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The excitonic radiative transitions of InAsxP1x (x ¼ 0.13 and x ¼ 0.40) alloy epitaxial layers were
studied through magnetic field and temperature dependent photoluminescence and time-resolved
photoluminescence spectroscopy. While the linewidth and lineshape of the exciton transition for
x ¼ 0.40 indicate the presence of alloy broadening due to random anion distribution and the
existence of localized exciton states, those of x ¼ 0.13 suggest that this type of compositional
disorder is absent in x ¼ 0.13. This localization is further supported by the behavior of the exciton
transitions at low temperature and high magnetic fields. InAs0.4P0.6 exhibits anomalous “S-shaped”
temperature dependence of the excition emission peak below 100 K as well as linewidth
broadening at high magnetic fields due to the compression of the excitonic volume amid
compositional fluctuations. Finally, photoluminescence decay patterns suggest that the excitons
radiatively relax through two channels, a fast and a slow decay. While the lifetime of the fast decay
is comparable for both compositions (30 ps), that of the slow decay increases from 206 ps to 427
ps as x increases from 0.13 to 0.40, attributable to carrier migration between the localization states
C 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4876121]
of InAs0.4P0.6. V

I. INTRODUCTION

By altering the alloy composition, InAsP ternary alloys
are capable of assuming a wide range of band gaps, spanning
from 0.35 to 1.35 eV at room temperature. The ability to
bandgap engineer in this range is an attractive feature for a
variety of optoelectronic applications, most notably for those
involving modern optical telecommunication,1,2 broadband
photodetectors,3 and mid-IR lasers.4,5 Furthermore, InAsP
alloys are capable of assuming a wide range of g-factors; this
includes g ¼ 0, a desired attribute for semiconductor-based
quantum communication applications.6 Investigating the dynamics of carriers involved in radiative transitions in these
alloys not only provides a means to assess and improve sample quality but also aids in the design and optimization of device structures. However, while the morphology and the
electronic properties of InAsP have been extensively
explored,7–11,14–17,31 studies concerning optical characterization are limited.14–17 Although there are a large number of
optical studies involving quantum structures,2,18–20 alloy epilayers are more appropriate when considering fundamental
optical transitions since confounding effects, such as quantum confinement and interface-related defects, are avoided.
The optical properties of ternary alloy systems are dominated by excitonic transitions12 and the behavior of the
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linewidths associated with those transitions yields important
information concerning the quality of the alloy system. For
instance, of particular interest is the subject of alloy broadening, in which random distribution of alloy anions leads the
broadening of excitonic energy, resulting in larger linewidths
than those observed in the binary constituents of the alloy.13
While there are a few reports on excitonic linewidths in
InAsP alloys,14–17 these studies do not provide a robust treatment of alloy broadening. Huang and Wessels15 reported full
width at half maximum (FWHM) linewidths at 20 K of
strain-relaxed InAsxP1x alloy epitaxial layers (0 < x < 0.6),
grown by Metal-Organic Vapor Phase Epitaxy (MOVPE),
ranged from 12 to 15 meV. Based on comparisons with excitonic linewidths in InP and X-ray diffraction (XRD) measurements, they concluded that compositional disorder in
their samples was minimal. However, a systematic optical
study investigating the full character of excitonic localization
was not pursued; for instance, the magnetic field and temperature dependencies were not assessed. Magnetic fields have
the effect of exacerbating alloy broadening which, in turn,
can reveal the extent of compositional disorder, if present.30
In addition, the localization energy of excitons can be determined from the temperature dependence of exciton emission
energy.35
In this work, we present experimental investigations
into the optical properties of InAsxP1x (x ¼ 0.13 and
x ¼ 0.40) epitaxial layers using low temperature photoluminescence (PL) measurements. The nature of anion distribution is assessed from linewidths of excitonic transitions at
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low temperatures. Furthermore, the temperature evolution of
the PL spectra of these epiaxial layers is analyzed to determine the degree of exciton localization. In addition, the
effect of applied static magnetic fields on excitonic energies
(diamagnetic shift) and linewidths in these alloys is determined. Finally, the excitonic recombination dynamics are
discussed in the context of time-resolved PL (TRPL)
measurements.

