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a b s t r a c t

The high crystalline CuO nanofilms have been prepared by spin coating and annealing combined with a
simple chemical method. The obtained films have been characterized by X-ray diffraction (XRD), Fourier
transform infrared (FT-IR) spectroscopy, ultraviolet–vis (UV–vis) spectroscopy and photoluminescence
(PL) spectroscopy. Structural analysis results demonstrate that the single phase CuO on Si (1 0 0) substrate
is of high a crystalline structure with a dominant in monoclinic (1 1 1) orientation. FT-IR results confirm
the formation of pure CuO phase. UV–vis absorption measurements indicate that the band gap of the
eywords:
IS diode
anofilms
uO
etal oxides

CuO films is 2.64 eV. The PL spectrum of the CuO films shows a broad emission band centered at 467 nm,
which is consistent with absorption measurement. Also, Au/CuO/p-Si metal/interlayer/semiconductor
(MIS) diodes have been fabricated. Electronic properties (current–voltage) of these structures were inves-
tigated. In addition, the interfacial state properties of the MIS diode were obtained. The interface-state
density of the MIS diode was found to vary from 6.21 × 1012 to 1.62 × 1012 eV−1 cm−2.
chottky barrier
and gap

. Introduction

Metal oxide nanostructures, as promising materials, have
ttracted much attention because of their extraordinary properties
n different fields of optics, optoelectronics, catalysts, biosensors
nd so on. In this regard, copper oxide-based materials with
anostructures have been widely investigated due to their poten-
ial applications in chemical, photochemical and electrochemical
elds, particularly in water splitting under visible light irradiation,
indows for solar energy conversion and catalytic as well as elec-

rochromic applications [1–6].
CuO is a promising semiconductor material for solar cell fabri-

ation due to its suitable optical properties [3,5]. Furthermore, it
s attractive as a selective solar absorber since it has a high solar
bsorbency and a low thermal emittance [6]. Copper oxide films
ave been reported to show native p-type conductivity due to cop-
er vacancies in the structure. An important advantage of using CuO

n device applications is that it is non-toxic and its constituents are
vailable in abundance [3].

There has been considerable interest in the experimental stud-

es of metal-semiconductor (MS), metal-interlayer-semiconductor
MIS) type Schottky diodes in the past decades [7–9]. The popular-
ty of such studies is rooted in their importance to the interlayer
etween metal and semiconductor. Because the performance and

∗ Corresponding author. Tel.: +90 488 213 2782; fax: +90 488 215 7201.
E-mail address: omergullu@gmail.com (Ö. Güllü).

925-8388/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2009.11.109
© 2009 Elsevier B.V. All rights reserved.

reliability of these devices is especially dependent on the forma-
tion of interlayer, they strongly influence the device parameters,
such as the interface-state density, Schottky barrier height (SBH)
and ideality factor [8,9]. The electrical parameters of MS structures
can be modified by interfacial layer when an interlayer is inserted
between the semiconductor and metal. The studies made in litera-
ture have shown that the barrier height could be either increased
or decreased by using an interlayer on the semiconductor sub-
strate [10–18]. The new electrical properties of the MS contacts
can be promoted by means of the choice of suitable interlayer [10].
For example, Gupta et al. [15] have recently reported the effect
of temperature on diode parameters of Au/Cu2O/p-Si heterojunc-
tion. They [15] have fabricated Cu2O/p-silicon Schottky junction by
using the pulsed laser deposition technique. Gupta et al. [15] have
characterized the deposited Cu2O film by using the X-ray diffrac-
tion technique, UV–vis spectroscopy, and electrical method. They
[15] have reported that the Cu2O film was amorphous in nature
with optical band gap of 2.2 eV. Also, temperature dependence of
current–voltage characteristics of Cu2O/p-silicon Schottky junction
has been studied in the range 200–300 K [15]. They [15] have found
that the junction parameters such as ideality factor and barrier
height were estimated by using the thermionic emission model.
Gupta et al. [15] have observed that barrier height increased with

the increase in temperature while ideality factor decreased with
temperature.

