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Abstract. Magnesium-doped CuCrO, material has emerged as a p-type semiconductor
because of its lowest resistivity in delafossite family. In this report, the CuCr.9sMgo.0s02
thin films were deposited on soda-lime glass substrate at the substrate temperature of
450°C from a 3-inch target of CuCro.9sMgo.0s02 material using dc magnetron sputtering
system. From the XRD results, all films exhibit the significant existence of delafossite
structure with the (110) orientation regardless sputtering currents and relatively low
substrate temperature. There is a strong correlation between the structural and electrical
properties of thin films as a function of the sputtering currents in which the higher
integrated intensity of (110) orientation is, the lower the resistivity of the films is reached.
The film deposited at current of 350 mA has the lowest resistivity of 4x10-2 Q.cm.

Keywords: CuCrogsMgoosOz thin films; delafossite; low resistivity p-type materials;
magnetron system; sputtering current.

I. INTRODUCTION

ABO:> (1:1:2) is the general formula of delafossite material, where A is monovalent
metals (i.e. the oxidation number is +1, including Pt, Pd, Ag or Cu) and B is trivalent metallic
elements (i.e. the oxidation number is +3, including Cr, Fe, Ga, In or Al) [1]. In the
delafossite structure, A atom directly bonds in a straight line with 2 oxygen atoms and forms
a plane layer, while B atom is surrounded by six oxygen atoms which forms octahedral
structure BOe. Especially, delafossite has a layer structure with an alternation of A atom
plane and BOg layer like the structure of NaCoO2 and CasCo0409 materials which are good
thermoelectric materials [2, 3]. In the family of delafossite materials, CuCrO2 emerges as a
potential candidate because it has high conductivity in both forms of thin films and bulks.
R. Nagarajan had fabricated a 5% Mg-doped CuCrO- film with record high conductivity of
220 S/cm [4] unbroken for a long time. However, in 2018, this record was surpassed by
result of M. Ahmadi et al. who fabricated a Mg and N co-doped CuCrOz thin film obtained
a high conductivity value of 278 S/cm [5]. CuCrO: delafossite material is an inherent p-type
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semiconductor used in many applications such as photo-electronics [6, 7], catalysis [8, 9],
thermoelectricity [10, 11], sensor [12], or perovskite solar cell [13]. However, the
performance of this material and other p-type materials needs to significantly improve to
employ in those applications. For thin film delafossite materials fabricated by the sputtering
method, the electrical conductivity of the films is strongly affected by the sputtering
conditions: substrate temperature, film thickness, sputtering gas, sputtering currents...
Therefore, in this study, we investigate the influence of sputtering currents on the structure,
optical properties, electrical properties of 5 %at. Mg-doped CuCrO: thin films which
fabricated by magnetron sputtering with the change of the sputtering current.

II.EXPERIMENTAL DETAILS

Synthesis

CuCro.95sMgo.0s02 target is made up from raw oxides of Cu.0O, Cr.0O3, MgO (the purity
> 99% for all). The powders of those oxides are weighed and then mixed with distilled water.
The mixture is put in a mill made of Al.Oz and grinded for 5 hours by a planetary ball mill.
After the grinding process, the wet mixture is dried out water and pressed into form of a disk.
After being pressed, the target was calcined at 1400 °C in a furnace. The Table 1 depicts the
detailed conditions for the sputtering process of the thin films.

Table 1. Parameters for the deposition process of CuCrg.gsMgo.0s0- thin films.

Parameters Details
Target material CuCro.9sMgo.0s02
Substrate soda-lime glass
Sputtering currents 200 - 450 mA
Sputtering gas Argon
Working pressure 3x1073 torr
Distance between the target and substrate (cm) 5
Temperature of substrate 450 °C

Characterizations

The Bruker D-8 Advanced system was used to investigate the crystal structure of films
and measures in 20 scan = 30-70° (step = 0.02°). The transmittance spectra measured in a
wavelength range of 340-1100 nm was carried out by using Jasco V-530 system. The Hall
measurement (Ecopia HMS-3000 system) based on Van der Paw method was used to
measure carrier concentration and resistivity of the films at room temperature. The surface
and cross-section morphology of the films were imaged by Hitachi S-4800 system.

