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In this paper, we report on the growth and characterization of novel InTISb alloys for uncooled
long-wavelength infrared photodetector applications. The InTISb epilayers were grown on InSb and GaAs sub-
strates by low-pressure metalorganic chemical vapor deposition. The incorporation of Tl into InSb was investi-
gated in detail with Auger electron spectroscopy, high-resolution x-ray diffraction, transmission, absomption,
photoresponse measurements, and Hall effect measurements. We also demonstrate the photodetectors fabricated
from the grown InTISb alloys. Photoresponse of InTISb photodetectors is observed up to 11 ym at room tempera-
ture. The maximum responsivity of an Ing ogTly 04Sb photodetector is about 6.64 VIW at 77 K, corresponding to a
Johnson noise limited detectivity of 7.64x10% cmHz!"?W~!. The carrier lifetime in InTISb photodetectors derived
from the stationary photoconductivity is 10-50 ns at 77 K. The present results showed the feasibility of using

InTISh alloys for the uncooled infrared photodetector applications.
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1. Introduction

Infrared detectors and imaging arrays operating in
the long-wavelength infrared (8-12 pm) range have
attracted much interest because of their wide range of
applications in areas such as night vision, reconnais-
sance, infrared missile seeker-tracer systems, ranging,
space surveillance, industrial thermography, medical
imaging, meteorological research, and communica-
tion systems [1]. For this purpose, thermal detectors
such as bolometers, pyroelectric detectors, and
thermocouples can be operated at ambient tempera-
ture [2]. Uncooled thermal detectors are lightweight,
rugged, reliable, and convenient to use. However,
their detectivity is relatively low, especially when ope-
rated at high frequencies. A high sensitivity and fast
response detection of infrared radiation can be
achieved with the use of semiconductor photodetec-
tors [3]. One of the major drawbacks of infrared
photodetectors is the need for cooling to suppress
thermal processes that compete with the optical ones
in the generation of free carriers in a semiconductor.
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The need for cooling is a considerable problem that
inhibits the more wide spread use of infrared systems.
The cooling requirements add considerably to the
cost, bulk, weight, and power consumption, so it is
highly desirable that they be eliminated. To overcome
the problems originated from cryogenic cooling, there
have been a lot of theoretical and experimental works
to develop uncooled infrared photodetectors [4-8].
HgCdTe (MCT) has been the dominant material
system for such applications. MCT offers the freedom
of tailoring its band gap from the HgTe (—0.30 V) to
the CdTe (1.60 eV) by varying the Hg/Cd ratio within
the crystal. However, this II-VI compound is notori-
ous for metallurgical problems; the weak Hg-Te
bonding restricts the strength of the material, and the
high Hg vapor pressure makes it difficult to grow al-
loys with uniform composition over large substrate
areas and is also the reason for poor thermal stability.
A number of novel material systems and struc-
tures based on III-V semiconductors have been pro-
posed as alternatives of current market dominant
MCT. Bulk III-V semiconductors utilising direct
interband optical transition have been investigated as
possible infrared materials, capable of providing the
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flexibility of MCT such as simpler device structures
and higher quantum efficiency but with the added
metallurgical and processing advantages offered by
III-V technology. These new materials include
InAsSb [9-12], metastable InTISb [13-15], InSbBi
[16-21], InAsBi [22], InAsSbBi [22], InTIP [23],
and InTlAs [23].

Recently, band structure calculations predicted a
new semimetal, TISb, with a band gap of —1.5 eV
[13]. Also it was suggested that by alloying TISb with
InSb the band gap could be varied from -1.5 to
0.17 eV. In;,TLSb is expected to exhibit a similar
lattice constant and structure as InSb since the radius
of TI atom is very similar to that of In. Even though,
TISb was expected to favour the CsCl-type structure,
InTISb alloy was estimated to exhibit a zinc-blende
structure up to 20% T1. Wood et al. first attempted the
growth of InTISb alloy by molecular beam epitaxy
(MBE) but never succeeded in observing any change
in the physical properties of InSb [24].

