
ARTICLE IN PRESS

Solar Energy Materials & Solar Cells 93 (2009) 1853–1859
Contents lists available at ScienceDirect
Solar Energy Materials & Solar Cells
0927-02

doi:10.1

� Corr

E-m
journal homepage: www.elsevier.com/locate/solmat
Optical, electrical and photovoltaic characteristics of organic semiconductor
based on oxazine/n-Si heterojunction
A.A.M. Farag a,�, E.A.A. El-Shazly a, M. Abdel Rafea b, A. Ibrahim c

a Thin Film Laboratory, Physics Department, Faculty of Education, Ain Shams University, Heliopolis, Roxy, Cairo, Egypt
b Institute of Advanced Technology and New Materials, Mubarak City for Scientific Research and Technology Applications, New Borg El Arab city, Alexandria, Egypt
c Solar energy Laboratory, Physics Department, Faculty of Science, Tanta University, Cairo, Egypt
a r t i c l e i n f o

Article history:

Received 16 December 2008

Received in revised form

28 June 2009

Accepted 29 June 2009
Available online 25 July 2009

Keywords:

Organic–inorganic devices

Optical properties

Electrical properties

Photovoltaic characteristics

I–V and C–V characteristics
48/$ - see front matter & 2009 Elsevier B.V. A

016/j.solmat.2009.06.023

esponding author. Tel.: +202 245 580 86; fax:

ail address: alaafaragg@yahoo.com (A.A.M. Fa
a b s t r a c t

In this work, the construction and photoelectrical characterization of p-type organic semiconductor

oxazine (OXZ) in junction with n-type silicon semiconductor are presented. The Stokes shift between

absorption and emission of oxazine was analyzed. The analysis of the spectral behavior of the

absorption coefficient (a) of OXZ, in the absorption region revealed a direct transition, and the energy

gap was estimated as 1.82 eV. From the current–voltage, I–V, measurements of the Au/OXZ/n-Si/Al

heterojunction in the temperature range 300–375 K, characteristic junction parameters and dominant

conduction mechanisms were obtained. This heterojunction showed a photovoltaic behavior with a

maximum open circuit voltage, Voc, of 0.42 V, short-circuit current density, Jsc, of 3.25 mA/cm2, fill factor,

FF, of 0.35 and power conversion efficiency, Z, of 3.2% under 15 mW/cm2 white light illumination.

& 2009 Elsevier B.V. All rights reserved.
1. Introduction

During the last decade, focus on organic photovoltaics (OPV)
devices has increased due to their low cost, low thermal budget,
solution processing, flexible substrates, operational stability, very
high speed of processing, environmental impact and indoor
applications [1–4]. Until recently the silicon-based PVs had
advantages in both efficiency and lifetime of the device for
monocystalline silicon devices. Organic solar cells have the
potential to be competitive on the photovoltaic power market
due to expected low production costs even with lower efficiencies
and shorter lifetimes compared to their inorganic counterparts
[4,5]. It should be emphasized that high efficiency and long
lifetime has not been observed for the same device, and one of the
current challenges is the combination of all the desirable proper-
ties in the same material (efficiency, stability, processability and
low cost). The separate demonstration of these properties for
different materials, however, does show that it should be possible
and from this point of view, the OPVs could become a true
competitor to the silicon-based PV.

Heterojunction-based semiconductor devices formed by
organic compounds grown on inorganic substrates have exten-
sively been investigated by many researchers for their potential
ll rights reserved.
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use in the electronic and optoelectronic technologies so far.
Namely, many devices using the polymeric [6–9] and nonpoly-
meric organic materials [10–12] have been fabricated including
light-emitting diodes and Schottky-type devices like an inorganic
semiconductor/organic semiconductor material or a metal/organic
semiconductor material, and their electrical and photoelectrical
properties have been investigated for more than three decades.
Organic materials have a wide application in thin-film electronics;
one of their main advantages is the fact that they can be produced
in large quantities by simple techniques such as spin coating,
which lowers the production cost dramatically [13]. In recent
years, power conversion efficiencies of thin-film organic photo-
voltaic cells have been increased steadily and rapidly [14,15].
Although higher power conversion efficiency is provided by
conventional silicon-based photovoltaic devices, a large number
of scientists are involved in the development of organic molecules
and conjugated polymer-based photovoltaic devices [16–18].

