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This paper presents the experimental results obtained on the amorphous
semiconducting glass  As;T148b-Ses-Tez1, under hydrostatic. pressure
up to 6 kbar. The above mentioned material shows switch end memory
offects. It isshown that the 74 charatteristics of amorphous semiconductors
are substantially changed by hydrostatic pressure. Due to experimental results
it is suggested to express the VA4 characteristics as the function of pressure.
Tt is assumed that the change of the electrical conductivity is caused by the
change of the activation energy, the value of which is dE, = 0.38 eV at
athospheric pressure. The measurements show that the change of the acti-
vation energy does not depend on the pressure linearly, but (9(0E)/ép)r ~
~ —1.5 X 10-5 ¢V bar-1, in the pressure range of 0—1 kbar. The assumption

. of the pressure dependence-of the activation energy was proved also by
measurements of the pressure dependence and temperature dependence
of the electrical conductivity.

I. INTRODUCTION

The theory of amorphous materials, including semiconductors, has not
been worked out satisfactorily yet. The complicated structure of these ma-
terials makes their theoretical analysis very difficult. Therefore at present
the attention is mainly concentrated on collecting experimental material
and the knowledge obtained can be the starting point for making a unified
theory of amorphous materials.

The present state of the band structure theory of disordered systems is repre-
sented by the CFO model (Cohen, Fritzsche, Ovshinsky), [1—3] for
an ideal semiconducting glass, completed by Boer [4] for the rea| glass. Ta-
king E = } (Ec — Ey) as the activation energy, where E; and E, are according

* Katedra fyziky Elektrotechnicke] fakulty SVST, Gottwaldovo ndm. 2, 880 19 BRA-

TISLAVA, Czechoslovakia.
*+ Fyzikdlny dstav SAV, Dubravské cesta, 899 30 BRATISLAVA, Czechoslovakia.

251




to [ 1] the edges of mobility in the valence band respectively, then the activa-
tion energy in an amorphous semiconductor is according to [4] by about 0.25 eV
greater than in the same crystalline material. This fact, as well ag some other
common properties of disordered systems are explained in [5, 6].

One of the important factors used for studying the energy structures of
semiconductors is the mechanical pressure. It is known that the spectrum
of electrons in matter is determined by the interatomic dimensions, Mechanical
pressure changes their dimensions and therefore influences directly also the
energy spectrum. Studying the pressure dependence of the electrical properties
of semiconductors contributed to a detailed understanding of the band struc-
ture as well as of the transport properties of crystallic metarials [7]. From that
point of view it seems to be interesting to apply the high pressure technique
also to the broad range of amorphous solids having low mobility. It can
be expected that by means of the effects caused by pressure it may be possible
to obtain important material constants also for amorphous semiconductors.

II. EXPERIMENTS

In this paper there are given the experimental results obtained on the bulk -

samples of the chalecogenide glass of the composition As14T114SbgSe g Tess -
All raw materials used in the preparation of-the glass were of high initial
purity (99.999 9%). The elements were weighed with a high accuracy
loaded into a fused silica ampoule. The total diameter of the ampoule was
@ ~ 10mm and the total of the elements was ~ 10 g. The ampoule was
evacuated to a pressure of less then 2 x 105 torr 6 hours before sealing off
and gradually heated up to 950 °C. The ampoule was stirred and turned during
the heating because of the acceleration of the synthesis and homogenization
of hot metals at this temperature. Then it was cooled only by the spontaneous
cooling in air, at room temperature. The silica ampoule was removed by
dissolving in hydrofluoric acid. The required shape of the measured samples
was obtained by means of cutting, grinding and polishing. The relatively high
specific resitance (~ 105 Qem), as well as a glassy appearance, were the cha-
racteristic features of these samples. The lack of characteristic crystalline
diffraction patterns at the rtg. diffraction (Debye-Scherer camera, CuKo
reflected radiation) proved the amorphous structure of these samples.

The basic characteristics of this amorphous material were obtained by
means of the differential thermal analysis (DT4). In Fig. 1 a typical DT4
thermodiagram is given. The sample was heated at the rate of 20 °C/min
and pure alumina was applied as a reference material. According to the
measurement there is a glass transition temperature Ty ~ 105 °C. Tt.is possible
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Fig. 1. DTA of chalcogenide glass. Temperature rate Fig. 2. Ummmg.a of the
20 °Cfmin, sample weight 6.9 mg, ambient atmosphere — sample in the holder.