This study presents the physical properties of this
new InTISb alloy and the advancements made to-
wards realising InTISb infrared photodetectors. The
first successful growth of InTISb alloys exhibiting
extended infrared photoresponse is described. De-
tailed discussion of various structural, optical, and
electrical characterisation results are also given to
gain insight into the material properties of InTISb. In
addition, the first InTISb photodetectors are demon-
strated and their detectivities are evaluated to assess
the merits of InTISb as novel III-V material for in-
frared detection.

2. Physical properties and growth of
InTISb alloy

2.1. Band and crystal structure of InTISb
alloy

The band structure of InTISb has been investigated
by Schilfgaarde et al. based on material parameters of
its binary constituents, InSb and TISb [13]. However,
very limited experimental data is available on TISb.
One of the earliest studies was done by Williams in
1906, who first determined the fundamental T1-Sb bi-
nary phase diagram [25]. Since then, other intermedi-
ate TI-Sb phases have been reported [26, 27] and
TISb is found to be stable only in the narrow tempera-
ture range from 191 to 195°C but other parameters
such as crystal structure and lattice constants are not
experimentally known. :
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The material characteristics of TISb utilised by
Schilfgaarde et al. were calculated using the full po-
tential linear muffin tin orbital method (LMTO)
within local density approximation (LDA). The re-
sults of the investigation showed that TISb slightly
favours the CsCl over the zinc blende structure at
zero temperature and zinc blende solid solution of
InTISD is stable at low Tl content, as illustrated in
Fig. 1. Moreover, InTISb is predicted to be more ro-
bust than HgCdTe because of higher cohesive ener-
gies of InSb and TISb compared to those of CdTe
and HgTe. In the 8-12 pm wavelength range, InTISb
has stronger bonded InSb as its majority compo-
nent.
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Fig. 1. Phase diagram of In;_,T1,Sb alloy (after Ref. 13). ZB
stands for zinc blende structure.

The band gap of TISb was determined through
LDA, which is known to underestimate the semi-
conductor band gaps as much as 50% [28]. This un-
certainty was accounted for by exploiting the sys-
tematic nature of the LDA errors; assuming that
TISb has a dielectric constant close to InSb and
HgTe, the average of the underestimates of these
two were used to obtain the corrected TISb band
gap of —1.5 eV [13].

Based on a scaled virtual crystal approximation
(VCA) and the band gaps of TISb and InSb, the band
gap of In;,T1,Sb was calculated at zero temperature
as a function of alloy composition x. The estimated x
value for 0.1 eV band gap at zero temperature is
x = 0.083 [13].
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2.2. MOCYVD growth of InTISb epitaxial
films

Low-pressure metalorganic chemical vapour depo-
sition (LP-MOCVD) has been used as the growth
technique because of its success in growing new as
well as metastable materials. In order to establish the
proper growth conditions for In; Tl Sb, first, opti-
mum growth conditions for high quality InSb films
were investigated [14]. InSb films were grown on
InSb, GaAs, and Si substrates using trimethylindium
(TMI) and trimethylantimony (TMSb) as sources of
In and Sb, respectively. Growth conditions such as
substrate temperature and V/III ratio were varied to
obtain good quality films. Substrate temperature was
varied from 425 to 475°C and V/III ratio was varied
from 5 to 15. Once the growth conditions of high
quality InSb were determined, growth of In, ,T1,Sb
was attempted. Cyclopentadienylthallium (CPTI1) was
used as precursor of thallium. The InTISb epilayers
were grown by introducing T1 flux into the reactor at
the optimum growth conditions of InSb. Different
amount of Tl flux was sent to the growth chamber to
obtain InTISb alloy with different Tl concentration.
This was achieved by varying both the bubbler tem-
perature as well as the flow rate of CPTI. The growth
conditions for InTISb are summarised in Table 1.

Table 1. Optimum growth conditions for InTISb.

