Periodica Polytechnica
Electrical Engineering
and Computer Science

60(4), pp. 217-222, 2016
DOI: 10.3311/PPee.9686
Creative Commons Attribution ®

RESEARCH ARTICLE

Abstract

This paper is dealing with an in-depth verification of inno-
vated activation methods, where the phase of surface treatment
involves solvent with oxides of carbon as the core chemistry.
The overall impact of solvent on through-hole copper plating
process was tested on target t structures involving standard
FR-4 PCB substrate. The novelty of the approach proposed
here is based on the effect of an unusual combination of vac-
uum and ultrasound waves in order to enhance quality of the
activation process. The results undoubtedly demonstrated
significant benefits of vacuum and vacuum/ultrasound combi-
nation on the decreasing number of defects, which normally
occurred during the conventional plating process. In addition,
there was also discovered that the resulting number of failures
was increased even despite the use of ultrasound.
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1 Introduction

Nowadays, many diverse methods have been used for the
purposes of through-hole copper plating in the series produc-
tion, as well as in the prototyping domain. Copper plating could
be achieved by the method of direct current plating, pulse plat-
ing or reverse pulse plating. For a small-scale production and
a rather small diameter of the drilled holes, there is commonly
used pulse or reverse pulse plating [1, 2]. Switchable reverse
pulse plating produces more uniform copper deposition even
for difficult aspect ratios and smaller holes. Reverse pulse plat-
ing is also very useful for small holes on high-density PCBs and
improves the production reliability during the soldering phase.
Reverse pulse plating uses precisely controlled reverse current
pulses to remove the excess of the material during the plating
process [3]. Thus, in many cases there are difficult to obtain
satisfactory results with the conventional widespread processes
due to the wide range of factors. One of the significant aspects
is the correct preparation of hole’s surface immediately before
copper plating. In fact, various specialized chemical solutions
(e.g. solution of copper sulphate, calcium hypophosphite and
ammonium hydroxide [4]) can be used for the activation of
surfaces, but the still existing problem consists in obtaining
homogenously activated/covered surface of plated holes.

In this paper we introduced an innovative method of copper
plating, primarily focussed on the preparation of sample surface
before the plating process. Newly formulated method was based
on the utilization of reverse pulse plating, in which the main
innovation is brought by the usage of lower ambient pressure
during the activation of surface. In the case of the through-hole
plating process, the necessity to prepare/activate the surface
of drilled holes before the copper layer could be successfully
grown on the walls of the holes with the aid of electrical energy.
This process is an extremely important for the creation of con-
formal layers and its uniformity that subsequently facilitate the
adhesion and growth of the copper coating [3].

As it was mentioned before, during the activation of non-
conducting surface (drilled holes) the introduction of some
additional parts of this process could be helpful. One of such
innovations of the process is the addition of lower pressure
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for better protrusion of activator into the holes specified with
a smaller diameter. It is well-known fact that low vacuum
decreases surface tension of liquids and causes expansion
of gasses. It simply forces the air trapped in smaller holes to
escape and activator solution penetrates inside [5].

Other concept is using the ultrasound transferred to the test
vehicle. An ultrasonic wave is reflected when it strikes an inter-
face between materials with different speeds of sound (acous-
tic impedance). Furthermore, an interface between materials
with a larger difference in acoustic impedance reflects ultra-
sonic waves more strongly. The smaller difference in acous-
tic impedance reflects them less strongly and lets part of them
travel through [6].

2 Experimental
2.1 Equipment

Copper plating unit was provided by LPKF MiniContac RS
(blue box in the middle of Fig. 1), which consists of four cham-
bers for cleaning (two chambers), activation and copper plat-
ing. Those chambers were used for samples fabrication. The
unit works as the reverse-current pulse method for cooper plat-
ing. This method, reverse pulse copper plating, makes it pos-
sible to achieve sufficient parameters for conformal coating of
copper during plating.

Fig. 1 MiniContac RS.

Innovation in this process was the construction of vacuum
chamber (Fig. 2) for the activator solution, which allows more
reliable activation process of holes with smaller diameters than
is common. Chamber has two parts prepared from special, chem-
ical-resistant, plastic material. The first part is the chamber itself
and the second part is the cover with the fitting for vacuum hose
(Fig. 2). This chamber was also used during the activation proce-
dure involving the ultrasound waves. As reference samples, there
was used MiniContac RS built-in activation chamber.

For investigation of plated hole’s reliability, resistance test
method was used (conforming to IPC-TM-650 standard - test
method 2.2.13.1). Figure 3 is showing the fixture used for meas-
urement. Pictures on the right top corner contains details of the

measurement pins. Two pins are placed from top side (Fig. 3 —
top red square) and two from bottom (Fig. 3 —bottom red square).
This arrangement is due to the usage of pins for four-point method
(two pins for current, two pins for voltage). Measured pattern of
test vehicle will be placed between top and bottom pins. Voltage
of the tested plated hole will be observed as response on current
load (100 mA) during the analysis procedure. Then resistance
was calculated based on the obtained values.

