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Abstract

Monolithic integration of InSb on (100) Si is a practical approach to realizing on-chip
mid-infrared photonic devices. An InSb layer was grown on a (100) Si substrate using an
AISb/GaSbh buffer containing InSb quantum dots (QDs). The growth process for the
buffer involved the growth of GaSb on Si using an interfacial misfit array, followed by
InSb QDs on AISb to decrease the density of microtwins. InSb layers were separately
grown on AISb and GaSb surfaces to compare the effect of different interfacial misfit
arrays. The samples were characterized using transmission electron microscopy and x-ray
diffraction to determine the structural properties of the buffer and InSb layers. The InSb
on the AlISb sample exhibited higher crystal quality than the InSb on GaSb sample due to
a more favorable arrangement of interfacial misfit dislocations. Hall measurements of
unintentionally doped InSb layers demonstrated a higher carrier mobility in the InSb on
the AISb sample than in InSb on GaSh. Growing InSb on AISb also improved the

photoresponsivity of InSb as a photoconductor on Si.

1. Introduction

The hetero-integration of narrow bandgap semiconductors with (100) silicon substrates is
a fundamental technique for the development of on-chip infrared photonic devices. These
devices have a versatile range of uses, from optical communication to emerging on-chip
chemical and biological sensors [1]. In particular, devices in the mid-infrared bandgap
range (3-8 um) show great application potential in on-chip optical interconnection [2],
thermal imaging and sensing of specific gas molecules (NO, CO, CO>) [3]. InSb is
attracting great interest as a material for mid-infrared applications, with a cutoff
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wavelength of 7.3 um at 300 K. Heteroepitaxial growth of InSb layers on Si enables the
construction of economically efficient on-chip InSb photonic devices, allowing InSb-
based photonic devices and Si-based circuits to be monolithically integrated without
requiring any bonding process. However, the growth of InSb on (100) Si substrates is a
longstanding challenge due to the relatively high lattice mismatch (19.3%), stemming
from the different lattice structures of InSb (zinc-blende) and Si (diamond-like). These
differences result in a high density of defects, which suppresses device performance.
Moreover, nucleation of InSb on the (100) Si surface is prohibited because Sb atoms
prefer to bond with Si rather than In atoms, resulting in the formation of In metallic
islands on Sb-terminated Si surfaces [4]. Therefore, a continuous InSb layer cannot be
formed by direct deposition of In and Sb atoms on (100) Si, and a buffer layer between
the InSb layer and the Si substrate is needed.

Mori et al., attempted to grow InSb on Si through a V-grooved (100) Si substrate, found
that InSb grew instead on the (111) surface [5]. To grow InSb on (100) Si, a buffer layer
was needed. Materials such as Ge, AlSb and GaAs have proved to be effective buffers
due to their suitable lattice constants, which are intermediate between InSb and Si [6-8].
In recent decades, a new approach to the growth of highly lattice-mismatched materials,
known as the interfacial misfit (IMF) method, has been developed for cases of
heteroepitaxy involving GaSh/GaAs, InSb/GaAs and AISb/Si [9-11]. Using this method,
a highly periodical IMF array consisting of pure 90 °misfit dislocations is formed, which
relieves most of the strain energy caused by the lattice mismatch [12], while the threading
dislocations arising from the interface are minimal. Compared with 60° misfit
dislocations, 90 °misfit dislocations are capable of relieving higher strain energies and do
not glide to form threading dislocations. This method accommodates the entire lattice
mismatch at the interface without a buffer layer; however, carefully controlled growth

conditions are important for the formation of the IMF array [10, 13, 14].

