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We have investigated the effects of various buffer layers on the structural and electronic properties
of n-doped InSb films. We find a significant decrease in room-temperature electron mobility of InSb
films grown on low-misfit GaSb buffers, and a significant increase in room-temperature electron
mobility of InSb films grown on high-misfit InAlSb or step-graded GaSb+InAlSb buffers, in
comparison with those grown directly on GaAs. Plan-view transmission electron microscopysTEMd
indicates a significant increase in threading dislocation density for InSb films grown on the
low-misfit buffers, and a significant decrease in threading dislocation density for InSb films grown
on high-misfit or step-graded buffers, in comparison with those grown directly on GaAs.
Cross-sectional TEM reveals the role of the film/buffer interfaces in the nucleationsfilteringd of
threading dislocations for the low-misfitshigh-misfit and step-gradedd buffers. A quantitative
analysis of electron mobility and carrier-concentration dependence on threading dislocation density
suggests that electron scattering from the lattice dilation associated with threading dislocations has
a stronger effect on electron mobility than electron scattering from the depletion potential
surrounding the dislocations. Furthermore, while lattice dilation is the predominant
mobility-limiting factor in thesen-doped InSb films, ionized impurity scattering associated with
dopants also plays a role in limiting the electron mobility. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1841466g

I. INTRODUCTION

Due to its small direct band gaps0.17 eVd, low effective
masss0.013med, and high room-temperature electron mobil-
ity s,73104 cm2/V sd, InSb is useful for a variety of de-
vice applications, including infrared sources, detectors, and
magnetoresistive sensors.1 InSb films are generally grown on
semi-insulating GaAs or InP substrates, with a 14.6% or
10.4% lattice mismatch, respectively. The high mismatch be-
tween the film and substrate often results in a high density of
threading dislocations in the film. In general, the threading
dislocation density decreases and the electron mobility in-
creases as the InSb film thickness increases.2 For example,
we recently reported that electron scattering from the strain
field associated with threading dislocations is the primary
mobility-limiting mechanism in highly mismatched InSb
films grown on GaAs.2

In principle, thin InSb films are often desired for device
applications, such as magnetoresistive sensors, in order to
facilitate a higher output voltage for a given bias current.1

However, in thin InSb films grown directly on GaAs or InP
substrates, the typically high density of threading disloca-
tions significantly reduces the film electron mobility. Thus,
interposition of a dislocation-filtering buffer layer between
the film and substrate is needed. In addition, to minimize
leakage current, the buffer needs to be highly resistive. Re-

cently, highly mismatched resistive buffers such as InAlSb
have shown promise for increasing the electron mobility of
thin InSb films.3–5 For example, the electron mobility of
a 0.55-mm n-doped InSb film was increased to that of a
1.5-mm n-doped InSb/ InP film by interposing a low Al com-
position InAlSb buffer layer between the film and InP
substrate.3 Similarly, the electron mobility of a 0.55-mm un-
doped InSb film was increased to that of a 1-mm undoped
InSb/GaAs film by interposition of an In0.88Al0.12Sb buffer.4

In another study, the interposition of a 1-mm AlSb buffer and
a 1-mm InxAl1−xSb step-graded buffersx=0.1–0.9d led to a
,20% increase in electron mobility for 2-mm InSb/GaAs
films.5

The increases in electron mobilities for InSb/ InP and
InSb/GaAs with interposed InAlSb buffers were qualita-
tively attributed to a decrease in film threading dislocation
densities. This assessment was based on optical microscopy
examination of film surface defects, double-crystal x-ray dif-
fraction measurements of InSb epilayer peak widths, and
preliminary cross-sectional transmission electron microscopy
sTEMd images, respectively.3–5 However, a quantitative ex-
amination of the evolution of threading dislocations in InSb
films grown on GaAs with interposed InAlSb buffers has not
been reported. Thus, the effects of InAlSb buffer layers on
the nucleation, propagation, and filtering of threading dislo-
cations are not fully understood. Furthermore, a quantitative

adAuthor to whom correspondence should be addressed; electronic mail:
rsgold@engin.umich.edu

JOURNAL OF APPLIED PHYSICS97, 043713s2005d

0021-8979/2005/97~4!/043713/7/$22.50 © 2005 American Institute of Physics97, 043713-1

http://dx.doi.org/10.1063/1.1841466


analysis of the effects of threading dislocations on electron
mobilities of InSb films grown on InAlSb buffers has not
been reported.

