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 A thin film of the ternary AgSbSe2 has been deposited at room temperature of the pre 

synthesized material onto glass substrate by conventional thermal evaporation 
technique under vacuum. The X-ray study revealed that the as-deposited films are 

amorphous in nature, while an amorphous-to-crystalline phase transition could be 

obtained with the increase of thickness .The elemental chemical composition of as-
deposited films was confirmed using the energy dispersive X-ray analysis (EDX). The 

transmission and reflection spectra of as-deposited (300 K) were recorded at normal 

light incidence in the wavelength range 200-1100 nm. The optical band gap have been 
calculated for the investigated films. An analysis of the optical absorption spectra of the 

as-deposited films revealed direct and indirect optical transition with energy, 1.7 eV 

and 1.35 eV decreases to 1.4 eV and 1.0 eV with increase of films thickness. AgSbSe2 

visible infrared photoconductive detector were prepared. The spectral resonsivity(Rλ), 

quantum efficiency(η),and spectral detectivity (D*) were determined as function of 

wavelength, also the resistance, conductivity in dark and with illumination to infrared 
radiation, the gain and relative photo response have been measured. Remarkable 

improvements in the photoresponse gain were observed for the highest resistance 
specimen at the expense of spectral detectivity values. 
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INTRODUCTION 
  
 Amorphous chalcogenide films are the most 
attractive materials for the wide application of micro-
optical, micro-mechanical and optical/electronic 
memories etc (Seddon, A.J., 1995; Lai, S. and T. 
Lowrey, 2003). Among them, tellurium-based alloys 
are regarded as a class of suitable materials for 
memory applications (Yamada, N., 1991; Zhou, G.F., 
2001). Recently, remarkable high electrical 
resistance change upon transition was found in 
binary selenium-based alloys such as In-Se or Sb-Se 
systems (Lee, H., 2005; Kang, M.J., 2005). Here, we 
report the electrical and structural properties as well 
as a reversible switching test in ternary 
AgSbSe2films. The results show this ternary 
selenium-based compound possesses a desired 
performance and might act as a novel class of 
alternative for the application in the 
optical/electronic memory.  
 
2. Experimental details: 
 Polycrystalline ingot of the ternary AgSbSe2 
compound was prepared by the direct fusion of a 
mixture of the constituent elements in stoichiometric 
ratio, and purity 99.999%, in vacuum-sealed quartz 
tube. Thin films were deposited by conventional 

thermal evaporation of the pre synthesized material 
onto pre cleaned glass substrates held at room 
temperature, in ~1.5×10

-3
Pa vacuum using a high 

vacuum coating unite (Type Edwards 306 A). The 
structural characteristics of the prepared as-deposited 
AgSbSe2 films were examined by means of an X-ray 
diffractometer (Type Philips X’pert) with Ni-filtered 
CuKα radiation operating at 35 kV and 100 mA. The 
chemical composition of the as-deposited films was 
identified using energy dispersive X-ray unit 
interfaced with a scanning electron microscope 
(Type JEOL-JSGM-T200). The microstructure of the 
as-deposited and annealed films was also examined 
using atomic force microscopy (Type JEOL-JSGM-
T1230). A double beam spectrophotometer, with 
automatic computer data acquisition (Type Jasco, V-
570, Rerll-00, and UV–VIS) absorbance and 
transmittance, was employed at normal light 
incidence to record the optical transmission and 
reflection spectra of the as-deposited films over the 
wavelength range 200–1100 nm. The thickness of the 
deposited films was from the interference fringes.  
 The dark conductivity and with illumination 
were measured by applying the following 

equation:

DAR

L

.
 …………………………..(1)W
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here AD is the detector area ,R is the detector 
resistance, L is the distance between the electrodes.  
 The dark current of AgSbSe2photoconductive 
films at different value of thickness was measured as 
a function of applied voltage (0-6 Volt). The current-
voltage measurement in the dark of AgSbSe2/n-Si HJ 
with different value of x content and thickness are 
done by using Keithly Digital Electrometer 616 and 
D.C power supply. The dark current of HJ at bias 
voltage (0-2)V in the case of forward and reverse 
connections were measured . I-V measurement have 
been done under illumination for AgSbSe2films with 
different value of x content and thickness at intensity 
100mW/cm