PL spectra were subjected to a nonlinear damped
least-squares fitting using Voigt profiles, approximated by a
piecewise function involving a Taylor Expansion about precomputed points and a fifth-order Gaussian-Hermite quadrature.22 Fitted data presented in this work yielded adjusted R2
values greater than 0.980.

II. EXPERIMENTAL DETAILS

InAsxP1x epitaxial layers were prepared by chemical
beam epitaxy (CBE) on Fe-doped semi-insulating InP (001)
substrates. Further details concerning sample growth are
available in Ref. 21. The compositions of the alloys presented in this work, x ¼ 0.13 and x ¼ 0.40, were verified by
high resolution x-ray diffraction measurements using
Vegard’s rule. XRD rocking curves for InAsxP1x with
x ¼ 0.13 and 0.40 obtained by using CuKa radiation are
shown in Fig. 1. By means of ellipsometry, the thicknesses
of the epilayers were determined to be 2.2 and 4.3 lm for
x ¼ 0.13 and x ¼ 0.40, respectively. These thicknesses are
well beyond the critical thickness for strain relaxation,7,21 as
supported by x-ray reciprocal-space mapping analysis.
PL measurements were performed using an amplified
Ti:Sapphire laser as the excitation source, operating at
800 nm with a pulse width of 150 fs and a repetition rate of
1 kHz. Samples were mounted in a 17.5 T superconducting
magnet and PL signals were collected through a 0.6 mm
core-diameter multimode fiber, delivered to a 0.75 m focal
length spectrometer with a 600 grooves/mm grating, and
detected by either a liquid-nitrogen-cooled charge-coupled
device (CCD) or InGaAs photodiode array. All magnetic
field measurements were carried out using a Faraday geometry, in which the direction of the field was perpendicular to
the epilayer plane and parallel to the optical excitation.
TRPL measurements were performed using a synchroscan
streak camera (Hamamatsu Photonics) with a temporal
response of 2 ps.

Figure 2 shows PL spectra for InAsxP1x ternary alloy
epitaxial layers measured at 5 K under an excitation fluence
of 6 lJ/cm2. Both spectra involve near band edge transitions,
attributable to excitonic transitions (X). The asymmetric
excitonic emission for x ¼ 0.40 can seemingly be described
by two Voigt profiles (see below); however, the profile on
the high energy side is an artifact of the high energy tail.
This tail feature is indicative of spatial fluctuations in the
band gap produced by alloy disorder. Under low energy excitation, the characteristic time needed for carriers to migrate
to lower energy sites is shorter than the radiative recombination lifetime; hence, electron-hole pairs preferentially recombine from absolute potential minima, skewing the emission
toward the lower energy side.24
The spectrum for x ¼ 0.13 also possesses an energetically lower, much broader transition. This weaker shoulder
has been attributed to free to bound transitions involving a
shallow acceptor,14,15 or a donor-like defect to an acceptor
level or valence band transition.17 When increasing excitation fluence by two orders of magnitude (not shown), this
lower energetic transition redshifts, supporting its classification as a donor-acceptor pair (D, A) recombination since
Coulomb interaction of donors and acceptors as a function of
their separation would lead to a shift in emission energy with
excitation density.23
In addition, for both compositions, the peak energy and
linewidth for the energetically higher transitions did not
show an appreciable dependence on excitation density, corroborating our earlier assignment that these peaks are due to
excitons. Regarding the excitonic transitions, the peak

FIG. 1. High-resolution X-ray diffraction rocking curves in the vicinity of
the InP 004 reflection for InAsxP1x films with x ¼ 0.13 (blue line) and 0.40
(red line).

