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Carrier scattering and relaxation dynamics in n-type In0.83Ga0.17As as
a function of temperature and doping density

Yingjie Ma,a Yi Gu,a Yonggang Zhang,∗a Xingyou Chen,a Suping Xi,a Zoltan Boldizsar,b Li Huangb

and Li Zhoua

The carrier scattering and relaxation dynamics in n-type In0.83Ga0.17As ternary alloy are investigated by measuring the tempera-
ture dependent electron Hall mobilities and the hole lifetimes as a function of doping density. The dominant scattering mecha-
nisms in temperature ranges of T<80 K, 80<T<120 K, and 120<T<300 K in lightly doped In0.83Ga0.17As are found to be the
impurity scattering, the alloy disorder scattering and the phonon scattering, respectively, while in heavily doped In0.83Ga0.17As
the alloy scattering dominates over the whole measured temperature range. By fitting the measured temperature dependent carrier
lifetimes, the dominant carrier relaxation mechanisms in lightly doped In0.83Ga0.17As are identified to be the radiative and the
Shockley-Read-Hall for samples grown on InP and GaAs substrates, respectively. The lifetime in heavily doped In0.83Ga0.17As
is below 10 ns with an Auger dominated recombination. Lastly, photoluminescence as well as the light absorption measurements
are performed, showing that the grown lightly doped In0.83Ga0.17As has a high optical quality comparable to the lattice-matched
In0.53Ga0.47As.

1 Introduction

Indium (In)-rich InxGa1−xAs ternary alloys (0.53≤x≤1) are
of great interest in many areas of near infrared optoelectron-
ic devices and high speed electronic devices, e.g. quantum
well lasers1, wavelength-extended infrared photodetectors2,
photovoltaic junctions3, thermophotovoltaic energy convert-
ers4 and high electron mobility transistors (HEMTs)5, which
benefits from the wide tunable band gaps of 0.36-0.74 eV and
the higher electron mobility in In-rich InxGa1−xAs materials.
Due to the lack of naturally lattice-matched substrates, In-rich
InxGa1−xAs films are generally grown on lattice-mismatched
InP or GaAs substrates via composition graded InxGa1−xAs6,
InAsxP1−x

7 or InxAl1−xAs8 metamorphic buffer layers, lead-
ing to an inherently high residual threading dislocation density
on the order of 107-109 cm−2 in the epitaxial layer. The strain9

as well as the optical properties10,11 in In-rich InxGa1−xAs
layers have been studied and given progressive understand-
ing of the epitaxial growth. However, in contrast to the
In0.53Ga0.47As lattice-matched to InP, so far only very lim-
ited data on the transport and lifetime properties have been
reported in In-rich InxGa1−xAs12–16. Also, those data show
a large inconsistency possibly owing to the different sample
structures, background doping levels and strain conditions.
The carrier scattering and recombination dynamics has not
been well understood yet. E.g. the mechanisms of suppres-
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sion of the high dark current in PIN photodetectors based
on In0.83Ga0.17As absorbers remain uncertain17–19. The de-
sign and optimization of device performances based on In-rich
InxGa1−xAs remain a big challenge owing to the insufficient
understanding on material properties and the physics in it.

Carrier mobility and minority carrier lifetime are crucial
material parameters for both material grower and device fab-
ricators to not only determine the quality of grown epilayer
itself but also design and predict the device performance be-
fore device fabrication. For In0.53Ga0.47As, the mobility and
lifetime properties in both p- and n-type materials have been
extensively studied20–24. Different carrier scattering mech-
anisms, including ionized impurity scattering, alloy scatter-
ing and phonon scattering dominating in different temperature
ranges respectively, have been determined20. Carrier relax-
ation mechanisms, including the Shockley-Read-Hall (SRH)
effect, the radiative recombination and the Auger recombina-
tion, dominating at various doping densities have been also
identified24. Compared to In0.53Ga0.47As, the carrier scatter-
ing and relaxation processes in the metamorphically grown
In-rich InxGa1−xAs are more complicated owing to increased
lattice distortion, especially in the high doping regime. A sup-
pressed carrier mobility and lifetime in In-rich InxGa1−xAs is
foreseeable considering the increased defect density, which
has not been investigated experimentally or theoretically so
far. In those senses, an extensive study on the carrier mobili-
ty and lifetime in In-rich InxGa1−xAs films over a wide range
of temperature and doping is necessary to not only understand
the fundamental physics but also improve the device perfor-
mances.

