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Abstract— Electrical transport measurements per-
formed in polyacene thin films as a function of
the applied voltage, pointed out the existence of a
sharp peak in the relative spectral density of current
noise occurring at voltages corresponding to the
region of crossover between the Ohmic regime and
the space charge limited current regime. Recently
we have proposed an explanation of these experi-
mental findings in terms of noise due to trapping
and detrapping processes of the injected carriers
by deep traps. This interpretation was carried out
by adopting a phenomenological model making use
of the measured current-voltage characteristics. To
check this interpretation we have developed a new
percolation model which will be discussed here.

INTRODUCTION

The injection of charge carriers at the molecule-
metal interfaces and their trapping-detrapping (TD)
processes at defect states crucially control the per-
formances of organic semiconductor devices [1],
[2]. Many studies in the literature investigated the
effect of thermal and electrical stresses on TD
processes in organic materials [3], [4], [5], [6], [7],
[8], [9], [10], [11], [12], [13]. The largest part of
these works focused on conduction properties and
only a relatively small number was devoted to the
study of the electrical noise [14], [15], [16].

Recent transport measurements in polyacene or-
ganic semiconductors [14] have evidenced a strong
superlinear increase of the current voltage (I-V)
characteristic curve and a concomitant peak of the
relative spectral density of the low frequency current
noise at voltages corresponding to the region of
crossover between Ohmic and space charge limited
currents (SCLC) regimes [14], [17]. An interpreta-
tion of these experiments has been proposed in Ref.

[14] in terms of a continuous percolation between
two asymptotic regimes (Ohmic and SCLC), con-
sidered as different conducting phases. The noise
increase was then explained as due to the clustering
of insulating regions among which current paths are
constrained [14]. Very recently, we have proposed a
complementary interpretation of these experimental
findings, in terms of noise due to trapping and
detrapping (TD) processes of injected carriers by
deep traps in the trap filling transition (TFT) regime
[18].

This interpretation was based on a phenomeno-
logical 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
value of this fraction is used to express the spectral
density of current noise in the TFT regime. The
good agreement between the behaviors obtained
from the phenomenological model and the exper-
iments supports the idea of abscribing the sharp
peak of noise in the TFT region to the fluctuating
occupancy of the traps due to TD processes [18]. To
further check this interpretation we have developed
a new percolation model that is discussed together
with its results in the next section.

MODEL

The model is based on the well known resistor
network (RN) approach [19], [20] and it describes
the semiconducting film as a binary and two-
dimensional resistor network. Precisely, here we
consider a square-lattice with square geometry (size
𝑁 × 𝑁 ). Each elementary resistor 𝑟𝑖,𝑗 describes a
small region of the film with homogeneous electri-
cal properties, i.e. a small region characterized by
a leading mechanism of electrical transport. This



leading mechanism of transport defines the “state”
of the resistor.

In the present model we assume that a resistor
can be found in two states: an Ohmic state (state
1) with resistance 𝑟1 and a SCLC state (state 2)
with resistance 𝑟2. We indicate with 𝑁1 and 𝑁2

the number of resistors in the states 1 and 2, with
𝑁𝑡𝑜𝑡 = 𝑁1 + 𝑁2 = 2𝑁2 the total number of
resistors in the network. The fraction of resistors
in the state 2, 𝑝 = 𝑁2/𝑁𝑡𝑜𝑡, is the key quantity
which characterizes the global network state: for
𝑝 > 𝑝𝑐 the SCLC phase associated with the 𝑟2
resistors percolates through the network, where 𝑝𝑐
is the percolation threshold [19].

An external constant voltage 𝑉 is applied to the
RN through perfectly conducting bars placed at
the left and right hand sides. As a consequence
of this external bias, a voltage drop 𝑣𝑖,𝑗 is also
applied to each elementary resistor through which
flows a current 𝑖𝑖,𝑗 , while 𝐼 is the total current
flowing in the network. The network is taken to
be in contact with a thermal bath at temperature 𝑇 .
Furthermore, to mimic the effect of trapping and
detrapping processs, we assume the existence of
random transitions between the two resistor states,
occurring with probabilities:

𝑊1→2 = exp[−(𝐸2 − 𝑞𝑣𝑖,𝑗)/𝑘𝐵𝑇 ] (1)

and:

𝑊2→1 = exp[−𝐸1/𝑘𝐵𝑇 ] (2)

where 𝐸1, 𝐸2 are two activation energies, 𝑞 is an
effective charge and 𝑘𝐵 is the Boltzmann constant.
In other terms, each resistor behaves as a generator
of a random telegraph signal [21] with voltage
dependent transition rates. Therefore, by adopting a
mean field-like approach, similar to that described
in Ref. [22], for 𝑊2→1 ≪ 1 the average value ⟨𝑝⟩
of 𝑝 can be written as:

⟨𝑝⟩ ≈ 1

1 + ⟨𝑊2→1⟩
⟨𝑊1→2⟩

≡ 1

1 + exp (𝑎− 𝑏𝑣)
(3)

where: 𝑎 ≡ (𝐸2 − 𝐸1)/𝐾𝐵𝑇 , 𝑏 ≡ 𝑞/𝐾𝐵𝑇
and 𝑣 ≡ ⟨𝑣⟩ is the average voltage applied to an
elementary resistor. Moreover, it is possible to give
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Fig. 1. Typical resistance evolutions calculated for several
values of the applied voltage, ranging from 0.01 V (upper
curve) to 1.0 V (lower curve). The values of the model
parameters are given in the text. The resistance is normalized
to the perfect network value.

