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ABSTRACT

Theindiumantimonide having small band gap isan important materia for IR
detectors and sources. The indium antimonide thin film was deposited on
glass substrate in the high vacuum chamber at pressure 10 torr. To prepare
the starting materia for fabrication of n-typeindium antimonide thinfilms, it
was grown under vacuum 10 torr in vacuum coating unit using Indium
(99.999 %) and Antimony (99.999 %) metal powder asasource materialswith
variouscompositionusing formulaln,_ Sb, (wherex isvariablehaving value
0.2t0 0.4) for preparation of different composition. X-ray diffraction studies
of the samples and its thin films confirmed the polycrystallinity nature and
show preferential orientation alongthe (111), (220) planes. The particle size
(D), dislocation density () and strain( €) were evaluated with XRD data of
starting materialsand itsthin films. The particle sizeincreased with increas-
ing of boat temperature & composition ratio (In/Sb) while dislocation den-
sity and strain were decreased with increase of boat temperature and com-
position ratio (1n/Sb). © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Among the compound semiconductors, Indiuman-
timonideisapolycrystdlinecompound hasmeting point
525°C. Itisanarrow band gap n-typeand p-type semi-
conductor with an energy band gap of 0.17 eV at
300K, 0.23 eV at 80 K. In n-type Indium Antimonide
semiconductor the el ectron has high electron mobility
(80,000.00 cm?/V.sec) dueto their smallest effective
mass. Similarly in p-type InSb semiconductor thehole
hasmobility 1250 cm?/V.sec and thusitisthebest ma-
terid availablefor magnetic-field sensing devicessuch

asHall sensor and magnetoresistorsY, speed-sensitive
sensorg? and magnetic sensorg®.Many reports are
available on thegrowth of InSb thin filmsusing tech-
niques such asMolecular beam epitaxy(MBE), meta
organic chemica vapour deposition and vacuum evapo-
rationt.

Of all themethods used to prepare InSb thinfilm,
the electron beam evaporation techniqueisthevery
simpleand inexpensive technique and can be used for
large areadeposition. Thinfilmsof InSb prepared by
el ectron beam evaporation techniqueshavedifficulties
in maintaining the stoi chiometry because of largediffer-
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Figure1-5: Show x-ray diffracto graph of starting materialswith different composition

encesinvapour pressureof Inand Sh.

Theindium antimonideinfrared detectorsare sen-
gtivebetween 1-5 pm wavelengths. This material can
also used as bio-sensor to detect the bacteria. The
present articleexplainstheeffect of compositionratio
(In/Sb) onthe structurd propertiesof thin films depos-
ited by el ectron beam evaporati on technique.

EXPERIMENTAL

Growth of InSb compound

Thehigh purity Indium (99.999%) and Antimony
(99.999%) metal powder have purchased fromAlfa
Aesar Ltd. USA. To preparethe starting material for
fabrication of n-typeindium antimonidethinfilms, first
wetakedifferent amount of In (Indium) and Sb (Anti-
mony) metal powder usngformulaln,_Sb (wherexis
variablefrom0.2t0 0.4). For each composition/sample,
the Indium and Antimony powder grinded with each

other by mortar rod and then heated in vacuum coating
unit (Hind Hivac Co.Ltd, India) using molybdenum boat
under avacuum of 2x10° torr for ten hoursand cooled
at room temperature in vacuum. The cooled sample
again grinded with mortar rod and again heated in
vacuum at same pressure. Thisprocessisrepeated five
timeswith different temperaturefor each sample. The
X-ray diffractograph of starting materials havetaken
by PC based X -Ray Diffractometer (model no. Rigaku
D/max-2200).

