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bstract

InAs0.05Sb0.95 thick film with thickness of about 120 �m was grown by modified LPE technique on InAs substrate. The Fourier transform infrared
FTIR) transmission measurement revealed that the cutoff wavelength (defined at the mid-transmittance) is 12.5 �m for InAs Sb thick film.
0.05 0.95

n electron mobility of 23,900 cm2/V s with a carrier density of 2.37 × 1016 cm−3 at 300 K has been achieved. The investigation of the lattice
ynamics of InAs0.05Sb0.95 has been made by using Raman scattering. These results indicate its potential applications for infrared detectors in long
avelength range and high-speed electron devices.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Photodetectors operating in the 8–12 �m wavelength range
re of great importance for applications in infrared (IR) ther-
al imaging. InAs1−xSbx has the smallest band gap among all

onventional III–V alloys [1–3], which has attracted extensive
nterest for long-wavelength (8–12 �m) optoelectronic appli-
ations. In recent years, ternary InAs1−xSbx has shown its
otential usefulness for 8–12 �m room-temperature devices
4–6]. The InAsxSb1−x is also useful for high-speed elec-
ron devices because of its very high electron mobility. Many
rowth techniques such as molecular beam epitaxy (MBE) [7],
etal-organic chemical vapor deposition (MOCVD) [8] and

iquid phase epitaxy (LPE) [9] have been employed to grow
nAs1−xSbx ternary layers.

In this letter, we successfully developed InAs0.05Sb0.95 thick
lm with thickness of about 120 �m by the conventional LPE
rocess with appropriate and simple modifications. One of the

ritical factors in the modified LPE system is that the clearance
etween the substrate surface and the top surface of the boat
s in the range of 100–150 �m, which is far beyond that of the
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onventional LPE technique. As a result, some melt remains
n the surface of the substrate and cools slowly to form a sin-
le crystal epilayer. Usually, the epilayer with thickness more
han 100 �m is impossible to obtain by MOCVD and MBE.
he 100 �m thickness plays the important role in reducing the

nfluence of mismatch between epilayer and the substrate, which
s advantaged for the highly lattice-mismatched heteroepitaxy.

oreover, thick (>50 �m), low-defect, compositionally graded
pitaxial layers of ternary and quaternary alloys, termed “virtual
ubstrate” by Mao and Krier [10,11], would effectively satisfy
any of the same functions of substrate wafers cut from ternary

ngots. The growth of InAsxSb1−x by conventional LPE has so
ar been achieved only for low Sb composition (correspond-
ng to 3–5 �m gap) and for thin films with thickness of several

icrometers [7–9]. This letter reported the investigation on the
roperties of InAs0.05Sb0.95 thick film grown by the modified
PE technique. As an important narrow band gap material, the
ptical and electric properties of InAs0.05Sb0.95 thick films are
f both technical and scientific interest.

. Experiments
The modified LPE growth was carried out in a conventional horizontal
raphite sliding-boat system with an ambient of flowing Pd-membrane purified
ydrogen at atmospheric pressure in a quartz reactor tube. The starting mate-
ials were 6N pure In and Sb, and undoped (non-doped) InAs. The substrates
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ness up to 120 �m. Fig. 4 shows the typical Raman spectra for
the InAs0.05Sb0.95 film. The scattering range was from 100 to
Fig. 1. XRD patterns of the InAs0.05Sb0.95 epilayer.

sed were well-polished (1 0 0) InAs wafers, which was rinsed in acetone and
thanol by a supersonic cleaner, and chemically etched using mixture solution
f H2O2 and HNO3 (6:4) before setting into the growth system. Prior to growth,
etals were baked out for 1 h at a temperature of 650 ◦C in flowing hydrogen to

emove residual impurities and reduce oxides. Next, the growth process began
ith an appropriate starting temperature (about 600 ◦C for InAs0.05Sb0.95) and
as ramped down with the certain cooling rate of 10 ◦C/min. The quality of the

pilayer is closely related to the starting growth temperature and the cooling
ate.

. Results and disscusion

The X-ray diffraction measurement was carried out along the
4 0 0) plane of InAs0.05Sb0.95/InAs samples. The main peak at
diffraction angle of 56.80◦ in Fig. 1 is from InAs0.05Sb0.95 epi-

ayer. The sharpness of the main peak as seen in Fig. 1 indicates
he high quality of the grown layer. The value of the full-width at

alf-maximum (FWHM = 324 arcsec) for (4 0 0) plane is compa-
able to that of InAs epilayer on GaAs substrate (FWHM = 320)
y molecular beam epitaxy [12].

Fig. 2. SEM image of the cross-sectional view.

3
m
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Fig. 2 presents the SEM images of the cross-sectional view.
he cross-section image of a typical sample indicates a sharp

nterface between the InAsSb film and InAs substrate. The
lm exhibits a dense microstructure with no crack and voids.
he thickness of the InAsSb epilayer is estimated to be about
20 �m. It is seen from Fig. 2 that a transition boundary region
etween the grown layer and the InAs substrate is as thick as
bout 50 �m, the orientation of the crystal in this interface layer
s anomalous and full of misfit dislocation due to the large lat-
ice mismatch. However, the rest of epilayer (about 60 �m) over
he boundary area has rather good crystal perfection, as seen in
ig. 2.

