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Structural Characterization of Electron Beam Evaporated
Indium Antimonide Thin Films
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Indium antimonide thin films of different thickneé300-400nm) deposited by electron beam evaporagicmnique on
suitable ultrasonically cleaned glass substratediffgrent substrate temperature (303-373K) ar@alfcrystalline nature
having zinc blende structure. For=B83, all deposited films have orientation alongl(land (220) planes. Some other
orientations like (012), (101), (202), and (112) also observed in the films depending upon thetfilickness and substrate
temperature of deposition. The values of grain,silislocation density, strain, and lattice constantfor (111) of the
deposited films are calculated, and their variaiaith substrate temperature and films thicknessstudied. The surface
morphological study of thin films reveals the cajhe nature, which was in good agreement with XiRD crystallinity

analysis.

1. Introduction

Conventionally, due to their structure IlI-V
semiconductors play a major role in scientific
research and its applications. The non-
stoichiometric (anions and cations vacancy) in thin
films of semiconducting materials is responsible
for conductivity, which is created during the
deposition of thin films. Initially, we have grown
non-stoichiometric starting materials for fabrioati

of thin films. Among the IlI-V binary
semiconductors, indium antimonide is an important
semiconductor for the preparation of various
devices, which has melting point 596. It is a
narrow band gap semiconductor with an energy
band gap of 0.17 eV at 300 K, 0.23 eV at 80 K. In
n-type indium antimonide semiconductor (anion
vacancy) the electron has high electron mobility
(80,000cr¥V.s) due to their smaller effective
mass. Similarly in p-type InSb semiconductor
(cation vacancy), the hole has mobility 1250
cn?/V.s and thus it is the best material available for
magnetic-field sensing devices such as Hall sensor
and magnetoresistors [1], speed-sensitive sensors
[2] and magnetic sensors [3]. Many reports are
available on the growth of InSb thin films using
different techniques such as Molecular beam
epitaxy (MBE) [4], metal organic chemical vapor
deposition and vacuum evaporation [5]. Of all
these methods used to prepare InSb thin films, the
electron beam evaporation technique is a very
simple and inexpensive and can be used for large
area deposition.
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The aim of this work is to increase the efficiency
and reduce the delay time of devices. Thin films of
InSb prepared by electron beam evaporation
techniques have controlled the non-stoichiometric
films. The indium antimonide infrared detectors are
sensitive between 3-5 pum wavelengths [6]. This
material can also be used as a bio-sensor to detect
the bacteria. In this paper, we report some
correlative results of different structural paraenst
with substrate temperature and film thickness.

2. Experimental

Thin films of InSb of different thickness (t), (300
400nm), were deposited at different substrate
temperature (Ts), (303-373K), on chemically and
ultrasonically cleaned glass substrate with the hel
of a Hind Hivac Vacuum Coating unit at a vacuum
value better than 1Torr. The source distance
from glass substrate was maintained at 125mm for
all cases. Non-stoichiometric materials (InSb)
having composition WesShys, was used as the
source material. The source temperature and thus
the deposition rate (0.3- 18nm/s) were adjusted by
changing the electrical current of electron beam
gun. In this study, the deposition rate was evelliat
by a suitably designed thickness monitor using
quartz crystal sensor (6 MHz) set up near the
substrate. During the deposition, the film thiclses
was always measured by the thickness monitor and
the film of different thickness was prepared for
characterization. The X-Ray Diffractogram of thin
films was obtained by Philips Analytical X-ray
Diffractometer (PW-3710) operated at 40 kV/20
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mA using Cuk,; radiation with a wavelength of
1.5404 A in angle region from 20° to 70°.

3. Structural Parameters
3.1 Determination of grain size

The grain size (k) for the electron beam
evaporated InSb thin films are calculated with the
help of Debye Scherrer's formula using the full-
width at half-maximum (FWHM)3 of the peaks

[71.
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Where B is the width of the peak at the half of
maximum peaks intensity, wheré. is the
wavelength of X-ray used arfilis the diffraction
angle.