2
 by using Halogen lamp type Philips 

120W . The photocurrent measurement have been 
done by using system consists of Ultraviolet-Visible 
halogen source in the region (200-1000nm) and 
supplied with D.C power supply, monochrometer in 
the range 200-600nm type spectrometer model 746 
from optronic Laboratories, Keithly Digital 
Electrometer for measuring the current. The sample 
of InxSe1-x films with different value of x content and 
thickness were connected to the electrical circuit. By 
increasing the incident light wavelength, the 
photocurrent was measured with the Keithly Digital 
Electrometer and the incident power on the detector 
was obtained by using a intensity meter. The 
photocurrent measurement have been done by using 
system consists of ultraviolet visible source with D.C 
power supply, monochrometer in the range 200-
700nm type spectrometer model 746 from optronic 
Laboratories, KeithlyDigital Electrometer for 
measuring the current.  
 I-V characteristics are measured for every 
sample in dark and under illumination. Current and 
voltage have been read using digital multimeters. 
Spectral responsively measurement were performed 
for all sample detectors, the data were analyzed with 

the following equation:
P

phI
R 

 (2)Where Iph is the 

photocurrent and P is the corresponding emitting 
power. The total noise was measured using the 

following equation : )4(2 fGqII phDN   (3) Where ID is 

the dark current ,Gph is the photoconductive gain 
which is measured by applying the equation: 

  
(4) 
 

  Noise Equivalent Power (NEP) is defined as 
incident radiation power required to produce signal 
equal to the r.m.s noise voltage (S/N) or can be 
defined as the generated current noise divided by the 
spectral responsivity of the detector as in the relation: 
NEP =In/ Rλ (5) ,Detectivity (D) is originally defined 
as reciprocal of NEP:D=1/NEP= Rλ / IN (6) and 
specific Detectivity (D

*
) also known as normalized 

detectivity, is a reciprocal of the NEP, normalized to 
a detector area of 1 cm

2
 and an electrical bandwidth 

of 1 Hz, with assuming that the detectivity noise 
varies with A

1/2
and ΔF

1/2
. The (D

*
) is expressed as: 

D
*
=(A ΔF)

1/2
/NEP) or: D

*
= Rλ (A ΔF)

1/2
/ IN (7)  

 The value of D
*
 is independent on the size of 

detector and depend on the wavelength of signal 
radiation and frequency at which it is modulated.  
 Quantum efficiency (η) is the ratio between 
number of elementary events contributing to the 
detector output to the number of incident photons. 
For photoelectric detector whose output is a current, 
the quantum efficiency can be computed from 
current responsivity: η(λ)=Rλhc/λq=1.24Rλ/λ(8) 
 

RESULTS AND DISCUSSION 
 
3.1 Structural characterization:  
  The X-ray diffraction pattern of AgSbSe

2 
film on 

a glass substrate in the as-deposited state with 
different thickness(100,300,500, and 700nm is 
shown in Fig. 1.The indexing of the pattern is done 
and the XRD data is compared with standard ASTM 
cards and is shown in Table 1. The as-deposited 
films are confirmed to be in the amorphous state 
while polycrystalline phase with a NaCl-type 
structure is formed with increase of thickness. The 
structural analysis showed the films are single phase 
with a NaCl structure, which is in agreement with 
that reported by Soliman et al (1998). Further 
increase of thickness will cause phase separation, 
which was identified to be a segregation of 
crystalline silver out from the NaCl-typed matrix.  
 The X-ray diffract grams of the prepared 
AgSbSe2 films with different thickness ,t are shown 
in Fig. 1 . The XRD analysis, carried out on the as-
deposited films are amorphous in nature, while those 
with thickness of t ≥ 100nm are crystalline. Analysis 
the XRD diffraction pattern of the films with 
thickness t ≥ 100 nm indicates that the film contains 
two peaks at 2θ=26.6

