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ABSTRACT

Tin sulfide (SnS) thin films were deposited at room temperature (RT) by thermal

evaporation method and subsequently annealed at 150–350 �C in N2 atmo-

sphere. The influence of annealing temperature on composition, structural,

morphological and optical properties of the thin films has been investigated.

X-ray diffraction (XRD) analysis and Raman studies confirmed the formation of

single phase SnS films at RT and annealed up to 300 �C. The crystallite size

increased from 24 nm for as-deposited film to 37 nm for the 300 �C annealed

film and further reduced to 18 nm for the 350 �C annealed film. The film

annealed at 200 �C was found to have better morphological features with (111)

preferred oriented crystallites. The absorption coefficient, optical band gap (Eg)

of the deposited films were estimated from the optical transmittance measure-

ments. Photodetectors are fabricated by depositing Ag contacts on SnS thin films

using a metal mask and photo response was tested under dark and illumination

conditions using 532 nm laser of varying power intensities. The photodetectors

performance is evaluated using responsivity (R), external quantum efficiency

(EQE), and specific detectivity (D*). The specific detectivity of 6.8 9 1010 Jones

obtained in the present study is nearly two orders of magnitude greater than

that reported earlier.
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1 Introduction

Two-dimensional layered semiconductors such as

metal chalcogenides have garnered considerable

interest due to their prospective use applications in

photovoltaics, visible and NIR detectors, field effect

transistors, visible light-induced photocatalysis,

thermoelectric [1–4]. Dittrich et al. [5] compiled

potential application of sulfo salts in energy conver-

sion, phase change memory, X-ray detectors and

cryo-electronics. Semiconducting layered transition-

metal chalcogenides (TMDCs) such as MoS2, MoSe2,

WS2, WSe2, In2S3, CdS: Al and SnS2 materials possess

favorable optical and electrical properties and have

been investigated for photodetector applications

[6, 7].

In recent years, tin chalcogenides viz., SnS, SnS2
has gained significant importance for photovoltaic

and photodetector applications due to their favorable

optical and electrical properties [8, 9]. These semi-

conducting materials are made up of inexpensive,

non-toxic and earth-abundant constituents. Tin sul-

fide (SnS) possess a direct optical band gap of �
1.3 eV and higher coefficient of absorption

([ 104 cm-1) in the visible region. It is used in variety

of applications, including solar cells [10], photode-

tectors [11] gas sensors [12] and as anode materials in

Li-ion and Na-ion batteries [13]. Solar cells have been

fabricated with SnS as absorber layer with highest

efficiency of 4.8%. Tin sulfide intrinsically is a p-type

semiconductor and its electrical properties can be

easily altered by doping with In, Sb, Ag, Cu etc., [14].

In addition, some findings reported like SnS and SnS2
are better alternate to silicon and CdS for optoelec-

tronic applications.

Sinsermsuksakul, et.al The SnS band gap value

(* 1.1 eV) is same to silicon value, but the SnS

optical absorption coefficient value is higher than

silicon. Silicon material cost is too high. So, SnS

would be a very good alternate material of silicon in

future [15]. Javed et al. revealed SnS band gap value

defined around 1.30 eV in room temperature and it is

having higher absorption coefficient (a * 104–

105 cm-1) in the solar spectrum, the band gap value

showing in the region of silicon (1.12 eV) and GaAs

(1.43 eV). This SnS is suitable material for photo-

voltaic device as an absorbing layer and NIR detec-

tors [16]. Maryam et al. reported SnS2 is anticipated

as a proper and alternate buffer to the conventional

CdS. Furthermore, the SnS2 optical properties like

absorption coefficient and conduction band offset of

0.21 eV and 0.28 eV results almost unique to CdS

[17]. Ullah, et.al, discussed due to flexible band gap

(2.2–2.4 eV) behaviour of SnS2 can be replace the

buffer layer of CdS [18]. Xu, et al., reported SnS is a

one of the IV–VI semiconductor nanoparticles such as

PbS, PbSe, SnTe and GeS, These are optically active

materials from NIR to IR region, so lots of scopes are

there in the field photovoltaics, near-infrared detec-

tors, and biomedical applications [19].

