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Abstract

Copper iodide is an attractive p-type transparent material suitable for optoelectronic applications.
This work reports on the synthesis of copper iodide (Cul) by iodination of sputtered Cu films
previously deposited on glass and silicon substrates. The crystalline phase and surface morphology
were studied by X-ray diffraction (XRD) and scanning electron microscopy (SEM), respectively.
The prepared Cul films crystallize in the zinc blende structure (y-phase) at different amounts of
iodine and exhibit preferential orientation along the <111> direction. Moreover, detailed
investigation of the microstructure via high-resolution transmission electron microscopy (HR-
TEM) revealed the presence and details of alternating twin crystallographic domains between
adjacent grains. The electrical properties of the Cul films were characterized by Hall effect
measurements and revealed a p-type carrier behavior for all films. The electrical behavior was
discussed and attributed to the change in intrinsic point defects. In addition, the electronic bandgap
and luminescence properties were investigated using optical transmission and photoluminescence
(PL). The Cul films showed a wide band gap (about 3.05 eV) with an average transmittance of
about (66 %) in the visible region. Moreover, the PL showed a blue emission ranging from 400 to

440 nm originating from the excitonic recombination and radiative point defects.
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1. Introduction

Copper iodide (Cul) has attracted much attention during the last century[1]. Due to its controllable
crystal structure and the excellent optical and electrical properties, it led to recent and promising
applications in the optoelectronic field[2—4]. Cul crystallises in three structures: a, B and y
depending on the growth temperature [1,5,6]. a, B and y adopt rocksalt, wurtzite and zinc blende
structures at temperature higher than 673 K, between 643 - 673 K and lower than 643 K,
respectively. These three phases crystallise in Fm3m, P3m1 and F43m space groups. The reported
values of lattice parameters are: a, = 0.616866 nm , ag = 0.4279 nm, cg = 0.7168 nm and
a, = 0.605844 nm. This diversity in crystal structure makes Cul adaptable to different
heterostructure regimes with multiple materials[7]. For example, the low lattice mismatch between
the zinc blende structure of copper halides with Si substrate makes it a promising candidate for
epitaxial growth[8]. This is an advantage over the well-known commercial wurtzite
semiconductors: GaN and ZnO, also used in optoelectronic applications [9,10]. This also indicates
the compatibility of Cul with Si technology. Unlike the wurtzite structure, zinc blende reduces the
internal piezoelectric property, which improves performance of the optoelectronic devices. In
addition, the ease of synthesis and high performance of Cul at low and room temperature favor its

competition with other transparent conductive materials (TCMs)[11].

From the optoelectronic point of view, Cul is considered as wide (about 3.1 eV)[1,11-15] and
direct bandgap material with high exciton binding energy of about 62 meV[1,16]. This wide
bandgap and high exciton binding energy are promising features for UV-blue emitting devices with
high quantum efficiency[17] with possible operation at room temperature. Moreover, it exhibits
intrinsic conductivity of p-type charge carriers. It is worth mentioning that the intrinsic optical and
electrical properties of Cul are based on point defect chemistry. Thus, the p-type conductivity of
Cul is due to the dominance of Cu-vacancy defects because of their low formation energy[1,18].
In contrast, formation of I-defects leads to the generation of a donor level which can compensate
for the acceptors generated by Cu defects. Therefore, the control of defect chemistry in Cul is of
great importance. This is considered as a practical way to tune and adjust the electrical response of
the Cul. In this line, photoluminescence (PL) is a non-destructive and efficient tool that helps to

identify and understand the role of such defects. Thanks to the inclusion of these point defects in



the radiative recombinations, PL. measurements not only lead to identification of the nature of the

defects, but also provide information about the emission colour properties of the material.