Another possible buffer for interposition between InSb
and GaAs is GaSb. Since GaSb is highly resistive, with an
intrinsic resistivity,105 times of that of InSb at 300 K,6 the
leakage current through the GaSb buffer is expected to be
insignificant. Furthermore, GaSb has a lattice parameter in-
termediate to GaAs and InSb. Thus, a GaSb buffer may be
used to relax the misfit strain between the InSb film and the
GaAs substrate, and to prevent strain relaxation-induced de-
fects from propagating into the film. To date, GaSb has been
used as the substrate for growth of InSb/GaSb quantum
dots,7–9 or the barrier layer of InSb/GaSb quantum wells.10

However, the nucleation and evolution of dislocations in
InSb/GaSb heterostructures have not been examined. Fur-
thermore, the effects of a GaSb buffer on the evolution of
threading dislocations and the InSb electron mobility in
InSb/GaSb/GaAs heterostructures have not been reported.

Therefore, we have investigated the effects of InAlSb
and/or GaSb buffers on the evolution of threading disloca-
tions and electronic properties ofn-doped InSb films. Plan-
view TEM shows a significant decrease or increase in thread-
ing dislocation density for InSb films grown on InAlSb or
GaSb layers, compared with those grown directly on GaAs.
Cross-sectional TEM reveals bending or nucleation of
threading dislocations at InSb/ InAlSb or InSb/GaSb inter-
faces, suggesting that these interfaces play an important role
in dislocation filtering and/or nucleation. The room-
temperature electron mobility ofn-doped InSb films grown
on InAlSb or GaSb buffers increases or decreases signifi-
cantly, in comparison with those grown directly on GaAs.
We also show quantitatively that the lattice dilation scatter-
ing related to threading dislocations has a stronger effect on
electron mobility than the depletion potential scattering as-
sociated with threading dislocations. In addition, ionized im-
purity scattering associated with dopants further reduces the
electron mobility of thesen-doped InSb films.

The article is organized as follows. In Sec. II, we de-
scribe the procedures used for the experimental studies, in-
cluding molecular-beam epitaxialsMBEd growth, high-
resolution x-ray diffractionsHRXRDd, cross-sectional and
plan-view TEM, and resistivity and Hall measurements. In
Sec. III, the evolution of threading dislocations, including the
role of various buffers in filtering or/and nucleation of
threading dislocations, is presented. The relative effects of
threading dislocations and impurities on film electron mobil-
ity are discussed in Sec. IV. Conclusions are given in Sec. V.

II. EXPERIMENTAL PROCEDURES

InSb films and InAlSb and GaSb buffer layers were
grown on semi-insulating GaAss001d substrates using a
Veeco MOD Gen II MBE system, with solid In, Ga, Al, Be,
and Sb4 sources, as described elsewhere.3,11,12A PbTe source
oven was used for Ten-type doping of the InSb films.11 Prior
to growth, all elemental fluxes were measured using a
quartz-crystal deposition monitor at the growth position.
During growth, the substrate temperatures were monitored

using a Thermionics diffuse reflectance spectrometersDRSd-
1000. All the film and buffer nucleations were initiated at
330 °C, by alternately supplying metals and nonmetalsSbd,
with a total of 90 periods, to a final thickness of,30 nm.13

Growth was then resumed in a conventionalscontinuousd
growth mode at 410 °C.