In this work, a new buffer structure was proposed and successfully grown using the IMF
method, allowing the fabrication of an InSb photoconductor on 0<offcut (100) Si (exact
(100) Si). The purpose of using 0°offcut (100) Si due to its totally compatible with



standard CMOS fabrication [15]. The formation of an IMF array significantly decreased
the buffer thickness and threading dislocation density in the InSb layer. The new buffer
structure included two IMF arrays. The first was located at the GaSb/Si interface. GaSh
was grown on a Si substrate instead of on the more common AlSb, as AISb on Si has
been reported to have a high surface roughness [16], which can impair the subsequent
growth. In addition to the threading dislocations induced by the large lattice mismatch, an
anti-phase domain (APD) is the other dominant defect in InSb on a 0<offcut (100) Si.
When a polar 111-V semiconductor compound was grown on nonpolar Si, the formation
of a monoatomic step on the Si surface caused part of the atoms of the I11-V compound to
be arranged in opposite order from those in an ideal lattice [17]. Most of APDs annihilate
near the 111-V/Si interface [18]. In some situations, the APDs result in microtwins which
can propagate across the heteroepotaxial structure [19, 20]. Ko et al. suggested that InSb
qguantum dots (QDs) on an AlSb surface could act as a defect filter to suppress the
microtwin associated with APD [21]. Therefore, following the growth of 120 nm GaSb
and 80 nm AISb, InSb QDs were grown on the AISb surface. A GaSb layer was
sequentially grown to cover the InSb QDs. The lattice mismatch between InSb and GaSh
was accommodated through the second IMF array, which was separately formed at two
interfaces-InSb/AISb and InSb/GaSh. To investigate the effect of two different interfaces
on the quality of InSb layer, two samples were grown on AISb and GaSb as referred as
“InSb on AISb” and “InSb on GaSb” and their structural, electrical and optical properties

were compared.

2. Experimental procedure

All samples were grown using a solid-state molecular beam epitaxy (MBE) system
equipped with antimony (Sb) valved crackers, which provided a Sh, flux. The growth
process was monitored by in-situ reflection high-energy electron diffraction (RHEED).
Before growth, the Si substrates were etched with hydrofluoric acid to remove oxides on
the Si surface. The substrates were transferred to the MBE chamber and heated to 950C
for 30 mins to remove residual oxides. RHEED showed a clear (2>) pattern, which

verified a pure (100) Si surface. The growth temperature was lowered to allow the growth



of GaSb. In this study, all growth was under Sb overpressure and the growth rate

depended on the growth of 111 group elements (Al, Ga, and In).

The substrate temperature was decreased to 430<C. Two monolayers (ML) of AISb were
first grown on Si with the growth rate of 0.5 ML/s and the corresponding Sb growth rate
was 0.6 ML/s. RHEED pattern changed to spotty, which indicated the formation of AISb
islands rather than a continuous AISb layer on Si. After the deposition of AISb, growth
was interrupted for 5 mins under Sb overpressure to enhance the nucleation of AISh
islands on Si. Then, 120 nm GaSh was grown at 430 <C with growth rate of 0.5 ML/s (550
nm/hr) and the corresponding Sb growth rate of 0.6 ML/s. The RHEED pattern evolved
to a (3>3) pattern during the growth of GasSb.

After the growth of 120 nm GaSb, an 80 nm AISb layer was grown at 430<C at a growth
rate of 0.5 ML/s (550 nm/hr) and the corresponding Sb growth rate of 0.6 ML/s.
Subsequently, InSb QDs were grown on the AISb surface at 345<C at a growth rate of
0.62 ML/s and the corresponding Sb growth rate of 0.68 ML/s. After depositing 3 ML
InSh, growth was interrupted for 30 s to enhance the surface migration of atoms to form
QDs. The RHEED pattern became spotty once the growth of InSb QDs began, which
indicated the formation of InSb islands on AlSb. Two different structures were grown on
the QDs to optimize the material quality of the top InSb layer, as shown in Fig. 1(a). In
the first structure, a 60 nm GaSb layer was grown on the QDs, followed by 40 nm AISb.
Then, the top layer of InSb was grown on the AISb layer. In the second structure, a 100
nm GaSb layer was grown on the QDs. The top InSb layer was then grown on the GaSh
layer. GaSb and AISb were both grown at 345<C to avoid to destroy the InSb QDs, and
the RHEED pattern changed to (1>3) during the growth of GaSb. The 700 nm top InSb
layers were also grown at 345<C. The growth rate was 0.62 ML/s (720 nm/hr) and the
corresponding Sb growth rate was 0.68 ML/s. At the initial stage of InSb growth, the
RHEED patterns became spotty for about 20 s, then recovered to streaky (1>3) lines.

