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ELECTRICAL  PROPERTIES  OF  PENTACENE  FILMS
OBTAINED  BY  PULSED  LASER  DEPOSITION
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Abstract. ITO covered glass was used as a substrate for the laser epitaxy of pentacene (C22H14)
films. A different orientation of the substrate with respect to the pentacene plasma plume was
applied. Thin films of pentacene were deposited using a YAG:Nd3+ laser with a second harmonic
(λ = 532 nm). The electrical properties of the structures were analyzed on the base of the current-
voltage characteristics. The current-voltage characteristics are explained in relation to the mo-
lecular structure properties of the pentacene films as well as the pentacene/contact, pentacene/
substrate interface. The carrier transport mechanisms for different interfaces and structures are
presented.

1. INTRODUCTION

Organic films fabrication offers a possibility of low
weight, mechanical flexibility and low cost produc-
tion of electronic devices. In a wide group of various
organic semiconductors, the pentacene (C

22
H

14
) is

one of the most promising candidates for organic
thin film transistors due to its high field effect mobil-
ity [1-3]. Despite the important role of pentacene in
the up to date organics semiconductor research,
very little is know about the carrier transport mecha-
nism and the nature of metal/pentacene contacts.
The type of the internal device structure, especially
the molecular short and long range order of pentacene
layers affects strongly its functional properties.
Therefore, the understanding of the processes of
growth that permit finding a way to control and opti-
mize the structure is the basis of the technology
development. The structural properties strongly de-
pend on the substrate type, on its surface proper-
ties, growth conditions and the production method.

We propose a pulsed laser deposition (PLD)
method as an alternative method of obtaining
pentacene layers on a cold substrate [4-8]. This
method provides a high degree of flexibility in the
used materials, geometrical arrangements, and
adjustment of the growth parameters. Different con-
ditions of growth result in different mechanisms of
layer growth, different organic/inorganic interface
properties and different energy level alignment. For
growth of an organic material on inorganic sub-
strates, we have an additional possibility to form
different types of interfaces with respect to the ar-
rangement of molecules in the first monolayer [9].
In the case of a pentacene layer, different types of
pentacene/substrate interfaces result not only in
different molecular structures but lead to a modified
energy-band structure and the carrier transport
mechanism as well. In this work the influence of the
ITO/glass substrate surface orientation with respect
to the plasma plume propagation direction on the
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pentacene films properties was investigated by the
current voltage characteristics analysis.

2. EXPERIMENTAL DETAILS

Two kinds of ITO/pentacene/Au device structures
were studied in this work. Pentacene films were
obtained by the PLD method using a YAG: Nd3+

laser with a  532 nm (II harmonics) wavelength, 40
ns pulse time and a fluence of the range of  930 mJ/
cm2. The glass covered by ITO sheet (Aldrich) was
used as a substrate. The ITO sheet resistance was
20 Ω. The layers were deposited in a vacuum cham-
ber equipped with a PFEIFFER TMH/U 071
turbomolecular pump providing a vacuum of 10-6

 
hPa.

Finally, a gold top contact was prepared by thermal
evaporation through a shadow mask. The pentacene
layers were about 50-70 nm in thickness. The I-V
characteristics were measured for two samples

Fig. 1. Substrate orientation in respect to the plasma
plume.

Fig. 2. Sample structure and contact configuration:
a) top view, b) sandwich configuration. Fig. 3. I-V characteristics of P6ATa sample for for-

ward (�)and reverse direction: (�) and their slope
α (b).

(P6ATa, P6ATb) obtained in one technological cycle
for the geometrical arrangement presented in Fig.
1. The device structure details, the contact configu-
ration and the measurements setup are presented
in Fig. 2. The current voltage characteristics were
measured at room temperature. The fine structure
of the I-V characteristics was determined by a dif-
ferential approach [10,11]. The main procedure of
this approach was to determine a differential slope
of the current-voltage characteristics (CVC) on a
Log-Log scale according to the formula α=dlogI/
dlogV = (dI/I)/(dV/V). Such processing shows spe-
cial ranges of the CVC behavior, e.g. the Ohm’s law
will be represented by α = 1, the space charge lim-
ited currents (SCLC) regime will show α = 2, and so
on [11-16]. In other words, I~Vα.
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Fig. 4. I-V characteristics of  P6ATb sample for for-
ward (�) and reverse direction:(�) and their slope
α (b).