In this paper, the carrier scattering and relaxation dynamic-
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Fig. 1 Schematic epitaxial layer structures of In0.83Ga0.17As grown
on (a) InP and (b) GaAs substrates, and (c) In0.53Ga0.47As grown on
InP substrate.

s in n-type In0.83Ga0.17As are identified for the first time by
using temperature dependent characterizations of the majority
carrier mobility and minority carrier lifetime as a function of
doping density. The dominant carrier scattering and relaxation
mechanisms in different temperature ranges and different dop-
ing density regimes are determined by fitting the measured
temperature dependent electron Hall mobilities and hole life-
times. Moreover, photoluminescence (PL) as well as light ab-
sorption measurements are performed, showing that the grown
lightly doped In0.83Ga0.17As has a high optical quality compa-
rable to the lattice-matched In0.53Ga0.47As.

2 Sample preparation

In the growth of In-rich In0.83Ga0.17As on InP substrate,
normally a buffer structure is needed to release the strain and
reach a full relaxation. An ideal buffer structure should have
negligible contribution in the characterization of electrical and
optical properties of the grown films to ensure high measure-
ment accuracy. Previously11,25, we have shown that the com-
position graded InxAl1−xAs layer has suitable buffer effects. It
also has been found that unintentionally doped In0.52Al0.48As
or metamorphic InxAl1−xAs buffer layers show all high resis-
tive features, mainly because of the background doping and
carrier compensation effects in those Aluminum containing
materials. The parallel conductance effects of the buffer struc-
ture in the Hall or microwave photoconductive decay (µ-PCD)
measurements could be suppressed effectively and therefore
InxAl1−xAs is a better buffer material than InxGa1−xAs or
InAsxP1−x. Moreover, InxAl1−xAs has a larger bandgap than
InxGa1−xAs and thus the buffer layer is transparent in absorp-
tion measurement at concerned wavelength band10.

Epitaxial In0.83Ga0.17As layers were grown using a VG
Semicon V80H gas source molecular beam epitaxy (GSMBE)

system. Si was used as the n-type dopant. As shown in
Fig. 1(a), In0.83Ga0.17As layers with a thickness of 1650
nm were grown on semi-insulating (S. I.) InP (001) epi-
ready substrate with three undoped (ud) buffer layers which
in turn consist of a 200-nm-thick InP, a 100-nm-thick
In0.52Al0.48As and a 1900-nm-thick composition graded meta-
morphic InxAl1−xAs (x was increased from 0.52 to 0.87 for
a compositional overshoot to increase the residual strain re-
laxation degree in In0.83Ga0.17As). Four In0.83Ga0.17As sam-
ples with nominal Si doping densities of 3×1016, 1×1017,
1×1018 and 6×1018 cm−3 were grown, which are referred as
S83a, S83b, S83c and S83d, respectively. A 1650-nm-thick
In0.83Ga0.17As reference sample on S.I. GaAs (001) epi-ready
substrate with a similar layer structure to S83a and a nominal
Si doping density of 3×1016 cm−3 was also grown (refereed
as S83r), as shown in Fig. 1(b). The large lattice mismatch
between the GaAs substrate and the epi-layer significantly in-
creases the strain in In0.83Ga0.17As and induces much more
threading dislocations, which will help to understand the in-
fluences of defect on the carrier scattering and recombina-
tion processes. Another reference sample of a 600-nm-thick
In0.53Ga0.47As layer was grown lattice-matched on InP sub-
strate with a nominal Si doping density of 3×1016 cm−3 (re-
ferred as S53r), as shown in Fig. 1(c). A list on the material
parameters as well as the measured and deduced 300 K phys-
ical properties of those samples is given in Table 1.

