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In our experiments, we provide a new approach for depositing CuI (inorganic compound) thin films using the mister atomizer
technique. The CuI solution was sprayed into fine droplets using argon as a carrier gas at diﬀerent solution concentrations.
The solution sprayed was 50 ml for all samples with substrate temperature constant at 50◦ C during the deposition process. The
result shows that the CuI thin film properties strongly depend on its precursor concentration. The structural properties were
characterized by XRD with strong (111) orientation shows for all the CuI thin films. FESEM images revealed that all the CuI thin
films deposited were uniform with the existence of nanostructured CuI particle. The EDX measurement confirms the existence of
Cu:I in the films. The nanostructured CuI will improve the penetration of p-type between the mesoporous matrix of TiO2 thin
film. Promising conductivity value of about 10◦ S cm−1 was obtained for CuI thin films deposited by this new deposition method.
Low transmittance of below 50% was observed for all CuI thin films. The band gap energy obtained here was between 2.82 eV and
2.92 eV which is much smaller than the reported band gap which is 3.1 eV.

1. Introduction
In the 21st century, sustainable energy is among the hot
topic discussed globally. With the increase in oil prices
worldwide due to rapid depletion of resources, renewable
energy sources are seen to provide promising alternatives
which is no more reliance on oil, coal, and natural gas.
Those renewable sources technologies include wind turbines,
hydropower, wave and tidal power, solar cells, solar thermal,
biomass-derived liquid fuels, and biomass-fired electricity
generation. However, among of all these renewable energy,
photovoltaic technology utilizing solar energy is the most
promising one since the energy source is readily available.
The most popular and commercially available type of solar
cell is silicon-based solar cell. However, there are problems
regarding its stability, scaling-up and cost. Dye-sensitized
solar cells (DSSCs) are one of other many types of solar
cells to replace silicon-based type. In 1991, O’Regan and
Gratzel had successfully fabricated the dye-sensitized solar
cell with eﬃciency of 11% based on nanocrystalline TiO2 ,
I− /I3− redox electrolyte and dye [1]. However, the use of

liquid electrolyte leads to a several problems such as solvent
evaporation, degradation, and seal imperfection [2]. Hence,
quasi solid or solid state DSSC is introduced to replace the
liquid electrolyte [3, 4]. There are several inorganic based
on copper compound materials such as CuBr [2], CuSCN
[5], CuI [6] that are employed as a hole transport material
(HTM) for regeneration of dye where electron is donated by
the hole conductor.
CuI is water insoluble solid with three crystalline phases
which are α, β, γ. The α-phase is cubic structure with
high temperature of 392◦ C, hexagonal β-phase is an ionic
conductor with temperature between 392◦ C and 350◦ C, and
γ-phase is a cubic structure with a low temperature below
350◦ C which behaves as a p-type semiconductor with a band
gap of 3.1 eV. There are several important aspects that need
to be considered for a p-type semiconductor in DSSC. Firstly
it must be able to transfer holes from the sensitizing dye after
the dye has injected electrons into the TiO2 . Next, it must
be able to be deposited within the nanocrystalline layer and
the method used for the deposition will not dissolve and
degrading the monolayer of dye on the TiO2 nanocrystallites.
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Lastly, it must be transparent in the visible spectrum or it
must be as eﬃcient in electron injection as the dye during
light absorptions [7, 8]. Tennakone et al. fabricated the first
DSSC using CuI as a hole conductor shows an eﬃciency of
2.4% [9].
In this research the mister atomizer technique was used
for CuI thin film deposition. The mister atomizer is essentially the same film processing technique as so-called spray
pyrolysis technique. The most commonly used precursors for
spraying technique for an inorganic compound are nitrate,
carbonate, sulfate, and chloride [10]. The morphological
properties of CuI play an important role in improving the
solid state dye-sensitized solar cells (SSDSSCs) performance
since it determines the interfacial connection between the
dyed TiO2 and CuI so that dye regeneration can occurs [11].
The opt-electrical properties of CuI aﬀect the photoelectron
conversion eﬃciency which depends on its conductivity
and absorption ability of the material to circumvent the
insuﬃcient light absorption due to the limited inner surface
area of the TiO2 and interfacial recombination due to the
lack of substantial interfacial electric field. In this research,
the CuI films properties were investigated and its suitability
to be used as a hole conductor for SSDSSC was discussed.

