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Abstract— SnS thin films of thickness, (300
nm * 0.01) deposited by thermal evaporation with
rate deposition (482 nm/s) on suitably cleaned
silicon substrates at room temperature and then
the junction were annealed at(473,573K)
temperatures in vacuum for (2 h). The detector
parameters such as spectral responsively,
spectral detectives and quantum efficiency were
studied. The responsitivety of photo detector
SnS/Siis increases from

(= 0.14 A/W) to greater than (0.21 A/W) after
increasing annealing temperatures, quantum
efficiency as a function of wavelength for devices
at different annealing temperatures increased with
the increased of annealing temperature and the
specific detectivity was increased with increased
annealing temperature.

Keywords—SnS / Si, responsivity ,Thermal

evaporation ,Heterojunction.

1- INTRODUCTION

Recently, a variety of binary semiconductor
especially from IV-VI and among this group of
semiconductor compounds, it is considered as an
important material for the development of different
optoelectronic devices[1-3] because of its high
photosensitivity and suitable intrinsic band gap,
1.3eV[4]. In recent years special attention has been
given to the investigation of optoelectronic properties
of SnS thin films in order to improve the performance
of devices made of it and also for finding new
applications [5,6]. SnS thin films have large optical
absorption coefficient (>104cm-1).These properties
enable SnS thin films to be used as an absorption
layer in the fabrication of hetrojunction solar [7] SnS
thin films can be fabricated by many methods such as
thermal evaporation ,pulse electro deposition ,spray
paralysis, SILR[8-9]. The junction in this study is grown
by thermal evaporation, this method has many
advantages, it is widely used because it is a simple,
economic and viable technique, which produces films
of good quality for device applications. In this work, an
attempt has been made to prepare SnS/Si

hetrojunction by thermal evaporation in order to
investigate their optoelectronic properties.

2- Experimental

SnS /Si hetrojunction were prepared by thermal
evaporation technique in vacuum system supplied by
Edward Model [BAE 306]. The system is pumped
down to a vacuum of 10-5 mbar, an electric current
was passed through the boat gradually to prevent
breaking the boat, when the boat temperature reached
the required temperature, and the deposition process
starts with constant deposition rate (48+2nm/s). This
junction were taken out from the coating unit and kept
in the vacuum desiccators until the measurements
were made. All the samples were prepared under
constant conditions (pressure, substrate temperature,
rate of deposition and thickness); the main parameters
that control the nature of the film properties are
thickness (300+10 nm) and annealing temperature
(473,573K) for 2h by using oven type (Victoreen/187-
in U.S.A). The n-type Si wafer with crystal orientation
(111) as a substrate for determining the electrical
,optoelectronic detector parameter of SnS/Si
hetrojunction .This samples cleaned and etched Si
wafers by immersing and stirring them in diluted
hydrofluried acid (1:10) concentration for 1min then
rinsed with distilled water for some moments, finally
dried by exposed to air. The evaporation method
requires using the specification of boat or filament of
tungsten, molybdenum as a sample evaporation
source; the suitable boat must possess high melting
point and should not react with the evaporated
material. The design and shape of the boat must also
be selected depending upon the type of material. A
molybdenum boat of melting point 2895K was used to
evaporate SnS on Si substrate. It has rectangular solid
shape with appropriate depth to prevent material
sputtering during evaporation process.

3- Results and discussion

3.1 Specific Responstivety (R))

The responsivity is an important parameter that
is usually specified by the manufacturer knowledge of
the responsivity allows the user to determine how
mach detector signal will be available for a specific
application. Moreover the units of responsivity are
either A/W or V/W, depending on whether the output is
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an electric current or voltage. The responsively RA is
given by [10]

_pp
T R0 W

Where Ipn: is the photocurrent.

P,(4) :is the input power.

Spectral responstivety of photo detector is very
important parameter to evaluate the performance of
any photo detector. It is investigated in the wavelength
range of (400-900 nm) with (5V) voltage bias Fig. (1)
Displays the responstivety as a function of wavelength
for SnS/Si at different annealing temperatures

It is clear from these Figures that there are two
regions of peak response, the first region is located at
visible region and the second located at NIR. All the
samples display that very identical spectral responses
and the differences appeared to be in the amplitude,
with different annealing temperatures. The result of
responsivity means that the portion of light with higher
energy, such as (400 -500 nm), is absorbed by SnS
film (region 1) and the portion of light with lower
energy, such as (800 — 900 nm) (region 2), can
completely incident into Si substrate and is absorbed.
These results are due to the absorption edges of SnS
and Si. From the responsively of SnS/Si as-prepared is
about (0.11 A/W). The responstivety of photo detector

SnS/Si is increases from (=0.14 A/W) to greater than
(0.21 A/W) after increasing annealing temperature.
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Fig.(1) Responsivity for SnS/Si at different annealing temperatures

guantum efficiency Qe (in percent) may be related to
the responsively by the equation:[58]

Qe =100 R(1) (1.24/ 2) )

3.2 Quantum Efficiency (QE)

Quantum efficiency can be defined as the ratio of R (M): is the responsivity (in amperes per watt) of
the current generated optically to the number of the detector at wavelength A (nm) MIFig. (2) for SnS/
incident photon, or in the other words it is the number Si heterostructures indicate that the variation of
of electron-hole pairs generated per incident photons. quantum efficiency as a function of wavelength for
The quantum efficiency is basically another way of devices at different annealing temperatures. The

expressing the effectiveness of the incident optical

. ) increase in the photocurrent is attributed to the same
energy for producing an output of electrical current, the

reasons of responsive.
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Fig(2):Quantum efficiency of SnS/Si at different annealing temperatures

3.3 Specific Detectivity (D*)

Specific directivity( D*): can be defined as the
detector signal to noise ratio when 1 Watt of optical
power is incident on the detector with optical area 1
cm2 and the noise is measured with a band width of 1
Hz . It is used because it is normally dependent of the
size of the detector and the bandwidth of the
measurement circuit the specific directivity, D*is
determined using the following equation [12]

Al/Z_Afl/z
I'n

I, = /2ely

D* = (3)

R,

(4)

Where Af: is the noise bandwidth, AO: is the area
of the sample and In: is the noise current e:
is the electron charge Id :is the dark current

The detectivity of a photo detector can be defined
as the minimum detectable power. Figure (3) shows
the specific directivity as a function of wavelength for
(SnS/Si) photo detector. This figur reveled the variation
of detectivity with wavelength. It is clear from Figs.(3)
that increases in annealing temperatures increasing in
detectivity. This figur shows that the detectivity depend
directly on responstivety.The maximum D* was found
to be (0.122x1012W-1cm Hz1/2) at A = 850 nm for Si
detectivity which increases after increasing the
annealing temperatures and the other region is
maximum D*was found to be (0.05x1012W-1cm
Hz1/2) at A 490 nm at (573 K) temperature
annealing.
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Fig.(3)Detictivity of SnS /Si at different annealing temperatures.
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4- Conclusion

SnS/Si hetrojunction were grown by a thermal
evaporation technique at room temperature and
annealing with (473 K, 573 K) temperatures. By
increasing annealing temperature the specific
detectivety properties of this junction offered the best
results, increases with increasing temperatures. The

maximum spectral responsivity (R)) of SnS/Si
photodetector at different annealing temperatures for
573 K the benefits of using the SnS/Si and the
maximum specific detectivity (D*) was found to be due
to 573 K annealing temperature. The main conclusion
of this work concerns the benefits of using the SnS/Si
junction for solar cell applications.
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