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INTRODUCTION

After the discovery of electroluminescence in the
conjugated polymer PPV [1] and its derivatives,
much effort has been devoted to the study of the
(opto)electronic and electrical transport properties.
Understanding the carrier transport properties in
these organic materials is of crucial importance
to design and synthesize better materials and to
improve device performances. The electrical trans-
port in organic semiconductors has been widely
investigated for several decades in theoretical as
well as experimental studies [2], [3], [4], [5]. For the
important concept of variable range hopping (VRH)
[6] it is difficult to account for the electric field
characteristics observed by experiments.
In this work, we extend VRH theory for organic
semiconductors to include percolation theory [7].
The developed model shows good agreement with
Mott’s formalism at high electric field.

MODEL

For a disordered organic semiconductor system,
when an electric fieldF exists, the transition rate
of a carrier hopping from sitei with energyEi to
site j with energyEj is described as [8]

ωij = γ exp
[
− (2α + β cos θ)Rij −

Ej − Ei

kBT

]

(Ej ≥ Ei + β cos θRij)

and

ωij = γ exp (−2αRij) (Ej ≤ Ei + β cos θRij)

whereγ is dependent on the phonons spectrum,α−1

is the Bohr radius of the localized wave function,
kB is the Boltzmann constant,β = eF/(kBT ), e is
the electrons charge,Rij is the distance between the
two sitesi andj, andθ is the angle betweenF and
Rij. Assuming no correlation between occupation

probability of different localized states, the current
between the two sites is given by

Iij = γ exp
[
−(2α + β cos θ)Rij −

| Ej − Ei |

2kBT

]
ζ

(1)
where

ζ = sinh
(

µj − µi

2kBT

)

×

[
cosh

(
Ei − µi

2kBT

)
cosh

(
Ej − µj

2kBT

)]
−1

In this model, it is assumed that both the backbone
of the percolation cluster and the threshold current
do not alter upon rearranging the site potentials. At
the same time, the redistribution of the charge seems
negligible due to the large spread inIij at the high
electric field.
We consider a network of sites connected with
impedances proportional toI−1

ij
. According to gen-

eral percolation theory, the critical percolation clus-
ter of sites would comprise a current carrying back-
bone with at least one site-to-site current equal to
the threshold value. As shown in [9], optimization
of the current is obtained when the site potentials
are altered in such a way that the single hopping
event with smallest tunneling probability is opti-
mized. With these assumptions, we can get the
equation

Bc ≈ Nt

2πkBTξ

3qFδ
S3

c η (2)

with

ξ = 1 −

δ

Γ (1 − T/T0) Γ (1 + T/T0)

η =
(

2α −

eF

2kBT

)
−2

−

(
2α +

eF

2kBT

)
−2

Bc is the critical number of bonds per site,Γ
is gamma function,δ is carrier occupation [10],
Nt is the number of states per unit volume,Sc is



the exponent of the critical percolation currentI =
I0 exp (−Sc), andT0 is the width of the exponential
density of states. This yields an expression for the
current in organic semiconductors as a function of
the electric field

I = I0It = I0 exp

[
−

(
3eFBc

NtπkBTξη

)1/3
]

(3)

whereI0 is a prefactor andIt is the critical current.

RESULTS AND DISCUSSION

We use the present model to calculate the electric
field characteristic of the percolation current in
organic semiconductors, as shown in Fig.1. Clearly,
the expected dependence thatlog I ∼ F−1/4 is
observed at high electric field, the comparison with
Mott formalism

It ∼ exp
(
−

(
CF α4/eNtF

)1/4
)

is also provided, Mott formalism can be seen as
the asymptote of our model. The input parameters
areNt = 1019cm−3 andT0 = 380 K. In Fig.2 we
provide the temperature dependence of the percola-
tion current. It can be seen that temperature plays
a minor role in hight electric field current.

CONCLUSION

We developed an analytic model of high electric
field current applicable for organic semiconductors.
This model is shown to agree with Mott’s formal-
ism. We also discussed the temperature characteris-
tics of this model.
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Fig. 1. Electric field dependence of percolation current in a
network of localized states.
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Fig. 2. Temperature dependence of percolation current in a
network of localized states in the high electric field regime.
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