Previously conducted research on SnS single crys-

tal indicated the presence of a broad absorption band

in the visible and near-infrared ranges

(* 400–1000 nm) of the spectrum [20]. Recently, a

polymorph of SnS having cubic crystal structure and

direct band gap of 1.7 eV has been identified and it

has attracted great attention of researchers owing to

its optical band gap, high absorption coefficient and

thermal stability [21]. Thin films of SnS were pre-

pared using various thin film fabrication techniques

like sputtering, atomic layer deposition, sol–gel,

chemical bath deposition, thermal evaporation, spray

pyrolysis, etc. [22, 23]. Among these, thermal evapo-

ration method offers better deposition rate, highly

purity films with low cost and lesser complexity in

material synthesis which is better suited for photo

detector applications.

Research on SnS films largely focused on charac-

terization and optimization of the physical properties

and its application in photovoltaics. However, there

has been little attention on the photo-response char-

acteristics [24]. There are quite a few reports on fab-

rication of SnS based thin film photodetector and its

characterization. Reddy et al. [25] reported the photo

response parameters of SnS thin film of varied

thickness deposited by co-evaporation technique at

300 �C. It was found that the photoconductivity,

photoresponsivity, specific detectivity of the films

were increased with increase of film thickness and

the obtained maximum responsivity of 0.43 9 10–3 A

W-1 for the film of 915 nm thickness. Mahdi et al. [26]

reported flexible SnS photodetector on a polyethylene

terephthalate (PET) substrate by chemical bath

method and observed the maximum sensitivity

(Ilight/Idark ratio) of 1604 for 530 nm wavelength at

5 V bias voltage. Liu et al. [27] have studied the 2D

nanoflakes of SnS via CVD method and demon-

strated high responsivity of 156 AW-1and fast

response time of 5.1 ms under illumination of 405 nm

laser. Jethwa et al. [28] observed responsivity of
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2.16 9 10-2 mAW-1 for SnS single crystals under

zero biasing voltage and illumination of 670 nm laser.

There are some reports on high-performance photo

detector fabricated using SnS nano-structures like

nanoflakes [29], nano-belts [30]. Tin sulfide (SnS) is

also investigated for NIR photodetector application

due to its broad absorption range of light photons

[31]. Mahdi et al. [32] assessed suitability of cubic SnS

to fabricate high performance broad band UV to NIR

photodetector. The photoresponse of SnS-based

devices in various gas conditions revealed that pho-

tosensitivity is increased in O2 (or air) compared to

vacuum [33]. The effect of annealing on several

photodetection parameters such as efficiency,

responsivity, and detectivity of SnS films formed via

thermal evaporation is not documented. To the best

of our knowledge, our work demonstrates the highest

responsivity value (0.06 AW-1), highest external

quantum efficiency (EQE) value of 14%, and the

highest detectivity value of 6.8 9 1010 jones for a

200 �C annealed visible light detector device.

In the current work, SnS thin films were prepared

on glass substrates at the optimized conditions under

room temperature. The as-deposited samples were

annealed in N2 atmosphere at different temperature

in the range of 150–350 �C to enhance its crystallinity

and optimize their property for visible light pho-

todetector application.

2 Experimental and characterization
techniques

SnS synthesized through the melt-quenching process

using high-purity (99.99%) elements Sn and S con-

tained in a quartz ampoule sealed at a pressure of

10–5 Torr. To avoid pressure buildup and cracking of

the ampoule, the furnace temperature was gradually

increased to 600 �C at a rate of 2 �C/min and sus-

tained for 24 h. Although SnS has a melting point of

882 �C, the interaction between Sn and S begins at

approximately 600 �C [34]. The furnace temperature

was increased to 900 �C, held for 12 h, and then

gradually cooled to room temperature.

Thermal evaporation was used to develop SnS thin

films under high vacuum (10-6 Torr) while main-

taining the substrate at ambient temperature. The

substrates were ultrasonically cleaned glass slides.

The evaporation rate was set at 5 Å
´
/s and the dis-

tance between source and substrate was kept at

15 cm, respectively. The as-deposited films were

vacuum annealed for 2 h at temperatures ranging

from 150 to 350 �C (at intervals of 50 �C).
FESEM (Carl Zeiss Ultra 55) instrument is

employed to determine the topographical view and

thickness of the prepared thin films. The elemental

composition of the films was investigated using the

(Oxford Instruments 50 mm2 instrument). The thin

films structural properties were identified using an

X-ray diffractometer (Rigaku MiniFlex 600) and

Raman spectroscopy. At room temperature, the

optical properties of the prepared samples in the

spectral region 200 nm–1100 nm were determined

using a UV–Vis spectrometer (SpectraPro2300i). The

photosensing responses of all the fabricated detectors

were obtained using a laser light source of wave-

length 532 nm and a Keithley 2450 source meter.