3.2 Didocation density

Dislocations are imperfections in a crystal and
associated with the mis-registry of the latticone
part of the crystal with respect to another part.
Unlike vacancies and interstitial atoms,
dislocations are not equilibrium imperfections. In
fact, the growth mechanism involving dislocation is
a matter of importance. The dislocation densities o
thin films are given by the Williamson and
Smallman’s relation [8].

5=— )

Where n is factor, which equals unity, giving
minimum dislocation density and D is the grain
size.

3.3 Strain

The strain is a manifestation of dislocation netwvor
in thin films. The strain in thin films can be
calculated from the relation [9]

A
= —-£tand 3
A D cos@ ®)

Where & is Bragg's anglep is the width of the
peak at half of the maximum peaks intensity, &nd
is the strain.

3.4 Determination of lattice constant

The lattice parameter, a, for cubic phase structure
(h k1) is determined by the relation

104

. a
(h2 + k2 +|2)1/2

(4)

dyg =

Where N=h/+k? +I*> is a number. Observing the
distribution of N values, the type of the cubic
lattice can be determined [10].

From the Bragg's law,

A= 2asind
(h2+k2 +|2)1/2
Or

2

2
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For hexagonal crystals, the lattice constantspd, a
c, are evaluated from the following relations

L[y )

From Bragg’s law

st o= (A2 [07 + K2 + hk ’ A
3 a’ 4¢c?

According to Vegards law, the lattice parameters of
hexagonal unit cell are related to cubic lattice
parameters of the same material as

_ 1 1/2
ahe>< - E at:ubic

4 1/2
Chex = (Ej acubic (6)

Hence for an ‘ideal’ Wurtzite lattice, the relation
between the two lattice parameters is

Chex = (1'633)ahex

Which can be used for the calculation of lattice
parameters of InSb thin films?

There are several possible sources of error, such
as the divergence of X-ray beams, refraction and
absorption of X-rays by the specimen etc., in the
measurement of and d values. Therefore, the
accuracy in the determination of lattice constant i
dependent upon the accuracy of their
measurements.
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Fig.1: XRD patterns of InSb thin films of differetttickness and deposited at same Ts=303 K
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Fig.2: XRD patterns of InSb thin films of same thielss t=300 nm and deposited at different Ts.
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We have
d= [ij cosecd
2

So
a = —(%](cosec@ cotH)JH
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The most accurate value of lattice parameters are
estimated from the Nelson-Riley piahen6 = 9¢.

It is plotted between the calculated lattice comista
values (a and c) for different planes and the error

function

-2 o

For6 = 9C, Ll =0.
d
Table 1: Standard and Experimental d value of InSb.

t (nm) [Ts(K) | Diffrac- (1112) plane FWHM | Diffrac- (220) plane FWHM
tion Exp.(d) Stand. @| P tion Exp.@) | Stan@ | @
angle angle

20 Value | Value 20
(20) (20) Value Value
300 303 23.612 | 3.765 3.740 0.0106 39.165 2.298 (02.29| 0.0104
323 23.613 | 3.763 3.740 0.0064 39.164  2.2938 2.290 0064J.
373 23.612 | 3.761 3.740 0.0058 39.16p  2.29P 2.290 0060.
350 23.614 | 3.771 3.740 0.0097 39.161  2.290 2.290 0.0095
303
400 23.613 | 3.740 3.740 0.0083 39.16p  2.291 2.290 0083.
Table 2: Structural parameters of InSb thin films.
Substrate t (nm) Peak intensity Structural parameters of1jidane
Temperature Grain Dislocation Strain X 10°%in? | Lattice
(Ts) (111) (220) size(D) | densityx 10t | m* parameter (a)
plane plane nm lin/m? x10°m
303K 300 304.07 337.23 13.97 5.12 3.20 6.52
350 339.70 350.73 15.19 4.33 3.14 6.53
400 387.58 368.54 17.76 3.17 2.80 6.48
323K 404.15 386.54 23.12 1.87 2.13 6.52
373K 300 446.43 427.23 25.56 1.53 1.75 6.51

4. Resultsand Discussion
4.1 Structural analysis

The X-ray diffractographs of InSb thin films of
different thicknesses and different substrate
temperatures are shown in Figs.1 and 2. Films are
polycrystalline having zinc blende structure. Tikis
confirmed by comparing the observed d values of
the XRD patterns of the films with the standard d
values of JCPDS X-ray powder file data (#06-
0208) as shown in Table 1. In these films, (111)
and (220) plane is very clear and abundant.