Various techniques such as thermal evaporation[18], sputtering[19], mister atomizer[20],
ionization[21], sputtering with excess iodine[22], and pulsed laser deposition[23] have been used
to prepare Cul thin films. However, depending on the synthesis method, Cul films exhibit a wide
range of properties, such as in figure of merit (FOM), which ranges from 350 [21] to 17000 MQ"!
[22]. Among these thin film growth methods, thermal evaporation and sputtering are simpler and
provide acceptable results compared to alternative methods. Compared to all these techniques, a
two step process including the deposition of a copper thin film and its iodination is simpler. Indeed
such a two step process avoids to introduce gaseous iodine into vacuum chambers that may
contaminate the deposition chamber walls for the elaboration other kind of coatings (metals,
nitrides...). Such a process also allows better control in terms of thickness, process duration and
iodine addition amount. The maximum values of hole mobility of Cul films reported in the
literature were 25 cm? V~! s7! for polycrystalline films[24] and pulsed laser deposition[25]. Even
higher hole mobilities are possible, such as 43.9 cm? V-! s7! for the bulk material.[13] Although
Cul thin films have been widely studied during the last decade, surprisingly the literature does not

present a detailed characterization of such films using transmission electron microscopy (TEM).

As discussed above, it is clear that deep structural, optical, and electrical studies are of great
importance to better understand the functional properties of Cul. In this work, high resolution TEM
was used to explore in details the structure of the prepared films at the nanoscale. Electrical
characterizations were also performed to investigate the electrical conductivity and mobility of the

films. PL spectrocopy was used to characterize the luminescence contributions of the point defects.

2. Experimental procedure
Metallic copper thin films were deposited at room temperature by magnetron sputtering of
a metallic copper target in the presence of an argon plasma. Copper thin films were deposited on
glass and (100) single crystal silicon substrates (2 x 2 cm?) by magnetron sputtering of a 5 cm
diameter and 3 mm thick copper target (purity > 99.99 %). The argon flow rate was set at 30
standard cubic centimeters per minute (sccm). Prior to placement in the deposition chamber, the

substrates were ultrasonically cleaned with ethanol during approximately 3 minutes for each
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sample. Drying was performed with a dust-free air flow. Prior to deposition, an etching step was
performed using a radiofrequency (RF) plasma (13.56 MHz) to clean the surface of the substrates.
During the growth process, thin films were deposited at a total sputtering pressure of 0.5 Pa. The
current applied to the target was fixed at 0.3 A using an Advanced Energy Pinnacle+ pulsed-DC
power supply with a frequency of 50 kHz and an off-time of 4 us. The distance between the
substrate and the target was fixed at 5.5 cm. The thickness of the deposited copper films was set to

50 nm.

After the Cu deposition, the samples were removed from the vacuum chamber and were placed
into another reactor. The Cu films, placed in a Pyrex® vessel, were heated from room temperature
to 75 °C. When the temperature was fixed to 75 °C, a certain amount of solid iodine was introduced
into the reaction chamber. Due to its high vapor pressure, the solid iodine sublimates and forms the
useful vapor for the iodination reaction [26,27]. Thus, the atmosphere of the reaction chamber was
a mixture of air and iodine vapor. Since the reaction took place at low temperature (75 °C) the
kinetic of the copper oxidation reaction was too low to induce the formation of a copper oxide layer
and only copper iodide was formed. After 60 minutes duration, the process was stopped by water
cooling of the reaction chamber.

The film composition was measured using a JEOL 8530-F electron probe microanalyzer
(EPMA). Quantitative measurements were performed at 20 kV and 50 nA, using Cu and Rbl
standards. The film structure was characterized by 6-26 X-ray diffraction (XRD) using a Bruker
D8 Advance diffractometer with copper K. radiation (A = 0.15406 nm). Morphology of the Cul
layer was evaluated by scanning electron microscopy (SEM) at 3 kV using a field emission gun
ZEISS Gemini SEM 500 microscope. Transmission electron microscopy (TEM) was performed
using a JEOL ARM 200-Cold FEG (point resolution 0.19 nm). To avoid Cul decomposition under
the electron beam, the sample holder was cooled with liquid nitrogen. The cross-sectional TEM
sample was prepared using a focused ion beam (FIB)-SEM dual beam system (FEI Helios Nanolab
600i). Optical properties were characterized by transmittance measurements in the 300-800 nm
range using a Varian Cary 5000 spectrophotometer. The photoluminescence (PL) measurements
were performed using a spectrofluorometer (Fluorolog-Horiba). A xenon arc lamp source (320 nm)
was used, and the PL emission was analyzed with a detection system equipped with 150