3 Results and discussion

The as-developed and thin films annealed were well

adherent to the substrate and pin-hole free.

The adhesion of the films increased when the

annealing temperature was increased. A hot-probe

test revealed that all thin films possess p-type

conductivity.

3.1 Composition and surface morphology

The EDS analysis confirms that the as-deposited and

SnS thin films annealed are nearly stoichiometric

except for the film annealed at 350 �C. The details of

the atomic percent of Sn and S at various annealing

temperatures are presented in Table 1.The result

revealed that the stoichiometric of SnS can be

obtained even at room temperature (RT). This is in

contrast to a previously reported work in which

Table 1 Composition of SnS thin film prepared at RT and the

films annealed at various temperatures in N2 atmosphere

Annealing temperature (�C) Sn (at.%) S (at.%) Sn/S (at.%)

As-deposited at RT 50.46 49.54 1.01

150 �C 49.85 50.15 0.99

200 �C 50.02 49.98 1.00

250 �C 49.48 50.52 0.98

300 �C 50.55 49.45 1.02

350 �C 50.65 49.35 1.03
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sulfur-rich SnS films produced at lower substrate

temperatures (50–100 �C) were found to contain

impurity phases SnS2 and Sn2S3 [34]. The sulfur

deficiency observed at the films annealed at 350 �C
could be attributed to S re-evaporation from the thin

films surface due to its high vapor pressure.

Figure 1 portrays the FE-SEM micrographs of the

as-deposited SnS film and the films annealed at

200 �C, 300 �C and 350 �C. The films deposited at

room temperature shows uniformly distributed rice

grain structure morphology with distinctly visible

amorphous background. With increase in annealing

temperature, amorphous background disappears and

the film annealed at 200 �C shows densely packed

well grown grains due to re-crystallization process. In

the process of re-crystallization, re-orientation of the

crystallites within the grain continues up to 300 �C
due to maintaining the required thermal energy for

the surface diffusion. However, 350 �C annealed film

shows quite a few smaller grains presumably due to

fragmentation of large grains and presence of other

impurity phases of SnS2. These results are consistent

with the observed XRD pattern for the annealed

films. Cross sectional view of SEM images showed

the reduction of films thickness for higher annealing

temperature at 350 �C. This might be due to the

presence of impurity phase of SnS2 which is con-

firmed in the XRD and Raman results.

3.2 X-ray diffraction and Raman studies

Figure 2 shows the XRD patterns of the as-deposited

and SnS thin films annealed at different temperatures

i.e. 150 to 350 �C. The films were phase identified by

comparing their measured d-spacing values to those

in standard JCPDS files for the respective com-

pounds, namely SnS (JCPDS file no. 39-0354), SnS2
(JCPDS file no. 23-0677) and Sn2S3 (JCPDS file no.

14-0619). All diffraction peaks seen in the as-de-

posited film were orthorhombic crystal structures of

SnS, and no other impurity phases were observed in

the XRD pattern. The degree of crystallinity increased

with annealing temperature up to 300 �C and further

decreased for higher temperature at 350 �C. At

200 �C, degree of preferred orientation (DPO) of (111)

diffraction peak was maximum due to oriented

crystallites in the film. As the annealing temperature

increased to 350 �C, the intensity of (111) diffraction

peak gradually decreased due to the origin of

impurity phase of SnS2 become the dominant ones. It

is demonstrated that the growth and annealing tem-

perature plays a crucial role in determining the phase

and purity of the SnS films. Crystallite size increased

to 37 nm for the film annealed at 300 �C from 24 nm

Fig. 1 FE-SEM images of as-

deposited and different

annealing temperature (Inset,

the cross-sectional image of

the same film)
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(for as-deposited) and further reduced to 18 nm for

the film annealed at 350 �C.
Hegde et al. [35] reported the increase in the crys-

tallite size for the thermally evaporated films at high-

substrate temperature of 300 �C and subsequently

vacuum annealed. The increase in crystallite size

with annealing temperature is also dependent on the

film thickness and is impeded for thicker film as

reported by Jain et al. [36]. Annealing at 200 �C or

higher temperatures is required for re-crystallization,

which may result in an increase in the size of the

crystallites. Smaller crystals on the substrate absorb

heat energy and coalesce or fuse together to form

larger crystallites. The observed enlargement of

crystallite size is consistent with the reported values

in literature [36]. The formation of SnS2 phases at an

annealing temperature of 350 �C may arise in the

following way;