However, a small percentage of the orientations
along (012), (101), (202), and (112) planes are als
observed, depending upon the film thickness and
the substrate temperature of the deposition. In the
case of thickness dependent InSb thin films, as
thickness increases, (111) plane is dominated
corresponding to (220) plane. According to
substrate temperature, as substrate temperature
increases, the diffracted intensity along (111pela

is also dominated by the corresponding intensity of
(220) plane. The (111) plane indicates that the
preferential growth of the cubic crystal in films i
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along this particular direction. The (220) plane given in Table 2. The data of the table show
indicates that the films have hexagonal structure. variations in the structural parameters with
The hump that is observed in the background of  substrate temperature and thickness. The value of
XRD is due to the amorphous glass substrate and grain size (D), dislocation densityp( and strain
also possibly due to some amorphous phase present (&) are correlated with Ts as well as with the film
in the InSb thin films. Different structural thickness are depicted in Figs. 3-6.

parameters of the InSb thin films having different

thickness and grown at different Ts are calculated

by using relevant formulae and systematically
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Figs.3-6 Variation of the grain size, dislocation densitylatrain with substrate temperature and thickness.

The grain sizes of the films corresponding to substrate temperature (Ts), while dislocation
(111) plane has been found to increase with  density decreases. For the same plane, the grain
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sizes are also found to increase and the dislatatio
density decreases with the thickness of thin films.
With an increase in Ts, the crystallinity of thierfs
improves substantially. In polycrystalline samples,
all dislocated atoms occupy the regions which are
near the grain boundaries, and from the curves it i
observed that the dislocation density decreasés wit
thickness of thin films and substrate temperature
(Ts).

The decrease in dislocation density indicates the
formation of high quality films as substrate
temperature increases. This is possible because of
fact that when the substrate temperature increases,
the thermal energy of the dislocated atom increases
and mobility became high.

The calculated results are in agreement with the
observation on InSb thin films by earlier workers
[5, 6]. At higher Ts in the formation process oé th
films, ad-atoms possess greater mobility along the
direction parallel to substrate surface, thus
contributing to the improvement of the
crystallization process.

Fig.7 Fig.8
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The variation of strain with the substrate
temperature and thickness are shown in Figs. 5 and
6, respectively. Since the strain is a manifestatio
of dislocation networks, a decrease in strain
indicates the formation of high quality films [11].
This may be due to a decrease in the strain energy
with thickness or that the film thickness strongly
affects the X-ray diffraction pattern. As thickness
increases, the peaks of the films have more and
more dominant effect. This work has been by Pal et
al. [12].

Scanning electron micrographs (SEM) have
been used for the analysis of surface morphology
n-type InSb thin films. The SEM picture of n-InSb
films on glass substrate are shown in Figs. 7-8. It
clearly observed that the deposited n-InSb filngs ar
nanocrystalline, homogenous, without cracks or
holes, and well covered to the glass substrate. The
grain size of the deposited thin films increaseth wi
an increase of the substrate temperature.
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Figs.7-9: SEM picture of deposited thin films wittiferent Ts (303K, 323K, 373K).

5. Conclusions

Indium antimonide thin films, deposited by the
technique of electron beam evaporation within the
thickness and substrate temperature range, (300-
400) nm and (303-373) K, respectively, are of
polycrystalline nature having zincblende structure.
The films Ts= 303 are found to have an orientation
along (111) and (220) planes, and only a small
percentage of the growth along (012), (101), (202)
& (112) are observed, depending upon the film
thickness and the substrate temperature of the
deposition. The crystallinity of the films improves
with an increase of the substrate temperatureeof th

deposition. At any deposition temperature, there is
a variation in grain size of the grown thin filn¥.
decrease in the dislocation density and strain is
found to be dependent on the growth temperatures
and the thickness of the films. Scanning electron
microscopic study confirmed the smooth surface of
these films.
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