Figure 1 shows a cross section of the targeted structures.
Each structure consists of a 600-nm InSb film grown
on a buffer layer. The buffer layers included 300-nm GaSb,
300-nm In0.94Al0.06Sb, or 27-nm GaSb plus 300-nm
In0.94Al0.06Sb. Since GaSb and In0.94Al0.06Sb have lattice
mismatches of,7.8% and,14.2% with respect to the GaAs
substrate, we will refer to the GaSb and InAlSb buffers as
“low-misfit” and “high-misfit” buffers, respectively. In addi-
tion, we will refer to the GaSb+InAlSb buffer as the “step-
graded” buffer. For undoped InAlSb, an earlier study showed
an increasesdecreased in electron densitysresistivityd with
temperature.3 On the other hand, Be-dopedp-type InAlSb
showed nearly constant resistivity over a significant tempera-
ture range. Therefore, in this study, the high-misfit buffer
layers were doped with Be at,331017 cm−3 to maintain a
high resistivity at high temperatures, which would minimize
leakage current in potential magnetoresistive sensor
applications.3 Due to its high intrinsic resistivitys,105 times
of that of InSbd, the low-misfit buffer was not intentionally
doped. Each InSb film contains a Te-doping profile. At the
bottom, a 50-nm undoped region separates the active region
from the buffer. In the middle, a 500-nm region doped with
,531016 cm−3 is the active region. At the top, a 50-nm
region doped with ,531017 cm−3 facilitates a low-
resistance ohmic contact for potential magnetic-field sensing
device applications.3,14 For comparison, a “reference”
sample, consisting of a 100-nm undoped InSb layer followed
by a 500-nm InSb layer doped with Te at,1.2
31017 cm−3, was also examined.

HRXRD measurements were performed using CuKa ra-
diation monochromated by a four-reflection Sis220d mono-
chromator. For each sample, symmetrics004d and asymmet-
ric s115d rocking curves and/orv-2u scans were collected at
several azimuthal angles in order to take into account any
nonzero angle of rotation of the epilayer planes about an

FIG. 1. Sample schematic for InSb films grown on low-misfit, high-misfit,
and step-graded buffers.

043713-2 Weng et al. J. Appl. Phys. 97, 043713 ~2005!



in-plane axissepilayer tiltd. In order to resolve the InSb and
InAlSb peaks in samples with the high-misfit or step-graded
buffers, a 140-mm slit was placed in front of the detector in
the v-2u scans. Analysis of the HRXRD data reveals essen-
tially complete relaxation of the InSb films, the high-misfit
and low-misfit buffers, and the InAlSb layer of the step-
graded buffer. For TEM studies, cross-sectional specimens
were prepared using conventional mechanical thinning fol-
lowed by argon-ion milling at 77 K. Plan-view TEM speci-
mens were prepared using mechanical polishing followed by
chemical etching from the substrate side.
NH4OH/H2O2s4:1d and HF/HNO3/H2Os1:1:4d were used
to etch off the GaAs substrate and InSb films, respectively.
TEM imaging and electron diffraction were carried out on a
JEOL 2010FX transmission electron microscope operating at
200 keV. The plan-view TEM specimen thicknesses were
determined using convergent beam electron diffraction.15

The carrier concentrations and electron mobilities of the
films were determined using room-temperature resistivity
and Hall measurements, both in the van der Pauw
configuration.16

III. EVOLUTION OF THREADING DISLOCATIONS

A. Overview

We quantified the threading dislocation densities in the
InSb films using plan-view TEM. Figure 2 shows represen-
tative plan-view TEM images of InSb films grown onsad
GaAs, as well as on thesbd low-misfit, scd high-misfit, and
sdd step-graded buffers. We counted the number of threading
dislocations over areas of,73.6, 85.8, 139.1, and 78.9mm2

for films grown on GaAs, low-misfit, high-misfit, and step-
graded buffers, respectively. The corresponding threading
dislocation densities ares1.4±0.2d3109 cm−2, s2.3±0.2d