3 Results and discussion

3.1 Hall mobility

The temperature dependent free-carrier concentration and
the electron Hall mobility were measured in a Quantum
Design model-6000 physical property measurement system
(PPMS) using the Van der Pauw-Hall method. The measured
carrier densities (ND) for those samples show less than 30%
variation from the nominal values. Figure 2(a) illustrates the
temperature dependent electron Hall mobility data. It is seen
that the electron mobility decreases by a factor of ∼80% for
S83 a-d with the doping density increases from 3×1016 to
6×1018 cm−3. Noteworthy is that the mobility in S83a shows
a temperature dependency of first increase and then decrease
with decreasing temperature, which is similar to that in lattice-
matched In0.53Ga0.47As.20 Such dependency attenuates with
increasing doping density. Similar temperature tendencies
were observed for the two lightly doped reference samples of
S83r and S53r, in which the carrier mobility was decreased
by a factor of ∼20% and ∼80% compared to that in S83a, re-
spectively. Figure 2(b) shows the measured electron Hall mo-
bilities of In0.83Ga0.17As layers as a function of ND at 10, 100
and 300 K. Data points for the S83r and S53r are also shown.
It is clearly seen that the mobilities decrease with ND and the
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Table 1 A list on the material parameters as well as the measured and deduced 300 K physical properties of the grown In0.83Ga0.17As with
different doping densities (referred as S83a, S83b, S83c and S83d) and the two reference samples (referred as S53r and S83r).

Sample Material Sub.
Hall ND Hall µe Ealloy τS Ld PL peak E

(cm−3) (cm2V−1s−1) (eV) (ns) (µm) (meV)

S83a In0.83Ga0.17As InP 1.0×1016 13300 0.67 32.6 8.83 496.8

S83b In0.83Ga0.17As InP 1.2×1017 10600 0.64 <10 undetected 499.5

S83c In0.83Ga0.17As InP 1.3×1018 5800 0.71 <10 undetected 574.7

S83d In0.83Ga0.17As InP 5.9×1018 3000 0.88 <10 undetected 700.6

S53r In0.53Ga0.47As InP 1.3×1016 3300 0.65 29.8 5.02 733.5

S83r In0.83Ga0.17As GaAs 3.8×1016 11000 0.56 12.5 4.95 undetected

Fig. 2 (a) Measured temperature dependent electron Hall motilities
of S83 a-d and the two reference samples of S83r and S53r. (b) The
measured Hall mobilities of In0.83Ga0.17As layers as a function of
ND at 10, 100 and 300 K. Data points for S83r and S53r are also
given.

mobilities at different temperatures tend to converge at high
doping densities. The temperature dependency is stronger for
S53r than that for S83 a-d and r.

It has been reported that several carrier scattering mecha-
nisms dominating in different temperature ranges, respective-
ly, are coexisted in lattice-matched In0.53Ga0.47As and lightly
mismatched InxGa1−xAs alloys20,21. The carrier mobility is
a result of competition among those scattering mechanisms.
The observed similar temperature dependency of S83a to S53r
could also be elucidated by the competition among the ionized
impurity scattering, the alloy scattering and the LO phonon s-

cattering which dominate in the temperature ranges of about
0-50, 50-120, 120-350 K, respectively20. For a more quantita-
tive interpretation, we have fitted the temperature dependence
of the measured Hall mobilities using equation:

1
µmeasured

=
1

µimpurity
+

1
µalloy

+
1

µphonon
(1)

where µmeasured is the measured mobility, µ impurity, µalloy
and µ phonon are the contribution parts from ionized impuri-
ty scattering, alloy disorder scattering, and phonon scatter-
ing, respectively. Those three terms are identified from their
temperature dependence as µimpurity = AT 3/2,µalloy = BT−1/2,
and µphonon = C(

Eg
kBT )

−3/2 exp( γ
1+γ ·

Eg
kBT ), respectively, where

T is temperature, A, B and C are fitting parameters. Eg is
the bandgap, kB is the Boltzmann constant, γ is the ratio of
electron and hole effective mass (γ=14.5 for In0.83Ga0.17As).
Other minor scattering mechanisms, e.g. the neutral impurity
scattering, the inter-carrier scattering and etc., are omitted in
the fitting process.

Table 2 Fitting parameters for the measured temperature dependent
Hall motilities of samples S83 a-d, S53r and S83r.

A (×105) B (×103) C (×108)

(cm2/VsK3/2) (cm2K1/2/Vs) (cm2/Vs)

S83a 3.0±0.08 0.2±0.02 0.7±0.01

S83b 2.3±0.05 5.7±0.2 -

S83c 1.8±0.03 5.5±0.05 -

S83d 1.2±0.02 2.9±0.02 -

S53r 0.6±0 0.03±0 4.4±0

S83r 2.2±0.06 0.1±0.01 1.2±0.05

Figures 3(a)-(c) show the fitting results for S53r, S83a and
S83d, respectively. Fitting parameters for the measured tem-
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Fig. 3 Fitting results of the measured Hall mobilities for (a) S53r (b) S83a and (c) S83d using equation 1. (d) The deduced Ealloy for
In0.83Ga0.17As layers as a function of ND. Data points for the two reference samples are also given.