2. Methods
The 2.5 cm × 2.5 cm glass substrates were cleaned using
acetone, methanol, and deionized water in the ultrasonic
cleaner stage by stage at 10 minutes each. The deposition of
CuI films onto the substrates were taken at room temperature
by atomization technique. The CuI solution was prepared
by mixing precursor CuI powder (ALDRICH, 98%) with
acetonitrile as a solvent. All chemicals were used without
any further purification. The CuI solutions were stirred for
3 hours at room temperature. The glass substrates were
preheated at 50◦ C for 10 min before the deposition process.
The parameter investigated in this present research work
is the molar concentration which varies form 0.05 M to
0.5 M. The solution was then sprayed in fine droplets using
argon as a carrier gas. The solution sprayed was 50 mL
for all samples. The deposition takes for 15 minutes at a
constant flow rate of 50 mL/15 min for all samples. After the
spraying of CuI solutions, the films were dried at 50◦ C for
10 min to evaporate the solvent. The characterizations were
done for structural, electrical, and optical properties. The
structural properties of the thin films were investigated using
X-ray diﬀractometer (XRD, PAN Analytical). The surface
morphology of the films was observed with a field emission
scanning electron microscope (JEOL JSM-J600F). The elemental analysis of the films was carried by energy dispersive
X-ray spectrometer attached to FESEM (JEOL JSM-J600F).
The thin films have been characterized by 2 point probe
current-voltage (I-V) measurement by solar simulator (CEP
2000). Au was used as metal contacts for I-V measurement
and deposited using sputter coater (EMITECH K550X).
The optical measurements of the films were characterized
by JASCO UV-VIS-NIR spectrophotometer. The wavelength
for the optical measurement was measured at wavelengths
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between 400 nm–800 nm. The thickness of the thin film is
characterized using surface profiler (VEECO DEKTAK 150).
All of the measurements were done in room ambient.

3. Results and Discussion
3.1. Structural Properties. The XRD patterns were recorded
for CuI thin film deposited onto glass substrates which varies
from 0.05 M to 0.5 M and was shown in Figure 1. The
diﬀraction peaks can be assigned to polycrystalline γ-phase
CuI with zinc blend face centered cubic phase (JCPDS card
no. 06-0246). There are several peaks observed in the series
of Bragg reflections in XRD pattern which are (111), (222),
(220), (311), (222), (331), (422). Therefore, it is confirmed
that the CuI thin film is a hole transport semiconductor since
it is a γ-phase rather than the α-phase or β-phase which are
an ionic conductors. From the figure, the (111) diﬀraction
peak is much more intense than other any other peak. The
high intensity of (111) orientation suggests that the (111)
facets planes tend to be preferentially oriented parallel to
the surface of the supporting substrate [12]. Sharper peaks
were obtained for film at higher concentration compared
to 0.05 M which has very low intensity since it has the
lowest thickness. Furthermore, the weak peak of 0.05 M was
due to the small crystallite size with full crystallization or
evaporation of the acetonitrile during the deposition and
not because of amorphous nature which originated from the
incomplete pyrolysis of the precursor [13]. The instability of
intensity at diﬀerent molar concentration may be due to the
thickness and defect of the thin film itself. However, the peak
observed here is good enough to determine its suitability to
be used as a hole conductor in DSSC [14]. Other than that,
good crystallization of CuI film is observed even there is no
annealing treatment is done on all of the samples. Therefore,
it is confirmed that the CuI thin film deposited by mister
atomizer is a hole transport semiconductor since it is a γphase rather than the α-phase or β-phase which are ionic
conductors.
Table 1 shows the thin film thickness, crystallite size, and
grain size. The thickness was estimated using surface profiler
measurement. The crystallite sizes were determined from the
full width at half maximum (FWHM) of the XRD spectra
while the grain sizes were obtained from the FESEM images.
The crystallite sizes were calculated using Scherrer’s formula,
and the crystallite size CuI increased with the increase of
molar concentration. At higher concentration (0.5 M) the
crystallite size is sharply decreased. The evaporation of
individual fine droplets during the spray process attributed
to the formation of smaller crystallite size [15]. For low
concentration (0.05 M) the mobility of ions is insuﬃcient for
growing, while at higher concentration (0.5 M) the mobility
of ions is higher and leads to crystal agglomerate destruction.
Therefore, complete grain growth does not occur, which
reduces the formation of crystallite size [16]. Besides that,
the crystallites in CuI films normally will grow with time:
however, for solid state DSSC application, the usage of CuI
films in devices depends on stability against the crystallite
growth. The thickness of the CuI thin film increased as the
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Table 1: Thickness, crystallite size, and grain size of CuI at diﬀerent molar concentration.
Molar concentration (M)
0.050
0.075
0.100
0.250
0.500