In this paper, the optical and structural properties of the CuO
films deposited on p-Si substrates by the spin coating method have
been investigated by the ultraviolet-visible (UV–vis) spectroscopy,

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:omergullu@gmail.com
dx.doi.org/10.1016/j.jallcom.2009.11.109
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Fig. 1. The schematic structure of the Au/CuO/p-Si MIS device.

ourier transform infrared (FT-IR) spectroscopy, photolumines-
ence (PL) spectroscopy and X-ray diffraction method (XRD). Also,
e have studied the electrical properties of the Au/CuO/p-Si MIS
iode structure (see Fig. 1). To our knowledge, no information is
vailable in the literature on the electronic device properties of
u/CuO/p-Si MIS diode.

. Experimental details

.1. Preparation of CuO nanofilms

The dispersions of CuO particles prepared via a simple chemical method [19]
ave been spin coated and annealed on Si (1 0 0) substrates. This chemical method
akes use of a 0.1 M Cu(NO3)2 (Aldrich 99.999% purity) solution with a 0.05 M NaOH

Aldrich 99.999% purity) solution. The p-type Si (1 0 0) wafer has been chemically
leaned using the RCA cleaning procedure (i.e., 10 min boil in NH3 + H2O2 + 6H2O
ollowed by a 10 min HCl + H2O2 + 6H2O at 60 ◦C temperature) before making depo-
ition and contacts. Stock solutions of Cu(NO3)2 and NaOH have been prepared by
issolving Cu(NO3)2 and NaOH in deionized water (resistivity > 18 M� cm). NaOH
olution has been added drop by drop in Cu(NO3)2 solution under magnetic stirring
ondition. The solutions have been mixed in a ratio of 1:1 at room temperature.
ddition of NaOH solution to Cu(NO3)2 solution produces a blue color precipitate of
u(OH)2 as indicated in Eq. (1).

u(NO3)2 + 2NaOH → Cu(OH)2 + 2NaNO3 (1)

This blue color Cu(OH)2 has been heated at 90 ◦C for an hour. Heating of the pre-
ipitates helps in better crystallization of materials and in the formation of particles
f CuO as shown in Eq. (2).

u(OH)2 → CuO + H2O (2)

The as-obtained black color precipitates have been washed with deionized water
nd dried. The black color precipitate is an indication of the formation of CuO. The
ried CuO particles have been dispersed in nonpolar organic solvents such as hexane
r toluene. The dispersions have been added onto the Si substrate with a pipette.
he substrates have been spin coated at 1000 rpm and then accelerated to the final
otation speed. The final rotation speed has been adjusted 3000 rpm for 20–30 s.
fter coating, the samples have been annealed in oxygen atmosphere at 350 ◦C for
h. The annealing treatment is widely known as a conventional and an effective

echnique to improve the crystalline quality [20–25]. In other words, the annealing
rocess generally crystallizes the film structure. XRD studies as stated in the fol-

owing sections display that as-deposited films have the weak crystal orientation or
morphous structure. After application of the annealing process, the CuO film with
eak crystal orientation crystallizes to monoclinic phase that has prominent diffrac-

ion peaks. There are some works that support this case [20–25]. For example, Caglar
t al. [25] have recently reported that ZnO films could be fabricated by a sol–gel spin
oating on (1 0 0) p-type silicon substrates. They [25] have demonstrated that the
eat treatment could modify the crystal structure, grain growth kinetics and orien-
ation properties of the ZnO nanofilm. The thickness of the CuO thin films has been
pproximately measured as 80 nm by a gravimetric weight difference method [26].

.2. Characterization of the CuO nanofilms

FT-IR transmission spectra of the deposited CuO films on Si substrates have
een measured by using a PerkinElmer Spectrum One FT-IR spectrometer in the
pectral range of 300–800 cm−1 at room temperature. The absorbance spectra of

eposited CuO nanofilms have been measured by using a PerkinElmer Lambda 35
odel UV–vis spectrophotometer in the spectral range of 300–800 nm at room

emperature. The PL spectra have been measured at room temperature by using a
himadzu RF-5301 PC Spectrofluorophotometer. XRD experiments for CuO films on
i (1 0 0) were performed in a Rigaku advance powder X-ray diffractometer instru-
ent using Cu K� radiation (� = 1.5405 Å), operating at 30 kV and 30 mA over a 2�

ange of 20–70◦ . The XRD phases present in the deposits were identified with the
elp of the JCPDS-ICDD.
Fig. 2. The FT-IR spectra of CuO films deposited on Si substrate (a) dried CuO powder
(b) and Si (c).

