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Steady-state and transient photocurrents of As-S-Sb-Te amorphous thin films
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In the present work some nanostructured quaternary chalcogenides of the As-S-Sb-Te sys-
tem have been investigated by a photoelectric method. The spectral distribution of steady-
state photocurrent /,,=(4) and the relaxation curves of photocurrent /,,=(?) were registered
at positive and negative polarity of the applied voltage to the top Al illuminated electrode.
In the spectral distribution of steady-state photocurrent, for the amorphous thin films
As1.17S2.7Sbg 83Te€0.40, AS1.0452.45b0.96 T€0.60, AS0.6352.75b1 37T€030, and Asg s65,4Sb 44Teg 60 In
the wavelength range 4=0.50+0.92 pm (2.48+1.35 eV) some maxima were detected,
which are the result of the presence of binary clusters As,S;, Sb,S; and Sb,S;. The photo-
voltaic method was used to obtain the value of the band gap width, which was about E,
=1.41eV.
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1. Introduction

Nanostructured chalcogenide semiconductor alloys of quaternary system As-S-Sb-Te
(with the main average coordination number Z=2.40, containing elements of V (As, Sb) and VI (S,
Te) groups), are interesting and important from the point of view of assessing their physical prop-
erties as well as for determining the scope of technical application, such as IR optical elements,
diffractive optics, holography, photonic and gas sensors, etc. [1-2]. These As,S;, Sb,S;, and Sb,Te;
semiconductors and its ternary and quaternary compounds are the most intensively studied chalco-
genide glasses because of its ease of formation, its excellent infrared transmission and its re-
sistance to atmospheric conditions and chemical stability. Even though As and Sb belong to the
same group of the periodic table, As,S;, Sb,Ss;, and Sb,Te; do not display the same glass forming
tendency. Addition of As,S; to Sb,S; enhances the glass forming ability and glasses in the mixed
As-S-Sb system can be formed [3]. The three-dimensional network of As,S; glassy is built of trig-
onal pyramidal units AsS;,, which are interconnected through As-S-As bridges. The basic struc-
tural units of Sb,S; glassy are the trigonal pyramidal arrangement SbS;, bonded to each other by S
atoms [4]. The crystal structure of Sb,Te; exhibits the layered atomic arrangement in the rombo-
hedral structure, which consists of three quintuplet layers (QLs) and each quintuplet layer contain
five atoms in the order of Te'-Sb-Te*-Sb-Te' [5].

Some photoelectrical properties of (SbisAs;pSess)ipoxTex (0<x<12.5 at.%) thin films were
investigated in [6]. It was shown that with increasing of Te concentration in the alloys, the maxi-
mum of photoconductivity is shifted towards red region of the spectra from 800 nm to 950 nm. In
[7] the results on the spectral distribution of steady-state photocurrent in bulk As;;2S450SbassTer20
and As08S45.0Sb19,Te 2 alloys at different applied voltage were reported. In the spectral distribu-
tion of the stationary photocurrent [,,=f(4) for As;i»Sig0SbaggTei20 and AsyggSssoSbigaTeino
nanostructured semiconductors was observed a maximum situated around A=0.96 pum (hv=1.29
eV). Beside that for the Asi;;S450SbssTerno semiconductor an additional shoulder is situated
around A=0.76 pum (Av=1.63 eV), and for Asy)sSss0Sbio,Te120 semiconductor the additional
shoulder is situated around A=0.68 um (Av=1.82 eV).

The present work reports experimental results concerning the steady-state and transient
photocurrents of the As;7S,7SbossTeos0, AS1.04524SboosTe€060, AS063S27Sbi37Tegs0, and
AS(.5652.4Sb1 44Teg 60, semiconductor amorphous thin films. Semiconductors containing elements
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As, S, Sb, and Te are high photosensitive amorphous materials, and widely are used as photodetec-
tors and recording media of optical information. On the other hand, semiconductors containing
elements Sb and Te are well known as "ovonic" materials for volatile memory. We shoes more
complicated materials containing As, S, Sb, Te in order combine these two advantages using a
single compositions.

