Calculation of the Parameters of Perforated Shields

For Applications in

Electroforming

By Uwe Pilz

In the electroforming process, problems often arise if
workpieces with large depth range need to be formed. Th
application of perforated shields can help manage this
situation, but it is not easy to obtain the parameters of
those shields. The procedure described in this pape
calculates these parameters, using numerical simulatio
or measurement of the current distribution of the
unshielded electrode. The parameters, cavity distance
cavity diameter and maximal shield distance, can beg
obtained from the current distribution without direct
simulation of the perforated shield.

To optimize current distribution in electroforming, nonca
ductive shields can be used. If large areas with a large @
range are to be used, nonconductive shields are not su
because of the lack of scattering behind the shield.

solution to this problem is the use of perforated shields. Whgs]

using circular perforation in hexagonal arrangement,
parameters of such shields are (Fig. 1):

distance from cathode to shietl],
distance from cathode to anode,
distance between caviti
diameter of the cavitie®r

shield thickness$

The cavity diameter and the cavity distance give the so-c
cavity proportionC, which influences the current reductic
r.. Cis zero for unperforated shields and 1 for the absen
a shield. It can be easily shown that for circular perforatio
hexagonal distributiorC can be calculated using:
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Calculation of Current Density Reduction

The shield’s influence on the current density depends o
cavity proportionC, the distance from anode to cathodg,
and the shield thicknessTo determine this influence, w
calculate first the resistance of an arbitrary homogeneou& g
between parallel cathode and anode planes without a shig

@

wherex is the electrical conductivity of the electrolyte. The
b resistance of the electrolyte in the cavities of a shield in the
5 same ared can be calculated with

R = ke ®)
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The reduction of the current densitycan be approximated
» if it is assumed that the electrical field in the volume outside
» the shield and in the cavities is homogeneous. In this case, the
total resistance with shield can be calculated by adding the
partial resistanceR, andR,. The current reduction is the
inverse of the ratio of the corresponding resistances:
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table R d,C

Theis simple formula ignores the non-homogeneity of the
d around the top and bottom of the shield. Numerical
tBRnulation with the help of the boundary element method
showed that, for current reductions above 1.3, the error of Eq.
(4) is less than five percent.

Determination of Appropriate

Shield-Cathode Distance

An electrolyte has the ability to scatter behind a shield. The
area partially influenced by a shield is the transitional phase.
It depends on the shield distance and the throwing power of
the electrolyte, which can be described by Wagner’s polar-
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which is measured in cm. Consequently, the size of the
transitional phase must be known to select a suitable shield
distance for a given problem.
As a measure for the size of the transitional phase, the so-
called scattering expanSavas used. This expanse is deter-
n thiged with nonconductive shields and can be used for perfo-
rated shields as well. It is defined as the distance on the
ecathode between the projected edge of the shield and the point
regder the shield where the current density reaches the half-
sldalue of the non-shielded current density.
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Fig. 2—Scattering expanse behind a nonconductive shield; simulation
and approximation function.
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Fig. 3—Current density with and without a perforated shield.

For calculation of the scattering expanse, simulation o
edge of a shield was made with help of the boundary ele
method. Figure 2 shows the scattering distance dependi
Wagner’s polarization parametefor various distanced..
For choice of an appropriate shield distance, at least an
of the scattering distance is needed. Therefore, the calcu
values were approximated for valuegpdietween 0.25 cm
and 10 cm, and values fiybetween 1 and 10 cm by a biline
function:

S = d(0.028cmip + 0.65) (6)

This formula yieldsS with sufficient accuracy; the mean-

squared-error is 0.3 cm in the given parameter range.
The current density behind the shield is not exactly
form because of effects of the cavities. It was found
numerical simulations that, without polarization, the curn
density variation is below 10 percent if the shielded dists

is equal to the cavity distance. Under the influence of pg EY
ization, the variation will be more even. The shield distan%ee

should be 2-3 times larger than the cavity distance. The §
value may be acceptable in problematical cases, howe

Determining Perforated Shield Parameters
Calculation or Measurement

Of Current Distribution without Shield

Using the current distribution without shields, areas on
cathode must be defined that should be influenced by s
rate shields. In most cases, 2-4 different shields are suffig
The area with the least current density remains witho
shield.

Calculation of Average Current Densities

A Simple Example
Calculation of Shield Parameters
Assume a current density, changing linearly between 150 and
50 percent, as shown in Fig. 3. Moreover, the cathode-to-
anode distanog, is assumed to be 10 cm and the polarization
parametepto be 1 cm. An area of 0 to 5 cm on the cathode
is to be influenced with one single perforated shield with a
thicknesd of 1 mm.

The average current densjtyn the area to be influenced
is 125 percent; the average denpjtf the remaining area is
75 percent. The current density reduction is calculated to be
1.67:

fan re= @)
ment i,

1%%“19 Eq. (4) we can now calculate the necessary cavity
.Br%portion:

ide

lated C= t ®
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C is calculated to be 0.015. If a shield distedycd 0.5 cm is
selected, a cavity distandgof at least 1 cm is required. With
this value, the cavity diameter can be derived with help of Eq. (1)
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%Pfld is found to be 1.3 mm.
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Sfediction of Current Density Distribution with Shield

he current density found contains three different regions:
low the shield, but far away from the shield’s edge: In this
rarea, the resulting current density can be derived from the
EEﬁrriginal current density divided by the current reduction. The
area near the edge: In this area, the current density cannot be
calculated without the help of computer programs. The
unshielded area far away from the edge of the shield: In this
t@rea, the current density remains uninfluenced. Figure 3
o flows the resulting current density. It can be seen that the
ighest current density would be reduced from 150 to 91
arcent with a single perforated shield.
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Editor's note: Manuscript received, February 1994; revi-
sion received, August 1995.

cally from the current density plot. Its proportion to
lowest current density yields the current density reductio
each area.

Average current densities can easily be determined gri

Calculation of Required Cavity Proportions
For each area, the cavity proportion necessary can be de
using Eq. (4).

Selecting Usable Shield Distance
The larger the shield distance, the more easily construg
the shield. Shields away from the cathode can have I3
cavities and need not follow exactly the cathode shape. U
Eq. (6), itcan be decided whether the selected distance ¢
too large a transitional phase.

Calculation of Cavity Distance and Diameter
The shield distance should be 2 times larger than the ¢
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distance. If a cavity distance has been selected, the ¢ ¥

diameter can be calculated with Eq. (1).
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se deposition of Ni-P alloys.
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