grooves/mm gratings and a cooled silicon-based CCD camera. The resistivity, carrier density and



mobility were derived from Hall measurements at room temperature in van der Pauw geometry

(Ecopia, HMS-5000).

3. Results and discussion
3.1.Structure and composition of Cul films
The X-ray diffractogram of the deposited copper film is shown in Figure 1a. The (111) and (200)
crystallographic planes of this fcc material can be clearly seen and the metallic Cu film have been
grown with a preferred orientation along the [111] direction. The X-ray diffractograms of iodinated
films obtained with different amounts of iodine on silicon substrate are shown in Figure 1b.
Regardless the amount of I, the iodinated films are highly crystallized. The same conclusion can
be drawn when glass substrates (not shown here) are used. The position of the diffraction peaks
fits well with the y-Cul structure in agreement with the phase diagram of this material. The X-ray
diffractogram of Cul films exhibits peaks corresponding to the (111), (200), (220) and (311)
diffraction planes of the zinc blende structure at about 25, 30, 42 and 50°, respectively [1,12,28—
34]. Since no metallic copper diffraction peak is detectable after the iodination step, the 50-nm
thick sputtered Cu films are completely iodinated after the reaction at 75 °C for 60 minutes. Since
the intensity of the (111) diffraction is very high compared to the other peaks, the Cul films show
a preferential orientation along the [111] direction. This preferred orientation is similar to that
observed on the metallic Cu film. However the relative intensity of the (200) planes is lower for
the copper iodide film suggesting that the preferred orientation of the Cul film may originate both
from the preferred orientation of the metallic Cu film and from the peculiarities of iodine diffusion.
The lattice parameter derived from the peak position is a = 0.6048 + 0.0073 nm. This experimental
value is close to the theoretical one (a = 0.6054 nm). The average crystallite size was determined
using Scherrer’s formula. For the different values of iodine mass, the coherence length is ranging
between 53 and 67 nm + 7 nm, while for the deposited copper the coherence length is about 35 +
4 nm. This twofold size increase has to be compared with that expected from the volume expansion
is 4.7 (see section 3.2.). Such difference may come from the introduction of defects into the Cul

grain that limit the coherence length.

The composition of the copper iodide film was measured by electron probe microanalysis. The

iodine mass does not have a strong influence on the film composition and the film prepared with
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0.15 g I» has the following composition: 52.8 at. % for I and 47.2 at. % for Cu. From these values,
the atomic I/Cu ratio is about 1.12, suggesting an iodine over stoichiometry and then the occurrence
of copper vacancies. Although the increase of the iodine amount does not influence the Cul film
composition, an increase of the Cu (111) diffraction peak was noticed. These results may suggest

that the increase of the iodine amount favors the Cul film crystallinity.