2. Experimental results and discussions

The quaternary semiconductor of the As-S-Sb-Te system was prepared from the elements
of 6N purity (As, Sb, S, Te) by conventional melt quenching method. In order to simplify the syn-
thesis procedure initially were prepared the binary components As,Ss;, Sb,Ss;, Sb,Te;, and the ter-
nary alloys (AsS3)035(Sb2S3)0.65, (AS$2S3)0.65(Sb2S3)035. The initial chemical components were
weigh, placed and mixed in quartz ampoules which then were evacuated up to pressure of P~107
Torr and sealed. At last, the mixtures were melted at 850-900 °C in rocking furnace during 10
hours for homogenization, and then quenched at the room temperature.

The experimental samples for photoelectric measurements have a "sandwich" configura-
tion with two Al-electrodes. The top Al-electrode was semitransparent for the incident light.
Thickness of the samples was about d~0.2+0.5 um. The dark current, current under light exposure,
the spectral distribution of stationary photocurrent /,,=f(4), and the transient photocurrents were
registered in the constant current conditions, using the electrometer amplifiers U5-11, with the
error less than + 1.0 %. The wavelength was adjusted by the spectrophotometer SPM-2, the inten-
sity have been varied with the neutral filters HC. All experiments were performed at room temper-
ature (7= 20 °C).

Some experimental results on XRD, EDS and micro-Raman spectroscopy of As-S-Sb-Te
system as bulk, powder and thin film samples were reported in [7, 8]. It has been shown that the
quaternary COInPOUIldS As117S27Sbo g3 Teo.40, AS1.04524SboosTeos0 and Asgs6S,4Sb;44Tegeo have a
polycrystalline structure, and the other one As(¢3S,7Sby37Teg30 has a amorphous structure with
broad peaks specific for non-crystalline materials. Studying of photoelectric properties allows
obtaining information about the generation and recombination processes in chalcogenide semicon-
ductors [7-10].

Fig. 1 — 4 represent experimental results on spectral distribution of steady-state photocur-
rent 1,,=f{4) with positive of the applied voltage to the top Al illuminated electrode U=1 V, for the
maximum photocurrent value (1) (at the moment of turning on the light, the Iph photocurrent
reaches its maximum value) and for the stationary value (2) (when the photocurrent relax in time
to its stationary value); dependence of the transient photocurrent on the time /,,=f(?) at different
wavelengths (b) (4, nm: 1 - 420, 2 - 540, 3 - 700, 4 - 740) and dependence of the transient photo-
current on time at different light intensities 1,,=f(F) (c) (F, %: 1 - 1.5,2 - 15, 3 - 20, 4 - 100.) for
amorphous thin films: AS]_17SQ_7Sb0'83Teo_40 (thickness is L=0.135 um,), AS]_04SQ_4()Sb0‘96TCO'60
(thickness 1s L=0.54 um), ASO_63SQ'7osb1_37Teo‘3o (thickness 1s L=0.27 },lm) and ASO'5682.4osb1'44Teo_60,
(thickness is L=0.18 um).

For both curves in the spectral distribution for compound As; 17S,7Sbg g3 Teg40 We observe
three definite maxima: at A=540 nm, 4=600 nm and A=920 nm; for As; ¢4S,40SbgosTe€os0 ONE
broad peak at about 600nm; for Ass3S,.70Sb37Te€g30 We observe some maximums situated at A=
520 nm, 570 nm, 600 nm, 710 nm, and around 700 nm and for AsSgs56S,40Sb44T€060 One broad
peak at about 500nm. These maxima may be associated with the presence of As,S;, Sb,S; and
Sb,Tes clusters in the structure of the studied samples. It was also observed that, difference be-
tween maximum and stationary values of photocurrent for all compounds depends on the wave-
length value as illustrated in Fig. 1 — 4b). Besides that, difference between the maximum and sta-
tionary values of photocurrent also depends on the excitation light intensity F (%) for all
investigated compounds: 1 - 1.5,2 - 15, 3 - 20, 4 - 100 (4.,=540 nm) (Fig 1c).

