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Abstract. Cu0 thin films were obtained through thermal oxidation of de magmetron sputtered
metallic Cu films on glass substrates. Thermal oxidation process was performed n air at
temperature ranging 300-300 °C. From XED pattems, Cu0D single phase of monoclinie stcture
was formed at oxidation temperature bevond 430 °C whereas amorphous phase with very small
grains was obtained at oxidation temperature below 430 °C. The positive sign of the Hall coefficient
confirmed the p-type conductivity m all studied films. From transmission specira, direct band zap
value is varied between 2.17 and 2.83eV. From the transient photoconductivity measursments,
persistent photoconductivity (PPC) behavior was observed. The decay cumrent data were better
fitted with the multiple exponential finctions resulting inte five slow decay times. Density of trap
states comresponding to its decay time was also evaluated from the decay current data.

Introduction

Omides of copper are well-known to show p-type conductivity and have many advantages for
catalysts and selar energy conv ersion application. Won-toxic, econonue, abundant av 3.[].3.].}1].11.".- and
relatively simple formation of oxide makes copper omide as an interssting material [1]. Twao
common forms of copper oxide are cuprous oxide (Cup0) and cupric oxide (Cu0). A meta-stable
copper oxide, CuyOs, which 15 an intermediate compound between the previous mwo, has also
reported [2]. Cuz0 and CuO belong to cubie and meneclinic structures with band gap of 2.1-2.6 &V
andl.9-2.1eV, respectively. The growth of high quality p-type CuO thin films 15 essenfial for
fabricating p-n junction-based oxide devices, such as solar cells, light emutting diodes and
transistors. The optical tramsmittance and electrical resistivity of the films are two critical
parameters i evaluating the performance of photovoltaie cells and electrochromie devices. In this
paper. CuQ thin films were obtained through themmal oxidation of de magnetron sputtered metallic
Cu films on glass subswates. The physical properties of the films wers smdied in order to find the
possibility to use them in p-n junction low cost thin film solar cells.

Experimental

Copper thin films were grown on glass substrates by using de magnetron sputtenng from a
home-made cireular planar mp&uou sputtering a:osten.. A cireular planar magnetron of 60 mm
diameter was used as the magnetron cathode. The magnetron target assembly was mounted on the
top plate of the sputter chamber such that the sputtering could be done by sputtering down
confisuration. A continuously vanable de power supply of 630 V and 2.6 A was used a power
source for sputtering. A 60 mm diameter and 3 mum thick pure copper (99.99%) used as sputter
target. Pure argon was used as sputter gas. The flow rate of argon was controlled by AALBORG
mass flow controller. Before deposition of each batch, the target was sputtered in pure argon
atmosphere for 5 min to remove oxide layer if amy om the surface of target. The sputtenng
conditions maintained during the growth copper films are given in Table 1. The as-deposited copper
thin films were oxidized in tubular furnace at temperature ranging from 300-300 °C m air for 60
min. The crystal structure of these films was checked by X-ray diffraction technique with a Brucker

A rights resersed. Mo part of contents of this paper may be reproduced or transmitizd In amy fom o by any means &iTout the writen pamission of TTF,
waw Hpomet (0 171.95.174.174, King Mongut's Insthule of Techrology Ladkrabang, Sanghok, Thallamc-2502018,15:51:23)
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D & diffractometer using Cull, radiation. Surface morphology was examuined by JEOL model
JEMI-6400 scanming electron micrescope. Optical Tansmission measurements were performed with
UW-VIS double beam spectrophotometer in the wavelength range of 220-1,000 nm. The band gap
(Eg) of the transparent films was determined by using the equation (oh)® = Al - E;) where ois
the absorption coefficient, A is a constant and by is the photon energy. Electrical properties of the
films were evaluated by Hall effect and resistivity measurements m the van der Pauw configuration
at Toom tEmperature.

Table 1 List of some conditions for prepanng CoO thin films

Conditions [Parameters Values

Sputtering Target Cu
\Arzon flow rate (scom) 15
Target to subsoate distance (om) 10
[Bizs voltage (V) 370
Carrent {mA) g0
Subsrare temperature (") 15
Working pressire (torr) EX Al
Spurtering fime (min) §

Cridized in air Temperatre ("C) 300-500
Time (min) G0

Result: and Discuszion

Fig. 1 shows XBD patterns of CuQ films as a function of oxidation temperature, XED patterns of
the films oxidized at temperamre below 430 “C show amerphous charactenstics. In contrast, the
XPBD spectrum of the films exidized at 500 °C shows the well-resolved two diffraction peaks. These
peaks correspond to the reflection of (-111) and (111} planes of standard JCPDS data card of CuQ
(JCPDS No. 20-1268). The crystallite size was calculated using Scherrer’s formula, neglecting peak
broadening due to residual stresses m the films = 0.9%{PcosB) where f 15 the broadenmng of
diffraction line measured at half its maximum intensity in radian and ) 15 the wavelength of X-rays
(0.1540 mm). The calculated value of L is about 13 mm. SEM images of CuO films obtaned from
oxidation temperamire durmg 300-300 *C were shown m Fig 2. When the films were oxidized
below 330°C, the morphology does not change mnch and shows better umiformity in free surface.
However, oxidation temperatures higher than 330 *C, small pores over the films were observed.

| e

P v
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intensity jas)
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o

20 35 30 35 ) &5 5D 55 BB 6RO

2 Thota {degres)
Fig. 1 XBD patterns of Cu films as a function of oxidation temperature.
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T=1350°C

T=450°C

=500 °C
Fiz. 2 SEM images of Cu0 films obtained from oxidation temperature between 300-300 °C.

