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Pulse Plating in Practice: Direct Measurement of the
Actual Plating Current
In addition to DC plating also reverse pulse plating has become state-of-the-art technology when
plating printed circuit boards (PCBs). New fields of application are coming up for different current
waveforms being electronically generated, especially for the galvanic deposition of alloys. In
comparison to DC plating, pulse and reverse pulse plating significantly improve the quality and/or
shorten the exposure time. The procedure is, however, somewhat more demanding with respect to
the process current generation and the electrolyte. The experience with reverse pulse plating made
in practice resulted in the measures described below for ensuring the achieved plating quality.

During the electroplating process the process current and the electrolyte should always be well
suited to each other. Only if the respective parameter ranges are matched, the plating result will be
perfect.
The Process Current
The plating result depends on the current density and current profile. The current may be a direct
current with a specific ripple, a unipolar or a bipolar pulse current. In an enhanced state of the
reverse pulse plating technology the current may also consist of multiple pulses in forward and
reverse direction, i.e. a rather complex pulse pattern may be applied (see Figure 1). In this case,
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Figure 1: Typical current-time profiles for pulse plating (on the left), reverse pulse plating (centre)
and complex pulse patterns (on the right)
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The measurement of direct currents at a process tank is relatively easy. In order to prove
independently of the rectifier’s measuring devices that the correct current amount is applied to the
process tank, only a DC voltmeter and a DC current clamp with an opening being wide enough are
necessary, provided the reverse pulse rectifier runs faultlessly. If the rectifier is in an error state,
however, an impermissible ripple may occur. This ripple can only be measured by means of a
serviceable current sensor equipped with an oscilloscope outlet, which is most of the time not
available on site. This means that imaging measuring devices are necessary if you want to clearly
assess the DC plating current ( see Figure 2 ).

Bushing current transformer

Current clamp with amplifier

Shunt resistor

Figure 2: Conventional measuring devices for recording and displaying the plating current

In case of thyristor-controlled rectifiers, which are usually used for process currents above 1,000 A
for cost-saving reasons, the current ripple content varies with the actual output current. This
current ripple may rise impermissibly if a rectifier error occurs, and this rise is also only verifiable by
means of imaging measuring devices if it shall be proved independently of the rectifier electronics.
For this, current clamps being suitable for measuring direct current are available at a reasonable
price.
In case of process tanks for high-current applications that are usually electrically connected to the
rectifier via busbars, these current clamps are not suitable due to the high output current and a
clamp opening that is too narrow for this output current. A practicable service sensor is not
available. The plant operator has to rely on the mostly electronic measuring devices of the rectifier.
However, even a high-quality rectifier may fail unnoticed or its signal converters may send
erroneous data.
While the current amplitude and current ripple affect the product quality in case of DC plating,
further parameters must be considered in case of reverse pulse plating, such as the forward and
reverse amplitudes, the duration of forward and reverse pulses, and the slew rate. Verifying the
correct current pulses independently of the power supply is in this case, too, only possible by using
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an imaging measuring device. Besides, the bandwidth and test frequency of the measuring device
must be sufficient for steep pulse edges.
It seems to be plausible that, when complex pulse shapes are applied, the demands on the
measuring device for an independent checking of the plating power supply will become even
higher as the current amplitudes and possibly the polarity change several times within very short
periods of time, for example at millisecond intervals.

The Electrolyte
As described above, the process current and electrolyte have to be well suited to each other by
modifying the electrolyte additives, current profiles and current density. When the process current
and electrolyte are applied in practice, they have to be exactly within the proven and tested range
of their parameters. As these parameter ranges become increasingly smaller in case of modern
high-capacity process tanks, a practicable method for analysing the current and electrolyte
parameters becomes more and more important.
If the product is defective, the cause of the defect often does not become immediately apparent.
Everything seems to be all right. The actual current profile is invisible and the electrolyte looks as
usual. In order to avoid unnecessary costs and loosing time, it would therefore be very helpful if
one of the two main parties involved (process current or electrolyte) could definitely be excluded as
the cause of the fault. As a comprehensive process tank analysis is mostly very time-consuming, it
is advisable to check the actual process current by means of suitable on-site measuring devices
first. If everything is all right beyond doubt, the fault must have either been caused by the
electrolyte or somewhere else in the plant.