0
 and 31.01

0
 , respectively, 

corresponding to reflections from (111), (200) planes 
of AgSbSe2 single cubic phase. However, the XRD 
pattern for the film with high thickness shows small 
diffraction peaks at2θ= 44

0
 , and 54

0
 respectively, 

corresponding to reflection from the (222), and (200) 
planes, which belongs to the binary Ag2Se, Sb2Se3 
phases, beside AgSbSe2 as a major phase. Comparing 
the reflection planes of Fig.1 with the standard XRD 
data , indicates that all the reflection planes can be 
indexed to the cubic phase of the ternary compound 
AgSbSe2 with a cell parameter a = 0.578 nm. No 
reflections corresponding to any of the free elements 
or binary alloys were observed .The prominent peak 
in the pattern corresponds to the reflection from the 
(200) plane. The relative intensities of the other 
peaks decrease since the penetration depth of the X-
ray decreases as the angle increases. The average 
particle size (D) is calculated using the Scherrer 

formula[14] as in Eq. (1).





cos

9.0
D

where λ is the 

wavelength of the X-ray used, β the full width at half 
maximum and θ the glancing angle. The average 
particle size is found to be 27 nm. The calculated 
lattice constant is 5.74 Å. The thickness of the film, 
measured using the interference method.  
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  Figures 2 show the three dimensional views of 
the atomic force microscopic (AFM) images of 
AgSbSe2 thin film, measured .The grain boundaries 
are clear in the micrograph. The two micrographs 
show that the surface of the silver antimony selenide 
thin film consists of well defined grains of different 
sizes and shapes. From the figure it is clear that there 
are agglomerated clusters with the formation of 
islands that are well separated. The film shows well 
defined grains, indicative of the polycrystalline 
nature of the film. The appearance of holes near the 
boundaries of large grains in the two dimensional 
view indicates the tendency of the film to 

agglomerate. During deposition, holes had been 
generated in the film and they continue to grow 
through the grain boundaries, leading to 
agglomeration. The grain size obtained from AFM is 
88 nm,increases to 95 nm with increase of thickness 
which is much greater than that from XRD; this is 
expected due to the clustering of the particles. The 
surface roughness of the as-deposited film is also 
investigated and it is 1 nm decreases to 0.88 with 
thickness. Crystallization does not only lead to a 
reflectivity increase but also an increase in film 
density (Weidenhof, V., 1999).

  

 
 

Fig. 1: X-ray diffraction pattern of the prepared AgSbSe2 films with different thickness.  

 
Table 1: XRD parameter of as deposited AgSbSe2 Thin Films with different thicknesses. 

Thicness(nm) 2θ (Deg.) 
FWHM 

(Deg.) 
dhkl Exp.(Å) G.S (nm) hkl dhkl Std.(Å) Card No. 

100 Amorphous 

300 Amorphous 

500 Amorphous 

 26.6200 0.3210 3.3459 25.4 (111) 3.3405 901-1029 

700 31.0130 0.3060 2.8813 27.0 (200) 2.893 901-1030 

 44.1600 0.3854 2.0492 22.3 (220) 2.0457 901-1031 

 54.8800 0.3912 1.6716 22.9 (222) 1.6703 901-1032 

 

 
 
Fig. 2: AFM images of AgSbSe2 film deposited onto glass substrate with different thickness.  

 
Table 1: Average grain size and average roughness for AgSbSe2 thin films. 

