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Abstract

Transparent conducting films having a hybrid structure of GZO/Metal/GZO were prepared on glass substrates
by sequential deposition using DC magnetron sputtering. Silver, copper, aluminum and zinc thin films were
used as the intermediate metal layers in the hybrid structure. The electrical and optical properties of hybrid
transparent conducting films were investigated with varying the thickness of metal layer or GZO layers. With
increasing the metal thickness, hybrid films showed a noticeable improvement of the electrical conductivity,
which is mainly dependent on the electrical property of the metal layer. GZO(40 nm)/Ag(10 nm)/GZO(40 nm)
film exhibits a resistivity of 5.2x10”° Q-cm with an optical transmittance of 82.8%. For the films with Zn
interlayer, only marginal reduction in the resistivity was observed. Furthermore, unlike other metals, hybrid
films with Zn interlayer showed a decrease in the resistivity with increasing the GZO thickness. The optimal
thickness of GZO layer for anti-reflection effect at a given thickness of metal (10 nm) was found to be
critically dependent on the refractive index of the metal. In addition, x-ray diffraction analysis showed that
the insertion of Ag layer resulted in the improvement of crystallinity of GZO films, which is beneficial for
the electrical and optical properties of hybrid-type transparent conducting films.

Keywords: Transparent conducting layer, TCO/Metal/TCO hydrid structure, Electrical resistivity, Transmittance,
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Table 1. Conductivity (300K) and refractive index (A =
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Fig. 1. Variations of the electrical resistivity of hybrid

transparent conducting films as a function of the
thickness of metal layer.
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>~
>
o
o
Hlr
S
N
N

olN b

A5 AT SUHETE
ol A=t A3 7
g ‘ilEP. gy Agel A-oll= A7
A
o

ek

B2
T2 o &

Ny
HU
:i
b

q-i

ooy

C N

LE D

> L O

o %

T’

i)

d%‘

= 5

rﬁ,ﬂ
> L2

rO—>':4—|~\l

o Moy |

N
N

=~ o
o
ofl

>,

Olt

pr

} | 7‘44 27‘1'1:771101]’\1 Ag =5
E=gAtel] o3k W Fek=E ¥ (surface plasmon
resonance)°l 71Q1¢t FEF7F UAA Aoz Ak
dr}. Sek=oldt S5 AT 5 Ag
0}"4 Hetle J93e AFe] s g, F
& YedAeli= FHo| SH-208 EAjst7] o
ol ¥ Sft=Eolgtar Feanh Ax7ak(d)
o] st F5 AAEY A F(EH=E)ol
el & Z/3e57 Zobd g ZEk=E ¥
o] =%, E‘?ﬁ_oﬂfﬂ = qui =Aske =2t

%
ol

@ Feme BEARe o 5
4 gL gost F4el TR 4 M
FRA Tl geky Sagwn
Ao FRY A= T8
olale] FA M= AgZo] a,u 6315117} O}H island
T-Z9] nanoparticleFE| 2 EA|sl2Z o]d w2 &
PxE AYOE FEFV} dofdnh. olHF BF
e At wess Avder o mavt
A Yeptr] wiEel 10 nmEth 8 nm, 6 nmol|A]
Eax 7L/\7]. 2 Aolt} 3H, 10nm °]39]
A s A5 2 FAdste] Agsoll o7
A F7tel mek ot o) Zashe B

r& all

ml

£ 10nm= —/;Hs].

X

2

=3

o

H1

N
)
N
N
ol
o
BN
ot
>
Uy
N
N
>
ot
of
4
!
o
<
N
5
ﬂz] -
>
28
o,

WslA 5 FARE 550 nmo
ol %%457} Aoz ANEE & 9

qu]/qg] :'4-7]./\4@/2)} X}Oli o]gﬁ [i3
‘OWL ‘#‘1}%7%11011 «l?ﬂ F 73 E2Ape}

—_

H

-(:51,

FJrEQl a7} ‘/]'E]r‘/l”‘:} ?4_011 Zn Arel= o]
9] A}

A

-l}_—\lo?.,oﬁ—lmm

0,
£
\d
o
<
1=



152

53] 43 (2010) 148-153

GZO(40nm)/Metal(10nm)/GZO(40nm) I

Zn0 (002)

GZO bi-layer

20 30 40 50

28 (angles)

Fig. 6. XRD patterns of GZO(40 nm)/GZO(40 nm) bi-
layer and GZO(40 nm)/metal(10 nm)/GZO(40
nm) hybrid-structure films.
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