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Research Title: Synthesis and studying of Optical properties of CuBO, compound

Researcher: 5 Dr.Chhesta Ruttanapun

ABSTRACT

CuBO, delafossite was prepared by solid state reaction and calcined/sintered at 1005 C.
The optical properties of this p-type transparent conducting oxide were investigated. Its crystal
structure, morphology, composition, and optical and electronic properties were characterized
by X-ray diffraction, scanning electron microscopy, X-ray photoelectronspectroscopy,
ultraviolet-visible-near-infrared (UV-VIS-NIR) and fluorescence spectroscopies, Seebeck
coefficient, and electrical conductivity measurements. CuBO, delafossite possessés a
hexagonal space group R3 m. The positive Seebeck coefficient confirmed p-type behavior.
Emission at 355 nm indicated a direct band type transition, and the UV-VIS-NIR spectrum
indicated an optical direct gap of 3.6 €V. Activation energies for carrier production and
electrical conduction were 0.147 and 0.58 eV, respectively, indicating the thermal activation of
carriers. CuBO, delafossite is a p-type transparent conducting oxide with a wide band gap and

may have potential in industrial p-type electrodes.

Keywords : CuBO,; p-type transparent conducting oxide; delafossite.
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Abstract

The CuBO, compound has been synthesized by conventional solid state reaction for
investigating properties of oxide materials. The starting powder Cu0(99.98%) and
B,04(98%) were ball milled for 24 h. The ball milled powder was calcined in air at
950 °C for 6 h and the calcined pellet was sintered at 1000 °C for 12 h. The ball milled
powder was analyzed using thermogravimetric method for analysis of decomposition
and forming phase. The smteled sample was determined the crystallography by XRD.
The optical properties will be characterized by FTIR and UV-VIS-NIR
spectrophotometer. The DTA/TG result reveals that CuBO2 compound begins to
exhibit delafossite structure at 940 °C. The XRD results confirm phase of delafossite
structure which is the hexagonal space group: R 3m. The experimental results of FTIR
and UV-VIS-NIR will be reported.

Keywords: Delafossite oxide, CuBO,. oxide materals.



diinvedyanan NIzIBNINAIMIANTZIT

17

(2]

Advanced Materiais Research Vol. 717 (2013) j)p 15-20
© (2013) Trans Tech Publicarions, Switzerlan
doi: 10.4028Awnw.scientific.net/AMR. 717.15

Optical Properties of CupgsPtoosFep.97Snee30; for p-type Transparent
Conducting Oxide Materials

Chesta Ruttanapun'>®’, Sagulthai Kahatta'®, Banjong Boonchom®>*,

Naratip Vittayakorn®®, Montree Thongkam?3®, Samart Kongteweelert®*',
Somsak Woramongkonchai®>9, and Pachenchaiput Chaiyasit>>" .

1Department of Physics, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand

2Department of Chemistry, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
L.adkrabang, Bangkok, 10520, Thailand

*Functional Phosphate Materials and Alternative Fuel Energies Research Unit (FPM-AFE), King
Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Bangkok, 10520, Thailand

a"ches'(a.ruttanapun@gmail.com, bsagu!thai@hotmail.(:om, ‘kbbanjon@gmail.com,
dnaratipcmu@yahocv.c:com, ®mjacky27 @hotmail.com, 'samari?S@hotmaiI.com,
Skwsomsa@kmitl.ac.th, hpachemchaiput@gmail.com

Keywords: Optical properties; Delafossite Oxide compound; p-type transparent conducting oxide.

Abstract. The CuggsPtogsFeao:SnpesOz sample has been synthesized by a solid-state reaction to
investigate optical properties of materials of transpar@nt conducting oxide. Crystal stiucture was
characterized by XRD. The Seebeck coefficient and electrical conductivity were measured in the high
temperature (300 to 860 K), while the XPS and UV-VIS-NIR spectrta were analyzed at room
temperature. The XRD peaks confirm the samples forming the delafossite structure phase. The
Seebeck coefficient reveals the samples displays the p-type conducting. The XPS specira show the
Sn* state stabling in this compound. The optical direct gap is 3.45 eV as a visible-transparent
material. These results support that the Cuig osPty,05Fen 975100502 oxide compounds, of which the Cu'”
and Fe®” sites are substituted by the Pt'" and Sn™ jons respectively, are p-type transparent conducting
oxide materials.