1 — the sample, 2 — con-
tact, 3 — holder, 4 —
spring.

air, reference material — Al

to assume at the existence of the characteristic dependence near the glass
transition in the DT'A thermodiagrain (according to the 2/3 law [8]) and the
rtg diffraction analysis is sufficient evidence of the amorphous state of our
material.

All pressure influenced measurements were taken in the static regime
at DC fields under 4 X 102V om~2. A good ohmic contact was produced
by eovering the copper aerial contacts by gallium. Fig. 2 illustrates the arrange-
ment of samples in the holder. VA4 characteristics were drawn by a type
ENDIM 2200 XY recorder, (precision range 0.4 %). The temperature in the
vicinity of the samples was measured by a Cu-Ko termocouple with an error
of 40.2 °C. As shown later the relative change of the activation energy was
established from the measured VA characteristics. To check these results
a temperature dependence of electrical conductivity was measured by the
Van der Pauwe method [9] under atmospheric pressure and the pressure
of 1 kbar. Errors of the measuring current and voltage were -1 %, . Electrical
conductivity was measured in the temperature range of 19 °C << T < 100 A.u.
The pressure was applied to the sample by means of pressure oil. A set of six
samples of various thickness obtained from one melting process was pressed
in the device described in [10] arranged for temperature measurements.

III. RESULTS

The results obtained in all samples are quantitatively identical. V4 cha-
racteristics measured at a pressure of 0—6 kbar are illustrated in Fig. 3.
The VA characteristic at an atmospheric pressure for the sample in the
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Fig. 3. VA characteristics of the chalcogenide glass Asi;Tl14SbeSersTen depending on the
hydrostatic pressure. o — atmospheric pressure, ¥ — 1 kbar, {) — 2 kbars, V — 3 kbars,
® — 4 kbars, A — 5 kbars, -~ — 6 kbars, — calculated from the relation (10).

OFF state can be according to [11] approximated very well by the expression
I = AUexpblU 1

where 4 and b are material parameters,  is the intensity of the electric current
passing through the sample and U is the voltage between contacts. We have
found that the characteristics at various pressures can be also expressed
by relation (1), but 4 and b are parameters now depending on pressure.
Pressure caused changes of VA characteristics can be explained by the fact
that hydrostatic pressure changes the activation energy of a given material
[12—14]. The change of activation energy in the range of small electric fields
can be under that assumption estimated from the measured characteristics [14}
according to the relation
Ro
AE = 0Ey — 6E = kT In — (2)
R
where 0E, is the activation energy and R, the sample resistance at 0 bar,
OF is the activation energy and R the sample resistance at the pressure p, k is
the Boltzmann constant, 7' the sample temperature. The values R and Ro
can be found from the slope of the linear part of the curves illustrated in Fig. 3.
The dependence AE = f(p) determined from the measured characteristics
by means of the expression (2) is illustrated in Fig. 4. Measurements show
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Fig. 4. The change of activation energy
in dependence on the hydrostatic pressure-
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that in the pressure range of 0—1 kbar we have (3(6E )op)r = lim (4E/Ap)r ~
Ap=0
~ 1.5 x 1073 eV bar~!, which is in relatively good agreement with the value

obtained from the dependence In o(1/T), illustrated for two various pressures
in Fig. 5. Experimental data show that the dependence of In¢ on YT is
practically linear. According to [15] measurements of the temperature de-
pendence of electric conductivity at As(Se, Te)s, glass does not give a linear
function for 6E(T), but there must be also an expression with the square
of the temperature. Having approximated the In o = S(YT) dependence
by linear dependence, then the activation energy of the investigated glass
at atmospheric pressure equals 0Ky = 0.38 eV. For the pressure range of’
0—1 kbar we have

2(OE)

o

These results prove the fact that the activation energy is changed by hydro-
static pressure. As the pressure change of mobility is not measurable, [16],
then the pressure influences the concentration of charge carriers by means
of a change of the activation energy and so it essentially influences electrical
conductivity [17].

The pressure dependence of electrical o@:&:oemin% is primarily caused
by the pressure influence on the injecting properties of contact according
to [16], where the results obtained in amorphous selenium are presented.
Although the influence of contacts cannot be completely excluded, we sup--
posed-that fact not to be decisive at a hydrostatic pressure. .

It is shown (Fig. 4) that under higher pressure the change of the activation
energy AK is no more a linear function of pressure. In the pressure range,

—1.5 X 1073 eV bar!.

Q
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Fig. 5. 1 :aperature dependence of electric conductivity. A — atmospheric pressure,

B — 1kbar.

where measurements were performed, it can be approximated well by the
function

AE(p) = Cip + Cop? 3)

where C; and C> are the characteristic constants of the material at a given
temperature.