Thickness(nm) Average roughness(nm) Average grain size(nm) 

100 1.04 88.15 

300 1.89 79.27 

500 0.855 94.98 

700 0.883 95.83 
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3.2. Optical Properties of the As-deposited AgSbSe 

Films: 

 The reflectance and transmittance spectra for 

AgSbSe2 thin films are shown in Figs. 3. From the 

figure it is observed that the transmittance of the film 

in the near IR region increases. In the near infrared 

region NIR region, indicates that there is no 

absorption in that region. Fig.3 and 4 shows the 

spectral variation of the transmission, T and 

reflection, R for as-deposited AgSbSe2 films with 

different film thicknesses. Fig.3 shows the 

transmission spectra of as-deposited AgSbSe2 film of 

thickness 100, 300,500,and 700nm). It was found 

that the absorption edge shifts towards lower 

energies as the thickness increases. Furthermore, the 

transmission was found to decrease with the 

increasing in film thickness. It is clearly seen from 

transmittance spectra that in the weak absorption 

region, sharp interference fringes were apparent and 

indicated that the interfaces, air/layer, and layer/glass 

were flat and parallel. Strong absorption was 

observed at wavelengths lower than 950 nm, where 

interference effects suppressed almost completely 

due to a well-defined band edge. Moreover, the 

observed maxima and minima positions of the 

interference fringes in reflectance spectra at the same 

wavelength positions of the corresponding minima 

and maxima in transmittance spectra indicates the 

optical homogeneity of the deposited films.  

 The variation of α with photon energy is as in 

the relation:
rEghAh )()(   ;where A is a 

constant depending on the transition probability and r 

is an index that characterizes the optical absorption 

process. A plot of (αhν)
1/r

 versus (hν)for as-deposited 

film and for different thickness are plotted in Fig. 

5and 6. The band gap estimation of AgSbSe2 thin 

film was done . The high value of the absorption 

coefficient and the optical band gap of 1.7 eV for 

direct allowed make this material suitable for 

photosensitive devices.  

  However, the analysis of the absorption 

coefficient for the same film indicated the presence 

of both direct (r=0.5)and indirect (r=2)optical 

transition .The direct energy gap was with values of 

1.7 eV decreases to 1.4 eV while the indirect energy 

gap was with values 1.35 eV decrease to 1 eV, 

respectively. 

 It should be noted that the absorption was 

controlled by two photon energy ranges, the high and 

low energies. When photon energy is greater than the 

energy band gap the absorption is linearly increased 

with the increase in the photon energy. The steep 

inclination of the linear portion of the curve was 

caused by the UV absorption for charged transition 

from the topmost occupied state of valence band to 

the bottom most unoccupied state of the conduction 

band. For the photon energy with less than hυ, the 

absorption curve was different from linearity, caused 

by the UV absorption for charged transition relating 

to defects. By extrapolating the linear portion curve 

of the (hυ) versus (αhυ)
2
 plot to zero absorption (hυ = 

0), the direct energy gap was determined to be 1.7 

eV, very close to the 1.77–2 eV energy gap of 

AgSbS2 thin films reported by Ibrahim (Ibrahim,  

A.M., 1995).  
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Fig. 3: Transmission spectra of AgSbSe2 thin films annealed with different thickness. 
 

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

400 500 600 700 800 900 1000 1100 1200

(nm)

R
ef

le
ct

a
n

ce

t=300nm

t=300nm

t=500nm

t=700nm

 
 
Fig. 4: Reflectance spectra of AgSbSe2 thin films annealed with different thickness. 
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Fig. 5: Variation of (αhυ)

2
 versus (hυ) for as-deposited AgSbSe2 films with different thickness. 
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Fig. 6: Variation of (αhυ)
1/2

 versus (hυ) for as-deposited AgSbSe2 films with different thickness. 

 

4. Photoconductive Properties of AgSbSe2 films: 

 The photoconductivity of the AgSbSe2 films has 

been determined with different thickness. The current 

voltage characteristics of the films were measured 

under darkness and illumination at fixed power 

intensity100 mW/cm
2
. The dark and photocurrent 

against the applied voltage are shown in Figs. 7at 

voltage bias (0-4.5)V. Is clear that the current 

variation under illumination is relatively small, 

which mean poor photoconductive at room 

temperatures. The incident radiation decreases the 

resistivity of polycrystalline AgSbSe2 

photoconductive films by creating electronic 

transition in the band gap. The increase in 

photoconductivity is partially due to increase in the 

number of the free carriers (electrons and holes), and 

partially to decrease in the potential barrier at the 

grain boundaries in polycrystalline films( see XRD), 

which increases the mobility of the carrier at the 

grain boundaries, and increases the 

photoconductivity of the carriers
 
. 