Process Current Measurement
So how is it possible to prove the correctness of the process current in practice beyond all doubt
without a major loss of time, i.e. without having to request an external service engineer?
For this, you need at least one suitable measuring device to be on site permanently. The electrical
and mechanical data of this measuring device has to comply with the requirements described
above, and the device should be as economical as possible. Furthermore, it is important that the
current sensor can be attached without having to disconnect the current conductor running
between the rectifier and the process tank.

The so-called Rogowski coil with its analog signal processor (ASP) is therefore outstandingly
suitable as a current sensor because it complies with the required features. Together with a
portable computer and, for example, a USB oscilloscope a very economical measuring and
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archiving instrument can be created. It is also possible to use a handy small oscilloscope for
getting a quick overview.
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Figure 3: Rogowski coil with ASP

Functioning of the Rogowski Coil
High recurrent alternating currents or short-time unipolar or bipolar pulse currents are usually
measured using various methods (see Figure 2). All high-current measuring methods are either
based on the recording of a voltage drop that is proportional to the current going through a shunt
resistor or on the periodic change of the amplitude of the magnetic field surrounding the current
conductor in case of current transformers.

When shunt resistors are used for current measuring, the higher energy consumption caused by
the losses created by the shunt, the consistent thermal change over the course of time and the
effect on the primary circuit have a negative impact on the plating result. If current transformers
(e.g. magnetic transformers or transformers operating based on the Hall effect) are employed,
external influences such as external magnetic fields of adjacent conductors lead to measuring
errors.

The contact- and reaction-free recording of alternating currents by means of the Rogowski coil is
therefore an innovative and safe alternative. In case of these air-cored coils, also called
transducers, no iron core saturation will influence the measuring result. The measurements are
carried out with the measuring device being electrically isolated from the primary circuit. The
Rogowski coil may therefore also be used for measuring in hazardous areas. The problem of high
output voltages at the terminal of current transformers under no-load conditions will not occur.
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If the Rogowski coil is laid around a conductor, the magnetic field induces a voltage in the coil
being proportional to the change of the current within a given period of time.

M = inductance of the Rogowski coil

Furthermore, the value of the induced voltage depends on the mutual inductance (M) of the
Rogowski coil and on its winding density. The highest amplitude value of the induced
voltage (Uind) results from the maximum value of the current change (di) within a given period of
time (dt) at the edges of the current signal.
Depending on the size of the coil, as well as on the pulse current, pattern and frequency, signal
voltages of up to several 100 mV may occur. The voltage measured by the coil is integrated in the
downstream ASP, and the process current i(t) is then indicated on the screen.
Design of the Rogowksi Coil
A single-layer uniform helical winding is put on a magnetically non-conductive flexible coil former
with a constant cross section by using the highest possible winding density. The curvature of the
axis of the coil former has to be constant, i.e. either straight or ring-shaped.
The coil ring can be opened for installation at the measuring point. The ends of the ring are
equipped with plastic caps (see Figure 4).

Figure 4.1: Closed Rogowski coil
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Figure 4.2: View of the two ends of the coil ring

Required Devices
Laptop computer for
displaying and
archiving data

USB
oszilloscope
for recording
and displaying
data

ASP for
conditioning the
coil signals

Connector
for connecting
the Rogowski
coil

Figure 5: Device arrangement for the recording of process currents using the Rogowski coil
The Rogowski Coil Applied in Electroplating Plants
The mutual optimization of the interaction between process current and electrolyte results in final
parameters for the respective product. For this, the process current will be measured by means of
the Rogowski coil and permanently archived on the computer for the respective plating program
after the process current has been optimized and the electrolyte has been adjusted (see Figure 5).
This way, especially the critical current ripples, as well as the pulse pattern and duration are filed
as reference values.
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If a fault occurs during the plating process, the current can immediately and easily be measured at
the designated reference point by using the coil on site. Special metrological knowledge is not
required for this. As the current is then being measured by means of the same on-site current
sensor as during the recording and filing of the reference values, the data, i.e. the two current
profiles, can be directly compared with each other. This makes it possible to clearly assess
whether an error has occurred in the power supply or not.
Further analyses can be performed immediately depending on the result of the reference value
comparison.
If this reference method, called Plating Current Reference (PCR), is applied consistently, it will help
to avoid future discussions between power supply manufacturers and electrolyte and additive
suppliers; especially when even after intensive and thus expensive troubleshooting no cause of the
fault can be found on either side.

