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Thermoelectric and Hall effect in amorphous alloy 
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Measurements of the dc electrical conductivity, thermopower and Hall mobility in the amorphous alloy A~.20Seo.40Teo.40, at 
several temperatures below the glass transition temperature have been performed. Two conduction models, the two-channel model 
and the small polaron hopping model, capable of explaining satisfactorily the experimental results are presented. 

1. Introduction 

The electrical, thermoelectric and galvanometric 

properties of chalcogenide glassy semiconductors 
have been and still are an important subject in the 

field of non-crystalline semiconductors, as a conse- 

quence of their possible applications as the threshold 
switching (monostable) and memory switching 

(bistable) elements [ 11, as well as microrefrigera- 
tors and thermoelectric microheaters [ 21, sensor cells 
by the Hall effect [ 3 ] and transductor elements [ 4 1. 

The temperature dependence of the dc electrical 

conductivity, thermopower, mobility and Hall coef- 
ficient in the amorphous As-Se-Te system has been 
studied by various researchers [5-l 51. From the 
thermopower measurements, two important conse- 
quences are deduced that appear to be a common 

characteristic of the analyzed glass system: a positive 
value for the Seebeck coefficient, indicating that the 

majority carriers are the holes, and a difference be- 
tween the activation energies determined by the dc 
electric conductivity measurements, E, and the ac- 

tivation energy determined by the thermopower 
measurements, Es, being E,>E,. Such difference 
varies between 0.12 eV in the AsO.~oSe,,.~oTeo.lo com- 

position [ 51 and 0.15 eV in the As0.4,,Seo.20Teo.40 
[ lo]. Moreover, all the experimental results in this 
system confirm the sign anomaly of the charge car- 
riers (the so-called “n-p anomaly”), namely that the 

Hall measurements suggest n-type conductivity while 

the thermoelectric power indicates the p-type. In the 
As2Se3-xAs2Te3 (x=0.5, 2) compositions, the Hall 
mobility values determined by Male [ 141 are of the 
order of 0.1 cm2 V-’ s-l, showing for both com- 

positions a slowly varying function of temperature 
and apparently without marked changes through the 

glass to liquid transition. The Hall mobility value 
found by Roilos [ 131 for the latter composition, at 

room temperature, was 0.03 cm2 V-’ s-l, showing 
a much stronger variation with temperature than that 
indicated by Male. This behaviour was confirmed by 

Roilos for other compositions belonging to the same 

glass system (x=1, 1.5, 2.5, 3, 7) [ 12,131. In the 
composltlon As,,,SeO,,,Teo,,,,, the mobility value 
found by Fritzsche [ 15 ] was 0.1 cm2 V-’ s-‘, and 

this quantity was independent of temperature. 
In this paper we report on measurements of the dc 

electrical conductivity, thermoelectric power and Hall 

coefficient of the glassy composition As0.20Se0.~oTe0.~0 

and discuss the results in terms of the current model 
of the band structure for amorphous semiconductors. 

2. Experimental 

The materials were prepared by fusing the mixture 
of the appropriate amounts of the elements in fused 
silica ampoules vacuum at about 700 o C. After heat- 
ing for 7 h, the melt material was quenched in water 
with ice. The cylindrically shaped samples were 
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clamped between two brass plates using graphite 

paint. For the thermopower measurements, the tem- 
perature difference was measured with two ther- 
mocouples of chromel-alumel, connected in differ- 
ential form. The ambient temperature was controlled 
by an Onrom E5K PID temperature controller and 

a Pt-100 probe. 
For the determination of the Hall constant an N 

100 magnetic field generator (Oxford Instruments) 

was used. The sample of parallelepiped shape was 
placed at half the polar distance ( 1 cm). With the 
coils under tension and connected in series, the mag- 

netic field at half the polar distance was 0.924 T. 
The value of the Hall coefficient, RH, was deter- 

mined by the following expression: 

(1) 

where V, is the Hall voltage, B the magnetic induc- 
tion, d the distance between the electrodes between 

which the generated Hall voltage is measured, S the 
area of the electrodes and I the current. 