Growth temperature 455°C

Growth pressure 76 Torr

TMI flow rate 50 cc/min

TMSDb flow rate 20 cc/min o
CPTI flow rate 3-20 cc/min |
CPTI bubbler temperature 0-80°C .

3. Characterisation of InTISb epitaxial
films

3.1. Chemical analysis by Auger electron
spectroscopy

Auger electron spectroscopy (AES) provides the
direct information on the elements in the film. As
shown in Fig. 2, the AES spectrum of an
Ing 96Tl 04Sb film grown with LP-MOCVD technique
has a well resolved T1 peak at 70 eV in addition to the
In and Sb peaks. The spectrum also shows a couple of
peaks from carbon and oxygen that were unintention-
ally incorporated in the film.
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Fig. 2. Auger electron spectra of (a) InSb and (b) InTISb
sample.

3.2. Structural characteristics

Figure 3 shows the (004) high resolution x-ray dif-
fraction (HRXRD) curves of the InSb and In,_,TLSb
layers on GaAs substrates. As expected, the x-ray
peaks corresponding to the InSb epilayer and GaAs
substrate were observed at an angle of 28.39° and
33.02°, respectively. A striking feature appeared in
the x-ray diffraction spectra for the In;_ T1,Sb films.
The epilayers, which exhibited a Tl peak in AES
spectrum and an extended cutoff wavelength in infra-
red photoresponse measurements (see Fig. 7), showed
a clear shift of the x-ray diffraction peak toward the
high angle with respect to that of InSb. It should be
noted that the Bragg diffraction peak shifted to higher
angle implies the decrease of out-of-plane lattice pa-
rameter of the In;TI,Sb according to the Bragg’s
law (see the inset of Fig. 3). As Tl incorporation in-
creased, the diffraction peaks were gradually shifted
toward the high angle in the experimental range due
to the decrease of out-of-plane lattice parameter of
In;_,T1,Sb. For the zinc blende structure which forms
sp® hybridisation, tetrahedral coordination can be as-
sumed in the grown InTISb since this ternary is in the
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Fig. 3. Four-crystal (004) x-ray rocking curves of InSb and
InTISb samples grown on GaAs substrates. The vertical
dashed line corresponds to the peak position of the InSb
epilayer. The inset shows the out-of-plane lattice parameter
as a function of TI content,

high In composition region, the bond length between
nearest-neighbours, i.e., lattice parameter, is propor-
tional to the sum of tetrahedral covalent radii of con-
stituent atoms. From the fact that the tetrahedral cova-
lent radius of Tl is greater than that of In (r,, = 1.44
A and rp = 1.47 A according to Pauling [29]), this
unique observation cannot be accounted for by atomic
size effect. At the same time, this indicates the exis-
tence of residual tensile in-plane stress in the film.
Taking account of the InTISb films under the biaxial
stress, the in-plane stress can be roughly estimated by
the simple expression for the elasticity theory [30],

|C'_C0|E, (1)

c 1'%

o

=

where c, is the strain-free lattice constant of the fully
relaxed lattice, B is the bulk modulus, and v is the

Poisson’s ratio. As the material parameters for
In, , T1,Sb are not established, many of the physical
parameters such as bulk modulus, strain-free lattice
constant, and Poisson’s ratio needed for the stress cal-
culation were estimated using Vegard’s law. The pa-
rameters for TISb and InSb used in this evaluation
were summarised in Table 2. The physical constants
for TISb were taken from the recent theoretical study
of van Schilfgaarde et al. [13]. Due to the lack of in-
formation on Poisson’s ratio for TISb, we estimated it
from the following expression [30]

_ 3B-2(c;, —¢p)

YT BB+, —cp)) @

where c,; — ¢, is the shear modulus, from which we
obtain v = 0.31.

