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One of the key plating techniquesisto use pulse with
reverse (pr) for the interconnections of through holes or
blind vias across the multi-board (1). Various addition
agents of strong adsorption characteristics are aways
added in small amounts to increase the throwing power on
the far recessed area. However, there is also a need to
reduce the usage of organic additives in the printed
circuits and in the damascene metallization of sub-micron
interconnects in semiconductors (2). The purpose of the
present study is to simulate the additive adsorption and
incorporation phenomenon as a function of metal
deposition and additive adsorption kinetics on the pulse
with reverse plating (pr) from first principle. The
adsorption rate of the additive at all times is expressed as
follows:
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where k, and ky are the respective adsorption and
desorption rate constants of additive, I is the adsorbed
additive concentration of one complete monolayer, and
Caud,s IS additive concentration at interface.

The surface concentration of adsorbed blocking
agent is a function of time. During pulse period (t), the
number of surface accumulated additives is the difference
between the rate of additive adsorption onto the surface
and the inclusion rate of adsorbed surface additives:
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where the inclusion rate of additive -V, during pulse
period can be expressed by
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where k; is the inclusion rate constant, i, is pulse current
density which is a negative value in electrochemical
convention. The inclusion rate during pulse period is a
function of surface coverage of blocking agent, 64, and
the intrinsic current density ip/(1-0a4q).

In the reverse period (t,), instead of inclusion,
additive is released from the metal matrix. Mass balance
on surface adsorbed additive in the reverse period can be
expressed similar to Equation 3, The release rate, Ni (1),
during t, can be expressed in Equation 4:
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Ni(t) can be caculated once Nip(t’) is determined by
interpolation in the previous pulse period.

Figure 1 is the typical periodic adsorption rate and
inclusion rate of additive. It is shown that in pulse period,
pr mode has a higher inclusion rate than that of pc mode.
The inclusion rate decreases along the pulse time since
surface coverage of the additive decreases along the pulse
time. No additive inclusion during off time in pc mode
since no current passed in that period. While in the
reverse period of pr mode, additives released from solid
phase increase steadily with time. The release rate
depends on the history of previous pulse inclusion rate
according to Equation 4. The adsorption rate is always
higher for pc mode than in pr mode in one complete
cycle. Figure 2 depicts the effect of adsorption constant
and inclusion constant on the average additive inclusion
rate at disk rotation speed 500 rpm. It is shown that the
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average inclusion rate increases at the increase of k, and

ki; however, the mass transfer limitation becomes

apparent at 500 rpm when the incorporation rate is near -

0.85 mol/cm?s.
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Fig. 1 Additive adsorption rate and additive incorporation
rate as a function of time.
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g. 2 Effect of average inclusion rate as a function of
adsorption constant and incorporation constant. ;=10 ms,
t,=10ms, i,= -80 MA cm’,i,= 20 mA cm’?, 298K.