Oxazine (OXZ) dyes have been a subject of much spectroscopic
research due to their great use as a tunable laser dye in the range
600–900 nm. Alternatively, they are also the standards for
fluorescence studies and are of significant value as biological
probes [19]. A large number of investigations have been carried
out in recent years on spectroscopic behavior of this group of
dyes [20,21].

In this paper, we report the fabrication and electrical proper-
ties of rectifying heterojunction barriers using oxazine as an
interlayer formed on n-Si substrate. Our aim is to study the optical
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and fluorescence properties of oxazine films. We also study the
suitability and possibility of organic-on-inorganic semiconductor
contact barrier diodes for use in barrier modification of Si
metal–semiconductor diodes using I–V and C–V characteristics
of oxazine/n-Si heterojunction. The characteristic parameters
of these devices have been obtained from their dark current–
voltage and capacitance–voltage characteristics. Photovoltaic
characteristics of oxazine/n-Si heterojunction under different
intensities of white light illumination were also studied.
2. Experimental details

2.1. Materials

The oxazine compound, whose molecular structure is shown in
Fig. 1, was purchased from AnaSpec Inc., and used without further
purification as a solute. The oxazine dye appears as green bronzy
crystals. The junctions have been prepared using a polished
n-type Si wafer with (10 0) orientation and electron concentration
1016 cm�3 with thickness 400mm obtained from Nippon Mining
company (Japan) as a substrate.

2.2. Solubility and stability

The oxazine dyes showed good solubility in water, ethanol and
DMSO. They were found to be more photo and thermal stable than
similar commercially available materials.

2.3. Processes and fabrication of the device

In order to remove the native oxide on surface of n-Si, the
substrate was etched by a solution of 6HNO3:1HF:35H2O for 20 s,
then rinsed with deionized water and dried. The n-Si substrates
were coated from one side by oxazine thin film using spin coating
process. The coating solution was dropped onto substrate, which
was rotated at 2000 rpm for 30 s. After the spin coating, the film
was dried at 350 K for 10 min in a furnace to evaporate the solvent
and to remove organic residuals. The front contact of this
Fig. 1. Molecular structure of the OXZ organic semiconductor.
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Fig. 2. Schemtaic diagram of Au/OXZ/n-Si/Al heterojunction.
heterojunction was made with gold mesh electrode. The active
area of the fabricated heterojunction was about 0.20 cm2. The
back contact was made by depositing a relatively thick film of
Al to the bottom of the n-Si substrate using thermal evaporation
technique under vacuum (Edwards, E306A) at pressure about
10�4 Pa. Thus, an Au/OXZ/n-Si/Al junctions were obtained. The
fabricated cells were annealed in air at 373 K for 1 h to complete
the junction formation. The schematic diagram of the fabricated
junction is shown in Fig. 2.

2.4. Methods and characterization tools

The absorption studies in the UV–vis spectra of the OXZ films
deposited on a quartz substrate were recorded on a JASCO-570
UV/VIS/NIR spectrophotometer. Fluorescence was read on a
spectrophotometer (Perkin Elmer L550B; Perkin Elmer, Wellesley,
MA, USA) using excitation/emission settings of 700/900 nm.

