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The TSD peak of amorphous As2Se a is shown not to be simply related to dark conductivity. 
Some reasons are given to search for a relation between the TSD and a group of localized 
acceptor-like states having energy 0"84 eV in the band gap. It is possible, that these states act as 
recombination centres of photoluminescence, which method also points to localized states nearly 
in the middle of the gap. 

INTRODUCTION 

Thermally stimulated depolarization method (TSD) is widely used when investi- 
gating localized states, mostly after preceding optical excitation of the material under 
investigation. KOLOMIEC et al. [1] found TSD maxima at 145 and 300 K, respectively, 
on bulk samples of amorphous As2Se 3 provided with A1 blocking contacts, having 
irradiated the samples during polarization. The authors [1] explained the occurrence 
of both maxima by localization of charge carriers in the band gap. It can be shown 
that the TSD peak of the bulk As2Se3 glass at about 300 K is observed also without 
optical excitation [2], polarizing sample at a sufficiently high temperature. The re- 
sults could be plausibly evaluated in terms of the theory of dielectric relaxation cur- 
rents [3], based on Schottky barrier formation at the interface metal-semiconductor. 
Using blocking and insulating electrodes, MOLLER [4] has observed TSD of unex- 
cited bulk As2Se 3 with a maximum near 270 K. The measured current has been 
treated as a conductivity current in the field of the charge accumulated near the sur- 
face. The measurements should have demonstrated TSD in the given arrangement 
to be simply related to conductivity also in the case of an electronically conducting 
material. In the discussion it was pointed out that TSD at 300 K observed by KOLO- 
MIEC et al. [1] may be due to equilibrium charge carriers [4]. 

It is the purpose of the present paper to show the preceding TSD with blocking A1 
contacts to be related to surface states near the equilibrium Fermi level (the maximum 
at 300 K). Moreover, one cannot speak about a simple relationship between TSD 
and conductivity in contrast to the interpretation of M~iller's experimental data [4] 
on amorphous As2Se 3. 

EXPERIMENTAL P R O C E D U R E  

Surfaces of bulk samples of amorphous As2Se 3 (1 mm thick) were mechanically 
polished prior to the evaporation of A1 contacts. One tried to prevent intense light 
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exposure and oxidization of the surfaces. During depolarization the samples were 
short-circuited by the internal resistance of the electrometer (sensitivity 10-14A/mV). 
All the measured samples were heated at 0.085~ and 0-15~ respectively. 

RESULTS 

TSD of amorphous As2Se 3 at two heating rates v are shown in Fig. 1. Well resolved 
current maxima are observed at 293 K and 298 K, respectively. As found earlier [2], 
the intensity of the maximum of the current at a given heating rate depends upon the 
type of the contact. This should be connected with the difference in the work function 
of the metal and that of the semiconductor [3]. The observed dependence (cf. [2]) 
would point to a group of acceptor-like energy levels, the energy at the maximum of 
the distribution E m (from the valence band edge) being [3] 

(1) E ,  = T,~F1.92 x 10-" log v + 3"2 x 10-41 - 0"015 [eV],  
L v A 

v7 = 0.085 Ysec 

v 2 = 0;15 7sec 
v 2 

250 300 

Fig, 1. TSD of the system 
A1-As2Se3-A1 

(0.63 • 0.89 • 0"1 cma), 
polarized for 2 minutes at 
Tp~ 300 K by a voltage 50V. 

T [ K 1  

where Tm is the temperature at the maximum of relaxation current, v stands for th~ 
attempt-to-escape frequency. Applying (1) to the TSD curves in Fig. 1 one obtaines 
values v ,-~ 1012 s -1 and E~ = 0.82 eV, respectively. The energy determined more 
reliably from the initial rise 0-84 eV is in good agreement with that evaluated from (1). 
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In the case of a discrete trapping level the expected halfwidth of the peak is 

(2) A T -  2kr~ _ 18 K ,  
E 

the experimental ly determined halfwidth (v z - Fig. 1) is 19 K. The  curves in Fig. 1 
result p robab ly  f rom a d i s t r i b u t i o n  of  energy levels. As is evident f rom Fig. 2, the 
t empera ture  at the m a x i m u m  Tm is a funct ion of  the polar izat ion tempera ture  Tp unless 
a sa turat ion is reached (a constant  polar izat ion t ime assumed).  The  energy levels lie 
within an interval of  abou t  5 x 10 - a  eV (cf. (17)in [3]). 
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Fig. 4. TSD of amorphous As2Se 3 -t- 0.5~ In (full Iine, Tp = 295 K, Up = 50 V), and AszSe 3 itr 
~- 15~ Ge (dashed line, Tp----- 340 K, Up == 360 V). 