3.2. Microstructure of y-Cul thin films

The cross section of a Cul layer is shown in Figure 2a. Compared to the deposited Cu, this SEM
image clearly shows that the film surface is no longer smooth. Moreover, no porosity can be seen
on this fracture image. The thickness estimated from this image is about 300 nm. As-deposited
copper films have a thickness of 50 nm. Since the ratio between the molar volume of Cul (33.39
cm? mol™!) and that of copper (7.11 cm? mol™) is 4.7, the thickness measured by SEM (300 nm) is
close to that expected (235 nm). This result also confirms that the iodination reaction is complete.
The surface morphology of the films shows that they are composed of flat and contiguous equiaxed
crystals (Figure 2b). Some porosities, which could not be detected in the cross section, can be
observed on the surface image. The film morphology is independent of the nature of the substrate.
A magnification of the surface of a film obtained on a glass substrate is shown in Figure 2¢. Again,
large grains and porosities can be observed. Such porosities may explain the difference between
the expected and measured film thickness. The average grain size derived from Figure 2¢ and
estimated using the ImageJ software is 260 nm. This value is very high compared to the value
estimated by the Scherrer formula, and we will elaborate in the following on the origin of this
difference. An interesting point is the appearance of some straight lines on the copper iodide grains.
Such behavior has already been observed in the literature[1,35] but there is no clear description of
the meaning of such lines. In order to obtain relevant information about these lines, the films were

characterized by transmission electron microscopy.

Although copper iodide thin films have been widely studied in the literature, there are few works
that provide a detailed characterization of Cul by TEM[36]. This may be due to the fact that Cul
film reduce into to copper under the electron beam. To avoid such decomposition, TEM

characterization should be carried out at the temperature of liquid nitrogen. Under this condition,



the decomposition of Cul is inhibited. Figure 3a shows a TEM cross-sectional view of a Cul thin
film. The film thickness is consistent with that previously measured using SEM cross section.
Interestingly, no porosities can be seen in the analysed film cross section, indicating that density
of such porosities is rather low . The Cul film contains large grains with a length of several hundred
nanometers on the film surface. Electron diffraction confirms that the film crystallizes in the y-Cul

structure with a lattice parameter a = 0.615 nm (Figure 3b).

In Figure 2c, straight lines can be seen on the grain surface. Such lines can also be seen on the TEM
cross-section (Figure 3a). These lines, which pass through the entire layer thickness and reach the
film surface are suspected of being to twins. Detailed TEM and electron diffraction analysis
revealed that these very thin lines are the traces of the twinning planes separating two contiguous
variants. The latter are twin-related as indicated by the composite selected area diffraction pattern
(SAED), recorded along [101];//[101];;. Trace analysis supported by the bright field TEM
micrograph (Figure 3a) and the corresponding diffraction patterns (Figure 3b and 3c) indicate that
the twinning plane is (111). This twinning plane is expected as the y-Cul crystallises in the FCC
structure. The twinning (111) planes can be also understood according to Yang et al., where the
Waulff shapes of Cul fcc crystals had been simulated and demonstrated for reactively sputtered Cul

films [37] .

One can notice, on the diffraction pattern, diffusion lines running parallel to (111) direction and
crossing the (002) and (111) reflections, belonging to type I and type II, respectively. This
diffusion lines are perpendicular to the trace of the (111) twinning plane. This situation is further
a practical way to identify the (111) twinning plane. The bright (Fig. 3a ) and dark field (Figure 4a,
b, and c¢) images highlight the twinning plane separating the alternating twin-related variants

following the sequence: I, 11, 1.

Figure 4 shows TEM dark fields images, showing twinned variants of a thin Cul film deposited on
a silicon substrate. TEM dark field images taken with g, = (002) and g;; = (111), respectively,
highlight prominence of two twin-related variants, labelled I and II (Figures 4a and 4b). The twin
variant of type /I is bordered on its most elongated parallel sides by two twin-variants of the type

I (Figure 4c).



STEM analyses were performed on the same area to localize iodine atoms in the thin film (Fig. 5).
Along the analytical line, the iodine and copper concentrations are almost constant. The inset fast
Fourier transform (FFT) and the corresponding high resolution images indicate planes with their
d-spacings of 0.35 nm and 0.31 nm, corresponding to the d;1; and d,q, of the y-Cul phase,

respectively.