2.3. Fabrication and electronic characterization of Au/CuO/p-Si MIS diodes

After the deposition of CuO nanofilms on p-Si substrates with Al ohmic contact,
Au metal contact was evaporated on CuO nanofilm by a vacuum coating unit at
about 10−5 mbar. Diameters of Au dots were 1.0 mm (diode area = 7.85 × 10−3 cm2).
Current–voltage (I–V) measurement was taken by using a Keithley 487 Picoammeter
at room temperature and in dark conditions (see Fig. 1).

3. Results and discussion

3.1. Characterization of the CuO nanofilms on p-Si substrate

The FT-IR transmission spectra recorded and shown in Fig. 2
also confirm the formation of CuO phase. The FT-IR spectrum
(Fig. 2(a)) of spin coated and annealed CuO on Si consists of peaks
at 320, 430, 480, 530, 605 and 615 cm−1, approximately. The peaks
at 320, 430, 480, 530 and 605 cm−1 correspond to characteristic
stretching vibrations of Cu–O bond in the CuO [27,28]. The peak
at 615 cm−1 can belong to Si or Cu2O [29]. For characterization of
peak at 615 cm−1, FT-IR spectra of dried CuO powder (in KBr) and Si
substrate have been recorded and shown in Fig. 2(b) and (c), respec-
tively. These results confirm the formation of pure CuO phase on Si
(1 0 0) substrate.

Optical absorption of the CuO nanofilm on p-Si substrate was
analyzed by the following relationship,

˛h� = B(h� − Eg)m, (3)

where B is a constant, Eg is the optical band gap, ˛ is absorption coef-
ficient of the film, which was calculated from the optical absorbance
(A) of the film according to A = 0.434˛d [30]. The exponent m
depends on the nature of the transition, m = 1/2, 2, 3/2, or 3 for
allowed direct, allowed non-direct, forbidden direct or forbidden
non-direct transitions, respectively. The absorption (˛ ≥ 104 cm−1)
is related to direct band transitions [31–33]. Fig. 3(a) shows optical
absorption spectrum of the CuO thin film on p-Si substrate. Fig. 3(b)
shows the plot of (˛h�)2 vs. h� according to Eq. (1). Satisfactory
fit is obtained for (˛h�)2 vs. h� indicating the presence of a direct
band gap [32,33]. The optical energy gap of the CuO film was deter-

mined as 2.64 eV by extrapolating the linear portion of this plot at
(˛h�)2 = 0 which indicates that the direct allowed transition dom-
inates in the CuO film. This band gap energy value is consistent
with that of 2.60 eV reported by Liu et al. [34] and that of 2.75 eV
reported by Zhang et al. [35].
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trate.

The emission properties of the CuO films have been studied at
oom temperature by using a PL spectrum excited with a 335 nm.
L study is a powerful tool to investigate the optical properties of
emiconductor metal oxides. The room temperature PL spectrum

f CuO films is shown in Fig. 4. The PL spectrum of the CuO shows a
road emission band centered at 467 nm (2.66 eV), which is consis-
ent with absorption measurement. This broad blue range emission
eak is attributed to the near-band-edge emission. Similarly, Kim
nd co-workers [36] have indicated that the emission peak of the

Fig. 4. The PL spectrum of CuO films on Si substrate.
Fig. 5. The XRD patterns of CuO nanofilms on Si substrate (a) and dried CuO
powder (b).

PL spectrum for CuO nanoparticles is observed in the blue region.
The PL emission of the CuO films shifts shorter wavelength in com-
parison with that of the reported value for bulk band gap of CuO
[37], which could arise from the quantum confinement effect.

The structural analysis of CuO nanofilms has been carried out
by XRD and the evolved diffraction peaks could be indexed to a
monoclinic phase of CuO and the lattice parameters have been
obtained as a = 4.68, b = 3.42, c = 5.13 and ˇ = 99.5 (JCPDS-ICDD 05-
0661, 13-0420, 45-0937, 48-1548). The standard card pertained
to Si is JCPDS-ICDD 27-1402. The XRD pattern of the CuO films
prepared by spin coating and annealing process on Si substrate is
shown in Fig. 5(a). To estimate the quality of the thin film data,
XRD diffractogram of dried CuO powder for better comparison has
been recorded and shown in Fig. 5(b). The XRD diffractogram of spin
coated and annealed CuO film consists of a single strong diffraction
peak at 35.5◦ (2� scale) arising from (−1 1 1 and 0 0 2) reflections
of monoclinic phase CuO. The weak peak at 69.1◦ corresponds to
(4 0 0) reflection of Si, which belongs to substrate in this work. The
other weak diffractions at 38.8◦, 48.7◦, 61.5◦, 66.2◦and 68.1◦ cor-
respond to (1 1 1 and 2 0 0), (−2 0 2), (−1 1 3), (−3 1 1) and (−2 2 0)
reflections of CuO. This case indicates that the crystallites in the
CuO film as different from CuO powder have a preferred growth
in this direction and the all peaks belong to single phase CuO. The
(−1 1 1) reflection of CuO give full width at half maximum value of
0.11◦. These results indicate that highly crystalline films of CuO can
be grown at kinetically preferred orientation on Si (1 0 0) substrate.