The electrical measurements were performed using a conven-
tional d.c. technique and a high-impedance Keithley 617 electro-
meter. The room temperature C–V measurements of the device
were achieved at 1 MHz by using computerized C–V meter (model
4108, solid-state measurements, Inc. Pittsburg Pennsylvania) in
air and at dark conditions. The temperature was measured
directly by means of chromel–alumel thermocouple connected
to a hand-held digital thermometer. The incident power density
of light illumination was 15 mW/cm2 provided by a halogen
tungsten lamp. Optical exposure was focused onto the Au
electrodes from above the devices. The power density of
illumination on the device was measured by means of a calibrated
TM 20 solar power meter.
3. Results and discussion

3.1. Optical absorption characterization

The UV–vis spectrum spectra of OXZ films at room tempera-
ture (300 K) is shown in Fig. 3. It is observed that there is
an absorption peak namely the Q-band in the wavelengths range
590–645 nm and a small peak at shorter wavelengths in the UV
region termed Soret band (B-band) in the range 239–295 nm.
The absorption peaks can be readily interpreted using the
Gouterman’s four-orbital model [18]. Specifically, there are two
principle p–p* transitions of the oxazine ring: a lower energy
Fig. 3. The UV-vis absorption spectra of OXZ films at 300 K.
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Fig. 4. Excitation-emission spectra of OXZ films at 300 K. Fig. 5. Plot of d(hu)/d[In(ahu)] vs. hu. The inset shows (ahu)2 vs. hu.

Fig. 6. The current–voltage characteristics of Au/OXZ/n-Si/Al heterojunction in the

temperature range 300–375 K.
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‘‘Q-band’’ is attributed to the transition from the highest occupied
molecular orbital (HOMO) a1u to the lowest unoccupied molecular
orbital (LUMO) eg. A higher energy ‘‘B-band’’ arises from the a2u

(HOMO)-eg (LUMO) transitions. The shorter wavelength band
(Q) at 591 nm can be assigned to an intra molecular charge-
transfer interaction. The charge transfer (CT) will originate from
the spz mixing orbital to the electron system of the macrocyclic
ring of oxazine (as an origin to the C N group as a sink). The
charge-transfer bands arise from the resonance of the lone pair of
nitrogen atom of the aniline to the molecule substituents [19].

3.2. Fluorescence studies

Fig. 4 shows fluorescence emission and excitation spectra of
oxazine. Fluorescence emission peaks were observed at 781 nm.
The observed Stokes shift, D ¼ lemission�lexcitation, was calculated
as �38 nm. The excitation and the absorption spectra are similar
and both shapes are mirror images. However, in terms of
wavelength, the excitation spectrum was slightly red-shifted
when compared to the absorption one.

3.3. Energy gap determination

To obtain information about direct or indirect inter-band
transitions, the spectral dependence of the absorption coefficient
a near the fundamental absorption edges within the framework of
band-to-band transition theory [20] was analyzed. This theory can
be used to analyze the absorption edge data of many organic
semiconductors [21,22]. Thus, the optical gap of the OXZ film is
calculated by

a ¼ A

hu

� �
ðhu� EgÞ

m
ð1Þ

where A is an energy independent constant, m governs the
transition type and Eg the optical band gap. Differentiating the
natural logarithm of Eq. (1) after multiplying by photon energy
transforms the equation to be linear in m and can be also written
as [23]:

d½lnðahuÞ�
dðhuÞ

¼
m

hu� Eg
ð2Þ

The derivative of Eq. (1) was treated by origin lab 7 program on
the calculated absorption coefficient as shown in Fig. 5. Plotting
the corresponding data of the inverse on the left-hand side of
Eq. (2) versus photon energy results in a linear curve in the
absorption edge region only of slope 1/m and intercept of Eg/m.
The calculated m value is close to 0.5, which indicates that the
transition type is directly allowed. The optical band gap of the film
was determined from the intercept and is found to be 1.82 eV. This
value of energy gap corresponds to the difference between HOMO
and LUMO levels of OXZ films.
3.4. Electrical properties of Au/OXZ/n-Si/Al heterojunction in the

dark

The analysis of the I–V characteristics is extremely useful to
identify the characteristic parameters as well as the transport
mechanisms controlling the conduction process in the device. The
current–voltage characteristics at different temperatures in
the range 300–375 K is presented in Fig. 6 and it exhibits an
organic/inorganic semiconductor heterojunction (OI–HJ) behavior



ARTICLE IN PRESS

Table 1
Parameters derived from I–V characteristic for Au/OXZ/n-Si/Al heterojunction.