Preparation of InSb thin films

Bulk InSb compound grown by above processand
it was used to deposited thin film on glass substrate by
€l ectron beam evaporation technique under vacuum 10
Storr. Inthisexperiments bulk materialswastakenin
thegraphitecrucible and evaporated in vacuum (~10°
torr) systlem equipped with liquid nitrogentrap. Thedis-
tance between source material and substrate was kept
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125 mm. The source temperature and thus the deposi- TABLE 1: Sandard and experimental ‘d’ value of InSb
tion rate (0.3- 18nnV/s) were adj u_sted by cr_langi ngthe sNo (20) (SI l;nle) Oszlel:‘ée&;d’ St\?;?g &‘)d’
electrical current flow and flow time. Inthisstudy the 1 284 (1) 3751 374
deposition ratewas eva uated by thicknessmonitor us- 2 3017 (220) 2987 2260
ing quartz crystal sensor (6 MHz) set up near the sub- 3. 5666  (400) 1619 1.620
grate. During deposition, thefilm thicknesswasaways 4 4638 (311) 1,052 1953
meesured by thethicknessmonitor, andthefilmof 300 5 7633 (519 1.247 1247
nmwas prepared for characterization. 6. 8905 (531) 1.095 1.095

The structural analysis was made using X-ray 7. 6229  (331) 1.486 1.486
diffractometer with CuK , radiation at 40 kV/20 mA 8. 7114 (422) 1322 1323

usingwithwavelength of 1.5404 A in angle region from
20° to 90° for starting materials and thin films both.

RESULTSAND DISCUSSION

Sructural properties
Char acterization of InSb compound

The X-Ray Diffractograph of starting materialsob-
tained by X-ray Diffractometer operated at 40 kV/20
mA using CuK | radiationwithwavelength of 1.5404
A in angle region from 20° to 90° are given figure 1 to

5. Theexperimenta ‘d’ value recorded by PC based
diffractometer for each composition and there corre-
sponding (h k 1) planes obtained with the help of Joint
Committee on Powder Diffraction standard (JCPDS)
dataaregivenin TABLE 1. The X-ray diffractographs
of starting materia show theformation of polycrystal-
lineIndiumAntimonide compound.

Characterization of InSb thin films

TheX-Ray Diffractograph of thinfilmsobtained by
X-Ray Diffractometer operated at 35 kV/30mA using
CuK_, radiationwith wavelength of 1.54056 A in angle

Watariosy Stience  mm—.
A VMW
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TABLE 2: Sructural parameter sof starting material InSb havedifferent composition.

(111) plane (220) plane (311) plane
Composition "~ Grain  Didocation Lattice Grain  Dislocation L attice Grain  Didocation Lattice
Ratio(In/Sb)  §ze(D)  density(3) parameter size(D) density(d) parameter size(D) density(d) parameter
(hm)  (*20%lin/m*  (*20°m)  (m) ¢10%linkim* (*10m)  (nm)  (*10%lin/m* (*10m)
1Mo 625b0.33 3531 8.021 6.509 3.660 7.465 6.494 3.828 6.824 6.493
1Mo 645b0.36 3.924 6.494 6.521 3.795 6.943 6.499 3.859 6.715 6.500
1Mo 6650034 3.973 6.467 6.509 3.901 6.571 6.499 3.927 6.485 6.493
1Mo 68Sb0.32 4.076 6.019 6.496 3.908 6.547 6.499 3.929 6.477 6.493
1Mo.70Sb0.30 4.089 5.980 6.496 3.958 6.383 6.491 4.028 6.163 6.493
TABLE 3: Sructural parametersof InSb thin film havedifferent composition
(111) plane (220) plane
Composition Grain Didlocation Lattice Strain Grain Dislocation Lattice Strain
Ratio(In/Sb) size(D) density(8) parameter  ()*10°  size(D) density(8) parameter  (g)*10°
(nm) (*10%lin/m*  (*10m) lin?m* (nm) (*10%lin/m*  (*10°m) lin?m*
INg,62Sh0 28 4.031 6.154 6.509 5.27 3.961 6.373 6.494 5.35
INo,64500 35 4.120 5.891 6.521 5.07 4.012 6.212 6.499 513
1Mo 6650024 4.173 5.742 6.509 4.92 4.097 5.957 6.499 4.93
INg.6aS00.32 4.276 5.462 6.496 411 4.246 5.546 6.499 431
INg.70Sb0 20 4.387 5.195 6.496 3.76 4.301 5.405 6.491 3.87