3.2. Analysis of current–voltage characteristic of the Au/CuO/p-Si
MIS structure

Fig. 6 shows the experimental semi-log I–V characteristic of the

Au/CuO/p-Si MIS Schottky device at room temperature. As clearly
seen from Fig. 6, the Au/CuO/p-Si Schottky structure is rectify-
ing. The weak voltage dependence of the reverse-bias current and
the exponential increase of the forward bias current are the char-
acteristic properties of rectifying contacts. The current curve in
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Fig. 6. Current–voltage characteristic of the Au/CuO/p-Si MIS diode.

orward bias region becomes dominated by series resistance from
ontact wires or bulk resistance of the CuO layer and p-Si semi-
onductor, giving rise to the curvature at high current in the I–V
lot. By using thermionic emission (TE) theory [7,38], the ideal-

ty factor (n) and BH (�b) can be obtained from the slope and the
urrent axis intercept of the linear region of the forward bias I–V
lot, respectively. The values of the BH and the ideality factor for
he Au/CuO/p-Si diode have been calculated as 0.64 eV and 2.39,
espectively. The ideality factor determined by the image-force
ffect alone should be close to 1.01 or 1.02 [39–41]. Higher values
f ideality factors are attributed to secondary mechanisms which
nclude interface dipoles due to interface doping or specific inter-
ace structure as well as fabrication-induced defects at the interface
39–42]. According to Tung [41], the large values of n may also be
ttributed to the presence of a wide distribution of low-Schottky
arrier patches caused by laterally barrier inhomogeneous. Also,
he image-force effect, recombination-generation, and tunneling

ay be possible mechanisms that could lead to an ideality factor
alue greater than unity [38].

˚b value of 0.64 eV that we have obtained for the Au/CuO/p-
i MIS device with CuO interlayer is remarkably higher than that
chieved with conventional MS contacts such as Au/p-Si diode,
here ˚b is about 0.50 eV [7]. In literature, some studies have
ade experimentally for the barrier height modification using

he interlayer films [43]. Recently, Temirci and Çakar [44] have
ublished a paper about Cu/Rhodamine-101/p-Si/Al diode with
eight value of 0.78 eV and ideality factor value of 1.54. The
btained barrier height value of the diode is higher than the
onventional Cu/p-Si [7]. In other study, Karataş et al. [45] have
abricated Al/Rh101/p-Si/Al contact. The barrier height (0.817 eV)
f the Al/Rh101/p-Si/Al contact is significantly larger than the
arrier height of conventional Al/p-Si Schottky diode. In another
tudy, Çakar et al. [46] have fabricated the Cu/pyronine-B/p-
i, Au/pyronine-B/p-Si, Al/pyronine-B/p-Si and Sn/pyronine-B/p-Si
iodes, and the obtained barrier heights for these diodes are larger

han the conventional metal/p-Si contact. They [46] have evaluated
hat the barrier height could be enhanced or modified by using the
hin interfacial films. It is seen from the above results that the inter-
ayer can be used to vary the effective barrier height of metal/p-Si
Fig. 7. dV/dln I vs. I and H(I) vs. I plots obtained from the experimental I–V data in
Fig. 6.