3.3. Optical transmission and absorption

The transmittance and absorption coefficient (&) of the y-Cul film synthesized with different
amounts of iodine are shown in Figure 6a. As can be seen from this figure, a mean transmittance
of 66 % is obtained in the 400-800 nm range when a mass of 0.5 g of iodine was used. Such
transmittance value is close to the reported values[19,22]. It can be observed that the sample
synthesized with 0.20 g of 12 shows the lowest transmission value while the sample synthesized
with 0.5 g of 12 exhibit the highest one. This change in the transmission value can be correlated
and understood from the crystallinity point of view. Sample with the lowest transmittance is
characterized by the smaller crystallites size, approx. 50 nm, while the sample with the highest
transmittance exhibits a coherence length of 65 nm. Hence, smaller crystallites size means high
density of the grain boundaries, which lead to scattering of more light and eventually low optical
transmission is obtained. A strong absorption is observed at a wavelength close to 400 nm, which
corresponds to the band gap of the film. This parameter was determined by the Tauc method, taking
into account that y-Cul is a direct semiconductor. Under our synthesis conditions, the optical band
gap is estimated around 3.05 eV, which is agreement with literature [1,11-13,15,36,38]and the
theoretical value of 3.203 eV[14] obtained using the PBEO calculation method[39]. Figure 6.b
shows the evolution of the absorption coefficient as a function of wavelength. The shape of this
curve is typical of y-Cul , showing two maxima : one at 337 nm (3.68 eV) and the second one at
407 nm (3.04 eV). This behaviour is attributed to the onset of the optical band gap of Cul. It has
been reported that the origin of these two peaks are the direct optical transitions at the I' point,

called Z; , and Z3, respectively [40].

Indeed, the first peak (lez) consists essentially of a doublet structure corresponding to
heavy-hole (HH) and light-hole (LH)excitons, as reported in [40]. On the other hand, the later
peak (Z3) is assigned to the split-off-hole exciton. It is worth noting that the splitting of energy
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between the HH and LH is evident at low temperature due to the localization of charge carrier
motion. However, careful focus on the Z, , peak in the present study reveals an asymmetry of the
peak maximum that can be attributed to the low splitting energy between the HH and LH at room
temperature. This is consistent with the view of Kim et al. [40] who showed that this splitting

energy decreases with the increase in the temperature.

3.4. Electrical properties

The conductivity, charge carrier density and mobility of Cul films are presented in Table
1. They were derived from Hall effect measurements using van der Pauw geometry. Regardless the
amount of iodine, the films show p-type behavior. At room temperature, the conductivity (o) of the
Cul thin films ranges from 19.6 to 47.4 S cm™!. Despite the presence of defects deduced from XRD
analyses and observed by TEM characterization, the electrical conductivity of Cul films is higher
than the reported values [11,20,21]. An optimum of the film conductivity is observed for 0.15 g of
iodine. The obtained value of conductivity (47.4 S cm™) is very high compared to other p-type
materials such as Cuz0 [41] or CuCrOz [42]. This result clearly confirms that Cul is a suitable
material for p-type transparent conductive thin films. Therefore, the reason for p-type conductivity
is due to the occurrence of copper vacancies, resulting from their low formation energy compared
with other copper iodide defects [1,14,22,43.44]. The mobility of holes in Cul thin films prepared
at room temperature is higher than that of spiro-MeOTAD with 4x10 cm? V! s! [45] and that of
CuSCN (0.1 cm? V-! s71) [46]. Therefore, Cul thin films can serve as a strong hole transport layer
for perovskite solar cells [47]. Recently, Chang et al. [22] reported an impressive conductivity of
283 S cm! for Cul thin films prepared by reactive sputtering in the presence of excess iodine. The

hole density (p) ranges from 1.4x10'8 to 4.3x10'° cm?.

