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ofide-based hi& resistivity semiconducting Paints can be used on high voltage insulators for improved 
& m e .  They were found to exhibit nanlinear I-V characteristics which are reported here. 

pints exhibited power law relationship and a 6h .a~  transition in merhanism of conduction at a 
ui6eal voltage. 

4 mrds: Conducting paints, electrical properties 

L Introduction 

Srmiconducting glazes are employed on high voltage insulators for improving their 
pafarmame in several respects14 such as reduction in radio interference (R.I.) and 
mrona, suspension of pollution flash over (F.O.), uniform voltage distribution, 
mention of condensation of fog, moisture and ice, etc. 

Recently semiconducting paints have also been reported to be useful in suppression 
of R.I. and corona and pollution F.O. under laboratory as well as severe outdoor condi- 
tion*. Some of their interesting properties have been reported earlier'. During 
farther work on development of such paints they were found to exhibit interesting 
nonlinear I-V characteristics which are reported here. 

T h e  varieties of semiconducting paints were prepared by using antimony-doped 
aemi~nducting tin oxide as the basic semiconducting material and three types of oil 
arcdia, vk., linseed oil, karanja oil and cottonseed oil. The semiconducting tin oxide 
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was prepared by doping the material with antimony oxide at 1200 + 10" c for hr 
ne fine powder (- 150 mesh) of this doped semiconducting tin oxide was then  in^. 
mately mixed with the above oil media, to obtain three varieties of semiconductn3 
paints. 

Silver paste contacts were painted on glass specimens and tired at 600" c for 30 m$. 
to achieve good adhesion. Electrical contact leads were then soldered on to the fira: 
silver contacts. The desired semiconducting paint was then spray painted on th 
specinlens and these specimens were tben cured in an electrical oven at 1 0 5 " ~  fE 
500 hr to stabilise the electrical resistivity of these samples. The l-V characteristics 
such cured paint samples were then measured using ac voltages in the range 100-]500y, 
The details regarding the specimens and the circuit diagram used for the measuremeu 
of I-V characteristics are shown in Fig. 1. 

The resistance of the paint samples was found to be a function of applied v&a8 
The resistance values at various applied voltages werc therefore inferred From the 1-Y 
characteristics. 

Semiconducting 
Point 
/ 

FIG. 1.  (A) Details of spsciruen painted @ 
semiconducting painl. (33) Circuit di3SV" fa 

.j the measureme~t of I-V characteristics, 
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3, and discussion 

Fmmthe typical I-V characteristics exhibited by the paints, shown in Fig. 2, it 
enn *seen that these paints do not exhibit linear ohmic I-V characteristics. The typical 
&erijtnoce YJ.  voltage charatiteristics of such paints are shown in Fig. 3. From this 
:pE it can be seen that the resistance of the paints initially increases with increase in 
16e applied voltage and attains a rnaximuln at a critical applied voltage. Above this 
d , a  "Itage, the resistance starts decreasing with further increase in the applied 

some typical log-log plots for the I-V characteristics of these paints are shown in 
F ~ ,  4. ~t can bc seen from this figure that the log-log plots of I-V characteristics of 

pints are linear which indicates that the paints exhibit power law, relationship 
sthe type 

V = K .  I? (1) 

&re 

1' = applied voltage 

I = current 

K =  a constant depending on composition and dilncnsional properties 

g = the exponent --constant mdlcating the extent of nonlinearity in 1-V characteristics. 

Further, it can be seen from Fig. 4 that the paints exhibit same relationship below 
ad above a critical voltage, but the slope of Lhe line changes at  the critical voltage. 
%indicates that the values of the constants K and /i' are abruptly changing at the 
:r&cal voltage. This indicates that there is a transition in the mechanism of conduc- 
:ion at the critical voltage V,. The values of the exponent fi below and above V, for 
iarious paint samples arc givcn in Table 1. It can be secn from this table that the 

2. The typical I V characteristics of tin WG. 3. Typical resistance-voltagchearacteriil~~~ 
fidc-w Semiconducting paints. of tho tin oxide-based semiconducting paints. 
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values of p are more than unity for voltages below and less than unity for volkgen 
above V,. The mechanism of conduction above V, therefore seems to resernbL 
the mechanism of conduction observed in S ic  voltage dependent resistorss-11, fit 
mechanism of conduction at low fields below V ,  may be controlled by the diffusion of 
charge carriers through the nonconducting medium. The values of below and abox 
V. seem to be dependent on the nature of the nonconducting organic medium. 

The mechanism of electrical conduction in silicon carbide voltage dependent resinon 
has been explained on the basis of two types of hypothesis. I n  the first case, ith 
proposed that every p-type grain of Sic  has a coating of a thin layer of n-type material 
The sintered polycrystalline compacts therefore act like a large number of p-n junaiw 
diodes connected in series and parallel in random directions. TWO p-n junction dida 
connected in parallel but in reverse direction would indeed give a symmetric nonlinear 
behaviour. The Sic  VDRs, it is suggested, are a result of a number of such pairs 
diodes connected in series and parallel to each other. This theory obviously cannot 
explain the mechanism of conduction in the semiconducting paints, because sinter& 
products of n-type SnO, do not show this type of behaviour and hence the formatiao 
of p-n junctions has to be ruled out. Another mechanism suggested is based on & 
fact that each Sic  gain has a thin protective layer of SiO, on its surface. This layer 
protects it from further oxidation and is responsible for the high temperature with 
stand capability of the Sic  products. In case of sintered VDRs, this protective layer 
acts as an insulating barrier and electrons have to  tunnel through this barrier'in order 
to reach the bulk of the adjacent grain. This tunnelling across the S O z  insulating 
barrier at the surface of each grain is suggested to be responsible for the nod im 

Table I 

TypicaJ valnes of the exponent 8 for various compositions 

SI. Composition Organic Value of p 
No. in gm/litrc medium 

below V, above V, 

1. 710 Linseed oil 1.724 0.7042 

3. 1603 Limned oil 1.538 0.6757 

4. 710 Karanja oil 1.600 05495 

5. lo00 Cotton seed 1 - 379 0.4926 
oil 
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FIG. 4. Typical I-V 
characteristics on log-log 
scale. 
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*viour of the Sic  voltage dependent resistors. It is possible to explain the non- 
ljnear behaviour of the semiconducting paints on the basis of this model. The thin 
Clectric insulating layer, provided by the organic medium, coats the surface of 
& semiconducting tin oxide grains. The electrons therefore have to overcome this 
Wt ing  barrier in order to be able to reach the bulk of the adjacent tin oxide 
grhas. 

The semiconducting paints based on the oxide as the basic semiconducting material 
&bit nonlinear I-V characteristics and follow the power law relationship. 

The mechanism of conduction in such paints exhibits a sharp transition at a critical 
dtage V, and the mechanism of conduction above V, seems to be similar to that 

by silicon carbide nonlinear voltage dependent resistors. 

The nonlinearity as indicated by the value of the exponent ' p' is dependent on 
nature of the organic insulating medium. 

authors thank Professor G. R. Govinda Raju for his kind encouragement and 
sr$port 
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