The Hall tension was measured with a Keithley 175 
DMM. The offset tension was minimized by placing 

the contacts, as much as possible, in a symmetrical 
form, making sure that they were on the same equi- 
potential line. 

3. Theoretical considerations 

In order to interpret the electrical, thermoelectric 
and galvanometric data, two models seem to be ap- 
plicable: the two-channel model proposed by Nagels 
[ 161 and the small polaron model proposed by Emin 

[171. 
In the first model we shall assume that the density 

of electron states in amorphous semiconductors sug- 
gested by Mott and Davis [ 181 is applicable. The 
essential feature of this model is the existence of nar- 
row tails of localized states at the extremes of va- 
lence and conduction bands. This leads to two con- 
duction processes: 

(a) The conduction due to holes excited beyond 

the mobility edge into extended states. The expres- 
sion for the conductivity corresponding to this pro- 
cess is 

o1 =o10 ew[-(&-&)IKBTl , (2) 

where EF- Ev (see fig. 1) is the difference between 
the Fermi level and the mobility edge, KB is the 

Boltzmann constant and olo a pre-exponential factor. 
In the same process the thermopower is given by 

s ,K 
I 

e 
(3) 

withA,% [19,15]. 
If the difference E,-E, varies linearly with 

temperature, 

Ef=EF-Ev=E:-y,T, (4) 

EB being its extrapolation at 0 K, and assuming that 
y, is constant, then 

o1 = C, exp ( - EP/K, T) , (5) 

(6) 

where 

Cr =~IO exp(y,l&d . 

(b) The conduction due to the holes excited in the 
states localized in the tail below the edge (fig. 1). If 
Es is the maximum energy of the localized states 
joined to the valence band, a hopping energy, W, 

should be added to the difference EF-EB, energy 
difference between the energy level and the top va- 

lence band tail. 
The expression for the conductivity is now 
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G 
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Ev 
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Fig. 1. Density of electron states according to the model pro- 
posed by Mott and Davis [ 18 1. 
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a2 = azo exp 
EF-EB+ W 

- 
> K,T ’ 

and that for the thermopower is 

s JJ 
2 

e 

(7) 

(8) 

c72o being a pre-exponential factor and A2 z 0 [ 201 

for a hopping movement. 
If the difference EF-EB varies linearly with 

temperature, 

E,,=EF-EB=E;-y2T, (9) 

EE being its extrapolation at 0 K, and assuming that 

y2 is constant, then 

0z=C2exp(- g), 

S*=$$-k). 

(10) 

(11) 

The experimental thermopower, S, is the sum 

weighed by the thermopower conductivity associ- 
ated with the individual channels, 

S_ &a, +sz(Tz 

6, +02 . 
(12) 

Fromeqs. (5), (6), (lo), (ll)and(12),itresults 

,,=,H,[l+~exp(EB~~~-w)II. (15) 

On the other hand, the formation of small pola- 
rons in non-crystalline materials has been studied by 
Emin [ 171. If the carrier, due to its low mobility, is 
situated far enough in the proximity of an atom to 
produce displacements in the neighbouring atoms, a 

potential well is created that causes the barrier to be 
trapped whereby the carrier and the deformed region 
form a polaron. 

According to the small polaron theory [ 171, the 

electrical conductivity would be basically thermally 
activated with the expression 

(16) 

where C2=a,,exp(y2/KB), and His the sum of the 

extrapolated difference at OK of the Fermi energy, 
EF, the polaron binding energy, EB, and the polaron 

hopping energy, W. 

For the same type of carrier, the thermopower is 

given by the expression 

s =E:-Y,T 
2 

K,T (17) 

For three-site interference in the non-adiabatic re- 

gime proposed by Friedman and Holstein [ 19 1, 

S(c7, +a,)= t K + 1-k)C,exp(-$$) Pn=$J(12LTw)i’2exp(-&), (18) 

+($-&)C’exp(-g)]. (13) 

In addition, the Hall mobility increases with tem- 

perature. Nagels et al. [ 151 have used the two-chan- 

nel model to interpret this behaviour. For the con- 
duction processes in the localized and extended 
states, the Hall experimental mobility, ,~n, like the 
thermopower, is given by 

(14) 

If the mobility in the hopping regime, pm, is much 
smaller than that in the extended states, ,&i, substi- 
tuting eqs. ( 5) and ( 10) in ( 14), the following 
equation is obtained: 

i.e. the activation energy for the Hall mobility is about 

l/3 of that corresponding to the electrical conduc- 
tivity mobility. 