Due to the fact that Rogowski current sensors are inexpensive compared to other known current
sensors they can even be installed permanently at or inside the power supply. This way,
precautionary check measurements can be performed very easily from time to time. If the current
sensors of a large-sized plating plant are in addition interconnected independently of the plant
control, a possible drift of the process current can be detected at an early stage. The data collected
by the Rogowski current sensor can, of course, also be mathematically evaluated and filed.

Moreover, using the Rogowski current sensor means that for the first time it becomes possible to
measure and archive in a user-friendly way the electroplating currents of individual clamps on a
large flight bar holding many mostly identical parts.

Figure 6: Using the Rogowski coil in practice
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Experience has shown that reverse pulse plating currents being transmitted via clamps along the
flight bar to the individual parts, e.g. to PCBs being contacted by several clamps, are different with
respect to their pulse pattern. These pulse patterns partly differ very much from the pulse patterns
measurable at the power supply output, which is caused by the technically unavoidable
inductances of the conductors and flight bars.
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Note:
Please keep in mind that, given the installation conditions, the impedances Z1 to Z3 and Z7 to Z9 may differ in relation to the feeding points A and
K, respectively. Impedances Z4 to Z6 are different because each PCB is usually contacted by a different number of clamps ( 3 to 4 ).

Figure 7: Block diagram of a pulse plating process tank

On closer examination or when measuring these different pulse patterns along the symmetrically
fed flight bar one realizes that the arithmetic mean value of the process current, which every part to
be plated or each of the PCBs held by the clamps consumes, is almost the same at all points of the
flight bar. This can be proven by means of a Rogowski coil with a large diameter as shown in
Figure 8. The summation currents of identical PCBs are not only nearly the same with respect to
the arithmetic mean value but also with respect to their profile, provided there are no technical
defects at the flight bar. This also explains a fact that can be observed again and again in practice,
namely that all parts on the same flight bar are plated with the same plating quality, including the
parts in the middle of the flight bar.
Usually there are several racks on one flight bar for holding the parts to be plated or there are
many clamps for holding the PCBs. Racks are often electrically connected to the flight bar via two
different contacts, and each PCB is held and contacted by several clamps. The summation current
of the individual conductors from the flight bar to each rack or via the respective clamps to each
PCB is decisive in case of rack-mounted parts and PCBs. Due to the large distance between the
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conductors and the rack or the PCB these summation currents cannot be measured by means of
common current clamps. The Rogowski coil is much more suitable for this; by using this coil it is
now possible to measure and record these summation currents.

Current profile at a PCB located at the middle of
the flight bar

Current profile at a PCB located close to the
infeed

Rogowski coil
encircling four
clamps

Rogowski coil
encircling three
clamps

Flight bar

PCB

PCB

Further
PCBs

Figure 8: Summation currents at different points of the flight bar

In order to be able to compare the summation currents of all PCBs on a flight bar in a user-friendly
way, a PCR system for the connection of up to twelve Rogowski coils is also available from
GalvaConsult GmbH (www.galvaconsult.de). Two PCBs or two measuring points located on the
same flight bar or on two different flight bars can be compared with each other at a time. The
connected Rogowski coils can be selected via a switch. This way, it is possible to detect faulty
summation currents of individual PCBs directly at the flight bars and to observe whether the
countermeasures are effective.
Such measurements of pulse summation currents were performed in a large-sized PCB plant. The
results of these measurements confirm that all PCBs of the same size and type on the same flight
bar are plated with almost the same reverse pulse currents. This applies to the positive and
negative current amplitudes and also to the slew rate. However, the measurements performed also
showed that the profile of the summation currents, each of which was nearly the same, did not
correspond completely to the profile of the total current measured at the output of the feeding
power supply.
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Figure 9: Measuring the anode current directly at the power supply output

Figure 10: Current profile measured at the anode output directly at the reverse pulse rectifier
(power supply)

Figure 11: Summation current profile at three clamps close to the feeding point
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Figure 12: Summation current profile at three clamps in the middle of the flight bar

Figures 10, 11 and 12 compare the reverse pulse currents measured at the power supply (Fig. 10)
and at the PCBs (Fig. 11 and 12). The plant nevertheless produced thin layer PCBs of the highest
quality.