Thickness (nm)
5.28 × 102
9.63 × 102
12 × 102
33.8 × 102
65.6 × 102

Crystallite size (nm)
6.40
41.2
37.6
55.1
29.6
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Figure 1: XRD spectra of CuI thin films at diﬀerent molar
concentration.

concentration increased. The thickness of the thin film aﬀects
the crystallinity, electrical, and optical properties of the thin
film. The reported thickness for CuI for fabrication of solid
state DSSC is around 3 μm above the TiO2 layer [17].
The surface morphology images of CuI thin films
obtained by FESEM are shown in Figure 2 From the figures,
it could be understood that the surface morphology of
CuI films depends on the solution concentration. The CuI
thin films at 0.5 M concentration show much more rougher
surface with presence of many bigger grain sizes compared to
other solution concentration. However, the grain sizes for all
thin films are not uniform and it varies from 30 nm to 80 nm.
The concentration supposedly aﬀects the grain size where
higher grain size with lower grain boundaries should be
achieved as the solution concentration increased. However,
the variation of grain size in this research could be happened
due to the agglomeration of smaller particles. The CuI
particle (spherical) like structure was obtained as expected
and this is in the good agreement by Yan et al. which also
used spraying method for CuI deposition [18]. Therefore,
the grain sizes observed by FESEM were the aggregations
of smaller primary particles which are the crystallites which
were too small to be observed in FESEM. The nanostructured
CuI is favorable for electronic devices, for instance CuI
can be used as hole conductor for solid state dye-sensitized
solar cells (DSSCs). In solid state DSSC, the porous TiO2
(n-type semiconductor) was used to increase high surface
area for more electron movement. However, the problem of
hole transport material to fill the porous structure TiO2 is
the bigger challenge [19]. Several crystal growth inhibitors

Grain size (nm)

Approximately 30 nm to 80 nm

such as 1-methyl-3ethyl-imidazolium thiocyanate (MEIT),
triethylamine hydrothiocyanate (THT), and tetramethylethylene-diamine (TMED) is normally used in solid state
DSSC application to control the crystal size by means to
get nanosize of CuI [20–22]. The nanoparticle CuI obtained
by using mister atomizer can be new way of depositing
CuI onto the porous TiO2 for better interconnection to
avoid recombination and hence gives better eﬃciency. The
elemental analysis of Cu:I is investigated by EDX analysis
as shown in Figure 2(e). The EDX measurement confirms
the existence of Cu:I in the films. The weak peak of Si and
O shown in the EDX spectra is corresponded to the glass
substrate material.
3.2. Electrical Properties. The electrical properties of CuI
films were by using 2-point probe I-V measurement. The
voltage applied is in the range of −5 V and 5 V and measured
in dark and under illumination condition. The white bias
light with intensity of 1000 Wm−2 with illuminated area of
0.05 cm2 is used to observe the photoconductivity of CuI
thin films and the data were recorded with solar simulator
(CEP 2000). The metal contact used for the measurement is
aurum (gold). From the I-V curves and reported thickness,
the resistivity, ρ, and conductivity, σ, of CuI thin film were
calculated using following equation (1):
ρ=



V
I



wt
1
= ,
l
σ

(1)

where V is supplied voltage, I is measured current, tis
the film thickness, w is the electrode width, and l is the
length between electrodes. Figure 3 shows the conductivity
of CuI films in dark and under illumination condition
deposited at diﬀerent deposition condition and concentration. The conductivity value obtained in this work was
5.65, 0.69, 0.26, 0.66, 0.63 S cm−1 . It could be concluded
that the conductivity of the thin films decreased with
the increase of molar concentration up to 0.5 M. There
seems to exist an inconsistency between the concentration
and the conductivity. The reduction of conductivity at
higher concentration contradicts from usual cases where
conductivity should increased at higher concentration due
to the existence more concentrated Cu2+ ions in films which
then significantly increased the grain size. This might be due
to the incomplete crystallization or pyrolysis of the precursor
at higher concentration due to increased amount of solute
with constant substrate temperature for all deposition of
diﬀerent concentrations. Huang and Meng had discussed in
detail the eﬀect of grain size the resistivity [23]. They said that
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Figure 2: FESEM images of CuI films at (a) 0.05 M, (b) 0.075 M, (c) 0.1 M, (d) 0.25 M, (e) 0.5 M solution concentration, and (f) EDX
pattern of the CuI films.

