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Abstract The ac conduction measurements in 
polycrystalline p-terphenyl layers at different 
temperatures and different values of an external 
steady field are reported. In our opinion, the 
conductivity of examined layers at low frequencies 
is controlled by intergrain barriers. The inter- 
grain barrier heights are 0.07-0.08 eV. The 
predominant conduction mechanism inside the 
grains appears to be a hopping process between 
localized states in a "impurity" band near the 
Fermi level. 

EXPERIMENTAL 

Polycrystalline p-terphenyl layers was obtained by 
vacuum evaporation on mica and glass substrates in the 
way described elsewhere' 2. AC conduction of these 
layers was measured using MCG 76 ac bridge at different 
temperatures /190-360K/ and at frequencies between 
100Hz-10OWz. The measurements were carried out in a 
vacuum of about 10'3torr in order to eliminate the 
influence of humidity on the electrical properties of 
the p-terphenyl layers. The temperature of the samples 
was controlled with a copper-constantan thermocouple, 
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140 G. BAK, and A. LIPINSKI 

U'SULTS ATjD DISCUSSION 

The t y p i c a l  dependence of the  ac conduct ivi ty  
on frequency a t  a number of ex te rna l  vol tages  sre  
ahown i n  F ig , l .  r'ig.2 shows the  temperature dependence 
of t h e  conduct ivi ty  at d i f f e r e n t  frequencies,  

f requencies  i s  control led by i n t e r g r a i n  b a r r i e r s  and 
2' ac conduction at  high frequencies r e f e r s  t o  t h e  
inside of t h e  grains .  

In accordance with Fig.2 t h e  ac t iva t ion  energy 
of t h e  conduct ivi ty  of t h e  g r a i n  mater ia l  i s  about 
0.01 eV. This experimental r e s u l t  of ac conduct ivi ty  
rneasurernenta can be explained i n  terms of  hopping o f  
carriers between pairs of loca l ized  s t a t e s  et the 
fermi l e v e l o  

It may be shown2 that:  l o  ac conduction at  l o w  

h 

Fig.1 The t y p i c a l  dependence of t h e  ac Conductivity 
on frequency at  a number o f  ex te rna l  voltages. 
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0,012 eV- 50 kHz 

0,047 eV- 10 kHt 

0,075 eV - 2 kHz 

0,070eV- 500Hz 
, - 
4 -10. 

Pig.2 Temperature dependence of the ac conductivity 
at different values of frequency. VeXt - 0 V. 
According to the Austin-Mott formula 3 , the ac 

conductivity is related to the density of etates at 
the Fermi level lV/l$,/ by: 

where & is the exponential decay parameter of 
localized states wave-function, d iS the phonon 

temperature of the sample and e ia the elementary 
charge. We can make an estimate of N/+/ using the 
Austin-Mott’s formula and taking d: -’- 9% /the mean 
value of a distance between molecules in p-terphenyl 

frequency for molecular crystals without hydrogen 

frequency, k is the Boltzmann cons i? ant, t l.8 tho 

Cl‘ystds/ and dph to be 1O1*S-’ /the typical 
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n n n 
0014 eV 

/-- 

I 1 

4 - 5 
Pig.3 Temperature dependence of the ac conductivity 
at different values of Ve. 

bonds /. As a result of these calculations we 
obtained N/%/ =I 5. 1018crn-3eV-1. 

influenced the ac conduction at low frequencies, and 
in order to define the nature of these barriers, we 
obtained the activation energies of the conductivity 
at different values of an external field, as it is 
shown in Fig.3, The activation energies decrease in 
voltage according to Poole-Frenkel formula, 8s it is 
shown in Table 1. /The values, which were used in 
Table I: € ~ 3 . 4  , thicness of the sample L .= 10 pm, 

f = 500 He. 

4 

In order to confirm that the intergrain barriers 

5 
2 flo = 0,07 ev ./ 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
51

 2
3 

Fe
br

ua
ry

 2
01

3 



AC CONDUCTION OF POLYCRYSTALLINE 143 

2 
4 
9 

18 
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0.015 
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