4. Results and discussion 

The conductivity data for the sample 

Aso.2&o.40Teo.40 are shown in fig. 2, where the dc 
electrical conductivity has been plotted as a function 
of the inverse of the temperature. The experimental 
values can be fitted to a single exponential function, 

(19) 
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Fig. 2. Dark electrical conductivity as a function of the reciprocal 
of the temperature for the glass composition AsO,,OSeO.WTeO.~o. 
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Fig. 3. Thermoelectric power as a function of the reciprocal of 
the temperature for the glass composition As0.20Se0.40Te0.40. 

the exponential factor being 294 0-l cm-’ and the 

activation energy 0.54 eV. 
On the other hand, the thermopower measure- 

ments indicate p-type conduction for the glass com- 
position studied. Fig. 3 shows the Seebeck coeff- 
cient as a function of 1 /T, so that the activation 
energy Es can be calculated using the relation 

(20) 

The values obtained were I&O.41 eV and 

A’ = - 5.3. 

103 I I 
2.7 2.9 3.1 313 : 

103/T(K-‘1 

5 

The measured thermopower, S, is expressed by eq. Fig. 5. Hall coefficient versus the reciprocal of the temperature 
( 13), while the measured electrical conductivity is for the chalcogenide glass As0.20Seo.40Teo.40. 

the sum of conductivities of the individual channels. 

Seven parameters, C,, C,, EB, EE, W, y,, yz, were ad- 
justed in order to obtain a fairly good theoretical fit 
to both the thermopower and electrical conductivity 
data. The results were: C, = 5 15 Q-’ cm-‘, &=0.7 
Sz-’ cm-‘, EB=0.56eV, Ezc0.28 eV, WcO.15 eV, 

y, =8.64x 10e4 eV K-‘, y2 =88.24x 10m4 eV K-l. 

The maximum relative error between the experi- 

mental values and those deduced by means of the 
two-channel conduction model was 2.6% for the con- 

ductivity measurements and 2.8% for the thermo- 
power. 

In fig. 4 are given the experimental Hall mobility 
values ,~u, whereas fig. 5 shows the Hall coefficients 

10-31 I I I 
2.7 2.9 3.1 3.3 : 

107 T ( I(-‘) 

5 

Fig. 4. Hall mobility versus the reciprocal of the temperature for 
the chalcogenide glass Aso.20Seo.40Teo.40. 

10': 
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Rn as a function of inverse temperature. The values 

for the mobility activation energy and the Hall coef- 
ficients are E,=O.19 eV and E,=O.36 eV 
respectively. 

In the experimental temperature interval 25-75’ C, 
the values of Hall mobility of holes in extended states 
deduced with the help of eq. ( 15) are p, = peXt = 
0.017 cm* V-’ s-‘, in agreement with Friedman’s 

theory. 
The experimental data for the conductivity as well 

as those for the thermopower can be satisfactorily 

adjusted to expressions ( 16) and ( 17) which are 

characteristic of a small polaron conduction process. 
The values obtained from the parameters were: 
EEc0.40 eV, W=O.15 eV, C,=333 Q-’ cm-‘, 

y2 =4.30x 1O-4 eV K-‘. 

5. Conclusions 

The thermoelectric power measurements indicate 

p-type while the Hall measurements indicate n-type 
conduction. The experimental results are consistent 

with two transport models: two-channel model and 
small polaron model. The chaotic band model does 
not seem applicable even though E, = En-Es = 

0.15 eV is a reasonable estimate of the average height 
of the potential fluctuations of the energy level within 
the material. This model predicts that the mobility 
should be temperature independent, while the ex- 

perimental results indicate a mobility which is ther- 
mally activated. The information from other exper- 

imental techniques would help to find the proper 
description. 
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