Sn ! Sn4þ þ 4e�

Sþ 2e� ! S2�

Sn4þ þ 2S2� ! SnS2

Raman spectroscopy is an effective technique used

in identification of the different phases in the pre-

pared samples. Figure 3 shows the Raman spectra of

as-deposited and annealed SnS thin films at different

temperature ranging from 150 to 350 �C. In

orthorhombic SnS with 8 atoms per unit cell, 24

normal vibration modes as follows:

T ¼ 4Ag þ 2B1g þ 4B2g þ 2B3g þ 2Au þ 4B1u

þ 2B2u þ 4B3u

where, 4Ag, 2B1g, 4B2g and 2B3g are Raman active

[21]. The Raman spectrum of as-deposited and SnS

thin films annealed exhibits 3 distinguished Raman

modes of orthorhombic SnS at 91 cm-1 (Ag),
182 cm-1 (Ag), 219 cm-1 (Ag). The characteristic

peaks from the other secondary phases such as Sn2S3
and SnS2wasnot observed in as-deposited SnS film

indicating the formation of pure SnS phase. A weak

Raman peak observed at 308 cm-1 for thin films

annealed at 200 �C and 250 �C might be associated

with Sn2S3mode. Mahdi et al. [26] observed the same

Sn2S3 phase with the preparartion of SnS thin films

through chemical bath deposition (CBD). However,

the deposited SnS films have strong SnS phase when

compared to the Sn2S3. Further, the Sn2S3 peak was

completely disappeared when the film was annealed

at 300 �C. Meanwhile, SnS2 is detected in the film

annealed at 350 �C due to their characteristic Raman

peaks at 312 cm-1; this may be due to the intralayer

vibration of chalcogen–chalcogen process. In addition

to that the peak intensity of SnS reduced significantly

and the major component turns over to be SnS2
phase, which agrees well with the abovementioned

XRD results.

Fig. 2 XRD patterns of as-deposited SnS thin film at RT and films

annealed at different temperature in N2 atmosphere.

Fig. 3 Raman spectra of as-deposited and different annealed SnS

thin films
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3.3 Optical properties

Figure 4a shows the transmittance spectra of all the

prepared SnS films at different temperatures ranging

from 150 to 350 �C. The spectra exhibit transmission

in longer wavelength region, since no appropriate

electronic transitions are possible. Also, pronounced

interference fringes are observed in the transmittance

response due to the overlapping of light reflected on

both sides of the thin film and it confirms the uni-

formity in the films thickness [37]. Due to the com-

mencement of fundamental absorption, the reported

transmittance drops rapidly near the visible area. All

the films show high absorption in the visible region

indicating suitability of thin films of SnS (thickness

� 680nm) for visible light-based device application.

The fall of transmission below the fundamental

absorption edge is steeper for the annealed films as

compared to the as-prepared films presumably

because of absorption due to band-to-band transition

[38]. The improved crystallinity and reduced defects

in the film might be the reason for this.

The absorption coefficient (a) of the prepared thin

films were obtained using the equation, a = (1/t) ln

(1/T), Here t denotes the thickness and T indicates

the transmittance of the film [39]. The absorption

coefficient of the SnS films above the fundamental

absorption edge were obtained in the order of

104 cm-1. The direct optical band gap (Eg) was esti-

mated from the (ahm)2 versus photon energy (hm) plot
which is shown in Fig. 4b. The optical bandgap

decreased with increase in annealing temperature

reaching 1.36 eV for the film annealed at 350 �C from

1.75 eV for the as-deposited film. High optical

bandgap obtained for the as-deposited film could be

due to lack of crystallinity and amorphous phase

present in the film. Due to the increased crystallinity

with increase in annealing temperature, optical

bandgap reduced to 1.72 eV, 1.66 eV, 1.53 eV and

1.45 eV for the films annealed at 150 �C, 200 �C,
250 �C and 300 �C respectively. Reduction in optical

bandgap with increase in annealing temperature is in

consistent with the reported values [40].

