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The growth of epitaxial InSb layers on highly lattice-mismatched semi-insulating GaAs substrates
has been achieved via traditional liquid-phase epitaxy. Scanning and transmission electron
microscopy show sharp interfaces even at 35 nm resolution. High-resolution x-ray diffraction
studies reveal reflections even up to 2u5153° with distinct layer and substrate peaks, indicating
structural coherence. The films grown weren type and the highest electron mobility obtained was
3.963104 cm2/V s at room temperature. The band gap varies from 0.17 to 0.23 eV in the
temperature range of 300–10 K and is consistent with the expected variation. These results indicate
that the films grown are comparable to those grown by other sophisticated techniques in terms of
structural, optical and electrical properties.
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The high-electron mobility and narrow band gap of In
make it an important material for high-speed devices,1,2 mag-
netic sensors3 and infrared~IR! detectors. For application in
electronic and optical devices, InSb thin layers must
grown on semi-insulating IR transparent substrates. CdT
the only semi-insulating lattice-matched substrate for In
but it is very difficult to prevent In2Te3 precipitate formation
at the interface during growth.4,5 Hence, Si, GaAs, and InP
have been used as substrates for InSb epitaxial growth6–8

Even with the large~14.6%! lattice mismatch, there are man
reports on the growth of InSb/GaAs heterostructures by m
lecular beam epitaxy~MBE!9,10 and metalorganic chemica
vapor deposition~MOCVD!.11,12 Although traditionally liq-
uid phase epitaxy~LPE! has been used extensively to gro
various heterostructures, the growth of InSb by LPE is
stricted due to its low melting point and low growth tempe
ture. Other than a few early papers on homoepitaxy13,14there
is no report of the successful growth of InSb/GaAs by LP
However, the fact that LPE is a simple, inexpensive a
widely used growth method is motivation enough to evo
optimized parameters for the growth of high quality InS
epilayers by this technique on a highly lattice-mismatch
substrate as GaAs. In this letter we report LPE growth
InSb/GaAs whose structural, transport and optical proper
are comparable to those obtained from MOCVD, MBE, e

Growth was carried out on~001! semi-insulating GaAs
substrates~1 mm thick! in a boat-slider type LPE unit, de
signed and fabricated in our laboratory.15 Prior to growth, the
GaAs substrates were cleaned using 1% bromine in meth
at room temperature and then washed in methanol. An
dium solution saturated with previously synthesized In
was used. The optimized III/V mass ratio used for the grow
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was;3.45. All materials were of purity better than 5 N and
were obtained from Sigma Aldrich, U.S. In the present
vestigation we used a ramp cooling routine because a c
tinuous decrease in temperature can provide a driving su
saturation b}DT/Tg at every point during growth and
induce orderly epitaxial growth16 ~whereDT denotes super-
cooling of the solution andTg the initial growth tempera-
ture!. The films were grown under varied conditions of s
persaturation by changing the ramp rate and tempera
range. The optimum ramp rate was 0.2 °C/h for growth te
perature range of 2 °C andTg5423 °C. The composition of
the films grown was In:Sb550.53:49.47 at. %, found from
energy dispersive x-ray analysis~EDAX!.

High-resolution x-ray diffraction~HRXRD! was used to
determine the orientation and crystallinity of the films. Af
scan of an asymmetric reflection was performed initially
check the single-crystal nature of the layer. For this, the
niometerv/2u settings were fixed for the~115! peak of the
InSb layer, making an angle of about 15° with the sampl
surface~001!. As seen in Fig. 1~a! the scan over 360° azi
muths gave four distinct layer peaks separated by 90° in
vals with negligible scattering in between. Subsequen
several reflections, both symmetric and asymmetric, were
corded. The distinct layer and substrate peaks, separate
several degrees in each reflection, were observed even u
the highest scattering angle of 2u'153°, indicating struc-
tural coherence. The peak separation~Dv! varied from about
4.5° to 18° for different reflections. In Fig. 1~b! is displayed,
on a relative degree scale, the symmetric~004! reflection, at
four azimuths, separated 90° from each other. From the s
difference inDv at the four azimuths, the tilt angleTl ,s of
the epilayer to the substrate was estimated by using the
tion,

Tl ,s5
1
2@~Dv12Dv3!21~Dv22Dv4!2#1/2,
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whereDv is are the peak separations at 90° intervals. The
was found to be quite small and was about 0.01°.