The electrical conductivity ¢ of amorphous semiconductors can be generally
explained by the expression

. oF

= og*exp| —— 4
= (4)
where §E is the activation energy, t the Boltzmann constant, and 7' the
sample temperature, which changes in the sample due to the Joule heating.
The preexponential factor ¢* is about 103 Q-1 cm~1. On the basis of expres-
sion (4), the electrical conductivity of amorphous semiconductors can be

written in the form
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. AE

¢ =0 exp|—— 5
Pion (3)

The expression (3) and (5) yield the pressure dependence of electrical con-

ductivity

¢ = ogexp [ap + Bp?], (6)

where g is the electrical conductivity at the pressure of p =0, a = C/kT,
B = Cy/kT. In the range of small electric fields there is in the expression (1)
etV x 1, hence I = AU, where A is the reciprocal value of resistance,

1
A = ——exp [ap + Bp?], (M)
Ry
where Ry is the resistance at the pressure p = 0.
By using the expression (7), the current intensity can be written

U
= ——exp [ap + fp%]- (®)

Ro
Therefore the relation (8) expresses the VA characteristics in their linear region.
Due to the above mentioned reason, relation (8) is not valid at higher slgctric
fields. In that case it is necessary to use the more common 8?»\55:%3 and
4o take into consideration the fact that not only the parameter 4, but also
the parameter b are functions of pressure. The values of parameter b for
various pressures can be estimated from the slope of the linear part of the
In I = In AU + bU type dependences illustrated in Fig. 6. From the measure-
ments it results that the pressure dependence of parameter b can be approxi-

mated by the relation
) b=y +dp+op? 9

where y, 8, » are characteristic material constants. By means of (7) and (9),
from the relation (1) we can express the VA4 characteristic in the form

U ‘
L = — explap +p® + Uty + 6p + wp?)]. (10)
0
Putting in the relation (10) p = 0, and taking into consideration the de-
pendence (7), we reach the expression (1).

Figure 3 illustrates the comparison of measured SA characteristics with
the curves given .v% the relation (10) for the values of constants: B =
— 8.33 x 103 Q) x — 0.549 kbar !, f = —4.23 X 10-2kbar2,y = 1.90 X 10-2
V-1, § = —0.170 x 102 kbarl, @ = 3.65 X 1074 kbar~2. .
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Fig. 6. VA characteristic depending on the hydrostatic pressure in a semilogarithmic
scale.

A relatively good correlation can be seen in the applied pressure range.
More evident deviations do not occur till near the critical voltage, when the
sample begins to switch to the ON state. Not even the basic expression, ho-
wever, covers that range.

The switching mechanism has not been satisfactorily explained yet. In the
case of thick samples, (over 10 um), the switching effect is according to [18]
caused by the thermal breakdown due to the Joule heating.

In the case of the current impulse caused by a break, discussed in paper [18]
for a voltage linearly increasing in time Uy, we get the expression

Nmtn ~ gmﬂw\ﬂﬁozﬁ (11y

where £ is the sample thickness, that means the distance of the area contacts
and T is the ambient temperature. Using the expressions (6) and (11) for the
constant ambient temperature, we find that the switching voltage U, de-
creases with pressure approximately as Ui ~ o=, which agrees with the
measured values illustrated in Fig. 7. Similarly in agreement with relation (11}
we reach the dependence of the switching voltage on the sample thickness.
The measured values of the switching voltage on samples of various thickness
under various hydrostatic pressures are illustrated in Fig. 8.
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Fig. 7. Dependence of the switching vol-
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IV. CONCLUSION

It is shown, as it was expected, that in the case of the more component
semiconductive chalcogenide glass the hydrostatic pressure changes substan-
tially the electrical conductivity. This fact can be explained by the assumption
of a change of the activation energy of the material under the hydrostatic
pressure. The bending of the V.A characteristic and the beginning of the
switching into the ON state are probably caused by a temperature increase
in the sample due to the Joule heating. However, a proper switching and the
state after the switching have an evidently electronic behaviour because
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Fig. 8. Dependence of the switching voltage Uy, on the sample thickness h.
/v — atmospheric pressure, @ — 1 kbar, ] — 2 kbars, ® — 3 kbars, + — 6 kbars.
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our

investigation agrees with the results discussed in papers [19, 20]. As the

switching voltage is decreasing with pressure, it can be expected that the
sample can also be switched into the ON state only by pressure.
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