The figure of merit (FOM) is defined as the ratio of the electrical conductivity to the absorption
coefficient in the visible range. FOM is an important parameter that quantitatively describes the
performance of transparent conductive thin films. The FOM of Cul thin films prepared with
different amounts of iodine is shown in Table 2 and compared with the results obtained by other
techniques. The high value of FOM describes good performance of transparent conductive thin

films. For transparent conductive materials, there is evidence in the literature that the figure of



merit (FOM) can be used to compare the properties of the films. Within the iodine mass tested in

the present study, the FOM ranges from 1000 to 1425 MQ! (Figure 7).

3.5.Photoluminescence

Photoluminescence (PL) is a powerful technique that provides information about the optical
behavior of the material under study, while the defect chemistry of y-Cul plays an important role
in its functionality [18,28,48]. Figure 8a shows the PL spectra of the prepared samples. The PL
spectra of all samples have similar spectral features. It consists of two main bands around 413 nm
(blue region) and 726 nm (red region). Moreover, the fine structure of the fundamental band in the
blue region shows maximum at 413 nm (3 eV) and shoulder at slightly lower energy of 418 nm
(2.96 eV). This shoulder became significant at I>-excess conditions (Figure 8b). Therefore, three
PL spectral features can be considered: PL.1, PL2 and PL3 at 413 nm (3 eV), 418 nm (2.96 eV) and
726 nm (1.7 eV), respectively. Similar PL peaks were reported by Satoshi Koyasu et al. [49] and
Guochen Lin et al. [35] for Cul material. They attributed the origin of the PL1 peak to the
electronic transition from the conduction band to the valence band, while the other peaks, PL2 and
PL3, are attributed to different defect-related transitions. Tracing the behavior of these defect-
related PL peaks reveals a significant contribution of the PL2 peak under I>-excess conditions, in
contrast to the PL3 peak, which becomes more evident under I»-deficient conditions. This is in
agreement with the work mentioned above. This also confirms the origin of PL2 and PL3 to Cu-
vacancy and I-vacancy related transitions, respectively. In other words, the very small energy
difference between PL1 and PL2 indicates that Cu-vacancy forms a shallow acceptor level. This
probably indicates the favorable conditions to increase the p-type conductivity. In contrast, the I-
vacancy produces deep donor level. Thus, PL2 and PL3 can be assigned to the transition from
conduction band to Cu vacancies and from I vacancies to valence band, respectively. As discussed
above one can see the important role of the defect chemistry in Cul which, in turn, modifies its
electronic structure. However, further optical studies on the samples of this study are required to

understand and control the role of these defects, leading to the desired applications.
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Furthermore, Cul shows strong blue emission (inset in Figure 9), which can be exploited in various
lightening applications. Moreover, the intrinsic p-type conductivity property opens the door to use
Cul as a promising alternative to GaN-based light emitting devices. This may be an interesting
approach, especially given the current technical difficulties in fabricating highly doped p-type GaN

layers.

In this regard, the chromaticity diagram is used to verify the quality of the emission colors of the
phosphor as well as to show its color coordinates in relation to the coordinates of the white light
zone. The coordinates of the CIE chromaticity diagram corresponding to the four samples (Figure
9) verifies their coordinates lies in the blue region with slight shifts depending on the amount of L.
Therefore, the Cul phosphor can be used as a blue light supplier in a white light generation system.
In line with this, Tachwan Jun et al.[50] recently reported the generation of white light emission

within the Cs-Cu-I system.

Conclusion

In this work, thin Cul films were fabricated to study the structure, microstructure, and
functional properties using XRD, SEM, TEM, PL, UV-visible and Hall effect techniques. We
obtained copper iodide films showing a strong preferential orientation in the [111] direction. The
surface morphology of the films shows that they are composed of flat disoriented grains. The
crystallographic twin domains in the Cul grains were analyzed by selected area electron diffraction
(SAED), revealing the twin geometry. We synthesized a transparent conductive semiconductor
with unique optoelectronic properties, including wide band gap of 3.05 eV. As a result, an average
transmittance of 66 % in the visible region was achieved. The photoluminescence (PL) properties
of these samples were then carefully evaluated. Consequently, three PL spectral features were
obtained: PL1, PL2, and PL3 at 413 nm (3 eV), 418 nm (2.96 e¢V), and 726 nm (1.7 eV),
respectively. Cul thin films were found to host blue light emission under 320 nm excitation. Using
0.2 g I, the as-prepared Cul film had an electrical conductivity of 30.8 S cm™! and a mobility of
35.6 cm? V- s°l. These results clearly indicate that y-Cul is very promising as a transparent
semiconductor. Therefore, transparent p-type Cul-based semiconductors are expected to stimulate

