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ABSTRACT

The I=Y characteristics of the aporphous
paterial 5ci00-x = Sb.e, where x=5, 10, 15 and
20, were Dpeasursd at different  ambient
tepperatures. The Increase of the anbient
" temperature from Z899K to 338<K leads to the
rise of the canduction path tepperatare to be
in the range 235-384°K, This in turn leads tc
the shift of the turn ousr points to up left

direction.

INTRODUCTION: . - '

: The marked decrease in the resistivity on:heat treatment, A
of the memory type glass, is an indication on the phase trans-
formarion(”. This fact supperts the view that switching to a
permanent loew resistance state in the bulk glass is associated -
with formation of more ordered filament between electrodes(“.

The electrical properties of the glassy system Ge-Sb-Se were
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found 1o be composition dependent(Z). lncreasing antimony content
in glasses lead to a gradual increase in the electrical conductivity
and a decrease in the thermal astivation energy, which suggest
a change in the mobility gap. Two different mechanisms were

found to be responsible for the reduction of the mobility gap.

Accerding, to Kastm‘”, the appearance of the As-As bonds

in the glassy As2 Se3 ieads to the broading of the conduction
band. On the other hand, the presence of antimony near selenium
te;\ds to broaden the valence band. Both of these mchansims
could be effective in the reduction of the thermal activation
energy. The change of the temperature of the amorphous Semi-

conductors causes the change in the mobility gap 55. well as ’

the number of charge carriers(a'G)., In nor-crystalline semiconduc-

tors the presence of localized states in the forbdden energy

gap affect greatly the electrical propertiesm.

The aim of the present work is to investigate, the eiffect
of the ambiert temperaiure on the turn over points (T.0.P) of
the 1-V characteristic of the system S€ 005" S0 {vheré x =5,
10, 15 and 20. The elfect of the ambicnt temperature on the
temperature of the conduction path, as well as on the forbeddin

energy gap will be reported.

EXPERIMENTAL TECHNIQUE:
Appropfiate miStute of 99.99% pure 3¢ and Sb we{e. sealed

in quartz tubes under vacum. The tubes were kept at $50°C

e
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for 3 hours. During the course of heating, the tubes were shaken
several times to maintain their uniformity. Finally, the tubes
were quenshed in water coolded, the absence of the x-ray diffrac-

tion lines, confirm the glassy state of the ingots.

The I-V characteristics of the system Se,,, -Sb ,where
X = 500,15 and 20, were recorded, using perviously published

technique(s'g,, under the effect of different ambient temperatures.

- RESULTS AND DISCUSSION:

The -V characteristic curves of the amorphous Se .. -Sb ,

where x = 5, 10, 15 and 20, were recorded at different ambient
). These compositions will be named

temperatures, Fig, (la.b,c & 4
5, 10, 15 and 20. The }-V characteristics of composition 5, was
linear and undffected by increasing the ambient terpperature
upt' to 60°C (Just below the glass transition vtemperature(w)).
The I-V characteristics of the other compositions (10, 15 and
20} could be divided into three states. The turn over point' (T.c.p)
separate the off state (first state) from the current controlled
negative resistance state (C.C.N.R). The third state, starts
at the c;;-szaliiza:ioh point {1 ot v-c). where 1 is t‘he crystalliza-
tien current ‘and Ve is the crystallization voltage. The retracing

of the |-V relation at the same ambient temperature is possible

if the current passing through the sample is jess than rwice the

current at the turn over point (2 1 o p)' This means that there

is no possibility of phase transformation below 2 lt op’ At current

=
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values greater ‘th??n 2 '[T.o.p and below 1. the procgss of nucleation»
starts  und a hysteresis would be expected on retracing the
I-¥ relation. At point (I, V) the nucleated conduction path
will be transformed into a highely conductive crystailine state

and that is why the third state is called the "ON" state.

Fig. (1 ) ) shows that the turn over point shiftsup to
be & d

the left direction as ambient temperature increases i.e vTop
dcreases. This behaviour is normal for most of the amerphous
materials, but we wish to add here thar the real temperature
of the conduction path is the summ3itisn ofthe ambient tempera-
ture {T) plus the rise in temperature (ATJ) due to Joule heating.

' ' )

The rise in temperature due to Joule heating is given by "',

KT!  KTT
Fa¥ - - AN
(TP =gkt * “E

where T is the ambient tmperature, T is the corrected tempera~

rure of the conduction path, 'k is the Boltzmann's constant and

E is the activation energy of conduction.