In addition, it was measured photocurrent at the negative applied voltage to the top Al il-
luminated electrode. As an example, the Fig. 5 shows the spectral distribution of steady-state pho-
tocurrent for amorphous thin film As; 4S;.40SbogsT€0.60, both for the maximum (1) and stationary
(2) photocurrent value at the negative applied voltage to the top Al illuminated electrode. The oth-
er compositions exhibit similar behavior of spectral curves.
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Fig. 1. Spectral distribution of steady-state photocurrent for amorphous thin film As; 1S, 7,Sby.s3Teq.q0
(both for the maximum (1) and stationary (2) photocurrent value (a); dependence of the transient
photocurrent on the time at different wavelengths (b) and dependence of the transient photocurrent
on time at different light intensities (c).
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Fig. 2. Spectral distribution of steady-state photocurrent for amorphous thin film As; 045> 40Sby.9sTeq.s0
(both for the maximum (1) and stationary (2) photocurrent value (a); dependence of the transient
photocurrent on the time at different wavelengths (b) and dependence of the transient photocurrent
on time at different light intensities (c).
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Fig. 3. Spectral distribution of steady-state photocurrent for amorphous thin film Asy 355 70801 37Teq 30
(both for the maximum (1) and stationary (2) photocurrent value (a); dependence of the transient
photocurrent on the time at different wavelengths (b) and dependence of the transient photocurrent
on time at different light intensities (c).
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Fig. 4. Spectral distribution of steady-state photocurrent for amorphous thin film Asys56S2.40Sb1 44Tep.s0
(both for the maximum (1) and stationary (2) photocurrent value (a); dependence of the transient
photocurrent on the time at different wavelengths (b) and dependence of the transient photocurrent
on time at different light intensities (c).
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It is well know that photocurrent /,, in amorphous semiconductor materials is proportional
to the absorption coefficient &, quantum efficiency £, drift mobility z,, and life time .

l_e—afd
1, ~ 3 Bu,t (1)

In the weak absorption region at the energy photons 4V less than the optical band gap
E,, (hv < E, long wavelength region), the photocurrent /,, is describe by the absorption coeffi-

cient c.
1, ~ Poy,v 2)

The behavior of the photocurrent after reaching the maximum value on the spectral distri-
bution curves in the high-energy region is caused by an increase in the surface recombination rate.
The spectral distribution of the stationary photocurrent 1,,.=f(4) for AsgseS;40SbiasTeoso and
AS1.0452.40Sbg 96 Te0.60 bulk nanostructured semiconductors at different applied voltages (U=10+300
V) and in the wavelength range from 0.4+1.3 pum was reported in [7]. It was established that in all
photocurrent spectral distributions the maximum photosensitivity is situated around A=0.96 pum
(hv=1.29 eV). Besides that, in these spectral distributions of the stationary photocurrent an addi-
tional shoulder appears around A=0.76 um (hv=1.63 eV) for As;s65,405b;44Te€o60 and around
A=0.68 um (hv=1.82 eV) for the As) 04S;40SboosTeos0 semiconductors. The presence of a second
maximum in the spectral distribution of the photocurrent, taking into account X-ray diffraction
data, may be due to the presence of nanostructured Sb,S; and Sb,Te; structural units in alloys [7].