Eittingiioidhose

Chamber;

Fig. 2 Vacuum chamber for activation solvent.

Fig. 3 Measurement fixture.

Test vehicle can be seen on the Fig. 4. Dimension of the
test coupon is approximately 70 x 13 mm. Test pads were fab-
ricated on both sides of the PCB and these are connected to
the top-bottom connecting holes (vias). Diameter of holes falls
into the range of 0.2 — 1.5 mm. Holes with different diameters
are positioned uniformly for better control of plating process.
Two rows of holes with mirrored sequence to each other. Base
material used during the experimentation was FR4 substrate
that was plated on both sides by 18 um of copper.

Fig. 4 Test sample
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2.2 Process of sample fabrication

Table 1 shows the initial configuration of parameters as
these were selected for the individual phases of throughhole
plating process. Due to that, samples were prepared for four
cases of surface activation.

Table 1 Parameters of plating process.

Phase Chemicals Time (min.)  Other parameter
Cleaning 1 LPKF Cleaner 110 10 Temperature 60 °C
Cleaning 2 LPKF Cleaner 210 10

Activation LPKF Activator 310 20

. LPKF Copper Plater
Plating . 40
400; Shine 400

Current 2A

Samples were fabricated by standard method (Standard
sample) and optimized methods (sample fabricated with using
vacuum, ultrasound and vacuum with ultrasound). Activation
process was performed in the following variants:

» Standard process (reference sample) — shaking with sam-

ple in activation bath.

» Ultrasound — sample was attached in chamber with ac-
tivation solvent and the chamber was placed into water
(for better transfer of ultrasound waves) with ultrasound
source. Frequency of ultrasound was around 25 kHz.

*  Vacuum — sample was attached in vacuum chamber with
activation solvent (Fig. 2). Vacuum had 0.8 atm.

*  Vacuum with ultrasound — sample was attached in vac-
uum chamber with activation solvent and the chamber
was placed into water (for better transfer of ultrasound
waves) with ultrasound source.

Four samples were prepared for each test case scenario. One
sample contains up to 8 holes of the same diameter. The thick-
ness of the deposited copper has reached approximately 3 pm
for the first package of samples. This particular thickness was
used for the detection of the very first defects. Second package
of samples was made with 20 um of plated copper. This thick-
ness was selected for verification obtained results from samples
with 3 um plated copper and also will be used for next work on
reliability investigation. Values of copper thickness were meas-
ured from cross-sections.

2.3 Test methods

According to the specification of I[IPC-TM-650 test method
2.2.13.1, theoretical value of resistance was calculated for cor-
responding thickness of plated copper (3 pm and 20 pm) using
the following equation [7]:

R 0.21548x10°°(T)

Dt —¢ M

where T is the thickness of PCB, D is the diameter of hole and
t is the thickness of plated copper.

According to that standard, the resistance measurement
method was used. It helped to identify the number of failures
and the conductivity of vias. Failure criteria was established
as the resistance higher than £10% deviation from modus of
measured values.

X-Ray and cross-sections methods were used for in-depth
inspection. These methods helped to get a better understanding
of defects that occurred during the process of activation.

3 Results

Measurement of resistance was used for establishing the fail-
ure rate as the first. Insufficient plating was identified only for
hole diameters 0.2 mm and 0.4 mm. Due to that observation,
the further investigation throughout this work was focused only
on these two hole diameters.

Chart of number of failures for 0.2 mm and 0.4 mm holes
with 3 pm copper thickness is shown in Fig. 5. Graph shows the
influence of vacuum and vacuum with ultrasound. The number
of unplated holes was lower than for reference samples. Only
samples activated with ultrasound showed more failures than
the other ones.

B Diameter 0.2 mm
A Diameter 0.4 mm

Number of Failures [%)]
th
=]

Fig. 5 Number of failures — holes of diameter 0.2 mm and 0.4 mm

with 3 um thickness copper.

The next graph (Fig. 6) shows the number of failures for both
sizes of holes with 20 pm copper thickness plated on hole’s
edges. Trends of number of failures are the same as in Fig. 5.
However, 0.4 mm holes had less failures than 0.2 mm holes.

Figure 7 shows the average values of measured resist-
ance for each activation process and for the diameter of holes
0.2 mm and 0.4 mm. Theoretical/calculated (equation (1)) val-
ues of resistance were 2.5 mQ for 0.2 mm holes and 1.2 mQ for
0.4 mm holes. These two values are not entirely corresponding
with measured ones. The equation is calculated for 100% con-
ductivity of plated copper and its bigger thickness. Therefore,

Innovative Methods in Activation Process of Through-hole Plating

2016 60 4 219



measured values are of the same order (ones of mQ). Due to
values of standard deviations, there were no effects of the acti-
vation process on the resistance of plated through-hole.
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Fig. 6 Number of failures — holes of diameter 0.2 mm and 0.4 mm

with 20 pum thickness copper.
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Fig. 7 Measured resistance for 3 pm of plated copper
(hole diameter 0.2 mm and 0.4 mm)

Results for measured resistance of 20 um plated copper is
shown in Fig. 8. This graph shows same parameters as graph in
Fig. 7, resistance for two diameters of through holes activated
with different conditions. For comparison of measurement with
theoretical values, there was calculated resistance 0.207 mQ
for 0.2 mm holes and 0.103 mQ for 0.4 mm holes. Calculated
values are not the same due to the same influences as were
mentioned in previous paragraph. Also, there was not major
influence on the resistivity in dependence on activation method
due to values of standard deviations.