3109 cm−2, s5.9±0.8d3108 cm−2, and s6.1±0.8d
3108 cm−2, respectively. We note that the images of the
InSb films grown on GaAs, or low-misfit or step-graded
buffers, such as those in Figs. 2sad, 2sbd, and 2sdd include
only the top,100 nm of the films. On the other hand, the
images of the InSb films grown on high-misfit buffers, such
as that in Fig. 2scd, include the top,200 nm of the films.
Thus, the apparent threading dislocation densities are artifi-
cially lower than the actual threading dislocation densities.
However, as will be shown below, for all InSb films, the
threading dislocation density decreases monotonically in the
growth direction, similar to earlier studies of InSb films
grown directly on GaAs.2 Thus, for the high-misfit buffer, the
threading dislocation density is lower for the top,100 nm
than for the top,200 nm of the InSb film. It is therefore
appropriate to conclude that the InSb film threading disloca-
tion densities are lower for growth on high-misfit or step-
graded buffers in comparison with low-misfit buffers and
GaAs.

In order to understand the roles of low-misfit, high-
misfit, and step-graded buffers in increasing or decreasing
threading dislocation densities, we examined the evolution of
threading dislocations within the films, buffer layers, and at
the film/buffer/substrate interfaces using cross-sectional
TEM. Figures 3sad, 3scd, 3sed, and 3sgd and Figs. 3sbd, 3sdd,
3sfd, and 3shd are representative low-magnification and high-
magnification cross-sectional TEM images of InSb films
grown on GaAssthe reference sampled, the low-misfit, high-
misfit, and step-graded buffers, respectively. In the following
sections, we discuss the threading dislocation evolution in
each buffer.

B. Reference sample

For InSb films grown directly on GaAs, the threading
dislocation density decreases monotonically in the growth
direction, similar to earlier studies of InSb films grown di-
rectly on GaAs.2 A similar effect is observed for the InSb
films grown on the buffers. For example, Fig. 3sbd shows a
typical high-magnification cross-sectional TEM image of the
reference sample. A high density of threading dislocations is
apparent within,20 nm of the InSb/GaAs interface. Be-
yond this region, the dislocation density decreases abruptly,
due to several possible mechanisms, including the annihila-
tion of dislocations with opposite Burgers vectors and the
bending of dislocations to form half loops near the
interface.2,17

C. Low-misfit buffer

Figure 3sdd shows the threading dislocation configura-
tions near the low-misfit buffer. The threading dislocation
density of the low-misfit buffer is apparently lower than that
of the reference sample shown in Fig. 3sbd and discussed in
Sec. III B above. Near the buffer/film interface, a high den-
sity of threading dislocations is apparent, suggesting the
nucleation of threading dislocations at the buffer/film inter-
face. As discussed earlier, the InSb film threading dislocation
densities are higher for growth on the low-misfit buffer in
comparison with GaAs substrates. This is likely due to dif-

FIG. 2. Bright-field plan-view TEM images of InSb films grown onsad
GaAs, sbd low-misfit GaSb,scd high-misfit InAlSb, andsdd step-graded
GaSb+InAlSb buffers. All the images were collected near a two-beam con-
dition with g=220, which is in the direction of the black arrow in each
image.
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ferences in dislocation annihilation and bending at
InSb/GaAs and InSb/GaSb interfaces, resulting from varia-
tions in growth modes and strain relaxation mechanisms.

In the InSb/GaAs system, InSb films initially grow in
the Volmer–Weber mode, which consists of nucleation and
coalescence of three-dimensional islands.18 During the initial
stages of growth, misfit dislocations may form in the InSb
islands as grown-in dislocations. Alternatively, misfit dislo-
cations may form at the InSb island edges as the islands
grow and coalesce.18 The cross-sectional TEM images shown
in Refs. 2 and 18 indicate that threading dislocations often
bend around the islands to form loops, which significantly
reduce the percentage of threading dislocations entering the
upper part of thick InSb films grown on GaAs.