an approximate analytical expression for the relative
resistance noise of the network:

Φ(𝑣) ≡ ⟨(𝛿𝑟)2⟩
⟨𝑟⟩2 ≈ 1− ⟨𝑝⟩

⟨𝑝⟩
(𝑟1 − 𝑟2)

2

[1−⟨𝑝⟩
⟨𝑝⟩ 𝑟1 + 𝑟2]

2
(4)

Thus:

Φ(𝑣) ≈ (𝑓𝑟 − 1)2 exp (𝑎− 𝑏𝑣)

[𝑓𝑟 exp (𝑎− 𝑏𝑣) + 1]2
(5)

where 𝑓𝑟 = 𝑟1/𝑟2. Equation (5) shows that the
relative noise of the network depends only on the
three parameters: 𝑓𝑟, 𝑎, 𝑏 and on the size 𝑁 (which
enters in the average value 𝑣). The evolution of the
network is calculated by numerical simulations per-
formed according to an iterative procedure similar
to that described in [20] and by using constant-
voltage boundary conditions. Here we report results
obtained by taking the following values of the
model parameters (chosen as reasonable values):
𝑁 = 75, 𝑓𝑟 = 290, 𝑎 = 2.5 and 𝑏 = 210𝑉 −1.

RESULTS

Figure 1 shows the time evolution of the network
resistance 𝑅 (the time is expressed in iteration
steps). Several 𝑅(𝑡) signals are reported correspond-
ing to increasing voltage values, ranging from the
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Fig. 2. Red circles: experimental 𝐼−𝑉 characteristic measured
in a tetracene sample (Ref. [14] ). Black diamonds: 𝐼 − 𝑉
characteristic obtained from numerical simulations based on
the model described in the text. The dashed and the continuous
curves refer to the slopes 1.9± 0.1 and 2.4± 0.1, respectively

Ohmic regime (upper curve) up to the beginning of
the SCLC regime (lower curve). We can see that
a rather abrupt transition occurs for voltage values
in the range 0.7 ÷ 1.0 V. In particular, we notice
that by approaching the transition region, metastable
states of the network exist with relaxation times
first increasing with voltage and then drastically
decreasing.

Figure 2 displays the calculated 𝐼 − 𝑉 char-
acteristic curve. Each 𝐼 value has been obtained
by averaging the 𝑅 values over the signal 𝑅(𝑡)
(only the stationary portion of the signal, after the
decay of the metastable state, has been considered).
For comparison the 𝐼 − 𝑉 curve measured in a
tetracene sample at 300 K [14] has been also
reported. After the Ohmic regimes, both the curves
are characterized by a strong superlinearity in the
transition region. The slopes of the SCLC regimes
are 1.9 ± 0.1 for experimental data (lowest dashed
curve) and 2.4± 0.1 for the simulated one (highest
continuous curve).

Figure 3 reports the calculated values of the rela-
tive resistance noise of the network as a function of
the applied voltage. Again, for comparison we plot
also the experimental curve of the relative spectral
density of current noise at 20 Hz measured for the
same tetracene sample of Fig. 2 [14]. Overall, Fig.
2 and Fig. 3 show a satisfactory agreement between
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Fig. 3. Red circles: experimental values of 𝑆(𝑓) (ref. [14]).
Black diamonds: relative current noise 𝑆𝑠𝑖𝑚 obtained from
numerical simulations. The simulated values are normalized by
a factor 𝑆𝑛𝑜𝑟𝑚 = 5.26 × 10−5 to agree with the measured
value of 𝑆𝑚𝑎𝑥.

experiments and the model predictions.
Figure 4 displays the average fraction ⟨𝑝⟩ of

resistors in the state 2 as a function of the voltage
applied to the network. The abrupt change of ⟨𝑝⟩
for 𝑉 ≈ 0.9 V points out the first order character
of the transition [23].

This abroupt variation of the average fraction ⟨𝑝⟩
has its counterpart in the sharp peak of the variance
of 𝑝 itself shown in Fig. 5 for the same voltage
value. Thus, Fig. 5 highlights the key role played
by the fluctuations of the 𝑝 fraction due to TD
processes, as described by Eq. (1) and (2), in the
peak of relative noise shown in Fig. 3 and observed
in the experiments.

CONCLUSION

In conclusion, we have considered the 𝐼−𝑉 char-
acteristic and the sharp peak of the relative spectral
density of current noise observed as a function of
the applied voltage in polyacene semiconductors
[14]. A qualitative explanation of these findings was
initially proposed in terms of a continuous perco-
lation between a Ohmic phase and an insulating
SCLC phase. Recently [18], we have advanced an
alternative interpretation of this behavior, based on
a phenomenological model, in terms of trapping
and detrapping (TD) processes of the injected car-
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Fig. 4. Average fraction 𝑝 of 𝑟2 resistors calculated as a
function of the applied voltage. The dashed line is a guide to
the eyes.
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Fig. 5. Variance of the 𝑟2 resistor fraction calculated as a
function of the applied voltage. The dashed line is a guide to
the eyes.

riers. To check these two alternative explanations,
we have developed a new percolation model. The
results of our numerical simulations support the
conclusions of the phenomenological model.
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