~The incréase in (ATJ) with ambient temperature, table
(1), may be due to the increase in the /ibrational amplitude of
atoms as the ambient temperature increases. This in turn causes
an increase in the number of collisions between charge carriers
and network a£oms. As a result the forbidden energy 'gap decreases
due to the rise in thé temperature of the conduction path.This:

may lead to the observed shift of the turn over point to the
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up l2ft direction on the I-V curves as the ambient

K .
-

temperature increases. -

Another-veiw can be used to Explain the behaviour of

the turn over point: It isnecessary to remember that

any amorphous ingot may contain dipoles scattered a£
random through the amorphous matrix. The dipoles present
in the conduction path will be oriented gradually along
the direction of the applied electric.field. The deqreé

of the allingment depends on the viscosity of the amor-
phous matrix as well as the strength of the electric
field. As‘the voltage incfeases during the off state,

the temperature of éhe conduction path rises due to Joule
heating. This cause a decrease in the viscosity of the -
material of the conduction path. Consequéntly, the prefered
oriention of the dipoles will increases gradually along

the off state, till.it reach a maximum value at the turn
over point. At the turn over point, the force from the
electric fielé will be equale to the restoring force
due to viscosity at the given ambient temperaturé. As
the ambient temperature increases the Joule heating will
increases and the viscosity will decreases and the field
required to cause a maximum prefered orientation will

decreases. This explain why the turn over voltage shift

to lower values as the ambient temperature increases. In
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other words the turn over poini'hill‘be'defined as the
point oh the I-V curve at which the feétoring'force

due to viscosity (n) balances the force strength from
the electric field. Consequently, the VT.O.P-T curve
resembles to some extent the n-T curve. Fig. (2),

shows the two relations.

As, the ambient temperature increases the cross-
sectional area of the dohduction path increases and ohe
expect too many dipoleg to make contributién in the
cgnduction path., This may explain why the IT.O.P.
increases as the ambient temperature increases.

The above arguments were suggested to explain why
the turn oﬁe: curve shiftsto up léft direction as the
ambient temperature increases and more informations are

required to confirm this view.

32



TEMPERATURE SFFECT ON THE TURN OVER POINTS . .
REFERENCES

BOOTH. R.E. and MCMILLAN; P.W. J. Non-

i. PHILLIPS. S.v,
Cryst. Solids 4,510 (1970).

GIRIDH: \R A N'\RSI“H-\“ P.S.L and SUDHA MAHADEVAN;
J. Non-Cryst. Solide 37.145 (198G} and 43,

__ 365, (1981).
3. KASTNER M.; Phys. Rev. Lett. 28, 355 (1972).

4. OVSHINSKY. S.R; Phys Rev. Lett. 21, 1450 (1968).

5. FRITISCH. H. and OVSHINSKY. S.R. J. Non-Cryst. Solids,
2, 148 (1970).°

Sol.

6. FELTZ, A. and SCHIRRMEISTER. F, P. Ys. State.
(a) 57, 591 (1980).

7. MOTT. N.F. Phys Rev. lett. 35, 1293 (1975).

"EL-SHAFIE A, EL-ZAIDIA M.M, AMMAR A.A and ABD
EL-AAL. A; J. Pure & Appl. Science |,
13, (1984). ’

9. EL SHAFIE. A, EL-ZAIDIA M.M and AMMAR A.A. Accepted
for publications in the Egyptian. J. of Solids.

(1986).
10, EL-ZAIDIA M.M, EL-SHAFIE and AMMAR A.A; Accepted

for pubhcauon in the Egyptxan J. of Solids
(1386). o

33



Abo—-Ghazala

Ammar and M.

M.M. El-Zaidia, A.A.

-4
1 =10 (Amp !}

8.0
a
1o} Xs=$
a
oo L r.aseec
o -
< sol.
2 3
tof-
304
10}
10}
Q0 1 4 i 1 i
.Ila_"a.l.uwa’aqf €00 %00, 600 700 T EOU
: vV {volt)
8 O
[4
10}
6.0}
v
5.0}
<ol
3.0 ﬁ
2.0¢-
1.0¢-
] i 1 q
[4] ma L1 no wh ’00 A Q. Qo 60

3%



TEMPERATURE EFFECT ON THE TURN OVER POINTS . . . | |

100
3
S gol
T
> 60}
40
20}
O 1 { 1 Y
30 40 50 60 70
. . T.C
Fig-(2)

35



M.M. El-Zaidia, A.A. Arnar and M. Abo—Ghazala

Table (1)
"X TK* BTy T K
299 36.04 335.06 - -
308 38.38 346.38
10 318 41.07 359.07
323 42.46 365.46
328 43.88 371.88
333 45,32 378.32
338 46.78 384.32
307 19.18 326.18
15 313 19.96 332.96
318 20.63 338.63
323 21.99 349.99.
333 22,60 355.69
293 14.66 307.66
298 15.18 213.08
20 303 15.71 318.71
. 368 16.24 32624
313 16.79 329.79
318 7,34 33534
323 . 17.91 340.91