On the other hand, on GaSb, InSb films typically grow in
the Stranski–Krastanow mode, which consists of a two-
dimensional layer-by-layer growth followed by elastic relax-
ation via three-dimensional island nucleation.7 To date, a de-
tailed investigation of the evolution of threading dislocations
during the initial growth of InSb on GaSb is not available. In
our case, during the initial stage of InSb growth on the low-
misfit buffer, preexisting threading dislocations in the low-
misfit buffer may thread through the wetting layer to form
threading dislocations in the InSb layer. As the growth pro-
ceeds, misfit strain may be relaxed by the gliding of thread-
ing dislocations to form misfit segments at the InSb/GaSb
interface. This strain relaxation via misfit dislocation forma-
tion may in turn suppress the island nucleation. Further re-
laxation of the misfit strain may also occur via the glide of
dislocation half loops at the epilayer surface to the
interface,19,20 dislocation multiplication and interaction,21–23

and dislocation nucleation at local stress concentrations due
to contaminants, particulates, or stacking faults.24,25

D. High-misfit buffer

The high-misfit buffer contains a high density of thread-
ing dislocations within,20 nm of the buffer/GaAs interface,
and the threading dislocation density decreases monotoni-
cally in the growth direction, similar to the reference sample
discussed earlier. At the buffer/film interface, several dislo-
cations have bent, including two examples shown as white
arrows in Fig. 3sfd. During the InSb film growth, it is likely
that preexisting threading dislocations glided at the interface,
forming misfit dislocation segments, similar to earlier studies
of compositionally graded buffers.24,26–28 During the glide
process, threading arms with opposite Burgers vectors may
interact, leading to dislocation annihilation. In addition,
some threading arms may glide to the edge of the
sample.24,26–28 These processes likely lead to the reduced
threading dislocation density for InSb films growth on high-
misfit buffers in comparison to GaAs substrates.

E. Step-graded buffer

Figure 3shd shows the evolution of threading disloca-
tions within the step-graded buffer, which consists of 27-
nm GaSb plus 300-nm InAlSb layers. In the vicinity of the
GaSb layer, significant strain contrast from a high density of
dislocations dominates the image. The InAlSb layer thread-
ing dislocation densities are higher for growth on a thin
GaSb layersi.e., the step-graded bufferd in comparison with
that directly on GaAssi.e., the high-misfit bufferd. This result
suggests that the InAlSb/GaSb interface may act as a thread-
ing dislocation nucleation source, similar to the InSb/ low
-misfit buffer interface shown in Fig. 3sdd. At the buffer/film
interface, bending of threading dislocations is also evident,
as indicated by the white arrows in Fig. 3shd. The bent
threading dislocations likely contributed to both plastic re-
laxation and dislocation annihilation, similar to the high-
misfit buffer case discussed in Sec. III D above.

FIG. 3. Low-magnification bright-field cross-sectional TEM images of InSb
films grown onsad GaAs,scd low-misfit GaSb,sed high-misfit InAlSb, and
sgd step-graded GaSb+InAlSb buffers.sbd, sdd, sfd, and shd are high-
magnification images corresponding tosad, scd, sed, andsgd, respectively. All
the images were collected near a two-beam condition withg=220, which is
in the direction of the black arrow in each image. The white arrows insfd
and shd indicate the bending of threading dislocations at the interfaces be-
tween the InSb films and buffers.
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IV. ELECTRONIC PROPERTIES

Table I presents the measured room-temperature electron
concentrations, electron mobilities, and threading dislocation
densities ofn-doped InSb films grown on GaAs and various
buffer layers. It is evident that the electron mobilities of InSb
films grown on the low-misfit or high-misfit buffers are sig-
nificantly lower or higher than those of the films grown di-
rectly on GaAs. Furthermore, the increase or decrease of the
electron mobilities corresponds to a decrease or increase in
threading dislocation densities, respectively. This strongly
suggests that dislocation scattering plays an important role in
limiting the electron mobilities of then-doped InSb films,
similar to the case of the undoped InSb grown directly on
GaAs.2 We note that the InSb film grown directly on GaAs
has a doping and free-carrier concentration twice that of all
other films; yet, its electron mobility is higher than the InSb
film grown on the low-misfit buffer. This suggests that ion-
ized impurity scattering associated with the dopants is not
the predominant mobility-limiting factor in thesen-doped
InSb films.