FIG. 2. Photoluminescence spectra for InAsxP1x alloy epitaxial layers
measured at 5 K with As compositions of (a) 0.13 and (b) 0.40. The fitted
spectra (solid red line) overlay experimental values (black lines), and the
Voigt profiles that contribute to those fitted spectra are offset below.

III. RESULTS AND DISCUSSION
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energies and FWHM linewidths at 4 K, determined from the
fitting protocol, are 1.3030 eV and 5.7 meV for x ¼ 0.13, and
0.9263 eV and 7.6 meV for x ¼ 0.40. The shift of the excitonic transition toward lower energies with increasing x corresponds to the predicted band gap reduction associated with
an increasing As concentration. In contrast, the increase of
the linewidth with x suggests the onset of alloy broadening
due to random anion distribution.
Through lineshape analysis at low temperatures, the
degree of alloy broadening can be assessed, albeit in a limited fashion. Typically, the line shape of bound excitonic
optical transitions in binary semiconductors can be approximated as Lorentzian.24 In contrast, random compositional
disorder in alloy semiconductors incurs an inhomogeneous
broadening on these transitions, producing lineshapes with a
nearly Gaussian profile.24,34 By performing spectral decomposition of the PL with a function that is the convolution of
both profiles, i.e., the Voigt profile, the relative contributions
of the various broadening mechanisms can be inferred. The
Voigt profile is given by25
rﬃﬃﬃﬃﬃﬃﬃ
1 ln 2
Kðu; vÞ;
(1)
Uðu; vÞ ¼
aG
p
where K(u,v), known as the “Voigt function,” is given by
ð
v 1
expðt2 Þ
dt
(2)
Kðu; vÞ ¼
p 1 v2 þ ðu  tÞ2
   0 pﬃﬃﬃﬃﬃﬃﬃ
u¼
ln 2
aG
with
aL pﬃﬃﬃﬃﬃﬃﬃ
v¼
ln 2;
aG
where aG and aL are the half-widths of the Gaussian and
Lorentzian components, respectively, and    0 is the distance from the profile center.
In Fig. 2, results of this deconvolution analysis are displaced below the observed spectra for x ¼ 0.13 and x ¼ 0.40.
The Lorentzian and Gaussian contribution in each fitted peak
can be determined from the shape factor, v, as defined above.
According to this definition, a shape factor of zero signifies a
Gaussian lineshape; as this factor increases, the Lorentzian
component becomes more prominent. The shape factors for
the excitonic transitions for x ¼ 0.13 and x ¼ 0.40 are 28 and
0.8, respectively, indicating that the former can be
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approximated as Lorentzian whereas the latter is an admixture of the two lineshapes. Since Gaussian broadening is a
necessary attribute of alloy broadening due to random anion
distribution, the shape factors indicate the possibility of modest alloy broadening in x ¼ 0.40 and the lack thereof in
x ¼ 0.13. However, the linewidth of the excitonic transition
in x ¼ 0.13, 5.7 meV, is larger than those found in InP
(<1 meV) which is typically attributable to homogeneous
lifetime broadening. Hence, other Lorentzian-type broadening mechanisms are mostly likely present in the x ¼ 0.13
composition.
This finding is further supported by ellipsometric and
XRD studies of these structures:21 The broadening parameters of second-energy-derivative of ellipsometric spectra
were larger for mid-compositions (0.4 < x < 0.6) than for
compositions closer to binary end-points; in addition, as
shown in Fig. 1, XRD rocking curves for x ¼ 0.40 were
broader than those of x ¼ 0.13.
The thermal behavior of the PL spectrum is incontrovertibly affected by the distribution of anions within a semiconductor alloy. Fig. 3 shows the lattice temperature
dependency of the peak position of the dominant exciton
transition for both compositions considered, where these
peak positions were determined from the aforementioned fitting protocol. At high temperatures (>100 K), both compositions experience a redshift in peak position with increasing
temperature, attributable to the temperature dependence of
the band gap, Eg(T). With regard to this thermal dependency,
the phonon coupling model proposed by O’Donnell and
Chen26 is more appropriate for describing Eg(T) for
InAsxPx 1 alloys than either the Varshini or Bose-Einstein
equations.27 This model asserts that the temperature dependence of the band gap is as follows:
Eg ðTÞ ¼ Eg ð0Þ  Shhxi½cothðhhxi=2kTÞ  1;

