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Structural, Optical and Electrical Analysis of
Pentacene Thin Film
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Abstract: The significant electrical characteristics of pentacene
thin film was studied by fabricating silver-pentacene-aluminium
sand witch device. This metal-semiconductor-metal (MSM)
device can act as the diode . When investigating, it is found that
the diode can act as an equivalent plate capacitor as reverse bias
mode exclusive of current flow. In forward bias mode, studied
diode as an equivalent circuit with a parallel circuit of resistance
–capacitance. This paper describes analysis of capacitance by
measuring I-V characteristics and impedance measurement. The
free samples of pentacene are also analysed using field emission
scanning electron microscope (FESEM) and X-ray diffraction
micrographs (XRD) . The X-ray diffraction micrograph shows the
configuration of pentacene in the (-1 0 2) plane as the strongest
orientation .The particle size are analysed using FESEM. The
optical characteristics are analysed using UV spectrometer. The
spectra of absorption, reflection and refraction are studied well.

II. EXPERIMENT
Pentacene thin films are coated on the clean glass substrate
using physical vapour deposition technique. It is the best
coating method for organic materials. Before coating the glass
substrate is ultra sonically cleaned .It is sonicated using
methanol and acetone for 5 minutes each .It is rinsed
systematically using distilled water and dried for 2hrs at 6600
C. The glass slide and the organic material pentacene are
placed in the vacuum chamber . The distance between the
glass substrate is less than the mean free path of the material.
Pentacene coated with different thickness on a glass
substrate and studied two samples with thickness 300nm and
400nm. We investigated the thin film by field emission
scanning electron microscope (FESEM) . SEM analysis is
done to study the surface analysis . Using FESEM we studied
the size and shape of the particles.
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I. INTRODUCTION

Next we analysed the thin film using X-Ray diffraction
image. The XRD pattern is shown below . We also studied
the optical properties using UV/V spectrometer and analyzed
the absorption , reflection and refraction of the light falling on
it. The electrical characteristics are studied using silver and
aluminium as electrodes on both sides. The thickness of the
electrodes are 400nm and the active are is 10x10mm2. The VI
characteristic are measured using Keethly sourcemeter . The
thin film of 300nm is fabricated with area 10x10mm .The
process is repeated with 400nm thickness thin film. The
process conditions are kept same for both films in the same
evaporation chamber . The vacuum evaporation is done under
the pressure of 2x10-5mbar with keeping substrate at room
temperature 240C .The pentacene evaporation rate is kept as
.1nm/s. The current and voltage to get V-I characteristics
were measured using source meter (Keithley4200). The
impedance is measured using impedance analyser HP 4192A
LF. The organic semiconductor layer thickness is exactly
determined using profilometer, Dektak 150 surface profiler.
The electrical measurements at room temperature were
calculated.

Organic semiconductors are now a days commonly used
for the fabrication of thin film devices. They show high
potential ,low expense, light weight and gradually increasing
performance[1] . They can be used as active layers for
different types of thin film transistors. It can also be used as
optoelectronic devices and in displays. They can be used in
programmable devices ,high frequency diodes and memories
In this study we used pentacene an aromatic hydrocarbon
and its morphological and structural characteristics are
analyzed first. It is a very promising material and this lead to
the study of the optical properties .The electrical and optical
chara are comparable. We analyzed the samples using field
emission scanning electron microscopy (FESEM), and X-Ray
diffraction (XRD) analysis. The optical properties are
analyzed using UV spectrometer. The absorption spectrum is
studied using absorption spectroscopy by measuring the
absorption of light as a function of frequency and wavelength
.The reflection and refraction spectra are also analyzed to
study the optical properties.
Organic materials can be
fabricated as active layers for different thin film transistors. In
this work the electrical characteristics of two different
thickness thin films are compared . Pentacene thin film can be
used for the fabrication of solar cells.

III. RESULTS AND ANALYSIS
a. FESEM Analysis: Field Emission Scanning Electron
Microscopy (FESEM) provides
topographical and
elemental information at magnifications of 10x to 300000x
with virtually unlimited depth of field.
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FESEM images of
pentacene
thin
films with
different magnifications are shown below in fig.1. The
morphology of the surface of thin film can be studied using
FESEM. Field Emission SEM (FESEM) produces clear ,less
electrostatically distorted images with spatial resolution down
to 11/2 nanometers –three to six times better
It is of uniform distribution of almost round shaped
particles . It is observed that the average size of the particle is
70-90nm range.

Fig. 2. X-ray diffraction micrograph of pentacene thin film with the
thickness of 400 nm.

Fig.1FESEM images of the surface of pentacene thin
film at (a) 750 nm and (b) 500 nm magnifications
indicating the mean particle diameter to be 70-90 nm
b. X-Ray
Diffraction Analysis : The X-ray diffraction
pattern of the pentacene thin film is shown in figure.2. The
XRD microscope indicates the configuration of alpha form
with the plane (-102)) as the preferred orientation.[2] Even
though more than one peaks available in the pattern the angle
2θ of 19.067 and hkl values of ( -102) is the strongest one
and can be selected. The –Ray diffraction data for pentacene
is shown in the table. The mean crystalline size can be
calculated by Scherrer’s formula
L = ksλ/β0 Cosθ…….(Eq.1)
Where λ is the x-ray wave length (1.540 A0), β0 is the full
width at half maximum (FWHM) of the most intense peak in
radiations, θ is the Bragg’s angle and ks is the Scherrer’s
constant = 0.9.
α = 76.62 , β = 88.74 , γ= 63.85 , z=2 .
Molecular weight = 278.35 , volume(CD)=637.78 ,
Dx=1.449