The structures of the samples were characterized using a scanning transmission electron

microscope (STEM), as shown in Figs. 1(b) and (c), where the bottom Si substrate,



middle AlSb/GaSb buffer and top InSb are clearly shown and their thicknesses agree with
the design. The poor resolution of the InSb/GaSb interface, as shown in Fig. 1(c), is due
to the difference between the approximate combined atomic numbers of InSb (100) and
GaShb (82). Samples were also structurally characterized using an x-ray diffractometer
(XRD), high resolution TEM (HR-TEM), and near-infrared spectrophotometer. InSb
photoconductors on Si were fabricated by a standard metal lift-off technique using
electron beam-evaporated Au/Ti (80 nm/30 nm) to form interdigitated electrodes on the
InSb surface, as shown in Fig. 1(a). The mid-infrared photoresponsivity was measured
using a 700<C black body as the light source. The photoconductors were mounted on a

liquid-nitrogen-cooled optical cryostat for measurement below 300 K.

3. Results and discussion
3.1 Structural properties of InSb on Si

Fig. 2(a) and (b) show [1-10]- and [110]-directional RHEED patterns, respectively,
obtained during the growth of GaSb on Si when the GaSb layer thickness was about 40
nm. At both directions, [1/3]-order streaky exhibits, which is different from the reported
(1>3) RHEED pattern during the GaSb grown on native substrate under Sb overpressure
[22]. This (3>3) pattern can be attributed to the superposition of two (1>3) patterns from
two different domains [23]. In this study, exact (100) Si substrates were used, therefore,
the formation of anti-phase domain (APD) was inevitable in the GaSb layer on Si. Some
APD:s result in the microtwin which has distorted lattice with the surrounding lattice [19,
20]. The microtwins propagate into the surface to form different surface domains [24].
Fig. 2 (c) and (d) show a (1>3) RHEED pattern obtained the growth of GaSb above InSh
QDs when the GaSb layer thickness was about 20 nm. The dispersed streak lines are due
to a low growth temperature (345 <C) [25]. The disappearance of [1/3]-order streaky in
the [1-10]-direction suggests the density of microtwins in the heteroepitaxial structure has

been suppressed via the formation of InSb QDs on AlSb surface.

The microstructure of the GaSb/Si interface was investigated using HR-TEM as shown in
Fig. 3. Fig. 3(a) shows the IMF array at the GaSb/Si interface. The bright and dark bands

at the interface are attributed to bond-bending around interfacial misfit dislocations [26].



The dark bands indicate the misfit dislocations in an IMF array [27]. The separation (S)
of two adjacent misfit dislocations in a highly uniform IMF array can be calculated using
the following equation, assuming the lattice mismatch is completely accommodated by
the IMF array [9]:

S=- (1)

where b is the Burgers vector of a misfit dislocation in the layer and f is the lattice
mismatch between the layer and substrate. The mixture of AlISb and GaSb at the interface
does not influence the calculated result due to the similar lattice constant of AISb (6.136
A) and GaSb (6.096 A). The separation of misfit dislocations in Fig. 3(b) was measured
to be around 3.4 nm, which agreed well with the calculated value of 3.5 nm [28, 29]. Fig.
3(b) shows the upper region of GaSb layer on Si where two microtwins propagating from
the interface are indicated. Their orientations are opposite and both microtwins have
inclination angles of 54.7 °with the Si substrate. Some 90 “interfacial misfit dislocations
locate at the GaSh/Si interface. At the bottom of the left microtwin, a trigonal-shaped
defect is observed. In the zinc-blend structure, the boundary of APD easily forms along
{111} lattice planes. Two boundaries with opposite orientations may annihilate during the
growth and form a trigonal-shaped defect [30]. The coincident distribution of APD and
microtwin implies the APD generates microtwin which has been suggested by previous
reports [19, 20]. The detailed structure of a microtwin is shown in Fig. 3(c) where the (1-
11) lattice planes in the normal GaSb lattices are marked by white lines and the (1-11)
lattice plane in the microtwin is marked by red line. Two twin boundaries are marked by
dashed lines. The microtwin propagates along the (-111) lattice plane. The (1-11) lattice
plane in the microtwin tilts by 37.59with the two neighbored (1-11) lattices in the normal
GaSb and the width of the microtwin is about 1 nm. The microtwin can be suppress
through InSb QDs on AlSb which will be presented in Fig. 5.