Introduction

The applications of transparent conducting oxide[1] (TCO) materials are used for transparent
electrodes, touch screen. and smart mobile phone. The TCO materials are depended on band energy
gaps as corresponding to the region of visible light in the range of 1.59 eV to 3.26 eV. Therefore, to
protect the visible light photon exiting electron from the top of valence band(VB) to the bottom of
conduction band(CB}), the energy gaps (Eg) of TCO materjals much need grater than 3.1 eV[1-2].
There are a few compound in p-fype TCO such as SrCn;0; weich is Eg = 3.3 eV [3]. Recently. the
TCO materials in p-type conducting [4—6] are interesting to discover new compounds. Kawazoe et al.
[1] have reported that the thin film CuAlQ; displays p-type TCO material due to containing the direct
energy gap in 3.5 eV with showing p-type conductor. In addition, Benko et al.[7] have reported that
the CuFeO: compounds displaying p-type TCO with direct energy gap in 3.43 eV. Ruttanapun et al.
[8] have showed that the CuFeO; bulk contained the electrical conductivity in 3 S/em at room
temperature. ’

Moreover. Ruttanapun et al. [2] have reported that the Pt-doped in CuFeO: compound can enhance
the electrical conductivity. To the best of our knowledge, however, there has been no report
concerning the optical properties of the simultaneous Pt-doped and Sn-doped into CuFeO» compund
for Cuy Pt Fe; xSn,02 compound.

Alf rights reserved. No part of contents of this paper may be reproduced or transmitted in any form of by any means without the written permission of TTP,
wvivittpnet. {ID: 115.67.71.245-31105/13,03:00:20}
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The aim of this paper, therefore, is to investigate the optical properties of CuyPtFe;.SnOz
compound for p-type TCO materials. The optical properties of Cuy(PtFe;.SnyO sample have been
investigated. In addition, the x-ray diffiaction (XRD), Seebeck coefficient, electrical conductivity,
and UV-VIS-NIR spectra for-identifying of allow direct gap with phonon energy are discussed.
Finally. the effect of the Pt and Sn substitution into the CuFeO: is reported with comparison to
CuFeO; result of our previous work[2].

Materials and methods

Polycrystalline sample of CugesPto.0sFe.07S10,0302 compound was synthesized by a direct solid-state
reaction as shown in the following equation:

[2(1-)Cu0+2(x)PICl] + [(1-9)Fex0s + (1)AL05] > 2CuaPteFeupnSiug 0z +2Ch + 20,

where x=0.05 and v=0.03. Stoichiometric amounts of high-purity powders CuOMerk. 99.98%),
PtClz(Sigma-Aldrich, 98%). Fex03(Sigma-Aldrich, 99%) and SnClx(99%) were ball milled with poly
vinyl alcohol solution for 24 h. The ball milled powder was calcined in air atmosphere at temperature
930 C for 6 h. The calcined sample was cool hydraulic pressed into pellets of 12 mm diameter with
2-3 mun thickness. The resulting pellets were sintered by perfonming on alumina crucible in furnace at
1050 °C under air atmosphere for 13 to 23 hours. After heat treatment, the samples were kept rapidly
quenched to room temperature.

