ns. This temperature-independent free exciton lifetime
is consistent with earlier findings in GaAs heterostructures [41] and indicates, that exciton
dissociation into free electron–hole pairs plays a negligible role in the investigated temperature
range. Figures 4(g)–(i) show the PL decay recorded after spectral filtering at E = 1.502 eV
as extracted from figures 4(a)–(c) for T = 6, 10 and 18 K (circles). Again, best fits to the
data according to our model are depicted as solid lines. During the fitting procedure, the
parameters 0FE, 0T and ND were fixed to the values obtained from fitting the PL decay at
E = 1.508 eV as shown in figures 4(d)–(f) and discussed above. In contrast to the PL decay
curves at E = 1.508 eV, the contributions of the free and bound exciton state are on the same
order of magnitude allowing us to study the trapping and detrapping dynamics in more detail.
The dashed and dotted lines in figures 4(g)–(i) depict the separated contributions of free and
bound exciton state, respectively. For T = 6 K, the bound state is populated via rapid exciton
trapping until saturation. Since the trapping rate is much higher than the detrapping rate, the
bound exciton state stays fully occupied as long as the overall number of excitons exceeds
its degeneracy. Recombining bound excitons are immediately replaced by excitons trapped
from the free exciton continuum. Only for t > 5 ns, when the overall decay has emptied the
free exciton continuum, does the bound exciton state start to be depopulated with the lower
recombination rate 0BE. In total, this behavior leads to the observed time-evolution of the
total PL with a rapid decay in the beginning and a retarded decay for longer time delays after
excitation.

However, this characteristic low temperature behavior is found to be strongly influenced by
the lattice temperature T. As can be seen from figures 4(g)–(i) the relative intensity of the bound
exciton becomes visibly quenched with increasing T. This confirms the initial observation of
thermal exciton detrapping. Furthermore, the decay dynamics of free and bound exciton state
change drastically. While at low temperatures bound and free exciton states depopulate with
distinct rates 0BE < 0FE, for T = 18 K both states decay with similar rates in-between the low-
temperature limits 0BE < 0i, j < 0FE . This indicates an increased detrapping rate as can be
understood when looking at the limiting case of ultrafast coupling of the two exciton states.
If we assume trapping and detrapping to occur on time scales much faster than the radiative
recombination times, the occupancy of states will always obey thermal equilibrium. Each
perturbation by a recombining exciton is immediately compensated for by a rapid redistribution
of excitons via (de)trapping. As a result, the depopulation of both levels occurs with a common
time constant 0, representing an average of the two rates 0BE and 0FE, weighted by the
equilibrium occupancy of the respective exciton levels.

For a more quantitative analysis of the temperature-dependent charge carrier dynamics,
figure 5(a) shows the integrated PL intensity recorded at E = 1.508 eV for temperatures in the
range of T = 6–110 K (squares). The overall intensity is found to be constant for temperatures
below 30 K. Only for T > 30 K, we observe a rapid quenching of the PL intensity indicating
the onset of thermally activated non-radiative recombination. The solid line depicts a fit to
the data according to the model proposed by Williams and Eyring [42] for the temperature
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Figure 5. (a) Integrated PL intensity recorded at E = 1.508 eV for different
temperatures in the range from T = 7 to 110 K. The intensity quenches for
T > 30 K with an activation energy of ENR = 15 ± 7 meV. Below 30 K, however,
the PL intensity remains constant, indicating, that non-radiative processes
are negligible in this temperature range. (b) Temperature dependence of the
detrapping rate as obtained from fits to the time-resolved PL spectra. The
thermal activation behavior was fitted assuming a Boltzmann factor dependence
of the form 0A ∝ exp(−EA/kT ) (solid line). An activation energy of EA =

5.8 ± 1.0 meV can be extracted from the fit, in very good agreement with the
energy spacing between the two exciton levels 1E = 4.8 ± 0.3 meV.

dependence of luminescence efficiency. It assumes a thermal activation into a metastable state
that leads to non-radiative recombination and describes the temperature-dependent PL intensity
by I (T ) =

I0
1+C exp(−ENR/kT )

, where I0 and C are fitting constants, k is the Boltzmann constant
and ENR is the activation energy of the non-radiative decay channel. The best fit to our data
yields ENR = 15 ± 7 meV. Our observations are in excellent agreement with earlier results by
Titova et al [43], who measured the temperature-dependent PL intensity of GaAs–AlGaAs
core–shell nanowires and found a quenching for T > 50 K with an activation energy of
17 meV. In particular, this result proves the insignificance of non-radiative processes in the
investigated temperature range of 6–20 K and justifies that our model includes solely radiative
recombination.