c. UV Analysis : Ultraviolet spectroscopy is used for the
characterization of absorption, reflection and refraction of
organic thin films coated on plane glass[3]. The spectroscopy
is a technique of measurement of light absorbed by the sample
for given wavelength of light. The wavelength range here
used is 300nm to 800nm at room temperature.
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(i)Absorption: Absorption spectroscopy is a technique used
to measure the absorption of light as a function of wavelength
and frequency from the radiating field N type π electrons or
nonbonding electrons absorb visible or ultraviolet light
energy and excite the electrons to the higher antibonding
molecular orbits. The electrons jump from HOMO to LUMO
can absorb light with longer wavelength and minimum energy
needed to jump into vibrational level. The possible type of
transitions is(π – π *, n– π *, σ–σ*, and n–σ*) and they can be
ordered as follows σ– σ* > n–σ* > π – π * > n– π*.The fig.3
shows the variation of absorption of uv radiation with
wavelength. The absorption is maximum at around 500m and
reaches to zero after 700nm. Fig.4 explains the normalized
uv-v graph of powder and solution type materials. The change
in absorption is due to the change in the property of the
medium when adding water.

(iii)Refraction: Refraction is the change in direction of the
light when the medium of transmission is changed. Refractive
index is the ratio of speed of light in vacuum to that in the
second medium . Absorption coefficient is the measure of the
attenuation caused by absorption of energy per distance that
occurs in the uv wave of particular wavelength propagating
through a material medium of given refractive index. The
value of absorption index.
K’=kλ/4πn…… (Eq.2)
where K is the absorption coefficient, is the wavelength in
vacuum, and n is the refractive index of the absorptive
material medium.

(ii)Reflection: Spectrum of rough samples and powders can
be analyzed by using this type of diffused reflection
technology. Diffuse reflection is the reflection of a wave
from a surface such that it is scattered at many angles instead
of calculating only one reflected ray on the surface. In the
figure.5 the reflectivity slightly increases and reaches
maximum above 700nm.
Fig.7 Variation of refractive index and absorption index.
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d. current-voltage analysis: The fig.8 shows V-I
characteristics of the pentacene MSM diode with two
different thickness of 300nm and 400nm[4]. The active area is
10x10mm2. The applied voltage Va is connected between
two electrodes such as silver is the anode and aluminium is
the cathode which is grounded. The current measured is very
low at reverse bias mode (Va<0) owing to low leakage current
from Al. The current increases suddenly in forward biased
because of the holes injected from the side of Ag electrode.
The rectification ratio is around 106 (400nm) and 104
(300nm) respectively for both samples and it is comparable
with organic diodes.
Due to the very low carrier density of organic
semiconductors , impedance-voltage measurements were
taken to prove the full depletion in organic semiconductors.
So we can prove that there is no partial depletion when Va=0.
It is not easily evident in very low thickness thin films. The
schottky nature is found based on the depletion region
formation and the fully depleted organic layer is due to the
pure organic semiconductors low carrier density. The organic
semiconductor is fully depleted and shows voltage
independency when reverse biased.

Fig.9 Impedance-voltage (Z-V) show fully depleted organic
layer in the reverse-bias mode with thickness 300nm and
400nm

Fig.8 V-I characteristics of thin film with
400nm thickness.

f. metal-insulator-metal model : Fig.10 shows energy level
diagrams and it is drawn in terms of work function of the
electrode metals and pentacene[18]. The work function of
aluminium is 4.7eV and that of silver is 4.2eV. The ionization
potential and electron affinity is 5.2eV and 2.8eV
respectively. Vd is the built in potential which is the
difference between work functions of two electrodes and it is
0.5eV here .Injection of holes from Al to HOMO level of
pentacene is negligible due to high injection barrier of 1eV
But the injection barrier is low, 0.3 eV from Ag to HOMO
level of pentacene and can supply high density of injected
holes. So Ag can be called injection diode and Al can be
called blocking diode injection diode and Al can be called
blocking diode.
In the reverse biased condition due to very low carrier
injection from two side electrodes, there is no current flow.
The diode can act as a perfect capacitor.
When the diode is forward biased the conduction is in two
modes. When the forward biasing voltage is lower than Vd,
the injection holes produces current. When the biasing
voltage is higher than Vd the injection holes are not
significant and charges crossing the semi-conductor layer
determines current.

300nm and

e. impedance analysis : The forward and reverse biased
regions are evidently noticeable in fig.9. In the reverse biased
region (va<0) the phase angle is always -90o and it indicates
the capacitance behavior and it is very clear that pentacene
layer is completely depleted. This full depletion is due to the
low doping density of the organic semiconductors. The
OLEDs also shows this full depletion behavior which have
thin layers with thickness in nano range. In the forward biased
condition ,the diode is not capacitive because phase angle
approaches 00. But it can be derived from the formula
Z = 1/j C……..(Eq 3)
Where ῳ is the angular frequency of the applied voltage and C
is the capacitance. Z is the ratio of phasor current and phasor
voltage..Since j is an imaginary number , Z is a complex and
its modulus and phase angle can be analyzed separately. The
impedance modulus is high when reverse biased with high
applied frequency. The modulus decreases suddenly when the
ac frequency is below 80khz.
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IV. CONCLUSION
FESEM images and XRD micro graphs where studied to
investigate the morphology of the samples. The XRD
micrograph indicates the configuration of pentacene with
(-102) plane as preferred orientation. FESEM images shows
the shape and size of the particles. The optical properties like
absorption, reflection and refraction of pentacene thin film
according to the variation of wavelength of UV radiation is
studied. The absorption and refractive indices where studied
with respect to different wavelengths. The capacitive property
and V-I characteristics of metal insulator metal sandwich
model was analyzed.
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