The phase of the Cug.0sPtoosFeon:Sno03;02 specimen was characterized by the powder x-ray
diffraction (XRD) of PHILIPS model: X’ Pert MPD using Cu Ko radiation with 26 = 20° to 80° with
0.02 steps. Microstructures of the samples were observed by scanning electron microscope (SEM)
using the JEOL model: JSM-5410. The X-ray photoelectron spectroscopy (XPS) was performed on
AXIS Untra DLD with Al Ko (150 W) X-ray source (photon energy 1486.6 eV) on correction binding
energies for specimen charging in the XPS spectral analysis by referencing C 1s peak to 254 eV. The
Seebeck coefficient and electiical resistivity were simuitaneously measured on the 4.63 x 3.52 x
19.22 mm’ sample bar using an ULVAC-RIKO ZEM-3 thennoelectric property measurement system
under a low-pressure helium atmosphere. The optical transinission spectra were recorded on powder
sample at room temperature by using a UV-VIS-NIR spectrophotometer (Shimazu UV-3101PC) in
the range of 300 to 800 nm.

Results & Discussion

Material characterization. The XRD patterns of the CuggsPiggsFeq 975199302 sample are
showed in Fig 1. The standard phase of ICSD:01-075-2146 tor the CuFeO, delafossite and XRD
phase of CuFeO, with from previous work([2] are nserted for referencing phase. The XRD peaks of
the CugssPloesFeoorSng0302 display phase of the delafossite structure relating to the ICSD:
01-075-2146, phase of CuFeO:-based[2] and an impurity phase of the CnuO (ICSD Card
File:01-089-5897). The XRD pattemns of the sample show peaks corresponding to the peaks of the
referencing phase and appear the phase of the CuO. This result confirms that the
Cug.95Pto.0sFe0.078n0,0302 sample forms phase of the delafossite of hexagonal structure (space group:
R-3m).
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v Cu0
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i
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Fig. |. The XRD patterns of the CugosPis 0sFe007Sng,6:0; sample. the reference CuF e(,-based|[2] and
ICSD standard file.

The lattice spacing parameter of the Cug esPtg osFeq 0-Snip 9305 samples for the a-axis and c-axis
length exhibies 3.0459 A and 17.1556 A, respectively. The lattice distance of the CuFeQ,-based([2]
for the a-axis and the c-axis is 3.0334 A and 17.1598 A. respectively. The results display that the
lattice parameter of the CuyesPtoosFensrSngpsOz samples 1s larger than that of Cul-‘eOa
sample-based[2]. The resultis caused from the pamal substitution of the large atomie radii of the S~
(1.36 A) for the Fe’"(0.69 A) sites and the Pt (0.60 A) for the Cu'™ (0.46 A) [9] sites into the CuFeO:
structure.

Sm'i ST =150 Sigrad A » SEY
WOs B Mag® §00

Fig. 2 The microstructure and morphology of the Cug osPtg gsFeg 07510030, sample.

The microstructure of the sample was observed by SEM as shown in Fig.2. The grain crystal size of
the Cug.osPtoosFeo7Sng 0:0; sample is approximatly 1 to 6 wumn as indicating the complete reaction in
sinfering process.
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Fig. 3 The X-ray photoelectron spectrum for the Sn3d;;» and Sn3ds;: of the Sn* signals for the
Cug.gsPto.osFeo97Sno0302 sample.

The X-ray photoelectron spectrum (XPS) is used to analyze the stible oxidation valency state of the
Cugp.osPtocsFeesrSnp 0302 sample. The Sn3d spectium for the valence state of the Sn ion (Sn3ds:;z and
Sn3ds;» core shells) of the CuggsPtgosFe 075100302 1s shown in Fig. 3. The peaks display that the
binding energies of the Sn3d;,; and Sn3ds;; signals stay 494.2 eV and 485.8eV, respectively. The XPS
peaks confinn that the oxidation state for Sn ions of Ciy 9sPtg osFee 975100302 sample stably exists in
Sn** state as corresponding to the articles of Li [10] and Cantaof{! 1] wheih have reported the Sn3d;;, .
at 494 8 eV and the Sn3ds; at 483.8 eV for S ion state.

