Physica B 415 (2013) 77-81

journal homepage: www.elsevier.com/locate/physb i

Contents lists available at SciVerse ScienceDirect

-!ﬁ;r;i:;-

Physica B

The electrical characterization of Ag/PTCDA/PEDOT:PSS/p-Si Schottky diode
by current-voltage characteristics

Muhammad Tahir *°, Muhammad Hassan Sayyad ?, Fazal Wahab?, Dil Nawaz Khan?, Fakhra Aziz “*

2 Ghulam Ishaq Khan Institute of Engineering Sciences and Technology, Topi 23640, Pakistan
P Department of Physics, Abdul Wali Khan University Mardan, 23200, Pakistan
€ Department of Electronics, Jinnah College for Women, University of Peshawar, Peshawar 25120, Pakistan

ARTICLE INFO

ABSTRACT

Article history:

Received 27 December 2012
Received in revised form

13 January 2013

Accepted 15 January 2013
Available online 29 January 2013

Keywords:

3,4,9,10-Perylene tetracarboxylic
dianhydride (PTCDA)

Electrical properties

Organic semiconductors

The Ag/PTCDA/PEDOT:PSS/p-Si Schottky diode has been fabricated by adding a layer of organic
compound 3,4,9,10-perylene tetracarboxylic dianhydride (PTCDA) on top of the p-Si for which the
junction characteristics have been investigated. The electronic properties of the device have been
studied by the conventional I-V and the Norde’s methods. For conventional I-V measurements the
rectifying behavior has been observed with a rectification ratio of 236. The barrier height and ideality
factor values of 0.81 eV and 3.5, respectively, for the structure have been obtained from the forward
bias I-V characteristics. Various electrical parameters such as reverse saturation current, series
resistance and shunt resistance have been calculated from the analysis of experimental I-V results
and discussed in detail. The barrier height and the series resistance determined by the Norde’s function
are found in good agreement with the values calculated from conventional I-V measurements. The
charge conduction mechanism has also been discussed.

Current-voltage (I-V) characteristics
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1. Introduction

Reliable and well controlled contacts are needed for almost all
semiconductor devices. Metal-semiconductor (MS) structures serve
the purpose in the form of Schottky barrier diodes (SBD) [1]. SBD
plays a vital role in the device performance [2] and is the most
widely used contact in semiconductor electronic devices, such as
field effect transistors, solar cells and photodetectors etc. [3,4].
Certain parameters, such as barrier height, ideality factor and series
resistance, determine electronic properties of the Schottky diode.
Complete information about the nature of the diode can be
obtained from these parameters. For the understanding of the
electrical properties of the Schottky diode it is extremely important
to study the interface properties, which mainly control the perfor-
mance of the Schottky diode [4-6]. In general, the physical proper-
ties of the metal/semiconductor interface depend on the surface
preparation methods, which ultimately affect the performance,
electrical properties, stability and reliability of the MS devices
[7,8]. The introduction of non-reactive organic thin films at the
MS interface can reduce the states during metallization process [7].
Forrest et al. [9] and Antohe et al. [10] introduced the organic
interfacial layer by sublimation in metal-interface-semiconductor
(MIS) structure for determining the ideality factor and barrier
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height. Cakar et al. obtained the ideality factor and barrier height
by adding pyronine-B on the Si-substrate [11]. The I-V curves were
determined for the devices fabricated from thin films formed by the
anodization method and the diode parameters were obtained
[12,13]. Furthermore, in some studies, the investigation on the
interfacial layer for the estimation of barrier height data [14], effect
of interfacial layer on the ideality factor [15] and Schottky contacts
[16] has been reported. The organic/inorganic semiconductor
diodes can provide a useful tool for passivating interface states,
surface damages and contamination in order to ultimately enhance
the performance of the devices based on semiconductors [10,17,18].

Among a plethora of organic semiconductors, perylene and its
derivatives constitute a family of promising candidates due to
their electronic, luminescent and electrochemical properties [19].
A detailed study on the thin films of PTCDA has shown its use
in a variety of electronic and optoelectronic applications [20,21].
Due to the organic semiconducting behavior, PTCDA has been
employed in the application of organic thin film transistor (OTFT),
organic light emitting diodes (OLED) and organic solar cells (OSC)
[22-24]. It has been reported that PTCDA has a high crystallinity
and low intermolecular distance, which give rise to strong -7
overlap and promising transport properties [25]. Many research-
ers have explored PTCDA for its electronic properties on different
substrates, film thicknesses and growth conditions [21].