This proves again that discussions about supposedly correct or defective profiles of pulse and
reverse pulse currents in case of occurring quality problems cannot be held without having
reference values on hand. If the time and amplitudes of a current profile have been recorded when
producing parts with a satisfying plating quality during the commissioning of a plating plant, for
example, these reference values will be available for future applications. If such reference values
can be collected as closely to the parts being on one flight bar as possible and archived, possibly
faulty plating currents being caused by defects on the transmission path from the power supply to
the parts will also become comparable with the reference values.
A Rogowski coil with an accordingly large diameter can be used for recording the reference values
and for future reference measuring at a very economical price.

The arithmetic mean value of the pulse current flowing through one or several conductors is
determined over a complete period by means of the Rogowski sensor, i.e. from the maximum
value of the forward current to the maximum value of the reverse current while taking the
respective duration into consideration. The Rogowski coil and its PCR system measure the entire
value of the pulse current change (di) within a given period of time (dt)
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and display the correct amplitude and time. This value can then be compared with the set current
value of the reverse pulse rectifier. If the values correspond, the current amplitudes are correct in
the forward and the reverse direction. The Rogowski coil is thus not only suitable for the PCR
method but also for determining current amplitudes in both directions, which may provide additional
hints for troubleshooting in special cases.
GalvaConsult GmbH, Fürth/Germany, performed extensive tests during which the Rogowski
sensor modified by GalvaConsult to comply with the plating requirements proved to be a very
practicable recording method when combined with a portable computer.
The pulse currents were also measured in a large PCB plant for pattern plating of the company
Würth Elektronik. Several reverse pulse rectifiers of Munk GmbH in Hamm/Germany were
connected completely symmetrically to the process tanks of a multi-cell copper plating tank by
means of twisted-conductor high-current cables in an exemplary way. The pulse currents were
measured at different points of the conductors from the power supply into the tank.

Result of Measurement:
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Figure 13: Current distribution at the flight bar

It is rather striking how different the shapes of the current pulses are per clamp along the flight bar.
Nevertheless, these clamp currents flowing to the individual PCBs of the flight bar and differing in
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their profiles did not cause any differences in the plating quality. Each of the six PCBs on a flight
bar, which was contacted by three to four clamps, showed the same plating quality in case of
pattern and through-hole plating. According to the measurements performed, the pulse patterns of
the clamp currents along a flight bar, which differ significantly from each other, are not decisive for
the plating quality. Obviously, the arithmetic mean values of the local process currents are crucial.
These mean values can be affected, for example, by defective clamp contacts or other differences
in the effective contact resistances. Therefore, periodic check measurements of all flight bar
components are also very useful for quality assurance reasons.

The above described measurement results prove without doubt that state-of-the-art reverse pulse
plating is a very robust process and that the discussions held about “good” and “bad” pulses are
completely incomprehensible.

This may be different in case of processes applying complex pulse patterns. The robustness of
these processes in large plants has still to be proven in practice as the inductances of the
conductors and flight bars are effective here, too. It can be assumed that in large process tanks the
complex pulse patterns measured at the power supply output are only partially available at the
parts being arranged in the middle of the flight bar. This can be verified by means of the Rogowski
current sensor described above.
This current sensor has been adapted to the requirements of electroplating plants and is also
suitable for measuring inside the electrolyte, i.e. below the liquid level, for example at racks with
PCBs arranged below each other. The Rogowski coil is very well protected against corrosive
liquids and is electrically connected to the PCR system via one cable only. The coil is therefore
very suitable for measuring in the harsh environment of electroplating plants.

Due to the increasing performance of modern plating processes it will become more and more
essential that the plant operator also pays attention to the process current profile. The Plating
Current Reference system (PCR) is very economical, versatile and practicable for measuring and
displaying the process current. It includes the Rogowski coil modified by GalvaConsult GmbH to be
used as a sensor, the PCR system and a display unit.
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We would also like to thank Dr. Bertling of Munk GmbH for providing the necessary rectifiers and
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For further information on the technical data and variants of the Rogowski coil and ASP, as well as
delivery times and quotations, please send your inquiry to info@galvaconsult.de

Translated by M. Munk, Translation Matters Hamm, Germany
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