(3)

where S is a dimensionless coupling constant and hhxi is the
average phonon energy.
The solid lines in Fig. 3 for x ¼ 0.13 and x ¼ 0.40 represent the nonlinear least squares fit of Eq. (3) with the excitonic peak positions for T > 100 K; values of the best fit
parameters are given in Table I.
While the thermal behavior of the excitonic peak position for x ¼ 0.13 follows closely with that of the band gap
well into the low temperature regime, the peak position for

FIG. 3. Temperature dependency of
the dominant PL emission peak of
InAsxP1x for (a) x ¼ 0.13 and (b)
x ¼ 0.40. Solid circles indicate measured values whereas the solid lines
denote the best fit of Eq. (3) to the high
temperature measurements (>100 K).
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TABLE I. Best fit parameters for the high temperature dependence of the
dominant PL emission peak for InAsxP1x.
As concentration (%)
13
40

Eg(0) (eV)

S

hhxi (meV)

1.303
0.930

1.73
1.89

11.4
36.3

x ¼ 0.40 exhibits a markedly different behavior below 100 K.
In fact, this divergence from the band gap behavior is known
as the thermal “S-shape” emission shift that is prototypical
of semiconductor alloy systems with randomly distributed
anions.28 This behavior features a red-blue-red shift of the
excitonic peak positions with increasing temperature caused
by thermal migration of excitons from localized to delocalized states. The initial redshift occurs when excitons are supplied with sufficient thermal energy to overcome local
potential barriers, which allows the excitons to relax into
absolute minima. Increasing the lattice temperature further
results in the thermal excitation of the excitons into energetically higher extended states; hence, the peaks become blueshifted. At large enough temperatures, ample thermal energy
prevents the localization of excitons, at which point any further temperature increase engenders a second redshift in
peak positions due to band gap reduction. In other words, the
S-shape feature that is present in the peak position temperature dependence for x ¼ 0.40 (Fig. 3) is due to a competitive
process between localized and delocalized excitonic states
and the existence of these localized states is a result of alloy
disorder.
Furthermore, at the lowest measurement temperature,
the deviation of the peak position from the expected band
gap behavior given by Eq. (3) describes the localization
energy.35 At 5 K, ELoc is approximately 4 meV for x ¼ 0.40,
as indicated in Fig. 3.
Behavior of these excitonic transitions in the presence
of a magnetic field can also indicate the extent of the compositional disorder. Fig. 4 shows the evolution of the PL spectra

as a function of magnetic field strength for both InAsxP1x
compositions. Upon the application of a magnetic field, the
peak position of the excitonic emission, X, for x ¼ 0.13 and
x ¼ 0.40 experiences a blue shift; in addition, for x ¼ 0.13,
the impurity transition (D, A) rapidly subsides and the peak
position shifts to higher energies.
An explanation for this latter behavior is that, as the
magnetic field is increased, the wavefunctions of the localized, impurity states shrink and, as a result, the wavefunction
overlap between the states involved in this transition is
reduced, thereby, diminishing its oscillator strength.
Furthermore, the binding energy of the impurity states
decreases at higher fields, prompting a reduction in the number of ionized states at low temperatures; in turn, this both
diminishes the peak intensity of and incurs an energetic shift
in the impurity transition.
With regard to the excitonic behavior, the excitons
undergo a diamagnetic shift to higher energies as a result of
Landau quantization.29 In addition, the linewidth is expected
to increase in disordered alloys. This behavior is due to the
compression of the excitonic wavefunction under an increasing magnetic field, which causes the lineshape to be more susceptible to the local potential fluctuations resulting from
compositional disorder.34 In turn, this results in a magnetic
broadening of the linewidths. While many groups have proposed models to describe the magnetic field dependency of
these quantities, we prescribe to the formalism of Mena et al.
and Lee et al.30,34
Both employ the same Hamiltonian to describe an exciton in a static magnetic field directed along the z-axis, relying on the symmetric gauge and cylindrical coordinates
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c @
1 2 2
4
2
þ c q 
(4)
H ¼ r þ
2
i @/ 4
ðq þ z2 Þ
such that lengths and energies are taken in units of the excitonic radius, aex ¼ h2 =le2 , and the effective Rydberg,
R ¼ h2 =2la2ex , respectively, where e is the dielectric constant