Electrical properties. The Seebeck coefficientS) and the Arrhenius plot of electrical conductivity of
the CuggsPtp 05Fe0.97S10,0:02 samples and the CuFeO,-based [2] as a function invert-temperature are
shown in Fig. 4. The results reveal that Seebeck coefficients of the Cug gsPty gsFeg 678110 530, samples
are positive sign over the measured temperature range as indicating p-type couductor materials
dorninating by the nature hole carriers. The S results, at roon temperature, of the sample are range of
317 to 350 uV/K in the temperature range of 860 to 320 K. This value indicates that the
Cg.9sPto.0sFep07Sn6.0302 compound displays a semiconductor material. All results of the Seebeck
value of the sample are higer than the value of the CuFeOz-based [2]. The relation of p-type Seebeck
coefficient is expressed by the equation [12] of S = (kg /e J[(E;7 kgT ) + A ] , where kg is the
Boltzmann’s constant, e is the electronic charged constant, £; is the activation energy for the
production of free camriers ,and T is the absolute temperature and 4 is a constant. The activation
energy for the production of fiee camiers (Es), which is expressed [12] by E; = (Er —E,), is obtained
by plotting the S vs. J000/T as shown in the Fig. 5(a). The E; value corresponds to the energy
difference between upper the valence-edge energy (Ey) and the Fermi energy level (Ef) as indicating
the the Fermi energy value in semiconductor. The result of E; value for the sample is 21.03 meV as the
Fenni level above the valence band.

The Arrhenius plot of the Cug osPts 05Fe097510030; sample (Jogo vs. T 1), is shown in Fig. 4(b).
The relation of Arthenius corresponds to equation of electrical conductivity by the following relation
of o= Grexp(—E,/ kpI) [12] where kp is Boltzmmann's constant, £, 1s activation energy of conduction
, T'is the absolute temperature and ¢, is constant. The activation energy (E,), which is obtained from
slopes of logavs. invert of temperature(7™), corresponding to the activation energy of acceptor levels
in a p-type semiconductor. The straight line with negative slope indicates the positive activation
energy (£q) value. The E value of the CuogsPioosFesorSnoesO2 samples and CuFeOs-based [2] are
243 and 49 meV, respectively. The positive activation energy display the shallow or deep acceptor
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levels in the band gap of the p-type semiconductor. The E values show that the activation energy of
the Cug.osPto.osFeos7Sn0030~ sample is larger that of the CuFeQz-based [2]. The large activation
energies of the Cug.esPto.osFe007Sn0,030; correspond to the deep acceptor level.
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Fig. 4 (a)The Seebeck coefficient and (b) the log of electrical conductivity as a function of invert
temperature for the CuggsPio.osFeq 978100302 sample and the reference CuFeO»-based[2].

Optical properties. The absorption coefficient {13] (o) spectrum and direct energy gap of the
Cup.osPto.osFen s7Sn0.0:02 sample at room temperature are shown in Fig. 5. The absorption coefficient
of the sample as shown in Fig. 5(a) displays in a range of energy trom 1 to 5 eV. The spectrum reveal
that the hard absorbability of the samples show in the energy range of 4 to 5 eV (the GV region), and
the soft absorbability is in the energy range of 1.0 to 4 eV (the Near IR and the visible light regions).
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Fig. 5. (a) The absorption coefficient and (b) direct energy gap of the Cuyp.9sPto.0sFe.97510,0302
samples at room temperature.

The direct energy gaps of the samples is shown in Fig. 5(b) and the nery gap of CuFeO;-based [2] is
inserted for comparison with the energy of the sample. The allowed direct transition relation with

absorption coefficient is expressed by the following equation [13] of (¢iv) = B(hv-E a)> Where Bis

a constant, Jrv is photon energy and FEgq is the direct energy gap. The direct energy gap (Egd) is
obtained from a plot of (afrv)” vs. hv [13] with taking the infercept on the axis of photon energy. The
results show thar the direct energy gap of the CuggsPty asFes7Sn9.0302 compound is 3.45 eV. This
value is similar to the CuFeO,-based [2]. In nature, the region of energy spectrum for visible light is in
the ranging from 1.7 &V to 3.1 €V. The energy gap (E,q) for visible hight transparent material is much
larger than 3.1 eV. Also, the result reveals that the direct energy gap of the CugosPto0sFe0.97510.0302
compound is larger than 3.1 eV. Theretfore, the Cug.osPtgesFe.7S10.0302 compound can transfer the
photons energy in region of the visible light spectrum. This result confirms that the
CugosPtoosFeoo7Snp ;02 compound 1is a material of transparent visible light. Totally, the
Cup.95Pto.0sFe0.07S110.0:02 compund displays a mnaterials of the p-type transparent conducting oxide (as
p-type TCO). : '
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Summary