Table I 

E m [eVl E~ [eVl A Tcx p -- z~ T [KI 

AsaSe 3 
As2Se 3 -I- 0"5% In 
As2Se 3 + 15~ Ge 

0'84 
0'71 
0"57 

0.87 
0-79 
0'91 
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The relationship between TSD and conductivity is evidently not as simple as stated 
by Mt)LL~R [4]. The absence of a simple relation between both phenomena follows 
also from the experimental results obtained on amorphous As2Se 3 doped with In 
and Ge (Fig. 4). The impurities modify Strongly the parameters of conductivity, as 
shown in Fig. 3. All results are summarized in table I. 

D I S C U S S I O N  

According to our experimental results one does not observe a simple relationship 
between conductivity and TSD with blocking A1 contacts in the case of glasses based 
on As2Se 3. The apparent activation energy of TSD is always smaller than that of dc 
conductivity, moreover, the half width of maxima is somewhat larger than expected 
for discrete peaks. It is remarkable that also in the arrangement with insulating elec- 
trodes the energy determined from TSD (0.78 + 0.86 eV) is smaller than the activation 
energy of conductivity [4]. With respect to these facts the TSD interpretation by 
linear theories seems to be questionable when, moreover, only sparse evidence for 
deep trapping is available. 

The linear theory of TSD [5] starts from the assumption that at temperature at the 
maximum of the current the number of the equilibrium charge carriers in the bulk 
exceeds by far the number of the accumulated charges, which have become free. 
Verifying this assumption one has to estimate the number of charges in both the bulk 
and the interface. As follows from the calculation [4], the number of both charges 
is of the same order of magnitude assuming the unusually small hole mobility 
#a = 1.26 x 1 0  - 7  cmZ/Vs, taken from the data of OWEN and ROBERTSON [6]. We 
suppose that it is not quite correct to estimate the concentration of equilibrium charge 
carriers using the mobility of the nonequilibrium ones. The drift mobility is generally 
assumed not to be identical with the microscopic one in the presence of trapping. 
Having taken the above drift mobility [6] and a Hall mobility #n = 7 x 1 0  - 2  cm2/Vs, 
NAGeLS et al. [7] estimated the microscopic hole mobility at 20 cmZ/Vs, the latter 
corresponding well with the value calculated by BOER [8]. It is, of course, questionable 
to what extent is the latter value accurate. However, the real mobility of the charge 
carriers is probably larger than the Hall mobility, which in most chalcogenide glasses 
amounts to 1 0 - 1 §  - 2  cm2/Vs. Assuming # > 1 0  - 2  cm2/Vs and a(Tm) ----- 4"5 x 
x 10 -14 ~-~ cm -1, one finds the charge of equilibrium carriers in the bulk to be 
much less than the accumulated one (T,, N 270 K). If  the activation energy of de- 
trapping is lower than that of conductivity, and this is probably the case, the accu- 
mulated charge relaxes at a temperature when the bulk free charge concentration is 
still relatively small. In other words, the accumulated charge is not trapped deep 
enough with respect to the Fermi level when cooling the system. This might be one 
possible reason for the observed difference in activation energies of TSD and con- 
ductivity. 
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Our observations support  the conclusion that surface states are responsible for the 
discussed TSD peaks. One cannot simply identify the surface states with localized 
states in the bulk. The presence of mainly acceptor-like surface states is a reason for 
the fact that the surface of glassy As2Se 3 behaves as a p-type semiconductor. Micro- 
physical nature of the localized states remains open to discussion, we believe, however, 
that  these could act as recombination centres. Such centres were revealed by the 
measurements of  radiative recombination [9, 10], the luminescence maximum posi- 
tioned at the energies 0 .87-0 .88  eV. 

CONCLUSIONS 

As shown, the TSD peaks of  amorphous As2Se 3 near 300 K (o = 0.15~ result 
most probably from the relaxation of the charge accumulated at the interface metal- 
semiconductor. We assume the accumulated charge to be trapped in localized states 
at low temperatures. To a distribution of localized states points unambiguously the 
dependence of the temperature at maximum upon the polarization temperature. The 
delusion of a discrete peak is due to the fact that its halfwidth is only a few degrees 
larger than that of  a discrete peak (cf. table I). 

Then the interpretation of TSD by KOLOMIEC et al. [1] seems to be correct in the 
sense that localized states are responsible for the maximum near 300 K in the case of  
amorphous As2Se 3. A possibility to observe the discussed peak without optical ex- 
citation has been shown also by Mt3LLER [4]. The identified localized states could be 
identical with the recombination centres of  luminescence [9, 10]. 

Received 22. 11. 1974. 
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