Figs. 4(a) and (b) show the x-ray (115) reciprocal space maps (RSMs) of InSb on AISb
and on GaSb surfaces, respectively. Diagonal dashed lines indicate the fully relaxed
reciprocal lattice peaks. In both samples, four peaks, representing (from top to bottom)
the Si, GaSh, AlISb and InSb layers, were found in each RSM. Using the reciprocal lattice



vectors Qx and Qz of the InSb peak in the RSM, the vertical (a.) and parallel (a,) lattice
constants of the InSb layer were calculated. The calculated results are listed in Table I.
The InSb layers in both samples were nearly 100% relaxed. The positions of both the
GaSb and AISb peaks deviated from the dashed line. These two peaks were in fact
aligned along a vertical line, which was parallel to the Q; axis. From this line, both peaks
were calculated to have an identical aj of about 6.117 A. Note also that the AlSb peak
deviated to the right of the dashed line, while the GaSb peak deviated to the left. The
AISb layer was compressively strained, while GaSh was slightly tensile-strained. The
only observable difference between Figs. 4(a) and (b) is the intensity of the AISb peaks:
the peak in Fig. 4 (a) is higher, due to the different thickness of the AISb layers in the two

samples.

Table 1
Lattice constants, relaxation, FWHM from (004) « scan, 300 K carrier mobility and
concentration of InSb on AlISb and InSb on GaSh

a a Relaxation (004) w scan 300 K carrier 300 K carrier
1 /

Structure FWHM mobility concentration
A A (%) (arcsec.) (cm?/Vs) (cm™®)

InSb

on 6.491 6.474 99.5 810.8 20202 3.76x10%°
AlISb

InSb

on 6.499 6.471 99.2 904.0 17700 4.25x10%
GaSh

The effectiveness of the InSb QDs in defect filtering was assessed using cross-section
TEM (Figs. 5(a)-(f)). Figs. 5(a)-(c) show low-magnification TEM images of InSb on
AlSb, where (a) shows the entire AlSb/GaSb buffer structure, including the top layer of
AISb, (b) shows the InSb layer grown on AlSb, with no obvious dislocations arising from
the InSb/AISb interface, (c) shows the InSb layer grown on GaSbh, with some defects
arising from the interface. In Fig. 5(a), a high density of defects arising from the GaSb/Si
interface can be seen. These defects propagated through the first GaSb and AISb layers.

InSb QDs with diameters of ~20 nm and heights of ~10 nm were observed at the surface



of the first AISb layer. The distribution of InSb QDs was irregular because of their
preference to nucleate at defect sites. A detailed visualization of the InSb QDs is
presented in Fig. 5(d), where a defect with a different crystal structure from the
surrounding material is terminated by an InSb QD. Fast Fourier transformation of the
TEM image was carried out in area E, located above an InSb QD, and area F, containing
defects. The diffraction patterns for each area are shown in Figs. 5(e) and (f). Both areas
present standard diffraction patterns of the zinc blende structure. However, in Fig. 5(f),
extra diffraction points with weak intensity are observed between the peaks of the
standard pattern. It is known that microtwins can tilt the crystal orientation to a certain
degree with respect to the orientation of the surrounding material. This tilt introduces
extra diffraction points, which serve as a clear indicator of the presence of microtwins
[31]. As the microtwins here have different crystal orientations from the rest of the AlSb
layer, they result in steps at the AISb surface. Previous research suggested that
microtwins could be terminated by the preferential nucleation of InSb QDs on AlSb at
these steps [21]. In Fig. 5(a), the GaSb layer above the InSb QDs is nearly defect-free due
to the defect-filtering function of the InSb QDs.