FIG. 4. Magnetic field dependency of
the PL spectra for InAsxP1x for (a)
x ¼ 0.13 and (b) x ¼ 0.40. The emission
peak position (solid circles) for both
compositions experiences a blueshift
with increasing magnetic field
strength, which is the characteristic of
a diamagnetic shift. All spectra are
normalized and vertically shifted for
clarity.
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of the alloy and l is the excitonic reduced mass. The diamagnetic term, c2 q2 =4, contains the dimensionless parameter c,
which is a measure of the magnetic field strength, defined as
c¼
heB=2Rlc. The grounds state wavefunction for the
Hamiltonian, Eq. (4), was determined through variational
calculations using the trial wavefunction
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
(5)
Wðq; zÞ ¼ A exp½k1 q2 þ z2  k2 q2 þ k3 z2 ;
where A is the normalization constant, and k1, k2, and k3 are
the variational parameters whose values are those that minimize hHi.
To model the magnetic broadening, the calculations of
Mena rely on the expectation value of the excitonic volume;
in contrast, Lee34 relies on a quantum statistical approach.
Their derived expressions for linewidths due to compositional variation can be generalized as such
vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
!ﬃ
u

2
u
@Eg ðxÞ
t
XðWÞ ;
(6)
rðxÞ ¼ 2
2 ln 2
@x
where @Eg ðxÞ=@x describes the variation of the direct band
gap energy with respect to alloy composition and XðWÞ is a
broadening function that contains the magnetic field dependency. This function assumes the following form:
XMena
XLee ¼




1
Vc 4p
2
2 32
hWjðq þ z Þ jWi
¼ 3
;
aex 3

Vc
a3ex

2 X
1 X
1
ð2j þ 1ÞjWðjDq; kDzÞj4 ;

(7)

(8)

k¼1 j¼1

where a is the lattice constant, Vc is the primitive cell volume, and Dq and Dz are dimensional increments depending
on the crystalline
structure. For zinc blends, Vc ¼ a3/4,
pﬃﬃﬃﬃﬃﬃ
Dq ¼ a= 2paex , and Dz ¼ a=2aex . To calculate rðxÞ in
InAsxP1x, material parameters from Refs. 21 and 31 were
used. Linear interpolation between the properties of InP and
InAs was employed to determine the dielectric and lattice
constants
ðxÞ ¼ 12:5ð1  xÞ þ 15:2x

(9)

aðxÞ ¼ 5:87ð1  xÞ þ 6:06x Å:

(10)

The variation of the band gap energy, @Eg ðxÞ=@x, at 4 K in
eV is given by
@Eg ðxÞ
¼ 1:09 þ 2:4x:
@x

(11)