Figure 4 plots the tensile in-plane stress estimated
by Eq. (1) and the full width at half maximum
(FWHM) of HRXRD obtained from (004) reflections
as a function of TI content. The trend shows a gradual
increase of residual stress by TI incorporation in InSb.
The magnitude of stress varies from 1.6x10* to
8.8x105 N/cm? With increasing Tl incorporation,
both residual stress and FWHM of HRXRD increased
in the studied range, exhibiting strong correlation be-
tween the stress and the defects. Residual stresses
have previously been observed in thin film [31]. Re-
sidual tensile in-plane stress originated from the lat-
tice parameter mismatch between the epilayer and
substrate does not seem to explain the current results
since the InTISb alloys have a larger lattice constant
than GaAs. The influence of free electrons on lattice
also seems to be negligible in this argument since the
room temperature electron concentration of InTISb is
too low (~ mid 10'6 cm™) to substantially affect the
lattice parameter via the deformation potential of a
conduction band minimum [32]. The present results
show that the stress may be evolved through the de-
fects in the film resulted from the interaction between
the host lattice and Tl atoms. The dependence of
stress on defects seems to imply the direct correlation
between the stoichiometry (i.e., vacancy and intersti-

Table 2. Material parameters for InSb and TISb used in this analysis (after Ref. 13).

Lattice constant Bulk modulus Shear modulus Poisson’s ratio
(A) ‘ (J/fem®) (J/em?)
InSb 6.4794 0.45 x 10 031 x 10° 0.34
TISb 6.59 0.38 x 103 022 x 10° 0.31
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Fig. 4. Tensile in-plane stress and FWHM of HRXRD as a
function of Tl content. The lines were drawn to guide the
eye.

tial concentrations) and lattice parameter [31,33]. It
should be noted that the formation of vacancies and
interstitials in InTISb system is highly probable due to
the large immisciblity between InSb and TISb under
equilibrium growth conditions [13]. It is thus sug-
gested that stoichiometric instability nurtured by point
defects such as vacancies and interstitials may be, at
least partially, responsible for the tensile stress [31,
33, 34]. It is noteworthy that the stress obtained is
comparable to the defect-induced residual stress value
for homoepitaxial SrTiO; film (~10%-10° N/cm?)
[33]. In this sense, the arguments of Du et al. that rel-
atively large covalent radius of substitutional Bi atom
(rp; = 1.46 A [29]) would make vacancies in the host
matrix (GalnSb) and limit the solubility (~ 3% for Bi)
[35] agree with our statement. As another possible ex-
planation, the differences of thermal expansion coef-
ficients of film and substrate may give rise to the ten-
sile thermal stress during the cool-down process [34].
However, it is a little difficult to confirm this analysis
quantitatively at the present stage because of the lack
of thermal expansion coefficient value for InTISb. An
experimental work for the growth of TISb is under-
way to identify the precise origin.

3.3. Optical characteristics

Figure 5(a) and 5(b) show the results of optical
transmission measurements of InSb and InTISb, re-
spectively. The absorption edge of InTISb clearly ex-
tends beyond that of InSb (A~! = 1818 cm™). How-
ever, an accurate assessment of the absorption edge
by this method is difficult due to thin epilayers and
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Fig. 5. Optical transmission of (a) InSb and (b) InTISb
versus wavenumber (104fwave[ength} at 77 and 300 K.

observed Fabry-Perot oscillations. These oscillations
are produced by multiple reflections at the air-
-epilayer and epilayer-substrate interfaces, and from
their period other interesting optical parameters such
as refractive index of the epilayers have been ex-
tracted [15]. The period of the oscillations yields the
phase shift for light passing through the epilayer,
from which the product n - d can be extracted, where n
is the refractive index of the epilayer and d is its
thickness. Assuming tabulated values for the refrac-
tive index of InSb, n = 3.9 £ 0.1 within the wave-
length range of interest [36], this provides an inde-
pendent estimate of the InSb epilayer thickness, d =
2.940.1 pm which is about the same as the value de-
termined from ball-polishing measurement. Looking
at the InTISb/InSb spectrum, the product n - d appears
slightly larger than for the InSb sample. No refractive
index data is available for InTISb, but since it has a
smaller band gap than InSb its refractive index should
be higher. However, this difference is expected to be
only slight compared to the large refractive index dif-
ference between InSb and GaAs. This is confirmed by
the fact that no additional interference feature that
might occur from InSb/InTISb interface is observed.
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In brief, the slightly higher value of the product n - d
can originate from a slight increase in the refractive
index as well as from a slight difference in total layer
thickness that would lie within the ball-polishing
measurement uncertainty.

