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ABSTRACT 

The I-V c h a r a c t e r i s t i c s  o f  fhe a m o r p h o u s  
n d t e r i d l  Seroo-x - Sbxr here  x=S, 10,  13 a n d  
20, Hare  n e a s u r e d  a t  d i f f e r e n t  aabient 
t e w p e r a t u r e s  . The increase of the aabien t 
e e w p e r a t u r e  fros 2 W ° K  t o  338% leads t o  the 
rise of the conduction p a t h  t e n p a r a t u r e  to b e .  
i n  the r a n g e  335-384%. This i n  t u r n  Iesds t o  
the shif i: of the tun? o u w  p o i n t s  to up l e f t  
d i r e  t ion. 

. INTRODUCTION: 
- .? 

The marked decrease in the resistiviiy on heat trestmenr, . - 
of ihe memory t y p e  glass, is an indication on the phase trnns- 

forrnxian'l). This facr supports ;he view that rwiiching t o  a 

perrnsnent law resisrance stare in the bulk glass is associared 

(1) with formarion of more ordered filament between electrodes . 
The electrical properries of the glassy system Ge-Sb-Se were 
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found to be composition dependen$*'. lncreaslng antimony content 

in glasses lead to a gradual increase in the electrical conducrit;ity 

and a decrease in the thermal advation energy, which suggest 

a change in the mobility gap. Two different mechanisms were 

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

According, to ~ a s t n e r ( ~ ) ,  the appearance of the As-As bonds 

rn the glassy As2 St, leads to the broaaing of the conduction 

bdnd. On rhe.othu hand, the presence of antimony near selenium 

tends to broaden the vaience band. 8orh of these mctransims 

could be effective in the redoctioh of the thermal aciivation 

energy. The change of the temperature of the amorphous Scmi- 

conductors causes the change in the mobility gap as wel l  as 

the mmbn of charge In mri-crysrallim sernjconduc- 

toes the presence of localized stares. in the forbdden energy 

(71 gap affect greatly the electrical properties - 

The aim of the present work i s  to investigate, the effect 

of the ambiect temperazure on the turn bver points (T.G.P 1 of 

the 1-V 'characteristic of the system Se 130-x -Sbx, where s = 5 ,  

10, 15 and 20. The effect of the ambicnt temperature on the 

ternperarm? of the conduction path, as weii as on rke forbeddin 

energy gap will be repeft&. 

EXPERIMENTAL T EC)QN!QUEr 

3ppropriate mixture of 99.99% pure Se and Sb were seaied 

in quartz tubes under vacurn. The tubes were kepl at S50°C 



for S hours. Uurlng the course of heating, the tubes were shaken 

several rimes to maintam 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 sf the system SelOO,,-Sbx,~here 

x = 5,i W S  and 20, wwe recorded, using perviously published 

techniquets-ri! under the effect of different ambient temperatures. 

RESULTS AND DISCUSSION: 

The 1-i' characteristic curves of the amorphous SelOp-fSbx, 

where x = 5 ,  10, 15 and 20, were recorded a t  different ambient 

temperatcres, Fig,(l,tb,c b: d). These compositions will be named 

I, 10, 15 and 20. The I -V  characteristics of composition 5, was 

linear and unaffected by increasing the ambient temperature 

upt to 6C0C (Just below the glass transition temperature (10)). 

The I-Y characteristics of the other compositions (10, 15 and 

20) could be divided into three states. The torn overpoint (T.0.p) 

separate ;:e off state (first state) .from the current controlled 

negarike resistance state (C.C.N.W. The third state, starts 

at the crystaliization point (Ic, V$ where Ic  i s  the crystalliza- 

tion current and V is the cryst~llization voltage. The retracing 
C 

oi rhe I-\' relation a t  the same ambient temperature is possible 

if the current passing through the sample i s  less rhan fwice the 

currenr a t  the turn over point (2 This means that there 

i s  no possibility of phase transformation below 2 It.,+. At current 
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v a l ~ ~ e s  greater  than 2 I and bdow I ,  the process of  nucleation T.0.p 

\tarts .~rrd .I hysteresis would be cxpcctcd on retracing the 

1-V re!ation. A t  point (Ic, Vcf the  nucleated conduction path 

will be transformed into a highefy conductive crystalline s t a t e  

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

Fig. (I,, di shows that &fie turn over point sh i f t sup  to 
9 

t h e  left direction a s  ambient  temperature increzses l.e V T.0.p 

dcreases. This behaviour is normal for r n o s  of t h e  amorphotis 

materials, but we wish t o  add here that t h e  real t empera ture  

o i  the conduction path is t h e  curnrnixt!an opthe ambiem tempera- 

ture IT) plus ;he rise in temperature (A? ) due  t o  Joule heating. 3 
(3 )  The rise in  t empera ture  due t o  Joule heating is given by ., 

K T f  KTT- (q = - = - 
E-KT E 

where T is t h e  ambient  tmperature,  T- is the  corrected tempera- 

rure of ;he conduction path, k is  t h e  Bo!tzmann1s constant  and 

E is r h e  activation energy of conduction. 