Reduced masses were determined experimentally from
the diamagnetic shifts exhibited by both compositions.
These observed shifts of the peak position with magnetic
field were least-squares fit to precomputed curves calculated from the expectation value of the diamagnetic term.
Fig. 5 displays the results of this fitting procedure (dashed
line) alongside the measured values (solid circles). From
the fitted curves, the reduced masses of the excitons in the
plane perpendicular to the magnetic field were determined
to be 0.048m0 and 0.051m0 for x ¼ 0.40 and x ¼ 0.13,
respectively, where m0 is the electron mass in free space.
Therefore, the uncertainty in the exciton reduced mass is on
the order of 0.001m0.
Figure 6 displays the linewidths as a function of magnetic field for the calculated values, solid (Mena) and dashed
(Lee) lines, along with the experimental values (solid
circles). The magnetic field dependency of the excitonic linewidth for x ¼ 0.13 clearly diverges from the expected behavior for alloys with randomly distributed anions. In fact, the
reduction of linewidth with an increasing magnetic field is
indicative of ordered alloys, where such a behavior is attributed to a diminished exciton-impurity scattering cross section at high magnetic fields.32
In contrast, the linewidth for x ¼ 0.40 steadily increases
with B, albeit displaced from the predicted values by approximately 6 meV. However, the considered models only
account for linewidth broadening due to randomly distributed anions and, hence, do not include other broadening
mechanisms that would increase the total linewidth beyond
the values predicted by both models. For instance, macroscopic compositional disorder such as alloy clustering resulting from spinoidal decomposition would contribute such
additional broadening. Furthermore, these macroscopic compositional disorders are more prevalent in mid-composition
samples, such as x ¼ 0.4, if the growth temperature is not
maintained above a critical temperature to discourage local
phase separation.33
In order to study the radiative dynamics of the exciton
transitions, TRPL spectroscopy was employed. Figure 7

FIG. 5. Variation of the diamagnetic
shift of the excitonic transition as a
function of magnetic field in InAsxP1x
for (a) x ¼ 0.13 and (b) x ¼ 0.4.
Experimental values (solid circles)
were measured at 5 K and fitted
(dashed curve) to pre-tabulated values
of hc2 q2 =4i to determine excitonic
reduced masses. For x ¼ 0.13 and
x ¼ 0.4, those reduced masses were
determined to be 0.051m0 and
0.048m0, respectively.
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FIG. 6. Variation in the excitonic linewidth for InAsxP1x alloy epitaxial
layers as a function of magnetic field
for As compositions of (a) 0.13 and (b)
0.40. Excitonic linewidths determined
from the line shape analysis are represented by solid circles. The dashed and
solid lines were produced from the theoretical calculations of alloy broadening on excitonic linewidths according
to the derivations of Lee et al. and
Mena et al., respectively.

shows the temporal response of the PL spectra as a function
of temperature for (a) x ¼ 0.13 and (b) x ¼ 0.40. The TRPL
spectra for both compositions feature show a slow and fast
decay component. To determine the time scales of these radiative relaxations, the decaying portion of the temporal data
was fitted (solid line) to the convolution of the instrument
response function and a double-exponential decay function,
with the latter being expressed as
 
 
t
t
þ B exp
;
IðtÞ ¼ A exp
s1
s2

(12)

where s1 and s2 are time constants for two decay components, and A and B are their relative contributions to the PL
intensity. At 0 T and 5 K, s1 and s2 were 27 and 206 ps for
x ¼ 0.13, and 28 and 427 ps for x ¼ 0.40.
The source of the fast decay component is speculative,
but may be due to rapid relaxation of electron-hole pairs
through nonradiative pathways, such as surface recombination or Auger cooling. In contrast, the slow decay is most
likely the result of a prolonged multistep relaxation process
involving carrier cooling through LO-phonon emission
and, in the presence of alloy disorder, nonradiative relaxation to energetically low localization states. Due to the low
excitation intensities used, cooling excitons give rise to relatively small changes in the LO phonon occupation number such that hot phonon bottlenecking is unlikely.10 In
addition, this carrier migration between localized states
may account for the long rise times in the x ¼ 0.40 TRPL

