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Investigation of Photoresponse on GaSb Thin Film,

for Photodetectors

4
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‘Department of Physics, Sree Ayyappa College, Chengannur, Kerala, India
ananthkumarrt@gmail.com

Abstract—A low cost near infrared photodetectors from thin films of Gallium antimonide
(GaSb) was fabricated. In this method, physical vapor deposition was u-sed for the growth
of GaSb films on mica substrate using individual Ga and Sb evaporation sources. It was
observed that growth temperature play major role in the material quality and surface
morphology of the film analyzed by X-ray diffraction (XRD) measurements and scanning
electron microscopy (SEM). The morphology of the grains varied with the change in the
substrate temperature during deposition. Optical band gaps of the GaSb thin films show red
shift when the growth temperature decreases. This red shift was up to 0.07 eV. The IR

photodectors grown from GaSb thin film at 500 °C, show the best photo response with low
noise.

Index Terms— XRD, SEM, styling, Photoresponse.

L INTRODUCTION

M-V lSemic.onducFors having narrow band. gap been used in the fabrication of the several electronic ¥
<(>}F;l§§ e}:}rogllc devices. Among the.m, GaSb is most attractive material due to its unusual characteristics [
thin film responded to near infrared region of 2-5 pm [6, 7] which corresponds to the direct band ¢

; GaSb, it is used for the fabrication of the photonic &
Z;ﬁ?heassizg; (;t?)(rjr?tf}féocrfaslff; i r(\jlt(i)ldni i[88, 9]h and opt.ic.:al communications [1]. ’[hemo-g)hotovoltaic. y
with a high breakdown voltage w another promising property [3, 8]. Fabrication of GaSb photodi®

on the growth of GaSb thin ﬁlmaf9r?p{)ﬁed [PII](;wIn the last decade, numerous methods have been “‘p‘?
th of . ever, the major shortcoming applying GaSb in i nl

fabrication of device ¢ used in thi : her I
ces at large s . ; ed In this experiment. On the oth¢
WO re on ge scale from mica sub ol

trate will lead . . e are &
. ynthesizing GaSb films b ° ¢ad to reduce production cost. There 3
Jian-ming et al. deposited Gy , 1°ms by the coevaporation techni ue t al. ad
G ot mcthoz(,) ted GaSb thin film on soda-|j que [2, 12]. Q. Zaixiang ¢

sl
me glass substrates and on ordinary glass substrates*
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[n this paper, We reported a successful growth of GaSb thin film using pure Antimo
furnace tube while miFa substrates placed as downstrcam. SEM analysis was Carr?
surface morphology of tl.lc grown films whereas XRD was used to observe the crystallj ;

growing films. Encrgy-dispersive X-ray spectroscopy (EDX) was used for compositionalnea. qlllah-ty of the
optical measurements dcmonstra‘lc that the calculated optical band gaps corresponding to in’"ﬁ ysis. V\{hlle
Finally, the IR photodetector devices properties grown at different temperatures had been carric:;a;ﬁ? reeime.

Yy and Galljum shot in
ed out to obserye the

1I. EXPERIMENTAL

Alumina tube furnace has been used for the synthesis of the GaSb thin film as shown in our preyi
publicalion.8 Thin films of the GaSb were grown on mica substrates which were thoroughly clear?ed \]::tjli
alcohol and acetone several times before mounting in the furnace tube. Three highly cleaned mica substrates
i were placed at specific temperature zone with gradient of ~500 °C, 300 °C, and 200 °C respectively which is
1 already determined by a thermocouple. The precursors with purity of 99.999%-Alfa Aesar have been used
These high purity Gallium ingots with weight of 0.421 g and 0.415 g of antimony shot were mounted centrai
zone of the furnace tube. Furnace tube is kept at 850 °C for over 180 min. At the end, furnace tube is allow to
} cool down naturally and quartz boat contain samples were taken out. Field emission scanning electron
microscope (FE-SEM-JEOL JSM 5800LV) was used to characterize the surface morphology of the GaSb
thin films at 20 kV. For EDX analysis accelerating voltage of 200 kV has been used in JEOL JEM 2010
| . SEM. Jordan Valley’s D1 Evolution have been used for the X-ray diffraction (XRD) analysis to reveal the
~ structural quality of the grown films. This system is equipped with filter of Cu Ka, k=1.5406 A using
- glancing angle incidence of 1.5°. Bruker Optics IFS 66V/S Fourier transform infrared (FTIR) spectrometer
~ was used to measure transmission. UV-Vis spectrometer JASCO (V-670) used to measure the transmission
"~ hence band gap of the grown thin films. The conductive graphite paste was applied with electrodes and the
E: electrical measurement of the fabricated device were carried out in dark and illuminated conditions with
. SAN-EI 3A solar light simulator (XES-3018S, 300W) and Keithley 2400 source meter.