Schottky diodes. Furthermore, this case may be ascribed to the
interlayer modifying the effective barrier height by influencing the
space charge region of the inorganic substrate [47–50]. The CuO
interlayer forms a physical barrier between Au metal and the p-
Si wafer. This interlayer can produce substantial shift in the work
function of the metal and in the electron affinity of the semiconduc-
tor and in turn, the interlayer gives an excess barrier of 0.14 eV, i.e.,
the CuO interlayer increases the barrier height of Au/p-Si. The bar-
rier height of Au/p-Si contact increases by the insertion of a dipole
layer between p-Si semiconductor and CuO interlayer. Similarly,
Zahn et al. [51] have indicated that the initial increase or decrease
in effective barrier height for the organic interlayer is correlated
with the energy level alignment of the lowest unoccupied molec-
ular orbital with respect to the conduction band minimum of the
inorganic semiconductor at the organic/inorganic semiconductor
interface. As a result, we have evaluated that Au/p-Si MS diode
could be designed to exhibit the desired properties by means of
the choice of the interlayer [43].

It is well known that the downward concave curvature of the
forward bias current–voltage plots at sufficiently large voltages is
caused by the effect of series resistance (Rs), apart from the inter-
face states, which are in equilibrium with the semiconductor [52].
The Rs values have been calculated by using a method developed
by Cheung and Cheung [53,54]. According to Cheung and Cheung
[54], the forward bias I–V relation of a MIS diode with the series
resistance can be expressed as:

I = I0 exp
[

q(V − IRs)
nkT

]
, (4)

where IRs term is the voltage drop across series resistance of device.
The values of the series resistance can be determined from follow-
ing functions by using Eq. (4);

dV

d (ln I)
= nkT

q
+ IRs, (5)

H (I) = V −
(

nkT

q

)
ln

(
I

AA∗T2

)
, (6)

and H(I) is given as follows:
H (I) = n˚b + IRs, (7)

A plot of dv/d(ln 1) vs. I will be linear and gives Rs as the slope
and nkT/q as the y-axis intercept from Eq. (5). Fig. 7 shows a plot
of dv/d(ln 1) vs. I at room temperature. The values of n and Rs have
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Fig. 8. F(V) vs. V plot obtained from the experimental I–V data in Fig. 6.

een calculated as n = 3.82 and Rs = 1.14 × 103 �, respectively. It is
bserved that there is a large difference between the value of n
btained from the forward bias ln I–V plot and that obtained from
he dV/d(ln I) − I curve (see Fig. 7). This may be attributed to the exis-
ence of the series resistance and interface states and to the voltage
rop across the interfacial layer (native oxide plus CuO interlayer)
55].

Besides, H(I) vs. I plot have to be linear according to the Ref.
54]. The slope of this plot gives a different determination of Rs.
y using the value of the n obtained from Eq. (5), the value of ˚b is
btained from the y-axis intercept. H(I) vs. I curve is shown in Fig. 7.
rom H(I) vs. I plot, ˚b and Rs have been calculated as 0.61 eV and
.05 × 103 �, respectively.

Norde proposed an alternative method to determine value of
he series resistance [56]. The following function has been defined
n the modified Norde’s method:

(V) = V

�
− 1

ˇ
ln

(
I(V)

AA∗T2

)
(8)

here � is an integer (dimensionless) greater than n. I(V) is cur-
ent obtained from the I–V curve and ˇ is a temperature-dependent
alue calculated with ˇ = q/kT. Once the minimum of the F vs. V plot
s determined, the value of barrier height can be obtained from Eq.
9),

b = F(V0) + V0

�
− kT

q
(9)

here F(V0) is the minimum point of F(V) and V0 is the correspond-
ng voltage.

Fig. 8 shows the F(V)–V plot of the junction. From Norde’s func-
ions, Rs value can be determined as;

s = kT(� − n)
qI

. (10)

From the F–V plot by using F(V0) = 0.62 V and V0 = 0.15 V val-
es, the values of ˚b and Rs of the Au/CuO/p-Si MIS diode have
een determined as 0.64 eV and 2.36 × 103 �, respectively. There

s a difference in the values of ˚b obtained from the forward bias
n I–V, Cheung functions and Norde functions. Differences in the
arrier height values obtained from three methods for the device

ay be attributed to the extraction from different regions of the

orward bias current–voltage plot [57]. However, the value of the
eries resistance obtained from Norde function is higher than that
btained from Cheung functions. Cheung functions are only applied
o the nonlinear region in high voltage section of the forward bias
Fig. 9. NSS vs. (ESS − EV) plot of the Au/CuO/p-Si MIS device.