The purpose of this study is to introduce an organic thin film of
PTCDA as an interfacial layer between metal and semiconductor
to form an MIS structure. Furthermore, the semiconductor organic
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Fig. 1. Molecular structure of PTCDA.

thin film (PTCDA)/semiconductor (Si) contact has been investigated
for rectifying behavior. In this study the electrical properties of
PTCDA/p-Si MIS structure have been investigated through I-V
characteristics under dark at room temperature. The aim of this
paper is to extract the electronic parameters through different I-V
methods and study the charge transport mechanism through the
device.

2. Experimental

The PTCDA is chemically known as 3,4,9,10-perylene tetracar-
boxylic dianhydride and its chemical structure is shown in Fig. 1.
The samples were prepared on cleaned and polished p-type Si wafer
with (1 0 0) orientation. To remove the native oxide from the front
surface of the p-type Si substrate, a solution of HF:H,O with a
solution strength of 1:10 was used. Later the substrate was cleaned
in acetone using ultrasonic bath for 5 min followed by drying with a
stream of nitrogen gas. Further oxide layer was removed by treating
the p-Si with plasma ashing using JLS Designs Plasmaline TEGAL
having CESAR RF Power Generator ~300W for 2 min in a clean
room. A buffer layer of 20 nm PEDOT:PSS film was spin coated on
p-Si substrate at the rate of 2000 rpm for 20 s. The PEDOT:PSS layer
was, then, annealed at 50 °C for 2 h using a hot plate, in the nitrogen
environment, to let the moisture fully evaporate from the buffer
layer. A thin film (~80 nm) of PTCDA was thermally deposited on
pre-coated PEDOT:PSS layer using thermal evaporation. Finally, the
Ag rectifying metal contact of 50 nm was deposited on the PTCDA/
p-Si structure through a shadow mask. For thermally deposited
layers the pressure inside the chamber was 10~ mbar with a
deposition rate of 0.1 nmy/s. The thickness of the film was monitored
by Quartz Crystal Oscillator installed inside the evaporation cham-
ber. The cross-sectional view of the fabricated Ag/PTCDA/PED-
OT:PSS/p-Si MIS device is shown in Fig. 2. The current-voltage
(I-V) measurements were made using Keithley 236 SMU system.

3. Results and discussion

The electrical characterization of the device Ag/PTCDA/PED-
OT:PSS/p-Si was obtained through the current-voltage measure-
ments at room temperature. The forward and reverse bias -V
characteristics of the device are shown in Fig. 3. The I-V measure-
ments are extremely important as they provide information about
junction parameters such as reverse saturation current, rectification
ratio, ideality factor, barrier height, series and shunt resistances. The
exponential behavior of I-V curves in the forward region strongly
depends on the properties of organic active layer employed in the
studied device. In the exponential region, the slope of the -V
characteristics depends on two parameters, i.e. ideality factor ‘n’
and the reverse saturation current I,. The information about the
recombination process occurring in the device and the shape of
the interfaces can be acquired through ideality factor [26]. However,
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Fig. 2. Cross sectional view of Ag/PTCDA/PEDOT:PSS/p-Si Schottky diode.
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Fig. 3. Current-voltage characteristics of Ag/PTCDA/PEDOT:PSS/p-Si.

the saturation current gives the number of charge carriers the
capability of overcoming the barrier in the reverse bias [27,28]. It
is well-known that for an ideal diode the ideality factor should be
close to unity while the saturation current should be in picoscale.
The investigated device exhibits exponential behavior for the
applied voltages greater than 2.5 V. The dependence of exponential
curve on this applied voltage with the reverse saturation current in
nanoscale and the ideality factor (~3.5) smaller than the value
(~5.8) reported for PTCDA/n-Si [29] can be ascribed to the forma-
tion of better depletion region between p-Si and PTCDA.

The non-linear and asymmetric I-V curves of Fig. 4 reveal that
the device exhibits rectifying behavior. The rectification ratio (RR)
of the investigated device was found to be 236 at +6.8V. The
value of the turn on voltage was 2.6 V. The reverse saturation
current was determined from the semi-log current-voltage char-
acteristics, shown in Fig. 4 and was found to be 1.32 nA. The
reverse saturation for the present device is consistent with the
values reported for PTCDA/n-Si in the literature [29].

The current through a uniform metal-semiconductor interface
due to the thermionic emission theory can be employed to extract
characteristic parameters of the Ag/PTCDA/PEDOT:PSS/p-Si device.
The forward bias current of the device due to thermionic emission
can be expressed as

_ qv qv
I=1,exp (W) {1 —exp (ﬁﬂ 1)
where
I = AA*T2exp (=920 )
°= kT

is the saturation current, @, is the potential barrier height, A" is the
effective Richardson constant equal to 32 A cm~2k~2 for p-type Si.
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