Fig. 3 shows transmittance spectra of CuQ films obtained from oxidation temperature dunng
300-500 °C. From the transmittance spectra we have also calculated band gap of films with different
oxidation temperatures. The absorption coefficient (o) is caleulated using the equation o =
(1/d)m( 1Ty where T 1= transmittance and d 1 13 film thickness. The sbscrption coefficient (o) and the
mcident photon ensrgy (v} related by (o™= v-Eg) where A and E_ are constant and band gap
values, respectively. The E; can be determined by EKE&P-DIEIE[DIL of the Imear portion of the curve to
the photon energy amis. 1-'12 4 shows the curve of {D‘h‘.:l vs. photon energy (hv) of the films
obtamed from oxidation tem]:lemmre at 300 °C. Two allowed direct transition band gap were
obviously observed. The smaller band gap value (Eg) should comrespond to the major CuQ phase.
The bigger band gap (Egx) 15 possibly atmibuted to the parasitic phase of Cu:0 wluch cannot be
observed by XBD due to too small amount of CuyO content in the bulk of films. The vanation of
E,] &nd Eg» was shown in Fig. 5. The E;) decreases fmm 241 to 2.17 eV with oxidation temperature
mereases ﬁ'c:lm 300 to 400 °C and then increases to 2.19 ¢V when oxidation temperature further
mcreazes to 300 °C. The similar behavier is also observed mn E. These results indicate that E;; and
E,; are sensitive to the oxidation temperature.



148

Advanced Materials Research Vol. 1098 9

TrarseTinanc (%)

o
dDE MO B0 TO0 ED0 WD JO00 1100

‘Wawslasg |
- ) . . 1 .

Fig. 3 Transnuttance of CuQ films obtained Fig. 4 {ohwv)= vs. by plot of CuQ films
from oxidation temperature between obtammed from cxidation temperature
300-500°C. at 500°C.
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Fig. 5 Vanaton of band gap of CuO films as a function of oxidation temperature.

Electrical properties of the films were evaluated by Hall effect and resistivity measurements in
the van der Pauw configuration. We found that all studied films are exhibited p-type conductivity.
Wanations of the resistivity, cammier concentration and mobility agamst oxidizing temperature are
shown m Fig. 6. Camier concentration (n) 15 denived from the relation n=1/eFg where Bg 15 the Hall
coefficient and e s the absolute value of the electron charge. The camier mebality (u) is determmed
using the relation 1/ nep ';\here p is resistivity. Resistivity of the films mereases from 3.01x10° to
aftain maximum at 7.50x10°0.cm with oxidation temperature increasing from 300 to 400 °C, and
decreases to 1. 33111}3 £ cm when the oxidation temperature further increase to 300°C. The [I:I.Gh]llt‘i.'
mtially decreases with an increase m oxidation temperature up to 400 °C and then increases with an
merease i oxidation temperamre. The vanation of camier concentration shows the similar behavior
to mobility. These results indicate that the resistivity, camiser concentration and molality of the films
are sensitive to the oxidation temperature.
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Fig. & Vanations of the resistivity, cammier concenmation and mebility against oxidation temperature.

The photocurrent response of the films oxidized at 500 °C was measured by two probe method
using halogen lamp as & Light source. Two silver electrodes with area 0,03 cm® was made on the
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sample surface. The photocurrent response of the films oxidized at 500 *C was shown in Fig. 7. The
sample was connected to the experimental setup and mammtained in darkness under a2 constant
applied bias of 6 V to stabilize the current. After the stabilization peried, the current was recorded
m the following sequences: 30 s in darkness, 400 s under illumination and, finally, 400 5 in the
darkness. Under illumination the current increases immediately because a lot of camers were
exited by light illumination. After the illnmination penod, the persistent photoconduetivity (PPC)
effect of the films oxidized at 300 °C occwred in darkness. The decay of PPC m Fig. 7 can be
described by nultiple exponential functions [ 3,4] as

Tmlge+ 1~ L) T espi-—)

[ 5
where Ly 15 the current measured in darkness, I; 15 the PPC buildup level near the moment of
light excitation being removed, 115 the PPC decay time constant. The nommalized decay cwrent in
darkness as shown in Fig. 8, which follows the illumination period, indicates the persistent of
charge camer raps m the fihms [3]. In Fig. 8 the dash line 15 the measured data and the solid lne 13
the least sguares fit data by the multiple exponential functions as deseribed above. -'chcerdiug to the
fimetion of fitting curve in Fig. § we caleulated that the five 1 values are 12077, 208.33, 41494,
88496 and 150495 s. Method for calculating the trap densities comresponding to ﬂlE FEC deu:a'-

cc-nftant was reported in the literatures [E' E] T]lE' corresponding trap densities are | 1.38x10,
03x10", 7.90x10", 6.70x10" and 5.89x10™
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Fig. 7 Photocurrent response of CuO films Fiz. & Nomalized decay time of CuQ films
obtained from oxidation temperature obtained from oxidation temperamre
at 300 °C. at 300 °C.
Summary

CuO thin films were obtained through exidation of metallic Cu films deposited on glass substrates
by de magnetron sputtering method. It is shown that the Cu single phase of monoclinic stucture
was formed at oxadation temperature beyond 430 °C where amorphous phase with very small
grams, confimmed by SEM images. was obtained at oxidation temperature below 4350 °C. All studied
films are p-type semiconductors with band gap of 2.17-2.83 eV. The photocurrent response of films
oxidized at 300 °C was measwred by two probe using halogen lamp as a light source. The decay
current data were better fitted with the multiple exponential functions. Five slow decay times and

ve trap densities values are 120.77, 202.33, 41494, 83496 1504.95 5 and1 38x10% 1.03x10%,
T.Qua.“l“.ﬁ."ﬂxlﬂm. 5.80x10% em?, respectively.
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