A careful observation of Fig. 5 reveals that the
product n - d increases with temperature because the
fringe spacing is slightly reduced. By recording pre-
cisely the position of the Fabry-Perot extrema and
their shift with temperature, the average value of the
temperature coefficient of the product n - d in the
transparent wavelength range can be experimentally
determined; [1/(n - d)] d(n - d)/dT = 7.7x105 K-! for
the InSb sample and 2.8 x 10* K~! for the InTISb
sample. It is apparent from these values that the
Fabry-Perot fringes undergo a much larger change
with temperature in the case of the InTISb/InSb sam-
ple. Comparing these experimental values with tabu-
lated values for InSb [36]; [1/n] - dn/dT = 4.5x107°
K-! for the temperature coefficient of the refractive
index and [1/d] - dd/dT = 0.5x10-3 K*! for the thermal
expansion coefficient, from which we deduce

. LI 50x10°K™" (3)

1 dind) _1dn
ndl ddT

nd dT

Note that the change in the product n - d occurs
mainly through the variation of the refractive index.
The experimental value is in reasonable agreement
with the tabulated one in the case of InSb. No such
tabulated data are available for InTISb. One of the
possible reasons for the much larger temperature de-
pendence in the case of InTISb is the enhanced refrac-
tive index dispersion near the absorption edge, which
results in an enhanced dispersion for its temperature
coefficient as well. Since fewer fringes are visible in
the case of the InTISb/InSb sample, the experimental
values have been averaged over a narrower wave-
length region close to the InTISb absorption edge.

In order to determine the absorption coefficient,
the epilayer has been modelled as a conventional
Fabry-Perot etalon filled with an absorbing medium
[15]. The reflection and transmission coefficient of
each interface were determined using tabulated values
for the refractive index of GaAs and InSb, and the re-
fractive index of InTISb was assumed to be the same
as that of InSb. The phase shift through the epilayer
was determined from the position of the experimental
Fabry-Perot extrema. The resulting absorption spectra
at 77 K are given in Fig. 6; the InSb sample exhibits a
sharp absorption edge at 5.5 pm. The InTISb/InSb
sample exhibits overall higher absorption, and an ab-
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Fig. 6. Optical absorption spectra of InSb (solid line) and
InTISb (dashed line) extracted from transmission measu-
rements.

sorption tail extending beyond InSb absorption edge
is observed. It should be noted that the calculated ab-
sorption coefficient for InTISb/InSb bilayer given in
Fig. 6 corresponds to the average absorption of the
two layers weighted by their respective thickness

= ahJTIS.hd InTiSh + amsad InSh (4)
+d :

d InTISh InSh

where 0,5, and Oy, misp, designate the absorption coef-
ficients of each individual layer. dy,g, and dy, gy, COI-
respond to their respective thickness. This tends to at-
tenuate any feature of the InTISb absorption spec-
trum, and the observed shift should be even more ap-
parent for a thick InTISb layer.

Figure 7 shows the spectral photoresponse from
the InSb and In,,T1,Sb films grown on GaAs sub-
strates. For the InSb sample, an absorption cutoff
wavelength at about 5.5 pm was observed at 77 K,
which agrees with the photoluminescence measure-
ment [37]. The bump around 4.3 pm is due to the car-
bon dioxide absorption in the spectra. A distinct shift
of absorption edge from 5.5 for InSb up to 8.4 pm for
InTISb was observed at 77 K. In general agreement
with the theoretical prediction, the samples grown at
higher Tl input flows exhibited longer response wave-
lengths. It is interesting to note that, as Tl incorpora-
tion increases, the degree of tailing of the photo-
response line becomes larger, which may be ac-
counted for by the gradual increase of band edge per-
turbation due to vacancies, antisites, and other resid-
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Fig. 7. Normalised spectral photoresponse of InSb and
various In;_,T1,Sb samples measured at 77 K. The estimated
Tl contents are approximately (a) x =0, (b) x=0.025, (¢) x =
0.036, (d) x = 0.044, and (e) x = 0.048.