The Cug 5Pt gsFeq 0751 9302 compound has been prepared by the solid state reaction method. The
XRD results reveal the samples forming delafossite structure relating to the peak of CuFeO:-based.
The XPS data confirm that the Sn-doped for Fe®* sites is stable in Sn*” state to display p-type
corresponding with the positive of Seebeck coefficient. The activation energy which is obtained from
electrical conductivity displays 0.234 ¢V. The UV-VIS-NIR specira of sample exhibits the
transparent conducting oxide materials with the direct allow transition energy gap of 3.45 eV. Totally,
the CuoesPtoosFe0.97S10.030> compound is a candidate material for p-type transparent conducting
oxide.
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ABSTRACT

The CuCoO, sample has been synthesized by a conventional solid-state reaction method to investigate
electronic transport and optical properties for p-type transparent conducting oxide materials, The crystal structure was
characterized by XRD. The Seebeck coefficient and elecirical conductivity were measured in the hizh temperature. The
UV-VIS-NIR and FTIR spectra were analyzed at room temperature. The XRD peaks confirm the samples forming
the delafossite structure phase. The Seebeck coefficient sign confirms the samples displays the p-type conducting.
The electronic transport energy for activating free carrier production and conduction contain 0.276 &V and 0.131 &V,
respectively, The optical direct gap is 3.65 eV which is a visible-transparent oxide material. These results support that
the CuCo0Q; oxide compound is p-type transparent conducting oxide materials.

Keywords: CuCoOs. Optical. Electronic transport, Transparent conducting oxide

1. INTRODUCTION

Transparent conducting oxide[1] (TCO) materials are used for he applications of transparent electronic devices
such as: electronic touch screen, mobile phone and transparent electrodes. The TCO materials are depended on band
energy gaps corresponding to the visible light region between the ranging of 1.59 eV to 3.26 eV. The energy gaps (Eg)
of TCO materials much need greater than 3.1 eV[1-2] for protecting the visible light photon exiting electron from the
top of valence band(VB) energy to the bottom of conduction band{CB) energy. Present day. the p-type TCO materials
[4-6] are interesting 1o discover new compounds. The example of p-type TCO consists of SrCu,0, (Eg ~3.3 eV [3]) and
thin film CuAlO; (£g=3.5 ¢V [1]). Furthermore. the report of Benko et al.[4] have reported that the CuFeO»
componnds. which is in a group of delafossites structure, displays a p-type TCO with direct energy gap in 3.45 V.

Other compounds in the delafossite structure, Ruftanapun et al. [3—6] have reported that the Pt-doped in CuFeOs as
CuPtFeO, compound and the Sn-doped in CuFeO: as CuFeSnO, can displav the p-type TCO with Eg = 3.45 V.
Also, the compounds in delafossite group are interesting for investigating the optical and electronic transport properties
for p- type TCO materials. To the best of our knowledge, however. there has been no report concerning the optical
properties and the electronic transport properties of CuCoO, delafossite-oxide compound.
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The aim of this work. therefore. is to investigate the electronic transport and optical properties of CuCoO:
compound for p-type TCO materials. The electronic and optical properties of CuCoO; sample have been
investigated. In addition. the x-ray diffraction (XRD). Seebeck coefficient, electrical conductivity, and UV-VIS-NIR
and FTIR spectra for identifying of allow direct gap with phonon energy are discussed. Finally. the elecironic transport
energy for activating free carrier production and conduction are reported.