The exciton detrapping rate as a function of lattice temperature is plotted in figure 5(b). It
was obtained from fitting the PL decay transients recorded in the energy range 1.500–1.503 eV,
where contributions from free and bound excitons are approximately equal (cf figure 2(b))
and the overall signal amplitude is sufficiently large to obtain reliable fitting results
(cf figure 2(a)). Following the results discussed above, we assume the following fitting
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parameters to be temperature-independent; the bound state degeneracy ND, the spectral overlap
ratio r , the radiative recombination rates 0FE, 0BE. The trapping rate 0T is also assumed to
be temperature independent based on earlier results by O’Neil et al [39], in which a very
weak temperature-dependence of the exciton trapping rate was observed with an only two-
fold enhancement for an increase of temperature from T = 4.8 to 100 K [39]. Thus, we allowed
only the detrapping rate 0D, the PL intensity I0 and the offset parameters t0, IBG to vary with
temperature. All other parameters were fixed to the values obtained from fitting the PL decay
recorded at T = 6 K. In particular, the values of the parameters 0FE, 0BE, 0T and ND, which are
independent of the PL energy, were adopted from the fits in figures 4(d) and (g). The data
points presented in figure 5(b) are each averaged over four sets of fits in the energy range
of 1.500–1.503 eV with the error bars representing the standard deviation. For temperatures
above 20 K, the contribution of bound excitons to the overall PL decay is already reduced
to an extent that inhibits the deduction of a reliable value for the detrapping rate. In the
observable temperature range, however, we find an enhancement of the detrapping rate by a
factor of 30 upon increasing the temperature from 6 to 20 K. This trend furthermore reflects
the temperature dependence of the Boltzmann factor, viz. 0D(T ) = Aexp(−EA/kT ) with A
being a fitting constant and EA representing the activation energy of the thermally activated
detrapping process. The best fit to the data is plotted in figure 5(b) as a solid line and yields
EA = 5.8 ± 1.0 meV. Within the experimental error, this value matches the energy spacing of
bound and free exciton state, 1E = 4.8 ± 0.3 meV, indicating that no energetic barrier needs to
be overcome to detrap bound excitons, but excitons are directly activated into the free exciton
continuum.

In conclusion, we have studied the temperature dependent dynamics of excitons in
individual GaAs–AlGaAs core–shell nanowires by time-resolved PL spectroscopy. For high
temperatures above 30 K, non-radiative recombination was found to result in a strong quenching
of the PL intensity. For lower temperatures, two contributions to the PL emission were identified
by their distinct time evolution: a fast radiative recombination of free excitons (τFE ∼ 1.4 ns)
and a slower radiative recombination at lower energies caused by indirect excitons localized at
single twin defects (τBE ∼ 4.0 ns). Comparison with a two-level rate equation model allowed
us to study trapping and detrapping of excitons quantitatively. For T = 6 K the dynamics
are dominated by rapid exciton trapping within ∼50 ps. While the experimental data can be
explained with temperature-independent recombination and trapping rates, the detrapping rate is
found to depend on temperature sensitively. Increasing T from 6 to 20 K increases the detrapping
rate by a factor of 30 and leads to a depopulation of the bound exciton state via thermal activation
into the free exciton continuum. An activation energy of EA = 5.8 ± 1.0 meV was found for
this process in very good agreement with the energetic spacing between free and bound exciton
states. The thermal detrapping of localized excitons is expected to not only influence the optical
emission of polytypic nanowires, but also their transport behavior at low temperatures.
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