the development of transparent electronics.
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Figure 1: a) X-ray diffractogram of an as-deposited Cu film on Si substrate. b) Series of X -ray
diffractograms of Cul films synthesized with different amounts of iodine. The vertical dashed lines

correspond to the theoretical positions of y-Cul diffraction peaks.
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Figure 2: SEM cross section of a film prepared with 0.15 g I> deposited on silicon substrate a) SEM

surface image of the same film b) and surface magnification of a film prepared on a glass substrate

with the same amount of iodine c).
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Figure 3: a) Bright field TEM micrograph showing twin related variants of thin Cul film (300 nm
thick) deposited on silicon substrate. b) Corresponding electron diffraction pattern recorded along
[110];; zone axis. c) Composite electron diffraction pattern recorded along [110]; Il [110];; zone

axes.
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Figure 4: Series of dark field TEM images recorded with a) g; = (002), b), g,; = (111) and c)
g1 1 = (111), revealing two twin-related variants (I and IT). One can notice that (111) is common

to the two twin-related variants, is perpendicular to the twin plane.
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Figure 5: a) HRTEM micrograph recorded along [011] exhibiting two twin-related variants with,
in the inset, the corresponding Fast Fourier Transform (FFT). b) STEM micrograph recorded along
the same [110], Il [110],; zone axis and same area of interest exhibiting the twin plane separating
the two twin-related variants. One can notice in Figure 5a, in addition to the twin-plane, stacking

faults in the variant at right.
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Figure 6: a) Transmission spectra of the Cul thin films synthesized with different amounts of

1odine. b) Absorption coefficient evolution as a function of the wavelength.
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Figure 7: Evolution of the figure of merit of Cul films from the present work and from the literature.
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Figure 8: a) Photoluminescence spectra of the y-Cul thin film with different amounts of iodine

excited by 320 nm. b) magnification of the high energy peak to show the influence of the iodine

amount on the shoulder at 418 nm.
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Figure 9: CIE chromaticity diagram coordinates of the four samples. The inset corresponds to a

photo of the blue emission from one sample under UV-excitation
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Table 1 Resistivity (p), b) mobility (1) and c) hole density (p) of the y-Cul thin film

2 mass Resistivity Conductivity Mobility Carrier concentration
(® (Qcm) (Scm1) (cm?V-1s1) (cm3)
0.10 4.4 %1072 22.7 49.6 3.1x 108
0.15 2.1x1072 47.4 6.9 4.3 x 101?
0.20 3.3x1072 30.8 35.5 5.7 x 1018
0.50 5.1 x 1072 19.6 459 1.4 x 1018

Table 2: The figure of merit of y-Cul thin films prepared by various techniques and in the present

work.
Preparation method Thickness T Conductivity FOM Ref.
(nm) (%) (Scm™) MQ™
PLD 500 80 5x10* 0.11 [23]
Mister atomizer 550 75 0.21 40 [20]
Iodination 500 49 5 350 [21]
Sputtering 100 70 18.5 518 [19]
Sputtering with I excess 200 72 283 17000 [22]
Thermal evaporation 120 77 13.9 570 [18]
Sputtering + iodination 300 51 22.7 1010 Present work
Sputtering + iodination 300 48 47.4 1920 Present work
Sputtering + iodination 300 40 30.8 1003 Present work
Sputtering + iodination 300 66 19.6 1425 Present work
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