T (K) RR Rsh (kO cm2) Rs (O cm2) I0 (A) Fb (eV) n

300 850 35.1 27.7 2.85�10�7 0.767 3.33

325 540 21.5 21.1 1.24�10�6 0.794 3.13

350 360 11.9 11.1 2.73�10�6 0.836 2.85

375 260 7.3 7.88 6.6�10�6 0.872 2.28

Fig. 7. Junction resistance under bias voltage of Au/OXZ/n-Si/Al heterojunction in

the temperature range 300–375 K.
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with the forward direction to the negative potential on n-Si. The
rectification ratio, RR, of the Au/OXZ/n-Si/Al heterojunction was
calculated at 1 V at different temperatures and listed in Table 1. As
observed, the structures showed that the interfacial layer formed
at metal/semiconductor interface has a rectification characteristic
in which the values of barrier height and ideality factor are greater
than the conventional metal/semiconductor structures [24].

The remarkable interest in electrical and optical properties of
organic molecular semiconductors reflects their increasingly
widespread use in organic and hybrid inorganic/organic devices
[25,26]. Much of this activity has been focused on the under-
standing and controlling key parameters such as the interface
potential barriers, which can be considered later in this study. The
dark I–V characteristics as shown in Fig. 6 for the device consist
of two distinct regions: (1) an exponential behavior at low
forward bias voltages (Vo0.6 V), where the current is controlled
by diode characteristics. (2) a linear region at higher voltages
(0.6rVr1.5 V), where the current is limited by another conduc-
tion mechanism. The exponential behavior of I–V characteristics
depends on the property of the depletion region in the OXZ/n-Si
interface. The I–V characteristics in the exponential region depend
on two parameters, i.e. ideality factor (n) and reverse saturation
current (I0). The ideality factor gives information about the
recombination process, which takes place in the device and shape
of the interfaces, i.e. the internal bulk morphology for organic
devices. The second parameter that affects the exponential part of
the I–V characteristics is the saturation current, which gives the
number of charges able to overcome the barrier under reverse
bias. The present device shows exponential behavior in the
voltage range Vo0.6 V. This exponential dependence at this
voltage range can be attributed to the formation of depletion
region between OXZ and Si due to the high work function of the
two ohmic contacts for OXZ and n-Si. The I–V characteristics
presented in Fig. 6 can be described as follows [27]:

I ¼ I01 exp
qV

n1kT

� �
� 1

� �
þ I02 exp

qV

n2kT

� �
� 1

� �
þ

qðV � IRsÞ

Rsh
ð3Þ

where I0 is the reverse saturation current, q the electronic charge,
V the applied voltage, k the Boltzmann’s constant, T the
temperature and n is the ideality factor, Rs and Rsh are series and
shunt resistances, respectively. The subscripts 1 and 2 indicated
that two possible contributions to the diode current can be
presented. The series (Rs) and shunt resistances (Rsh) are
determined from the plot of diode resistance (Rj), against voltage
(V), where Rj ¼ qV/qI, which have been determined from the I–V

