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Abstract AZO/Cu/AZO thin films were deposited on glass by RF magnetron sputtering. The specimens showed the
preferred orientation of (0002) AZO and (111) Cu. The Cu crystal sizes increased from about 3.7 nm to about 8.5 nm
with increasing Cu thickness, and from about 6.3 nm to about 9.5 nm with increasing heat treatment temperatures. The
sizes of AZO crystals were almost independent of the Cu thickness, and increased slightly with heat treatment tempe-
rature. The residual stress of AZO after heat treatment also increased compressively from -4.6 GPa to -5.6 GPa with
increasing heat treatment temperature. The increase in crystal size resulted from grain growth, and the increase in stress
resulted from the decrease in defects that accompanied grain growth, and the thermal stress during cooling from heat
treatment temperature to room temperature. From the PL spectra, the decrease in defects during heat treatment resulted in
the increased intensity. The electrical resistivities of the 4 nm Cu film were 5.9 x 10*(Q)- cm and about 1.0 x 10* Q- cm for
thicker Cu films. The resistivity decreased as the temperature of heat treatment increased. As the Cu thickness increased,
an increase in carrier concentration resulted, as the fraction of AZO/Cu/AZO metal film increased. And the increase in
carrier concentration with increasing heat treatment temperature might result from the diffusion of Cu ions into AZO.
Transmittance decreased with increasing Cu thicknesses, and reached a maximum near the 500 nm wavelength after
being heat treated at 200 °C.
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Fig. 1. XRD patterns from AZO/Cu/AZO films of (a) various thickness of Cu and (b) various heat treatment condition of 8 nm Cu.
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Fig. 2. Crystallite size in AZO/Cu/AZO films as a function of (a) various thickness of Cu and (b) various heat treatment condition of 8 nm Cu.

gheh. ekl 4] 7% 2274 Debye-Scherrer 4% ©|- 5}

4= Geos@) M

7], k= A(0.9), M= XA 9 -3 3
0 2 k)= o] ¢krad.), 6= XRD 3

Cu 57| 2] ¥zto]| k-2 XRD Z 3} Fig. 1(a)<} A4 2] 2
L= i stof w2 XRD A3} Fig. 1(b)=FH -3 24 27]
+ Fig. 2(a)@} Fig. 2(b)ol] Z+7F 3 A8F3A T Fig. 2(a)ol| A 4
nm 57| 8hake] A4 3 7]=3.65nme| 3, 8 nm ©]4+2] Cu
A dratol A 6~8.5 nm J =0 A A7]|E 2=t} Cu
upuke] v} Zkakel ukel Cu A4 2717k S,
o= upate] 7L A4 2712 Alofsl7] ujEolth AZO

EA0] A9 AT EAS AX 2%
=7 WA L Qe o 4 am. °l°ﬂ vksted, Fig. 2(b)
o] Cu 57 uhure: A 2 300 °Col A 6
nm Y= A 2] SEof uhet zaxg% 2717 AR =2
712 925}, 300~400 °C AFolo| A AA =7]7} 6~9.5
nmE Z7}H= AL o 4= lek Cue] 2 %ol 7191
st Ao PEh AZO MubE 227t Z7heke] w
o AA Y 2717} u| A Z7keke A & 4 ek

312, goto| X233

gpube] A% 27] Wsket dA 2= RS EolE 9%
< 1] Zlo|th Fig. 32 XRD H €1 9] AZO 9] S 2 ¥ 1}
2o 2H7-8-8& 54 % Aotk AZO Bhao] S A
£ 2baL, wito] f-2] 7)o HlsiA F&3] e ol
AZO HFEte] 5§82 oS Ao 2 vrepd 4= gleh



23t 9 7)) 2710 T2 AZO/ICWAZO Btate] 77] 445t 54

(a) -4.0
Residual stress according to copper thickness

A
2]

n
—_—
l\.

Residual stress (GPa)
én
o
T

b
2
T

-6.0 1 n 1 n 1 n 1 n 1

Cu thickness (nm)

&)

7} 145

4.0
(b) Residual stress according to heat treatment temperature

-

»
@
T

Residual stress (GPa)
o
T

o
o
T

6.0 . 1 . 1 . 1 . 1
0 100 200 300 400

Temperature (°C)

Fig. 3. Residual stress in AZO/Cu/AZO films as a function of (a) various thickness of Cu and (b) various heat treatment condition of 8 nm Cu.
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Fig. 4. PL spectrum of AZO/Cu/AZO films of various thicknesses and after various heat treatment of (a) no Cu and (b) 8 nm Cu and various

thickness of Cu and heat treatment at (c) 100 °C and (d) 400 °C.
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Fig. 5. Resistivity of AZO/Cu/AZO films as a function of (a) various thickness of Cu and (b) various heat treatment condition of 8 nm Cu.
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Fig. 8. Figure of merit of AZO/Cu/AZO films of (a) various Cu thickness without heat treatment and (b) 8 nm Cu thickness with various heat

treatment conditions.
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