  We can see from this figure that the dark current 

increases with increasing voltage bias, at low voltage 

(0-3)V the increasing of dark current was small 

because the probability of capturing the free charge 

carrier by recombination and capture centers which 

resulting thickness increase, this leading to increase 

the transit time (tr)between the electrode and reduce 

the mobility and drift velocity. Whereas at high 

voltage (V>3V), when the applied electric field on 

the detector is increased, the drift velocity is 

increased, for this, the defects are become un 

affective and this leading to reduce the transit time 

and the behavior of dark current was become linear 

as a function of high voltage bias
.
 The value of dark 

current for AgSbSe2films increase with increasing 

thickness to 300nm then decreases to small value at 

thickness 500nm an then increases with further 

increase of thickness. Indeed the dark current 

increase from 10 to 35 and decreases to 20 and then 

increase to 100 μA with thickness increases from 

100to 700nm. This attributed to re crystallize and fill 

all dangling bond and vacancy which found in the 

structure, this leads to improve in the structure and 

lower the density of defect and increases the grain 

size (as we show in X-ray studies). Therefore the free 

carrier density increases and fills all the capture 

center, then, these centers will not effect on transfer 

the carrier. After that all the free charge carrier will 

be transfer therefore the dark current will decrease. 

However the dark current increases with further 

increase of thickness .This attributed to increase of 

sensitizing center and consequently free charge 

carrier will increased, then the dark current 

increased, whereas at low thickness 500 nm , phase 

transformation leads to fill all the effective and 

recombination center and all the free charge carrier 

will transfer and extinguish, therefore the dark 

current decreased.  

 The relation between photocurrent and the 

applied voltage for AgSbSe2films with different 

thickness are shown in Fig.7 at voltage bias (0-4.5)V. 

The photocurrent increases with increasing the 

thickness , this ascribed to increasing the arrival 

charge carrier to the detector electrodes. At low 

thickness the free carrier will be captured at the 

captured centers which found at the energy gap and 

when the thickness increased, these centers will be 

filled and has no effect on moving the free charge 

carriers, this leads to increase the conductivity and 

decrease the resistivity, moreover an interesting 

result is reducing of dark current with increase of 

thickness. This explains the main purpose of 

thickness increases which improved the structure and 
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eliminating defects which produce dark current. Also 

the photocurrent for films was depending on the 

crystallite the films and on the increasing the grain 

size, which reduce the mean free path of carrier and 

increasing the photocurrent. The photocurrent 

increases with increasing thickness as shown in 

Table .3 at and this attributed to improvement the 

crystal structure, and the create a sensitizing centers 

inside energy gap which responsible on generation 

and recombination processes, then the photocurrent 

increased .  

  The dark conductivity σd and photo conductivity 

σph at various thickness are obtained (shown in table 

3). The dark conductivity of the films decreases in 

the first with the thickness increasing. It should be 

noticed that the conductivity is 4.57x10
-8

 (Ω.cm)
-1

 at 

thickness 100nm increases to 2.76x10
-7

 (Ω.cm)
-1

 with 

thickness increasing , however σph decreases in first 

with increase of thickness. This behavior is due to 

increase of localized state near the band gap, which 

increases recombination centers and also it reflects 

that the films possess micro-voids and defect state . 

The low conductivity of AgSbSe2 films grown at low 

thickness is due to the amorphous structure of the 

AgSbSe2 films with low thickness. When the 

thickness is 500nm, the structure transform to 

polycrystalline with become significant at high 

thickness. The variation of the ratio of Δσ/σd is low 

since more photon-induced carriers will recombine 

because of the abundant internal defects in the films 

deposited at low thickness, which consequently 

reduces the ratio of Δσ/σd of the films, which 

increases with increase of thickness and reach 

maximum at thickness 700nm because the film 

 has the best crystallinity and the largest grain 

size compared with the samples deposited at other 

thickness.There is systemic variation of dark 

resistance with thickness. However our AgSbSe2 

samples are good photoconductors as a result of 

having high resistance at R.T and this makes them 

easy to detect small current. The fraction change in 

conductivity concentration produced by incident 

radiation Δσ /σ and reveal the sample with 700nm in 

thickness is the most sensitive sample because it 

gave the high photoresponse (Δσ/σd = 3) while other 

sample gave lower photo response. The low Δσ/σd at 

low thickness is attributed to onset of defect states 

which increase the thermal charge carriers and in 

turns increases the noise. The photocurrent gain Gpc 

has been measured for the four AgSbSe2 detectors. 

