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Electrodeposition of Copper in a Citrate Bath and Its Application to a
Micro-Electro-Mechanical System
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("College of Chemistry and Chemical Engineering, State Key Laboratory of Physical Chemistry of Solid Surfaces,
Xiamen University, Xiamen 361005, Fujian Province, P. R. China; *School of Physics and Mechanical &
Electrical Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: We investigated the effect of plating parameters on the coating morphology and grain size of copper
using a novel citrate bath. The structure and deposit were characterized by X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS), respectively. The copper plating bath was applied to a micro-electro-mechanical
system (MEMS). Results show that an even and compact copper coating was obtained for the fine grains using plating
parameters of 6 g- L™ Cu*, pH=7.0-8.5, 1-2 A-dm™, 45 ‘C, and bath agitation. The deposit consists of pure copper in
a fcc polycrystalline structure. A planar inductor was successfully fabricated by MEMS using this bath and its
maximum quality factor was 12.75, which satisfies the design requirements.
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Fig.1 Effect of current density on the morphology of deposit
(2) 0.5 A-dm™, (b) 1 A-dm™, (¢) 2 A-dm™, (d) 3 A-dm™
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Fig.2 Effect of electrodeposition time on morphology of deposit
(a) 5 min, (b) 10 min, (c) 20 min, (d) 40 min
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Fig.3 Effect of agitation on morphology of deposit
(a) without agitation, (b) with agitation
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Fig.4 Effect of temperature on morphology of deposit
TIC: (a) 25, (b) 35, (c) 45, (d) 55
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Fig.5 Effect of copper ion concentration on morphology of deposit
C(Cu*)(g-L™): (a) 4, (b) 6, (¢) 8, (d) 10
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Fig.6 Effect of pH value on morphology of deposit
pH: (2) 5.0, (b) 7.0, (c) 8.5, (d) 9.0
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Fig.8 XRD patterns of copper deposit
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Fig.7 Effect of additive on morphology of deposit
(a) without additive, (b) with additive
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Fig.9 XPS spectra of copper deposit
(1) surface, (2) after argon-sputtered 100 nm
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Fig.10 Fabrication process of planar inductor by MEMS
(a) template of planar inductor, (b) copper electrodeposition, (¢c) AZ4620 positive photoresist strip and etch seed layer, PI (polyimide)
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Fig.11 Optical (a, b) and SEM (c, d) images of planar inductor
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