According to Matthiessen’s rule, the electron mobility of
n-InSb, m, may be related tomb andm' through

1/m = 1/mb + 1/m', s1d

wheremb is the intrinsic electron mobility of the bulk mate-
rial andm' is the mobility limited by dislocation scattering.
Electrons may be scattered by the depletion potential sur-
rounding the dislocationssCoulomb potential scatteringd and
the lattice dilation associated with the dislocationsdeforma-
tion potential scatteringd.29,30 The Pödör and Dexter–Seitz
models consider free-carrier scattering from the depletion
potential and the lattice dilation, respectively.29,30 For highly
mismatched undoped InSb films grown directly on GaAs, we
found that the dominant factor limiting the room-temperature
electron mobility was free-carrier scattering from the lattice
dilation sDexter–Seitz modeld.2 Here, we consider the Pödör
and Dexter–Seitz models to evaluate the effects of threading
dislocations on the electron mobility of then-doped InSb
films grown on buffer layers.

According to the Pödör model,29 the electron mobility
limited by depletion potential scattering associated with dis-
locations,mC, is as follows:

1

mC
=

e2Îm* f2

30Î2ps««0d3/2l2kBT

D
În

, s2d

where« is the static dielectric constant,«0 is the permittivity
of vacuum,f ø1 is the fraction of the filled traps along the

dislocation lines,T is the absolute temperature,kB is Boltz-
mann’s constant,m* ande are the electron effective mass and
electron charge,l is the unit crystallographic slip distance,
and n is the electron concentration. Using a bulk mobility
value ofmb<63104 cm2V s,31 we plot 1/m as a function of
D /În, as predicted by the Pödör model in Fig. 4sad. We also
include the experimentally determined values of 1/m as a
function of D /În of the undoped InSbsRef. 2d andn-doped
InSb. Using a linear least-squares fit of the experimental
data, we obtain a slope value of,2.54310−6 V s/cm3/2 for
the n-doped InSb, which is comparable to,2.86
310−6 V s/cm3/2 for the undoped InSb. Both slopes are ap-
proximately an order of magnitude larger than,2.90
310−7 V s/cm3/2, the maximum of the slope calculated from
Eq. s3d using f =1, l=3.9674 Å and«=17.8.2,32 These re-
sults suggest that the electron mobility and free-carrier con-
centration dependencies on threading dislocation density in
both then-doped and undoped InSb films are not primarily
explained by the Pödör model.

On the other hand, according to the Dexter–Seitz
model,30 the mobility limited by deformation potential scat-
tering associated with edge dislocations,mD, is inversely pro-
portional to the edge dislocation density,D, as follows:

TABLE I. The electron concentrations,n, electron mobilities,m, and dislo-
cation densities,D, of InSb films grown on GaAs and various buffer layers.