~ IIL RESULTS AND DISCUSSION

. Morphological studies were carried by SEM on the GaSb film grown on mica-substrate at three different
~ temperatures are shown in Fig. 1(a-c). Fig. 1(a) shows the growths of GaSb at 200 °C, with triangular micro-
~ sized structures have been observed. While at the growth temperature of the 300 °C shown in Fig. 1(b), the
- small grains of the order of nanometer are grown with regular symmetries reduces surface roughness that
- give birth to more regular shapes. This is measured by tilting sample stage during field emission SEM [13].
~ With increase in growth temperature up to ~ 500 °C, leaves with spikes like GaSb structures grown on mica
~ as shown in Fig. 1(c). A more detail view reveals very smooth surface of the GaSb with no out growth at
~ nano-scale: one is very smooth surface of GaSb and other is micro-size clusters. It is observed that surface
- morphologies of the antimonide films are regular which may be suppressed the low dimensional growth.
"_' Thermal effects on the surface of the thin films have been observed, where the size of the GaSb nanoparticles

3 Eile;rezazs]e as the growth temperature decrease which ultimately increases optical band gap have been reported

3 3 i ; .
mages of thin film grown on mica at (a) ~200 °C, (c) ~300 °C, and (d) 500 °C. The scale bar of the inset is 500 nm whi le 10

um for the larger
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Fig 2 () Elemental analysisby EDX and (b) XRD of the grown films at ~200 °C, ~300 °C, and 500 °C whereas, for comparison, ~
& &%) =S T diffraction peaks are plotted

EDX was carried out for elemental analysis of the grown GaSb films. It has been revealed that at the groy
temperature of 500°C, the quantitative ratios of Ga and Sb contents almost equal as shown m‘Fp_g. w
Through this analysis, significant variations in the ratios of Ga and Sb have been monitored at 200 °C. 300
and 500 °C. EDX spectra demonstrate that stoichiometric ratios of the grown GaSb ﬁln}s were chang
significantly depending on growth temperatures. Incorporation of Ga contents decrease sxglﬁcantly at los
growth temperature while the antimony increased at low temperature. For example, quantity of the Ga

significantly reduced at growth temperature of 200 °C. as shown in Fig. 2(a). With the increas
temperature, content of the Ga also increases as well. This

can be explain as: at lower temper
of Sb as compared with Ga. The detected O and
formation of native oxide (gallium

corresponds to the GaSb (111

ature, growth zone is away from source which redu

decrease of Sb concentration versus tempenan
ces the vapor prss

Si were due to surface contamination of the films duringt
and antimony oxides
respectively [16]. Successful growth of gallium antimoni

measurement for all samples as shown in Fig. 2(b).

) and from the mica substrate at high temperaty
de (GaSb) thin films were also confirmed by X
A significant peak ~25.288° have been observed ¢

) diffraction peak. An

other high intensity peak at ~41.88° has been shown
Fig. 2(b) that comes from the GaSb with (220)

plane correspond to PDF#89-4298, ICSD#044979. It is ¢t
from these two diffraction peak that GaSb fi

: Im grown on mica substrates may indicate well-orkr
microcrystals structures also reported in [17].
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Fig. 3. (a) Schematic diagram of T o
photodetector. (b SIni ssi . Jervalty,
temperatures. (c) Tauc plot obtained from llmlSIl\l'(ss}()ll::::“”:u“ shectra of the GaSb thin film 8rown on mica grown at ‘L\“‘ .
Optical band gaps of the GaSb thin fj) s for three Gash fi

¢
; : ” h) 300 °C and -7,
ms show red shift which increase Ims anncaled at 200 °C, 30¢ et

s with decrease in growth temperature up to 00
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