of about 103 Ω cm while Zhu and Zhao obtained 10−1 Ω cm
[24, 25]. The CuI thin film conductivity being also observed
under illumination condition which shows similar trend as
in dark with higher conductivity was noted. This behavior
indicated photoresponse characteristics for the thin films.
Therefore, higher p-type conductivity which means higher
hole concentration and the photoresponse characteristics
shown by CuI thin films deposited by mister atomizer is
suitable to be applied in solid state DSSC application.
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Figure 3: Conductivity of CuI films at diﬀerent solution concentration for in dark and under illumination condition.

the increase in grain size will reduce the carrier concentration
and hence increase the resistivity. The resistivity obtained by
using this technique is about 10−1 to 100 Ω cm which is much
lower than resistivity reported using vacuum technology
such as pulse laser deposition (PLD). The CuI deposition
using PLD done by Sirimanne et al. exhibits a high resistivity

3.3. Optical Properties. Figure 4 shows the transmittance
spectra of CuI thin films at diﬀerent solution concentration.
The wavelength is taken at the range between 300 to 1000 nm.
The result shows that all the thin films exhibit very low
transparency of less than 50%. Currently, the transmittance
of CuI thin films deposited by spraying technique is still
under optimization process. The transmittance increases
form 0.05 M to 0.1 M and then significantly decreases to
0.5 M. In the case of 0.05 M to 0.1 M, the increment of transmittance can be related to its surface morphology, where
from the FESEM images, the surface becomes smoother up
to 0.1 M. The decrease of the optical transmittance of CuI
films at high molar concentrations (0.25 M to 0.5 M) was due
to optical increased of scattered light at the grain boundaries.
In addition, it also could be observed that a sharp absorption
edge at wavelength of about 410 nm indicates the absorption
properties of CuI at visible range.
Figure 5 shows the absorption coeﬃcient (α2 ) against
the photon energy (hv) for CuI films deposited at diﬀerent
solution concentration. The absorption coeﬃcient, α, was
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Figure 4: Transmittance of CuI films at diﬀerent solution concentration.

calculated by using Lambert’s law as shown in following
equation:
α=

1
1
ln ,
t
T

(2)

where t is the thin film thickness and T is the transmittance
spectra of the thin films. Then, from the absorption coefficient the band gap can be obtained either the films have
direct or indirect band gap by plotting of (αhν)2 and (αhν)1/2
versus (hν). In this research, (αhν)2 versus (hν) gives better
linearity and therefore all the CuI films films have a direct
band transition as shown in Figure 5.
It can be observed that the optical band gap of the films
decreased from 2.92 eV to 2.83 eV for concentration 0.05 M
to 0.1 M. The decrease in band gap of CuI films may be
due to the enhancement in the crystalline quality of the
films and increase of grain size. The high band gap at small
crystallite size is attributed to the quantum confinement
eﬀect. The quantum confinement eﬀect is where the spacing
between the energy levels increases as the nanocrystallite size
is decreased [26]. The overall band gap deposited by mister
atomizer is smaller than the reported band gap of 3.1 eV
[27]. The smaller band gap gives better energy utilization
for a longer wavelength which is at the blue part of the solar
spectrum.

4. Conclusions
The growth of CuI by spraying method is significant to
provide fine particle and nanoparticle (below 100 nm) thin
films. The structural, electrical, and optical properties of the
films at diﬀerent solution concentration were investigated.
The XRD result shows strong (111) orientation of CuI thin
film which behaves as γ-phase with p-type semiconductor
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Figure 5: Tauc’s plot of CuI films at diﬀerent solution concentration.

behavior. The smallest crystallite size was obtained for thin
film deposited at 0.05 M solution concentration which is
6.40 nm. From FESEM measurement, the surface morphology and grain sizes were determined. The nanostructured
CuI film has been successfully deposited by mister atomizer
technique with particle size approximately between 30 nm
to 80 nm. The variation of CuI particle size was due to the
agglomeration of smaller particles. The conductivity of CuI
films is greatly improved in dark and under illumination
condition of about 100 S cm−1 which is higher than those
deposited by high-vacuum deposition method. The CuI thin
films show good photoresponse characteristics which are
suitable to be used in solar cell application. The band gap
observed is lower than the reported band gap of 3.1 eV which
is around 2.9 eV. The smaller band gap gives better utilization
for bigger solar cell spectrum. Therefore, this technique is
very reliable in producing nanostructured and uniform films
with low-cost deposition method for fabrication of hole
transport material for solid state dye sensitized solar cells
application.
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