In our case, for the amorphous thin films of As-S-Sb-Te system the maximum of the sta-
tionary photocurrent at positive polarity of the applied voltage to the top Al illuminated electrode
is situated in the region of the photon energy of #v=2.66 eV (1=0.60 um) for As;¢3S,.70Sb137T€030
and AS],04SZ,4()Sb(),96T€0,60, at hv=2.30 eV (22054 um) for AS],17SQ,7osb0,g3Teo,4o and at /v=2.38 eV
(4=0.52 um) As3S,.70Sb; 37T¢€030. Some additional maximum are observed at /v=1.35 eV (1=0.92
um) ASl‘17SZ‘7osbo_g3Teol40 and m=2.64 eV (12047 Ml’l’l), h=1.75 eV (2/2071 },lm) . hv=1.44 eV
(1=0.86 um) As¢3S2.70Sb; 37T€30. These maximums can be associated with the presence of amor-
phous and nanocrystalline phases with the structural units As,S; Sb,S; and Sb,Te;, as was demon-
strated by the results of XRD and micro-Raman experiments [8]. These particularities in the spec-
tral distribution curves of steady-state photocurrent may by generated by the specific structure of
the investigated materials, as well as by the contact phenomena between the interfaces of the
amorphous material with the metallic electrode [1, 11]. It was demonstrated, that at the interface
between the metallic electrode (Al) and chalcogenide amorphous thin film (Sb,S;, As,S;, As,Sey)
exists a potential barrier (¢), the height of which depends on the nature of the metal and amor-
phous material (¢, = 0.35+0.65 eV). Beside that, the different shape of the spectral distribution of
the steady-state photocurrent curves at positive polarity of the applied voltage can be governed by
the drift of non-equilibrium carriers trough the volume of the sample in the conditions of the mul-
tiple trapping on the localized states in the band gap of the disordered material [12].

The kinetics of transient photocurrents in amorphous As-based chalcogenide thin films
was widely reported and discussed in [9, 12-16]. As in previous articles, for the amorphous thin
films As;.17S270Sbog3T€0.40, AS1.043240Sbo.96T€0.60, AS0.6352.70Sb137T€030, and Asgs652.40Sb144Te€0.60
(Fig. 1 - 4), was revealed some anomalous behavior. Fist of all in the increase portions of relaxa-
tion curves, the photocurrent passes through a maximum before the stationary state is reached.
Secondly, the photocurrent rise up to the maximum and then settles down to steady-state as power
function of time with the exponents, which are determined by the parameters of the localized state
energy distribution [12]. These features depend on the composition of amorphous material, polari-
ty of the applied voltage, wavelength excitation, and light intensity. In spite of the previous results,
obtained for As,S;, As-S-Se and As-Se amorphous thin films [9, 13, 14], on the relaxation curves
of transitory photocurrents we observe another anomalous. The negative and positive spikes after
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the light is switching off, depending on the composition of amorphous film, wavelength and light
intensity (Fig. 1 - 4). The negative transient photocurrents was observed and investigated in amor-
phous films of vitreous composition (355A$,S3:0455b,S; in time-of-flight experiments [17]. The
obtained experimental results have been interpreted in framework of the theoretical model, which
assume that the electronic transport is controlled by trapping processes and that the dipole mo-
ments of filled traps become different from those of empty traps. This difference contributes an
additional to the displacement current which may be negative in a certain time interval.

Among other things, the band gap value was estimated by the photoelectric method for the
above mentioned studied samples and is about £, = 1.41 eV.

3. Conclusions

The spectral distribution of steady-state photocurrent /,,=(4) and the relaxation curves of
photocurrent /,,=(z) of the amorphous thin films As;17S,7SbogsTeos0, AS1.04S24SboosTe€o 60
Asp635275b137Te030, and Asgs65,4Sbia4Tego in the region of wavelengths A4=0.40+1.0 pm
(3.1+1.0 eV) at positive and negative polarity of the applied voltage to the top Al illuminated elec-
trode have been obtained and investigated. The photocurrent characteristics were registered at
different wavelengths and light intensities. In all investigated amorphous thin films some maxi-
mums were revealed and are associated with the presence of the binary clusters As,S;, Sb,S; and
Sb,Ss.

The relaxation curves of the photocurrent /ph=(?) at different wavelengths and light inten-
sities are usually typical for amorphous semiconductors, when the photocurrent increases to a
maximum value and then stabilizes as a power function of time with an exponent, which are de-
termined by the parameters of the energy distribution of the localized state. Some anomalous in the
relaxation curves was observed after the light is turned off, so called negative photocurrents. It also
was estimated the band gap value by the photoelectric method for the studied samples and is about
E,=141¢eV.
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