Two InSb layers were grown on the AISb and GaSb surfaces, respectively, as mentioned
earlier. The InSb/AISb interface is shown in the upper part of Fig. 5(a) and the lower part
of Fig. 5(b), both of which show a high density of defects at the interface. When samples
are grown using IMF arrays, a high density of misfit dislocations is generally formed at
the interface. If all of the misfit dislocations are oriented at 90°and their separation is
uniform, the strain induced by the lattice mismatch can be entirely accommodated by the
IMF array [12, 32]. Threading dislocations originate from a non-uniform IMF array and
the presence of 60 °misfit dislocations [33]. As listed in Table I, the FWHM in the (004)
w-scan of InSb on AISb is narrower than that of InSb on GaSh. Therefore, the density of
threading dislocations is lower in the InSb on AISb sample, as the presence of threading
dislocations broadens the (004) w-scan FWHM [34]. Moreover, Fig. 5(c) shows some
dislocations arises from the InSb/GaSb interface, while, no dislocation is observed in Fig.
5(b), which supports the result of w-scan. Figs. 6(a)-(d) compare the interfacial
dislocations at the InSh/AISb and InSh/GaSb interfaces in detail.



Cross-sectional TEM images of the InSb/AISb and InSb/GaSb interfaces are respectively
shown in Figs. 6(a) and (c). Although black interfaces can be observed in both images, no
further structural information can be obtained by visual inspection. To enable a
meaningful analysis of the misfit dislocations at the interfaces, a Fourier mask filtering
technique was applied to Figs. 6(a) and (c) to obtain the atomic arrangements at the
interfaces shown in Figs. 6(b) and (d), respectively. A 90°misfit dislocation is associated
with two extra planes, while a 60 misfit dislocation is associated with one extra plane.
The extra planes in Figs. 6(b) and (d) are indicated by arrows. Fig. 6(b) exhibits
uniformly distributed 90°misfit dislocations at the InSb/AISb interface. In contrast, one
60 °misfit dislocation and three at 90 “are observed at the InSb/GaSb interface. The 60
misfit dislocations can glide on the (111) lattice planes to form threading dislocations,
leading to the wider (004) w-scan FWHM of InSb on GaSb compared with that of InSh
on AlSb.

Some mechanisms were proposed to explain the selectivity of forming 60<or 90 °misfit
dislocation in the lattice-mismatched heteroepitaxy, such as different lattice mismatch
[35], the offcut of substrate [36] and growth mode. In this study, the lattice mismatch
between InSb/AISb and InSb/GaSb were approximate and all substrates were exact (100)
Si. As mentioned in the experimental procedure, the RHEED patterns became spotty for
about 20 s, then recovered to streaky (1>3) lines at the initial growth of InSb layer on
GaSb or AISb. Therefore, the growth mode of InSb layer in this study should be to
\Volmer-Weber (island-like) or Stranski-Krastanow [37]. The InSb islands directly form
on AISb or GaSb in the Volmer-Weber mode. The Stranski-Krastanow growth mode starts
with the growth of a two-dimensional strained layer and switches to that of a relaxed
island after exceeding a critical thickness. The islands coalesce into a continuous layer
during the subsequent growth. Compared with the Stranski-Krastanow mode, the Volmer-
Weber mode requires a lager lattice mismatch or a larger difference in the surface energy
[38]. Both experimental and theoretical investigations of IMF array suggested pure 90°
misfit dislocations form at the interface between layer and substrate through periodic
skipping of chemical bonds [9, 32], which agrees with the Volmer-Weber growth mode.
The surface energy of InSb is known to be 17.3% lower than that of AISb and 5.8% lower



than that of GaSb [39]. This suggests that the growth mode of InSb on GaSh may be
different from that of InSb on AISb. Previous studies of InSb QDs grown on GaSb
indicated that the growth of InSb on GaSb occurred via the Stranski-Krastanow mode [40,
41]. Under the Stranski-Krastanow mode, misfit dislocations mainly form at the interface
between the edge of the island and the strained layer [35, 42]. The possibility of forming
60“Misfit dislocations is higher at the edge of the island due to a high shear stress [43].