characteristics. A plot of Rj against voltage (V) at different
temperatures is shown in Fig. 7. It was observed that at
sufficient high forward voltage, the junction resistance
approaches to a constant value, which is the series resistance
(Rs) (the sum of total resistance values of the resistors in series
and resistance in semiconductor device in the direction of current
flow). On the other hand, the junction resistance is also constant
at high reverse bias, which is equal to the diode shunt resistance
(Rsh) (a high-precision resistor, which can be used to measure the
leakage current flowing through a device). The values obtained for
the series and shunt resistances at different temperatures are
given in Table 1. Increase in RS with fall in temperature is believed
to be a result of the lack of free carrier concentration at low
temperatures [28]. The information about the conduction
mechanism can be obtained from the I–V characteristics at
different temperatures. In a narrow voltage range (Vo0.6 V), the
forward current increases exponentially. A similar behavior was
obtained by other authors [29,30] for organic/inorganic
heterojunction devices. They showed a large number of Schottky
barriers have been prepared and characterized using organic
conductive polymers with metals and inorganic semiconductors.
This opens a new possibility of replacing conventional inorganic
devices by organic ones [36]. The junction current–voltage
relationship obeys the thermionic emission as follows [24]:

I ¼ I0 exp
qV

nkT

� �
� 1

� �
ð4Þ

The reverse saturation current I0 is given by

I0 ¼ AA�T2 exp �
qFB

kT

� �
ð5Þ

where A is the effective area of the diode, A* the effective
Richardson constant usually taken as 120 A/cm�2 K�2 for free
electrons [24] and FB the barrier height of the diode. The I0 values
at different temperatures are calculated extrapolating the linear
voltage region (Vo0.6 volt) of the curve to zero applied bias
voltage and given in Table 1. The values of I0 at different
temperatures are quite low due to the organic layer. This
suggests that the organic OXZ layer modifies the electrical
properties of the n-Si diode. When Au/OXZ/n-Si/Al
heterojunction diode with Rs is considered, it assumed that the
net current of the diode is due to thermionic emission theory and
it can be expressed as for VZ3kT/q

I ¼ I0 exp
qðV � IRs

nkT

� �
� 1

� �
ð6Þ

Here the term of (V�IRs) is equal to the voltage drop across the
diode (VD).
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The ideality factor n for Au/OXZ/Si/Al heterojunction diode is
calculated from the slope of the I–V curve (Eq. (8)):

n ¼
q

kT

dðV � IRsÞ

d ln I

� �
ð7Þ

The ideality factor and the barrier height are determined from
forward I–V characteristic at different temperatures and are listed
in Table 1. It was observed that the ideality factor decreases from
3.33 to 2.28 as the temperature increases from 300 to 375 K.
Deviation of n far from unity may be attributed to either
recombination of electrons with holes in the depletion region,
and/or the increase in the diffusion current due to increase in the
applied voltage [24]. The higher values of the ideality factor, n42,
in our prepared junctions may be attributed to factors such as
interfacial layer thickness, leakage, shunting, bulk series resis-
tance, or any resistive loss [24–29]. The calculated barrier height
of the studied diode is lower than that of Ni/n-Si diode (0.9 eV)
[28]. This suggests that the OXZ organic layer modifies the barrier
height value. The organic layer can produce substantial shift in
the work function of the metal and in the electron affinity of the
semiconductor by giving an excess for the barrier height, i.e., the
barrier height of Au/n-Si diode decreases by the insertion of
organic layer between n-Si semiconductor and metal. The studies
in the literature have shown that effective Schottky barrier could
be either increased or decreased by using organic thin layer on
inorganic semiconductor [26]. It is evaluated that the interface
properties of the diode is passivated by using organic layer surface
to reduce the interaction between metal and Si. Furthermore, the
realignments between the lowest unoccupied molecular orbital,
the highest occupied molecular orbital of the organic semicon-
ductor and the work function of the metal, in the electron affinity
of the semiconductor at the organic/inorganic semiconductor
interface can cause a decrease in barrier height. Indeed,
modification of semiconductor surfaces by molecules can lead to
the changes in the electronic properties of the metal–semicon-
ductor devices. The presence of an oxide film plus the organic OXZ
layer at Au/n-Si interface causes the non-ideal I–V behavior. In
order to understand which mechanisms control the device
behaviors in the high-voltage region 0.6rVr1.5 V, the I–V