The Gpc reach maximum value at t=300nm but then 

decreasing with increase of thickness, however Gpc 

increases with high thickness. 

 The high Gpc for this sample is due to very low 

dark current since it exhibit very high resistance. The 

lower Gpc at t=500nm is may be ascribed to low 

mobility due to high concentration of defects. 
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Fig. 7: The relation between dark and photocurrent and the applied voltage for PC AgSbSe2with different  

       thickness. 

 
Table 3: Dark-conductivity and photoconductivity of InxSe1-x thin films with different In content and different thickness. 

Thickness(nm

) 
Rd(ohm) R ph (ohm) σ d (ohm.cm)-1 σ ph (ohm.cm)-1 σ ph -σ d/ σd Gph 

100 2.70E+05 7.04E+04 4.57E-08 1.75E-07 2.84 
2.0

6 

300 2.40E+05 1.05E+05 5.15E-08 1.18E-07 1.28 
3.5

9 
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500 1.45E+05 5.26E+04 8.50E-08 2.35E-07 1.76 
1.7

5 

700 4.47E+04 1.10E+04 2.76E-07 1.12E-06 3.06 3 

 

 Spectral responsivity measurement were 

performed, and the data were analysis using 

equation(4). The experimental results for Rλ are 

shown in Fig.7 obvious that the Rλ decreases with 

increase of thickness which attributed to structural 

enhancement. And eliminating of defect states Since 

it was [15] suggested that photoconductors made 

with lower compensation declared higher 

responsivity to step change in photon flux.. The 

values of D* were calculated from the measured 

values of Rλ an IN (the total noise current using 

equation (3) and (7). The spectral detectivity values 

are plotted as function of wavelength for different 

thickness in Fig.8. As we expected the performance 

is high for the lower gain and associated noise for 

low thickness. Our D* value for AgSbSe2detector 

were measured to be 1.9x10
9
 increases 

to6.1x10
10

(cm/W)(Hz)
-1/2

 with increase of thickness 

from 300to 700nm for sample at R.T and sensitive 

area (1) mm
2
. It was found that for optimum current 

gain, the minimum detectable power will be lowered 

as compared to the case without gain. If the gain 

exceeded the optimum value the sensitivity decreases 

more because of excess noise associated with carrier 

multiplication. The quantum efficiency (η) values are 

related to spectral response results it was calculated. 

Fig.9 shows the variation of η versus wavelength of 

AgSbSe2films with different thickness(300 and 

700nm). It can be seen from Fig.8 that the η 

decreases sharply with increase of thickness . Indeed 

η decrease from 14.5 % to 5% when thickness 

increase from 300 to 700. This is attributed to the 

decrease of Rλ with increasing thickness , also 

increasing of thickness increase reflectance on the 

expense of absorbance with lead to decrease quantum 

efficiency. 
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Fig. 8: Responsivity versus wavelength of for PC AgSbSe2 with different thickness. 
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Fig. 9: quantum efficiency versus wavelength of for PC AgSbSe2 with different thickness. 
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Fig. 10: detectivity versus wavelength of for PC AgSbSe2 with different thickness. 
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Conclusions: 

  Our AgSbSe2. samples are an visible- infrared 

photoconductors with response to about 580nm. An 

enhancement in the performance (i.e. the high 

spectral detectivity values) can be obtained with 

suitable thickness which leads to low noise or high 

dark resistance. AgSbSe2detectors samples the 

generation recombination noise will be dominated. 
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