perature dependent Hall motilities of samples S83 a-d, S53r
and S83r are listed in Table 2. From Figs. 3(a) and (b), it
is seen that equation 1 gives good fittings of the measured
mobilities for both S53r and S83a at the low doping level
of 3×1016 cm−3. At the high doping level of 6×1018 cm−3

(S83d), the fitting curve shows a good agreement at T>80
K and a relatively large discrepancy at T<80 K, as shown in
Fig. 3(c). From the fitting parameters, it is found that the dom-
inated scattering mechanisms in temperature ranges of T<80
K, 80<T<120 K, and 120<T<300 K in S83a are the impurity
scattering, the alloy scattering and the phonon scattering, re-
spectively, which is similar to that in lattice-matched S53r. It
is also found that the contribution of alloy scattering increases
over the whole measured temperature range for heavily doped
In0.83Ga0.17As samples while the other two scattering contri-
butions decrease. In order to understand more quantitatively,
the alloy disorder potential Ealloy is estimated using the equa-
tion26:

µalloy =
(2π)1/2eh̄4Na

3(kBT )1/2m∗5/2
e E2

alloyx(1− x)
(2)

where e is the electron charge, h̄ is the reduced Planck’s
constant h̄=h/2π , Na is the density of alloy scattering cen-
ters, m∗

e is the electron effective mass (m∗
e=(0.51-0.1x)m0 for

InxGa1−xAs), Ealloy is the depth of the random potential well

and x is the alloy fraction. Figure 3(d) shows the deduced
Ealloy for In0.83Ga0.17As at 300 K as a function of ND. Data
points for the two reference samples are also shown. Ealloy
shows a monotonic increase with increasing ND, suggesting
an increased alloy scattering contribution in the carrier trans-
port in In0.83Ga0.17As at high doping levels. The Ealloy for
S83r shows a slight increase as compared to S83a with the
same doping density, which is probably due to an increased
lattice defect density. Those Ealloy results also indicate the in-
crease of Si dopant density in InxGa1−xAs alloy would cause
an increased lattice distortion and hence increased alloy disor-
dering scattering.

3.2 Minority carrier lifetime

For high-speed device applications based on In-rich
InxGa1−xAs, it is important to measure and know the car-
rier lifetimes at different doping regimes and temperatures.
µ-PCD minority carrier lifetime measurement is a technique
based on the photoconductivity dependent microwave re-
flectance27,28. The minority carrier (i.e. the hole) lifetimes
of the n-type In0.83Ga0.17As and the reference samples were
measured by using a µ-PCD system (WT-2000) of SEMILAB
with an overall temporal resolution of ∼10 ns. Surface charge
passivation technique was applied to eliminate the surface re-
combination lifetime as well as the characteristic time for d-
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Fig. 4 Measured RT µ-PCD transient signal (in ln scale) on (a)
S53r, (b) S83a and (c) S83r. The fitted short (τS) and long (τL)
lifetimes are also illustrated.

iffusion to the surface from the bulk, and thus to give direct-
ly the bulk recombination lifetime29. Figures 4(a)-(c) show
the measured room temperature (RT) transient signals (in u-
nit of mV) of S53r, S83a and S83r, respectively. Samples
have shown strong multiexponential feature with short (τS)
and long (τL) lifetime parts. τS and τL are defined by fitting
the decay curves with the expression of I(t) = αe−t/τS and
I(t) = βe−t/τL , respectively, where α and β are fitting param-
eters.

Generally, the interpretation of the physical origins of the
fitted two decay times is not readily, and is closely related to
the material properties. The generated non-equilibrium car-
riers in the direct bandgap bulk InxGa1−xAs relax via radia-
tive and nonradiative recombination processes, including the
interband radiative recombination, the defect related SRH re-
combination and the Auger recombination24,30. Among those
three channels the radiative recombination is a relatively fast
process while the two other nonradiative recombinations could
contain both fast and slow components22–24,31. Both τS and

τL are results of the competition among those recombina-
tion mechanisms. We suggest that τL mainly originated from
the nonradiative recombination channels, including the dop-
ing density related Auger effect and the crystal defect density
related SRH effect. The short lifetime part τS is suggested to
originate from the competition between the radiative and the
nonradiative recombination processes, which is case sensitive
depending on the intrinsic material properties (e.g. the band
structure and the doping level) as well as its crystal quality
(e.g. defect density).