ln I–V characteristics, while Norde’s functions are applied to the
full forward bias region of the ln I–V characteristics of the junctions
[57]. The value of series resistance may also be large for the higher
ideality factor values. Furthermore, the value of series resistance is
very high for this device. This indicates that the series resistance is
a current-limiting factor for this structure. The effect of the series
resistance is usually modeled with series combination of a diode
and a resistance Rs. The voltage drop across a diode is expressed
in terms of the total voltage drop across the diode and the resis-
tance Rs. The very high series resistance behavior may be ascribed
to decrease of the exponentially increasing rate in current due to
space-charge injection into the CuO thin film at higher forward bias
voltage [57]. Furthermore, Norde’s model may not be a suitable
method especially for the high ideality factor of the rectifying junc-
tions, which are non-agree with pure thermionic emission theory.
Therefore, the series resistance value from Norde functions can be
much higher than one from Cheung model for especially non-ideal
rectifying structures [57].

3.3. Analysis of interfacial properties of the Au/CuO/p-Si MIS
structure

For a MS diode having interface states in equilibrium with the
semiconductor the ideality factor n becomes greater than unity
as proposed by Card and Rhoderick [58] and then interface-state
density NSS is given by

NSS = 1
q

[
εi

ı
(n(V) − 1) − εs

w

]
(11)

where w is the space charge width, εs is the permittivity of the
semiconductor, εi is the permittivity of the interfacial layer, ı is the
thickness of CuO interlayer, and n(V) = V/((kT/q) ln(I/I0)) is voltage-
dependent ideality factor. In p-type semiconductors, the energy of
the interface states ESS with respect to the top of the valence band
at the surface of the semiconductor is given by;

ESS − EV = q˚b − qV (12)

where V is the voltage drop across the depletion layer and ˚b is
the effective barrier height. The energy distribution or density dis-
tribution curves of the interface states can be determined from
experimental data of this region of the forward bias I–V plot. Substi-
tuting the voltage-dependent values of n and the other parameters

in Eq. (11), the NSS vs. ESS − EV plot was obtained as shown in
Fig. 9. It is seen that NSS value decreases with increasing ESS − EV
value. The density distribution of the interface states of the diode
changes from 6.21 × 1012 to 1.62 × 1012 eV−1 cm−2. Aydogan et al.
[52] have found that the deposition of organic interlayers on to the
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norganic semiconductor could generate large number of interface
tates at the semiconductor surface, which strongly have influenced
he properties of the PANI/p-Si/Al structure. Çakar et al. [59] have
etermined interface properties of Au/PYR-B/p-Si/Al contact. They
59] have found that the interface-state density values vary from
.21 × 1013 to 3.82 × 1013 cm−2 eV−1. In another study, Aydin and
ürüt [60] have investigated the interface-state density proper-
ies of the Sn/methyl-red/p-Si/Al diode and interface-state density
as found to vary from 1.68 × 1012 to 1.80 × 1012 cm−2 eV−1. The

nterface-state density of the Au/CuO/p-Si MIS diode is consistent
ith those of above mentioned diodes. It is evaluated that interface
roperties of Au/p-Si junction are changed by depending on CuO

nterlayer inserted into the metal and the semiconductor. The CuO
nterlayer appears to cause to a significant modification of inter-
ace states even though the oxide-semiconductor interface appears
brupt and unreactive [61–63]. The CuO interlayer increases the
ffective barrier height clearly upon the modification of the semi-
onductor surfaces and the chemical interaction at the interface of
he CuO to the p-Si and native oxide–CuO interface states will give
ise to new interface states [43].

. Conclusions

In summary, it was determined the best conditions for prepara-
ion of productive CuO nanofilms. CuO nanofilms were deposited
n p-Si substrate by a spin-coating and annealing process. The CuO
anofilms were characterized by XRD, UV–vis spectroscopy, FT-

R spectroscopy and PL spectroscopy. Structural analysis results
emonstrate that the single phase CuO on Si substrate is of high
crystalline structure with a dominant in monoclinic (1 1 1) ori-

ntation. FT-IR results confirm the formation of pure CuO phase.
V–vis absorption measurements indicated that the band gap of

he CuO films is 2.64 eV. The PL spectrum of the CuO films shows
broad emission band centered at 467 nm, which is aggrement
ith absorption measurement. Also, the Au/CuO/p-Si MIS diodes
ave been fabricated. The current–voltage of these structures were
tudied. The ideality factor and barrier height of the MIS diode
ere obtained as 2.39 an 0.64 eV, respectively. The interface-state
ensity of the MIS diode was found to vary from 6.21 × 1012 to
.62 × 1012 eV−1 cm−2.
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