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Effect of Pulse and Pulse-Reverse Current on Surface Morphology
and Resistivity of Electrodeposited Copper
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Abstract Recently, requirement for the ultra thin copper foil increases with smaller and miniaturized
electronic components. In this study, we evaluated the surface morphology, crystal phase and surface roughness
of the copper film electrodeposited by pulse method without using additives. Homogeneous and dense copper
crystals were formed on the titanium substrate, and the optimum condition was 25% duty cycle. Moreover, the
surface roughness(Ra), 0.295 um, is the smallest value in this condition. It is thought that this copper foil is
good for electromigration inhibition due to the preferential crystal growth of Cu (111)
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Table 1. Quantity of electricity and electrodeposition mode
used in this study.

Efectrodeposition Current density Duty cycle  Thickness
mode (mA/em?®) (%) (4m)
Pulse 200/0 100,80,50,25,10 5, 10

200/-50 80 10
Pulse-Reverse 200/-100 80 10

200/-100 50 10
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Fig. 1. SEM micrographs of copper crystals deposited at various duty cycles: (a) duty cycle 100%, (b) duty cycle 80%, (c) duty

cycle 50%, (d) duty cycle 25% and (e) duty cycle 10%.
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(c) pulse-reverse mode(200/-50, 80%), (d) pulse-reverse mode(200/-100, 80%) and (e) pulse-reverse mode(200/-100, 50%).
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Fig. 3. XRD spectra measured on the electrodeposited copper
surface for the various electrodeposition mode: (a) pulse
mode(100%), (b) pulse mode(25%), (c) pulse- reverse
mode(200/-50, 80%), (d) pulse- reverse mode(200/-100, 80%)
and (e) pulse- reverse mode(200/-100, 50%).
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Fig. 4. Surface roughness(Ra) of copper foil for various
electrodeposition mode: (a) pulse mode(100%), (b) pulse
mode(25%), (c) pulse- reverse mode(200/-50, 80%), (d) pulse-
reverse mode(200/-100, 80%) and (e) pulse- reverse mode
(200/-100, 50%).
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Fig. 5. Resistivity of copper foil for various electrodeposition
mode: (a) pulse mode(100%), (b) pulse mode(25%), (c) pulse-
reverse mode(200/-50, 80%), (d) pulse- reverse mode(200/-
100, 80%) and (e) pulse- reverse mode(200/-100, 50%).
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