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ABSTRACT

Zn; xCox0O (x=0-0.3) films were grown on Corning 7059 glasses by asymmetrical bipolar pulsed dc magnetron sputtering. The c-
axis orientation along (002) plane was enhanced with increasing Co concentration. The Zn; yCoxO films are grown with fibrous grains
of tight dome shape. The transmittance spectra measured from UV-visible showed that sp-d exchange interactions and typical d-d
transitions become activated with increasing Co concentration. The electrical resistivity of Zn; yCoxO films increased with increasing
Co concentration, especially it increased greatly at 30at% Co. X-ray photoelectron spectroscopy and alternating gradient
magnetometer analyses indicated that no Co metal cluster is formed and the ferromagnetic properties are exhibited. The low electrical
resistivity and room temperature ferromagnetism of Zn; yCoyO thin films suggested the possibility of the application to Diluted
Magnetic Semiconductors (DMSs).
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Table 1. Experimental Conditions in Pulsed DC Magnetron

Sputtering
Parameter Value
ZnO+1.0at% Al (99.99%)
Target +5-30at% Co
2 inch diameter
Asymmetric bipolar pulsed dc
Power mode Frequency: 30 kHz

Posivitive duty : 15%
Negative duty : 35%

Base pressure 5% 107 Torr
Working pressure 5 mTorr

Ar gas flow rate 20 sccm
Substrate temperature 500°C
Substrate distance 6 cm

Wl o uiet 548 HlwE] 9t e 34
T YA3A A wke] FA= SEM ¢
N #Fo g AL FEAEE 7IRE Zn;xCox0 ¥
250~300nme FAZ FFA|FH Y. Table 12 v}e; =
$4E tepac

B2 do WV ER AHEHOR ARE Zn, 4CoxO H
oo ARGAYE FAFe7] ffste] s XA 3E
(HRXRD : High Resolution XRD, Bruker AXS, DS
Discoven)® #4139 7, ¥H FA @ utuk A2 3kl
7] Ysld aE-8ls TARAFA YA (ESEM : Environmental
Scanning Electron Microscope, Philips, X130 ESEM-FEG)
& olgstd EAE FYSAT FAEL SEM ¢ &
FoERYH Aol v F=AE %Z.“\VJEE o] Al

2bstct, vhake) HlA e & 2% 1| (Hall effect Mea-
surement system, ECOPIA, HMS-3000)=. van der Pauw '
HE AHgste] STk £§, BEE 548 A
A3t 200~800 nme] I FH oA UV-vis. spectrometer
(Spectro Photometa U3000, Hitachi)yg ©|-§3ly F3=&
=435, Fakd MeAlE ALkt Alternating gradient
magnetometer(AGM, Princeton Measurements, 2900-02)2
o] &-ated F2ollA Zn; xCoyO ¥Hete] Co F=o W =}
7101 EA S 2t Zslrksl M&F BalE HE AT

Koo > (B

3.4% ¥ D3

1]

VA wurtzite T35 ‘/]’E]"'H‘C ZnO°ﬂ/“1 718 £
002) ¥ &2 93 &= 3 M
UAIE 7HAA = =H, °1§ Q& ZnO= 49t
g A R e, B 93
%ﬁ_}- 002) Qz—h:t] oz 2 H
g Wsge] me F4ex o
3 2 28" ZnO utehe)

f
o 2 MO rd

re mh’ié



B2 DC viEE 2ERel 13 Zn,,Co,0 Bote] THEA B AP1H By 213

@ 2628
2627
o) < 2628 / \O
SN 8 2625
oQ < —
= S - 2624
g‘ N~ 2623 /D
~ 5% 10%  15%  20%  30%
’3‘. 8 Co cancentration (%)
o e Co 30%
>
o n - Co 20%
<
2
£ l_.,. Co 15%
P A L " ~ Co JQ"{: )
wu..A | ettt w32k
1 1 1 i
30 40 50 60 70 80

20 (degree)

Fig. 1. XRD pattern (a) and d-spacing (b) of Zn; yCoxO thin
films with Co concentration.
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Fig. 2. SEM micrographs of Zn,_yCoyO thin films with Co concentration (a) 5 at%, (b) 10 at%, (c) 15 at%, (d) 20 at%, and (e) 30 at%.
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Fig. 3. (a) optical transmittance spectra of Zi; yCoyO thin
films with Co concentration (b) (ahv) vs. hv plot from
the data related to transmittance spectra.
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Table 2. Optical Bandgap Energy of the Zn; yCoxO Films with
Co Concentration

Co concentration S5at% 10at% 15at% 20at% 30at%

Optical bandgap 5 35 335 331 329 326
energy (eV)
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Fig. 4. XPS spectra of Co 2p,, 2ps; peaks for Zn,_ xCoxO thin
films with Co concentration.
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