ual impurities [33,34]. The rough estimation of the
solid Tl concentration in the samples has been made
by linearly interpolating the energy band gap between
InSb and TISb from the fact that the band gap energy
of the grown InTISb is deviated only slightly from
that of InSb. A cutoff wavelength (A.) of InTISb was
converted to band gap energy by the relation of E, =
1.24/A., where E, is in eV and Ac is in pm. Energy
band gap of —1.5 eV at 300 K is assumed for the
semimetal TISb [13].

3.4. Electrical characteristics

A number of trends have been observed in the
electrical properties of InT1Sb. Hall measurements in-
dicated a room temperature Hall mobility ranging
from 50 000 to 20 000 cm?2/Vs, and an electron con-
centration ranging from 1x101¢ to 5x10!6 cm™3 for the
InTISb samples, as shown in Fig. 8. The Hall mobility
decreased monotonously with increasing Tl flow,
while the electron concentration simultaneously in-
creased. The increase in electron concentration is typ-
ical of an intrinsic semiconductor with decreasing
band gap. The decrease of the mobility may be attrib-
uted to an increase of impurity and alloy scattering.
Alloy scattering has been shown to be significant in
other Sb-based compound such as InAsSb [38]. Mea-
surements at 77 K indicate an opposite trend for the
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mobility and scattered data for electron concentration
(Fig. 9). This behaviour is likely to occur because of
the dominant contribution of parallel conduction lay-
ers at low temperature, as evidenced in InSb epilayers
through temperature dependent Hall measurement
[39].

4. InTISb photodetectors

In this section, we describe the first demonstration
of InTISb infrared photodetectors fabricated on GaAs
substrates. Preliminary photodetectors were operated
in photoconductive mode. The photoconductors were
rectangular shaped with dimension of 3x3 mm?Z.
Ti/Au were evaporated by an electron-beam evapora-
tor to make contacts. Ti exhibits strong mechanical
adhesion with semiconductor materials. The resis-
tance is about 50 Q at room temperature and in-
creases up to several thousand Q at 77 K. The spec-
tral photoresponse is measured by a FTIR spectrome-
ter with a low-noise preamplifier (Itacho 120). The
responsivity is calibrated by a blackbody test setup,
including a black body source (Mikron 305), pream-
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as a function of 77 K photoresponse cutoff wavelength.

plifier (EG&G PA-6), and chopper system (Stanford
Research System SR-540). The black body tempera-
ture is set at 800 K. The modulating frequency is set
at 400 Hz since response measurements as a function
of chopper frequency showed that the thermal effect
could be neglected at frequencies higher than 200 Hz.
The photodetectors were mounted in a liquid nitrogen
cooled cryostat system and measurements were taken
at temperatures between 77 K and 300 K.

The absolute responsivity for an InggsTljeSb
photodetector is displayed in Fig. 10. The cutoff
wavelength extends up to 11 pm at 300 K. The maxi-
mum responsivity in an Ing 4Ty 04Sb photodetector is

Table 3. Performance of In,_,Tl,Sb photoconductors at 77 K.
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Fig. 10. The spectral responsivity of an Ingg4TlyosSb
photoconductor at 77, 200, and 300 K.

about 6.64 VW~ at 77 K. The corresponding Johnson-
noise limited detectivity is 7.64 x 108 cmHz!2W-1,
The voltage responsivity and detectivity of In; ,T1,Sb
photoconductive detectors are listed in Table 3.