2. EXPERIMENT

2.1 Materinls

Polycrystalline specimen of CuCoO: was synthesized by a conventional direct solid-state reaction as shown in
the equation:

3Cu0 + C6;04 3CuCo0; +1/20,
Stoichiometric amounts of high-purity powders Cu0(99.98%) and Co3;04(99%) were ball milled with alcohol solution
(95%) for 24 h. The ball milled powder was calcined in air ai temperature 1005 °C for 6 h. Then, the calcined sample

was _cool hydraulic pressed into pellets of 12 mm diameter with 2-3 mm thickness. The resuliing pellet was sintered by
performing on alwrnina crucible m fiurnace at 1050 °C under air for 24 hours. After heat treatment, the specimens were

rapidly quenched to roon: temperature.
2.2 Methods

The phase of the sample was characterized by the powder x-ray diffraction (XRD) of PHILIPS model: X’ Pert MPD
using Cu Ka radiation with 26 = 10° to 80° with 0.02 steps. Microstructures of the samples were observed by
scanning

electron microscope (SEM) using the JEOL model: JSM-5410. The FTIR spectra for bonding information was
mvestigated on powder sample by using a Fourier transform infrared spectrophotometer (Perkin-Elmer Spectrum GX
FT-IR/FT-Raman spectrometer) at room temperature. The optical transmission spectra were recorded on powder sample
at room temperature by using a UV-VIS-NIR spectrophotometer (Shimazu UV-3101PC). The Seebeck coefficient and
elecirical resistivity were siinultaneously measured on the sample bar nsing an ULVAC-RIKO ZEM-3 thermoelectric
property measurement system under a low-pressure helium atmeosphere.

3. RESULTS & DISCUSSION

3.1 Material characterization

The XRD patterns of the CnCuO, sample are showed in Fig: 1. The XRD peaks of the CuCuO; display phase of
the delafossite structre relating to the ref [7]. This result confirms that the CuCuO; sample forms phase of the
delafossite of hexagonal structure (space group: R-3m). The lattice spacing parameter of the sample for the a-axis and
c-axis length exhibits 3.12359 A and 17.00362 A. respectively.

The microstrucnwe from SEM image of the CuCoOQ; sample is shown in Fig. 2. The morphology of the sample displays
the grain size in the ranging of 1 ym to 10 pm.
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Fig. 1. The XRD patterns of the CuCoO, sample.
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Fig. 2 The microstructure and morphology of the CuCoO, sample.

The results of FTIR spectra of CuCuQ; sample in the wave number tanging of 500 to 4000 cm™ are shown in Fig. 3.
The transmission peaks are assigned to the peaks of Cu-O and Cu~O bonding vibrations. The peak at 590 cm' is
displayed to the Cu-O- stretching vibration and the peak around 700 em’  is presented to the Cu-O stretching
vibrations in CuQg distorted octahedral [8-9]. The bonding vibration between the ranging of 500 to 1020 cm! is the

energy of the phonon vibration to co-operate with the photon enercy for electron transition in the inter-band of
allow indirect gap in the CuCu0, delafossite.
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Fig. 3 The FTIR speétra of the CuCoO, sample at room temperature.

3.2 Optical properties

The absorption coefficient (a ) spectra of the CuCoO, sample at room temperature is shown in Fig. 4. The absorption
value of the sample illusirates in a range of wavelength from 200 to 1000 nm. The spectra show that the heavy
absorbability is in the range of 200 to 350 nm which is the UV region, and the soft absorbability is in the range of 350 to
1000 nm which is the visible light regions.

CuCoO,

Absorption coefficient (a.u.)