region from 20° to 65°. The spectra confirm the
pollycrystaline nature of the prepared thinfilms. The
crysdlitesinapolycrystdlinematerid normdly havea
crystallographic orientation different from that of its
neighbours. Theorientation of thecrystalitescalled the
preferentia orientation, may berandomly distributed
with respect to some selected frame of reference.From
the XRD patterns of InSb thin films, it has been ob-
served that thefilm structure arefound to cubic with
predominant orientation alongthe (111) direction. The
XRD reault of thinfilmswere compared withthe XRD
dataof starting materials. Asincreasestheratio of In/
Sbindifferent composition show that the peaksof in-
dium, indium antimonideincreaseswhiledecreased the
antimony peaks. Theresultsare comparablewith films
prepared by other techniques™. Henceitis concluded
that the polycrystalline InSb film can begrown highly
oriented along (111), (220) planes by Electron beam
evaporation technique.

Fromthe XRD profiles, theinter-planner spacing
d., wascaculated for the (111), (220) planesusingthe
Bragg’s relation,
d,,=n3/2Sin@
where isthe wavelength of the X-ray used, disthe
lattice spacing, nistheorder and 6 is the Braggs’s angle.

Thefactor ‘d’ is related to (h k 1) indices of the

planesand thedimension of theunit cells. Thecrystal-
linesize (D) of thestarting materials& thinfilmswere
cal culated with help of Debye Scherrer’s formula using
thefull-width at haf-maximum (FWHM) 3 of the peaks
expressed in degree®.

D=0.94)/p cos0

where} is the FWHM calculated from diffraction peak,
Ais wavelength of used X-ray and 0 is diffraction angle.

Thestrain value (¢) can be evaluated by using the
followingredion,

B = (M/DcosB)/- £ tan0

Thedidocation dengty (5), defined asthelength of
didocation linesper unit volumeof thecrystal and has
caculated by usingtheformula.
=1/D?
whereD iscrystalinesize.

Thelatticeparameter ‘a’ calculated from the equa-
tionas,
d=a/ (h2+k2+?)12
where- h,k,| represent thereciprocal |attice planeand
‘d’ Interplaner- spacing.

Thevaluesof particlesize, strainand dislocation
densty for thestarting materiadsand thinfilmsof differ-
ent composition are shown in TABLE 2 & 3. It has
been observed that the crystalline sizeincreased with
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Full Poper =

increases of composition ratio (In/Sb) which may be
duetodecreaseindraninstrainvaue Theincreasein
particlesizewith composition ratio may bedueto the
coalescence of small crystdlites. Thedidocation den-
Sty decreaseswith theincreases of composition ratio.
Sincedidocation density and strain arethe manifesta-
tion of didocation network inthefilms, the decreasein
didocation dengity indicatestheformation of high-qudity
filmsat higher composition ratio®.

Theobserved ‘d *value and their correspondence
standard ‘d’ value of starting material InSb and its thin
filmwith (hk ) planearedepictsin TABLE 1.

Thevaluesof crystdlinesize (D), didocation den-
sty (9), latticeparameter (a) of the starting materia sof
InSb (Indium antimonide) have different composition
aregiveninTABLE 2.

Thevauesof crystdlinesize(D), did ocation den-
sity (9), strain, lattice parameter () of thethinfilm of
InSb (Indium antimonide) have different composition
aregiveninTABLE 3.

CONCLUSIONS

Stoichiometric InSb compound metal powder with
cubic crystal wasgrown using molybdenum boat. The
as grown InSh metel powder was used to deposited
thinfilmson glass substrate and glass substrate main-
tained at thetemperature 373 K. All thefilmsdepos-
ited have shown the cubic structurewith nearly main-
tain stoichimetry andindium, antimony and Indium anti-
monide peakswereobtained. A systematicgrain growth
was noticed with increasein composition ratio of in-
diumand antimony inthinfilms. X-ray diffraction stud-
ies of the samples and thin films confirmed the
polycrystalinity natureand show preferentia orienta
tionaongthe(111), (220) planes. Theparticlesize(D),
Didocation density (3) and strain were evaluated with
XRD dataof starting materialsand itsthinfilms. The
particlesizeincreased with increasing of boat tempera-
ture& composition ratio(In/Sb) whileDid ocation den-
Sity, strain were decreased with increase of boat tem-
perature and composition ratio(In/Sh).
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