3.2 Electrical properties of InSb on Si

The carrier mobility in a semiconductor depends on the density of threading dislocations
within it, and is therefore considered a criterion to evaluate the quality of the layer.
Moreover, in a photoconductor, high carrier mobility results in high gain [44]. In this
study, the InSb layers on both AISb and GaSb were unintentionally n-type doped. Figs.
7(a) and (b) show the temperature-dependent carrier mobility and concentration of InSb
layers; the electron mobilities at 300 K are also listed in Table 1. The temperature-
dependent intrinsic electron concentration (n;) in bulk InSh above 200 K can be described
using the following equation [45]:

n; = 5.76 X 1014T15exp(— 2222

kT

) ()

where kg is the Boltzmann constant and T is the temperature. The temperature
dependence of the mobility and concentration differ from those of other semiconductors,
where mobility decreases while concentration increases with the increasing temperature,
and this difference is attributed to the dislocations near the interface (of both misfit and
threading type) [10, 46, 47]. The concentrations measured above 200 K are clearly higher
than the calculated n;, indicating that extrinsic electrons participate in current transport in
the InSb layer. The extrinsic electrons originate from dislocations near the InSb/AISb and
InSb/GaShb interfaces [48], and result in the formation of impurity bands in the region
near the interface due to the small effective mass of the electrons and the large Bohr
radius of the donor in InSb [49]. The impurity bands are located below the Fermi level of
InSb, which is characteristic of degenerated semiconductors [50]; therefore, the InSb
layer on Si in this study may be a heterostructure, in which the region near the interface

has the properties of a degenerated semiconductor while the bulk region has those of a
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normal semiconductor. The inhomogeneity of the InSb layer on Si results in the
complicated temperature-dependent mobility and concentration, especially at a low
temperature, a detailed explanation of which can be found elsewhere [47]. At 300 K, the
mobility of InSb on AISb is higher than that of InSb on GaSh. As mentioned previously,
the 60° misfit dislocations forming at the interface can glide to form threading
dislocations, which act as defect-related scattering centers to suppress the mobility of
carriers [51]. As the growth conditions for both InSb layers are the same, the higher
mobility in InSb on AISb indicates a lower threading dislocation density, which is

consistent with the previous XRD and TEM results.

3.3 InSb photoconductor on Si

The photocurrents of the InSb photoconductors were measured under a black body
maintained at 700<C as a function of DC applied voltage, as shown in Figs. 8(a) and (b).
An optical microscopic image of a photoconductor is shown in the inset of Fig. 8(b),
where the separation of two adjacent electrodes is about 13.3 um. The photocurrent
increased linearly with the increasing voltage at both 77 and 140 K, a feature of

photoconductive gain. The gain (G) can be expressed as [44]

G=1(_+7) 3)
where t is the minority carrier lifetime and te and tn are the transit times of electrons and
holes, respectively. Therefore, a high carrier lifetime and a low transit time both
contribute to an increase in responsivity (or photoconductive gain). The transit time (t)

for holes or electrons can be calculated using [44]

L2
L= (4)

where L is the separation of electrodes, x is the mobility of electrons or holes and V is the
applied voltage. Higher voltages result in shorter transit times, leading to higher
responsivity. The insets in Figs. 8(a) and (b) show the temperature-dependent
photocurrent for the InSb photoconductors on AISb and GaSb, respectively. The
photocurrent was observed to decrease with increasing temperature. At temperatures

below 150 K, the decrease in minority carrier lifetime and increase in thermal generation
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of carriers suppressed the responsivity [52]. The InSb photoconductor on AISb
demonstrated a higher responsivity than that on GaSb under all measurement conditions
(applied voltage and temperature). This observation is consistent with the higher
threading dislocation density in the InSb on GaSb sample discussed earlier. Threading
dislocations can act as recombination centers, resulting in a low minority carrier lifetime
[53]. Therefore, further suppressing the density of threading dislocations is necessary to

improve the performance of InSb photoconductors on Si.