characteristics of Au/OXZ/n-Si/Al heterostructures are presented
in log–log scale (at different temperatures) in Fig. 8. The
dependencies become close to IVm, where m42, for Au/OXZ/
n-Si/Al heterostructures. The observed transition to super-linear
Fig. 8. Junction current under high bias voltage region of Au/OXZ/n-Si/Al

heterojunction in the temperature range 300–375 K.
dependence of the current with increase in the bias voltage
usually indicates the onset of a space charge limited current
(SCLC) regime. The value of exponent m decreases with increasing
temperature [31]. This suggests that the total trap density
decreases with temperature increase. Such power dependence
indicates a space charge limited conductivity (SCLC), which is
characterized by an exponential distribution of trapping levels in
the band gap of the organic layer (OXZ). The SCLC conduction
becomes important when the density of injected free-charge
carriers is much larger than the thermally-generated free charged
carrier density. Thus, the SCLC current density dominated by
exponential distribution of traps in the band gap of the organic
thin film is given by [32]

I ¼ AemNv
e0er

eP0kTc

� �l V lþ1

d2lþ1
ð8Þ

where e is the dielectric constant of the organic semiconductor, e0 the
permittivity, m the charged carrier mobility, Nv the effective density of
states in valence band edge, d the thickness of the sample and Tc the
temperature parameter, which characterizes the trap distribution and
describes how fast the defects fall off with the energy and l ¼ Tc/T,
where T is the ambient temperature and P0 the concentration per unit
energy range at the valence band edge. The exponential trap
distribution may be described in terms of Tc as [32]

PðEÞ ¼ P0 exp �
E

kTc

� �
ð9Þ

where P(E) is the trap concentration per unit energy range at an energy
E above the valence band. The total concentration of traps is given by

Nt ¼ P0kTc ð10Þ

From the slope (l+1) of log (I) vs log (V) plot, we deduced the
temperature parameter Tc value as 895 at 300 K for Au/OXZ/n-Si/Al
heterostructures. A full analysis method of these results described
elsewhere [32] by adopting the values of Nt ¼ 2.9�1021 m�3 derived
from the slope of the temperature dependence of the current in the
SCLC region (Fig. 9). This yields a value of P0 ¼ 2.3�1041 J�1 m�3

using Eq. (10), which together with the value of Tc fully characterizes
the trap distribution of Eq. (9).

Capacitance was measured in dark as a function of reverse
applied bias (V) at 1 MHz for Au/OXZ/n-Si/Al structure in order to
identify the type of the interfacial barrier. Differential capacitance
measurements on a barrier measure the response of the barrier to
Fig. 9. Temperature dependence of the current in the SCLC region.
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Fig. 10. High-frequency capacitance–voltage characteristics at room temperature,

the inset is the 1/C2 vs. bias voltage.

Fig. 11. Current density–voltage and power–voltage characteristics.

Fig. 12. Short-circuit current–power characteristics.
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an alternating voltage (ac) superposed on a direct current (dc)
voltage. When the dc voltage corresponds to a reverse bias, the
differential capacitance represents the response of the depletion
layer to the ac signal. Fig. 10 shows the forward and reverse bias
C–V characteristics of the structure at room temperature.

Measurement of the depletion region capacitance under
forward bias is difficult because the diode is conducting and the
capacitance is shunted by a large conductance. However, the
capacitance can be easily measured as a function of the reverse
bias. The inset of Fig. 10 shows detailed reverse C�2–V plots of the
Au/OXZ/n-Si/Al junction at 1 MHz. As discussed in [31], free
carrier concentration and barrier height have been calculated as
1.7�1015 cm�3 and 1.52 eV, respectively, from linear region of its
C�2–V characteristics As seen from the values, the difference
between Fb(I–V) and Fb(C–V) for the Au/OXZ/n-Si/Al device
originates from the different nature of the I–V and C–V measure-
ments. Due to different nature of the C–V and I–V measurement
techniques, barrier heights deduced from them do not always
have the same value. The capacitance C is insensitive to potential
fluctuations on a length scale of less than the space charge region
and C–V method averages over the whole area and measures to
describe the Fb. The dc current across the interface depends
exponentially on barrier height and thus sensitively on the
detailed distribution at the interface [24]. Additionally, the
discrepancy between the barrier height values of the devices
may also be explained by the existence of an interfacial native
oxide layer and trap states at Au/OXZ/n-Si/Al interface [31]. The
junction capacitance has been measured as a function of
frequency and voltage (Fig. 12).
3.5. Photovoltaic properties of the Au/OXZ/n-Si/Al structure