1 1 L ) il P : | 2 13 1 | "
308 400 500 600 700 800 900 1000

»
o
=]

Wavelength {(nm)

Fig. 4 The absorption coefficient of the CuCoO, sample.
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The optical direct gap of the CuCo0Q, samples is shown in Fig. 5. The allowed direct transition cooperated to
the absorption coefficient is related to the equation [10] (@ hvy J*=A(hv -Egj, where hy’z is the photon energy, Ed is
the direct energy gap and A is the constant. The Eg can be calculated by a plot of (@hv J° vs. kv [10] with taking the
mtercept on the :

axis of photon energy. The results display that the Eg of the CuCuO2 is 3.65 V. In nature, the region of energy spectrum
for visible light is in the ranging from 1.7 eV to 3.1 V. The energy gap for visible light transparent material is much
larger than 3.1 6V. Obviously, the direct energy gap of the CuCoO, is Iarger than 3.1 eV. Therefore, the CuCoO, can

transfer the photons energy in region of the visible light spectrum which is a material of transparent visible light.

CuCo0,
Direct Eg

3
5
P
>
£
E /
- S~
/’ . EQ=365eV
|.'|-.|.1,1J’.'|.|.1.;

16 45 28 25 30 35 40 45 50 55
Photon energy {eV)

Fig. 5 The direct energy gap of CuCuO, sample at room temperature.

3.3 Electronic transport propexties

The Seebeck coefficient (S) as a function invert-temperature is shown in Fig. 6. The results show that Seebeck
coefficients of the CuCoO, sample are positive sign as indicating a p-type conductor material dominating by the
nature hole carriers. This result confirms that the CuCoO; compound exhibits a material of the p-type transparent
conducting oxide (as p-type TCO). The relation of p-type Seebeck coefficient with invert-temperature is expressed by
the equation: (111 S = ( ksfe}{(E / k3T ) + A ] . where kg is the Boltzmann’s constant, ¢ is the electronic charged
constant, Es is the activation energy for the production of free carriers ,and T is the absolute temperature and 4 isa
constant. The activation energy for the production of free carriers (Es). which is expressed {11] by Es = (Er —Eg, is
obtained by plotting the S vs.

1000/T as shown in the Fig. 6. The Es value corresponds to the energy difference between upper the transport energy
level (Ey) (where is the energy band for carriers transporting in a single band, and the energy level for carriers
transporting by hopping mechanism) and the Fermi energy level (Er) as indicating the Fermi energy value in

. semiconductor. The Es value for the sample is approximately 0.275 €V as the Fermi level above the valence band.
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Fig. 6 The Seebeck coefficient as a function of invert temperature for the CuCoO2 sample.

The Arrhenius plot for electrical conductivity of the CuCoO, sample (Jogo vs. T''), is shown in Fig. 7. The relation
- of Arrhenius corresponds to equation of electrical conductivity in the relation: of ¢ = 0 expEaksT) {12] where kg
is the Boltzmann's constant. Ea is the activation energy of conduction . 7 is the absolute temperature and ¢ , is the
constant. The activation energy (Ea), which is excerpted from slopes of log g vs. invert of temperature(7™),
corresponding to the
activation energy of accepior levels in a p-type semiconductor. The straight line with negative slope indicates the
positive value of the activation energy (Ea) value. The result shows that the Es of the CuCoO» sample 0.131 &V,
The positive activation energy displays the shallow or deep acceptor levels in the band gap of the p-type semiconductor.

&
13 ¢ \\Ea =0.131eV -l

b ™ p

hzb \n ]

[ I L 1 L i
£.3 -0.2 -0.% 0.0 01 9.2 0.3 0.4

1000/T (K™)

log (o S/cm)

Fig. 7 The log of electrical conductivity as a function of invert temperature for the CuCoO; sample.
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4. CONCLUSION

The CuCoO» compound has been prepared by the solid state reaction method. The XRD results confirm the
sample forming delafossite structure. The Seebeck coefficient reveals the sample display p-type corresponding with the
positive sign of Seebeck coefficient. The activation energy for free carrier production. and for carrier conduction are
obtained

0.276 eV and 0.131 eV. respectively. The UV-VIS-NIR spectra confirm that the sample is the transparent conducting
oxide materials with the direct allow transifion energy gap of 3.65 €V. From the results, these can be concluded that the
CuCoQ, delafossite-type oxide compound display a p-type transparent conducting oxide ’

materials.
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