From the fittings in Fig. 4, it is found that the τS are 29.8,
32.6 and 12.5 ns, and the τL are 4.2, 1.6 and 0.9 µs for
S53r, S83a and S83r, respectively. The even higher τS for
S83a as compared to S53r indicates that grown lightly dope-
d In0.83Ga0.17As has a high crystal quality comparable to the
lightly doped In0.53Ga0.47As. However, the τL for S83a is re-
duced compared to S53r, indicating the slow recombination
processes in In0.83Ga0.17As play less important roles than that
in In0.53Ga0.47As. This could be associated with the different
defect types in them. The τS for S83r is lower compared to
S83a, which suggests that the increased defect density in S83r
increases the nonradiative recombination centers and less car-
riers relax via rapid radiative recombination processes, while
the suppressed τL indicates an overall degraded crystal qual-
ity. The transit signals of In0.83Ga0.17As with higher doping
densities (S83 b-d) were too weak to be detected, indicating
their lifetimes are severely suppressed and are less than the
system temporal resolution of ∼10 ns.

To quantitatively determine the dominant recombination
mechanism in those materials, other advanced measurements
must be exploited. Temperature dependent lifetime measure-
ments have been recently demonstrated to be a robust route in
determining the dominant carrier recombination mechanisms
in narrow-bandgap compound semiconductors32–35. By fit-
ting the measured temperature dependent lifetimes using the
SRH, radiative and Auger recombination equations, the con-
tributions of the various recombination mechanisms could be
distinguished and the dominated carrier relaxation mechanism
could also be identified.

In this work, the temperature dependent τS of holes in 77-
300 K for S53r, S83a and S83r were measured and fitted, as
illustrated in Fig. 5(a). It is found that τS in the In0.83Ga0.17As
samples (S83a and S83r) are lower than that in the lattice-
matched In0.53Ga0.47As sample (S53r) over the whole mea-
sured temperature range. S83r shows a lower τS compared to
S83a. Moreover, τS shows opposite temperature dependen-
cies for S83a and S83r, i.e. τS increases and decreases with
increasing T for S83a and S83r, respectively. The τS tenden-
cy of S83r is similar to S53r. The temperature dependent τL
was not quantitatively fitted in measurements. However, it was
qualitatively found that τL monotonically increases with de-
creasing temperature for all the three samples of S53r, S83a
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Fig. 5 (a) Temperature dependent hole τS for samples S83a, S53r and S83r. (b)-(d) The separately fitted temperature dependent lifetime
components of SRH, radiative and Auger for S53r, S83a and S83r, respectively, using equation 3.

and S83r. I.e. τL follows a similar temperature dependency
to τS for S53r, indicating a SRH dominated recombination36.
The temperature dependent τS is fitted by the law of addition
of reciprocal lifetimes35 given by

τ−1
S = τ−1

SRH + τ−1
R + τ−1

A (3)

where τSRH , τR and τA are the SRH lifetime, the
radiative lifetime and the Auger lifetime, respectively.
Those three components have temperature dependencies,
respectively, of τSRH = P1T−1/2, τR = P2T 3/2 and τA =

P3(
Eg

kBT )
3/2 exp( 1+2γ

1+γ · Eg
kBT ), where P1, P2 and P3 are fitting pa-

rameters32,34,36. Figures 5(b)-(d) show the separately fitted
temperature dependent lifetime components of SRH, radiative
and Auger for S53r, S83a and S83r, respectively. The fitting
parameters are listed in Table 3. It is seen that τS follows
mainly the SRH lifetime trend for S53r. The radiative recom-
bination contribution increases at T<170 K (Fig. 5(b)) while
the SRH recombination plays the dominant role at T>170
K. This result may suggest that the point defects in lattice-
matched In0.53Ga0.47As alloys are partially deactivated at low
temperatures. For S83a, τS follows mainly the radiative life-
time trend at T>200 K (Fig. 5(c)). At T<200 K, τS is a
competition between the SRH and the radiative recombina-
tion. Such characteristic is possibly associated with the s-
maller bandgap and thus stronger electron-hole wave-function
overlap, which give rise to an easier radiative emission. How-
ever, details remain unclear, further theoretical analyses are

still needed. For S83r, τS follows mainly the SRH lifetime
trend over the whole measured temperature range, which is
likely due to the increased lattice defect density. Similar to
S53r, the radiative recombination notably affect τS at T<170
K, which is also tentatively attributed to the deactivated lattice
defects at low temperatures. Auger recombination plays a mi-
nor role for all three samples, which is reasonable since Auger
recombination only dominates at high free carrier concentra-
tion regime31. This also explains the measured sub-10 ns life-
time for S83 b-d with doping densities larger than 3×1016

cm−3, in which the nonradiative Auger recombination is ex-
pected to play the dominant role.

