A Percolative Approach to Transport and Noise in Polyacenes
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Recent transport measurements in polyacene
organic semiconductors [1] have evidenced a
strong superlinear increase of the current voltage
(I-V) characteristic and a concomitant peak of
the relative spectral density of current noise at
voltages corresponding to the crossover between
Ohmic and space charge limited currents (SCLC)
regimes [2,3]. The interpretation of these exper-
iments was addressed in terms of a continuous
percolation model between the two asymptotic
regimes (Ohmic and SCLC), considered as dif-
ferent conducting phases [2]. The noise increase
was then attributed to the clustering of insulat-
ing regions among which current paths are con-
strained, thus leading to a substantial increase of
the noise [2]. Very recently, we have proposed
a complementary interpretation of these experi-
mental findings, in terms of noise due to trapping
and detrapping (TD) processes of injected car-
riers by deep traps in the trap filling transition
(TFT) regime [4]. This interpretation was based
on a phenomenological model which makes use of
the measured I —V characteristic to estimate the
fraction of filled traps as a function of the applied
voltage. Then, the last quantity is used to express
the spectral density of current noise in the TFT
regime. The good agreement between the behav-
iors obtained from the phenomenological model
and the experiments supports the idea of abscrib-
ing the sharp peak of noise in the TF'T region to
the fluctuating occupancy of the traps due to TD
processes. To further check this interpretation we
have developed a new percolation model shortly
discussed here together with its results. Further
details can be found in [7,8]

The model is based on the well known resistor
network approach [5,6] and it describes the semi-
conducting film as a binary and two-dimensional
square-lattice resistors network (size N x N). In
the new model that we adopt here, each elemen-
tary resistor r; ; is subjected to random transi-
tions from two states of resistances 1 and ro, with
probabilities:

Wi_a = exp|—(E2 — qu; ;) /kpT] (1)

and:

Wg_,l = eXp[—El/k:BT] (2)

where v; ; is the voltage applied to r; ;, Eqy, E»
are two activation energies and ¢ is an effective
charge. We assume these expressions of the tran-
sition probabilities from the two resistor states to
mimic the effect of TD processs in the TFT re-
gion. It should be noted that the relative cur-
rent noise of the network depends only on its
size N and on the three ratios: f, = r1/ro,
a = (Ey— E1)/KgT and b = q/KpT. The net-
work evolution is calculated by numerical simu-
lations and assuming constant-voltage boundary
conditions. We take the following values for the
model parameters: N = 75, f. = 290, a = 2.5
and b = 210V L. Figures 1 and 2 report the
experimental behavior of the I — V curve (red
squares in Fig. 1) and of the relative spectral
density of current noise at 20 Hz (red circles in
Fig. 2), measured on a tetracene sample at 300
K [2]. The same figures show the corresponding
curves obtained from the numerical simulations.
Further details of the model, its results and limits
will be discussed at the conference. In any case
we consider satisfactory the agreement between
experiments and model predictions.

In conclusion, we have considered the I — V
characteristic curve and the sharp peak of the
relative spectral density of current noise observed
as a function of the applied voltage in polyacene
semiconductors [2]. A qualitative explanation of
these findings was initially proposed in terms of
continuous percolation between a Ohmic phase
and an insulating SCLC phase. Recently [4], we
have advanced another alternative interpretation
of this behavior, based on a phenomenological
model, in terms of trapping and detrapping (TD)
processes of the injected carriers. To check these
two alternative explanations, we have developed
a new percolation model. The results of our nu-
merical simulations [7,8] definitely support the
conclusions of the phenomenological model.
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Figure 1. Red squares: experimental I — V char-
acteristic curve measured on a tetracene sample
(Ref. ). Black diamonds: I —V characteristic ob-
tained from numerical simulations based on the
model described in the text.
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Figure 2. Red circles: experimental values of
S(f) (vef. ). Black diamonds: relative current
noise Sgim obtained from numerical simulations.
The simulated values are normalized by a factor
Snorm = 5.26 x 1075 to agree with the measured
value of Sy,qz-
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