1. RESULTS AND DISCUSSIONS

The diagrams of X-ray diffraction of thin films CuCro95Mgo.0s02 deposited under
different sputtering currents in Fig. 1 shows that all samples have delafossite structure
according to PDF file # 74-0983 standard. The two diffraction peaks (012) and (110) of the
delafossite phase exist at the positions of 20 = 36.4° and 62.5° for all films, respectively.
Besides, based on the deconvoluted patterns in Fig. 1b, there is also existent (002) peak at
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ca. 35.6° belonged to CuO phase (PDF # 45-0937) and this peak is overlapped with (012)
peak of delafossite phase. It is interesting that when the sputtering current increases, the
intensity of the diffraction peak (110) of the delafossite phase also grows accordingly.
Specifically, when the sputtering current increases from 200 to 350 mA, diffraction peak
intensity (110) also increases and reaches a maximum value at the sputtering current of 350
mA. However, the intensity of this peak (110) decreases as the sputtering current increases
to 400 mA. In this work, crystal structure of films shows the preferred orientation following
the (110) peaks, whereas in other literatures the orientation of XRD peaks only grows in
(006) or (012) peaks [14-16].
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Fig. 1. a) XRD patterns of CuCro9sMgo.0s02 thin films at different sputtering currents. b)
and (c) are the small 2-theta range of 34 — 38° and 61 — 64°, respectively. Besides, the 2-
theta range in (b) was deconvoluted to detect the existence of phases in the films using
Pearson VII function for fitting.
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Fig. 2. The dependance of lattice parameter a (nm), the crystallite size D (nm) and the ratio
of integrated intensity of diffraction peak (110) and the total integrated intensity of full
XRD pattern as a function of sputtering currents.

The change of lattice parameter a, crystallite size D obtained from peak (110), and
ratio of integrated intensity of peak (110) and total integrated intensity of full XRD pattern
are shown in Fig. 2 as a function of sputtering currents. As seen in Fig. 2, the lattice
parameter a increases as sputtering currents increase. This could be explained by the
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substitution of the Mg?* ion for the Cr®* ions, because the radius of Mg?* ions (0.72 A) is
larger than Cr®* (0.615 A) [17]. Therefore, the substitution of Mg?* ions for Cr®* ions given
rise to the broaden of lattice parameter a is proportional to the sputtering current. In addition,
when the sputtering current increases from 200 to 350 mA, both the crystallite size and the
I110/ltotar ratio increase and then there is a slight decrease of those values as the sputtering
current increases up to 400 mA. At the sputtering current of 350 mA, the crystal size reached
a maximum value of 20.22 nm. From XRD results, it can be clearly seen that the sample
prepared at the sputtering current of 350 mA has the optimal crystallinity which is expected
to a good electrical conductivity.
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Fig. 3. The transmittance spectra of Fig. 4. The hole concentration (n) and resistivity

CuCrog5MgoosO, thin films at variuos (p) of CuCro9sMgoosO; thin films as a function of
sputtering currents. sputtering currents.

Fig. 3 shows the transmittance spectra of thin films CuCro9sMgo.0502 deposited at
different sputtering currents. In the wavelength range of 400 to 500 nm, the transmittance is
relatively low, only 15% or less. The transmittance has an increase with the increase of the
sputtering current which implies the improvement of the crystallinity of the films.

The carrier concentration (n) and resistivity (p) values of thin films show a significant
change with the increase of the sputtering current as shown in Fig. 4. The carrier
concentration of sample prepared at 200 mA has the lowest value of 0.2 x 10%° cm while
that of 400 mA film reaches the highest value of 2.2 x 10?° cm™. The carrier concentration
and resistivity are two inverse quantities related to each other through the expression: 1/p =
n.p.h, where p is the hole mobility and h is the elemental charge (1.6x10%° C). Therefore,
as the carrier concentration increases, the resistivity of the material decreases. The film
prepared at the sputtering current of 350 mA achieved the lowest resistivity value is 4x102
Q.cm. This resistivity value is lower than that of other literatures prepared in similar method
[18, 19].

The surface and cross-section morphology of the films shown in Fig. 5 contribute to
the explanation of the resistivity values of the sample deposited with a sputtering current of
350 mA. The film surface deposited at sputtering current of 350 mA exhibits a smooth
surface in comparison with that of 200 mA as seen in FESEM and cross-section images.
Besides, the surface of 350 mA-film appears the grains which may be the crystallite grains
of the films. In addition, cross-section images also showed that the structure of the 350 mA-
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films has a crystal structure, while this cannot be seen at 200-mA films. From FESEM
images, it can be clearly seen that the sputtering current strongly effects on the crystal
structure of the films.

Figure 5: a-1, a-2) Surface FESEM and b-1, b-2) Cross section FESEM
of the film deposited at current of 200 mA and 350 mA.

IV. CONCLUSION

In this study, we have systematically studied the effects of the sputtering currents on
the structure, optical and electrical properties of thin film CuCro9sMgo.0s02 deposited by
magnetron sputtering. The results showed that delafossite structure is easy to form regardless
the sputtering currents which is different from other literatures. All films exhibit the low
transmittance, and the increase of sputtering current gives rise to the increase of the
transmittance which implies the improvement of the crystal structure. An increase of the
sputtering current leads to an increase in the carrier concentration and a decrease in
resistivity. With the sputtering current value of 350 mA, the film has a flat surface, high
uniformity of the structure and the lowest resistivity value of 4x102 Q.cm which is relatively
low in comparison with other literatures.
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