spectra, depicted by the initial divergence from the fitted
behavior.36,37
Furthermore, the relaxation of cool excitons may also
have to contend with localized states brought about by compositional disorder, which can conceivably account for the
two-fold increase in s2 for x ¼ 0.40 with respect to that for
x ¼ 0.13. This assertion is based on the fact that localization
is analogous to impurity-related binding of excitons and the
radiative lifetime of bound excitons increases with binding
energy.35
This lifetime inflation due to excitonic localization also
has a discernible presence in the magnetic field dependency
of the TRPL. As mentioned previously, magnetic confinement acts to exacerbate the localization of excitons, which
would, in turn, act to increase radiative lifetimes. The right
portion of Fig. 8 depicts the dependence of s2 on magnetic
field strength for x ¼ 0.13 and x ¼ 0.40, respectively. While
s2 for x ¼ 0.13 remains largely unchanged for B < 10 T, the
lifetimes for x ¼ 0.40 display a noticeable dependence on B,
where s2 increases from 427 to 459 ps as B increases from 0
to 10 T.
While the lifetimes of the fast decay for both compositions remain relatively unchanged with temperature, the
slow decay lifetimes for both x ¼ 0.13 and x ¼ 0.40 exhibit a
marked decrease with increasing temperature, as depicted in
the left portion of Fig. 8. Specifically, as the lattice temperature is increased from 5 K to 100 K, s2 reduces from 206 to
88 ps for x ¼ 0.13, and 427 to 374 ps for x ¼ 0.40. This
reduction in lifetimes is tenably attributable to the stronger

FIG. 7. Temperature-dependent timeresolved PL spectra of InAsxP1x for
(a) x ¼ 0.13 (left) and (b) x ¼ 0.40
(right). The decaying portions of the
spectra (open circles) were fitted to the
convolution of the instrument response
function and a double exponential
decay function, given in Eq. (12). The
insets in both graphs refer to
Instrumental Response Function (IRF)
deconvolved from the TRPL spectrum
for x ¼ 0.13 and x ¼ 0.40.
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FIG. 8. Temperature ((a) and (b)) and
magnetic field ((c) and (d)) dependencies of s1 and s2, the fast and slow lifetimes
of
the
InAsxP1x
photoluminescence for x ¼ 0.13 and
x ¼ 0.40. (Starting from the top left
corner and proceeding counterclockwise: (a) temperature dependence of
s2, (b) temperature dependence of s1,
magnetic field dependence of s1, (c)
magnetic field dependence of s2, and
(d) magnetic field dependence of s2.)

influence of nonradiative recombination processes and the
thermalization of localized states.
IV. CONCLUSIONS

In summary, the excitonic radiative transitions of
InAsxP1x (x ¼ 0.13 and x ¼ 0.40) alloy epitaxial layers were
studied through magnetic field and temperature dependent
photoluminescence and time-resolved PL spectroscopy. The
difference in the ionic radius of As and P is larger than that
of Al and Ga, then InAs-InP alloys have the microscopic nature quite different from that of AlGaAs alloys. While the
linewidth and lineshape of the exciton transition for x ¼ 0.40
indicate the presence of alloy broadening due to random
anion distribution and the existence of localized exciton
states, those of x ¼ 0.13 suggest that this type of compositional disorder is absent in this composition. The behavior of
the exciton transitions for x ¼ 0.40 at low temperatures and
high magnetic fields further corroborate this assertion.
Below 100 K, the exciton emission peak diverges from the
band gap thermal behavior, exhibiting the anomalous
“S-shaped” behavior associated with alloy systems possessing exciton localization. From this divergence, the localization energy was determined to be approximately 4 meV.
Under high magnetic fields, the x ¼ 0.40 linewidth follows
the broadening behavior expected for compressed excitonic
wavefunctions in the presence of alloy disorder. Finally, the
TRPL spectra feature two decay channels for the excitonic

radiative transitions. While the lifetime of the fast decay is
comparable for both compositions (30 ps), that of the slow
decay increases from 206 ps to 427 ps as x increases from
0.13 to 0.40, attributable to carrier migration between localization states of x ¼ 0.40.
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