Second analysis was provided by X-Ray inspection equip-
ment. Results are presented on the Fig. 9, Fig. 10 and Fig. 11. On
the first figure (Fig. 9) is shown unplated through hole of stand-
ard sample. This defect was discovered only after the standard
activation process. New methods of activation have not had
this type of defect, expect method using only ultrasound. Other

defect was still occurring after all type of activation processes.
Insufficient plated hole is shown on Fig. 10. Figure 11 shows
right plated hole of sample for comparison with defective one.
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Fig. 8 Measured resistance for 20 pm of plated copper

(hole diameter 0.2 mm and 0.4 mm)

Fig. 9 X-Ray — unplated hole (diameter 0.2 mm).

Fig. 10 X-Ray — insufficient plated hole (diameter 0.2 mm).

Fig. 11 X-Ray — right plated hole (diameter 0.2 mm).
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Cross-sections showed much more details than X-Ray pic-
tures. Fig. 12 shows defect, which was mainly connected with
the standard activation process used before copper plating, also
shown on the Fig. 9. New methods helped to eliminate this type
of defect. Figure 13 (right plated hole) was used for compari-
son of the fully plated hole with defective one.

Fig. 12 Cross-section of unplated hole (diameter 0.2 mm).

Fig. 13 Cross-section of right plated hole (diameter 0.2 mm).

Next figure (Fig. 14) shows detail on plated copper layer.
There are marked carbon layer, which was deposited during
activation process, and plated hole. Thickness of carbon layer
depends on the process of drying after sample was removed
from activation bath. In the base, that layer did not affect any
parameters observed in this work. However, this information
could be important in future investigation. Plated copper layer
is also shown in hole’s edge. There is shown grown copper
layer. This indicates the correct process of plating.

Fig. 14 Detail on plated copper in through-hole’s edge

4 Discussion

Difference between 0.2 and 0.4 mm diameter holes (3 um of
plated copper), where 0.4 mm holes had bigger amount of fail-
ures than 0.2 mm, could be explained by thinner thickness of
plated copper. Some holes could be sufficiently plated. Results
for samples with 20 um of copper show that supposed behavior.

The obtained results showed a positive effect of vacuum and
vacuum with ultrasound. Reducing the number of defects in
the two methods is due to the lower pressure, ie. reduced sur-
face tension of the activating solution, and also increased the
expansion of gases. Due to this behavior, there is a better pen-
etration of the solution into the holes with a smaller diameter.
Surprisingly, the best results in the activation of the vacuum in
the presence of ultrasound. The same behavior was observed
in moulding process of housing process in PCB manufacturing
process [9].

Conversely, when using only ultrasound increased num-
ber of defects with insufficient metal coating. Based on X-ray
images of plated holes, there can be concluded that no improve-
ment in throughput of the activation solution into holes with a
diameter of 0.2 mm. The similar effect was described in paper
which deals with process of electroless copper plating on car-
bon nano foams [10]. Ultrasound was acting on liquid solvent.
Due to that, liquid could not get to small cavities. Article [11]
describes enhanced method of copper plating of blind-vias with
using ultrasonic agitation, but in this case, the basics of plating
process are different from process of activation.

Quality of plated copper was good in according to reference
[12]. Formed copper crystals were ordered to uniform grain
structure.

Next work in this topic will be focused on reliability. Reli-
ability test will be provided thermal cycling in according to
standard IPC-TM-650 Method 2.6.26. After thermal cycling,
there will be also studied structure with using cross-section
method and SEM microscopy.

5 Conclusion

Various copper plating methods are known in the printed
circuit fabrication industry. Settings of process parameters are
depended on the purity of solvents and knowledge and responsi-
bility of operator. Therefore, the using of vacuum or ultrasound
during activation process can help to establish new enhanced
process of through-hole plating, which is suitable also for pro-
totyping domain. Reliability of copper plated holes activated
with the utilization of just vacuum and combination of vacuum
and ultrasound were better in comparison of standard method of
activation. The best results were achieved with combination of
vacuum and ultrasound.

All presented defects was appeared due to activation process,
as was mentioned in the beginning of this paper. This hypothesis
was approved by this work (X-Ray pictures, cross-sections).

In this paper are described first results of innovated process
of copper plating. Performed analysis found a significant influ-
ence of vacuum and ultrasound on a number of defects caused
during the activation process.
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