Fig. 5. Comparison of I-V characteristics of  P6ATa
(�,�) and P6ATb (�, �) samples - forward (�,
�) and reverse direction (�, �).

Fig. 6. SEM images of P6ATa and P6ATb sample
surface.

        
 
Sample Forward Reverse I

F
/I

R

   I, A         
 
σ, Ω-1 cm-1    I, A            σ, Ω-1 cm-1

P6ATa 1.0×10-6 7.0×10-10 3.5×10-7 2.4×10-10 2.86
P6ATb 2.0×10-5

 
1.0×10-8 1.0×10-7 5.0×10-11

 
200

Table 1. Conductivity of samples in forward and reverse directions at V = 1 V for P6ATa and P6ATb devices.

3. RESULTS AND DISCUSSION

The CVC of the P6ATa sample are shown in Fig. 3.
The Ohm’s law can be seen at low voltages in the
reverse direction. The forward direction shows α =

1.25. Up to now, there has been no theoretical ex-
planation of such behavior. An experimental CVC
observation of different structures may lead to a
conclusion that such type of behavior can be seen
in amorphous structures and in some organic ma-
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terials [17-21]. The behavior with α ≥ 2 can be seen
for the P6ATa device at higher voltages, more than
1 volt in the reverse direction. This points out to the
injection behavior [12]. In [22] the authors show that
it is the SCLC regime with an exponential trap dis-
tribution. According to this model, charge carriers
move through the material by hopping from trap to
trap. The charge carriers may be trapped by chemi-
cal impurities or structural defects. Another inter-
esting CVC feature is the presence of negative dif-
ference conductivity (NDC) with α ≈ -2. The switch-
ing to this mechanism goes through the rectifica-
tion law (α = 0.5).

The behavior is strongly different for the second
P6ATb device (Fig. 4). The conductivity in the for-
ward direction is two orders higher than for the re-
verse one. Both curves have a part with α = 1.25.
However, it is only the curve in the forward direction
that has an injection region with α ≥ 2 and all curves
have a small part of the NDC. Conductivity σ in both
cases can be evaluated according to the equation
σ = I×L/(V×S), where L is the pentacene film thick-
ness, S is the contact area. These data are sum-
marized in Table 1 for the P6ATa and P6ATb de-
vices (with parameters L

a 
= 7×10-6 cm, L

b 
= 5×10-6

cm, S = 0.01 cm2) at V = 1 V. It can be seen from
Table 1 that the rectification factor for P6ATb is ap-
proximately 100 times higher than that of P6ATa.
Fig. 5 illustrates a comparison of CVC for both
samples deposited at various conditions. The con-
ductivity in the forward direction is higher for P6ATb
and lower for the reverse direction in respect of the
P6ATa sample. Fig. 6 presents SEM images for
samples P6ATa and P6ATb. The surface morphol-
ogy of these samples shows the following features.
There are randomly distributed particles 3-5 µm in
size. A different layer growth mode can be noticed.
The lower growth rate, due to a lower plume flux
density for sample P6ATb, leads to a decrease in
the number of inhomogeneities and the formation of
a much smoother surface of the layer. On the con-
trary, crystallites, 5 µm in size, with sharp bound-
aries are easily visible at the surface of the P6ATa
sample. In both cases grains having a size in the
range of 40-60 µm are also visible.

4. CONCLUSIONS

A pulsed laser deposition technique was developed
for epitaxy of pentacene films. The difference in the
electrical properties was recognized to be depen-
dent on the substrate orientation with respect to
the pentacene plasma plume. A fine structure of
current voltage characteristics determined by a dif-

ferential approach included the following peculiari-
ties of the I-V behavior with differential slope α = 1;
1.25; 2; 0.5; -1; -2. The different electrical proper-
ties of the device were in a close relation to the
crystal structure of the layers.
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