The red-shift of the transmittance can lead to the

decrease of bandgap due to minimum lattice strain

with nanocrystalline behavior. Presence of other

impurity phases, SnS2 and Sn2S3 could be the reason

for observed high bandgap in the film annealed at

200 �C (1.66 eV) and 250 �C (1.53 eV). The 300 �C
annealed SnS film has low bandgap which can absorb

more visible light than other films. Consequently, the

performance of photodetector can be improved due

to the higher photo-electric interaction in the semi-

conducting SnS film. Moreover, the presence of

impurity phase of SnS2 and Sn2S3 can also lead to

improve the photocurrent value with respect to

applied voltage.

3.4 Photodetector characteristics

The photodetector was fabricated by depositing Ag

contacts on SnS thin films using a metal mask and the

photo-response was tested under dark and 532 nm

illumination condition with different power intensi-

ties. Figure 5 illustrates the detectors current–voltage

(I–V) characteristics in the dark and with illumina-

tion. To clearly distinguish the photocurrent from

dark current, the I–V curves are shown on a semi-log

Fig. 4 a Optical transmittance spectra, b (ahm)2 versus photon energy (hm) plot of as-deposited and annealed SnS thin films
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scale. The current increases linearly with the increase

in bias voltage, demonstrating that the Ag electrodes

and the SnS layer has an ohmic contact.

The dark current is * 2 9 10–7 A at 10 V bias for

the as-deposited thin film and is gradually increased

to 5 9 10–7 A for the film annealed at 300 �C. The film

annealed at 350 �C showed very high dark current

of * 1 9 10–6 A at 10 V bias which can be attributed

to the formation of SnS2 impurity phase and conse-

quent increase of ionized Sn2? vacancies.

Tin sulphide is intrinsically a p-type semiconduc-

tor, and its p-type conductivity is due to ionised tin

vacancies (Sn2?) [41]. Reddy et al. [22] discovered

that sulfurized SnS thin films contain Sn in the ? 2

oxidation state. With increasing annealing

temperature, this rise in ionized Sn vacancies can

result in an increase in the conductivity of the films.

This is also substantiated by a significant rise in the

concentration of p-type carriers from 1015 to 1016 cm3

during vacuum annealing at 300 �C [35]. Due to the

fact that dark current is finite, it contributes to noise

power, decreasing the signal to noise ratio.

The rise in current (or photocurrent) in the pres-

ence of light is attributable to the activation of elec-

tron–hole pairs in the SnS layer. The photocurrent

(IPC) is determined using IPC = Ilight - Idark, where,

Ilight is the current when illuminated by light of

wavelength 532 nm at the power density of 5 mW

cm-2. A photocurrent of 3 9 10–7 A was observed at

10 V bias for as-deposited thin film and is increased

Fig. 5 I–V characteristics of

the fabricated SnS thin film

photodetectors under dark and

illumination
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with annealing temperature reaches to 6 9 10–7 A for

the film annealed at 200 �C. The photocurrent dras-

tically decreased beyond 250 �C and reaches to the

value of dark current for the film annealed at 350 �C.
The appearance of SnS2 impurity phase in SnS would

limit the photodetector performance due to the

presence of Sn4? which form acceptor impurity state

and act as electron trap state. The increase in pho-

tocurrent with increasing annealing temperature up

to 250 �C is ascribed to the SnS films increased crys-

tallinity and decreased defect density.

Figure 6 depicts time dependent photo-response of

fabricated SnS thin films at varying power density

from 1 to 5 mW/cm2 for 5 V bias. It can be seen from

the figure that the response in the current value of the

fabricated device was scaled linearly with respect to

the incident light power except the sample annealed

at 350 �C. Within the range of recorded light inten-

sities, no photocurrent saturation occurs. The rise and

fall times (sr and sf) of a photodetector are two critical

characteristics for determining its response speed.

The response time ‘sr’ is normally defined as ‘‘the

time interval required for the response to rise from 10

to 90% of its maximum value’’ whereas the recovery

time ‘sd’ is ‘‘the time interval for the response to

decay from 90 to 10% of its peak value’’. The esti-

mated rise time and fall time for the film annealed at

200 �C (see Fig. 7) was found to be 4.8 s and 5.2 s,

respectively.