Buffer layer n s31017 cm−3d m scm2/V sd D scm−2d

None sRef. sampled 1.2 32 000 s1.4±0.2d3109

Low-misfit 0.7 25 000 s2.3±0.2d3109

High-misfit 0.7 43 000 s5.9±0.8d3108

Step-graded 0.7 40 000 s6.1±0.8d3108

FIG. 4. Inverse electron mobility, 1 /m, as a function ofsad D /În andsbd D,
whereD andn are the dislocation density and carrier concentration, respec-
tively. The experimental data for then-doped and undoped InSbsRef. 2d, as
well as the predictions by the Dexter–Seitz and Pödör models, are included.
The insets show the initial portion of the plot of 1/m vs sad D /În andsbd D.
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1

mD
=F3p

32
S1 – 2n

1 − n
D2E1

2l2m*

kBT"e
GD, s3d

whereE1 is the hydrostatic deformation potential,33,34 andn
is the Poisson’s ratio. Figure 4sbd shows the inverse of elec-
tron mobility, 1 /m, as a function of the threading dislocation
density,D, for the n-doped InSb studied in this work. For
comparison, the variation of 1/m with D for the undoped
InSb films is also included.2 In addition, we plot the pre-
dicted 1/m as a function ofD using Eq.s1d, with m'=mD,
the dislocation scattering-limited mobility predicted by the
Dexter–Seitz model. The slope of the predicted line,,2.20
310−15 V s, is calculated using Eq.s2d.2 The bulk mobility
value for n-InSb with a carrier concentration of,7
31016 cm−3, mb<63104 cm2/V s, is used for the predicted
line.31 Using a linear least-squares fit of the experimental
data, we obtain a slope value of,9.53310−15 V s for the
n-doped InSb, which is comparable to,7.64310−15 V s for
the undoped InSb, and,2.20310−15 V s, the value pre-
dicted by the Dexter–Seitz model.2 The bulk mobility value
obtained from the linear fitting of the experimental data is
,5.493104 cm2/V s, slightly smaller than the reported
value, ,63104 cm2/V s.31 These results show a quantita-
tive correlation between increasing dislocation density and
decreasing electron mobility, which is apparently consistent
with the predictions of the Dexter–Seitz model.

We note that the dislocation densities may be underesti-
mated by up to a factor of 2, due to the fact that we have
imaged only the top,1/6–1/3 of theInSb films. Such
variations produce up to a factor of 2 variation in the slope
values for both the Pödör and Dexter–Seitz models, without
a consequent variation in the bulk mobility. Hence, the pos-
sible underestimation of the dislocation densities does not
alter the assertion that the Dexter–Seitz model is more suit-
able for describing the variation of electron mobility and
concentration with the threading dislocation density. Taken
together, these results suggest that lattice dilation scattering
has a stronger effect than the depletion potential scattering
on the electron mobility in then-doped InSb films.

The insets of Fig. 4 show the initial portion of the plot of
1/m vs sad D /În andsbd D. For then-doped InSb films, the
linear least-squares fit to 1/m vs D /În or D lies above that
of the undoped InSb films and those predicted by the Pödör
model or the Dexter–Seitz model, indicating lower mobility
values in this case. These results suggest that dislocation
scattering is the predominant mobility limiting mechanism in
n-doped InSb films, while electron scattering associated with
ionized impurities also plays a role.

V. CONCLUSIONS

In summary, we have investigated the effects of various
buffer layers on the structural and electronic properties of
n-doped InSb films grown on low-misfit GaSb, high-misfit
InAlSb, and step-graded GaSb+InAlSb buffer layers. At the
InSb/ low-misfit buffer interface, threading dislocations
nucleate, significantly increasing the dislocation density in
the InSb films. On the other hand, at the InSb/high-misfit
and InSb/step-graded buffer interfaces, threading disloca-

tions bend, thus significantly decreasing the dislocation den-
sity in the InSb films. The electron mobility decreasessin-
creasesd significantly for InSb films grown on low-misfit
shigh-misfit or step-gradedd buffers, in comparison to GaAs
substrates, apparently due to the increasesdecreased in
threading dislocation densities. A quantitative analysis of the
correlation between the dislocation density and the electron
mobility and carrier concentration suggests that the lattice
dilation scattering has a stronger effect on the electron mo-
bility than the depletion potential scattering related to thread-
ing dislocations. Both dislocation scattering and ionized im-
purity scattering associated with dopants play important roles
in limiting the electron mobility.
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