The increase in ( 4 7";) with arnblent temperature,  rable  

(11, may be due ro t h e  increase in the vibrational amplitude of 

atoms as t h e  ambient t empera ture  increases. This in turn causes  

an increase in  t h e  number of coIIisions between charge carriers 

2nd nerwork atoms. As a resuit t h e  forb id& energy gap decreases 

due to  the rise in the  remperature of the conduction path.Th~s 

may lead t o  the observed shif t  of t h e  turn  over point to t h e  
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up l e f t  d i r e c t i o n  on the I-V curves  as t h e  ambient 

temperature inc reases .  h . > 

Another-veiw can be used t o  Explain  the behaviour of 

t h e  t u r n  over  point:  I t  is necessary to remember t h a t  

any amorphous ingo t  may c o n t a i n  d i p o l e s  s c a t t e r e d  a t  

random through t h e  amorphous matrix.  The d i p o l e s  p r e s e n t  

i n  t h e  conduction path  w i l l  be o r i e n t e d  g radua l ly  a long 

t h e  d i r e c t i o n  of t h e  a p p l i e d  e l e c t r i c  f i e l d .  The degree 

of t h e  a l l ingment  depends on t h e  v i s c o s i t y  of t h e  anor- 

phous matr ix  as w e l l  as t h e  s t r e n g t h  of t h e  e l e c t r i c  

' f i e l d .  A s  t h e  vo l tage  i n c r e a s e s  d u r i n g  t h e  off s t a t e ,  

t h e  temperature of t h e  conduction p a t h  rises due t o  J o u l e  

heat ing.  This cause a  decrease  i n  the v i s c o s i t y  of t h e  

m a t e r i a l  of t h e  conduction path .  Consequently, t h e  p re fe red  

o r i e n t i o n  of t h e  d i p o l e s  w i l l  i n c r e a s e s  g radua l ly  a long 

t h e  o f f  s t a t e ,  till i t  reach  a maximum va lue  a t  t h e  t u r n  

over  po in t .  A t  t h e  t u r n  o v e r  p o i n t ,  t h e  f o r c e  from t h e  

e l e c t r i c  f i e l d  w i l l  be equa le  t o  t h e  r e s t o r i n g  f o r c e  

due t o  v i ' scosi ty  a t  t h e  given ambient temperature.  As 

t h e  anb ien t  temperature i n c r e a s e s  t h e  J o u l e  hea t ing  will 

i n c r e a s e s  and t h e  v i s c o s i t y  w i l l  d e c r e a s e s  and t h e  f i e l d  

requ i red  t o  c a u s e  a  maximum p r e f e r e d  o r i e n t a t i o n  w i l l  

decreases .  This exp la in  why t h e  t u r n  over  vo l tage  s h i f t  

t o  lower va lues  a s  the ambient temperature  i n c r e a s e s .  I n  
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o the r  words the t u r n  over p u i n t ' . k l l '  be. defined a s  t h e  . 
point on t h e  I - V  curve at which t h e  r e s t o r i n g  force 

due t o  v i s cos i t y  ($1 balances the force s t r eng th  from 

t h e  electric f i e l d .  Consequently, t h e  VT.O,p -T cur-.-e 

resembles to some e x t e n t  the q-T curve. Pig. (2) , 
shows the two r e l a t i o n s .  

As, t h e  ambient temperature increases  t h e  cross- 

sec t iona l  area of the conduction pa th  increases  and one 

expect too many d i p o l e s  to make cont r ibu t ion  i n  t h e  

conduction path. This  may expla in  why the  IT.O,p 

increases  as the  ambient temperature increases .  
, 

The abwe arguments were suqgeslec! t o  expla in  why 

t h e  t u r n  over curve s h i f t s t o  up l e f t  d i r e c t i o n  as t h e  

ambient temperature increases and more informations are 

required t o  conf ins this v iew.  
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