Fig. 6 Photocurrent variations

of the SnS detectors measured

under 532 nm with different

light intensity from 1 to 5 mW/

cm2
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3.5 Photosensing parameters (R), (D*)
and (EQE)

The (R), (EQE), and (D*) are the three important

parameters for evaluating the performance of the

photo detectors. The photo responsivity (R) i.e., ‘‘the

amount of photocurrent generated per unit area per

unit illumination intensity’’ is determined by the ratio

of photocurrent value (IPC) to the incident power

density (Pin) by the relation below = IPC/A�Pin, where

A is the active area of the detector. Detectivity, D*

and EQE can be estimated from R value as following

by the relation D� ¼ RA1=2=2eIdc, while, EQE is esti-

mated using the relation EQE = Rhc/[39], where h,c,

e, are constant with usual meaning and k is the

wavelength of the illuminating laser source used.

Figure 8 shows the Responsivity (R), specific

detectivity (D*) and external quantum efficiency

(EQE) of the films annealed at the temperature range

of 150 �C to 350 �C. It is clear from the figure that all

these photodetector parameters reached maximum

value for the film annealed at 200 �C and decreases

with further increase in annealing temperature.

The responsivity of the detector swiftly increases

from 0.03 to 0.06 AW-1 when the annealing temper-

ature increased from 15 to 200 �C. Reddy et al. [25]

reported the maximum responsivity of 0.43 9 10–3

AW-1 for the SnS detector under visible light which

is lower than our value. The fabricated device has the

highest responsivity of 0.06 AW-1, a maximum EQE

of 14%, and the highest detectivity of 6.8 9 1010 jones

for the film annealed at 200 �C. This is due to the

maximum ratio of both dark and photocurrent

observed in the prepared SnS detector. It is worth

noting that the detectivity obtained in the present

study is nearly two orders higher than the previous

report (D* = 7.1 9 107 Jones) [25] for SnS visible

photo detector.

There are several mechanisms which can be

explained for the performance of photodetector

under light illumination. But the main process is for

generating electron–hole pairs with respect to light

power density. Usually, the electron–hole pair is

generated via optical absorption when the illumina-

tion energy is higher than the bandgap energy of the

absorbing material which is known as above band

energy illumination [22]. Here, the band gap of the

SnS films is around 1.75 eV–1.36 eV which are quite

lower than the illuminated light energy is about

Fig. 7 Response and recovery time of SnS thin film annealed at

200 �C

Fig. 8 The variations of responsivity (R), specific detectivity (D*) and EQE with respect to different annealing temperature.
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2.33 eV (532 nm), therefore, above band energy illu-

mination is occurring to generate the electron–hole

pairs. Consequently, there is an increase of pho-

tocurrent when compared to the dark current. In

addition to that the observed impurity phase of Sn2S3
(at 200 �C) could also help to enhance the photocur-

rent by the vacancy of Sn2? ions.

4 Conclusions

Tin sulfide (SnS) thin films were developed using

thermal evaporation technique on glass substrate and

were annealed in N2 atmosphere for 2 h in a tem-

perature range of 150 �C–350 �C in order optimize

their physical properties for visible light photode-

tector application. The annealed films retain its stoi-

chiometry up to 300 �C beyond which films will be

sulfur deficient. The degree of crystallinity increased

with annealing temperature as reveled by XRD

analysis. Raman analysis confirmed the formation of

pure SnS phase in as-deposited film; while impurity

phase of SnS2 was present in the film annealed at

350 �C. The fall of transmission below the funda-

mental absorption edge is steeper for the films

annealed at temperatures[ 200 �C mainly absorp-

tion due to direct band-to-band transition. The photo

response of the fabricated photodetectors was tested

under dark and illumination condition by using

532 nm laser. A gradual increase of photocurrent

from as-deposited to annealed SnS films and reaches

maximum for 200 �C. The rise time and decay time

estimated for the film annealed at 200 �C was found

to be 4.8 s and 5.2 s respectively. The device fabri-

cated had the highest Responsivity of 0.06 AW-1, a

maximum EQE of 14%, and the highest detectivity of

6.8 9 1010 jones for the film annealed at 200 �C. Thus,
good stability, high responsivity and fast response

time of the photodetectors based on thermally evap-

orated and subsequently annealed SnS thin films in

N2 atmosphere make it an appealing material for

visible light photodetector application.
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