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Effects of dopants and copolymerization on Schottky barriers
of polypyrrole and polyindole/metal interfaces
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Abstract Schottky-barrier diode devices were fabricated

in a sandwich configuration with poly(pyrrole-co-indole)

copolymer semiconducting films prepared by electropoly-

merization. Effect of different dopants of ClO4
-, BF4

-,

C7H7SO3
- and [Fe(CN)6]3- on the electronic properties of

the fabricated devices was followed using Ag, In, Al and

Cu metal junctions. Current–voltage and capacitance–

voltage characteristics were recorded for making a com-

parative evaluation of the electronic and junction properties

of the devices. The electrical characteristics of the junctions

were analyzed based on the standard thermionic emission

theory. Polymer doped by ClO4
- showed lower reverse

saturation currents and ideality factor but higher potential

barriers and rectification ratios. Effect of dopant ions and

copolymerization on the optical band gaps (Eg) of the films

were investigated and the optical transmissions of the doped

copolymer films were measured in the wavelength range of

250–900 nm. It was shown that the energy gap of copoly-

mers laid between those of corresponding homopolymers

and polyindole (PIN) doped by [Fe(CN6)]-3 had Eg less than

that of polymer doped by other anions whereas Eg of

polypyrrole was independent of dopant ions. Also, the

morphology of the polymeric films revealed the surface of

the PIN doped with ClO4
- was very smooth which created a

good contact with indium metal.
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List of symbols

a Absorption coefficient

ub Height potential barriers

u0 Built-in or contact potential at zero bias

e Semiconductor dielectric constant

Abbreviations

CPC Constant potential coulometry

SEM Scanning electron microscopy

A Absorption

Eg Energy gap

SCLS Space–charge-limited current

J0 Reverse saturation current

V Applied voltage

n Ideality factor

NC Carrier concentration

D Depletion width

Introduction

Polypyrrole (PPY) and polyindole (PIN) have been widely

investigated due to their industrial applications based on

their high conductivity and good environmental stability.

PIN owns several advantages, especially fairly good ther-

mal stability due to the incorporation of benzene rings on

the polymer backbone [1, 2]. PPY is a most popular con-

ducting polymer being studied by many scientific research

groups owing to its high conductivity and ease of prepa-

ration with high yield either by chemical or electrochem-

ical polymerization [3]. But its application has been

restricted in the fabrication of Schottky-barrier diodes due

to the high conductivity.
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