Table 3 Fitting parameters for the measured temperature dependent
hole τS of samples S53r, S83a and S83r.

P1 P2 (×10−3) P3 (×104)

(s ·K1/2) (s ·K−3/2) (s)

S53r 482.7±16.7 10.2±2.1 5.3±0.9

S83a 304.8±32.1 7.7±0.9 3.1±0.8

S83r 178.2±6.3 3.8±0.7 1.9±0.3
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Fig. 6 Calculated hole Ld for S83a, S53r and S83r as a function of
temperature.

3.3 Carrier diffusion length

Minority carrier diffusion length (Ld) is another importan-
t material parameter for minority-based optoelectronic device
modeling and optimization, and also provides insight into the
physics of carrier scattering. A larger Ld benefits more photo-
generated carriers to arrive at the electrodes, leading to a high-
er quantum efficiency. For a full characterization, the hole Ld
in S53r, S83a and S83r are deduced using

Ld = (DpτS)
1/2 (4)

where Dp is the hole diffusion coefficient Dp = kBT
q µp

, µ p is the hole mobility. The minority carrier mobility
in InxGa1−xAs alloy is estimated using a empirical mobility
model37

µp(N,T ) = µmin +
µmax(300/T )θ1 −µmin

1+( ND
Nre f (T/300)θ2

)λ
(5)

where µp(N,T ) is the minority carrier mobility, ND is
the doping density, µmin, µmax and Nre f are calculation pa-
rameters at 300 K. θ1, θ2 and λ are empirical parameters.
For calculation of hole mobility in n-type In0.83Ga0.17As and
In0.53Ga0.47As, those empirical parameters are listed in Ta-
ble 4. Considering the relatively high background doping level
in our growth system, µmax and µmin values are reduced to be
∼1/4 of high purity materials as a conservative estimate. Fig-
ure 6 shows the deduced hole Ld as a function of temperature.
It is found that S83a has a Ld of about 2.7 µm which is not
strongly temperature dependent. In contrast, S83r and S53r
have a smaller Ld of about 1.6-2.2 and 2.2-2.8 µm, respec-
tively. Noteworthy is that both S53r and S83r show a nega-
tive temperature dependence, which might be intrinsically re-

lated to the similar carrier scattering (Fig. 2) and recombina-
tion (SRH dominated, Figs. 5(b) and (d)) mechanisms. The
temperature-insensitive Ld has been also observed in undoped
and lightly doped InGaP ternary alloys38. The dominant carri-
er scattering mechanisms at higher and lower temperatures in
them are identified to be phonon scattering and alloy scatter-
ing, respectively38, which is similar to that in S83a. The larger
Ld in S83a is attributed to the higher mobility and the longer
carrier lifetime than the two reference samples. The obviously
decreased Ld for S83r compared to S83a suggests an increased
defect density would drastically shorten the carrier Ld . It has
been reported that the hole Ld in n-type In0.53Ga0.47As doped
to 1.4×16 cm−3 is determined to be ∼2.5 µm by measuring
the short-circuit photocurrent39. Considering the rough mi-
nority carrier mobility model used here, it is worth pointing
out that there might be error to some level of the calculated
absolute value of Ld in figure 6. However, their relative mag-
nitudes as well as temperature dependencies are suggested to
be reasonable.

3.4 Photoluminescence and light absorption coefficient

Fig. 7 Measured RT PL spectra of the In0.83Ga0.17As films with
different doping densities (S83 a-d) and the S53r under an excitation
power of 500 mW. Inset: integrated PL intensity as a function of
excitation power. Lines are linear fittings. The extracted m values
are given accordingly.

RT PL measurements of the In0.83Ga0.17As films with dif-
ferent doping densities (S83 a-d) and the two reference sam-
ples (S53r and S83r) were conducted in a Fourier transform
infrared spectroscopy (FTIR) spectrometer40,41. A semicon-
ductor laser (532 nm) was used as the excitation source. The
PL spectra were recorded by a liquid-nitrogen cooled InSb de-
tector. Figure 7 shows the RT PL spectra measured at an exci-
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Table 4 The calculation parameters for n-type In0.83Ga0.17As and In0.53Ga0.47As used in the mobility model.