The illuminated I–V characteristics of the Au/OXZ/n-Si/Al
heterojunction are shown in Figs. 11 and 12. The current value
at a given voltage for this device under illumination is higher than
in the dark. This indicates that the absorption of light by the active
layer generates carriers contributing photocurrent due to the
production of excitons and their subsequent dissociation into the
free-charge carriers at the barrier, i.e. OXZ–Si interface. It is
observed that the photocurrent in the device in reverse direction
is strongly enhanced by photoillumination. This behavior yields
useful information on the electron–hole pairs, which were
effectively generated in the junction by incident photons. Under
the influence of the electric field at the junction, the free electrons
and holes were accelerated towards the electrodes along the
potential barrier at the interface. As observed from Fig. 11, the
device shows photovoltaic characteristics with short-circuit
photocurrent density (Jsc) (The current flowing freely through an
external circuit that has no load resistance; the maximum current
possible.) of 3.25�10�3 A/cm2, open circuit voltage (Voc) (the
difference of electrical potential between two terminals of a
device when there is no external load connected) of 0.42 V, fill
factor (FF) (The ratio of a solar (photovoltaic) cell’s actual power to
its power if both current and voltage were at their maxima.) of
0.355 and power conversion efficiency (Z) (The amount of energy
produced as a percentage of the amount of energy consumed.
In the case of a photovoltaic device, the ratio of the electric energy
produced by the device, under one-sun conditions, to the energy
from sunlight incident upon the cell.) of 3.2%. This value of Z is
less in comparison to those of solar cells based on conjugated
polymers. The main cause of this effect is generally found to be
the field-dependent nature of the charge photo generation process
or high series resistance of OXZ layer. The variation of short-circuit
photocurrent (Jsc) with the incident light intensity (Pin) for OXZ/n-
Si device is shown in Fig. 12. The Jsc follows the power law, i.e.
Jsca(Pin)s, with exponent (s) is 0.62. The s values for 0.5 and 1.0
correspond to bimolecular recombination and monomolecular
recombination mechanism, respectively [33]. The value of the
exponent lies between 0.5 and 1.0 for continuous distribution of
trapping centers [33]. The obtained s value for the Au/OXZ/n-Si/Al
diode indicates the presence of continuous distribution of traps.
This value suggests that lifetime of the photocarriers are
controlled by trap centers.
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4. Conclusion

It has been demonstrated that the Au/OXZ/n-Si/Al structure
fabricated by spin coating of OXZ on n-Si substrate showed a good
rectifying behavior. The current–voltage characteristics at low
forward bias showed that the thermionic is the dominant charge
transport mechanism through the device as well as space charge
limited conduction at high forward bias. The values of the Ideality
factor and barrier height have been calculated at different
temperatures. The discrepancy between barrier height obtained
from I–V and C–V measurements has been explained by introdu-
cing a spatial distribution of barrier especially due to the presence
of an interface layer and barrier height inhomogeneities that
prevail at the OXZ/n-Si interface. Various photovoltaic parameters
were obtained from the analysis of loaded I–V characteristics
under illumination. The low value of the fill factor and power
conversion efficiency can be attributed to the high recombination
rate of carrier and consequently limited the collection efficiency of
the charge carriers.
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