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A Study on the Microstructure of Sputtered Copper
Thin Films Deposited by using Shadow Effect

Chang-Hwan Bae*, Ju-Hee Lee*, Chang-Suk Han**!
*Dept. of Mechatronics Eng., Graduate School of M. T. &M., Hoseo University
**Dept. of Defense Science & Technology, Hoseo University, 165 Sechul-Ri, Baebang-Myun,
Asan City, Chungnam 336-795, Korea

Abstract The microstructure of copper films prepared by a sputtering apparatus, which was fabricated to
enhance the shadowing effect, was investigated by scanning electron microscopy. Black copper films were
deposited on copper wires at an Ar pressure of 10 Pa. The black films had an extremely porous structure com-
posed of separated columns. This structure is quite similar to that of black titanium films prepared by cylindrical
magnetron sputtering. These resuits suggest that the porous structure composed of separated columns is easily

formed for metal films by enhancing the shadowing effect.
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Fig. 1. A schematic representation of the sputtering
apparatus developed in this study.
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Fig. 2. (a) Hollow and magnetron cathode constructed with a rod of 20 mm in diameter and two disks. A tthk line
represents the surface side sputtered remarkably. (b) Copper wire set surrounding the rod.
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Fig. 3. Sputter current as a function of sputter voltage
for the sputtering apparatus developed in this study.
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Fig. 4. Microstructures of the copper films deposited on the electrically isolated copper wire under various Ar gas
conditions (sputter current: 50 mA, sputter voltage: about 340 V).

Fig. 5. Surface morphology of a copper film deposited
at an Ar pressure of 10 Pa.
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Fig. 6. (a) Typical shape of the tip of columnar crystal.
(b) Growth of divided columns from the others. (c)
Aggregated columnar structure.
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Fig. 7. Schematic representation for the columnar growth
influenced by the shadowing effect and gas adsorption.
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Fig. 8. Microstructure changes observed for the copper films deposited under severat conditions.
(a) Sputter current (200 mA). (b) Applied bias voltage (60 V). (c) Sputter current (200 mA) and applied bias voltage
(=60 V). (d) Cu-Pb film deposited by setting a lead metal plate on the cathode surface (sputter current: 50 mA, bias

voltage: 0 V).
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