µmax µmin Nre f λ θ1 θ2
(cm2V−1s−1) (cm2V−1s−1) (cm−3)

In0.83Ga0.17As 104 3.6 2.49×1017 0.435 1.9 3.0

In0.53Ga0.47As 80 2.5 4.9×1017 0.403 1.59 3.0

tation power of 500 mW. The PL intensity for In0.83Ga0.17As
shows a monotonic decrease with increasing doping densi-
ty. This is mainly because of the increased Auger effect at
high doping levels. Besides, the high-density Si dopants in
In0.83Ga0.17As would also induce impurity defect bands in the
energy gap, which act as nonradiative recombination center-
s. S83r showed a PL intensity lower than the system detec-
tion limit, indicating that the increased dislocation density in
In0.83Ga0.17As also dramatically degrades its optical quality.
The PL peak energies show blueshifts and the peaks broad-
en with the increase of doping density, which are attributed to
the energy level filling and degeneration at high doping levels.
Inset of Fig. 7 shows the power dependence of the integrated
intensity of PL peaks (IPL) for those samples. The linear rela-
tionship between the IPL and the excitation power (P) can be
fitted by IPL∼Pm, where m is a good figure of merit to assess
material quality for device applications42. Larger m means
less nonradiative defect density and higher spontaneous emis-
sion quantum efficiency and vice versa43. The extracted m is
also given in the inset. It is found that m decreases with in-
creasing doping density. The m for the S83a (m=1.72) is in
close proximity to the S53r (m=1.69), indicating the grown
In0.83Ga0.17As layer has a high optical quality comparable to
the lattice-matched In0.53Ga0.47As at low doping levels.

The RT infrared light absorption spectra of S83 a-d, S53r
and S83r were also acquired by using FTIR with correspond-
ing background reference samples. Results are shown in
Fig. 8. S83r showed an undetected light absorption signal and
is not shown, which proves again the increased dislocation
density dramatically degrades the optical quality and should
be avoided whenever possible. From Fig. 8, it is seen that the
absorption coefficient (α) shows a remarkable decrease when
the doping density exceeds 1×1017 cm−3 (S83c). Further in-
crease of the doping density causes a dramatically decremen-
t of α to 102-103 cm−1 (S83d), especially at the low ener-
gy side, clearly demonstrates the degradation of absorption
at high doping levels. Increased free carrier absorption may
be expected in those heavily doped In0.83Ga0.17As samples.
Noteworthy is that S83a shows α of ∼104 cm−1 comparable
to S53r, being another evidence of the good optical quality of
the grown lightly doped In0.83Ga0.17As.

Fig. 8 Measured RT infrared light absorption spectra of the
In0.83Ga0.17As films with different doping densities (S83 a-d) and
the S53r.

4 Conclusions

In conclusion, we systematically investigated the carri-
er mobility and lifetime properties in MBE grown n-type
In0.83Ga0.17As layers as a function of temperature and dop-
ing density. The dominant scattering mechanisms in temper-
ature ranges of T<80 K, 80<T<120 K, and 120<T<300 K
in lightly doped In0.83Ga0.17As are found to be the impuri-
ty scattering, the alloy disorder scattering and the phonon s-
cattering, respectively, while in heavily doped In0.83Ga0.17As
the contribution of alloy scattering increases over the whole
measured temperature range. The dominant carrier relax-
ation mechanisms in lightly doped In0.83Ga0.17As are iden-
tified to be the radiative the SRH for samples grown on In-
P and GaAs substrates, respectively. The lifetime in heavi-
ly doped In0.83Ga0.17As is below 10 ns with an Auger domi-
nated recombination. PL and light absorption measurements
results show that the grown lightly doped In0.83Ga0.17As
has a high optical quality comparable to the lattice-matched
In0.53Ga0.47As. Heavy Si doping in In-rich InxGa1−xAs would
dramatically lower its carrier mobility and lifetime as well as
its optical quality. Those results are quite important for device
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designs based on In-rich InxGa1−xAs and could be generalized
to other In-rich III-V ternary alloys.
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The carrier scattering and relaxation dynamics in n-type In0.83Ga0.17As as 

a function of temperature and doping density were studied. 
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