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The whole process has 12 steps, including coating of aluminium oxide
on a silicon substrate, etching the coating with a mask, create through-
silicon-vias (TSV), copper plating to close the TSVs, bottom-up
electroplating to fill the TSVs, plating of the top layer, etching of the copper
with a mask and finally etching of core silicon. 
In this work the copper filling of the through-silicon-vias with aspect ratio of 10:1
(width 30 µm and depth 300 µm) by bottom-up electroplating is in focus. Influence
of current applied to the electroplating was investigated.
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The pulse waveform is consisting of
current densities alternating 250 times
between 1.56 A/dm² for 20 ms and
0.78 A/dm² for 20 ms of cathodic
(normal) current, followed by 
2.33 A/dm² for 500 ms of
anodic (reverse) current.
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Wetting using ultrasonic stimulation helps closing the bottom conductor, since air in structure can
 disturb elecroplating and create a porous or interrupted metal via.

Filling without
 vacuum treatment

Generally it is difficult to fill high
aspect ratio TSVs. Degassing in water,

 by using a vacuum chamber,
improved copper filling

 significantly. 

Copper electroplating was applied succesfully for creating a toroidal inductor.
Pulse plating was utilised for the top and bottom layers,

while low current density DC plating was applied for bottom-up plating.

Bottom-up electroplating of the TSVs could be achieved by introducing a wetting
 treatment subsequently using both ultra sound and vacuum.

Lower current density improved the uniformity of the copper filling
 during bottom-up filling of the TSVs, but also leads to increased process time.

Pulse plating can improve uniformity and reduce time consumption.

Direct current at 0.3 A/dm² for 33 hours Direct current at 0.6 A/dm² for 11 hours
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We are working for the development of a process
for MEMS fabrication of micro-scale air-core
toroidal inductors, especially designed for
very high frequency (30-300 MHZ)
switch mode power supplies (SMPS).
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