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Fabrication of wafer-scale grain boundary free Cu 
single crystal film and copper oxide film by sputtering 
method and its application
Se-Young Jeong
Pusan National University, Republic of Korea

Copper thin films have been widely used as electrodes and 
interconnection wires in integrated electronic circuits, 

and more recently as substrates for the synthesis of graphene. 
However, the ultra-high vacuum processes required for high-
quality Cu film fabrication, such as molecular beam epitaxy 
(MBE), restricts mass production with low cost. In this work, 
we demonstrated high-quality Cu thin films using a single-
crystal Cu target and sputtering technique; the resulting film 
quality was comparable to that produced using MBE, even under 
unfavorable conditions for pure Cu film growth. The Cu thin film 
was epitaxially grown on an Al2O3 (0001) substrate, and had high 
crystalline orientation along the (111) direction. Despite the 10-3 
Pa vacuum conditions, the resulting thin film was oxygen free 
due to the high chemical stability of the sputtered specimen from 
a single-crystal target; moreover, the deposited film had > 5 X 
higher adhesion force than that produced using a polycrystalline 
target. We applied the technique fabricating the single crystal 
thin film to the flexible transparent conducting electrodes, where 
a micromesh/nanomesh structure was fabricated on a polyimide 
substrate using UV lithography and wet etching. We also 
succeeded to fabricate a wafer-scale graphene in the formation 
of artificial single crystalline AB-BLG via aligned transfer of two 
single-crystalline monolayers. Such single crystal copper film 
was realized not only on the sapphire substrate, but also on the 
PI, PET, and PC, which enabled to apply in the region of flexible 
devices, metamaterial and of surface plasmonics. The important 
advantage of this single crystal copper film is due to the natural 
oxide layer with a thickness of around 2nm, which protects 
further oxidation, so that the copper layer maintains clean even 
for 2-3 years without any capping layer. Well-defined conditions 
enabled the copper film to convert to Cu2O or CuO partially 
or totally, which are transparent and p-type semiconductor. In 
the partially oxidized case, the copper layer left beneath Cu2O 
or CuO could be used as electrode. The color of the film varies 
between transparent gold and opaque metallic scarlet depending 
on the ratio of metal and oxides. Thanks to the grain free copper 
thin film, the copper oxides also maintain high crystallinity.

Figure 1: The EBSD images of commercial copper film (Cu on 
Si), single crystal copper film under unoptimized conditions 
SCu1 and SCu2) and single crystal copper film under optimized 
condition (SCu3)
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