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Effect of Micro Texture of Electroplated Copper Thin Films
on Their Mechanical Properties

by

Kinji Tamakawa *, Kazuhiko Sakurant * and Hideo Miura **

The mechanical properties of copper thin films formed by electroplating were compared with cold-rolled copper
films using tensile test and nano-indentation. Both the Young’s modulus and tensile strength of the films were found
to vary drastically depending on the microstructure of the films. Though the Young’s modulus of the cold-rolled film
was almost same as that of bulk material, that of the electroplated thin film was about a fourth of that of bulk material.
The microstructure of the electroplated film was polycrystalline and a columnar structure with a diameter of a few
hundreds-micron and the strength of the grain boundaries of the columnar grains seemed to be rather week. The
superplastic deformation was observed in the film due to the cooperative grain boundary sliding. In addition, there
was a sharp indentation depth dependence of Young’s modulus of the film. There was also a plane distribution of
Young’s modulus near the surface of the film depending on the distribution of the diameter of the columnar grains.
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Fig. 1 Expansion of application of copper alloys.
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Fig. 2 Cross-sectional texture of an electroplated
copper thin film.
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Fig. 3 Columnar grains of an electroplated copper thin film.

(111)

311)
| tzzz) (400)
- J L ; - A, : ~

20 40 60 80 100 120
2 O (degree)

Intensity (arb. Unit)

Fig. 4 X-ray diffraction pattern of an electroplated
copper thin film.
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Fig. 5 X-ray diffraction pattern of a cold-rolled copper
thin film.
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Fig. 6 Equipment of tensile test of thin films.
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Fig. 7 Example of stress-strain curves of copper thin films.

Table 1 Mechanical properties of copper films.

Modulus (GPa) | Tensile Strength (MPa)
Electroplated Film 29 380
Rolled Film 86 730
Bulk 130 280-310
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based on cooperative grain boundary sliding.
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Fig. 9 Outlook of a fractured electroplated copper thin film.
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Fig. 10 Dominant factors of stress-strain curve of an
electroplated copper thin film.
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Fig. 11 Indentation depth dependence of Young’s
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modulus of cold-rolled copper thin films.
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Fig. 12 Indentation depth dependence of Young’s
modulus of electroplated copper thin films.
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