In order to obtain the carrier lifetime, the voltage
dependent responsivity was measured. Figure 11
shows the voltage-dependent responsivity of InT1Sb
photodetectors. It increases with voltage, saturates at
a given voltage, and finally decreases. The saturation
of responsivity at large voltage can be explained by
the sweep-out effect [3]. Based on the voltage
responsivity, the electron mobility-effective carrier
lifetime product p.T and effective carrier lifetime T
can be derived. According to the simple theory of
photoconductivity, the voltage responsivity R, can be
expressed as [3]

Rv =ﬂM,R_D 1+l (5)
he L b

where q is the electron charge, A is the wavelength,
7 is the quantum efficiency, b is the electron-to-hole

In,_,T1,Sb Acuroft i D, B T

detectors (um) (V/W) (10% cmHz"2/W) (10° cm?/Vs) (ns)
x = 0.023 6.5 2003 247 1.29 19.2
x =0.035 7.3 | 6.64 7.64 2.00 50.1
x = 0.047 8.4 3.56 8.54 2.75 | 40.4
x = 0.053 9.4 0.79 2.63 4.13 10.3
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mobility ratio, L is the detector length, Vy, is the bias
voltage, and Ry, is the detector resistance. Assuming
an internal quantum efficiency of = 1, the quantum ef-
ficiency 1 has been calculated using [3]

7}':(1_?')@ (6)

(=)

where 1 is the reflectance, o is the absorption coeffi-
cient, and t is the thickness of the layer. The p,t prod-
uct has been determined using Eq. (5). If p, is known
T can be estimated. The effective carrier lifetime T in
InTISb epitaxial layers is listed in Table 3, which is
10-50 ns at 77 K and 0.1-0.6 ns at 300 K.

In spite of the large lattice mismatch between
InTISb and GaAs, the InTISb photodetectors exhib-
ited good characteristics at room temperature. The de-
tector performance could be further improved by em-
ploying previously developed technologies for II-VI
uncooled detectors such as optical immersion, reso-
nant optical cavity, and suppression of Auger recom-
bination [8].

5. Conclusions

High quality InTISb films were successfully
grown by LP-MOCVD technique for the first time us-
ing trimethylindium (TMI), trimethylantimony
(TMSb), and cyclopentadienylthallium (CPTI) as the
source materials.
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The presence of Tl was confirmed by AES. The
structural properties of InTISb have been investigated
using HRXRD. (004) x-ray diffraction peak that is at-
tributed to In, ,TL.Sb is clearly observed. However,
the out-of-plane lattice parameter of the In; TI,Sb
gradually decreased with Tl incorporation, which can
not be accounted for by atomic size effect. The pres-
ent results also show that both the FWHM of HRXRD
and the degree of tailing of the absorption edge gradu-
ally increase as TI incorporation become heavier. We
suggest that Tl incorporation in InSb induces overall
defects and gives rise to residual tensile stress of the
order of 104 N/cm?.

Through optical transmission measurements, ex-
tension of absorption edge has been observed in the
InTISb layers. Infrared photoresponse measurements
showed that the cutoff wavelength of the InTISb al-
loys were tailored from 5.5 up to 8.4 pm at 77 K. The
electrical properties of InTISb epilayers were investi-
gated by Hall effect measurements. Room tempera-
ture Hall mobility ranged from 50 000 to 20 000
cm?/Vs and electron concentrations varied from
1x1016 to 5%10'6 cm=3 with the increase of T1 concen-
tration.

We also demonstrate the photodetectors fabricated
from the grown InTISb alloys. Photoresponse of
InTISb photodetectors is observed up to 11 pm at
room temperature. The maximum responsivity of an
Ing 06 Tlo04Sb photodetector is about 6.64 VW at
77 K, corresponding to a detectivity of 7.64x108
cmHz!2W-1, The carrier lifetime in InTISb photo-
detectors derived from the stationary photoconducti-
vity is 10-50 ns at 77 K. The experimental results
showed the feasibility of using Sb-based alloys for the
uncooled infrared photodetector applications.
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