The cross section of the film~cleaved sample! observed
under a scanning electron microscope~SEM!, shown in Fig.
2~a!, clearly reflects the sharpness of the interface betw
the InSb layer and the GaAs substrate. During scanning e
tron microscopy, simultaneous elemental identification w
carried out with~EDAX! to confirm that the region scanne
was indeed the InSb/GaAs interface. Cross sectional sp
mens were prepared and examined at much higher mag
cation using the JEM-200CX transmission electron mic
scope ~TEM! operating at 200 kV. The bright field cros
sectional TEM image, shown in Fig. 2~b!, indicates a sharp
interface with very small coalescing islands@marked C in
Fig. 2~b!#. The selected area electron diffraction pattern fro
the TEM image of an InSb/GaAs interface is shown in F
2~c!. The diffraction spots occur in pairs, corresponding
InSb and GaAs, respectively, indicating that the layer and
substrate are epitaxially oriented.

The temperature dependence of the mobility and car
concentration in two InSb/GaAs samples, labeled S1 and
of thickness 3 and 7mm, respectively, is shown in Fig. 3
The data reported are representative of the five samples
ied. The samples weren type in the entire temperature rang

FIG. 1. ~a! X-ray diffraction pattern of~f scan! the InSb layer in asymmet-
ric reflection~115! over the 360° azimuth and~b! representativev scans of
the InSb layer/GaAs substrate for~004! reflections at four azimuths~film
thickness 7mm!.
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The highest room temperature~RT! mobility was measured
to be 39 600 cm2/V s, which is comparable to the mobilitie
reported for InSb/GaAs samples grown by MBE a
MOCVD,10,17–20 especially when the purity of the startin
material is considered.21 Above 350 K, the samples becom
intrinsic. At 10 K, the carrier concentration indicates a bac
ground doping of around 531016 cm23. The purity of the
materials used for growth has a strong correlation with
background doping and mobility. Initially, when less than
N indium and antimony was used, the carrier density w
measured to be more than 131018 cm23 and the RT mobil-
ity less than 8000 cm2/V s. But even for a background dop
ing of 531016 cm23, the mobilities around 100 K are stil

FIG. 2. ~a! Scanning electron micrograph of the InSb/GaAs interface,~b!
bright field image of the cross section of InSb/GaAs and~c! selected area
diffraction pattern of~b!.
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too low, indicating a large number of defects formed due
lattice mismatch at the interface. These are known to li
the mobility.11 There is no observed correlation between
properties of the films with their thickness. Hence there is
prominent interface or surface conduction. Literature
MBE and MOCVD grown films also indicates that more th
2 mm from the interface, the films approach bulk InSb
quality.10,12,17,18,22The Hall data show an anomalous min
mum in carrier concentration at some intermediate temp
ture, which has been observed previously in thin layers
has been attributed to two or three layer para
conduction.20,21,23,24 However, since the samples are re
tively thick ~3–7 mm! such an interpretation is not possib
here. The nature and spatial distribution of dislocations al
the growth direction may be a possible cause of the anom

Infrared spectra in the wavelength range of 3–25mm at
RT and at 80 and 10 K are shown in Fig. 4. The onset
absorption fits very well to the relationa;(E2hn)1/2, indi-
cating a direct energy gap~inset in Fig. 4!. The energy gaps
were measured to be 0.17, 0.22, and 0.23 eV at RT and a
and 10 K, respectively. The values and the temperature

FIG. 3. Temperature dependence of the carrier concentration~closed sym-
bols! and Hall mobility ~open symbols!.

FIG. 4. Infrared spectra of bulk InSb~for comparison! and InSb/GaAs at
different temperatures. The inset shows an~absorption!2 vs energy plot at
different temperatures~film thickness 7mm!.
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pendence of the energy gap conform to standard resul25

The low temperature energy gap is within the 3.3–5.5mm
atmospheric window required for midwave infrared~MWIR!
detectors.

To conclude, we have shown that InSb films of 3–7mm
thickness can be epitaxially grown on lattice-mismatch
~001! GaAs substrate by liquid-phase epitaxy. The resu
indicate that the films are of a high quality and single cry
talline with abrupt interface and high mobilities. Hence, LP
can be considered to be an inexpensive and viable alterna
for industrial growth of such heterostructures, which are
important for IR detector and magnetic sensor applicatio
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