The Fourier transform infrared (FTIR) transmission spectrum
f InAs0.05Sb0.95 film at RT was obtained and is shown in Fig. 3.
he wavelength at mid-transmittance of the absorption edge
as defined as the cutoff wavelength. The cutoff wavelength

n Fig. 3 reaches 12.5 �m, comparable to that of InAs0.04Sb0.96
pliayer by ME [13,14]. It is evident that the cutoff wavelength
f InAs0.05Sb0.95 layer is shifted to longer wavelengths in com-
arison to InAs0.06Sb0.94/GaAs [9], InSb/GaAs [15] and bulk
nSb [16].

Raman scattering experiment was performed in a backscat-
ering geometry and Raman spectra were excited by the 488 nm
ine of an Ar-ion laser. The laser output power was fixed at
pproximately 500 mW and was focused onto the sample using
cylindrical lens. The scattered light was collected with the

ample surface parallel to the input slits of a Spex 1403 triple
onochromator with a resolution of 2 cm−1 and was detected
ith a GaAs photomultiplier equipped with photon counting

lectronics.
InSb and InAsSb have been amply probed by Raman meth-

ds [17–21]. Here we show the Raman scattering data of
nAs0.05Sb0.95 film with high Sb composition and with thick-
00 cm−1, which covers the frequencies of the optical–phonon
odes of interest: InSb longitudinal–optical (LO) mode at

Fig. 3. Fourier transform infrared (FTIR) transmission spectrum.
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Table 1
Electrical parameters of InAs0.05Sb0.95 epilayer grown by modified LPE technique

Temperature (K) Mobility (cm2/V s) Concentration (cm−3) Resistivity (� cm) Hall coefficient (cm3/C)

300 23,900 2.37 × 1016

F
1
3

1
m
m
a
L
p
f
a
r
o
n
c
c

s
m
a
w
r
p
t
a
t
o
t
I

u
e

r
n
H
3
v
i
I
v
d
t
m
b
M
e
t
w

4

1
n
m
t
b
c
2
r
i

A

N
T
S
(
T

R

ig. 4. Raman scattering measurement of InAs0.05Sb0.95/InAs at 300 K. Model
79.72 cm−1 is assigned as InSb-like LO, 190.37 cm−1 for InAs-like LO and
81.34 cm−1 for InSb-like second LO.

93 cm−1, InSb transverse–optical (TO) at 185 cm−1, InAs LO
ode at 242 cm−1 and InAs TO mode at 220 cm−1. The TO
ode is forbidden for our scattering geometry. The narrow peak

t 179 and 190 cm−1 are the first order InSb-like and InAs-like
O phonon modes of InAs0.05Sb0.95, respectively. The weak
eak at 386 cm−1 is the second-order InSb-like LO phonon. The
ull widthes at half maximum (FWHM) of the LO lines are 4.0
nd 6.0 cm−1 for the InSb-like and the InAs-like LO phonons,
espectively. These linewidth values are comparable to those
bserved from epitaxial InSb films grown by metal-organic mag-
etron sputtering [22]. The small value of FWHM shows good
rystallinity despite the large lattice mismatch (6%) in lattice
onstant between InAs0.05Sb0.95 epilayer and InAs substrate.

The lattice dynamics in III–V ternary alloy systems display
ome interesting feature. For mixed crystals which shows “one-
ode” behavior, such as GaInP [18]. Other ternary alloys, such

s AlGaAs, GaAsP and GaPSb [19], show “two-mode” behavior,
here two sets of optical phonons are observed over the entire

ange of alloy composition. The optical phonons of ternary com-
ound InAsxSb1−x show a one + two-mode behavior, similar to
he GaInAs and GaInSb systems [20]. InAs1−xSbx alloy shows

one-mode behavior for the optical phonons in the composi-
ion range 0 < x < 0.6 and two-mode behavior for large value
f x (x > 0.6) [21]. The lattice dynamics study by Raman scat-
ering suggests two-mode behavior of the optical phonons for

nAs0.05Sb0.95 crystal grown by modified LPE techniques.

We measured the carrier concentration and electron mobility
sing van der Pauw measurement at 300 K for the InAs0.05Sb0.95
pilayers. Prior to the measurements, the InAs substrates were
0.011 263

emoved by grinding, in order to eliminate the influence from
-InAs substrate. Indium was used as the Ohmic contact.
all coefficient indicates that the epilayers were n-type at
00 K. It is well known that the antimony is very easy to be
olatilized during the epitaxial growth at about 600 ◦C due to
ts high vapor pressure, which results in antimony vacancy in
nAsSb epilayers. In our InAs0.05Sb0.95 sample, the antimony
acancy donors may be the origin of the n-type unintentionally
oped epilayer. Table 1 lists measured electrical parameters of
he InAs0.05Sb0.95 epilayer at room temperature. The electron

obility of the InAsSb sample is 2.39 × 104 cm2/V s, compara-
le to the mobility reported for InSb/GaAs samples grown by
BE and MOCVD [23–25]. The better transport properties are

xpected by removing the transition boundary region between
he grown layer and the InAs substrate in followed research
orks.

. Conclusion

In summary, InAs0.05Sb0.95 film with thickness of about
20 �m was successfully developed by modified LPE tech-
iques. The Fourier transform infrared (FTIR) transmission
easurement revealed that the cutoff wavelength (defined at

he mid-transmittance) is 12.5 �m. The lattice dynamics study
y Raman scattering suggests two-mode behavior of the opti-
al phonons for InAs0.05Sb0.95 crystal. An electron mobility of
3,900 cm2/V s with a carrier density of 2.37 × 1016 cm−3 at
oom temperature was obtained by van der Pauw measurements,
ndicating the high quality of the epilayer.
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