4. Conclusions

In conclusion, we demonstrated the growth of InSb through an AlSb/GaShb buffer on (100)
Si substrates. A GaShb layer of thickness 120 nm was first grown on Si at 430<C, with an
AISb prelayer to accommodate the lattice mismatch between GaSb and Si. AISb with a
thickness of 80 nm was subsequently grown, and InSb QDs were finally grown on the
AISb surface to suppress microtwins, the success of which was confirmed using TEM.
For the top layer of the buffer, two structures were compared. The first was 100 nm GaSb,
which provided a GaSb surface for the growth of InSh. The other comprised 60 nm GaSb
topped with 40 nm AISb to provide an AlSb surface. XRD, TEM and Hall measurements
indicated that the InSb layer on AISb had a narrower FWHM of w-scanning, a more
uniform interfacial misfit array and higher mobility. The InSb photoconductors were
demonstrated to operate even below 150 K, while the InSb photodetector on AISb
showed higher responsivity than that on GaSb. The buffer structure and growth
conditions proposed in this work could provide an approach to integrating InSh-based

devices on Si.
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—1. InSb on AISb
40 nm AISb (345 °C)+
60 nm GaSb (345 °C)

—2. InSb on GaSb
100 nm GaSb (345 °C)

InSb QD (345 °C)

Fig.1 (a) Schematic of InSh-based photoconductors grown on (100) Si substrates. The
growth temperatures of layers were indicated. (b) STEM image of InSb on AISb buffer. (c)
STEM image of InSb on GaSb buffer.
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[1-10] [110]

GaSb above InSb QD

Fig. 2 [1-10]- and [110]- directional RHEED patterns during the growth of GaSb. (a) and
(b) The GaSb layer grown on Si. (c) and (d) The GaSb layer grown above InSb quantum

dots (QDs). The positions of fractional order streaks are indicated by white triangle.
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Fig. 3 High resolution TEM images of (a) the IMF array at the GaSb/Si interface; (b)
microtwins in the GaSb layer on Si, where the microtwins and misfit dislocations are
indicated by white arrows, respectively; (c) the detailed structure of a microtwin in the
GaSb layer. Two (1-11) lattice planes in the normal GaSb lattice are indicated by white
lines and one (1-11) lattice plane in the microtwin is indicated by a red line. The
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Fig. 5(a)-(c) Bright-field TEM images of InSb grown on (100) Si: (a) the AlSb/GaSh
buffer containing InSh QDs; (b) InSb grown on AlSb; (c) InSb grown on GaSb. (d) High
resolution TEM images of an InSb QD at the GaSb/AISb interface. (e) and (f) diffraction
patterns obtained using fast Fourier transform (FFT) in the area E and F which are

indicated by white boxes.
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Fig. 6 Bright-field TEM images for (a) InSb/AISb interface, (b) InSh/GaShb interface. (c)
and (d) phase contrast images of (a) and (b), respectively by using Fourier mask filtering

technique.
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Fig. 7 Temperature dependence of (a) electron mobility and (b) concentration of InSb on
Si with different buffer structures. The inset in (a) shows mobility from 80 K to 220 K.

Intrinsic concentration was calculated using equation (2) and presented in (b).
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Fig. 8 Responsivity for (a) InSb photoconductor grown on AISb and (b) InSh

photoconductor grown on GaSb at 77 K and 140 K, respectively. Insets at the top left of

(a) and (b) are the temperature dependent responsivity at 1.0 V from 77 K to 150 for InSh

photoconductor grown on AlSb and GaShb, respectively. Inset at the bottom right of (b) is

microscopic optical image of the InSh photoconductor.
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